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ook 
hist tb k cover the fir t y ~r ofth d xccl hcn1istry p cific O n n 

U cont nt tor th Ai. I ..,ho111istry s_ cific .tion. The or I c r f topics foHo,v thb t 
of tl &pccit1c.1ti 111, bu't it n :1ed nor bt: tau ]it in tbi or er. 

AU th r n'ic eh n1istry is · up t1 ther in h pt r. 10 n 11. . h~[ t r l b is 
d sip:ned t I he11 you pr I are s 1'.'Pr lly tor th~ A • nd A lt1v 1 po1 r!i ,1nd spc, i311y 

r ns\V(!rin ractic l b scd qu s.tion . 

M r. in "'0111n1 nts are pr1ovid d through ut the b ok. h s con1pris I va lu_ hl1.: 
rtJntind rs nd snip · t of infonnati u. l n I ·includ tips th it c1 rify wh~t you 11 d 
t u · \\' and t.: nun1 1u s 1.11 . 1 f confud n. 

k is not . u idc to the ractktd h 1nistry that aH A stud~nh ,~tiU gtudy. 
H o, v "I. 11131 y t the r n1cti n that will be m t in th" la or:l't ry llt,;1 d~tail ,d 
thr u h ut tn bo k. 

At the back f th b ok ( c 14) ~ th re is ~ p ri1 die t bi, fh t iv ~ rel Uv 
n1 t ·ne decin1 J p,l c . hi sh uld b ref rrc t 1 for tornic numb r ~ 
n1 ,. nd syn1b ] f th h . bl is shnil r t th n I rintcd 
t ~1ck I f th x n1inatio11 p p rs. 

I Onlin 

t ,0111.ic 

t n1ic 
nth 

h eh pt r inc]ud s ' s y u r if' qu tion . h ns,v r I th r v ii bl , t 
1t p ://WWW.11Clrtt1 r ducatlon.co.ut /Fae I er, n11 try1. At th_ end of every c-h pLr re 
a nu 1nb~r of ptactice ,1u~stions~ includin Aon1~ typka I ..: .. an1-styl~ 1qu stions. · u sci ns 
m.irk . d \\i"ith J pur le buH~t p int H d signed l chnU n ,tudt1nta in eh ir thit1ki11 . 
AtU\V rs t thc1 nd-of- ·h pt r 1qu stio11. re · v· it bl spa.rt I f ~ or, c~r's dexc~l 
A [V 1 hcn1· try "' ching nd L rnin I esourc s. o t www.hodd fi oucatton. 
c .u, /dyn n11c1 r nln t . ~i n u · f r ro trial · ~,rar:ri ,, _in-sty! A I p r nd 
nn1 ltiE le-cho'ir;c t ~sttJ to print off~~ r tud"nt to cou1pfot u·,L? ~ Is -tv~ ilabl . 

Re now led nd 
lt i ~ss1n11 "d th t 11 A ., chemistry tu nt ,,~HJ h v ,cov r 1 ~-t 1 st dou , ) .. \\'.._r ~ 
s~ ience t I ~vel. A I] &ru nts s.hou Id be: 

fi 111ili:u \\rith the tu ot a 1. Jkufaror 
a Ji, t eh ne; th subJ ~et of an 31 cbrJic cquati n 
~ b] to1 idr ,v trlight-Hn · and urv d gr L phi frcn1 sup},li~d . t and to1 .. ·trap ] te 
gra~1hs 
c 11fidenr in the us ot ~ i ndh,c (st nd r-d) n t ti n ~ e. . rll'Jt the nun1 r 1234 
c n be ,vritt n J .2 4 1 , nd th t 1. _ 4 x l -, is th s in s . 012 4 



In boductlon 

I ct1e111e of a 

Assessment obJectrve _ 
h re re rhroc lsscu~n1eur bj ctiv i tQstod t A' and A Jev I: 

A 1 Kno\vJ nd und r t nding . f cientific id _ pr co s. t chniquc ~ nd 
pr c 1dur s-321Yt' fth A n1ark. 

2 Appli L tion O knai\-Vl~d e ~ nd uud. rit.. ndins of~cicuri_1c ide~s rroces~ _I 
tcchniqu s nd p1ocedur · - 4.3% of the A n.1.uk. 

3 An ly!iis, intt:rprc't tion and evlll.u..,ti u o videuce 3nJ inforn1 ti n to rca,C'h 
,c nctu i Ju r t v I p pr ,-tic I t si, n n I r, c dun:~ - 2~~ f the A '", m rk. 

h, A , e.. m consi ts of t'1 , per 311d ta.t n1 nt y the ,centre th lt the c ndidat 
h I r ~ rn1 d nu111be1r f r ctic J .. perhnent . Both per r ,vorth n n1 r -

h nd must b con1plet din l h ltr ~1 1ninut s. Th r will rypic: Hy ' :i I ) qu sti n 
r~11:1,e;in fr,om 4 to J 1narks c h, in 1udiu a .. ~w 1nuJtiplc-ch ic qu~stions. Jn both 
p:.11 rs bet\veen 2()(~ nd 259/c f eh n1ark wiU b \V rd cl f r the r c lL va1u ti n 

1 ln1 erst n in f exp rin1 1ual m th s. TI er i n int rn l ss si::n1 n f 
pr~1, t1c. I sk:i Us th .. 't ou i1ts 'tovv~ r s 'th c,1ndid. t s u,. 1 rdJ . 

Pap r I c nsi ti of 1qu ·tion g I n · hysi al Jn in r ani, eh n1i try, pe Hie J ly: 

aton1ic 9tructure a11d the p ri die table 
onnuJ , qu _tion nd n1 unts of subst. nc _ ~ including acid-base t1rrarion~ 

b, ndi.n,g, &t1 ucture ~ nJ int •rn10J 3 cu l~r f r,c s 
red.ox 

r up& ... · n 7 
• ptlllcti, 1 asp 1 ~t 

JP 1 r 2 ~ nsists of 1que tion 111 hygi, l JUd r atlie ch~n1i cry,. i ocihc~ly: 

f rn1ufo, . qu ti ns . n 111 unt 
• b ndi ng, stru ru r .nu.i i11 tern,ol u I.a r for,c s of orgtu1 ic 1,no1Q u'I s 
• or Jn Jc c hen1i stry 

, n r . tic 
_ in ties 

L]LI H.ibriun1 
pr· c tic al as ect . 

I Hazard and_ri _k_' --------
T h,s b 10k is nor a 'IJ b r.1t, ,ry n1i1n1.1Jt An ex rhneuts d & tib~d in this book h ul, 
'be risk ;use s~d by a c.:1uaHficd ,eh rnistry t .icher b · tor b in per ru1 d either ~H a 
den1 n t L' tii n r as J class pr , tic l fcty o - fo nd la oratory c t I r J. r n 
n1u 't \vorn in aU .. . p rhn nts. ertJin haz r s r d rib d in 0111 of th 
~ xp riments I sc rib d in th~ b k. 



h n1i try h th 'tudy f 111 tt r n the eh., n e1 rh t - n be n1 d t 111 re r. 

Th term "n, tt r' m n , nythin th h s n1 an t k s up p ce. Thi inc.Ju -
n1Qt~ Js,. p1 ~ties an I rtili. c rs, but not Hsht r n1 n ~tisn1 o r hstract i ., s su h s. 
ht: ltb or · e 3uty. 

rn '\\rith th "r - rti s f m tt r - ,vh t h p1 11s ,vh n it is 
h t d. ,vh 1n it is n1ix ,,rith th r l1bat n s~ " 'h n 1 ·tri ity is p s d thr t.1 h 
it - . tl th I c;1s. us ~ r the I hinge~ d, ~t lH iu tho Htlcr nt ci re: um s nn s. 

u'b~t~n1:..:vs have t\\f tyf cs of pr ~1crty: 

n 
iv n t mp r tL1r ) 

iv n c m r· tun~. 

r 
t 

cnem1 try as a peatac1e. (Inset) Tne cn1nese cnaracters Tor 
en eml stry. wn1a n me an 'the study or cna nge' 

- A 8 , mpl t 1 ly fiH th ntaiu r in ,vl ich it 
i; pL1c~J. lt I n easi1y e c n1pr e ti fi.t 1 n 

nt in r -f 11 - 111.!r v lun1 . 
h 111i I pr 1p r i r th se th t r ob rvcd h n tb n1bstanc: , hh ng 

its idc ntity~ for ~ 1n1pl .. 11 rh~ .1dditi 1n of ~1c id or n bu rnit1il in Ji r. Arter .. 
, h 111 k'ai ch3n8 ~ I emn ku.l r acei n) h~1i;. taken pfo.c:c. ouei or n1 r, n V.l s:ubsranc a 
arc rm 1 

• h u &tJJ Li h:u ic I wn uni u ,chen1.1 ""ru r p rtie . 

I Element 

•••• ,.,., •••• ' '4' , ••• ,,, 
lem nt rre th b ui l1ding 

bi ock s from which 11 
1compounds are mad . 

y rn 
An lomont Is a substance that cannot be broken down Into two or more different substanc,es . 

An tom Is, thg sm al lest u nc h ;rB9d partlc le or an 919m ant. 

A compounel Is made ot two or mora elements chem1tca11y Joln9d togother. 

h(' ~ ncie1 n t -,,r .ks thou ht th Jt aH 111 att r i.-vas n1 d tron1 f Lu ~1 1n -nts - tir , 
1 th~ aiir ~1nd ,v rQr. , icntist b s~n 'to '.I por.iln n t and Pf 1y cfontitic n1cthod 

to an aly in re u1ts' chj s idc a V,l, I rat u ~uy bJndo11ed. he bis step forw rd ,i.: m 



o m1t~ M 0nae1~ev 

u 1 1 ~ h t1 n1 itri M tn1d l~ev rr t1at! d the el ~Jnents jn rde r t'\iton1i nuu, nd 
pr duced p ri die t bfo ~i.mifor to th ·c in us tod y. 

ne bu 11drcd and tou riceu elen1ents J1..1ve b n I sit iv~ ly id ntHJ cl. JI thou h 
1 11ly 1 0 occL1r natur Uy 1 11 ,irth. T he others h:i 'c ithor been Jn d h1 nucl~ar 
r _ct1 rs .1nd ] rtic l cc-, lcr t r ~ or h v cen f und in th ' '.'l bris fr 1m nuc] 1 r 

i pl1 si 11 . Liv rn1odun1 and ft r vium r th J c ·t o h ve b n 111 de. 

All th l n1 nts . risinaUy ~ 111 fr n1 tb " i t rs. Insi c ' st r. incJudh1 our un. 
hydros n ~ t . m. Jr _ , nverted in t - no111s I f th r ) l 111cnts by nu l"' fn ion. 
A ~n1. I I 1n1 unt of m.1s i i l 1 s • nd thig iR urn !I in,t ,n1tl f\~Y - thci sun Hsht .111,d 

st rli h't th t w can gee. 

Th er~ ti n of 1cm nt fr 1n hydr en iJ1 tb t ra i rakh1 pla,c co11t1nu lly. 
1-Iow v~r. s a star s, it out r 1 y r h~gins t 10 oU ps:c_ v ,t, j h 1c u~ s ·th, tcnl'pera.tur 

f the tar to b1cr ase fu rrh r. on1.c1 f the atonu: of elG1n1 nrs :1 lr ady er _ ted tH 
tOf5E ther ll nd - 1rn1 sti11 h ~avi r Jt n1. &Lh:h nis u ra niun-1~ lt;J md Jnd Id. he t n1perature 
incrc lU,i.: cJuses a hu e e.. 1 i n and th utcr by r arc thr n into spncc. Thi is 
·wh. t h 1~pcns in sup rnov. . b d bl'is fr m . upern, V;t \Vi U ev ntu Uy cond n . . 
un 1r rbe r.1vity f. nother !it r ~ nd · 1n11 planc;;ts. hue th ckJnont 'fanned in th_ 
, tars ~or111 rhe rock _ thL.: se tJ& aud even our " '11 bodi s (Tnbfo L 1). 

T 010 1.1 tne .abundance oy mass or the most common elements In tne Earth's c~ust and In the 
human body 

EJe.ment ~ . ; 
~I -.Rmnk 

' I 

,i ,,I :-."i!i 
- - -

1st Oxygen 4Q.6 1 t Oxysen 65 

2nd Silicon 26.7 2nd C rbon 18 

3rd Aluminiun, 7.5 3rd Hydrogen 10 

4th Iron 4. 7 4th Nitrogen 3 

8th Calcium 3.4 5th Calcium 1.8 

6th Sodium 2.S 6th Pho,sphorua .2 

1th Pota·ssium 2.4 7th Potassium 0.2 

8th Masnesium 1.9 8th Sul fur 0.2 

Qrth Hydros en 0.88 Qth Chlorinia 0.2 

10th Tit nium 0.68 10th Sodium 0.1 

11th Chlorine O.fQ 11th !Magnesium 0.06 

i2th Phoephorue 0.12 12th Iron 0.04 

' 

he 1nod rn f rm of tb_ p riodic • bl b.n th h.: mt.: nt9. rrJn1 d in . t 1mi nu n1 er 
rd~"1T (i11 1mer of the t1l1 m bor I f pr. 't011S in the 11U 11u &). 

1 t jg ho,vn iJ 
lr i plint . 
. m in tion,. 

blc l ..... and a] o, h n1 re de t ll. t th b ,ck this bo ,k (p·1 ,14). 
tl th b ,ck p. g I f h qt1 stir n bo kl in U A n · A- J v I 

1 Fund m ntaJ cone pt 



t bi 1.2 The per~odlc table 

3 

1 H 

Li B B C 

3 N M I Si 

C ' c TI V Cr Mn Nr Cll Z11 G . 

R r y Zr N Mo To ·u Pd Od n 

6 C 8 Hf "] w R 0 Pt Au H TI Pb 

7 Fr R Au•· Rf D l:'g Bh H M D R CJ Lv 

•There ar 14 f-block lanthanide e,len1ents between lanthanum and hafnium end 14 f-bk,ck 
etinid 1i n,ent b ~ twe n ctinium nd ruth rfo r{li um. 

Th vertical c1 lu1n11 r c l1 d r u 1 • Nu111'bcrs in ro,vn ' r th r up numb r . 
• Th l n1 nts in . ronp~ such ,35 in gr ura 1. r 7 sho,v sin1i1 r~ but st~ dily 

eh n in f physical nd cb 111 ic 1 pr _ pertics. In gr up 7~ for x 111pL. fluorin and 
eh lorh,e art~ '- s '"~ bron,i nc is liquid nd iod 1n ~ is l solid. Al 1 four r , t with 
hydr s n 6 r1n id . 

• Th h riz nt 1 r, ,,, re U£1d periods. Nun1b r in vi I 't re th _ p riod nutnb rs. 
1, 1 1neu t9. in .. p ri d cb n : ron, 111 t~11s n th le t to, non-en tals on the 

ri, b t. Th 11 . ble , t: s :1 re in roup (. , 1netin1~ c llHccl rou ' ). 
he J n1t:nts iu r~d r 1 u1 t ls. 

- Th I 111 1 ts iu , r n r n1e 't 11 i s ( n1i-m t h). 
- h 1 rnent i11 h.1 are n n-n1 t 1 . 

If 

1 1aent1ry the e1ement In group 5 and period 3 or th p r1oc11c table1• 

Nams two elemsnts that ara Hquld , at room temparature. 

Important pol1nts, about the periodic tabl,e 
M tal 

h m t h r 1 11 th l ft nd in th I iddl I f eh t blc. 

h l hysi, I propt'rties f n1 t Is • ro rhL t: 

they conduc:t electricity when s Hd .nd \! hen liquid 
th ,y r · n1al1 11 llnd ductU 

• ~ part fr n, mcr u ry~ tb,,;y r H soH t r m ten1p raturc 

h c:h 1 n1Jic I 1 r, p 1 rti ~ of 111eta ls , 1 thJ t: 

th~y f rn1 ositiv i n ( · ti n ) in th ir n1pou11 ; r x. n1 l ~ 1diLnn for111s 
N l ,. i n L n n1 n iu n1 fo nns M , + i ns 
th n,ort;; r • ctive met I re et \\'l h ·1u cid to giv L 5'. It JU hydr 8t n: f r 
oxan1pJe, n1asnesiun1 reJcts , ith dHu.te sulfuric ~u:id to fonn n1 e;n dun1 su lfi1t1.1 
nd hy,dr g1,;; t'l 8-

th m t r 1ctiv m t s r et with ~ t rt I iv hy ' ro .. id d d hydr n: f r 
c. _n1pl t diun1 r t ,jth V{. t r to f 1rm 1odiun1 hydroxi nd hydr , en 

6 

N 

p 

A 

' b 

8 

FI 

7 

0 

Cl 

r 

u t 

Po t 

TI 

0 

~ 

N 

r 

t' 

R 

vou neea to tm ow tne 
names and ymbols of at 
~ e.ast tha first 20 elements 
i(nya rogen to ca1c 1u m). vou 
must a 1so know t-0 While h 
group e acn belongs. 



th y reac ~ 1th c tions of J 1 - reJctiv 
dis foe u nt re c ion : f r x n1pl~. zinc r ,c t 

oluti n I if p r ulf t o ~ rn1 zinc . l1l • t , n 

re Yidu e of coppc r n1 "'t .l 
th 'Y b c 111c 1no,rc r active d1Lltf'U a I roup in th 

ri, ic t blc; f r ex n1p'I . pot . iun1 i more 
r criv 'th n ~odhn11 
th ir o id s ~u1d hydroxid s L r b s. s: for e.. rnpl~ 
n1n u siun1 o idc is - bas ... nd r . cts Vrlith nitr1c a id 
t f nn n11, t e~iu 111 nit rut nd . t r 

o r -1f 

Three well-known metals: (a) copper. (b) mercury ancl 
(c} magne1slum 

la ntlfy tn mo t reactive n,etal In group 2 or the 
periodic tabl _. 

... ,., .......... ,,.~-
Organic chemi try is, about 
,compound in which c rbon 
i covalently bond d to other 

1c rbon toms, and to other 
elem _nte such as hydrog_n, 
oxyg n , nd nitroS n. 

smcon Is us@d as 
a semiconductor In 
computgrs 

Non ... 111 
N n-n1 tafa r, on the ri h r of the t b1 . 

h chcink: l pr per tie f no11-m tttls re th t: 

t h y 6 rn1 n 'J ti v ly ,c h r d i n a {~ n i n ) in m ny c n1] ou n s ,v ith 111 t l ·; fi r 
. nlph:. eh lorh1 ... ~ r1.ns · 1- i in. 1nd o -y u lorn1s ;z- i in s 

th~y forn1 covaJ "]nt bonds \vitb I ther nou-n1etJh 
, p rt fr n1 in c'roup u, th~y caie n1 111 r r , cti:ve UJJ' erou in th ri 1 die 
t bl ; f r 1111"1 . ,,hl rin i 1111 ro r , tiv th n r 1min ~ \Vhi, h i 111, ,r r I riv 
th 11 iodine 
their oxides ~r cidk ~ n:~., "tins ,vith \i\'ator to f rn1. a solution 1of an acid; fo r 
e. n1pl ,,. gul(ur dio i 11.l 1v, ts Vlith ,v tt;?r to f rn- uJturou ci ~ H 1 3 ,vhich 
i n h t f m1 + ( ) ion • n, kin B t h..: & Jut j n ~ , j He 

II old 
n th n11?t ls and uon-n1etah rh ro .ire nl ~ cden1 nt that I n t fit emiily 

inro itber ,c re ry. h s 'hnn tu 1r • .1 U d 1n 1- n'\ t ]g I n1 ,tall id . he 
r portic f n1ct Uoid r thJt: 

d, l'Y cl o n t f r 111 i n ~ 
th y u selnkonclu tors t el tricity. J ~u ticul.u dy 'Wbcu HU .Jl 1n1 11 nt I f 
im. · u rity i add d 
thl'ir o i ~ J r,_ l a ly L i i, ; ~ r n1n1 I , ili 1n d 1 id r ,c;t \v1rh th tr n 
I H '-Uun1 hydr .. -id r , f rn i-, dliunt sUicat 

y 

Force, 
her re ~ ur typ 

• 
11f:lltic 

1 Fund m nt J con pt 



.· tr1 11e; , nd 'Vil uuchiar for & r~ only intp rr nr ingiJe the;; nuc.:] ,u fa I nt. 
r vit ci r ·1 ton.:cs r s we 1k thJt they r nly Qtfe;ctive if 't le t I n f tl 
bj et i 1tr1 n micaJJy l r e. uch ~ the Lln I r th rtl . he nly fore th t 

afff ,ct chen1istry arc rhe ~.lectron1a nctic oric;es. 

A p1 siti\•ely char ,ed obje,c:t .1.ttrLu:ta a 11esativ ly har_ ed 01bjc,ct; tlu~re is force of 
repulsion b t, ~ n t,vo ol:J ctg th :lt h v th n1~ eh r e. 

he gtrcngth of rh lorce 

the lize f tht.: char 
bet,v ~ n eh tn 
th i~tan · b t~ " n th c 1ntr f th :, wo ob; ,,u - th m ll r th ~, distanc .. 
b t1v en th centr~ !i, tht: strong ,r iR th tor-~ bot\\~e "n thon1 

ln chemJstry~ tht.: 1111 St c nun1 n eh r ed rth:fos ar i n . 

A al i n is n ton1 1r r up, f t 111 thJt h 1ost n or mor J ictr ua nd so 
is pr:.s{t/1!dy hlrge I. MetJi£ fo·nn . tions. NJ+ • nd ~i+ • r x"' 111pl . 
A 11 ~ tti n is an 1ton1 or group f' atoni tb t ha~ gained one or nlore eleictrons ~utcl 
so i u ~ ,HlvdJ' eh r d. N n-n1ct ls t~ rm nion . .J-. H - nd l- r xan1 J g_ 

Energy 
If . bere is a fi 1'1(;; ot ttrm: ti n b rw t:ll C\vo [ a.rti le • u r y h t b su pH d t 

te eh 111. he m unt f n r, yr I uir d n th tren th of the f re'-! 
b tw n th p rticles, \Vhich in turn d p n f th cb.ir · n h -') 
"11 is~ the t,,t - entrt~ re. bi 111 t.tu s tb t 111or en r y i r~ 1qu ir I t . p r t sin, It 
'highly I h J.. e ' i n thJn I & hi h ly eh. r~ cl l" bis r ions. 

11v r& ,[y. if t\vo I p sit ly eh .. rp; d arcicl~ ~ Jrc br u ht cl . er cog ,rh r. n r y 
i r le1

~ d. 

n rgy can n 1i'ther b c1 cat12d 11 r t tr ycJ. l-:1 \V v 1\ n"' ryp of n r y cJn b o 
c nvorted hu other types. 

In ~n r th rn1i r ti in~ eh nlical en ~r ~ is t nv rt d to h t 11 rgy. ,._I his 
lTJJC n, tba't tbc1 t 1uper t ur incr s s , s h :it is produce . he 1 111 bustion of petrol 
i Jn ~-- n1pl of n c.. thcnnic rea1cti n. 

lt he t is .. bsorhed. the chemic l r,action is ndl1 thl'rn1i . and th tcn1perJturc ti Jh 
s ht; t n rsy i conv rt, d int eh 1nic I ner y. 

h"111i I oncrgy ism~ surod gu. ntity "JI ,d nt h_ lpy. ff. In n xothcrn1i 
rei.1 ci -n. 1L: ht: n1 i,c;1 I 1.; norgy is I t tU it is 1~1, ans~ cl int he r ~ner~y. Th~r for c. the 

v lu for th cllc1n.~' in nth !py. llH. i n gativ . In an nd d rmi r et ion. th 
vaJu _ ll.l i. p s.i tiv . 

I Amount of 
W'hcn c s shoppit , ,vc buy h~, se by ei ht. driu by volun e nd cans of 
b ked be na by nu m r. ci 11,tist n1c, ;ure sub t nccs by m s r volu n1 . 

Mass 
b unit f mtiss n rm Hy u d i& rhe r.in . ,v vor~ ther 111 ss urdts, ;ucb ll, th~ 

' il BT 111. kg. 111illi((ra1n, ms. n., nogr~ 111. ng. rt nn are s n1 ti111 11 ed. 

Re1member tnls as ~uni Ike 
chargss attn~ct; I Ike 
oh arges repel'. 

K t rm 
An Ion Is a charged atom 
or group of atoms. 

•••••••••• •1•••• •••••••• 
The unit of ener,gy is the 
joule, J. Howev r~ this i so 
sn,all that chen,ists normally 
u a I the kilojoule. kJ. 

••w••••••w~•4•t••••••~•••,~1•• 
Th Gree,k letter means 
s eh ng , eo H meane a 
eh nge in th_ qu ntity H 
(enthelpy air eh micel energy 
available aa heat}. 

Amount o,f 



11 
Remember that a volume 
In c m3 converts Into a 
much sma Her va1 ue In am3• 

I 
Ramg1m oer tn at a vo1 u m1e 
~n om3 converts Into a 
mucn 1araer v,a1ue In cm3• 

y rn 
vo clro con tant 

-

16.02 1023 mo1-1 

1 = 1 · 0 n, " 1r t 111 . 

1 

tk ;;;;; 10 0 

L L ,,111 = 1 0 0 0 k ., 

vo1u1r11e 
hf 1c 11u11on units ofvo]u n,c :ir tb~ c n13 nd lhe bis ~r unit Jn13 (:1lso c~n cJ th litr _ J). 

1 0 tll - l 111 1 

1 cn13 .;;;;: lL 001 rl 1113 

A 11qu1a n a volun,e or 23. 75cm3• convert this to a vo1ume In am0• 

' ' 1 -
2175 

- 0 10"'375 I \ D \Ul.l@ - lOQQ - • ·.... 1Q1lU 

'. . - - • - J -- ., ' • _._i. 

A gas ha a volume or 24clm3 • Convert this Into a volum In cm3 • 

11 

volume= 24 >< 1.000 = 240001 cml 

y ur If 

) Conv -rt 12k into grams. 

b) Conv rt 0.0234g itito milligrams {mg). 

The mole 
Ahhou h subst nc s: are1 n1 ugur d 1Ut I c 1rdin to their n1ags I r v 1lu111 ~ eh n1icJJs 
r et by nun1b rs f p rticle s. 

he cqu ti n for th~ fonn" 'tion , , ut . r fron1 hyclro n and oxy 11 i : 

2H., + 
• 

4 2Hi, ... 

- hh 1n I n th thy r n nd o y-en r , tin the r d . of t\Vo m1 ] cul f hydri n 
to on\; 111 l t:ul f . YS 11 . 

Atonu. ~nd 1nolecule are o sn1aH th~t ,,rhcu t\V1 c.:h n1ic~l:a arc n1ix d and react, 
iUi ns n iHions: n1olecu 1 s r it1v Jv d. 

hr nun1h~r f c rbon- 1,:. ton1s in ~x 1
_ tly Is of 1C:: rbon-1 s can h cal ul t d as 

:i. 2 I ,23. 1t is ·a ll~d rh r n t u lt and has tlu~ yn1b1 1. _ r NA: 

1 Fund m ntaJ cone pt 



h Ill 

.34 X I 
f 01 1111 fo uh~ f \V ter i 2. '0 1 -!!J Jind hi I g f ,,,. ter th r r 

22 m ] cu] , r 3 OUOO Hl uo lOO o ,m J cu 'I . unting in 
I tn t in1p ~sibl . -o , t r und chi pr bi m rh c nc pt 

was intrioduc d. '"fh a 1111 1l is 3 very larp;e nun1bor o. rtich~!i. , r 
~xnm 1 ~: 

1 n1 J f diun1, N , c nr hu . .... )( l >23 sodiuiu ton1&. 

1111 I of w ter~ H" ~ nr i11s 6. .... >< l ,,1 ,v t r 1n ul ~ 311 tb r .. 
1. _ l4 x hl"4 hydr g u at n1f1. 
1 n1 1 f s diun1 1chloriJe~ Na+ 1-~ 1contah1 .02 I l13 p, irs fN + nd i- io11s. 

h 1ni Js r et in ,~ r ti by n1 le . he ner y rcfo xoth rmic re cti l 
Jep nds I n thQ nu.nib r o. n10J~s that r .. e t. , l,t;:r for ~, has units o kJ n,01-J·. An 

und r nJjng o.t the n1 le 1 s enti I t I A L n - fov J eh 1ni try. 

y 1r 

5 Celeulat : 

) th numb r of atoms In 1 n1ol of C02 

) h numb r of chlorid - Iona in 1 mol of calcium chlorid ~ C Cl:z 

(The Avogadro co,, .tant, NA - 6.02 x 1023 n101-1 .)i 

al ratio 
onsi r th equation: 

2Na< · 2 l, .. 
ulfuric 1Ci nd s iun1 hydr · "icle r in th' in lar r ii of 1 :2. Thh 1n1: n~ th t 
.111 in 1 f su lfuric i r a ts \,1irh 0 ...... 2 .... n, I f s1 iu m hy r i . Th 
h ib \'ll~ rh .. t . I 11 n1 _] f ~1 1diun1 ,u,1lfotc . n l ( .222 mol o \Vatrr. r for111 . 

h mol 1 concept is tu rther d vcJop d in h pter -. 

- _ - - - - - - - - -

Ky rm 
11101 1, , tne amount 

or su b,sta nee contalnl n,g 
tno Avoeadro n umo9r 
or atoms, mo1 ec u, e·s or 
,groups or 10 n . 

••+~••••••••••• I t ***••••• • 
Th syn,bo I for the mo1I 
is n1ol. 

pi I 

Calculate the number or n101es or s11ver nitrate thet react with 1.23 mol or 
10dlum ohlorlds, according to the equation: 

Ag o,~ + NaCl ~ AgCl + NaNO~ 

ll 

n1oles of A~NO~: ntoles 1of N Cl = 1: 1 

moles of silve1· nitrate = m,oJ of sodiu1n chlorid 
= 1.23 m.ol 

Rememlber that the 
num beir or mole Is a 
measure of the numDer or 
particles, and that mole 
ratios are To una from 
the balanced chemical 
equation ror the reaction. 

Amount o.f 



Calculate the numbar or mole of hydroggn gas. H2, rormed when 0.0246 mol or 
alumlnlum reacts with exc9ss u1rur1c acid, gccorcllng to t11s equation: 

... Al 3H2S0~ _., Al:J:( 04):1 + lH:i 

n r 
t11oles of H~:1uoles of All= 3:2 

• 

111ole,. of HJ== ~ moles of Al 
... 

1 Fund m nt J con pt 

= ! 0.0246 = 0.0369mol 

tion 
L Identify tht- n1ost r~.1,ctiw n,~ al in s1 cup _ of th~ p dotlic tah!~. 

2 A11 ] n1 ut • I s a hr h chJr 1 1 n th i n (1 rn1 d? 

.1 

4 l"lV rt ---4dn,3 iut . v 1u1 "in m1 • 

5 .... on,,.~rt volun'l f ... . 7 1113 int v lun if dn1·. 

Nitr gen t 

N~ + ', l 12 --+ 2N H3 

· kulat : 
) th I ntm1b r f m 

hy ro n. 112 

t n to fonn :u11n1 ni:.i.. i.:c 011.Unp; lj th equ:1tion: 

b) th - ru.unb _r f 111 . f--' 1111 ni pr uc d 

7 Nitrk 

a( H)2 + 2 N 

Jk ul t the nu111b r ( m 
0.0 ..J2 n1ol 1of r1itric ~cid. 

xicl rwn t, I th qu a.on: 

f -. lch.un hydro id th t rl: _et \'Vi th 



Jonn Dalton 

ml ru ur h 
di Ille (Topic 1) 

A I t r 
h~ t"' their I f n1odcr11 ton tic th~ory \ as } h n aJ 011., a s hoolteareher , I, ,vas 

b rn in 1771. 

1 le u l! . n1 _. urciments f th 
hypothe is1 \\rl, i 11 \/ as th .1t: 

11 n1· tt r i n1 de f ~t1 1m 
U at 111s of a giv n c,] u t t j r i · cnU\.: L with rtb s n1 . n1 • but hav diffi r nt 

.1nau s _ro111 th tit n1s f rotb r cJ m nts 
c · n1poun i_s 0Jnbi11:1tio1 o the at n1s t t\vo r 1nor e] 111 11ts in a spe iii ratii 

~ t 111 c n I ith r b r t nor d troy d 
in 11 eh micaJ r ti, n, con1. in the r et nt r r rrl ug d t iv th pr1 u t 
of h r _._ tion 

1 lt n eh u ht f n ._ t n1 &ph r.ic 1 h rd bj I t! r th r li kc J n1Jrbll: . ht:: w rd 
l1t n1 i deriv fr in · r · k nd m n 'uncutt J • lt n' tb ory f rn1ed th b si 
f 1r unders_andin h_tui J r, dons~ f rn1ul n chcn1ic ] ,quations nd 11 ,vcd 
hu t:.' .vJn s t L,~ n1adc in the, nin,..,hi nth ntury. 

nucl ITI 
oubts b 1ut th curacy of ·. It n s ato111ic the ry be an t torn1 around th 

b ginn in f th t\, ntf eth c ntury. J. J. ho1ms n I isc ver _ _ th t H n,~ ta'I ~ 
Ylh fl ht.' t ld~ si\tQ off i 

1

, nti a 1. tiny. n g·irivt 'ly h._ rg d P· rt1 lus 11 h wa b] 
ro n1~ t ure th ir 1.n :u~-to-l:bar ~ 1.di (;). MiUikan 111 :i or d the ch.u n tbese 

,a rtl l nd b 1,1cc th n1an. l Ct und th 1 .hey had a n1.Hs nearJy ~vo th u and 
tim ~ s111 1J r th n th t of a hy1dr h s I rUcl , r" c H d l .. t, n~·. 

h ir re ulrs 

n t n1 cont' i1 sin U centr L sitiv ly eh r : 
• l Ji 111 t r -f th nu leu i b ut loiou th t f th t n1 . Thi n1 t1s that if n 

t 111 ,v r th gjz f n to tb. 11~ th nu cl u. \.vou ld b sn Uer th ~ n fuH sto n 
' 

this p e. Ahern tively. if thl! 1 ucJ~u r the · izc l b H. tbt t m,;, uJJ 
h · · a di n1 t r f 'b ut 400 m tr s.. 

ln1ost L H th mas of tb~ _ t 111 is , n ,11tr.1t ,d in th nu I ,.LI i. 
he l "trons or.bit the nucleius. 



TI 
mo oeva, opm, nt o, th 
unaerstana1ne or tne atom. 
rrom Dalton to Rutnerr1ore1 
a no beyonel, Is an oxample1 
o, How sc 1ence won<s. 
A tne1ory Is ugge tea, 
ba e1d on experimental 
evidence, and that theory Is 
modi ned steacm y as more 
e~artmental evidence Is, 
obtalneal 

At 11 inv nt -tl the inn r to n, . Lu rh n,ass~s r 111 
H n1.1d the st r din di c l'I the ton1 f n t"m nth v 

is 2 thues he .. 1vi~r than :i hyJrog :1n aton1. How v r~ thur~ 3re ~tonu o neon wirh 
111:.i & g .... l :ind 22 tin1 § l ._ vicr. th n hydr e;· u ton1~. ther cle111 1u were J 1 

f und to hav at n,s f duf~rent n I ss but kl nUc J h 'ln,ic 1 ,rop rtie . "rh s 
di ffi r nt tom! 1 f rh s n1 ] 111 nt re - U d i t p . 

hi~ in1u1edi~1 t ly ~ u cJ I pr bl n1 with th 51i1npk~ nuc1ea1 th ,a·r y. H \V could the 
F odtive 1cent I f Ollt; t nt f ~t, efon1 nr differ ron1 that inotber n 1n f th 

k,m nt? 

h r W ,il8 furth r Ion -st .. n ing pro I in L ~ oci. t d \Viti., the I ri di, tabl~. 
hi~ is an 1n ~l s~u,~nr f th t:! 1r1L:1rts in itl · re 111 t i n1.ic n1 s11 d, i cd bY' 

Mend le v. r n ha, r, 1 tiv toa11c m~u f 4 ~ l hich i I n gr 3't r Lh n 
th t of pot iun1. This n1e 11s th .t pot iun1. n the b si of m s nly~ h1 uJd 
b pJ C in fi up O wi.th th 11 bL e ~ n rs n in sr up 1 ,vith the ] ' Ii 
n1 't~ Is . hh h cl ·arly , L, ur ' . N - 11- lll s hlt thh. ri _d] ~ until M s Ly 
dt:i vii d an K rin1 nt thJ t n1~ ~ured t I, 1 sitiv ·h ~ rg in th l t1ucfo us.. his 
p itiv~ ,charge is c ll d the t mic nun1 er. A sin1ult ne u~ rdi , v ry f th 
pr ton I 1d t tb th r ry th ~ t tb ~ , t mi number h rh 111111,l r l r t n in the 
nu .1 us. hi value is the s I Ult! tor 1 I isot p -g ot an J ~nni nt. hu s tb c le 111 nt 
in th eri die tab]e us d to i y r r . n in rd r f lucre hin-.~ aro,ulc ,uo11lu~r 
, nr not a, 1 rdin t th ir r n1i m~ ~. 

_ thir ' iUb~tomi ,,, .. rti l ~ d1 th n ~u g_ st d - this i. rh r1 . ntrun . 

- uth. rtord iU st cl thJ .1n Jt n1 n$i r 
tiny nur leu surrounded by rbitin elcc t.r n 

f a 
Id his 

sowte of a partlcl . s H_ .. 1 uc ~ i: ~ r nd M _ r~,d n t£1stc thi~ th ry 

Detector 

.. .. ,. 

FI ,u, o .1 Tna go1e1 rou experiment 

~__.,.- Gold fell 

.. 
"• ~ 

.. .. . 

nd b r 

,vitb th _ ]d il _pcrhn tU (_ igurc 2.1). 

M sc t h p iiriv ly h:.irg .d a p rtic:le; .. 1 s~d trai l t 
thr u h ut a tl w (· ut I in 8 0) w re dcfle t cl 
through 1 0 ° by the po itiv nu I us. 

h~ fin l r uth rtord Jto111j th ry is 10! ~ f H \Vfal: 

h nucl us. f n t m I f articuLu: cl 111 nt 
ont in tx d 11un1b r f positiv Jy c h, r d 

prO'tong. bh. nun1b r i caHc the nton1i · nu111b r . 
h _ nu 1 '-U al o 1nt 1ns n1.nnbl"!r of n utro11 . 
he numbe1 varfos fr n, n j to} c ·r1 r an tb~r. 

N utr n re n t h rg (n u tr I). 
h nu1 nu1 n b _ r of 11 isorope h th sum f th 

nUn1b r O prot 11S Jnd 1\1.lUtfr l19 111 the UU J "'US ( an 
.r 1111 t th Ltt is t 

h nllmb r of 1 ctli 10 in 
u l t th nu1nb r of pr t n in th 

nu. l ~u. 

urin the hnr s, yr tY~ many mn re s:uh ·ton1i, I artk le , such._ n1es1 ns and 1.1..:utrinos, 
h ve b en di Lo: · vcr d. H \Y v r. chi is bey nd the scop~ f A-J v J 1ch rt1i try. 

2 Atomic tructur nd th p riod'lc t bi (Topic 1) 



T ll I e .1 M assgs and char,ges of s u batomlc pa rtlcles 
I "• • ,,r.u~1~1 . ' 1Q,l~mi.~*-.~1~r ·,:'.~(l.:p/g, . I f " • • " •. 1• -

.Relat•ve.imass -' · 
.J--;- _.-.-, •• - ' .... - ,"f.,• 

- --- - ----- -------------

Pr1oton p +1.SO )( 10-1D +1 1.67 )( 10-24 1 

Neutron n 0 0 1.187 10-24 1 

Electron I- -1.1 0 X 1 Q-1Q -1 1Q1 .11 x 10-:za 0.00056 i(which . ueuaUy ignored) I 

N r t te th t th m s l cr1 n i z r1 
• Yi u n ·t n d t kn ,v th h r es 

01, sub, t _ 111i • ~rti I s: in c ulombs ,r th ir n1 s_ in r~ n1s. It i th rcfolit't" v lu ~ 
th r y ·u n,u~t kn ,v. 

Deflnltlons 

_ rn1 
Th9 tomlc numbo (Z) ot an element Is, the numDer ot protons In tne nucleus or an atom 01 that 
element. 

Tn1e r I t1v 110 m cr.a.m.) or an e1em nt lS tn w1e1antea average mass or an atom or tnat 
lement cJlvlaeo oy fi tne mass ot a c roon-12 atom. 

Tne , 1 lv mol u 1(: r ma or an 1element 1(sucn as 02) or a compound (such as H~O) Is 
tha av9ra1ge mass or a molecule of that elame,nt or con1pound divided by fi the mass or a 
carbon-12 atom. 

numb r of an Isotope of an elem1 nt I the sum, of· th number of protons end 
neutrons In th nucleus of n 1tom of th t Isotope. 

The r I tiv i otopic m I the mass of an atom of th t l!otope divided by f2 th m as of 
carbon-12 atom. 

I otop ar atoms of the same element thet have the same number of protons. but diff1airent 

numbe,re of neutrons. 

• I ~ whi ·h is All t n1 l i ns f iv n 1 Dlt;!nt h v tht-: · 111 
iffi r nt fron1 th a mi 11umb rs 1 1 1 th r l m nt . 

11 i , 1 iv n to n dee i m l p,I c . h 
to1u I f the r n- J 2 h t e is d 1ned s in .. o.ctly I_ · t n1i 111 s 
th i fer nc u c tor H r I tiv t n1ic nd i t pie m s 

I t ( J ~.. l ply to in~] 1 111 nt rrh y h 'V th m ' nu1nb r I f p,r t 1n in 
cl,c nucl tu.. s thoy h- o eh 111 'to1.uic nL1n1b r. H w~- r. they h9 c different 
nun1 ,ers f neutr ns it eh nucl u . s the n16c ss nu111bers , re differ nt. I t 1 pt: of 
he Jm 1 m nt h v idcn:dc I ,hc1nic J prop rtics b c.1us they hav identic, l 

-.: l tr n n fi t 1 r. ti tl • 

Most lcn1 nts hav n1orc th, n ne t ble nd n tur Hy occu tTin isotope . ' -on1c of 
th s~ r h w·n in T J, 2. 2 . 

•iA•••••••••••••••• • •••••• 
Ma s numb rs apply only 
t.o Isotopes and are1 alway 
whol numb· ·rs. 

Do not conruss n~1auva 
atomic ma s, Whlc h 1s 
an average, with rel alive 
1sot~1c mass. wnlch refer 
to a slngle type of atom. 



.. ············-······ ...... R lativ isotopic mass 
re not whole nu nib re 

b O U5 
I 

som mass 1 

o,onverted to 1enargy wh n 
nuclei en formed. 12c i 
exaetly 12 by definition -
it i th re-f eren ce point. 

Die 2.2 some naturally occurring Isotopes 

Hydrog n Prot,um 1H 1 0 1 1.008 QQ.QQ 

Oeut rium 2H 1 i 2.014 0.01 

Lithium Lithiu~ au s a 6 El.015 7.42 

Lithiun,.; 7 7U 3 4 7 7.016 92.58 

Carbon Cerbon-12 12c 8 6 12 12 ex ct1~ Q8.89 

C rbon 13 13C 8 7 13 13.003 1.11 

C rbon-14 14C 6 a 14 14.003 -0.01 

_ your If 

Exp1a1n th e11rrerence between tne tenn ·relative I otop10 mass' and ·relatlv 
atomic ma s~. 

IM 
h n1asses fat n1i ~ n10,lc1cul 11 f"r 111 nts f n1olt: cult:, , ln be 111 J, u r d u~iu 

a m sp tro111 t r. t n r n1 ss sp ctron1 try ,c n i t~ off u r stJge : 

• i nigati n 
.,,ccct r ti n 

• d. fie ti 11 

dt.1tc rt n 

AH th ir in th sp ctr mc't r i fir t pun1p d ut. 

& n11 L of th "J 111 nt I r , 11n·1 und in 8 seou fo1rn1 i inject~ __ into the m ss 
spectron1 'ter ( isur12 2.2" c n1J Jrtnn:nt A) a.nd hi on,barded v ith hisll- n rgy 
lcctr us fr, n1 .1 n el~ tron e;u n. I r ·che YU b t 1u.: i al id" it h JS t - bi! lit: ted co 

pr due utficient 11un1b r f , c1 L1 p rticl s. 

1 ent!r y , r m cbc · mb rding eJ litr ns. gtrip I ~tr, ,n fr 1m eh~ atonu or 
n1 leculc , £ rmi11, positive i ,us: 

A+(s) + 

,vh r A Ii ,pr1:: nt n t n1 

M(g) + t1~ r y ~ M (, ) + c­

\-Vh re 
I 

r I r se11ts a tnol t1ile 

he J ositiv i 11li torm "d fr n1 rnol t1I · can th n frJ n1 nt int t\1 o or n1or~ 
pL rti Jt11 s, 1 n p sitive and tl.1 · th · r 11eutral · r hut 11 ~ fr n1 c.:b] ri n : 

12 ( ) -+ l J + (s) 

1: 

I (s) ~ ..., 1 l I ( ) + 
+( ) !? ( + 

2 Atomic tructur nd th p riod'lc t bi (Topic 1) 



3 h Jlositiv io11 s 
c n,1 rtn1 nt A), p 
i n h v tl e n1 

re c .ltH:'1t d by the hi h ~1 tric tend ( igtu -· 2. 
thr u h slit& n n1 r c a pa H 1 be:rn1 f iong. n tl 

n rsy, th :1 f p rti u 1ar m SS h v rh a m e d. 

hf i ' 1lU r tb 11 d~ a C e b1y J powerful. Ill sn tic I I.cl ( ie;u re .2. 2 ~ on1p~rrmcnt 
B) . I ins \Yich th san1 eh rs but ,vhh a relt r nia;g arQ d fleet ,d le;s 'than those 
f g1n~n r n1 s. he n l cl Hee[ d d n s n the trQn· th 1 f the m n ti,c 

n th 111 & t -eh r r ti (~ r :;-) f th ion. 

he ions; f lowest niass 1re dc-rl?cc..:d fir ( i ur 2--~ 111 . artn1cnt · ). hf' 
111"' . fll!tk l k i r du Uyincr s d ndd . i 11 ~1 fgr tcrn1 s~ rath nd t, cti.: . 

h d tee tor i c up] d to ~ c 111put r th t c 1 uJ t~ s th l!J. r ti f ,eh p 1sitivt: 
ion n { its rc'l.1tiv~ . hu nd. n e c n1p r d \-Vith the n1ost • bun . nt I • r tic]o. his is 
then con ort~ into J lC1r . nt \ f t e 1ch siU ion . 

They arre Ionised 
(tu rnied to pos1,t1ve 
Ions by a stream 
of I ectrons) 

1 

Atoms or mol'ec:ules 
of the element nter 

TO a p u m1p, wh I eh 
maintains 
low pressur 

Ions a r def I ec ted by a 
m gnetlc fl.eld accord1lng 
to tnelr msss 
The path of f tgh ter fans wlli 
be bent more than the pa f-h 
of heavier rans 

FI me . A reprtsentatton of a mass spectromQter 

, ctr 1n1 :i try r : 

b anb rd1n nL b1y hi h- n rp.y l,ctr n t er att positiv i ns 
=1 1

• < I rn·f ion f J ositiv ions 'hy n 1.t: tric pot~t1ti J 
l 11. , t;1, n of" 1~ s1tive ·i, JlS by u nu1 i, "tk 1 ]d 
l t t i n f p iti ,, i n £ U ~ , by 1npHfic ri I f the, · n al 

Mass spe1ctru1m of d1atomrc mo1le,cu11es 
M.tny 1 n1 nts l v i otop . nd o eh jr 111 s sp ctr 'V iH h v lin 
l si J c 111binl ti n. 

for t: b 

hlorine i.; naius: · f t\V h 1t p C1s - ... I \vith 11 • buncl·n1 ' t 7 tJ11 nd 37 l ,vith 
~n bundJnl: f 25rYt.,. h nias. spl' t un \Vill tl er tb c 01.uiu t*rhrl?c lines jn the 
re ion around.!!! = 7 cau ed by eh mo],~cul r i n 12 + ( i u re 2. 3). 

11 f 1h m 7 . 'h b b" I ' l J 'l_ • ·\v t _ - = 1 \V 1t p r h ny o 4 x 4 = ,-
J ~ ]J7 1 . I ,n 7 , l · \Vlt.fl ""';' - · - \: "lit :"'Ii .. 
31 1--3' ] with !!;!- == 74 \Vith a r b bi Hty ot ! x i = + 
t.. ·11 I h k m - J 111 --- d 3 u sp trum ~ 1 1 _s _ _ two p _ t-= - 5 n = - ,7 . u to 

so m19 atoms or m ole1cu1es 
lose two electrons a nCI so 
'form 2+ ions. Tn e e ire 
delliacteel more tn an tnose 
with a 1+ charge and the 
s,ame massi 

T 
Rememocn tl1 at tna1se 
positive ions cou1a 
be posmvely cna rged 
atoms, pos1tive1y chargeo 
molecules or p0S1t1ve1y 
eh arged trasme nts 01 
molecules. 

I 70 I 7 

, 
I 

FI 1ro . Mass spectrum of 
cn1onne 1n me~ • 10 rewon 

..; 

••••••••••••••••••••••• 
Th r are tvio ways of s; tting 
72: 35Cl...:37CI nd ~1c1-3sc1. 

Ma 



······-~·-··············-~···· Th peek ~,t !p. = 31 ie du 
to CH~H • ,oau d by 10,s 
of the CH 3 group fr,om the 
mo1I cul r ion: 
C2HsOH+-+ CH~ 11 + CH20H+ 

Bromine has two naturally occurring Isotope • 1 "Br and 81Br In approxl matgly equal 
amounts. DescrllJQ and gxplaln I mass PQctrum In the m,/Z ~ 1 o raglan. 

11 
It WI 11 11ave tt,~ I lne s ea used by: 

1DBr-11er+ with m;z = 158 w1t11 a probabll fty 01 ~ x 1A = 11n 4 
7DBr-81Br+ end 81Br-79Br+ w1t11 m;z == 1eo w1t11 a prooaclllty or 2 x 1h x 1h == 2 
In 4 

, 81Br-9:i.er- with m/z c:: 162 with a probabll lty 01 tlf.i >< 1!i = 1 In 4 

so bron11ne w111 nave three peak In ,a peak ne1gnt ratio or 1:2:1. 

Molecular mass from m1ass s1pectra 
Wl ~n v 1 tile (u ually r ni ) 111, 1 cu1 i in t:ICi ~ted i n1 . ~ tr ,met r~ tht.! 
p. k ,-vith th I r st 1: TJti, could b du to th n10] c1,d r i n1 M . Its v Ju c n th "'n 
b~ used t det rminr.1 the mol cul. r tor1nub trom ~n cn1pirk l tormuta (sec pJge L.1). 

hli 1n g pectrun ,t d .n10J. 2 :L · I t i sh \\'tl. in ~i ur 2 .4. 

100 

·1 
1: 90 ~-ii 
I 60 

o: 40 -

20 

o ........... ....-~.._..iiiJliiiiii ...................................... .-... ....... -,a 15 20 25 

FI m 2.4 Mas spectrum or ethanol 

s 
HJ/Z 

~ k ith tl 1 r t m v Ju . i 4 is due t tb- n1 I cu l r ion~ o h r 1 dv 
u1 r 111 f th no! · 4 . 

1i t y -ur -1, 

Ex.p1a1n how po ltlve Ion, can be r-orm cl In a m ss sp ctron,eter. 

Modern mass s,pectrometers 
Tl111 o II ht ( 0 ) 
1 h..: s n1 J is i n sed and JCct]l [ at ~cl by an ek , t1 ic p tent fa L AH th i n !i w 1 I I have 
th · 111.,. kinetic en r }" (~nur)~ but tho he vi r ones ""'ill n1ov 1n re d \v]y ~ nJ 
s I r h tb d et r 1 t r h n the light r n . h thn ., t\ve n i n · tion and 

t c ti n h 111 su r cl. 

2 Atomic tructur nd th p riod'lc t bi (Topic 1) 



Electro pr lonl tlon (E I) 
h s n1pl ig dis ~oJv in . v ll til s !v~nt cont~ lning ~ Bul th~ noi ci . 0111 of 

h . Jnpl~'s molecul s_ M- b 0111~ I r t nared_ fanning [ I 11+ ncl IM l l,,J'1+ i ns. 
h~ so]utio11 is r,;ipidly evapor..1ted as it ~nt r& rh evacu ~ted c:han1ber o thC' n1J !ils 

. ,ctr n1 r nd @;' ll [M 1+ nd rM ~,In i U" 1 d. hi i kn ,vn s 
's ft' i nis 1 ti n c lH h n rgy is l ,v th r Uttl r n fra . m nt tion cicurs. 
It is th r forll us tu I fi r id 11 rifying on1~,l ,c ll'l 1 

] cu I s~ u h :11 bi lor;i . Uy ,c:tive 
n1olfc:ules~ buc not~. r t: lucidltins 'th ir rruc'ture. 

his 111 th d is SJ i Hy pot rfu1 , b n c u1 l d \\'ith U ui cbr n1 t r by n 
so is also us_ in f 1f nsic _h_1uistry to rov th~ prl'stn1 c of dru st pois ns _nd th_ir 

n1 t.1l1 I 1res. 

U _es 0 1f 1mass, spectrom1ete,rs 
De · rn1II atlon of el~ tiv to1 le , ,~ of n lei , nt 

t tbJt bav b ~n bt in tr m n1 s sp ccron1 t r. such s th sc jn i urc 2.5~ 
c n b tu d t kuJ t~ th refo.tiv, t mic rn~ s. f n li.:m nt. 

. -,.- - .- - _--- -. 

Lithium ha two Isotopes_ 8LI and 1LI. Use thg deta In Figure 2i5 to calculate the 
relative ato1nlc n,ass of llthlum. 

11 
, _ (mlz 1Li . ,~ ~i) + (mlz 7Li , 0 o 7Li) 

r.11.m. 100 

_ ~015 7.42) + i(7.016 P:!.S8) 
- 100 
= 6.94" 

OU I 
Tne re1at1v tom1c n1,a or copper 1 63.5. ca1ieu1ate tn relative aounaance1 

01 the two copper Isotopes with relative Isotopic 111a e of _ 3.0 and 5.0. 

D t ctlon of d u and tl lr n, t bollt 111 urn nd blood 
Most d.ru . 1 or x n1pk th . nab He kr1 id ll ndr l n , h. v uni u 
A i1rine mp'I i t.1k n f 1n1 ~ n rbkt ~ pi d h loY,' - , ner y m . s p tr n1ctcr 
nd i nJse u~ing th tc h1,il..'lu I f 1~. trosprily jo1·1h1~rti n ( ii). h mp c tr u 111 

i tben 11 ly d. ff th r i an !; p ak quiv J ,nt to th t of th 111 kcul r ion of 
nandrolo11 \ h 1 11 th athlct is sho,~vn to hav u~ ' that 't roi . 

In ·11 ph I n1aceutical lndu tr 
h idenriry of new L n1p und can 'bei detorn1in d by 1ne surin the, .W. value 

of th pc k ,i.; .. used by the mole ul r i 11. ir t urc g milt? has t be bt incd. 
u u lly y ,chrotn t n1phy. A luti n of th ~ub t_ni .. i pr~yed thr u h l n die 
ar high el ctric poton ial .. nd i n lysed in tht: 1n ss spe, tr 1neter for its' v lu . 

ffl/Z % 

15.0 15 1.42 
7.016 92.S& 

100 

I 
] 50 

6 7 9 
mtz 

FI ur 2.s Tne st,gnal and 
data nom a mass spectrum 
or Uthlum 

Don,: f ors et that the 
species ae,teotea are 
posltlvel y charged. 

Ma 



carDon-14. aauns su;gQsts 
tnat tne rur1n snro ua Is only 
arou na 500 ye rs 010 

Rem ember U1at aH 
Ion ls atlon ene rgtes are 
q uot&O por mo 19. 

y r111 

The r1r t 10111 atlon n r y 
of an element Is, tne ener,gy 
rGqu1reci t-o remove ona 
electron from a mole or 
ge seou s atoms or that 
element. 

y rrn 
Tne c na 1on1 1 n 
n r y Is the 1anergy 

requ Ired to re1move one1 

electron rrom oacn 10n or 
a1 mole ot Raseous sl ngJy 
eh rgecJ positive I ons 01 
·that element. 

2 Atomic tructur 

C b n-1 
hr r 1Jtivc _n, unt of tb bot s arb n.-1 _ nd c rbon-l in s ni.pl c n b 

f lnt _ u h1g 111 sp ']ctr n, t r. ~ d 1
• n-14 i r" in , ti ~ n its activity h~ I e 

~very S730 years as it 1ch~ u es to nitl"ogen-14. 

Wh in c s1nic r~ ys 1c JJid ,virb nuc:J i. in he E rth 's upp,cr tn1 a h re, n urr _ ns r 
pr du d. If a n~utr n ,c1 Hi I s ·with nirro n nud u ~ n t m f 1c r , n-14 nd 
J pr t nan~ 1n1~d. 1 be I' ti f carb n-14 co rb n-12 r 111.Ju d ' _idy consr nt 
until tb In l.u~trfo1 Re,; elution, ,vh n I kl b n in l: ~1 'J'._1g burnt~ refoa in ,~, b n 
i id wi tb v ry I O\\' 1 rb n 14 nt I t. - h , i m r n b t ,v n th r. hi t, r i l 

r.1ti _nd th.1t n,e surt?d in th ma~s sp,cc.trun1 f. ,c. rbon- 11t'" inin . obje t 1S th 
~ . .ui t c~1rb n-l4 d._1tiri . 

n1 r k an be d by ilnil r m th . Ur niun1~2 c y '}v ntu Uy t 
l d-2U . If th r ti f th s tvi,r i ot s is I :t'I it 111 n thH,t h~lf th ur nhu11 h 
id C ~ yed I A it h I f-1 i fi i B rtl b ye~, rs'! t h j Vit 111 111 • 11 rh le t th - r k \ 

rn1e 4 x Jn~ y ars 

energy 
I ni Li n n r i h . en r y OQedod t re1no~ :in tJlecnon t on1. n '~ n1 or ion. 
Th units a r,e kJ n101 l . 

he Iii t i I i ntr , n i alw ys potdtiv nun1btr (d n tin an ondoth _nnic 
pr ceis!i. \- hich r quir i enc.'rsy). It c l1 b r p,r sented by th ~,quLJ rion: 

( ' ~ A+ (s) + c-

~aa 1.1s p sitiv_ i ns i& nn_ d. re . r, I s, o tvhc th r rh 
~l 1nent ii 3 metu 1 or a n 1n-1net L 

' r eh l rin ~ ~ it h tbc oner y change prt uwh: or 

-
he v Jue n en~rgy 

th nun1b r of r t n in th I nucl u th ff\ r tb t h r , r _ th 1 r ~r tl, v lu 
th · X,t nt t which eh I fth~ nucl ,u is hi J ed by h n r el tr n 
- the tno.re the shie1Jine; the .le8s the v Ju~ 
th i t llt."i :i th t th I ut r1n st l t I i tr n th~ nucl u - th r at r th 
dist nee th 1 s the vaJue 

ur If 
Write e,quations to r pr ent th firs·t ioni tion of= 

) pates ium } argon ) bromin 

Mor 3 en ~rgy i rcgui r d to ren1ove th s cond c]cctr, n th t1u to rc111 v · the fir t 
l I tr n. hi i ,~c u c th · cond 1 ctr n i~ b 'in r n1 ved 6· n1 

i n, whi h is ls 111 Hr.r th n th ri in I t m nd 
Jttr ction 'to th nucl 'lus. v n 1nore t: n rsy wou]d b requir d to ren1ove the 

t h 1 rd lt..: c t r n , 3 ncl i o n . 
The c n r r ent d · y the qu U n: 

~( ) ..... 2+(s) -
nd th p riod'lc t bi (Topic 1) 



I 
Tne second 1on1s,a·uon ene1r,gy Is always a posmve1 number (,an endothermic process). 

or the l n1ent c:,. lcilnn~ rh s ,ond i nis tion _n r y i the ncr y 1c:h. n e pr.r 
1Hole for: 

If 

Writ an equation to snow tne ntt11 1on1 a-lion energy or nuorlne. 

First lonl atlon energies, of hydiro e1n to rubl1dtum 
be first io11° a ti r e1 er-git; · ft he i.; leuic nts sh ,; ,r p ri, dk it y. he , t ter t1. ri 11 1 thiu n,. 

t I neon i r1.;p t ex cdy 1 ith 'th el ,n, nt s diun1 to r on. Ap, rt fr m the ins rti n 
f tb d block "'Jl m n ~ thi tt rn i n ain fr 111 p t ssiu1n t I rubi iun . 

he t.rund wn a rl up is ~ r he tirst i n is.,tion ener, y to d~. re ase. AJtl, u h tbe 
nun1it;r f pr t ng ·incrcas , s d s th nun1b r f hieJd1n 1 le tr ns. h n1 in 
f: ccor · the incr~ in the t n1ic r dius, m kin th ut rn1 ~t kctr n further 
fr n1 th nucle u n s e i r to r n1 · e. 

h eneraJ tr nd ~ ~uss a ri 1._l i!i tor the tJr t i1oui ati n ~uersy to increa "· 
How ver. th~re Jic a nun1b r f s.Haht variations fr1 1n1 thi · 'tr nd. 

i ure 2. , n ,. in1 teach n b] i ~ 11d 1ni11in1a t e eh r up 
1 111 t 1. :i te,r th , and ~HI fifth el 111 n't in both p riods ~ :.1 11 3. 

9T 2400 
"'8 He 

220C Ne 

2000 
'5 
~ l SOO 

Ji 1600 Ar 

·I ,aao KF 

·- ~ t: 1200 ... 
1000 C 

BOO 

600 

1400 LI Na ~b K 
200 

0 
10 1 5 20 25 0 5 40 

Atomic number 

Figure 2. var1anon oT the nrst 1on1sat1on energy With atomic number 

.. ,., .... ,,,, .... , ...... , ... . 
The nergy required for th · 
proce a C (g) ~ Ca:2+(g) 
+ 2 i- is th um of the 
first end second ionisation 

,n rgi 16. 

loni tlon n rgy 



rg i.: a b e pJ u i. t1 d s ~ lJ " s: 

• ri . his is c u rh numb r of pro~ na 
in r :.u~ h1B l ctr n r n1 ins th, ~ .1111. 1 his , 11.1 ~ • 

n r .. l in r s~ in the t! ffec riv nucl 3 r ,h rg \ , ,hich rench y ~ n1.-1xi111u1n .. 1t th 
tl bi BJ in . rou I t the nd ot th p ri1 d. he r suit is an in r 1 asing attrac ti 11 

f r the hi b t ... ner y e11l?ctr n · n en -r 1 incr se in tb fi r1t i ni tii 11 
y. 
1 Llp 1 11 n1ent in1ni.ocli""1t ly r 1·1 h.1 !ii its outer o1 ctron in the n r 

sh 1 U t'"hisbcr nergy. his ~lcctron is \\r~U hieJd cl from the nucJ us b , the inn~r 
l '\ctr n1. he ff :a '"' tiv nucl, r eh rs i cl s t + I tnd rh t mic r dius i sr t -r 

th nth t f ny"1t n1 in th r c~ 'ngp ri1 d. h r for ~ the 1r t i nh ti n ne1rgy 
of th ,, ro1Jp I I 111 nt i low" r thJt1 th t ny I the pr viou~ -l m nts. 
In period 2 ·th ener y levt:'I of tb~ 2J)-ek,ctron is si ni ~c. ndy l"lisher t.h n rh t of 
du: 2s-t3lectron, b ~ u ~ it is. p~1 rti.1Uy hi Jdod by the 3s- ~ lee tr ns ( J 2 ) . hi 
n1c u th t k on r y i requir,'id t 1 .reu1 v..: th 2p- 1 ctron fi·o1n m 
th n is r qu i r"cl t I l" m ~ rh J.s- k~ n, ~ b~ryl I iu n, tom. 
T l e ~ le t ro n I n. ti u r t kn f n i tr n al ~ y en ~e ho 11 h1 igu re 2. 7. 

N ltroge n ~ s lfJJ 2s 2Px [[} 2p1 [D lPz [I] 

Oxygen 1 s [I] 2s II!] 2p [I1J 2p_r [[] 2pz [1 
Flgur .7 rn electron con11surat1on or nitrogen ane1 oxygen 

it 11 1 s n f th 1 t \V1 1 . 1ectr t s in th 2px· 
h el tr n in d is rbi't 1 th n 

b t,v~, 'n le.:rrons in _ ifl~r nt orbir 1~. it i i r ro r 1novc 011 f th _ir ,cl 
2p-cl ctrons o y en ·th .. n t, re1n.ovc ot1e ot th un1 ai d .:!p-e] 1 ,'trot1s of 
nitr n. 

b . m r u 111 nta .. 1, t in th di er,~,,, n i s 111 pt: rio ·3~ ,vh r ·rh ti r t 

j nisati 1n cnargy t aJun1in1un1 iY I ~ 1 th n thar f m.ie;n ~iu nt ~.n I th 1 fir r 
i1 1ni tii n u~ BY f u lfur is l ~ r th:111 th t f h ph rus. 

In p riod ·4- th re r 'ip ft r zinc nd .1ft r r nic. h n c n L1 ur,, tion f 
zinc is (Arl .3d10 4s2 and th to th 11 . t eil n1_nt _ aUiun1, i [Arl tl~ 4s::? 4pl. A & th 
4p-, rbitll is r ni her en r, y levf1 than r ith r th 4s- or th 3rl- rbit I_ le )Jl f8Y 
i t L]Uired t, L' n1ov the 4p-elcctr u in Uiun1 than is r quir cl to rt.:111 v ne f 
th s ] ·tr ns in ill . 

r ""&ou vd,y th fitat i nh tion n rgy of a_] niu n, (gr up ) iR 11 i.-v r th n that 
arieni (group 5) js i miJ r to the ce s n .t r th di , tt :lf n1rrogen in ,r,eri d 2. 

succe tve lonls,atton e1nerg1es 
I th 1ucc ssiv :1 ion is, ti lll t1e1 i s f. n el n1 nt · re list , it 3 n b sc-on th t thor 
ar, st .dy incr ns.or: and thJ t 'bigjumpe ccur :.1t dohn pl:Jc~ . hie i; a n1aj r pi ce 
1 f vid nee t7 r th .i t nc f rhit& 1r u n t11 111 sh Us. 

Alu111iniun1 ha. 1.. d ctr 11s. Its snc:c:_ssivo i ni. _ti n _n r i ~ r sh wn in 
~'bl 2. · . h pt ~s \ bd· th~ j 11 is. ti n ~n rgy b ju111p to 1 I r l'OI ti,on • .nely 

1nuch hi h r v lu, :ire h wn h1 r d. 
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.a The succoss1vo 1on1satJon energies or alUmlnlum/KJ mor1 

ist 

580 iB20 2760 
-- - -- - -- - -- - - - -

, ·4th ·Sth G1h Jjh 18th 19th 

11600 14B00 18,400 27500 31900 38600 42700 

00 222000 

he d L in Jbl .... show that th ir&t thr~ e1 'ctrone. r~ con~id. rably a&·ier 
to ren1 th u t'I, ou I eh, ag ther,e i a bi jtnup fr 111 th~ chi rd to tht: fi u rth 

h s ~trst thr el rr -ns fro1:11 th ut r 5heH. 

ri es. l ss 'I t e,r y i~ r uir 
in blc 2. • ,v 1th th JIU 111fHi t r tb1:1 rh ird nd ol 1ve1 tl1 ion isatio1 ·:w n :)r i s. 111 _ 311 

rh._1t ,an 1u m.iniu n, totn h ~ thr e tdec rron& in 1t outc r rbit, ci, b n~._ r .r. o tb~ 
nu, 1 u iu n inner . rbit and tw lel:rr n ve1 y I l s t th nu 1 u . 

- h " bi jun1p!i rrovid vid nc 6 r 1.1 nt1u11 h H.,. Altnniluum h. t\\"1 lcctrons 
in tht:: first qulntLnTI sh H. i, ht in tht nd and thr in tho thir . 

h sr up it ~ hkh n 1en1 nt i f u, d n be rk d out y 11 kin t h r the 
first bi jun1p in th successive ioni tion en r y oc,curs. If it occurs b tw en th 
ourth nd fifth ioni Jti n ~n raieg, then th~ lo111~ 11t b.~~ ur utrr ~1 ctr ng an is 

in rou1 4. 

Anoth r ,vly of pres utin th_ dat is in srapbi,c l f rn1. A rh v rb.tion b h: n 
h~ tr"t nd last ioni ti n , n r i, is s -r t~ it i Luu l t, ] _ t h v lucs a th 

l I rithn1 f th i nh tion n rgy. Thi is sho1 ru in i ur -.8, for th 1 n1ent 
~ocliun1 (Z = 11). 

4-

3 

l 
lectron 

m outer 
shell' 

~ 0 1' 1 
Num.b r of el ctrons r moVi d 

FI ure . success~ve Ionisations of sodium 

It n b s n th t th r i a i ju1np '"' t,v ,n th fir t nd sec nd i uh tiot 
nor i . nd. noth r 'bigjun, ~ t\-v nth ninth a,1 t nth . hi n1 . Ds th.1t sodilun 

h ·s one clec:rron in its outer I rl it, oip;ht in the t1.ixt inner orbit l11d t,v in th rbit 
n rt2 _t t the nu, lf u&. hust th lect.roni structur I f sodi1n11 i 2,8t L 

..•....•.•....•....•.• ,,., 
For At the firet big jump 
occurs b twe n the third 
,nd fourth ionisation 

e,nergie , so Al h e three 
out r 1 ,I ctron nd is in 
group 3. 

················-··-·· ···-·· Th is method of id -nUf)1 ng 
the group to which en 
element belong doee 
not apply to th ,d-b lock 
lemente because th y 
II have two electrions in 

their outer orbit, apart 
fron, c: hrom iu n, nd ,copper. 
whi,eh h ve1 only ion ou~ r 
I ctron. 

Rgmember that the fir t 
1electron to oo removea 
con,e rrom tne outer orbtt 

loni tlon n rgy 



The suc,ce slve Ionisation einergle /kJ n,01-1 or e1an1ent x ars II ted below. 
ldgntlry th9 group In ttlg psrlodlc tabls In which X occurs. 

Ionisation energlg or x: 
1st so: 2nd 1soo: 3rd .2100: 4tt, 4800: 5th eooo: eith 12aoo: 7th 1sooo 

Ttiere I Dig Jump betw en the fl'ltM na txtn 1on1sat1on en rg1 . Tti rerore , 
t11e e1en1ent ha live lectrons In tts outer orbit and I In group 5. 

I Elect on c 
u th r r tri d to xpl in t'h_ rr,. n n1 nts : l (.;'l,ctro11!) rou ncl th nu d ,us in 

te1111 s f clJ, 1c: I physi 11 - N \: an s I ;vs t n1oti n - but this d-id u t ,v irk:. An 
orbiting cJ c:tf n sh u ld spirJ-1 tow. rds the nu,1 us and b c n1 abs rb d by it nd 
it w l ul t rhlt . n .1t m \V uki xist for k s th n n. nn, c n U Th1, 11r blcm 
\VJS ao,lve hy qu.:intu m rh ory. 

Wh 11 it \Vas rop, s d by M. Pl nek hi 19 0~ qu 1itun1 theory h ok the 
f u nd ti _ ns f the scientific ~ rld. Ho ~ v r, it bee 111c radu· Uy . cceptcd I v r 
h n xt f '1 1 years. Plan k sus e~rt d thJt n rgy \Vas not c:ontinuou • but n1 in 

tiny p,Jckw.;ts 1C.J Ucd 'ic.1u nt.1 . In 'ter111s I f ele rron 1c;on mgum:ati n, this n1Q ns th:1 t 311 

le er 1 1can I in ly h-ivo c .. [tJjn dis eto lev'lls ot .. 1 , r y. r instJ n e. iu a hydr 18 n 
aton,, u ]~ctr n C' n hJve ~ ~cci ~c oner ies~ such as 5.45 x l - 1 J 0 1 _ .43 x 1 - 1·9J~ 
b u n l n r v 1 u in b t\V , n. 

Nic1 s Bohr und rs.tood the im1 rtance of qu ntum tho ry nd us ditto xpJ in th 
I ctr 1n. u tic r.1 i 1tti n f n1itt d \ h n cle1n nt!i re o cited hen he t d t l i h 

ten, r tu r r by b ing p1 ~cl in dis.chars rub . 

,n b n rgi din di h rg tube .. spectr l lin~s _ diffi r nt fr~qu nc:ies 
i LH l 2. ). nc s.c i s. tbrJ Ly n1 .1n ,~,rie , ii fc u n I i u tb, u ltr3v1 l~r 

re,, i n an n th r~ th -i ahner seri,a~ it1 the visibJc r tirt the cl ctr n1aet1otic 
eh ries h s Hn ~ rith tr que nci g tl r c nv r on , sin l v lu . 

1 th r lemn~nt n t lud r mi, u nds 'trt; n1 T" c 1n111 x. _ h vi i'bl 
tlt: 'tBi ed Hthiun1 r odiun1 va I tm I ntai,u. mn -ny Jin s: th.t r of Yoditun 

h ot Hnes ery cl s t cher ( d ,ub1 t). 

Hydrogen 

I I 
I I j 

sodium 

650 600 550 500 450 400 350 
w Vi I ngth (nm) 

FI ,uro 2. Emission spectra 01 hydrogen ana sodium 
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hr su~g it~d rh:u the e.] '" tr n iu hyclr rgen an ~- 1gt in ~tu1it circu l .r I rbit 
r und the nuclcu . Th hr t r'bit is th I ,s st t, h nu-I u . th~ sec nd is. furth~r 

aw }' nd o 011. - he first rhh h s th l ,v st n r y. h lectr n , n nly h v 
the euer y ass<JiciJ.t~d wi·th 3 particu.L r orbit~ v1th1ch n1e~ ns. that an lec'tron c:111 be 
in a c· 'ft._ in rbit or inn differ n.t orbit 'but n tin b twc n th tw . h~ e rbits t·c 
SOl1l tin1 S CJ U qu. ntun1 h U . 

A quantlu11 h n fines. tb n r _y l v,J of the "l en~ ns. U l ctr ns h a 
s11vc ll 1LllH1ncun, !ih n hk , gin,iJ~r. but no id 1ntic.J. n rgie nd k, 'tr ns in rhe 
ftrs't qu ntun1 sh 11 r in tht.-! ]o'l) 'e t cn.ersy lev 1 for tbat ,Jen1 nt. A i111 Hfi L!d 
vi l of qu ntun1 sh n i. th t it is ·th/\ r, ,gi ,n r und th, nucl U$ in 1,Fhich 
n l ctron i fo 1nd. h first uJntun1 b"H r 1r it i~ in th r:-., i n c!1 t t 
h r1ucJ ,us. 

Wb n hydr :in t 111 re he~ t d~ cl ,ctr ns r ron1 t I fr n1 the ' r und 
'ta t ' (th ir 111 ·r t:.1b] or l west 11 rgy 1t t ) t hi h r! x '" itL?d star . 1 n 

t1;;rms I f 1 ctr n r :,its~ thi m n th 't the l tr n i ( r :n1 t d fr n1 th first 
rbit · .in ut _r rbit. _ his i s,i ta st bL t tei. n _ rhe cLccron r 

~1 ing ut ener y in th f. rn1 ot light. , b n rgy siv~n ur i& th L1Hf r nee 
e tween th - e11er y t tbi.: e.lec u n it, .i't ut r rbit Jnd th n r y f the rbit 

into l hi b it ,dror .. 

1, Lyrn l t1 &~ri('s i obt 1i.ned ,vhcn an rll',c tron in hydli _ c n .1ton1 drop& , ron"l 

n cxc it d t.at 1 back to tilt; . uncl s.t,ue. \IJ."hjc h i \- hen it is in t'hr.! ti r&t orbi t. 
h B hu r s ries i~ ,c u d y the 1 ctr n · r , pin ck to th s ~ nd rbit. 

h et1 r~y l -veh in J hy r ~n _to111 .1n l the tr. nsiti 11 rh. t ._\H th11 sp r,~I 
'lines ~r ~h ,vn in 1s1.u~ 2.1 . 'h , rbit 11un1' r (} dn il,a1 CJU3ntunt nunib r) h 
re pr-esented b}r u. 

U11 for tu nll.te1y~ this in1pl pie tu re id n t xpt, in tht? 1 mp1 '.: tr of other 
ol~n1~nts. h n .. t step ·w. s to ~ug est that the orbits cou]d be, divid d int I sub-
orbit COl,l Si 'fin t diffe cnt r l,at a 1 . 

p ctra t th r \Vith ioni rovide the o,vid nc f r rbit {or qu tnun1 
sh Hs) , n ' tor orbita Is. 

• 
Vl llC f , is,crc:t qu.antu1n h Us (orbits) 

.. ucc~ ivQ ionisation nars1QS p,r vid~ v,-ddenc.:i ~ r th~ nun1.bct of t.'le! tr n in 
th ~ U't r tbit 

3 'The i c ntinuiti s in the 1r t i ni ti n en r· i sh 1\V th e iste11c I f u -
. h lb r orbital~. 

h , hr ·t ,orl1il is n t dhri e . [h orbita I is ~1,'.h ric I nd i d~sj gnJted 1 s~ wh rt' 1 
n1eans the r t orbit tind th s rnf Jll that it is lHl s-type orbital. 

ond , rbit is divided int, t\ 

s. 111_ sh p ~s th Is- rbit,. I hut ha 
ryp f orbital. ~ nd p·. - ho 2s- r ii.t 1 i the 

fars r r it1 (Fi 1-1 r.@ ... I I). 

,, 
Balmer 

' I I • I 

n. l 
tyman 

FI u r .1 o Energy transitions 
In a hydrogen atom 

K nn 
An r I a1 1s a region In 
spaca occuple,d by ong or 
two electrons .. 

El tr,on configur tion 



1 

X 

X 

.v 
1s..orl:u 2S~rbltal 

hen~ r d re 2p rbit ls which H I 111
" the .. N 1'' nd z nx s (Fi urc 2.t2). A 

,i: 1nn1, 1n rrr r i to think th t th Sh!ip f a h C, n b COl1Si1 r d t b like t,vo 
pc ris tu - t th r. 

z z . z 

y 

2p. 

FI ur _ .1 - Tne snape or tne 2p-orbltafs 

hr gi ~ 1nd. h. p f n r'hit~ I is dr wn so th t th rl is a< ~'U1 pr -b. bHity [ f fin Jn 
rh lot-tr on ,vi·thil1 its br und ry. bi tits ,vi'th rh ni d n1 th ory rh3t de$ ri I, 1 
el rrons ii t n s 1 avinB h pr )I rti~s c n in l he st nJit1 w v 
f r ny s ... I ctr n i &lll:h th t it r n t~ u , d n1uch ,closer t tb nucfo th n 
1 p- l tron i11 t.h ~3111 shell. his i ,c U d I n _~trnting t, w~r,J1 th~ nu h~u . 

USt; f rhi&~ rh n rgy 1 vel of th , :!£- r ·it I i 1i~hdy I wcr tl,3u thl.lt f th ~ 
211- rbitaL H '\;c.' r~ th ener j:. of tb three -P- tbit .ls Jr h s1n1e. 

The third rl it ub~h H l ith diff~r It typ :f , rbitl L 

• · ln subih~U n,ists of J ~- rhir.1 t \\thi h i! ~ sph rical rb·r l \Vith 3 sH _ hdy 
l i r r.adiu 11 t h l tt · h~t the 2s- rbitl l. 

he second su sheU has thrc ~ 'p- rbi't ls, ,vh ich r th s, n1c sha e .s 2p-orbitJJ 
ut bi , r. le tr n in th s p- rbit l · n tr te l t, ,vk rd th nucleus th n 

d th.a s-~lo tron~. 
he thhd ub hcU hl hv 
i u r .... l . .. 1 c tron in b 

ld-orbit.ih~ th~ dt p s ( \\rhj,1:h u1 ~ h wt1 in 
rbit Js , nc tr te tow r 'th nuch: us ~v n ] 1 

th n l C'trons in the ~ p- r it l . 

z z 

d11y-o rblta I dyt'o rblt I d _1-o rblta I tl rorbltal 

FI uro .13 The shapes or d-orbltals 
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h nt:rgi of th subs I Us (s-~ p- an d- rbi'taJ ) differ fr 1n ",o b th r 
b use of the tf ,et fr n tr tin, t '\\t rds eh nu l us. The ~u r y 1 vel i the 
2s-1 rbit l is lo,v, r th n th t I f th 2p· rhit l . - h n r y J v J f th s- r it 1 
i.s low~r ·than that o the p-orbit~li. which is lower than that o th~ 3d-orbicals. 
In J pJrticular J n1 nt, [ll 'p- ,rbit Js hJv t'h .. SL. n1c fU rgy a j(h oth r nd 
._,n d- rbitl 1 h v th . I,; 1n ncr y s ~ eh th~r. \vhich 1. hi h r th n ch:u f 
he p- .itbit;i h,. 

he f u rth r ' it c nt i1u n 4s-, thr,e 1 4p-.. fi v~ 4'1- L nd eve n -if- rbitah. 

he t nt t ,vhj.:h th c ne r i s f the ubsb 11 :u~ spHt fr 1n .u:h thc1i d J nd~ 
upon tbc nutnb r I f prot ns in th~ nuc1 us. In hydr n ( n rot n) th re, is n 
sp,littin . If th ,r _ re 111 rrr- th n 1 B protonsi th'l &pHttin j~ so gr at th it th en r y 
l,ev I ofth .. 4s-o,r ,it~I bt:~ nu~ l ,:,,., ·r d1:iu th:.H rth 3d-01 bi'tul. h1s hlls ~ si nHic ut 
eff et on eh 1 ctr, nic trui:tur of eJ 111 ut b y nd r n. 

Detallled electro1n co1n1flguiratlon 
h ~ oxa, t ,electrot k tru tu rt; of ,n1 · hna Jtotn in d10 , unJ ,a te e 11 b predict cJ 

LHins th en r y 1 V I di r n1 ('Pi ure -.14) nd the toHo, in rul : 

An rbita.l c . 11 hol L m :•xi n11.u11 tl "]e tr ns.~ n \vith . Rpin in t'h k,ck, . is · 
ir cti n :111d 011 in d,~ ,c uut r-cl 'k\vi e ir tion. le,ctron ,. ith oppoYit 

pin I re r pr sent d by T and ~- or rand J, 
Th utb,au (buil, in up) rin i le t tes th t 1 -'Ltr n 
in the I. ,v st n r y orbitaL th n t th next l 
nu nib r of I tr _ ns h _s be,; 1 a d~ L 

int n · t .m st. rtin 
s on until th c rr et 

I Jund '~ rul 't:H s t'h t i(t'h ro i~ n1 r~ r'hLin on rb ra1 in ~1 ubd n~ foctr ns "'ire 
initially dd d c tb rbit l s th t he e] c rr ins hav p r ll l in nd not t 
el c t~ ns in n orbit 'I 11d none in the I t h ,r f the s n1e ncr y J iv l. 
PJuH'~ _x 'lus. io11 pdncipl s:tlt s tb t JU l i:tlionY iu an to1n ntust bo in dift~reut 

rhirul ,r h 'VC dift"" r nt r. -ins. 

v r ' I~ this 1ne ns rh t: 

rbit, I Gdl hold ,:t m, .·in1u 111 ft\\' ~t ctr ns~ with opp it spins. 
1.rsr rbic n hol,d .. 1nJ inn1m f t\vo lrctr n - both in th ls-arbitJJ, 

but ,vith opposite spins. 
Th second orbit can hold rna~ imum ot 1.-: ight electrons - two in the ... s- nd 
t~ r in e· eh of the thr 2p- rbit ls, i. . (1 .) + (3 2) = 8. 
An c1 n1l'nt ·,vith rhr c ~le trons in 11- orbit.1 Is in a siven orbit ,vill hJv~ ne 
e'I -ctr n in ~ Jch f d, P.t:, p1, • n IP: orbit:ils. 
. ht: third I rbit c~n h1 ld n1 xin1un1 1 • f 1 ~J ctron - tw in the s .... ~ t~ o 
in t! eh of th tbr · p- nd t,; ,. in ~ eh f th iv -,t-orbit l . i. . - + 6 

H 1 = 18. 
• :he ourtli rbit · .111 h I o 111 ,ci n1 u 1n 2 ~h~ctronsl i. t:: , ..... + + 1 + 14 == .... 

r If 
stat tno numt>er or ortutal 1n the tn1rc sn II or an atom. 

•• •••••• •••••• •••••••••••• 
The gr,c1und state of n 
atom is where1 th lectrons 
occupy th lo'NSst po aibl 
e,n - rgy lev Is. 

SS 
4p • 3d····· 4s 
3p •• 

:;s 

f 2p •• C: ..... 2s 

FI ure 2.14 Re,attve energy 
1 eve 1s or orbitals In an atom 
w1tn atom le numD;r grgattu 
tnan 18 

El tr,on configur tion 



TII 
v nao1um'S, e1 ectron1c 
conngurat1on I sometimes 
wnrum 1~ 2S~ 2pe 3s2 
3pe 452 3a3, which Is In 
oro9r or 1ncreas1 n,s energy. 

sutrur has an atomic nun1ber 011 . . complete It tletalled elactronlc 
con flgurat lo n, 1s12, 2s~ ,2p 2 2p,2 2p,2, as2 ... 

r 
(ls 2s~ ~,. Jp, t 2p,.,., 3s ) 3p : 3p l, lp, 11 

fi ur tin fin n itnnan v 11 ' iun1 r h i.-vn in - i ur 2.1 . 

h nfi ur tii n of n1 . n b ,vrittcn · s Js2 2s2 ... p 3s2. 

Th l ctron c . n l ur ti n f v n iunt c n b ~ rrht n u Is1 -~~ 3p6 s!! p ?.d3 ~s~ . 
N t rh th thr l' 1d le "' trons . r~ in diffi r nr . rbit~ ls nd h. v I p r. H I ~pins. 

3PD0D 
ls!J] 

2P[DJW][i] 4PD0D 3d rnrnoo 2s[i] 4sl, 
3p 

II :aslTIJ '1 
5j 1 s [IT] 2p 

2S 1 

1 s ! 
(a) magnesium {b) van,ad1um 

FI uro 2.1 The electron con'Mguratlon of (a) a magnesium atom anCJI (D) a vanac111um atom 

A tuU li to th ]~ctr, n ie· nfigur U ns , the 1r t 6 1 111 nts is iv n in T bl _ . ...i. 

A 'h 1r r ,v JY O't'\vr it in g n I 1c rr n con I u mti, fl is to eivc d1 1 syn b, J t rb p,r ' di u 
noble s f llo, y tht! det i1 f th 1c tr n dd d ub equently. F r .. 111 J ·~ th 

Ss 

Pie tr1 n ,con' 1guration f n1 ngJn ~e is (Arl ]d ~s2 "nd 
th~t of' br, n1in i [Arl d10 4? p1 - \Vh re I Ar] n, ,3ng 1 r 
,, l :p~ .2 3p -S .. .S • 

h ~ ordem f 1 'ltin rbitu h is 1..,~ 2J~ Jp~ 11. l'• 4s, ,t. 
4p_ 5,J~ 4,1, 5p, s.. . his i · h wu di~ ramn1~nic H}f h1 

. ., 1 
1 ur - . 6 . 

N o't thi1t tl d- rbit.11 1H 'late ,3fter the s-orhit 1 f 
th nrxt orbit (or shJI) h r c iv 
thero .. f('' two sli, ht ari:Jtioit1S i11 th ord I o 

, hr iniu 111 is [Arj ,d 4s1 nor IA rl _ 1d ~ 4.2 
C pp [ i [Ar] 3dw +J~ 1wt IArl 3Jl ~ 

,st nd 3rt1 U1 

_ hi i& l, c._u n t n1 i n1 re st. ,] it it h_s h_lf­
t U d or I U d ~ t 'd- bitJ I· Jn . . in t Je tr ti in 

th 4l- orbit I. r tbcr rh n our ,or n h1Q 3d- le tr n~ J nd 
tw in th 4s... rbitaL 

p riod p r1 od p rl od p~r 10d 

FI uro .16 Tna ore1er In wnlch ort>1ta1 are nu ,a 
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Table 2.4 Electron conn,guraUon or the nrst 36 eliem9nts 

1 

2 

3 

4 

6 

6 

7 

a 
g 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

28 

27 

28 

29 

30 

3.t 

32 

33 

34 

3,5 

36 

H 

He 

u 

B 

C 

N 

0 

F 

N 

Na 

M 

Al 

p 

Cl 

Ar 

K 

C 

s 
TI 

V 

Cr 

Mn 

Ii 

Co 

Ni 

Cu 

Zn 

8 

G 

s 
Br 

K1 

1s1 

1s2 

1 2 2s1 

1a2 2s2 

1a2 252 2p1 

1 2 2s2 2p2 

1 ~ 2s2 2pl 

1.sl 2~2 2t 
1s2 2s2 2p6 

1s2 2s2 2p6 

1 :z 2s2 2p6 3s1 

1s2 2s2 2pe 35:Z 

1 2 2s2 2pG 3 2 

1a2 2 2 2p& a 2 

1!i2 2e2 2p6 3s2 

1s2 2s~ 2p' 3s2 

1s2 2sl 2p& 3 2 

1s:z 2s2 2p6 3 :z 

1a2 252 2p8 3s2 

1 2 2 2. 2p' 3 2 

1s2 2,~ 2p,6 3s2 

1.s:2 2s2 2p6 3B2 

1s2 2s2 2,,a 3s2 

1sl 22 2p6 3 2 

1s2 2sl 2p,B 3s2 

1s2 2s2 2p6 3s2 

1 2 2s2 2p6 3s2 

1s2 2s2 2p~ 3 2 

1s2 2e2 2p& 3 2 

1 2 2s2 2p9 3s2 

1s2 2sl 2p& 3s2 

1s2 2s2 2p6 3 :z 

1s2 2s2 2p,G 3s2 

1 2 2.52 2P' 3 2 

1s2 2s2 2p,6 3 2 

1s2 2s2 2p6 3 2 

7 Place th om1ta1 
4s, 4p. 40. ss. 5p. 
5d, as In order or 

.. broo Inc reas Ing energy 
eLm nt levels. 

!}block 
l rn nts 

lock 
I m nt 

3pi p- loal 

3p:Z · 1:;1mt;1nts 

3p3 

3p4 

3p5 

3pa 

ape 3d° 4.s1 s-bfoc~ 

3pli 3rJO 492 l m nt 

3p 3d1 4s2 cl-block 

3pe 3di 4!2 
I n1 nt 

3pe 3d 49.a 

3pB 3dl=i 451 

3p& 3d0 492 

3p 3d8 492 

3pe 3d1 492 

~pa 3d8 4s2 

3p8 du:J 491 

3p6 3d10 492 

3p8 3d10 4s2 4P1 loo 

3pa 3d10 4s2 4p2 
I m nt 

3pe 3d10 4s:1 4p~ 

3p 3d10 4s2 4p4 

3pe 3dw 4s2 4pS 

3p 3d10 492 4p6 

El tr,on configur tion 



I 
MendelOev 's prediction 
~s ;m example of How 

c1en ce works. 

•••••••••••••• Z i the tomio numb r of 
an I .m nt. It i& h nun1b_ 
of protons in th nucl1 u 
end so equele the chs11ge on 
th nucl u . 

Th - p r 
ini , eh tin1c I f It 11 ~ 1d1r 111ist~ b~ v tri d t1 rin or r ut rh c h s f eh 

, h~mic!l I and I hy~ica l.1 rap rti s at th l n1 nu. A ntunb of ~tt ,n pu \Ver 1 111., cl . 
-r e n1 1 ._ N Nfond sug · t, d chot there i.i as rep Jtina pJttern f p oJ crti~s 

ev ry i ht c]em nts - his L~w ot et vc,-1. N..:wl nd's coutri uti n t , n10,dcrn 
u111d~rst.1ndh1 riJ a th i ~~ pcri d ich . h'is i tJ, tbor is l p.Ht1.:rn of r~guh1rly 
rep :i tit 8 p,hysic.i J and eh n,ic. J propcrti . 

Tt w & Monder v wh ) put this I n . uud ba i nl pr due J the peri die 'til le~ the 

LH1d rst. 11 it1s of 'I.; hi h i~ f1111d 111 nt. l t 1 1 l, 111 i rry. _ I lilTT,t n 
, c~ncHn, at n1i n1tu11, · roupin 'tho e 1. hh ,hnilar 1c: he11,i 1 pro~, r i sin :Jrric:al 
,c 1lu n1ns. H left tv o ga s betw ~n 1inc nd lr en i .Jlil h \Vas ~ur th,Jt ar nic i 
in r u, 5. ict d th t ,eJ n1 n nun1bt:!r 3- n \\' ul b i c v r d 
I t r n ,•.r3 within fi v.r· y rs with h i c v ry o llium 1 d 

• , rn1. n1u1n. 

Mend ]e v's ri, inJJ t b1 h i su s qu~nrly b n n10 ih d n the 111 d rn 6 rn1 ii 
pr vi d at the ack of this k (p , :. l4). Yi ,u 9h Ldd u it ,vh 11 v r y1 u n ed 
r httiv t mic: n1 ss v luc • s l\' H -1s wh n you r tudyina tl chen1i~try f th 

hn11 nts Jn th 1r mJ und~. 

I Grou iod nd lock 
- h p ri die tabJ i int r ll]. · • , riod and bl -k . 

h rci "JI c lu n, na 3re c 11 :wd groHr . AU th ~i 1n nt .in , .1 oup c1 ntc in th 
s rne nu1n er of el tr1 in~ in cheh UtQr d · IL F re ... an1. le. all th 1 111 nts in r up 
I hav· 1 n eJectr in th ir out r h JJ. ,vhi, h is jn n ... rbit 1. AH th 
gr up 7 h v v n el ~ tr n in th ir . LU r r ciit1 rr n · s2 p . 

he horlzon'tal ro fs re n d p ri d . AU l~ tllt;ll't i11 th tne p riod have rhe 
sa r11 11un1b 1 r t sbolls L:ontJindng electrons. r ,, mpJ .... all the cJen1ent in the 
thir p ri d. N t Ar, h ve J ctr n \n tb fir t, cond n third sh H . 

he tab]!.! i ;ibo d ivid d it1 to I I ,ck : 

h s-blo k consists f rh l,~111 1;1rs in - roup,~ I J nd ...... An s-b1 ,ck e len1 nt h 
it hisht.: t-en r y electron i.11 an J-1 rbit 1, i.~. th la t ] ctr n add ,J oes into :in 
f - rbit ·L 
Th p-b1 ck '"Dntainj the eJ~1n nr. in , roups 3 to 7 nd roup (th n1 b!e s~u s). 
A p- lock clen1ent ha~ its hi h lst- 11 lq,y ~1i~ctri' n in n p- ,r.bH~1L i. . tbe last 
l lCtr n ddud g, into fJ~ 1r ittil. 
h d-'bl . kc nta n the lcn1 nts ,c ndiu111 t I zi in peri d 4 n th s l 111 nt 

b ,10\v th 111. A d-bl c l'] in nt 1c. nn t b defin din t rnu I f n rgy bee u~ th 
en r y le·v J ot tbc •l-orbit~ l b ltcr~d by cl, I rest.:n e f lectrons in th outer 
-- rbit l. It c:in n'ly b defin d in auf bau t rn1s, i .. th~ last lectro1:1 . dd d t :.1 

,f. .. bl ck l 1n nr es int J d- rbit I. 
• I, f-bl k nt \n th 14 r re- rth , ] 111enrs (c: rlu111 t lutQth.u11)~ ,,,hi,c: h tJt in 

~ 

th · ti die table bot\\'C' 1 n h1nth:..111u,n1 (Z =i 57) . ncl hjfniun1 (Z l;;;l 7 _), nd tho 14 
ctinid 1 n1ent (th riu1n t I \ r nciu rn) ~ hich 1c m fter accini.un (Z c ). 

h I t 1 ctr n d d t · n _f--b] ck , l 111 nt o I int, n .. f- rbit 1. 
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l, l 1can used c I redi t rhe1 t1 c r 1 11. uh ur tt n of , len,eut 
use it indi 'te 'th~ or r h1 ,: hich orbit 1s r filfod ( i urc .::?.f 7). 

co.re 1s-
u,e] ....... 25 
(Ne] s 
[Ar] 
UCrJI 
txel s 
FI u ro 2 .17 Tllg periodic tab le and th9 order or tm Ing orblta Is 

i11 an ato1 
he for cis th~1t a, t on I ctr, n in .• 1n ton1 "'r c,Jectr1 1113 11c-ti • he y obey 
ou lomb's b . ~rbich state; th t che n13gnitucl~ (t n force) b~twecn two h:.ir d 

obj t is dir I dy pr1 rtion J c th~ r duct f th ir h r , 0 nd inv r ly 
[ r p rt ion I t I th qu r f th dist· n~ bet, . n th ir c, ntr . bi is r s 
m then1 ti, ~ Hy as: 

fore 

:f th eh r on the hv , bjcct n I r h th di t nc b 1·tw n 

po itc chi r s ttr et; ]tkc eh rs s r pcl 
th bi .~ r the char ~ th scr ne r i'" the for e 
rh fu rth r. part th p rti I s~ eh l ak"r i rh 

bh 1ne n that 1ectron ~u~e 3ttr. ted t w.1rds the r1uc1eu!i ( i llr .... l ). h 
r ' t r the t n1ic 't tun er. the tr n · r is th ~ cc f ·ttracti n. 1 c trons th t 
r~, tinth r, w,, y fr, m th nucl u "r littr et d l s th._n th s clo · r ti th nucl us. 

In d ii' 1 n, be . uuse th y have th ~ ine b~r -°'~ lt:ctr na rep J ettch th r. ecJU -

th y r n1 r d 11sely pa d, th inuo1 cl c 'tr tu r ~pl;; 1 ut r cl ctr tlS 111u 1 111 r 
th n tb ther ut r ~1 ctr I r p, 1 eh ther. 

hleld1lng aindl tlhe effe,ctfve nu1clear ch,arge 
ff ctl nucl I rlod 

n J't 111~ th I nu ifus h.1 htr 1nd rh r b nc I tr n in A 

her tH c n re s 1f r12,pulsi n. so eh 1e tr n f eh rh full torL,;e of 
ttr cti in + J eh rB . 

In h liun1 ~t n1~ th nucl u h~ f ... n rhiir r lw l ctrons in 
th J s-1 rhit I. hcs electrons rL'pel ach ot'h r sU hdy. ho re~u lt is that th~ net 

fi 1r.cc of ttra ti1 1 't\V n th nucleu le~tr u i lighdy J t h n th t 

b t\v n +2 h r ,f 1ctr 11. - h r fi f ~ th h Hun_ 11L1cl u i said 't I h v 
a slish ly I s th n 2. 

fi oti nucl a et .: r e o o 11 rlocl 2 
h situ .ti n b ~con1~s u1 re c .1.11pl ic .t d fo1 Uth h.1111 n I the r Jn i.n h1 len, nt . II 

Hthiu m ~ t1 nu 1 u b s ,eh· r f + 1 , h outer 2s 1 ·tr n i t r n ly r t l1 

FI u ro .1 The rorc e s, actln g 
on an electron In an ,atom 

K _ rn, 
Tlf11Q Tf octlv nu c I 1 

c ll ar Is the1 net cha1rlge 
on the nucleus, artier 
a now1 ng tor tne e 1ectrons 
In orbit around the nuc1g,us 
s n 1e1cH n,g Its ru u en a rgo, 

Fore th t et on I ctron in n to,m 



T 
Do not stata that th9re Is, 
more sn111alng 1n potass1 um 
tnan In socHum. Tnls rans to 
make the lmponant point 
tnat therg Is morg to shleld 
beca1use ot tne lncn~a,se In 

nuclear cnara · . 

by tht! tl , inn r 1 s e] tr ,ns. 'Th nucleu& h hi Id d by th int e1 e]e tr, 11 ~nd rhe 
~tfe:cti nuc! Jr ~h r c is J pr .. im. t ly +l. his is th +3 nucl~ r eh r, , ~ 1ninus 
th ctf et O' tv nc tiv ly h r er cnh el ctr n . 

h n t ]Q11.1eut is b m ylliun,. Th nucl 1ug h:u a harg or -'~ th 're Jte ,, ro 

ls ,dectrons d1i ldin du~ nu,(:leus and tw 2J ~le,ctr ns r'hat ~ls rep i "ach ,oth r 
lightly. her .6 r . th ttectjvc nucle r char e j not x ctly +2 {+4 nu l r h r~ 

111inu s th ffi t f th t,v n tiv in ncr c11 ctr n ) i is lightly J ss th 11 +-
cau f th~ · Un repu bi n by rh tv o elel:t ons in th ut r. ,or' ir. 

h situ ati.on h sli t dy 111 c n1 'I ic r d l 'ith rh n • t l ' 111 nt~ b r n. Th con1 i 
numb r f b r n is five ( . nu1,lo. r eh r, of +5). Th re r t\V l.s l() trons tb t 

shi td rh outer lcctrons fr, n, th. . nucl us. he tw 2s I ctrons :i r cl,01s:e-r to rh~ 
uuc1cu th n th sin I~ 21, foc:tr u .. ind they re el it. l, :.re£ re, tb ~ftective nuc1 ~r 
,char i i ni i,c ntly I s th u tb +3 v 1u r dieted by rh 1 ~·in Hfied ide th t 

lfcctivc nucl ar eh rg is c, u l to he ton11 11un1b r f th e] n1c:nt n1inu th 
nun1b r f inn r-shJ1 1 , tr. 

in1i] 3r Luuent 3 pl.. to th r eri ds - the 
period, but d s ll t incr se y as much 

ff otlv nu I r t, 1 e In roup 

ec tiv~ nu I J f r e jncr :.ne 
+ l · t:t\J ccn ~u ce~ iv 

h , nu . lc:u cblrse :u1d rh nun,b r n11 r sl,i ldin £'1 tr, n incr s l th sa 111 . 

i,]n1ou tU in ~ arou~,,. 11 is 1 ad to Lin asauu1p,ti II t h. 't d1e1 ~ rfc tive 11u fo ~r ,d1 r[r~ 
c tin, n th ut r 'l~ctr t ., f th J n1, nt iu th srune sr up t the ri djc f , bl 

h rdly v. ri s~ but this is si111pH 1 tio11 of., n1oro c n1pl 

or 1l1 ~ttll1Cl\ soditun h~ S, l l F roton s oncL rln;rnfore ~ a nu 1 lc~r eh r . or l L rt I, ~lS 

t,v cl ctr n iu th ~ first heU and ei ht in th sec nd sh U. b ~~ t n eJ tr 1u 
hicl th uter~ bird.- h 11 l tron v ry ffi, i ntly n th ffi tiv nu,lc r eh r 

is cl . t I ( 11 - 2 ~ = + i). 
as iun, h.u lq pr ons .u1d~ h ref 1 1.2, .. 1 nl'.lcl2ar chars-.: f +i''· h~ ut r~ 

f ur b- h n J ctr n i shi lde fr n1 th nu, leu y t ~ 1 trons in th tir r 
h U~ ight cl tr n in th c 11 holl aud irlht ,]c trons in rh l rhir sh II. 

n1akin tot lo 18 inuc,r hicldinp; [kctr ns. ro111 sodiun1 t, pot. ssiun1. eb 
niunber of protons h increased by ~i _ ht .and the numnb :1r of shi1.!1di11g c1ectrong 
h s ls , incr sc by i bt. h rof r~. p r ssiu n 3ls h s :i sitn ilur ~tto,c rive 

cl s t +1. 

Shieldfn1g ln the Cl-ollock el1e'ments 
hf incr, c in t mi numb r nd henc in th nucl r char · i n1 tch~d y th 

fti - tiv 1' nucl r 

c 1ndiun, hl 21 ~t t ns. lu ·1, tr n ,c t1 1 u r~ tio11 is 1 l 2 2s2 3pl1 3 2 JJ6 dl 4~.2. 
b r fore~ it h~ 1 inner le tr ng hi -]din . the 21 · r 't n and h 1 ~u ff '" tiv 

nu 1 Jr eh r, . f I r . im r 1ly + 2. 
d lec'tron r I & ffi tiv Jt hi I ing th nu1cl u h~n1 f _ 1' l'l =-c tr ,n in h 
s~uu s.ht.'U ,vbi b. in iturn. ~re le~s effe tive t'hGn s eJ tr ru. 
- it nium h s ... 2 pr tons. It ] ,ctr n confi ur ti 11 i, ir 2s2 2pb ?i,r -J tP 4r I 

Th r · r , it h .... ) inner L:le,rrons hi l in th 2 .... p ns .an ha · n ctf ctiv, 
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v~ l1U iun h $ 23 1" t tu. It ] ctf1 11 C nfisuratiOJ1 is 1 s2 2!i2 2p ·s l Pb 3d'J 4s2. 

Th r for • it h1 21 inn " l lo,ctrons shieldin the 23 I rot n 1· d h s n ffi 1~ tive 
nucl r h r f FI r xim t ly +2. 

P ri Jj, ity 1:eft! t o the r cu rrin, trend~ that ar e 1 in the ~r I ties of n · lem nt 
1 i th iacr in t mi numbe1r. 

M1eltr1ng tempera,tu,res 
Th > n1 lcin -, 11n · r tur s f th 1 n1ent lithiurn t n~1 n i1 er se tc <lily t . r th 
fir t four lt:,m nt and then f II dr n1 ti .. Hy t th , 1fth. hi p et rn i r p t d 
l ith the L 111 nt sodhun to r:_ n (Thl 1 '2.5). ~ his i n c x 111p] of periodicity. 

Litti ium 180 odium 98 

BeeyUium 1278 Masne1eium 639 

Boron 2300 Aluminium 660 

Carbon 3600 S ii icon 1414 

N1troge1n -210 -1ge Phosphorus 44 

Oxygen -21,8 -183 Sulfur 11S 

Fluorine - 220 - 188 Ch lorin - 101 

Neon - 249 -246 Arson - 189 

h n1 ltin t n1per tun~ s of tb 111 t Is hu;re, S€1 3. ross a r up 
inv Jved in b nJin ( e p 7). lu:,y ecre.~s ',o\vn a llrou 
nd s Lire furtb r a ::Hut. n1 .1.kin s, .. r. tion uier. 

277 

445 

- 34 

-1B6 

tn n: J tr ns a re 
is they gf t ~1 er 

rbon. Hi - n and b r n h c v ry high 1n !ting ten1p r tur s a they c1xi t s i ut 
stru -tu n~s irw·olvin n tw rk of · . t ,ndy b ndcd t 111 • 

hl? th~r n n-inetal in the 2ud l ri d lre H dia t n1ic ~xc~ pt f r n n hich h 
mon t mk·. n hl1v ·~-ilo k fore a b tw n heir molec ules. htu their m 1tin Jn 
b Hin t n1pera tu r r _ v ry J ,v. 

h other non-1tu~c ls. in the rd period ar~ 1nore on1~,J x . Ph sp horus: i P 4,. 
su I fur nnd chlorine ~J 2 ~ while q~~· 11 i n1onaton1 i,c. h s t11c1tit1?; and oiling 
te1np r .tun.:s p 1nd on th nlunbcr of ~lectr n in tbc, 111 1ecule. This is 1xp,lain l 
furthc r h1 ·~b pt r 4-. 

Vale,n,,cy 
h~ f n 1 m 11t c n b fin d , the nun1bcr f et ctf ns th t it u s 

in b ndin . hus s. dium ( } ,ctr n c n 1gur ti n 2~ ~0 I ' n 
fi nn a N + i n. nd i h s a va] n y of:1 . Lik:iwi~ 1 b'I rin (.2, .7) 
t form th 1- j 11 , s it als h v l ncy f l. Th , v l nci f tb 
p riod lithiu n1 t Auorin rt:' in th r r L .... . , 4, -'· 2. L hi t rn is rep t 
c.. dy ~ r th l \Ve;· t v~ len i~s . f th t:

1

_ 
1nu-: nt · i1u11 'to ch1 rin in the 11~ t p tied. 

T bi • Memns 
1emperatures or tne element 
In period 2 and period 3 

Pe rto di c lty 



I 

Atomic radlius 
b r i.us f n t n1 i und by m sL1ring th fr,v 1 

t n1s, an th n hal\l"lll that di tanc 1 • 

1 e lod 
v n thou h 1~ ron ~r b in d ~ th at 111 t ~nu1U r 8 in · .1cross 
p_ ri fron1 1 ft c right _ ron1 Uthh1111 t I Huorin 1

• th out_ r ~1 c tr n 1r H 
in the 2nd sh H. b~in er, c n by th4.; 1.~2 l ct1 n . he in re.uin nu n1b r o( 

rot -n Jn th1;; nude us as you. s acr , rh~ t:ri d puHs the electron it m1 r 
ti htJy. "" hi i li htly offset by th i ncre d r pu lsi n ft h t:1 -,ctr 11i from e eh 

th r. o ,,, v r. r h I t tf t h d ,, r s in · di us ( i r - . ·1 ) . his p t r n is 
rope t d in the rd p rio . 

250 

-; 200 
.M 

150 

UJO 

50 -,_--.--..... --...-..... --...... --..---,....---..--...---,....--..--.... --........ --...... ----
ILi ee 1~ c: N: o N1a Mg Al SI S C:I 
.----2nd p rlod---... ~-----::trd p rlod---. 

F1 u r 2 .19 Trends In atom le ra dlus 

Trend In roup 
L O\Vl1 L sroup1 the tr~n is € r .1ton1ic r d ii to incn:. sc1 t a ily b _ c. . u~ f th 
i 11 -r~.i in tht:1 nun1bL!r of c u1 i~ ,heH~: 

i.thium: e] tr n struccu r - 1 - t\V sheUs. 
tr n tructurc-, .1 thr c ccupi dsh 1h. 

• P 't s ium: l"ctr n sttu tur 2~8.8~1 - four c,upi I h lls. 

lze or po ltrve loin 
A p sitiv i n i lw ys s1uaUc, th n it~ n utr l t m. J n t m los s Jl it, 1 ut r 
1l c r ns. th~ r iu th r sultin i n L n1u h stnJ] r than the t 111i"' rodiu . bi 
i ~ boc, us : 

t h r is t fe h ~n f 1c I tron 
th r. Jr, ,v r tr 11 in th I itiv i n th n in h ton14 so th , 1 ctr 11-

] ctron repu ldon is Jei.~. 1 usin , _ur ht r redl1it;tion in tht1 rldius 

r io11 ~itb eh s n1 1u1 tr I c nfl urati tl ( .. N +~ , :!+ , nd All+), th j n 
,vith th 1 [ (;! ~t . h T 1 i 11 h V th sn1 U t r dius. 

h tbr }'ositiv i n in T b1 ~- hav • h sa 111e nun1bL1r I focr , 11~ ( 11) 
1rn1ns -.J in the s'1n1 CJ '\Va) ( l.s:? 2s2 2J '). Th~r fore, the e le tr1 n- leC'tron r u lsi ~ n 
h th ~ n11.:. 
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. Atomic and Ionic radU 

' 
,'• 

". ' .. ~ 

-~ .eticituI1jp m -
' -

.• •' .- ... J• 

, ·R.~.d~u./p·n:w 
- -

' A ' ' . 11"11 . c· ., . . -. -ii :, :·
1
n.-~ ',;;ro' -: .. . ,.U.; .~- "-'ft,: - l ~ 

. ~~·u.P ~. : _ r4>'.Ulf·;.;,· J1.1 P·:.o 
I. _1~, .. '.'-;,.;.,,1f -//_, 

Na 

186 

N + 

95 

MS 
160 

Mg2+ 

66 

Al 

143 

Af3+ 

50 

___ .- ,- -, - _ 

·1:~:r:l>,U.p:'.~·1• i 

C 

70 

N 

65 

171 

0 

6,0 

02-

140 

F 

'50 

F-

136 

h 11uc]ear ,c:l,3r e in r as s fr1. n1 11 t 12 to 1 ,. he re..: f ttra tion 'ber,wen 
th uucl .. u~ of rho 1lun1iniun1 ion (13 i,r t ns) nd its ten e1e '" tr iu i "' thet~ ore. 
-L" cc,r th~n tl -t bet\v n th nucl u f tb th r i n nd th iir t n 1- tr n;. hl 

c u s the. 1 + io11 to h ve th sm Uest r ius. 

· tze of n1egatllve Ions 
A negativ i n is 1 l\vay for ,c;· than its n utr 1 t 111 ( i ure 2.2 ). 'r. f rn1 a 
n tiv i , ni on ton1 must in on r n10[ 1cctro11~. he to111 nd th i, n h v, 

the s:-un· nto1nic 11u1nb ~r" s fotccs of, trr ction r n1ai11 th .. 111 . H ~ 'eV r, rheie 
is o .. tr ropulsi. n du , to th " increased nun1'bc1 of ulc,ctro1u in th an1 h~H. hi& 
c us s the i n t 1 

., p nd ~ in vjn th le ctron s further f ro111 th 1 nucl u until. 
on in. th r i n ba I n c b tw, en th f fC f 'ttr. c ti n n - the 6' re~ s f 
r -t uhi n. 

N Cl 

1 ctr n ffinity nt cl by th~ u ti n: 

A(g) + --+ A- ( ) 

he negatively I h 1 tron b ing , ded is bri Ll ht co~ rds the po&i'tiv 1y 
eh r d nucleus. here is torcc of · ttr cti -t bc,t\Vc n the t\vo ndi rher f r,e, 
en r~y is r 1 , 'S d ,vhen rh t,v r br, u ht ,Jo r t 8 thcr. 

h.. 1 l n • lli 11 it of oxyg n iY 142 kJ 1nof- J. hi i th~ n >rgy , han "· 
r mole. for the l ' , cess: 

( ) + -
- h 

A- ( ) + - -+ A 2- (g) 

be s con l ctr n tli11ity of 1 11 e] 111 nt is hvl ys sitive ( 11 th 1·n1ic) b C' u~c 
n r y i r "l,quir d to dd an ol , tr n t ,,1 n l y n. 8 tivc ion . b i11con1ing 
1ectr n is 1 cpelle,d by the ne Jti\t iou. he ref r 1 energy has to b U] p Hed t 

rin . th io1 , nd the electron t .1 th r. 

, ..... ,i,111 

Ion with th s m 
structure Bl'i caHed 
i soe lectronic. 

FI u1 2.2 Re1anve , 1zes or 
atoms a nici Ions 

K y rm 
Tne Tlr uictron an1n1 ty 
Is, tha energy eh anse wne,n 
ono e1 actron Is adOQd to 
eacn atom ,n a mole or 
neutral gaseous atoms. 

' , ......................... . 
The values of fir t electron 
ffi niti are n gativ 

(exoth rn,ic}. 

K_ rn1 
The cono I ctron 
trini ty Is, the energy 

changJ Wh9n one 9lectron 
Is added to each Ion In 
a m 01e, ot slngJy cha rgad 
gaseou negative, ~ons. 

.... ,,.,, , .... ···~··· ''' 
The eond ,(and third) 
1,ectton sffi nitie s ere alw ye 

po itive nu n1ber • They r 
endothermi1c re cti ons. 

El ctr,on ffinity (EA) 



I 
Electron affinity appl I 
to mieta Is as wal I as to 
no n-matal and always 
resun ,n tne 1ormat1on or 
a negauve Ion. 

f 1. y ~n is+ 44kJ1u J-J. 'rbi, i· che ne , y di· n . 
as: 

- 2 ( ) 

y ur 
Wri n qustion to show th fir t I etron ffinity of: 

) n,agn ium ) nitrog n 

ho V.i riatir l I 

elem ntg in th 

r n i 

the J r r ~lcctrou a ffi nitie o rh~ 
ond }Jt:ri d j h .vn in i ur, 2. 2 L 

ttr c'ti n t incre s -i. 

h) ii, , . b ryHiun, ccurs b12c. us th c -
eJ ct r1 n goes. int hi he11-energy 1J1' rbicaJ :Jn so 
I e n r y is r l s ' . he d i a t n it r n .is c u d 

LI Be B C N O ~ y the xtr r ,uh.i 1 f puttin ec n el tr n 
~I uro 2.21 Energy released In the proce s A(SJ + e- - A"'(8) inro1 the sinsly OC1cu.pi~d -P.t- rbit t 

I 11 - forc -
huicl n ront ~ th r,e r c t insid eh nu~l tu t1 f r s th t ,et n 
th 1 c tr n. . lnsi th nu 1 tH th r r c lJ ~ k nu l 
\Vhich are resp . nsibJ ~ r holding tb nu I us t ~r th r~ i 
in nuc] strul. ture~ v ry h1rge a n1 1 unts of ner13y -re it v I c . 

Radioactivity 
h 111...1cl i son1 hot r s~ such s ar'b n-14 nd aU th is t f c,~ fr h.u11 n -

ur niun1. re unst hle .1nd spont neousl n1ir radj3t1on. ho J ve] o n1dioJC[i ity 
jven tf by . r i 1 isot p i detennin d by its h Jf-life. A sh rt h 1t:Jif n1 ~ n h t 

th isoto~,e i ·v ry r. di l ctiv ut th ~ ra i a tivity _c r :He& r. pi ly v r sh rt 
tin1 . on1c r3diohotop s hJve 1ong h~tlf-Uv !I such .. 1 th 4 biUion yt rs o the 
UtJ.niun1-- i~o1tO re. foil'\8 h_ f{-lit1 n1ean th 't C.1 o ur t ha radioisotop~ fo 
~l hort p rlod i 11 )t g. d. nserou s C p ~ure t th s i ~ halt:H ea tr n s 11 
s '~1 nds t f w y r . 

n is . rhr 
. 

n1 1n yp s: 

- lph - r y f" f .,t .... 111 ving h,Hun1 nuckii. Ah liun111ucl u c t sist& of 
tw pr ton n t,vo ncutr n . Alph -r y r t d 1y fi \\' 1 ntin1 tr f ir 
or by a sh t o _ E per. 
~

1r:1 - ., - betn-rJy I re1 v ry r~ st-1noviJ1P.; el c tron,. h~y 1r~ st f p d by .1. thin 
hcct . f 1n t 1. 

y-rn g 1nm -l ys ~ r, sin1i1 r to - r ':'f S but b Vf n v~ n hi h r frcqu ncy 
n h n · y. l y n thick] y r f J d r c ncr t b r I th m. 

2 Atomic tructur nd th p riod'lc t bi (Topic 1) 



lt i d,ning r u & t, 1 b c.1th in. 1 , t riy 1n tt!ri' l c t1t· in in a- r ~-en1iuers (e. . 
I J niun _J f ,vhi h i n a ~miner). Thh h b~..: us th r di ti n wHl d ~tr y 
1 U. tl t ,bs rb th eh 1nic J ant inin tb is t pe. H i\V ver.. LU c n b n1 d f 
thi!i. Iodine is concentrated in the thyroid gland. · ~.nc~r& o thQ thyroid .ire tt~Jted 

\\fith 111inut d , eg of the radi1 active j ot ~ i diuc-1 L Its hatt:urc is ·, d ys~ S1 the 
r i I crivity r idly d er s s t l n 1i ib] I ,; 1. 

BetJ n mn1 rays; cJn b b~ rh , by hum~ n ti u • it: u ing eh n es t th 
l ,Us. High d i \-ViU iU c lb und lov r d s s n1ay c use n1u ti. -n . rune r ,c 11 
i' h: mi re likely t b d str ycd tb n healthy ceU . I i.l - i 1th rJp,Y~ with c ntr H d 
d r 1111 cobalt-60. i us d t ' tr t 111 ny rn1r. f C nccr. l't h 5 h· u:..Hfc 

f 5 ..... 7 }' r n cl " y int nic' I- , ivin otf n ] ctr n (~-r y) nd t\V1 

S 111n1a photon . 

m h vy nucl L such ur _nium-2 n i plut nium--~ . ~ r fi i I . hi m n 
th. r ,\~hen th nucl~ufl bs rb' ~ n utr 11. it h c UL s so unst bL th. tit 'br ks int 
~ \l"lf._11 !iHl~U r - i C S. 

ry i 1 1 ion 
f uraniu,m-: pro uc r 11 tium-fJO. • L n-143 , nd 

thr~ n utr 1u. Uranh.nT1-2 5 abs rbs sJovv {th nual) 
neutr n n1 re .ffic i~1·1dy than it b rbs :1 t n utron . 

h re£ r . if th n utr n produc ii the is io11 1 

l1t' nucl')us .in: do\Vf 1 i d wu (by ., n1 r tor su1 h .1s 

r3pl, }r~) -n ther fig ii n r ac ti1 11 , U I oi:i,cu r. hi i 
kn -,vn nts hain r a ·ti n . ud is th · princi 1lc bohincl 
,a nuc:le r r et r. 

Nu lcar fission , an b r~ rd d JS n n it·onu1 nt Uy 
fri nd1y 't y f gc,n 1 r(1tiug ~leccrit: ity. It d le n t 

pr duco uny rcenh Lne e nd. a s little jg u~ cl 
1 rodt1c y r' sup ly of J c ricity, th r · i 

virtu l~r U LI lin, it d sou r'1 f ]I\ nhun. n r un1 1 f 
ur 111un1-.'?~5 pro uce .. s n1uch en r, y by usion L1 & 

burning ove<r 2 t, nne ( c 1al 

A n uc lea r re actor 

· U d v 1 p nd iu . cou ntries r quir v st n1ounts of lt?ctric l I'll rgy. 
r dition lly~ thh h~, b n provid d by pol er tati ns fired by fo~si] fuJs. I J wcver, 

th s ~ pr ucr hu 1n unts f c rb1 n di xi . a ga5 th ntribut~s to gt 1b I 
'\Y3 rn1.in9. l 11 the 1u 1diu 11.1 rin~ nuc I ".1 r hi. i ,11 ,i ~ a ossi bJe nls\\r~r to rhe thr ~T f 
1clin1Jt'> eh n . - h dh dv1nt ge f nud I r p· w r i th t eh · i • i 11 11r du t n 
th n11_tori l ,vith ,vhich th rca r r i built b c me _ n. t.:rously rb diod:ti'vo. nd 
bJvc to b,e fu ly t · r~d or thous:1 nds ot ye rs. AJs ~ the tc h11 I BY of uuc I ~~ r 1 ow r 

' c d 't n1 - uuclt2 r \: e p n . 

1111.1 ny , ~ ths. 1-1 1\V 1r~ s can 
r ,v r pi nt t uk.tmshim in J n, , . n er us· 
id nts 1n . 3hnines nd d. '1 Jth c~n r sult fron, 

Th fore 



First test exp lo I on ot an atomic born o In Al amosoroo, 
New Mexico. USA4 1945 

ry 

th fr JU fu ~il-fut:l 
v r Hn1i't ,d H r 

ris ~ i, 1;1i lC ndy . r su It f 1 1 \Varn1h c use 
bllrni n ossi I fu uls~ peopfo in lo\\'"-lyin . countri s c 
bt: dhplact: d s r .. ~u It e t nsiv ft 

Nuc 11eair ruston 
hen the nu Cil i of light i top s such ar. hydrogen-I I r 

hy r 11- 2 (deut 1h1111) fu se, etbe r t n1 ke i top 
&uch tl. h Hum 4~ nonu, u n1 unt of n r y r 

h sour f th :i 11 1 gy th.rt driv I th 
univ rsc. AH st:.us \Ver~ ri inaHy 111.a i{ hy r c11. 
UnJ 1r the en rn1 u r ur s ud tcn1 --r turc,s f thes 
111 s s h~ tr n 1n ic 1 b d in I fu i n t, pi c . n r, y i 
re'I s l ,C" trou1 n ti r"' di rion, in eh f< rm of r. di 1 

v 3V,"I~ vif;ibl H bt and X-r:ays. 

In ,n b n1b. fu i n r ti n i tri . er d by 
th x tr 111 c1 n ' ici n s c r t hy h 11 , io tl f 
u r.1n11.1111 L ~i n d vi,c . If this t • ti n i1 h n1l"ss~ , it 
,win I p ssibl [, B nor. to t w r , 1th u t tl, 11 bi ln, 
a s cL.u d \Vith nucl · r fls ion r ,ctor&. 

Write n1 your o,Nn,.; 'ords: 

• tho diff r, n ~ b tw, ' n tou1ic nun1 t."! f nd r h1tiv' ton1ic n1Jss 
th differ n in hap ,. d ~nt:r ~r 1 1f'rh rbit l in rh t ~t. 2nd nd 1trd h U 
,vhy th ust i ni , ti n 11 rsy t ss \nn i l ss th n tb t f s ium ,,v n 
th ush pot. ~sh..n11 Jt1 n1 has , i ht n1 r pr ton rh, n diun1 ton, 
\\•hy t he ht 1 ctr.on jfnnity f o YBc n is ~ the, 1nic wh~,--~s the 2nd is 

en th nuic 

,M k u r y u c ~" __ fine: 

• , cl ti c Jt nlk n1 ss nd r lacivc is 
t1 r t · SUt.:Cc siv · 
1 tr n ffinity 

heck that you can cxpl 1 n: 

• th prjn. iplc . f 111a s s . 1.. tr m t r and c 1 u 1 te r L tiv t n1i n1 g tr m 
Lll U p ,'tr 
th numbllr of p~ k& ~nu th1.dr rcl riv h i hts in th n1 ss ~p ctru1n f 
U ] LUfo 

th ri tio1 first ioni ati 1 n · gi s fr 1, 1 l ydru . ei t kiun1 
• the er n , in 111elti n nd b ili ns tt.; mp r turei f the clon1c11ts fr m hy lr gen 

t c: l ·ium 

2 Atomic tructur nd th p riod'lc t bi (Topic 1) 



I Qu 

Specle1 Number of Number of Number of 
proton neutron electron 

A 119' 20 1e 
B 17 18 17 
rC 12 12 10 
0 17 20 16 
E 36 44 3·6 
F 18 22 18 

n) Jdonti th nv p .ies frou, A- that ~ 

isot I f d1 :une l!] 111ent. 
b) ldontify whkh I f A­
') ld ntify ·whi 1ch I f A­

d) Id~nti_y whi h I A _ .. _r anion . 
) Id ntify which f - hav th ~l n1 

l ctr1 n c 1 fi, ur ti n. .. 

b) 

cop( ~r is top ~ with rel .. tiv~ is topi masses 
of · . 0 o. nd S. . 

bout siUcon in the t;iblc b~'I , \Ver' 
dbt in , f m n1 .s p rn m r r. 

m/z % abundanc ,, 

28 92.2 
2191 4.7 
30 3.1 

Jcu fat the re l tiv ,~t n1i, ma~s I f siJic n t 
nc, d cinul pi c . 

I ·1 · n1i1.1(; h _ t 
7 Hd J. l, 

R I trv 
lnt n lty 

is h 

158 

[d nrify th 
p k . 

top s ot 1n ss nun1 b 
f._ Slln1,pl . f 

160 162 11111 

f spo1 ibl tor th 

b) Jue the I elativ" abut n of th~, ~ · 
isot1 pe . 

) tnal] p k r 1s n t !!L valu I f 79 
and 1. Write 1.:hc,n1ical quation to &how 
th orn1~ti n f th~ p rtic.1~ tbat gi es th 

k 
m F t2~7. 

5 · n1p,,l 3te th :J electt t , nfi uratl 1u ot at n,s 
th ~ H \Vine J ,men 

) Ph h ,rus: [Ne] ... 
b) ., bJt: [Ar] ... 

6 - ri c th~ fu l1 ti? I ctr n ·ontigur tion .1n 
excit~d sa liu1 ~t 111. 

7 iJJ in th our r l~ctrons o ~ plu>Yphoru 
t n1 jn tbe ho .. c b ~J 

s 3p --, [ ____ _ 
x · 'I in, with n ex m l \ tl,e Dlt! uin~ f th 

t r111 p rio, iciry . 

1 t id '.lr :.1.tonu f or n~ n1l 110£iu111 "n -

br J11il1~ . Jn '\\"hich is th I ltectiVl nuc:li1 eh f 1 

th I rs st an in \'VhJch i lt th m~Uest? 

10 Lis't the f'Jrti 1 ~ · I, ..l ... n K+ 1u r r f 
increash1 r Jiu . 

11 xpl Jn " 'by th-. 1 first ionisatiou n q~i "'S o th~ 
11 1l,'le SJ - s de~r a fi n1 hcliun1 t I y to11. 

12 -h SUC1t" Hiv ~ i nis .. ti n _ ncrsi ~ ( 311 I n1 11t. 

re iv 11 in the rnble. which group th~ 
pet·iodic t blc d . g clen1ent .. b 110,1 ? 

lonl atlon loni&&tion nergy/ 1kJ mo1-1 

1st 1000 
2nd 2260 
3rd 3390 
4th 4540 
5th 6990 
6th 8490 
7th 27100 

8th 31700 
9th a,seoo 
10th 43100 

1 . i uss th rt2 l tive J 1nt.1 s nd di6.1dv~ntJ cQ 

of l nd T n1~gs sp~ tr nl(' i.:rs. 

14 By c1 nsiderin rh r ,I tivf' ef ectiv 11t:ss . .. p 
ind d ~J ctrou in shi~kiin th 1 nuc1I "Jus1 &l1S8t; i t 

,; hy h 1 diff r t ,c, et\V nth t nli ~ r. dii 
of tluor111 .111d c h l rin is 5011n1 \ J'h "r .nts t'h.,t 
be~ ,_ J n h1 rine 11d n1in~ i only 15 pnt. 



m pr i 
1 :1) -_ fin the. 'tern1 hr I ioni 

n , (:?) 
) his part is ~1bou,r t ur s ts 'l ionisation 

ner i s: 
i) Whi,ch 

ionhJtion lln ~r ·ios r ~n lcnnent in 

gr u 4 f th peril di · t bl ? 
40 ~ 7 , 5 7 B~ 7 S ~ 1 ) l 2 . I 0 

JJ 57, 1· 17~~745~ 1157 14~ ·1~1 7 
I( t 6~ -15 . 4 2 t 62 .. ~ 7 ·'::! ... J7 27 
I l 1 t, I Ol\ 4 4 I , 8 'J. I 2 ( 1 ) 

ii) Whi~J JI th Ju ~ tor th hrst 

lt1n1~nt1 in tJu."li ~ .. u;1 t~crio . 
4 ~ 7 3 1 5 7 ~ 7 • JO l 2. 1 l 

57 ~ J H 17, 27 45. 1157 • 14 3 l. 
1 -,7 

6. :? 35 • 4t>..;. L 
4727 
13 14. 1 ~ I 04 J ~ - J 2 (1) 

iH) Which re th vruu~s forth - first 
ioni&arion ~n rsici o.f ~1 n1cun 111 the 
s. 111 group, :19 the gr ur, is e nded? 

4~ I 71, 1 57 1 7 - J, 101-. 1000 
B 5 7 8 ~ 1 17 .... 7 45~ I I 7 -~ J 4 · 1 

1 'J',,7 

1 12 ( l ) 
) i) ll' f1 fll nit I (2) 

ii) Whi. h is tb e u _ ti n rhat r l t~ t 
th~ .6: t 1 ~ttrou ._ tlinity of ,cblot juc? 

{ 1.,( ) + e- 1- { 
... 

J{a) + - .... 1-( 
1(8) - - ~ 1- ( -
J2(s) + .... - ~ 2 1- ) ( l) 

( 1~ l 1 8 I U J r k ) 

... Thjs 1qucstion · u t n1 g s. ctr n1 try. 
n) A m sp ctli m t r c n bl? u ed t find h 

p re nt 111p siti n f th hotop s f 
an l~rn ,nt. ~·plain ho\\' the to'U ~ in~ ,~ r 
l chifVC'd in a nl ss. i f".\·e rm n1ete1·: 
i) i 111 ntion (J) 
ii ) ..: J r ti n ( l ) 
iii) d fl ,c:tion (1) 

2 Atomic structure and the periodic table (Topic 1) 

b) An lysi$ of s3111pk f iii n in n1 s 
1p tro 1n te r .. \Ve.: th fi U owht. sul t,: 

Isotope 
63.94 5.94 

65.93 

66.94 

alcul t 
. 
I 11 [0 

t,vo dC11cin1 I pbcl'i;;. ( .... ) 
) 'ht; 111 g spcctrun1 of bron1inc l,a Hne!a, ]t 

~ v alu f s f I 5 , 1 au I l 2, but n n t 

l 5 r 16 J . W h t c au s th H n t 1 tiO? 
(80 llr- ~ r) + 

B (80B r-so r)-
(1 Br- J r) -

1 . ('9 r ~ - r) + (1) 
I) tat ~ 11,d on dint: 1 n'-' n,odt.: rn Ll!.a..:: of n,:uis 

&Jlec ronu.~ rry. ( ,) 
( .. toJ 111._ ,k. -) 

he, first i nisati n f lcmcnts s , iun1 t 
rg ,n 1s 5ho·,v11 l, 1 w. 

Na Mg1 Al SI 1P S Cl Ar 

n xpJ in '\vhy h r .. I tl! 1 d fr n1 . odiun, 
to :ir ,n j upwJrc 'but \vhy t'he v,aJue r 
ulfur is l ~ 'than that tor ph · sphorus. (5) 

b) M.: rk 011 th. r3ph ,vh r th VJ l~1 r 
p r s~iLnn '\\ ul be. (I) 

·) xphlin why th 1 1ue ti r th ac nd 
i ni tion f s, ·un is v~ry 111uch l r 
th n th t fit first i nisati -n. ( .... ) 

C- 't I 111 .. rk ) 



,Face-centr d cubic 

eody-centred cubit 

FI u ro .1 The structure 
01 a metal Is a regular 
a rran,gement or c atlons he lcl 
togather by a · a of electrons 

ndin nd u . I (Topic 2) 

her, re three ,. r~ys 111 wbi h ~toms C tl be h Jnic,~Hy bon d to other '" tO lll : 

M t Iii b 11 in I cur b t,v nth t 1n fn1ctJli l JTI"l r . 
I _, ni cw b 11,,~in in con1potn1d is u u Hy b t-..; n 111 ·t I ~ nd n n-nlt.!t L 

• - ov:d en t bon iu , ur b t\V~en t\v 1t n, J no11- n1 t"' Ilic ~1 nn~nt (\! .' . 
. y . n ton1s in 2) or ehl en t\vo 3t nu of i1f rent l 111. nt 

~ •. i 1 't,,v n hydr · n nd ,hJ rinc t 11n in 1--i l). Mo t ,c v 1 nt b n xist 
be t"-'een t'«"l n n-111 t llic ~ J 1nents. f l r.v v r. so111 do occu r b~t~ een inet l 
and a non-111 rat for exan1pl~ in b rylliun1 cb'lorid ~ -e 12. 

ondin 
_ ho s.imph.:st rh ory , r l t~1JH . bondins i thlt rh 1ne.t:d J ins loR th ir v lcn 
(out r , IJ) foc'tr ns :incl forn1 c:uion!i. h s t"~ti ns ~u ~ ~n·rnngcu in ~ r b.r 1.~1ttic£.\ 
wi'th one 'l~y r f i ns ~ b v t1 n thcr 1 y,er~ ,and Jr surr und d by a ' e~l f ] . trons 
rh 't can n1ov rhr u h tho l tth: (l i ur 3. l). rorh 1Jectr1 t r~ n r I, li ed in­
b t\v, n tht: tne't l i n "~ rh y • re d l H · d thr u b the £tructur . he b ndh i& 
th .. trt tion h t\v n th positiv i ns v hi h r fix, h p sition. ~11d th 11 ativ 
,kc rr n,. which re I n t~ 11 tly 1novins b t<t n the ions. b~re , r a'li ht s . _ 1 

b~tw en the metaJ iot s~ ~ hh.b are o cu icd by the d locaf jsed efo 
th n1 t xllk r ius i di htly l r er th n th i nic radius. 

he ~tr:,n th of the 111 it:ill ic l, nd ipcnds upon: 

• tho eh r on the 111 tl1J i t1 ( h k h is qu~ l t eh uu n1~ r t del.1 caliscd I tr . ns) 
the 111 t Hie r\_ ius ( le . l) 
th structur f th 111 ,rL !Be Ii tti c ~ t~ r · 111pl I y c ntrcd cu ic f r th Brou1 I 
111 t 1 n f - ntr 1 ·u~ i -r ~ ki~1n1, n1 gn siinn 1 lun1 iniu 1n 

Phy·s1i 1ca1 pro1pertre . of metal -I 
D n I y nd 111 I 111 t n1 p ra u r 
Th gr up 1 m tah h~v I w n iri s nd l ,v n1 lcin , n11 (I bl '.l) . 

he , leic tron " n . 1g1.H·L1tii n o rh ir lton1s h ns1• , h ta u 1,s rhe rbiit 11Lunb r I rh 
1 uter , orbit. I~ and tb y lose the out r s- t lectr n. 

- h e;r up 2 111 t ls l c b th th ns2 eL tr, t s. hh, c u i'ho i I t b 111 ll r 
rh. n th rou1 ] i 11 iu the . n1 peri , . h r f re, b , ~ u e f th~ 111. Iler ra iu 
L1ud d1 hi h1.n· , h:ir . ,~ rh · r~ i5 1 riJ:i t r att1~a tion bQt\ en the 111 1 t~ I ~s ct16 11 L ncl the? 
del 31i d 1 orrons. Thus th 1 r u 3 n1:1 tals arQ d )n er anJ have big.her 111 Jting 
t n1 er rur ~. 

M t Ill c b ondl ng 



y rr 
Thie m t 11 1 dlu Is hair 
the distance betw;gn the 
centres or two aCIJ acQnt 
metal Ions In tne me tarn c 
I attl ce ,and Is greater than 
the Ionic radius round In 
1omc compounas,. 

•••••••••••••••••••••••••••••• 
A atro,nser f-oroe of attr cti on 
me, ns th t m1ori ne rgy has 
to be supplied to 1overco1ms1 
th ·t fore nd melt th 
sol id. Th raforie, e higher 
tern perature i e n ded 
th n in m ta le with - k, r 
metal liic bonds. 

• •••••••••••• ••••• •• ••• Me Is nd graph it c,ond uct 
lectricity by th mov ment of 

electron throush th I solid. 
Ionic substances conduct 
el emeity by th movement 
of ions. This only happene 
wh n th i1onic compound 
is molten or di esolved, nor 
wh nit is a solid. 

he d-block 111 tai us th ir (u-l)d cl err ni a \V U thtir u l ! . t n.s h1 b u in . 
Th re uit is chat th y r n1uch h rd r, d~n r nd btiv si ni 11 ndy hj -h r n1clting 
t mp r. tur s. 

Tfl le .1 Physical propertl'11S oT metals 

Sodium [NeJ 3 1 0.19 

M gnesium [N ] 3 2 0.16 

Aluminium [Ne] 3s2 3p1 0.14 

Pot sium fAr] 4sl 0.23 

Calcium [Ar] 4s2 0.20 

Titanium i[Ar] 3d2 452 0.1 -

Iron [Ar] 3d6 4a2 Oi13 

Copper [Ar] 3d1o 4s 1 O. 13 

0.096 98 

0~066 94,g 

0.060 60 

0.13 63 

0.099 839 

(+2) 0.090 1876 

(+2} 0.076 15316 

(+2) 0.069 1083 

o.1a17 

1.74 

2.70 

0.BB 

1.54 

4.64 

7.S6 

,B.92 

he tne1tin t n era tu re uf u1 t l in~ rca c acr s cti d ~ "'us th 111 l I Ii 
1 Ii n d~croa c nd 111oro d c tr ns r re 1~ s d f ,r boudi11 . l't deer eis down 
: r up bee u~ · th n1~t lUc r diu. incr "\ast nd the fore of ttr ,ction b t,v i.:n th 
nu~ t l ion lll l th J c~lis d I , rr ns b lllf s less . 

Elect Ice: I conductivity 
J ctri,t...ity i tl 1\: f eh r, . AH 1n t l c 11 uc t l . tri -ity ,vh n s lid 1 ,•vh n 

n1 Jt n. he s ~- lectrons i mobile nd n1ov ~ through the Lttic f n1:wtul k 1n . 
her for • th I trk: curr nt in a m t~, I is a fl,ovi.r 0 1 I_ ctrons. 

Tl1 n11 I conductlvl y 
M t ls re ood 1C nductors f b t. hh i h; bee LU f tb fre -n11_vh1, 
,vhi h p. skin 'ri _1 ncr. y Ion pi _, f 111et1l. 

Mall 
n b h n,m r d r pr s into diffi rent sh s. < n 1 y r f m t l i n 

,t: .111 s.]i l 1 ,, ran th_r ty r. l,js 1s be us · thur re l,vayg :lie rron& b t\v en 
th ]ayer ~ prev ntin~ ~t1 tlS fi ref s 1 ( r pulsion b tw en tbe osirive ions it1 . ne 
h1y r and the osi'tive i ns iu , n ther I y r. ' 01ne n1~tals~ such llS Je~d nd !d, 
11rc xtr m ly oft. h d :)1 1 k n1ec I , r :1 n1uch h rd r c u th r r I m r 
lee tr n th t bind th l y r t th r. 

C,he,mtcal propertres of m1eta1s 
lonl atlon en r 
M tals r n eh l ft-h n- Nid o d l eri 1 die t b1 . M t 1 t 111s h. v n . t,v -
1 r thro ] ctr ns in th ir urer rbir (apart fron1 Jead and tin~ '\Vhich hav ur). 
T hcr f r ~ th effcctiv nuclt! r eh r, i. . maU r th n ~ r th 1cm ntg th r ccur 
li ter in th ~ nu~ p riod. 1 his me ns that th utcr ciJ tr ~1n i h 1 1 ss finnJ)' th n 
in nan-111 tab and rh hrst ionisation ~n 'r i ~s ar 1

• u1aU 1r th J1 f; ir n n-nu~rals in the 
~ n,e, 1 riod. 
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lectr on lvlty 
M t ] h~1v" tho lo,v~st I c-t u 'll i ll v luca iu th poriodk~ tabl . 

I c: tron ~~1tivity I.! rease~ down ,~ gro'-1r' J nd in r, as a ro ~ P-rio t Th rl'"~ 1-re. 
..:aesiun1 has tb.t.? lo\VQSt 1 tro1n satiVity of 11 the efen1 'llTS. 

Forr1 atl n of po ltlv 1011 
, he luw v.du s of the I r!l.t ionisation t ner i s ::u1d lt C:'tron _ :.1 tivitie~ nl,~ ~ it 

n r eti\;:.illy· t-Ca!iible for nl 1 ta1s to 1 ~ el12 tr n 1n l, nJin and to t 1rn1 , 01sithlf 
io11 thr.1t ar tbcn ei'ther bond~d in tn1 i 1nic 1· tticQ 1 1r hydrat d. 

R ctlon wlt11 clcl 
h n1or r tiv n1 t h re t, ith ilute aci _ to fonn hydros n R s and solu ti n 
f It. F I n1 1 ~ l i3 i ni .3 u-ti 11 f 1r th~ r~ Lti n f ziD ~ ith itr n acid 

such "U lfuric cid ls: 

action 
~h n1 t r ctiv 1n t h re t with c ld w t r t ~ r1n hydr n , s nd n J k line 

solu ti . n f the met 1 hydr .,i x n1pl , th i ni qu. ti l for c:J ium Ii tin 
, irh ,, t r h: 

R ~ ctlon 1th 1011 ... of le r ctlv n1et I 
A 1nor~ r ~ctivo n1cta l ,vi U r Jue th i1 tU u l sr. re,,l ~ tive m tJ 1. ' r ex. 1np,l , 
when pie r ir · n is p,hu:, d in oluti r of I pp ,r ulfat • rh blu soluti ,n t d 
Lls red~ br wn depo it f ,copp r m t:tl h f rmed: 

(s) + t .. u2 (~ q) 4 2+( q) - Cu (s) 

ur If 

1 Write equation I far the reaction 01 n1agnes1um with: 
) dllUte hydrochlorlc acid 

b) copper su rrate so I ut Ion 

I n i b n I f rn1 b tw, n 111s ,vith si nifi ntly ditf rent l tr n tiviri s. 
For "X~unple. fi iLu11 ( foccrou g"' tivi'ty 0. ) ""nd hl rin ( lccrronciaativiry . ) 
:fi rm 11 ionic con1 und. 

1 ni cotnpoun r le tri. ~J~r 11 utr L h y con~ist _ p itiv ion. (c, tion ) . nd 
nes.1tivc, ions (3 n ions) held tog tb r by rhe atcr.iietion betw en opposit chaq~os. 

Au i,onic b · ud i the attraction betVtreen the opposi'tc ,eh rses of • 1tions and 
nions. 

A 1rotion is fonned fron1 1net~l atom by the los of nei Jr t1U')f~ c1I trona. "rh~ ion 
h.1s 111 r r 'tons eh~ 11 I ctr ns ~ nd. rh r fi:ne, is t 1itiv l.y char, ed. 

y rr 1 

El et on lvl 01 an 
elemgnt Is 1cle11n'1CI as, tha 
extent to whlc h It attraots, 
a p,at r or oono1 n g electrons 
~ n a c ovaie1nt bond. 

•••••••••••••••••••••••••••• 
If the d iffere nee in 
alectr-oneg tivity elte ~ ds 
1.6 th bonding wm b 
pr dom in tely ionic . 

.. . . . .. ... . .. ,. 
Polyatomic cation ,, sue h a 
N H4 ~. el so a>tiat. 

Ionic bonding 



·····-·· , .. .-re 1ny polyatomic 
en ion e, usual riy con1s1i ninS 
10.>eygen. Ex 1mpfe S104 2-
and NO:t, 

sodium Ion 
2,8 

FI UI 3.2 

[=~=J 
FI Ill' 3. 

Chlcrlde 1cm 
2,B,B 

-1 1 r . 4 S,oa1um cn1or1e1 a 
Ionic I attlce 

.... ·····~·····-·· .,,., ..... Th me,lting temper1 tur 
i det-erm in d by the1 ion ie 
bond strength. Strong b1ond 
giv ri s to high m ltins 
tern perature. 

An ani, 11 is t rn·u~d fr in n n-111 ttiJ at n, y eh 
Th i n h 111 rc1 fo1 tr ns th n proton& and~ eh ref r ~ is n 

rn ·i111pt~ t nns. i . t fi_ nn ti 11 n be th u ht I f Lt nc ton, (th~ nu~t ]) ivi11 . n" 
1 .r mor ~l~c rons t 1 • n cher ;.1t101n (3 non-rnctaJ). or cx3n1pl~. s dhun {1 J p,r t ns 
llUd I J Jcctr u ) iVf n~ 1 ctron t l1 ~hlor1n at1 n1 (17 pr ton s and 17 ~1~c tr1 1u)~ 
f rn1in . 1 N, 1• i n (11 pr ton~ at1d 10 l tro1 ) nn a. J ion (17 pr ons 11d l -
l tr n ). H ,vevcr. S1 dium cb 1 ri. c. 11 b 111 ' ln nu n1b r f ·,v ys , n i hi, 

in1p 1s1ib1e t · rcH ·\vhich ]t.;~tron ~ 0111~ fr n1 ,vbich ron1. 

h l ctron 1L I , h u ti in f s diLnn ion nd hlork1f2 ion~ ~h v in ~u th 
le. ctron , crr 

I 
rne eleotron configuration or sodium changes rrom 2,s.1 to 2,a - It has eight electrons In 
Its outer orbit. These must be Included In any electron connguratlon diagram, even If you are 
askQd to snow tn9 oute1r electrons only. 

h I t - n -c r u i r n1 f r s 01 i u tu , h 1 ri 
indi t1t . ~ ,vh re the I tr ns n, fr 111 1 
re~ tio11 f odiutn v,/ith I bJ riue ( igur ..., .3). 

f h win . th 
1un1 hlorid 

ut r 1 ctr . n only~ 
,v r n,~1de ~ y th 

In the solid_ eh , .iLun i n is surround d by six cbl rid i n nd 1ch chlorid 
ion h surr '-U dcd by ~L . 1dil1m i ns h1 i. nt .'tru tur Jl d . I ttic:e. he r rti 1 

f N + i n. t J - io11 i. I :1. 

h - ~,rr ,n om nt h ~h \VU iu Fi u re 3. . 1,ch red s h~ r r pre c11t , th I entr f ~ 
diun1 ion nd I eh r en h n: he ntr of 3 1chl rid i J • 

y ur If 

2 ) csn ne 1on1 c bond. 

) Explsln. In terms or electrons, how an Ionic bond rorms between atoms or 
ca1c1un1 a11d atoms or r1uor1no. 

) Dr w I ctron con11gur tlon c11ag,ram ror ca1c1um 10n nc T'or a nuorld 
I on, howl ng their charge , na outer electron . 

1trength of Ionic bon11dlS1 
he s tren th f n i n i b n . f t r c ti 1 b tw n 

nc,i .bbourin i 1 ns PI sit eh 1r ~n _ th · re s fr J t1 b i n beitwe l1 n ur-
ncighboudns ion! f h~ s,u11 harge. lr is n1ainly de ~rn1 in d 1,y: 

• th eh r, s I n th 1 n .. The il re: of att .ction ,ends n th pr du t of th 
1ch r e.. h ref re_ th ttr c ti n behv en ... i1 n nd 1- ion i. tv i th t 

bct,vc n I 1 + n ~ 1- i n. 
• tht1 rJJH , f 'the iorn;, h r t1 f l ttr c ri n va't'ifs it.lf)trsdy '.Vid'l che ~tun f rh 

bis n1e n rh t SDiJU r i ng orn1 er n~ r i nic bond; . 
h 0111 try. r 111p1 ~ c iu1n hi ri h s n · :8 structur ,vher s 1um 

1ch], rid has . 6: itru turc {s _ igur 3. 4) . 

hu ~ l1l3 11esiun1 eh 1ori is: n1or 

- h n1 gn i u n1 i in i ~+ n h 
stron~ly ioni,caHy bond "d th n sod1un1 chlor1de. 
"ln U r r diu th· 11 th J.+ dium ion. 
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h positi1 n f tbe c ntr s , fi ns in n io.1 i cry t 1 c n be id 11tifi I · by J ctr 1 
diffraction p.ntorn . 1 h~ dht uc:t b t""C n ~ s d iut11 i n n · 1 nt; of the . dj.1,ont 
~hlork1e ions i~ th sun, 10 eh l i1 nic radii, ,, (of Nl+) + r ( f l-). Positiv l! ins ~rrc 
s1-11t1ll,c, thou their pa rent at n1s~ ne lltiv ions J.fe bi r 'f'f h:.1 n cheir p-. r nt • t1on1 s 
{ ble .2). 

3.2 Atomic ana ionic raan 
--- - ----

·: 11011lcf1racilu~/ntri' .. ' 

Sodium Na+ 2,8 0.191 0.096 

Magne iurn Ms2~ =ta 0.1,S 0.066 

Calciun, Ca2+ 2"8,8 01.20 0,10 

B~rium Bs2+ 2-8~1,B,8 0.22 0.14 

Chl1orine er 2.8.B 0110 0.18 

Bromine Br 2~8,1,8-8 0.11 0.20 

lodin 1- 2.8,18 .1B .a 0.13 0.22 

Oxyg n o:i- 2,8 0.073 0.14 

Hydro,tide OH· 0.12 

ren n Ionic r dlu down @ t·oup 
A1 er up i d c n , d~ th i ns h v n1 r kctr n sh 11 . lu~r fi r , d v n th 
grout 1 th ions et l rg r. r _1npl , th hl rid i n b e] ctr na 111 t'hre.: sh l ls 
and h. ~rn.1H~'r th~n the b1omid ion, which h s eJ-.ctrons in ur sh lh. o, tho r~dH 
o tb , r up 7 i ns increas =- in the tck r - .,. J- .,. r- r·. 

ren I In Ionic r .. dlu fron1 roup In on period to 1~oup 
h1 the ne t per I od 

h i n N , 2 ~ N +~ M :!+ nd Al + H h ve the eJe,tr n configur tion -~H. 
_ hi;!c si.. ·ions~ re sai h i o I _ tr 11i _, a rh y hw i nti , 11 t, ·tron c: nfi ur.tri 11.s. 
b :1ir rJdil doc:r .tSti fr 111 N3- , \Vbid, is tb 1 r st, t Ai!J+, \vhic'h is th~ a1n 11est _ his 

i bt.H.:au e th Jlli 01 th nu Jl; increa es tr 111 7 ill N 3- ti 1 13 in Afl+. be re ter 
nuJ Jr ch:ir i~ r-xp _rionced by the sam nun1b_r I f Jectronsi so th_ ttr:u:tion bet, c"n 
th_ nud us n the, orbitin ~1 ctr t1 s UJ , 111akin th i tl rc1s iv ly sn1n lli:t. 

ur If 
Arrange tile ro11ow1ng In order or size oT radius~ With the largest first and the 
small@' t last: Na. Na\ Mg, Mg2+, c1. er 

Evlde1n1ce for the exlste 1n1ce of Ions 
Cond uct1011 of lect rl c It 
An 1e tri J c:ul"t nt is n flow of eh r t; d parti lcs. W h n .1 met~1L "ith r s Hd {e.s. 

01, r) or · Hc.1umd (n, rcury)~ ndu h el ctricity. the de1lo . lis I c I ctr n 1n v 
1L.l I i~ the ~P, lli d Qlcc tri p t nti .. 1. h c:urr nc js a tl 1 1V ot 1 ctT ns. 

• ........ .... . .... ........ 
Note that the best ioni,c eiie 
n, tch in the group 2 oxi1des 

nd hydroxid s is with the 
bigge t c tion, 8 ~ .... 

•• • ••••••••••••••••••• 
An et.on, nd th ion 
formed from it have the 
seme number of protons in 
the nucleus. It i only th 
number of eleotrions that 
oh ng,es. 
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l ni ~tdlrl!i~ such t1s diun, eh] ri ~ do n t l!l1t1du t ele tricjty el;aus ": 

• they do n~ t b v l c H d 1. ctr ns 
thv i nR r.e 1x 1d in du."11 'I ttk;c 

Ho,veve,r~ ,vhcn tht: s Hd h n1elted or dis 1ve . rh 1otric 1 brc~ks d wn and th ion 
llr fr to m vc ,l1cr n i1pp1icd p t n i I. The current h t1 fto\v f ion . 

ho £ ,sjtive ion n1ov t ,v r,d th ne· ~tiv 1ly ,eh rged cath d ~ \Vh r th y r 
r ducC'.J ti , , on'ls. h n 8 .. ti i1 ins 1.111 v~ t \\fords die po!ilitiv~ ty ch._1r, cl n d ., 
whert! th :wy re oxidis d to at rn11. If u.n ~lectric ,urrent is pa ed thr ugh u1 Jtcn 
s idiun1 chlori e. th~ t~ H ,vin re cti ru t kc pi c ot eh cl ctr 

At the- 1cathodc (- ), re uction occurs ., s ach N._1'*" ~on . ins . n el c tron: 

N._1+ :w - -+ N. 

At the n d (+)~ oxi.d ti n ocicur J e eh l- i n ]ose~ an lcctron: 

J- ~ i I,+ e-

Thll cl ._\rest evido t1 c t r i nic b nd 1ng is ,vht:J t1 rh 1 n1o!t it~ ,u- £tJ\n • or .i s Juti n 
1 fit, c nduct ] ctricUy and 11 , su ,st t1ces re pr duced t th ,toctr des. "'hi 
pr ccss i c. lfod lt' ,r l r I 

OJ I u te hyd rochlorn: 
acid 

Copper chromate In 
hyd roe h I o rl c acid 

ho n1ovcn1~11t ion& , ... a:-1 be en1r0n. tr. ted by th 
,Uo,;vin ex r.i tuent. 

me copp r(n) chr m t ~ · u r . lv in th 
1ninh11u111 of ci'ilut hy,dr chl ric: his s h.1ti n 
.L t'h n ~aturJtcd \ itb ur --'~ a ,vator-s.o]ubk~ ..:ov~l nt 

1bsr n,c . hi& in r . s the d n ity I th. luti n. A 
LJ-tub i~ halt.:. ilk \vith clilut~ h} Jr1 chi j _ cid nd 
th , opper(u) d1ro1n ;1to soluri 11 is poured c. r fu 11v 

- I 

,down a 1 ng- t 1 11n11 d fu nn~l o th.:1t it far nu. sep.ir te 

1 y ,r bone th the di'lut hy lr eh loric .,1,cid ( tsu r 3.5). 

Tr JJ bite, r pl ti11l1 n1 lectr, s t· th II pl._1 in th 
dilute hydrochloric cid layc_ ju~t h v~ the copper(1 [) 
chro1.n to 1 ye,r 3nd nn electric current is passed tbr10UfCh 
the ioluti n for ·t let1 t 30 m inu t .. h~ u :!+ i u 
111 v to,v f ' ~ th nc tiv rn1in I nd th luU · n 

Figure 3. Electrolysls of copper(n) onromate so1ut1on 

round thh t r111inal b~coffLs b1uc-gr en bo,c us 
o rh~ cop '-'1" ions. h solu' ion rou nd ·th positiv 
tern1 hh 1 be n,es ye 1 low b 1 cau s '1 of tbc n1ig1 atii n of 
th r 4~ i 1ns to,v r s it. (Hazare1: cmor1no gas avo1voe1 ane1 cnromate ions are toxic) 

M ltln en,p r tur n I olublllty 
I nic c ,1.11p und h ve very hi h n1 ltit1 ten1pe.r 1 tur1;:s. ,,Jy 
pot illnl t1itr t , C n be nl ]c in 3 t t tu l! h h 1 b1 if t 1ry. 

t 1 \v~ t r .. n1pl 
hi is b c u of 

rh st~ n f rce of nr cti n bet\V ~n rhc i n . Id 1 r, , n, unt n r y h t 
b 11..1p _ Jic d h: s~p. r .t the, i ns , I n th lid j n,elt d. 

M ny i ui c m. tn1 1lub] in , "Jt r. xy ~n is n1or l'lecrr n gaitive dL n 
hydr n ~ 1 in w er th y · n at ms b c: m 11 riv Jy eh r. . h s r th n 
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ttr c:te t h. ~ , itive c:ati ns and th1;; ositiv ly c hnr~ed h r, 11 mt in. 
arc ttrac tcd t th n tiv t ion (Fi, ur . ). 

FI ura .6 

/ 
0 

I 
1-,1 5~ 
I 

• I 
I 

• I 

I 

• 
: ,I, 

H 

I a-o 
L~. 

11 I 

+ 
'H 

+ 

•••••H--- 0 

HI 

Wheu rh i us b nL hydrat~d, tbe n Cir y rel 3sed c 1n1 , 1nsat s for thar re~.uir, d 
to br: ~ k th bon bL! tween positj i.; and 11 , 'ti ion~ in die l;utiic . I o i tiv :1 i ns 
are surr und d by h 8 xy n .uotns wat r n1 locule ~ the n gative ion~ ar~ 
surr undc1 

, by th B hydro n aton1s. 

_ b c1 pt :1p rti~~ .. r n it p1r1 of of ioni bon in . 01 c vall'nt 5Ubst .. ncfs a h~o 
h v very hi.gb n1ciltin t n1p r~rtur~s - ~ r c .. 3111.13,l dh1n1ond~ . n11 hit tnd !illic n 

i ·. id ~ hich h v~ iant cov l nr sn~uc tu r s (s(;! i ur ~.18 1 n plp; 47). Iu 

\Vat r -

t n1 is c v· lcn l b n , t f ur I tb r c, rb in , ~ rn 8 ~ hich 
o I d1 r , - rb n , 0111s. In silic n i id , -h si U-on aton1 

f ur xys tl coins, c eh of ,v hich i b1 nclcd 't two ~Hie · n 
nd r strong n h ,, t be hr1 k n t m lt th s1 I id. 

t 1npcr tur is hi h. his typ of c v knt c 1np ut1 i 
'"t; v r son1 oth, r ov k nt substanc 1 such s th t1 1J~ re 

-hh m 11s th 't , bi h tn ltin t m 2r tu re, c 1nbin d v.'ith ~ lubUity in '"' t r~ h 
str n vi nc .fi r i n i b n in . 

lectron .. den lty n1ap 
wh~n - r:;1y · r p s cl d1t u, h , ryat· 1~ th r di f n i9 s tc r cl nd ditfr cti n 

et n i I be in d. h xt t c f the ,c et rin f eh r y n n che ,,lcctr t 

d nsiry. Ln thiSL \vay1 the position of tol'n and ion !i in a. so1id can be deterntined. 
hi ualy ,i c n -t: t ,nd d to 1n sure thQ lectr n clcn~jty in th . ato1ng or ions. 
h r, uJt is ,c ut ur m . ,; h re the lin ; join pt c 1 ,vitb th n1 le, tr . n 
nsity - JU t Hk tb cont ur Jin s o r hi l 1nap th t j u1 pl s of qu I 

h~i ht a~ .. kvcL 

h t:l ctr1 n-dcn ity 1.1 p ot diun chlorid is d1 n in · u r · .7. lt ,\.;an c c n 
cle· rly th'1t the elcctr n d niity dr ps ti zer b t\•i,r ,.n th ion,. h in, th lll ti be 

is r t ntiti th~ t r n t join d t p cific t ms r l n . 
FI , , 1 o J. 7 El ectron-e1ens1ty 
map o'f sodium cn1or1ae 
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H • Cl ~ 
X 

FI ll o 3. 

... ,.,, .......... ' ...... . 
Th I ctrons r not r I ly 
different. but it i ea ier 
to 1oount them if th ,y 
differentist d in this 

1 • .,,, •••••••••• ,,, ••• 

The s exampf ob y the 
octet rule. Thj tate thet 
tern pro· d, e far , a 

poeaibte, towar,d h vir,g eigh 
lectrons in their outer rorbit. 

A cov.l'leut bond is th~ nronB dcctr1 st~ti. iirtra,tion b~ni · n tho nud i f" tw .1ton1 

n th · sh r r:1ir f 1 trons b n th tw t n1 . he le tr ns th t 3re. r , ul, -
b , involved in b ,t1dh1 re 1~ nl 11 l""e It' 'trons. al nt bonds n11 bot\ ecn 
tonu with :in ele tron ati ity ii f J ~ than ]'.'i}'W · iniat ly l.5 unit . 

II nd, ~,eh at · n1 up I n J c tr1 n th3t i then ~b r d by 1-iioth • r n1s. 

h l<>l6, ~. N. wispr p s d th t mg eh r p ir1ofel ctr usin r rt, r eh th 
l-c:tron , ,n' tgu r rion o n t1obJ as: 

cl ctr n h rt n b1 ~Lu confi Llf tion. They c3n 

nd . o fr 111 n? up to ns1 r1J,6 t f ,rn1 n cova I nt 

·8en ha~ the 1~c:t1·on COJrl fi ur~tion [H I .:?s2 2t. her for .. it i·Q n O el .::rr 11S 

sh re f the n ble a stn1ctur . It t rn, ,v c 1 nc b nd . her by gainin, '\l 1 

I ctr ns t h vc th I in gurJtion of n on. An x n1pi is in ,,,at r, I . 
Nitro ,n is [ lei _s3 ~p3• lt i quires rhrf.;e J , tr101u t re_ eh th _ 
, on 1p;u r .1tion f n · n . hus~ it fi rms rhr •e , l1 nt b, nds. 
· • rbou i [HoJ 1r ~Jr' .. It 1 , d~ 'our 1i1 r · 1 CU n l nd s f rnu1 fi Uf l ] nt'bonds. 

l nt b nding , n b h w11 by d t- n -er ss i t- n -,i:r 
dL1 r. m t< 1r hydr n chlorid is ho\ n 1n isun: ).8. h 1.: l ctron I f hydro n is 
shown li ~ dot nd the ut r chlodne 1 J eh on~ by crosse1t 

h t m. ln thi n1 th . th 

ure · .. 

I~ • HI !f.!! 
H: o. H H 

Weter, H20 Ammoni , NH3 Methane, CH4 

FI uro . oot .. ano .. cross 01agrams, Tor wat r. ammonia ana metnam91 

ewi • theory ,v rks w n tor H the peri 2 n n-n1 tais e .. ,c t r 1n and t 1· n1Jny 
riod , and p ri d non n1eta'I c n1p unds. Ho\vcver. it r k do\J n l ith such 

c mp ~n1 as P 1 . n .. t,' 11 l1', rticu I rly ·,vith c n, 1 u nd f th nobl 
ud1 ~FJ. 

A n1 re 1,11 den th ,ry is that ovJJe1 t 'b n I i ll:l ug 
rbit I ~ c eh c t t, h in sin h.: unpair '! tr ,n. 

· ev"ra'l ,v,ays: 

y tl overl p f tl ;non ic 
h1s v dap ~an h ppcn in 

be sim 1 st is n v ,rJJp of \l s-orbi tJ h ( igu re 3. !0J). An e ~ mplQ ie hydr . gen. 
Anoth r possibility is th~ ov d:.tp of ono s orbit· 1 \Vith p r' ,ital ( i 1 u re 3. I Ob). 

n .. · 111 " fo i hydr s n cbJori . 
'N p- r it ls an v rl.t t f nn 

1chl rinc. 
V] nt nd ( ur 

Thc;c t1r "'XJn1p,l.cs cf 'h ~ d- rn' 1'/t.:1rJa b tw en r, Jt 11n1ic rbi't la~ in \vhicb thi.? 
rl li n th lh b t\v n tb , ntr · eh his is c H i 111 .... 

b, rid (a-b n ). 
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(a} 

+ -
o bond 

-
s p a-bond 

(C) 
+ --

p 

h r is light (11'1 -bl m ,vith 1\..arb 1-ctr l1 co11fi i1r tio11 f c~ rb n is lH] 
2s2 2p 1 2p

1
1 2p~ 0. her r nly t\V u11p.1ire o1 ctr ns ·1nd o c~1rbon n1i9hr be 

~ t d t I toun n Jy two cova l nt b nds. H \r •vcr, ne t the :2s-clec tr n is 

em ty 2JJz- rbi L i in it tcn1p r ry c nfi ur ci 11 f [l ej 
2s! -1) ... p,/ 2p1 i, ~ ith ·~ ur unp ir d 1 err n . It , 11 11 \\' f rm f. ur c v l nt 
b nd~. h n r· y rcl 1s h1 f rming f ur, r~ th~r thJn hv , bonds more th n 
con1pon .. 1tc s f r th~ sn1aU a 111 u nt o t ucrgy ro1qu ir ~d to pron1ot 1 an lcictron ro111 
th 2s~ inc th e1npty -!',- rbit I ( i ur . 11). 

2p[DLIJD 
becomes 

ca,bon Bonded ea ~bo n 

h ] 1,t · ns 1nJr d ln b] 10 -r out r l ~tr n ow ,, rb n; tho m.1r 
c n1 tro111 d1t" '1t -m to i.i ,hich the c r n is b nd . 

xpanston or th1e octet 
hi" c nc p,t ot r.ou1 ti u e p1htins \Vhy ph s l,orus 

c n £ m1 ve 1 . v- I nt b n s. It 1 ctr1 n c n 1 ur:uion 
t IN ~1Js2 11EJ. t -p/ 11 1• her, f r . it b thre uni ,air d 
J ctr n . Wh n P .,lJ is ~ nned, rhe rhr · uni ir 
1 t: X'OUB are lU d to torn.1 thr~~ 1C V l1.:1nt b n { l1 

a n 'b1~ a!i i I e cbecl. i wever, 
eiupty d-orbit ls, \Yith ner y 

th 3s- rbit l. .. rh r for , on f tl 
.l~- I~ tr 11 1L:. 11 be p,r mot d h1t n 1npty ~,d-orbita 1 
(Fi ur 3.12). T'he ~1~~ tr n c uh unrri n b 111 s [N ] 
'\s1 3JJx i 1pv ~ · p ... 1· 1rf with hve lt 1 ir ,] ctr ns. It 
c n n \" (4_ nn fiv ov Jent bon · s. 

1 e tr en12rgy r h.: d in t 1111 in the tv 
i~ n1uch reatcr th n d1. t rcquir d to pron1 tf ne e1ectr n 
fr n1 th, a - t he d-01rbit 1. ln I l , the ph ph 1rus 
Jt n1 h s t n lcctri n in its ut~r rbit C i ure . I )~ 
athcr rh n tb ..-:t t .I r di C-d by th \-ViR rh Jory. 

3p DJ[D[i] 

FI lll .12 

3p [O []] [TI] 

FI me a.10 

FI UIO 3.11 

3aDJDDDD 

ldlITJDDDD 

Ph sph rus c j not orn1 PI b c use tb - 1 nd is not 
3s r OJ 

s-bondedl phospho1rus 
t n n · u h t con1p t · t f r th t rs}f r quh~ d t 

I rom t I th 3~- l t n f ph sph rus int th ;;-,d-1_ rbit~l. Ft ure 3.1 

C ov I nt b Ollldl ng 



• • • o 11e c ,r o· 
)t )C • 

• • • 
FI llf 3.1 

XN ,..N" 
I H ,. I 

'IC ,i: • I 

Nitrogen 
FI 11ro .1 

Ethyne 

I tit•••• ••••••••••••••a11t•• 
A double bond is th ehering 
,of two pa1ir of el ctrons 
b&tw- -n two tom . 

• • • • 
0: S 0 

•• • • 
FI u ro .17 ... , ......... , ..... , 

A Ion pair of efectroin is 
a psi r of vale nee e lectto ne 
that ia not us d ijn bonding. 

1n,gte and d!OUble bonds 
A sins] b n i a b nd b t,v I t\v t ms nd is th h rin · n pair, f lectr ,n . 
fn rbo11 din id ~ t\Vo d ub'.I b ,11d. , xist b tv rn rh c:arbo,1 n th 1 o _y, ~ n Jt n1s. 

ht: dot-~nd-,cr,o S dfas ~n1 ~- r I arbon dio jd' is ho,- l1 'iJ Fisu'r 

Her f ur 1 tr ns r sh re b tw n th ceutral c rbon a m nd each o~ n 
, t n1. This ih rin oft, l tron pairs h U 1 d . , nbl b ,11 • 

A t rir le b ,, d cur~ \Vh n th "' ~ irs of ,lcctr n r &hared 1,y t,,, J r 1119. h 
dot :.111 ,r di r~un fo nitr , et1, N:! tind ethytu~. · 2H 2, ,ar shov n in i ure .15 

Th orbit'° I v rl p rh ry si]y xpJ in ubl ' on . An or it I j n 10 1 

vorlap!i h d-on ,vith Jn orhit I Jn the oth r torn. tonnh1g L (J-'bon . lovvtiVC1\ ii 

p- rbit31. \vhic h is .:1t right n1 -l to th1;, (l'-bi nd ov rJaps side\! J.Y l ith a. p-1 rbit:il 
in rh c · nd t rn t forn1 pi-b nd (n- on ). A 1t-b nd 1s . h \ 11 in i u r 3.1 . 

+ 

p p 1t .. bondl 

1t b nil i £ rm d by t\v p- rbit 1 . v d ppin, 'th 't th I ved p li "4 J b v 
and b low the, hnc j nh1 th c: ntr .. s f rh m . A ubl b nd c n~ ists f 
a O'-b 11 • n 1 . n:-b n b tw, l'11 tw ton,~. 

It i n t fbJe to r t ltL! th ro1us t1 und d . uhl bond irh ut br . king th!:! 
1t b 11 • At ro m t mp r tur, th n1ol culc, d 110 [ oss s en u h ncr for thi 
t oc ur. hi is why _0111crric i~on1 rs (pa 174-75) re di. tin t co111pound . 

h ror L tiou i p s ible ·if th u b~'t. UC:f:.\ i t ns!y h a red I 

rn su I fur di ;, icle ~ d su lfur k1t n1 or111 t\v d u bi bondi. h el ~ t n ~ ntJ~u r ti n 
f sulfur is If N ] 3s2 p .. /· '?.p~ 1 p2 l . rn1 t,vo ubl h nd ~ one 1 tr ,n n1ust 

b i,r 111, t r 111 th 3p, orbit ] into n mpty 3tl- rbit 1. Th~r re n \'\" four 
unp ir d cl crrons and jt cJn t rn1 tw I a -bonds nd two 1t-b nds (_ iL,ur .17). 

h u]fur t n1 h on uuu ir I fv 1 nee I ccr 11s. This. i" ,c Hod I n · ir 
1 f 1 c u· n s. 

Coval1ent bond strength, 
h tr ngth f c v l nt b nd i n1 , sur 'Id by th n1 unt f 11 r y n d d t 

th b n in H 1n 1 , u] . 'I hi tlC;! r y ris , r 111 rh ttr ction b t,v n 
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(a} (b) 

Diamond Slllc:on dioxide 

FI uro a.1e me Da 1c structure or (a) ~1amond and (D) srncon e11ox1e1e 

he crag - 1-:t bon e11 r y in n1 thane iy ne-qu rt r I f th~ · n r . y requir 
for rh ol I \Ving pro .. as: 

~ 

I 
H,1--C ----~Hg) 

I 
C:(g} + 4~(g} 

~ 

h .l strenr th ctermin 111 in ly by: 

r\v b n d at 1111. 1n., n t 111s ~ rm atron r 
r .1ton . l- I bond i horter 311d, tor r th:u rhc 

:Sr- r bon bee u ,t;: '-hJorilH: is a J,n Jfor 1.Hr 1n th n br n1.h e. An .. t1 n1aly h 
th - bon . caus th t, o flu rin Jto111s r S1 sn1 U th r is i nifica.nt 
repulsi n b t,v c n th I n I ~ irs f 1 _ tr n n on _ton1 n, those n th 

d1er ~t 1n1 . he _ - _ b 11 em1ersy h t JS kj n10J-I. \Vhere~s the 1- 1 b1 nd 
c ncr y is +24 .k] m i ]- 1. 

th numb r of •loctron EI ir b ins h r d. A d 1ubl nd ( \VO · ir har cl) i 
tr n r th n sinslo nd ( n iir b r · ). N'itr 111 N=N ~ h s eh re t st 

cov:ah.n1t b, nd sitr n - tb. 

iSll t't.: J. l I s:h V S tbc I Ola'ti'V tr nsth of Bin lt:! l, nJ 1

bQt\HCCl1 hydro 'U and tb~ 
p- b]1 rck ilc Ill nts. 

/ man 

/ 
/ .._.... 
FI u I o a .1 rne re 1at,ve strength or s1ng1e llonos 

,. •• •••• •• ••••• ••t••••• 
Th atr n~h of a coval1 nt 
bond is ,s,mil. r to the 
strength of n ionic bond. 

C ov I nt b Ollldl ng 



rr 
A tlv ov I nt ban I , 
a coval ant bond In w h~ eh 
t>ou, electrons In thG1 
sn a reo pal r ar p rovl01ecJ 
by one atom. 

······· .. ················~· Oabv c ov lent bonds 
are eom ,tim s 10 n d 
coordi net bon da. 

Tit 
If you a re asked to 1aoe1 
tne Dona • make sure tn at 
you laDel tne cova~ent 
oonos w1tn, n tno watar 
mo1ecu1e as weH a tne 
d auve covalent bonds. 

Be c a raful Wh 1en drawl ng 
1 ths structure of hydrated 

Ions. You must draw tne 
arrow to the met 1 10n 
rrom ths oxygen or the 
water molecuua and not 
rrom the nydroge1n. 

Hydrated copper surrate 
crystals 

f n [crm of tho f Jtouik rbitJh;, · I n~ I n I i~ the rcsu1t of 
, n I v rl p f n n1pry rbitaJ in n t m . 11 n rbit I nt inin 1 t1 r ir of 

lcctron in th~ ith~r ,aton1 . Au arr \V fr n, he ·,r n, ,Ni.rh th~ lot1~ I ir t I the · t 1n 

;tlith t'h en1 ty or.bit. 1 ws u & cl co r pre&ell t ""• d. tiv c vilcnt b nd. 

D1attve bond,s wlt 1h oxygen 
he o. y -~n at 111 in a V,/.1ter 1n I 1 ul is ab]e to ~1sc..' on..-: o f its t\-vo lont: p:iir to form 

:1 d rive c v lent bond. hi ccu i with I i.on and \Vilh 111 ny n1 ral c at.i ns. 

11 11 d nlun, I on, H O 
Th d t- n · - ros i s ran1 1nd struc:tur I~ rnnd of hydr1 niu1n i n ~r h ,wn in 

i ure 3.10. he n1pty I J-orbit 1 in rh f 1+ i n verl s ,\rith rh I rbit.J in oxysen 
that cone tiJu ;1 I ne; pair of electrons. Th 1--13 + i1on is th ion th t n1 kc!i n s luti n 
c:idic I r din '\u i v. it is ftc n ,vritt l1 tt+ ( ). 

" . 

[H: ~: Hr or r-i-1+ 
Flgm J.2 

Tll hydr c; cl n,a ne lun, Ion [M (H 20) 1 + 
Ma nes:iun1 hJs th 'lfoctro,n conf1 u ratio11 I s2 2r 2p r an tbJt f th~ M ~+ i 1 n 
h 1.r2 2s1 -PG s'u. h r £ r-t\ the M 2+ i, n h a n c n1 ty l ,s- rbit I. thr:ie cn1pty 
:Jp- r it 1 1 - iv 111 ty d- rbitals. It u s i f th s ~ 'Y , c l tin si .. p i · 
of J ctrons co fonu si d rive c v lent bonds with th-.: 1 xy n tonu in si~ \V:lter 
Lnolect11e& ( iguro 3.2 J). 

11-1 0 2 

=~.Ol-l z 
2+ 

FI ur -.21 Hydrated magnesium Ion 

Hydr te c 11p t (11) Ion 
th r n1 t I _ti n ~ spcci Uy th s in the d-bl k. forn1 hydrat _ \ ns in th 

s:.11n \VJY .u ·an. Rn_!lium. 
he blu 1 .I ur . hyd at d 1cop ,et ul a·te cry~r. Is 'is cau~ed by th f u(H' :! )J 12+ 

j, JJl. 

Wh n hydnn d c p ~r sulf t is di • 1vc ' in i.; ,at, r1 t\vo 1nor \V' 

b nd '_ativ ly ~ rm he [ u( _2 ) P (~ ~) i n. 
The nl,yd u u2+ i 1 is coJ url 11. Whc,u b'lu bydr. te'd c 
h · t ~ it l s the tiv .... b nde wat r n1 'I cul ~ .. te" m nd th 
whit nhy rous c pp r ulfat - i f rm d. 

If 

r 111 I cuJ 

r sulf.n -i ia 
1i turn 

Explaln the difference between a 1cova1ent bond and a cJ.atlv covalent bond. 
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Dat1ve bonds, with nJtrogen 
n t m in n1m ni • N H 3• h s thr - p ir~ f v l ntJy b n 1 

n l1 n p ir. 

n1n1onlu n1 Ion, NH + 
Ion p ir f c:

1le tr n n th nitro n at m i u to or111 d~ti r~ c1 v. lent 
b n '\V eh n H+ ion. h r ult i th m111 nium i n, N H_. + ( i ur , ....... ). 

h H+ i n h~H no el ctr n!i. h s e1npty ls- orbital 101v rl ps with the I rbitJ I in tbe 
nitr . n t 111 ch.1r t..ont in I n , . ir. · nee th d. tiv c:ov font bond h . 1rn1ed. 
H four N- I-; bonds r id nti I. 

When xc~~s a n1 n1011 ia solu t.iou is add~d to pm ~ci it., re of c pper hydro id • u d rk 
bJue s 1urion i forn1 d. This c -lour i due to th(? [ u{N )4,( ::! )!!I:!+ i J:l~ in v 1hich 
fi ur 1nt11 ni · mol culc . nd t,v ,v t r 1nol cule .u~e d 1Uv ly b nd d to the c ntr l 

• c pp~r 10n. 

thcr ~unpl s of tbe, f rn1at1 n ot s 1ub1 l acivcly ' ot1d d ions it1clud tb 
iss lvin ~ -zinc hydr . id • ilv r . id nd 9ilv~r l,. lid h . run, ni Jution. 

Dait1ve bonds with chlorine 
B1 1th c: val 1ndy nded chi rin~ nd ch1otid iot1 nr JLble t us ;J lon ~ir to forn1 

daUv c v l nt on J . 

n 11 cl ro u I u 111 In I u 111 c 111 o rl d 
At1bydrous . l11111iu111111 chlo1ride is ovJlent b aus.~ the differ.on , in the 
el,~c rr n , ativiti t a1un1iniun, n I b] riue i n1y l.5 (sc 44). 

ph s , ju t b . v its b Uin temp r, cure~ it xist 
lL1n1u hu11 in v. frut1}" b 1n d A'I 13 mol ul h.~ nly sL 

iu ou rer rbi't t1nd so h s .1 n 111pty I rh,it L 
AJ · ] n1ofo ut s b nd t th r. h l n air n 

AJ · 13 b nd1 int th en1 ty I rbit 1 f che lun1i11iun1 
in 1 . ul . 

moJ ul . 

On eh lorin _to111 from "L -h Al - 13 moJ cul cts .1 a bri r;e, conn ctin~ th 
tv' tn h:cul::1 with ariv co ., J 11u nd {Fi ure 3.23). In thr..: dhnet gi ns rhis 
h 'th stru cur h wn in i ur ·- - ~ \vitl1 b n '111 1 s f IU .5°. 

Cl Cl Cl Cl ( Cl ,Cl 
/ / ', ~ 

/Al /Al --~ ~r 
Cl c( c( c~ Cl Cl 

FI ure .23 FI UI 3.24 

11 PCI - Ion 
ut r orbit (p. :1 45) .• but it 

is nor E · J ~ ut n i ni 

- ·-5) .. tiv bond br ks n 

~ + 
·t 

11,-1-N-~ 
I 
M 

FI uro . 

~ 

or [~· i·~r 
Ammonium 10n 

Do not conruso ammonia. 
NH3, w1tn tne1 ammonium 
Ion, NH/'. 

Make sure tnat you nave 
the arrows go Ing tn e 
correct way - rrom tne 
ct110 n ng to the a1um1 n1 um. 
Tnere are no Al-Al bonds 
In AliCle, 



... ..... . ··········•ftl Th · hape of n,oi cu I or 
ion ie cau , d by repul a ion 
betwe n th pair of 
electron a. both bond pairs 

nd lone pairs. whi,ch 
surround the ,c ntral atom. 

A mode~ of DNA 

jii; 
An a, term atl ve way Is to 
draw a 1l1ot-a nd-cross 
ci1 asram and tnen c: ou nt 
the numoer or bonds and 
lone pairs. 

Cl 

Flgu 

I 

Cl 

I 
p 

Cl/ ""c l 
Cl 

i 
In ,j · chen1 i ·try. kno\/ 1 \dg f th . h· p s if 111 1 · u1 1 is in1port nt in u n r t n in 
1nany r acti ns. r . mpl . wh n 1i ht strik s r d 11 in th r thia f th y , th 
H ht en rsy ,c~u ·os a n1ol~~u fo ft 1-d.s-r tin 1 t,· eh n its shape. which tri 8 r ~n 
in1pul l n eh , optic ner to th r in. Anim J fi cs at d v t bl i1 r t r 

ff: tty cid , 111 . f ,vhich re u11 . tur c . The ds-h n1 r f th f~ tty ci r 
le!is h. rn1 fu l th. n th tf ,us-ison1 _ r~. 

The sh g f 11101 u] s such NA nzym ig ._ r cxtr 1uciy 
1c mpli · t d. H ,v ver. the rul s tha't - vern th d1- p f such n1t 'lecuJe r th 

tn s thos us d t I pr dk t th sh p s f simp1 m ] cule$ and i n ', such s w ·tcr. 
J ~~ , .. nul .. mt1J1 nium. NI I~+. h sh .. p 1s d~t rn1in d rd in to the \'L11 n,c 
h ]J c] ctr n l1 ir repu ]Ii 11. (V ~ PR) the ry. 

h l~ tr n pnlr r p 1 h h r rt, · h p . it i n n1inin1tn11, r purl i, "" 
whi h ; . n1 o th _ p Hi 11 of 111 .. , hnnn1 p r i ion. 

Molecule I wlth S1lnglle b10 !n 1d:s only 
h(l sh~ pr f. ovL I nt mol cult: ith n ubl bon Is h t rn1ine by th I umb r 
' - nds and ] ne pairs. h..: n1~ I, cl for pr die tin th 1 sh3l"' js .. -U 1\V&: 

· "'lount rhe numb r of l, ncJ ~' ir r und the c ntr l t 111. hh i ~ u ] to the 
nu 1,nb r of bonds forn1 d by the c n tr I ·l ton,. 

2 .,ount rh r un1b r oflon p·lirs. 011 th e11tr:1J at 1n. Th 1uu11b r of n n-boncling 
cl ~tr ns is f L1nd by ~ubtr-crh thL: nutnber of clectrot1 used in b ndin fr m 
th r up1 nun1 1r f th ]em nt. he nu1nb r of I 11 p ir i h lf thi nun1b r. 

Ad the nu1nber to th r to s 't th t t f 1 nun1b r f · 1 c rr u p ir ~ thi 
1J t nnin s th irr t1gen1cnt of th, k , tr 11 pairs. 

4 The nl1110 , f the sha c d pends n the p sition of the ato1ns arou11d the L. ntrJ_) .1to111 . 

t How many Dona pair- and ions pair are tnere around a ,- u1rur atom 1n: 

I) nyarogen u111e1 - , H~s 

11) su1rur naxanuorlda, SF8? 

) How many bond an<l lone pairs are there around the nitrogen atom 1n 
ammonia. NH1? 
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) su1rur Is In group a. o It ha Ix outer el ctron . 

I) su1rur rorms two bonas 1n H2S, so nas two bond pairs. 
There are ix (6 - 2) - 2 lone pairs. 

II) su1rur form , Ix bonds. so ha, six bond pair . 
There are ix i( , - ) ~ o lone pair . 

Nltrog · n I In group '• so It nas nv outer I · tron , ancJ rorm tnree t,ond In NH3 . 

r nere 1s ; x (5 - 3) = 1 10n - pair. 

ur If 

s state u,e numoer or lone pairs, or 1ectron on: 
} tn 1oe11n atom In ICla 

) 'tl'le oxygen atom In F20 

) t1, carbon atom In co2 

Molec1u1es a11n1d Ions wlth douJb,le b,onds 
dou'bl b n C· nsbts f a-b n nd"' 7t-b nd nd~ rh r f r~1 c n h r rd . 

IJ s 01u., '!of of c-lc tron;. 

Th ih pe f ,cov~1Jent n1 lecu le with one r n1 r d ubJe b nds is detern1h d by 
the nutnb r f CJ-b nd n 1 n p irs. 

_ h nun1b _ r of l ne pairs is caJcu hued · a in t .Ps 1 nd l bo . Ho\\r.:: ver, the 
arrauscn1cnt o cl~crrous .1r und the c ,ntra I aton1 is detcnn incd by tho nun1bcr o 
O bond p, ir and the nu 111b r of Ion l' irs. 

How many Donas ar tn ~re aroune1 tne su1rur atom In tn - su1rat 10n. SOi2-. ana 
now n1any 10n p 1r ? 

The tructural formula Is: 
0 

11 
"'O-S-

II 
0 

It u e , Ix electron. to rorm two 1ng·1e ana two dou~le bonds. which Is four 
a· (an10 two n:-), b1on1ds. su1rur I In group 6, so tne num ~ r or lone 

pair = ,} x {6 6) = o. 

stereochem1 ea Hy, a dou 011e1 

bond 1 , ;qu1va1 ent to a 
s1ng1e Dona oecause tney 
are oetw1 1en the same 
two atoms. Eltner count 
a Clouble bond as one 
Dona or count t.ne num D&r 
or o .. oona around tne 
central atom. Re me,m Der 
that e,ach c,-bona 1s one 
pal r or electrons. 

The number at electrons 
not USQCI In Dondlng IS 
tne group number oT tne 
element minus the number 
of el ectmns that have 
Deen us aa 1n Do ncH ng. 

Pr dieting th h p of mol cul 



,c,)t :ioc 

cl: Be crli 
)I ,i: 

FI uro .2 

II ••1 t lo 1-•••• t lo •• I I 

Not th t th b rylll iu m tom 
doe not hav n octet of 

leotron • 

Cl 

h~20' 
Cl," Cl 

Flgu o J.2 

0 
II') 120° 

,S 
0 0 

FI uro .28 

0 
~,, 20° 

-0~ r:r 

FI LI r 3. 9 

1-l I..J 

: ~T. 
l( 

B : er. • cl. 
• • • 

"' •O• 
• • 

• C: , ~ 
• c .. : 0 "' 

I ill • 

\ uao A c cQ 120a I , 
H H 

thene 

•• s 
0 

FI UI J. 

Species W'lth two cr-bo1n1d pairs and no llone pairs 
h two, 1ectron I aif!i rcpeJ e eh other r po~ition of ndnhnun1 rl'puh:ion 

(n, a i n1un1 r~ rL tion) ud S cnke up a Ii n • r ~ r" n lllCll t. 
:1as' us beryl1iun1 LhJ ride, J , • cova] nt. Its £tructt1rt1 I £ rn1u ,la is 
~1-B - l. b r r t,v bon p irs f l~ctron& r un rh ntr::d b rylHum 
· ton1. It is in r u 1 :?~ s. rh nun1b r I f l n p irs = t C ..... :) = 1

• h 
t\ clectr1 11 pair repeJ ticb ,th ,r t J sition o 1ua.·in1un1 se aratiol1~ so th -
ni 1 cul i line r ( i ur 3.2b). h - J b ,n i n le i J ~0 • 

r' n i i i n hu t\V n t\V Jt .. b nd I All f ur 
,_ Lc:trons of the c rb n . ton, L r _ Lu din b 1 din . _ h~r r h o o-b nd p in: nd 
n 1 u F ii ~ Y the n1 I 1.1 I is •1 h linear. with ~ - - b t1 'l nsl f I 0 

pectes W'lth three etectro'n parirs 
Th iti n f minhnu1n r u1 i n c u - by hree ir of 1 ctr n i J pi n r 

und the centra l t,on1. with nd ~n le& t J 20°. Thi~ arr:n1 n1 '.\nt i 
n._ I , !. nt r. 

.. ond r h 
6 r n t-richl ride,~ 13 11• is - fo 11t 13 r 11 Ja u-1 sr up .. ~Ht I 'h ~ th r \ ' L1l nc 
ele tr 11 hkh 1r us d t for1n rhr b nd . l ere are no J 11 p, ir round th 
boron t 1n. s tb~ positi n ot minin1u1n r, ul ion ot th 1 tr n piin; i tr1gon:1J 
1 n r {tri nsul r) with b Id n ] f 12 c (Fi ur .... 7). 

In su lfur tri ,ci , ~~ rh re :ire thr e - L,nd thro 1t-b ncl. h s uso !111 L 
vaJenc 'I ] ctr l'l ~ s rht,r J re n lone ptt irs. he rhr e a- Jirs ( e1ec ron n1ovc s 
f r p" rt · s po~;i l . n r.l k ui the tri n I pl:1n r I . pe (Fi u1 ,- ). 

1 he c1c rhot1.tt i n is 111 r c mpH ,. t d. · s with U ~ nio11s co11t~ining I xy, ~n~ th 
ntinLU char ei. art~ 1 n oxy n ton1s. h strucrural forn1ub i~ how11 in _ i urc 3.2 1

• 

he c rb n · t n1 b s LU aUfiu,· fit I ,Ctf ns in ot1 Un . t d I, . n I 11 p :dr 
( rou , 4 - 4 = 0) . It h s fi nn d thre a-b1 ~1nd (~1nd n 1t-bon ). her fi r..:,. th 
i n ii trt nal pfo nar bee au~ th bn; a-b n I -tro11 l iii'rs r -p~ I c __ h th r to 
positi n of 111 _./in1un1 paraci t1. 

= . rou . cb c rb n ton in 'th 
, n h chr , a-b nd p ir r, 1 

pos1ti 1
- n fn1 ~ hnun, ~p _r ti n nd~ rher _ ,r , tbez t\vc c d n ton1 nd th four 

aton1,s dire,ctly attach d to tbon1 Ii in th sarno ptn1 . tb nl is phin~r. 

eh n 

T an I on h I pal r 
~· h s. th srruccur J f 1rn1ul = = 

l ctr ns re u in b n in ~ s ther i" n 1 n 
1 n p ir). h thr c l ctr n p ir (tl a-bon s n th l n, p ir) . r in rri 
pi .inJr i rrJ l1R u, nt. H o,v 'Ver .. th~ sh l l f th rnole u le 1 s rib) by th p siti n 

fthe eJtl}fUS :ir und the ntrL11 su lfur at n,. Th yuJfuc i xidc ni le ul ia V-sh31' ~ l 
r b1Unt ( i ur 1.3 l) . 
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Spe1cres with fouir el:ectron pairs 
h l tr n fhlir r in t1 thf - in1 nsi n l L tr h dr I, rr n m n . th int rn 1 

f ,vhich i~ H~1 >.5°. 

Four -bond p lr ncl no Ion p lr 
simple f ~ .unph: i n1 th 1 • - H 4. ht: c r , n tonn f ur a- nds ncl~ a 11 

th v 1 nc I tt rn r ~ls ·din , nd ng. it h s 11 ] n p h· '". he f ur b n ·, ir 
rL?( e.l a -l, ther n,d th 1n 1 cul h.u 1 t trah rn l h.1p ~ with 1~ - H bond 
nQles ot'" I o. 5° ( i ur 3. t ... ). Al] c lent !ilingJy b -ncl d rbon on, ounds 

havo tb is shJ, 1 ar u nd th~ ca_rhon aton1. 

rb n ton1 in lk n -. r 't tr h dr Hy , nd . A sk 1 tal forn1u l sh 1'\i 

·th b n n 1 s mor orr c ly th n h dhpl y d forn111l • i. is ilh.utr t d by th 
!i

1 I 1tJ 1 ~ nd dist bye j t rn1u fo ~ or p12nt.1n ( r~ :J. 3). 

H H r 1-1 H H-!-!_c_!_!_H 
! l l ! ! 

skel' t~I 

FI ur .3 
D1Splayed 1Molec:ul r 

In ncith r rbon t m n r hydr n t n1 tt , b , t I thL:nl 
r sh wn. hi a u1n cl th t th r, r c r'b n aton1s t th en f ,eh Un nd , t 
- h b l d. 
iHcon i 1 in rou1 4~ s 11.. 1 nt 

h an1n11 11it1111 i n~ NH°' +~ is tctr h dr L hr 
nitros n re us d in forn1in lin .le cov I nt bonds ,vith thr hydr sen ,o.to111g 

and t\ o re us~d in f rn1i11R . dativ covll.lent b nd \:-\"ith an H~ i n. "'_ h~ fi ur 
bond , irs of cl , t1 , tu r l' ] ! h br1r and rhe ion is Cl'trl1hedtal. 
Thcdhuer,AI::! L.is c: 1n1pHc ,t d. ~n1p,'I .P urban pairs f!.!lcctronssurround 

eh ~JuminiLn11~ s th fi ur chi rtne t 1n1s r arr n ed in a tr h r in roun 
th Jlunh1iun1 't 111 ·~ Vi,-'1th bo.n L1 k 1 of 10Q,5° { _.,isur .34) . 

h~ EU 1t: t i n ha~ th ~rruc tura 1 fi rmu l a ncl ~h~r hown ,in i u r l.35. 'Tl e,re 
r f ur a-'b nds an t,vo x- nds. h r f ro~ n gix v l nee 1 ctron · f sultur r 

u · in on in . h tour · b n ~ r p 1 \qu Hy nd th i1 ,n i tctr .. h, r 1. 

C 

II 
0 

II ~o-- --c-

l 
o:;::::; s .. • o-

o-
0 

FI u 3. S 

I 
rne D st way to araw at 0 tranee1ra1 mo1ecu1e Is Dy ustng two orcHnary nnes, on wedg,e ana one 
dasn · a nne coming rrom ·tne central atom. A aouo1e oonci Is represente1d by a pair or 11ne· • 

A weoge 1nc11cates a bond coming out ortne pap1Ar and ad ·_ned une Indicates a 
bond go!ng behind tna pape1r~ thus a reatJng a tnree-CI lmens 1ona1 enect. 

~ 

I 
/c ... 

H l1'o~s" 
H 

FI lll .32 

A model ot metn a na. CH4 

Pr dieting th h p of mol cul 



• • • • 
~/N .. H 

• 
~ ~ 

F1 UI .3 

I t••••tt••••tt. •ttt •••ttl 

Oo1 not confuse th hape 
of the smrn onia m~ecul ,, 
NH1 (wamidal). with that 
of th ammonium ion, INH + 

( trehedra I). An1111on i h a 
th bond paira nd one, lo 
peir; ammonium h four 
bond pairs and no1 Ion pair ,. 

•• • • 
/.~ 

M hi 

FI Uf 3. 

11d on lone 1 11 
tr ns L r .urL! n d tctrJh r._ lly r un thri c ntrol ton, . 

't v ~ rh s1 n n1e f 'rh e g h ll] ,e i d t rn,i 11 d by t:he - ositi n of tb rJ rit ,u1 ·. 
he h.] e i p rnn11d 1 - tri~nsL1l 1r- bas d pyr·unkl r uud he centrd 

t 1n, '\Vith t c 11 n p i' on he p · it i 1 1 f th ntr I t1 n1. t 1 th d r 
bnd tn1 . 

An1n1 ni . N 13 ~ Jn l cu1c ar~ thi sbJpe. Nitro . n is jn rou , so the nitr geu 
:iton1 h . five ., h: nc 1 ctr, ns. hr e f th s r u d h ormi n~ c val ~nt nd 
\Vi h th thr, hy ro n t n1 . hi I v~s 1 11 • ir. h 1 c tr n r rr n -. 
te·tr h dr. Hy. but tht2 s'.hJpe I f th mol~cuk h pyr.tn1'i l (_"'1 ur_ :t3 ). 

rne Dast way to craw a pyram1aa1 mo1ecu1e 1s with one orcHnary Hn&, one weagg 
and one das heel H ne. 

he n:~pu l!i:ion b~t,,v, ln the, l n p ir and th12 b nd p irs 1s ,,cafrr t.h n the ropu]sion 

b t\v n n ir1. hi i l, c llS rh 1 err n n~ity in J ne pair i r ,lt r th n 
rh t in 1. bon I . ir. hi ~orcc~ th b nd. , l1 !ier tog tb r. nd re ~uces tL I 1- N I I 
b n nslc fr 111 th1: cetr3hodr~ l 11 ] ot H)Q . 0 t 107°. 

hl: sul fat (1v) ion_ 3:2- ~ ig .,1 yr. Jnidt1J ( i -tu~~ . 37). l,e uhbr ltort1 r rrn 
t,,r1 in 1 bon s ,vith t r K)l ,n tom . n ' 1 ne doubJ b n ,vith b third xy n 
:it n1. hcrefor foL1r f th ~i v lcnc~ ele tr n usc,d nd th rt' is n~ lon~ lair 
(g up 6 - - 2 ~'lec.:tron = J Jone pair). 

-o 
Flgur 

0 

II 
s 

.37 

0-

Two -boncl p Ion p lr 
1 he four p. ir& f f'i.ectr ng :ir lrr 1·1s t trlh r3J1y. l-1 we'Ver. a!i th r~ lr1.: 11 ly 
't\Vo 3t 1n~ b nded to the c-entr I :.uon1~ tile n\ le u l" is - hop d r b nt. 

{a) (b) 

11 . n1ple f thi i$ wat 1:. 1'\vo of tho gix v~ J n c l ctr. 1n of xy en ure u1 d in 
bondin ~ . r t\v r 1 nc p ir ( - = 4 unu cl t ctr ns = ·2 1 n p i .. ). 

h - ur I t-r n p. irs rL:'r 1 t J p ~iri 1 f n1ininnun r l ubio1 ~ s rh n ]e 1- ii 
V- . hap d ( isu re - .3 ). 
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l, repuhl u bQt\\'~ n the t\VO I n~ ~,, ir is r ater thau th t t,,,e n the b nd 
p 1ir , ao th tctr hl!drJ.1 n I is urth ~r c n1presg d to 104.5°. 

In th 11 1. ..,.J l,tJMli .- J L rh o y en to111 has t\v a-b n,b au, t\V I ,n p irs. 
his n1eon rha.t th, - :l-H bond :.u1glo is the iJ.nt aa that in\ at r ar 104.5°. The 

other bond an Jes in the n1oleculc, JI'~ th norn1~l rctrahedn:d angl :i; of l09.5°. 

Spe,cf1es w1t 1h rrve a~bond pairs ,and no lone p,af rs, 
h p sdti o I f 111. • i n1u ni St,.p r l ti on 1 s p I 1n. r rr i. n le \Vi th n l t 

one b I w th pJ .u10. l,Ja sh.1pc1 is ,c l1i.: tri ,. n ] I ip r. n1 id I. 
3S I us pb I horu pl;!nr eh] ride. P 1 , has fiv~ b ndh1 p ir nd n 
lcctr na round the pho&phort1s J t 111 ( i u r~ .. ;._ ). 

I 
me Dest wa1y to oraw tn1s complex nap; 1:s. to nav@ tnrse oro1nary 11nes at 90D to 
each other with ona1 wedge .and one das,hed nne on th@ oppo Jte side. 

n1 ab v and 
r t: ' :11ni 1 , 

J nl;! p ir of 

h bots .. nsl s eot,v~ n h h 1 rjn ron1s .. 1nd th J h sphorui . 'ton, in t l1 

trfangul t p,la1w ar al1 l_0°. .bci, n le b t, t'n tbe t , r b ttont chlorine . con1 
and ho c in the p,1 n h I O O• 

Species with ,six ellectron 1pa1Jrs, 
ix 1 ctr n ir r l 1 ndr:ik upan 1 cca'h drt1J ... 1rrangcn1,ntwith 0 b ndan~1es 

cw~ 11 th~ b ndin ton1s nd the ccntr ] at 111. 

In SP6~ .JI si . 1 11,c- ] tr ns f ulfur arc us~d in bon .jns- rh sh .. 1pc- of the 
n1olecule h et hedr J (Fi ur .t40). 

) 

Another way or drawl n s th Is sn ape Is to n ve one II ne go Ins ven1c a II y upwa ras 
rrom the central atom, one Hne going vgrtJcany downwards. two wedges bottom 
!ert and r1.w,t_ and two c1asnee1 llnes top 19ft and rlQht. 

IF 

~ .. I .... ~ 
S""' 

{1'1 ~ 
IF 

M ,l ny n1et 1 i n ar1;: hydr d. with the xy en f i 1J t r 1n l cule, d tiv -
ov l~ntly h nd t rh ccnrr ] n1 t I l 11. h s ion. r oct h dr L f r e.. n1pJ 

[ r(H ::i ) ~ I -t- nd rM (J 12 ) l:?Ef" (Fis~rr~ 3.41 ). 

~ 

FI uro 3. o FI m 3. 

2+ 
o~~ I 

•••••••••A••••••••• •••t• • • 
Lone pair/ lone pair r pulsi on 
i greater than lone pair/ 
bond pair, "Nhich is gn at r 
then bond p ir /bond p ir 
repulsion. 

Pr dieting th h p of mol cul 



su1mm1ary 
• W rk ut the numb r f o-'b n ~ 11 l p irs f J ctr round th ccntr I 

a to111. This . ivc th an,1H
1
~nor,,,t of lf ,t:trons. 

he shr111,e of the 111ofo~u fo is th is irr u, n.1 1'U1 ntod itiod by ~niy l n airs. 
R epulsion of th bond pairs by .n1y lone p31rs r ndu,,e~ the boud ~nsl . 

~. ~unpl s rl.! s iven i u . ~1 bit.; 3. . 

l Ill 1.3 Shapr9S or molecule , and Ions, 

2 2 iQ 

3 3 0 

2 1 

4 4 0 

3 1 

2 2 

0 

6 
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Linear Linear 1B01 B Cl~ 
·@· . ' C02 

Tr igona I pie nar Trig one I pi anar 1209 BCl3 co~~-
. "' S03 

N03-

v .. sha~d 120° 
. ' 

Tetrahedra I Tetrahedra I 109.6° NIH4 
CH4 

. " CCl4 
c:JOl4 .. PCI • 
so\-

4 

Pyraniid I 107° NH3 so 2-• • ... s .. Ho+ 3 

Trigonal bipyr midal Trfgonal bipyr m~d I 12oci nd 90° PCl6(g) 

Octahedral 
90 

90CI 

Octahed~ I SFe 
[Mg(H20Je]2* 
end iother 
hydrated 
cation 



of 
ln J I vaJen't bon I bet\ ct.:n t -o ot 1ns f th s~un olcn1 nt (c. . ~ or J )~ the 
JV r position , thl' bondin ] ctr ns i1 x I tly half\v y bc't\Vc n the ccntr s of 
the tv,.r 1t n1s. 1-J t v r~ in the bond b rw~ n , t ms iffi rout ~ le111ruts {~. . H 
r l 2 ) d1is is n it th - . lu the H- b nd. the f I ctr 1'lS 11e' r r ro the 'tlu rin~ 
t n1. I biHty f n to1n in , c v l nt nd t draw the b red ele tr n n arer 

it lf i n1 sure I by the I L n • nl f th fon1 nt. 

In the pL'ri ic cab] , I crronegativity inc:r a.~ s Jcr ·s o I riod Jnd d er ses 
own gr up. he 1~ ct n g tiviti ~ (~ tiu1 t~d usin eh P ulin c lo} r son1 
t ,1n n r, shown in a l 3.4. 

T ble 3. · Ele1ctronegat1v1t1es or some 1elements 

H 
2.1 

Li Be B C N 0 F 
1.0 1.6 2.0 2.S 3.0 ~ .6 4.0 

N Mg Al Si p s Cl 
O.Q 1.2 1.5 1.8 2.1 2.5 3.0 

K Br 
O.,B 2.8 

Rb I 
0.8 2.5 

When t\V1 
1 c:ov~1 l~t1tly b nd e1 nu1nts havf rdiffi r nt le tr n @:· 'tivities. n1 i 11 

sit iv (6+) md n1J1J n s.1ti , ( -) eh r s ar t r ~n, 11 t th~ 'b nd i s~1i t be 
1 r. h~ b nJin I ctr 11 r dra', 1n tow rd th mar Jectr n g tive J m nt. 

m kin it . h 1 s~ 1 ctr n tiv'I I m nt b c n1 +. ' m 1n ,l of i'\Ol r 
nds ar h wn iu Pi sur 3 .42. 

... -
~-o 
FI LlfO • 

4-, 

H-CI c- cl 

I nt bon s c n b r 1·d d a b in b t\V n 
1oo~X, c val nt n h n~e n n-pol r 

100*1 ionic b net h ' rel tto.i sb i b tWt.!en 

th I iffi r 11c in l ctr 1n ti'Vity n th p r . nt e 
i Ilic eh ra t r i ~ sb ,vn in Fi ~•r 1.4· ·. 

his graph sh ws 'th t i ni nd ova]ent bonds r, · 
th 11 of a L 11tinuun rret~hins r n1 pur fy i nic. 

SOo/o 

• •••••• ••••• •• • •••••• 
Ruorin ~s th mo1 

e,lectronegative element. 

K y r111 

El et one lvlt Is tne 
at>H lty or an el ems nt to 
attract tne pal r or e11ectron s 
In a covalent oond. 

2 3 

th_ u h .P J ri d i nic, t1 p l r cov lent t1d fin Uy t 
pur (non-poh1r) c :v:.11 nt An Jf,i1r1oxh11 _ti n c n b us d 
ta, pr diet rh~ cype or handing - an ~k~cr.r1one ~tivity 

fter nee o ntor than 1.5 r gu1ts i1 pr~.d 11111 :;1ndy Dlffe nc In · I ctron g tlvlty 

ionic b nd. A ditf r n, , le g th n thi r sult in ~ 

J 1,1 r covalent bon I . n _ 11 cl i ffi"r nc I) r gu lts 
jn n n-p l r c valent b ucl. 

FI ura .. Relatlonsh~p between dlfferem::o In electronegatlvlty 
;nd petc9ntage Ionic chtuacter 

Pol rity of mol cul 



I 
It 1s Important to e11,st1nsu1sn 
Detween a polar mo1sr:u, 
and a polar Dona. 

Stream 10T polar Hqulcl 
deflir~cted by a eh a rgoci roCI 

Sha1pe, and poliaJlty 
h b nd in b th H 3 J l4 r p L r. h · H 2 Im le ulc i p 11 r~ bee USt! 

rh, I olority f t.h ~ - I b nd is 11 t , n, , He I u t. 11 \ 'Vllr, th 14 111 lt.: u le i 
uor poh1r be aLUI the l.Jririe s f ' th f ur -(:J b tld c.n1c l since eh,. 11101] cu1 
is n1n1 'tric u I. 

• ~tr h drt1J 111 I u'l~e of tbrn1ui A ~ in ,vhi,ch ll f ur B ronn t the s n1 , 
ar n t pol r. 

• J f ne f the B ,1to111 is. r ploc d by n aton, 1 f diffi re _ t ~J ctron , acivity I t 

y I i air, th n1 lcl:u] 1 p, I r. An1n1 nh. NH 3. h~u chr 1:; l ol r bonds 
nd in Ion p. ir ( igu r .44a). Tb E I r iti do n c n I~ tb m I , u l 

i& polJr. 
ri , I u., 1 bnar Ill l .1 ul • SlH:h !] l .1nd B JJ { i urc1 .44b), 31 n t pol~r 
ec us th b nd p ]Jrit1 s c nc L 
in~ r n1 ] c u J , such 2 ( is u r . 4 4 ) , r J h n n p J r i nc t h 

1 111, 1 I c n I. I l w v r~ 11., is V- b p ( i ur · .44d)t s I the ol riti d 
n t , n _I. 
;ynun cric3l 1n I cufos .ire n1 n-po1:u v n if rl, b nc.b Jrc polar. 

+/ N ... ·+ 
H I t .. 

H 

( ) Is 1polar NH3 

FI m 

our I 

C 

(b) Is non-polar BC 13 

r 
o==c==:o 

(c) Is non-polar Co2 

Daclds whether t11e ronowlng bonds ars polar or non-polar. If tns bond Is polar, 
state Which IS thQ atom. and explaln wnether or not the n101ecu1e Is polar: 

} C=O as In C02 

C-1 as In CH3I 

h11 I t s · find ,vh th r or n Ji uid ~ n i t of p J r 111 J ul sis · run 
strc31n of th~ liquid fron, a but, tte close t I hruge ro , or t I b:111001:1 th ,1t h ~~s 
beeu rubbocl n ,,f 1 nd bee m (h rp;· d "r:id, st.itk "JI trh:ity. }'ol Jr sub trn,c 
\ViU b ttr et d t \Va r1J tb hi h eh r t: f th r rd r b H u, :vb r s a u u.... 1· r 
u1hst~nco , iH aot b 1 ~ft t d. 

hl1 poh1rity fa n1 rl cu le h mn ~~uur 1 t by its di pro1c In n n~u t ( C'' ._ bl 3. 5). or 
di t ntic 111 l~cu I uch ju hydr cu chlorid ~ I L thi h d hne i s h b r 
iff r,nc (how .+ an a .... rho to1ns r ) n1ultipli d by rh i~t nc b t ,n thc1 

hydrogen ._u,d 1,1 rinc at 111 • For .1 po1y~,t m1 n,oJ u'I ~ h is n, r I on,pl ~ 

becnus~ the p h1riti !i ot elch bond ht1v 'to be t k:111 iuto .. cc unt, a well as JllY 
l int:1 i rs. 
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l, F'' l.1rity I fa , nd i1 son1~rhu s sh ,vn I n r '1 with ~ lu t oue cu . he 
~uiro,v p i nts to tb - t, n1. in th b nJ ,.45 ti· ,r (llUphJ. 

FI UlO .4 

• I I • 
o= c= a 

- h~ poh1r.ity of th~ ,u,1/ieruk i J 1 111bin tio,n f n th b 1nd p it1dri a nd th sc dut: 
t, n}r I -n lit . 

T bi 3. Dlpolo n,oments or somo covalent mo1ecu1e-s 

HF 1.91 

HCI 1.08 

HBr o.so 
HI 0.42 

NIH3 1 .47 

HO i 1.B6 

n: 

_ x J. i 11 ho, thr stren 
el~111 ~nts i nv 1 . ud 

raw d t-and- cr i 
fi rm ti n of er- nd 7t-

he, k th~ y lJ ·in: 

• • 

Og 0 .53 

CH4 

BF3 

C02 0 

tr r,g...CHCI-CHCI 0 

ci -CHCl=CHCI 1.90 

f i nic n ' ot ,co a] tu ubstan 1 9 J.nd cxpJ iu th 
nd th ex · ansi n I f the , et ·t 

\York ut th nu n1bcc at b ,ncl pait , nd lone ~ irs in ~1 111 Jc~u] or ion 
dr ,v th · h pe f molccu le ,vith tw b 11 pair , nd no 1 n~ p ir ~ t,v 
a-bond p ir · n ' one 1011&2 p irt tw _ a-b n poir , nd \\' lone p irs~ thr e 
a - bon 

I 

pairs ~11cl no lon 3irs., thrca a- bond Jl irs. ud on~ Ion p ir~ our a-bond 
p ir; au u 1 n • ir ~ h (T- l 011Lt pJ ir ~ snd &ix o-b nd i r 

• e~tim t an e~ pi in de v lue fb nd n le in 111, ] ul Jnd lylit n1i i n 
d fin~ cJ .1... er nc ~ tivit")'' 

• oxpl i u ,vhci,rhet ~ n, ] cu le is pot r r n t 

Pol rity of mol cul 



I Qu 
1 l in \Vhy 1n :1 ium h s hi h 1· n1 ltin 

temp ratu1 than &odiun1. 

2 1c~n1 b thou ht fas h3'rin 

11110110 ~de. 

~tjve ~ J nt 

1 o.r:y n Jton1 . 
111 f r c. rbon 

x 1 in why phosph rus C'l11 fon11 Bv 
cov lent bon . ,vher uitro n c 1 f rL11 nJy 
thri c val nt b ncis. 

x lain the ditferenc · b~c,ve 11 .1 CJ-bond and .1 

re bond. 

_ w d t-and- r ss di r_ 111s t"or: 
~) i.:;,L rb n t trnchlor id _ '14 
b) ck rb u di xidc~ 2 
., eh sult tc, i 11 1 , ./

2-

d) X n l1 tetr f]u rid 1 
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raw ~nd xp1 ill th hap f th fon ,vin 
,) p l 

b) 12 
) 

J-
~ 

,.1) 
) H N (H- N) 

7 ~hre th l n . n I s of sp ci s ~1 

ll~stiot , ~. 

. 
111 

I 1cidc ·,vh eh r the f 11 Nin p ]Jr 
or non-pofor. If th b 1n, i [ t r, scat ,vbich 
i! th + .1 t 111~ • n cxpt1i11 ,vhcth r r not th 
111 1 ul is p 1br. 
B) I - t ~ in I 1 
b) - o S h1 



mp i u I 
1 o) xp,] in why s ll n1 tah on u t clcctri icy 

but s · Hd ionic oli 11 t. ( ) 

b) Which 111c ta1 £ rm the stronscat n1ot Uic 
b n I 

_ alunti niun1 

Ulll 

.) \Vhich is t , l erty 11/J n, t~1h? 
h y i rn1 C3tiOl1S. 

h y hav1; hish flr t i ni~ ti n en [ -i 
h y ~ et ,~lith cids t p · 'uc 

hy V 11. 

Th y re . t Yili.tb I xys n t iv, cidic 

" i 
) T'h i ni r clius 

the sum ofth 
duodde 

fN + is: 

1nallcr than the n1cta1Jic r dius ot 
; un 

I • 

(1) 

( I) 

,. l r. r th n th 1n t Hi r., lius f s 
ll ' lter cl1an the i ni rnd\u ot th 
M :!+ i n 

1un1 

(' I l I 

2 ) D t111 the 't rm a- c nd!. (l) 
) d ub'le b nd is: 

t\VO (.l-b 11C 

B ne a bond n on 1t-b nd 
,4 the si ,, s vc rl p of t,v, I'- d ir 1 

I \ h n t1,~ h ur shJre lt:ctr1 ns . r n 
the Un bot\-Vccin th t\r I uuc] :Jj (1) 

) Whj,ch i rh st~ n it c, va], 1n't b nd? 
N- H 
P-H - H 

d) r ,v d: t - ·1d- c s di f 
h , h ru (in) hi ride, 
h win1 th ut r 1 cho1 nly. 

) Wh1 h o i n t I ont. in d.1tiw 
bon ? 

p 1 
,c, 

(1) 

p l4 
NH+ Al2 16 (1) 

( · l'11 7 n1nrk ) 

frh 
~ 

I 1s: 
.1 I 
I 

d) . - .. 
n1 111 • 

4 
2 

1 V;..shap d 

(2) 
ul ~ 

n n-pfon~u (1) 
ul ur tri1 1xid n1 1 cu1 ~ 

(J) 
t:110 11 

1 
0 (1) 

( 1 t .. 1 S n 1nr · ) 

4 ) - ,q,11 i1 why m ,t l uch c 1ciu1n 
I " induct c]ectrici cy whGrcJt!i l non-
llle'tic I such uJ fur Li n t ( ) 

b) r \',l 1ll t- n ... , , s di ram~ . h '\ving 
ut r le troll onl~ tor . lcium xi ~. (-,) 

-, Writ~ ioni Q uatiot1i o.r rh" rc~u:tion 
f ll1 llU11 \,Viti,: 

i) 1 .1te 
B) ilut hydr eh] ric a id (2) 

d) u,_ st why bubbl s s on c,"a.so \Vh n 
xc i dilut~ ulfuric J,cid i a Id d to p,h~ , L;! 

cakiLu11. (:!) 
r1 · t. I 1 · n1nrk .) 

f4 rn1 either 
Ut nly 

; r ,,.,. ~ c- n -c I i ram f l 114 

ho~,n~ u ter lc,ctt ns only. (2) 
b) xpbin ,vhy P 1 can be fo rnu J wh r a 

1- C nn t ~ tortn d. (4) 
( I 1111 irk ) 

Exam practice que1tlon1 



ndin nd u II (Topic 2) 

et n 
' 

0 

I cul 
he s von ty s or i1u rt 1,;t'i nth t \V n :. cl t . ,c nsidom re su n1n is din a h, 4. L 

blo .1 Forces Detween tons. atoms a1nd mo1ecu1es 

lnn-i n r:o n tw IOJ"\S 

A orn tom 00 n two um u, co l nt bond 

lo 

' n- r ol cul 

di le-di 

\Ji ry V Ti d 

00 H dr t di n 

tw n pol , mol o t~ 

In l n n OU .,, UC d lpol 
rnduc d di ,le (L• ndon) 

tn 0 

5 0 25 n O t}' s of n1ol cul 

Hydrog n bond n 0 etwe n " H nd 6- N ~ 0 or in 
o , r mol ul 

h 1nteracti n~ in kreon re hen,ti .11 boa I : th &e in red 

I Chet ical bond 

Ion-Ion bon,ds 
I n i n b 11 r: shnpl st tic ~ r · s f ,attra don b tw n Jl p sitiv and 

n~ tiv i n. 
l · y r n n-clir c tion 1. 
ho str n th i pr I rtion 1 c I eh pr duct 

p~ rti n I 't th u111 . f th i ni - t ii. 

ton1-::1ton1 bonds. an~ covalent bonds. 

nd inver ly 

• A I v:i 1 n t bi nd i& tb ,._tttt:ic ti n of the i, a 11ucl 1 for the h r d ~1 ctr n i t1 th 
nd. 

h rt b nds r tr n r rh.1 n l n b n s. 

Ion-electron bo1nds 
[on-~ lectron bond~ r th for as th t _ t 1n 1n ~t::i I, 

• h y ~re 1b n n-dir 1 ·tionJl. 
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1n J l tnetal ions 1 d n, r stro1 ly rh n lar e tl . 

Mee L tbJC have 111 1 d 1 c lis d fo ctr n b &tron r nd · thJ1 thos eh t 
r J • e f ,v r 1 tli n s. 

Ion-water molec1u11e bon1ds 
i a p l r n1 l cul th t c t ~ist f B hyJr gci1 to111s an xy n 

YB n tonu ar, attr:1 tcd 'ro positive n1eta1 i ns J,nd the- s+ hydro . n 
atoms to I C:ff rive ni ns. 

n f th 11 · n, p,· irs f J 3ttr1 n1 in th Y8 ~n f rn1 tiv c vJlent on 
\J ith n mpry r it I in 111 t 1 ti n~ pr cl icin by r t d i n. 

Force 
I 

ln 1l in nl r ~ r 
of thf tyl,e!;: 

w n ,ov lently and d 

... lcntly bondc 

ern1an nt dip k, f r i;;Xi!a b -t,v n !' 11 r n1olecule . 

re 

:rn tant3nc u · intlu d i[ l · ( nd n) f ,r e i t ctw en JH n1olecul s. 
H · dr n b rid xist b t'1; n a + by r en t m in nc 111 

11 cu lc an the 
]on I' ir f I ctron · n .1 '""' 1 , y - "n. nitr s n or u rin ton1 in norht'r 
1noletulc. 

Permane 1nt 1dlpo11e-dlp10
1le force 

M1 lc rc d a \Yirh p rm:in 11t Jip 11t' c n u·tra, t n ,jghbo1.1rin 1n1.. l cule . 
Th dip 1) lg ] h, up so that th 1 -t- t"Jtnd f nci n1, k u I ia next ti ih , _ - t: n 

rn.noth r Ill focufo ( ie;urc 4.1). 
. his h al1 x n1 1 of n intern1 1 ,,ular f re . 

FI lHO 4.1 

~~ rep resents the 
lntermo 1lecular 
forte of 
a ttraetl o n1 

lnstantaneou1s lndu1ced dllpole-1nduced d11pole forces 
In t nt n u induced ip ! - in uc d dipol~ fore s ar norr11aHy ·. lfod I.. ndnn 
t r 

h ~lect c val nt 1n l cul sc1U t , ithin rh ir a n1ic orbit l I r 
cov 1 nt bon s. his r nd in mod n c u c t 1n r ry di( 1 1 in th 111 fo ,cul . 
Th J cu· n. 111 nci _ hb urin mol cule os HI t in t'h 1se . h h ucin 'i,r le. 
in th • n1ole uJ n t t it (Figur 1 4. 2) s I h~u. . t l ny in t.1nt, th + nd of o t1c 

n10.lecule is ne. ·c to the 8- end , a uei bb uriu 11101 ul . A f'racU n ·t a second 
later th p,ol rity \Viii chan but in th n \'II 6 nd will in uc o ·h r 
th n f th n1 J cu I ne, t it. 

,,,., ..... , ........... , .. 
An i11te rm,or~ oul r force 
8 1XIBtB between S8 per 
cova I nt n1ol1 cu I s. 

Fore b tw n 1cov I ntly bond d mol cul 



I 
Tne term •van der waa~s 
torcas • Is, someumas 
us &Cl to desc n De Induced 
a1po le ( LonCI on) rorces. 
Ho waver, It ea n also be 
us e<l to meain pe,rm ene nt 
e11po1e rorce . someumes 
It Is u ,ea Tor ootn. FOr tn~ 
re a son~ the term shou Id 
not be used without 
explanation, 

•............ ~········- .,,, 
Hydrogen bonding occurs 
bet -n a a+ hydro, n 
atom. which ie xtrem ly 

n,aH ~ and th n -xt sm II st 
,atom (fluorin , oxya n or 
nitrogen). which muet be a-. 

oscllla,tlon 
Attraction 

FI u o 4.2 

lnstancan u in uc~d di It-induced di[ , ]e ~ re s re quite str ng - u u Jly 
tr n r th n rm n nt idi 1 - ip I attrJctions. T he str n eh de ii nd n1 in ly 

upr J1 the nll111bet r f ~ I tro11g in the 111olecu] . or ~. 111p1l e at ro m t e t11p TJ.'hll"~ 

i dine t~ ~ ~oJ id and eh l ri IU! j a 3& b caust: th on don Corcos b t w ~ n iodine 
111 ' rcu] ( l( 6 d t n ) r 1nuch tr n r th n th L nd 11 £t re b t t: n 
hl 1 rin mol cul ( 4 l 4,;;t[ n ). 

l r h s b 4-1n ~sthnlt d th,1r thf ~n r8y r~quire _' to ver,.- nlu the p "t'n11n~nt dipol 
t r1 s 't.; 'rW 3tl bydr en c.:h l ride ,1noJ -cul Jt r 1on1 t 111per tu , is ab ur 'J kj n\o!- t 
nd that r qllired t verc . n10 the L ndou f r !i t ecn tb nr · u- olar n1eth ne 

n1 I u1 s h nc rJy 5 kJ n1 1- 1
• The hi~hly poJ r eh] r m th n 111 I u] h ip 1l 

ip 1 f r of b ut I kJ n1 ]""'1• bu thb i ·till ju ·t 1 sii th. n its on n f n:- s. 'l h 
str nsrh. of L ndon forces bl't\iVe ~n n1ulti- Jton~ n1ok~ieuJe ho dep nds up1on their 
shJpl' ti nd h 1.1ce the nun1ber t p i ntg of 1contact bet, et 11 noi8h bou rin nl ]e ule . 

r c.. 111 le~ th hnr st sph ic 1 n ol cule ( 'H 3t, h s fev r int~ f i.: nt- t 

with oth _r 1n ,I '-d s rh .. _11 th i z g 111 1fo _uL ~l .,IJ :.1 H:? 2 113• _ b first. 

-.2-din1cthyl1 rop~n ~ boHs t iu0 3nd t:h other. p nt, 11c~ • t _ 6° . Boch .uc u n­
ot~1r nl le ul s with the s~un t1un1 er of' -i lt:t:tr n . 

nJ n 6 rcu xi c t\V n aU I vaJ ut 111 Jecul, s. ven ti m f nr bl s~s i hav 
thrse fore s b tw n then1. _ IQ,\\l"i v~r.~ a& non-b nclin~ ltlctr ns are 1 ss bla th~n 
bondin ,. le tr n~ f J n.1 inst~ntan ous di] ol s, the b Hin t 111pe,ratu 1 es f n bl 

& s · r v ry Jo, . 

Hydrogen bon1ds 
A1thou b th \V rd 'bond• i1npH ~ ,chen1i - 1 ond~ a 11yd n ' ou i is a ty, o 
int r111ol , uJ r to~ . A hyclr en ond ~ rrn bt.!'tl 11 o+ hydr n t 1n in n 
m J CU l nd eh i1 H p ir f 1 t D n - flu rin xy 11 r ni,tr '11 t m 

hi happon · 'Wh n the hy rog n ' t n1 i c va 1 ntly b n d r1 

a Au rin£ ~ 1 xy, 'n r njtrosen i t 1n. h bond n ] _r und th~ hy -ro en :.1t n1 in 
l' hy fr tt bond is alw }' I ~u0 • 

A hydr n b nd h , rr] tivc ly ·tr n int nn1 J cul r ·6 rcc. n h th 
1n llcst ~lt m n h & 11 hiek in l~r tr 1:1 . _ h , r ;, hy __ r _l t ITI i Uk 

parthi ny ~ .. Jio.. d 11ucl LU 11 -1 c .. nl f r nl str l1M h,t t ti 11 \-Viti, thf I n ~ r :1ir 
n a s111aU - ton1 ~ such fluorin ~ oxy, n or nitro ~n. rn hydro n chloride 

th 1..: hl rin 'E n1 i t ., I r t I close euou h to hydr n t m t 1 f< rm 
~ hydrog n bon . h r fore~ al.th ugh -·hi rin in hy rag n ch i r.i ~ is '19 

nitrog n i~ in ~unn1oni._. hydrogen ch lolidc rnol cules do n t t rn1 hydrog~n bonds 
:vHh eJLh otl er. 
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IHyd ro n l)on In 11 ro u 11 f I u orln 
h1.: ·· 11ly fluorin ,comi ound , ith int rn1 1k . ulur hydro n b n I i. hydro t"n 

fluorid . Th t;+ hyd.r ~11 .. tom in n 111olccuk~ fi rn1 hyttro en bonds 1w·i,th 
6- fluorine a'ton1 in an adj::u:ent ntolcr:u] . he F- H- bond ansl is 180°; 

- - b n n ] i I 9.5°. he r ult i eh in f n ol ule 
ur, 4. · ) . 

6-

I Ur 4 i3 

-ur - -If 

St.at au tne rorce operating D tw en n101 1cu1e or: 
a} ammonia~ NHa 

b) met11ane. CH4 
c) oxygen nuor1e1e, OF2 

Hyciro I bondln tl1r u h o y .11 

All 1 0111p un s _ontJinins n H p;r 1up orn1 hydro en b nd!i:. 
h · n1ost in1 · ortJnt ,rnn1f le 1g \V:iter. he hydro ;In lton1s .. ffe + Jnd for1.11 

hydr1 n onds with a l ne; , ir n th s- 1 .. y "U t 111s in orh r '\l ' at r n1ol culcs 
( igur" 4-. ·4) . 

I ly r gen bon ing b tvr.r 1.;n w ter 111 l l.1] s. is stro1 8-r th .. 1n th. t bet\Vt: "l1 
hyd sen flu rid l u1 Jeculos. A.Ith u8b iv:1n hyd ~,n bon h tr1 n r bet\ ccu 

hydro n t 111 • nd 5- fluorine, t m eh n bet,vc 'll + hy, ro en nd a 
6 y n to1nt th r re n1 r hy . 1 . • 11 ,, nd p r n1ol uJ in l t r th. n h 
hydr 1_ on tiu ride. W: ter boih t I J c ! ,;, h re. s hydr _ 11 tlu r·i boils t 2 = . 

his show that ir.h il1n1 f the int 1un J c,ubr or ,,. ln \ Jtl1r is higher than the sun1 
o th in hydrogen Hu rid . 

W t r h s th_ unusual pr, p rry I f th oH __ b in I as d na tb_n h lL uid. hi i 
::u .. 1 ice ry·flt ls , ontlin h1t~r1ockin rfrigs ot si .. r wator n, lc. u lr~ h,.Jd t, , th r 

by hydro~n bo1,ds ( i ur 4.5). Tho i tl nc bet\ eu n101 cul r.i l-"l osi L? ,eh 
ther in the rine i 1quit h1r rel tiv to the cl s..: 11 pr Jch , f n~i hbourin 

mol cul . 

WhC1J11 ic~ 111olts, th~ ring &tructure 1s deBtroyed ~nd rh avtragt· dist n e L JJJrt of the1 

n1ol 1cule11 dt!c r .. ui ., cau sin the d~ 11si'c-y to incr .1 e. 

I gr up . 1 h r ~ ir ~ th y n forn1 hydr , ~ n b nds 
' r1 wh 11 dis lvcd in ,vat r~ with v Lt r 11101, ul s 

acid n1ol"cuJ , s ttl cont iti - H r1 ups. 3nd bt:;h;.iv~ 

Figure 4.4 

Tit 
The bond angle around 
a hydrogen atfJ m ~n a 
hydrog;n Donel IS 180a~ 

hydrogen 

Fore b tw n 1cov I ntly bond d mol cul 



FI ur 4.6 

H 

1 ........ ~ o N 

I 
~ .. • . .. 

FI UIO • 

Hv lro 

. .. . 
• ; 

. 
• 

11 Ollcl I 11 th OU ,, I ltr 

I uro • 

n 
Wh n nicr n f rm thr e cov, 1 nt b nd , it I s lot o p ir 1 [T n . 1 f th 
nitrog n is b n ' d to hy r , n~ it b con_ s s- an th hy ro" n b con, ~ s+. Thi 
~1u '\1 p hy h,~g~n bondi tl,~ t ur b t, CJ1 nn: I(', uh.::s. hh 1R tn.1 ' r ~ H uitr1 

,c nip Ln1 , '1d1 an - N H 1oup. An ('IXan:11 is an1n-1 ui.1~ NH , in whi h th 
hydro n t n1 in 11 111, 1" uJ hydr n ban s to th I n~ p,air n the 8- nitr, - n 
at min 11other n1 lt:!cu l ( i .urJ4. ). 

- r at1i 1c lnp und~ ontah1jn rh p,dn1ll)' an,ine roup. Nl-12, such • .u ~rhyltu11ine 

21 N H 2~ nd those \ ith rh N H roup" uch as diethyl n1ine. (· il-1 )~NH. al 
f rn1 hlt n1ol culr1r hydr, ~n b ncls . 

rot In nd NA 
rott: in. · re Ion · ch3 in 

h t. . o h tructur s · r 
at n1 in 0c1n - N r up 

id r ~idu s ,,., y n th 

f .imino Jcidll rr. ugl!d cit'h r in a h lL r i a 11.'! ted 

C 

I 
/ 

N 

tc chain 

h Id in sh p by hy r t1 bo11ds b t 11,r n rhc + hy · r I n 
n th ~ y .. n in . . r up~ "'.; hh:h is four un1in 

1 -h in in h lL t or n 11 ~ c nt eh in in ~ pi d h , t. 

H 

I ,........~ 
C 

I ,c 
H 

/ #0- .. .. .. 1,:1 _._N 

Cf \ /N 

I }=\ 
N-- ~ ••••• N C ,/ , I 

II 
C- N 
Adenine 0 

Thymine 

C: 

I 
N 

to chain 

FI ur 4. Hydrogen bonding between base pa1lrs In DNA 

A [ N A m lecu l ig dou 1l b !L . h str n . , f thl! hl!lix. · mad u f p tten1 f 
bJs -su r- ph sph. k 1.:1nits. - ,eh tran is h l t th th r str nd y hy r gen b nds. 
Th h~H l ninC! in 11~ str n1 i Htl' e to thy in in d e d, r. str. 11 by tw hy, ro 
b n s (Fi ur 4. ) ~u1 du~ h.uc 1cytosin~ t e;um1 in~ by ' h1 hydt n b n . 

Th phy ic 1 prop rti f n l m nt r c n1pou1_ UJ on th 11. tur f rh 
f r ~~ b£11tv . 11 the p r ti I a. 
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Me1tr1ng a solf d 
A H nsist. f re · lll r rr t1g 111 nt of p. rtkl (i n , r~ ma r 111 

11 ul s)~ 
l hi h vibr1ro bout~ fi cd l itL n n _ ,. 11n it n1 V"' thr, 1~1 h th a H . 

• When u &oHcl h h at~d, tb vH rnriou in re:U(!s · nd th r 1np· r~rrure ria s. Wh tl 

the n1eltin t ;i1np ra'tu:r~ is re ~tch 1 d1 'the tructure the solid be in~ to bre~.k. 
d , n and it t rt to tuelt. 
A: rh h tin , ontinu s,. rnor s lid 111 Jts. I I , · v r. th tc111p _r,l tur st_ys 
consta nt untH '1U the s Hd hu~ nu~lt d. 
Wl11e11 n1 l'tl~n~ rh rth:.les are, free to n1 ve r u nd through th Hqu ki · ih 1y a1., 
not fi .. d in · sition. 
If d 6 re b t\i nth p rtid Jr" stron~. n1u h 
th ~trlH:tur f h solid. h r fi r . it ,vill h v 

BolUng a 11r1qutd 

n rgyi r qllir , t br kdo,vn 
hish lll ltin9 t 1np Tt tUtO. 

In liqui • th p rticl s (i, ns. t ms r in l cl1 l ) r c.l s t 8 cher~ but 'th ir 
p sitions r r 11don1 and d1 y t\.-1n1bL v r u h ,th r. PJrti 1 ·s n1 vo at diffi rent 

a · ~ Jll ontit1tmHy ..:oUid with e eh other. 
Wht!n . Hquicl i h ated, tht;! partkdes gain kin tk: 11er y nd their av ras sp,c d 
• 111cre s, EL 

• ,nn1 ,~._irticle s n1, ,le ta t ,u u h to s a -it trom the u rfac rt - , a . hjs i , - n d 
• II l or~ 11, H . 

Wh nth b ilin - temp r tur, h r , che me p rticJ s h v eh n c ss ry 
n r y t s ap fr n1 th 1ni dl f th Hqui . Bubhl I as arc ~ , u,c d n 

th H ui I. l, . ila. 
I rb £; re 1s b ewe en rlie l rth: les ~ ri str n -, n,u h , nc rsy i rc1q u i r d t 1 ·u·~1 te 
th , rticles. '"fberet r, , the li uid \Vill ha r high b Uin ten1pe.r cur . 

he t}rp r : 

n1 t 1 U (s " ~ , a 7) 
i nt i nic l ttke 
i nt c v lent J ttic 

h111Je 111 I cul r. in 1u in hy r gen-b n 
p lyn1oric 

I loni olid 

n1ol cu l r 

I 11i,c soU c n ist f rcg~1far. rranserncnt f ch.1r d ion. _ his :1rr r,s 1n)nt i~ 
C.:lU~d J Jnll i 11 . 

Me1tr1ng 
• h n1 ltinR kn1p r. tur is cl ,p ndcnt on th strcn, th of the ion- ion fore.::~. As th s 

force f str 11e; l r fen irgy · requili d t & P' r '- c th j n nd 1nelt th i olid. 
1 l1 ,vith 2+ or.;.- char, hibit str n r f r th n tho that ingly 1ch r 

• J1 ns \Vith :1 .mlU r:M,~iu9 ive ris f1 - s , ne; t rc~s ot 3ttrn ·tion thau d1oa \\fitb 
~ l r c1 r di u . 
Th in 1tjn8 t 111per tu r ls1 d p nds up n tb buice structur . L ttic s in 
,vhich rh i n rk ti is 2: l 1n lt k t low r t 1n1, rl rur th 11 th t X( l" t fr 111 

th ir , h, r e nd r dius v Juc1s. 

Do not say tnat tno 
p artJ c1as start to vl brats: 
tney vibrate at a II 
temperature ,, 

T 
You must De a Die to 
pre diet the type or sot Id 
structure when g~ven the 
ictennty ot a suos,tance. 



..... ,,, ... ,.,., ... ,,., ..... , 
I on ic eo1mpounds 1eonduot 

1 I atriic;ity by the mov m nt 

of eh rg1 d ions: m t le 
1conduot by the movernent of 

lettrona. 

Do not answer tnls 
questl on In terms or the 
movement of electrons. 
Th at a ppn es only to metals 
and graphite. 

o a mien H lr t· , a I an,ond .. 
e ncrust,aa KUI 1 

T b I o . 2 Meltl ng temperatures 01 some 1on1 c u DS tances 
--------

Iona ... M'eltii~'ij~.te.Jri:per:a"fur,e/''0 .
1 

Sod iun, chlorid Na+ 0.096 801 

Cl 0.18! 

Pote ium ch~orfd K+ 0.133 776, 

c1- 0.181 

Calcium chlor~d Cs2+ 0.010 782 

c1- 0.1B1 

Calcium oxld C :z.i. 0~099 2614 

a~- 0.140 

M gn ium oxid Mf+ 0.006 2800 

Q:2- 0.140 

EJectrrca11 1C1on1ductrv1ty 
I nic soHds d n t c nduc:t 1 tri ity b cJus, the ions . r, fi.. d in th luttic nd 
1C nn · t n1 ve thr u h tl, ~ lid. 

Wh n n1olrcn or dhs Iv d~ th I tt ,c '.I i~ br ke;n cl v n u th i ns ar :ii,]c t n, v 
fr ly~ llo,vi1 . l ,tricity to be 1C nductt:d. 

- ------ -- - ----- - -

- - -- -

wny do molten c 1c1um oxide eonauct 1ectr1c1ty wn re Olld C ICIUm OXld 
a not? 

In the I ol lCI stat u, Ion are nxea In position. so tner are ,,o c1,arg carriers 
that can rnovg. When molten, the solld lattice break down. The Ion become 
rree to move and ara able to carry the current. 

t cov 
-j nt v 1 n t su st t1 c s ar i nt ton1k I r net,v r 1 nt. h y r 

s lids th t t si t f i nt l ttiie 1ms H11k d t h th r by c v l nt bond . 

Dl1amond Sind graphlte 
, rb n ist in tw n1 in nns - di n nd and r hit . 

Jn di.. 111ond. ~ eh ar n a1t n1 I,.~ ur 1a -hot1ds to ix ur th r c rb n ·1t n,s, in 
~iJnt thr -clin,en .ion 1 tatr~d, ,dr .. I 3rrrn18en1, nt. . ith .111 bond n fos lO .5° 

( i u rf 4.10). ian'l nd I ..i n tl trem.o]y hi h n1 bin t n per tu re b us, c h 
c rb 11 t m h 1C v I ndy nde t 6 ur r h rs. Milli n1 . f stron I vaJent I nds 
I, v t b bro n in f r t 1n It it. 
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f3l[>h ite h s b1yere, 1 ructu r ( ip:ur 4. l 1). nded r, rh.r e 

oth r by a-b nds. fonuin inter1 ckine h ... 
J rbit l.. , hich £ rn11 1 l , H cl u b I d b ] , th p1 
h ph1n r rings r~ w~a.kly bonded to the ones bovc and belo\v by Lo1ndio11 forces~ 

go they can lide ,v r e~c:h th r JsHy. hi is ,vhy ,a p nciJ 1, v,e n1 rk of r~phitc 
n p~ p r. Th cl lo I i. .. cl ctr n are eh r .. n why r phitc , nducts e·t 'L trk Uy 

\Vh n ~ H s eh y c n mov , ro1~ rh surf 1c f th pJ n s. 

c~ 

\ 
FI UIO 4.10 

Oth1er types 1of · olld 1carbon 
, ~,ph n 1 dis ov ,~cl it1 - 04, i ur ,c:. 1 b n in th~ ~ rn, 

tr nsp,arc1nt sh c t. ju t one t1 n1 thick. rr c. n b d si:ri'b d s 
of , r phit . lt b r 1nar 1y tr ns 6 r its v 'ry lo,v \vei he (l 
st c 1) nd it is d c n u t r f h lcctrici'ty. 

FI m· 

f .. 1, v~ ry rhi n, n rly 
n -:.uo111-th kk l~y r 

0 tun strone;cr th t 

~,ir H . rry l rc1to of' th~ Uni' rsity of us:sex Jtul h.:h rd Sn,~H~y o Rica? 

Univ~rgit . .. s, di c v r d rh 60 n1 lecul by hrin J- r t di c f e,arb n 
nd c: ndcnsin~ th v ur ~ rm d. h n1 J u1 c, nsist 

h a n nd t\v lv p nt ns. eh rbon at 111 h s thr · o-b n ' :in the 
urth ]I! tron is d~loc Hs d hi th structure in sin i1 r, Ly ti @if l hit . he 

1n 1 ul I .. 1 the Sl\U1 bash: oin :itry as th~ dt1sic dcnuo de~i no by i , '1 '1rd 
c 111hutcr ulfor nd g th O n1ol cul is c Jl iuj lly caH I th.kyb 11 FI uro .12 A bUCkyDall 

(Pi ur 1 4.12). 

u r'th r udies havei sh wn th e i t nc J 70, 111 't .... , u l . 
and lhe n1olecu lo i Yhap d like a ruet,y all. VJpor ti in 1 { a ok1tion o ' trn r 70 

in b n:z n rodl1c ~ r d crystal . 

7 re c He fuH r n . heir , h 111istry i h11iJ 1 r 
pl ~ th y und r~,o dition r cti ,ns with hy r s n 

and h~ l n ~ -~ 0 , b 11 b, p lymc rh d. · u t 1Jn or n i n n v n b tr pi) 
in!iido the carbon b 11. his ha an n1port,lnt n1 dic3l p licJti n. R dio~ ti t: 

radon- 224 · 't n1, r trJ p cl iu sid 60 n1 1 cul s. which t d \Vi,'tb 

un1 ur t r etin nti di . h m I ,1..u les , r inj et dint 
fr 111 c nc r. h tr t d - 60 is I rb y th i: nc r c 11 . on1s 

e111it a -rJyfl, which destroy th can~er , , Us iu the tun1our but do not afti et ther 
or - 11 in t h b y c us th r ng of a r y is h rt. 

A fur her , 'V lopn1 nt .u th d jsr.:ovc I y f c rb n n an ot ub · . nanotubu 
c nsh. g f , rcyU n I r o inrerJ ,c:ki,1\ h ~ 1 s f C,1c I ban ton1. ( igu r 4.13). 1. e 
n , f eh cilin r i s ] , i h fu 1l r n 111 I ul . l int rn 1 r , iu of 

GI nt cov I nt ub t 111c 



FI ute .13 A nanotulJe 

•••• , •• , ••••• '+ ,,,, •••••• 
Su bi im ation i when a solid 
i h t 1ed nd tum s tr 1ight 
into a gas without n,e lti ng. 

The only tlm9 covalent 
bonds are broken on 
m 9itlng ,s wnGn a g1 ant 
atomic sone1 1 neatect 

cov 1ent Dona a re nor 
broken when a mol ec: ul a r 
s u 05,tance IS1 melted 
or tJo neo. The trength 
or tne covalent bo ne1,s. 
w 1tn1n the mol eo u le 
n as notnlng to do with 
the bol 11 n s temperature 
or the subs taince. 
This is a c1ommon 
m lsun d9 rst andl ng In 
answers at AS and A-level. 

C:tH'b t1 .lll.1ll tube mg ' few nan 11\etf ~- N.inotu c n be u J t deli ~1 

ru s t spei.:ifi ;irt f th body. 

lust('rY of I rb n n notuhc.: r n bun_ r _ d tin1 s 3 stron ~ ,t _ I \ ,ir . 
h 1y c ,nt in de]oc:i I he --le ctro11 s nd 1C311 1C nduct electricity. 

ii 1 n h s a · tru _ tur sin1i tr t th_t of di n1 nd. 
iHcon l:JJ b1do. i ~ h.u. n dhunund-lik structu1 , in \-1Vhkh e. h siHcon 
c n1 is ~Lu~rl unded tetr~he raUy by tour 1car n J oins~ ,vhkh~ :in rurt1 r 

surroun by £ ur ilic n ton1 . he ,irh l is Jently 1,ond ~cl 
n~'t'\V rk f It rn ing iU,01 n ·· r n t n 

• uartz, 1i - 2,1 i~ · l o J ~iant coval nt l ttirc . , h §i 1i . 011 tom i bon d to 

f u r ,, y n J n1 n d n h Y' n to n1 r t Hi n J t in1 (s c1 p 4 7 J . 

Meltln.g 
in t b nd5 h v t ·c ,ir · k n ,vh n th ~ U h 1n le d or u Hm d, 

~• II giant ~ton1i1c ubst 11 , 1s h~ v ery hi h m lti n or gu 'hHn1 ~tjon ten1p ratu 1: s. 
ian on I I nd rap hit ub1in1e at ov r .5 ° · nd tlll I rtz m lt ~t l 1 ° · . 

Har1dn1e ,s 
;11. nt Jt 1nic Gubst _nces ~1r~ v ry h nL b :1u I th str ng 1i: v .lent hon ~ in th 

l. tOc(!. his n1 k s the1n uao u l s brasivc 5.. or x._ 111 l 'l ~ s .. Uld apc.r is coatt!d wirh 
gn1hu of 1 • u rt:z, ,:rhU he br iv,e c r, ru1 dun1 i n1 ~ f sil ' n Clrbi . 

Most covllent subst n es bolons to tbii catef;ory. M ny non- metaUic elc rne n't form 
ilnplc n1 fo uh~ . hey in lud l: 

• nit1•1 gen~ N ,,~ ~1nd ph ~~ ,horus~ P4, in gr u1 5 
y n. 31 nd sultur. Fh in rou 

the h log ns. in sr up 7, ,vhich r n cliato1nic 

he tor ~!i betwe~n elc 1.11e 11t;d rno 1lecul~s re Lond1on fore s on 1ly. 

on1.pounds tH.)n- nu.,,t 1ll.Hc.: lenu~ nta ho ornt shnpfo 111011 l1 br s.tru 'tu 1~ s. 

,. 111 1 in lud 1
: 

r nic c n1r unds. ' tu:b .i lk n Uc ncs n h 11 no I n -1s 
• hy r en gy1 1df. 11iS 

phosphorus(iii) Lhl rid ; P 13, ~ nd phu&.phorue(v) chi r1 

111 ny h lo n ·om oun ~ Lich s 

h , f r s b t\v 11 ni. J ules f 1 con, und .• ire 1ndon 
i br~ pcru,. n 11t 

I i 1 - 4..=iit l • for,c, . 

Meltlng and bolUng 
h int rn, ] cular Ii re r , ak~ simple n, u 1 r sub t nc s h~_ 

nd iUn 'ten1 r tur i . 
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l, n 
• Ii 

b m, 
inc.:re !i s ~s tho ntunber o eiecrrons in 'th~ ato111 incr ~ues.. 

he b Uiu te1nperature 1of n1 n1bers of th :1 hon1ol1 ous cri g of'" llkune incre s s 
the n11111ber t c rbon t 1111 incre s. be 1 r r tn l cul b v n1ore el ctr ns 

at d s th ir on n f re ~r, tr n r. H ,,, v r. hr 11 h ,-eh h1 lk ni.? uch 
n1ethyiprop rP. ( H 3)3 JI~ has .l 1 \-V t b ilin t n11 er tun.: d1 11 its is n.1 1 but1n , 

H~ , 2 12 hi .i~ b,~ 3.ll o br~u1chin hh dcts rh - ,~cki n of the n10Jecu]t.u1. 

of the hy I 1 t h Jide&'I fr m h r scn chloride. H ], to 
hydro1 _ n iodido 11 ~ in r. :..1s bt2c us th. strcn th o the London fore I i ncrt.i .. s s ,, s 
the 11un1 r 1 ( J~1ct n in rc~s !il. hi out\vci h the d er!.!. s in th 9tr n~tb 'f tbt: 
crm I nt ip le dip 1~ fore· . H v v r. hyd,r en Hu ri is n 111.alous c us it 

~ rn1 int."r111 I cu] r hy .r1 en b nd~t h 1 ri ti n i ho\,,n in isu r . J 4. 

olecul ta nee 
_ hi is a ·ubs t f in1pfo 11101 ,uJar. rJydro n Ru riclcw ~ w:ner~ al oh 1lfi. ~rb xyl i acids~ 
111111oni and rg ni 1n b1cs t o .. an11,·1c- t hydr g n-bond~ d mofocuJm ub1tJJ1c s. 

BolUng 
0 1 hydr ~ n-hi n I d substat1 to boil~ the 111 1 cu 1 s h.1vQ t . 1 'b s ,par,ar~ . 
hi inv lv s br kin th hydro n b n (u,d th l n n r e b h en tb 

m l cul . r.lydr n b n s r ~uitc1 rr ng. her to 1

~ he b iHn . t mp r ture 
hyd n-b nd d !;;U~ stan s r n1u b hi h r th l n d1 1 ri of 1in11t1r con1p u 11 s rh t 

r1.: t1ot hyd n-b ndad. 

l cuJ r hydr u hands. 
. r Jl1Ui h st_ nger b n th~ L n L • 11d ip 1] -

dip J~ or,c:~& th1t ~- 1st bct\,r~en n1ol~cuks o the tlrnr 
~rou · 7 bydro n hn lid~ s. h ig 1n nn chat tht? b Hin 
t n1 r tur of hydro n flu ride is hi h r th n t] 

h ilin t n1p ratur s . fth th rby r1 
1 .. nh Ii e. 

b ~ boiHn tcnii,p ,, a lure of ,v.u I i~ tde · JU n1.d u • b iu 
higher than d t f ther r u I hydri es. 1 hj j lsu 
c u ed y hydro en bondin · iu w t r but u tin th oth r 
roup hydri1 

, • i111il rly, th b Uing r n1p -r~'ltU '~ f 
.111n1oni • NI l ~~ b hight-\rr th. n th t f phosphin~. PI 13. 

H . ~ er. the . r u 4 hydride do n it sh , this 
m .. I us be h., vi . ur f th first n.1e,,1nb "t. ho 1c~ rb n 

n1 in n th n i on fy sU htly .s- tn1 th hydr n 
T 111 :ir nly sJj hdy 6+~ o hydro n hon in is n t 

p si h,. Thi~ ii h ,vn by th r pi in j u r 4. l4. h 
n m J us hi h v lu s for N H 3 1 12 ) n · r, ue 

t I hydr1 1 n bondin .. h st _ .y in,r _. se in tb b ilin 

u 100 

l 
-

u so -

0 

- SO 

- 100 

- 150 

2 3 d 5 

~bH3 

t 1,np~r, tur tl, oth r c1 111 ounds i c~uu.; I y .. n Numb r of r1od 

incr e in the atrength of the L ndon fore s h c us f 
the incrc in th~ nun1b r f lcctr na in th rnolecul . 

vanauon In bollln,g, tempg,rature down groups. and 
across perloCls 

Hydrog n,.,bond d 1mol · ul, r ub t 111c 



th nol, H 1 I 2 H, ha rt .aiu h t,i~h~r boiHn ren1 rature th H it i 01n~1 
t11cthoxy1ne h tl ~ H 3 3 . than ] h n - H r u i s th a+ hydr en 
t n1 in 11 m 1 cule c n hyd n on \vjth d e - .. y n t m in n d r 

n1 1] ieule. M tbo: ynu: rh:.u1 1 does not h:iv~ 6,. hydro en ton1 nd s I canu1 it form. 
any hy tr g n bonds . 

• r1c 
P ]yn1e,rs u h as p 1y( th n ) nn _ PV r n11 l s f p 1yn1 ri s lid . Th 
1110

11~1 u I, s h v J ryi n h in ] n th. 11d . re nrr:1 n d in a St'ln i-n~ u l r f:i hion -
between :1 tru solid. with J r~gul r p~ucrn if n101 cuJes~ nd ~. J quid. , ith :i 

r nd n1 rr n ement. 

Meltlng 
• he h ii 1 ugth o·t p Jyn er is v1ril ble nd h s lid i n t fully cryst IHn • 1 

p 1yn1 rs safe u r- th~r th n n1 it t a ti en1per tur'). 
bcnn I ttin p lym rs h eh re highly cross ... Hnk d, d mp, so r th r th n 

.1n lt. XJ1111~1 s include 1n J. n1in n polyurc,th.,n "~ ,vhkh ttr us_d as surf_ s 
th 111.u t n t d t\forn1 wh n h c 'bj et i pbc d on th~n1. 

on 1 1elti1 n 

ns,,, r .1 u ti 11 co 1111, rin@; the n1 ltin~ 1 r bo1Hh1 111p r tu r a f li'tfi r nt 
su~ st~1n s.~ ~d I t th~ ~ Uo in f\ edur : 

W rk out th ty of cructur -. 
i t • II th f re s b t\ c 'n the p rti 1 1 in th 1 ub t nee s b in c n1p r l. 

• l f the')-r ""re i er nt xpt h1 why on h.H~ one typri of for c .1nd tht othc-rs do not. 
itac I anJ e. l in the relative tren, ths. of che r ~ . 

R lat tbe tren th f the fi c~s co the er er y rec uired t se ar re the partk]es. 

t y ur I 
1aent1ry tne typ or so11a tructure 1n: 
) Chlorine I) glUiCO . , CHO(CHOH)4C H20H 

) vanacuum ) slllcon tetracn1orlde, S1Cl4 

c) llthlum Tiuorlde 

Explaln wny su1rur na a 1,1gn r meltlng temper ture tnan pnospnoru , and wl,y 
111con nas a much 111gner melting t n1perature tnan ootn u1rur ana pno pnoru . 
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ll 
Both I u1rur and phosphorus have slmple molecular structure • w1tt1 In tantaneou 
lnducgd 1dlpole-lnducsc:1 dlpole (London} forcas bgtween ths molsculss. 

su1rur Is S8 and , o has more glectron In a molecule Uia n oogs phosphoru , wh lch 
Is P 4• 1111 s n,ean s that the London "Torcgs, betwegn sulTur molecule are stron~r than 
ttlose between phosphorus, molecul9 . Thererorg I mo~ energy I_ needed to , eparate 
'them. Tn I result In sull\Jr nav1ng a higher melting temperatur than phO pnoru • 

smcon 11 s a giant atomic stru1ctur w1tt1 trong covalent bonds Detw n the 
atom, . Tne e nave to D1e rok n ror smcon to melt anct o a v ry mucn n1g,ier 
tan,paratura I requlmCJ. 

-----------------

----------,, ... ......, ..... 

Explaln why, In compar1 on with the other group hydride • water ha' an 
anomalou bolllng t,emperature. 

11 
All tne group 61 hydrlele , re coval nt molecules. How ver. only oxygen aton, 
r- oot11 mall ana -. In water, tiyarogen bond rorm Detween tt1e lone pair or 

el ctron on tn - oxygen anCJ • nyarogen . toms. rnereror . tn9 1nt rmo1 cular 
tore betw n wat r molecule are nydrogen c,ond , ar,a London rorc s. 

rne atom or otnar group e e1 m nts re too large ane1 not surr1c1ent1y 
al ctronegat1ve ror nyarogen Donc11ng to De po -101 . rng Important 
1ntsrmo1acu1ar rorcas betwagn n101ecu1ss or the a 1,ydrldes ,are London forces. 
Which lncrea ea the number 01 e1ectron In t11e mo1ecu1e lncreasQ. 

Hydrogen oond are strong,er than London rorce • , ,o more energy 1,a to be 
upplled to eparate water n101ecule1 than 1, , neeided to eparate mol cules 

or tn otner group nyarta ,. rn r ro~ • wet r na a muon n1gner comng 
ten1perature than t11e ot11er hycJrlcJes,~ tne bolllng temperature_ or VJ11lch steaci11y 
Inc~ a a th trength or tne London rorc lncrea . 

lubi lity 
r a su ,st n t di soJv ~ th1.;; olut l:; rti I n1u st ~ sep r k d fi n1 ~ eh thor 

nd th in ivi · u 1 s lut p rti les c n1 sun: unded y Iv nt p rric1 . 
• h - n; s b h n . lut n s Iv nt 1111.1st b tron 11 u h t ver - n1 th 

aolv nt-~olv nt .. 1nd olut~-sok1t4.1 f r s. 

olubrlllty of Jonl 1C s1olf,ds, 
M ny i nic lid~ dis lv in v.r t r. h ncr, y requir~d t cp r to th ions in th 
s lid i 1c nip n t d r ry th nergy r l ~scd by th hy 'r ti n f th ion . 

be ,, s1tive c ti1 ins r surrouu cd b · the - y n t 1n of, tor n1 lccul~ 
th n B ti . ni, n , r urr und d by eh .. o+ hydro n t 111 • hh I roe Li i 
h d rnt1 n nd th~" 11 r y rt'! "':I sed h 11 d rh h dta tion _ 11 _, r . 

l n k s lid dis' lv in thcr ionic c n, unds · ,hen they re n1 hou. '"f l . tra tion 
f lu1niniun1 n1 t I fro1n ]un1inium o .. id u oluti t1 f JJun1iniun1 .. idc in 

n1olt"'n ,cry Ut • 1' bich i n i nic c:01np und of 1muL1 Na3Al ,6. 

t ur 
Exp1a1n wny 
prop non , 
CH3COCHa, ha , 
e higher bolllng 
tampe ratura than 
t:Jutane, 0 4H10· 

. o I ub ility 



I 
+~ 

; /CH3 

o==c 

FI ure 4.16 

S011ub1r111ty of co,mpou1nd - that can form hy1drogen 
bon 1d · w[th th 1e solvent 

n1r und th t '- n fi nn hy<lr 11 nd rt: o1ubl in ~ t flt. Th · + bydr g n 
ut D15 i11 th ,.. mp lUl £t 1rn1 hydr \\rid, air I tb a- 0 ry n 
11ton1s in tb \V: t r 11101 ·ul . be - .i" •s n 1 1r nitro n t ins in the c J11p1 un 

rm hy rog n bo11ds i 1, the' o+ h , dr 11 a, ,om in th~ ~'ut r 1nol ulf: . 

oth oth:u1o'I. H~ H:! J • nnd ~thJtl 1ic .. ,cid, H:; 11. UliX h ~u pro - rti n 

(, .. re n1i · ibl ~) with ~ r1t r. 

he ] n p ir of I ctr n 011 tho 5- xy en ato111 in , d1J n · J forn1 hydr, · B 11 b nd 
\Vi.th rh hy r , ,n to1n in w t r. h 6 hydros n .. t 1m in i.?th t1 1 f rn1 

hydros_ 11 b nd ,vith tbl! ( ne p3ir OU the - j ysen t m in \V;lt r. 

Mo] cul~s o. r ropan ne. H l 'I H:3, CJlll110t hydr,018~U-bond ,:vith e c:h I tber 
bee use they do n t hav w 8+ hydro _ ~n ~t nt. Howe ' r_ I' pan ne i r 
w t r- 1ub] b cn.u it a- YS n · t, n1 ,:rn f nn by ' r B n bonds ,, irh th 
_+ hydr EJ4.:ll lt ms in th w .. t r ( i~urc 4. J ). 

N r , th t th . -I I- ans1e arouud the hydr gon t 1m that i hy ' r 1: n-bondcd 

i 1 o0 • hi h b us I it h u lT u nd by on p· ir of c; b 11 1 tr n ni n 
1 ne p ir fron1 th - ,cy n J't m 6 rmin h hy r1 ~ n b n . 

than ic , id! · 13 ~ t is 111i ci 1 with w ter in 11 proporti, ns. I lowevor~ 
pcnt!1 n i, 3 Hl I 2 H 3 · H ! i.s. a I n10 t insoJubl ~ b~ aus 
hydro rb n -h in off ur c r'b n t ins. h Ii r only t\v it ( ~ 11 

r hy ro n b n in . n tb re r f ur other n n- 1 r sr1 ups. 

ol1ub1lllty of non1-hydrogen1-bondr 1ng s1ubstanc 1es 
[ su b[!t 11 n n ith r f rn1 hy r, n b 11 s with '\V 't r n r r c \Vith it! 1t 
i s I i k I y 'E b i 11 s lu bl , , h t h r r I t t h m I u I h p I I 1 r. h h( h ly 1 c J. r 
Ruor nu~th .. n, 1 , H . i& in~ luble! s are th1? n n- 1)ar .. 1 ~ k nes ~n,d .. lkenc !i. 

so11uou1ty In n!on-a.1q1ueou,s 011ve,nt 
his dep nds on th in1ilariti s bot~ n th int nuo]ecu1~ r o.rces of the solvent 

:ind th, solutQ. hu 1 non-polJr s lvenu t nd to dis 1v not1- - I r o 'lutei nd - -1 t 
s 1 cnts Jiss 1v ] r ;olut ;, 

Alk tl s ar solubl h c eh I th r. c .... ru iJ h mpl · 111i tu1·c of Jk n diu, ]\, d 
br h ... _n iiss lv(?s nou-po'IJr bron1in . 

th . y th n . :!H!! ad olv nr f r n1 1 y or, ni,c subst~n -. 

he aolubihty f drugg in w .t ·r n I in th ! ipid th t 1n k up t nu.: 111 r Jn 
1 f Jt1in1 1 c Us i in1p rt nt. aJnu rubb cl I n h s in n1ust lipid-soJubl · 
thos inject d into th bloods·rrean1 or ing i t d ra11y n1u 't b' ,vatt,,r- so]u bi~. he 

pre n t - , N an ::::::· r lll incrc·1 w 't r s lu Hity. h I r nic 
1 f hydr , rb n h in _nd rin s in r s U id olubility. 

4 BondJng nd .tru tur, H (Topic 2) 



t 
M , kr: ~ur~ rh t you , an: 

i enti y and c. plain th fon: bet,v,een ·ov.i]ent n101 cu I s 
rcl t~ th vah.1 s ft m ]tin~ r ilin te111p r tL1r to the tr ngth& of [ re s beov n 
i tu~ b t\~le 11 at 1n d b t I n n1 1 uJ w 11 to th &tren~h f fi re i11 1n~ t Is 
dr w 3 nd " p1a in r phs of hoi liu temnpt'ratures versus p riod rtlln1 b ':lr of the 
hydrid ~g in rou[ s 4~ 5, b and 7 
rt:ltlte soJu' ility ·to tbc for ' "t\ve n tho s ,]ut and rh so1v ~nt 

IQ tion 
1 ") - pfajn ,vhy s .. 1phitc ,c nducti ~ ctririty 

where. s di..1n1 ncl d c!l not. 
7 iscuss eh g lu bHity osp1rin and ibuprofen 

b) Wi u1d y u t the tbU , n~ · r,o t 
c nduc Jcctricity? Justify yi ur :lS\Vl r. 

2 t th r th~ n rh ~liv ry I f l'.Ltdon. t , ,J tlU~nour , 

desLribe ~ us ot ith r :i u'lk~rQne or ,cJr 1Jl 

nanotub s. 

3 ~ E I in the- foll win 
~) ilicon nd ph iphon.u r~ bod, '"ovalent 

ubstan~ ~. but sibcot1 h , 1nuc h high~ r 
rn ltiu te111p rntur th 11 ph sphorus. 

b) ' oHd odiLnn nd lid sodiun1 1·h1 rid 
both h fatd - ~tru,,tur & involvin ion . 
1 oBcl sodh.nn ~ nducts ", le tri it}~ but s Ud 

diun1 ,cblori e do n t. 

4 [ 1 in ,vhy1 hydrogt:n bl"O!nid h l ~V r 
bi ilin ten1p_r turc1 than hydros~n i did_. 

lubl in "' , r 
th l • 

b X ! in ,vby 111 sne&illnl chi rid is olubl 
iI ,, t r, n th u h i l tci n r rf i 

526 kJ 111 1- l . 

h1 Wl t r .u1d in Bp1ids. 

ASpl1ln 

ASplrln 
CEi l--l4(0C CC l-43)C:01H 

a) raw • d · t- n ... c;. 

F - i n. 

Ibuprofen 

Ibuprofen 
C13~1e02 

s di , r m f th 

h} ugg u thl" h -I' - , 1 this i n.Justify y 1ur 
aL1 



r I qu 
l _) XI I in tl, VJri3tion boi lin 

tenlJ r, 'tUro~ 111 lll thf hy r1dei in smup 
5 (NH t iH3). ( ') 

b) he diffi n in l tli n - thity I f 
ni n·os n and hy r R n is. the an1 JS h t 

bet en 'hydrogen and chlorine. xplain 
,v,I y ,m1n1 n i l f rn1 s in tc r n1 J c:u b r 
bydr n b nds ,vh r~ s h d r n 
1 blo l"idc cl cs not. (~) 

c) W: tc r hJs a higher boiling tcn1p rururo than 
hydro jn tlu ride 1 

.. , us ·: 
th c val nt 
th n in hydr 
WJt r forn,s n1oro hydro 1,1 bot1ds th n 

hyJ1, n tluori.d d ,s 
n H ... · hydro i.! ll b nd in w ter · 
tr n r eh n n H. .. hy r n n 

in hyd - u flu ri 
thQ oxy n a'tom is] ~ - rhan th~ 
tluorh1 l t Jn ( l) 

) Th b n ' n le ~~ und rb hydli . n­
boncl~d hydr rg n in .liquid nn11onL ie: 

I f O 10 .51° 

12 ° 107° (1) 
(' · la l 7 111 r. J 

~ n) XI t, in \ hy th hishly t I t1r 
1 hlor n,etha_ne~ 13 L h l ~r boilin 
temp raturt: than the n n-p Jar but311a 

4H JO• ( ') 

b) 1ilicon 1C rbid h~ sin1iJ~ _· StrU cnu· t 

dian1on<l. It htu hi h LU Inn t tnpl'fatur :a 

bt?c us : 

s n 
_ ther a re !i.tt n intern1 le cufor on: s 

tbe carb 1 ~ni n.s 
th\: sili on c rbid n1 1ecules r thr~ 

( l) 

4 Bonding and ructur II (Topic 2) 

) l lydro n hlorid hJs lo"r~r boiUn 
t~ u111 ntturc rbnn hydro ~ n iodide b ca1H 

th 1.11 9$ f hydroe 11 chJ rid 
n1 1 ,cul i 1 ss th n d1 t f th 
hydt1 gen i 1 id n,ol ~,LJl~ 

B th re . re (cwo'r f rotons in a hydro on 

chl rill 111 ] cuJ han in .1 hycJr n 
iodide l11 r] 1 cul I 

trons. in a hydro n 
th -11 in hy r1 ~ n 

( l) 

I 

I . ( I) 
t. l 6 n rk ) 

._ ) Ph h ru n i in r, 

phoa h rus n·ii c id\ PI . r ""' thl; h., 
f th Pl3 n1 l 1cul nd X( J in \Vhy it ja 

th' h ~. ( .. ) 
b) ls th PI 111 l u] f l r? xpJain ur 

ai11&\\' r. ( .. lrctr n~ g.1tiviti s: I h &pl oru~ 
2.1; iodine 1.5) (2) 

) Pho 1horus. trii did is solid Jt r 0 111 

t 1n ratu \Vh r pb phoru trich] rk 
is , Ii 11 id. pt in ,,.rhy th m ltin 
t n,~, r Jtur~ "}f ph I ph rus trichl rid is 
lo\Vt: I th 11 th t I f ph1 ,sphorus triiodid . ( 1

) 

( r: L l 1nnrk ) 



r 
o I Cl atl on occurs when a 
Sp19CIQ I OSQS O nG or more 
. 1ectrons,. 

R auc I n occurs wnen a 
p1ec111 gains one or mor 

electronsf 

id 
i 

nd r 

it • 

c U cti n I f re cti n . brin 

·~ idti rion indud the bu 1·tti1 , 1 f fu l _ th i: u sti I of h on ~u,d 

Oxidation In action 

- h tr , ti, n f n1 t. J ~ UC h i r 11, f~ m it r i n .. 111 rt ' r du C ti l1. 

Neither o .. id.iti n nor r uction ,\.J:J n ta k pt.1 • on it 1 \VU. h y ~hvays h .. ppen 
t ~th r. Wh n 3 fu t ULh s n1e1thane. is bu nt in y n~ n1 tl1,ane i xidi ed nJ 
, . y , n i; r I u . d. u c h · r ti n is c 11 d • r I · • i i " . 

(n J r do. r ,~ L.: ti n ~ n sub!it nee h - idj s d :u1d .1nothc r h r~ fu1c~d . 

.. id ti u wl1 ori in Uy dcfiucd lli th t1 ition of I y 11 c t d r duction 
!I th r n1 v I o y t fro n1 ( c i . h r c ti on twc en n 

ir n(u1) " idc th t t1kc pi c _ in ~ bi st fllrn~ ,_ v in th L!Xtract1.oi11 of iro1n fa n ,x. 1nple~ 

"') -
Th~ iron(n1) xide l . o .. yg n ,an ' is ther for r duced. h c n~bo11 n1on xide 

111i o y en 11 i th r for I xiclised. 

he d lini,t1on \VJS • l1Jnded to include the r 1110v ] f hydrop;en ~s ,:.in c an1p le 
1 f oxidJ'tiou. h~n eh I ri 11e gas h u b bk d i nt1 . i 1quoou i hyd11ogcu s-ut fld e. the 
hydr . n ul 1d i .. idi d to sulfur y th r 111 v 1 f hydro n. Th I hJ rin~ 
is redu ed to H I by the dd iti n f by r · 11 : 

H ., 1 1~ --+ ... H I ... 

Wh 1 it b 111 , cc pt d th t at nu n i t f pr t 11 i n utr ns :u,d 1 ctr n , 
1ch mis un , r t od \Vh, t ,v. h. PI nin in o. i Lti n r u ti1 n n h J 

tr ns t\r rh ry \V~9' put 6 r,vard. h is the1 ppro~ h rh .t i \JS d by chen,i 't 



•..••.... , .•...•.•.•..•.. 
OIL RIG - oxidation i loss. 
redu etie n i gain. 

r111 

Thie ox Ida tlon numb r ot 
an e11ement In a compou na 
or Ion Is tne charg_ tnat thie 
element would nave1 11 tne 
compourid we1re TUI 1y Ionic. 

I El 
he C n siu111 in oxy u is :Jn 1xi ntion ft,; acti n: 

M 
\ 

+ '!!;'l "' .. .. 
his inv h s the ddition f y n. 

M nc iun, h s the elcctr n 1C nh ur ti n rN I 3s2• Jn thi re- riot, ea b 11} UC ium 
~1ton1 11 s !; its t.\V out, l r le,ctron~ b con1in1 rNc 1 J:.s0 

I - be l ctr1 ns l r in d by 
n 1 . -y, u ton1. he rl su lt h cht: fonn ti n of Jn Mg2+ i 1n a uJ an 0 2- ion: 

2e 

1Mg2+Q2- (s) 

W h t h. pp~ns to rh n1 11osiLn11 h1 this rl'::i tiou i ide11ti J] t \\1lt~t happen~ t it 
in the reo tion ith chlorine: 

he- n1:J n siun1 i~ ,., .idi&e d bc,.:llus 'J it ha& lost ~1c,c c1· t ;. xy, t'\ in cb first ~qu ti n. 
~nd 1ch1 1rino in h c 1nd. lr r du ~d c u&e tbey h V1 ]L: tr ns. 

The r u ti l fir t in th..: 1 bl st furr .c: n b s en h in f thr 
le trons by the e3,. ions 1.n the o - kle: 

e.3+ + J - ~ e 

Wh n on subst n jg r uc by inin c:1 ctr ns. th le, trons h v b n uppl ·, d 
by L noth r . c i ~ whLh I ~t th 111 nd s br•c.. 111 1 xidist'd. \l/h n hlorin~ a. is 
p~U9 d rhrou, h lution of poitassiu111 br n1i ,. rh bro111i i i, ns 1 se ,] err n 
(;u xi lisod) .nd O'IUe r n1in . h hl rine 1.u1 1le u] nin s th lee rron (i 
reduced) Jnd be Jn chloride ion : 

ron1id i ns ar idis d t nr chl riL is r I iu1 1 d t ·hl rid i 1111. 

r f · ti n scri in t~r1ns of th 1dl:1l1c.: 1 1 11111 f th 
1cm nrs 1 1n rn cl. h oxid ti n aun1ber o h sp i sin sin,pJ 1011i 

i the cb..:t r on th ion. or . . a.nl 1k, in n1~ nl'siu 111 eh lori . tbe n1.~ 
.1re 2+~ th o .. id ti n num ~r i n1'-1 n iun1 i +2. h ..:h3r -11 

i n is 1-~ o th xidati n numb r f cb 1L.ihlorinc1 in M 12 i -1. h' c n pr 
c n b .. ten d to c rv ] nt ubst n nd t poly t n1i i n such uU~ h :, "< ~2-. 

i1 ia that tb b1011dins I tt· ns :ire 
c ov l n t b n . n "d hydr n 

gulfur t m h r sap, ir fc1 ctr ns 
\Vith ~1 ctr n . tiv I th n hy _r1 n, 
s th t th ~ulfur in b b u s. In tbb ,v y, th su l:fur 

5 Oxid t ion , ,nd r duction: r dox ('Jopic 3:) 



ton, • aina' on~ 1;hH.:tr n fr, 1n ea,ch f the t\V H - b nds ! i ing it n · si 11 d 
bar 2-. h c U]pound is not i nk. but the sul ur is 16 nd h s id t h v n 
xid ti1 n nutu er 1 -2, rt I b in the -:! id ti n t te. 

It th r is :i c 1 v:1 lcnt bond b t\V~en tl 1 ~touu t the Luue el n1 nt. n it her •g in 
Jn cl ctron fto111 the b nd. hug iu hydrogen t; [OXide~ H - - - H~ th =- - H 
b indin foctrons re ,nssi nod t I th 1n re c1 ctr ne . tjve xy n acon1 1 m kin 
'= eh by · r I n + I and I eh I y I, but the · bondin 1 ccron back 
t I their ·o,vn' oxy n, \-\'hich n irher B3h1~ n1 r 'I ,& pxtr:J 

xidati. n nu111b1;r f e.1ch xygen atom r,eni ins ~ - 1. 

xi I 

ati 1n nun1b~1 cJn b d due d u h1 1 ~ s ri s of rul s: 

The 0.1 id tion nun1ber - f "n uncon1bh1it.:d cJc111ent is z~ro. For x.1n1p.le 
th..: bond h1 1 1 "ctrons h1 eh l ri n 1"'. ~ • n to e eh c ht rinc t 111. N ith er ... 
gJius ~111 l ctr u, ~o b th chlorin ~1t nu h~v ~n idati n nu111b t f . 

!, .. j , ti n numb r the el ment ln a 111 11at n1ic j n is eh cJ rge t the 

io11 . or e~ n1pl ~ tht;1 oxi ati n. nu n1 r of copp r in the u2+ ion ia +- - it i. 
in h +2 t t . h n m of il co1np un • su h c1 1pp r(n) oxi • in ic t th t 
th I per is in 'th ,.-2 n i . ti n st _t • 
A 11 r up 1 met. h. 'hJv L n o. idJtion tnu11ber o i in their I 0 1npo1.H1tis~ H 
p;roup 2 niet3h have n xidati n nun1ber f + ... hi t1 ir c1 u11 ,ounds:. 

lu rinc h y h th o .. id rion nun1b~r -] in it ie· n1p1 un ls. 
l~}i r ge11 hJ~ th "1djti1 n uun1b ., r +1 in it~ 1:lJn~, unds~ 3p. r fr 1n whc u it i 
oinbiu 1 \\ti th a ntet t wh ~n the o khuion nun1b r is - L 

.. yaen h B the oxidation nun1b 'f - 2 in its coin unds apJrt tro111 in peroxidc-s 
r '1 h n it i c mbin · cl \Vith flu rin . 

The sum f the i . ti 1 11.umb rs f th . toms 111 • l utr" 1 c 111p und 
h z ro . r ,~x 111.1 le1

~ in . n1n1oui.1, NI 13, d, xid .. ti,on nuntb r of .n itrogr-n 
(- ) p]ug thr iit1le'S th o. id .. 1ti - n nu ntb r 1f hy r ~en (+ O , 1quals z r1 • 
The stun f th oxicl ti n nu n1ber j n a p ]y, ti n1i i u ii the c11a r. un 
th1 t i n. r ~unpl - in th Mn 4""' ion~ th i ti in ntnnb r of n1 ngan g. ( 7) 
plus four tbn ~ h_ 1oxid ti 1 n nu111b~r of oxy n (-2) e1qll Is -1. 

he possib] oxid1ti n numbers of s me clenten s in their con1pounds ~re sb ,vn 
in able 5.1, 

I a b I e .1 0)lld atJ on numbers, 

Lithium_ aodium nd potessium 

Magna ium, calcium. strontiun, aind barium 

Aluminium 

Nitrogen (except in sorrie oxide ) 

Oxygen ,( xc pt in peroxid 5 nd super1oxid a or 
when combined with fluorine} 

Sulfur 

Auorine1 

Chi ori ne ~ bromine end iod 1ne 

+1 

+2 

+3 

-3, +3 1or -+-5 

.... 2 

-2, +1,+2-+.2t1+4or+6 

- 1 

- 1. +1, +l~ +JS or +7 

Fluorine Is more 
1e1ectroneaat1ve tnan 

1 oxygen, so In F20 the two 
nuo~ne atoms ere -1 eacn 
end the oxygen +2. 

Rei member th.at the most 
e1 ectronegauve e1 eme1nt 
Is tluo ~ ne, fol lowed by 
oxy,gen and then Chlorine. 
Ele1ctronegauv1ty Increases 
ac ro a perioa anio 
decre,ase1s cJow n a srou pi In 
the1 parlodl c table • 

RememDer tnat IT an 
e !e1ment Is J 01net1 to a 
m,ore electron egatl ve 
e1em1ent. It wlll have a 
posm ve ox, dat1on number. 

. so~ bromine In ero3- ts In 
a poslti ve oxl datlon state. 



Deduce the oxidation number of chlorine In: 
NaCl t 010... CIO:;-

Tn ox1c1at1on number or Na I +1. Th two ox1aat1on numoer n1ust aa up t"° 
zero. Tn reTore. Cl mu t be .... 1. 

) L9t the ox1aat1on number or cn1or1ne = y. 

Tne ox1e1at1on numoer or oxygen 1s - 2 ana tn cnarge on tne 10n 1 - 1. so: 
_, + =-l - ~ 

t' = -+-1 

The oxidation numoor or c:n1or1ne In the CIO"" Ion I I +l. 

c) Let tt1e ox1aat1on numb r or cn1onn ::.: z. 

The ox1aat1on numDer or oxygen 1s ..... 2 ana tn cnarge on tne 10n 1s --1. so: 

(3 -2) +.==-l 

z= -1 + 6,=+5 

The oxidation number or c111or1ne In the CI03 - Ion Is +5. 

Remember that you mus,t ailways put the sign or the oxidation number tJstore the numbe1r. The 
sl sn must never De o mltteCI. If It Is om ltteCI, the answer may be marked as wrong. 

DGauce tt, oxidation nun,tJGr or u1rur 1n: 
) SCl2 i S02 ) S04

2
-

ll 
t c h 10 rt ne I more electro negat1v tna n u rrur. Tnererore. (2 ..... 1 )1 ana tne 
oxidation nun1oer or su1rur ada up to zero. 

Tn OXIC1at1on numoer OT SUlfUr In SCl2 IS +2. 

) Tne ox1e1at1on numDer or su1rur ,ana 2 tne ox1e1at1on numDer or oxygen acia up 
to zero. The oxldatJon number or oxygen ls1 - 2. 

Therefore , the oxidation number oT sulfur In 502 Is +4. 

c) L9t tn ox1e1at1on number or su1rur == z. 

Thg oxidation number or su11ur and 4)( thA oxidation number or oxyg,en edd up 
to -2. 

z (4 Ji< -2) = -­
~ - -2 -8- d 

Tt1 oxlClatlon numtJer or su1rur In the S04~- Ion IS +6. 

5 Oxid tion , ,nd r duction: r dox ('Jopic 3:) 



lr, 

Deduce tne oxidation number or manganese In: 
MnO - MnO 2-4 4 

fl 
Let tn ox1a t1on numo r or mangan s = z. 
) z + (4 -2) = -1 

z=-l + 8 =+7 

rna ox1cat1on numcer or manganese In tn Mno4- 10n 1 +7 . 

.z + ,(4 >< -2) = --
z = -~ S = +Ci 

rne ox1e1at1on numDer or 11,angan s In tne Mn04
2- 10n 1 +e. 

DeCluce the oxidation nun1ber oT vanadium In VO~+. 

l 

z + (2 >-: -2) = +l 

z = 1 4 = +S 

rne1 ox1aat1on nun,Der or vanac11um In tne vo2 -r 10n 1 +5. 

ur If 
1 Dgduce thQ oxidation numbers, o1 oxygan In: 

} F,:aO ] H202 ) K20 cJ) K02 

on,.ider rh reacti1 n: 

nd tba ( 2 tt!duc d (!us~ 1 f .. g n). 
, i +4 :Jn h1 i z r · . he .,1 has . -., · h incre e fi·on1 - ~ to . he .. ·Cll 

,h n I due ,, i ti n nun1b[r of ulfur h ducr s from 4 t .. 
hi~ k,~d to n th~r d I nit ion 

iduti n o, nr when lh ~d .. b 1 nt I n ntu111 -er f' .. n lc111 nt in r a . . . 

n ur yl, n rth r f n I n1 nt • 

Names of comp10 1unds In t1erms, of oxrdatton number 
h n n1es f mp 1un s 1nd i n th t c nt in n ,1 111 nt th t a1 hlX ve m re th 1 
u~ · k ti t1 nun,b r includ the 1 1xid .ti n nun1b r. This is \~.rrittt: 11 • l c 111 n 

numneral in br k~ts: 

••••••••••••••••••••••••••• 
Th , I m nt ,can b 
uncombined or in ah io,n or 
molecul • 



•• , t I•••• tl. lftt••••1rtl 
Polystom ic .an ions cont in ing 
oxygen h v n m nding 
in -ate1 • Th_ 1e,xc ption i - the 
OH- ion~ wiiich ia 10 II di th 
hydroxid i,on. 

M u1s~1 ~&1 
• the Mn - . 

in rh1; +7 gt tQ. h r~6 re~ 111 4 1011 I 

n1 n n (vn). 
hr n1h.1m • the "- i n • • tb +h her ~ ~ ~ lll .,f, .- J.S 111 

• 7 
dichrou1 tc (v 1). 
f1 13 is iron(,n) ch1 ride· i ro11(n} su U te. 

------------ ' 
---------

N -n1 tne Tollowlng Ion _: 
c10- c 10J-

11 
) Tlie c:hlorlne I In the +1 oxidation state, so the Ion I chlorata(1). 

) Tl1e chlorine I In the +5 oxidation statB. so the Ion I chlorata(v). 

u If 

Name the following ubstances or Ion : 
) CrCl2 ) Cu20 C) N20 

the i n i; 

tb I • J, n l 

I Oxidi ing nd r ducing agent 
hi rin re, .. rs v irh bran iJ i ns t f- 1rn1 bro111in 111d hloricl . 

l n !ii: 

1., + .. Br .. 
eh eh] rinl' tom in l., h s ain d ,ne l tti1.Jin n . s · ii. r du ed. , ~eh bromid .. -

ion h., l.os't r.i n oJec tron Jnd go is o .. idi~c . hiorine h 1 1 x.i,dh d br rnid ions. 
Thor for , ~hl rine is 1n 10 idi in :t· cnt . h br n1ide i ns h v · reduc d th 
chlorin~. Th r~ f4 n.:« th bron1i ' i n is .1 r du in ., rt nt. 

1 sidcr r d I c i n in which sub t nc~ • idh s ubst nc Y: 

r, 
X + Y produc 

h s r m vcd , n 1 ,ctr1 n ti·om u t nc Y n so has xidis d it. 
- is t h n . l t h i n d n J tr n n h its l f b n 

t , u . u bst. n trou t i1bst 11 ~- X nd so h s ritduc d 
it. u'b~t~H Y is t lie rudu in le h~, loat ·111 lectr 1n 1nd h. s it!iclf' b en 

.. idis d. 

111 c m1n n 1 • i i in .. n r ucin sents , n th pr clu t fonn wb n th y 
r~ , t r~ i en in b1 5. _ . 

5 Oxid tion , ,nd r duction: r dox ('Jopic 3:) 



T bi .2 common oxld!slng and reducing agents 

Chlorine_ C l:2 

8r1omine, Br~ 

*Mang nate(vir} ions, Mn04-

~Diehron1ate{v1 )1 ions. Cr:z07
2 

*1 Hydrogen pero.xide, H2012 

lron(111) ion • Fe~+ 

Cancentr t d ulfurie acid, H~S04 

Concentrated nitric acid, HNOl 

Hydrog n ions_ H+, in ditut acid 

Iodide ions. I- , or hydrogen iodid ,, HI 

Hydrogen sulfide, H2S, 

Sulfur dioxide, S02 

lron(11) ions. Fe:Z+ 

Hyd r,ogen peroxide. H 202 

Tin(11) ions, Sn2+ 

Carbon 

Carbon monoxide, CO 

Metal (e.g. Mg) 

Chlorid ions, Cl 

Bromide ion • Br 

Mangan& (H) ion , Mn2+ 

Chromium{111) ior, • Cr3.., 

Water, H~O 

lron(i11} ions, Fe2+ 

Su tfur d ioxi d • SO:z 

Nitrogen dioxide, N02 

Hydrog n, H 2 

Iodine, 13 

Sulfur, S 

Sulf t ion • 0 4~­

~ron(rn,} iona. Fe3• 

Oxygen. 02 

Tin(1v) ions,, Sn4+ 

Carbon monoxide1 or cerbon dioxid 

Carbon dioxide, C0:2 

Meta I ions i{e .g. Mg:.!+} 

•The olution must h mad eidio with dilute eu!f-uric cid. 

I Di ortior1 • 1or1 r 
Wh n chi rinc ~as is bubbJ int I u ou sodiLn11 fry r1 xid di proporti n· d n 
re cti n t ~ s pt c . n . ton, in the .. 12 m lo ul is oxi ise to NJ l I 11d n is 
redu d r Nil ..1. h equario11. ,vith rhe 1d:1t1 r1 nun1bors f hlorin ~ is: 

l., + 2Na H ... N 1 + N 1 + H::! 

0 tl - 1 

cn1or1ne reacts w1tn not aquaous, potas 1um nye1rox1e1 

3iCl.l + 6KOH 5KC1 + KC101 + 3H20 

Exp la In why th Is Is e d ls pro portion atlon rgact lo n. 

ll 

Tt,e ch1or1ne Is In the zero state In 012• In the products, the oxidation nun1ber of 
ch1onne I- -1 In KCI and In KCI03 rt L In the +5 ox1aat1on state. Tne cn1onne In the 

lngJe pec1e c12 1 I ox1a1sea rrom o to +5 and 1mu1tan ou 1y raauceci rrom o to -1. 

K_ y t rn1 
DI p opottlonatlon Is a 
reoox raa et Ion In whlc n an 
element 1n a smg1e speclu 
Is, lmultaneously ox~dlse1d 
and rad uced. 

...•.•.•..•......•... , .. , 
To b involv1 din 
di pro portion ati o,n reaction. 
n element must have 

et least thr oxidation 
stete,a - the in ttia I on , 
cne higher nd on lower. 



••• •••••••••••••••••••••• ••• 
Th is reaction ie 

omietim· cal I d 'rev rse 
di a proporti oraatio11 • . 

EXplaln why the 1011ow1ng I not a disproportionation reaction: 

OCl (sq) + c1-(e.q) + ~HI (aq) Cl (eq) - H.?00) 

Ttie chlorine In oc1- ls1 rectucod rrom tne .... 1 oxidation state to the zero 
tate and the eh 10 r1 ne In c1- Is ox ldl seel rro m the -1 state to tne zero state, 

Howavg r, tne two c1110 rlne atoms a re not In tn e same, species. and S10 It Is not a 
disproportionation reaction. 

tne Clecompo 1t1on or nycrog n p rox1ce a ell proport1onat1on reaction? 

-H,O't-+ -H,01 
- Q., .. - ... - -. 

Tile ox1e1 tlon num r or ootr, oxyg-n atom 1n H202 I -1. rne ox1e1at1on numDer 
or tna oxygan 1n H2o 1s -2 ana or tne oxygen 1n 02 1 zaro. rna oxyg n 1n H20:.2 
ha s1n1u1taneou 1y Deen ox1a1 a rron, -1 to z ro na r clucea rrom -1 to -2. 
rnarefor . tn aeco m posit 10 n Is a Cll I pro portl onatl on reaction. 

you If 
Write tn quat1on ror tne e11 proportion t1on r action or copp r1{il) 10n to copper 
metal and copp r(1111) Ion . 

I loni ,., 11 ... ,,.,..... . ... . .... , 
I on ic he If.. q u · lions lway 
hav1 11 otron s on either th 
I ft-hand side or the riSht­
hen d ids. 

Remem oor tn t 
e 1ectrons are negative. 
It Is a e1vtsat11e to put tne 
charge as a supersonpt 
In tne same way as the 
charge on an 10 n 1s snown. 

· xid~ tion r cri ns c n be v ri t n ,a~ h lf:.. '-' u ti 1 n ~ ,vhich sb w th loss f 
le trons fro111 sin le sp~cie, and its khition pr uct. or c,~ 111plc. th~ oxidJti n 

h[]lt:. -wqu._ ti n ~ r th :, ox idar.ion o zinc .nonu c zin i 1:u iG: 

Zn(s) ~ Zn~+(L ) _ -

h r re f ur point 'to not b ut h ]f- UJti u u h , s this: 

hi is n o .. id 'ti n re c tiot • s th el c tr ns r on th dgln-h nd i i le f the 
quation. 
bi qu1ti 1n 111u t b lane fr eh rg u l U fr nun1bcrs f t n1 . ln tbi 
, 111 p l , b t h i1 , , S _ d l1 p to J C h r , 1 Of Z r 1 (0 = -

.. tatl' syn1boh shou Jd be included in h J f-e1qL1 tions. 
• b re:icr1nt nlLHt lwjy b o n tht: l fr-btinl~ gidc1 th h~ 1

lf- cquntio t1 . 

u ri n re c ion c n 1 writt n s h 1f-~ u ti 1 • h n zinc 1 dd d t iln 
hloric. i hydli 11 i na r r u . · c I hydf "n. h h lf- qu ti n is: 

wH+( q) + 2 -+ I, 2(B) 

Thii is ~ re ' ucti 1n r ti n~ s th n eh I fr-h nd side f rh hLlf-
q LI ti n . 

5 Oxid tion , ,nd r duction: r dox ('Jopic 3:) 



H ] f-e JU .itions c:. n c iu' ,ined t i 1;;1 th overall 1::quatior1 £; r tb re crion 
(p •. 7). 

---------

----------- - ~ -

Write an Ionic h,alr-equatlon for the oxidation or Fa2"'" Ions to Fe3"'" Ions. 

ll 

Fe2+ Ions eact, lose an electron and become Fe3+ 1ons1. The hair-equation Is: 

Fe2 (sq) 4 Fe 1 (aq) e-

Write an Ionic t1a1r-equat1on for the reduction or chlortne to chloride Ion . 

cn1or1ne atoms eacn gain one electron anc ar reauced tc,1 cn1or1e1e Ion . rne 
1,a1r-equat1on 1, : 

,C I (aq) 

Tnl equation can D halved: 

{ Cli(g)i + e- -+ Cl""i(aq) .. 

y ur If 
wrtte ti 11 .. equatlons T"Or: 

) tlie reauctlon or sn4-i- to sn~..-
b} t1, - ox1aat1on or 1oa1ae 10n I• 1-, to 1oa1n , 12 

More com1plex harf~eq1u,at1ons 
n, xidisi II as nts re,~1u ir th~ pre~ "'111ce 1 ( ~ c id. r x nit 'I • in d pr o 

di lute ulturi acld. pocm,iiun1 n1an an · t (vu) luti n is strona oxidiging Bent. 
h n1 n . nes in the Mn - ~ i n h r duccd to Mn2+ ions. A first but totafly 

\Vrot1g. tt 111J t , t h ft: quJti 11 \V uld b : 

Mn 4""'-.. Mn2 + 
hi u ti n b l nc s for eh r, but c n11ot he 1c rr -et b - u th 

on th \-Vf, n id . h y h. v to h on th I ft-b nd si b ~c us M11l " - io115 Ji 

L, ing md~n: cl. 

n ions n th l tt~h n h e i.ck u th 
n r t11 5'4 

n i n ~-r n d 

A e, and rten1 i ar the ~ Jt- u tion i : 

.......••....•.•.....• ,,. 
A the Fe~+ ions hav, 
been oxidised, the electron 
ppe r ion 'di right. Th 

1Ch rsea on both id S of the 
half quation add up to +2. 

••••••••••••••••••••••••••••• 
Th eh lcrine, ha been 
r duced. ao the electrons 
epp ar on th left. 

Tit 
Reauc1na agents a re 
oxlalsat1 when they react, 
so their llal'r-equatlons 
must have 1EUoctrons on 
tne rlg!Jit 

ox,a1sma agants are 
reaucea when they rea et, 
so their n a lr .. equations 
must have tna gl1ctrons, on 
the1 11rt 

loni'c 1h If .. qu t ion 

J 



I 
11 therir~ ts more oxygen In 
a molscul 9 or Ion on thg 
1en1wnand sJae or a half .. 
e1qua'tlon tn an on tne ~gnt. 
nano side, you must add 
H'" ions to tne 1ort .. nano 
sld e ana H2o mo 1ecu Jes to 
th ngnt .. nand side. 

1 
Remember tnat an 
OKI dis! n g agent beco m11s 

1 reciucea. so e1gctrons are 
on tne 1en~nano s1e1e 1n 
tne n air-equation. 

f ~ n b w rk d ut in jth r fr \VJY : 

be . id ti n numb~r f Jn n n t.r m +7 t + .... ~ rhich i a d1d1 

of • I h r~f r" tb~rt.:' 11111st br, fiv eik~ trons 111 th l ft. Th( · rrcct i ni h{ilf­
, uation jg: 

2 he qua ti ,n n l ut b J 11 f r c h 1 r 
htl 1'"'h J r t: n th.:;, tc,fi:-h:ind ide is: 

J+ X 

7 _, X = + ... 
x=7 ., - 5 .... -

·n rh right h nd id is ... 

1 n the ri ht-h nd id ~ 

I, re are 1ve electr t1 in tb ]eft-hJnd side. s.o the rre r ionic h n: quati n is: 

Mn ) ~ ( q) I·f'" ~ q) - 5 ~ Mn~+, _g) - 1"'12 (I) 

h cid luti, n~ hydro n l' r · id ·, H , ., ,~ et s n xidhin . cnt. It is r u, ,_ .. .. ... 
t l . t~r ( ~ ,1 5.2 on p 8,3). h ha1f- u~1t1 n ·wi11 h nd 1~ ·tr tu n 
th Jeft-b1111 side: 

H 2 2 ( ) + 2H+( q) + ... - -+ 2H2 · (1) 

1\v ~I ctr ns ~r -' n I ed so~ to 1n k both id s f th qu, 1tion neutral. 

. ---- --- -

wr1tie the 1on1c 1,a1r..equat1on Tor tne reduction or dlcnromats(v,1) Ion , to era+ ions 
In acid solution. 

Electrons must be on t11s 1en:-11and Ide because the er 20.,2- Ions ars being 
reduced. Tl'le olutlon Is acidic and so H+ Ions are also on the left There are 
even oxygen atoms In t11 cr201-:2 Ion. Tneretore, ev n water molecule , ari 

produced anCI 14 t,yarogen Ions are needed on the 1ert.-t1ana side or the equation. 

A I Im pie way ot work Ing out tl1e n un1 ber of e lsctro n Is by u Ing ox ldat lo n 
numbers. Eacn chromium In cr207

2 ... I , + - ,and It I +3 In cr3+. Eacn c11rom1um 
change by a ana, a tnere are two chromium aton1· , tne total onange 1 
rn1 , me n tnat tn r mu t De 1x electron · on tn 1ert. 

Altsrnat1va1y tne nu111ber can be 'TounCI via cnarge. 
Th.a charge on the right-hand side Is + , · o the left-hand slda mu t also be+ 

-2 + 14-x= a 
14 - ,6 = 14 - I = 6 

rnereror tn n al r .. equatl on I 

Crlol-(aq) 14H ~ q) + 16e-

5 Oxid tion , ,nd r duction: r dox ('Jopic 3:) 



t y ur I 
write the h 1r .. equatlon ror th · reduction OT BrOa"" Ion to er ions In acid 

01ut1on. 

ummary: ru11es fo:r wrftl'ng h1alf-equatlons 
Th 1 trons r, on th 1 ft h 1d i f r r due ti 11 cqu tion nd on th ri, . ht­
h._ nd si e for ~11 oxidation qu._1Uon. 

If th re ction t kos pl ce in J id soktti ,n~ t1dd H+ i 1is f th , l ft-h nd &id I at1d 
w ter n1 1 cules 'to the ri ht- h nd sid '.I . 

3 M k ur th t the quati n bJ1Jl1CC'S for toms. 

ha necc th~ nu n,ber o·t e;; 1 -ctr ·ns go th .1t the equ.1tion bat._ nc s fo1 chJ r . 

I O erall redo quatio11 
I IJJf-cqu~rrions an b, co·1nbi1112d to givt1 th overall cqunti n tor ::1 redo,c rc:1e1riou. 

hj& i done in tw · te.1 : 

Multiply n or th ha'lf-tH1uririons hy i11te r thnt the nun,b r: ot ele tr us 
b con, g the :1n1e in both. 

A d tb tw , h If- u. ti n t ~ether to I bt,. in th I v r ll equ ti n. 

N ote rh t the le tr1 ns 11 the lelt-h~nd ide ancel eh I"' tr tu on th rigbt- l·und sicl . 

h r acti n w 1 n qu ua Uv~r nitr t an p er n1 ~t 1 is a red ~ r crion. 
·rh si]v r ions ar r due d ro sUv r ~uo1ns and th 01 per ._'t 111 r o. i J; d t, 
copp r ion . _ he t~ro h Jf-egu tio'n s. llf~: 

A +(aq) + - ~ A9(s) 

u (s) · u-+(aq) .... e 

copper wire Clipping In a so1uuon or suver nitrate. Tna sllver Ions 
preterenuauy rspfacs1 the copper, leaving crystan1ne, sllv&r deposJts 
ana rormlng a somuon or copp1er nrtrate 

0¥ 1 II r dox qu tion 



I 
Eleotrons must not be 
left 1n tn e overall rae1ox 
equetlont 

••••••••!•••••• •••• •••• • A 
Th Fe + ions re oxidi d, 
so they lo electrc,n&. As 
the dichron1ete (v11)i ion r 
the oxidisinS ge1nt; they 

re r, due d nd so the 
1eleetron e a~ on 1h left. 

he v~rttU c~1u ti n i u u11 y ntul i~ ]yins the t1r c ciu tio l1 by - 1n 

it to chc cc 1 d qu tion: 

-As+( ]) + 2 - + u(s) --> 2As(s) + - u2+(~q) + J -

h..: electron lncel o tl rcsu It i&: 

2 +(. ) + u(s) ~ 2Ag(s) + Jui (a ) 

The rul~s h r d rivin th ~ over U quation fron1 half- qu tions Jr _: 

4 

· h ck tb 't n h ]f- qU,. tion l, eh 1 c tron n th J ft-h n d n rhe th r 
b-1~ th~1n on tb d ht-h n sid . 

Multiply th b lf- u. tion by int 8 r s I th t the nu mh r f is eh 
.11ne ln b th. 

,dd rh t,v equ ti n nd 

h , ·k th b tb r · et nt& r 

nc I, th cl tr n (3nd ny sp cc t 1r i ns). 

n rhc 1 ft-han sid f th v rall u 'tion. 

Acldlflad dlchrom,ate(v1) Ions oxidise F :;z+ Ion to FeJ+ Ions. In thl reaction. the 
acldlfled dlchromat (v11) I It If reduced to er* Ions. Write th two Ionic halr-
eq u atlon nd nence aertva the overa11 eq u at10 n. 

1 

rn na1r~uat1on are: 

Fe2 (aq) Fie (aq) + e-

C'r ~0,2 (aq) 14H (aq) + 6e -4 2C ~ (aq) + 7H--0(1) 

Multlply the nrst equation by _ to obtain t11e same number or electron In both 
equations,. Than, add thg two gquatlon toggthar and cancal thg elgctron . Ttis 
overall equation Is: 

CrlOi (aq) 14H (1q) + 6F'el (1q)......, 2Cr (aq) + 7H20(1) + 6FeJ (Aq) 

- --- - ~-- ---- --

In the presence or dilute u1rur1c, acid, potassium manganate(vi11) oxidises sn2+ 
10 n to sn4+ Ion and Is Itself raa uced to Mn2+ I on . Write tn a two I on le n a tT­
sq u atlons and uss them to dsrlve ths overall equation. 

Tt1 hair quatlons ar : 

Sn2 (aq)i Sn (aq) + 2e-

Mn0,4 ( q) + S.H"(eq) 5e- -> Ivin ( q) + 4HJO{l) 

Multlply the flrst equation by 5 and the second equation by 2 to obtain the same 
number or electrons In each equation. Then_ add the two equations and cancel 
the electron . The ove ra II eq uatlo n 1, : 

-MnO - (aq) + l16H1 (llq) + 5S112 1 (aq) 2Mn2 t (eq)i BH;i10(l) + SSn (aq) 

5 Oxid tion , ,nd r duction: r dox ('Jopic 3:) 



t y ur I 

) the half-equation for Iodine being reduced to Iodide Ion , 1-
) the na1r- quatlon rortnlo 1 u11ate Ions. ~03

2-. being oxidised to tetrat111onate 
Ions. S408

2-

c) the overall reaction ror Iodine oxldl Ing thlosu1rate Ion 

Deductlon of ha1lf-equatlons from the overall 1equatlon 
h ~ haU:.t!c1uatio11 s cr1n b d"duceJ front tl1 V' raU 1quatio11 bfcau ~ the latter 

sh ws the forn1ulaic f 11 du~ r 3 t nt n producu. h re r aicti n , t\v~, 1 

nitric id~ FIN 34 n hy. r n uJ 1d ~ 1~2 , i , uit bJ ex mt l : 
-H N + I J,, ~ --+ ... N ~ .. .. 

irst~ w rk . ut v hich gubst. nc h s b ~n 1xidiscd I cl rit lo trot s n th ri ht­
hL 11 &id~ of th~ h~ 1t:. gu tion. 

h su1fur 1n t I~ los ,_ hydr g n ( r th id. tio11 nu111b r su l ur 11 in r :u i 
) nd . i 1xidiseJ. h h 1f- .qu ti n i : 

H 'J ~ 2H"f + + 2 .... .. 
h' hydr10 en su ]tadr i o idis _ .. ncl th rotor the njtrjc c id rnusc be r~duced. 
h l nun1b~r f (.)1 ctr ns on tl ~ 1ett- b. ud side h th h3H:. q,u:itio1 fo , irric ~ ci I 

r ducrion mu t e1 the • n1c as tb uun1b r ou th ri~ht-h n iide in tho h. lf-cquati n 
f 1r hydro, . n s u 1 1 , i ti n. h ~ f r, ~ th h J f " u ti 11 fi r 't h r du c tio n of 
nitric .. u;icl t nitr t~on di · ide h: 

2 N + .2H + + :!c- 2N :! + 21 1 

1 addici n eh tv. h Jt- qu~.ti, ns, the1 2:r1+ 011 th l~ t-h.n1u ski ( th~ 1,,it1 k: 
.. cid r ducti t quati n cane ls ,vith th~ 2H n th ri ht- h nJ sidt f th hydro en 

~u] 11 c " id ti n '-'qll ti in. 

T' _ 1r If 
7 For tn ree1ox · C1Uat1on tJe1ow, aeauc tn two h-1r .. quat10,, ana 1e1entrry tn 

oxlidl Ing ag,ent and th reducing agent. 

Pb~ + 4H I ~ PbCl2 + ~H20 + 1~ 

Balancin 
1 umber 

equations u 

Ha lf-equation1S1 

oxid _ tion 
I 

111 

The- nun,ber f dcctr ns in ~1 ht\lf-e,qu:.1ti n is equal t tbe t r d du,u c in xid.i ti n 
nu 111 her f th~ elc1nC"11t. 

....... ·······-···········'· A the oiieidation number of 
sulf ur change I by two~ the 
mu t be two 1electrons in 
th equ tion. Th will be on 
the ri ,t, t a a H2S l,a,5 b n 
oxidl ed. Th hydrog n in ~5 
has been neither oxid ieed nor 
reduced. Th efo' • it mu t 
1stH I be in th +1 state and o 
H+ and not H~ is the1 product 
in the half .. equation. Not that 
th - quBrtion be1lance s for 
charge. 

•..•...•.•.. , ... , ...... . 
Note that nitrtc acid is th 
oxidi ing agent nd hydrogen 
1ulfk! i th reducing agent. 

B I ncing qu tion u in oxid tion numb r 



I 
Remamber tt1at oxidising 
agents have electrons on 
the 1ert .. n1a no Sid · 1n n a1r­
equa tlons (tney becom 1 

I reauc ed) and red uc Ins 
agents have electrons on 
the 11gnt-hand side (they 

oecome oxld 1sea). 

I 1 a id olution~ t~rrar (v1) ions~ P ~_:!- ~ tH'l e redu~ cl c 1 :!+ i n . h · .. -id tion 
nun1 er I fir n han I fr n1 +b t +2. hi i d crcia s I f u r~ s thcr n.r four 

f th r~du ti 11 h Jf- ,qu ti 1 • h h lf-equ ti I i. : 

~ 4:.1-~3q) + 8H+(Jq) + 4 - -4 F~~+(. L}) + -U·l2c (l) 

Wh n p t Hiu111 ichr m t (v1). r2 :?- . in dilu sulfuri ,ci . is r uc t + 
i n~~ th1.1 1 iJJtion 1u.u11b r f ~n:h ,ch1·omniu n1 de, r . ~es hy th r c. I ow v t. tbe r 
ar,e t,v I lu 0111iu n1 at Lln1s in tho cquJtion" s, the t t.d chJ.n ~ is six. her , or ~ the 
h Jf cqu ti n has six 1e,ctrons 1- n the lcft-h;111d "idc: 

r2t: 2 (3,q) + 141 r ( J - ,e· ~ 2Cr3+(aq) 7112 (I) 

Overalll r1edox eq1uations 
The t tal cha n TC in " idad n nu tuber of the elen1ent bein rcdu ed is equaJ to rho 
t t I eh n c in xi .,ti n n~unl r of the d n'tent bc:in oxiJi · d. 

When p t. s!iu111 111._nganat (vr_), o idises 112 i n to .,4+ ions~ th o _idation 
nt: n1ber f tb n1 n nes d,l n es fr m +7 t +2 - de re e f fivc. Th oxi ' ti n 
nun,ber f 'th1 it1creJ1c) by two. Ti · b~b.nL.:e the eh I ge in . id ti n nun1bet· ; 
2M1 - nd 5 nl+ r n d d. 111 thi ,v ~~ th tot I eh. n e in oxid ti n num 1 r 
I f b th m ns ncs ~ nd tin i l I h ov r n qu ti n i : 

+( ) + 5 ·11!+( ) 2Mn!!+( ) + Rt (1) + 5 u -'+( ) 

,- 1ne stu en'r , r f rt "" rk Ll't v r lJ r d x qu ti in usin h lf-~qu ti n 
as in h' \V1 rke x n1pl t.lll 11 - 88. I-I ,v v r it j , n ~ th~ tln l q1.1 ti n 
n1u s.t at n fo r at 1ns nd h.u·, e !HJ ""' ont in • ny L:Hl !111, f."U cl ~1,cr1 on . 

Eh~ , tinition of: 

o. i. ion , nd r ucti · n in t rn1 of 1 ctr 11 tra n fi l* 

o idhin . L n r ducing I enu. 
dilspr r rtion tion 

heck that you c~ n: 

ieaJcu l 1t th~ xid U n ntunb r f tho l n1ents in neutr. l molecufo ~~ . implc i ns 
. n p ly J t m ic i JU 

n ~u11 o ly3t n11c ions such as l >.., - ., nd Mn ~l-

• '\Vrit ioni h lt:equ ti 1 n 
• \\'rit ov r 11 r dox qu. ti n 

5 Oxid tion , ,nd r duction: r dox ('Jopic 3:) 



I Qu 
i f U \Vlll eh n re 

• kiati. n r re 'uc:tion. xpl in y ur 3n , 
r rnts f thr tran ter f lectl 1JU. 

r 1n 

") rJ-t- t , ) ,nJ+ t n2+ 
) H 1 'to 12 l) - 1- t, l2 

2 Writ ionic h lf-equ. ti ns .. 1r th eh 118 s ii 
u stion l~p r t 

Write i 1d hill-oqu :1ti tu t 1r tho f 1U win -, 
'1 ,hich • pl c in , i i, s, ]uti 111: 

'1) i k (v) i . ns .. I 3 -. to iodhtl:' 
b) n1a11g.1.ne,~ liioxidi!. Mn :!• to Mnl+ ion 
) V 2 + i n t V "'+ ions 

4 Writ 0¥ r~ ll 'qu ti ns t7 1r th:i fi Ho,,ring r do. 
• l" , :lCtlr ns: 

a) n1an . n. to(vn) ions in · ci o1ution r !lei tin 

with hy lr s 1n i di e 
b) + i 1n ins redu,c [ ~+ i ns ,y 

n2+ ions. '\'j,rhich Jv xi,dis d t n4+ i n 
.:) dk~hron1atc(vt) i ,ns in acid soJutjon 

xi ising ni n woxidc. N 2~ t njtr t 
i r ~ N -

5 . td~ don l1ln11b r f i Un , n: 
I ) Kl ~ 
1) B, (I 2) 2 

6 I _ uce th 
ci) yJ 

mcid .. ti n 11lnnb r f v. na i um in: 
) V. :?+ 

h) V > + .. 
o,d,lotion nu1nh r I f nitc -g n in: 

) N2 ~ 
d) NJH 

P tJssiun1 bro1nitie. KBr. 1 !1 t with. pot .siiun1 
brotn te r J• i11 th p•~~~ncc f dilute 
guJfuric cid cc rdin t th equ tion: 

5K.Br Br + ~112- 4 -+ 
3Br2 + ~,K2' 4 + 3H~ 

:i) th oxid ti n utunb - . f b,i, n,in in 
KBr, 3 nd r1. 

b) r- tl\ v rith re son which . ub,in n in tb 
equ _tion is the xi j in , 8-nt. 

a' kuJ t thi.;: t tJl I b nse in I xidati l.l nunlb f 

of th c rb n t m. , hen thancdi · 

2 

10 Writ thu 1onic equJtiou t: r tht reaction I f 
bti inin \\'itl1 aqu ~ous sodium hydr .dde, to 
tortn N r~ N rand'"' t ·r:. 

11 1 1n each , the red 1qu.ni ns b low, 

12 

cl ,dluce ·eh t\vo half--~quati iu t1d id 11ti y th 
oxidi in J, n.t t1nd th l r 1 du..,;in :igent. 
n) ]., 2Na'- r . 2N 1 + - r~ . .. 
b) I I 3 2F J+ + 111 4 

.2-
4 

hJ1 rin ~ 1 xidi e hi n to J+ i 1u. 
) Write th h 1- u ti 1n f r th .,ddati n 

of ir 11 t ~3+ i ns .111 I tor th rcdu ti 11 r f 
h lorin t J- i iu. 

b) U ~ yi ur 11 ,v. t ~) t writ1; th v rall 
• • I 

1on1c -- )\1 tl n . 



m pr I i 
l n) IJ fin : 

:i) ctispr rtionJti n 
il) :dJ ti n nun1 r (4) 

b) Which of th ~ ll \Vin · i t _ r cl r tion? 
J 1+( q) + )J -J-( _q) ~ 11., -l(t) 

B 2 
4 

:! ... + 21 + ( q) -4 ... 

r 2 '2-(a ) + 11 (0 
n l~(oq) + _ e 13 ( q) .,_. 

n ]4(a1 
) 2 ·o 12(a) 

u (&) + (~q) -4 

4(ag) + j (I) (l) 
.) Whi b of th ~ ll , ins i n 

di I r p 1rti n ti in 11 c ti n? 
- .? 2 .:!(I) --+ ~I :.? > (I) + >:z(g) 

li(s) + 2 (l) 4 

] - ( t ) + · l (~,q) + 2H+(l1 ) 
LI li( ) + U ( ) + .... l"" ( ) -+ 

2 u 1-(aq) 
1Mn 2-(:iq) + 2H2 · (]) 

Mn 1( ) + 2M n 4 -( ) + 4 H-( q) ( 1) 
· ) Wh I i din r et ,vitb o ium thio uJf t£\ 

sodium t~tratbi.on te~ NJ:! .. ~()ff~ h p duc:e t 
he o id3 ti n nun,b r o ul ur in th~ 

--~.,--luc: t is: 
+2 

.n +-.5 
c) The o..'C.icbti 

pot ass iu m u 
l 

+4 
+, 

- - C 2 . .... 

(1) 

n - 1 I (1) 
('1 L, l H t 11:1rk ) 

~ n e'nn the c rm j r p rti 
_. pl in ,vhy th re~ ction b low is ,wt lll 
. ~n1pk ._ Jb 1roporti "" tion r~~- tio11 . (~) 

Mn 1 + 2Mn 4 - + ... H!! 4 
Mn ,4~- + 4H+ 

5 Oxidation and reduction: redox (Topic 3) 

b) .. J!cuJ. te rh~ oxid ti n nu111b rs o chi · rin 
in: 
i) 

ii) 
iii) 3- ions ( ,) 

c) Whon L 6 1cn1.1 o t chl rine g3s \v.1s bubbl d 
iut h , quc u odilu11 hydroxid • 
djgpr1 p rtiot ati n r~acti n to k pfoc, 
f rmin .J- ions.. ..l x- i 1u nd · at •r. 

h chl ride i1 ·1 s l tire Tf act d with 
+ i 11s . 1d th preici it te f l 

\Vi i h I • I 31 S· 
. nd ,vrit~ th i n1 

L}U,ni n f r th _ di E'" , rri 1 n-- ti n r "' cti n. 
You 1nust 1h \V H u r v rking. (7) 

(Th ' n1 l r volun1e ot gasi under 
th conditio1 tb ~ . ril11 nt i 
1 i n 1

( J ,-1 ) _..,.,~, 111 ni 1 • 

d) In acid o1uti n 1 ... i 1 n will 
i ns t Fe + 11d be r du,Led t 
i Wri th i ni . halt: u ti n £ r 

th ~1 ucti n . ,10- i n , nd th 

.z+ 

1oxidltic,n. , 2+ ions. (-) 
ii) U y u :u1 t & r j) to '\: ri't the 

V1 raJJ qu ti n. (I) 
('I; tnl 1 ntnrk ) 



........ ,,.,, .•...•..•....• 
Radium is rare, radioactiY 
metaL 

c n i t of th et n1c nts in gr ups 1 n 2. - be r up 1 el n1 nt (J hhiu n1, 
s dh.1111, p t~srwiun1, rubi ' iu111. 1 t esiuJn . nd fr. nchnn) .1r c. He th_ . lk~U 111 tnl . 

1,~y ·fi rn1 .11:i ti . irh J 1 + eh~ r . 

h t?l n1c nta in rou 1 2 1~ the nlk li ff :u~th 111 lal, . h JY I 3V a vaJ, n y 
:.~ fi rm cati . ns \1'lith . h r ... + n h ve utl 1 • i ti n 11umb r I f +- in heir 
, 

1mt l1nds. The I 111 nt~ in sr up 2 re: 

• bc-ryll 1un,. 
111 g11csium, M 
,t: Jciutn. . .. 
nron tiu :rn. r 
barium, B 
t d1u1n, R 

I Trend 
rti of rho lent nts in rou _ Jre Jh't ~ in ~ bi . L 

b I o G. Properties or the group 2 el emrents 

Ca ·Sr 

12 20 3B ;a 
24 40 8B 137 

[HeJ ~s:z liN ] 3 2 [Ar] a [~rJ 5 2 [Xej 5l 

1278 64:Q 839 7,SQ 726 
•• , ~ I I I I - • I • • LI I'' T I '. 

Ato.mic' radlttsJtl°m·: 10 .11 0.1 0.20 0.21 0 .22 
----- - -- - -------------

01.031 0.0 S 0.0991 0.11 0.14 

QOO 738 6Q01 548 502 

2680 2196 1740 1 08 1468 

1.6 1.2 1.0 1.0 

lo1nlsatlon energy 
h fi rgc i nisl tion energy i. the 1n r y r qujr d ·to r n1ove one i.?lcctron fi·on1 :.eh 
f . 1LU tonH. or c J"'iun1 it is tb, n r y forth pr c, : 

3( ) --" ..... ~(s) 

ni a ti n n r y for c ]cium i h ner y eh n ~ r: 

(g) -+ ~ li- ( ) -r e .. 



h tht! ~u 111 1 tht: first nd 

h'-' Jl~1 _sforthe r101..1p.:. len1~nts _r hownin b] .1. 

hetrn i for]gs n 1rybh r uir t rn1 v th lctri ins th" r up 
i~ d c n 1 '. 'rh xtr nu1nb r _ pr t n i co1np ns, t d r by th equival 11t 

nun1.be r f e. tr I hu1t: r !iibi ldi 11 Jc tm otu, but he out r s ,elcc: rro11s bee n1 ~ urd r 
tr n1 the nu,I "'US, n1._ king it o, si \t t re1n v \ th tn. r n1 n1 e;n shu11 to c ]ciu n1. 
eh nuc] ar eh r incr s s y ei ht bu th numb r f inn r hi !din · l ctr n 
, l in r by i . ht. h diff r nc i th t the 1 tr ,1 b in r m Vf d in c t iu m 
h. 4s-el ctli n. whh:h is , ~1rth _r rou1 th_ nu_l u th.n th ~s-] , tr I r_nt 1V d 
\

1vh~n n1,3g11eshu11 is i nisod . 

ln th m I ri th~ fir t i ni ti n n r y f th roup ... m t J is 1 r r th n 
thJ_t . f th quiv l nt -roup I 111 .t L hi is bee u th r up .... t m Lu · J u11 n r 
r.,clius t'h. n the s up 1 t1m (TJ,le 6. 2). 

Table G.2 comparison 01 a group 1 and a eroup 2 el9mQnt In tna same pgr1oa 

'· .. ·. - .. :. ,• ,. .. ·- . 
~ •i~~,e,!t,1,~1

lfai~~e _ _ _ 11 12 

10 10 

0.191 0.1 16 

4914 736 

his cau c b eh tht: r up 1 l n , roup - lc1n nts ( xccJ t b ryJ liu en) · h Vt: th 
hys:ic 1 nd h n1ic l prop rti of m, t h. h r c tivicy il1CR1,1st1s 1\Vn th r u 4 

but th re tiviry _ r u1 • I 111 1,n i ] _ ss rh .. _n th t f the r 1.1p 1 1 111 nt in th 
s.1nc period. 

2 met 
• In II th ir n11i un ,, th~ r up' 1n t1I r in th~ +2 . x;i, , 'ti 11 st t. 

AJi,art fron1 bcryHiun1. they are alJ 111 t ls and react t , orn1 p itiv~ jo1ni o hars~ 
_ . Th~lr re, ctivity increas s down the roup bec:uu "J the sunt of th hrst nd 

eLond i ni ti n uersio ecr s :is d wu the group. ma kin, it ea i rt r tn VI.! 

t h c t'1 1 u t r 1 tr n s. 

AU th 

2 3 + 

urn in air. h y r ,e t ~ ith the 1
• y~ n nd rn1 i n ic 

r c n1 1 ,. with ,c: 1, iu n : 

acb t 1n l 

Rea 1ctron wlth ch lorlne 
AU he r1 up 2 le111e1 ts r~ et wh n h t din chl, rh, . P t 1np] : 

I., -41 " I,, .. . 

6 Tb p riodi 't bi ! group 2 (Jopic 4) 



hey ~- rn1 i nk c hlorid . f f ,rn1uJJ M · J 2 ,- hi h i 
soluti n ~ that cont in hyJr te !..: ti ins of for111u I (M (I 2 

M,S l:!(y) + , -4 [M (H:! )tif +(.1q) + 2 - i-( 4) 

lv in \Vat r~ pr uuci.u 
) 6J2+. or ex n1pl~: 

he ho naquam gnesium i n (. i ur .1) ls parti1U de rO'tonated by aol r nt \V3ter 

n1okcul s nd the · luti. 11 b c 111cg sli ghdy acidj : 

[M -(Hl ) 11+( q) + H:! (]) ~ IM (H2 ) ( I )]+(aq) + H3 +( ) 

Re1a1ct1on wrth1 water 
M.1 n siu m r .. et~ I " ly with , 1 ]d \\" t r t t rod~1t . Ji al . lin- iup nsi n of 
magneshn11 hydr xid nd hydro t;11 , s: 

Mg+ 2H,. (1) -4 Mg{ I ):? + 2 

bl: n heJt d 111 ~tean1~ 1nugn s.iun1 burns1 produ ing n1u l1 1 siun1 oxide Jlld 

hydr g U. 

. 8 + l 2 (8) --+ B + 
• J iu1n, stro1nth.u11 11d bJrium nx1ct r pidly \Vith c10Jd 'N t rt produce alk Une 

solutions of th mncta'I hydroxi le a11d bubbles fhy lrogen g[ls - for ex n1pl : 

u(s) + .... H2 (J) ~ ( H)2 (aq) + H 2( ) 

y ur I 
1 Write t11g eQuatlons 1or tne ro11ow1ng reactions: 

n) magnesium and oxygen ) bar1un1 and water c) magnesium and cn1or1ne 

n hydroxid -
· :11roup 2 oxides and hydroxideg .. -re bJses. h iJ cH1Jcta1 orn1uh.u! re NI aud M( H)~. 

Reactfon of the oxJdes1 with water 
M n siun1 oxid~ r cts sl wly t fi rm a li hdy aJk Un u1Sp nsiou I fm g1 siun1 
hydro .. ~ide: 

M (s) + I ~ 

kiuJn rxkl is ca!Jcd quick] h11 • It ,r act v ry a::x thor111i JUy ,vith \V t r to 
forn1 n I Hn uspensi n f c J ium hydr xid : 

(s) + H2 {1)-. )2() ;= 21-r ) + 2 1--( q) 

011idcnJcju111 hydro id is aUcd st1k:1d Jhnl~ and s Jutions ofit ore 1crulcd Hn1c1W3tcr. 

tr ntiun1 nd b_rium o .. k r _ a,t \Vith w r r t f7 1n11 • Jk. Hn ohni n of th 
:l1ydr jd~: 

BJ (1) -,.. l=:l:z (1) -4 D.12+(. q) t- 2 l 1-(aq) 

Re 1actron wfth ac1lds 
h 1 o icl u,d hyd ~ 1d'1s ( th~ rout - n1~tab ~re bJ~eis. h 1·efon~, they rcJ t 

\Vith acid r f rin s'- lt t1cl \ Jt r: 

M {) + 2H+( q) M~+( l]) + l (I) 

M ( 1)1(~) + 2H+( ,q) Ml+( q) 2 2 (1) 

I t+ t•••tt tt••• • • • • f t * 
Th solution becoim acidic 
becauee H30,.. ions ar1e 
fonn d. 

Ho ~20 OH 2+ ' J(1 2 

f H2 
H20 

Fl LII e i 1 The 
hexaaquamagnes1um ~on 



••••••••••• • ••••••• •••••• 
An a n1pho1t 1eric rC))( id I Qf 

hydrOX rde fie BC tar with n 
acid to form im pi c tion 
( 

1.g. Be ) ' nd with a strons 
I ka Ii to form an 101xy- n ion 

1co11t ininS fiour or 1six -OH 
group , 1e,et. B (OH)1 • 

M 1 ne itun .-i,de r~ ,e ts ,vi'th ilut !iU lfuri acid t f-r111 n1· n~siutn Yulti te 
nd ,v~t r: 

kiu n1 hydr1 ocid Ti.!. ts wjth nitric aci 1 i 10Ju tiou t f nn calc::iun1 nitr.ir llnd v 'J ti.:r. 
he i n ic q u ti I n l : 

• N O'te eh at beryUiu 111 o .. ide i8 ru,npl:1 · teri . l,is n1e .ur rh it i 't re cts b th .. s. b s 
~ n 1 a~ l a~ id: 

C (~) ( q) _. B :?+ ( q) .1 (1) 

(s) 2 --(ag) + l:3 · 0) ~ Be(( l _ I) l -( g) 

rout J hydroxiJ. s r et with .. cid in 'th san1e way t , rn1 s lt . AU the r up ] 
h 1droo1 ~id s Tt; \V· 't r-s, Jubic n f rn1 lkaUnt.:, luti n \\'ith hi b p . Aqu , u 

'ium hydr ,,. id r ,et ,vith di1ut n1 Jfuri id. ,cor1 ing t th' qu ti n: 

4(uq) ~ Na2 4(3q) + 2H2 (J) 

rb t1 H .. i,d~ i an ,~c i i k1~ . Tt r ,1 ts ,vith the b.H l 1C I iu 11\ hyd id c torm 
d1e alt. c-lciun, c rbonat ~ n , \Vat ·r. kiu1u rbon te · in lu1 ,I and J r · 

:i n1ilky r ci itJt . hi r, ction · 'th te t f r c bon di xi 

Hl (1) 

[ . rbon di xidci is passe'd int10 l su,p n. ion or J le iu 111 c.irbon:it~ ~ tb 1ni I kin.e£ts 
lowly . le:i r g th o]ubl acid alr, ti k iun1 hydr ..: lll.:arb I at , i& t rn1 d: 

lciun hy ro ~t,c rb i t i~ g luble i 11 ter. hl'r~ s r.: ll:iun1 c:irbon te 
is i us lu ble. his is t h b ~uh f a test t, 1 di t i 11 u ish between a cur bon tc.1 and , 
hydros nc rb n t f r up, l tn t~tl. A Juti n of th t t sub t nc~ is ll d t 

olution f ~ h:iun1 chlorid . l thf 11b&t 11 rbon _t ~ wbi l r ,ipit. t f 
c l.ciun1 c :.1 rb ,natr j s ~c n. l f the tes't su bst nee is 'hydr geJ1c .. rl I nate~ no l',r iritat 
f nn unri1 eh~ n1L~tur i.a h ~t d. h hydrog, t "'arb nff iong de oinpog ~ fon11h1 
, rb 11 t i n . C r, t1 di1 i1 nd \\tat r: 

he carbrana ta ions then rt; ac cl itb thQ c a lciu n1 j 

, Jciu 111 c rb n,n : 
nn ~1recipi'tatl' h1s 1ublc 

write 1on1c equations ror tho react1on 1 oT so11e1 Dar1um ox1ae and: 
a) nitric c1a ) water 

6 Tb p riodi 't bi ! group 2 (Jopic 4) 



olu 
nd 

- h solubility· f group 2 hydr ,·i • S l'll'CYCtU :S \Vn th 

M sn" iunl hy r, I i ii 'V ry He;hd)r s Jubl I 

I 1, ]Ulll hyJt·oxi i1 ~lishdy solub] . 
trontium nd b riun1 hydr xide ar~ mor lu ,fo. 

T b 1 • J so1u1,1 nty or group 2 nya roxlaes 

0.0002 

10.6, 

0.015 

12.5 

h soJubil ity : the su 1 at s ,dt't1,e,ucs d ,,vn th gr u : 

Ml,; , n iun1 ulfatc is very s 1ubfo. 
kiu111 sulf t is sH htly 10Jub,fo . 

• rroutiu 111 n1 lfat is very Ii hdy so'l~1 bi . 
B riun1 ;u lfa t ia ins ]u'bl . 

- -
.. - t I 

s.rUl.1:02 ·: 
0.083 

13.2 

- -

B~(~.:~.)2 

0.15j, 

13.5 

riu n1 i na in oluti n :i r hi hl)'· pois 11 us~ h w v r, bariu 111 u U1 t is s huolub] 
th t it l . s~s u na ffi et. ~d rhrou b th hn1 nrary c:a 11., 1. 1 his h kd to its ~H in 
hospitals.. A p~ut~ of bJriu111 sulfiH~ is f,aten ('bririum 111e.1l ') nd~ at Vlr i, u~ thues. 
the tient is - rayed. he prosreu of the b~ riun1 sulf: tc throu h th .. di c stivo tr.: ,et 
i er t 1 t n .1ny bs'truccion n. B riun c 11 p u1 ru re p, ,qu t -r y 
b ,,. u c b· riun1 h~ & 1 v ry hi. h t ucl r eh r . ,. 

n dding s ]urion of s.o iiu11 sul filte ,{or ny solution c nt ining ~u'I fiu i n • such 
as dilut sulturic . ..: id) ro • s luriut1 ot'" cn1ciun1 ~ st1 outiut11 a ud , riu 1 1 c imp und!i~ ~ 
,vhite l r ci it te f n i11s 1 lub! !iU lfat i produc d. 

he i nic equation~ r th_ reaction f bariu1n -hlorid_ soluti, n ,vith 1odi1nn suit te 
sol.u tion 1s: 

·1~+( ) + ." 4l-( q) ......+ B . ~(s) 

hh: r 3 f 11 is L-Uc as • t st .. ,r su lt~rtes. i'lu tm hy,d ro h l 1ri cid. t d tbc, 11 'b,3 riu 1n 
chloride solution 3r ~uJded t the uukno,vu s luti.on. A \\•hit pr,t:H.:ipitate c,ontirnu 
th '.l pr,eg n t u]fate i n in th oluti · n. 

Tt1ermal t · bility of group 1 nd rou 2 
nit rates an c rbonate 

h~r,n~l stability d-.;p nc.'h u n the polJd ins p,01 er f rh catj n~ which i& 
t rn1i11 d by its eh r, c den ity. Th l r hl r c ,i.lnd the n1JUor the r dius, 

h gr t r is h eh r d ns1ty (T. 'bl · tnp u nd nt i nin .. ti ns 
th r str ngly ol ri o th ni n Jr mor n1po d th n th s' i.: rith less 
I 1J rising ti n . 

Ba1r1um carbonate Is 
also very I nsoiubla. but 
It cannot be usea as a 

I -Dar1um me,al\ Decaus 
It WOUIO react w Ith the 
hydrochloMc aclCI In the 
stomacn ano re10ase1 
po Jsono U SOI UDIS1 

barium Ion . 

Barium su1ratA ls so 
! nso luble that when d II ute1 
sunu n c c1e1 I added to a 
pte,ce of barium metal, the 
reaction stops, almost at 
onco. llle I nltl al reaction 
causes a I ayer or 1nso! uD 1e 
oarrnm sunat to Torm on 
tne surtac e ot the metal. 
This layer prevents rurther 
ac1a rrom re,acn1ng tne 
unreacted metal. 

Therm I t bility of group 1 nd croup 2 nitr t · 



I 
Pol arls atlo n occur , when 
a poslt1 va I on attracts the 
o lectrons or a negait1ve 
ion. ell torung tne 
negauve Ion, 

T ble .4 Pola~slng power 01 group 1 and group 2 cations 

Li+ 0.074 ,l 

IN + 0.102 Mg:t+ 0.072 Polarising 

K+ 0.138 Ca2+ 0 .100 pcwer 

Srl.., 0.113 d c~ ese 

Polari&intS power increases -+o 

I, 19 111~ .1ns 'th~1 ·• i 11 b rh . rou1 ~ 1 L nd 2, the asc on1posi'tion d r Ls 
du~ r1 u . hls i. b calLe1 the iot1i . r· diu h1crti eg d ,vn th.e I ou1 ~ r ducin 

J risin \V r f rh ~ ti n. 

The i ns I f rh fier up 2 1on1 nt ha,ve L h r f 2+. " n1p. r d wi h J h.lrgc f 
I or the . rou , 1 ~ie11ent . he , ~ up 2 iot1s ah h. v n1aUer i uic ra ·us 'th. 11 
th~ gr1 up I jons. her f r . srou 2 ,1..;ations r~ L I tuid · IJ bly n1 f(l ol rising h:in 

r up J. c ti 11 n rou1 2 c 111p und re l t bJ to he t nd c 111p 

sily. 

fllt of rou J nllr t 
he tin . H '\ 'e t? r, lithiU11 nitr. te 

n. .,,.,.,_.. ........ i visihl a br f\Vt ~i : 

4LiN + 4N ::z + l 

h m Ur, , iu of th tithiun1 i . in c 1 use it t h v nsi Y~ which 
-- N bonds i 11 th nitr t ion s1..dnci( ntly t b:r . k the 111 u1d ~ rm 

Th r111al t blllt of oup nit 

] r, to xr nt. Th r f r , n 
iv an oxide. Vi ry tr n he ting 
vin 1n It n nitrit th t c nt ius 

hl" nitrat j ll in , gr 1Up 2 n hrare h, su ffh: fondy pol. rist?d by rh 3+ ~ ti 11 to rL?!iU It 
iu thern1a1 d co111p siti n by tht! s. 11.1 puthv.,ray s Htbi.un1 nitr. tc. 

n h a th ~ r up 2 ni tr t e . n1p o s t th n, t '.I · id ~ ni tr · t di .. ,. i t.: 

nd y n. r b J t Ill f erature t \Vhich th nnaJ CC 1m[1 1 itir n OC1CLlf 1S l W t 

f r b 1 ry1Uum nitrate Llnd hi heit · r bariun1 nitn1te v hich requires cry str ns 
h tiu bctor r \Vll ti.1 111 f t itr tUl di .. idc re CU . Th qu ti n for th 
d C Ul[ 1 itii n of nl 11e ium nitr C l : 

· 4NC 
l 

6 Tb p riodi 't bi ! group 2 (Jopic 4 ) 



carbonates, 
11 rn, I lllty f group 1 c rb n t 
nly lithiu111 c r n tc d ,c n1p , ~vhcn h [ d. hi S is b C U t h rt- C t i J i ~ 

,,. ry un 11 nd p, ,J ris th . ind in th · .,_ i n suffi,ci ntly £ r it r I br k 
t9. .,_ ,i 

an 1orn1 . n ·.. 1 n: 

Li., + -
- h~ th r r up J , iti ns b~1v, I r er r.1,ji. - h r f f "'. their p J. risin p ,v r i n t 

. uffici nt co 1usci de, 111~,1 siti n ot th 1uhy,ltm1s c.1rb n1.it s. 

ou p 2 c rbonat 
c mpo ,n b tin . d . on1position 
u ti n f r th dee 1111 , iti.on 1of Jciu111 r::~ rb n t , 

B riun1 , . rbon .t f quir, Si v ry e.tron h atin bof re it is d con1posed. 

ur elf 

) Place the f'ollowlng Ion In order or decrea Ing polarlslng power: 
Na+, Mg2+. ca2+ 

) wnlch or t1,e nltrat - or tnese tons wm De the easiest to Chlcomposo? 

Experrments to stud1y thermal diecomposltlon 
h r J tive c f d mE iti n f . r u .... c rb n t s r nicr c s , u , tudi d 

i'./ eh ,fi U ,vin xp rin1 nt: 

P11c tbf s.un 1 ant LnU of ~.1, h ~rbouJ.tr.:e ( r nitr~re) in a s 1 rj of Ji:ird slJ & 

t st tub . 
ix delivery tu be t, 1 the c t tub and ,cl mp in a sr nd, in i ur~ ..... 

Light th , Bun en nd n1 sun: th tin1, . k n f r th g v 1]v tl t r h th 
m r n tb tc t tub in th \Vat r b th. 

• pe t v jrh the n1 tn u nt (iu nt les) f th ren1 :iin h c nrb n t . You n1Lut 
n1 k su r rh t the utu n flan1 j th s~ n1 ~ n, th th istan b t,v n the 
lluns n Jnd rh . h. rd I ~s t st tub is th , n1 in · n ,. 4 pcrhn n 't • 

Mark 

h gr · up 2 car' onJ.t th r I u h~ tju , , 1Hs the tc t tube tbf' fJ t s is the one th E 

,. rh Qi ~r t, , d co1npos . 

If 

Rem em oer that tne 
easg or decomposttlon 
depeno on the cnarge 
Clensity 01 tne c atJon. 
Ion " witn a low cnarse 
Clen slty. s uc n as, B a2 + or 
K+ ~ rorm carbon a~s that 
are stable to hie t ions 
w Ith a1 nigh charge density. 
such as Mg2"' 01r u+, rorm 
carbonates that are easHy 
cte,com posao. 

... , ..... , ~ ..••.....•...... 
As a control~ a teEit tub 
c. n b_ heated. Th ir in it 
wil I expand nd on, 1 ga 
wil I be colt cted 1over the 
water bath. 

FI llf .2 Heating JOUp 2 
caroonate (Hazard: suck b cK 
Is posslble) 

Th rm I t bility of group 1 nd croup 2 nitr t · 



Magna lum salts do not 
give a colour to a name. 

iCe1Jo,n 
Lithium 

Ffam colour: 
Crim n 

,ce1Ao,n 
Strontium 

F',ame cclour: 
R d 

nd group 2 
AU con1 ounds of th rou , I cl n1ent ~r, i. lublc in ,v:1t1M·, i1s r 1 n1 ny co111pounds 
, f ~ 1..111 2 I n1 nt . h r fi r • the i '_ ntity of th c ti c. n n t 1..uu U r b toctod 
by pre- iphati n 1: ~ction. H \Vever, .1p,.1rt fron1 1n .. gnc siun1. they nll lour 
But111 n A n1 . 

The flame test 
irst rhn c 1n1 ~ und h ~ t be r: nvt:rC d into ~ chlorid bl!caus~ cblorid g re n1or 

v hnil1: th -n th r ypt=s f c n1p und. he pr c du is a ~ 1l v s: 

• kci pl. tinum or nichron1 ,vi r r ~pt:ci Uy n1ark tcd ff 1ne 't st r . l u,lf 
us sp tu I or a \"il1 odc,n pH nt. 

heck rh. _'t it is ,ck u by dipping rh ,vii in raon1 c, n ~nrr red hydr dilol'ic: cid 
on \-VJtch gLss nd thet1 p] cin it iu th hottest t ~ltt t Bunsen fl n1c. "'fhe 
.fl:1111 h u 1d u t be colou l' d. l :fit is r pe.u tbc tr uu nt u nri1 th a n1e ls not 
,col ur . 

• 11c in1 dip th~ ,vin".; in onc:cntr t d hydr,ochlod, ~1,cid :.1ni tb n into 1n 

of th~ s:,oHd u ndcr test. 
1 ,c bj in th h tt t rt of 'th, Ji 111 n s rv th 1 coJour f tb 1 fl n1 . 

h c I LIT f d1 , fl. 1-u identifi the u.tiou pr .... se nt ( i u r 1 . ~). 

cat~an 
ca1c111m 

Rema co11ou,~ 
Yellow•red 
( brick-red) 

CaUQn 
Potaaslum 

A am& CCUCI ur: 
LIiac 

Cat~on 
Odium 

Ram& colo u ,: 
Yellow 

1Cation 
R rlutn 

~Jam cajo u r: 
P le green 
( ppt .. gm n) 

FI uro .3 Flame test colour (Hazard: concentrated hydrochloric acid ts harmful) 

6 Tb p riodi 't bi ! group 2 (Jopic 4) 



Expl n Ion of fl 111 colour 
h 1 R m co1 ,u r i th r su h f th 11 t ,,,;sJ,111 of colou r cl lisht. 

he heat t rt y or eh~ A"' n'\e i b~om bed and pron1otes ~ui e],Jctr n jnto n c. cit 
gt~ t . hL n1 1an th t th, l tr n is n 't in th, J , e~t v il bfo rbitl1J., but in a 
high r on . his t:Xchc . st t i not st bJ , s th le tron I rops ·wn to th roun 
9t t (th lo,,rc st v. ilabl n r y l v I). h n rgy rf I d i ivcn l If in th fonu 
of vi~ihlc Ught ( iigur 6.4) . _ h_ sa b ~twtcn the n rgy 1~v ls in dL r nt 3d n 

t tbo s 111~~ so th n1ou nt f n r y. ,u1 h~nc , r'ho c 11, ur of th Ii ht c111itt d. 
fr n, len1 nt t l n1 nt. 

H t n rgy In Light n rgy out 
~ 

FI LHO .4 e1ectron1c transitions, on naatlns In a ,name 

our 
A whit solld gav a mac colour In a flama t t and gave orr co1our1e , g,a 
t11at lgntt d a glowing spllnt w1,en strongly he t d. ldentlry th . olld and write 
the equation ror Its d9compo ltlon. 

m k 
. pt1in ,vhy: 

t'h sun, the first and 5(J 1nd iot1i. ilti n ~n r ies f the et 111 uts deer 9es do n 
, roup 2 
'th ~ r ctivity of ho , 1 111cnt1 in.er a :is d v n roup 2 

qu. tions 6 r the re _ tions , f: 

th rou1 2 111 ta] \ rith y n _ \ ith hJ rin 
th roup 2 xi hydr i . s ,vich ,v r r n \\"ith 

M k ur rh t y u an: 

1tat1; ho\V 'th~ I lut ,ility f th~ gr U 2 hydr .'id 111 

roup 
tate n . rt h th h 11 e1

• f thern1 ( t bi1ity ' th ir nitr t S 11 

crib h ,v a t1 111 t'2st i c. rri ut nd x1] in tb ri in f th 

,nd g r,ou,p 2 



I Qu 
i fin th term I r t i Ii . U 1 n n r 

Writ 11 qu~ti n th'" t _ pr . n~ th first 
i nis. ti n of c. I ium. 

2 lain why tho tir~t ionis 't\ 11 eu r ies 
e d 1 r u - fr 111 b ryllium t 

b rium. 

E. l1in v by he tirH i ni :1tion c ner of 
· 11 hn11 is rcat r thiln th.._u f], t~ &&h1n1. 

4 .. _ t in why th ro i bi ·. ju n1p b t w _ n 

th~ econd ud third ioui ati1 n ent.: rg I g for 
mnJsne ilun. 

~ tat . nd xp! in th tf nd in th th rn1al 
stability f" the roup I nitn1t . 

CJ he 1 11npo~1tion by n1as~ ot bariun1 

,und is: iwn 1. i "lti; xy n 1 . ~f1. 
J ul tb enl'piric l ~ rn1u] 1 hi 

1c n1p und. 

6 Tb p riodic 't bi ! group 2 (Jopic 4) 

) h n1ol r n1 s of thi m I und i 
1 b .. - n1 1- 1• ( .. alcul t it 111 1 ] , ul r 

.. rn _u I . 

7 a) t te wh 't is b rved when 'tr ntiLun 
nitr t i h ated. 

) Writ th · qt1 ti1 n for the th rm I 
d on1p siti n ot. strontium nitrate. 

) ak u l t rh~ vol un1 l1 of ff rod u L: d 
\ h n 2. J 2 f tr ntiu1n nitrat is he t d. 

sum th· t, un j r th nditi ns f th 
peirimt'nt~ I n1ol ot ~1 o --up1i ~ 24. dn1'. 

,.. ~ p I run \vhy nu1 nesj un1 r~ 11 "' re 
clcc1 n1p c at . lo r t m rature th n 
ca1ciun1 ,,J rbon t . 

Q _ xp,lain why 1C ]ciurn nd s'trontiurn 
on1p unds ,giv~ ditf r~nt LOI urs ~ . flan1e. 



mp i u 
1 o) he 1no. t . 1obrisin n!il bc1 \l is: 

MPt + f+ 
B ~ · Bl+ 

) i) Writ th~ qu ti n r th , 
d _ on1positi n of bariun, nitrat . 

ii) xplain why n1asnesiu u1 nitra to 
deco1n oscs a'r u l t:r tcn1pen1tu1-c 
th~ n dium nitn te. 

iii) Whi h rikcs eh~ I ngcst t p_ 1du 
bt ~-n un s on he~tin ,~ 

Mg(N 3)2 r(N 3)2 
{., (N 3),2 (N . 3)1 

i'v) W hi h is the uly f,; up l nitn1t 

I 

( l) 

(~) 

( .. ) 

(t ) 

th3t produces br un1ei ·whcin it is 
hu Jtod st n ly? 

LiN 3 

N N 3 

N 3 

RbN 3 (1) 
r h1l ? 111 r ) 

2 o) roup 2 carbon t d eo1npose \Vhen 
he tcd. 

Write th quadcn r tl1 
.. 
l 

d c 111p si'ti n of calciun1 carbon:ite. {1) 
ii) :wscribe a crin1~ nt that \\ u Id 

ah \-i,r the relativ f -e, n1p ing 
th c rbon·it s f the ul, 2 m tals 
n1a~nes.iun1 t 1 b riun1. (3) 

iH '. tJ't td e. plain the mn<l in d1crtnal 
tability ot th , r up ... Cllrbo11ate, fron1 

m_ n s.iu111 to b rium. ( ') 
b) i) B th c: .. 1cit..11n and st1 nriu 111 1-c~Lt witb 

hydr chl rir jd. x lain wby iea1 iun1 
i less t...: ti , 1 th~n 'tt ntiw11. (2) 

ii) M ta Ilic , kiL1n1 Jnd 111 tlUic scrontiu n1 
h~ c the sam fitc~ -c ntr d ,cubh. 
strL1c ture. .. 1 in "'by· the m lting 
t mp ,r tur f alc:h.1111 i high r than 
h.1t f 5tr nth.nn. (:?) 

rratnil 11 n n1rk ) 

n J of the in r di, nts of 1 1n ,nt is b Htc. 
which i a mixture I f c lciln11 id nd sili n 
di xid . 
) A ~nupJ 1- f b lit · f nl.-us .~4 w.u 1nixt!d 

,; rith 5 . cml f solution f hy chi 1ric 
cid f concenttatio11 2. moJ dn,-3 n 

l tl u 1:1 t1 I tbt: r ::1 k • ti n w .u 1n1 J "t . ha 
unre c tc d ilk: 1Jl di ., i If 1 J fiJt red 
Jt1d th lu ti n c nt. inb1 th xc~ss 
hy r I hl ri. a i n th hi~ 
v _ rt? n1Ld t1p t 1 250 m1. h cxc s~ 
hydr hi ri - id in 25. Cl'l13 port11 1u 
\W~ titrac d · B insr ( . I non10J dn,-l odiun, 
hydl} xide s 1lud n. b n1e n titr \VJJS 
- I. CJ'nl. 

j) Write 1u tions for [he re3ction 
c~ciLu11 oxid ith hydr Lhl ri 

cid nd f s dium hydro id \vith 
hydr hi, ric ;ici - . 

ii) Us y, u 1· a n~\v,~ra t i) . ·11 thr dL tJ 

( .... ) 

to ~aJc:ulate the p re~ nr.i I or 1c:aJciun1 
oxide in tho an1pl f b Hte. (7) 

b) .. xpJ in \\'hy c- 1 iun1, n I rr .. ntiun1 
~ n,r und11 giv di' UL nr olours ti 1 

a tl 111 . (3,) 
rr tnl 12 111nrk. ) 

Exam practice que1tlon1 
1 



Mako sur that you know 
tns col our a1nd phy l cal 
states or c:n1or1ns. brom!ne 
a na 1oa1 n e. mey are orten 
asked tor. 

up 7 

The l1alo 
c lJ th h I g n . his ,v1 r i riv fr 111 th 

• fiuorln ~ ' 
1chl1 rin I l 

1r 1 .in>~ r 
• i dine. I 

st tin • t 

n r ,c ,,,.rith n1 t I. t torm sa It . 

A t tin i r i a tiv 1 1n nt \Vith h I f-li ~ B. h ur~. 

P1hys[ca,l properties of halogen 
.At r n1 1np r tu r 
v t ,! til fun, ine; liqui 

n pr sure fluorin hJorin r a g, bran in is 
i d iodin is a U th t ublhne I n h atin . 

h n1e ]tin n incr ~s ~r n flu riu t 

i din . his h ec use the num. er f lcctr ns in the n11 I ule iucre ..ie ( ble 7.1) 
cau in h str n th th nd n int rn1 l cular f4 r~ . t in r 

Ille 7.1 Physlcal properties or the nalo,gs,ns 

I I • 4 

--------

,, il.~n.r~)i~ijiu~nrn1!' 

Pale llow 
gas 

tH ]' 2s2 2p5 

0.07 

0.14 

1G80 

-348 

4.0 

Greenish ga 

[N ] 3s:z 3p5 

0.10 

0.18 

1260 

-364 

3.0 

"~e·r:omf n$·, ·I 

I I 

Brown liquid 

{ArJ 3cfl0 

4,52 4ps 

0.11 

0.20 

1140 

-342 

2.8 

~ t Jo.d ne. _ _ , 
I 0. 

Dark greybt ck 
sol id which fom, 

violet vapour 

[KrJ 4tfl0 6s.:z Sp6 

0.13 

0.22 

1010 

-3,14 

2.5 

1 Tb p riodic "t bi ! group 7 (Jopic 4) 



Col u of elution 
hlori11c1 n bron1in r" t~1irJy s lubl in ,v. t r. A .uc u ,]ution { f chl rin 

Lind bro111 in~ u re cLd le hJorin \V ·t r and brorn in \V'ater1 r ~P ctiv "]y. hJorit1 
w tcr i~ pale grcc11 nd b.ro111ine water i 1oranse; . 

I in is , nly ry sH htly olub] it , at r. - luti n r p 1 ro~,rn. uni s 
p t siun1 i1 1Ji i pr nt. in ·~ hi h c s h s ,luti n i p I r wn-r d. his 

l ur ii. du t th · 1.,- ion: 

I 2(~q) + 1-(nq) --+ I J -(flq) 

H h h l lu I 

c nt:iinin 

A goluti t 

I Trend in grou 7 

Flrst 1on1satl 1on energy 

r nic 1v nt such a tri hl r n1 than 
h x n i d d t n qu ou lution 
n is c nc ~ntr t d 1n th~ Ol'E(._ nic l:iy r. 

J, hrst ionis ti I ncr . ot th ha1. ns ere c1s d v t1 the roup. ·r·l~ nucl r 
charp;e in r s! ut th \ nu1n r f inn r hi I in, el er n incr ~ y eh.. n1e 
an1 unt. h tf ctiv nucl r h rg ther {4 r uly lt r n hdy. but tht? maj r 

n ir th cban~ i tb t th aton1i r~diu incr L es , 5: n v,,r s.h Ii& r ad , s 
the out rnio r e1 3 Ctrons bceu1ne les~ st · n .ly h~]d. hi s is \vhy. ron, tluorine to 

i din ~ th 1r"t i t i t1 n Ener . y d r s. 

Flrst ele1ct ro1n af~tnrty 
n q,y i rel ased ·when l nc tiv l tr n J br u ht fr n1 utsid eh 

th positiv nu I u & _nd int the out r I rbit. h trcn is , 
:\1 tr n J flu1 i'ty 1J ,vn the r u1 . his is ~ a Lu tl1 c 1 tr n is 1, t hro1..1 ht Lu lose 
t , ·rh~ nucleus in J r tonts & lt ig hi ,n1aH r ,Jtoin s. he,ref t:, 1 5 et ergy is re] ased 
whon .a forge oto111 gains an lectr 1:1 th n 'IJ hen J sin n :1r :it 111 B:iins u electron. 

lu ril1 is n er c ption. 1 hi!~ i& b' . us :\ th~ at 111 fa s s111 ti l I th t the rcpul ion h t~ ' n 
the i nc o 111 u:1 lee tl:o u ~1 nd the s~ v n e] -.: rrot1S i t1 tht? , cond 1bci'U redu ~ a th c c n r, y 
HI r._ cd b1~ rl,e 'rtra tion b tW n th i ncon1 in lectr, n and the nucJeu s. 

El1ectro1nega1trvrty 
t t 1 1. t I i I cc L' d ~ n th r u 

i. l g tcr ti n by the t 111, nu .1 us f 1r the b 
c 1, ctr n 8 tiv t 111ont in th 1~ d di1 t. bfr . 

Reactivity 

the t m n1e l r r n th re 
]eic tr ns. lu rin i th n1 t 

All rh _ el n1 nts hav high v h . .1 s t cl tron s"1ti ity _ nd iO they r. dHy , 
cl ctr n t fi rn1in8 11 tiv i n . Thi Jin of 'I ctr n is Ii du ti n nd 

r 11 . idi in U
1 enr-. 

- 2 

\Vb 1rc tepr-- ~nts ~ h log ft 

h r sulr f th dt::rcT in 1 ctr n L tivity ~ n in r SE: in i th 
re c.: ti ~ity f tho h l, ~11$ s o .. idhiin 1 e11ts drtrc,,se de1wn th~ r up. 

y rn1 
1 t on a 1v1t Is 

defined as the ablHty or an 
el9ment to draw a pair of 
bonding electrons towards 
1tselt. 



FI me 7.1 

' .,,,,, ,., •• +,,,,, •• 
Hydrated alun1inium1 

ur If 
) oen ne u, - tern, e1 ~ ctroneg 11w1ty. 

l) wn1cn Is tne n10 t electron gat1ve or c111or1n- ~ Dron,1n , nd 1oa1n ? 

I ondin 
lo 1n11c !bon1dlng 

ni ,ns ·with u 1,...., eh r · . This is bee 1.:1 th y H h3v hi h 

Bon cl In 
;roup I 

dh1gran1 

Bonclln ,1t1 lun1lnlun1 ( · ou1 3) 

n1 . c~pt n el.e tron, rh k~ctron 

r e ' me l I th~ I t- n - r ~ 
1 u r 7. l. 

lu1niniu111 ffu rid , Ar 3~ i i nJc~ but nhy1 r u lu1niniunl eh] rid is I v J nt. 

Anhydr us alun1iniLu11 hl ride sublintes on head n . dltic:h1g , a eou tti J~ uJ 
if" torn1uJ Al:! J6 ,vhi,ch. at hi -h r t~tn craturoi, d c n1 1S t1 Al 13 n1 Jecu l s. [n 

chlorid , AICl3•1SH20. is ionic. 

th dilncr. thi.= tv Al JJ unit re join I y t\V I • tiv~ cov l nt b n . ,h b in 
fr . m y chl rin at 111 h1 1 ne Al 13 1 ,1 cnl to th l111niniun1 t 1n h th , th r 
111 ]ecu1e. [n this, .. ry. th outi:'r orbit f l,od1 .. ilurniniun, L' torn c nt hu n oct t of 

lcctr it ( i u r 7.2). 

The alumlnlum atom In covalent AICJ3 h1as only six electrons In Its outer orbit (Its own three plus 
on,e trom eacn covalent DDnCI). A Iona pa1rrrom a cn1onna atom 1n me otn~u AICl3 motecme r1offlls a 
ctauv cov ent Dono us1ns an empty 3p omttal or the alUmlnl um. . a r urt, tne al um1 mum now na 
,our pairs or electrons m It outer orDlt. r11 · re1rore, tne rour cn1onn atoms are arrangea tetrane,araHy 
around e1acn a1um11n1 um. Tlhere are1 no bonds be1tween the two a1um1n1um atoms, - drawing a bond 
here ls a very common error In AS and A-level answers. 

coval1ent bonding 
he h:ilosens onn pal. r ieov .. J~nt bond with :i!n1ost all non-1nrtaJs. 

luorinc ia the, 111 st lcctr u '3'tiv f 1H the , l n1ents au s is J\vay; in the - I 
oxid ion st t in con1 · unc . 

hl1 rin is n1 r cl c rr n tiv rh n n th r 1cm nts x · I t l< r flu rh1 nd 
o yg n. I u ,c n1 1.1nds it is in the, I oxid. tion st. te .. . ~ r fron1 ,vh n it ia b nd_ d 
t i 'Au rine r x. gen. 

h h 1 ens. th r th n fluor n , h v n1pty d r it l i11 th v l 11c sh U. r 
x n1pL, chJo,rine h . fiv~ _n1pty Eid rbit ls: . h re or_" n or n1ore of th_ JJJ 
l~ct1 on . n b~ pr1 n1or'1 i into thcs ner ~tic Uy sirnifor uu rgy 1 v Is. his enll I 

, hl rin t f r111 1nor tJ n , n , oval 11t b n ( i ur 7.~). 

1 Tb p riodi "t bi ! group 7 (Jopic 4) 



3d00D0D 
lp [iJ [IlJ DJ 

3d0JDJD0D 
lp[IJDJDJ 

! 3s [i] 3.S [i] 
LU 

G1rcund state -
one unpaired eleetiron 

Prom cted state -
five u np a I red electrons 

FI Luo 7. · Electron promouon IJeTore bonalng 

This nly h pp n lVh n the tr b nd , n r.irgy rel s d co111p ns.at · r th nc r y 
require to E Ji 111otc- th e2lcc tr ns_ i. . wh n it i& 'bond d ti • sn1 ll a1ectr n ative 
~l't n1 guch e o. y '-!n: 

h1 rin or1ns ,hloric (1) id (hy chi r u ci ) f:I 1. nd eh I r t (t) s ]t • 

which c ntL h th l - i, n. In tb 'ls:e i ns~ hlorin is in the + 1 i ti n st t . 

l,Jorin "1lso forn1s , hlor. (v) salts. ,vlli h c:ontL iu th I· ).1- ion. h1 1,~so ions rhe 
~hi rin~ is h1 the +5 oxicfation stL1te. Tht: re are hve o . 3-lent b nds b t,v en hl rin 
nd the thre . 1~ "ll atoms ~, doubl onds 11 n sin le nd ( i ur , 7.4). 

I r n-iin~ :in iodin furn1 simi L r saJts in ,vhi h they arc in the +1 .. nd 5 o id~1tion 
St3.t S. 

IR 
he reactivity h lop;etu d Lfcas d wu th r, u~1. ( 11 ,ers, ly"' the 

r cUvity of m, ny f th i r con1.pound tucr as,rs d1 , n the r up.) 
h hl lo ns ~ r o .. ~id L 111B, e; nts and can r rnov ·i t1 lt;! tm n fr n, mnany ~ubitances. 
h ion k ha ]J- 'llU.ltion ~ r eh l rine? ctiu g an oxidjsin 1.: nt is: 

l + ' ... ., 1-
2 - -+ -

h , xi ising ver ns de~re & d '\vtl th 

Rea:ctlons with solutions of other haUdes 
A ha loaon ,vilJ displ G · l ss rcactiv h 1 en fr n1 on I fits s ]t : 

~ be11 bl rill i bubbL into _ s 111.ttion of p ta sii.,1n1 br n1i ~ the blorin~ 
1ox idi, g rhc 'br 111id i n!i. T'he solu:ti 11 turns om:un t! .a rhe bron1 jn is Hb I at 1 d: 

J1(s} + 2Br-(1q) -+ Br3(aq) + 2 J- ( q) 

Th~ chlorine n1olecu.l in tvv, o'lectr n& , ne fron, ~ eh br n1id 1, n. The 
process c n b d scri, hJlf u ti n : 

M r ... ( q) r!!( ) + 2 -

1,,t + 2 - _. 2 1- c~ ) .. 
hl riu h.~,t1 cs ~odine fron1 iodi ' ) , tcn 11,1·in9; dark gr~y pr ,ci itar f 

iodi11c: 

1 .. ( ) + :n- (.1q)-+ 12(~) + _ r ~(Jq) 

Br min also displ ~ s i ine fr m iodid 

13r.,(~ ) + 21- (aq) lJ( ) + ~Br- (aq) 

.. .. 

o?\\ c-
o 

FI lll 7.4 

11 
Tne colour 101 the 
released halogen can 
be made more1 vlslble 
by aadl ng an o rganl c 
solvent such as hexane 
or t~ eh lorometh a na. 
Halogens .are morg soluble 

I 
In tne organic solvent than 
In water and so the colour 
I'S, concentrated In tne 
solvent. B roml ne forms a 
deep ora na co 1ou r nd 
I odlne an Intense vlolet 
colour. 

R .acUon of till h logen 



I 
This Is an example o·r 
a dlsp roportlo n atlon 

I reaction. The cmor1ne (Cl2)1 

tarts 1n tne zero ox1e1at1on 
state anel I I redu c a to -1 
~n the Cl .. lo n and oxldl ed 
to +1 In cn1o~c(11) acid, 
HOCI. A slngle speolos. 
chlorlne. Is slmultaneous,ly 
oxld 1sed sn d reduced. 

..... , , .. , .••....•.... 
Fluorin rea et irrev rsi bly 
with wat-er to f1orm hydrog n 
fluoride nd oxygen. 

he~ di 1 ,c n 'U!lU re1 
- ri 11~ h V..' the r sit entY I f 

1chl 1rin t hi rin~ dispJa1~ s ( xidhea) r n1ine r1 ,n1 r n1ido , , is 
str u r nt. i ·wis • br n1i11 oxi · ~ i . did i n t iodine. 

bron1i n ~ is . nton.11 p w "r u.1 1xidising ,St: nt than i dine. lodin doei not react wi'rh 
br n1id 2 &~ n r do s bron1 in r act , 'i th chJ ri<l~,. 

Reaction w·lth metalls 
n he tin , m ·t ls r~"-ct '\Vith hal1 g:1n t 11- 1rn1 l B 

th 1 id ti n st t . 1 ,r x n1 1 ~ Jll th h lo n& r 
2 n1 t. 1 t 1 n n i n i h ., Bd 

~ N .1 + 2 12 ~ N ~r I 

M + f., -+ M 1., .. .. 

h which the h 1 en is in 
. t ,; ith th sr ll l n . 

- ,v v r~ ,Nith n1 t b. ,vith ~ ri I Je ·v J n -y, ~uch s ir1 n~ chl rin 
ir n(rn) 1 hJ ri i : 

·s s it t 

' 13 
h 1 s 1w rful 1xidi h. · nt io .in h s it uly t i r n(n) 

Reactlo,n wltih water 
hl 1rine r act~ r v tsihly with \\f ter ro nn n .. cidk solution containin 

hydrocb]oric aoid ::n1d the weak , cid. chloric(1) acjd. he olut1on i cidk be1c~use 
the hydroch] ric . id i tot Uy ioui e d int l '" nd 'I i n : 

12( ) + l (1) ? f +(.1q) + 1- (1q) + 1 (~ ~1) 

h1. rinlL hi.s ills 1. 1uy btict rL1 th· t 1uJy b 
rn cbl rin r n1 ns il s luti n n s ',l Ht kil1 ny u s 1quent 

intr · u ri n f b c ri . Un fe I rinkin. \V,' t r in un v l p c untri c lH s 
l rg loss I f Ii f sp ci Uy f hildr n. 
l ron i uc re cti in ~ shni b1 . ,:,y~ bur t'hi:? position of Ul]U Hihdu 111 1i · n1ore t the 
left: 

• Jodin · not r n,ct v ith v 

Rea 1ctron w1tlh alk,all 
_tu, 

ind io tin~ n 11 r t \\'ith coltl .1qu 0 1ui s diu 111 hyd1·oxi ' 
dh rop 1rtionatii n reuctions t r duce ~ 111.ixturc:1 at h H JU hn.late1(1) ~nl·ts - r 

:< n1 le. ith chlorin~: 

l, t 2N· H ~ N 1 + N ... 
u - J 

1 + 1 I 

+I 

. he chi. 11n ii die Zt'r · tact! h, re,du i ·to -I in Na ] 11 1 .. i H d t +1 ir 
N J (s iun1 hi ra Q(r)). 

Th i ni cqu 'ti n i : 

1 Tb p riodi 't bi ! group 7 (Jopic 4) 



u;, soluti n C n't inh,s I hl f tlt (I) i n i 
Ii ,c ncl ch]on,tc (v) i,. n Jrc ~- rmcd: 

.;.; 1 (aq) + 1 ~ (. q) 
- 1 +5 

h +1 chlorin in 1- i rcdu d o - l in 

W Ith hot I II 

J . 

This is ko a is1~r ortionation re .. n;tion . H \\P~ r th h~I n ii oxidi~od to cl·u~ 5 
Hate in th :1 hlorare (v) .ion. 1 - , rad1e1 than th~ +1 st~tt~. as is th.e ,case with ,c ld alkaiU: 

( ) ( ,q) + 31 12 0) 

Rea,ctlon wrth1 pho 1p:hor1us 
In H111it ui ,ply· of cbl rine~ ph l h rus tdchlori i ~ ,rn1 d: 

.... P + 1~ -t- .... P ] 
Ai 

I h I h.orui triohJ rid c 1 tll 11 r -..: t ,vi' 11 n1 r chlorin t , £ rn1 ph phoru 
p nt chloride: 

P I + 12 ~ r 
chi rin . ho h rus p n ,cht rid i f rn1 

2P + 5 1., 2 ... 

I, din reacts \Vith the r 1 aU tr o · ph horug ro rn1 ph phortn rriioclid : 

_p - 12 ~ .21 ll 

If th n1ixturc h ,d mp. t hi t h n re cts wi'th w~rkr to _ rn1 bydr glln iod.i,d sas: 

Pl3 + ~,li2 -+ H I + r:l3P >3 

1 hi i h w as u hydr g n i, did h r p f d. 

Rea1ctlons w·rt1h redu1cJng agents 
lr n(n) c n1 ,unch ar~ u d h t1;; J ~ a11.1p1 s of? du,cin ug nts. 

hl rine n bron1i11 ir n(n) i ns t ir n(1n) i n . h t\V h L-e u d n 
r oxi l.iti ,n by 

l2( ) + 2 -

~T ( q) , 3 *"( q) + -

h~ stjc n h .. 11 -~qu!1ti n has t be, n1ultipH , by _ and the.Ml ~dd d to th frr t 
~1u .rti u i g.ive th v r1c1 II 1; 4u ati n: 

12( q) + 2 e:2+( ) _., ,2 J-( ) + 2F 3+( q) 

lodin is too \Ve k n oxididn1, ag nt to oxidise, iron(u) t,o iron(1n). he r verse 
h u . Iodid~ i n :J re, oxidised ,y J+ i ns tr , i din~: 

21 ( q) + .... 

_ b ~ c lour! 1 s!I oll.1tion cont inins io id~ ions b corn s a pale bro,; n s h.1tiot1 with 
u pr cipitit I fiodin . 1 Hn 11 b te•ted fr hy'th dditi, n oft r ·'h. :n inteus 
]]Uc. h11i I t bi rl:.k. r.:o'lou r is bt.rine L 

Note that the oxtdatton 
numbs1r or c111or1na rises 
by 5~ so there must be 
five chlonne atom tH~lnQ. 
reducea rrom o to -1 to 
bal a nee the eh ange In 
oXI e1at:1on nu m Der or tn e 
en1onne trom o to +5. 
There mu t be six 0H- 1ons 
on the IBn-nand slele or 
the equ etlon because1 
tnera are six nesat1va 
1 ons on tne rlgnt aina tne 
equation must balance tor 
ichairge1 • 

Whl'ta phosphorus Is rQ al 1y 
P4. but the symDOI P IS, 
alway , u d In equation 
at AS ana A-19~91 unless 

I a volume ot· gaseous 
phosphorus Is needed In 
an equation. 

.,,,,.... . .•.•...•..•... 
No thst th overall 
aquati on b lanioas for 
charse. The charge on the 
left~1and eid _ is 4+. e ~ i ~ 
th eh rg on th right .. ha nd 
sfde: (2-) + (S+) == 4+. 

R ,acUon of th h logen 



+2 ls th9 avs,ags ~ldatlon 

num Dor or tne tw10 sutTur 
atoms In tn 1osu 11 ates. 

·9··· ············· ... , ..... Thia is en important 
1equ etion for the quantitaUve 
S' ti mati on of iod in nd, 
th ref ore. of oxi die ing 
ag ints. 

I 
Many tuaents ran to 
m entlo n that the Htm us 
paper must b9 damp. 
Damp blue Htmus paper 
turns rea Detore It Is 
bleached. 

ur If 
Write the I on 11e h al r. q uat Ion~ ror: 
) tn reduction oT 101aln - to 1oa1e1 10n 

IJ) the oxidation or chlorine to c10- Ions 

Rea1ctron wlt lh sodium thlos,u1lfaite 
- h xi ti n nun1b r~ Y~ f sulfur in s 

2 (+ l) + 2y + ] X (-2) = ( 

ium thi sulfi · (N .,' 11 ... ) i iv n by: 

2y = - ... = + 
Th . id ti n nun1b r I f eh ulfur t m = y = +2. 

Ith chlorln nd ron1lne 
hl rin nd br 1n1i:n xidi&C! th ulfur in thj sulfatc t tb + t tc iu ulf t , 

./ · . - h qu. ti 1 n l ith rh xid. ti n numb rs und rn th is: 

4L J2 (Jq) - , :? , 2- (L q) + 1 , ., (1) --+ e J-(3CJ) - 2~ ", 42-(._ q) i )I r+ { ) 
0 2 (+2) X (- l) ..;J X (+ ) 

Thl t t. J eh n 
s I ight , h] rin 

WI 11 loclln 

in xid·1U n num er of uJti1 r is fr m +4 to + 12 ( cb n 
or four tJ, 111, ,1 cu1 ~ , .r n d. 

• 

f + )~ 

l, din ocidis s th i, su1f: t i, us t t tr thi n t ions. 4 
1- ~ in Vllhicb th ver~ . 

f sulfur h 2.5. Thi i u , h .. 118 oft p_r sulfi,ir._ 'ton1. '"I h qu .ti n is: 

l:2 ( g) + 2 2 ~~-(.,1q} 21- (a ) + 4 2-{;iq) 

Chlorine 
hJ rin 1 i1 p ] r~en . Th t~ ts for chJ rin Jre ' s f H \V : 

• hJ, 1rin 1u1 idly bl chos d,uul liunus p p r. 
If ,chi rinc ,u is p sad int _ Jution of potas iu111 br mid;i,, th 
& ]u tio n bccon1 "'S or .. ngc. 

A so1lution of chlorine can b~ t t ,d in th ~ s n1c w y. It is p l sr en . lt rapidly 
b]o cbe I it111us p p r and t11 tur11 s c l u rlc s pi ta ssiu 111 br 1111 id so'lu ti n 
bro,vn. 

Brom line 
r n1in " , br , n fumin Jiqui I tlY t b'I eh d,unp Htn1us sk,wly. 

he tcs: t , or br n, in i t d it t e e~s · ta !liLn11 11 ,i ~ lu tio n . he 
s ,Jution go s deep r d-br , n . Th h is b c u~c iodine is Hb~rat d. u then rcac'tl 

\vith cxc is r~ i ,ns to f rn, the r d-br \Vn 13 i n. • c, bro1min \vou ld siv 
r -y... 1 ck r cipit c f i din . 

1 Tb p riodic 't bi ! group 7 (Jopic 4) 



101dfne 
locli n i ~ft.!)'-

1 t ck s Hd. , Juti n in qu u o l iun1 iod id ~r r ll-1 r '\! n 
ucou aolud n 1 br 1 n. 

h tegt Ct r iodin[! i rh t it turn~ tar · h d rk bJuci. 

P1hys1lcal pro1p1ertles 
_ h _ hydro n h. !ides re 1 :1s _ .• t t. ndard t n,p~r. tur _ 
:u,d pr, Sijl1re. h~ir boiling rn_ '2r3ru r 'l ro iv n in 

T bi 1. eo111ng te1mperatures or tnra nyoroeen nanaes 

b]e 7.2. nd I a1 hie 11y in i u re 7. 5. 

Hy h, n flu ri c. ~IF. h n 110111. l UY b 1Hns 
trm cr3ture be2 •. us i't fonna tr, n int nn kcufor 
byJr · en bon s. h · hydro f n 'tom is o+ ,nd th 
fl uorh1 at n1 l both Vi ry 11 1J nd i o-. ydr n 
1. hloridci, I I .,[. do s not' onn int r111ol ubr hydro, 11 

bonds b~ aus, chJori11 is Jess - :11,1d the 1:on1 i too bi . 

• n r y 1 n 

t1 Hu dde. her fore~ 
, :r t th 1n l cul . 

Tre 1ndl foir HCI to HI 
h trcnsth the nd ll re "S inc re CS fr, n1 

+20 - B5 - 6,7 - 35 

+20 

0 
1,.1 
i! 
i --20 

i 
-40 

en 
I 

m -50 
rl 

BC -

hydro~~n chloride to hydro;g n i did as th nu n1.ber 
of el c:tr ns in th n1 lecu le incre 5 s. b in r -s in 
h str n t h of t h s ·6 r s i n, Uti;; b r t r th ru1 eh 

- 1 CO ...... - .. ~F---------HCllllllll)llmm ___ Hlll!IIIB-r----H-,1 --

FI 11 ro 7. eon 1ne te1m peratures or tne 11y1C1 rosen n a noes 

d ro c in th str n th I if th 1 dipol ipo1 for1c . 
h r , ore~ tron1 hydtog n chloride t hyd1 o en 

i Ud , thci t t lntern1 le u 1· r for..,;e incr ~ g t1 eh 
b i U n t 111 p 1.: r tu r i ncr s . 

B0n1d1ng 
Anbydrou hydr1 ,~ 11 h:.1HJ are c v .. 'I 1ndy b u 

Hy · t: n , t 111 h vc th J . t r I c n I u ra ti n I s1 • 

1 0 11 tisu r tiou L . d1u l obl ga ~ h~liu 1n~ ouc1 l ctri n i n~e ied. 
1L ou t1 u ation of th haJ t:n is ns3 up~. 
t re eh the c nfi, ur Jtion f 1 , bJ~ 
l ,tr nst on fr1 111 th h lo~ n 3nd n fr n, hydr n. he 
or by ir n chi rid i h ,;· n in Fi ur~ 7.6. 

Chemical reactions 

dia r 111 

HyLk n h .. ~ lid, , . ..1re1 J ids. Hyd I u io ii ~ I It is eh atr nso t jd .n d hydro 1 

Auorid ~ H ~ th \V, k t. 

Make sure tnat you can 
1 explain wny nydrogen 

fluo~de ha Intermolecular 
I 11ya rogG n tJonas an~ tn e 

otne r nyarogen h al 1e1es do 
not. Remem be1r to tate 
and expl a In the trend In 
tMe boll lng temperatures, of 
the na11des nom hydrogen 
cn1 on ae to nye1 rogen 
I ocllde. Covalent Donas are 
not Dro ken on llOl II ng. so 
ao not m enuo n the1m 1n 
your an. wer. 



,c 

~ • Cl 1( 

i'l'X 

Fl 111 7. 

R action ltll at r 
he hydro n hlili s r :i H s1 lubl, in \Vat r. Thi they r rt ,vith rh 

"''Jt r o fi 1rn1 ions: 

H - l{s) + Hi (I) HJ +(ag) + l- (ag) 

he s 1uti n are acidic b 1.;UU &e H 3 + i 1 n. r .. rrned. 

he 11 hJJ "n c val nt bond is br ken by 'th \V t r. hi bon bre· kin r qu ir s 
n :1r y - it is end th rnlic. he t'lll!rgy i& regain d by rhe 'to1rn1.:ti n of the dativ 

1c v le11t b 1nd b~tweet1 ~ ygen in J wnte r 1nolecule nd a hydro en ton. H+. t forni 
th f 1 + i n. Hydro ~n i did hl. th ~trongest cid t th I ydro n 11· lidc t, c Lt .. 

th.,; H - 1 b nd is th wo k t, s the rem v J of a hydro n i n fron1 bydro en i did 
by w t r is th, m st cncrg tic Uy f vi urubl r a1cti n: 

H 1 ( ) + (1) -+ H 3 + ( q) + I-( c) 

(1) ~ I I o+(aq) + F- (aq) 

R action n1n1011Ja 
A1un1oni is __ b s and. th r~for _~ r , ts with th hydro 1 n haUdes. 

Wh n a e LH hydr n chJ. ride re et. with , a ll I 111 n1oni ~ , hit~ tu1n f 
s Jid Jn1111 nium chl ri . e r for1n ,d: 

H l(g) + NHJ (s) ~ NH4 1(~) 

he n1,:. 1b , rv d n hi 1nadc \\1itl1 th th , r hydr B-n h l 1dc1s. hh r ~ ction i iu:c d 
as~ t 9t , 1 r s 51.;ous l .. I~ H r I I _ I, but it d s ,. ot di inguish b t\v. n th 11t'\. 

I Halides 
Ge1n1eraJ ipr1ope1rt1es 

roup J n1c1 t la f rm ir ni s lt1 f forn1ul M -,.~. ,vher r pr s nts h los n -
, re a1uple1

~ p,otaaiiun1 iodide~ Kl. nd sodiunt d1l1 ridt\ Nl l. 
• ~roup 2 t11c1t ls forn1 ioni1c Jlt r or111uL1 M ' .:? - f r ,. rnnple. calciu1n br n1ido, 

Br, . ... 
• - h~ d-b] ck n1e t ls f rm s Its 1. f f4 r111ul M - "' 3 or M 3• Wh n hydr. t d th S· 

salts tir~ io111 - for ex n1ph.\ copp r(u) ch !orid~~ u 12 and iron(nm) c'hlodd(\ 
1 

. J • 1 ilver torn, h ~ lides f ~ nnu 1a Ag •. 

IUI Ill 
11 h lid s re solu 1l i11. \ ter~ p rt r n1 silver h li nd J d(u) h li1 

l ., solution of, n i nic hlorid ut:h as s dilH11 1 hl1
- ride is ~ dcl~d to ~ olut11 n of 

silve1r nittat , whit~ precipita're of' silvt:1r hloride is obt1in~d: 

1- (~q) + Ag+( q) 4 Ag I(~) 

Wh 11 solution f J11 ionic bro1nide is J ded t 
pr 1Cipit ,t :, of silver br n1id i f fJned: 

Br-( q1 A, +( q) · e;Br( ) 

Te,st for h,allde 

o]ution f sUver nitr.1t • a re n1 

ilu te 11 i'tric cid is d d t1 
1 s luti n f th L111 kn wn hJH u ntiJ th 1uti n is 

jusfi acidi, . SUv r tdtr.ltc solution h th 11 J d~d. c.:hlorid ~. bro,1nide& . ,1d iodid s JI 
produc:~ a preci1 itJ.tc of the silv r h!lJide. he ~olubHity th sil r ha1id pr . iJJit t~ 
it u 1U n1n1 nia v ries ( , bl ? . .3). 

1 Tb p riodic 't bi ! group 7 (Jopic 4) 



Teble 7.3 Tests ror halldes 

,1e·,Ko;mYri6s· ·1 

. -· .. 1. :·· ::·, . -: ! 
- -

· 1~titdo1. 

White 

Cream 

Pele y llow 

Solubl 

Insoluble 

In cluble 

Solubl 1 

lnsoiuble 

n diti n f ilut nitric ,cid n i1v r nicr t , Juti n: 

h1 rid g (inGludjn hydro hi rk· , cid} , ivo white pre,cipit tc, which i soJublc 
in dflut qL1 ous 111m ni .. au sHv r/arnn1 ni c 1npJ • j n iG form d: 

A +( ) + - 1-( q) --4 A I (s) I 

theu: 

A 1() + 2N (.1q) ~ (A, (N 3)l)+(aq) + J-(!lq) 

bron1id iv er 111 pr~ cipit tc ~ \vhich h insoluhk in di1ur '-JU l1 n1n1oni. 
but s 1ub1e in c nc ntrl t d qu us an1n1 nia 
i , did s iv p l Y· H w pr ipit t~ ~ \Yhi h h ilu Jubl in b th dilut n 

n ntr t d qu ous mm ni 

suver ha11e1e precipitate .. From 1en to rignt: suver 1oe11de. sllver 
bromicie, nver chloride and a '-Olutlon or s11ver nuor!de 

he dHur nitri ~~i h~ t b dd d t, r v nt thl pr ci1 it ti n f th r i 111s 
(c. 8· c rb1onu tc) by the ~nvcr ions in the sHv,er n hrato. 

Chem1fca1 :react11ons of half des 
H Ii cl Ion a red ucl n a nts 
- h str ''11 ' th , h 1i ] r uch1 cnts {ncr£'11Scs f n1 1- t 1-. 

be h .. '.lf-e,qu ti n for the t,educrion o J h .. Hde i n X- ig: 

. ., -
~hlorid ion r _ , _ry dUficult to oxid" _. hoy JT" only oxidised by vc,ry srr n · 

.1 :-ancR su h ~s. · l - i ns ot ot ~siin11 n1~u1 . n~1r :w(vu) in ilut~ sulfudc 1 id. 

i ns r 111 re e sily · idiscd. hl rin ~ , . t sgiun1 di hr n1ut (v 1) in 
ilut ulfi1ric ~ ci 1 

~ n p t. s hu11 m n, t k t (,' 11) 1n Jh.1te sulfuric ;i id U I xi i 
'bron1 id ions. 

me ec ona eq u atlon wlll 
only De required In tne 
second year o·r the A-level 
course. as It Is a typ1ca1 
reaction 01 trans mon 
metal Ions. 



I 
The sGC onCI Ionic n air .. 
1~uat1on nas to De 
mu mp uea by two, o tnat 
thie number or e iectron on 
the left-hand side In the 
reCluott on n al r-equallon 
(Fea+ to Fs2+) IS the same 
a me nu moer or electron 
on the right-hand S1lde In 
the OXIOatlOn han'aQquatlOn 
er to 12), 

• Iodide i nG r,c tr ng ri.;: ducin -cnu nd ·n·c xidi 1i;:d by 1n ny r.ubst nc . or 
n1pl ~ J+ ions arc re u d to l i · 11$ by i did ion in 1 1ludon. - h t,vo 

i ni · hr1lt:.c1q!..u1ti ns ar : 

21-(a1q) ~ [2 (s) + 2e-

J+(a1q) + ~ - ~ Fc2+ (u. ) 

hu eh over U e u ti n i : 

.. OJ +(UC.]) + .2J-(~ ,q) ---,\I ... "+(rtq) + [:?(~) 

R action o 11 lide ltll c oncentr ted u If Lu le L cld 
W h n c ncent[an~d guffu ril ~ cid is dded t , solid halide~~ th hydro n h 1ido is 
f nn d fir t - f r ex 111 le~ wi'th s ium h .. lid . N X: 

N X + H" ... 

h bydr ~n b Hdc pr uc d n1i bt tb 1 n r uc the · nc utr t d cid. 

W:ith 1, hl ri s~ st an1y fum f hydr .e11 chlorid I r pr due d: 

N.. _ l + rJ 2 4 N ,\ H 

hcso fu 111 turn blue litmus red n iv wh mt fu 111 s with · ~s,~olu .. nn11 ni1iL "rh 
hydrog n , hl ride ls tl r furrher o idised by the t: n iurJted u l uri I id. 

With bron1id s! H n1y n1m ~ fhydro n hron1id re pr ducod ti th r \Vith son1 
1 1r~n1 ~ ~~ t! u, bt n,i 11~. u1fu 1~ di . ide is J 1 pr iuc l u r it is t1ot vis1ble b 1 use ir 
i ~ c Jourl as. Th 1 

- u ti n for th r cti n ~ 'ith p t ·iu 111 hr 1mid r : 

J{Br + H 2 · 4 Br + K I 4 

..,H · r + H 2 4 -+ r:! ~< 2 + ~H2 

With iodidl's. s n1 stean1y uni s of hydrog n iodide ,- re tortncd, but ·the most 
. bviou I bservarion is cl ud of violet iodine vap ur, n1i. d with s rne y Uo . 

sultur. h re 1S ITI.,U fr . tt l1 8 b C 1 l1 hydr n &ulfid ~ i l O pr due' : 

Kl + H 1 4 -> HJ + I H · 

ith n : 

H I + l ,, · I.,+ + 4H., 
ii, 4 ~ ... .. 

n 

' H l + H 2 · . ~ 4 12 + H:! " + 4H2 

he re 1..dts 1.111d obtwr ti1 ins re iv~n in .. bl~ 7.4. 

Tt1 1Jlo 7. '1 Reaction of nauae salts w1tn concentrateo su1rur1c acid 

Fluorid No 

Chloride None 

Bromid Reduces sulfuric cid to gaseous 
au If ur d iox id 

lodi R duces ulfuric o id tc sol id e ulfu r 
nd gaseous hydrogen sulflde 

Steamy fumes1 (HF) 

Ste,amy fumes (HCI) 

Ste my fume i(HBr) and brown g s 
(Br~) 

Clouds of violet gas (12), smell of bad 
eggs (H~S) nd y llow soHd {S) 

1 Tb p riodic "t bi ! group 7 (Jopic 4) 



Progress 01 tne reaction or potassium nromlcJ1e with concentrateCI sw1unc aic1e1 

y ur If 
A whlt9 solld a)i g,eve a yellow flame colour, b) gave oft a ga1 tl1at formed 
wn1te nioke w1tt, n,mon1a wn n cone ntr tea u1rur1c , c1a wa ada a nd 
1c) gav whit prec1p1tat wn n 11ver n1trat-e so1ut1on wa adCI a. 1aentny tne 
sollcJ and write equation ror tll9 n~actlon In b) and c), 

catto1ns 
Grou 1 nd 2 

I 1111 o 11 I U 111 I o t1 
I a th soli 

NH4+ + 

r soluti _ 1 1 ith quc u 

[- NH.3 + H 2 

· clium hydro ~id Jnd t t th 

dtHHJl r lit111u1 tllrns. blu in th 111n1011h B ~ . iv n ff 

as v lv 

v h~n Lus rod i dipped in con~entflt cl hydm ochl rk 1cid ~1nd h~ld in du~ gas, 
hi't smok of n,1nou iu n1 h l ridl"· obs rv : 

Anfons 
H llcl 

. l(g) -+NII Cl(s) 

d dJlut njtrk a ·i, oHo\\f~r by agu ou iJv~r nitt to to 3 ~ 1ution o(th !.U p ,c:to 
ha Hd (s p u. 8 l 11 ) . 

iv u whir pr cipit. t (of Hv r ,J1loride}~ ~. hich h soJubl in ih.1ti? 
nnun nia: 

l·(3q) -t g+(~q) 4 J(i) 

rh 1 

A J(s) 4NH3( ~1) ~ I s(NH3)4]+(~ t]) J·(J1q) 

Br mid i c r m ,r cip,it t (of ilver br n1i e)~ ,vhich i in olu' 1 iu dilut 
mn1 ni ut lu 1 in n n r" t nun ni . 

I ides 8iv ~ pal~ yell w pr ipit t ( f si1v r i i · ), \Vhi h is insok1bl in b. d, 
Hlute an 011c~nt:r.1t 1 n1n1,onia. 

An ly i of inorg nic 1eom pound 



C rl n and 11yd o nca Ilona 
, dd diJut hydrochl rk· ~cid to the solid ( 1r o th oluti n). Both givt; otf I that 
turn tin~ water 1nilky: 

H.., + ... I") .. 

ulfate 
s lu t i n I f the su sp c t d s u l firte 

b riu111 ,L h 1 rid s lution. ulf: t s giv 

,./·(3q) + Bal+(. q) 4 B. 4 (s} 

M k sur 

Jdd dUut hydr, chloric acid f Uow~cl by 
v ,l,itc pf ,cipit f b rium sulph t : 

de1 ,cd ,e th 011 u f5 · f rh pur h. I 8-ns nd wh n in qu ous solution 
1".lr.r•A' dot-. nd-cr ss di:igranu: ionic and n1ol cubr 1con1pounds of the hal t)lJS 

• ,e. pl in why H1 exce t flu rin . c n ·tor1n 111· re th:u.1 1n cov:iJent bond 

h ck that y u n \Vrit qu tions ~ r th r =icti. ns of the h 1. scns wi rh: 

• n1 h :in ,vith n n-mc,t h such as I h sph rus 
• w t r 11 ,,.,ith ilk lis 

Mak~ sur tb., r y t1 kno~ : 

'll thy Hfl ha hi ~ l, r b Hin c 111p rJtur than the th r hydr ~ n h :.d ides 
th bs,er ati n& 1 ddin con entrat d sulfuri cid c lid halides nd I b] 
t . pl in th m 
th t st ~ r I eh h l ~en n h h lid ( xc l't flu ri n ) 

• the t st for arot1ps l and J ,c tio11 :1111, '_ the n1111 nhun ions 
the test ·~ r carb 1n3 or. nd hyd1~ ncarb nnt 1s nd f' r su 1 tes 

1 Tb p riodic 't bi ! group 7 (Jopic 4) 



I Qu ~ 
1 Writ th cqu ti ns r th 1; cd I f 

on ._ nt t d ~u Uuric ~ cid ,vith c:Lkiun1 1 hl 1rid • 
. in st:1t t nr ol s rwtion th._ coul ~ b 11 d~. 

2 What w uld y u I bserv ,vh n c n entratcd 
sul uric cid is dd d t I lid untlnium 
br 111i ? Id nttfy rh s pr u c in this 
r~ a tio11. 

1 cscrib eh eh 1 n1i ~ test f r bron1in . 

4- Br 111in,, r"atn ,vi b h}r,dr.u n to forn1 
hydr p,-cn b~ 111id . 
1) NJJne tbe type ot bonding in , aseous 

hydri ~11 bron1id . 
) pi in ,vhy by 'fi n bron11 h o,Juble in 

\varer ._ nd \-vhy tho oluti101n is ,Jddic. 
) Write • 11 t; qu ti n or tht.1 r~acti 1n of 

hyd 'n ,r 1ni ' luti n \Vith diun1 
c. rb 11 t I 

S P t~ssium io at t Kl 3~ r ., et in aci s ,]ution 
\Vith 0itassiun1 j did · c:, rclling t, the 

n: 

Kl · ,3 5 Kl 1 'll CJ __. , I., + c K 1 _... 

· ) , uu c, rb xi Jti tl ntunh r o i cUne in 
Kl J~ Kl ,1, I:?: 

h) U y u r 11 'er~ fr Ln ) t 
u b ·t nc in th r cti n is 

ugcnt. 
) D, scrib hov you ,vi uld t t the s, luti n 

to sh .~ th pre n I f iodin . 

f, Explain why th first 1 c tr n ffinity I f 
br n1 ine i1 f(rti .1trr thm1 thr1t , f i Un~. 

7 A whit lid is kno\vn to be ,c~lch1n1 chi ride, 
, . Jcium br mid I r c Jciun, io,Jid . I s rib 
the test~ t id ntity the a.dt. Th JU\Vct· h uk 
in,(Jludo U bs rva ti ns. 

) Writt.: i nic half~ uation forth foll win 

i 1u. · 1 · 3 - i ns 
i- i ns 

a: it tl e 
n tion 

9 Whi l, , c h1 rine uud. iodine · rh~ stronger 
xidi in J nt? ti n th t 

&h \V thi . 

i a) A 01111. und 11 rh foUo\\in 
c 1np sition ~, tnls : Hthiun1 7.75%= 
c h1 r in e .3 '). 25~' ~ y. . n 5 3 .0%. ._ Jc ul te 

its emi irical 6 rmu] _. 
b) he ffl 11 uhir tounul of on1pound is 

the· s .. 1111 as th ,t: 111 iri al f r1nul .. ,. WI n 
a n1plc f "' heat d, it d c mp ed 
into H'thi11m chi rid nd oxy . n s~is. 
-h '\ V h.1111 f O.ryg l1 W fi und t b 

I . 77 dn13. (Th n1 br vo]u1u~ of" oxyg~ n 

under th ,couditionl of the xperiment is 
-4.0 dt11J n1ol ] .) \\' rite the guation ~ r 
thti ,d 0111positi n of co1111 oun ~nd 
cakul:rt tho ni:ig rh.it ,J con, s d. 

1 E A 9ubstnnc ~ Z, t nt iuin one ,~ ~ti, n Jn - on 
ni n, '" · a p.J r · n tl. 111t2 i 11 :1 fl m t st. 

A s n1 ,'I of Z \,fa clisso1v~ in ,,rnt r 1nd thl' 
solution \l JI divided Jt1.to hi portio1u: 
• Hu te sulfuri, . ,id \~ ad e t 

I rtion. A hit pre _ipit t~ wli ohserv _ d. 
• ilute nicri . c;;i I foUo\-v~d -y siJv r nitrarc 

soluti n w d d ,io d, seLond p, rti n. 
A ale y U ~ '( rec:ipit te ~ as obt ined, 
, bi b \i in , 1 u bi h 1 , on n rr. t d 
aqu ous t1mJnoni.1. 

ld ntify th~ ur k11 , - ti , ntp un<l Z.Justify 
y ur aus,v 1r. 



m pr I i 
l n) c:hlorin re ts "'t r 1n t n1p r. tur \vHh 

quc u otJ liitnn hydr . id . 
i) Writ the i nic cqu tion ~ r ·th' 

r ti n. 
ii) tat th-' ty( _ fr _ cti n th. t tak_ s 

place. 
-) h r cti 11 1- + 2H 

dispr p rrioru tion r1c.:d ~ 

() 

(l) 

is: 

c:id-b:H synt'.h Yi ( 1) 
hl rin _ o i -li~ s s dium thi1 sulf t _. 

N:i2 2 J• t sl.d !it , N.: 2 14 .• t \H iodin 
I xidh ; it t s0Jiun1 tetJ J rhi na.t, ~ N 2 ~ t,· 

L) Writ the equ ti n f r th r :u: ti n 
f chlorine \\rith ~qne ou diun, 

thi !U.dfi t I (~) 

n nun1ber ot sulfur i11 

B +~.5 I + I 
d) Which !it· t 111 _ nt 'bout the halo ns 1n 

theiJ c 1 n1pou 1:1c i n o t tr.u ? 
hl1 rine 1 1xidi.ses br n1i iona to 

br min . 
B I Iydr in i did 1 in r p 1b r than 

hyd ~n b1r 1uidc. 
ti i1 n.s ~ t- ~ r u,c 

2+ i ns. 

(1) 

ilver I hlori l is s Jubl in I nc; nt_ te d 
(1) . 

a1.c1u~ous !unn1on1.1. 
( ,uark 

his I u~ ~tio1 i , bout hl1 1rin n its 
n1 11nds. 

a) ont~!Uic bl o.d1 iG .. u 01luti n ntaiuin 
1diLu11. hl tJt (1) nd sodiu111 ch1 ridl.!. 

"When l:iditie, the 11 i.;h r le s · chl rin ~ 

,vhi h r 111 in dis lve . Writ th i ni1i: 

qu:.ui1 n ~ r thjs r ction. ( 1) 
) hl rine re ts Mth p1 t iun1 j did 

]u rl n . 
.i) Writ~ thc1 i ni :' JU tion ~ r ·thi 

re c:ti n. ( I ) 
ii) Wh r c lour h n ~ v u ld ~ s n? ( J) 

) h ] gist di r d silver hi t 
and g i'r t 1ch nlist t . find 1.1t it utity. 

he chon1i9t rcn ovcd l._ f the il1R t 
~1nd di solved it in nitric ,cid. . c ss s di.urn 

7 Th perlocffc tabla: group 7 (Topic 4) 

chl0'1 i le s lution YJaS then ad cl an t1 

pli ci,pit t I f iJv r eh] ride s .6 rm · d. 
hi , Oltcr..:d. ~ ~&h 1 d nd drkd :iud 

th n w i .h' . lt h dam " f L -
i) _ p1.iin ,vhy the J reci it _re \'Vas 

w.uhed. (J) 
ii) Write th~ i nic u rio11, with t1t4; 

y-n1bol ~ fi r tb re c ti n b ,t, 1en 
th ~iJv r i 1u nd c.titun hlorid 

.. '") 1n I 

I 1lutii iJ}, (2) 
1cu1· te the crccn't· e by n1 ss f 

Hvr-r in h :\ ing t. (3) 
(1 ta1 1J n1· rk ) 

3 n) h stru tu s of th tbi su lfi tc i n nd th 
t tr. d,1 n.it_ iou ar sb wi, t lo\ . 

0 0 0 

II 11 II 
-o--

1

- ... s -o- ,- -s--s--
1
,-o-

o- a o 
Thlos,ulfate 10n Tetr-.tn lonate Ion 

l h ot. 
the ~ulfur atonlS in: 
1i) eh thio ulf t i n 
ii) rh • t tt thi n. t i n ( 4) 
iii) He1111.: c 1cu.hto he in ;ui ~ id ti in 

uun, ber f ul t1r in the tccrathi n t 
i 11], (1) 

) Io in r et '\vith ir n(nt) ions ,;vh "r 
chlo1 ino r~ et \\rid1 iiron(u) i iu. 
i ) Writ~ ionic et]U, tions for th ~ 

r \1' ti 11. . (2) 
ii ) u st \vhy i din d 

\vith iron(.n) ion& .. nd by hJ rinc 
do s n t r et ,,ri tb it n(u1) ions. (2) 

) Wh n ..: t c ntr t" sulfuria aci i · c· r fluly 
dd d to U iuJn c.hl ri in t s 

tub • src 11,y tunu.\ f giv n O •. 
i N unu1 the JS p due 1 d in thi~ ra ti n 

and e" tliu h w th tean,y fiuncs r 
f 1fJn , (-) 

H) Wh n th stopr\f'r1 f ~ C 11 lfltl ~ t«.:d 
.i.nuu nia 'botde is h ld neJr th 11 st~a111y 

fi1n1e \Vhi.t s111 i , is torn, d. Writ1i 
th qu tion fr the£ rm· tj n . f tb 
·,vhit ,mok . (I) 

Clbtal J · 111 .. rk.) 



K y r11 

A 0101 IS, tnG amount or 

substance containing tne 
Avogaciro constant number 
ot atoms, 1mo1gcu1os or 
groups 011ons. 

I 
Make surg mat you use 
1ne atomic mass ana not 
tne atomic n um1bsr. rne1 
atomic rnass Is tna larg9r 

1 ot tne two numbers ,&JVen 
·tor eac: n el em· nt In the 
periodic table. which Is, 
prl nted on the back or a1H 

1exam paipers. 

rmul 
' 

net mole 
i 

h ility 1 ,vr it c rr . t I h mi, I f nnu 1 I 

H nti 1. irh ut this ki1L 
_ u ti -nri nd :1kubf ,ns b_ on1e n11p ss.ibL. 

M ny subs tanc in A .. " , nd A-1 vel r ith r i nk lty nd or re I r 
,~ m ,oun s. hi eh · t r ih ul, h Ip 1 ith w, r i1 ut eh ~ rmul f i 
, on,p,ou n s an · J pt r JO shou J h lp with or anic 1npou 111 

•• 

• he1ni,c: 'I equ ._t·i 1u • r iut~rn. ti n._ Uy· un l rst od nd r ntr.,1 t rh 
l1 nder&tal1 l11 { hen1i J l I a ti 1n . 
ub t llL: s r~ et in silnpJ ,.; hole nun1b~r r~ttios by rn 1J g. ility 

t c1 nvert Jn s , nd lu1n int 1 111 l g j~ n es nti I l rt o - qu n itati 

1d1en1i try. :ii tdJti ll - involvir1s 111 lo O ur in :.1 n c . . ~_n11 s~ S01 it i \ i't. I to b 
, on hdent .nd 'kil led in this .1r -.1. 

In , h n1htr , the 1:1 , uru ,l ub ton y 111 s.Ln·ed in Jn I 

I Formulae 

Mollecular formula 
rrlll, nt l ul f f rn1u l 

OJ h 1 u1 nt in n 111 

, n1p und h · U1 11un1 
f th ub~ c, ri • 

nt n1 1 f 

h~ 1no]~cu]~r ( rn1u'hl of lucos~ i t;H 12 0 • n n1ol uJ 1 ( RJu os~ cotHJ in 
,e r'b n t n1s.. 12 h clr -et ton, nd i. xy ~n I,! ton1,. 

M0 1lar marSS, M 
Molar ni~ i . 1thc n1n .. ol I n1 · l of th - ub. huu'! -.. ,,_ ho uriits ar l"J\1 Ji- 1 .. 

h v tuc f th n1 1 r n ~ is f und y ddi n th re I tiv t ,n1i,c 111 ci s I f 11 
th atoing l r,_ ~_nt in th ~ nnul .. 1 he r~1Jtivc ·t,on1ic 111 -'~ s c n b_ found in th 
periodk tJbl (p, s 14). 

1c lcul tc th n1 Jar 11u1 t: f ~ u' ·~t nc..-: ( . . Ju "'e~ 
p rt die t b:1 t fin th ·r l tiv t n1i, n1. : s. H, r ~ h 
I :? . • hy r gen = I. o, 11 = I 1 . U. 

)~ fir t us th 
.oir,ii G rb n -

1notr1n ss t -]ucog. 6H i:! b=( · l2.t)+(l2 l.0)+(6>< lo.) 

- 1 . rn1 1-1 



.... ,,~, ...........•.. , ..... . 
This ie why glucose is 
1C~ SS d SB j earbohj'drete, 
all of which hav th formul 
Cx(H20}y-

DO not roune1 va1 ues enci1ng 
In .5~ or .67 or .33 to the 
nearest wno1e nu1m bar 
as tll&y bOCOfflQ WhOIQ 
numbers wnen mu1np11ee1 by 
2 or 3- Values, sucn as 3-9 
may be rounded up to 4.0, 

You w1 u not be as1<ee1 to 
c a~cul at-e tne emp1r~ca1 
1orm ul ae1 oT corn pounds 
contal nlng a large number 
oT atoms. IT you oDtaln a 
ratio sua n as 1: 2: 53, you 
nave macr- a m rstake. A rst 
cnec k th,at you used atomic 
masses and not atom le 
numoars In step 1. men 
cnecK your antnmetlc. It 
Is ea y to enteir a1 wrong 
number Into a calculator. 

I tft••••••••tttW •••• ••••••• 
This is b st den in 1h iorm 
of ,a tabl . 

Em
1

plrlcal1 f1or1m1u1a 
,.-rh 1n iri ~ I f rn1ul f 1 ub l ._ n i th h11pll 

1th h I 111 nt in th , . ub t nn . 

he e111piri 1 torinu l.._1 of slue 

I ul Ion fron, percent cornpo itlon 
r rin1~ nts. .. n b .. rri d out t . d tcrmin thl' 111a~~ of • eh "len1 l1t in • iv n 

n1us of a subst~u1 e. The :JJbs lut v .. 1Ju ~s Jtt1 th n conv~rted ·a en:eint:.i by mJs.e.. 
he per-cc.2 ncagc v .. lues. ar~ uacd t I d t nni ne the e111piric l for111ula. 

hh c: 1 u lation is u su Hy re rricd out in two steps: 

i id ll .. eh p r ~ nta c 'by th=* r bctv le totnic n as~ o the c112n nt. eivi11R the 
an ,v r t t~ d c i1n . J pJu s. his giv1 g the nu n,b r I f n1l)ic of eh ele111ent in 
10 f th c inpoun . 

i'vid th~ results of ~t''P I by th ni.nUC'st vaJu obtain~d in st p 1. his iv s a 
shnple r .. 11ti· by 1n les of e .. tc h ~1~n1cnt. It i usLrnHy a" rhol nun1b "r r .. ttio. 

If the v hu~s bt in in tep 2 r n t int ger r v ry cl s t int m re 
t 1 1nu t bt' . rri d , u.t: 

Multiply the v. lu 1 s 1
• bt in d in st p 2 by ... s th. t th y b 1 111 int e rs. If this 

f H ~ n,u lti~,1y the vn lu es t'"ron1 re1 2 by l. 

A 1com pouna contain ea 34.31% 1 oa1um, 17 .. % carbon na 4 7 .8% oxyg,en cy 
ma s. ca1culat 1ts1 emplr1cal rormu1a. 

Sodium 34.3 34.31/ 23:.o = 1.49 1.49,11.419 = 1 1 

Carbon 17.9 17 .9/ 12.0 == 1.49 1.49ij1.419 ~ 1 1 

Oxygen 47.8 47 .S/ 16.0 = 2.99 2.99{1.4191 = 2.01 = 2 2 

The en1p1r1ca1 Tormu1a 1s Naco~. 

y ur 

A compoune1 or ruc1c11um ane1 oxygen contain - 72.6% ruo1a1un, Dy mass. 
o 1cu1ate It mp1r1ca1 formula. 

C IC LI I t I 11 fro Ill Ill on con1IJu tlon 
f c r on dio id n \VJter produc cl~ h n n \Vn n1 ~s f sub 'tJnc: 

n1 asur d. Th m ss f rb n in th c rb n di . id is c l uJa n1a 
t:?/ 44. ho n1. as o. hydroBen is 111:.us of water _/ 1 B. _ he perc nt:1se 

n hydro n re c lcul 't ny .. ·y en in th ...: m ound i und 
by ubtr , tion. h C! lTI iric l f nnul is th n \V rk d ut a in pr \ri us x n1 ,1 s. 

8 Formul1 

, qu tion and mol ( Topic S) 



2.22g or an organic compound X containing carbon~ hydrogen and oxygen only 
wa Durnt In exce, air and 3.26g or camon e11ox1e1e and 1.33g or water w r · 
obtain -a. c 1cu1ate tne mp1r1ca11ormu1a or con1pound x. 

ll 

mass of c rbon = 3.26 12/44 = O.BB9 

Dl 'SS of hydrogen= 1.33 2/18 = 0.148 g 

mass of oxygen - 2 .2 ... - 0.889 - 01.148 = l.lE g 

o_10 carbon= 0.88'9 100/2.2 ... - 40.0%1 

,,& hydrogen = 0.148 . 10012.l~ = 6.,67°,i 

0 , ,ox.ygeu. = 1.18 100/2.2_ = 53.2% 

C 40 40/12 = 3.3 

H 6.61 6.67 /1 = 6.67 

0 53.2 3.2/16 = 3.3, 

The en1p1r1ca1 rormula or x I' CH20. 

3.3/3.3 

6.67 /3,3 

3.3/3w3 

1 

2 

1 

An organic compound z oT n1 ss 3.33g containing carbon, hyarogen and 
oxygen only wa cumt In exce s air. 7,33g 01 carbon Cltoxlde and 4.00g oT 
water were obtained~ Calculate tha 9n1p1r1cs1 formula or con1pound z. 

Molec1u1ar for1mu1a from1 emp1r1cal fo1rmu11a 
If th mol r m, ss ( r r 1 tiv n,ol ui r m ss) is k1, , n, th m 1 cu I ~ rmul n 
b d riv d fr 111 th e111pirical on11ul _. 

First. t'h cn1 iri, 11 111 gg is , rk~c ut. It thi is th Jue g tbe 
m l r 111ass. th n1 le uJ r nd , 111,p,iric fon11ul e r 1n . 

If th i.:m iric I m I nd mol r n1a~& r n t th s 111 • th y will be in a i111 le 
r,,. ti t each thor. o 1nd tbi r tio~ divide th m l r 111 s by the: ~n1piric J 111ass. 
rf the ng\ '1f is 1. then the n1oi , ul r ton11ulJ h twi the ()ntpi rkaJ fortnula. If 
t'.h 3. the m l .cu I~ r 6 rn,u b ia thr 1 c ti111c the n1~ iric 1 t.or111u I . 

ln th . ,v rkcd n1pl b ve th n1piric l n1 ss of J ~J is l. .. + w + 16 = ~ . 

:ri n th._'r eh n1 I r rn ss f t.:ontpou nd X 1.s .0 gn1 1-J. rh. n1 lacu 'I 1 .. rn1u] . 
an de i ed: 

----- c:::::: i:::::: ""> 
em[ 1ric l m s 30 .-... 

H n . the t111 ] ul·tr ~ rn1l1 l.t = .... 



I In exams you must show 
your working. In thfs case. 

1 you must maKe It clear that 
because1 tne mo1a r and 
emp1nca1 masses. are the 
same, tne two rormulae arg 
tne same. 

I 

1 ems • 1 10-e m3 and 
1 dm1 • 1 10-3 m1 

100 kPa iii 100000 Pa iii 

100000Nm~ 

,--------- t 

A compound contslns 3.S.7% calclum, 20.0% phosphorus and 41.3% oxygen by 
mass. The molar mgss 01 thg1 compound Is 310gmo1-1 • Calculata: 

rts gn1plrl1ca1 formula 

) Its mol ecu la r 10 rn1u1a 

· :Elenf itnt ---- · 
... .. - ... -

ti1~~p.~tis,~l1tQ-:·1 - -
• ,.·11 V 'J I • -

an1a'lle·1t::: 
- ""r. "T • 

-- - - -- -

C l,cium 38.7 /40.1 ;: 0.97 0.97 /0.65, ~ 1.6 1.6 )( 2= a 
Pho phorue 20.0/31.0 = 0.6D, 0.65/0.66 = 1 1x2=2 

Oxyge,n 41.3/18.0 == 2.68 2.5El/0.G5 == 4 4 ><2==8 

Tne emp1nca1 rormu1a I caaP20a, 

) eiu iricsl\ 1nass = (J >< 40.l) + (2 >< Jl.O) + (S >< 16.10) = 310.3 
Thi I' nun, rlcally th sam a th n101ar ma s. Thei for f tt, mol ular formula 
I C 3P20 8 • 

Th m l. l n1 ~; r "aui,c n1p unds n be tound bo111 n1 ~ s ctr. by n1e surin 
th_ ,u/~ v Jue of the m0ileC"lllar ion po k. 

he 111 lar m &!i _ ol rUe liquids nd 8 se ij c _n als be , kul t d ui.in the id~al 
gJs cqu~ tion: 

pf. = nRT 

\•lhe.r 1 J• = d1 rt.:~&urc in P (\-\rhi h i tbc ,~u11e :is N 1.n- 2), J "= fhl.? volun1 1:? in 1n ~ u = 
'the nLun c1 r 11101 s, R is th as c 11 tant ~ . I J 1 Jnol- l :::: ~- l iN 1u 1 n101- i 

. n Ti th k Jvin t m r ture (. ·0 =, (-7 + 1 J ). 

A -n,_ h.~ f tb unkno, n i~ ,v~i h d I L1rate1y and thl;n v poris (lt ~ kn \! n 
ur . Tu v lu111e n I the -·r~1S!Un :u ~ 1n urecl. h ,, lu :i re nbstitut d 
id JI I c,qu ti n nJ thl niun -"r f n1 1 s c· lcuL t d. he n1 ], r n1 s 

c 1 ul t u in n1 les = n1 s/m l r 1I1 s. 

... - - - - - - - - _ -.. - - . -- ---- -- - -- ---

t 1.23,g oT a nye1rocaroon wa , oumt 1n exce oxyg,en. Tn wat -r prociucea 
was adsorDed In mca gel and tne camon dioxide adsort>ed Dy ca101um oxide. 
Th mas - or wator producaa wa 1.5.sg and tng n,ass or carDon a1ox1de wa , 
3.87 g. Calculate Its smplrlcal rormulg, 

0.284g or t11e samg llquld hydrocarbon was Injected Into a ga _yrlnge_ Thi 
wa tnen placed In an oven at 1so0 c wnere It 1u11y vaporised. Its volume was 
84.3cm3 and tne pressure wa 106 kPa. ca1cu1ate the n101ar 111as , or tne 
hydrocarbon anid, u Ing the ,an wsr to a), .avaluate Its, molecular formula. 
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Ettner: ma, s or c - 3.87 x 12/ 44 - 1.ossg 
%C = 1.055 X 100/1.23 = 8518% %H = 100 - 85.8 = 14-2 ~ 

or: mas or H = 158,x 2/lS- 0.175~g 
%H = 0.175 100/1.23 = 14.3% %C !a: 100 -14.3 == 85. 7% 

Element 

C B5.,8 

H 14.2 

% 

7.15 

14.2 

% + Ar + smallest 

7. 5 / 7. 15 ::: l 

14.2/7.15 - 1.99 - 2 

rn emp1r1ca1 rom,ula I CH2• 

\p = 10,6kPa. = lO~OOOPe (= 106000 1u 2) 

·v= S,4.3 cm 1 = S.43 10,- , m~ 

T= 150 + 273 = 423K 

R = 8.31 J 111101- 1 = 8.31 mE I n101- 1 

H =e::: 10(5000 )( B.43 .. 10-s -0.00254mol 
RT 8.31 • 4'.23 

·molar mass - nutss :: 0-284 ; - lt ... gmo1-1 
moles 0.002,..i mol 

1nolm· mess = ]12 _ 8 
einpiric l 1n ss 14 

The molecular formula I , CaH16• 

An acid prepared rrom rhubart> IQaves contains 2.2% hydrogen. 26. 7% carbon 
end 71.1% oxygen by n1a s. 

) ca1cu1ata Its amp1r1ca1 rormu1a. 

) The molecular Ion peak In tna ma s spectrum or this ,aclcJ had a m;.z va lue or 
QO. Calculate Its molecular formula. 

) 

Hydrogen 

Carbon 

Oxygen 

2.2/1 = 2.2 

28.7 /12 = 2.2 

71.1/1S = 4.4. 

Tne en1p1r1ca1 ronTiula 1s HC02• 

b) empiric al msss - 12 + l + (2 16) = 45 

1nolec.ular mass = mlz value= '90 

2.2/2.2 = 1 

2.2/2.2 = 1 

4~4/2.2 = 2 

This Is twlcs thQ an,plrlcal mas,s, o tha molecular 10miu1a Is H2020 4 • 

llhe pressure must Da 
converted to Pa~ me 
volume must De conve,rtecJ 
to m3• 

.. ,, ......... ~ .......... , ... . 
The units of pV/RT ere 
N m - 2 >< m3/ N m K-1 mot-1 x 

K = m10,I 



, .... , ..... , ..... , ...... ,. 
NH4 + i polyatomic ion s 
it cont in . more th in on 
atom. 

Ionic com1po1unds 
• l nic c . imp lln s r in cl up f c ti ns nd nion . 

At.JUC u solutions of 1n t I , 1n1p l.1nda r ionic:. 

Ion 
c O n is itiv i n t- rm by h , loss f ne r mor 1 ctr n fr 1n t r n1. 

M t l s f rn1 c ti n . 

h .:h.1tse&i n s n1 "'1ti na [ c ~h1 \-Vn in ., blo .1. he I on, .1n nu n1, rll ls: 111 
p t~enthe s ive tbe value of th 10 iti e ,eh. r e on t'he C!lt i n in 1 con1pou nd. 

his i IJ '.1'.1 , d if h n1et l f< ,nns in of more th n n~ c: h rg . . r ·~ n1pl _ ir n 
, n l rn1 l i n r it u I, th 1 , ·trons n, f rm 

e3+ ions. 01npoun s. containins :!+ ion ~r U d ir n(uJ , 1n1pounds· hos 
containiu ~ + ion 5l ~r c:i llod iron(u i) ,con1pout1ds. 

T b I o .1 cations a na tne1r cna rges 

Anions 

Cu.., in eopperi(1)1 

compounds 

----- -------

~2.t ,:Jcin& I 

----------

Zn2+ 

Mn2 ... in mangane e(11} 
compound 

Fe2+ in iron( 11} 
compounds 

Cu2+ in eopper{11) 
compounds 

~ --- -------

' Si]'c>"11'S! . 
•-' - - - ~ -~ -.- . ~ J 
-------

Al3 ,+, 

Cr~ in chromiun1(111) 
con,pound 

Fs,9+ in iron{u1) 
compound 

An • • tivc ion th t h b C 11 f nncd by th I in f n 1] n 1 ne 
noiu - 111~tn ls . • 0 111 rn1 anions . 

II '" c nt in n1 r~ rh n e'I m~n . t the;; e1~n1 nt i 1111 fH1 n, n ll 

usu Hy 111 le,. 1C rb n tc nt in he . ~- an1 xy l! D , or - n. - J 

ht' nion th .t y ll 11 rd t kn w in th~ fir 't A-1 v I y~,ar or ~h ,vn~ \vith tht; ir 
chlrse ~ in ~ble 8.~. 

How to work out th ormul of n lonio on1po 1nr 
I nic ompou nds c nsht of p sitiv n ne Uv i ns held t Roth r in rh s Hd by 
the .. ttra ti n betwcc n tht: ir opp site char , l 11 s lution~ the e ions ar '\ c pa r'1ted 
by \l at r m.oJ~ u l~s. 

h..: fon11u l of 11 i 11ic co111pou nd how the fti rio 
,chi 1rid • Na l th 1r i t ,, Na i n t~ r V'ry 
eh r re r · o 1- ion for cvt ry .., :1.,·t- i n. 

f c ti ns to ni · ni. In s dium 
n. In cuJciu1n chi r id ~ _, lJ ~ 
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. Anl ons and their eh arges 
--~----

: -~~-f~ris/ ·: 
_!,._ .. :.:_- -F;;_:__:__i_,_" __ .i, 3-Joifs - · .... . . _;: - ' -, ~ . 

-- -- -

Auorid F· 

Chloride Cl-

Bron1ide Br 

Iodide 1-

Oxid 02-

Sulfide s2 
Nitrfde 

Hydroxid OH 

Nlitrate N09 

Hydrogenc rbonate HC03-

IMa nga nate{v11) Mn04-

Chlora · (1) oc1-

Chlorate( v) CI03 

Cyani CN .. 

Su peroxide o-2 

Pero Kida 0 2 
2 

Carbonate COg-l-

Sulfate 9042 ... 

Sulfite S03~-

Chromete(v11)i Cr04:z-

Dichromats(v1) Cr2012-

Thi10 ulf te s O 2-!a 3 

Pho1sphate 

h r ti 1 1 if ions iu .. 1 arti ufor con1pound is ~ 1 rk~J out~ b s :1d 1n the fact that the 

o.mpound i!\ n 1.Hr ~ I. 

Rul 1: If th nLun ri al ch~rgc n the ion i th ~a111 ~ th r ti is on c ti t 
one: ani n. 

What Is the formula or sodium hydroxide? 

n 
The Ion are Na+ and oH-. Tiley nave the same numerical charge. 

rne rormu1a or soc11um nyarox1aa 1s NaOH. 



Parentneses are placed 
round tile polyatomlc 
HC03• This must be cJona 1r 
there Is more than one or 
mat po1yatom1c Ion In tne 
Jormula: 

I 

calcium hyelroKlde Is, 
Ca(OH):z, not CaOH2 
1ron(1111) suitat-e 1 

Fe2(_04)a 
ammonium carbonate 
IS, (NH4)2COa 

You must not use the 
swappl ng-over mett11od i·r 
tna va1 ues oT tne cnarsg,s 
are tn same1. It only 
ap pU e when the value, , 
are different 

ul 2: If cbe nunttJric J h r~ s arc It t the saui th nu111ber f encb io11 have 
co b , rk:~d I ut h 't th '\ t t 1 p siti c , h r c u l the cot J n tt hJr c. 

Wrlt tt w 1:1. thQ :lrn,u lae ot tbe i tu, h1 ludin their , h r s. 
- ind th 101 e. t c n1moL n1u Jtipl I f th tw ,eh. r - s. _ hi u ls the -=- h r 
th~ i n n11.1lri_ lLd ~ y rh nun1b r of th. t io11 in rh .. rmu1 . 
'V,..f, rk ut h l n1.n1y , f )a, h i 11 i nc dcd t, , giv hia t t I cb r . 

oJ\1 ~ , 111ples , f'th JppUc .. ti n of ru I 2 ar _ sh ·wn bel ,v. 

--------~,; 
- - - --- -- - - - -

work out tn ·rormula or a1um1n1um oxide. 

11 

The Ions are A13+ and 02-. The rowest common mu1t1p1e err 3 and 2 Is . 

For cnarg or+ ~ two Al3i" Ion , are n edetl; ror cnarge 01- -• three 02- Ion 
ar n aea. 
The rormula or aluminium oxide I Al.203• 

work out th ·rormula or iea1c1um hyarogencarbonate. 

, ......... uo 

Thg Ions afi ca:2+ and HC03-. Th lowest common n1ultlpls or 2 and 1 ls :2. 

For en rg or +2. on ca2
1- Ion I need d; tor a cnerge or -2. two HCOa - Ion 

are n eaed. 
Th9 torn1u1a or calcium hydrogsncarbonata Is Ca(HC03)2• 

An lternativ,e , y t ,v rk ut tl r111u l c u h B ru] - ... i th ' w· pph1, ver' 
lll rth . lfth f r aJ:1 n t th I S n1ri , rh nun1b r ofc~ti ll i UJI t th V lu f 
th h re OU th anion nd hL numb r of 11i011S 1S :\i U3] to tb V ]u ofth h. TB 

11 the .., tion . 0,111 1 c... n1p]es o th swap in - ,ver n1ethod r l shown beJow. 

l ------~· 

What Is the 1ormu1a or socllum carbonatg? 

Tn Ions are Na+ and co32-. 

sodium Is 1 +, o tnere must De one carbonate Ion. The carbonate 10n I 2-, o 
thgre must be two sod 1um Ions. 
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What I , tJ1e rormula or a1um1n1um sutrate? 

11 

The Ion are Ala+ and SOi2-. 

AIUmlnlum I 3\ so there must be thrge sulTate 1011 • The1 su1r;.:1te Ion Is 2-. so 
there must be two a1um1n1um Ions. 

Af3.i. S04.} 

The rormu1a or a1un11n1um su1rate Is Al2(SOJ3• 

y ur _ I 
Write the formulae of the ro11ow1ng Ionic compound, : 

a) ca1c1um ch1or1ae c) coppsr(111) phospnate 

-) ,11ver nitrate ) 1um1n1um ox1ae 

H dr Ionic oon1pound 
M ny solid i nic c, 1111, unds c nt.:rin ·,Nater ot cry r~ His:ation. he numh ,r otw:1 ter 
mole...:ulc it1 the f rn1td of , hydr t con1pound jg iven by fuU st t~ U \V d 
by th nu n,b~ r of n1 1 u I r. f vv:1 t~r. o·r inst._ nc ~ ~1 f nnu h, unit f oliJ hy Irate 
gocliu iu ea I b na c ,i.: nt3i.ns t ,n 111 1 eu 1Qg t \V,Jt ~1 or~ cr-ys.r lHsariou s itg f rniu b 
is N 2 3.10 Jl. 

Mola of ionic con11 ound 
Mol r 111 ss s f ionic 1c n1p unds r , 1i; lcul t d in rh , s 1n '!V y as n1 

m I 'cul r u b s t nc ~ . r · n11 l : 

1110 1 r m 1&5 f l 3riun1 chloride_ B:.1 12 = L37. J + (- JSr .5) 

- ,_ , . , B n 1- 1 

If n io1 i c nip und nt3in ,,,,, t r f ,crystalU tion_ the, m u f \vat r n1u t 1s 
b t k 11 int Jccount. For ~ .. _n1pJ : 

lllohtr m l SS r hydrat d CO pct(n) SU ]fJtO~ U 

c:::: b . 5 + ~2. J + (4 X 16.0) + (5 X I . 1
) 

~ 241 .6 n101- 1 

r 250 JTI1 ] 

1 to rhr , i nific nt , L ur s 

r y ur If 

~-5 ~· 

Calculate tha molar mass or ethanedlolc acid, Hi2C204.2H20. 

f 

TI 
rne 1on1c cnarges are 
u uany 1ert out w nen 
w nt1ns the Yormul a oT an 
Ionic subst a nett 

.. ...... ,, .... ,, .. . 
Not , th et th molar m e 1of 
water i 18 s mo1-1. 



' .. ,.~ .... , .. ~.,.,,~.~-·· 
TI, symbol 'aq' tande for 
an unspecified numb r of 
wat r mol cul s. It corn 
from aqua, th Letin for 
w t r. 

I olvl r I onlc u ta nc 
M ny i ni -0111p,oun I JT lubl in wat r. hi h be u f th str n · f r, & 

b1ttr:1c ti n bit\ n th p1 itiv~ cati n ant\ th~ H hd)r nes tiv of y n t1 n1 in 
wJ.tfi?r n1olecuJc ~ ~nd betw~ n the..~ ne tive niot1 3nd rh~ H htly , sit iv 1 hydr10 en 

t m in · t r 11 ] ul . 

,qu ti, n r pr sen tin th 
i ,nic , on1pou n n th 1 
i nclud (s i""Li,S~ t 0). 

issolvinB I f i ni 
. nd th~ Jiporart· ion 

n1poun s h3v the 6 rmula f th 
n th ri ht. tJt . mb Is 111us.t b 

h u ti n fi r i lvin o iun1 chl rid in \V t r i : 

N ~l I (11) + ---' N ~ "'"(uq) + 1- (.1q) 

u i n ~ r iss lvin . ir n(n1) u lf t in w t r i : 

.., .. 

I Cl 

TI 
R1emembier that ; c namlc al 
equation not only 
1 aentmos tn e p roouct tnat 
are tormed In th re aauon, 
but a~ o the mo 1ar ratio 
of the r1e actants and the 
products. 

Equ au ons must always 
Dai ance. N,evsr w nte worCI 
equation . lihey wlll not 
score any marks. 

qu ti n sh \V 

n the f rn1ul f th pr ducts 
f th re ,cant. on th lcft-h n 1aid 

n th ri ht h n id . 
h numb r of , t m f ·h l m nt 1nus b th m~, on 'th l ft s I n 

th ri ht. 

............ ,..,.per(n) oxid r L't 1 ith dilut hydr chlori cid to f nn c r(n) chloride 
an w t r. - h r ~ r ~ in th u t i n, · u l r n the l ft an - u · t~ .. 
)Jnt.i I 12(J re n th ri ht: 

u + H l u l, + H., ... .. 
u. ti · n do s not b l .. n . h r i 0 11 ly ot1 ch lorin Jt 1m n 
n the ri hr. lr . h do s 11 ,r hi1 nc for hy r gen . 11 b:.1lnn _ 

rhe eq,uati,on '2 • n1u r be pLU in t rh~ ~ n11uJ H l. 

h b~ I nc~d 1qu 'tion i : 

u + -I-1 J -+ . u ll + I 13 

h'-1 et1uario11 n1 :1 .. n th t I 111 l of c pper(u) 1 9 idc rt::.icts ~itl 2111, 1 f hydro~h1 1ric 
c.id t fi rn1 l n1 1 f c p r(u} ,eh] ride a11d 1 n1 l f ator. 

h q u 1 'ti t iv r I t i n hip in n10 l s of th r c t n r nd J rod '-l t i · · lle, 
the t i hi n1 tr of th re~1ction. 

Bal1an1,cl1ng eq1uat1on1S1 

0111 I u ,Ti n n t 11c d bal 1, ing. F r .. ,atupl 1
~ the u- ri u& for 

'th n1bu ri n f sulfur n the r , ti n b t\ n m 1 , situn oxi e nd .,L1lfuric: 
a id tu lr _dy bt1I ncL?d: 

+ 
M + 

r q u ti ns h· t cl nt: d b , nc:inLJ:~ .m 1 pt th foll \vi n1 

• str ,~ gy: 

• } 111 nt th , I p rs in th le st nu1nb 'f f Sf in h u ti n 
and bal ince it brst. 
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tire r,v f these~ ta rt with the ont: \ ith 'tht! l~ t nu. rub ,r f aton1~ in 
th~ rinu'I . 
rcfh n l llC che ll X l Dl nt, until l1 , r 

• r t.1J s such s ulf: tc I S 4• Jnd nitr t ~ N 3• ntiti rath r 
th .. n I untin sep!lr te guUur . n • YS n Jton1s or 11itro Ni .uid xy n 
• t lll . 

con Id r t1, con,ou tlon or prop ne, c3Ha. whlit::n Dum In xce 
carDon ci1ox1e1e ana wat r. rn unoa1anc a equation 1e: 

C 1~ + o,2 _. 1C02 -t- H 1Q 

1r to rorm 

carbon ana nydrogen Dotn appear 1n only two poc1es, Dut oxygen appears 
In tnree. 
rnera are rewer carDon atoms, tt,an 1,yarogen atoms In propane, o eitart 
by ba la nc Ing c artJon. There a re three carbon atorn · on the lsrt. o put a j 3' 
In Tront or co_, to balance t11e carbon atoms. 

C1H + o,, -+ JCO., + H 0 .. .. 
Now Dalance ror nyarogen. rnere are e1gnt nyarogen atoms on tnie 1ert. o 
there needs to be 4H20 to get sight hydrogen atoms on the right. 

C1Ha + 0 .2 lC02 + 4Hi0 

La t. balance Tor oxygen. Tnere ar six oxygen atoms In 3C02 -nd ·rour 
oxygen atom , In 4H2o, so tnere 1,a to De t n oxygen atoms or 502 on 
thg te·rt. 

The balanced equation le: 

C 1H,c + sol ]CO .... + 4H 2.0 1 

- -- - ---- - --- -- - --

I 

A more dlfflcult 9>tample Is tne combustion or athene, C2H8, to rom, carbon 
cuoxlaQ ana water. Tne unDatancec equation 1s: 

C2~ 10 .2 -> C01 + HlO 

start w1t11 cerbon. Put '2' as tna coemclent or CO:z, t1,en balance Tor hydrogen 
by putting 13' 1n Tront or H2o. 

• r1,s number 01 oxygsn atoms on t11e right Is rour (In 2CO~) plus t11ree 
( In 3 H20). wh Ion Is seven. unrortu nately. oxygen Is a1atom le. You have a 
cno1ce: 
- octa1n s,even oxygen atom, by navlng 3to2 on tne 1en. Tnl 1s .ace ptabl , 

a tne molar ratio 01 ethane to oxygen would b1e 1:3~. The hair means 
nalr a mole, not hair a mo1ecu1e. The equation Is: 

Cl}% 3t 0 2--+ ~C01 3H20 1 

- ~ olve t11 proolem or the odd numDer 01 oxygen atom neea on t11 lert oy 
aouc11ng tn - quat1on. wn1cn tnen D-con, s: 

2Ci H :\ + 70 -+ 4C02 ~ 6H20 1 

Tne ratio In tne two equation are the same: 1:3; 1s the an1e ratio as, 2:7. 

Ne1ver balance an 
eq uat Ion by a lt;rl n,g 
any rormUlae. Only tne 
numoe rs In rront 01 
form u I ae may be a lterea. 

Ch mi'C I qu tion 



An example wnere It Is mucn eaJer If group rather tnan lndlvldual aton, are 
counted I tne re,actlon oetween a1um1n1um ana ctllute surrur1c acid to rorm 
a1um1n1un1 u1rat , na water. rn unbalanc d quatlon 1s: 

Al + Hi O Al1{ 04) H2 

oouo1 tne numt.>er or a1um1n1um aton, on tne lert to lgtve: 

.. Al - H2S10 4 A.1.,(SOJ1 + H, 

rn I eq uat 10 n st111 aoes not Da I a1,ce. 
Tt1ere are tnree S04 groups on tne r1g11t, so tnere n1ust be tnree on tne 1en. 
Th reTor , 3H2S04 Is neee1ee1 anCI 3H2 1 proaucea. rne tJalanced equation 1 

.... Al - 3H1S0 A.l:z(S01J1 + 3Hl 

u 11 t,qu~ni ns h. vc th fu U fi rn1u L _ for borh 111 l '" t.1 t1r nd ioni,c: 1.1b t. nc s. h _ 
:wgu.1ti J1 in eh) \VOrk d exan1 Jes JbOV) Jr lUU qLnti JlS. 

Balance tne ro11owlng: 
) Mg(N03)2 MgO + N02 + 02 

) sn4"'" + 21- --, sn:t-t- + 12 

c) C3H70H + 0 2 -+ C02 + H20 

State sym.bol · 
t t:3 y111 hysic l st t l f th subs t nc s in n I u 'ti n. h y .r 

lht d in - l I 

I 3. 

T blo . State symbols 

Physical atnte Solid 

' . (s) 

Liquid 

(lj 

Gae 

(S) 

Aqueous solution 

{aq) 

Unl "lSis th, 1qu :)sti u st.1t s tbat tl, y ar u r quirtd~ st t~ syn1bo1 ~hou 1d alw~ys 'b~ 
addeJ t .iu e1quati1 n: 

• ·,vbc n a i& pro due d r n1 a lutiot1 r r1 n1 Hqu i 
• wh, 11 r cii it ate is 6 rn1 d 

if j is a 'tl, rn10 ht1111 ;~, I ~q uati hlip't r l ) 
if it is ~ t 1 1n ic ,qu ti 1 

r i an1pfo, thc1 qu tior fi r thl: re· crion of solid ~ lciun1 , rb n Jt li ith ,dHut 
, ••• ,.,., ..... .,, ................ "" uitric :.ic,id t give t1kiun1 nirr.r ci carb n d.i • ide !111d 1 r.tt r i&: 

All n itrat ar o lub I 
in water. 

Th qu ti u f r th pr cipit• 'ti n of c1 pp r(n) hy r xi fr m luti n f c1 r(u) 
su If: t . nd s dium hydroxide is: ..... , .................... , 

All odium eafte a~e aoluble1
• 
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SolubUlty of [onlc olr 1ds, 
f the lllbHity nd ins1 lubiliry I f i ni nip un m s \Vritin 

i n h: quad n · L '-1 ·l, n1 r ~tr .11 htfc r~ .. rd. 

M ny i ni H s r oll1 ] in w t r: 

All r u , 1 lnet l c1 nip ,u nds lu'bl . 
All nunon ilun 0111pou nd~ . re solllblc. 
AU nitr t ·1s . re solub] . 
All ah f rides ~r~ olubile~ rt fio111 silver ch.1 ri an lea (u) chloride. 
All su If: t1 r I lubl in \i . t r, p l't fro111 strontium sulf t • b riun1. BU lfin . nd 
1 · d(n) sulfiJt . I iuin sulf is n~, v r;r sH htly Jubl . 

m type& f i nic . 01111 st1y ins 1uhl in \; r r: 

All 1C 1:b ,n t r hu lu 1 ~ , r fr 111 Mr u l carbot1 tes nd an1n1 niun1 
C rb 1ll t . 
AIJ hydr - id :11s ar h1s !ub] ~ u~·1i.1rt ron1 rou ·1 hydr ocides! ,~uun1 niu1n 
byJr1 .. id nd blliun1 hydroxide. · aJciu 111 Jnd tr ntiun1 hyd oxides r di ht]y 
olll ,] . 

lon,rc equ.atlon -
h nti l ~har et r . f _ pr cipi't ti n r a ti n, su h as that b t\ n cop,pt!r(n) 

SU If: [ 
soluti 

nd s diu1n hydr1 .Ji e ra f rm pt 1 ·ipha of I pp _r(n) hydr1 id_ in 
n of s iun1 gu tfat 4 b 1. on1e clear \Vh n u t i ,ni q.u ti. n is ·, ritt n. 

h rule?i for wrhins 'i1 nic ~1quatio11 aro ~ foH \\ts: 

u le l : Wrhc tht; t.'"u II :i ~u"' ti n and ba fa nee it. h n write 1;1notb~r ~qu Jtion usi n 
rut 2, 3 nd 4. 

ul : _ or dissolv" i inic sub tancoi;, ,Nrite th., i n~ ~ f ~r.~ltoly. 

Rul 3: For H oH s (l h th r i ni r not), 11 li _uid . . n · JIB· Ls~'\/ rue the fuU 
onnul . 

ule 4: JI os!i out JU the s:p et ttor ious~ Le. th Y that Jppe,at· :ieparat llJy n b itb 
siJc I f th equ ri n. 

Using th . u11p1l' ofth r ~H:ti n b tw~cn l'I r(u) su]f.1tc iin s diun, hy<lroxi , 
ru1 1. iv s: 

u( H) _,(s) + N .. t :! ~ I ~ (aq) 

_ r m this fuU ~1quati n~ th J pH ation rul . 2 ,nd _ r suhs in: 

u2+(, ) + + iN .. , ±f.iq) + 2 · {aq) ~ 
u( ).(s) + 2Ni~(~q) + ~..,....~" 

h sp . t~t r ions 1re h1 b td ty . Apply 1·ulci 4 by ro sin[; ur , h 2- i l on 
tbe J ft ~ ith the 4 ... - ion 011 the rie;ht nd the1 :!N -r i n n the l ft \\' ith tb.e 2N + 
i n n th ri ht. h ~ 11 t i ni · cqu ti n is: 

u( I )2(s) 

hin in ut,; h t h pp ns in rc1 c:ti 11 c n sp ~ up th 11 c I f l 'ritin ion· . 
~1.__·ri ns. Of p t(u) hydro i is 11r t:ip,itat 1 

~ s · , . i p r i 1.n n11.11t h. v r ,act 
with hydr x ide i tu. here· o e~ the ioni1 ,equJti n n,ust be: 

l stu1+(iq1 ~ H- { q) ~ u{ l l)l(s) 

Ch mi'C I qu tion 



I 
You snou1a practl e 1on1c 
e1qu atl on bee a use they 
a1r1e f reque ntl y 1a1ska,d fior ~ 

~I •••t •••••••t111••1t I ••tl 
You must check that ionic 
qu tion b lane for 

charge ea well as ~or tome. 

iniHHrly. \ h --n s -tuti l s I f sHv~r n itrat an dium hloride au~ n,i · I, 
Fre i ,it t f ilv r I hl ridl:i i fi 1rn1 d. his 111 ns tl1at iJ 1;r i ns n1uGt h v j in d 
with hl rid i n t £ inn in Juble ilver hk ri . h ')r re. the i nic uati n i. : 

A +(34) + J-(~q) 4 A ~l(s) 

Th nltr t L 1td g dium ion r th 
1 tron cid ~ such "s hy r chlori (H · 1), su1furic (H2 4) nd nitric (HN 3)4 r 
lu lly ioni d 111 soluti n . h y ar 11 

L ~ id i b, LHQ f t'h 1 H+(:iq) iou in the h.ui n. 
W h t ln cid reacts v itb ~ b sc, i - is tb~ 1+(aq) ion~ that re et 

- --. . . 
--------

wr1ts t11e Ionic gquatlon ror thg raactlon or magngslum with dlluts hydrochloric 
aicld Th9 general reaction Is: 

cid + n1etal salt + hydl·,ogen 

n 
The ·1ong way' or doing this I to ro11ow tn - ru1 ~ abov . 

RUIO 1: 

Mg(s) + HC"l(aq) _. MgCl (aq) + H"(g) 

Bal nc tn quat1on: 

Mg(~+ 2HCl(aq)--+ MgC12(aq) H 2(g) 

RUl'D 2 na 3: put CJI 01v -a 1on10 uo tanc Into eparat Ion ,: 

!Vlg(s) - 2H 1 (aq) + 2 -· 1-c q) · !vfg, (aq) 2 - J-(aq) + H,(g) 

Auls 4: cancel the pectator Ions (In cold). wh1cn are tne 2CI"' ions on eacn siae, 
to fJ,lve: 

Mg(s) + 2H (aq) -+ Mg" 1 (aq) + H~ g) 

Tn • hort w y' I to under tand tllat t11 reaction 01 acid Involve H+ Ion . 
TtiereTor -, the reaction I I Detween magn 1um aton1 and nye1rog n Ion· . A 
sart ar 1on1c 1compoune1s containing met 1 10n • tne 1on1c · quat1on 1 ,: 

Mg(s) + 2H (aq) -> Mg (aq) + H,(g) 

Th t}l~l' of r a i n b h ret'n lid . lun1iniun1 xidi~ ,vhi1ch is • b. s ~ ~1nd 1dilut 
sulfur,ic acid h: 

id + b . c ~ s It + \V,., 1 t r 

r :i tion i~ ss nti" Uy b tw n Al2 >] nd I-I i ns. h "'r for,~~ rb Jou1c qu ti 11 i!i: 

A12 · j (s) + H+( L]) ~ 2AP+( L}) + H2 , (]) 

his is 111u ·b ~irn 1] r qu ti n th n th uJI qu ti n: 

2 
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t y ur I 
write Ionic equation , wltn t te ynit>o1s. ror tne r action or: 

) lron(10)1 oxide. Fe203• and hyarochlortc acid, HCI 

) the precipitation or calclum phospna • producea on mixing solutions or 
a n1 mo nl un1 p ho' ,phate and ea lcl um eh lorlde 

c) the neutrallsatlon reaction between olld calclurn carbonate and dllute 
hydroicn1or1c iacla 

quatlons ,b,a,s1ed on test tu1be reactions 
D 1 I I ~ c 1 , tlt r act I r, 

R 

Mot~dra; r l?acr with s lu tiona cont:.1 inins io1u f .. 11,11ctal b I \V tbcn1 iu the re. ctiv 1ty 

s ri~ . i t1c r s v ith ,c pp r su H~ t~ s luti n. h blue luti 11 g e coJourJ s 
nd rod solid is produ rd. 
ull C.JUJti n: Z n {1) + .... u (a.q) -4 Zn 4 (aq) + u (g) 

1 nic equ tion: Zn{s) + · ui+(aq) z n ::!+(1q) + u(s) 
I lo - ns r . · t ~ ith & luti n nt inin th i ns of t1 le r crhr h Jo n . 

._hlorin r et ,vi'th p t ssiu1n i 1 1 id s lu -i n 't iv r . - br1 wn oluti in. 

~uU qu .. ti in : ]:!(8) + 2Kl~1C.]) -+ li (.111..1) + .K l(aq) 
l n ic ~1quntjo11: 12(B) + 21-(aq) ~ tl( l}) + 2 · 1-(lq) 

A id ·r c t TIV ith n1 ny m 't 1 r 
with l-llfuri i,d : 

ull ~~1u.-1lti 1u: 
I n ic: 1 u ti n: 
A,cids re t v ith bas s t 

hydr hl ri ~cid: 

Z JJ (i) + H2 J ,~H.1) 2 (a) + n 4 ~ ll) 
Zn() + .lH+( q) 4 H .. { ) + Zu2+(a ) 

~ rJTI 3 a lt ,· nd W tc r. ., ]ciu n1 oxide r ~e t ~ \Vith 

Ful1 equ ri 1n: n (s) + 2H l(1 q) ~ 12(aq) + ~ {l) 
I t ic I u tion: () + 2H +( ) -+ 1+( ) + H 2 0) 
A, ids r~act \Jlvith rbonat t iv a b, bul blc of c r'bon i ,, id~ nd 1i1 tor. A 
1nl~1tion of soi..lh1m c:1 rb 1tta'tc r ac; tg ,vi h nitric acid: 

ull , tJ.UJtion : Na~ (.iq) + 2H N 3 (~1,q) ---' 
MN N 3 ( ) + 2 ( ) + 2 (1) 

l:1- (aq) ~I 1+ (, ,q) -+ · • 2(g) + 112 (1) 

Pre 1 It~ lo n t et Ion 
h solubJe saha c n be · r p rt:d ,y dding ~oluriong cont, inh1s th ir c nsUtucnt 
ion&. r c n1plc b rium su Hi t I n b n1 d hy d in . soluti ns f bariun1 
chloddo to dilut sulfllric acid ( r ny ~u!f t ): 
_ ull t1u. Ci n: _ :J · 12( l]) + I 2 , ~(aq) 4 .1 4(1) + l H l(a1q) 
lr nic c,qu tltion: l+(:iq) + q 2-(aq) th 4 (s) 

Ch mi'C I qu t ion 



y rr I Mol ~ 
A 1 01 Is, tne amount or 
substance con ta I nlng the 
Avog~dro c,ons~nt number 
or atoms. mo1ec:u1es or 
groups or Ion ·. 

1 mole or some substances 

.... , ....... , ....•....•. ,., 
The 'Symbol fc,r the moie1 ie 
mol. 

.........••....... ·······~ 
The t rm fon11ule1 n-bass 
and no1t moleouler ma 
shouid be u ed for ionic 
substances. 

, ......•......•......•. ·~···· 
Thi i comnion~y exp ss d 
e mol 'B = m ~a 

molar m 

moles 
==~ 

FI uro .1 The mole t~angle 

The mole 
111 hcn1istry~ th an1 unt f sub .t 1uj l' is alwtiys 111 . sur ' in 111 

1 n1ul I f n ub tan .. 

A• is ual t tb~ 11Lunb I of arb n t n1s in : a tly 

rh v lu fth v @:aJr n t 1nt. t rhree sign i 1 , nt 
I Q) l Ur S1 IS u. ... to2 :11no.l ... ' . 

I n10J of so,dium r,nt(1i1 b. 2 10~3 s diun1 . t n1 . 
J m l of',v [ r c1 nt ins 6.02 x IC 23 '\r' t r 111 ] L1fo • 

Im 1 of~ iu1n chi ri , NL t o t. in .o~ >c 1u~~ 
p ir f Na+ and 1- iotlS, whi h is .o ... X I 2l sodium 
jons ud · .(J2 x L02J chl ride ion . 

• I mol I caldurn hloridr1~ tit 1in Ii 
x 11 t 1c kiu111 ions nd 2 x . 2 x J 2J = I ..... 4 x tu:!4 

,eh] 

n it is imE 1 r t, use the f ll \Vin 

r lntiv n1 

h 
ha unit 

f u l R n i thf ,u. 
n1u1- 1• 

t I n1 I ft h 

• ,od iu 111 b. a rel rive ato111 i n11 i of 2 , ,,0, s ~ts 1uoL 1 1,1,"ns~ 1~ 2 • 11,0 1-l. 

uJ r n1 . ~ f (LO + 1.0 + I .( 1) == l . • it n1 I r n1 i'I 

od iu 111 ( h I rid~ has 
5 .5 n1 r-1. 

'1"111U I~ 1n:i i r 23.0 + 35.Si = . ~ so it~ n1 for n1. s i 

Conver ,Ions 
nwrsions invo'lvin n1oic nd 111 s& r , ruchd t n1~ ny c kul ti ni in A-I vel 

eh mistry. 

,.. n1 s of ubst, nc 
u.111 unr f ~ub tJnce (n1 J s) = --,-------­

rn 1]ar m ss t u1 bit.._ nee 

n1 st1.1dct1c- lik , L ~ the -11101 ~ tri 1ug1e' (F1~1re .l} to h 1p \vith rhie rt fcalcL1l.1ti n. 

• (111 s) = th 
- ith r f et r t eh 
· ct1 r lt the bas . 

Th r, for : 

111 SS c-----
111 ,1 r m s 

n1 · s 
mol.-1r LUl~g == m l 

t th b s (111 l n n1 1 r 111 s~ 111uJtipU 't I th r. 
r moi r m ss) - eh t p div11 , by th I th r 

8 Formul1 

, qu tion and mol ( Topic S) 



al uJati ns , 1 n1t:1 ,~sitn nd 1u re r li -blf if rh unjts r r .iU quantiti, r -ut 
int th ~ JcuJ ti n. ' n1c pc pl find chi ur&11 J.t first~ ut ith p,r c ic it 
b n1 c nd n tu re. 

TI 
Practise putting untts Into au your ca1c:u1at1ons, Dotn In your nom&won< ,ane11n oxam1nauons,. 
n I an important cnecK to e1 1r you are ao11ng tne ca1cu1at1on correctly. 

ca1cu1 t tn amount (In mol s) or iron In 1.23g. 

r 
mass 1 . .,3 g 

n101m1 of iron = 
1 11 

= .s~ 
8 1 - 0.0210 mol 

mo.i:ar n1aiss .J. gn1ol 

---- - - - - - - -- - -

ca1cu1ats the amount (In molgs) or w,ater In 4.seg. 

nllS$ 4.St5 g 
muount ,of,,, ter = 

1 
- lS 

O 1 1 - 0.2S3111ol 
mo ar mass . g1rno 

TI 
Note1 tnat tne lelentlty or tn chemtea1 (Iron or wateo Is stateo 1n e n ca1cu1atton.1n a11 trut the s1mp1est 
carculatlons,, phrases sucn as ·mote. - 0.0710' can be mlsleaalng. 

Mol t n1a 
--- - ----

. . 

r 

Calculate the n1a s of o.0222n101 of sodium 11ydroxlde. NaOH (molar n,a, s 
40.0gmo1-1)~ 

in ~s = molar mass >< 111.ount of substanc:.e (1nol s) 

mass of sodi\uu hydroxide= 40.0 ,gmol J 0.012l2nwl = O.SSB g 

-~----~---- --

Calculate th ma s or o.0333mol or su1rur110 acid. H2S04 • 

n 
molar m ss of sulfuric cid i- (2 x 1.0) + 32.1 (4 >< ]6.0) c:: 98.1 g1no1-1 

mass o.f sulfw·ic acid= nmlar n ss :.: amount (n1ol s) = 98.1 gmo1-1 0.033311101 = 3.27 g 

I 
Note uiat tt,g, un It g 
cancels IG,avmg mo1 i on 
tne bottom. which Is the 
same as mol on the top. 
This is a cneck that you 
have tne ca1cu1 atl on tne 
~ gt1t way up. Had you 
thougnt that amount 
(In moles)1 . , molar mass/ 
mass,, thQ c ale u1 at1on 
would have been: 

s-.s g mo,1-1 
amount=---­

l .23 g 
= 45.4m.01-t 

This answer 1,as U11e 
wrong umt ror amom,t of 
suo tance, so your 1f onnula' 
must have been wrong, 

Note that the mo r 1 

canoa1s out tne mo1, 
1 eav1ng me u n It e. wn10 n 
Is th correct unit ror 

I mass, Had you thought 
that mass - molar mass/ 
mo1es, tne ca1cu1atton 
wou Id have Deen: 

_ 40.0 g l110l - l 
amou11t = ----

0.0221 mol 
= 1802gmol 

This answer has, an absurd 
un t and an unm~eiy I sa 
mass. Do uirnk about the 
masnrwae 01 your answer 
examln 15 , many 
examples of, tlJdenm 1eav1ns 
ncHcuJous answers. 

Mol c lcul t ion 



• ••• • • • • • •• 
An lysi s 01f th unite in th 
calculation miv I th Q,()r~ et 
unit 1of gm10J-:i. in the answer. 

0.0222 mol or an oxide or I ul1Ur has a mass or 1.42g. Calculate Its n101ar mass. 

lllSSS _ 1.4- g _ . -• 
1nolar 1na s of the sulfur o .. id = 

1 
-

0 0 
., 

1 
- 64. 0 g mol ~ 

1uoes . _...,,..,1no 

-------~ . . 
' 

o.osoo mol of an organic a1cld 11ad a mass or 3,0og. ce1ou1ate the molar mass 
or th9 acid. 

r 
' ' . . ~ . ' . = mess = 3.

1

00 g = . . ~- 1 n1ollu 1nas.., of tile sulfur oxide 
1 0 10500 1 

'50.0 gmol 

ur If 

ca1cu1ate: 

me e . . 1uo 

a) the amount or substancs (moles) In 4.44g or sodlun, su1rate_ Na2S04 

ll} the mas or 0.022 mole o1 magnes1un1 Chlorlde, MgCl2 

c) tne molar n,ass or a suDstanct91 wnore 0.00575 moles nas ,,,ass or 
0.2645g 

I u11 nd pr ur o ~ to 11101 r 111 
Th id J 8 s I ,.; h: 

p 1 
- nRT 

r 
T 1nRT 

l''J' = --
:Al 

v rh r .P' i th re1sst1r~ in P " T i the v 1Jun1 in mJ. n i th nuinb r f 1n .l s, n, i 
the n1 in 1 

• A1 is the 1n l r n, s in tn 1- l, 11d Th the t 1111 r turc Jn k lvin . 
rhc s I n& nr R = 8.3'1J · 1 moJ- J. 

lf g. ifi r, du, d tr n "1 s.oluti n I thL' n11 s ( th solurion I &t Ct]U aJ the 111 ss ot 
r due d . 

25 c ma oT a o. 7 5 mo I a m-3 01 utJon or soa 1um n 1tr1te wa p1acee1 1n a con1 ca1 r1as,k 
and weighed. Using a pipette, 25cn,a or a 1.omoldn1-3 solution oT ammonium 
chloride was addQd and the flask qul1ckly connected to; gas yrlnge ;nd placad on 
an e 1ectr1c heater and gently warmed. The two so lut Ion reacted. glvl ng off a ges. 
When an bubble had cea d. the 11a k wa weighed. The laboratory temperature 
and pres ure v,,ere measured. 
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ma , or nasK + oa1un1 nitrite = 143.1 51g 
ma I ot an,mon1um ch1or1ae 01ut1on = 251.00g 

, ,,,a, oT nask aner r 1ct1on = 1618.eoe 
, vo1un1e or g , Gvo1vsa = 45cm3 = 4.5 x 10-t, n,a 

room temper tura = 18.5°c ~ 2Q1.5K 
room pressure = 101 kPe - 101000 Pa 

Given 1t,at the ga con tent, R, == 18,31JK-1 n101-1 calculate the molar ma ort1ie ~s 
and nence suggest Its Identity. 

fl 

mass of flask+ solutio11s befor1e re ction = 143.65 • :5.00 = 168 .. 6S g; 

n1ass lost b1. flask = },68.65 - ]68.60 = 0.05 g = 1uass of gas pro due d 

m.,oies of ga-s. n = !!.K. = (101 oo,o 4.5 10-!1)/(8.31 2,n.S) = O.OOlSB mol 
RT 

mess 
m,olar m ss = le = 0.10S/Q.,OOlS8 = 27 g111ol 1 

mo ! 

The gas 1, I llksly to be nitrogen or an oxide or nitrogen. rne ons tJ1at most closely 
Tits I nitrogen. molar mass 2agmo1-1. 

f vol tlJ llquld 
At, -neck d A3 k of volun1c 25 1c111 v 11 \Vci h nd th 1 pl' c c in a thcrmostJdc 
t:, nk n Holl c l to r ~1,ch u i Ubrh.1m. A . ~ syrin " "l~ . tt. eh . nd " n,. n 111ou nt 
of vohttU lil1uW \\tL i1~ec: te dirouBh a Y lf-s J H n ::If ~n1 tha vo1unte o 3 it di&p] c~ 
into th syrin e ~ g n, ugured. he flask wu s then t ken &0111 th t nk and .:1.U ,vcd 
t ~ 1. It '1 · then ri.?1 i h d. 1. ,v nt1inh ir r d th n 11 e v fatilc Jiquid. 

n1as of volJtH~ I iqu id in rh~ A J k ::i 111 ~ L1t ncl - n1ass ~t btJ inn ins 

- h vah.1 f r t 1np n1tur ~ pli ur . v lu 111 n n1 \V r th n ub ti tut. as h 
th ,vor x. m L . bove . n du~ 11:101._l· ma ~ c. l ufotc _ in th s. m v,,r._ y. 

N ith r t tl, ie 1neth dg is accur t 1

~ but re s n:ible v lu rh m 1 cu I ar 
fi t~n1u I r ~ c ccur tely c lcu]atcd r n th 111piric ] fi r111u l . 

A vo1at11e 11quld wa 1 
I round, by the n1athod above, to have a molar mass== 

4gmo1-1 . Its emplrlcal formula 11 CH2 CI. Calculate It I molecular rormula. 

r 
en1prr1c. 'mess= 12 2 + 35.5 = 49.5 g11101- 1 

1rnolar nmss _ 94 = 1.90 
en1piric d 1na~s 40. S 

This must be a w1101e number, o thA n101ar ma s Is twlcie the gmplrlcal m 
and the molecular rormul L twice th emp1r1ca1 rormula - C2H4Cl2 • 

p 
All measurements or the 
gas must be In the basic 
SI units, I.e. pressure In 
Pa, volume In m~ anci 
temper ture In K. 

Mol c lcul tion 



' ... , ,, .. , .. ,,. ·······~·· This number i th um of 
the ma s of N.a2C03 , nd 'th 
mesa of th water in 1 mol 
of th I hydr ted It. 

Mol nc.t n,a 
hr id ntity f ~ub t nc r in 3 f it i n c , 11 b 1 

, or1 d out fron1 111 s~ n 
J ntount f' subat;-111,c- 1 dL ta. 

An alkeng has thG emp111ca11ormu1a CH2 • 0.0751mo1 of the alkene has ,a maa,s or 
2.1 g. ca11cu1ats Its molar mass and hence Its, n101ecu1ar rom,ula. 

lrl\aS~ 2 .l 
molar lllBS!i = = = -8 g111ol- l 

111oles 0.075 mol 

Thi 1, twice tne emp1r1ca1 mas or 14.0, so the molecular torn1u1a Is twice the 
emp1r1ca1 rormu1a. or C2H4. 

,-::- -. ---. ---~ ... 
r 

0.100 mol 01 nydrataa sodium caroonate. Na,2C03 .xH20, ha- a ma , oT 28.eg. 
Cg1cu1atc. It 11101ar mass and hsnce tne nun1bgr oT mo1scu1as or wat.Gr or 
c rysta 111 sat lo n. 

Fir t. u tne ma s or tlie hydr tea It and tne numb r 01 mole g1v n In tlie 
qu t1on to work out tn molar mass or tri nyar·- tea It. rnen ca1cu1at tn · 
mass anCI nonce ttie mole~ or wat-r In 1 n,01 or th - so11e1. 

M SS 
n1olar 1uas5 of hydrated sodium carbonrne ::l 

1 1110 es 

_S.6g 
-----.!S16g1110I- I 

O.lOOruol 

n111ss ,of Nti.,CO - (2 
• 

23.0) + 12.0 + (3 k .16.0) - 10(5.0 g 

1nas5 ,of \Vater = lS6 g - 10,c, g = lSO ~ 

Tl1er0 ar 180 g or water In 1 n10 I or the hyCI rated is,o I Id. 

lSOg 
emount (m1oles) iof , ter - ----

18.0 g1uo1-• 

; 10.,0 moll in l 111ol or so,lid 

The numoer or mol cules or w t r or cry ts111sat1on I 10. 

IT tha eiata are produced by oxpG1rlm1nt, tne amount or water m1,ght be c 1cu1atee1 as 
a number very c10 e to 10. say 191.9B. You cannot have1 91.98 mo1ecu1es1 or water. rne 
c11screpancy 1, due to experimental error. In this type of ca1cu1at1on. you must roun~ your 
answer to the nearesit whole number. 
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0.025,0 n,01 or a group 2 u1r.at nas a m or 4.6og. ca1cu1 te tne 
molar mass oT the -u,rat ana 11ence 1e1snt1ry tne group 2 metal 10n In tne 
compound. 

11... , - mass - 4.~0 g - . 4 ·11-1 m·o~r m ss- le - 0 o~so 1 - lS gmo, 
1110 s . .. 11101 

' 

rn · rorn,u1 or group 2 u1r.ate 1 , or u, - rorn, MS04• wn r M repra nt tn ­
group 2 metal. or tne 1B4gmo1-1 • 32.1 + (4 x 1 .O) = e,.1g comes rrom tn 
S04 group. Thamror : 

n1olar n1 ss of the group 2 metal - ]S4 gn1ol 1 
- SJ6.l gmo1- 1 

= 87.9 ~ mol l, 

Fron, tne penoa1c taD1e, tne group 2 metal tnat na, I a n,01ar ma neare t to 
87.9gmol 1 IS trontlum, Sr. 

ol to nu111b r of p rtlcl 
his typ fc !cul ti n ft n c u s .. nu i t1 . h , ns\V"ris h ys , f: nt sti lly 

lars nu n1' "r t n1 , ny bU lions. 

• c lcul ti n i b. &cd on the d fi11itii ns f d1- 111 11 nd of t.h Avos dro 
nt (p l 4). 

unit thf vogadr I on .. nt i n J-1. s 
dilnen si nl s n s I as n u11 it. rhi n1tut bt:: n1u kipJ i 

t . numb r, \\rhi h is 

by 111 · J. 

nun1b r , f n1 le cul = n1ou nt f subst nee (1:n 1 s) Av g dr 1 0 1 t nt 

nun1b r ,ofw t r .£11 J r cul i.n I .44111ol V Ot r = 1.44 llli 1 X . 2 1023 1111 ]- J 

= .7>< 1>"'1 

Usu Hy y u ,viii h vc 'J rk 1.n the n1 unt (mol .) trst. 

- - - - - -- - - ------ - --- -- ' , 

Calculate tne number or molecule· In 3.33g or methane. CH4 i(molar mas -
1 .ogmor"1). 

ll 
mass 3.33 g 

anlO\Uit of nt duute = - = 10. 20.S n,ol 
mol r mess U5.0 gm,ol 1 

nmnber of n1olecules - 0.2081no! "' 6.02 >< ]O~l mol 11 - 1.25 102~ 

••••••••• ••••t••••••• • 
Th diff ranee betwe n th 
ealc u~ erted v I u of 87. Q and 
1h correct v.elu o,f ,B7.6 is 
du to expe rim ntal e1rrors. 

Mol c lcul tion 



~ ...... , ..... ~, ..... ,, ..... . 
Each Na2S04 ion group 
1eont ins two Na-+- ion and 
one 04

3- ion. 

I, ul1ti n ofth nu1.11 r of1 1n require n ~ .. tr. tep. 

Calculate tne nun,D r or ocllum Ions In 2.22g or sodium u1rate. Na2 04 
(molar n1ass - 142.1gn101-1)i. 

lll95S 2.-2g . 
tunount of sodiuu.1 sulf ate = 

1 
= 

1 
~11 1 1 1 1 = 0.015 tS n1ol 

1no er m ss . ""'-· 1n10 

number ,of ion groups= 0.10lS6mol 6.02 :-c 102 mol I= 9.39 Ji: ]021 

number ,of Ntt ions = >< P.39 )I( 10 ,1 
=i 1.SS :-: 102l 

t your I 
C lculate the number of: 

) 10n 1n 0.0123 mo1 ot a1u1111n1um su1rate. Al2(S04 )3 

) carbon aton-1s In 1.23 g or et11ano1c acla, c H3COOH 

The Avogadro constant - .02 x 102smo1-1 . 

u m ry k 
heck th t 'Y u c n: 

1cakut t~ th n1pirh:~I ~ rn1ufo fr m ~'u c n1pos1ti n by m~iss 
u c th ideal :H ~qu ._1 tioll to c Jculnte thv n1ol r n1uss of"._ JS r o J oh1tlle 
Uq,ui 
writ the fi nnul of i nic c n1 und such nd ium 
1 arbon~t 
list 'rhr in I lubl sulfJt n t hl rid s 
,vrite io11i cqu ti ns4 includin st te 1yn1bol . for ids re crit s, e . . H l(a ) + 
N 2 3( ), nd pr4;cipitati, n re cti ns. c. . Mg 4 (Jq) N 1-1( 1..1) 

Mak SLlr~ that y u c n writL thl;! : pr~gsjon rebtin 

n1 J s ,vitb 111 ss nd n1i 1M n1 s 
111 IJJ· n1 a with n1 & and n1 l 

• 111 s with 111 far m~ss and n1.olo., 
th ntn her · n ol~s o. a gas witJ iti - ro sure. vo]u n,c nd t n1l~e11 acu 

Make ure th t you know the rchtU nghi. bcrw en 1.nol s n : 

the nL1n1h 1 r iof .t n1&~ n101eculrs or ions 

8 Formul1 

, qu t ion and mol ( Topic S) 



I Qu 
i An r anic c n1pound contait the foll ,vin 

by llluSS: C rbo.n 17 I ~ll. hydt·, 11 3 I ·~11. 

bron1ine 7 ·-~J. .11 ut t~ it c1n1 iric~d forn1ut . 

2 n r, nh: con1p und ~· ntlif d fan \Vin 
. 4'Mi, hydr en 1 • 1 J'. nu rin 

IJ.t1 I 

") a lcLdJtei it~ ~n1piric 1 tor111uJ . 
b) '.he ntofor n1 & ofch c1 n1pouud is 

· , moi-· L. . ducc its 1n1 11 ul r £ rmul . 

.. I ~ 1.1, th -n th ,;; ti n in th . 

4 

foU ,,rin . co111pound&: 
) Mn 3 b) v,.( 

JcuJ .. te the mo,lar m 
COL11p und!i: 
o) · a( H)~ 

) Al2 ( .. 4) .3 

"'h 
f th foH \vin 

5 B fanc the f 11 \Vin qu ti 1ns: 
o) M, (N t. 3) 2 --+ Mg N . 1 + ;:: 
11) c.3+ + 1- -+ ~+ + 12 

) B H 11 + :2 2 + H2 

6 Writ ionic qL1 ti n~ ,,1 th n L ~n1bols. f r: 
o) . h_ l r · ip1t.ltio11 f t:Of p r(n) hyd_ xid . 

p,~ l11c d on n1i inp: s 1u ti na o oi,,.,E er('11) 
uL t nd s dium hydro id~. 

h) he pr 1~ it riou f ba iun1 uUat~. 
produ, et 01 n1bdn solutions; f b riLu11 
chJorid nd 'P t ssilHll sulfo t . 

) h n u lT Us ti n re -ti n b 't,, n 
di]u c~ sultu d :icid .. nd ocli un, by r10 1 1de 
s lution. 

7 lcu1 t the rnn 1unt (in n1 11 ) f: 
) J. 1'1 s f ea] iu m rb n t ~ 

) 2. 22 . f hy ·r t d b riu111 hydr xid . 
B.1( J )2,. H 2 

lcu1 t th n1 s ['.1 ot: 
o) ().CH uum J f ulfuric c-id~ , -J ,C.J4 
b) I thn I o soditnn 111 ~tLlLI 

9 •. H 5 n 1 f hydr d n ' n i um sulf li , • 
M . · · 4 •• ,.1-:t, , h m L'I f 4.5 8· ]cul t 
th ntunb_r t fm 1 111 of v1r~~t _r f 
,cr;r toU1sati n 111 eh hy ' r,ated s. It. 

10 ~ lcul t th nun1b r f m l cu] in 1. .... S f 
\Wter. 

1 J · alcubte th 11un1b r f o~ YB'n lHOlllS in 
o. I on n J f c rb on di idl\ ... .. 

t lcufatc the un1.b r f hydl.'1 ,. i e i 1ns in 
1 o.o I b tiLun hydroxide. 



m pr I i 
1 :1) f :dun1i11iun1, sulf k is: 

4 A(,(' > 4)~ 
4,j Al!!( 4)3 ( l) 

. i) l,Q n11 lar n:u1 s/ n1 l ... i (t 2 i-nific nt 
fi ur s) f ,. kiun1 hydro;<id , H)21 h: 

3,4 ~ SB 

57 74 (1) 
ii) Use y ur n \l" r to b)i) t - 1cu] t 

th nu111b r f ions in I . s f c J ium 
hydr, xid . (Avo~. dr c nst. nt = .02 
)( 1 ,~ 1.11 1- 1, (1) 

) i) he: JU 1 J r 1n s/ mol- ~ r hydrat d 
diun1 1c b n te. N a2 " 3. l r, • h: 

124.< 
J 42. 2 6.0 

eh i 

111 asured at ten,.P r~1turci 
ressut of QS kP . ,vh n 1.22 8 

hydr ted dirn11 c rb n cc is he .t 
n d C n1p , C mi n t th 
,quati n: 

N Ji _, ;d 01 2 (s) ---+ 

( t) 

2NJ H(s) + !l( ) + rli (R) 
(R = B.3 IJK- 1 n1 1-1 = .31 N111 - 11 n1 J- L) 

( ) 
d) Which uation d c,s: not b l nc ~ 

l . 2+(:.1q) _ p 4
1-(, q} ~ ,~ 3(P .J:!(s) 

2Pb(N 3) 2 -4 2Pb + 4N :2 + 2 
- 3+ + n~+ -+ Fc,2 + n4+ 
C 2 ~16 + ~ * 2 N " 2 + 311 :r ( 1 ) ... 

('Tot :11 I ·L n1,ark J 

8 Formulae, equation• and mole1 (Topic S) 

~ n) Writ tht: _,_ u ti ni ,vith stnt r.yi11bols~ for 
th r n,~ci 11 f s.oh1ti ns f -uv1 r njtrate and 
th c1hJ ride o ll I r-oup 2 111 tal. M ... .ll. (2) 

b) When 'luti n c ntainh g ] .23 g f Nl 12 
~ h '1 · ., ,v1t xc ss u ver 1utrat , .... ......... 

, ilwr hl 1ri ~ \V s J ~ duced. 
1) lcuJ11'te the uu unt (11101..!s) f iJv r 

chJorid pr , uc d and h-.,nc the 
m 1 s of M JI') in h re -tion. ( ... ) 

ii) . J ul the n1 h1r rn ~s of M J., .. 
lll I l, cncc lVt' tb id 'nti ty r the 
1netaJ M. {2) 

) Ph os h rus £ I n1 n I I c hl rid ~ P 1 
nd 1 l~.Wh n .2 :\ f ph sph ru 

chl rid \V " vap urised t l O an 
r sure f 7 k J. th v k1111 f s 

1 tain d ,,f. 47. , c1n3. 
i) 1 1..11. 'tc th nun1bcr f n101 ~ of the 

.. s I u~ 1'.'\,hos1 h ru chi d ~- (4) 
(R - . 1JK-ln1ol- l) 

ii) L1 e y ur 11 , ~r t i) to c~ ull.it th 
111 I · n1a s f th h ph ru c b1 rid 
and h .. n deduc it :~ rn1u] . (-) 

iii) The h:if e fa n le uJ f thjs 
ph I horu, chloride i : 

pin r 
B pyr:1n1id.11 

teitrab.e d 
trig1Dn I bipyra111idal (1) 

f]J l l 1 ~ 111t k ) 



vou should snow al I your 
work Ing, Exam In ers mairk 
consaq uentlaH y. so If yau 
make a mistake early on. 
you can stm score tne 
r ma 1n1ng marks. p rov!aed 
you have earned out the 
subsequent s teips correcuy 
anel your working 1s c11aar. 

1r tne question specine(j 
a number or sign meant 
nsures, that number 
should be, given In your 
answer. Otherwlsa, glva 
your answer to tnree 
lgn In cant 11sures. 

I 
Keep an the figures, on your 
calculator throughout the 
calcul atJon or write down 
a II 1ntsrmec11 ate a nswors to 
rour slgnmcant ngur . 

h mical 
) 

kuJ ·1ti ns fr 111 eh n1i, 1 u ti t n up n th iHty t nv rt ma s s nd 
volu n1 _ s int n11 unt of uhst"" n (n1ol -s) , nd t us th _ stoi hi lll_'t ry of Lin C]ll, don. 

43k:ul tions n1ust be w~l'I h1 id I ut. with words ~xpb 1111 ng what is b hi c. lct1t t d 
t1t I.! ~h t, • A e1 i g of uun1be,rs is n t uffi 1 ut. 

nd. 

f din unit 

lgn1flcant flgure 
nsv r t , ku L1ti n. sh u 1 b siv u t u ~1 pro1",ri :1t nu n1b r f i, ni 1,a nt 

fir4u res. he \Vay to do rhis is to 11alyse the data: 

tn1t tha 11un1b r , f i 1~ifl.rcJnt tgur s in e eh u. nticy i n h1 th question. 
ive th~ n r t th s n1c nu111her I f si, nifi nt 1 ur s th d t . 

Check all your ca~culatlons. 

First check that you have worked out the molar masses corroc'tll y. 
cneck your units and nneuy make sure tnat you nave g,1ven the answers to tne correct 
num1t1er 01 1gn1ncant ngures. 
Check that your answer maKe , nse by e101ns a mental 1baU pan<' calculatlon as well. 

Wor_ 1ut th(" 1 rrQct number _ signi_1 nt 'h uro~ based n th foH01,vi n , rules: 

or wh 1l nun1ber n chu.i h of nun1 r re 't han L n th fi urc, ~ 
i11rl11dil~, an11 ,cros at rhr. url, . r~ count . - or x n1pl ~: 
- rh nun, r 1 2 is writt n t 'thr si~nific:int fi u r ( s.,f.) 
- the nu m 'r 1.02 is a ho \Vritten to s.f. 
- h~ nu 111 1 1. 1.020 I v dtr II to 4 .f. 
- he nu n1 r l . 2 i l w r i tt n to 4 .t: 
- th" mt: sur ,111 n't 1 ( cm.3 i~ ~~ I r sa d t . 

C I ul tiion f·rom eh mi'C I qu tion 



I 
Do not contuse cJeclm al 
pi aces w!th sl gnmc ant 
ngures. The numDer 
or aec1ma1 p1aco~ 1s 
determlnea by the numoer 
or digits (lnc1uc11ns an 
zeros) tnat occur arter tna 
dec1ma1 point 0.023 1s 
wntten to three decimal 
pi aces, but Is only wrttten 
to two sign meant Tlgures. 

. ........ . ...... ······-· 
Th toichiometry of , n 
equation is th ratio of th 1 

numbers of e eh rea,ct 1nt 
and product in the bal need 

qu tion. 

r ~ huat in nun1 lS l~ Q 'th·u1 1~ l! tun ~H th r1u111bors t!Xc pt th~ 
nd iolfncidr,1tcl11 ,!ftc, the dccin1 'I int. P r x n1pl : 

- he nun1 r U.1 2 i~ written o s.·f. 
- the: numb r n.1 :!O is ,vritt n t 1 4 s.f. 
- rh~ number 0.1 01 ... is \\-'"r1ttou to , s.f .. u t 5 sJ: 
- eh, nu1nb r 0. 120 f i& ,vricten t 4 .t. 
For v Jues wrht n ln sciontifac n tatio1 1 '- U th nu111b r f re nd afcer eh 

im J pl c r count ' ~ s· 1 itic nt · 1 urcs. Th p 1v r f 1 i1 not c1ount d. 
_ or x 1nplo: 
- th1.: nu n1b r 1.02 I o-J is ~ riuc, t 3 e. f 

Rou,ndlng n1umbers 
u stions. ft n , sk. t7 1r ~n&\V r to b r · und to , rt. in numb ~r of i ni 1, nt 

1gu r~ s. If' you b v~ ·r I r und nu n,b~r to r·hrrr i 11 i 1. :n1t tgu 'res, l1 ok t tbe 
fi,urrh i 1 .it1c nt fi ure. T it i l ~ss th 11 51, do n t alter the rhird i ni l nt 

urc. or 1~ .. mpl ~ 6.37" b c1 1n1 • ;7. bt:cf use th ~. urth d nific nt L urc\ 
h [('SS: th :1 n . 

[f rbe fourrh i8nifi ant L ur,-. is 5 r 1nor • incr gc the third si 11ific:u1t fisurc by L 
r fX·1n11 l :1, • 7 b c n1e o.~ . b~cnu ·e 'th fourth signihc'nlt fi ur ~ Q~ i& BI"(; · te 

th n 5. he nu111b r .... . ,5 is r und d u, t 2.~7. b aus the f urth i, ni J nt 
sure i s. 

Do uor r,, ,,,ul Hp ,in .sr,t~cs. or e,c;.n1. t'l ~ . ·~74Q ~ounds t . ·, 7. b c. us thi-- Jt.,i. nh 
fi u r is 4. ,vh i h 1s i s s t h n 5. - o n t r u nd . 7 4 t 1. 3 7 5 n t h · n r . ' . 

ur If 

Round t ne -ro11ow1n g: 
) 0,01202 to 3 .1. t1) 1.3469 to 2 s.T, c} 0.1004 to 3 s.r~ 

and volun1e calcul tion 
Mas,s,~to-mass ca lc1ulla1tlons, 
A ty ic al qu ni 1n involving n, ass- t1 - JUJ s , kul. .tion is to a;k £ r the 111ass I f 
a product that ou I L,, bt in cl from i vcn m ss f n . f th r actJ n ta. or 
x n1pl ~ 1C k:uJ [e the nu1s of b riun, ulfilte th t is pr cipit ted wh n s h1ti n 

1C nt lnins 5.55 B f b3rium ch i rid • al l;p iii r I t \; ith ,re; SS 111a n skun 
su It ... tQ . (M 1.u n Jas or ririun1 eh I I id - I ·7. + (2 x 35.5) - - . 8 n1ol- l .) 

After the q,u" ti 1n h s be n \'lTitt 'I i th c lcul tion shoul ,ei don in thr , steps: 

· ~LtlcuL t th "'n1011..1nt (nioJ ) fr t.1nt. In thi x:1111pl. "' th · r 3ct nt i~ b. rium 
1 h] rjdc. 

U.e tb.e st ,ichi n1otry of the equation t ,cJ1cuhrt rhe 111 unt (n1,ol .) 1 fpr duct. 

nv rt th m I ., 1 f pr du t t m ss. 

9 Calcul Uon from eh mio I qu tion (Topi1c S) 



top 1: 

n1JiS 
.111ount fbariun1 chi ridt2 = --,--- = ----­n1 11 r n,~ss 

· rep _: r ~ ti 4: 1.2 · 1: t o: 

n1 unt I fB du - nl Ull't f .02 4n1 t 

r p : 

• mru f , J = 137. + ·2.1 + (4 

LTI of b riun1 u1f t r uc1.:d - 111 1 

l . ) = 2 3.4 n 01- t 

n1 1 r n1 

4111 1 )( 2 I .4 n1 1- 1 =:: .22 

ht? 1n~thod nn b illustrated by fl ,v cl i , nun. h c Jcu I ti n is to Ind rl, tn.is& 

o.t Qubst:inc~ B ~,roducc-d fron1 (or r ctiug with) sub§t~1nc "JA: 

M ss of A atc:p 
1
' ) M 1 ~ f A •t~r 2 ~ 1vlole f B •h:r ! ) Mns!i of lJ 

tcpQ i .. n1 l · involv nldi: to niolc lU I n1o'I s to n1 Si c n or i, ,ns (la es I ""- 5). 
tep 2 LlieS th ~t, i hi n1 try f the ,qu tion. 

W h n th r ti in d u ti n i n t l : l, c re mu t b ta n in t E 2 . 

--------

-- - -- -

ca1cu1ate t11e n1a s or oalum sulrate proauo-a wt1en 3.45 g or soc11un1 nyarox1ae 
1 n utra11sea Dy cmut . u1runc ac1e1. r1, quat1on 1s: 

JN OH -- H2.-04 - also~+ JH 0 

1 molar 1uas~, ofN OH -23.0 + 16.0 + 1.0 == O.Ogmoi-1 

. . nu,~s - 3.45 g 
amowu (1uoles)1 of so~lium hydf oKide - m =· ' 

mo1 ar masCj, 40 11101- 1 

- O.O,fh5,251uol 

t p : r-a no of N 1SO 4 :N OH 1s l :..:., so ft!\ r r moles of sodium sul!at are pro due d: 

amount ofsocliwn suli'st =+ O.OB0-5 wol = 0.04313 mol -
· mo,1 · mass of a SO - (2 )( ... 3.0) + 3.2.1 + (4 H5.0} - 142.1 gmor1 

111ass o! sodiun1 5\tIDfate p,rod\1c: d = n1oles :-: molar 1uas~ 
= 0.04] 13 mol . 142. l g1nol 1 = 6.13 g 

y ur I 

Calculate tha mas or calclum pliosphete (molar mass 310.3gmo1-1) 

prec1p1tatgCJ when 1.2ag or ca1c1um chlor1as (molar ms 111.1gmo1-1) In a 
01ut1on wa react d w1tn xc s oalum pno pnate. 

3CaC12( ,q) .... N 3PO~( q) -+ Ca3(P04)2(s) 6N,a l(aq) 

Tn e answer must be 
glvs n to th rag s,lgnlflc ant 
11.guros, t>acause tne mass 

I o, Danum cn1or1e1 -1 was 
gWen to tn ree lgnmca nt 
flguires. Never round down 
to one or two significant 
tlgure In tnie ml Cid 1e or a 
calcu~atJon. 



y tn 
Tne mol r 1um oT a gas 
IS tne VOI u me occ up IBd 
DY 1 mo1 or tne ga unaer 
specified co nd n:~ons o·r 
temperature and pressur9 ~ 

ThQ value of ths m o~ar 
volume WIii always De 
gt ven In tne ques b on. 

FI ure 9.1 

'Volu1me of gas cal1cu1atron 
h s: re b s f1 Av . dro· hyp th i . ~ hi, h . t t s th-t tb v !um , upi d 

by l JU J f,t'U 8~l 8 t, B1V~t1 f 1np l\l tUr~ 311 pr~ Ur 19. the 'tUtle, his V h.un 1& 
'6 ~ ll d rh n 1 11 J u n . 

tn1 pre s ur ~ nd · t ..;0° ). the 

hnionsh i.p b t'1 r i i n by: 

n u11 r (n1ol.:: s:) 

M k sur~ that tb units of th t"' volume. r~ the I me· both must b ith r dm3 

Again a 'n1ol~ tri n h/ ( i.guro 1 

• I) 1 ·an bc1 us d: 

volum 111 l.tr v lu n1 1 

Ma S1 to volume of ga 1ca1cu11 tfons 
h r ut for thb typ of c lcul U 1n i shnil rt th t for n1· - t -m. s 1C lcuh1ti n : 

M LJ s& o A •~r l ) Molus of A t~p 2 ) M1 les of as 

rh onver i ns n1. ss t 111 l n m ] s t v lun1 f · . 

,t_p 2 u & th st ichi n1_try ofth I u_tion. 

Calculate the volume or carbon dioxide produced When 2.68g or calcium 
carbonate Is heated and decomposes according to the equation: 

1C C.O (s)-+ CaO(s) + COl(g) 

Und r th condition 01 tne experiment, 1 mo1 01 ga occup1e 24000cm~. 

p l : molar mass ofrCaCO = 4'0.1 + 12.0 (3 16.0) = 100.l gma1-1 

I ' . - lU !'S 
ammmt (111oles) o,f cak1un1 carbon te - inolar iu ss 

= 2 ·68 g - 0 0 '68 l 100.l gn1ol 1 - • · mo 

t p · ratio 1of C02 to CaC0,1 js l : l 
amount (n1oles) ,of.carbon di10Kide = o.o,26Smol 

p ,1olwne of carbon dioxid gas - u10l1 s nioler olwn@ 
= 0.02t581uo! :.c 24 OOO c111' mo1- 1 = 643 em 1 

9 Calcul Uon from eh mio I qu tion (Topi1c S) 



The average ramlly n1otor1 ,tu es about 1000kg or petrol eacn year. A , ume tnat 
th mo1ecu1ar 1om,u1a or petrol I C8H1a anCJ tnat tt1e qu t1on ror tne r action I : 

C, H1 + 12f 0 2 -+ 8iC02 + 9H .. O 

Calculate: 

) the yearly volume or carbon dloxldg prodUCQd at room temperature ana 
pressure 

(The n101ar volume or ga _ at room ten,perature and pressure I_ 24 dm3 mo1-'l.) 

) tne n1a s or carbon a1ox1a i(tne carbon Tootprlnt) proauced Dy tn 1car In a year 

1. iuol r mass of C8H1 R is (E 1-.0) + (18.10 1.0) - 114.01 gn101-1 

m ss l 000000g 
amount of1(J ttol -

1 
-

1
,

1 

.• 10 1 1 = 8772 mol 
mo ar mt11ss JL.... g n10 -

: ratio, of COl:C H 1 == 8: I (so 111ore 1no,Je~ of CO, produced): 

motuu ofc,o produc,ed - 8 x B772mol - 7.02 . 1104 11101 

: Yolwue of c rbon di,oxide produced= 7.0- 101
~ 11101 >< '4dn111uor1 

= l.68 l0tldm1 

) 1mo1 or co2 nas a mass or 44.0g. 

7 .0.... 10 '11101 of 1C02 h s a mass of 7 .02 · 104 44.0 g = 3 .09 :.c 10 g = 3.09 tonnes. 

ThQ ren111y car 1,as. on aver~ge, a carbon rootprlnt oT Just oVQr 3 tonnQ . 

II I 

ca1cu1ate ttle vo1un1e or oxygen producea wnen 3. og or nyarogen peroxide 
I , decomposed ac,cordlng to the equation below (the molar volumg o'T a ga 
u1,e1sr tne conc11t1on 01 tn · experlrn nt wa 24Clm3 moi-11. 

2~03(aq) 2H20(1) + Ol{g)1 

vo11ume of gas to volume ,of anot:her g,a1s ca lculat1on 
h~r re t\V h~rn tiv Ill th ,ds tor f' r~nnin . this ty pe 

lt ,i.;3n bed n in d,r ~ ~te1 a. dn1iforly t nn1s - t -voh.un 

Volun1c r - t1 A 2 ~ ) M l . 

Calculate tile velum or oxygen n ecJed to react with 123cm3 or gas,eou 
m tn n . CH4. 

C~(g) + 0 2(g)--+ C02(g) + lH20(1) 



You may be given the 
molar volume for the 
g e . 1r not. assume tnat 
It Is 24 ooo cm3 mor 1 or 
gl ve It a value or Vern~. 
The vau.10, v. w m c ancist 

I Tnls method can only 
De use a n, u n Cler 
the conaltlons or the 

1 experlme nt, both 
su bsta nc:&'S are gases. You 
ao not neea to know me 
value 01 tne1 molar volume. 

Tne ctu al and tn1 oretl cal 
ylelds are usuaH y mass9s 
(grams). but both coulCJ tle 
~n mo1es. 

w,i.ru~r 
t p amount of methsne 

vobune 12 3 1cn11 

= - = . . = 0.001S12Smo1 molar ,·olume .. 4000 cm' moi-1 

2 the 11 tio of o :ygen to 1nethane is :.: 1: 
amount of ox.y,gen - 2 0.005125 mol - 0.01025 lll.Ol 

p \ ,olume of oxy,g,e11 = moles, molar volu1ne 
= o.010,2s1uol .... 4000 cm mol 1 = 246c1111 

h . It rn tivc- _ D aimpl r nu~ thod. h to use A·vo . dr '~ hypothesis: 

l ~qn _I huu f ,a "Ill ~l 111rod ·1l 1thl1 111 ,t_ tllpt'rnturc and rr 
, on Loin tl1 0111 nuumbcr of nmo l HI ·• 

h b n1e .. n, 'th t if 'rh r i r,vic the uun1b r I f m · l s. th volun1 i d ubl - s 
Ion, as both sub tanc s ar,:i s s: s. 

Calculate the volume or oxygen gas needed to bum completely 2oocm3 or 
ga eou butane. 

2C*H10 !) + '130 (g) -+ BC0,2(!) + 10H20(l) 

11 

B0t11 butene and oxygen are ga e,_. therefore: 
volume o,f o ygen _ 1noles of o,xygen _ 13 - --Yolun1e of but an n1oles of buta11e ... 

13 l] 
rolu1ne1 of oxygen--:;- :ic volutne of bur ne -- ~OOrn1 - 1300c:.m1 

- -

our If 
4 Calculats the volum'=!! 01 ch lorine needed to react with 25.0cm3 ot metl'lansi 

CH4(g) 4 11(g) CC14(1) + 4HC1(g) 

Percentage yJelld 1ca11cu1attons 
M ny r:i cti ns not pr1 due the s n1 n10unt f ,r duct ~ ha caku l t fron1 
tha eh 111 jc3J ,:1qu. ti n. his i Clllscd by tlu1 1-0 'ti n ~oin r~v~uibi (so ~quiHbriun1 i~ 
r hed) 1 i: b c u f n1p...:th ·. acti n . his · spect lly 't,u in f nic b nli~rry. 

rct:nta yi ik1 i d~ fin 

10 

The :1ctu I yi I l is -h me .. &ur d mOJss f the pr u,ct bt in d in th_ x_ rim 'nt. 

The the retkal yield is tl, m ss tb i. c~lcut1tL!d fr1 n1 the eql1 ti n tbr th'.1 r cri n, 
a sun1in th t n h r , et nt i c · nvort d int · rhc I roduct. 
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-------

When 1000g or ultur dloxlide 1s reacted wltn excess oxygen, 1225g 01 su1rur 
tr1ox ICI Is proa uc ea: 

-S10 2 + 0 :2 ~so 
ca1cu1at th - re nt g yl Id. 

11 r 
Fir t, calculate the theoretical ylald~ using tllg method on pags 145. 

p 1. 1uolar mass of S02 = 32.l + (2 lti.O) = 6 .l g·11101- 1 

m ;s lrOOO 
mno,unt 1of sulfw· dio,xide = iuclar mass = 64.1 = 1 S .dO 1n,ol 

: ratio of 10 2~S,01 is-:~= 1: l : 
theo,r ticel amount of sulfur trioxide produced = mDO\mt of S02 
re ac: ted = l S.'501nol 
lllOlBr mess of so] = 32.1 (3 16.0) = BO.l gn101- 1 

theoretical yield= mole4i molar mass 
:: lS .160n1ol , 80.1 gmol 1 = 1250g 

s cond. use the th oretlc ·1 yl Id to c.alculat the percentage yleld: 

,actual yield 
lo. Qr -

1225 ' lQQ - OS QO ' -1250 . - . . ~1i tlleorietic al yield 

Atom econo1my 
Atorn ~co111 111y i d fin d , ~: 

nit 111 

Deco.use ot th l~l'W of 1Co11servijtion I f n1a s. the J.t n1 t'con n1y is ah:o: 

h HJ.b r r c~s& is JJl x~1mpJ f ~ p10 gg \Vith 1 UA "ton, 
i J sing] , r du et: 

no111y Lt th r 

ca1cu1at tne atom economy Tor the reaction tt, t proe1uce tne nyarog n ror tn 
Haber proce1 

: 

CH,(g) + J!iiH20(g) ~ COi(g) + 4H2(g) 

ll I 
4 )( niolecular ma~s of hydrogen 

aton1 economy = . . 1 O·O 
molecular m S5 of carbon cliOXId + 4 >< molerulnr mess of hydrorzen 

= i(S/(44 + 8)~ =-< 100 = lS.~o 

Tl1 
DO not C 8 ICUI -1te tne 
porcentaga y1e1 a as: 

T 

lUBS S o'f pr10Q\lC t )( 100 
mass ,of reacuint 

Tn e y1e1 a or the rea et Ion 
I , not taken Into account 
when cs tculetlng the atom 
economy. 



or a re~1ction . f the type A + ·e fonucd. If pr duct is 
th d 'sire n , th ,n I i conside11 d by-pro uct. As it is signi 1c nt al I f . r n 
, b~111istry to 1na iJnisc the ffi ~kn y of th c ...-rants Jnd n1h tin1is, the pt u tion f 
wm1tcw n1ust cith~r bt.:' found rai have use or be as cnvir1 1t1Jn~uL1lly hJnnh.•ss s possibl . 

ur · I 

s su1rur1c acid I manuractured rrom u1rur, oxygen and water. Tne overall 
equation 1 : 

.... S 302 + 2H20 2H1S04 

32 tonne , OT u1rur prociuced 95 tonn oT u1rur1c ac1e1. 
a) ce1cu1ate tne pare ntage y1e1a. 

) What I the atom aconomy of the procgss? 

P1erce,ntage co1mpo ltlo 1n 
Many s:i lts coutilin ,vater of cry t Iii · ti n. 

--- -- -- -- --

rne rorn,u1a or 1,yarat-e1 copper{11) u1rate 1s cuso4.5H2o. c 1cu1ate tn­
percentag 01 w tar In this salt. 

' 1nolsr 1nass of tlie hydrat d selt = '53.S 32 + (4 lCi) + 5(2 + 16) = 249.S gmo1- 1 

S )( (2 + U5) 
D,i, \\f8fel" = lOQ, = ]ti.l !o 

.... 4g.s 

T t ur If 

ca1cu1ats the percentage by n,as or carbon In 1 .3,g or glucose, C8H ~06 . 

ca11cu1atron1 of reaictton stol 1chrometry 
If the 1n se s both reac.: t nts (or f n r actant nd n pro u r) r kn . ,vn. th 
tokhion1atry f tht; qirndon I u bG1 vvork~cl ut. his is dono by c nv rtin th~ 

111-is s t Jill unts and xan1i11in the rlti of tb g~ n unu. 

: -- - - ~~- _ ·-----~ -

3.48g or pur iron wa pi e&a 1n . xc copper, 11) u1rate 01ut1on nCI t1rr a 
untll all reaction had ceased. Th - residue or 1copper was Tlltered orr, washed 
anct ar1ac. It naCJ a m , or 3. 1 51g. us tn se aata to work out wn1cr, or tne two 
reactions below took place. 

F (s) + CuS,04(aq) FeSO ( q) + Cu(s) equation l 

2Fe(s) + JCuSO (aq) F 2(SOJ3(eq) + 3C.\l(s) equ tion 2 
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an1.0tuu of iron rerieted = mas'", = 3·48 g -1 = D.0624 mol 
molar nlB"' s 55. 8 2 niol ' 

1na:· r.: 1 ,95 o 
an1ount of copper p11odueed = .;t;;i = 

63 5· t:i ~ I = 0.0622 mol 
mola, 1ua s s . . g nllo 

With In experlrnenta I error, these numbQr a rg In tlie ratio 011: 1. Theraro rs~ equat Ion 
11s correct (Equation 2 ha , a ratio or mole or lron:mole_ of copper or 2:3,)i 

u If 

When neateCI, soa1un1 nydrogencaroonate~ NaHCOa, cJecompo e 1eav1ng a 
, Olld r6lsldue. When 4.20g or sodium hydrogencart>onate wes 11aated untll 
there wa no rurth r lo , In n1 , 2.65g of sollci wa lert. 

Three equations nav been ugg teel ror tnls re ctlon: 
2NaHC03(s) 4 Na~O(s) - ... _ O,(g) + H20(g) filU_ tio11 l 

2NaHC03(s) ~ N~C03(s) -1. C02(g) ~O(g) q tion 2 

_ -a_HC01(s) ~ N_ OH,(s) ~ C02(g) equation 3 
Which 01 thasa equations I con lstgnt with the expsrlmental dats? 

Llm1ltl1ng :re,age 1nt 
Wh n a r .1cti n 1 rri d ut in th 1 bi r ory. the r~ ,et nt. re n t h-v ys 
rres ,nc in the x:1ct ~toiehionuitric r tio d tern1infd by th 1.;gu:iti 11. As r uJt\1 

n f 3 ctant i u ~d c 1n 1 t Jy: nt t" th tber reJ t.uu is fo ft , ver. he 
r'-! p; nt J ft v r is s id t b in .. c s : th nc u d n11 l t ]y i said t b th 
1i1 1it i n r u nl. 

An aunl 8Y h, J tact ry pr ducing sun 11s ,, (L. ). very fr . n, (F) neQd& t\v, l~ns~s 
(L) . h c ua ti ,n' r t h , r e s a i : 

F+ ML . s 
If the fi c:tory . ~vn r buys 144 fr n1t1 s nnd lBo lens!.!S1 the Jn i11nu11 1u1mb r of 
sun ]., sse rh t c n b~ pr dt is lhnit cl by th uu tnber f 1 l s s. ue hundr d 
nd forty-f u r fran1 s ll( J us 1 s. h r , r ot1 ly ... 1 J 11se1 h lcna s a re 

th Un1itin fi1,tor 11 nly 14 SL1n9l s s , . u b 1nLd . 

h ]ens _ s re the 1in1:itin ~ne L 11 t hr f 'HllCS :.;mrc the ·reL gc1ne in C'IXCC15 • 

, o id ntity th I i111itine; r 8 nt nd h "nc c kul· tc the th or tic 1 yi id u th 
6 11 \Vlll 111 th d: 

-:iJculJtQ th~, an,ount (in tn 1]~s) f ono rL1:.tB nt Jnd USt.! th l'l'UCti 1n 11tokhionH.:try t 
c, l~u] t t'h~ n1ouut (in n1 Jc~ o p dth.: t that~ uld rn1 d fr n1 thig re e1n. 

I u.lat th n1 unt (in 1110,1es) f th ~~ o,n, nt n us · th r ction 
at ichion1ctry t lcu I at the n1ocn1t (in n1oi'les) · - r1 du et that ,cou l i be ' rn1c 
fr n1 thir. ~ cc nd r a, mu. 

3 he re, cnt th t r u ~ th Jc,rst , n1 unt (hi n1, ,le ) r duct is the limiting r ,11c. 

l ,, ~ I ll h1tc rh the, ,r tic .1 l y i 1 _ of t'hc r~r 'uc t fron1 the. it·dst :unou nt (in moles) o 
produ t c~kubted in steps 1 ~u , I 2~ L . fronl the Hn1.itjn~, r JS nt. 

... ,,. ''' ............. •. 
Chemie I react in i mpl 
\\i1hol numb r ratios 
by mole , , Tharef or _ 
O.OS24:0.0622 is n1ole 
ratio of 1:1. 

n Is the 
su b.sta nee that d9tern11 n,s 
tns th1oret1ca1 yield ot 
proclu et In a re aot1on. 

••••••+•••••• ,,. • ,,., •• 
No· , th an iogy to th 
n1ol her . The nu n1b · r of 
mol of e oh ,n,ioal ~ 

m esure of th (very I rge) 
number of mol cul of that 
chemical. 



• ••••••••••••••••••••••••••• 
Eve,1 though the~ a re 
mor mole of ,sod iun1 
hydroxide, it is ·th limiting 
reag nt. Thi is b c us 
of the1 ,stoichiometry of the 
equ tion wherie 2 moles 
of sodium hydroxide a 
required to react Mth 1 
mo,I of uifuric c id. 

J and 2 y L1 inLut be ble t I e nv~ t t 1nas I r lun,e fr a~tanr in t · n'toJ ~ 

nd th~n us the ratio nun1 rs f J11 1ol fr ,et nt co r duct in the 
(th ~t, i hi m try') to kulare tb 111 u t f ri uct. ,t i tb 
at111 unt (n1o]es) ut product into 111 Iii~ , r vo]tune o.f product. 

so1ut1on containing 12.ag or u1rur10 aclCI {molar n1ass QB.1gmo1-1) and 10.og 
or oa1um nydroxlde (n101ar ma s 40.0gn101-1) are n11xaa and produce soC11um 
su1rats and water accorcung to tn@ ro11ow1ng equation: 

Na,SO 2H, O 
.... p 

CalculatQ the mass or sodium su11ate (molar masiS 142.1gmo1-1} produced. 

lll.lSS 10.0i 
p 1: amount ofNeOH = = = O . .:?SO mol 

molar llUISS 401.01 g 11101- 1 

ratio of Na. 0 to NaOH = 1 :2 l 
tb oretical muom1t ofNe1S04 thtlt \vould be produced= - 0.250 -

= o.1_s mol 
l1.YIS5 I .. . 8 g 

2· amount of H so, = = = 0.1301 1uo~ 2 molar 1ms 98. l g moi-1 

ratio Na, SO to H2SO~ = l : l 
rheoretic 1 a.mown ofNa.,so~ th t \vould be produced= o,. ?JOmol 

t p the reagent thst p,roduces the lesst prod\1ct (0.125 mol) i4i sodi~un hydroxide. so 
ths t is the linliting re gent. 

p . mt1ss ofNa.,S0 4 pr,oduc:ed =: n1oles ,,: molar 1uass, 
= O.l251nol 14.2.l gmol Ii= 17.,S g 

7 ., s,g oT copper(u) ox1a 1 , n1uc a w1tn a ,olutlon cont 1n1ng 7. 35g or u1runc 
ac1 CJ. Tn eq uat1on ror tn re ctlon I 

CuO(s) + H~so (aq) CuSO_.(aq) H O'(l) 

) D9termlng Whlct, Is the 11m1t1ng raag9nt. 

) Hence, ca lculate the ma , of CuS04 produced. 

c) on 1-vaporatlon 1or the solution, l f3 g or ierystals or cuso4• SH:;iO were rormea: 

CuSO (aq) --+ Cu O ~. 5 H 2'0(s) 

Calculate t11e percentage ylelcJ. 

r 
t m,oler mass of CuO = tJ3.S 16.0 = 7g,5 g11.10! 1 

7.95g 
an1ount ,of Cu01 ·= _ 1 - 0.1 100 mol 

70. g 1nol 
Tn r t10 cuo:cuso4 1 1:1, o o.1oon101 or cuS04 wou1a o proauced. 

111oler n1ass of H2S0 _. - (2 )( 1.iO) 32.1 + (4 l d,.O) = 98.1 g1uo1- 1 

7.]Sg 
mnowit 1ofH O ~ ;;i 0.0750 mol 4 PS.lg mol 1 
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rne ratio H2S04:cuso4 I 1:1, , o o;o75omol or cuso, wou1a be proauced. 

Thi 1 11, - sm II r amount, o su1rur1c acid 1s th 11mrt1ng r ag-1,t. 

mount of Cu.SO prr-odtuc: d = 0.0750mo1 

mokr 1uas§ of Cu'.~0~ - 63.S + 32.1 + (4 H5.0) - 159.S gmoi- i 

ma~\ of CuSO produced - 0.0750 mol .: 15'9.6 g 11.101- 1 = 12.0 g 

) l mol of CuSO ,(,aq) pr,oduc:es l 1uol CuS04.SHiO(s). 

1110,]ar 1na;s of uSO .SH--0 = l5SU5 + (5 18.0) = '149.6g1nol-1 

theoretical yield= 0.075011101 249.CS gmol 1 = 18. 7 g 
, ~ _ actual yield 16.3 ,, 

'10 yiel,d = tl . 1 . ld 100 = 18 7 
100 = 87.J'o 1eoreuc · yie . 

I Cone n 
A lut ion cous:i srs of a su bYtJ rice th t is ,Ji s 1v d - rh I lut - ~u I th su st Ult:1;: 

tbar is doin eh Jiss 'Ivins - r1, , , h, nit. r extunplc~ when a ~It jg diss, 1 d h 

water~ the l ls th so]u t_ nd the i.~ 't r i the olveut. Soluti ns n1 y b _ 
or col. urles!I, ~ u they r ., hvays cl~ar and ncvf r c1l1oudy. 

~ lutions n cont in clifti r nt . 111 unts f s lut up l 111 • • in1u 1n v luc ~ ,vhii:b. 
i, c: .111 d r'h l 1 u b Hi t )·' t h 5 lu t . I h r re ~ t h s 311ic v I u n, o f ~ ]u r io u & f u, 
s Jut c3n nt in di e, nt n ount t th t lute. n ' le the an1 u1 t r tbe, 
m s f lut in iv v 1ltu11c t b d t n1iJ:h.~d. the one ntr ti 11 the soluti 11 

mu t h n ,vn. 

h n1ost c nun 1tl unit ( n cntrati n i ni I d n1-J . 

m 1 d,n- h s n1 tin1 ,c U d n1 L rity (syn1bi 1~ Af). 
• ••tt. ·····~········ ••• • Thi I vo ~ume is th vo~u n1e 

o,f th sol uti,on I not of th · 
11 1 lcul t , nc ntrati n inn l n1- . th 111 unt (1n l s lutE i divid d o!vent. 
by the v ll1n1 . th solu ti t in dn1.J. 

ouversi ns su b · 1u unt I solute to t.: 1,c utrJtion t:1.ut be por rntecl u ing a 
v rsion of the ~n1 J tri.1n . J ' { igu e .2): 

tn Ls = c nc: _ ntr tion X v lu 111 

Junie = ----­ccn centr~ttan 

An th r unit f concentr, tion th. t h son, thn "Is us . ig d 111-J . hh is the 1n 1 & 

f th solu t ivi d by tb ~ lu111 (in d1113) f th ·oluti 11. 

Th nv r jon of cone ntr. tions in 1111 ldn,,-:1 t [;dnl-3 h thr san, .. a c 11vertin 
moJ 'to n13ss, \: rhi hist, n1ulciply by rh n1ol r n1ass fthe ]ute. 

, nv rt c n t tr ti ns in gdin-3 to 1n 1ld1n-l ~ divide by th n l r m !I f 
th s lu t ,. 

FI ure 9.2 



1"1!nlnli1Uild1 

In b,), mol cane I with 
n,01-1. leaving th fin I unit 
ae ~ dm-3. 111 i a is useful 
10h ek to make ur that 
you have carried out the 
1conv, rsion corr ctiy. 

.. ,, ..... ,, ....•........... 
In th q u stion. th vo1lum 
of th solution we Siv n in 
1c1m3. fheref ore. it h d to be 
1conv, rt, d to dm 3• 

-- - -------- ------

) ca1cu1ate th · cone ntratlon In n,01 dm·3 or a olutlon rnad cy di so1v11,g 
0.12311101 or -oa1un1 hydrox1ae In water ana making, up t11e so1ut1on to a total 
volume or 250cml. 

ca1cu1ate tno cone -ntratlon or tn1, so1ut101, In g an,-3. 

n ' I 

' ,'Oluine o,f s olut{on = 2 5 
O = O. _ 5 O di""' 1 

I . - - - - - - ~ ]000 ~ ,a1;1 

. mole-s of. golute 0.123 moJ 
O 

.tn., 
1 

~.. , c once1.1ttsuon = . = = . ..,)II .. mo wu 
ohun of soluuon 0. 2 50 din 1 

) molm' mass of - e01H = ... 3.0 16.0 + 1.0 = 401.0 gmol 1 

cone nu don of solution-= 0.492 moldm- x 40.0ginol 1 = l9.7gdm-

ca1cu1ate t11e mass of nydratea soalum caroonate. Na:;zOOa.lOM20~ tnat Is 
required to maka up 250cm3 or a 0.100 moldm-3 ,olutlon. 

muom1t of sodium carbonate Jiequir,ed = concentration v,olume of solution 
250 

muount = 0.100 mol cbn 
1000 

dm = 0.02S0 mol 

niolar mass of .1. a CO .. l01HlO = (2 ... l.O) + 12.0 (3 lG.01)-+- (10 18.0) 
= 2s,6.0gmo1- 1 

niass req~1iie4 = mol s . m,oler 1uass = 0.0250 mol 2,86.0 gmo1-1 = 7 .15 g 

- - - - - - - - - - - - -

- - - - -- - --

ca1cu1ata the amount or su1rur1c acid In 22.4cm1 or 0.0502 molam- 10lut1on. 

owit (ilii 1nales)1 of sulfi.uic c · d = co11centratlo11 . ,1olw.ue 
- l _ ~a, .J..... 1 2 ... 4 dn1 1 • amount- 0.0.J ,.,.,n101~ )( 

1000 
l dm 

3 
= o,.QOl _ .... mo~ 

ur If 

· ca1cu1ate: 

ClU· 

) the number or moles or sodlu111 hydroxide In 25.0cm3 or a solution 01 
concentration 0.104 mol dm-a 

tha volume oT ,a o.o5oomol dm-2i, olutlon of u1rurlc ,acid that contain 
0.02160 n101 
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h r . r two units us d m111 nly: 

nau 1,1,11 Jes er dn, (n11101 dm- ): 1 nn1 l - l ... Jn I 
p rt~ p r mi!Uon (pptn) 

r n1illion' is norn1 Uy tha 111 s I f ,Lt golute p ,r 111iHion I r n1s , f s Iv nt. 
u1npti n i 111ad thut tb n as ofth solv 11t nd th s 1lution r the s n1c 
the, ~oJution i very djlut .) 

Alumlnlum ulfate I , us,ed as a coagulant In water tr9atn1ent. Analysis 01 some 
water round th,at the alumlnlum Ion concentration was 6.3 nmol dm""3 • Calculate 
tne mas,s or a1un11n1um Ion In 1dm3 or the treated watsir. 

1 

6.3 nmol- 6.3 10 1nol 

molar n1 ss of A11+ = _ 7.0 g:11101- 1 

nmss of A13 ions in th \Vater;; 6.3 ),! 10 .. !J mol 27.0 g1na1-1 

= 1.70 ;.( 10-1g (= 170 10-4mg = 70111g) 

' - ____ - _ -__- - - _ - - - - - -- __ - _- __ ::__ ! 

A bottl or miner I wat r wa labelled a cont 1n1ng 2.oppm oT odium Ion . 

) ea lcu late Its conce ntratlon In n n, 01 dm-3• 

) ca1cu1ate tha number or sodium Ions 1n 1.oam3 or t1,e mineral water. 

(Avogaaro constant - .02 x 1&amor1) 

) 1 OOO OOO g of ,vater contain .2 .0 g of sodi\u-n ious. 
:2.0 

1000g of \Wterllas BJ 'olunie of l.Ochul ,m1d. c:011tah1s 
1000 

-0.0020g of sodituu iaus. 

. . 0.0020, 
aiuount (lnoles) of sod1wu ion~= 2J..O g ruoI- l 

= 8 .7 l O ! n\Ol = 8. 7 104 iunol 

The c,oncentration of s·odi\uu i,ons ·is S.7 :-: 101 nn1ol dm 1
• 

) n1nuber of iotts = moles Avogadro con,;tanc = 8.7 . 10- 5 mol )( 6.02 101
J mor• 

~ 5.2 • 101' 

If rh ccur te c DL ntr:.ui n of n~ s 1]u'tion is known. ricrati n c n b us t 
t nni n tbt: c n ntr ti n 111 1 th r lu tiot1. - h 1n thod h,v, Iv~~ h vins on 1 

soluti 11 in hurctt"' . ud pip tting . k11 ,vn volun1 l f th th r a luti, n i11to • 
oui J] fla sk. 11 indi ·a tor is thou ad<l d t the s i'lution in th con· ] tJask and the 

solu ti n is Utnu:cd fron1 the burcrto uut:il rhe iudicat r Lhan cs col1 ur. 

p 

Tne conc,entratlon or a 
pollutant In a gaseous 
mixture ls, onen stated In 
units oT ppmv, w hi en 1s tne 
velum e In cm or pon utant 
per munon cm3 of gas. 

T 
The prenx n~no, symbo I n, 
means a mu1up1e or 10'""'. 
Tn 9 prenx PICO, , ,ym DOI P, 
Is, a multiple or 10-12. 

········· ...... , ........ . 1mol = 1 · 1oonn1ol, 
so 8.7 x 10 5 n,ol 
= 8.7 10-6 x 1 10° 
== B. 7 x 104 nmol. 



Acid- b s titr ti tu tH d s ri d her,. thcr typti 
l: HI 1ne1t h th ~c nJ y r of th A l~v l ursc~ ,ut 
th 111 th d IC n ! t1,, m rhod fie:d u]J't_oti are rh sa111 1

• 

Detailed rmethod 
hf bur tt i ring ut ,vith distill 

th n with Htt1 of on l , the aoluti n 
h r~ip ua h. rin ecl ur \-Vith HscH l I W~l t r 3 nd 

then rith li td of the othier luti 1U (· lu,i l1 P). 
A coni,c J fla k i rh1-· d U't ,vith di til l d '1 - t r. 

h bur"'tt is ti II with s tuti n h t p i 
p n d and son1 o tb s. lutiot1 is run out th~ t h 

st ~111 beJo\\r 'the 'tnp do ~ not contnin :iny . ir bL1bbl i. 

he bur tt i& r ad t 0. 5 c n1 3 nd h~ v Jun,~ 
r rd~ . 
U ~ing J l ipt.1 tt fiU r, t'h J31p tt h d I J with 1lutii 11 

P ~o that th ott n1 of tl e tn ui&-.;U · is on the Ut . 
T he content f the E ip[ tt - r di eh r d int th 
c, nic l 8 . A f \'il dr ps fin ic t r r d . 
The lution r~ m the, bt.irettt' s lution is _dd , with 
c 1nstant . wirBn the fins 1 u ntH th indic"' tor 
chan $ c I. ur. he bur~'rt is 1:~:1 I n the di er~, , e 

A l9Manandee1 student performing an acld-llase tltf tlon 
b t\V 11 the t rt1n v 1lun1, ~u1 th fin I volu 1n · 
~ "'kubr d. This i ,- 11e the titr . This ti'tr i ! 

~1~ r xi111 ar be, :.ius the bur~ tt ~olurion \Va .: dd d 

I 
Do not 010w out the1 last 
drop o·r I I quid from th9 
plp&tt9. 

I 
Always read tne volume 
using the bottom of the 
meniscus. All buratte 
reaa1ngs must D recoraao 
to two e1ec1 m al pi ace 
(or to o. 05 cm3 ). 

• 

quickly and it is~ there! i: ~ lik ,ty th t tho end - oint 
\\r v rsh it. 

Th c: 1 i,cal ff , $k i 111pti , nd \V sh ~cl ut th r u hly ,-.,uh , ~ t r. 
h p;roc:efii h rop ttd~ but thi~ thue solu ti n li h 3ddc1J quickly untH Jbou t 

l in 3 1ar 2 c1n .h rt of the .1 p,roxi,tn c1. 'tirr . 

]uti n is hen 1 ,d s1 ,vly 1n· Uy r pwhc S\VirHn th~ fl sk 1con5t ntly 
u ntH th indic:it r , ha_ , to the r uirc-d c 1 Llr. At thh p int~ th bur U 
reading i~ t k~11 nd rhe tirsr c ura't 'titre ,c ku l red. 

he titra,tion is re tcd untU "'t I "'Jst t\V 1 ,cont.:ordl nt ritres re bt incd. 
ncord~utt n11.! 'lns th c the tw titr s ar within o.2~111 of eh th c1r. 

h c nc rd nt ti'tr s r eh n v r 8 t iv th n1 n ( v r ) titr . 

, h , n1n1 n cid- ' , Ill indic 't 

0111 indi t rs nd th ir c l urs r iven in 

le 9.1 some lncllcators and their colours 

M thyl or ns Red Veit,ow 0 nge 

Bromoph not blue ~ llow Blue G , en 

M thyl ri d Red Vt Uow 0 n e 

B:romothymol blue Yellow 81u G n 

Phenotphths le in Coloudeae Purpl Pal pink 
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ca1cu1at11ons 
o find tll one ntr tlon of n of th _ olutlo1 
he c l ceurr.ni.on or one & 1ution i. kn \\'n . hi 1utiou is 1caUed the tnnd rd 

,y titr ti n . 

h ut in rhr stc s. 

k·u 13.'t th · n1ou nt (in 1n I s) f tb r . nt of kn wu ,one 1 n tr tion using: 

2 ( 4' L uJ t th _ n1ou n't (in n1 Ls) of th _ othc r re 1 nt. 

Us he st khi n1etry r f the equ ti l . 

3 1 't i rh 1 c n ntnrti n f rhe I th r luti n ugin 
n1ol 

cone 1ntr . ti n = ---
v Jun1 

In a titration. neutra11sat1on or 25.0cn,3 01 o.1oomoldm-3 hydrochloric acid 
olutlon requlrea 2- .Serna or sodium t,ydroxlde solution. 

, OH+HCl~N·, ·1 H10 

Calculate tile concentration or the sodium hydroxl 1de. 

1: lllllOU11t of HCl :::: concentration x volum 
2S:.O 

= O.lOOn1ol1dm-~ lDOO dn1 = 0.00-501nol 

p 2' the rstio of HCl to N 0 1H is ] : ] . 
a1uount ofNttOH - am.,ount (1noles) ofHCl - 0.00l50mo1 

. f di \,,. dr . de 1 , 1nole s . concentratton o so m11. uy ox.i _) so 11.1Uo,11 = --~ -
volu1ne 

. 0. 002 5 0 lllOl 
cone ntrat1on = (2'5.B/l rOQO) dn1 = 0.093r31nolchn-

:-- -.- ---, .- ,, -.. - .- .- .. - . - . - .... - . - .-. ~.,, 

25.0cm3 or a 0.0504 mol dm-3 solution or su1rur1c acid was titrated with a 
solution or soc11um hydroxide. ThQ n,ean titre was 27 .acm3• 11,e equation Tor the 
reaction Is: 

.. NtiOH H2S10 4 -+ Na21 O"' + 2H20 

calculate tno concentration or thie socllun, t,ydroxldQ solution. 

· mnount of H1S0 = c1oncenn·e,tio11 volume 

mount= O.OS04mohbu- · fto~ cbu1 = 0.001 6mol 

2. the riltio of OH to H s.o* is 2:l. 

amount of ·. "'OH= 2. . s.n1ount of H1S04 
= :l 01.0012<' = 0.00.2S2 mol 

Tn e equation ror the 
reaction Is norm a Uy given 
In tno ques,tlon. IT It Is not, 

1 you must write It oe·ror1a 
sta1rtJng the ca11cu1at1on. 

. . . .. . ...... , .•...•.... 
Th volum 1 h r,/, to be 
changed from 01113 to dm1 . 

This is done by dividing by 
1000. 

I> 
• Amount' !n chem Is try Is 
measured In moles. 

c re must De take1n If tne 
sto1cn1omeu1c ratio 1 
not 1:1. 



moles 
t p : conce11tration of sodium by,droxide so,tution = 

1 \ '0 \Uile 
0.00252n1ol _ 1 • "" , _, 

concenn·adon = _ 7_3/lOOO diuj - 0.09~3 mol elm 

f 
some students n ke to use Ule1 rorm u la: 

Ali V. Af,. J'l --=---n1 n .. 
wnere n1 I , tne number In Tront or the formula ot substance 1 In tne equation and n2 Is tne 
number In rront or tne 'formula or substance 2 In tne equatloni 

your If 

A olutlon or odium hydrox1ae or volun,e 25.0cms required 23.75cm3 or a 
0.0512 mol dm""3 01ut1on or at11anec1101c acid Tor neutralls t1on. 

2 aOH + ~ .·. 20 4 4 N~ 1'2.0-1, + 2H20 1 

Calculate the concentration or the sodium hydroxide so1ut1on In rnol dm-3 • 

f O f I l'1 I t, V I LI 11 11 
In this typ I lcul d n. b th C nc ntr ti ns r a iv n in th I u sti n. - h firth 
t ps ire, tb s. m~ 1s in cal ut tion - 1ud the ,i; 1,c ntl ati n elution. Th third 

st p is t , u~e the c 111.. 11n·a'ti n I fthe L'lc1..ond g 1)uti n tow rk out the v lun1c r quir d: 

oa1cu1at :. tne volun, - 01 0~100 n101 am-3 nyarocnlonc acid 01ut1on requlrea to 
neutra11se 25.ocm31 or 0.0567 n,01 an,o,wJ socuum carDOnate ~01ut1on. rne equation 
ror tne rgact1on 1 : 

2HCi + a2CO., 2NaCl + H2o C02 

Muount of sodiwn c1rbo1'late = concenttation )C vohuue 

IUllOl.mt = O.OS67m.oh:hn , itCJ~ dm1 = 0.001418mol 

: the ratio of HCl to Na2,CO \ is 2: 1. 
amount of hydrochloric c.id =.. 0.001418 = 0.002836mol 

moles 
: ,·ohuue of hydrochloric ncid soh1tio,n = _ .. 

concenrmnon 

I _ 0.00283timol ~ O O?S dm ::: ,_8_41,1:1111 1 vo ume - O.lOOn,oldm-1 . .. - IJ.U 
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Preparation of a prl1maJy standard olutlon 
A pritn ry st nd rd s Juti t i n ~ of n , 11 nd c ·ur t ,c n ntr U n. 

no, th :i,i r b.ue 11n1 t: 

h obt. in bk~ pu r~ 

not b .· rb n1 istur or c ,rbon di xide fr n1 tht! ir 

not lose \Vat r f ctyst:.1Hbation t I rh~ air 

Points J and 2 at p ~ut ud Lu:id fron1 b 1 in u ed. 

E oint :? top, sodiun1 hydr xi e ( nd 1 y ith r b ) fro111 b in us d. 

Point srop hydrat d o iu m cl rbon te from b ins u ~ d. 

prep r 

A uit ble cid ~ r h rf F rati n fa t n r lut1 n is eth .111 dioic 1cicL H 2 :i 4. 

It ,c 11 be bt in ,d as pure not int r et ,vith th air. 

- h l foll 1\Vin n1 thod b. us t 1 pr p r 2 "' I n13 of St nd rd oluti n of th~ cid: 

• Ajccurat 1y \\'ci h ut ~ b ut I. I ~ ,(, t'h :incdioic 3cid. 
I ur hint bo. ker 11 , h out the weighh1s bottl into the · nker. 
A d w t rr n stir until 11 th:i s li h di lv d. 
1 ur th s h1ti n thr ugh funn 1 int v lun1 h·i fl ak. h th ·tirrin 
r d ~n b . r nd an. Hy th funnel wi h \-\',t r s h. t h liquids- s int th~ 
volumetri tl sk. 
Mak, up th Y lu1ne in 'th fl sk ,vith d · still \ t r until th l v l i n th~ 
JTI, r, • h~k th ft sk th ,r ,ughl,.·. 

111 s, 
amount (in 1nol s) f oth 11,dioh: ~id c::::: --

1
---= -­

n10 ~ r 111 ss 
n1olcs 

c nc "lltr:1ri n of ck = ----

his ,cid solu i n c u h n c us d t find the ,c nccntn1ti n of :1 b such us 
socliun1 hydro id\ \\'h1ch c n th "n b u d s. (s cond ry) t n ard "Olll'ti n. 

---------­

~-------------

ca1cu1 t tne concentration 01 a 01ut1on or ocnum nyaroxla u 1ng tn ro11ow1ng 
aata: 

Ma' 101 weighing bottle empty= 2a.2og 
Ma or weighing bottle+ etnaned101c acid= 2B-34g 
vo1ume or etnanee1101c ac1a olutlon maCI up= 250cm3 

Volume oT odium hydroxlda taken In each titration= 251.00cn1! 
IMean titre - 23.46cm3 

niass of etlwie-Clioic acid= .29.34 - 2,8.20 = 1.14 g 
. . . 1.14g . 

ti\O!es of ethaned-101c ac1d = . . __ 1 = 01
• 0 1266 7 

!i)Ogmol 
0.012667 1 co11ce11u-a·tion ,of eth1nedtojc acid s,olution = 0.

250 
= 0.05071nol d.m 



If this typo of ca1cu1auon 
~s, asKea ror at AS, tne 
que tl on w HI be structured 
so tnat you are gu1oea 
through the many steps, 

moles oif ethaneclioic acid in 23.45 Ciu3 = 01.0507 0.023..JS = 0.10011188 
moles of sodium hydro "cl = 2 o,.0011ss = 0.002376 

f d 
_ 0.00 ... 376 _ -- 1 concentretio11 o· sodiiun hydr,cxi . e 1:iolutio11 = . = 0.095 l 1nal dm · 

0.02500 

A b ck titr ti n h u cd \\'b n h ubst n . b in inv i ith r ins lubl r~ 
f ,r . m, , th~ r T( 1 

· n, c:a nnot 'b titr L1t direc tl}r, 

Th , n1 rhod is 

LI b t TIC bein in tiS t . 
t nd r . oluU n of ub t n u u lly n ,acid r b s . 

ther dtr. t~ th xce& or n1. k up th~ soJuti n to _,50 nil . n _' titr. t porti ns of 
th ,djlut t luti n eh t c, nt in th~ exc s . 

An e .. an1 1~ is th t rrnin tj n oft h purity f mple f eh lk, which i impur 
,, kiunt c rl nat . Th pr dur i u .fi H \vs: 

• ojgh a a.in1 · Je of iiupurc eh ]k. nd pl c:e it jn beaker. 
dd .504..:m3 f 1.00 111 ld111 hydro,ch l ric cid soluti n. his mouu't f ci 

1nu&'t b L?n u h to r ,et ,vitb an th , lciun, c rbo11 t ~ , ith n1 cid h1 c ,s . 
Us funn l to pour th so.lud n bt:1incd (which <: nt in th x, RS :1 . id) into 
a t~1nd rd _50 cnr1 fl.uk. W., sh rhe beak 1 r nd the J:unneJ iuto the, flJ~k u nllk 
up t, th n1 rk with distilled~ · ter. ,h kt: the, st nd lid fl k thor u hly. 

• itr t 2 - .t cn1 rti ns of thi dHut d s Juti 11 B inst s 1ur-i H f ium 
hydroxid of n wu c, nc ntr tio11. 
R. J e, t tbe titration untH tt o c nsi~t nt titres h ve be n 1obtai n cl.. 

111 n ti tr.-i -t- n1olcis N 

n1ol s of ~xcfss H J 

j u111 bydr ,xi n in tb1.: itl"' ti u: 

, mol~ of w c ss H J in .25, ,cn1J porti n ~ tot3l 

original volun1 of' J 111 J s , f H J t k n 

----- --- - --

. c s. l .. 1) = mol;\J l I] r_ et d \Vith 
_ in thtt ,eh. I k 6\ n11 l~ -+ 1X1 purity 

1.41g or a sample1 or chalk, which Is mostly ca1c1un1 carbonate with ome1 Inert 
1n1pur1t1e, • wa placed 111 a beaker and so.ocm3 or 1.oomo1 e1n1-a nydroc111ortc 
acid olutlon w lowly acJdea. Tl1e equation ror the r action Is : 

CaCOJ .... H,- l -4 CaCl + H20 + CO, 

Wilen thQ nzz1ng nad cgasQCI, tng contents or tr,e bQakJ r war9 wa -nea Into a 
stand,ud 2socn13 vo lumetric flask, madg up to tl'lg mark and thoroughly shaken. 

A pipette was u eid ta transfer a 25.0cm sen1p1e Into a conlcel flask. The ample 
was tltrate1d against o.1oomoldm-a' ocllum hydroxide solutlon. The equation Is: 

HCl+NsOH aCl+H 10 - - - I-
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The titration was repeated. Tne mean titre wa 2a.e1 cm3• 

ca1cu1ata the amount or odlun-1 t1ye1rox1e10 11, tne n,ean titre. 

) ca1cu1ata tne total mount or 11ye1rocn1or1c acid 1n exca . 

ce1cu1ate the amount of hyelrochlorlc acid orlglnally taken. 

U) u e your answers to b) and c) to calculate the amount ot 11yarochlor1c acla that 
reacted with the chalk. 

) Hencet calculate th9 amount of calclum cerbonate In the chalk s,ample. 

T) Calculate the mas or calclum carbonate In t11e sample and 11ence the% purity. 

amount of I aOH in mean titre = cancenttation voliune 

amount= 0.100 nrol dn1- : 23
·(5 chul = 0.0023,16 n1ol 

1000 
) Th ratio1 of HCl to NaOH is 1 : l . 

MUOUllt of HCI m 25 c:m~ c:: 0.00 ... 361»01 

muounr ofHCl i1l 2S0cm1 = 10 • 0.00236 = 0.0236mol = ruuotmt of exc:es,HC1 

) amount of HCl tl\ken = ,co1icentradon voltun.e 

lllllount = l .0011uoldm x SO.O dm1 = O.OSOOmol 
1000 

0 en1ount HCl reect1ed witli CaCO = Em.101.mt tskJen -1m1ount of ex.c1ess 

llll1.10llllt = O.OS0011uol - 0.0236mo,! = 0.0264mol 

) Tlle r11'ti01 of C1C01

1 to HCl = 1:2. 
- 1 

amow.1t of CaCO~ in smnple-- 0.02(54 - 0.0132 ·mol 
") 

1) 1nolar m ss of C1CO = 40.0 + i 2.0 + (3, . 16.0) = 100.0 g1uo1- 1 

mass ofC1C03 in sample--mol&s moltu ma~~ 

1nass of C C10l = 0.1013-iuol 100.0gmol 1 = 1.3 ... g 

o/o purity= 1 ·3- - 1 oo = P3.0~o 
1.41 g 

To flndl the tolchro,m:etry of a rea 1ct1on 
111 1quiJ tion th t ask tor the dct rminati n of th~ st icbio·1nt1try of a re ction, the 

c ucentr .tiou aud v ltun f bod,. goluti 1u will be iven. he c kuLttl n is 
1 rfo1111 d in rllre -, t , s: 

n1ou nt (n1ol s) f I n 

2 n,ou ut (1noJ s) of rh ru. 

ind th \l h k nun1b r r ti eh ac , m unts. Thi 
H ,v" th qu ti 11 t b , ritt n. 

-------­

~--------

25.0cm~ of a 0.100 mol dm-3 olutlon or socuum hydroxide required 25.Scm3 or 
0.0485 moldm-3 olutlon or pho ,p11orlc(m) aclcJ, H3P03 . work out t11 equation 

ror t1,1s aic1a + a e re ct1on. 



••••••••••••••••••••••••• 
Only two of the hyd rcgen 
aton1s in H !lP03 re 
repfeceeb r by meta Is. Thi 
i b c us I only two1 r , 
bond d to 0X)'ge1n atom ; 
the third is bend d to th 
pho phoru atom nd i not 
.acidic. 

l p 1: amount of sodilun hydroxide ::::: ,cone enu·atiou volwne, 

muount= O.lOOmoldlu . 
25

·
0 dtu == 0.00-SOmol 

1000 
p .: an10W1t ofphosphoric(nr) Lltid = con,entratio11 \'Olwne 

amount= 0.04S5mc1ldm-l @S .S dn1~ = 0.001.:?Slmol 
1000 

0 00" 10 
1 • 11101 r r tio NeOH to H~P01 = . .... : 2:] 

0 .001251 

2mol ofN OH react ,vi.th 1 mol of H~P01 

• so th quation is: 

2NaOH + 'H1P0l Na2HPO, + -H:O 

Mlnlmlsln1g errors ·1n tltrattons 
E f or I c u of t 11 

nd ip 1U nit: Jsur . v lu111 :,s c r·t in re ot ccur y. [n n10 t 
1C .. • the rr r in I eh in ur 1n nt is ± .' I ien1.3. 1 hi1 1n '- -11& th t th 1n imum 
p sibl rror ,vh n ,c I u] du th titr is 2 x 0. 5 = 0.1 cn1 . In ritr f 24. cn13. 
this is a p 1c nt 10 / 24.Ufl = .4 ..... CJ1). Ifth ·titr h d l , n 12. 1 mJ ~ 
th "rror wo·i:d be the stun \ but th 1 percentJ e 1·ro t" \\i u'lcl be ( . l lO / 12.00 === 

. 3% , ,vh i h hi t, 'ic l g hi r . 

a ers · fi v ry in ccura · or lllf.!1a urin v h.1 m nd sh ul1
- n -t b us t I m asur 

ut s lution. r titra ti n. h use! f l' pip tt inv 1v s . si 11 ] :m Hiu 111 n't a ni 

s th rr r i ±1 .u5 cn1 - hid, ~~ r gtJudar iJ ·ttc i o. 5 X I00/.25. O - 0.2 'tt 

- itr tii ns r pl 1n d t iv . titr 
oppar h.1 ~ rr r. 

. . . 
r t n11n 1n11 

A tnnd rd l b, rnl r r hAl'1n r ad o OJH . The un t tainty f re· din i 
±0. 5 nd so. s riv re lit g I.\V y h v t1 b r on, the unc rt i ty in b n1 s 
, f is ± ... x .nn.5 = ±0.0'l . r .u -Hd " ci8hin I. 4 thi i p ·. ibl 

iDO/L'34 = n.75H,. Am. o_ I u rh 111 I Et v_ oul hav p r cel1t3~ 

rh:1 n I 1J-fi. 

he t t 1 rror h1 titrJti n c n be ie Jcul ti.;:d th sum f n the thcr ap r .. tus 
rrors. 

E or b c u of r t c h n lq u 
ra...:cic~ , 1 d care win redu e err rs duf t1 p r ce hn qu . ontm.on 1n.iYt1k~s 

inclu ~: 

n t rinsing ._ H the solid fro111 rh l'ighins bott] 

• not tinsin th stitr I and funn 11 int ·th volun1etri (graduated} (iJs 
·o ,t eh kin the v lu an~ ric fla k. th r u hty after 111 ' in u to 35 c:n1J 
n ,t rinsing ut th bur tt_ a1 , th pip tte ·with rh corr et soluti n 

• n 1t niurhig th:1t th i is n ._1ir b,do\v th~ tap in the bur ,tte 
• cttins i r bubbles ill th t n1 t the pipe tt 1 

r u 1 1it1B in th ~ luti · n fr n1 h burctte t o q,uid ly nd th nd 
pint 
n ,t swirl ins th tt sk ._ t r , h iti n f ~ 1luti.on fr in1 rh bur tt 
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t y ur I 
o -) Wnlch nas u, 1owe, .t percentage rror? Weighing out 0.45g or a 011e1: 

u Ing a 1ocm5 pipette: a titre OT' 12 . .25 rcm3 . 

J ) w11at I tn total percentage error 01 these three n1easurements? 

u m ry k 
he k th r y u no, h b 'tV ll Ill .l S ud: 

n1 nd n1 l r 111 .. gs 
voilnne nd mol r v0ihu11 
'tht.? concainrr:J 'ti.an O ' :i golu'ti n and its vokun 

M k ~ure that y L1 can use, the 1 xprc1 sions t1bov and rhe t; ,qu ti n tor the re ction 
t c Jcul t : 

th~ n1.. or 1tolu ·m~ r f r ,:u:t~nt J1£ dcd or produ t produ ~d iv 11 d t 
th(? st ri,d1 i nu~try fa r, acti in giv u da t .1b ut th n1.H,s~ 1 1r volu tnt?s fr l c tants 

:1nd products 
,vhi h is the H111iting r~ nt e;h~ 11 m fr:. ctk nts n he u ti1 n for the 
r tion 

De sur y1 u c n c:a1cu] to: 

th p re nta yield in rc.acti n 
th ttt 1n c n n1y f r cti n 
'Eh con entr tion , . 9olu ti n fro111 titnition d_t 

h..: ck thJt you c n: 

d crib tl rr et t hniqu ~ r n1a in up _ t _n rd olud n 
id nti ty 11 va Ju. t ~rr rY in t itr..iti ns 

stion 
! ruculat~ th 1n· s of i1 n (u1) hydr . · ~ 

pr ci it t din the 1~ ,~ti 11 t\V n 12.7 f 
ir n (1n) ulfate 1 ~,I c ss Sr diu111 hydr xi e 

Juti n. 

e1:l · 4) (Jc.J) + ,Na H (aq) -+ 
2Fe( H) ( ) + ',N 2 . ( q) 

pp r rtai t \ rith silver nirrat olution 
cc: rdin to the ~qu~tion: 

ll(S~ + 2 N J(,1q) ~ 
u(N .1)!!( q) + -A { ) 

nl,u1 t th lllal~S f , 1 p "'r ]1(? de _ t, rea,t 
~ 'ith a ~ lution cont inin 1 ~.. f silver nltr- tc. 

cu~ t rh volum f xy n I roduc d 
vi,rh n 33. s t s, diun1 nitr tf i hcnr d. 

odiun1 nitrat de n1 ies accordit1, to the 
egu tion: 

Und lr tho 1conditieins of the xpC1rhnont 1 n10J 
of as Ol:CU i vol un1e ot :'.?;1J) dn13. 

f hydr n i r · ctcd ,vith 
·c ss nitr1 nun er hip;b pt~s urc nJ 

t 1111 rature iu th r ]'i s nc f n i_ n IC L tJyst~ 
25 dl11 ot 1u1n101tia ~. JS pr du..:e . 



~1 u I tt: th rh " retic:il yield · tid h n th 
pcrc nta y1e1 I in th 

5 ..... 1 ul _t~ th un uut _f sulfi1ri ci in _ t4 c:1113 

of J 0,054511,n 1 ( n,-J lutio n I r th~ dd. 

6 .. lcul tc the v lumc f. 0. JO 111 l dtu-
so1lu ti1 n f ,odiun1 hydr xi , ~ hfcl1 cont ins 
l, 164-tn 1. 

7 alcu lnte tll mJ s f cthaneJ jr ic acid._ 

2 4.2 2 , th t · t1 t.1t: d ,cl ·to m Jke ._5 ~ cm3 

n.05 m ldt11-3 s Juti 1 • 

8 4. 5 r iron F ,d~r \VJ. added t 5 . 1C U)J of 
2. ) n1 ldn1-J c p~r(n) Ldfiu solurio1t h 
~qu tion ~ r th re 1 .ti 11 i : 

4(aq) 

") a lcul..1't ,v'hi b r, tt nt i U111jtin . 
) alculute the n1as f c: p er pr due: d. 
) What obs~r ~1ti1 n ,, uld tt?U y u th .. t yoL1 

,v,er corr r in identifyin the .lhniting 
ro~ nt? 

2 i .5 f odjun1 hydr xid W S add d C J" fuHy 
t 500. 111 of t .nu 111 

11 11,- 3 -ulfuri .. id 
so1Juuon . 
a) Write th -.quati n . or the, rem:ti n. 
h) JlculJ \Vhich r - nt ·i U1nitin . 
) - alcut tt.: rb n1~ss f iun, utf.. re 

p,roduct'd. 
d) What \Vould ~ ob !.i:IW if pi c~a of rt!d 

and blu litn1us pi t: r were add d [O the 
s: luti1 n at'i: r th r "tion? 

l O he linli'C f c3r~ 1 ,u 1n ide in th ,air ~s s r 
by the urope1n Union i& :3. 13 pp,n,V. al u lat 
the max.in1Lu11 permitt cl 1nass ot c· rbon 
1n no, idc in I J d1113 ir. 

11 I n (n) ~u1foc ntain~ ·w .. t r f cry~ Jlii tion . 
Its r. rn1ula C:!l ti be writron Pc ~ . .\'H:? . 

Wh n 5.4 f hydrot d lr n (n) suJti t 
,, it ] t \y; ·t r nd the r i u f 

9 Calcul Uon from eh mio I qu tion (Topi1c S) 

ttnhydr u i 1 (u) ;ulfo re , e,ight! I 2. 
lcubt eh nun1b r of n1ol ~ufo f 

rytlt ti ninch 

I Nanotcchnoloe;y an inv Jv the U!t2 f 
tiny runounts ot chenlic~ds. he junctions 
of n· 111 fibre po1yn11 rs hol a hnne of 
ppr1 1xin1. ·t ly 4. ~ x 1n- 1 dml. 11 . such 

Jun ti n \-\'.1s: sa tu nit d with ._1 111inucc- kun unt 
of~· luti .n r siu~osel J2 b' ,vuh J 

11.c ntr ti · n of U.054 . of glL1c c per drnJ. 
.._ cul t : 

a) th nun1b r of ,nol ~ of Rluco ~ ,at th 
uano6br~ jun tion 

) th nu111bor of n ol ,cLU s . f 1uco&c in thJt 
Jun ·tiou 

J t ,odiun1 c rb 1nt1te n1onohydr tc. 
J. H.., ~ ,, di s 1 v d iI ... 5 c n1J of~ t r 
_ r. A bu Ii tt . fill d with this lution 

.1t1d titrated ._ a.hut J solution f liyd . hlori 
ac:i . h~ n,e, n titre \V 26.7 ~cn13. 

J·Hi ( l)) + 2H U ) 
2 N · 1( q) + ... H ~ (l) + 2 ( ) 

:i) I int out l \V 1 rl'.\ r in th techniqc1 . 
b) · alclllJtc d c ncen[r fi n f rhe 

hydr, chi ric .1cid Jud n. 

14 h kin I f p eh s , n b I en d by 
t:.u1di11 the1u in a solutio. f ot ssitun 

h rdri x1dc. Alter a short ti111 \ the skill~ c,:tn 
b I rc 111 v ily by n1 chin . h kh 11 d 
p I che r then \V shed t r n1ove ,Ce'"s 
potassiun1 hydr xi e. h fln~ I w.i hi ngs arc 
test d ~ 1 see b V" n1uch piat· siun, hydroxid~ 
ren1ailis. J cn13 

r f th fin· l l a hil1.ss \V s 
titrat cl with 0.0 5 moJ d.111 - hydr chl r,k 

acid. _ b 1.11 Jn tiirr , as 7. 55 n11
. "a kul. tci1 

the coinc "'lltration r pota.ssiun1 hyd1: ocidc iu 
th t1nu I , lungs in par.cs er n1 illi n. 



mp u I 
1 h J _ is 11 in11 ure ft rn, of ,akiun1 Jrl n t_. 

It l'fd: t& \Vith ,q,u ou; hy r i.:h1 rk ~cid 
,cording r th cqu ti n: 

a 3 ( ) + 2H I( q) 
ll(aq) + HJ (1) 2(g) 

· hen e." ss d.ilu re hyclr hloric ~c;id \ aa 
'd d to l.2Jg l . ~unp,1 t eh lk. ,.;,j ~1.113 at 

c rb n · xi de ,v s ll t .. 

n) .lculatc th ~, m u11t (i11 m l .) of c rb t1 

di xh:k relcJ ~d . nd h~n e rh }"t;'l"C~nta~r· 
pu riry ot" rh~ h lk s -n11 J • (Thf n1oh.1r 
Vi ]u1ue of gas u.ud ~ ,~ th~ c nditions ot t'hc 
xperim nt is ..:.4.4 1 nil.) (4) 

l ) Wh. t is th _ 1nininn1111 volun1 ot , 
2. n1 1 cln,-3 s 1luti II f hyd1 chJoric 

id rfquired for c 111pl t f 
th eh ? (-) 

( r tnl nu1r I ) 

2 _5 ibuprofln 'ta'bl t \ ~'l 1§e et d \Vith SOJ) ,cn,J 
1. m 'I dn,--~ s diun1 hy [i xid lutio11. 

"h 

1 N I 1 
ul 1, 

Wh n th 1 r ction w s s Juti 1~ 

ont h in e~ s _ 1 iun1 hy r ~ 1d~. ~ s n1a e 
up t 25 cnt ,vith di riU -d \V te r.. : .0 , 1n3 

._ 111phi I \ r tits ~t~ cl tl]t'l t ). I I O J11 1 ] cbn-., 
t1yd hl 1ri .,1ckl io1ution: 

N H ;- 1--1 1 ~ Na 1 + 1"'"1., .. 
he ITit: Ul titl\' \VO .... • :;5 1n3. 

a) he col ur chtUlf.< at the nd p int 
\Vh 11 \::i is d d fr 111 bu Uc o n 
' k Ji i u th p r s nc f f ,v drop f 

J h n 1lp hth. I in · : 
f rlll urpfe io 1Colourlc s 
fr n1 purpl co pale pink 
fIDlll ] Uri "S to purpl 

n1 I pink Co I urp1 (1) 
b) lf 1 ~ t1blct hu beeu taken rhe n1 an titre 

" rtdtl h V :,, :1 n I [ .2 1 cn13. h 
bur tt that · 1 ur t 

(t) 

) ~1 ulute tb _ mount (in mol('s) of 
hydr1 r h1 rk: 3ci u- in eh ti:rr~ ri n. ( J) 

J) I u.1atei the an1ou n r (in n1olcr.) o.t c s.s 
odiLu11 h)'i 11 xid I in 25. en, a111 l~ nd 
h nee C ku] t the 111 1~H'lt (in Lll ] ) f 
tot I e. C' s ~odh.un hy roxid l. (2) 

) l uhu~ th lntou n t (in n1ole ) of sodiun1 
hy r xid 1 ori in. Uy t k t1 :ind us 1 it ncl 
y llr l r r [ b) t, C fct1l t th m llll t 

(in n1 J s) rf s iun1 hydmLid th t 
1\"'1~1, tcd with th" 2 ibup fen rab1 ts. (2) 

O enc ~ ca]culat the ~m unt (in m.oles) 
1 f ibu rofi n in _5 t bJ n th m s~. 
in n1s~ f ibupr fi U in ill tubl t. ( ... ) 

f l 'tal 9 n u1rk ) 

) t t th_ r 1 tio ~hip b t\ ci n n1 J • n 
i) rn fi :in 111 far ,11 s 
ii ) v lu111c f ~u nd n10J v ]um 
iU) nu n1b 1r I f] arth..Je (3) 

b) Wh n chl ri1 r,, ts 'With 6. 75 , . f 
111 .. p;L iu 111, th m"11s f P~ uc t is: 

) 

A 11 . S g ~ JO. 4 ~ 
D 1 . 5 

. l 25 
I O:?:? 

7.51 )( 1032 

(Av gad1 con rant = .02 l o2 111 1]-1) 

(1) 

d) Wh 1 u .5i5 s rubiditn11 n1 t I r a t 

,vith oxy n~ 1 i . 7'5. f (·1roth.1ct ,v s 
f r111 d. Wbk~h qL1ad 11 is sup_portr.?d by 
di e dat ? 

b+ 2 

Rb+~ :? ~ Rb .. 
2Rb + 2 ~ Rb2 · 2 

1 2 b + - . ., -, b., 2 iii, ... 
(1) 

D 1 2 ~ (1) 
r- nl 7 HI rk ) 

L_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~----.,1 

Exam practice que1tlon1 



2 dt: cin1 l I J c.: e . 
• h . li s tippe int b r nd 

25 n1 f ,vat r .dd'.'d. ho n1i t11rt1 ,v. 
'tlrred untiJ all the s 11i had dis 1vf d. 

• The s. 1uti n wa, p Uf d into st n r 
tl sk nd 'th v lun1e m u c 25 cmJ. 

• ' m[ l of th ll1tion re, ve 
u. ing ~ ... 5 t:1n3 l"iP tk nd ritrlwt d J~oiu t J 

S1 11uti n f hydro hJ ri cid. , I r u I ro 
sho,vn b l \: . 

• M. ~s f hydr.1 t d s diu111 1::-arb n,_t~. 
N J., 3 . I OJ--12 = 7. g. 

Titre 1 2 3 4 
Initial 2.26 0.00 4.35 2.70 
volum /cm3 

Final 27.30 25.35 30.00 28.10 
volume/cm3 

Volume 
edded/om3 

Equati1on Na2C103(aq)i + 2HCI( q) 
2N Cl{aq) + COi(g) + H;20(l}1 

9 Calc~latlona from chemical equation, (Topic S) 

a) ~ rrors i ta ruli1qu 
'th t eh rudttit n1 d~. (6) 

) i otnp] t th t ble , (1) 
ii) Identi . th 1 1conc 1Jid:.n1t titn~s ~1nd Ll!ie 

tbe111 t calcul tc th n1 :.~n titr~. (2) 
iii) alculnt th cone n tta i n f 

th hydro hlori, i sohni n in 
n101 dn1.- . iv .. your ang\ver t, , 
rhrce iign i'h . • nt 6 ur s. (4) 

t. l 13 n ~ rk!i) ( 



..... , .. ·······~··· ,,~ .. ~ ... Ev ry carbon etom must 
hav four bonds. 

Reme1mber that all carbon 
atoms nave a va11 ency or 
rour. Thls1 me ans that each 
carbon atom has tour 
bonds. In the exam pies 
above, note that thQre are 
rour unes (cova1e1nt bonds) 
comlnQ on each carbon 
atom. ap an rrom the last 
type where there are1 uiree 
H nes1 and a c: harge. In 
A-level cnem1stry, you wrn 
m ostty come across tn e 
nrst two types or bonding. 

-··· •••• ••+ •••••••• ~-~·-· 
O'· nd 1t--bonds re 
xplained on page 4-G,. 

H 

I~ ,ag.s, 

µ/\~g,~ 
~ 

FI LI o 1 .6 

i 

c rsani eh n1i try is th ·tudy f 1C mp un nc inin c rb n 11 
1 hy r n 

:it 1n1 .. ~ ni_ or . nic on1po1n1 s I nr in 1th _r L nt nts. uch Ls I xy _ n. u h l g n 
1 r n irrog n. A fe, 1.; nt"' 1n su I fur. a1 bon is 1.1 ni1qu in th :;t t, in \.on11 ount;iB1 it rm 
tr1 n1 , and ~rabl b tld. ~ ith ther cJrb n t1 n,. . h ilu of vcraJ thi u. ~n1d t1rbon 

.... rb n I, th Je tr n ,n I ur ti ,n is2 -s2 211.,.l 21-1/ :p 0• It has 1fly tv,.r unp. ir d 
le r1·on s~ s it mi ht b tli u ht 'th t n ,~ fbou t1 n1 " ~ uld nly forru t,vo b1 rids. 

H ,ve' er. it is · ner ti ~ny fi1v ur 1 tor ,one c'l~ctron frou1 th 2s- rbi'till l t, b 
pr 1n tc ' int I th n1 ry 2p.1- rbit t \Vhich r sult in fi ur unp ir cl ctr n . h 

1 er y r uirc ' ~ r thi" pr n1 ti n i n1u h le tb n th c xtr n rgy r I wh 1 

th ~ t n1 on116 four rarhcr th. tl t\vo cav. 1 "nt b nds. 

eh y 
- he f u r b I r u nd ev r y rb on t n1 c n be: 

f ur '1in I b n - fu ur O'-b nds ( i ur 1 . l) 

t,v sinsL b, 1,1d ~1nd n 
(Fi urc 1 .2) 

L1bil b nd - thr~ a- bon 1 an~ on 1t-b1 nd 

n ine;J b n and 1n tripl b n two O'-b n · nd t\v it-b nd ( i ur 

t,v do1.1bl b nds - 't,v a -bon s nd tl o 1t-b nds ( igur J .4) 

thre sing]e nd and one ioni~ b nd (Fip;urc H .5) 

--c--
1 

c+ 

/ --C!!!!! 

FI UIO 10.1 Flgur 10. FI Ut' 10.3 FI uro 10. FI ur 10. 

Four sln:gle b1ond : fourr -bo1n1ds 
h f ur _ . ir of bondin I ctr ns . f und th 1 !,_rb n ~ to·1n r ~, I ~- h ther . nd. 

lS tl ere J rt.: no lone Ji rs~ tl. 1 es.u lth1 111. I eu I 1s tQ r hed 1 .1] in shape \Vlth b 1t1 

,l u lo, f I O .5°. h~ &i 1111,1 st e. 3 n1ple 1~ 111 tb., 1 ui. H4 ( i , u re 10. ) . 

l\Vo sr1nglle nd onie dou1ble bond: thiree a-bond1s a1nd 
on:e 1t-bon 
A d ubl ~ bond consis't n o-b nd J nd 1t- b nd. he 0 - Jnd R- l c rou in the 

u 1 b nd ccur l1 n h s n1 .. i . Ti ~y r~ . 1 h oth r r,v1 b n ed p, ir in 
th ,vo in le a b n . . Th r f r th - thr ~ 1 ' f l err ns t k u , p iti n 



mr / 
c=:e) 1w 

I 
H H 

FI uro 10.7 

············-··········· ... The CH~CH:z group is ofte,n 
written s C~H5 in structural 
fonnul . 

H 

/r::.=c 
~ 

/H 

FI uro 10.a 

Propen 
C ~-2-C ~,C: ~I! 

OH 

A 
1Pvopa n.2 .. 011 

CH.3CH(OH)C H3 
FI LH 10. 

M ethylp ro pane 
C~3C M(C ~9)C~i 

0 
cycl 0 1h exa ne 

Csl-412 

·~············ ·······~······ •omega-3' me ns th t th 
fir t double bond is on th 
third carbon etorn counting 
from th non..carboxylic nd 
of the1 aeid. (Omega i th 
last (end) letter in the Gr1e k 
lphab t.) 

1ua intun1 ep,ar· ti n~ which i · plauar 1rrat1 ~n,~nt \Vith bon n 1 a f l.21 ,0 • h 
si1nple t x n1~ ], i cth n\l_ HJ = 12 ( i ur 10.7). 

hr n-cl ,,tr1 1u t1r ~ 1 v ~ nd b I ,v 'th a-b n bctwc, n rh~ t\V1 arbon ato111ti. lf 
the t\\'O ... Hl rouJ a were fi _ tatl'd~ th 1t- 'bond ,;, , uld br~~1k :ind only ref rm afr r a 
rot:Jtion of J hi bond bre1kin w uld rc~u ire a 1 r· ~ an1ounc f ner y (~ b ut 
250 kJ n1 J- 1) n s d ,~g not h pp '1 1 unl sg the sL1b t nee i h e1d v ry strongly. 

h r for .1t nw n tcH1p 111t1'0:c~ th r is 110 r t ti n · out u d ubl b nd. 

h n1 :d 
el 1nent pr t! n 
t m re j in 
th n is ~H4• 

in ! e n, 
to th r. 

olecule 
t il ~ n1pou11 ~iv s the ,,1umb r ot ronu 1 ( ~tch 

J ec u 1 f t h u b t n c . It t s n t i nd i c t h , the 
l m 1 cuJ r ~ rn1u l of eh n 1 i 2 6 , n th t 

ht: cni 1piri -:ii for1nula is tb~ gin1 -1 st whole nu1nb r rati · d, - Jtom ~eh 
l tueut in th1.: c n1p u he rn iric I rn1ul f ~th n 1 i he n1 1 ic 

111 1 ,L1l r f rn1.u 1 · ~ th ~n1piriC' I forinu I J f th 11 is HJ. 

Any f rnn.11 .. rhat is us d t I r pr, Qnt ti , - n I und 1nus'r b unan1bi uoui. M, le ul s 
1 f th. n J n I 1nothoxyn1 rh~n1£ c. eh h -v 'tW 1 b n -~it n1 ~ gL hydr ~ n t n1 

nd ll .. y, n t m. Thor~tbrc, the 11101ecubr rn1u] 2H6 is an1biRU us. he 
n1 I u1 r f rmul f cth n~ is ~J--14,, ,vhi h h un m i 1 u us nd t1 ic us t 

UJtions. 

h u e of tructura1 f rn1ul ov rcomt: ri; ~ 1nbi uou n1ol cu l:n f rrnu1 ~- he 
tru tu • I, f rnu11ln of l:th n l (111 i'I CL1 I r f nuu J "!!Hb ) h l :? H nd 

dL1t of n1 th ~.yn1 than (dso \\rid, n1, lecul r torn1ub · 2 ) is J • h 
struc-tur~, I fonnul 1 shouki include ,any doub1 bonds that Jre pregeut in the n1olecule; 

th structural fi rn1uJ f th n i9 H., = · H~. .. -
h di pi y r full , tru ur:il f rn1ul must sho\v ul1 eh , t1 nu s rJ'tc]y nd H 

th nd.s l t.; t,,,,rccin rh n,. h~ Hsph1y d fornn1 I. ~ r cth n~ is sh ,vn in Fi ur 10. . 

kvlcl ~ l fi. ,rtnu ln tile c 1r'b n , t nu ._1r~ n 't .r \Vt1. str 1i~ht Hne ftl r1.1s )11ts i ne;I 
doubl i ncl. A ~arb n t n1 is s tuu d t ' r 

xy t1 ~ i h w n ( e 
ydrogen :Jto1ns th 1 t arc bonded to ar·bon at I I.so omnittQd~ ut 'thoi j incd to (Ul 

1 xy, n or njtr , n t 111 r includ d. H \PeV r, rcn1 n1bfr rh t l! eh c b n c m 
h n 1.:1 h hydr 11 at m, J ined t it t rn ~ t ta] ffour b 1,11~. 

.uupl s, f kelot 1 fo.r1uub . 

is C rUcul rly u ful when r v1in t'I fi rmul~ f I r 
n1 ] cul • such s h ] tcrol ( i ur IU.1 ,). 

µo 

I UI 1 .10 

h<.> ske1 tll tonnu.l 1 • • ,~n uns tur ted h1t 1..01:tt lnin :.in 111~ , -l cicl (A) .1n 

1 1me. - i1cid ( ·) nd ~ tu rat d st rk cid ( ) i rcpregcntcd in i ur J • I L 

10 Introduction to1 org nic eh ml try ( Jo
1
pic G,) 



0 
- isure Hl 12 sh ws h ,v th f nnul of this un , tur .t d f · i norn1J lly ,vritt, .. n. 

your If 

1 Draw the skeletal formulae ot 
) pentane. C H12 ll) butan-2-ol, CHaCHiCH(OH)1CHa 

As ther r ntiili · ns of r ni,c c imp un , or -er ha t, b brought out of eh . . 
r - _nic subst n r divi cd int 1 'f n1i1fo r h 11 I I ri . - h n1 n1b rs 

of a h n1olog, u serie sh w 11 tr~n ' in p1h}rsic 1 [)r p rU s~ u_h s tn~ltin nd 
b ilin c 111p . raturcs d lu i,iJ ity. 

A homolo ous rlos Is a series Of compounds that contain the ssmg tunctlonal roup and that 
nave the same Sineral romiu1a. Tn Tormu1 a or eacn1 memDBr or tne sertes dffl'ers rrom tti · next Dy CH2• 

A 1unct1011 I roup Is a smau group or atom· or a s1ng1e halosen atom that g1v1ls, tne 
compounels In the se~es particular cnemlcal properties. The tunc·uonal groups covered at AS 
~us snown In Table 10.1. 

TatJlo 10.1 Functional groups 
---

..... ,.,,~ -· .. ----·-·-~ ---·-~· -- -- -

~Nta·m-, of.:Ji'orlH':- 1 

I I, •• ____________ , 

JG.en o.r11 l'1.fcimiu;lo ;, 
- -- ---- ---- ---

Non Alkanes -ane CrnH:2ni,2 M than i CH4 

C=C Alkenea -en CnHir, Ethen • H2C=CH~ 

-X. where X i B Hal og no lksne .. an CnH:2n+1X Chi oromethsn • 
halos n CH3CI 

-OH Alco hole -ol CnH:2n+10H Methanol, CH,30H 

Aidehydes -al RCHO where R ia Methanaip HCHO 
n alkyl group 1or H 

Ke tones -one R Prop.a none~ 

/c 0 CH3COCH3 
/ ==o 

RJ 

wherie R and R' 
re alkyl groups 

#0 Carboxylic acids .. oio acid 0 Methenoio cid, 

~ HCOOH 
c.~ IR 

'-a H 
0-H 

wh ~ I R i n lkyl 
group1 or H 

Figure 10.11 

.. "" ..•............. 
Th , function al gr,oup for n 
aldehyde mu t b writt n 
CHO end not COH to avoid 
confusion with a I coho I . 

F mi lie o,f org nic 1eom pound 

,.. 



1c~ c~ 

H~-

3 

-h~l l CHi 

I 
1:M1z-ft1~l 

FI ur 1 .13 

your I 
· 1a nt1ry th runctlon I group , In the ro11ow1ng: 

a) CH20HCOCH(NH2)COOH 

) CH2-CHCH(OH)CHO 

rs nic ,c. mp u nd, r 11 m cl ,ccordin t ·rh , (lnt rr1 tion 1 Uni, n f 
Pur , n ppJi h n i. try) ~y~t n . 

Hyd roe a rbo ns 
Alk ne 

Hydrocarbon are compounds that contain the elements cerbon and hydrogen only, 

An lk no Is, a saturate,a hydrocarbon In Which au the bonds betwGen carbon atom1s are single. 

• he lk n s ar n , • , 111pl~ 1 _ hon1 lo ous erk~. 
e ht:; tl.1111 S f 3 II .i I kJ t1 6 11 in u,~ SU ffi . -urh'. 

hey h v the , n r I fonnuL " 'H:!n+1 

h lluffi f the h 111 I 8 IJ ri s f L I n r ~ un by 
ush,g thr ru fo . 

1 lc 1: id1.?ntify ho lonse t unbranchc t ea rhon eh in t _ st:1bHsh the rc·1n n. 111 • 

he 1ten1 n~uu '.Js for t:h lJ 'I' an~s are ~iv n in .1bl l0.2. 

Table 10; Name or alkanes 
1_,_•_•,•;.#.~.I- 'I~ .,., ...... - ' 

_'14~.~t11~9~1~,~m)>~·m1>.: 1 

- • • t - • • - - - -

1 Meth- Methan 

2 Eth .. Ethan 

3 Pro~ Pro pan 

4 B~t- Butane, 

S, Pent- Pentene 

6 Hex· H xan 

7 Heprt· Heptan 

8 Oct- Octane 

rmuJa of k 11 S r tr diti n Uy dr wn with the c- rb n t ms h trai ht lin ~ 
butth y r r Uy thr c- in1clui 1n l zi z • 

h c n11 oun t in 1 UH~ l • I h:m ~ st - .1rb n ,chain. hf si c~u b ,n :1t, ,n1s ra 
11Lu11bercd ·J 

Ru l - : n~ 111 ny substitu nr roup th t r b n c rbon t n ( ~ bl ). 
I rh re r~ t, o or mor su bstit1.u:~nts1 th y 111usr be n n1 d it l h b ri l l .r. 

10 Introduction to, org nic eh ml try ( Jo
1
pic G,) 



Tellio D.J Alkyl substltuent groups 

Methyl 

Ethyl 

Pfopyl 

Butyl 

1..i._.,"• 11L.\"'"-::_'.,,- -----------

] Fibffl'IUIB; . 
~ ~ t~•'_:~1""'1 ... .,·=---..•·1! _I 

CH a 

CH3CH2 

CH3CH2CH2 

CH3CH2CH2CH2 

I ul 3: id nti fy th-.: positi n of , ·h sub&tituet1t by :1 nu 111b r. 

he nu111b ring is d1 n fro111 th nd I f th~ arb n I h in th. t i,v rhc lowo t 

nllmb r f r th sL1bs.titu, 1nt r up. 
If th~r" lre t\V I kl~nu . J s roll}, u th st~n1e c~irbon at n1, rh _ ntunher i r I i;ated 
tind che pr fa - ,fi- is dd[d t I rh n:u,, · th ~ubsrituc nt . rou1 . 
I th r ~ ar two or n1ore id·:.ntic.J gr1 up n ,lUferrut carbon to1ns~ th substitu nt 
gr ups r 11un1b r , n _ th pr fi.. 1 i- , tri- r t tr - (f r tv , thr e , r f ur 
subsritu nts) v _ us I. 

-------~ 

-------- ----

·--·'l!,J"' 
Name the ro11ow1ng compound: 

CHl3 C~3 I - I 
c~3 ct-i- cl42 c--c~3 

I 
C 1,,i3 

ll 

RUIQ 1: rne longest unDranchaCI carDon chain nas nve carnon atoms - pentanQ. 

Rula 2 and 3: Therg ,ars three methyl group bond9cl to tt11s ctlaln- two on 
carbon etom number 2 and one on cartJon atom number 4. 

Tne nam or tn compound 1 , 2_2.4-trlm tt,y1pentane. 

b:iv 1 the 8 n ral torn1.ub - nH !!n· whicb i the ; 111 as. that t .1 I k 11 • 

he first n1e111b ,r of the h ,molosou& seric s is cyclopr, p~u1e. ~ H . h 111 st tabi'.le 
i ycl h , n , 6H l:! (Fieu r ~I l0.14). 

C'H 

I '\ 
~2C CIH2 

c ye,l~p ro pane 

FI m o 10.14 

Alk n 
Un niturr t d co111p unds h v n r m ·red ubl r tripl bon 9 b t,v n , , rb n 
Jt 1n1s, so lk nc ar a typ of u 11s tu rat "d c n1p lH1d. 

.. ,, ..... , .......... , ... . 
2, 2, 4tri methyl p · ntane ia 
u eed a fue I in petro~ 
driven car and h e an 
octen number of 100. 

Ke rm 
Acy 1oa 1K n Isa 
saturat'Gicl nyarocarbon 
w ~h the carbon atoms In 
a ring. 

An lk ne Is an 
u nsaturate1d hyci roe arbon 
w n.n a aouDl,s tlona 
oetwe,en two carbon 
atoms. 

N ming org nic 1eom pound 



I 
Bo particularly careful 
wnen naming carooxyuc 
aclds,t The carbon of 
the -COOH group IS 
part oT tns caroon cha~n. 
mererore, CH3CH2COOH 
na a tnree-carbon 
atom ch,aln anel Is called 
propanolc acid. The same 
appue to 1aenyoe 
anel ketones. CH3CHO Is, 
ethanal, and CH3COCH3 IS 
propanona. 

•••••••••••••••••••••••••••••• 
There is no ne d to state a 
nun,b r, the =0 mu at b 
on one of th inn r c-rbon 
atom . 

~ n 111, of n lkene · d riv cl b~, rep]aciu the ndin -dH£' in tbc c rree- ndiuB 
1k ,, 'Vlith tb~ ndln , -lMC nd~ if n ea ry~ citytn the ositi n ofrth douhJ 'b 1:1d. 

lkcncs in lucl~: 
, th }l(\ Hl - H 2 

, r tie4 H = · H H 2 
ute11c. 4H 

her ~u·e hv t ..ition I is Jn "rs u but n ~ dc,p nding on 'Wh r th d uble bon is 
in thf w.: h._ in. h nu111bt:r JB i , ned i th lowest nJ.n11ber~ c u11ting fron1. rh h rtet 
end of tb,Q lo1 l!&t I .1in t ~ .. rbon 1t n1s. 

.., = ... 
1 ' -

• 

-1- n 
- . 
J I 

== 3 isi bu t---enc 
3 
Hc:l H . H 1 i p nt-2 .... 1..:n not p nt- -c n1..: 

2 1 

N,a1mfn,g other organic compounds, 
I ul~ I : i.,d nti y th ~ ri !i r ,cL ssofor ni a:01mp und t 'ii hi h th onuub bri1r 1n s 
a 11 Ltsc "f ni11 t.he l n t: r u nbran h d ,c:arbon d1Jin. he su · 1 x f h Y -.fi, Q 1Q Jdcle d 
t the ane n n1 (n inus th , n1 i ~ · f tile l n , st rb n d 1n. 

r exain l\,l . · H~ th n I. r, th r th 1 3 h n l: - 3 H 2 - 12 i 
but n~L nor hut n 1. 

I n l ..... : u ~ 1ue ny subsritu nt srou ~ rhJt ar bond J [o n ea rbon Jt 1n. If there re 
·cw r more -u- s[itu ,nts. eh y mu~t b, n n1ed in lphab ti,c l rdcr. 

1 11 lt' : id~ntify th p 1!iid n of eh ub titu nt by nu n1h r. 

Nama the Tollowlng compounds: , cl 1~3 ~ } CH.3 Cl 
I, 13 13 Ii 4 , 

H C C: H3 C: C C C: H3 

I I I I I H Br ~ C~3 1-t 

a) ~3t 2 3 4 
C CH;;z-.CHs 

11 
0 

Chain length thrge propane; subst1tuont ,groups named In :uphabet1ca1 
order: 2-Dro mo-1-eh 10 ro-3-TI uo ro-2-m etny1propa ng 

t c1,a1n langth four- butQn9; substltuant group nam9d In a1p11abatlca1 order: 
2~ h loro-3. 3-d I n1ethyl butan.; 

) compound I a ketone w1t11 a cnaln I ngtn or rour: but non 
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11 rn 
h re r 1 two n1ain ty, c of i 111 

ru tur l hon1~rs hlv th s31n:1 mole uhu rn1ulu ut 1cliffi r nt ubr 
structu reg. his 1ue1nB chnt eh i 111 1r h llve th :J s .nie nu nibc,r of t ins S3 ll\e 

1 111 nt _ but th. t th s ton1s ar :irrJnr;e _ diffbr~ntly. 

tru turd is n1ers 3 n b ivid d int t hree c te, ories: rb n-ch 1n~ positi n ] 
and unc:ti ua1- Rr up. 

Ca on haln I on 
h only JY in v bi h tb s i ~onu~ri Jitter i in tb l n · rh at rh~ car'bou chain. r 

e .. runple, butane .n, n1ed,yJpr p, ne both h ve th n1 lec:u] r f rinutJ 4H 1n, but 
:.ut n h s 1,arb n eh in ur ton1s nd 1u thyl r p n ha; rb n ,chair f 
thr t m ( i ur 1 .15). he k J t I f rmu J of th s tii: o i , m r re sho\i r t 

in i~ure I 0.16. 

H H H H 

I I I I 
H (_ C I C 

I I ! I 
H H H' 

!Butane 

FI uro o. 1 

Po ltlon I I 0111 r 

re1 

I r 
OH 

I 
C C ' - ~ 
I 
H' ! I 

HI 

~rop.an-1-cl 

FI ure 10.17 

~ 1..j I~ 

I I I 
H H C C: C H 

I I I 
~ A ~ CH3 H 

Melhylpro,pane IIU.Jt ne M thylpm~.ime 

FI ur 10.1 

th s m un ti1 1 I r up in I iffi r nt 1 ~ ti 11 01 the 
I n1pk1 i pii vi , by the l h1 11 pr 1 n-J ... I n 
111, i"I cu1.1r · ormu I. 3 I bl1t rh i.r tru ·tur~l . ·1.11u be 
I J H( JH) H_, resp,ec'tiv ly. bei t· di J Jayed onnu b 

H OH ~ 

! I I 
C 

I 
1H 

I 
~ ! 

Prop.a n-2-ol 

_ h c.1 rb n , h in • 11 • ]s j _ rent. u·t. n- 1- I n J butan-..... - I . r p,odtion. ] 

i m r , f 2 n1 thyJ Ji n - 1 n 2- n1 thy]pI"o n- 1 l. i \ v r, LU n- t ... 1 
n 2-m thy1 ~ 11 n-1- ] r I ar n- h h1 i n1i rs, r but n-.:.- 1 11 

2-m tllylprop n-2- I. A 11 · ur subat 11 cs h, v~ th n1. ]~ n l r fornu1 fo 
heir di!ipby d and s, o1 t31 fonuuh1e ar glJo, n in i~urc IU.1!i. 

y , rm 
I om are compounds 
with the same molecular 
1om1u1 tmt currerent 
s tru ctu ral formulae. 



/)'o 
,~--c 

0 C'~ l 

M thyl m etha n oat 

Ethanolc cld 

FI uro 0.19 

H 

I 
~ H 1-1 ~ ~I I 0 1-1 

I I I I I I I 
H C C C C l~- 1~ H C C ,- C ~ -

I I I I I I I I 
1,.1 ~ 1,.1 ~ ~ ,~ ~ 1,,1 

or or OH 

Cll-il3C M2C: ~z C: l,.l120M ~OH CH3C MzG l(Ol·HCM3 ~ 
BUi n .. 1..al1 But n .. 2 .. 01, 

H 

I 
H--C- M 
lhl ~ 

I I 
H--c--c--C--HI 

I 
~ C ~ 

l I l 
0 

I 
H 

I 1H 

I I 
H C: C C 0 ~~ 

I l I 
H H 

or 

~o~ CH3C H(C H3)CH20H 

or I 
~ 

2 • m ! thy Ip ro pa rri -2 -o I z .. methylpropa,n-1-011 

FI IJI 10.1 

t y u If 
Draw anCI neme all tne structural I ,omer: or. 

) C4HgOH IJ) CAHa 

Funotlonal- roup I 0 11e r 
uucti1 n_ 1- roup iso1n r is1n o curs , h ~ n hv compounds l ith th san1 mok u Jar 

f rn1u t ,Jt'c: n1cn1.bers of di rent ho1n1ol 1g us s ~ri s ~ nd h JVc di ffi Tt:.'. n t u ncti n._ l 
r ups. . t m l . th~ st r. 1nothyl 111ethJno t • ' I H 3~ i tu1 isom r of 
th n 1 cid, c 11 ( i ur, I JQ). 

An th r , .. l n11 le 1~ i, ·-1-ene ~n cycl h'2. ~u . both of whi h h._1vli th nuJl.t)c u I r 
f rn u] ·· 6H~ 2• i w v r. m 1 cule b - 1- 11 h ubl n ,vh ~ 

cyc:1 hex no n, I .ul i ycli l ith nod ublc bond. 

stereo! omerr 1m 
_her · r t\vo quit~~ p, r tc ty( cs of Btl r ojs rn r - omn tti, ~nuJ opti "' I. In b th 
tyt es tbe a rb n 1cha in , tbc po& iti n I f h srou1 n thci chL h1 '1nd the UJ ru re f 
rh function l groups · re th n1 ~. l ~ v~r~ th. rr1n n1ent fth · t nu ins e 
i ditf r "l t. 

n, t1 le I or ,er 
h m ogt co111n1o n w y in \\'hich In I r • 1 111 1 n ccu r. ig vh1; n a nt lccu l1.;: 

h~ a = rou nd both of th se, 1carbon lt n1 h v h\' ditl~r nt r u s or ton1s 
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J j n~ d t th1Ht . r ex rnp,J • but-- - n e. iste Y t\V · ~ JU trl is rners. ht: n-
d ub1c- , ncl d carb 11 Jt n1 nd the four t n, join d t then1 11 lie iu L1 pi 11c nd 

n tak u di er nt p ti l I siti n in eh t pl n ( i ur 1 u. 20) . 

H C: H3 H 1-l 

c/ / 
C C C 

/ / 
l{1C H ~~3 C C~3 

FI uro 10. o Tm~ Isomers or b ut-2 .. en01 

n1ctry t th t i& 1 rs i di -·or nt In th left-h n · is 1111:!r~ the C\-V - H 3 

r stl 1 red ,lt l n° to ,eh , tb~r and :i . n PI sit~ sid - 1 f rh ubJ 

tw -
tb~ eJs 

his olnpoun i~ -an . tb ,,,nu or j horn r. ln the ri~ht-h nd is n1cr. the 
1-:13 ·roup~ arc n th s n1 s·id" f rh d ubl bond. hb - 111p 111n is · L1 Ued 
r Z ison1.e1. 

n1etri 
r t,v n1 th • I 

e 0111c tnc 1s1 n1 rs: 

r.isltr,ins - th' tis-i~ 111 r h s th' s:1 n, hn1ctiot1 ~d 
t.h ub,J" b ,nd nd the tt',Jns-i s m r has then1 n 
-i Llf J0.2 . 

r. U" s 1 11 cl,~ s~un sid of 
o ito siJ . sho~ _ n in 

- -IZ- - in this n1 th d ~I ri rid ~ r si n d t I th 111s tt h 
of th = rh n 01119. Th hi h T be t · n1i1 l1lU1 b r. th hish r i th1.:1 
pr.i rity a<signed t th t ~t 1n1 . An e .. .. n1pfo1 iY 1- br, n1 -2-,chloro-2-iodoetheut 
(Figur, Ul.2 t). 

h 1 ft-h n, rb u t 111 th - 11'bl -nd h s br 1nin t n1 ( to1ni nun1b -r 
5) "" n d 1 byd r 11 t, m ( t, n ic: nu n, ~ L: r 1 ) . t'ta h d . I, t.1 br n1 j n h :u. t h Li bi h ~ r 

I ri ity. 

- h ri -ht h nd rb n t 111 h , n i din t iu ( t ,mic nu1nb r 5 ) Jn ~ chlorin 
atoin (_ton1L 1nn11ber 17) • tt_ h . Th i in hl rh fri her priority. 

If th t\V hi. h r I riority ton1y re n th · ,pp sir~ id s f the d ubte bond ~ th 
i n r i£ lb IL E (~ r rHf'J .fCIJ, tht: . rm n ~ r pp it). I they r n rh n1e 
side. th h mer is I bell ' Z (f r °Jilrf ,unu~cu. the t?rn1 n ~ r to , th -r). - he n 111 of 
his iao1r1~r is Z-1-br nio-2- hi ro---io ,c· hen . 

he r:isl tr11r1s 111ethocl ot n 111ing -c 111ctric ison1cr br ks down if ther 3 are our 
ditf r nr , rou , ttacbcd ro th c rb 11 tom h1 the ubl b nd. In 3 hl r p~11t ... -

nc sh ,,,u in i ut1 l . :,t th LJ 13 roup n tho foft i · d 'th, 2 15, r up n 
the risht but tmns to the chJodnc atoni on th~ ri~ht, s, th _ -I Z- rn~th d n1ust b used. 

h~ n 111 s · nd tructurll forn1t1bc I fits ·r\,, is in :1 r5 t r~ sho, n in i u ro 1 . 22 . 
h hi h r ri rity t m r m rk d in r . 

~3C Cl ~1i l C21-ls 
/ / 

c===c c===c 
M / Cz~s 11/ Cl 

E· Z-

FI uro 10.22 Th& ,geometric Isomers or 3 .. c111oro-pent-2-1ne 

u n1etri, i • n1 r e ist bee u e there i re stricte r ta ri n ar -uncl th double bo, d. 
h r f r:3. 1nc h~o111or 1c;.n1no't sp nt n~ usl c nv rt int the other uu I $ u fticient 

n r~y i up , Ii (p. 'R J ). 

K y rn 
o rlc I o are 

lsomgrs that differ only In 
the spatlal arran,goment or 
atoms In me pi anar part or 
the molecule or a bove1 and 
Dei!ow a ring. 

• •••• + •••• , •••••••••••• 

But-1 n do not have 
g,eometric isomers bee use 
01n of th carbon tom in 
the, doubt bond h e two 
hydrogen tom ttach d 
to it: 

HI / CH2-CH3 

/c=c 
11, I~ 

er 

C 
/ 

M CII 

I ure 10.21 

• • ' • • ••••• , ••••• & •• ,, •• 

A way to r m. mb r this 
is th t E i a a vo I ,and 
• opposite~ tarts with a 
vo I. Sin,ilarly~ Z is a 
con on nt nd • ame' 
sti r with consonant. 
(Z n1ea ~ on ze zsme zidel) 

Ip 
Do not s,tate that theris 
Is no rot ;;it Ion aDout the 
double bond: the rotation 
Is restricted and does not 
occur at room tgmperatur,t 

I om 



11 
In E- and z-no1atJon, 
the ofs-aclds are caHeia 
Z-aclds. 

............................. , 
1(0] and [H] '1 pr, 1 ent 
oxidi eing and red uci ns 
agents, not oxyg n and 
hydrogen a . 

he xact shap~ 1 f ~ LU1 1e u] i ft n in1p -rr nt h, bi chen1j ry. r ~ un11 l~. 
i ion in hun1 n b in § d , n s upon tl ~ 1n tric iso111 risn1 1 f rctin L , hich 

i t~ und b n d co the pr t in in th redn in che y . When U --ht hi s c H 
c ntainin ds-rerin l~ rhe cnor, 'V tho H ht bre ks the x -bond. h 1n0ilccu le 

• 
rotJt s and re~ n111 rh r,aus-is n1\!r. hi sh p , ch~n 1 c u&es a si - 11 1 t b g-,nt_ 
vi I th ] tic ncrv ~ c th brah . 

{ - nn tn1H -fntt n id 
ih. nd f:iB r th sr rs at I ora u - L 2, - td 1 (Jncl I u -c h:.ri n f: , ty ac i a. son1e 

wbh:h ,ar u1ua'tur. ted. In natural 1U1 t1d f;1U~ the f tty t)cids arc all cis-iso1ner , in 
,vhich hydros n ton, i tt c h · t e eh ,c ;irb n to1n in c h doubl l - oud. W h n 
~n u I s tu r t f t i rti 11 y h y1 ro n t d in th pr n I f i 1 c . t ly t, 1 1m 

th d ub] bond r br _ n. I otation ccur, nd th r,ans-is n1~ r h ormt,id. 
Dans-· atty :icid~ :1 r n1orc harn1 tu I thln the ds-:icid& and can c.:.1u 9 h~11 t isci.ue. 

h k let I. f rn1uJ f polyu1 s tu r t d f 't h Fi, urc 1 u. J J n p. , . 1 ·h \VY rh r 
th n1 u ·eh I m - f rty aci r ci1- ( r z .. ) i in r . 

our If 
Dr w tn ,k 1eta1 rorn1u1ae or tn g ometr1c 1son1 r or pent 1,3 .. a1 n • 
CH2CHCHCHCH3• 

Ofltl c 1 I 0111 r 
i ,. I i 1 1 r re 1n 1lt.:cule?i h~ t h vc n n-sup •rin1posn 1 111ir, or in 

Ku \V]ed ,e f ptic ti I ii mer ~ is n ly r 1 quJr d i u the 9C(: and ye r f tho A Jevc I 
c urs .. nd so is n t cov, r it1 this b ok. 

Add it i n: .1. 1111 l i uli:.? v ith a d u lLJ b nd re er v i'th J ditf rctlt n1olecu l.e t f nn 
,a glnsle molecu I : 

H ,: = H., + 1-J Br H · J'"1.,l r 
~ - -

2 I ......, JJ -= 2 

ub tit uti n: an tom r S111 U 
,n .n1 r ~r up: 

H H l + · H .... ~ 1 2 H 2 H+ 

nc m kcul 

id._ t ion: yg n i dd ~ t 
r run1ov d): 

v ( r '\Vhen l ctr n 

+ ] J + I ., .. 
n r r • y n r n1 Ve r ( r ·wh n 1 ctr, ng r d ): 

H + 4(H] --+ J Hl ~I + H2 

ns br k .i nd in 1nol ul splittin it 
in ...... is br k n: 
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lyin ri ati u : n,~ny 1n l cul~ J iu tos tlwr t £ rrn1 sjn 1t l ns-, h in 
n1ol cu l : 

ul-1:? = J I :.1 --+ - I 12- - rl~ n 
crh 1 11 pol,y(_ tbene) 

r 
lk n are saturated nydrocarbons tnat nave the general toffllula CnH2n+2• 

BolUng temperature 
h rust fi ur 111 1nbor of rh h, .n1, 1 u r , a c t r nl 

mp r tur . r h r m in er · r li u id u1 tr f , ut n = , ; ubs qu ndy 
tl1-iy are w x. solids. A sr ph o boiline; t~n1~, r tu r ,s Jt l uu11 pre su r is sb ·wn .in 
F• II 1 1 1guro 1 . .... 

l boil ii t m r tur ris g b c u · f th it in 
nu 111 b r f , tc-c tron s in t h n, al c u le. 1~h is c :i u ~e s 
Ytron er inatan j uc Luri i nduc d c_lii; oh~-induccd dif le 
fore s of J'ttr:iction (L -nd n f ,re s - p~ L;! 3). tronger 
int nn l cufo_r ~ re s r uir 'I nl r n rgy t , s par t 
the 111 foculcs. r suJrins in _ hi h r 'b Hing t~m1 f ratur . 

Pr pan nnd but Ull ,c:011 .,, sHy be Bqu fi cl at ro 111 

n1p r tur by in r I in th r ur . Th liquid 
i l1 b ,tt]c,~ of d 111 ti ~ nd C JU ill' uS nd in 

~ +lBO 

I +HO 
,t-80 

., +30 

f -20 

- 70 

- 1120 

•••+;••,++••••••,+ ~ •••••••• 
• S tureted' m n th t 
the mo~ecules do not have 
any doubl I bond . o they 
,cannot react with hydrogen. 

i~ r tt Ji ht n i c mprcs~ bur _n_ , nd roi n_ . _, 10-.--~ ..... -~-..--~-....--...--..-..... 
0 1 2 3 4 5 6 7 B 9 10 

_ P ,, (Ii _ u ,fi trofo u n1 ~ru or Au ogJs) j,g 'Id s 
an :ihcru ti e (u 1 to p tr ] ( . olin ) . ud i '1 .1 J FI lll 1 

Numb r of' t rbon toms 
so111ng tempgraituras or me tlrst tan unDrancngd 

niixtur o · ~1iropJne ~tnd bu't, n . l o v r it pr ,due alkanes 
a b u t _ rJ.,ti ] B n ~ r,_ y _ ~ r I i't r t h n _ t ro I . 

rnnchvd n 1 k n ·· h I \Ver boiling t n1p r tu r ~ th~u, th ir str" ight-ch .. in isoJncrs. 
bii i& e us th r rt:1 te ~r p int& f c nt u: t t~ L;:~n lljk' c nt 1n 1]e ul i - 1tbey 

_ 11 t pack , ,v U t -, th r ( _ :ibl I .4,). 

Tabl 10.4 eo111ng temperatures or Dutane and pentane ana their branc1nea Isomers 

Butan 4 -0.5, 

Methylprapan 4 - 12 

ntsne 36 

2-methylbutane 5, 28 

2, 2-d imethylpropane 6 10 

Ph · ic II pr,01p rti 



so11ub1lllty 
Alk 11 s r in olubJ in , ._ kr1 but dis Iv r dily in I h th r. ru iJ is 
n1i. ri1r I f w r 1 , ) dilfor 'tit _'lk~lTitlS j 9solv in , h th 'l r. 

Dens,lty 
· iquid ,alk n ate I N~ dcn~c eh 1n \V it r. h ir d ruity incri.: s s ~ thi.: n1ol r n1 s 
f th _ Jk .. n inert? ses. 

h n1 ~ r s r "' f n1 , h.1 n i n tu r l B s. rud I U h th g un: m ny 10th r 
lk n s. It i first fr ction lly di titl d. h he~ ·vi r fra c=tl1 ns r oith r u d s fu ls 

1or t1rL' c"u~kcd to give :i n1i.. turo f lk n s and !n11aH r . lk: .. n 1 • h sc 1k .. n i 

togt;th 1r ,vith the ~s Jinf1 .tnd n phth fraction~, are r 1r1n d - i .i rucl with 
hi h r O · t t1 . r tins. 

· n h tins with • uit bL 1~1 tal c. t. lyst~ th 'tra1 h -,h in .ilk n s h.1rn in'r1 
• 

branch d-ch in 1s n1 rs. h12se d n t .. pl l at th high pr sgu re s in i Je the 
cyUn ' r f car n in unti1 th y llr i 1 nitcd '1 idi sp rk. ~rh ref re. they h v 
hi h r · et. n rL tin s th"' n unbr. n J, ]k n s. hc.1 a~olin . n j naphth .. fractk ns 

Jr,e r ,forincd to ive J tbel \\'ith 1 hi her o tJno 1\1tiug. 

Th l" c-trol tnn is pr "-he:it . n rh n p1.11npe 1 into the fr'1 tio t1 .1tiug t " rt' r. ,vbt're 
ic a parate~ int fr c ri ng n"i:ordiu to b i1h'l8 ten1perJrures. A typi1 31 brellkJ ,,•n 
th~ roducu is ~hown in Table i . 5. 

o.s Products of tractlonal cUstJUatlon ot crud1e 011 

R finery 
gas 
Naphtha 

Kerosene 
(paraffin) 

Gas oil 

Fuel 1ctil 

Residue 

2-5 

2~40 

1~20 

10-20 

1 S,-:.20 

1~20 

era.eking 

S-12 

12-18 

15 to 26 

25 

30 

o-30 

30...150 

160-250 

260-350 

High 

Very high 

Bottled~ a 

Sourc for or ckjng (s below} 

Fuel for jet engine,s 

Di s I fu I 

Fuel for power stations and shi pa 

Further treatment to give 
lubricating oil , and bitumen 
( ro d surf oi ng) 

racking is th na1ne _iven to brea in up lar e hyd aicarb n n1 Jecul into sn1 Uer 
1 n &. his is hi ved by l1sin . bi h pros ure~ nd ton1E rJture. without . c t. ly t 
1 r lo\-,r~ r tcn1pQr:.1 hu·.. :ind pr Sill res in th pr .s n a c. ta 1yst. 

h sourc~ of th~1 brg hyd1 o arb n n10J cul~ s is oft~n the n f htha fl 3,c tio n or the t J 
1H fr ,cti n fr1 m th fr, cti 1 1 di tiH ti n f rud il (p tf 1 urn). - h hydr rb n 
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n1 I cul s r rok~n up, it di ff: r n t way t I o u e tui. tur s f n1 lJ r ]k t1e& 

and 1 enc . · n po siblc r cti n ir olvin the hydr rb n .,2 .ii: is: 

.... 20114 :J ~ ,2J-i4 + ,31 I + , H h + 71 11,.1 

Modern c:r'1ckiu u ~s ~ o lit ag the 1cat lyst. he aJkJu~ is r111 g~ cl over rhc ,catJJyst 
Jt t m r cur f ~ bout 5 0° nd t tn d ' l' t ly l1 \V pr sur u r due s a 
mixtur f aJk"l1 n hi~h p r, nt~1 

1 f hy r c rbon· ,vith b tv,r~cn 5 and 10 
c r'bon atoms. 

Reforming 
l tr 1

] i mixt r f lk 11 r yet , ith 1-l ,carbo1 t ,m . r 
ft1ci nt 1com us i n in th n£4in' i I i 1c nt nu n1b ,~ o th l n 111us b 

branch d 01 l,l, cy,cloa.Jk.a.1·1es. ,(orn1iu is 'th J recess. in wbicb hy roe rbon 
niol cu les ,:rrc- rcJrran d int oth~r n1ofocufos. An e , 111pl1;; is th~ 1: n r ion ·f" 
str i . h t-ch in lkJne • "'uch I c t ' ne ~ into · v r "ty f br nche .ilk n ~ uch 
2,-~4-rrin, thy1pcut n ot b ~1n iuro y1 I h ne nd hydro u ( ,i Lrr, I ._4). 

FI ure 10. 4 Tile ·skeletal equation for the rerormln,s or he1xane1 

h l' JUJrior• fur rhe refortning o I cr3t1e is: 

H 3 ~ H2 H2 H2 2 H 

o tan 

hi i.. v ry in11 1 rt 1 t r · in the n1 nut , tur ht-
d1.j11 a]l,;L n s t b c t1 rert d inc hr~ nch d- ·h.J11 L 1knn Ii L1nd 1·y 1 h . nPs~ whi h 
incr se the oct3ne rat1ns of ietrol. 

lk n th l 1t · ctiv 

Free rad1fca t su1b1strtutlon reactron W'lth halogens 
f ri ht, hit or ultr vi ,] t U ht~ Jk ne r act \Vi!th chi rin nd 
·ti t inv Iv th r p] . n 1, t f tl e hy, r n t 111s ii th J' n 

y b. ·11 en .co111s. herf? is no nt.J 'ly L1 n1 i.. tur.. · [ rodui.: U ._1Q rh hydr gen cants 
:ire uc es iv 1y r J 1 .c d: 

H 4 + l.J ~ H 1 + H 3 1 

.. J-l 1 1 J li, -+ 1-J L..l + CJ-L, J., 
~ . . 

und s n . T'he prodt1LtS re hydr n cb1 rid ~ nd a n1ixtur f ( hi r n1eth:1uc~ 
dichJor1 n1oth. n ~ triohl r n1 th no and tc trachl r, 1m thin ~carbou tctr chloride). 

_ his is :.111 x nlpi of. - , Ii 

Ky rm 
A rr ,· d I I IS an 
uncharged spec1ss wltn 
an unpaired electron 
that Is usGd to rorm a 
cov a1ent Donel. An examp1 e 
Is a chi on ne atom. 
w hi eh has tt1e sl ectron~c 
canngu1rat1on 1s2 252 2p6 
3S2 3p/ P/1 3p, 1• 

A ub tltutlon , t10 
Is a reaction In whleh one 
atom or group Is, rep I aced 
Dy anotner morn or group. 
TMre are aiway two 
r · actants and two produc . 
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II 
RememDer tnat tne nan­
headed (fish hook) arrow 
represents the movement 
or a single electron. 

e rn1 
Hom 1ytlc r1 1011 1 wnen 
a bond br9aks an o one 
gf ectron or thG bo ndl n,g 
pair goes to sacn atom 1n 
tne bona. 

...... , .•....... , ..... , ······ 
The eh lori ne r di ea I can not 
bond to the c rbon ton, 
until a hydrogen t-0m has 
been re mov1ed. o the 
propegation step i not 
CH4 + Cl • C H3 Cl + H . 
Th - I n rs tio of thi 
reaction ere r as favourable 
th n for th re ctiion in 
wh ioh a eh lorine red ica I 
r moves a hydrogen ton,. 

I 
In ,a ()na1n reaction, a 
radlc a I re acts w rth a 
m alee ul e and proCI uces 
a notner racHc al, wn1cn tnen 
contl nues the process. 

R actl on 111 cl1 nl 111 
h..: r rt, ti n 111 hnni Jn of n or · nk r a ti 1n sh ,,, th . "tl1,vay fro1n rh 

r ·t nts_ v1 h tr.nn i.O 11 st,_t, r .1ny intc rn1~dbt s_ to th prodlu:rs. lt aho h \ s 
rh1.:1 n1ovc11112 nt of elcictrons durin the react.ion by the usci o arr 1W!i. 

A hn lf-h d d or fi hhoc rrov rop[i.: s nts th n vcn1 nt of E iu~fo l ctron: n 
h.-lt-h adcd I row , 1n srL rt: 

fron1 L c v. 1 nr b 
t I n ton1 (thu 
b nd). 

nd. Tn thisc, ~ thorc1 ari t o h~lf- h~ad darr ,w 
rn1ing a r di l) r t n th r r di I (thu ~ rn1in 

11118 ither 
1 v 1 nt 

fron1 d,..: si n, l(; l ictron in a fr~ rJ ic~1t In this , ~ , it Ol.:!S t ~u Jt1 1m in 
1n 1ei.::u1e r to ~n ther r die ] (tbu ~ rn1.h1 tt cov lent and}. 

A frc r i al i r I r s nt by sin~I doc b si c th sy 111b 1 f th t . m. 1 r 
inst._n ~ 11

• r prcs l l'lt L , hl T'ine r. di L 

h fr 1.: ra ~i .1
11 su ~tituti u r '.\"' cti n is m:1cl up t thr~ ~t .I s: 

i niti._ ti 11 

I r I n Ii 1n 
• r111iu. liun 

Jn tl , inhinli n gtep U ht 1.:n r y srHu ch]o iu 
in , r cti n u~ h • u 1 H 

Lll~ int I b '11 ri n r die al 

he Ji ht n1ust b of a hish euou9h re ~uency t JUS th O'-bond co bre · k. It do 
so, hon1olytic:iUy with ono tho bondine; oloctrons go,in ·too eh chlori no Jto11n: 

UV Cl + Cl 

bis l r c as. i u e th b n i br I n ( lysis) y Ji. ht (p/J,c>t{l-) . 

hl rin r die Is r ,. ry r rive. I p.: hi rin - r ic l 
1 • i.Hi Q& with a n1 th~n1 il in 1 .:ulc \\1ith ,ufii n't cutr, y t rfHn v~ hydr 1s~n 
, t m1 t rn,ing 111ethyl r dicJL H J. ncl ant 11 cul n hl ri . : 

H~ + 1•-+ HJ + H 1 

M thyl r.. i . ls • r ls v ry r t1cthr • nd \.Vill r n1ov chJ rin ton1 fr n1 l 

hlorinCI 11101ecu1e~ fornliu :i chl.oro111ethan~ n101ocu1e and an th r 1ch l.orin~ r~,dical: 

' l• 

_ h ·hi dn n1diC:3 1I thon r n1 v s 3 hydrog n aton1 fr ,rn n ,th r n1 th. 11 111 11 "'1 I 
-nd so on. l is 'typ of re cti n i~ , 11 cl h ai n -a . t i n a a stnJ.U niou nt ot'*UV 
lisht re1u ks in nutny prop gaU n r~ cti 1u. 

It h s b n osthn 't d that~ in th r ction o n1 th n with chl rinc~ . ~in l pb t n 
f Ii ht c u scs I 6 prop,agation step!. 

The H-Br oono IS weaker tn,an the H-Cl Dono, so less ner,gy Is glVen out In Its rormauon. This makeS1 

the first propagation step e1ndotnerm1c (4H - +46 kJ mo1-1) for bromine, wnereas It Is exothermic 
(4H - -19 Ill mo1-1) for chlorine. The result ts that bromlnat!on ls1 much slower tnan cn1or1nat1on. 
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As the .nl.: ntr~ti.on I f l,:1 J build u ~ n alternntiv propa ati1 n te b~conte& 
incr sin ty likely - hl 1rh1c r die 1 colHde with nd ren11 vc 

hy, r n r -ic t fron it: 

-H 3 1 + J • -4 • L, l+H J .. 
h • H2 1 r di l eh n r move chtorin to111 fr rn1 l chlorin moJccu 'l 1. thu 

continuin tho ·h in re ctio11: 

I~ 1 + 12 --.:. H 2 il + 1• 

rn1in ti n ( h .. in , kin ) ccu r ,vh n t\vo r die ls 
ncentr tion is l w~ th, eh nc of th h in r i n ,ei ng br 

s c 11d pr p, B .tir n c h·1s rh hi h st ctiv ci n n r y. eh • 
h Ion, s J if n r tl m ·t li'.kJ 1ly t be ir1v Jv in eh in br 
f eh 111-brc kin Ti cti ns re: 

• 

lli . eh ir 
n i Hght. be 
H, r di , h h ve 
kin8. x mpl 

Any ofthe!il tions bre k rh~ chain . .u1d &lo\ own th re cri1 1: • 

P d 1ct of th r ctlon 
h::1 nx1ction bet ,een 1110th. n and ,1,;hl r1ne in rho pr s n .e f UV Ii In r duco 

a mixture of n1011 - ~n1d p fy ~ub~tituted chloro111eth 111;:s hydto n Lh'lorid~ n 
son1 th. nc . lt is rh pr nc:, of th th n th. t provid s c · nclu si.v vid nc t~ r 
th n1 eh _nisn1 g1ven llbov . 'Th .1 bs n I f "n1y 112 111olccall in t h prodl1 t is 
eviden e, rh. t no hydrogen radb: fa re - r111ed in th p,roptle;atio11 st ps. 

vidi.;:nc tor h ti· c r die,. I rnecb nisn, includ s: 

th rodL1cti n f th n as . m in r by-prodn t 

·the n~c tom hip;h-fr C]U n y light to i'r10 uc I h 'lr tine r.1clica I r n1. b 1 ri ne 
1nolecu lcs; int~nse red J ip;ht Jo no·t initiate th reilctiou 

our If 
Write tne eQuatlon ror the reaction that produce_ butane wnen cn1or1ne and 
etnane are m1xee1 In tne presence or 1cJlffu ee1 sunllght. 

In ~ u~ 1d Sl.n1Hght r stron L-11tr.1v1, 11 t li ght. ch l rin~ .11,d n1e1 'tha n~ r a,ct 
u,q,l ~lV I~,. 

h r ction of._ lk n s with r n1ln j 1Tit1ch sl ,v r l, c u e che & .,ond r p g tion 
1t p b:u ·v ry hi1 h a.ctivltion nc r y (pJr 2 l). Th re t'ion c n be n1 nstrat~d 
iu thr.-: 'faborJt ry by pJa in a tew drr ~~~ 1 hex n~ into ea h of tl o s1n 11 conicJ.I 
tl.. s _ s, v~ry ar fu Uy ·1dd in t\V d r ~s f Ii JU id ' 1 111in ~ ncl tO]~P 1·in b t'h fl ::t I s. 

n Hask i pl ,~I,! r n \Vind ,v~ill nd th d 1r in Ji htpr , f ~u, ' 1rd. 

Th n - t d.1y, th c: nt ntg I the AJsk in the u11b ard ,viU still Yh .\v the bro~ n 
co1ou r of bro1n in~ but the co11tcnte 1 ,f'du~ tl ask 011 the ,vindo,vsiU \V ill 'b~ co.lourless. 
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lf th · f.l k j ar fu Uy o ne in fun,e "Lr b .ird~ steainy fu n1, 
br 1nide \Vi 11 bo ob rv . 

Co1r11 bustron 
lka11 lg• like 1110 t rg-ani. ~ 

x s, th , pr uc ts ' r Wl.t r 
and is th _ - u rsy in 

n1pou11ds~ burn wheu i nit ~d it1 air. If the lir i. in 
n c rb n di .. i e. ·. mbu ti n h highly ex tb nuic 
'JS- u· _ d po, er ·tL_ ti ns: 

aH - - O:? k] n10J-J 

provid th p \V r in tr 1J-driv n c rs. b ~gu Jti n or 
1c t n i : 

1( ) + H2 (s) == -5 74 k:J tn 1-J 

0111c ot the nitr I en it1 rhc Jir r 
to p,roduc - nitric I idc,. Th is ii 

, U g tri ff · 1:hn1 tt ks. 

ts ~r tbc v ry hi b ten1per JtU r I in the I ylin i.er 
Hut nt 11d an caU!i ph t 1 eh 3 n l i.c .11 u11r 

I 

N ,., + ., ---41 ... N - ... 
a,u~es d .. 111" r co hu111111 Jun ~ bui1d1nss ~1nd trees. lt i~ th 

1n ~or , '" Ol1stituenE I acid rain. 

Jnc n1ph:t con1bustion k 1 c '""''b n tdk ni.: 1urn in Hn it d 111 unt f ir. 
Jrb nm 1no i I nd cv~n ~on1e I rbon p rti ut t ~ 111 y b. pr duced ,v~H s 

s 111 tJck~ ;i( anes. he hydro: ~n mn th Jlk:ines i ,llhv y, xidi e1 to \; r ·r. 

· ,arb n mon idc is t xk aa it re~ Lt \~lith h:10111 , 1 bin in tbe lood~ thug toppius 
it c · rryin oxy n r,ou11d th body. 

rud.~ ofl also ont ins su lfur c:1 n1pound!. bes con b touud in h avy 10Hs us :ad on 

hips aud po\ve atations: iind they pr duce ult'br di . id wl,en burnt. hi ls ac idic 
~n I c uao d. m t bu i'ldin nd t, eh natu r l c n i r 11n1 nt. ruJ h 1ps luin 
h~~ y 1 1il r n t pernlitted to o t1 1 Ant retie . 

y ur If 

Write the equation ror tne complete combustion or hexane. 

I u tainal ility ar d climate ct1 
Alkin~s r c a1,np,J s of t"' ssil fu~J ~- v r 1.1.1 any n1iUi ins of ye:1rs. &ld rn~rht~ 

r ni. n1s l ;ive b en c nvert d t a 1.11i ture of hydr 1C arb1 ns. me, of th se 
becJn1c tr p d under r und s t1 tur:i 'I ~ ,1a (111 stJy 1.11 thane) nd H. Ho,v ~vcr. 
eh e r s u.rct r Un1it d. 

Ahhou~h cur g a .11:,d oi1 fields :.ir being disc vercd eventu Hy tl,or~ HJ not be 
:111 u h oll nnd s in tho world t s tisfy de111u nd. In i1dditi n ~ tho c n1bustio11 of 
f sit fuel r l s carbon di1 

1 .. id int1 th ir. h incr se in tn1osph ri,c c rb n 
1 i id i~ \V U- ~1.,r bHshc: f t. It i I kn ,vn h t r · ,n di1 idc1 h, a I revnh u~ 

., !; J nd contribute s t cUn1ato eh ngt.:. 

ible n w ~ urc ot 1nethane i 111etha11a hydr ·te. Thi i f und n the c ntiu ' l lt11 I. 

f c :-. n c d th I f n1 r th n fe t . 11 hi p, rn1 fr t { i ur l .2 ). 
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l, 1n th ne Jn le~ul ii ~re tro d in a fit: C'rynals. le h been tin1 t d 
eh t th n1ou11r of m th n hydr t n th i t'1 "i cl 'th t I f · U p~evi usty kn 1 n 

- and oil r~ rv ~. 

Mo'th~n~ i~ Js _ ound tr:ipiped in h .. 11 d ,p siu. It 1 ·.111 b~ e tJ"[)crecJ in .. 1 r, c~ 
ca Ued fr" l in _ ~ h.id1 involves pu111pin, ,vatc,r .nl and uud r hi b. preisure into 
the sh le , p sit th t ar~ d p under r und. h s nd o sins up er c:k in t'h sh le 
nd th w t .r f re .. ut 'th m th n . '1.., his i. b ing us o 111uch iu th U ,A thut 

tb c untry l n I ngC!r d p nd:1n on ov rs us ourccis I f 1,n-1th n~~ nd s~u p'ricos 
havt fa]Jcn ,ubstJnti H,,. 

• • 

FI u ro 1 .2 Known and suspectea metnane hydrate deposits 

D fln,lte 
1Prob ble 

,.H b n dioxide n1hsi ,ns oukl b r duccd by nun1bcr f anerhods~ for e,. n1 ,,le: 

by u iL1 1lt rn dv~ sour f 1.;n rgy su,c:h a~ nucl r~ I r~ win r ,v v po, er 
by tHitl~ fu, ls wi'th hi her hydr en to c rb t1 c ntent. tor ~x 1uplc 111 th~u1e 1 

J 4• r,Jtb r thJn octant".. 8 HLe 
by pun1 ing 2 f0111 p \'V I t ti n into old iJ and uatura1 a ~ ]l 

by 1 1n~ervin cncrsy in the b n1c n workpl c . , r mrl , r y4.:lin Jd 
'lunti'l:1iu nl ans ' iquir & t1iuch J s I e1 y rhr1n m~ in uc dun1h1iun1 fron1 

'bau jtl.! or . 

rm 
Alken are un atm tocJ ompou nd ttlat have the general formula CnH:zn· 

An I n atu a c m pou n a Is one that contains a carDon-caroon aou Die Dona na so WI II aad 
hydrogen anCI becon19 saturateitl. 

Al en .. , coutain one fu ncti na] sr up1
• n1p u nd c · nt it ing two uch 

rou[ re c ]l I Ll di n . h y r c t in th sai11 ,~ y s , k ne . 

Su t 1in bHity nd cnm t eh ng 



rn 
An Cl et It 10 n reaction 
occurs when two 
suDstances react together 
to f om1 a sin Bi e substanc . 

he two c rbon aton1 in th '.I uncti, ,1~:1] roup ·r join'.ld by .1 a-b nd n ,l it-boud. A 

O'-b nd r suits fr m the h . d- n overl p f t1-v t n1i rb1t. h. on fi· 1n eh c.ubon 
aton,, :ind th~ 1t-b 11d fr n1 :, i w.1ys verl l" of tw p- rbitJls ( ~ pag 4 ). h 

vcrl pJ h1 , t the p- rhit11 in be 1t- ond i . bove nd bet rho a-bon I el ctr 1u. 
·r tion tl · , n1 le..: de tu th d ub]e b n uld \: ll c tht! 1t b nd t re k. his 

r uir n d s n t h pp n x pE t hi h te1n r tur s. 
Thi~ 1. ,111 tri, is n1 ri 111 (s • e 174). 

he b n -c nu. it tl l1 ,l b ind 1s 12 ~0 a th r~ L'e 

1 e~ch oth r to ., position f 

Al enc s do n t ccu natur Uy. Th y , 1 n1 d tr n1 lk n y tb i pr, ces f 
, rn kin . he naphth fr ti n fr ru the pdn1~ry di till ti n f rud I il i mi d 
'A'ith st , n1 n . r 11 -ly h · t d t qo~ ~0 .,, , he yield of rh n I is ut ~n·x,, v ith 
~1 sn1. llor ~111 u nt ot prop"n nd .1b ut 2 ~K, 'hi -h- r. t2 l t-rol. A tt'mp r. turc 
700° iv I It: es tbene u r 1n re hi h-e;r de p tr t Jkeue ~.1n -tso be n1a 

by r ,ckin p,rop~1n nd butJne n1i tun~s (LP ) nd by rhc t lytic cra(;kinp.; f 
he vi r fr ·ti ms. fro1n th prhnary di ti Hati n foil. 

I Phy ical pr 1 
]k~nc h· c lo,v r n1,ehi1 tnd b i'lii ren1 er. tur th 1 . orr s ndin 
hi i be u c th rt idity of the d u 1 b nd o g n t n 1 the n1olecu 1 s t 

p ck t, 8 th r ~ tfi, i, 1 dy lk n . This fli et of 1n lccu] P'h:kin ·tos tb r 
is sb wn by tl,e cli er~nc in the melting [ent rutures at fot and oils. ~ is re 
s turJtcd ester nd Jck wcH t scther. !i they ar ~oft s JiJ.g :it ro 1n1 tcn1por' tUrt:'. 

ii , u eh s ,co n1 r u n fl v r jL r t r of u n tu r t d c ids th l t r 1 w y 
on . td cf s-ison, :. rs. Th se n1 l ieu 'I s d. n t p~1c , 11 c g the,r nd s l r 

HtlLnd. Fir.h oils 3 r~ h ish ly uns turat d Jnd rein in Hquid oven in th,, ver r cold 
te111p ratures of r ci , ater . Uu .1tur.ated oil • r n1 t hoH d n1 1 r a)ily han 

tur ted t:1t;. Fid1 ,i1s a e rricuL1rJy - l 1 d t lowering ,1...holester 1 lcv L. 
then • pr p~n n n chrco bu n s Jrc a cs t r 0111 kn1p r tur . h I ther 
I k~nc~ Jr I iquids r ,,·:ixy s 1 ids. 

Alk.-,n s ._ ro ins lubl~ in wator bcc,au c rhcy c:iun ,t f n11 hydr 8 n bo11ds wirh 
,v1t ,r m l ,cul (s 4). 

I Che1 ical reaction 
• A]k~n !J r n1u,h 111 1c1 1 ~ .. cti thln ,Jl,k: nc . 

Alken s urn in air . hen isnited. Ho\vev r~ s e :H: h 1lk~ne ha n1J l1 ~r perccnta e 
of hydr I en th n thi.? corresp udin Jk n , th y n, d n1 re xy . t1 p r n1 1 .nd 
s t n 'to burn with ' SIU ky H Ill ~ pr due in arbon und lVJt r V r Ut:. 

M st of h r I ti ns f a.I - 11 s arc • d Ii 11 1 r a ti 11 • h n-h n rr l k ~ 
]1; i ug :_1 a-b nd be n CtJ u tht:1 tw ~ rbon Jt nu.. ivo at n1~ r grou: s L1dd , n -
0114.' to e ,eh f th cJr n l'ton1 s { i, u rt 1 . 26). 
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~ ~ I 

H /H I I 
/c C C C-H 

' I I H 1-ll 
A B 

A B 

FI 111·0 10. 

A ,t--b nd r 11 t,vo 1 l a-) nd f rm. A 1t ... bon i we k"r th a c, .... bon . 
Alk n . h. v u n- b n . !i d1ey , r n1u h I ss r tiv th n l lk n ~. n1 b n 
stren ths Llr~ Biven iu T!lblc l J. . 

1 . strensths or cartJon carDon bonds 

o-bond in C-C 348 

bond • n-bond in C=C 1612 

n~bond only { d rfferenc b twe n C-C and C-C) 264 

he ri: cti JU ot th lkenci Jr i1lustrlt"d hclov using ed1~nu '[hL' e .. amp]--.. h~ 
thcr l u s re· 1 t in1Harly. 

com 1b1ust1on1 
Like. 1111 st . U rsJt i,c c:otnpound ~ ilk t*I ~ burn wl n ign.it d: 

H., = .. " + 2H, .. .. ., .. 

WI 11 hydro n 
Wh n ctl1en ii 111 i. d ,,v 1tl1 hyJ r 8 11 an t I L ssed '1 er ~uit~, b,1, c 1t. lyst~ u . cl iti n 
r .1c ti n o u r . he ) r due is 1, n : 

1-i ::! = .. J I 2 -I"' H 2 HJ - H 3 

Th' 11:-ban br ks, 1 · vin th ~ O'-b n et\ve 11 tlu: tv r c _rbon , t in . 

I _ n nf: hydr1 en 

o nditi u ·: cJt. lyst ot nick:~i 3t 1 soo 

Pr du l : thL1n 

R 1nt·1i H l ~J e: ru ra Uc J .1 ldiri 11 

h catJlysr w·i ns th b 11ds bet\V ,n the hy lr 
a~r gg the d ublQ b n i. 

- -------

,__ -- -- --- ------ -- -- - - ~ - - --

n ,Jt 1n . ,;, hj h then nd I on 

o. 74.7 g or an un eturat d nyaroceroon, C6H8 • r act -with 44&crn3 or nycJrogen 
ges. ca1cu1ate tn n101ar ratio ot t,ydrog, n to nyaroc roon ana nenc t1, number 
or carDon..to.carbon aouDI Donas 1n tt'l nydrocarbon, a un,1ng t1, t tn product 
1 turateci. unaer tne cona1t1ons or tne experiment. tne molar volume or gas 1s 
24.0dm3 r1101-1. 

. ' .,,,,. ...... ,,,, .. . 
Thi rescuon i u d in th · 
hard ning of polyunsaturated 
vege1tebl1 1 o ii t~ form 
m rgarin (se b low),. 

Ch mle I r ction 



= rrn 
ropnll Is a species 

tnat ooncrs to an el90tron­
ncn lte In a mo1ecU1e. It 
accepts, a pair oT electrons 
rrom tnat site ana rorms, a 
new covailent bond. 

Never start a curly arrow 
1ro m a hydrogen atoim or 
an H + Ion as neither has, a 
~one pa ~r ot electrons, 

w,i.ru~r 
1nolsr m ss of CJi~ = (6 x 12.0) -t- S.10 = s,o.o g mol il, 

fc H 
_ 0.747g 

r.unotuu o R, - 80.0 gmol ' 
= 01.0o,g34 n10l 

v,olum of hyclrogen - 448 ,cn11 

44Bcin3 
1nount of hydrogen = ~

4000 
':II 

1
_, 

- ..1. cm;J n10 
= 0.01867 inol 

ratio (by n1oles) of hydrogen H to hydrocarbon= 0.01867:0.00934 2:1 

Thorerore. a 2 moles of 11ydrogen. H2 react with each mole of C6H8• there n1ust 
be two Cc=C double bonds In tha molecule. 

't_bL ib r~ st rs of _ lyun tu r t l 11 -eh in cJrb . ylic cid , uch 
J7H2q H .. 11 pr £ .11-1,2. -tri I Jnd c .111 b c nv rte _ int _1ni-U uid 

t rn1. \vhich ii put h1t tuhg . n 1 sol as a re din r I, w- -~1lt n,~rs rin . ne ,,~y of 
, oin thH is rirliaJ hydr n itl, ,11 controH d 1n 1unt of llydr en is ddcd 

i1 in th ,r " Ll f c t lyst (n nu Hy nick l). m of tl d u bi nd 
Jr, nd h r r f: t i r u, d. 

i \Ve11ke ned ~i it bonds t chc ctive ite s ou tht:! c.tta 1yst. 
0111 f th mo1 cul s rota.t, rou11d th r n1 ininp; ,v k~n d Joub'lf 
lfau~ isonn')rs re fi rni d. h r b Ii v, d 'to in r,eas I h l t r I 

h Jtere , il re ih n n,ixed with untre, t Vt:8 t.able H n ,; ith U id- lubl~ 
dditive uch ag vjtan1in . ,c ]ourit1- :1se1 t nd 1nul ifi ,,r . his n1ixtur i tht.?11 

bl nd d with t r--s lubl , d:itiv s ucb s 111ilk \Vh 'Y~ 111Hk r r t in n, s lt. ·rh 
r,e&u1t i t1 s ri.: ,d b1e n1 rg rine. 

Electro
1

phlUc addlrtron reactl 1ons 
At encs r et ,vith r 

d lilh n. 

Thi:.' 1t- bond bet\ ccn the carbot1 ato111s i, a l1 ~rca f high electron density. Th 
irst t p in cl ctr, phi1ic addition i th movc,n1 nt of th c 1t kctron& to,i,vl rd th" 

dvctrophilc t 1 111 k a nci.i c valent a-b nd. his 111 von, nt of p 1r of f'h~ctrons 
is h \Vl1 y ~ fuJl-beld ~cl cL1rly rr V' (n,). A l!urly 1clfrO\· must: 

t re fro111 a r 7t-b · nd -1nd , ,011,,1,ds n .1t -n1 f rn1 inr,c J new bond 
·gt rt trom O' , r 1t b ntl n 8' , tt, ~ n tom f rmin • n gativ ion 

• Yt rt ron1 :1 n at n, ir Jon with J June p,llr f olectr1 ns • nd I towa rd1 n rhcr at m 
tor111in - u w ond 

Tn th I;! .. • n1pJ of n1 eh nist11" I ,v~ rhe Jlken.? is r tr s nt d by th ~ torn1uJ 
I "H ::::: - 2~ \ h re I I b a hy r n a.'t u1 (c th n ) r a r up, f r c. 1np1 -

H 3 {pr pen ). ll I au l I r~q r s 11t rnu h n1or con p,lex srou s in~ f r ,I '-1mp,I~. 
c ,n1 1 .. natural r du t su h · s J in1 n n~. 
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Re ctlon wltt1 1, lo n 
Wh 11 th n is pas~ d into liqui br ·lnln r br miu diss ]vcd in n in rt lvcnt 
su,h m; t tr . .1 hl r ,n1 th n __ ~n addition r ~1ction t. s pt c . Th 1t- bo11d br 1

, ks lu1 

a bro1nin 1 to1u a d on to c.u.:h CJtbon aton1: 

ag nl : br rnin 

ndi i n : 011 l t 1 111 tcn1 r~tur 

br 111in 

: el c r hilic dditi n 

mi n a.tt c ·. th 1 ctr 1:1-rich ,c ... b nd in th eh n mol cul 1d fi rn1s cr-b n 
~ ith n tb r n ton1s. his re ,"" tion i · 1 ~crib a I tr phili.. J ili n . 

Alken 3 react in sin1il:1r '\V y ~ ith chlorin~. ut o n 1t rem.t '\\'ith i dh1e. 

M, h. ni 11 if l h . dditi n f br nnn' (bro, in ti n) 
Ad ' iti n o.l· br min ~ · ros~ a . ubl b •~1 1s a t, o- ~tcp, r :i ri n. h Ur~ mole u!e 
i uon-p l r. ow 1ver. n its a. pr acb t the hi I ~1~ tr n d nsity f rhe 1t- b n . 
s+ , h~ r ... h in u d iu th n ar r bro1nine. his t, n1 is the cl tr1 phiJ . It attra. u 

~ 7t-el - tr n n, 6 rn1 c v I n b nd '.) id r n of the c rb n t ni . At th 
s· n1 tim ~ th Br-Br O'-b ni br ~ ks h tcrolytic: .. lly , nd ,k - r- 1, n h for111 d. 

tcp l : SQt. 1sur I .... 7. 

R ~ R I~ 

/ + ,/ Br-/c C .. /' H + 

Hi H H Br 
Br 

'ilr/ 
FI LII D 10.21 

bet r,eJ udy nrr ~t sh 1Irs th rnoven1Qlnt ot the lt-L']e,iwtrons and th blu cudy 
~ rr · '!ii how 'tl, n1ovcn1ent of the Br- r a -,de tron ~. 

~ top 2: e ·i, u e 10.28. 

•er Brr H 
R /H I I + 
/c C ~ .. R C C 

I I H Sir 
H Br 

Figure 1 .2 

Th red , urly _rro,' sh \V th~ 111 v~n, nt of the ], n _ I ~ir f lcctrons n the Br­
ion Lu it forn1s a ,cov:1 lent bond \Vith the p 1s:itiv I) chlL1r ,.d c:.J rbon ~.ton1. 

h s:nn-. n1e h nism occurs ,vhen 1n 1 , n l~c cts with cbJ rinc. 

1 d in, i !i 11 t . . s t n n 
rou~ h JctiV3ted by Jn 

vid n 

In netero 1yt1c TI s1 on Dotn 
electron In tna broken 
bond so to tne sa mr9 

etom, 

,, ,, ~· ..•...•.••.•.. ,,, .. 
Th mol cu le i p1I n r, 
with a bond angle of 120°, 
r,ound the positiv ly 

eh rg;ed carbon to,m in th 
1 u cnti o11 intem1 diate. 

''' ... ,,, ...•...•.....•. 
Th Brion attack from 
the srde fNley from the 
bromine toi11. Thie 
h ate· ooh ,mic I 
implioati,one for elkene 
such a RCH=CHR b cau 
s ter oi aomere are poe sib le 
in th product. 
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y rr 
Ac rb tlon Is, an 
unstable Ion with a 
po,s1t1ve cnarge on a 
cart,on atom. rn1s camon 
atom has three covalent 
bonds, and a positive 
en arge. It Is s,urrou noee1 
Dy tn ree Doino pairs or 
electrons. and n as an 
empty orblta 1. and so Is 
planar a round U1 e pos ltlve 
can,on atom j It TO rms a 
new a-Dona witn a s pecles, 
such as er or er. 

• • ••••••••••••••••••••• 
Th 1electrophite~ Bi,-1,. 
, ttach to the c rbon atom 
that haa more hyd~ogen 
aton1a bonded to it. thus 
f Orm inS the 8 . eo11d ary 
carbocadon. Thi j, more 
stable then pri n,ary 
carboc tion. 

1 f the int rn, diate rh ati n H 1 + I-i l r. Tbis au then b tt k cl by cith r 
r- ion {thus f rn1ing J- i n (thu 11 rn1in H 2 l i~ r). 

hr co111pou11d J 12 1 rl::1 J _ t'S n ,r f irn1 b~c us their~ h no . + c:hL rin 1t - 111 

i I diLn11 eh lo ride . 

Acldl Ion wl h bron1ln at : the te t for lken 
If an Jlk n is sh'-lkcn with brornin iss.o!ve t in 'Nater (bn: 111in ·w" t r), an ~dditi n 
r action t. kes pJacc and the br10\l 'n 1colou1 of bromnine dis:ip1 ear!i. his is ._ tc!rt for 
c ,n1 unds 11.; 1nta in in~ one1 1r tu rt bench. 

nt : bron1inc dis lv d in wat r 

n1 t n1pcr tur 

b rv i n: th or .. n1ge br 1nine '"~ter ~ nn col · u rlc . s Jution 

I '• ~ti n I p .. : lectrophili d iti n 

h rcacti 1n h t,v en F _ I=· _( :! . nd 'bron,h1r w ret produc, s R 11( _ I )l.,_ l:1Br 
~u th n1 ajor p.r1oduc t, r th "f th n Jl H r ""H :zl r. his is b c._1u 51 tho i.nt "lrn1ed h1 tc 

+ H~ · r_ is n1ore Hk ly t , llido and react . i'rh \Vat 111 1 cu1e thau Wi'th -. a _ r l n. 

R H= . Hi+ Br2 

J • .,.+ I- I i
2 

r I, L1r l J+ ... 

his re. ti n is ~1 e s 3 t st , 1 r r h c pre ei t1 c of . c rb n- rb n d u b'I h n cl. 
Th colou rhatiou t br \Vn bromine ,vater t1 - 1 1C: l urleis · solu ti in. ~ -id1our :.iny 
pr 1Li itat ~ bcins tot111ed. i~ proot o · t'h preisenc~ n c:: · gr1 u . 

Reaction wl 11 11 d og n 11 II J 
Wh n as ous hydr n h li i 1ni \vitb th ~n • n cl tf phHic d iti 1 

r cti n t k pl c: 

I 12 = I 2 + I- r-+ 13t .., - rli r 

h~ r cti 1 · fast st ,vith hydr n 1 ,v st ,vith hydrogen chl rid . 
hi~ is , c us the H - I nd i w k ,r rh n th H-Br I nd. ,,,hich i ,v ker th n 

r h 1 J - ~ 1 b on_ . 

n rt : hydr 8 n r n1icle 

, ncHU, t1 : n1ix f(l t ro 1n mp r tur 

Pr d n l : br 1n th n~ 

'loctt ,phiJi dditi n 

M h. 11i _n1 of nddili n f h dr 111id 
Addition ofhyJrog n br n1idc1 ac:-c s~ ub1 b nd is b t\vo-st p 1·~ ,cti n. h H Br 
n1olncu]e i& pal 1 (s p gc 57) \ ith th hyd og n ron1 o+ a11d the n1 r lcctr n~1g1tiv 
b omino s-. h a+ hydli B n h th 11 i.:tl~ I hil . It tt cks tbe e1lectr n-ri h 1C-boncl in 
the l'kc,11 11d Jd 011 t one of the c.1rb n t n1s by Jttr cting 'the 1t-el ct[on fr m 
th u l h nd Jnd f nnin c.:oval "nt b nd. A this b I p 11 ~ th ~ Br O'-b nd 
'breaks and th nv , 1 ctr U!i both t the b,ron1mne 1ton1. fi)rn1ins r- ion. his 
uu v J1 bre king of rh H- Br b nd i c .Ucd. h ter I ti fi i n. 
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l p :ll: e1 i ur 1 l t29. 

R /~ 
H 

~ I + /r:. C Iii£ /c C H + er-
I ~I H&+ H 11,.l 

;{- H 

er 
Flguro o. 

h r . urly , rr \V h , s th 1n rv n1 n . f he re ... , ]cictr ns n th blu urly 
. rrow ~hows th~ n1oven1 nt o th _1 _ I- r O'- . Jcctrons. 

"' t p : sitiv t tn (PiBu r 1 .30). 

H R H 
R I I 

--C--H 

I 
H--C:--C--H 

I I 
H er H 

FI uro o. o 

he red curly rrow sho\v tl c n1oven nr of r.he J He pjir or eleccrous o 1 du.~ Br-
i.on ._ S it tornl 1COV )1 nt b 11 \i itl1 th C rb 11 ,a,tOl1l. 

I y TI scn eh] ri - ' H ] 11 hydr sen iodide. 111, l Oun I rg ·:1.1 - :iti n re JC'ti ns 
\Virh t1 is type f111c h.u1i1Un. her te fr a, ti n is HJ .,, HUr .,, H "'L b~c:.1us the 
HI b nd is rh v e .1'k~st .J nd H 1 eh hi n1. ans th :it tb r a tiot \V ith 

I l h ~ l l, h r c · ivati1 n n ~r y ( - p .Ji I). 

r If 

Write tile gquatlon for ths rsactlon bstwgsn hydroggn Iodide ~nd 
2~m -tny1Dut-2~ n . 

Additi n L ~ u1n1 tti .al alk IL : Marko nikoJf" · _ u ie 
U the alk ne \9 a~yn1n1c,nicat su,ch s pr · ~nc,. t,v I addition p1i ducts r po sib],,. 
'For m l • the r cti n b tv en ,r ne "' HJ I c H2~ nJ hydros n bron1ido 

n iv .. 't\v pr du t : 

Hj l= ~ (2-br n1opr p .. n ) 

-__, H H -
J 2 n ) 

htJ rn ,lj,ot produ t i 2-br mopro an . h s is )'Wedict.,;d. by 
Mlrkovnik & rule: 

h 
th 

h }; ext fo u.1ri t1 for this is th~t se n i.~1 ry 
.~ r r ntiaHy t tJ pm hu ry 1carbo ation. H . 
i'4 n1or t blc th n c ndary c rboc rion. 

·rbo • ti n, H J +J-1 r.13~ is : rmed 
H 1 +H 2 , or th.,1t a rem ti ry ~ rb cati n 

Do not t orget to 1nc1 ucte 
the positive charga ion 
tne o a rt>o n atom In tne 
I ntermea late or the part! al 

· and ir charges on the 
HBr. 

..... ,.,, ...•......•. , ..... . 
A c &11rb ocatio1n is en 10 1rga ni c 
i1on that h s po·sitiv 
eh ar,ge on a carbo11 tom. 
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+ 
CH~ -+-cH--+- CH3 
FI UIO 10. 1 

" ndary C r cati n i tubHi1ed y th. s1 l.cctr u- U hin fte t f th H 
r ups, ~ h re s th rhu ry c r o~ 'ti n is J s' st ,ilis ~<l (Fi Uri.! I . O. 

n ~ rr _:vh c1,1cl in th , 1nid.i:H f ~ a-cov l~nt b n, r pr s 'nt L 111 v "Ille nt fth" b ,udi u 
I .· tr . lll it'l t1 dj C ti n too ~rr V h~1ad is oiuti us. In the Jbov I exampl 'tit is oilltin 

t wards rhc p shiv 1y char d c'1r1 on a't u.1 in rh~ intem1ediate· c~rb cation~ reduciu 
it eh l' nd h nee ~t bi1igi11. . tbc cion. A I ,, ... ou I g n t d 1 tbi to th s m .. 

t nt HJ roupt n I H roL1p , i.: 1t v L l ss. h ~ s 1 is th t ie rb n is 
nl re 1 ,C ll nesr1tivc th:.in hydr1 son ncl !10 t I' a- chL1rs fion, eh h~ ir1 11. 

i1niforly~ \Pith - - 111 thyl ut-2-r.n tho hydro n o 1 t rh H "'rh n nd 
n t t the ( H:J2 :irb n. Th n1 ~or I r du t i - - 1Lhlor -- - lni.:thyJbut-nc 

]( I 3)i 3 nd 1w,f -chJoro-~-n,ethylbut .. no, C~ _ . J H ( 1) 1 1( - )i: 

· .i H3 H == ( H-)~ + H I -f, 3 H~ J( HJ):? 
~ n1ethylbu t 2 n _ ... chlor ... 2 ... m rhylbu t n 

Do not · t.ate tnat tt,e secondary na1ogenoa1kane Is more staDle tnan the primary 
n 1oganoa1Kane. Tney are equally tabla. It I tne1 mtermsa1sta econaary c rt1ocat1on tnat I 
more , table-

Addl Ion of t 
hi~ i; Lll in1port nt r cti n in \Vhid1 Jlken s pr duced fl n1 }' t lcun1 ::1 t1 b~ 
nv rt int 1 1 h 1 . 

_ h Jlk n · h VJ[ ri e · n 1nix d \vith re u1 nd p !i~ d o er , n _cidi - t ly t 
u h as r ho~ph ric(v) a id, JI his i5 l tt;V rsibJc r .. ·cion and so the .J hol 
"fifoduced is r 1 n1ovcd fr 1n b~ e~1uiUbriun1 n,L tu· by c oHu nd h._, r~tn inin 

. s r p,~ sr d ov r h at. ly t. In this ,v. y u to tl5% o th ] en c· n be c1 nv r d. 

With pr p n the, 1n in l rodu t i propnn-2-oL 

H H~( ) + i"' ( ,. .. 
Th 1r &t p is th• . ddition of rh lectrophile 1+ fr m rh . cid. Thi go a to thl.! 
, :.1rb u t id, n1ore hydro en tonu :rtt .eh d ccordin to ML1trkovni.k1 -s ruJ~. '"fh 
lon ' ir I f It: ttOtl 1 tl xy I f V t r n1ol c.:uJ then ' rn1 O'- on V rjth 

the + f 11 w d y loss f n H+ fr m tbe '!If t r ( 1 ur 1 .' 2). 

I~ ~ 

Step 1 / 
C C 

/ H+ 11,.! i C I~ 

H 

I 
~I 

( :a 
+ 

~ 

St p 2 

/ 
C: - CH3 

H3C 

FI ure 10. 2 
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Re ctlon wltl1 pot lun, 111an a, ate( m) ol u Ion 
W h 11 th n i hak n with n u tral I r H::. i ic luti 111 of pots iun1 m, n ~ n t (vu), 
o kl."ni ,11 '\,~ith ddition ~1 kes pl:lce. Th i,urpJe 111:1 nsa nate (vu) ions 3 r :1 f di..1,c: _ cl to ;1 

precipit. tt.: o bro\vn rnanPl:111eu•(1 v) oxid~ in 3 n utr:il soJution or to er ] urless M n2 

in cid lution. A& th x et st i,ch i n1 ~try i · n t uUy n ,, n, I ] is u in 
~u tion · s th ym I for tb 8 nt: 

H 2 '-= H :! t [ J + 111 · -+ H 11, H ... 

Rea en1: n utraJ pota sil1n11n1n tH11t (v uJ s 1ution 

nditiou : hnkc to~ thcr t r1 n1 t c1 n1pcr tur 

r ti n: th purple lutio1 

Pr du t : th n - t.2- di l 

s col url ss r t , · br1 
, n prcciph te 

Pol 111 t Is tlon reactl on 

th~r alken s, su~h J pr en ~ Jnd Allb&ti tu tcd ""lkenes, uch a ch1or eth u , 
l · H- H:!~ t tr.1tlu r cth nc. ... i~ :and phQnyl th nc, H - H,,. .ho ... 

fonn _ olyu1 'r . 

o lyu1er produ tion 
h usu ] pr c dur is t c us r ic· 1 t be f rm th t initi t the p Jym ri ation 

r cti n. 

d i f p lyrn rish1 1th ne t1 p rJy( th n ) i t h tit und r pr 1 !1.llr of 
tn1 in th l r s n -, of tr f o y n. . h o~ y c n rr uc s r I ic:, Js th, t 

initi lt th polymeris.arion ( 1gutL: 10.33). 

FI UI O 0.33 

~ H 

+l J_l_ 
I 1/n 
H ~ 

•••••• •••••••••••••••••••• 
A polym r i e chain 
of 1cov lently bonded 
mol cul s. 
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10.7 some common addition poiymers 
----------

l)ae·~ · 

Eth _ne, H~C-CH~ H H H M Poly( then ) Lowd nsity -plsstio b g_,: 

+I 
I I 

I+ 
hrgh density-w.at r pipes, 

C C bott! s, washing-up bowls. 

I I bucket 

~ H H H 

Pr1open ~ CHgCH=CH2 H Cl-!3 ~ 

I+ 
Poly(propen ) Rope ,, cont i nera th t hav 1 

+I I I to with nd boiling ter 
C C 

I I ! ~ 1-1 fi.,j 

Chlor th n 1 M Cl ~ c: I P1oly( c hloroeth ne) or Window frame _ guttering, 
CHCI-CH:z 

+! 
I I !+ PVC dr in pip . electric I 

C C insulation 

I I ! M ,1-11 H 

li trafluo~ u, n I ~ r Poly{!! trafluorce,th n } No~stiok coating , low. 
CF2=CF2 

+I 
I I 

I+ 
PTFE or Teflon friction b ari nge (burett 

tap ; plumb r' tape). C C 

I I el ctrical insulation 

I I ~ 

Propen nitrile ~ N 

r 
N ~ Aorilan Fibres for clothing 

H2C'~CHCN f ! I 
I+ C C 

I I I 
H HI H H 

Phe nyteti1ene, C He 1-11 C I-ls ~ P,oly tyren - The1rms I in -ul tio n, 
C6H;HC=CH2 

+I 
I I i+ p oke1gi ng for fra1gi t rticles 

C C 

I I I ·. 
~ H M H 

Eth nol, H2C=CHOH 11-1 Oil H Oil Poly{ ,thenol) or polyvinyl olubl I und ry bag end 

+! I I i+ alcohol liquit b o p ules 

C C 

! I ! ~ ~ 

r pen i~ p1 1]ymorisa I, t t ly(p1r I e11 ) by f a &iu~ it rver ttiJ}rst f rita,njum 

When wrm n s the structural 
formula or the chain In 

tetra '"hl ride n , luminiun1 triethyL ln th 11 u3ti n in Fi ure l ). 3 tu,( r p t 

poly(prope ne). ao n't put 
tn tn ree caroon atoms In 
a llne thus: (CH~CH2CH2)n· 
The structure has CH3 

groups on a ltarnate 
caroon atoms. 

u n i . r Rh . ,vn . 

I ur 10. 
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C~3 ~ I 

I I 
C~3 ,1-,1 . 

I I 
...... - c--c--c--c---

1 I I 
HI H' H H 



l, h r n1 rh d f ] r du in 1,, .ly(et.ht!n ) is t 1 1ni. -then , ith ~ !ii lution 
c nt iuin 1' yl lun1iniun1 nd titt1nitn11 chi ri rt1lysts. hh n1 th d , r due i 

h rd r. hi h r-den ity p1 lyn1er \: 'ith hi, her m lrin t ntp r tur . 

Th re ctiot 11 3 l l t" [ ,clyn1 rishlB cith n~ j~ u t JQ in1plr a~ hnpHcJ hy tb 
~1qua'ti n iven. A d nific3.ur 111 unt f br~nchi11 C:1CLUs: an I th I n _ tha of the 

. 1lyn1 r eh i1 v ry 4.,; 111i r b1y. This resu It iln th~ poly1n r softm:!niu vcr r n 
oft· n1perlture b fore it b ,c m Si molt u, r tber th n H h vin , cfinir m Jtin 
t 'n1p 1" 1tur . 

If 
. Draw a · ect1or, or tne po1yn, r rormeCI, · nowu,g two rep t units, wt,en 
but-1-ene I polymerl a. 

DI po le 
I· cc~n1Q 1.ff~ sizti n th ~ 11 

-'h. log n onds .1 ditiotl p lyn, r~ re r si~ta1u t 1chen1i 11 nJ - 1io1o icll . 1ttack. 
J, }" r not n cur. Hy ,~rcurrins ub 't n s. n I nzyn, ~ h V t.:Vi lvc to br k 

t h n, I wn. bis is L, oth . di sad V n ta l:': .Ul d n I V k: 11 t.l s~. ~ 1 s t .l 11 c~ to O rro si n 

and h~n, i aJ 3 t'Ea a re u efu1 p1 pc rrie ~ in ch.1t th y c:ou fer a l n ]ife to h.1 !itlr 
1 n,. 1-lu~ v r~ dis rd dl pl srk: ba s 11.: n litt r th. envir nn1 1 nd buJ y .I sti, 
1, cts n fill t dip s l sit s. 

Th b t E racti irr. r s J :irnt th _ 11a ti into itf r nr typ~s. Th _s _ 11 th n be 
rn lted o - n ~ nd r u.s d. Alternutiv s ,· re ~ toU \\"S: 

Usin tb , t pla ·rjc r lyric I r 
I 

il1 , thu 
n L tur of eh, rt- ,ch' in J k ne . 

111bu tion in spe-1aUy d ~i J1(' incin~tat rs r.1nd ll in@; rho ncm gy r le'" s to 
r 'liS Ste.Ull to tU rn tu bineS1 rhu i pr idu ins lectri ity f1~1 nl W S'tQ r11 .s·ri . hh 
i done . n J lurg crilc in , itzci~laud. A 111 jor dr:1\V

1 .,ck j~ th t con1'buni n 1 

produc i fi..1m s ~uch c rbou mon xid . \vhiJ, haJ B jn!lt · d pfostm i such as 
l' V rr UC t i~ hydro hl1 ri., c:i1 V ~1r. h"S, h V t b r Jn V b ~ 1r 

·rb 8 1c- c:1n b r 'le~uc inc th c nvir nm nt 
Usin biodegr duble I ~tk:s iuch a.s polylic:tic ._ cid ~nd bi pol ( .. ee; haptor q in 

drxccl L tit.I bcu1lsrq11 1 i·ar ~~ by the s n1e auth r). 
us 'I 1 s pl stic p ckugi ng L _ d p s I ws th t n1 k sup rJil r re char 
bag~ J is clon, in :11 "'&. 

h 11i:hc1n1c I in u rry is ·tryina t · us lt1 fi en r yin the n,~nufo tur~ of] J srics Jncl 

th v rnn1 nt i trying t . 1 t th u1 B to r u I r r cy '."le 11 utk· obj et . n thi 
,vi.U m ke th us f n1. t ri 1 n1 r !U.utain~ bl . 

1ummary of alkene reactions 
;,, H2 

Pr pcne i us dos d x 111pJ (Fi l.1re 1 . 5). er2 CH1CH C H2 t---+---------11..,. 

h..: re. tions in blue r fr r di l ddici 1 -11 r a1 ti~ na. 
ht.i r~a(: tions in r d rtlrl.? ~10 tr phiti 

re ,cti n . 
h n .. : 'l tii n U1 elc 11 is xkl. ti ll w - [CH(C~3)C~il,,­

FI Ut 10. 

+ lzO g 

C l-l3CI I 01--l)C I l 0 1'4 

Ch mle I r ction 



H z r Cl Is the potien t1a, to 
<10 narm. 
R I K I I tne prooaomty 01 
11 arm occur~ n g. 

wn en answering la 
question about nazarCI anel 
risk~ nev111 give standard 
safety precauuons, sucn 
as wea rt n s sarety .sJ,asses 
a ncl a I aboratory co at. as 
methods or mini mlsl ng 
risk. 

M. ny r a1:1ic eh inicJls and s ·n1c of rh~ substJnccs thJt they r,1 ~ct ·wjth ar~ 
haz rd ~u. his 111c ns ·rh t th y . r poit nti Hy clan .crous fi r ny n n in th m. 
Possibl h. z. rds. in lucl : 

• t .. -11ty ( .g. l d coin ounds) 
• lln rp·ti n thr u h tbe in ( ·8· l - 11'i n1 but n ) 

irr t tion if inh l d (c ·8· hydros n I h] rld .) 
• 1 orro iv~ c n1p unds (c.LK, c nc~1·1tr:.1ted sml6.1 ric :1cid) 

l,j h flan1rn~1bHity (e.g. t:thoxy th n . .H l !?H ) 
ni 1 1np unds (~.· -. b nzcnc. · 6H,) 

A r a tion 111i .ht b, h ZJr ou if it 1~ rapid nd hiL,hly x thennic r L it produ s 
a vol.itUe h .. zardou product 

h risk r I t s to h , a h z rdou n1i.~terial i LU cl. r instance~ using n1a:U 

qu ntiU!t!s or takin specific prec ution ( . , . v ~ rin . .to1v 9 or u in · ·,v ter bath 
f r h at"lng) mJk ... th pr bability of h~rm ccu1·ring J~ ss and a r due s th risk. 

:iz rdous 1nateri 1s u ed in sn1. II qu ntiti 1s with pr I er nt3inn1 "n't p s Hui · risk. 

It is in1 rt n t · Ln1 er tand th sibl h z rd ,vhf 11 c rry in ut 1n l crin1 nt 
nd t t k r ~ uti in t r due the risk. 1 r ,, 111pl • lk n ~ r, et ·, ith ron1in 

( hazar I us eh ITI ic .I) .. n~i th~ re , tion b . tw n pur liq'-1i b1 omine JTid Hqu id 
alkeno is f:ua 3ud oxtre1ne'ly ~xothcttnic. ,. h rhk is reduced by using .1 dilute soluti n 

f broinin in - suiCJ 1~ lv nt. b re ction is th n 111ucb slov ur. b r f 1r ~ th 
t tnp r tur do s not ri& d~ ngerousl}1 quid 1y nd th risk ti the u. r i r duccd 
1considcr bly. o,v v r bro111in fu111es , r still pr cnt. 1 42rf rn1in th rc1 ctlon in 
J fu n1 cui board fi.1rth r r due _ th dgk. 

Manuf ctur r pt!nd J r e sun, tryin t th t u I ss 
h z rd u u t nc s. llni n r ,i rt r tii n n1 nuf "" tur ,~ ticid vi 
in fiu;tory h, Bhop I in Indi.. b fir t · t .P \V s t n1 ke n1ethylis I y n t (Ml ). 
_ I JN= = . Th is ms oxtrenuily toxi .1nd r . et with \.\r:it r in h I pr.es 11 e of nut 

h hi hly x th~rn1i r Jcti 11. This h 11\P n h n ol ' Ml at r t nk, usin 
a run \V y r cti n. About 40 tonn s of Ml \'V r le e int thf atJno~phcr 
rhrou, h tbc t3nk v ntinr; v.d w . his e!itin,.t d th.:1t 111 1re th:n1 ~O _ co1 lc di 
ll$ .. rosult. · th r n1piani~ used ~ Jc,s. risky 1n .. nuf.:tcturin pi c &s~ which did noc 
involve tb xtre111!.! ly h :z r LlU Ml s n interm · rn. 

M 1.ke ur 

ti n c ndit.ion 

10 Introduction to1 org nic eh ml try ( Jo
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I Qu 
1 N u th foU ,vm · c n1poun 

) H "H { _ f) H21 r 
ll) ~L, 1 H.., -- · t>H 

... i!!, 

') H :?:::: H ( H 3)3 

iY tht; i4 rn1u] o f the ~ llo\vit1 
con1p unds: 
'1) I ~l-dichl1 ro- l .2-clifluorocitb ne 
b) 1-hydroxybu tun 1n 
. ) 2-an1ino- -chl r · prop 1noi, cid 

l ntify th ti1n don J . ~ 1.1 in the' i Ho\vin 
3) ~H~ H - H ,{NHJ C H 
b) - H2- H H ( I) .,H 

4 w and na111 an th stru,cturJl is mer f 

5 .v Jnd t 1111, ,c is m r~ of th .J ne 

~ o· 

6 Id nt1fy th n1ajor or.g nk: product ,vhen 
1 th~u1e, and 1r.xer.ss 1chloriu 1 .Jrc, tntposed t 'hitc 
Ii ht (4 r J 1 11 ri cl of tin1, . 

7 Iodin n1onochl ri ~ I · .L Ii r ,v:ith tb ne 
t forn1 l - hl ro- 2-i d f-th. n . Hj!o 1 H2I. 
[ e11tHy rhe 1 et - hil in this a kliti u ro .. cri n 
nd 1 

\V th n1 eh nis111 £ r the fir c st. ' · 

Whac w -ut y u hs rvo v ht2n but---1,i uo lnd 
:in utral 1ucion . f p t1 sjtun manga1 t1t (vu) 
~re h k...:n t g ether? N n1c tho r nic pr duct 
n iv it f r111ul . 

foin why bronline teac ts rL1pidl}r wid 
.JlkiJn . but ou1y rel cts s1 · ,vly \Vid, ~1k.n1es, 

¥ n in the pr~ nc f Ii ht. 

1 O n) I 1-(i,'i- r,>t inu1 is ;1tt h cl t thi! 1 r, tcin I piin 
itl hun1a.n eyt;s. Wl1e11. Ji ht is a cn·bed 
i't isotn ris I t I I U rraus ... rt:tinnl. 1 ~f r to 
Wikip di I r n th r int tn ·t ourc . n 
,,.rrit u h struc ur ft 1-ci -r~tin J 
and cin: I~ the double bond tha t rot.I t s 
and rmY U c, 1ns-reti11:.d \\rh u li h ig 

orbed. 
b) ril. in~ in t~rms of b ndin?.; I rhita'I~~ 

why enetBY ii re4uiNd t I c:aus 'th is 
i otnerisatiou. 

11 ; pi in why the ,-/ Z- syst~n1 of naming 
eon1ci'tric is n1cr i better rban th('I ds-/ 

tr,uis- n, thod 6 ,r an alk n &ucl, ~s 
J 12 · l H2 H = { H3) · 2H . 



m pr I i 
1 :1) A]k.1t1()!i h ,, structural ison1erisn1. _ h(; 

nuinb~r f tructu II is.on\ rs th.u h:1v4.:: rh 
f rn1ul H ~!! is: .., .... 

_ 1 ~ (1) 
b) xpbin ,vhy but-1--~n e .. hibit gc n1etri 

i 0111 ri&n1 wh re but-2-ene dol.:S n t. ( .. ) 
) Whjch .. hibit on1 trk ( I ZJ 

i 1n "'rism? 
cy l h n ... r111 _thylp1 p n 

ro1 ouc I nr---en (1) 
) Th nuuib r f home s fo1·n1ul.· .~H , 

·,. eluding 1.. ,cloalk n . is: 
4 
5 ( i ) 

) i) fin the r rn1 phU ~ (2) 

2 R) 

ii) Which · not f rmc ,vhen th n 
1c tl t!i ,; ith br min~ ,, . t r, r2( ]), 
in tl pros u of i. s lw s dhun 

hl r.ide? 

n t (vn) 

(1) 

fassify the rrillcti n v Hh eth ne. ( J) 

ii) 

i, v.rith c th ne. (1) 
U [ ,o;o l- n r n1, mb rs f th 

I n s. 

(l) 

(J) 
iii) Writ th(' n1c ha11fa1n for the re . ctiou 

b 'CW, n u t- 1- ei,e n1d br n1i.ne1
• (l) 

i ) Id ntify tb n1 gor produ t f th 
1 Jed . n of but-I ... n i,vith hr nun 
,, .. t r. ( I) 

v) Bnt-1- nc r :Jct ,vith . n qu I c1s 
so1uti, not p J~ iLun111Jn ,lt1tlte(vu). 

10 Introduction to organic cheml try (Topic 6) 

D s, rib1.: '\\'h\ t y u w uld &c _ _ud 
id tuify th~ r~ lli n\round 
p1i duc~d. ( ) 

vi) · ut-ll ene c n be p lyn1. ri d t 
poly(hut 1 n ). 1 r , sccti n of 
th stru,ctl1re of the po1yn, r th:.1t 
sh ww no re c tin . unit (2) 

(1 1 1l l J 5 1111 I ) 

1 - hon propc,ne r,e cti with hy r g 11 

br 1ni 1. n1.ixtur4.: f 1-bt n1 r au a11. 
2 ... br n1opr1 p ne is proJuced. 
n \V the 1ne cl nisn1 f r the 11 cti n th t 

p u the mJj r pr -uct. (i) 
b) ... pfoin~ i11 tcrnu of th~ nu~..: l1~111isn1 ~ why 

rh · i tht 111 ~or pro uc t. (2) 
(1or:d 5 n1~1rk ) 

4 Br mine ,i.; ater , on . ins rlss lv r., 
!Ii, 

111. 1lect:1les, 'H+ io1u.. r- 1011 ~ H Dr n1 h: cu I s 
nd \\ ter nlol cule . 

n) When br mine l t r i dded to an rukene 
ucb s. eth n . th c rb ti n --- J .,llr-... 
H~ + is ror.11:'IJed ~l!i a_n intern,~di..icc. ~ "plaJn 

h1 w tbi& c u s the tin l rodu t t thlsi 
r acti n t - indudc l ~2-dibr1 mo th. ne l nd 
2-bron1 eth not. ( ·) 

b) Un r thf s 111"1 ·on Ii tknu diff. r nt 
c rho..: rion an t1h be 'orn,ed ru1d this 
t~ads to a 111ixturc of bro1110 thJnc ~n 
th noL ue;R'.l t n 111 chl ni m for thi . (3) 

(1 tal I n ~1rk ·) 

5 n) he .1lkcn b l w c._ n f rn1 p, ,lyn1L,r. 

~1C /Chi; 

c- c 
/ 

Hi ~ 

Writ th displayed forn1uJ of t\v, rep at 
uni f this p lymcr. ( ... ) 

b) h a m po l yn1 r C: 11 b [4 rn1 d tr · 111 
~ n h n1 t iof tb - alk na in (1). Write ics 
di~playod tor1nuJ .. 1 3JI l ex~i,IT n wh it f" rnu 
the s n1c 1 o1yn1er. (3) 

) Polyeth n 1

1 xi but it th oL· tic l 
1n non1l'r =c-1 I o, n t. It \\, uld 
p ntan usly r~v rt to eth na.t H - . 
u s t n1 c h n · m r this eh n e. ( ) 

CI r~ I 1 , r ) 



tJ M d1·u1 .nJ eh] rine r~a 't in the fr ~ n ,e 
of li hr t t 1rm chl I'i 111 th n nd hydf n 
hlorid ~. 

o) Use tbn tJ'b]~ · bond 1 n rgics below to 

aJcubte f r th1 re cti n. (3) 

Bond C-H Cl-Cl C Cl H-CI 
B01nd e,nergy/ 435 243 346 432 
kJn101-

b) i), 
nd 

n . (2) 
ii) 

eh] ro111 th~n1 nd •Cl radicJk. 

1 ,v th tnt,ch ~,i 1.11 1 ( t - 3 u b g 
th corr et typ f curl}.. 1To1 s. (-) 

iii) 1 n1 it'h n i l pr due . r ,v 
th n1 eh. nism. usin ·urly Jrrm s. 
for thi. . (1) 

J i) ra\V thf 1ne, h, ni;n 6 r the r , tion 
f p, Jen with bronun~. (3) 

ii) Expfain ,vhy th m jor produ t is the 
on rh t y Ll h.ive dr \\'n. ( ,) 

d) us 'H ,vhy cth n d s n 't fl.'!act ,~lith 
i dino. (2) 

( ~J · t. I l ti n In r k. ) 



1 ure 1.1 
some examples or 
h al oseino al ka nes 

1 u ro 1. Primary 
h al oseno al ka nes 

FI uro 1. Tne structural 
rormuta or 2 .. cn1oropropane 

i ry (Topic 6) 

I ol 

y rill 

on IK n Is a compounCJ In which one or more nydrosen atom In an alkane na . oeen 
replaced tJy halogen atom1s and wnlch has only ~n,gle bonds In tne molecUle. 

l n nll n h.1v_ th_ g _n ral fi rinul ,ii lci,i+l)- -·• ,vh te= _ i~ ., 
!.lt n1. hc,y nr n~nnccl rro11u th . I Jr nt L11kJn s! with .1 ntuub 'r I pr, a~ntiue; the 
i.; 1 b 11 ato111 in tb h in t ,,vhi.ch th l,.d n i join . 

Th s _l t I ormul -~ 1111111 s · nd structur J f rn,uL e 
show'n in i u r~ 1 L L 

n1 h. lo _ n "1k n . r 

1-lodopentane 
C ~3C~2C:~2C '~2C 1~211 

Prfo1t1ry h d n . 

ar 

2-bromopentane 
(l~~ CH2CM2C ~B rC~3 

lkan s hav no 111 r 

Cl 
3 .. d,'lorope n tan 

Cl-!3C~2C ~CIC~2C "41 

th n 

C"I 
2-c h I o ro-2-methy:lb utan e 

(C H3hCCICH2CH3 

' _1r tly tt h d . the c,.1rh n in t I, - '.h ] u gr up. 1 on,c , l, :vn n isu re I L_ . 

~ I H H 

I I I 
11--c--

l 
11 

H C C 

I Ill 11 

lcdometh _ne Br,omoethane 

,C:rl,;Hf,.,ry ha I no lk n -s h~v 
L-ton1) dircL: tJy ltta hed t 'rh 
2-ch I r pr an ( i ur I L ). 

II 11 11 

I I I 
er H [ C C 

I I 
11 ~I ~l 

1 -ch1loropropane 

rbou ronu (. n h 11 

carb fl in d ,e -h3 l1 ecn 

Cl 

n ly nr hy r I n 
r up, f r Jnipl , 

1 rri,rf}' h'" 1 c_rbon t nu ( nd h nee _ hydr n t 1na) 
directly 3ttL ,chcd t i the 3rb in in the · - h lo ln group,. or ex n1pl .,_ h Joii -2-

nl thylpr n ( j , ur 11.4). 

II H ~I H 

I I I 1 H--L- H 
H C C C H FI ur 4 1119 H I ~ 

I I I structural Tormu1a I I 
11 t:' C: C H 

H C:I H ot 2 .. cn1oro .. 2- I I I 
metnyi p1ropane1 I ~ H 

cl 

11 Furth r org .ni'C eh mi try (Topfc 8) 



H Jogt:tu are fo cn~ n acive 1 ntent . h ,carb 11- h I, B ,n b n h1 h1ll1 en -
lk. n s is I 1 ris . 111 in the c rbon ~ton1 nd tb h 1 11 t 1m s h wn 

11.5. 

ur If 

1 Draw the skeletal tormulaa or tt1e Isomers or C4HgBr stating whether they are 
primary, seconaary or tertiary. 

hloroJn th._ n ~ brcun ,n1~1thane and ch1oro ~th~Hl m·e ~ Hh.: ~u r ,o,n1 tcn1p 3 fatur,e. 

lo ,. 1n th t'l nd hi h r 111 111b rs 1of th h m l ous s ri s r H ui . h boiLn 
t n1 c n1tures f ha 1 BC-Ho t 11( s t1 re hi h r th .n, rh s f alk'-n )s, pri 111. rily b ~u1s 
halo en .. 'lkJ.n 9 c L'Ulin n1or l trons ll1.d so h 1vc stron r inst.intaneou & indu ~d 
dipole- induce dip1 k• (Londot1) ~ 1rcei ben cL? n thl' lll le u l s. In .idditi n. bee us 
the n1ole u I ~ re p ~ r. th r arc p rn1 n nt dip ,l~-dipol fore s between th 
n1 l cult: ,vhich tr: n th n the int,crn1 1 ~ cu I r f re 1 s n incrc · th b 1i1in 
t ') n1p~ r .. tu re. 

E CJ· th u b rh 'Y arc ,l r n1 l 1cul s~ h lo 111 
... 

1 lk nes. re in lublc in \VJt ' L This 
is b ,. u~e th n1 1 cu le s c nt in neith r 8+ hydro 1 n t ni n r sin U ton u 
" hh lone [Ji Jir I f 1c1ctro11 s~ ~o th y c 1nnot bydr n-b 11d ,,tith ,v~.t r. - h y r • 
ho,v v. )r~ s Jub,]~ i 11 v ri ty f rs.1t1 i, s lv nti , su h "' s th noJ l nd l'th xyethan _ 
(ether), 2H !i · 2H . 

T your If 

Explain why lodoethane ha a 111g11er bo111ng temperature t11an lodometl1ane. 

I Ch . 11ica1 reaction . 

rn1 
A ub r u ton I ctlon Is a reaction 1n wnlcn an atom or group IS replaced by another atom or 
group. There are always two reactants and 'two proaucts In a substitution reaction. 

A nu 1 _ p1111 Is a species with a lone pair or electrons tnat Is useel to rorm a covalent bona 
with a 6+ atom In another molecule. 

The hal n t n1 in , 
r - NH2 roup,. h s 

the tra~ . in a b nd ti 

th c rb n usin it 

A tlon vlth I .OLI alkali 
When a hJlo 110J1'k~u1 is h atcd under r flux w ith :in •liJtu·,ous soluti n f'an aJk Ii~ 
such mi t ... ssiu n hydr x i e r ,diu n1 hydf x idQ~ the h l gen i r lil , ocl by 

--c--cl 

FI ur - 1 ~ ma polar nature 
or halogenoalkanes 

Ch mle I r ction 



.,,.,, ••• ,w., •••••••••••• , •• 
Thi a re· ct,oin is som, bmes 
c rri d 1out with th 
h lo,genoa lkane di solv d 
in alcohol and lh a lkeU 
dissolved in wate,r. This 
i·s becsus th 1orgenio 
c,ornpo,und i not wate,r 
s1oluble, end so little conta,ct 
wo1uld occur between it 
, nd th hydroxid ion . If 

so liuti on of the alkali in 
·thanol i used~ different 

re ction occure, particularly 
with condary nd t rti ry 
halogenoa lkanes ( psige 
205-0S)i. 

l 010 11.1 Bond entnalples 

C-F +484 

C-CI +338 

C-Br +276 

C-1 +238 

I r•••••••t11,1•••1••••••••1 
Thi e. is ,5i m Ua1r to th 
t b ii isat ion of s cond ary 

1ca rbocation in the edd ition 
of HBr to an esymn1 tric I 
lkene, {'see page 18Q). 

· 11 - H r u .- , H 11 ak hol i& , r luccd. or e .. an, le ,,,id 1-br n1op1 .1n~: 

I~ ( H1 · H:!Br + K . 1-:l .....+ H H 2 J.,,-1 2 H + K r 

he ionil:' ~quation for this rt2 .. H.: tion is: 

H H 2 HlBr + H""(.1q) --+ 13 · H2 · Hi H + r--(Jtq) 

n rt : por s iun1 ( r sodiu111) hy roxid 

1uH ti n : \-VJ rn1ccl under r Hu in ,1q1~rous s luti n 

n ( I~ C 11 hydr ly :iis) 

A l n...: ilj t f elcctr tt on d1e oxy t.:n t, n1 j n tbe H - i n .. itt-ac'ks tl S+ c r'bo11 iu 
rh· t1rbon- bron1 in hon nd forn1 n l c rb n xy n C-b nJ. h br im in 

in tho le tt·ons fr1 n1 th carb n-bromnin a-bond~ ,vhich 'brc k t ft r111h 
- r- ion. In 'thh .. -.amph.~. th -11- ion h the nu 1 1 phH . 

h(I rar of eh is r" ,c:ti n varies c 111iderabJy 3,~ rdin r I the halo 11 j r the 
halo noal ane. he r tc of r~ acti n i; in tJ e ord r: 

iodo- hro1n10- ' chloro- > flu r -

he r Json or tl1h i~ ·the differ nee h1 l ond ~nthalpi s t.hc c ... - h I, gt;!n bonds1 a 
, iven in T(lbl i 1. L 

A \V k, r c rb n- h lo n b nd n1 :in th t ther i sin H r ctiv ti n ener y 
(p,. ~ 26 l) ~ r a r .ction that involv i br c1ki11 th t b n I h -I b 11 is th~ 
\V rmk 1 st n i so rca ri ,u. involvin . I lk n s \\"iH huv, th l ,v it a, tivation I I 

en r, y · n thua rh fat t .rat . 

The rate . fr acti n ho v rics c nsidcrably Jc,, rdin t th, type f hJlo n Jk n 
i n\folv~ d. h r:it~ of rea, ti n is in the ord~r: 

·terti ffY > s ondn ry .-, prin1 ry 

·-r he ~· pl .. 1n·1ti n for thh h mpl . A HJ gr llp ( nd t a 1 ss r te,n ~ c .. I 2 

.roup) haQ to11d n y t 1 pu h eJ~ctrons in the o-bond W'J.f from it~elf. _ hi 
h1cilitatc ~ th rel-. s ot the negati c1 halide ion b~caUsC\ then: is a general shift 10( 

l ctrot1 :.nvay fron1 the H:, tow rd the b l n ~t n1. 

olutlon 
Th hnlo~ 'n ~ 1ka n reacts ~dth th wr1t --r t fi inn -an .1k~ hol 3 tl a s lu tion that 
c: ,ntailu tl lla.Hde s n. anion: 

-X(.1 ) + H 2 (1) ~ R- H( q) + H+(, 1q) + ..... ( ) 

r pr s nts h log n) . 

'Tht: react\ n inVQ11 cs nu 1.e phi lie t'ta ·k on th c~rbon Jt n, j incd t tb halogen 
by th lone pair f elcctr ns n eh "'I., y :-.n in v . ter. inc \Vl t r is n t :i 8 od 
nucleophil hydr ., id i n ~ th r cd n i much l ,,v than th t with u u 
p t_s iun1 hy r1 id . 

Th halide iou onu d tbt.!n r ,cts wirh Hv..:r ion!i fron1 the Uvor l'litr,ate to rn1 t1 

r ---i ,itat of silver h H ' : 
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h reJcci 1n · f th~ h· ] 8 n Jkan a ~ n be I ni ar d by no tin the 
r ci itat~ t Jppe r. 

.. n l volL1n, f e. eh b.t'L , nord'k nc ~r~ pl.u; 1d h1 t ~t tl.1b~ ~ \ hi h 3 re th n p\.1t in 
a ~,.mt ,r ba' h :it b0° . ,on, ii lv r nitrilt soluri n ii the,n ,Jdded :ind thci time ta ken 
tor J precipitat of the iJv r h3lide t JPl~ellr ig no1ced. 

f rin1 1ry h lo noa] n s h rdJy r a,ct \Vitb w tcr. The I bond h too stron 
for ny n tico.1bl pr cipitatc co b ob ervcd. 1- bron~ ~ilk 11 s i r pr1.: ipit , t 
very I ">wly: 1- iod t1lkJn ii give p1re ipitJte slishrly t11, re quickly. 

• c 11 • l y h. l B no~ I rllne r~l~t ;lov ly t f r1n . cc ndary lcoh l 1d 
pr~cipitato i g. n abs rv d. Pr ipit k fonnation i quick r ,1vith . c .. nJ ry 
iodoalk~uu~s th. n ,vi'th s nd ry bron10 ] . n s, which iu turn ~ rn1 l rt?cipit te,s 

ni.or quickly than coud.11·y cb1lor • 1kane . 
'I1 rti ry ha I enoal ka nc,g r tier r.ipidl.y to produc , a c ,rtj ry ale oh 1. A pr~ci it itc 
i [! on s so ,n g th ~ Uv r nltr t jg dd d. 

T t our I 

Ex pi al n why 2-lodo propane reacts with aq u ou II v r nltrat at a ra st r ra-t 
th,an 2 .. chloropropane. 

R ctl n wl 11 p t iun, cyf; nl 
Wh n I hn] s "n lk~1nc dissolved in , eh nol i ~ '· rn1cd w 1th que ~ us 
cy ni :i~ su ,stituti 1 re c ti1 n t ' c l nd n itril \Vhich c ntains a 
fi nn J . ·· ' ith l ir1 m pr I th re cti n s: 

H 3 12 H 2Br + K N -4 H~ H 2 .,H,, N + l Br 

ondi i, in. : \Varn, d un r r tlu in a uc ll th n I solution 

Produ t : - butJn t1itril 

tassit1111 
=Ni 

This r c: ti ,n i n _ mple of n incr in th c rhon , h in Je ngth. _ h l n p ir 
of .1~ tron on hei arl;, n .1t ·m f th .. N- 1 n ~1tta1 k thP S+ :.1r'i n to111 th~ 
h ]1 g n . 1k ne.~ f irn1in tw,v c rb n-c rb n a b nd. 

h r t of rhi rr::: ction p n s 011 rh h lo en nd n ,vhcth r th 
is _ :rin1. ry~ on _ry or t rti ry (s p I 08). 

R t : I Dr 1 nd tord ry ,.,, sec1 ndu ry prim,~ry 

Nitri1 s fu I int inn di t cotup,ounds. in synthcih. Th ~y .. an bt; hydr ly .d t 
an ,acid or rc,duced to a. p,rhn ry tnuinc. 

R 'N + H+ + 2H!! · 

] N + -4IH] -+ R I:!N tlO 

A actl n with 1n rnonl 
The re ction b n: re l1 :i h 1ogt!llOJ]k n nd a1n 1n nia pJ'i d.ucc& n nu in ~. 

An11n ni is o Li. that is , lu · le it \-'Vat r. H - L'V r. L ; )lution l\,i nn t be h .te u n h!r 
rc1ffux b c us 1nn1oni3 ga~ ~ould b Ube tl:d. hi \! , uJd th n , capo c us it 

. ............. , .... , .. . 
The haloe;snoalkanea ar 
son time m ix,ed with qua I 
vol um , of ethanol in order 
to i n,prov a ol ubi I ity j n th 
equaou silver nitrat . 

••• •••••••••••••••••• • ••• 
The ea rb on-halogen bond 
h b n brok n by w t r. 
ao the re ction i oaH d 
hydrolysis. 

.. .. .. . •..•.•...••. , ..... 
Hazard: cyanides rie 

Ktr me,ly toxic ,and 
experiments involvin the,m 
ahou Id never be ,ea rried out 
in schools. 

•••••••••••••••••••••••••••• 
The product hen ha e four 
c rbon atoim in a si ngl 
bond d eh in nd so the 
tem n me is butsn-. 

Ky rm 
An mm I a molecule 
cont a In Ing the1 

.... NH:z - N- H 
or '>N- group. 

Ch mle I r ction 



Under tn e1 a1Kaune 
conditions~ the alt N H4CI 
Is prOd u~d rather than the 
~clcHc HCI. stating that HCI 

Is a proauct or thl reaction 
Is a common error. 

Do not roreet to Inc: lude 
lhQ neQart1ve on a1rgg1 on 
the transition tate1

• or tne 
8+ and charges on the 
ha logenoal ka ne. 

nd~1 d by th reflux cond,.n er. be hal ert Jkane 1d th n 11 niri 
luti n n1u rher · r b h tc in , J cl cont1in r. Alt n1 d il ly~ tlLi 1ur t d 

1luti n cln b u an th n1L rur · 1~ ft t r 0111 t nip r tur ti· r l n tin1e. 

A s;itupH' 1 d e1qu:1ti1 n f r tbc, re,.1ctiou ht:tw~c,n 1-,d,'l roprop ne t.u1d :un111ot1i3 i~: 

H3 H 2 H~ · J + 2NHJ 

R ceH 1n1 oni 

1ndiHon : onccntr t cJ soluti n f n1n1oni. at roon1 t mpe.ratuu~ . r heated 
it .lied tub 

~, ~ti1 n t 'Pl1
: uuc h::01 bHic gub ·rituti n 

hi: product, 1- n1 in pr p,~ n ,can tejc t ith 111 re l-chloropr - n to pr-ducc, th 
cc ndary I n1in , ( H JH l ~):!NH. ,:in m t rti ry 1nil1 , ( H3 1 .1Hi) N. 

Mech 1anf 1m of nu1cr1eophl llc substltutron 
l gcno1 Jk~ ne r er with uu le hi fog uch a~ H- 1 NH "nd N- in 

su tit 1ti n r I cti 11 . his i b c u th cJr n at n1 j ined t th h I n ia 
slishdy 6+ aud is, tberefore. tt c~d by r1u le hil s . 

.h r~ .11 c ri,o distin t ni clunimu y whi h hal n lk nes r et. Which n1e h , i m 
i foU ~ ed d n 11 ,vb.eth r th are ,dn1ary, s ond ry r terti ry h l noal n s. 

he: lo ne 
Thes rcac c in n . J c n1~ h n i n1 i in lo 'tc p 'th I s thr l1 h 

r 
An N2 ctlon Is so caneo because It Is a substitution (S). Is nucleophlHc (N) and there are1 

two species Involved at the begl n nl n,g or the miechen Ism. 

A r n I Ion Is not a species tnat can be 1so1atod. It cnangas !mmea1ata1y Into tnil proauct. 
An an al ogy is that the transmon stato 1s II Ke tna top ot a pass go1 ng rrom one va ll1&y to anotner. 

Hh H - (aq) 
,t n , N.3 11101.:h nhn1 inv lv ing rr n ition scatt.: ir. h r ction b t,v, n 

n bro1111 th n ~ s h ,vn in igure 1 J. :), 

Tht> 1 cd ,urly :..1rrovl in i uro 1 L sh \\"S the n1 v '11lrnu of t1 1 nc r ~ ir of I ctrons 
fron1 th xyg n t rhe c.:arb n .. u ~ c valent b nd ornu. Th re n ur \ repr~ s 1 uts 
the ~1 ctr n in tb - r b nd n10 11n t th ~ br n1in s th bon ,~ ire k . 

H 1H 

I 
rl-O••• C••• er 

I 
CM3 

"llir a nsl tl an state 

• H /H 
-\9it_., H-0-C + Br 

I 
CH:a 

FI ur . Tii reaction b tween r,yarox1de ions and Dromoetnane, 
snowing the transition state 
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l, tra1 si ion sttite c..:: ur ,vh~n th n \ - b nd i h:i.J f-f rnt~d nd the -Br 
b nd i h J t:. rok~n. P 

h 111 i-hanhn, for th re ti n , ith yanidc ion. ~ - N . is ~hnit r. l rith tb I Uf 

.. it 1f,:1Je t1·01u nth ,~u·b n 1t int f rmin · i b nd v i h th c rbo, .1t m O' tb~ 
h~]r 8 u aUt~lH~. 

h r · ction pr1 fi I di ran1 for this typ of r ,ctii 1n ii sh ,,vn in i ur I l. 7. 

~IIIIIIIC"----TI' n ltlon tate 

Prod um 
Flgu10 11~, Reaction prrotne ror an SN2 reaction Involving a1 
translU on ,tat@r 

he n r · y r leas d ln the f, rn1-. ti 11 the b, 11d i , n, ugh co provide thf' 
· -h,Jog n b nd. 1 h~ \VC' 'k r the -ha] f(Cn b nJ. the tor 

L ti1 n. h r f r _ h1c th ~- J b nd i. th tr 11 e. t n th - [ 
nd i th c~t1 th rat or r i : 

- I .,, - J 

rtl r 11 lo no I kan 

f r • cti n t. k s 11 ,. ~ 111 at p 4
• _ his typ 

.. r~J I : tb 
r k ~ll& d. 

rb n- 1 . I gen nd br ks ~ ~ .. rboc~rti n h 
1,i i th' s] W'er rllte- i 't r111i11in 

CH3 

I&+ ~13c--c...._ 

I 
C: Hl3 

FI JUJO 11. 

+ C: r-

rm ~ ' l u , ha 1 i J I n is 

top 2: tbc rbo ri n is 1tt· k.cd by 'the nucle hi, in t .. st I rea ci n. 

CH3 C~3 I ' ' faster I • c+ -oH l!!P ~1:ac ( CH 
/ I H3C CH3 

CH3 

FI uro 1. 

f th tirst t I ls d ,,r r th 11 th f th I nd t . Th r ~ . rh tiv ti n 
11 r y ,for th f1 re.t fit~p is. re, ter tba11. tl'l t f st ~, 1. .his is ah ~n in i u re, 11. l . 

Make sure that the 
curly auow starts rrom 
the oamon atom or tna 
cyan lder ton ana not tnra 
nltros n at,am. 

y nn 
me m ec h.anlsm Is 
call ad , N 1 t>ec ausei it 
IS a SUDSUtutJon (S)~ 
Is nuc1eop11111c (N) and 
therg Is only o m~ species 
1nvo1 vad at the beg Inn Ins; 
or tn; rnechanl sm. 

h 
The SN 1 mechan Ism 
has a lowg r activation 
onergy with a teru ary 
na1og noa1kane tn n w1tn 
a primary one~ This Is 
because the carbocabon 
1ntarmedlata IS ta11111sad 
by the pusn1ns errect or 
the three alkyl group (see 
page 1Q0)1. 
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TI 
wnen araw1ng cHagrams 
llke R,gure 11.11. It does 
not m atte1r wnetner you 
put the - SI sn on tnie C 
or on tno N, Dut tns1 cu r1y 
arrow must start from the 
carbon atom. 

11 C 

FI 11 ro 1.1 ... Different rates 
01 SN1 and sN2 reactions 

FI lll 1L13 

E; 

R 

'""'r 

Products 

FI -u r Re actJo n pro me ror an sN 1 reactJo n 
1nvo1v1ng an Intermediate. 

With cy · th nucl phil ~ eh on 
by the I n 1 ctr ns 0 11 th ,c:3rbon 

11 w c. rbon arbo1,1 sin ] bond . • rm1n . 

Flgur 11.1 

noaU< n 

· rh act k n th I c r c ti n 
f th I y ni i n. N-, thus 

h r:1tl: fr~ c tions with N2 111 , h n1s111 d creJ ,~ in th rder: 

rin1 ry :;. s n ry 

fr '-tion ,virh N J n1 h nism in r ~ 

prjJnJry ,.,. s coudary tertfr1ry ba .l cnoaJkJlk 

h , li ] lion1hi[ r h ~ n r hie Hy j n -i lll:!.! 11. L ... .I rim, ry (I 0) l lo n alk ncEi 
r . t ln1ost (lntir ly by n ~2 n1 h ni.1n nd t rtt1ry ( ") halo no 1k n s r et 'by n 
' N I n, d .1lnisn1. ccon "' (2°) b 1 n 'lkan 1 et by oth Jt1 billnfau1s. 1 v •v r, 

NI is oft 11 t~ster ln is~ th r f. rt: th d n iJ ut n eh n isu1. 

The I v H r 1te h st st ,vith r rti ry h 1 n lk n 1nd ] , . t ,vith 
pd m. ry. r ~ u mt J t 2- h I ro-2-111 1 thy1pr l':" 1n , ( 13) - t pro du 11 n inst. n 
pr c1p1tat o silver chl ri ~ with aL111c LlS -Uver n itr,Jt~ \ her a. 1-chloi o r p~ne 

ives r ci 1it t 011 ly tt r he tin f r l n eri . 

eh nl 111 of r ct1 or Ith I; 111111 on 1 
ilh prin1 r· n '11k. n 

Th I n I ir f I ctr n n the· uitr . n t n, tt ck th 6+ c rb n at n1 . 
n1n1 11 ia is 1tb r or~ tb~ nuc] o~,hile. As this hJpp~1, s~ the.: ha 1, n bond li1m ks 

1-16 in th ' N2 r action ,n gc ~02. Not th3t tho intcnnedi t is noutra t e,c:iu e 
rh . tt k.h1 ·. p cics is 11 utr I ( i ur 11.1 -). 

~ C2'14s 

\ I 
H- N••••C••••CI 

/ ,/\ 

/ C2 Hs 

H- N•--C 'H + Cl .. 

I 
HI HI 

11 Furth r org .ni'C eh mi try (Topfc 8) 



h fina1 th l s fH-t\ \Vbi hi~ r n, \red y !iu,c n I NI -~ IJl J cul 
( -i ur 11.14). 

FI LIIO 11.14 

ith l rtlnr 
h , L r;t t "p i 

C:2Hs 

I 
N-- c H 

I 
11 

N 1 r ction \-Vith qu LU ,~- i n . 

Th' ~rbo1c; ti n is th 'n Jttack, d by th 1 n p ir . f (i'I~ _ tr, 1n in th~ NI-I ni lei l1 L. 
h hst ter i~ los~ f H as in the N2 n1ech311isn1 h wn in igure 11.15. 

CH.3 

I .. 
c+· NH3 

/ · 
M13C Cl,.i!J 

Flgu ro 11.1 -

Ellmlnatlon reactlon 

y r1 

An 11111111 10n , I 11 1s reaction In wn1cn two atoms, or one atom ano one sman ,group. 
are removed from adjacent carbon atoms! 1om11ng an unsaturated compound. 

h n n . lk. nc h h tt' I un r r Au " ith ,on c1~tr t s ,]uticut f 
tassiu 111. hydroxicl in t.·thc1'1hll th h:1Jogen lt m i1 r ,n1ov d r JU the C!l b n 3' ont 

t \l hich 1t h. ut eh I n hy r 8 n t n1 i r 111 V cl tr JI ll dj l t C rb n 
t n1 . . h organic produ, t 1g n lkene r ~ 111L tur I f llk 1n -.~. 

Witb ~ithor 1- 'hloropr . 1p:1ne or ~-ch li0ropr1op._ ne. the onJy Hn1in .. ti 1n 1 rodu t ig Heating under reflux 
rap n , as shov n in i8Ut l LI ,. 

H JI Cl H Cl H 

I I I -1-1-1-
H I~ ~ 

H-J_J_J_ 
! ! ! 

H 

I /H 
+H2o + cir H C C c, 

I I H 
H 1-l 

I IH 11. The eum1nat1on or HCI 
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I 
Tne condltl on determine 
whethgr a11m1nat1on or 
sub5,t1tut1on takes place. 
For suDs tnuuon, me a IKan 
Is aqueou and only gently 
neatad; ror el Im I nation, It 
is cH ssotvea In etna no! an a 
ne teel under ret1ux. 

n t: n ntratud ta ssiun hydr xide 

-n liti n : lw t under reflu .. in s luti1on in ethtlU(1J 

tl~ 

3 1 ti n t p : ~Hn1it1Jtion 

1- 11 r butJn procll11~ but-1- n : 

H. H:2 H 2 J 3 2 H = H 2 + H:! + l-

H \V v r. 2-ch]orobut .. n pr ll s 
j~ n1er!i f but-2-~n ( i ur J 1.17). 

n1i 't\1 r f bu t-1-en nd both se n1 trlc 

FI ur 11.11 

11 

/H H1C / r... H3 

/ c- c nd / c- c 
~ ,. ,~ ~ 

rrans-b u t-2-ene 
~ 

c/S-but-2-er,e 

h pc cri, .. the situ ti n i n1 re c n1 I 'be~ ttus • ~ J1 • lin1 Jn ati u re1c ti n ~ 

Ll Hituti n re ti n c k , l c . lin1in ti n i f: Vi ur, d ''Y hi 41 t n1pL!r tur in 
r ti . ns ·,vith tr n ba uch a J-:1- n involvin t rti ry hal n alkan s. 
ubst1tutio11 is , JVour d by 1noderrlt ternp ~ratur s in reactions '1 ith weak b.~ s sllich :i.& 

H2 ud NH3 nd involvin prin1 ry h l 8 n , I n i. h r , ti n fbr n1 .ctb- n 
\\'lth h th uoli p t ssiun1 hydr id pr ,clucc on ly b iUt l()b cthcn 4 h ")r ,o th 
r _. ction usiu , M-bmtnoprop:in ivc. hour n~M pr p TIL: . rti ry ha1oseno Jk. ncs 
, ive al mn ~t .I ( >

1},1 l _rn a .1~ 'th 11, uct under tb~sc c·onclitiori ~ 

your If 
Nam and give the r-ormu1a or the organic product o·r tne reaction oT 1 Drorno 
2 .. metnylpropan w1tn: 

) · n · qu ous solutlon or pota 1un1 nydroxld 
) a concantratad solution 01 odium hydroxide In ethanol 

c) excess concgntrated ammonia 

C H3 C: ~2C H2C'I ....--. 

'T l<OH(eth) 

CH~CH-CH2 

FI u 11.18 

I 0 

KCN 

h r . cti . ru in r d . 
nluJ phili ubstituti n 
re f ons. 

• he re.1cti, n j n ' ll1 i 

1hnin tion. 
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Test f 1or hallogenoalkanes1 

Add \V dr ps fth h l ~, n 'lk n t 1uti n I fs diun1 hydr . . i e 
;1nd rn1 for s l • r. J n1i11utc1s, 

• ooL 
Add dilute uitrh: cid u ntH the ollltion is just i:idic to Htinus. 
Add si1v r nitrate oluti n. 

R ult 
hloro1lk:anes giv ,.1 white r ci it. t th t i luble in dHut J111111oni3 

s luti n. 
Bron1ob lk: 110s ivc ere n1 pr cir,it tl: th3t i ins lubl~ ln dilut .111 m . · niJ ~o]udon 
but s lublc in n ntr tc _n1111 ni . 
l 1 do lk~u1 s. iv pa]~ y Uovl precipir t rh c is ins ]uble in di.Jut -n. 
con ~,,,1tratcd J1nn1 1 in. 

- h ~ s diun1 hydr ide 1luti n hy r 1ly , · no 'lk:~n1 nd lib r,at the 
h lid i ll. _ be1 ~olu tion h s t b m :id _ acidi t f. n ven'C th pr cipita ti n I f si lv'= r 

xidc vlhcn tho iHVt; r nitrate is Jddod. h~ reci it~tcs :ire iilvet chloride (s.olt1bl 1 ju 

Uut tnn1 ni ), Uver br n1id (s1 ]ubl nly in c nc tur te mm ni ) D ilv r 
i id (in lubl i _ c n ntr t .n1m ni. ). 

of l1alogenoalkan 

olvents 
111pou11d \ ith s , rJI h~i1 sen ~ 1n1. ~ r' ll~ d JS s lvents t r mov~ gr s fron1 

m t ;ds bef re ,eh?,c:tr,opl rti n . An e.."·a n1ple :i I, 1 ~2-'trichloro~th~u1 . 

Ref rl ge rants 
uHy substitut , I ornp uuds. such & s the s h~ on 1-, 

, l l:2, \ r~ us d ~u i.:o hllnU h1 r fri rutori an in L1ir c ndicionin, . hey 
re 1ch, 1ui Uy in rt 1 n n t xic nd n n ft. 1nn1 bl . W he1 rel stid. h w er. 
heir inert n rur ,- us I an nvir n1nental pr1 ' ] 1n . hey iftiu unch n -e 1 

up into th 'tr t sph re. wh r th y r d 111p se1d by Llltr vi let r · di ti n, 
I r clu · in b loriu rJdi J1R. he chJorin r d'i h br :.i k d vi.i-n , zon in h in 
r !let iou. 

It has been stin1& re . th t . sin J chJorin • t 111 will us th d con1p aiti n f J 
oz n m l cul . I urin rth nt r1 h ,vinter th cblorln r ic I buH 1 

1.1p · n i , , 
cry~tl Is in the -ir. an , h nth~ k is 111 lted by rh 1 !iprh1 sun~ 111 s iv cl i,l~ti n fthe 

1ar zone ccur~, 1 usil ho] in th zon byer in eh uthcn1 h c)nli here. 

N \V r fri r nt o font , hic:h · nt in hy ro en t n,~ ,vcH ht _ rin 
3 nd _ uori n~ ,, h:ive b ~n dev~ 11 pc d. An ... :.1 n1p 1J, is 1-1 J ,-2~ ~ \vhi h h s th~ 
or1nut1 H JF,. H P s :Jtci n1or~ f'"'~u:rivo "'nd aro bro1k n down ,n lower .. 

~Jtitud s, voidin b r1n t I th ozone 1 y r. H ,v r Jik s, they r tent 

r nh USC Ji s. 

- rbicidc kill 1 nts. i'VO 
' 

~ S l, \Vll i 11 i U Ii J J.1' . 

U of h I og no I k n 



C: II Cl 

Cl c l 

Pe ti ides kHJ i i et . >ne f th Jn St ftectiv \V ~ 
(di b 1 r diphenyltricb1 r th n 

11.2 ) . Un~ rtunJ ly, it "\I s foun h t its cone ntr ti n 
built L1p in the fat of :inilnaJs hi 1 h in the to d cl-lain, 
ausiu1 1 ro 1 111 ith r r ducri n. h r , or~ its u 

l s been nn d in m ny c untrj s. ~radic t d 
m 11 ria frotn Gon1 cou ntri s nd h lp I to ,onttol it 
in rhers . in its b n~ deaths tro1n n1aJ da in r. n1 
tropi 1 ,c:ou ntri~s have ri en. 

2,4sD 2,4,5 5 T ho pr . bl n1 s i. t , ith the use f h l 8 n-
FI ur 1 .1 The structural formulae ot two herbicides ie nt iuin . h rhici n p sU i s is th th y 

Cl ( II 
r i ncrt 't I c h 111i, . 1 nd biolo ic I t'tack. h y 

ren1 ~in in the cnvir 11 n1C'nt or a v ry long J ci1 iod. 

In rb~ 1 7 s. h~ U tnillt ry spJ·:iyed th for 1 &ts of 
Vi tn 1n \Vith th d folian 't A nt r n . 1nL ture 

2,4- an ~ 2,4, - _ . an iti 1dvc't !H.? ~ ti :u·~ sti'II 
Ln seet1. These chen1ic Js arf iDll't 1nain ly 1ccaus 

o th tr n h of the .1rbon-chl rinc b nd, ,vh ich /c 
H CCl3 i p r[icu I. rly tr1 1 B i b n d o nz n -1 rin 

FI uro 11.20 Tno structural rormula ror DDT (_ i1 ur, I L20). 

K t rn 
lcohol are compounds 

that contain the nye1rox~, 
c-oH, group. 

1 ur 1 . 1 Tne1 structures 
01 some common alcohols 

CH3 

I 
1~3': - .... c--OH 

I 
C~3 

Flgm 1 .22 A tertiary 
a1 cono 1, 2 .. metny1 prop an .. 2 .. 01 

[n •~ I , h 1. th oth -r j1t Jns: ttjch . H sr up 11111st b 
:1\·rh r hy,Jro t.?n r c rbon. 

Ale ho] b;i th ~ n r I f rmu lJ 11 H(JH i) H . Th y ar I m r n1 th P'- r nt 
, lk~ n , , Hh nun1b r r pr aenth1 the ·3rb n ton1 in th) eh. in t ,vhi,h 
th l>J I gr u~, h join d. h e.kelet. I fonnul 1.: 1 113n1es Jnd stru turn1 tornu1l.1 1 

in1~ aJ hols 3 1 h ,vn in i ur~ 11.:!1. 

- 0 1-11 

LI rl•1-ol 
1CH 1C~ 1CI~ CH O~ l 

OHi 

Butan-2-cl 
C~3C ~2C H(O~)CM3 

~ 
Oi.-1 

2-mfthylp roJ:]a n-2-al 
(CM3)3COM 

Prju1a,y k: h ls h v n m r han n r 1 
11 at 111 tt eh dir ctly t 

1 f th H r up. lvl th n L H3 1-1, e1th n J. J~ . 1-12 · H .. 11 

Ji2 H:? - f ,, L r ~ U prim ]ry ~ ! h 'Is. All prinu1ry L k 1 hol · 
i TOlll'\i. 

eh c r n 
r I n-1-
nt. in rh~ 

ecouda,y al oh 11 h t\V1 c rhon t 1n ( nd h nc • only I n hydro n tom) 
dir crly tt ,c:hcd t rh rbo11 th ... _ I I roup. Pr f"' n-..... - L 113 I I( 11) 

Jw is s~c1 nd ry lcoh I. AU sec nd:iry J o:hoJ c ntain the l 1( 1 ) roup. 

rtiary le h 1l h v thi c rb t ic 111s (~ nd henc ni hydr n 
~u eh d to th c rb n f th . - H r u1~1

• - m thylpr p n 2-
t1 kohol. [t stru turc 19 sho,v1 _ in Figure 11. .... l. 

11 Furth r org .ni·e eh mi try (Topfc 8) 



t y ur 
Draw 'the skel tal Tormula or: 
) a primary _lcohol or n101ecu1 r ronnula C~H1.10, which ha I a branched 

carbon chain 
} a prln1ary a1ieo1101 of molecular formula CrJH120. which he an unbranchad 

carbon cnaln 

c) a sec:.ondary a1cono1 oT n101acu1ar rormula CeH120 

I) at rtl ry 1cono1 or mo1ecu1 r rormul CsH120 

I 12ro~e tie 
lr, arc U u id, t r 01n remp raturt!. his is b us th r is hydr n 

ndin bot\Vccn ale hol n1 J u] -s. be 1xy en- hydr 1BC n b nd i& very poJ~1r 
, ua in the . 1 ctr n ,_ tivity th r~ · ~fo tu nt . l t.: -

y .· "11 in ne, le h 'I 111 1
] ull1 t~ rm bye r en b n \ ith th 8+ hydr n 

ton, in nod,l:r mol ule (Fi ur 11 .23). 1 hh int nn 1 C"'ld .. r fore is strong r th n. 
.1 nd i11 , l,di tio1;1 t • the instr111t·111c u inJu d 11 olc-i n uc~d i 1- { on l 111) 
fo~ ;u h s thos, actitn b tween JJkJ1u~ n1olecu] ~s :1d thos bi tw 1 11 th.t.!' po.k1r 
ha 1 n ] n n1 1ecu 1 s. As the f 1r , s re tr n _ e1 ~ n1ore cne1r y is r u irnd t 

s p _r _cc th _ n1ol cuk~- resultin in, hi herb Hing ten1p _r tun~ ~ 

he lo ·er llll'tnb .rs I rh, ho111ologou ser'i ~ of l1eiOhoh re all co1npl tely 
n1is ib]e ~ ith WJt r. his n10 11 e th 't t h~y d iS5olve j n " at r in JtH p r portions. 
1-7U h~r 111e11.1b r 1 c le g luble bcl;.i u th I rBe hydro rb n p rt int rfi r 
with th hydr1 n bon Jn b t\v_ n \V~t r n11 ,I cul g, h~ r on _or th 
~o lubi I ity ii thl' hydr ,_ n b nding bctwci n JI ohol :1nd \ . ·t I n1ol . u fos 
( igur i 1.24). hi s h sin1i hir in str n th t · th hydr:1 e en bond h1 1 in pu , 1t r 

an in u r 1c h 1. 

our I 
Exp1a1n wny atnano1 na a n1gner bolllng tamperature tnan metnanol. 

IR 
com 1b1u1st101n 

l ·ohots, Uk 
than l buru 

~H • 

fi r111 c · rb , di . idB n ~ i.i ut r. 

th~no] n b ' n:1. de by tortnonti ng uBat o.r p.1 a in. h 1r fom·:,. it!i use, \vh ~n n1ix~d 
wi rh tdin ry p tr1 ]. hc11 to r due the ~H bon 6 otprint f the fu~L 

Haloge1n.ait1l1on (substlt1utlon b·y a h1a:logen) 
In halo ' l ti n re.1ction. the - group of n a1coh l 1nofo,cu1e j re , 1n,c:~d 
y h 1 son to111 . ho re ctions bc1low ar, th 1 st nd r 1 ,vayg of re Jri.u 

h l g u 11 at in th l. 

-~ , 
I ·~ 

~._ -/ 1-l ~. -, .. 
0 

I 
IR 

FI ure 11~ 

,, ,, 

Hy<lrogen bonding between 
a 1cono1 mo1ecu 1as 

- . 
~- o 

~ 
", I i ._ / M 

• r11 

'o 

I 
~ 

FI ur Hydrogen 
bono1ng between water a nCI 
alcohol molecules 



Cl1 lo I nation 
Wh n lid phosF h ru p 1ntachl rid is 1d d t 1 dry le h l~ ,cl ud o hydros n 
,,hi ride fum s . r pr __ UC d. 1nt d with th~ s~1s. ,O~lS hi f 1 1'1 lka11~. I h SI hoiru 
, ., ychl1or1dc ren1ains in thl~ vessel: 

H H 2 · H + P I~ ~ H 3 l l:2 J + P · . ]3 + H l 

rttry 11 hol lr~ n1u h n1ort:1 easily c uvort dint hl] . _~11 alk. n~, in. uhst1tut1on 
r a tion. 2-chloro-2-inethyJ r . p,ane I at, be prep red (r ·. m :!-11,ethyl1lr pJn-2-ol by 
hcJtiu it undc,r r flu. \Vith ,c nccntrated hydr, chlori,i.: Jcid: 

>I I IT J -4 ( 

h~ t rtiary .. kohrol 3nd .. n '-'X ~ss of ,c ncentrated hydrochlori,c i ., re ihak n 

th r in fi k until r [ ] yer is ~ 111 ·d n t f th cid. r-rh 
p. r tin fu nn l ~11,d th I ~ e1r qu u ] y r di c: r d. 

The ors, ni t .y r i& \V. sb \Vith n s 'lutinn f sodiun, by r s~n .1rhou. t in r I ,~ 
'to r 111 1v, u ny diss ]v d hydro 'hl ri , id. Th, l v .r 3que ~:ms tiyer if:I dhc rded 
a~ be: r~ and 'th ~ 1 ,rganic 1 ycr i dried ith nhydr u , diun1 ulf: tc until th 
cloudy liquid o l r. h pr duct, terti ry h l , n lk ne. ia poured int 
a di till ti 1 n fhu nd · i tilled, - Hectin th 1iquid th t b H tf t tbe c rrect 
hoi Jin t~n1p ratur . 

81·01111 n tl on 
Wh n Jn I r h 1 h hv t d under n~ff1..nc , ith n11xtur~ of potJ~. iun1 br 1nide n 
5 '7~ !iu I fu ri .Jci • hydrog~n bt 111id ig fi r, t pr.od uc d, l h k;h rh 1 1, rt:.'~ cts ,,-dth the 
ah;ohol to forn,. bron1 J.lkane: 

I Br + H1 l)4 ~ KH 4 + HBr 

I H2 H + HBr I2 Br + H 2 

T he 1cicl Ll!,ed is onl.y 5 ~% c nc nu. tcd t pre , nt the hyJr g n bro1nide th3t i 
pr duccd fron1 ciug xidised ( ,y sulfuric cid) t br n1i11 (pu e 1 l-4). 

loclln tlon 
Wi rn1h1 a n1ixtu r, d n1 red p,h· t h rLt • nd ioditw r due s phosphoru trU did ~ 

hich then r cts , ith th · le ho1I to f rn1 th iod lk n n h sphoru g(1u) cid: 

... I + I~ ... ., ·I 
- J 

1 h n1 istur i t brin th i din n hos h ru ~ boch o ·,vhicb Ii li . il to 
nt c t so th t they· can r rt. 

1 le I I..... un1n1 ri c rhc 1ub titution re~ cti n f l oh h with h l ns. 

T u I o 11 • 2 H a!ogtnatlon or a~ coho Is 

1~.9~,~,~~10.~ I 
' ' - - -

PCl6 or eone. HCI KBr nd 150% H2SOA 12 and moist ri d 
phosphorus 

Room temper ture or Heat under reflux \Nam, 
heat under reflux 

a chlorioal ka ne a bromoalkan 1 en iodoalkane 

Substitution Sub titution Subs tJtution 

11 Furth r org .ni'C eh mi try (Topfc 8) 



Oxl 1d1atlon 
E rim ryands n ry le h I r . idi dby soluti .n . p t iurndichr m t (v1) 

1:h.i Hut ) u1t11ri aci ' . Th ran I _ t ssiu n1 di,hr n1,1 (vi) sn]u ti n turn gr 1 11 

b c use it is I eclu ld to bydr:it d r, "I- ions. 

L.: rti ry ti1c 
colour. 

r u n tli c t .. y h 1 1 x id i j n s J n t. \V h ic h r -n1 i n s r n e, i n 

Id tlon of r rln1 ry lcoh I 11 ~ Id t yd 
Jt J ptln1ary akohol is h :1atl:d \Vith n1L ure of' ot s.siun1 di hr n1~tt: (v1) nd 
ulfuri1 cid nd th v l ti1 1i pr du -t is U d t s,c p . n , 1 "hy is pr u d. 
or~.. 111 J : 

h . l I hycl~ is n t hy r E'(. n bon l: I nd , h . ,J lo'\v r b iii n t mp r .. tur hL n 
11 11 oho]. ber for - ir boib oft fro1n the h c re cri 11 11,1L tum. A su it~hJ ·I . . r.1tus 

i sh Vln in i , ur 11.25. 

Water out 

I 
I 

I 
Wat@r lr, 

FI u I o 1. 2 App arstus tor tn9 ox1 aauon or a p nm ary a1cono1 
to an aldehyde 

R n n t : p t ssiuin dichr 111 .. t (v1) nd 1JJ furic cid 

ndhi n : d the ent ro n1i rure ofexc ss h1 etbJn I · nd l cid n 
i til · ff th ]d hyd it f rn1 

~ rodu t : c thau I 

: id ti n 

[OJ can a1ways De usact 1n 
the equation tor oXI d tlon 
rea1ct1ons In organic 
c11emt s try, 



Mske ure that you glv19 
tne ruu na ma or Tormul a 
when a r ag 1nt 1s askea 
ror. Phrases sucn as 
·acldlffea dlchromate' WIii 
not score Tul I marks. 

water 
out 

Water 
I ir, 

FI ur 11. > Reflux 
apparatus for the productl on 
oT carnoxyno acids and 
k1eton1s 

Oxld, tlon of a prln I alcol1ol oxyllc acid 
[f 1,rhnL ry akoh l is h _ted und r r flu .. ~ ith th oxidi in mL tur ~ ~ ,carbo He 

forn1e1J , For c n1pl :1: 

H + H., .. 
he • cid n "e d iitH 1 d 11 1f t r th ~ Tt: ,c tion h s nt: to c -n1pJe tion. 

. g nt : ~xc~ & p it s~iu1n di, hron1 to(v1) .. nd . ul uri . id 

:nd i1ti n : b L t the 111.ixtu re 1111 r r Hu 

n, 

1 p r tu i s:h \,VI iu i uro 1 t ... 6. 'The . r n - pot I ium di hr 111 t 

s r n it i; r duce t 1 "rl + ions. A tcr the re l cti n h . fin i hcd h th n le 
, id is d hti Ue oft~ ~1s1n nor111.1 I di tU l.1tion 1 p r tu Y. 

cond r lcol1ol to ton 
( f - ei hol is h ~it 1111 _er rL~Au \11,rid1 th, 1 idisin 111 i turt!. kcton u 

H3C 

C~1C~(O~)C:~,3 + ~O] --.... 11r C-O + H12C 

/ 
H3C 

· . nt ·: l' t:is i1.u11 11chr m, t (v1) nd su I fu ric ci 

" 
1TI Htinn : bear tl 111ixtun~ u11dL1r r flu . 

r du t: r 1p n Ill' 

:lt"' ti t1H l . r1 : ot1d ti H 

A u it hi pp r tu s h h wn t n Fi I u r I l. 2 . 

n you are eskad to draw apparatus, maka sure that: 

u,e apparatus IS1 made up or speelnc pieces, such as the flask and the condenser_ rsthe1r 
than one connnuous p1eca of gla swa1re 
u, pparatus I 11op1n ,ano not ea1ee1 (Tor neatln; under reflux, tne apparatus I I open at tne 
top: tor a1su II afl on, It I open at tne recelvl n B n ask) 
you take care when e1raw1ns concJen ers: snow tne water going In at the bottom and out at 
the top 

ati11e undl.!r r flux revent v btHe r :ict nt fron1 f capine; th r,e ction 111L tur ~ 
h t od conv r i n t pr duct i chicv . After tht! r cti n h, fini h _ th 

r tlu .. nd nscr is r 'Til v 1 n h pp, r us r n1btc d f r rdin ry disti Uati n. 
ur~ product i& then obtain~d. 

11 Furth r org .ni'C eh mi try (Topfc 8) 



your I 
7 Id ntlry the organic ,ubst nic = r n, ~ In Ing when eact, or th ro11ow1ng Is he cJ 

under reflux with a , ,01ut1on 01 pota 1un1 dlchromat (v~) In sul1Urlc acid. 
) CHaCH(CHa)CH20H 

) C2H0C(OH){CHahz 

C) CH3CH2CH(OH)CH2CHa 

Enmlnatlon1 
l J w t r 111olecu l is "Hn1 i n~t d fro111 , n I cob t , n . 'l'k~11c is orn1cd. or x !nple 
. rop n-2- ,1 en n, g ~t 

2 

h r u[ tw W f f C rryins Ut thi limit ti n: 

pa s ·the lcoh J v r heuted aJun1h1.iun, o ide 

n1i. th le h ] ,vith ph I h ri (v) , ci 

nol 

Cyclohexanol C ye lcnexe(l e 

'Th~ r a 't'ion 1ni ·tur 11 ndy b at an th vapour 
'th t c 111 s tf b ,ii..-v en _o and ~~·. b ondeus __ 
and coU ~et "'d. he ie:yc] hex n~ h s l1 wcr ilin 

-Thermometer 

w ter out 

I 

cyclo~exanol1 + 
_ ................... _ ....... - phosphorlc(v) ac,ld 

~ at r 1ln 

cyclohexene ---------'tcn1 er tur th n cyc]oh xan I it j not hydr en 
'b n, . ,d. hu it b i ls o,f~ JcL vin th t, s v 1 til FI u re 1l- 1 Tne laboratory prepar,atlon 01 cyc,onexene 
.. le hoJ behind. 

FI uro 11.2 summary or alcohol reactions 

he r~J, tions in r d r ti n~. 
br re~ 1cti.on in I re en is ~ub rituti in (h,!.l login ri n). 



Do not say that whrte 
rumes or whtt@ smoke are 
produced. Tne steamy 
rumes of hydrogen cn1orlde 
produo e a whlte1 smoke 
(of ammonium chlonds) 
w nan a e1ass roe a1 ppea 
In concentrated amm on1 a 
Is helcJ In tn e Tu mes. A 
common error Is to state 
tnat a posltlV result wltn 
this test means tnat the 
unknown Is en alcohol. 
Thie correct answ~r Tor a 
posltl VD PCI 5 ta t IS that 
tne unknown , uostance 

[ contains an -OH 11roup. 

Both Fe h! lng•s and 
eenedl ct's are ,al ka llne 
so1uuons contain Ins 01 uo 
complex co ppe r(ro) 1 ons. 
The red precipitate I 
copper(1) oKlde. 

t for 
Add I hos h ruY entachl ,ride to the dfJI su st:incc under tast. AU llkohol~ wilJ 

pr due st • 111y faun s of hy,1..{r 8 n chlorid . hi is a test f r n - H sr -t1r,, s - th 
sa 111t2 r. Sl'dt ii bt hu d ,vith c.-rboxy1ic 3 i ~. 

i th1su iah b t~ n an ~ c:id 1nd n d h I~ test the l H f th u st'n1c: . A1 1 h ]s 
:.1r - neutr~1J ,vhere the pf of ids is l g th-n 7. 

Test to dlstf nguls 1h a tertiary alcohol from 1prtma1ry 
and seco1ndary a1co 1hols 

w~1rn1 with ~1cidi icd cnasgiu 111 di, hr -nHt'Cc (v1). 
rti y lcoh l r n t oxi is by h tcd lution f pot iun1 di hr m -t (vI) 

nd ulfuric · ci n the so1uti n '"t ys r n e. 
Pri1n. ry . nd . cc 1ndary ~.1 ohols reduc th dic'hrom. t {v[) ion.s :1nd o turn rh 
s lu ri n fri ,n, or~rn 1 

... ti I rcic 11 . 

Do not rorgat to give the colour tJQTore as wel I ,as airtGr. 

Test to dtstJn1gutsh a prlmairy a1coho1II firom a 
se1cond1ary a1cot101I 

W.lrm with acidified p tmi~lU n1 id ich ron1 t~ (v 1) :ind disri I 10ft tho pro uct. 
rilu. ry 1 oh I vitHl b xi i d t n aldehy e \\tl-tich th~n giv red 

pr , it,i t ~·h 1 ~ rmed whh blu F hJin " r B 11edict' 1 ]ution. 
\!c nd ry lcoh J iv k t rn tb. t d _ no r 1ct ,,rirh hHnr 's r H n 1kt' 

whi h " 'ill tav blu . 
• 

sin, l ,r u t. n n11 l · the iti n f 

uh 1 ituti n: r11 tom I r r ru r ( :1ton1s r pluce&. a.uo'th r at 111 or roup of 
11t 111 in 1noJ u1e. · n xan1 le is the r J ti a b t~ 1 by r xid i n nd 
br 111 than.:! : 

t n1s h n10] cu le 
f, hy r s n · nd , J,1 rin - . t 1n 

'I-+ H, , .. 
P 1 n I ri • Hon: th u nds f 111, no111 r mol cuk$ Join t th r to forsn 1-n 
poly111ori h in . An ~ n1p:te 1 the p0Jymori~1t\on f th n to poly( th nc) : 

n I 2= 11:! 4 ( J-1 2 1-]:l)n 

11 Furth r org .ni'C eh mi try (Topfc 8) 



i l,1H n: in or · ni eh nii try. xiclati n is st d tin~ 
or th rein v I f hydr, ~ n. 

the I dditi n f ,I Ys~n 

Sec1 ncbry., I ohot& .ire xi _i~eJ to k t 11 &. ro hydros n t, Jn .1r~ rC11n v cl fron1 
th 1 ._ 1 oh 1. Thor ,Ott.:, it is oxidis ,cl: 

H d rot i : w~ t r~ ft n \Vith c,3.taly t of aci . r lk lt spHt 11 orsilnic mol~c1.d 
i.11t t\Vo J'J rt~. Th - H gr up j 1h1s oue pffrt and chc hydr ~ 'H .1 ton1 j ins the 
other 1 rt. .An ,e. an1 ,h.; h the h}rdro.lysis of' 2 i clopr n~: 

H + Hl 

A fro r=idi :i. I is ._ n 3t 1n1 r roup ot t,on1 ,vith an unp ired •. de tr n that it uses 
t f nn c v l~t c bond. A re r die Ji for1u d \Vh n . b nd br ,~ k h n1 lyri.cl Uy, 
, irh n 1 ctr t in · t c cb t n1 in th b nd. Wh 11 h1 rin~ i exp s c 

ultr._ iolet Heh I th 1 
. I- ] b 11 breaks b n1olytic-llty J.lld t\~ chl 1orin r:1dicah ar~ 

I roduced. A h sbho1 k llTow shows the tn v 111 •ut rf e~1ch electron: 

Cl• + Cl, 

A nu l t phn is sp ck s ,vith n 1 n p.1ir f cl ctr ns th tit use t I forll1 C1 V t nt 
b nd. Nucl~o11hiles C:Jll b : 

n tiv i n - for ... u11p] _ H- ~ [- t Ll N-
11cutt\.l 1n 1 cu lc cont iuins I y, 1 or ni.tro n tonu 
L nd tunn1 :nia 

Nucl.t;/ 10E hi1 e tt:ic k ~ c ntr in Lll focu I ~-

An I t r ,1hH i ._s1 ci s h~t ttck plce fhi h I ctr nd nity~fre ampl. 
the gr u1 in lkc11 s. h_ Jcctrophilc forn1s _ cov Lnt bond \Vith pnir of 
~ I ctr ns , ro111 the --Jectron-ri h it . ]e tr h Ue~ , ~ n be.: 

p sitive ion . tor cxnn1p'lc~ ~ H+ 
_ 8+ ton1 in m 1 cul s. f r , , m le. th s+ hydro 1; n torn in lllr 

n utrJ 1 m I :>c11 l.e th._ t I~ n h J t1 ri~ i. - 1· - XJ n1r,l • Br . r 

Und 
r auic r . et ions c n ' ~ lc.1rnt or th y can b Ln1der to d. The first t hi118 c d is 
look t h 1n1 l Ciu l nd sk your lf s Jn qu ti ns: 

• I it poh1r with a o+ ~it ? J s • it h Ii ~ly to bl' .attJck d by nude phU §. A 
hJ I p;en .dkJne h s 6+ c rbon joined to th 1 bi.do en at1d so u ndergoc substitution 
re cti ns ,vith nuc1 phU s. re&ultin in cht: Jo& f h Hd nJon. A i ns arc fi rn1cd 

urin . thi typ r fr ction, it i LlSU tly c n·i d u t und r ue u c 11 iti ns. 
oes it h v _ an J ctron-rich ~it gu h . s n _ n-pol. r 11-bond? Ifs , it h l 1k_ ly to 

b Jtt:1ck d by . n leccr1 l hH nu 1 then- fo , trons ,vil l forn1 u n bond \'VJth the 
c],ec tr h ii . 1 , n s ~ire iltt3cked by ~le, r10}1bHes. 
I th ,in 1l ul tl n-p 1. r, \Vlth ut sit of hi h 1 ctf n nsity? If , it ,viU 
r act,. ith fr r icaJ s. Li ht or pc1r x.idcs are usually nr1 1d t r du e th~ fr, c-

I 
The oxld a tlon agent Is 
usually written as, [O] In 
oxld at Ion equations. 

I> 
A bond ~n a moiecu11e breakS 
netaro1yt1aany wnon It rs 
att okea by a nuc1eophUe. 
Hetero1yt1c Tlsslon o, a oona 
results In ootn banding 
electrons going to the 
same atom. For example. 
when tne oH- nucleopnue 
attacks chloromhane, both 
01ectrons In tn c-c1 Dono 
go to tne cntonne, rorm1ng 
a c1-1on. 



H 

~ C (C ~OW)4Cl-l20l-l 

0 
Structur I formu~a 

rudi, al , n u-aq u u Iv nt (or g f lli-ph~ s r ju: ri n) and u1 tr,avi let li ht 
i ill ,r b bly b~ n 1c ss ry. Alk n s r et in this, y. 
Which bon wiU br k in n r . nic m lecuJ ? l rely wiU - l r c .. - . 
a-b nd brr J'.k. · = >- H or - l-i a1r~ n1or Hk 1ly to br broken. 

he Ul 1- u I. r (1 r1nuloc f a n1 un j ho~ d10 tlllnlb r I t at I11S O JCh 
l n1cn1t in on n1ol cu 1 f th subit'- nc . r x.1 mp] i. eh~ n1 ] cul r f rn1u] f 

oth 11oic cid h . ~:?H4 2 and th t f luc e i 6H 12 

_ h 111piri " I Ci r111ul. 1 f ~'-1b t nc i the hnp,1 st ,vh l ninn'b r ratio of th 
to1ns I t each elenl ,ut in the substalll'. e. or 3 ·xnn1f le~ th n1 , idea I for1nuh1 ~ r 

b th eth:lnoic ci 111 fdu ge is · .. H 2 • 

h ~tru tu I l r1 1ul:1 i a11 un 111bi u u struc ure th. t ho'\: h , the t 1n1 

h th 1 n1 l u t a r 1 r n c (s i u r 11.-9). h d;spl,111r.d r fi1ll sn·uc tur I 
:6 nnuJ f c mp und sh \VS v ry nd · ry b n . luc 1 o xi t 

si.. -1n,,1nb _ r d riug c 1111p . und. 

HO 

OM 

H ~I 

Clspl yed formula 

1 ur 11.2 Differ nt w y. of nowlng gmcose 

. ,., .... , ....... ,., ..•..•...• 
Make sure you use atomic 
m 15se5. not t.omic 
numb ri;, in tep 1. 

....... . ..... , ····~··· 
Th I c lcul tion is be .t done 
in the1 form of e tabl . 

En1pl le~ I fon ul 
1 h1a ,can be wor ed out fron1 th r re nt g by n1as!i of . eh rl rrwnt in rh~ 
,c: 1up und. The al ula-rion is done, in rh ref ~ta8t1 s . 

t _ 1 I : iv id c .. ~ h _ r n t t.; by th • r I ti v · .t 1n i 1 fl'.'W ss f the, ~ ] 1n ) n t to , iv , r h -
nLunb r · ( n1 le & f "aC h el 111 nt in I l f tb on1p tHb.t 

t p1 2: 'th a v. lu 1 s. vd11 h ar the, r t .. tive nun1b r 1 
_ nl l f ~eh eri 1n nt~ r~ 

th 1 i rided by the . n1 Hc1 t ]u . iV' tb rcsu lts t l iln :11 plac1.:. 

t 11 
: i the nu1n rg r~ not wh 1 numbers~ n1ultiply by 2 't e~ it that c nV1 rts 

th n in int crs. Jf no't, try mu ltiplyinB by nd I n_ until 11 th valu r 
\Vhole nu1nb r . 

Th int 1
• r bt in din 'th 111 1 stc r th hn 1 t rnti of th numt r f - eh 

c n1p und. h mpiri , 1 f rn1ul c n 1 ,v b ~ ritt n . 

A compouna contains 62.1% caroon8 10.3% 1,ydrogen and 27.6% oxygen by l mass. ca1cu1atg ttsl mp1r1ca1 rormu1a. 

11 Furth r org .ni'C eh mi try (Topfc 8) 



Carbon 6,2.1 62.1 = 5.176 5.176 Ca 3 
12 1.726 -

Hydro,gen 10.3, 10.3 = 10.3 10.3 
6 6 

1 1.726 = 5·
97 

oxyg n 27 .6 27.8 = 1.725 i .726 = 1 1 
16 f .726 

Th& emp1r1ce1 formula IS CaH80. 

A Sl: rC n 'ITI th d f r ~ ku L ti l1 ~mpiri<:. l . ·nu1 ]:.H?' i11 o1v tlu:: \UIQ or orn bt1 l'.l 

~ na ]ygis. 

wnen 1.00,g or compouna cont-1n1n,g camon, nyarogen ana oxygen only was 
Durnt 1n axe ss air, 1.7 4g, or carnon e11ox1a anCI o.947g or water wer rormid . 
Celcutate Its emplrlcal formula. 

An , 
1.7 

1uoles of C10 - I - 0.0395 - 1no1es ef C 

1uass of c:arbo11 = 0.0395 )I( 12 = 0.475 g 
0.947 

ino1es of H20 = 
1 

= 01.S'd 

11101es of H = l 01.Sl~ = 0.1,0S = m ss of hydrogen 

lURS'i of oxyge11 = l ,1010 - (0.475 + 10.105) = 0.42 g 

. U.42 .. 
1noles ofO - -rr,- - 0.0:2625 

To gat ratl o by moles dlv 1e1e Dy tne s ma 11est mo 11 s 1( oxygen): 

,oxygen = l 
Tne slmplest w~101e nun1ber ratio I 3C :SH :20. o tn · en1plrlca1 rorn1u1a I C3H802~ 

M I cul at f orn,ul 
Jf th Ill ] In~ i. l1 ;\rn, th m J cul r for111ul C l b caJ ul t rd tr 1m tb 

111 iri,c I f rn1ula. his is n in thr" t 

top 1: c~lcuJ ate the n, iricJl n1 r.s. 

t p 2: Jiv.i the m J r m~ 1y th J11 piri Jl n . s . he · ns l;![ i · ~ h I nL1n1b r. 

r p ~1 : n1u ltiply rho n.u n1b r fa rams f ea, h ~lement by the fru r und in r p .... 
t i l! the ctu:11 nun1berY , at n11 o · eh el~mrnt in th~ n1 lei ul . 



T 
Make ure that you 
show your working when 
calculatlng the molecular 
1ormu1a nom tne1 emp1r1ca1 
1ormu1a, 

rr 
The tll oro IC I ~lolcl IS 
tne mass, oT pro Cl uat tnat 
wou Id be farmed If the 
reaction went to 100% 
comp1et1on, w1tn no s1oe 
reaction i 

rn 
The pore t yl Id Is 
denned as: 

A ub itance x nas th emp1r1ca1 Tormu1a. CH. Th n,01ar n,as or x Is 1agmo1-1. 
ca1cu1at tn mo1ecu1ar rorn1u1ai 

n 
l = 13 

· molar 1nos !i = 2! = 6 
mp:il"ical n1 ss 13 

moleC\tlar f onuule = C' ~ 

Rea1ctron yl1el1d 
Th at tic I yl Id 

h t h t h 1 · i 1 cl i & in t h re s t ps: 

tc · 1: 1C kul te th m unr ot re c:r nt in 111 l s. 

t 'P a: us~ th r _ Jcti n s i,ch i n, _ try to 1i; ku la tc 'the a: mou I t f 1 r . duct in 111 le s. 

tC~1 : convert 111 · ]es o(~,r duct to Ul .SS otpr duct. 

----- ~~ 

Calculate u,e thaoret1ca1 yleltl Wtlan 1w 23 g OT Duta .. 1,s.a1ene react -I With 6XC9 - s 
bromine according to the equation : 

1C H,~CH-CH=CH2 + 2:B,r2 - CH2BrC'HllrCHBrC'H28r 

p 1 molar mas; ofbuta-t3-di1ene = S4gn1o1-1 
1.23 g 

a111ount of burta-1~3-die11e = 
54 

J i = 01.0-28 1nol 
gn10. 

· TI1e ratio of product to reactant is l : l . 
The bromine is in e cess .. so t11e r tio of pr1oduct to but .. J 3-diene, is 1 : l . 

anm,u11 of product= 0.022Smol 

p : 1nolar mass ofprodtu:t- 54 + (4 80) - 374gmol 1 

theoretical yield;; 1u11ounr of product (moles) mol r m ss 
= 0.02-8 mol :i< 3 74 g·mo-- 1 = S. · 3 g 

P re nt, yl I I 
h ctu I yi 11 i tho 111 ur n1 ss of h r du1c bt ine in the p rhnc1nt nd 

h usu Uy iv, n in tho qu sti n . h thcor ti -.1 yi ld h s to b cnlcul t d fr n, th 
jLI .. ti1 U .1nd the 111 .. S~ of react .. nt. 

w11en 3.21g or propan 2-01 wa heated une1er reflux with 50% su1rur1c a1cld anCJ 
potas lum bron11da, 4.92g or 2-bromopropa,,a was produced. Calculate tile 
pgrca ntagg y le Id. 

1CH1CH(OH)CH~ + HBr - CH,CHBrCH1 + H20 

11 Furth r org .ni'C eh mi try (Topfc 8) 



3.21 g 
amount ofpropan-2-oL = == 0.05351nol 

60g moll 

ratio of product to re1ctm?.t = 1:1 

amount of .. -brcm.1opropane = 0.0535 mol 

theoretical yield -I 0.0535 123 g mo1-1 - 6.58 g 

DI'! . , _
11 

___ 4,g2 g )( )00 _ 1'7,t got. 
... a y1e t - tS. S g - ,..,.. , a 

l r. ~1 l·~ , tion t1 k pil.t e in two 
d e v~raH t jCti 11 is: 

ith a n~i yjeld~ th I. re ut._1 s yi Jd f r 

,.,, h,0 
r,0"1i cf 6 % = mJ )( rrf )I; l Q( c:: 31 CX, 

M. k au1~ you c .u: 
, rfiw s e11et. I f4 rn1ula . for k h 1s ud hu 1I e; n 3]1 .1n~s 

aiv e 1upl s f prin1 ry~ second ry nd terti ry koh J nd h~1o n lkancs 
xpl in why th n J is soJubJ in \V t r '\Vh r s , hJ1 ,roeitl1 n i n 't 

b~ck th. t y u I a t1 \YTit e~1uati ns for the re~ction of al,cohols such s pro :in- l-10J 
with: 

oxy n (c n1bu. tion) 
,.'"idisin ents uch cidi 1-d pot ~siun1 dichron1 r (v1) 

phosph rus(v) hl rid 
phos h ru1(u1) iodide 
c 11 ntr t d u lfuric cid 

Y· u kn 1 : 

th t at '6 r ak h ls nd for ha 1 -eno 1 ne ? 
th 'l b r t ry pt l1r ti n f h l en alk .. nc ? 

M , k sure th t you c n "'rite u ti n 6 r th r ctions f h l cn.o lk n s 1u1ch ' s 
--brotnopropane ,;, ith: 

dilute aqueou H ion~ 
, t~r in the pr s }nc f Ag+ ion 
c n,c ntr ted c H- ions dh 'Iv d in crh. no! 
rxc ss .._ n1n1ont 

M,.1ke gur you c n dra,v, Lu1n curly ,Jrr ws, N l .ud N2 n1echanis111.~ Jlld kn v 
which is corr et for . 9iv I h l no lk l1 . 

opy th di . r n1 elo\v n I n1 k ur th t y u kn 1W the c rr et r ents nd ny 
n ce s ry c ndltion . 

--CH.1C H2 CH2CH 

Qu ntit tiv 1organic eh 1mi try 



__,....,,,, .... -y the ja raJl'\ b l \V Jnd 1n ke su e d at you kn - . the correct r a cnts 3.J d .iuy 
n , egs ry con , iti n . 

CH3C H2CH20~ C~g C:~·(zCiH20~ + Ager 

! Whi1,,;h of the tollo,; rin is the n1 st poJ r 
m l uJ nd, hi b · the l t 
l_ ) hlor n1 th n ~ br 111 1m th n r 

i do1111eth .. 11e 

b) fluolj n1 1 th n r 1n )th nol 

2 xpb.in why tlu ir methru.1 is huolubl in 
wa.t r~ ,vh~rc s 1n thanol is tot~Uy s 1lubJc. 

iv~ JO cxrunplc f'" :l halo en 'Eed ly1ner. 
tate I n~ u~ t this p lymcr 1nd n 
nvir nn, nt l pr lon1 r I ·t to its ·sposal . 

4 You , ghiten d:u~ un'bb U d sarnplos of 
01 BL ni,c Hquid . ou ki I rh t ot1e · he\. , 1 e~ 

nc i hexan . I and th thcr is hexan ic 

_cid. s .rib ho\v you v 1uld identL , eh 
Ubi tt'ln . 

5 t:scri the 1n.e 1,un· nl ot the r~icti. n 
be t\V n 2-'b n1 but u nd 1qL1 oua 
hrdroxidl' i -ns. 

G ,u, ,u,t th~ 111 hanisn1, ' dn.' ru~ L:tion 
iet\V n 2-chlor pr . ne .at1d cy.u1id i.oni 
t" =N) in a u u s luti n . 

7 ] in by it , n C:t.:SSJry t h v, s n11.; 
t!th u 11 pr~s >t1t fi r tl r a ti l1 'b 1t\ve 1:1 dUut~ 
quc us ~ 1dhun hydr ocid nd 2- i d p I t nc. 

8 A chi _ lll Jk n ·ont ins ~, .... .'~f c.1rb n and 
55 . 'X1 chlo1hu h,y n1 .. 1s . ,al , ubt~ its r111~,iri al 
tor111rda. 

~ A , rb xylic id ,. nt ins 5 o/Li c rbon 5 . . ~ 
hydro en and 44.4% ,, en by n1as~. Jt turn 
br \11lt1 li,f\ n1in wacc r c 1our1eu. 
a) ..lcuJ tCi' th~ n1piri J for1,nu'I I f the . ,id. 

) u s 1s b .. simpfo t truct nm fi ,nnula for 
thi c1d. 

1 U A ,c n1, und cont:Ji 11s 531. ,r;.f, L·arbon1! 11. 1 Yo 
hydro n ~n 3 5. 6'.X, xy i by n1as . 

) al ul t tl empiri 1 nnul I f " 

11 Furth r org .ni'C eh mi t ry (Topfc 8) 

b) Th n1ol r n1 ss h ( moJ-i. I du (' 
th m lecul. r ~ rn111 ht f X. 

) When c .c~ s l ho9ph rus p nt~h .. hJ rid 
, s added. 1

• J of drv ff 4. ml 
-· f hy 1: s n c h 1 ri a . u s t n 

~tructuraJ t~ rnlU h1 tor ' • g·iving y1 llf 
1 • sons. (Und r the 1 ·0111ditions ( the 
xp,crin1ent I n101 f" e;as ccu ,i e!il 24 dJ11J .) 

i 1 5. b17 - f cth nol ,v to J hot soluci1 n of 
potas iurn dichro1n te(v1) nd aulfudc aci . h 
tha n .. iJ pr due d \-Va distiUod tl. -tn 4. B 

of pur cth nal \-V. s o t~tln d. .1cu1 ta th 
pt: rccnt ' yin I . 

12 2-i d. I 'rop~n, ·an b ) n1ade fr n1 

1-c'hloroproptin by the two-st,1 ~ynt'hesis: 

H "' H l _. .. ., 

l f I e I has ri 3c % yi Jd .. nd s t _ h ~u a 

. )'Ml yield. 11...WCUfate th m SS of 2 i d ro 11 

111 c fr n1 78. f l-chl1 Ii pr p n . 

I l O ( the fit 'ly .. 11d tri t ~:irJt ,v:1s bo1Jed 
\\1 tb ~ cc s s di u n1 hyd_roxiidc and the s I p, 
s, dium near 'te, s lted r u.t. he yi ld ,f so p 
\Va. 7 .1 . he rcacti n is iven b J \\r: 

C 17 l135C O OC 1-1:z 

I 
C 17~35COOC'I~ + 3Na01-l - ~ ·-- ;c 17H35C:OON - I + CH2(0,H}C ~(Ol-l)CH20H 

C 17~35COOC H:z 

vi ld. 
I 

14 utliue a iynd, 1 tic route 1n n t n1.om than 
thr~ st p to, c nver the foUmvins. F r eh 
st p ,iv th,. r J ent and th conditi n . 
n) c~ F 2 ~ 11 ~ f.I 2 ., I r · A J 
b) I ~ H - _., H l to - I r, ~ 



mp i u I n 
1 o) Which i n t nucl 'ophil ? 

H NH1 I + 
J\ 112.l. I I- (1) 

b) i) Whi h cl~s ri'b~~ thf rQ~ tio11 benv eu 

... -chlor pf ,p 1e nd ,qu ous s iun1 

hydr 'd ? 
A fre rndi I suh~ti turion 
B1 nuclo phj\ic !iUb titution 

1 c tr hiUc ll ' diti tl 
' 

i ti 11 

ii) Id nrify the product in b)i). 
) Whk;h dt,sc1 ih s the r~ !lcti, 11 b~t"\v ~n 

br mine in 111cth-n ? 
fr rJdh: ] subsrltution 

B t1ucJ ophHic substitution 
.J ~1 ~~tt 1phi1ic adclitiou 

- idati n 
d) Which doscribcs the re cti, n bet '.,; n 

eth nol nd c .. ccs~ cidifi d p t. s iu111 
di -hro1n (,rl)? 

fr radi,c~d sub tituti n 
D I uc I phi lie sub titu ti n 

J Gtt·o1phiHc d ition 
'd t· _ 1-_~ 1 n 

( L) 
(1) 

(1) 

(1) 
) i) Whkh clfs ribes tl1c re ~cti n bet\v, ~n 

hy r ~tl ' r, - niide J nd pt f«M1 ? 

fr e r dical su tituti n 
1 1 ucl 1philic sub tituti n 
· ~ l t1 phitic ,a ' ition 

(l) 
ii) [d ntify th n1 u r pI1 u . t in ) i) . ( 1 ) 

( • t I 7 111 · r. k. ) 

2 a) fin thl t~rn1 nu I ophil . (2) 
b) nidc ions re:ict \Vith 1 br n1opiro·p ne 

in nucfo, philic ub ti'tuti n r . ,rti r . 

H 11, FIJJr + :t.: N-... ~ 

1-:(_~ H2 1 l N + 
i) r w inech .ni tu fi r chi re~ cti n. (3) 
ii) xpfaJn ,vhy th r ction b tw n 

y rdd ions u,J 1-i prop:in is 
fo1tcr. (~) 

iii) xptdu hy the r ctjon o 

nuclc phH u1ch cyanide i 1 

\Vith .... -n1, thyl-.... -br n1, p pJn.. t?s vi 

di ffi I nr ntcchania111. ( .... ) 
( 1; tnl ft n1a,k ) 

o} Y< u · iv 11 thJi ..: unt1b U d b ttl g 

ie nt inin hal I n lk n ,vith di nt 
h.dog~us. es. -rib :1 t t th. t you \-V uld do 
to flt1d which w~is J b1 n10 l'kJfl~. (2) 

b) Nam th r ni pr duct f th r ti 1 

f 2-br n1 pi p u with: 
i) ex,c &s .1n1n1 ni:J ( J) 
ii) ii cone ntrat ~d soluti n of p ta~ ··u1n 

bydr xid in , th n 1. ( l) 
} ... -b n1 ~2 ... n1 tbylpr p~u1c n 

fr 1u --111 tbylpmp n-_ - . l. 
i) N ~11n thr1 r nts uu th~ 

nditi ns. (2) 
ii) ln eh 1 r 1p r tion th h l t,t:,no ]k· n 

boils 101ft" l .. iving b hind any unr a r~d 
.. lcob t .. pfoin ·why this is ~ . (2) 

d) Writ ske l ctII fi rn1ulae of the, tl. 1 a 

branch~d chain irin1Ltry . le . hob, off rn1ut 
~HH H. ( ) 

f'f 'l., l 1 & n1nrks) 

4 01uider tho foll \Vin s.eri es f re ,ctions and 
th "n ng1J r th qu &ti n th t f1 ll \\': 

HBr NaOH{aq) 
C4~e 1111 C4Hg'8r ---.. .- C4~gCH 

ethanol I c KO~I 
A B C 

a) i) n1p un A h . n 1k n th t h s 
nvo B otnetri isomers. raw their 
true tu rnJ ~ rmu J c. (2) 

U) ~t, t the t\v fcoture s f the mofo ul 
th. t n1. k th · i ot11.crism p sibL. (2) 

iii) ta'c111~ \ h.rr you ·v uld s 3. iv J 

111 ll;! iC b ulic t sf f 1f th trn ti llill 

e;ri up presc nt iu ,011np und A. (2) 
i ) What type fr c i n h th c nv rsi n 

f c mp 1~1 nd A t, in pound B? (1) 
v) raw th n1cch. ni 111 f r th 1~ ti n of 

c 111 ound A with hydr n br 1ni . 
In u r ln eh n· m. th a]k n (A) c 11 

b r pr . ent simply s: (:ii) 

/ 
c- c/ 

vi) Wh t typ of r cti n j tbL: c n r&i n 
f n1p un B to c n1pound A? (1) 

Exam practice que1tlon1 



b) i) h ratin 1f . n1 

H) 

iv 1con1 ound is 
ub titution. Wh t · n 

nucleophH -? 

nude phillc 
1.t by th t rn1 

(1) 
ivc the tbn struc rural torn1ula ot 

c n11 . und (1) 
iii) ive shnplo h n1ica] t st f r rh 

functi 1nal roup in I n1poL1nd . 
~scrib \Vhl t y u ,v uJd s~ as !l 

r~su1t f chi .. t t. 
i ) tiV th~ fi1U struc tu r., I f nnul f. r 

th 0111pound obt inl'd by h . tin 

(2) 

-,n11 uud ,,i ri'th ckli fled tJssilun 
dj,cht"0111at s 'lu ti n. (2) 

) The :tlkcn 3-111 thylp nt-2-cn h t\vo 
" Ill ' ~ n1 tr1 1 n1 . ,1v1n y ur ~ ns. 

t t _ wh _th r th_ is n1 r sho\vn I e] \\~ is-
(2) 

C~2C~3 

(lhL I :t n1. rk ) 

5 n), ra,v the tnec:h~ nisn1 tor th r-ub~ritu ti n 
e,acti n ot 2-1.1.10 hyl-2-br n1opr aru! ith 
n1m ni . You shoul in lud_ U r J iV nt 

lon fl irs f L rons. (4) 
b) ' u11:e;t st th ske1ct 1 fo1 n1ufo f th p1 uct 

) 

rc,Jctin iodo th. n with tbc rin1jry 
(2) 

om t mp r tur 

(2) 

t 
(3) 

fI1 l J 1 I In. k j 

11 Further organic cheml1try (Topic 8) 

a) M :. than l is nun1uf ctt1r _ I by the n.:versible 
r cti n b tW en hy ro _ :11n n,d arbon 

ver o suit11bl~ 1cat ly t :1t a 
tup ,i tur ... 

... I : ~ (g) ~ ( ) ~ ., I : 1 _ I( ) 
-I= -101.k:J 111 l- 1 

x1 J in \\fhy 
i) l high ten11 crl tun, i n t us d 
ii) hi h pr u r is u 
iii) a eu talyst i u d (6) 

) ~1 in ,vhy 1n th n 1 ia 1~ s Jubl in 
,, t r. (2) 

) Writ stru tur 1 6 rnud • sho\j in t y 
clouhJ h u , f the rg:1ni pr ucts f th 
r 3cti 1n tnethan 1 ,,,ith: 
i) c . cess ildditi d po siun, dich1 111ate( ri) 

'\Vh n he , · und r flL 
ii) sodiun1 
iii) dan1p red h ph ru~ and ioJin . ( ) 

d) When th p duct of c)ii) is lltl d ,vith 
\\! t r, th solu don turn h t1 l11hth h: in 

,l,1in thi bs rv.ition. (....,) 
e Wh h of the foUowin aJ ohols does ni t 

ptoduc~ reen s Juri 11 wh n \Varnte-d 
with . ci1 j fi J p t i.un1 1, hr 111 tc (v1)? 

th "' 1] 
but" n- - - ,I 
2-n,~thyJbut. n-2- ,J 

h .. n ... ... ·1 (0 
('fi t nl 14 n1._ r 1 

) 



I 
In ome mass spectra 
the molecular Ion peak Is 
m lssl ng. Th Is Is caused 
Dy u,e n 1gn gng1rgy or tng 

~onlsatlon process, which 
is sumo lent to s pnt a~ I 
th@ moteoul ar Ions Into 
rraem nts,. 

rn I hnique 

IM 
r 11 n n pl n ti n of h ~ .1 n1. s~ p ctr m t r v-,.r rk c n , faun 

p 8 s 12- 1 ~. om l ~ an1pl !i of its Ui • r, siv non f B s 14- 151• 

Vi 'lu 11 fo in~orn1Jti n ab u . th 111 1 cuJar r.tructur 3 1 f 1 rg I i1c 1n l u'I , n b 
bt in d fr in n1n p, tru111. h fit t thin t J ,k for in n1 · s ei.:.trum 

is th pe k du t th n , l ular i, 1n . bi i 11o·nn· Uy the I k with the high t 
,nl v. hu~. I, \~ _ I\ m tin1 s th re is .1 p _ k \Vith 11 ,n/w v h.1 J 1n r thL n 
rl1r1t f th ni lecul:.u· 1 n ~ak - the i\,l+I p~lk. his is c·1u d by th 
1 f the rrrb,on 13 is it p 3 • h c rb 11-! ..: ntent f naturl l t~b 11 is I. lo/,,. s 
111 l ,cul ntainin ix c rbon t m h ~ 11 + l ak bi ut 7~ f th h i ht f 
th n1 J uJ r i n p k ( igur 12.1 n l s ...... 4) . 

--------

- ~- ~ --- -

) An organic conipouna nas tne mptrlcal rormula C~H40. Tne larg- 1"t m/ ZVSIUe 
In It mas p ctrum Is aa. ca1cu1ato tn mo1acu1ar rormu1a or tne compouna. 

) When p11osphorus pantachlorlde Is added to this compound_ 1 mol or H Cl per 
n101e 01 tna organic compounel Is llberateid. suggest posslble rormu1ae ror the 
compounCl. 

I r 
) Tl1 ma OT C,2H40 = (2 12) + 4 + 16 = 44. Tl11 I n lr OT SB~ 0 tn 
mol · ular rorn,ula I C4.He02, 

) rn HCI I prociuo C1 In a 1:1 ratio. o tnere can De only on - OH group In tn 
mo 1ecu le. son11 po ss lb 1a ,u D ta nc:o are: 

C:H CH-.CH"t - OOH ... .. 
(CHJ)iCHC100H 

CH1COCH.,CHiOH 

Further study or the mas, -pactrun1 can help to Identify the ,ubs,tance, 

Frag 1mentatro 1n of th 1e molecular ton 
h~ j ni lld n J ro Si , us.-s th' m iecul. r ion to b in hi gh- n rgy st.1t . M 11y 

f these \ n& bre ,do\v1 into r,; , fra gn1 ntY - a r di .11 ._1nd a p siti i n. Vari us 
functi n l r u I u e n1 ]ecul t r .i k 3' ,art ht h c teristi~ r y ·. K t ne 
t n t I br k wh r the ==· r 11 bi nds , nt1 n f th lkyl r up ~ r 
x mpl ~ but. n n . r IJ "'l l., giv ~ . 111 1 ul r i L p k t ,n/. = 72 nu 

Ma 



T 10 1 .1 common 
'fta8men ts 10s t 

15 rCH3 

29 C~H5 or CHO 

3i CH~OH 

45 GOOH 

77 CeHs 

• •••••~••••• A •tJI• ••••• 
No th srn II (M + 1)i pa· ks 
in both s pactra. These are 
caused by j3c tom in th 
motecuf . These (M + 1) 
peaks .are som dme 
mi d out o,f m,ess peot.ra 
in A~ev I que tion s. 

p k] c rn/z \ t lue i f 7 (I ~, f" H ), 4 (J &s f 2H!).• 15 (c. u d by HJ+) nd 
2 (c us y 21 +). typic J r uk be: 

... ] 13 Hz '.'> 1-]3"" -4 1--13• i' J l:; l-12 .. c + 

h fra 111ent~ i I.! clu s t che t~oupg that arc pre ent in the n1 IJ 
.r up h s l n ass f 15 unit&, n \ 111 of 111 s (~1- 15) indk·ttes th t th subst n e 

h s 3 . roup: 

(R H.,)+ -4 R+ 

I 1nas o of s n1 

i3 

1nm n t . gn1 nts chat a 

b ~ n1 s sp c t "lBll of rh u 

v, lue 88) ~,I I h~ d p 'k ,u /...., v lu 
f'r:1 1nen ts bow th. t the su bs.t:.in t: h.1 i • 

H gr L1p (HI/ .. c::: ... ) • ) 't C ru t h. Ve 
l th ie r only t,vo o .. y n t 111 iu th 
to rn1 u ku. in d~11 ror d x m] 1 - I " H ~ 

1 d - H 3 - 2 H 2 H - 011Jy t'h I tirs·t haQ a i ~ and 
tbh i.s th c n1p · u nd. 

giv u in 12. L 

t HI/ 

h 

gr u s 

rop" n-1- 1. nd l r1 p u-J- n b 1 ,., i is cl t I ror,,an L_ 11 ~1iroF none r sp t1v~ly. 
h 111 S!i p tra of tbe oxidati n pr duet : r hov- n in i~trr l ::! .1 and L:! .2. h 

m Je ufor i n s t uJ/~ - 58 c3n 'be ;e n d r 'ly iJ1 b11 th si"e1 tr·1. rn th ~ s1 l;trun1 
f r ,r n 1 th re i I r cak t ml- == 2 , which i dD t c mbin tio1 f th 

:2H + nd H + p . : 

H + --+ JH + + H • nd . 2H~ H + -4 21 • + 

1 oc 
CHO+ end ,-2Hs+ a- 1 ea 

CH3CO+ • 

j ·1 
C 

Ml!fiii .. 
! 
:! 

CH3C f-l2C f.lQ• 

80 

60 

40 

20 

c ................ ..+oM ..... ~-+++""-.................. ~ ............... _......-.++M+l-.-. ......... ....+f~++-

10 ,s 20 25 30 35 40 45 50 55 60 65 70 75 
rnlz 

! 
• ) 
~ 

ao 
H3CO H3+ 

so 

40 

CH./ 
20 

o ....... ...++o....,... ....... ~~ ........................ ~~ ...................... ...++-.-

lo 15 20 25 ~o 3S 40 45 so 55 GO 
mlz 

A u I o 12. 3 Mass spectrum or propana1 FI u,o 1 . Mass spectrum 01 propanone 

he p 'CtfU Jll -f rr 1J n 11 h \V p k u t fr ' Jn nt at 111 /. = 15 ( nd 
rul = 431 ( Ji a +) : 

H 

_ ur 

• nd H+ 
3 

p otrum of butanoic aid~ CHaCH2CH2COOH. h s a peak at mi;z -
43, Writ th equ tion for the formation of th particle th t c ue thie p ak, 
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M,ass spe1ctrometers rn1 the pharma 1ce1ut1ca1 rn1d1ustry 
Wh 11 p t ntiJI clru , r wl p . th(;ir id t tity n1tut b, nfin d. h r l ri 1 

n1ixtur is _ IT t s parate _ 'into pu r~ con11 n 1 11r by h 1 b-1 1 rf nn. n c li,1uj 
chr n, r g1·aphy (HPL ). h th 0 1 • ii tho s~1111 !U th t the ,hron1~ to ra1,hy 
studi Jt J; bur~ in HJ L ~ th@ ~elution n1i cuce ji fot~ed undt:r pre sure 
thr u b ]un1n c nt inil sol id , rb nt n t ri l he di eret1 t , nl'P t1 nts 
r 1 !i pL r t, d uic 1y nd ff tiv 1ly. .. 1111 1] Jr th _ n n 1ys d by "l ~ i lis_d m es 

M 1 st ph:1rm., ~cud Jfa are ni t the,rm Hy 
h refore. the usuL,'l n1eth1 1d bo111bardin thc-ir 

v our \Vith 1 et· ns w u l c u con id ra 1 
J -on p sit ion . Ins d~ m 1 u1 1... nt inin b::u , 
such n - N 11 :! r 1..1 t re pr t n t _ by :addi n 
methl noic c id. his .n.1 Sc s rhc p t l; u ti.: 1 _ ru 

n1ol 1cul'I to becon1,e p ~iti ,ely eh r e . A s luti, n · f 
h 1c:hJrscd n1 1 cul i spray int th ctr m t r 

and th lvent is r pidly e ap r tie udn~ L l st'r, h, 
positiv ions p s~ throu h ihe sp ctron1et rand th~ir 
mohn n .u; g der rn, j n d. M1 It cu J & ot1.t.tin in 
n 1cidic r1 up ( uch i ) r tr at~d ,vuh 

a1n1n _ ni ~ \! hi1 h dopr t n t th m . n produces 
n B tiv ions. h n1 I 1,ul s r th~ri S'J r y d into 
the s ctr n1 r r. Mas spectrometer 

ion 
I 1ectro1r11 agniet le rad I atl 01n 

n h f n os, Hfatin 1 ctrk 11 m_, n ti fi I _ 
f 1 ,vi ~,c1 r. n f , c1qu n fo ( L bi L.;. . .2). rn 'J \"a . Lnun~ 11 ht tr. v h r ., spc f 

3. x 1 n1 a-1 ( 7 O O n1H per hour). 

Talll 1 . FrequEmcy, wavenumoer aina energy or cllfreirent types or e1lectromalgnent1c rad~atlon 

. 'Ft~q::a~11·c~fMM1.'· , ••.• _ ....... ~·-, .... ,., .. ,,1 

.. i~rfo,1~~YJ·:~n'r'(photo11 . 
----- - -- - -

x .. rays > 1ou · 3 x 106 .., 7 10-'-7 

Ultraviolet 1 1oe1 3 104 1 10-10 

Visible - blue 16 10 2.1 X 10A 4.2 !Q-1G 

Vieible -yellow l5 X 108 1.6 ,c 104 3.2x Q-10 

Vi ibis r d 4 108 1.4 )( 104 2.8 l< 10 iQ 

lnfrared -3 109 10000 2 10-10 

Microwav s - 3 )( 104 - 1 ~ 2 X 10 22 

Radiow v - 100 3 x 10-l - 7 X 10-28 

lnfr i d b orption 



It I •t t t •• t f • t I 

Th larger th wevenumb r, 
the high r i th I freq u ncy 

nd the tar1er is U1e nergy 
of 'the radiation. 

r quen.:y i ll'UHl ur d in htrr2. Hz (1 1 z - l -i). he tr qu~n y cletcrn,in ~ rhe 
1C 11 ur ncJ th ncr1 y of th H-ht. which is !cul t~d by eh , xpr ssi in f rn1ul ted 
by M X I] Dk: 

::l In, 

wh r I, 1s Pl nick' const ut nd ,,, h the fr u n y. 
do' Hght~ its frequency and th~ , a le n th ~ 1 con1bh1ed in the ,et1t1Jt1 n: 

, d f H ht n A h h ,.. , v l n th. 

Wheu t1f tro1nagnetic rJ,J.i ti n i f. s ·e ~ rh ugh ti c iff"r t i n sratin , it is split up 
( ccttun1 cc rdin t the tr u nc y o th r. di ti n. Vi ible1 Ii ht h1 sp] it ,y 

ri m. BJu lisl1 i r fr ~t ( ·nt) n1 r, h n r d li ht. 

rlitibo,v ia caus.~J by dr pi ts f rain pHttin up wh ic H .ht in to its 1c 111 · n~nt 
11,,; ]1 urs. 

Infr r d r dhiti n i!; l £ n11 1 f lcctr ,111 a 
l u r ,v v 11 n th, h_n thlt of i;iblc Ii 
1:a h r thJn b rt ~ for fr qu~t1cy~ be ~u 

n tic: r di: ti n th t h. ,s loi,, r fr qu ncy, r 
ht. [t i 111orc c nVI ni 11t t . use \ ~ vcnu n1b r, 
thie h ~ 111 f4,;: 111 :u1 JQ('Jh]e 11un1b r. 

[ 11 f ra r d l i gh t b a , \v v nu 111 b r b 1 \Y l ) O c 111-1 , h r , yell \V Ii B h r has 
w 'lfnun1b r of 17 l c.111-1• Au infrar d Hn ::t't 17~0 11,- 1 ha fr queucy of 

5 H~ l,J H nd v Jen th f 

Absorptron of energy 
A n10,le~lll" ,c'11'1 -bsorb l'nc,r y in nun1ber 10 w ys: 

• ti n'11 n r · n1 1 u1c ins kinetic ~neL· y , nd n10 . s fa t r. 
H atin . ubs.t. n 1.: c u .s: it t in kin tic n r~y. 
_ ~o tniti nnl ncrg - n1olc,cul ror:it ~ . . ut 1ts c ntrt) of n, .. s~. Abs rt rio11 of 
ll11CTOV,l3\ C U S .Ul incrcaSC1 in I C:l'tio1u,l encrsy. 

; r ti n I n r - the to111s ln a mol cul vibr.itc in different way . The 
b nds n stretch or b nd. AbsorE U n h1 rar d n rgy , au~~s an in r..: , i in 
'Vi,br~ti n t 1I nftgy. 

,I.: t r n "it n1 n l - n elc,i.;tr n in n :itoan r nd h I ron1 t 1 t .. 
hi h r n r y l v 1. A , r d n of · ible r ultr vi lee ligh re&ult in , lc,ctr n 
.chc111nt.lns1n s~th l -tr1 nis xcir t su -h , hi hlv!tht 

1 v ., lent b nd br ,.1 s. r x :1 mp1u the b , r1 rj n of ultr.rvi It.a r ·is.i'bl li8ht 
by chi rh1 1 usu .Its in t'.h 'I- 1 nd br 3 '.Id n h 1u1 1yti ~ .1 Uy. 

lnfrared ab orptro:n 
or a n1 l~cu le to ,::J bs rb in th~ infrarcd, the vibration n1uit i nv lve1 Ll. ,cb ng in 

th di ,1- tn, 1111 nt f rh 1u I u l . M 1 u'l s. with n n-p hr b nds. ~u h 1 

, . y n nd nitr . n1 do n t b rb infr r d r, ' i ti ,n. his is 1; hy th y r~ not 
grc , n ho u g _ e . 
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r -pol 11101 cul 
Non ... p l r 1nol culc tb t h v p 1 r b n _b orb h1 th iufi· r~d. Th~ . in lud 
· Jrbon dioxi ~ Jnd n1 th .. 111 • 

I r n di 
y n is 1111 r 1 c t:r n 

o+ ancl th X~ 11 at lTI i 
ur and thl n, 1~ uJe, h n 

vUn .. 1t ( i u 1 ~ l.. ). 

tiv th 11 c rb n, 1 the rb n at 111 in c, r ~ n dioxi is 
- o,v v r, th n1 le uJt;; i Bn r~ s } th _ip 1 s ,~ n ~1 

n-p 1 .. r. I h r_ t tht·-~ w .. ys h1 which th.,;i n1 112, uL 

Asym m etrlca I stretc h1 Ing 

sym m@trl c:a 11 stiretc~ I r, g 
Bending 

n1n1etrica'I str~tchin . 1 s not ,ausc d1d1 in 1 1non10nt nd · 
d 1f ~ 11 t bsotb i nfr_ r d TJ1Ji tion. 'he orhc.2r C\\" n1odes cous J h n8 ]e 
n1 Ille nt 1 011:1 z r1 lU l re, s:1i t t! i u tl J red acti '. . bon di, xi i , h ,r t 1re, 
a orbs iulr red rl diati,- n and is a r enh usci sns. "'rhe infrar d s ecrrun1 f carbon 

i xid i sh ,v1 in j uro 12...1 . 

-

50 

4400 3900 .3400 2900 2400 

FI u1 o 12 . 4 1 ntrarea spectrum ot caroon cHoxJ de 

M th*111 

Asyn,n, trlc I 
stretching 

1900 

B ndlng 
mod 

1 00 900 
W numb r/cm-1 

he - 1, b nd i p1 I r th lf ,ctr u tivity f c rb 1n i 2.5 n th t t 
hy ro n is .1. I v r~ th 111 rh n n1 l c Lll ia t rr h Jr t th ipo] s 

.1nct'J and eh_ n101 c1.1l ha no di la 1110111 nt. Any ~uyn1m rri al b,_ n ins r 
srretclliu use he 111 · 1c ~u] to h~ e l dip fo n1 1n1,~nt. h1.;reft r ~ u1 dtJne 
~bsior s i.ntrarcd r. di tion. 

lnfr i d b orption 



, •.....•.•.• ,,, .... ,,,, .... ,, 
Aryl r-,fere, tor compounds 
co1·1t i ning a Cs be ra: n 
ring. 

Pol r n101 ecul 
n ~, IJr n1oleculos r h1fr r d activ . 

'1l r 
h OXYB n t n1 in O 11,1 le ul of w t r ha- a11d h._, h: r 1 ne irg f oJ l!tr tli. 

Thh r su lt in the niol cu le b in n n-1 in Jr nd. ther f re, p l r. It b~ rbs 
infr r d r diati n in _ H its ndin nd . tr tchiu modes. lt h. th n1aj r I r~~nh us 

. in th Jt1nosphl! r . 

t nh, n 
1 ctron g tivity f nitr s n i. ~1.0 nd th t f xy n i \ , ~. h r f r H 
b tw n nitr _n nd xy n r po! r. Ni'rric r 

I id ~ N . is diat n1i 
n1 1c ulc. nd h~u . . dipol n1on1cnt of . t r . Nitro l:n di xidc,. N 2. h -sh cid 
tn 1 ~ u 1 \\1hh dip l m rn nc of U. U . P' h r f re. b th .. ides r' infr r d 
[ di ~·ti l1 :111 d U [ ' r I l1 b 1.1 S 

A11 i tl fr red sp , t1; n1 ter n1 l? su r rh rnnount f rJdi~ tion ab~orb cl . It d s thi. by 
s Uttinp; the inc idL: 1.1t bi.:~1111 f rodi .. uion into t\l . 11c1 bt k 111 assc throuah r fer "'l'lC 

cell u · the·n o & the det _ tor~ the tht= r goes thii u . h the sl 111p] t th det t r 
( igitr' 11 .5). h Hfer nc betw,~cn t~lf two an1ounts 10 1f rad 1ati r, arrivin nt tl, 
tfot ctor i the n1ouut .1bs rb d bv h c:11~ 11, kal. 'h t1n 1lc f rhe diflracti n r.1tin , 
is ilowly nlter d , that iffi i n fr que11ci , e p thr ush the 1

[ · r tu~i h liqujd 
. 111pl is nd,vich t,,,; n nv I ] t s f tr n p r nt g 'un1 hl1 ri . 

IR 
source 

Sample 

Referen,e 
cell 

• 6 Represen tan on oT an mrrarea pectromet r 

Detector computer 

- v .. l nt mol cul Jbs rb r di3tion f iffi r nt fr qu . n,i ~ 

\Vh11L:h • r norn1 Hy nl J.9Ured a w v~11un1bet . n intn1r d ' l ctru111 usually h 1 • 

tJu~e fr n1 4 nocn,-l to · o cn1-1. 

h - b nd · b orbs c round 17 cn, ... J ~ but th ctu 1 v, lu e nds on th 
th r .. toms Jtt. chcd to the = group. his is sh 1wn in ~- . bi 12 .... . 

T blo 12. Absorption frequenolr s of d1ffer11nt C•O sroup~. 

Al ky1 a Id hyd 

Aryi aldehyde 

Alkyl k tone 

Aryl ketone 

CarboxyUc acid 

Eater 

Ac ,d eh lo ride 

Amid 

172&--1740 

1,690-171 

1710-172E 

11680....1700 

1700-1725 

173S-1750 

1B1S-1S2S 

164~1680 
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rber typ~i t 1nd t soi t dirf re111r fr quen.cie ~ ut th actu .J 
pct1ds on th n i hb uril1 1n nd 1~r ups ( abl 1 .... . 4). 

T b I 12. Ab orptJio n fr q u ncl e of o,m common group 
~- -

.Bo.nd 

0-H 

N-H 
C-H 

C-C 
C=O 

C-C 

Alcohol (hydrogen bond d) 

Alcohol (no1 hydrogen bond d) 

Ca rboxyUc acid 

Amines i(hydro,,gen bond 

Alk rne,e 
Alk n s nd aren 
Aldehyd si+ 

Alkan · 

S 1i bi 12.3 

Alkenes 

200-36,00 

31600-3700 

2500-33'00 

3300-3500 

2850-3000 
3000-3100 
2800-3000 and 27~2760 

1360-1490 

16510-1700 

These pe, ks ,re very bro d bee us of intermo lecul er hydrogen bonding. 

h r . i t J v r ut l' Ocm- 1 h kn i\V 

111ple ri s f pe. k th t d p n s n th x et 111 un I in . 
hUJTl, Jl tl11[; T[ rints ·:in b n1~1tc: h by mput T to 81V Ulli~}U id ntifi _tion, S 

c . n1ptncr nalysis o the u1 . r riut rci ion can b ~ u sed to id ntH1r a ure unknown 

or ani1
~ u t nc . 

1 n th it1 fr ri d spc1~trum of r n-.... - 1 hol J. in i. urc 12. : 

·rh bro a p ak t r u nd l :i cm- 1 is du t, hydr , n-b nd ·d 
the -e k ._1t 2 7 cn,- 1 is du t th - H b nd~ 
th~ ._ k t l3 ,cn,- 11 is du~ to th - b nd 

~ ·~co .. 

.m 50 

O•- ..-....-...-....-....-...-. .... .,....,... .... _.._..__,.__,._.._....__,.__,._..__,.._.._..._._. 
4000 3000 2000 

Figure 12. 1n1rared spectrum OT prop1n-2-01 

1500 1000 
wavenum be rtcm~ 1 

lnl r r d p ctro c,op 



.. ·········~················· Th absorption by C-H 
bond is oft n ma·sked 
by t - broad p ,ak due to 
the 0-H bond at similar 
fr quen cie, . 

EXamln tn 1n1rarea pectrum or etnanolc acid . 
.-..100 
'I!, -et 
C 

Q...._. .......... ~.....,....,....,....,.---....--...................... -.-....---~~------------------
4000 3000 2000 1SOO 1100c 

wavenumber'/cm-1 

Assign the peaks at 3000cm-1, 11oocm-1 and 1400cm-1• 

) Why Is ttl9 peak at 3000cm-1 very broad? 

I 

t Tne peak at aooocm-1 Is due to the O-H aond In the carooxyllc acid group. 

Th r.:,eak at 11oocm-1 Is du to the C=O bona In tne carboxyllc a1cla group . 

Tt1e peak at 14oocm-1 1s Clue to tne c-c Do1,a. 
) The peak at 3000cm-1 1s vary broad because or ths effects or 1ntarmo1acu1ar 
hydrogen bond Ing. 

1r If 

Suggest thQ wavenumbers ot the peaks you would see In the range 3500-
1soocm-1 or tne 1nrrared spectrum or QtMyl etnanoate. CH3coocH2CH3• 

,Success of rea 1ctlon 
Jntrarc s eetroscopy c.1n be use ' o gl, \\" \ bcthor I c-ction h s t~lten pbee. h 

ctrtnn f thf fin J r1 duet is c n1p re ~ ith th r of the orisina l re et· nt. r 
1npl . if n lcoh J i in oxidi cd t n ldehyd r , t n ~ th p k b t~ n 

-200 an ' - O cn1""" 1 cLusc by th tr t hing f the - -- b nd h u Id n ,t b fr und 
in the sp ~ctn:irn o rhe 1,fi u t~ but J l'H~ k b twe 11 17 ~ and 174 '"111- ~ du to rh~ 

== bot1d hou Id b · ~10. dy isible. 

If ' utan-2-ol i hca.ced ~ ith n oxi · in g nt. but none, sh ul , pr duce . -
I . kin ~t th ap tt. t efor .. tnd ft r th - exp rin1 nt ( i uf , 11.7 nd 12.B) ~ nd 
, n1pt1 ring tl:lQJn ,vith a 1 i1br~ry r sp . tt. {WW\V. I t .go.Jp r w,vw.rod. avon.clara.n. t)~ 
ir can be, se 11 vvh th 1r r not the xidati n t ok hu: .i. 

12 Mod HI n lytic I techni,qu (Topic 7) 



N t ,. th t the Jd 1 ea du ~ r 
at 17 15 cn1- 1 u t · = h s p 

oup t 1 = r up. 

50 

c-~ 

- Ha .3, u . n1-~ hai di~ 
his c nfirms th 

c-c 

Q1hr~ , n :J h rpp ~k 
,xi :tti n f th H( H) 

o.,.... ..... ~,..., .... !l!ll!!llll.,......,1!!!!1111111~..-.-~-.-..l!!!!!!!p!!l-.--.-..-.-..-..... !l!!!!!!!!!!I!~ 

4000 

- ,co = § 
j 

~ 
50 

:acmo 

C- 1-1 

2000 1 00 1000 500 
w Vi numb r1cm"" 1 

c-o c-c 
O_..,.!iii!iiiii~~....-...-....-..... ....,.iiilpiiiiiiiiijiiiiiiiii~,......~iiiiiiiiiiiiiiiiii!i!iiiiijiiiiiiiiijiiiii..-iijiiiiiiiii..-..-.--..iiiiiiiiiii 

4000 3000 2000 1500 1000 '500 
W v number,cm-1 

u m y 
M kt! iU t e you an you id nti y: 

th fr g111cnt in .1 111 " sp ctrun, by d ir ml"" r ri 
the bonds in a roup th"" t caus~ ~ bsorpti ns in infi·.1re ~pectra~ ~ivon 3 Lbt "' booklet 

• t.h 'or1nulJ fa uhstanc i- ~u ith ,.r r 10th 1 · f m3~s .. nd iufiared p ctr 

FI ur 12. 7 lnTrared 
spectrum ot Dutan .2 .. ol 

1 u r . 1n1raree1 
sp -ctru m ot outano ne 

lnlr r d p ctro c,op 



I 
1 Br n1in h s t\v I isotoF 1. ' 9 r n ti .i r~ in 

qu J t _ p · rtio.11 . ·t,ch th 
D'.k~ S • p tn.1111 f br min in th ,u/. 

J 55i t 1 5. 

H · H • h s 1 k t ru/ = ... i11 

it n1. s p tn.un. 
) Id utify th spe i s r spon ibJ for this pe k. 

b) Writ) the 1 4Lmti n r it~ i rnu1tio11. 

h nt s .. sp ctrun1 b 1 1W i th t f pan n . 

·f 100 

! BO 

I 
J 60 

40 

20 

o ~~ ...... ,... ..... iw+4i.....-...... ~~~ ..... ~~ 

10 l S 20 25 JO .l S 40 45 SO SS 60 
,1111 

Id ntify the l 'ak 1t "HI 
1 5 -1d ~ ite quati ns t 

of thQ , e 'i ~s re$ 1 n j bJ c 

akt s of 58~ 4~1 3nd 
h w rh roru atj n 
r these p Ctaks. 

, J 'le u 1 t th n · y . f 1 111 1 f hot f 
gre n 1ighr ( fr qu n,cy 5. 7 l )14 I Iz. 

(Av gadro nsl .. uH = 6. 2 1t "'.3 n1ol- i : 
Pbnc ~s con t nt. h = . 3 Jo- 4 J s) 

12 Mod HI n lytic I t chni,qu (Topic 7) 

lcubt th frequon yr ui d t br k 
hlorine nt, ] 1.:ul hotn, lyticruly. 

( 1- 1 b n . nth lpy - +242 J m f- l: 
. dro ,,:: 11 t nt = . _ x I 0,.31n 1 l ; 

P'l.1n k's conatJt1t Ji = (J.63 X l - 4J s) 

6 x.1n1inc th infrJr~ s ,tra A au b 1 \\'. 
ne p ctrum is h·Jt of r p,anal· tb oth r is 

tha r of pr pd101c: _ci . 

c ,co 
u 

111 SC 
~ 

0-... .................................... -.-~ ...... ..-.-..-....... 
4000 3000 2000 1500 ~OOO 

w rvi numb r/cm-1 

~ so 

o---.~""""".,..~l!!!l!!!l!!ll!~!!!!i-l!-.-.-.-~!!!ll-i-.-..-.-
4000 3000 2000 1 '500 1 OOO 

wavenum b1r1cm ... 1 

Jdcndfy th~ k& in A ot J 715 cm- i tad 
14, ... l 111 - 1 nd th p k in t , m- 1 

l71 cn,-l ~ nd 141t1cm- 1. _ _ nc d cid 
,vhich sp ctn.nn is ·eh_ 'C f rrop noi~ Jcid. 



mp i u I 
1 0) 

(4) 
n1~nt t 

(1) 
dJ A s spectrum 

B 

C.1-12 (1) 
r tal n1ark ) 

2 :i) ot11pound X ot n1as l. Ing wo burnt 
. d ., f.. 'b ID 1C' ~ oxys n TI _ .... ,,.;. C r on 
d11 ~dde nd 1 ... 4 8 f WJt r Were }'1 du.· d. 

:11cularc1 th :J ell1l 1irk al foe n1ub f .. . ( ) 
b) h ,v G found th t the n1 le u br ~ r1nu l 

is th SJJ,11 as it n1piri,cal f rnnd . 

i) W h n .i sn1J1I pi of sodiun1 was 
3dd d t mi fA e ol e rbich 
i nitod ,vhcn lit. 
Id ntify h n at t , h t this 
reaction teUs ubou t th n tute of ". (:?) 

ii) When jg '\V.trnicd with cidi· ted 
ot -shun die h n1· tc (v,t), the r r 11 . 
oluti n gr n. 

Writ~ the s:k leti11 forn1ut rof th_ "l 

C n1pr un S thitlt c: OU Id be .. . ( ') 
iii) he 111· ss s e trLu11 of h p a 

t m I "' of 7 ~ n d 1 u t n n t ...,; r 
t 4- I 

ldontify .JuYtify you r cboic . (2) 
iv) Write the ..: ,qu ation gh wit\ the 

6 rn1 ci n f tbe ~ci, s of tn l.~ = 3 J 

fr n1 · h m 1 . ubr j n. (2) 
) WJ1 n the aui pro u t o rh re3ctio1 t 

f' ·. \vith odium ,v ._1dd d t ,; J.t r 
str n ly .: )kdin 'lution w oht iJ1i:1d. 
Writ th qu ti 1 n fi r thi tii tti 11. (2) 

d) Wh 'n " \V~u r act d with ~H.:idifi~ d 
pot~ssiun, di hron1 tc1(\r r) t\\'r r, :111ic 
,c n1 L11:1d , ukl t: [ r du ed. Wdte tl 
structur. I f 1rmut1 of rh g t\ , mp uu s 
and stnte how infr rt:d ~pectros opy could 
dis tin SU i..:;h h c twee n chem. ( ) 

rrotnll 2 n 1nrk ) 

Exam practice que1tlon1 



···-······ .. ··~· -~ .. ···-· Ra,di tion consist of 
tre,a1m of pecket of 

lec:trom 1gneti c n 1rgy 
1cell1ed photons. Vi ible light 
photonB h ve1 moir n rgy 
than infraried photons, 
bee us th y have a higher 
frequency (for blu light, 
,, = 6.4 101A Hz: fo1r 
infrared radi tion, ,. i5 
round 3.0 x 1014 Hz). 

Do not conruse he at with 
temperature. Temperature 
~s dets rml ned by the 
avera»e1 energy or tne 
random mouon of t-he 
atoms and molecules. 
A beaker or water at so 0c 
1 notter than a b atn 
rut I or watir at 40 ~c, 
but the amount or heat 
e nersy In the1 bathwater Is 
conslderaDly greatll1r tnan 
tne neat energy oT tne 
water In the b1eaklar. 

h h t l \ th n1 dyn 111 i th t ,n r 'Y t n ith r be1 er t n r 
dc~troy d. I 01vl'v r, one rn1 of n r y 1 • n h, conv rt cl int . n th 1r. his I. w i 
s n1 tin1es cL Ito · th lr., o n . · r ,,ti,nn of n~rg . r u. a1n111 , ,vii n p r1 ol 
burns in a car 1n inf~ tl1e1 chen,kal en fl y f he pftr l-air 111ixtur i n ertu 
h1to th kin d e,n~rgy f th c r. v ~u s inc I h Jlt n is un . 

r~ V1 riou f ,rm , f n r, y: 

r. - ,vh n for e n1ove n bj et. 
_jn ti _n rg - th "'ner y du to the in _ tion f b dy. h~ value h. _qu I 
c, '.'11 h If th u1Js. rh body n1ulriJ li d by the aqu.1 fits s_ ~ d. 

r hoiti riai l' l nli nJ n r . - eh n ,1:B'Y , u~ 't the p siti n tbc bjcct 
r l ti v t chc centr , f the arth. r ex mpk ~ th ,v t r il1 rt:sc rv ir is t 

hi her p ten i I ner y th n th \V t r bel \V th d 1n. 

h 1ni I 11 l n U I en rg - th( _11 rgy st r din~ 111 11 • ·~11 th t c. n b us~d 
t d ~ ' irk. 

-th 
lTI T 

c::: 6 . 

• Jl t i p t nti l I n r y r th 
I n rsy u t ,an 

h1,t in su st d th._ t 1n., ss is r 1 te I 

t n rsy by th qu tion _ = rttrl, ,vh r1 r 
is th i d of .I igh . h c nv, 1 r~i n of n1~ug t une,rgy ou ly o ,curY du rin I uu:lea 1 

r tio11 . uch , s th misd, _ 11 fr i ctivity. nu l I r I ion nd nu le r fu i n. 

0 t i a f 1IJll I inetic n Jrsy. Wh 11 nn objc,t i heat d. the rand m n1otion f 
th Jton1s a_11 n1 l cul s 111 th t b dy incr ~ s s. his n1 ti n c n b in th ~ nu f 
vibrari n r t.1tion I r 'th 111 v -111 nt f n1okcu l Y. It: .it H ,.i spontan . u. ly ft on, • 
h tt r o ~ et t n c ld 1 bj c t. 

h 1 unit f n r yi tb j ul ~ y1nb lj .. butth n r, y eh n. s fch mic 1 
r ., cti ns r - lnu Uy xprll s d in kil ~ ul. 1 syn1b J kJ . 

1 kJ = 1 

Wh n n1bst nc. is h t, d~ 1t t 1np r tur in re 5e . h m un he t tr~ nsf rr 
an 1 the ron1p r tur cbaug :n c iv 11 by tbc e .. p1t ssi . u: 

h t traMsf 'rrcd = n1 ss )( sp Hie h.. t cap, \ty the riso in t1Jnip"ratu r12 

hw Ll ~ 111 • r ~ T 

he tw t n, 1 JtUrt:9 c:in b,~ n,~usured in d r e 
num~ric 1 a Jue if A1 i th, san1 . 

lvin, I . h 

1 
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ca1cu1ate the heat required to Increase tne temperature 011ooom3 or water rrom 
17.6°0 to 50.5°Ci 

denc;ity of ,vater = l gem 1 

n1ass of 100 c1n3 of \V ter c 100 g 

T = 50.S - l 7'.6 = 3_.P' · 

beat r quir d - ,n c !lT= 100g A 4.18 J 1 cci-1 32.9°C 

= 13 S1001 J = 13.S kl 

y LI If 
1 Calculate the temperature reach d wnen 100g or water at 1a.2°c ab orb , 

I .45 kJ or 11 · at nergy. Th peClfl1c he t capacity or wat r I 4.18 J g-10c-1w 

Entt1 l1an -

,n-
ln an o 11 , m I re actl on_ c hemlca I en ersy Is convertea Into heat energy and tne temperature 
of the sys tern ~s e . 
m an nclo 1101ml reaction. i -at enG1~gy Is convertea Into cnem1c:a1 1energy and tne temperature 
or tno syst m ran . 
The onth lpy~ H, Is tna chemlcel energy In the system at constant pressure tnat can bs1 
converteo Into neat. 

AH eh \;;h n ie,i.11 ch~u1 cs t'h'it r dis uss d iu this eh._ prt!r ar Jnie1d out in 
container th.n is open. ill h as stm ]e colorimru~ter. his n1 ans that tl, cactions 
t k pl c Jt . 1n cant r &sure (l. cn1 o 11 o kP.1). 

Wh 11 a chen1i,al 1 ~H: 'tion tJkcs pln e, hen1ica1 ~t1cra,y iii iuter~hJn ecl \ i.tb he t 

at d work. It h ~111i l :\n r y i, eh· n e into h t en r y. th eh nlic 1s n1 h t 
n ' h c h n fl ,v t eh urr undiu - . R c · n th t pr , uc he t r s i, t b 
· h 1 1 11 . r x 111pJ , ,vhon 1nixtun~ , po, d r Jlu111inium n ir n(tu) 

ox.id is h t ~ viol lit re a ti n takes I J ,ce. h t~ nt eratu re risfn; s I n1u h that the 
ir n pr uc"' n1 It . h h exoth r111ic re ,cti n is u c 'to join r iJv y Hn ; t ~etht:r. 

h t nn )' ten, i u d iu eh rn1 chC'n istry t r · f ut rh r -cti u n1L tur,e. 
i11cJudin 1ny s, ]v n and tl re cd n vo 1. h u r ,un Ii n ar I v rychin 

ut i th y t m, v1,rhich in pr tk· i th ir in th , r n1 n,; hi h th xp rh11 nt 
is t. kin pl. 

It, durin T' ti n. th n1i tllr C1 r ction l' ~ id to b n 1 th 1 11i • , r 
x _111pk!i. h n cth noic a id ia d t sohd od 1111n hy r 1p;t: n rb n t • rapL 

rcac'rion ta.k s ph1ce and eh t,en1pe r tu re rops ,consider~ b]y. 

K y r 
me p 111 h t p 1 
or a su bsta nc:e Is th;1 heat 
r;1qu1red to lncre,ase tne 
t · mper,ature OT 1 g 01 thr · 

ub tance DY 1 Qc. 

Th1erm1te1 (1exotherm le) re actl on 
creatl ng molten Iron 



·······~··· .... ···-·-·····~ All enth lpy chang mu t 
b measured et con its nt 
pr ur . 

•••!!!••••••••• . •••n•••••• 
Jlt1 1s negative for n 
xoth rm i re oti on. 

• ••••••• •••• ••• •••••••••• 
liH is p itrv 'for an 
1 ndot h rm I react ion. 

An examp11e oT an enaotn rm 1c 
reactlo n - eth anolc 
acid and soUCI sodium 
nye1rosoncarbonate {a) at tna 
start 01 tne reaction and (D) 
aner 15 m,nutes 

T 
It Is essa ntl al to put 
state symbols, Into 
au tnormoc nom1ca 1 
equauons. 

he r let1&e1 
· r b otpti 11 the, t I r:sv by , systen, t 1utan't pi ~gure i cat1!.ed 

by eh n in the I n h Ip of rh eh n1ic l . 

b solu t~ nth. lpy v .1 'luc~ , • nnot b f 1011.l h~ nly v~1 h.1~ th, t 11 b 
ig. th di : fc:1 ~nc in ~nth:ilpy \Vhcn r 3Cti ll or r,hygical cha ngc t-1ke 
x.un le, wh "In J tn · J of rn thJn~ .. · H 4, is burnt in excess. oxygen~ · 

~I r y is pr due d. his n1 ns th 't the enth lt y eh n AH" is ...... 

ln a d1en1icaJ eh_ n L?~ thi..: nth, !py of th products'\! ill be i rent· r m rhc nthalt y 
f the r, a tu1 r1. he ha n " h1 c u rho lp,y. _H. i I iven by: 

tlH - l produ ccu - Hre c t11J1it1 

[f ~nth. Jpy is nv rtod int h ""t n ,r, y (an t .. ,."\:othcrn~ic r . ction). th · v luL' o l 1roduct1 

i lc~s th., n Hreietiui ~ s &H ig i, ~~ilriPit:. hi i.s bo n iu L n ntha ltlY le e I di~ nun 
( i ur - I . l). A1 ntha] y l v I iagrtun h \V9 th nthaJpy of th~ r a~t nts and th 
prodDct with th nth Jpy eh n · . !iH1 in. rk d · n th n·o'V '\ which lway point 
r m th ~utb 1 y f the r ~et nt t th t f h pr du t . l es n'1!l inclu th 

l1ctiv i 1n n r y. whi h n1u t 'I sh \Vil in . r ~ .1, ti n pr hi dh1gr 111 (i pas _t 7). 

I. he t energy is ~ nv· rt d i11t , nth lpy ( n cnd<,th nHtc rea tion). th 3 v lue f 
1 1H·o~u,t• i grc t r th n H, .1ct ~tr i~ J ositiv . hi i sh ,vn in i ur l .2. 

,Reactants 1Producis 

H 

Prod·ucts 

FI ur .1 An entna!py 1e1ve1 cuawam ror 
an &xotherm le reaction 

FI u ro 13, An entna1py 1eve1 a1agram ror 
an endoth ermlc reaction 

y ur I 

Draw a labelled enthalpy 1eva1 Cllagram ror the reaction: 
(s) + 0 2(g) S02(g) Ml" =-297kJmof-I 

Th1ermochemr 1cal equations 
A th rm chen, k· l qu 'tion i ne that in lud th 
1chcmi I qu tir n. 

he th rmoc;h n1 ica 1 quJtii n f4 1· th co1nhustii n of 1 n1ol f 1ned11c 11 i~t 

rn r.1 ti l\ rn st ~nth""111~y ·h ngi.:s f'-' quot u ·ttuuJnrd nth Alp ~ clir111g . his 
n1ean thl t the h ,~t p due I is u, sure, l Ln,d t t-,n,I r I .. ndhi n , Vi.thi h ~re: 

a ,re ur t 1 Okl:.1, :\'lli h hi th~ sa1n s 1 tin 
. st t d t n1 er ture (u ually ~5t, ,,,hie h i ... K) 

ull s ]utious ::it u con . 11tr rion J n1ol n,-3 

13 En rg le (Topi'C 8) 



phy ic31 sttt 1 ,f a h u t net! in th eh ug 
H 2 (1) f r w tc ·) 

h ayin boJ r tan rd ondition i · su1 •rs ~dpt ~ s h1 Jl/-l . 

Hot and cold p,aick -
Self h ~ tin ~ up tbu h v t\\'o comp rtm. nt . n 
con1pJrtn1_nr cont ins rh s1oup n the oth..:r "' ntains 
iolid ,ca1ciu n, xidf' Jnd s het { f W3ter. W h 11 ll, 
g l;h ,t i; br kcu ~ the ater 11..: cu · ith d ,c J..Jtun o id1.: 
n n x thcnnic re cci 11 nd thc1 h at pr du cl ,v rn1 

th soup in the inn r cont, in r. 

:l (s) + H"' _ (1) ~ 3~ H):!(aq) · l ~ - kJn10J- l 

2 f ]citun id n L ed \\rith ,v ter L.. lU~ a th 
f 2U ) c1n 3 up t ri by b ut 2 ,o 4 0 

It is in-1 orrant that \VI\ n n thJ ce ulls tnusc] 1 ~ ~ 

cold p k is p Ii ·d quic ly. ne u~h ck c ,n i ts of 
divid 1 tic b , n p rt f, bich ont ins s It. 
hi orh r l rt c _ 11 ins ~t r. Wh n "'rush_ ~ the t\\ro 

n1i x nd th ,rn It die.!io.lv s li nd 1th rn1.i ~ 1 ly. he s It 1,11 st 
c n1n1 nJy used i ~111111: niutn nirr ~: 

ph1t~ .. r carb n I r 

20 o Ltnun niun1 1 icrat c ua -s rhe tecup rature of 10 ) cnl.3 
1 ( l t r to JU by J 5° . 

Hes 's 11aw 
H a', fov ia \Hl1'1 Uy ~t:lt d ~u:: 

I, -nthnlp h n ( r on .. r ~1 't i ,n i ind -udent t th rout t 'k~n 
fr n1 r n h1nl t r du t .. 

nd _ r th c:y,1 sh 

h e,ntbalpy eh 11g tro111 A+ 

he nth~ Jpy eh ng · fron1 A + 
_ hu ~. by 11 _ ss's l w : 

dfr~ctlJ, t 10 + L Ml1• 

t + · t ia X lt1d Yi· '11-1,_ + ~J· 

11HJ - AH~ - !!Ji1 

It ia imp . ibl to 1n J ~ur th nch I~ y eh n e dir ~tly t~ r th r cti n b 1 w 
b , us if th 111 J.. r qu ntirit)s as in th ,qu ti n 'W r,_ us d t mixtur 0 1 unburnt 
cnrbon, . rbon n1011 1Xi o nd c .1rb n rd io ide \vou Id be.' t rn1od. 

( ) + t ~ (s) --+ 

J Io,v V r~ by usin x,c SS xy n~ th nch lry eh I 

-~n b n1 asur : 
fj rf th ~ II 1\Vin r , cti ll 

~() .. ' ] - - - 4 kJ Ill 1- 1 

X+Y 

I UI 1 . 

···~ ...... ·········-····· Hes 's I w i an exampt of 
th I w of con ,rvation of 
,n rgy. 



A s· Ja,- triun, l I tu1 be cha\ n ( i ute l3.4) n cJic 1 nthalpy luu1ge for rhe 
first qu ti n c n b c lcufot . 

co2(g) 

FI ur 1 .4 

h , nt lpy cha, c fr 1n (s) t 2 (s) rllfccfly i lili t. 

The indirect end, lpy cb ng, fron, () to 2(e;) 1Ji i ( ) is . Hr + Al-12. 

compatlbl1a data must be 
used, The enthalpy or a 
s uostance var1as s11snu y 
w Ith temperature, so the 
data must all be under 
tn same c onci mons. 
m~s ls wny en tn I pies 1n 
aata DDOkS arre quoted 
under con dltJ ons 011 etm 
and 2Q8K. 

13 En rg le (Topi'C 8) 

y H ss's ]a,; th ar qu.d~ 

LiH1 - Mir + AH2 

llH, - 1iff1 - _ i 2 = 31

• 4. - (-28~) =-It l J uloJ- ~ 

hi!i c~n J Is, 'be sho\vn by n nthn1py levt:!I di.. r.1n1 ( i u rc L,.5). 

aH, + (-ls ·1) = - I 4 

.4Ji1 = - 94 + 2 - - 11J kj ID 1- t 

t:.H r 
, CO{g) + t02(g1) 

- 3 1 kJ mol-1 

- 2B3 U mol .. 1 

FI ur 1 . 

Copper(u) sulrate exl t as n annyarou ulfat , cus04( , na as a hydrated 
one. CUS04.5H20(S). 

Th9 enthalpy change ror t11e nyciratlon or thQ anhydrous a1t cannot be msa ur9CI 
dlrsctly but can bQ calculated usi1r1g Hass's law. 

A po1ystyren; beaker was flllad with so.ocm3 or water and ttsl t mperature 
measured. Then .38g 01 anhydrous icopper1(11) 1 utrate wa, I added end t11e 
mixture tlrr&d untll all tha solld tlad dlssotved. The flnal tampgrature wa 
n1ea s u red. Tl1e temperature rose by 12. 6 °c. 
Calculatg the enthalpy change, ~H:iP ror the reaction: 

CuSO 4(s) + aq CuSO · ( q) 

1(Spacir1c neat capacity oT tne so1ut1on = 4.18J K-1 mol-1) 



) Tne experiment wa , repeated with . ag or hydrated copp r(11)1 sulrate. 
Th temperatur 'Tell Dy 2. ,,ac. c 1cu1ate tn nthalpy cnang , H2~ ror tne 
r action: 

CuSO .5H20(s) + aq """+ CuS04( q) 

) craw a He I ~ law diagram nCI u e tt ancJ tne an wer to ( ) na (b) to 
c 1cu1 t th enth 1py en ng I Tor tn r action: 

1CuS04(s) + S,H20(1) ~ - u 0 4.SH20(s) 

t1) s uge t one source or rro r In tn metnoa a na x plal n 1,ow you woul Cl modlfY 
tne xperlm&nt o a to remov- ttu error. 

amount (mole~' of anb.vdroug salt= m ss = 6·38 g -= 0.040,0 moJ 
" J - molar mr1ss 159.5 g nioi-1 

hear ttansferred = n1111s ;w: sp&cifi.c he,at cepscity temperature change 

- 50.Qi X 4.18 )( 12.6 - ' J6]3 J - 2.(5]3 kJ 
, . 

-----= --·, =-6S.SkJmo]-1 
0.0 0 - - - ---

) mount ofhydm d salt= 249~5~8! 01_1 = 0.04001nol 

h t transferred, c::: 50.0 , 4.18 2.2 = 459.8 J == 0.4-598 kJ 

Ml: =+~- ,; - +ll.5kJ111ol 1 

) cuso4{aq) &i AH2 

tJ.l-
CUS04(s) + S~zO(I) r • CUS04.S~lO(s) 

AH = Ml1 - !JHl = -6,5.8 - (+11.5) = -77.3 Jmo,1- 1, 

) The di ,solvlng of the satt Is low and t111s WIii cause a slgnlflcant heat 
1os1 In sxperlment 1. The experiment could be modlffed by mgasurlng ths 
temperature oT th water at Interval 1of t1n1e. adding the annydrou It and 
tnen m. a urlng tt,e t~mp raturi at regular lnterv I . A gr ph or temper ture 
against time wou1e1 tn n De plotted arid extrapolat a to get n1or accurate 
t ~ m perature r1 . 

ur 
craw a H ' law cycle ana u It. tog · tn r w1t11 tne e1ata given, to calculate 
the ent11a1py ct,ange ror t11e reaction: 

P(s) ... liCl2(g) PC.13(1) 
Data: 

P(s) 1t, ~(g) -+ P 1,( ) 

PCl3(1) + . 12(g) PC13(s) 

tJI = -463 kJ n10,1- 1 

1lH =-124kJn101l- l 

•••••••• ••••••••••••••••••••• 
The v I u i n iiBtive1 

b cau i.h - tempe~ tur 
rose1 (re,action xoth rmic). 

,,,, ... ,, ... , .. , .•.....•. 
The value is positiv 

c u a· the t · ,mperature 
i U (re ction endotherniic). 



•• ••• •• • •• • • •• •• ••••• 
Th valu of -411 kJ mol-'1 is 

Isa AHr of IN Cl(s) 

lpie 

rl 

The1 tanct ro ntn lpy or 1onn t1on Is tne enthalpy chain,se wnen l mOJ or a substance Is 
rormed from Its elem,snts In their standard states at 100 kPa (1 atm) pressure and at a stated 
temperature, usuaHy 298 K (25°C). n,e un~ts ar kJ mo1·1• 

t~u ard st 'te n,o t s the rn, it1 \Vlii h the •. Jeu1 n j n rn1aHy found un eir the 
,qu t c nditi n~ t pr:ls~ur nd t n1p ~rJtL1r . Thi~ n1 1u th t br 1n1in ~ is :.1 liquid 
llll 1.1Jfur i .1 s10Jid. 

hl st. 11 :i ~nth:.i]p,y c ff nnt1tiou of c;.1rb 1 mo11 . id 1s th he . t eh n f r th 
r n tion: 

~() + ~ 2( ) ~ 

rd nth lpy torln f th n l i the h t h n f r rh r u -ti n: 

Nota u1at state ymbols are alway 1nc1udecJ In tnerrnochemlcal equations. Tne value ror the 
enthalpy ot tormauon 01 gaseous ethano~ Is different from that tor llquld ethanol: 

!!J:lr (C2H OH(l)) = -277.1 Jmol- 1 

4Hr (C2HsOH(g)~ = -238.S kJmol i 

y 

TM n n lpy or t1011 1s the enthalpy cnans wnen tn number of moles or tne 
substanc1es In the equatJon ,as wrftt,eni react under stand,ard conditions or 100 kPa (1 atm) 
pn~ssure and a stated temperature, usually 298 K (25°C). The units are kJ mo1-l. 

t... nsid r the r ti n: 

2NJ() + · 12( ) 4 2NJ 1(1) 

Th cnth l y eh 11 e £ r th r i.;ti 1 i1 the cnd1 I y eh n ,vh n 2 n1 l a h 
diu n1 r~L ts \fr!J ith i n1ol of a~~ 01n . h loiine t I rodu, _ m 1 f I id ~ c.lium 

,d1loritlc. h vL Jue . Hr is - 2 _ k:J. 

omp~re thi with the reaction: 

N ( ·) + ~ ] ., ( ) ~ Na l( ) .. ... 

Th vah.1 f llMr i - 11 kJ~ ~ hi h i ha1f rh ·v lu 6 r th first r c 1 n. his i& 
be UR h I. th~ an1 'U nts o. diu n :1n . hi rinc r r c tu1 . 

13 En 'G le (Topi'C 8) 



C lculatlon of nt11 Ip of r 
of f rn, ti n d t 

]1e ~nthalJ y 1 1. reacti1 n , an .. ..: 1J,cutd d rt n, t1, ~taud rcl entb~J y f ornhtio1, 
Luiu . 'l s~'~ I w C\i'Clc (Fi u r 1 . ) . 

• 

N:-lr 
A+2'fJ-- lC + 4D 

./uu, of l C 

co nst 1tue nt el em er1ts 

nd 40 

FI urn 13~6 

r f A J X +111 == 3 r + 4 x . lr , 

4al--lrC )] [(ill lr(A) -AHrC ) J 

A , r1nut1 that ~na~ ies tbe enthaJp,y .]l r aicti n t · b, ""a I ul ted ft· 111 , nthl l] y · t 
f' n1 a , i H at i : 

H~ c: Mrlr( r du et ) - Id.Hf(re cc nts) 

u -e the data below to draw a Hess's lew diagram and hence calculate the 
enthalpy change ror the reaction: 

CH-· H-CH~ H, (g)+ 2HBr(g) ~ CHJCHBr1CHB1CHl(g) 
- - -

-;Sub1tance ·~~.111\h~:(pY,~of:)~fnta~h~.Q/~J.n'.lO]_~; I 

- - ----------

Butsdi ne, CH ~=C H.....CH=C H2(g)i 

Hyd rog n brom id· • HB~g) 

2. 3.-dibromob utane. CH5 CHBrCH BrC Hl{g) 

11 

' 1l!._-4 ,: ---

- 36.4 

-103 

L>J.lr 
CH2-CH-CH-CH2(Q) + 21HB~g) CH3CHBrCHBrC~3(g) 

2 x '"'1, (HEI r) 

1-1, (2,j .. dlbromc1butane) 

4C{.s) + 4~z(g) + Br2(I) 

.6Hr(butadbute) + ~!JR 1(HBr) + .llli = !iHi (2. 3,-dib11omobut111e) 

t:JI~ = Mf,(2 ~3-dibron1obuta11e) - [Mi, (bur ,diel'l.e) + 2AH'r(HB1')] 

- -103 - [+ 1162 + (2 >< -36.4)~ - -19'2.2 k.Jn1ol 1 

If t11e question had not a1 ked tor a Hes, ~s law rdlagran,, t11e answer could have 
Degn oDtalnQCJ Dy using tne Tormu1a: 

~ = LAH, (producti;) - I:AJii (react nts) 

!Ji, = lllir(2 ,.3-dibroniobutane) - [~c(butB1die11e) + 2'1N,(11ydrogen bronlide)] 

=-103 - [+1162 + (2 )( -36.4)1] =-19.:.._.kJniol 1 

• • •••. I ••+4 •••• • 
The yrnbo I E m _ n & 'the, 

uim of. 

1111 I ••••11111•+•' IOI•• 

Thi •formula~ n only 
be u d wh -n n1h lpy 10,f 
fam&ti1on d ta ere1 ei n in 
th qu - tion. 

TIJ 
Tna correct ronnu1 aa and 
tate ymoo1 ~ lnclucHng 

those of any eiements~ 
must be shown In tM cycio. 

-~ .... .... ..... . ..... 
Not th t, b o us theu1 are 
2 mo I 1of HBr in die quation ~ 
the cycle cont Ina 2 >< ~ H1 
1of HBr. 



----Thermometer 

- Polystyrene cup 

-- sotutlon + metal 

FI ur 1 . 7 Experiment to 
a1aterm1 nie1 entn lpy or re acuon 

~ ..•... .....• - ..... . 
,An ! m tive m ,thod i to 
w 1i!h the en,pty po~y tyrene 
,cup. add the c oppe r(11) 
ulfate solution and we i,gh 

it again. The difference is 
th ma of th copper{ 11) 

ulfste solution. 

u 55 

so 

l :~ 
1i- 35 

.30 

25 

20 
1 5 r..-~--..~ ....r...-

tion fron In, nt u In 

rf a r,i;;: a ci n 'tak s , b e t J reas nll le 1 at , t r, 1off\ ten1p I arure, the heat ..:h:u1g~ , an be 
111c ur ' usius n c. ,,ind cl lyityr ne ,~up a ,i.: J rh111,; tcr ( ·igu r J 3.7). P !yny r ~ne 
is rh rn1 d in~uht ,r. Not on ly do ~ it 1n h,i111 ise J, · t] s t tbc surr undin s~ ir obs d s 
litrfo he:it its..: I . A poly,tyrent: cup c.:311 b~ u~ ·d when n1e suri l18 th · t 111p rature ch~u i.: 

that o cu wh n zinc r t ~rid1 c , per(n) ault te s luti n c r in t cl quati 11 : 

u() 

_ h nrh~ lf y of tb~ re ction i 1nth sur usit1 th If How in I ro d~1r : 

111easur l v lun,-, co11 iJr(u) su1fi te, Juti n f kn ,vn , onc~ntr~tion i 
p,i[ ott cl int n x uind d I o]ystyun,e cu held in a la s b aker. 

• on1e p \Vd re zin n, tal is. ,r ~ighcd ouc. su~h th t h nwtal is in . · s;, 

• h t,e111pe.rntuc~ f the, qu us I r,,er(1 t) su I :it is 111~ SU red V ry 3 c, n f r 
2 n1i11t1ttis. Ar .... 5 mninur s, d,~ p , 'de~·d 1net~ 1 is ti , p :.cl in. 

_ h_ s JLLti n is ·ti1 r cl ~1 n _ th t 111p .1tu ~ re:c rd d _ v ry I nd untU . 
111 i111un1 t 1np r cur eh d. n th n fi r furth~r 2 n, inut 

v 1u d b fi r c h nth }' f th r ti l . ~ n b 

th au1 un l (in J s) f c.: (n) sultate 'that i: 3 ts: 

of copp r(l I) u If: t = n ~ntr d n x v 1liunc in ' 1n3 

the 111 .. · f luti -n thnt bh i. a s n11 d t b~ nt11n~1 k JUy th~ 

th v lllrn in c.1113• 

th l 11111 r _tur ri _. h r cti niss1 1wJs1 &0111 b ti I tt th surr undin s 
durins th p rin1en . I is wou ld b ~ si ni 1c.1n ouu:e n or. 1 hn :i 

n, re Jccura tc .1lu , .0. th n &hn ly the di, r nee b~t,i; r en rl1 t .wn1pc raru re ~t 

th~ t rt • .u1d that · r th fini h. tc1mp r tur thn r h is 1 tt d f d th valu 
f 1' fou n by tr p l tio11: 

- l)r ,, str ight lin _ thr u h tb ! fir t fiv _ point nd c~ t _ nd (_ xtrill hut') th_ 
Un t lt' le~ st 3 n1inut . 

r· , tr i ht Jin fr 1n th( in imum t th fi a l r nip r tur n , .. tr 
it b k,v rds t b f r th 111 t I ~ g d 

- M L ,n1 re th ,d(ffi.·rcJ1rt· in hl'i, ht 1 t,,,. en tbr se \ 
Jines Jt the rhne that th rneta.1 was .. u.l (2.5 n1inute 
in th t!Xl riln nt d scribed iove). This h · ht i e,:r 
( i r l I 8). 

un1pti. n 
It is ssumrd th .. t th d n ity o th olution is th 

lll u rt:? \1' t r ( l ,cn1 ) l th t it ci 1c 

, 0----------------iijiiiiiiiii----iiiiiiiiiiii------.-----iiiiiiil 

h at c J. city i th s me s th t I f \V t '.'lr. Th r ~. r ~ 

1f Jl , n13 f ,, pf r(u) uif -_ s lt1ti n h _ b n 
us ~d, th 11 ~1 s: in th n h ~t = u1t T ,;.-..,. ul 0 10 

Tlm,e/mln 

FI ur 1 A tamperatun1-t1me1 graph ror t1eterm1n1ng entha~py 
otreacDon 
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hav b -~u 50.0 . 
h 111 unt ot he t bsorbt!d ,y th p ]ystyr 11 cu , 

th tirr r r th th rmo1n t r i 11e li ible. 



I 
Al ways extrapol ate1 torwarcJs "from the last reading 1:>etor1e1 the reaction started, and :oaclCWs ras 
ftom th@ hlgh9st temperature raachad (lowest t9mperaturs111 the re;cuon w;s gndothermlc). 

u sa the 1d ata g 1ven to ea le u I ate t11e e ntl1 a I py or react 10 n ror: 

Fe(s) + Cu O 4~ ,Cl) -+ FeSO (a1q) + Cu(s) 

In tt, Is experiment: 

volume 011.oomoldm...a copper sulfate solutlon - so.ocm3 

• temperature rl 9 (from Flgµre 13.18) = 53.3-1 .9 = 301.4°C 
pecmc heat capacity Of SOIUtlon = 4.18J g-4 °C-1 

ll 

mass of !·olu tion = volu1ne de11sity 

= 50.0cm l gc1n ~ = S0.10g 

heat IJroduc d = mass specific beat capacity . rise in temper.ature 
= 50.10 g )( 4.18, Jg ' ac- 1 )I( 36.4QC 

= 7(5101 = 7J51 kl 

amOUllt of copper Sul.fate tt1ken = l.OOmoldm >C :io~ d!.n3 

= O.OS·OO·mol 
heat produ1ced 

heat pre due d per m1ol - b f 1 num ero mo · s 

- i.60 ' - 15,,1., 1! • 
- 0 0 00 1 - ~""' DlOi 

I • ll').10 . 

AU 'the e,x.in\S at A · ~nd A L v J ,,·ill :-ontain questiot1s n ,prac:'tic l exp r.in1 nts 
thJt the &tudcnt hou Id hJve per~ rn1~d. hesc w U I be in th'"' onn of do~Gribin the' 
m th d r .1 lu a tin th r u It in t nn. ( ~su n1pti n n1 de nd i0 siblt ur os 
of rr r. 

or rrt1r 
• h re cd u is d 1lV, o ~ n1 he r is lost t th urr u ndin s. ,. trapol tine; the 

r ph, r th r than c kul tin tJ.T TTiux - Tgtut~ lJ ~ s r Jn Qt I this hca·t 1 s . 
.. rh rr r n1 k s th . '.l rin1 nt lly dot rn1in d v. lu f - -l, l ss .. othern1k; 
th n the I rr c t v, hL . 

• · nu;i h a vi:HJ ribs, rbed by th iron rn tal .111d by th~ tb nn 111 t r. his 
]so ni, kes the e:q rim nt Uy cl t rn1h d v Jue I lll--Ir le s5 th~rrnic thJn th 

t rrc,t v· lue. 

Raplcl r ~ c Ion 
A sin1H r n1 tho1 . ut \Vith1 ut 111 urin th ce111per tur I ver l rio1 ot tin1e 
c n b LlS for any r pid r ac:ti n that tak p] ,ce: in oturi n - for n1pJ th 
I r cipit tion of insolubl s Ju gu h as b riun1 su] :1,t • 

Remember tnat It Is tne 
mass or the solUtlon. 
not the mass or copper 
suifate, that Js USQd In u,a 
expression he,at - mass 
specmc neat capacity llr. 

11> 
A comm on error Is tor 
the Jgn to be wrong 
In the TI n al ans,wer. 
Remember that, because 
the tern pe ratu re rose~ 
heat was, prOCIUCICI, TnlS 
means tnat tne reactlo n 
Is exothermic and so th9 
value or H Is ne1g~tlvB. 

.... ..,,,., .. ,.,,. ·6····· 
A I id 011 the 1calorimate r 
would h Ip to r d uc I h t 
loss . 



..••...•. ····~~· .. ' ... 
This reaction ie xoth rmic 
so th ~gn o,f .aH i 
negativ. 

I 
Note tha1t all comDustlon 
rg.acuons are 1exot11erm1c, 
and o all H1 value are 
negauve. 
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M osur out 25.0 n1.J f l. 1 n1ol dn1 - bariu111 chi. ride Jutio11 hn , 1,oty,nyrfne 
1cup nd n1c sur H t m r itlJf". 

M sur I ut 2 1, cn13 of 1.111101 n1-l sul llric ci oluti n int , b k: r nd 
mneJ&u re its te1nperatu re. 
Avura ~e the two te1n en1 tu r s. 
Pour th cont nt f the b Jw r int 
eh th rn1on1c t r nd m sure th 

1hc 1ystyren cup, tir the n1L tur wlth 
1np r tur r ~ h "d. 

n J,c u k1 ti n 

mas f soJuti u = 5 . 

sp ific h t of s, ]uti n = 4.1 J -1 0 · _ , 

t-1n1· r tur ~, 1ch n ., - hn J ten1 ~r~turo - n1 n t n1per ·turf 

h -at tr -ns ,errod - 5 . r n1 1· tu r..: 1ch nsc 

25 m J 

ht1r1.;: is no ne d to ,1 t emp ratur tin1e curye~ b cau th rea tion i r ,id nd 
th he t 1 t th surroundh is n · li ibl . 

K t rm 
me t no ut n 11 IP or com1J11 1 n Is tne entna1py onanse wnen 1 m,01 or tne suDstanco Is 
Durnt 1n excess oxygen under stanaara co.nctittons or 100 kPa (1 atm) pressure and a tate1a 
temperature (u uauy 25°C). Tne units are kJmot-1• 

h standar enth~ Jpy of c mbu tion r eth_n 11 th ntb.ilpy eh n e when I n1ol 
th uol r h ~cc r in r the qu.iti n: 

,r,,l ] c. HO) + 2( ) ...... 2 2 ( ) + Hl (1) 

or ()th3n~- it is the ~11tha1py ~hai1 when l m. I f ethan r a ts :.1c .01 tin to d cqu ti.on: 
l 

:?Hfi( ) + i :!( ) ~... )2(S) + Hi - (J) 

There must only be 1 mol 01 the substance on the left-hand Side In an enthalpy or combustion 
equation. Tns normal balancaa equation ror tne comt>ustlon or ethane Is: 

2 2H6(gJ 710,.(g) 4CO.(g) + 6H20(l) 

The,refor , for the enth lpy of combustion of e,thane_ this equation must be h lvedp so that 
th 1 re Is only 1 mol of ethane on the left--hand Ide: 

C. ~(g) + 3 f 10 (g) 2C01(1) 3H20(1), 

E p 11111 nt I n etl1 rt o fin th enthalpy of con, u tlon of llquld 
fin th nth 'lp,y f 111 bu ti n f. liqui 1

, l kn ,vn 1n.u f th hql.1 id i burnt 
11d tho .he t J-"li uc d U$c;;d ro '\ ann up1 kn ~ n vo'ILnnc, o , at r. An ppr pri t 



i sho\Vt in ' i u rt.' 13.< . h 
l 

USt:! 1 : 

h Sf irir bunter I i t. inin th~ liql,i i!i ~ 1 i hcd. 
• A kno,,vn v ,]u 111 1 of" \l 'r:it r i g added to the r,per 

c al rini :iter. 

h t 111pcratu re f tl v 'tcr in the c 1 r1111 t r is 
m ur ,d vc ry 111inut for 4 n, inu t s. 

h burn r is lie Jft 1 4,51 111 inur . 
he t m ~ratul·e ftht! ~ 31tcr j~ measur d every n1inut,e. 

W b I n 1t h t mp r tu r h s r c h =- b u t ... n° v 
roon1 t mpcr tur , th > ft n1 in th pi rit burn r i 
t; tinguish d nd fh( burn r in1tn, di3t ly rl'w i h d. 

he to111perat11re r .. d ings r sr.opf eid 5 n1 Enutes t.J ft r 
the en1peratun~ ha r .1ched n1Jxin1un1 valut::. 

hr e qu ntiti s h t: t , b ov lu ated cfor th ntb lpy 
f co111bu sti n 1n be 1 

• ku I teli: 

f 

th l n1p rl 'tu re ri ' . A si nifi1c: nt . m u 11t f h t i 
Jost during th_ exp rin1ent. s tc find a n,or accur t 
v lu of !J.T: .. tmnpl'ratute- thn graph is p1 ttcd nd 
th v Ju f A f un by tr ol ti n: 

t i ht I in 1th rou~h the fir t hve p i 1. nd 
e .. t n (, xtr p I .. te) it to t le t minu t . 

- I r. v,., 3 51 t r. i gh t Ii n e fro n1 t hc1 m .. i m11111 

r n1 p~ r1a tl.;1 fl' t r h fi n ~ I r1.: in pc: r. r u rf u nd 
~ .. tr p t1tc it b ck,vardi to b ~ r th tin1. hen 
tht: bu rue r ~s I it. 
M l ur rh di ffi r nc in heiE5hts betv e etl these 
t\V lin & Jt tbe thnc wh n rh h ting StJrC d. his 
di'ffer nc is ~T ( i ur l .1 ). 

'the nn,, unl in 111 I f th n I urnt. h n1~ s of 
th nol u d i h m s f t1 'lllrn r n 'th n l 

th Y rt minu them ~s ~rt r burning: 

Orau~ht shleld 

Spirit 
burne-, -+--__..,. .......... __ .....,_- l:thanol 

Flgm 1 . Apparatus us11e1 to dot9rmlnQ tna ntna1py or 
corn Dus tJon ot a nq u 1a 

145 
40 

I :35 

30 

25 

20 

1 5 

10 
0 2 4 6 

FI m 1 .1 A temperature-time grapn tor 
determining enth lpy or combustion 

8 
Tim /mlns 

u , · tn a· t given to c l1cu1ate the enthalpy 01 comcustlon or tn nol. rne 
9quat1on Is: 

C~H~OHO) + J02(g) ~ 2C10"(g) + 3H"O(l) 

In t1,1s expertm nt: 

n, or wat r:;;:: 100g 
temperature rl e (rrom Flgµre 13.10} = 24. _ 0 c 
n,a- ~ 101 ethanol tJurnt = 0.388g 

Tne pec1nc ne t cap city or wat r 1 4.18Jg- ac- . 



,~ ...... , ...... ············~· It is the n1a ss of the 
w r r nd not th me of 
1etha nol that i u , d in the 
expression: he t = m ss 

pee ifio h t ea pa city )( 8 T. 

..... ,,. ·············~· ... R n1en1ber that. b ea us 
the temperature rose. 
heat was produced. Th is 
m ne 'th t th re ction 
is exoth rn1ic. end so th 
v I of llH i negative. 

component elements 

w,i.ru~r 
heAt tmn5ti rred = 1na-=s of \Vater h t d r,,p cific heat c p city of ~1at r · ,aT 

= 100 g ! 4.lS 1 - l 0c - 1 ..;.4.'5°1C = 1,0 28 ... J = 10.2S kJ 
fll.RSS 0.]88 g 

8ll10lU1t of ethanol burnt = molar mB5:'i = 46 g mor:1 = 0.100:S43 n1ol 

_ _ heat eroducecl _ 10.28 kJ 
hesl transferred per n101 - number of n1ol s - 0.00843 mo1 

= 1 u;lkJmo1-1 

MI~ 1of thmml = -12119 = -1.22 101k.Jmol ~ (3 significant figures) 

ur,... f - r ,, 

Th x rim nt Hy d t rmin d v lue in the x m1 l ( f_21kjln J-1) is l s 
.. th rmi,c th n th 1 .. 1c1 cpt d d b k v lu . his is c llS d by a n11111b r of 

t .. 1 tors: 

th l n tin1 .. t t I ll eh b '[ 1 1 t to the urr1 undin i 
1 inp n xtrap J ti n f the gr [ h. 
,.;. n1e of tht" he t rr 11 s in burn in , he~ t1 up thQ air .. 11 n t the \V:.lt r. 

• be bclk r .. ~bsod1s s me eh heJr produ ~d. 
n1 f th th n I n1ay n t burn c n1pJ t 1y t ~ar n di - id~ nd war r. 

(In n pl~t 1 ~ mbu ti n w u ld c u e J I k t I d p Git d n the b tt n1 f 
th b- k r.) 

b ~ condHions ar 1 uot st nd rd. Wnter va ur. nnd not Hquid , :.rtor. i p,roducod. 

The~c err r~ result in Jess he t bejn ab orb d by th w tcr. so the VJ lu r AT is to10 

l \Y. H nee. the v lu JcL1 I ted for Al-le i& le ; n g._ tiv . 

c lcul tlon f 
nt11alp dat 

compo,und 

H~ of s u bstan c:e 

M ny nth lpi i tl: 1rn1. ti n c nn t b n1 ~1sured 
dir 1 ctly. H1 wcv r. h ir v:i.lu~ .1n be c .. 11cu1 ~ted 
ron1 nth a.I y c n1bustio11 J ta~ using Hess's: hw 

(Fi ure J .11). 

combustion products m1 1 u nd = I I f Ml,:. 1~n,~nts 

FI uro 13.11 al-lt = 'LA.He,,,.. t eJ n1 nts AH, f c 1npound 

---------- - --

1--- '. - - _ · ---- - - . - -
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ca1cu1ats ths nthslpy or Tormatlon or ethanol, C2H~OH. grvan the 1'011ow1n,g 
enthalpy 01 combustion data: 

' -

l$ubsfElflCS-'1 
r I 1 ' f I, 

- - - -

Ethanol, C2H50H(I) 

C nboin, C(s)1 

Hydrog n. H:z(g) 

• . _. "',, - • ,, .. J.. : .~_. ~ r . 
. ,*1fa!l:~t m~1:~ 
- - -- - -

-1371 

-3Q4 

- 286 



n 
The Hess'S law cycle Is: 

2C(5) + ~~2(Q) + ,rO;.z ___ M-l_f ___ . C1 14150H(I) 

2 C o2(g,) + 31~,2 0( I} 

.2 ~c of + 3 :we All of H ,, = !:JI. of ethanol ,.. AH~• of ethanol 

~ 1of1etha11ol = 2 (-3P4) + 3 (-286)-(-1371) =-275kJmol- 1 

our If 

Wrlta th9 ;quat1on that represents the tanc1ard enthalpy OT rormat1on OT 
glucose, C6H1206( ), nd 1ca1cu1ate Its value using the value or standard 
enthalples or combustion below. 

Carbon 1 C(s) 
Hydro,g n, H ~(g), 
Gluco , C6H1206(a) 

393.5 

-285.1 
- 2816 

tar1dard e·nth,alpy of 1neutra1Usatlon, ~Hneut 
F r hy,dr chi ric ,cid. the st 11 rd nth 1 y , f neutr Us 'ti n i th t th 11,y chana · 
repres need by: 

H .1( q) + Na H( q) ~ N~1,.,l(aq) + Hl (I) 

For gu If u ri 1cicl it 'is th nth lpy eh ng f r: 

f 1-1:! - ( q) N - H(aq} ~ ! N ~, 4( ) + hll - (I) 

AIJ stli n L_, 0111pfo t Jy i ni s , in s lution. h r for , th_ i1 nic qu tio1 
r~pn .... s ,ntins th tnthal y th, n~utraHs ti 11y stron . id by tr1 n b. s, is: 

EXJ) rl111ental n, tllocl to find tl1 nthc1IJJY of neut all i; tlon of an old 
be ci s'hou Id h3va a ~on ~ntr.1ti n f 1. 011101 d111-\ h~ n 1 k!!U us~d to t1~utn1Use 

ir 1nu t e in 1i ht hat II th cid rc._1,ct • he r~ H ~ 'iu pr c 1 durc i use I: 

• Udn~ pip tte, n1 a ur,e ut .... 5.0 cn1J I f th 1.on mol ,J111 a~icl s lution int I an 
C! p n _ polyst-yr n~ c Uf • 

~· u, th ~ t •mpcn1 ure f th • a id. 
Me,._t ure the; ten1perature o· tht! :.ilkaB (uiu Uy e.odiun1 hydroxide, so]u tiot1 ot 

c n ntr ti n L l 1n1 ldn1-J). 
k ] -u ]Jt h n1 · n f th • t,-vo ·r n,p~r. tur ,. 

cn1.:1 of the 'lkaH uiing ~ pi1 · 12ttl\ ~1nd add it to thu ._ cid ~olu ri n . 
~ith tht: thern101net r nd measure tl, m- hntu11 ten1p tu r~ 

', .............•. , ......... . 
The eum of th enthalpies of 
combustion of the lemente 
quals th I sum of the 

enth I py ohang-e via th 
form tion 0 1f th nol, and its 
combu tion. 

K , t r1 
llhe nth lpy 
or n utl' 11 tlon 1s tna 
enthalpy change wnen 
1 mo, or water Is produced 
t>y the neutraUsatlon 
or a soiutlon o, an ac1e1 
Dy excess Dase under 
stand ara conditions,. 
w Ith au s o!utlons or 
concgnfra tlon 1 m 01 dm-'J. 
me untts are kJ mo1-•. 

... ....... . . ... ,, ..... ,,, 
An ltern tive method use 
measuring cyl inclers to 
n sure out the oid nd th 

~kal i. W igh the polysty,en 
cup befor and after addition 
of th olution .. 

•••••••••••• •••••• •••••• • 
Th reaction j,s inetanuu oue, 
o th h at lost to the 

surroundings i negligible. 
This is why a ten1perature­
tim , RJi ph is not n eded. 



•••• • •••••••••••••••••••• 
Th maa in th 'heat 
produced' 1 xpreasi1on is the 
to· I m ss of the solution 
(501.0g}. not the mase of the 
hydro chi ori a ,cid. 

...••..•.•.•.. , •.....•.• , .... 
Th t mperatur ros . o 
th r action is xothemii,o. 
Therefore llH is n ess tive. 

•• ft9,1 ··-··· ···~······· The a new r should 1only 
b given to 2 s lgnific nt 
figures bee use AT is only 
mesa ured to 2 s ~gnificant 
figur s. 

n exp· rim nt to nnci tne entn 1py oT n utra11sat1on or nye1roch10Mc 
aic1a w r : 

volume or 1.00 n101 dm..a nye1rochlor1c acid - 25.0cma 
volume or 1.1 n1oldm ... s sodium hydroxide= 25.0cm1 

1n1t1a1 temperature or acid_ 17 .4°C 
1n1t1a1 t mp rature or alkall ==: 11.2°c 
n,ax1n1um t mp ratu~ . arter n,1x1ng == 24.1 °c 

( Spee lflc hg at ea pac lty or tl1 g n n; I 01 utlon == 4 .18 J g·1 "0,,1 ) 

ca1cu1at9 the enth lpy or neutra11sat1on. 

a, er g starting· t1emper tur = ! (17.4 + 17.2) = 17.3° 

T= "'4.1 - 17.l = 6.S°C 

\'olume of solution th t absorbed he t = 25.0 2 .0 =· 50.0cm 

m ~s of solution = volume density 

= 50.0ic.m l.OOgcm = 50.0 

beat 1ransf'erred = 1nass specific b.eat capacity :.r ri~e .in t n11J)erature 

= so.o lg 4. IS. J I c - 1 . Ci.S°C 

= 14 l J = 1.4:?l kJ 

amount of acid = concentration ;,,c i 11olume in dn1 
25.0diu 

- 1.00 moldm 
1000 

= 0.02SOmol 

heat produc,ed 1 4., l kJ 
beat !r-ansferred per mo]e = b . f . 1 = · "" · == 56 8 n.um er o -1110 es 0.0250 mol · 

= 57 k.Jmo1-1 (ta 2 s.f.) 

H f" rr r 
Th oxi eri n1entJ Uy d rived Ju {-r the srand at d ~nthalpy ot ncutra I isati.011 i 
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lightly l ~ b ,c uso f he t bsorb d by th polystyrene cup Jn hy th th, rm 111 1t r. 

If I 

Write the equation that represents ttla rtandard enthalpy changes or 
neutrallsatlon or ) eth,anolc acid, CHaCOOH and l) carbonic acid H2C03 . 

Staind1ard, enthalpy of ato1mrsatlon ~a 

y rm 
me t ncJ ra n 11 1py or at ml I n or an eu1ment Is tne entnalpy cnange wn1en 1 mol ot 
gaseous atoms 1s Tormed rrom tne 1 1emeint m Its stainaara tate at 1001<Pa (1 atm) pre ure 
and a ,tated temperature (usually 2QS K). The units are k.l mo1- t. 



r r 1.uin ~ it i the cntha1~,y eh n inv 1l' !.!d in rhe re ti in: 

-;- Br~ (1) -+ r(g) 

F .r s dh1n1~ it is th enthalpy eh n inv lv~d in th-' re cri n: 

T y ur I 

) Write the equation that represent the standard enthalpy change or 
atomisation or white phosphorus, P4. 

h 111 ~n nt h.al J i tl1f .1v "'r, c ot th A- b 1:1d ~n h .. 111 i s in 
v rlety f n1 le~u] . 
b nd 1 th Jp,y 1 n 
nth lpy in - -

3 

1r th n e t1 - b nd enth lpy it i av r - H 
• the H b nd n h.J y in . n the · - H b n 

he H- H bo1,d nth., lpy is the, enthalpy ,eh.: t1 r: 

HJ( ) ~ 2H(e) M 18 - +4 kJ n1 l 1 

111 b nd cntb_ 1py v Ju , r iv n in T ~1fo l \.I. Th c _ r ,u,cr,wt· v In s. P r 
c,a, 11 pie. th _- H bond nthJll is th(; JV(ITag~ f rho · . . - H bouda in nu~tl Jne, 
cth n ~than l >c nd s 1 11. 

some avera ge1 bond enthalpies 

.Jio:i1~ i'1 
-----

C-C +348 H-H +436 

c-c +612 H-CI +43:1 

C-H +4.13 H-Br +3S6 

C-0 +360 H-1 +299 

C::O +743 0-H +463 

C-CI +338 Cl-Cl +242 

C-Br +276 Br-Br .193 

C-1 2S8 1-1 +161 

nth 1 y in n1 d1 11e is n qu rt r o he t 1 nth lpy 

4H ~ + l740kJ 1n 1-~ 

. 1740 
I ) === === +4 5 kJ n1ol- 1 

H) in th t1 = +42 kj m 1- J 

b-nd end, lpy in a nuJnber of 1or au 1C 1co11p unds h 
+41 kJ 111 J-1• If 'b 11d nth· 1py i work d LU f< ir particut r . on1pou n • rh v lu , 

bt in h sli htl}' diffi r 1 nt fron1 th _ v r s v lu '· 

K rm 
Bon nt11 1 py Is tne 
enthalpy chans. when 
the bona In a gaseous 
molecule l·s broken. The 
umts are kJmo1wl i 

Bi ologlsts som etJmes, 
rerar to 'hlgh-engrgy 
Donas' 1n ATP and the 
re1eas,e ot energy when 
a phosp h aJtg resld ue Is 
r9mov9a rrom ATP ana 
ADP IS TO rmec. Th IS Is an 
overslmpl me tlon. me 
breaking of the P1-0 bond 
as ATP Is aonvarted to ADP 
Is 9 ne1otnerm1 c. However. 
renergy Is tnen relea ea 
In the hydration of the 
pnosph,ate and nyarogen 
Ions. making the overall 
p roce s xotnerm le. , ____ _, 

Bond ntllelpy, 4ffa 



Bond breaking Is 
9 naotherml c; bond n1akl na 
~ , 1exotnerm1c. 

It you neve any a1rncrnty 
decldl ng wh lch Donas 
break 1n tns1 reactJon~ 
break all tne bonds In 
tna re act ants and tnen 
ma Ke a,, tne Donds 1n the 
products. 

I• tt•t •••••••••••••••• •ttl 
This is not a v ry ccur t 
way of ,ea leuleting llHl'Q atior, 

s . wrag bond eintha lpi a 
re used. For xemple, 

the C=C' bond enth lpy in 
prop n i not quits the 
aeme ae the me n C::C 
bond nth lpy . 

.... ,. .. ..... . ...... . 
Giv n th enth I py ,cha ng 
for one, of its reaction 

nd eU 1other r I nt 
bond enth lpies, th bond 
enthalpy in 1

1compound e n 
be calculated by siSninS 
it to 1n unknown. z, nd 
proceeding e in Worked 
ex 1mpl 2. 
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ca1,c1ulatron1 of en1t 1halpy of reactro1n from ajverage 
bon 1d e1ntha1lple 

h in1 le t ~ y to d, , thi ty,p of ,c .. lcu I· ti u ; in thr tf ,s. 

t t p I: H. t .11 the b n 's br ~ ~n. ~ rit~ do,vn the enc,r_ y r quir ~d ( 
nun,b r) t br~·1k 'h bo11d. Add~ t find th, . taJ en ,r yr uirecl. 

"t p 2: list th 1 111 • Writ, d 11 rh n r yr, l nun1b r) 
to m _k ,eh bo11d. Ad , t fin th t t 'J nergy r I t1se • 

l .. ,: ~ d th t,v t 't,1 ]~ t giv !J.Ht·. 

~ : __ .. _ _ .. - - ... _-- ·~-·-·-·~ 

use tn aat In taDle 13.1 to C-BICUlat tne ntn 1py or the reaction: 
1-1, 

\ 11-l / 
C H 

H/\ 
C 

I 
1-1 

t J) • 

I 
C (~) + CI-C l(g) 

\ 
H 

C::C +43'12 

CJ-01 +24 

Tote I 854 

C-C 
2 xC~J 

Total 

-340 

2 (-338) 

-1024 

• 1-1 

p . AH, = +854- + (-1024) := -170 J1no1-1 

H Cl Cl 

L I I 
C: C ~ (g} 

I I I 
11--l ~ I~ 

Given the datg In Table 13w1 and tJ,e anthalpy c11ange 01 the rGactlon betwgan 
buta-1,3-dlene and chlorine, calculate the C=C band enthalpy In buta-1,3-<lleine. 

H ~ 

1c=( /H ~ 
~ 

1
c: - c (gl + 2cl-cl(g)-.M-

1 
C11 

1H 

~ M ~ 

I I I 
c- c- c-H(g) 1:.Hr° • -329 k.J mor1 

I I I 
Cl CII Cl 

H 

L · t tne C-C Dona ntna1py 1n Duta-l,3-CJI n - z. 



1. 

1 C:::C 

2 x Cl-Cl 
Jotel 

2z 
2 {+242} = 484 
(2z + 484) 

t I) ' M, . =-328 - (2Z' + 484) ..... 2048 
~z =-3:.8-4£4 2048 = 1236 

t p I 

--- ~--

8.0Ads.:mede. 
I ·~,. I ",l _•• '~_'' __ ' •_ 

2 >e C-C 
4 C-C~ 
Total 

2 (~48) c:::: _.s,g,s 

4 x (-338) = -1352 
-2048 

C=C' bond enthdpy in buta-1,3-diene = z 
1 12 I l 

= = +61Bkimol- 1 
2 

h u thit i~ Hkel r ro b bro n in a eh 11n k - I reJ. tion can be incli ~, d by t nd 
ntb l io~. or e~ 111p,fo. \Vh n hy,droxide i n ~r dd d t i d n1eth 11 • either 

·. - H r th . ..... f nd c u ld b br k n nd n w i b nd f rn1e . he bond 
enth 11-iics f th t\V1 _, 1 nds · r : 

+41 , -.1 niof- J, or - H nd +238.kJtn 1- ~ t r - J 

he \V akcr - I b _nd is rh nc pr , ictcd to bro. k. his is born ut by th f et that 
- H l·i. sf_ rm d r th r hJn iodo1n th n t · 112 { 1 l )I ( i, ur · t .12). 

IH OH H 

I I 
H~c-miilll H-c- or H-c-oH 

I 1 I 
~ 1,.1 1!,4 

FI uro 1 .12 

B n enth.i1pies c n 

our If 
7 using tn average Donel -ntna1p1 given In tne taDle, ca1cu1ate tne entna1py 

cnang ror tile r action: 
CH3CH~(g) + HBr(g) 4 CH3 -HB1 H3(g) 

C-C 
C=C 
c~ 

+348 
;-612 

+413 

-B~nd · 
C-Br 

H-Br 
+276 
+366 

u tne ctata In TaDI · 3.1 to pr 1ct tne re1at1ve r te or tne reaction or 
1,ye1rox1a - 10n w1tn 101,1oroprop n • 1-Dromoprop ne ana 1 .. 1oaopropane: 

CH1C H~CH2X + OH· ~ CBt,CH~CHiOH + X 

wn re X Is a halogen atomi 

....................... ,,. 
Th ,r is no n d to bf k 
the six C-H bonds nd then 
r make them in the product. 
Remem b r that th rie, er 1 

two C=C bonds in buta-1.~ 
dien· . 

Bond ntllelpy, 4ffa 



FI ur 1 .1 An enthalpy 
tltran on grap1, 

w,i.ru~r 
The carbon-11alogen bond Is bro~tan In this reeictlon. 

Ths C-1 bond hes ttls lowest bond gnthalpy and Is, tharerore, thg waakest so. 
1-lodopropane reacts the re te t Tl1e C-CI bond Is the I trongest. Th11rerore, 
1-c h loro propa n re et mo t 1ow1 y. 

IT tn bond Cir-oken I w k ~ tn · activation n rgy I low r. Tn rerore. r 
proportion 01 colllslon I w111 re u1t In a reaction ( a- pag 2 1-62). 

Enth 
Th ie 11c ntration . f ~ lution of :in cid c I b 11 t nni 11 d by m .a u rin · th 
ten11 r tur c:h. 11 -e ~ h n .1n . lka.Hn lution of novvn co11ccntr .io1 is :J.dd d 

n1du .. Hy, u ntH it 1s 111 ess. 

h tn rhod i U ws: 

Pip tt ... . o cn1 . f th ci luti n hit 11 exp nd I poly. tyr nc cup. 
M ... n:u r the tcn1per:itur~ of the ~ id. 

• Add .. 1 st ud r LI 1noJ dn1 ' s 1lution of sodiun1 h.ydr iJe from a ur tte in 
2cn13 :,orti 1u, tirrin9 nd n1c suriu th:1 c m r tur ft r eh diti n. 
_... ntinu · t dd furth r B cn1J of th s 1

. iu m hydr xid ft r b 111 imum 
t n1por:i tur _ h fl be n rci:JJch _d. 
E 1 ·t gr l h o t n1pc.: r.tture :iin~t ~olun1c I f s diu ,n h) dro- i . 

find h v h1111c f lk H rc ,quire I t r neutr. lis _ri n. L lin h dr \ n rhr 1gb th 
p ints up t n rc.tclin, 'b f. 1· th I m xin,uu, t "n11 t 1tu .. n the1 , tr:.1 LttQd. 
An th r Ii n i. r 'i/Vl1 fr m th n1 . hnu 111 ten1pcra turc to th 1Jst r din .in 
. tn1pobt d hJck. - hr point 1t \.vhich th t . o e tr pol t Hn~ ~ int ~r c c: t i th 

v lu 111c n ede for n utr,J I isati1 n. r exan1p1le, usi11 th1: I r , in _ i u re 1 ,.1 , rhe 
v 1lu111e n~ edecl ~ 1 n utraU&1tion i __ .6 cn13• 

~ 
~ 

----,,,. 

/ 
/ 

~ 
/ 

/ 
/ 

/' 

5 I 

2 rj 
I I I 

0 10 lS 25 30 3 
15 

5 
nd point Volum of N OH/cmJ 

In ain ant11a1py titration, the volume or alkall needed to neutrallse 25cm3 of dllute 
hyd roc11 lo rlc aicld was o, · cm 3• The eq uat lo n ror the rsactlon Is: 

HCJ+N OH~ Cl+HlO 

Celculate the 1concentratlon or th acid. 
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n 
amount of "'odium hydroxide = co11te11tration vol1Jlme iu dm l 

= l.OOmol dm- f !~ dm3 = 0.0'.?06mol 

Muount of HCl - ,unount of N 0 1H - 0.02015 moL 
. . _ 1nol _ 0.020dnml _ 

0 1 c,oneentrr.u1on of HCl - volunie - i(lS.O/lOOO)dml - .8.-4moldm 

umm ry k 
M ~ k s Uir th t y u: 

kn \ th de tudtir ns of HrarnlQth:m~ aff,:~.u;Ucn. ilH,om?'n.1 Ucn ~f-/11,utr hAi.1t,mr 
'1H Mmi~~Eion ~ncl b nd enersy. inc.:Judiug \Vh.at the t nd rrd conditions Jra 
c n dr · ~ H g;j's 1-v Ji r n1 nd blc1 t u i't t ulcu l t1;1 llHr , tion ' 01n 

8.Hfo:rmat1on t r ~ nd i.c 'V r 
can ~ 'Tit th xpr ssi, n c nn cting h . ·t eh. n whh romp 1\ turc eh. n . n 
then u ~ it ro 1C:J k u fo.Cf MI,r:~, tiQn, r .&J-ln~mrah•:m"n 
c 11 ,•alu t thf h n e in tcn1, r tur by tr· Fol tion r( ~ temp , r tur '.1/cilu 
sr ph 
know th xp _ rin1ental dot~ ifa of n1 a9urin rcnlf _ r _ture ,eh 11 _ ' 1 1· r ~ cti n~ in 
soluti · n :.ind wb n de,corn1inin l ,ouibuau.on 
c lu1 c,a ku b.t :'I Aflu c 1,m fr n1 b nd nth:.1J · y dara_ nd vie 

i a h b llcid nthn.J'py ] .. ~ l dfa ran1 f; r rh 
re:.ictir n: 

2(a ) + I 2 (l) _, 61 1:! b( ) + 6 2(8) 
Mr == +1 OkJ tn i 1 

2 r3'1.J Hess.1s I \V dia · ran1 :inJ caJcuhtc cl,~ 
enth lpy h n ~ r the rt: cti n: 

r,H c H (1) 

nthJI i s o fonn • .uion r given in 
lo\ . 

Sub tanc aHt/kJ mol-1 

Eth n . C2~(i} +62.3 

Weter, HlO(ll -286 
Eth nol, C2H50H(I} - 27,8 

tit th quuci n thl t re,pr~s t t'h 
nth.ilpy r if f rmatioi1 if I luc SL!, · 

:.ind calcu I t its v 1u . tau . td enth lpi ~ 
c 111bustion r , iv n in the t bl b 1 ,, r, 

Sub tance , .iff0 • / kJ mol-1 

Carbon. Ct ) -393.6 
Hyd rogan, H 2( g) -285.8 

Gluco e, CeHurOei(e), -2816 

4 Wr1t th th rn1och n1ic I qu tion 
thLtt I res nta th S't ndd·1cl nthali y o 
n utr lh .. 1tio1 ot: 
:1) n itri, ~n:id. I N 3 ( q) 

) t h n e di jc ci • H 2 · l 4 ( q) 

Explain hy th~ stand .rd nth Jpy o 
l)elJtf Jis tiOll I r Sf)' I} ._ cid by qu US • ocliUJTI 
hydr ,x:i de i I ays c 1 t - O 1111 . ' J • 



J b n en't11JJ y in 
L i~ n the bon enth l ics h1 

n th t ndud nrh lpy f th 
rcacti n: 

· H 2= l-i:!(s) + 12 (g) --+ 
Mir == -217 .4 kJ n1 1-1 

Band :lfla/ kJ mol-1 Bond 

C-C +348 C-H 

C=C + 12 Cl-Cl 

H.-. - :? 1( ) 

~af kJ mol-1 

+413 

+242 

7 P1~ n n cxperim nt tb t ,vouki nabl y · ll t1 

_ J-u1 t' th •xoth _ n11ic nthalpy f ~r !i lvinL 
anhydrou copp 1 {u) sul at _ u . ( )4 in 
,wt r. h equJtion for the r ce s. \Vhich is 
slo,i; ~ , n b r prese1 tcd by: 

L1 ~. 4 ( ) + q -+ . u' ~ ( q) 

YI ur ns, r sh1 lll h1clu v h-t you uld 
do~ wh t 111 sure1n1 n . y l-1 \ u I. ra'k ,:.ind 
h \Vy u ~ uld u e tbost; n e ui n1,ents t 1 

c -,cul ·t' the "'nth:tlpy chan . 

8 Pbn n xpcrim nt th t ,vould enable y u 
t ca lculat~ rh c nth 'lpy ch:in £ r th 
de n1positi n I f calciunt 1c;3r'bi n~rte: 

(s) 

You sup H cl ,;.vitl, sam · lcs of ea lciun1 
o .. id ~ cal,~iunt 1rbon~t ,and di'lutc 
bydr eh] ,ric ,cid, k ny fa , i1t ry 

uip1ncnt that you n1i ht r..: uir . 

oluti1 n = 4' • cm 
• v0Jun1 f I . I O 1111 I d1n-l ~ itnn hy I 

soluti n = 4 1
• ) cn13 

• n1 t nlL'Ced luti n ft r the 
xp rimcnt ~ BO. 
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• :iver igi t ~Jn r, tur·t; 1 fr · ,<: .ult g luti 11 at 
St rt = 1 ,.5° 

• tn hI1tn11 t 1up r rur aft r 1n· ing -
24.r G 

ho cillc hcJtt co ;.1city of th~ soluti n i 
4. 18 j - 1 o I 

JO sp1rit burner fiU d with n1ethu11, 1 n 
\-V ,igb d. l r v L1 rh n lit llnJ pi .cC'd uncl rn J eh 

b :waker C nt3illi11S l 75 1113 f \ ter :.tt 
I .5° . Aft r f \V minut . th spirit 'l mp 
\'' blo,vt ut nd 'th t m[ tur I f th 
\V t r " s found c be, 40.2° . h i1 burn "'r \Vas 
rew i hl:d and Wls f'ound to bt, . 5 8 Hght l" 

th.n t th st rt. 

h d nshy f 't ater. is LOO , n1-l and it 
g . i'tli.: b t c ity i 4. H~ J I o J 

he ·~ qu:iti1 n for rhi con1bu ti n r _ c ri 11 is: 

(J) 
] 

1-=;' .. ( ) .. . 
) th nth lpy f ,c mbusti n 

tne<th. n I, · 1-:13 -11. 
L-) 1 h data b ok va1u f·or. the it. t d:ird 

en h Jpy f combusti n of m. th 11 'I i 
-72 J n1 J- 1

• ;fiv th I s, ns " "hy thi 
is si ni fi ·antly 111 re \.'!. orh rn1ic tha n th 
, lu 1 ]cuh1t, .. cJ - 1n tl1 ,r l riln nt. 

1 j I Ii p 11 8 • Hs( ) I w burnt in Ill! din d 
Buns n bu r11 r th t cont _in i i . Oo'\-\' 111 1 ter to 

lllt.::" ~u I th ·vo1]un1e r I burnt. This '\V,~18 sot 
up und r ak t er ntuining 1 fwat r1 

i11iti:illy 't l fl .4° . Att r :::!O c1113 f a 
b n bun1t. rh tc111p r rur f the ·~ 
ri en to b] .5o . 

kuJ tc th nth if' f 111 u ti n f 
pf p n g.i . 

Under th ~anclitions of th f perin1 nt_ 1 n ol 
of :H I s :i v luJne 24. ~ dn1l. 

h &p" Hi h _t 1c lll ,ci'ty of 
4. I J 1 o l 



mp i u I 
J M n~siun1 n. 1 -tS ,virb aqurou ,c pp r sulf k . 

:11) Writ the i nic qu ti n £ r ell.is rcu(~tiot . 
lnc lud'-! st tc y1nbols in y ur ns,,ver. ( l) 

) 1 h xp rim "nt , 1 rri d ut it1 ti b k r 
a,nd th~ t n1[ r _tun.: 1 h .. n~ n1~asur d. 

5 g (i1n c .. c ,s) 1 mn~ncsiu111 1 s ,;iddcd 
o ::? " 111 of. . > n, l dn,-a s 1]uti n I f 

,c:: l J:'I e r suJ f .. , t . b t~ ll1 p ra ru 1 

l . 0 t 52. 4° . 

(Ass~nn th t th luri n h. 1 nsi·t}r of 
l. 8 cn,-J and specific h.Qat .1pucity f 
4.2J l o 1.) 

i) - h n1ount of h t pro u-~ , in 
joule~~ h: 

35 I 550._ 
42 7 b :! ( l) 

ii) The ant Ln t On 1n Je ) 1 f c pp, r 
sulfi t th t re ·t i : 

- I 125 
B O.O­

O.OR1 

L2." 
) In l n th r xp rh11~11t. 0.1 l 4 n10J f 

ul :.i·t r t d \Vitb xc -.gg 111._1 ne iu n1 

1d. r du 2. 7 J f b 1 t en r y. 
'Th nth y eh n .. A.Hr. is: 

l86kJ m J- 1 

H -28 kJ n1ot- J 
+:281 0 kJ mol-1 

(1) 

I - ... ~6 0 J mol-l (1) 
(1' tn I 4 111nrk~) 

a) [ Bn the tern, t nndla rd l: nth Ip , 
f fo,rn1nti n ~. p.pH d r butane. 
4rl1o(s) . (3) 

b) Whith qtmtion represents rb~ chln e 
\ h n the stand rd Qntha]py f c mbust.ion 
f butdl is 111 ... u1 cd? 

4Hw(s) + 2( ) _., J~H10 2(1) 
ll ... 4Hu,( ) + g 2( 

2 4 :I J.0 ( ) + 1 I 2 (g) ......J 

C >2( } + 1 I.2 (1) 

~I Irn( + ;)t 2'8) -+ 
4'~. 2 (g) 5 -. 2 (I) ( j ) 

· ) i), When n1eth ne- H 4 but ns .. th~ 
pr ducts ar, c3 rbon dioxid nd Wlt r 

p ur: 

lJ 4(s) 2 2( ) -+ ~< i(g) 21 IJ 
il1f = f .3 k.j Ill 1-l 

Mfr f .:l) is- 14kJ m t-1 
t:Jlc · if J-:1 4 (g) is -75 kJ mo(-l 

be 11 th l lpj" f ronnJti 
4 4 k] 111 1-~ 

I + 4 4 kJ 111 I 1 

- N42k]m 1-1 

I +242 kJ moJ-l ( 1) 
ii) Tgnorin rl, !d n, woukl th onth._l1py 

f i'; rntation f H ~ (1) b nu111" ri1cllly: 
. re t r th n th t f r H :! (s) ? 
l, SS than thJt tor f :? ~? 
th g n1e at J tcn1perl tur f 25° ? 

I the n1 t t n1 , er ru r 
f 1 ° ? (1) 

( T' tnl n 1n1rk. ) 

a) ,fu,, th~ tern1 tnndard ~n lhulp 
~ n 1 t i n nd ,vri t · n I q Ll ti n th t 
repr s nt th enthalpy f 6 nn ti n _ f 
eh l1oroeth ne.~ 1-( JL,H 2( ]. 

b) tl tliat ie fr nn ti tl f rsanic 
1 n1 L11:1d , nn t u ually b 111,a ur d 
dir dy. but tht.!y an be c kufated 
fron1. ntha(py of 1C 111bu~tioll d _t • 

he rhcrn1.ochen1i~aJ equ:.ttion for the 
c n1bt1 ti n f eh] r th n , 1H t is: 

iH 1( ) + i(g) 

(4) 

.. ~ {g) + 2 _ I J (]) -r I ' 'I (g) 
AH c ::::: - 1 ,2 kj )11 J-1 

i) r w a fo.be Ued I csg's J i,,r 1d:i:.t r::1n1 
, nn -ting th nthru y of 1co111busti n 

f chi m thane ,vith th nth [pies f 
f rmation f cJrb n dio~·i · ~. Wlt r ~111 ' 

hy r g 11 hloride. (2) 
ii) U ~ your di·1 ra.111~ eh v lu f -,r: 

1 chl ro thJn_ nd lh nthJpy 
~ r n,"' ·tion atJ in t'he t.1b]e t 

c .. kul .. 1tc th ~ onth y f fort11 iitiou o( 

ch]1 r eth n . ( ... ) 

Sub&t nee AHtfkJ mol-1 

Carbon d ioxidi • CO 2(g) ~3i94 

W ter, H ;20{1) -28'6 
Hydrogen chloride. HCl(g) -

1812.3 

Exam practice que1tlon1 



) hJ I' e h.1ne ~an e pr duct! th 
hlorid : l'1 3, ti n f eh n with hydr 

1-Il 

j) .11 u I t thr 8't 11 .. rd nth.ill y h 11 t: 

r l,js rf1

• tion i n the f 11 ,vlng 
er- B1 b nd 1 chic lp i s. ( ) 

Bond Averag bond enthalpy/ kJ mol 
-1 

Cc::C +612 

C-H +467 

C-C +347 

H-CI +432 

C-CI +346 

ii ) r , I bcl] d re tion pr fil 
di. r:in, for his r _cd n. (...i) 

iii) be standan:l enth~ill'Y ot rhh reacUon. 
c lcubt,d lT1 111 enthalpy t rn1ation 

d ta, i 7 kJ m J-t. xrldn ,vhy this 
is ditTc1

_ nt from th 1 lu~ bt in~d 
in )i). (I) 

r tnl 14 111=irk ) 

4 M_thyJ eth n, 

stru t11r~1
: 

a liquid c t r nd h 9 the 

13 Energetics (Topic 8) 

a) i) 'Writ the ll\ 1 J ul torn1ufo f r 
111 thy I th n at . ( 1 ) 

ii ) Writ th Ll ti1 n. inc1udin 
st t~ syn1bok or its c n1pletc 
, 111bustion. (2) 

) i) fln the t rn1 tnndnrd · nth lpy 
f t7 ,r 1unti n. ( ) 

ii ) U~e tb d ta be( W to C k·ular thf 
standu rJ ntli.dpy chm1 -e f ii rn1atior1 

f n1 tl,yJ th. n . t . (J) 

ubatance 
-1 

Air" aombu1tlail/kJ mol 

-3'94 

) i) nrh.11 L f rn1~ ti n , ..11 l ls, b 
c k u] t ,J fro111 bou n I SY dar~. Use 
'th~ b be] ~ t c lcul t tb nthal~''Y 

f f rm tJ O l1 1 f lll thy! , th t . ( ) 

Bond C-H C-C 0--0 C:O 

Mean bond 413 347 368 740 
energy/ 
kJmol-1 

ii ) x1~1 in l-Vhy y ur v.du~ h1 )i) ditT~rs 
, nsidera'bly lr nt th t h1 )ii). (2) 

(1J ,l l 1 111~1,k ) 



tion 
In h mi try. I ir1 ic i the t of th~ sr 
proc s s niust work uffici ntly qui -kJy to b 
i5l i1nportanE in chen1ic:.1J ~nt3inecrit1 . 

i (Topic 9) 

. . or r lt _ 1 f r rion . lndu tri l 
con n1ic, so know] of in ics 

' 01n1.: rcJctions r e tr, n1 ,fy r pid. Wh n oluti ,n f ilv r nitrat nd s dium 
,chi rid r n1L ~ pr ipit t f ilvfr hl ride is pr duce - inst 11t n usly. h 
,c 1nbu ti 11 ff ·rrol it t~ n in of or111ub I '"r is v ry rLpid .1nd pr 'fu:: ls th _ 

~1r at high r-eed . nv rs~ly~ rustjng ot 1r n h 11 ~ J is th gtadu.:11 cl p ition of 
i.: lciurn 1c rbon t fr m diss ·]v d lcium hydro n arbon t in the n11 t.i1 n 
St ] ·titf J1 Gt lllit S. 

A Formula 1 car : 0-60 mph In 3.2 stconCls sta1act1tes, ano sta1asm1tos : 0-2 cm In 100 yaars 

The r te .. c h nga In 

co nc ntr at1on of reactant/ 
time e& Its cone ntrat1on 
d cre,a es. 

pe cl is m -a ur d by the an1 unt J prop rty ch.111 
p..: c f c r i& m LH d by the ,digtanco it tr Vf I 
r .. H n1 tr ,s per h ur). 

y 

... s in a given tinte. h - vcras 
in I , iv n ti111 (n,H p r h ur 

Tne1 rate1 o·r reaction Is the amount by wnlch the concentration or a reactant or product chan,s.e 
In ai given time. Its units are mol dm-3 s-1. 

Aire et ntl 
n = -

Aclnu.: 
n, tei , fr . cti 

- [productJ 
-

dtin1 

h i niti 1 r ._t i th r. t fr Jcti n t th tiln ,vh n thE r ,et nrs I! re 111ix . 
lt i rh rJdi nt t thu~ t = 1 ~ r ph · f , 1n ntr ti n inst tin,~. 



········- ...............•. 
For candid t 1 tu~ing, 
A level mathemetice,, 
mori ocu ~ t d fi nit ion of 
the r _ te of reaction is th t 
it i e th d iffe1rentia I of th 
1coneentr tion of r actant 
or product sgairist tir . 
For re ction A B. 
rate= -d[A]/dt = +d[B]/d 

··~·· , .... , ...... ' ...... . 
The ste per th l1ope ~ th 
fa et1er ie the re otion. 

he at r tin, t is th ~ ra · nt at thn~ t I f r51 h f 1: n ~1:1tra'tiofl £{ inst tiJUt!. 
- A cl Q'.ppr ~ hu tion of initial r t is th ~ n1 tnlt by v-,h i h r · c nt' or 

1'f uct's c ncentr don h cb n d in , iv n tin1 fr 111 n L in ~ p , ,Jid d it 
1concl'ntr tion ha not chan . cl by :rnor tb.1n l oc% in that tin1~. 

urin 3 re._cti n, the conceutration of eh~ react~nlt tails. T'h~re ore1 the rt:actir n 
r e f Us, until tb re is n re ct.tnt 1 t an th r .cti n t ps. In n -r ph f th 
,c nc ntr· ti n of r , et nt 3, - inst tin1 ~ tb l •1lc of tb raph 111 . ur th ~ r t f 
r"'d~tion. h n1 gu1tudc 1f th s1 I e er a~e~ JS rhe t .. te d er a~ s and b con1 a 
z ro ( horizonr 1 Une) when aH rbe r 3cr nth.as be .n used ( igu re 14.J). 

... 
C: 

I 
! 
,I 

.j 
J 

J 

/ Gradient greatest t the stan 

/Gradient decreases 

Gr ad l1e n,t zero when the 
r act Ion ,Is c:o m p,lete 

I 
Tim 

I Exp I metl od 
he r te of r ctiol1 c _n be stimat d in nun1b r f "rays. A c n1n1 n method 

is . 1,11 • sure rhe t1:n1e.. f. for t1 c It i 1:1 1n1ou nt of the n1 i. tur t r · t r th~ t1n1i:: 
f r 3 c rt i11 , n1 ut1t f l'T duct t,o b fon11 d. h ,os un1pti t i tb 11 111 c h t 
.l l l is , 1n sur~ of th r t . Thi is not trictly ~ ,ur1 tc be . us th r~1t ,vill h 
beon dc.',c.reasi n ron, th~ n1on1 n·t th t th r t:ints \~ r 111ix d. It 1s only :ii r 
a &L1n1.pii n 1f d, - c -u, ntrati n f th re:u: tr1 nt d not d1J n , s1 ni ticuuly du ri11 
the tin, f the xp rhnent. L hl.ll , of H1o/c1 r I~ i C1c p. ta ]e. 

An .: 111pk is the r crion b t\ve 11 111. n~siu111 ribb n nd dilut a id. iss 
.1cid i& add'!' ro ~ I i c.: - of m sn giu n1 J nd th ti 111 tak .. n for 1J th n1,1Ru~s:iL1n1 t 

di!mf pe .. r h :n1e,:.uute . l snnnrti n is th n nirnJe th.:'t tbe r te is r po1 riou1l c 
J/t. Thi~ is 011ly J fair ~Hs u1nption if rho ,concontr tiot1 of the a,cid tnUs by n n1orc 
than I o/i1 during the dn1~ of thi: xp rhu~nt. 

Me,asu1rabl1e physical cha1nges 
h r r nun, er f physic~ J ,eh 1n e that can be u&ed t, · sth11 te the r t f . 

1ch mi I r, c i n. 

Produc Ion of 
i h r m sur th v Jun1e rodu , d t ditf r nt tin1es (c 1U ted v r w t r r in 

yrin ) r th tin1 r u fi. d v lun1 f .s. hi i suit bl n1eth 

14 Introduction to kin tic (Toprc 9) 



fl r n, u urit rb~ dt n, iti n of hydr u ~ eroxide usin . ~ nt hJ, e i r h r 
r jffer~tlt C t ly t:1 or differ nt ni.: ntr ti ns t hydr1 t;ll 

his n1cth d. is ~1 u it bi , tor studyiu th, fleet f t n1 era tu re n rh, rat at 

r r cci n b t\V n 111 n &iun, nd hydr ch l ric ilCid: 

M (.) + 2H ,...1( q) Mg · l2(aq) + H2( ) 

f ollcl 
h Un1 t ken t I prodt1c n L1 h oHJ t hid 

~ c ti n ._ppar tus or on rh 

I is n1er'h j ~ L1~~.d r n1 ,ctd. h 
u 1Cr s 111:ark d n th 

pr u hid~ the er s ~ ,,vh n vi \\re 
th r i . e 1 

1
_ th" b ii 1nL tub ~ i m urc . h , XJ "l"in1ent c n th~n b"' 

ncentr ti ns r l ditfe,r~nt t~mp~r tur s. 

N !? 2 3(aq) + .... H I( q) 

An 1t r11. tiv m_ th d is t d tb rt- _ ti tl in b J k-.:r ~tan ins n J \Vhi t tile 
n1 .. 1 r~ I \Vith ~· 

T y 1r If 
1 Expleln Why a dark tnlck cross snould not be u eci 1n tn1s experiment. 

Colour 01,a n 
_ he ch3n c in c1 1 u r of citl r r et nt or . product ism :is.ur d u sht a colorini ter. 

A r c ti n that c u b cu il' · thi. \\" y i~ th _ r _ ti n b t\v n i ine . 11 
, rop non . he dc r r J~e in thr int~nsity o the 1 ]our i dine.: c 11 b1l:' nm ured 
with col 1ri111urer a functi 11 1f. tin1f1. 

Cll 11 e In pH 01 COi cluctlv1 V 
Ar, cti 11 \Vith n rCid rI" l Ii s product r il& r 8~1lt G n b £ lJ \V d by n1e surin 
th p t int rv J O tin1 . his is ni 1t V r r C ur t ;, ,H i 1 8 rnhn1i n 
initi I U-ft-1 = 1 n1 l dn1-\ <>tJYo f th I J+ i ns nnHt C't t han ~ f 1 in 1.-.I. 

I actions ,v11er.1 d1e nun,b r r ryp f ion ch~n c:.H1 be 't'°' Ho\v d by nurnsurin 
tb J trk· J nductivity t hu rv ls f ti n1 . 

c 11ock re,a1ctron,. 
In • l ,k' re ,ri n. th r act nts are n1L ' nu th tinte t k n t pr due fi 
an1 u ut ot pr1 duct is 1ne~Uiur~ d. his i cs th "I initi I rat o the r Jc tion. 

he oxid cion f iodide ions by hydro n p r .. ide in . id s lu i n c n f n Vl d 
i .1 ] rC k fer C ti t : 

f hydr t.:n per a idr ~ lution is mix d in ·J b akcr \Yith .... 5 cm of\ ac r 
dr s f st rch s lution ar 1d ) d. 

r [ 5 iu111 io 
0

1 f r oluti ]} • t1d 5 (Ill l f t), dilut 5 ]uti t1 I t diun1 

r pl f d in s c n d b _ k r. 

....... .. . ....... , .. , .. . 
Hazard: s ulfur dioxide i n 
irri nt ga . 

Exp rim nt I m tlllod 



ti 

he nt nt of th1;; rv be,ak. rs are 1uixt!d .nd th rin-ie rali_:en ·t r d, soluri n t 

o b]uc i 111 sur . 
T'b xp rin1ent i r I t ' '\i bh th g 1ne v lun1e, f t s ium i did nd 
s diu1n thiosul :.ne but with other concentrations ot hydroe;o11 i,,eroxido or at 
difti rent tc u11 erltur s. 

The r acti n rodt1Cl:!S iodine, whi,ch r cts l itb the diun1 thios:ulf te , 

12 "' :i- "' "I- + 2-...,; 2. - J --,,...., ~ 6 

Whet .ill the 
r ~ ,cts ,vith th 

ium thiosuHbtt b ~ een ug d u , tbt ncx't j din, 1 th- t is p,r due~ 
t rch o giv n intcin b]u -bl ck c 1 ur. 

h~ a111ount of iodi nt.: producc1d in th 111 ~uu re t tin10 is pro ortion I t the volu n1e 

if & diun1 d1io. ulf~te so]u'rion tL,k n. hcr'.lforc~ the v,cf'l r:ite of1 e ction ot -'3Ch 
p ri nle nt is r r'tion J co ! / thn l. 

An ltern tiv£'1 in "th d i to 111 nit r th r a ti 1n at interv h f thuc. h r-l ck i 
start" 1 on mi ·in ~nd \-Vhou tb Ju - bla k r l ur ii. l orvcd~ tl:11 tin1 is tl t«."d 
nd , lit le niore s ium thio;u] ~r dd d. l1e bJu colour cl.Lia pe·1rs , ,d \ be11 it 

r ap e r the thu h n ted and 111 n.: ~ dium thio uJf; t is ad cl nd on. 

A _ raph of th i su 1t:1t , d~d s~• inst tin1c i plott~d . nd thl' rate t i.ff r nt ti m s is 
n1~ astn f d fr n, the graph - in i E(ll r(j 14 .1. 

C lcul tlon of at fron, th 
- h nc ntr, ti n. r 111 thin 
Th rh11 111u 't b I, n e-n ugh 

cone ntra Ion- ln1 grapl1 
prop rti n 1 t it, i n1 ·u r d at int rv l · 1 f tiln . 
r t 1 ~ t 7 % of t h 1.1 b ta nee t . r . t. 

ri1ne ier t n1easur tbe an1ou n't fr r duct 
pr du , ov r Un1 nn pJ 1 t rJph , f th ,cone· ntr ti n 

f rh pr duct ,p; inst tim ( i, ure 14 .... ). b r ~ 

th sl .P · m .1sL1r s the r, t f r ~u:ti.on • 11 (l;r idu Hy 
d Cf~ilS :19 LI thl; re~1..:ti t1 a] rW do\\ftl. Wh, n the al p 
b 111e z (the rJ h b 0111 s horiz ntal). th r,at 
is zcr , hi. i. 'b ., ~llU" • J1 of the r et. nt h.1s b n ll~ :,d, 

h is 8onn~ti 111c s :.1 si1111ed th t th r .1t~ o:f reac·tion :i n b 
c .. 1J u lot cl 'by 111e uri n, rh tin1(! for J. c rrai11 Jn1ou nt 

f r ,~et nt t I r .. ·t or a rtain an1 lH1t f product to 
Tim 

FI 11ro 1 4 cnange In concentration oT product with ttme 
b n11 d. 1 h n I / tin is 1ss~un d t . hf r t f th 
r a tion. his is not the, initial r Jt~ but Jn ,,n,r.r,i_q-c rat ~ 
whic:h is n1cani1,1glcss uuJoss ]~ss th~u, i0% o th reacti 11 

h t ken 'I c . b n th l,,r roxhn ation i cccpt bJ . 
•••••••••••••••••••••••• 

Th in iti I rst i that et th 
i net nt d, 1 reactants _r 
miix d. 

I Colli ion theory 
he ~xplan ti n of r re, ot re,ac tion is bas. d up n coUi j u the 01· . · 01,1sider the 

r. et ion: 

A+-

he tint n~ ]U ir 111 nt i~ Ct r n1 ]~cul l\ r , Ui ,vith n1 1~ u l 13. How Ver~ thi$ 
,ea 1:111oc bo th~ ml'ly r gui rcnn1.; nt~ od1 r\-vis: ~ H r "ac·ti ns \\; u Id be axtren1 Jy f: ~t. 

14 Introduction to kin tic (Toprc 9) 



lcn,3 fair in u r 1n, 

olB ~ n rhc ry . J t~1tt: ~ that I Ui Jni 1111 1,,ul 1uu t hit h I th 1: with 
~u lnci nt f ner y to cau s JJ. re:1 trion . 

P rricl (, .' . m l cul s in · s or i n in soJuti n) n1 v b ut r ndon1ly , t 
v ri 111 sp . M xvv 11 n B 1tzm n11 - 1kuJ t d th istributi n of ~p eds of th 
n1ol cu le s in a p;L s nd hen . eh ir in ti n "r~i~s. 

Maxwelll- Bolitzma,nr di t rJbu1tlor1 of moliecul'ar energre . 
, h • \V U ltzn1 nn d·strihu i n fn1ol c 1 r nt:1r i 'is pl t n rapb of 
b fr.u:tion of m l cul s \1.'ith p~ rticubr n ray a~ainst kin ti n rgy. 

i ure 14. · sh ,vs th distribut.i t1 f1no1e,cu '.l~r n r i s t tw t n, e tur s~ Ti (h 
blue) nd T2 (in r d). ~ i hi h r t n1pcr turc th n 1~'1 , nd ~ rh JV r g kin tk 
ner y f th n10J u l s t ; i gr t r rh n th ·t !i. 

IC1net1 c1 nerw, E 
FI uro 14. Maxw1&u-eo1tzmann 01strHlut1on ot mo1ecu1ar energies at 
two tem peratur 

Point~ to not b ut th raphs in Fie;ur 14. 

neither curve i!i1 syn1n1etrico l 
both curves sc rt at tb origin and 1nh! by .1 p oaching the .\·- ./is 
th!.'! re un r b th curv s is the s mo (th nu n1b r of n1ol cu le i the m ) 
th p .. k of tb ~ T2 (hi h rt n1~"'l'ratur ) distributi n 1s to h rif!IU and lt•u er th~u 
the c f th TJ Jistributi n 

h~ "e1c n r qu ir 1n1 nt f c I lisiou th ory is d1Jt c lUdin 1n lei Liles 1nust p s ss. 
b tl n then,~ t I St th p cific n1 unt r in tic nersy rc1quir I f r r ti 11 
t tJk(; pl .. 1 c. lu~ rninin1u n1 ein~r y tb.it c0Uidi11s n1olccu I s n1u~t h.,1vc for the 
C o1 Usi n 'tO r u J t h1 r ._ I,;; Ci ll i C n d the t • I 

be fr\1cci n f ,c 'llisi ns th t e sue\,; t.id i h ,; 11 by thf 'ltzn1 t 

· tribuU n in · ur 14.4. h .1 , 11 un r eh cur to th right f th tiv ti n n r: y 
u I s dt.1t 'hJv tho ne es~ary neray t rea t n colH iot.1. r 

a reacti n that r ~d sc "( ·Ly t r r111 tentp ratur, ~ nly ab ut 1 in 1nu m l ~ules 
ss s es d · n rgy. 

wnen araw1ng, tn1s 
ell str1Dut1on make · ure 
tnat tne curves ao not 
nit tne II n11 on tne r1 gnt 01 
the ;c .. axls out approact1 It 
a ym ptouc a Hy. 

K t rt 
The ctlv tlon n I y 
In a re1act1on, Ea, !s tne 
m 1nt mum kinetic energy 
Ula t the col Heung molecules 
must possess, for the 
comsion to be succes.sTul 
and resu It In tile rormauon 
oT proauct mo1ecu1 - . 



Always araw tne aot1vat1on 
energy 11ne well to tne r1gnt 
or tne pe,ak. 

~o-

E~ Kin tic nerg~, r 
FI ur 14.4 Fraction or mo~ecu1es pos 9S Ing the activation energy 

r tbe ctivati n en~r y is hi h th nun1l er 
n r y t r n1 t n1p r turt:! h xtr m ly t11 n. s 
he s yat 111 is t b n g id t1 b I in t i n Hy . t b l . 

'temp i tur ~ i incr s~d. 

partic1e th.~t h -v thi 
h r t i 1n o · n It t c pt c . 

h~ roac rion c n o cur only if th 

If the r cc nts r h t n ugh m lccu Jes Jn y it n rgy , u 1 t I r 
n n rsy~ -: ; .. f r th yst m t be 1n kin tic Hy 

unst bi . An ~~ n1_ 1 i th r acti n b t,v n hydr1 ~ n n o .. -ys~n. h 
n1i rur m1 thtH' illi 1dynan1ic3Uy vory 1.uu.t bl m t tivo to the r ducr~ w:itor~ 

but th actiV3ti n t:nergy h so hish fh~t the r acri n dof s n it ccur at ro n1 
rent r tur . h 111ixtur h kinetic Hy st bi but it it i h t d with 
sp r , it m s kin tic· Hy tHl t I ~u . ,j p] de . 

OH­

/a reaction 

---1 

he thir r qu iren1c-n·r ot Hhi n du: ry i th t th colliding 111 ,] ul s 
n1ust hr. v th~ co1 r "Ct I rknta'ti u n ,c · Ui iou. 0 1r xmn J , in th 1·, ction 

Figure 
Tor a UCC9 

I 
A 10w 3ct1vat1 on enersy 
means a rast r1eact1on; 
a h IQh actlvau on energy 
me ans a slow rre actl on 
or evan one mat does 
not occur at room 
temperature. 

t'-v . n i 1 in th n • H I~ nd hydr .. · c i n , - h co lHsi n h 
to t\V th · 1

• YS I in th I - i1 nd th rb n f . -131. In 
dition~ th ,- ion h. s to approach fr m th~ id pp sit fr 111 th 

iodin I :it m ( ieu re 1 o 5), 

u1mm1 ry of cou1 · Ion theory 
I ~ n101ecu I s n1u t c Hid . h I t f re cti n c.lep nd n th~ ~fw1ueuql I f 

1 o'llisi n. 
A co1Hsion '\ViH I nly be &ucceHfu] i tbc- c0Uid i11 molecules ha ~ kin ti en r 
cqunl t or re tcr th~u1 th occivati101n en rgy. A East r 1eacti 1n l, s a lo,v 1ctiv tion 
nerey. s · • r ;.1t r 1nc.p1Jrt{10 f c llisi ns , ill ~ucc t'i1 I th n in 1 r acti n 

with hi h r ctiv tion ncr y. 
b~ n1ol culc~ n1u t c1olH ·with th c rre t ori nt ti 111. In r 1 ction involvins 

1 1111 h: mol~cu l 1 s, f \vcr olHsi n wiU hL1v rh ~ rr~t:t Ii nt. tion th ~u1 in L 

reaction b r . cen in11 ICJ r nl lecut s. 

tio11 rate 
concentratlon 

r r a O 11s. in soh.1ti n. an in reu~c i 1:1 c n nrr ti 11 L: us Si an i uc re~H 1n 
r ti 11 r t . h1.: fi , u~ncy £ ...:oH m. i n b ,t 11 solute n1 I cu 11~~ in 1]ution t 
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nctH1'trtt.ti n 2 n, l ,,-3 is _ r at r ·than the fr~qtk n, y in luti ns f I nt l d,n-3 

concc ntr ti n. I, v r kin tic t1cr y is in 'c pc nd nr f th c J14.:, ntrati n, so a 
th c llisi n fr , u ncy · hi h r~ th fr qu ncy of surcess(l,,l ,c Hhi ns i 1 o hi h r~ 
so the r t~ o reaction is aster. Doublin the concentrJtioD of one rciact nt u suaUy 
c ~u ses th t·atc re cti n to d u t le. 

h ~ ,et f incr sin~ th cone ntr,:.1ti n f ci.d on 
th . rat of r · tion b tw 1 n pi c of m gn ;iu1n 

ribbon and .. ~ ce, ll]Ua u hydr ch.101 ic .1Lid j sJ n 
in : igure 14.6. The 1·~,.n:tion i : 

{s) + ... H ](. g) -. J.,( ) + H.,( ) .. . 
h blu 1CL1rvl' is for id f,conccntration 0.5 n10J dn1- : 

the n~en curvt, is (or l n1ol dn,- acid. N ,t th .. t the 
· r n Un h- ste fr ir1tti11I 1op (fa torr .1t ) th 11 the 
]u Une ~ but both liues ft tte11 ff t th ~a1n v ,lumc: 

of hyJr s n gl produc~ t hii. 'i!i b aus~ m:1gncsiun1 
i& lbe lin1 iti ti rt:,age ut. 

J, rod curv in i, ure 14.6 sh 'th ,ffe'-.:t f 

o.s mol dm-3; T + 20Qc 
1.0 ,mo:I dm"'3i r ac 

0.5 mol dm-3; T°C 

Tim 
iucre ~in the t -1.np rat~1r· n th~ rc!lc'tion bet\veen I ur 4 Reaction batween magnesium end 1c1Uute 
1na _ tl f situ11 "nd . 5 1uol dn1- hy f\ hlo.ric Jcid. 

Pressure 
F r ls Ui r , ti, ns, . n in ·r('t~1se in I r~ssur • ~u 
c, 1utan ten1perJture~ r u]ts in an increa in 
r ction r, tc. 

Pr tire can be incr se ' at hen ten1 ran1r by: 

reducing tho voh.1n1c of rh, containt:r 
pu tnp,in n.10 ~1 r -ia t:.un s g into1 th conr.iin.cr 

ith r '\V, y.i th 1 r su 1t i th an,e. h r,~ h n 
incr d nun, r · f g pJrti l s p r ,cmJ ~ so th 
]tl1qUfUt)' of olli~1 n is in ·re sed. h averJ e 

inetic euer y ot the p .. rti lesi ren1 llin.s the san'.H~, 

so the I n1c pr- rtion ot colHsionia 'it I r i;u lt in 

hyd rochl od c a1cld 

~ , ti n. J w v r, as th r _ re n1or c Ui i ns Marb~e chips reactJng with (,a) concentratgd HCI and (b) dllute HCI 
! er second~ the rJtc iucro:ls s. 

Do not Just say mat tne numDer of 00111s1ons 1ncrea,-es wnen tne pr&ssure or conc&ntrauon 
m1cre,a es. It I tne numDer per secona (or tne trequency or coin ,Ions) that increases. 

This op Hes co h 1n fl ll , uch ~s c then an ascou hl'drogcn 
ron1id r h l 1 II h , c rli o t1 n xy n . 

Surface area 
or het ro l:nfous r~ tion, involving solid. J r or gurfa ·rcta oftho s, lid r su'lt& . .. . 

n1 3 tnstf:?r r a, hon. 

K t 
A 1101110 n ou I ctlon 
1s one1 tnat takes p1aoo 
In a sl na1e phase - tor 
9Xampl e, al I the reactants, 
arg eases. 

A hotoro n ou 
r ctlon Is one In wnh:::n 
the1 re act ants are In two 
pn asas - ror ex.ample, ,a 
son a a na a gas or a so na 
a no a 01ut1ion. 

F ctor off cting r ction r t 



~···························~· An incre e 01f 100C from 
room tem~raturie cause 
the rate of the ave,rage 
reaction approxin1ately to 
double. 

l lt•t•t•lt It tl tit t _t•1•1 

Not that the Mexwe H-
Bo,ttzm n n di gram howi ng 
the 1eff et 1of te m pe,rature 
1con e,ist s of two c urv nd 
,one otivation en. - t(Y. 

You must make It cltar In 
your e~ 1anau on tnat the 
area un ae r the curve to 
th19 rlg_ht of the activation 
g nergy Is, the ft'actlon 
or n1a1ecu1es tnat nave 
e nousn energy ror tne 
conlslon to be successful, 

Wb n I lid~ , u h I zmn , ft!aCt \Virh n 1 kl. 1 nl.y c1 lH ion bt!t\ve~11 hydr ein 
i ns in th~ soluti n and zinc con1 s I rh su,:Jac the soli zinc ,c n r s.u'lt in 
r ,cti n. If th zinc i po\l r d. rhe surf c r · is incr s d nd o th tr qu ncy 
, ,coUisions b~'C\V~ ~11 H+ ions .. nd zinc ato.111 s incrt.1 see. hus hydrogon as is fornteid 
111· r quickly. 

Temperat1ure 
An in . re g i 11 t n, e1 ntu1 p a lw .. 1yg c.uu ;,g .111 in 1 .. s~ in , .. ,i:tion [il.'tc\ hl! [ .. ar 1 t\V 

t ' sot1, £ r t.hi . he n1 re im~, rt nt is th t the n1 ][}1.:ulc bav hi h r J.vcra 
kin tic n rgy t the high r te1np~r turc. hi 1n, ns th t g[c t ,r tr cti n of th 
n1 l ·ul I s s th" · n rgy n c ry I r et on oJlisi, n ( i ur 14.7). 

r, 

,~ Kin tic n rgy,, 

FI ur 14. 7 Maxwen-Boltzmann Clla,gram snowing tne enect of temperature 

f..-! und r eh curv, t th ri .ht , the 3ctiv tion n r y is tbc f ction f 
n1 1 ul~ th t hav suffici nt 1;,n r y t r t n 1C. Ui i n. he~- plu blu r ~ und r 
eh hish r t n1p rarur cur-vu b~ l.u~ r than the, 'b'lue rca. u n r rhc l ,,nr r n1perat1rr 
, ur.v . h r f ro. at the bi her t 111p r ·run"!~ , n~ t r pr<1ponrt1n f th c Ui i ns r ,,ult 
in ~ r kl ct1 n. hi 111 JH th t rh r action i fri.st r lt tbc higher t n1pe tur . 

A s . ond, nd 1nin r, '=1fect f n iu r s in t 'mJ r 'tur is a . light incr s in 
L il'lhi1on rcqucncy. The ddhion J rat I:! c. used hy this js • bout 1 o/i:) f r 1 t O rise 
fr m r, n1 t nip r tur . This ff et h ,v:n11p d hy tho incr s d r te du' t, th" 

re t r tri ti n of m l cu 'lcs ,vith ._ncr y ~ u:11 to or r at r th n the ~ictiv ti n 
cncr . y and tl, resukin . it1cre ~ in th ractiou f suer, ssf u I c:oH jgi ns. 

Tht,; eff 'Ct f rahi n the t 111p l'lr. tu r n rh~ 're ction b 1 t~ 1c1en pi,cc of n1a 
ribbon nd dilu t hy r ·hl ric cid i sh wn in isu re 14. . h r Jin sb \V: th 
v lum f hy r · 11 pr u d v r tin1 \ ith 0.51n J n1 3 ,. i , t t mp rarur 
20° high r th3n rh~u th blu Hn . h l 11 of tbi~ line is n1u h st per h n th 
lo es o rh other t\\t Ii nes. 

u r ~ If 
rrect or 1ncrea 1ng tne temperature on the rate or: 

) en exotllermlc reaction JJ) an · ndothermlc reaction 
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catailysts 
.. t n I )1 l r, ~p t r n d th y u e th c ~~ , ti n r t t i nc r 

Ho n1og neou c tA ly t 
Ah n1 n · u inly·. t ia 1 _nc that is in th s 111c ph . e th re t ntg . . An .. 

th c 2 i n , t Jyst in the IXidJtion of iodi i na~ l ~ by r u lfate i1 n ~ :? 

.. ., 
• 

..,,_ - . 
I 

, nu 
int n11 di t ~ ,c n1 

4
2-(aq) + I2(s) 

t lyst ,v ks :y r ctin v1,ri'th on 
'-ln : 

f th r c t nt to ~ rrn , 1 

h i nter1nedfa rti co1npou nd tht: t1 re.: ltts \Vi h eh th r r ~ is~ nt t re:forn1 th c:~ C lys.t: 

2 eJ+(illl) + _J-(.iq) __., l~(s) + .... F~2+( q) 

n ou 5 catn I t is n tb r is in di ffi r nt - h Jse fi·cun th rl'-- c rants. 
ue ex .1.uplei is iron ,vhe11 u ed in tb,e Haber pr ccs (pas~ 1 _): 

Ah t ro n ous tatn]yst usu:iUy pronl!ot_,s reaction throu hits a, tivc sitl's. he&u~ 
an~ 1 ces o,n [he surt ce tho ,c. C,Jlys.t t,o whicb the react~nrs 1can b nd. he 

s qu nee . fr ti ns i : 

u r ctant + Jctive it j_ sorb d r ,et nt 
1 s rb d r a1 t n't ~ rb d pr u ts 

'_sorb d pro du ts -4 as 01.1 ro u, t~ + fri.? _ • t1v sit 

_ h r" 1Tt' '\1!l f .. 1 tive sit S th . .in t'h re r reri · t nt Jn J 1 uJ s. s.o .u, incJ"~ as in rres ure 
d s not alt •r tho r t ~ of r a~ t1011 l ec us ~JI the ncti . !lit s · r~ already occupi ~d. 

Anothc-r x n1pJ i 
(pa ) 185): 

- 1H_. ( ) + H:!(s) 

y ur If 

nick 1 1 h n used in tb 

Nl (s) ) _ H (, ) 
1 6 

d iti 1n f hydro en to ]k n s 

Which 01 tne 1011ow1ng Is llkely to nave ttiQ /east errect on tne rate 01 tnQ 
reaction: 

Mg(s) 2fr(aq) ~ Mr (aq) + H ... (g) 

• doubllng, the concentration or H+ Ions 

ra1 1ng tna temp rature DY 10°c 

• cJo u D 11ng tn e p~ s ure In tt1e reaction vessel 

Econon1lc b neflt f u In c t ly t 
lndustri. l l!lli ces s such as th 1 her Ero ,s f r tb 1n nu ·1,tur f , n1m ni.1. 
0 11 of rh ) . t J s in rh~ on'ta,ct 11ri .· ~s !or th 111. uu fil , tu r of su lfu ric 1 id l nd 

K y t rrn 
spaeas up a 

reaction oy prov~ e11ns an 
sJtsrnatlve p atn with a 
lower a cuvatloin energy. 

'' , .... ,, .... ~, ,,, .. ,., .. 
Note1 tJh at the c alyst is 
writt n bove the rrow in 
th uation. 

F ctor off cting r ction r t 



Note th a1t thJ s diagram 
has ona curva a1nd two 
a ct1vat1on e m1rg1 es1

• Do 
not conru a It w1tn tne 
di a gram for tne eff eict 
or temperature, wn1c: h 
has two curves and one 
activation energy. 

FI UI 1 me IOCK--ana .. k9Y 
nypotnes1 ot enz-ym action 

rh ,. hl:ui n · f :u,111111 1ni iu the n 3nufui.:ture f nitric cid JJJ u e hc,ter s~tie us 
1C tnJysts. h Sf h g vcr l c n 1ni1 be ncfit~: 

Tb y Ho\v th~ r . ri n to pro cd ~1 t u fast rat .it . n1uch I w r t n1p ratur . 
hi I educe th , !lt oif n q~y i nc 'th 1re \\'J U b J. g he-r l st ~rr th~ 1 

teirnp 1rature. 
B u e the r 1Lti 11 is t'1 st r~ n1 r r1 duct \l ill be ,r due jn - h rr r tin1 . 

hi incr I.;! tb ,tfici ncy nd c t of th pro '5 . 

h, ;, d1 r e t ~1cti ins I c .. 11 e. oth rn1 i1c. h r fo1 thl:I v riJl be hi9ber 
t u 1 libriLun yie Id t a lo r ten1p rature (s e h , ter 15). tl1 t th 
p 1r1c ·nt cc nv rsi1 n is hi)lhc[ nd h r · i 1 s l'V t I fr et nt or s111· JJ -r 
pr I rtion f th =- r et nts , Hl h· v to b r ~cyckd, rhu. r u ing n r y c ts. 

Ho ark 
.. he '\: y th t .1 c c lyst s ~da ur r action ,c3 u b , x l in d usin 

]tz111 nn dia r 111 ( i urc 14. ). hi.? r nee f c tJly t d cs not 
v r kin tic n rsy f th n1 l~cul ~ but th 't 1ya I r ·ti1 n r u h. l ,v r 

a tivati 11 1 n ~rRY· 

h tine d ~n: und i- the cu rvt.l ro th t: rishr f end1 tiv. lion n I BY is the raction 
111 1 "'Ull.!S that h v ~u n:i~nt ne1 y tor .1ct on c JU j n. cat j Jes 1tha.n ~~r1c:tt• so the 

r n lu blu r '3 under th cur c th ri ht 1 · f ·c t is lar r th n fhe blu r t I th 
rip:ht of ~1, • hh h ,v th t Ii t r JJ~ 'J•orticm of th Hisi ns invoJvin th c t yst 
r ultin recti 11. lu:r~·or.th ctini futrinth 1ro nc fth t\ta l sc. 

Enzyn1e c t ly t 
1 zyn1 s r 

I 

i 11 i 1 c t l)rst . I, y r p cine t p 1rU u 1ar bi eh 1 111ic l 
r ., cti n and c n 1n k th r cti L · _ , s n1uch s 1 ~ ~10 th11 . t r. n y.111 l r 
la r pr t it 111 J ~1,.1l_ 1 th.__t nt in on r mor _ , cti il . h r a t nt, ,_. l1cd 
th ub ·t rt1l.: frl bi 11 m 1stry~ fits 1nt1 rh l tiv sit in i 111 H._1r ,v. y t ,. k,ry ti tin 
into a 1ock. nly ~ key wit'h the co rc1ct h .. 1pf tits .. lock - th 11. 1ne i& the case with 

nd n c tiv I sit ( t, ur L • ~. 

u1mm1 ry of factor affectlng the rate 0 1f reactt 10 1n 
In h n1 g n us as-ph r ~ ti n ~ . 11 incr in pr ssuf u s n in re:is d 

fret]Ur.nry of oHisi n and h n c ~n in re o 1n th r.1.tc of re._ 1 tion . 
or re cti ns in oluti1 n . .n incrc1 ~ in thc1 cone ntr~ti 11 f J r e t nt lncr 

th frc r1Hcncy f c Uisi 1u nd s incr s h r t fr ti n. 
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]u h tero en ou reaction . n in1creJt e in gur Cl! ar 
incr se tb nu111b r c lUsion in iv n tin1 b tv 

r i sol v th r t 

. f th,e li re c r nt 
n th solid I! nd d 

A ri~u~ it1 r~n1pet tur incrc3se~ the v~rae: kinetic enersy o rhe tnolecule? . his 
results in 111 ,re ot the ,c Uidh1 molecules hJvin ,n_ r y equal ro r r, ter thau 
rhe ctiv cl 1n n r y~ E . T'hcr for , r tcr pn1JJ1Jrti,J1,, f th c 1U ion; r 
au c ssfu] nd he nc th nn h1 ·r ~ . 
A nt-. J}rst SP, eds llp r JC tion by l"T ,·idin Jll J lt rn th t' p th \Vith J lo\VCT 

·Uvat'io11 encr y. ddit 1 n of a ata 1yn auses n1ore n,ol c:u 'les ro h av~ en 1·gy 
c, u.1 t · greLt r th n Qt th. 1 h \le ~n rye u 1 t r t~r th 1u1 ~1tJnne 

h r 6 r ,, the pro1wrlit n ,!f sr,rccsefut coltlsious incr s at d h n the, r te incrc os. 
~ nzynu~& r bioJogic I cat Jysta. 

A r ,c tion rohl lia :1111 s:ho s 'th ,enei: y fo v ls of tbe tf uctants J nd r du t 
ofth r..~~~ti n and I th~ tr tu.id u tatc th t the c~ 4..tants . o 'tht ugh. h cti ation 
n r y. E . nd the nth lpy h nse. J O h1 wn on thl;! , i , r nt. 

n si r th r ti 1n: 

rbon a 0 111 tront ' h ~i opptrit fr 1n th jodin • 
an i ncrc in f re I f r ulsi n. hi i rC us cl by th outside of 
n th -- r n tonl' b iJ g ~ph r f n tiv eh r (th out r 
H- j n d t:s not 11' ve uffici nt erPrgy. i l, 1.1nc"s ,v v"r. 

ion p ssesscis tbt:- .. l tivation ~ner, y th~ oxy . tl pproll cht?s t sc cnou h 
1,: rbon to111 ~ r ,r: val ut bond to st3rt t - t riu. this ~ nd lr rn1 ~ eh · -I 

"' nd b h t br k. Th tr nsiti 1 st te is th~ int f hi h t n r Y~ ,; h n th 
- b n h.1 1i'1rti Uy f n11c n th - 1 b _n h p rti Hy b~ . k n (Fi, ur 1 . HJ). 

h 1 n~rRY c'han e duriug th 1 

re:.t~'d u , ot1l i r n1 i Fisur 
L t lysed re c:ti n is 1n:ul r than tl 

( ) 

u 'U' f ,J.U c - the1~111i re~, ti n :i r shol: n i u tbf 

l 4.1 L N t th t the ctiv ti n l; n r y , or tb 
t f r tbe un,c t lys d r ietion. 

(b) 
"iii 

i w 
Ec.t 

Reactants 

Products Products 
Without c taly With catalyst 

Ftguro .11 Reacuon pron10s ror (a) an uncata1ysea a1na (D) a cata1ysao exotnerm1c re ct1on 

A catalys d r ~ctklrn tak s pi c~ usinB ~ ifl r nt route fr 111 the 1.111,JtJly ed reaction. 
An in nn U te r111 be t\V · ~n th r ,et· nt nd th c:italy r_ so th r ction t 
l1la • in I st \V st ps. 

rnese a re tne exp Ian attons 
tn at exa ml ners look Tor. 

t4•••••••• •• • •• , •••••••••• 
The, rate . I o in ere as s 
slightly becau of th 
inc r se in th I frequ ncy of 
comsiona. 

'H ~ 

\/ 
-

H O••••••• C•••••-1 

FI ure .1 

lttt •••••••••••• ,, •••••••••• 

Rgu r 14.11{ ) i ,in,nar to 
n nthel py l,ave,I di ee;r m 

(pa~ 236). Th diffe nc 
i th t an enthalpy 11-,vel 
diagram do a not how 
the tran B iti100 tate nor 0 
intemied iate. 

..... ,, ,,,, ,, . 
Not that the reaction pri)fi le 
d iegren, for th catalysed 
reaction has two hump and 
that cat 1lyst h e no eff et 
1Qn ffl 1 V lu Of M,I,-. 



ur . I 
oraw a lab Ilea r act101, profll a1ag,ram ror an endotn rmlc r action 1nvo1v1ng 
a ieata1yst. 

umm ry · k 
You 1nust h bJ to: 

1 _ef1 nc rat~ of r~ a ti n nd , tiv, rion _ n )r'" y 
u fUH in1. nt I d~Ha o c I uLt~ th r:1t ofre ti 11 

dr , l\ltt. ,veU- ·1,rzn1an n Jistributi n ..:urve t djtf rent ten11 er tut . 
• , pi in h w I r )s11.1r • ,con ntr tion, t n1p r~tl1r 11 c, talyst ffi t th rat f 

r action 
• cl h ·uss the econ n1h:· dv nta s of th~ u !P ot ,cacalysts in iudu trial 
• dr \V r, i u rotilc, di r n1s 

M, k sur · y1 u :111 _ -~cribt.: xpc rin1ent 'I n1 -'th _s for foll . 

:produci11 J , s 

• , r .. n n: 

£ rn1hig p,rc~ipit t 

, ,r ducit or usin~ up J srron cid r b s 
whcr th _ nun1b r or typt: of ions ,_ hang_ 

1 E~ pt b1. u~in~ tb c 1U don the ry, the re, cti 11 

lienv as g A and B. 

2 [ \! a di srJn1 th repr E nts the MJX\\'~u­
Jtn11 nn distribution f n1 J ,uJar n rsic 

for a ga at . t 1np:1rarur , .. J~ D 1i,~ i.; rJn:r 
T, is lo er rhan ·_ h. 

Indi 1'" t -1 suit., blc vaJu 
n r r -th . r . ti n 
., plain th I rr f 1 

on th .. it r:'lif ru. ction. 

l 

or th cti tion 
n us y ur i ran1 t 
erin the c_ 1np ratur 

H 2 (s) + 12 ( --+ .2HI (s) 41-l/'' = + J. kJ inol-1 

_ ta ~ nd cxpl 111 th ,t, if 11-y; n th r t 

f l"e tH: ti 11 of: 
o) halvin 'the v 1un1 -f th cont~in r .. t 

nst ut te1np r tuf 

14 Introduction to kin tic (Toprc 9) 

b) incr 
llydJ 
t 111p 

si11 d,, re sur~ y J ·nB n,, r 
n t c n t nt volui11 n 
tur, 

. ttllytic . nv~rt r 

· stri.buti n 

r action \\'1th , d \ ithout c ta! t~ and us 
the di .' r m t ~- ,fajn h ,,v t J ·t sp 
ui tbi re , tion. 

h) E~-il 1i11 ,; hy p~rr J d1a c nttiins. I . _ 
h 1ukl not b .. u~cd in ars fit:teid \Virh 

catl l tiL ot vert r. 



mp u I 
1 a) I t1n the tcrn1 ~ ti n t,nl~r , . (l) 

2 

l ) Whi, h i 1 tru s ~rrn1~nt? 

) 

A A f ,t t-e cti1 n h hi . h k tivntion 

r d ~v. 
ction: 

Whir h '\\rou Id C. U rbc grea tCS t d C. re :I 
ill tl, rat r thii r a1ction? 

(1) 

A I ,v r r n1pc nu n low~r pr s urt= 
I I ,-v~r t 111p rJtur _ an ~n incl" s in 

pr SSUI' 1 

a l wer c ncer\t a'tiou th :.1 -tn1t and 
I \V r t 111per; tur 

un inc:realil ill th coui.: l tr tion 
of r h _ f _ a tan t __ nd I ,_ ~r 
temper. tur (1) 

J) on i -~t the, action ~ N ~en chal and 

hy · c.: h1 ri ,ci 
· a ->3 ( ) + 2 _ 1(aq) __. 

L J!?(aq) + H:? (I) + ~ {g) 
,. 
1 xp I in \Vh}~ n in ere l s , in t'.h , 

nc; ntrotion of th 01Cid ,; il1 1cau _ th 
r t t in r ( L) 

ii) Which \\' u]d result j n tb !ii, rt st 
tin1e ti p~ ducc 1 · cm· f 
cub n di id ? 

l r l1.1n11 h 1k, 1 n1 ,I n-3 cid 
. nd. a t n1 i.: r.irur~ of 25° 

, !in1aJI piec of eh Lk, I u1 1 d,u-
ci d t d t mp r tu r f 45 ° 

I ' ifflL II pi~t ce. r h Jk~ I 111 1 dm 
cid L1nd tern .. J:CUl'C f 35° 

Jar lun11 t chalk. 1 111 ] Jm-3 cid 
(l) 

n1 rk ) 
and t 111 tt1re f 45°< , 

f [ r ,tnl 

n cxp~rin1 3 0l w1s devised t inv ti ate 
th et11',t f ten1 c,rotur n the r · t of the 
r cti n b twcen maanc ium. nd n uc us 
by1 

• hi ri i . cn13 fa 1. mol ch11-.3 

so ]11 ti :i hy h .. hi r i J i n s a de t 

b ker. A san1ple f 111L gncsiun1 
\VJS _clded nc ,ll st w t 'h atm·ted. h v r h 
W S( ed h 11 alJ the n1J8ll Sl.lllll had 
r, :!Lt d. It a as un1 d thlt th r te th 
[I.! cti n is 1ri1r porti1 1n 1 t 1 / r, ' ·vh r r is th 
tin1~ t.1 n for the n1~ nc iu111 to disappe· r. 

M (s) + _... - 1( ) M l!!( ) + H,2(g) 

a) 1cul t rbe :nnoun ts (in 11101 s) · 
n1 n iu n1 nd hydr hlor11 cid cakt:n. (2) 

) aku1 t tb m unt of cid us d in th~ 

) eh •nge in 
urin th 

k. 

(1) 

pcrin1cnt. (1) 
d) i), xp1lin '- 1hetb~ r this n1 :ins th r 1 It is 

f: ir me:i~ure f th r~u ? (2) 
ii) n t'1 , wh~tt I an e uJd you 1.uak 

to the v lun1.c r couc ntr ti n of he 
cid ti 111 k· it. fir r m -a!ur ? (1) 

f lot l 7 n1nrk ) 

Hydr geu p fi ,xid ei.:ou1p ses into \\'at r ncl 
y ern: 

2_ 12 2(~mq) ~ - l.. (1) :!(g) 

AH-r = - l ~ kJ n o J 1 

:i) i), ruv, I. Ui:d r~lcti n rofUe '6 1r, tb 
u .t [1 tinun1 

) 

r cti n ,vitb . nd \I ith 
C raly. t. 

1·=_) 1. h • xp,:~un · n, n 
her r genEous n hon1oe; n. ou 
c tL1ly ts. 

iU) lJLs ify the ty c f c~t~yst u d in 
rt i) f this qu ti 1 • 

i ) r. l ' di .un or 11 pp,~u atu th t 
c uJ c l c u l: to in lsur th r t f 

( ) 

(2) 

(l ) 

d · r ~ti n, u in i h r tinuin r 

i) 

m n an (iv) i \ s c ys t. t t 

't h t rn • sur n1 n ts you \V uld n,. k 
Lind ho\V }rou \V 1ld . ,stima te the 1.~ t 
f r , ti 11 m y u r cl ta. ( 5) 
n xpl 1 the ffect n eh of 

f: 
l.!111p r CUl ( ) 

ii) inc · it C Di.: "' ll tl"J.ti 11 f 
xkl hy r, np (1,) 

ru t ' 17 n1nrk ) 

Exam practice que1tlon1 



4 n) n idcr th r Jcti n A -. + . b 
initL I rat of this r cti n iG: 

~ p porti n 1 t I l / th~ tin, or 'thf.; 
reaction to hnish 

1]11 orti n. J I tb thn I r th fi'l I tion 
t tlni h 
qu I t th gr. di nt t t == f th gr. h 

I f the 1C u e ntratj - n t" A as ilu r tiln 
· equ I t n1inuQ the , rad_icnt a t c::: 1 

1 f h r h I f th - nc ntr ti n f 
ag nu time (1) 

b) c. cl prop._ nu, deco1npos - do\,,ly lt a 
t m r ture I f ~0 ~ int ro n . h 
f< U ~vin r suits , _ 1 be in d: 

Cone ntratlan of Tlm -f mln 
cyclopropane/mol dm-3 
0.080 Qi 

01.062 6 

0.048i Qi 

0.038, 6 

0.023 25 

0.014 36 

0.00165 50 

i) Uso tb_ 1_ t to dr ,v raph f 
n l.ll1tr ti 1n f icy lopr pan~ ~ inst 

thn . (l) 

14 Introduction to kinetic (Topic 9) 

... 
u j 

rea,ction , t t :=: an when halt th~ 
cyc]op-. Jn .. h s r !lcted. ( ) 

) 2-chl pr an i sl wly hydr 1 d by 
\: r r: 

· H 3 H r H3 + 12 
Hl H( ~J+ ++B1" 

h ri1t ~ llo~ c: by 
111 surins th elec td 31 1 nductivity t 
int i val f tin ~- be ,c:onccnt1 ati n of 
pr duct h 1p rti nal t I tb e1 tric ] 
c nductivity. h 1 ~ Jlowin n:~ uh , C[ 

t in d. 
' ., 

91.4 Conductivity I 3 6 7.6 e:.1 
arbitrary uni 
Tim l 5 10 20 30 40 

10 

S01 

tll\l ~. 

ii) 
( ... ) 

2 nd 
n 

th r. t I t , = 25 I (3J 
( 

1otal 12 n1!lrks) 



y t rm 
A r we, iblo I ction 
le on that goes In both 
dlr ctlon at the am1 
11 mperertu re. 

Liq ul di brom ln9 In equll lbrl um 
w1tn gaseous, Dromlne 

- ······~····~ ..... , .. ,. Th ~ aisn indi 1cat that 
th- re,ection doe,e not so to1 
1compl1 tion nd i therefore 

raver ib I reaction. 

rr, 
A syate1m has reached 
-uilibrium wh, n th re 

Is nc1 furth r eh nge In 
the cone ntr au ons of· the 
re cta nts nd pro-duct • 
Thua I B when the rate of the 
forward reactl on eq1uals the 

rate of the back reaction. 

i n h I I 
lum (Topic 10) 

oin r , .. ti n o t 1 1 1111 l ti l • n ' th r d I n t. - he' I tt r typ fr , ti n i 
c- l1 d , 11 ·1 · 1 i n . 'Xfh_n . n1ixture I hydr1 n L n - 1 xy n in _:1 

r.1ti 1 i i n1rod \\rith a spark. \Vjter is I rodu d L ncl n unc Jnbiut.:cl hy h · 1 t)ll or 
1 

• y en is le ft. hi is an ax~un Jo of c 1nr]ete or ; rr r l I rea ti 1n. 

. :H_ · (I) 
. such . s v p r ti n~ r nr rsibl . r . . inple: 

Br2(l) ~ r~( ) 

Wh n H uid 'broi:nine h 111ixl!d, ith. ir in s 11 'd c 1nt. in r, dyn mi uiHbrium 
bf 'h -.,~n the Hquid ~,, gl\s us brc1min i r ·1d1 ,d , ~a ~1 us br n1inc 1t1 I ul 1 

rt.: . rnde 11& j ll't rh liq,uid t 3ctJy the ;an, rate s bron1j 11 n1oleeu Je ~ rate 
fr n1 h gurf. cc f che H,quid. 

M ny eh 1111c J r .u:ti 11 d n t I t c n1pl tio1 . If 
iodin.e ln a 1: 1 molar rruio is h lt d ti 300° . in :i <= los 
'th hydro en and 1i0din r ,et. 

2,( ) 1 .. ( ) ~ - I( ) 

ini t1.1r of hy,,lro . n n, 

ves!i 1. o.n]y bout > ~ ' of 

t , n m. tt r h \V Ions rh~ n1ixh.n· of hy1 ro on .1nd i1 ine i!i: How d 
I % f th re. t nts \ViU b l ft tu1~ on1bint:d. If 0 111e hydr 
to O , i'r , · 1·ti Hy d c n1po and th \: n1p siti n f h r u ltin 

n1i tur is i ntic 1 c I h t . r duce n t rtht ~ rHh quin1ol r · m LH1t o 
_n _ndi1 dine. Wh_n th_rci&n ifur'thcr h n _ in th_ , n1ount 1ofr_ ,et nrs 

Wh n th n1L cur f hydr e1 nd i in is be t 
't rca ,ct n f; nn hydr, ~1 i i . A. thn p ss , th 
~nd i Jin 'b c 111. lo,v r~ 1 th _ th _ t~ .. · ti n 
r '1l tio11 sturts~ s1 nu, f th ~ hydr ll i dkl 
hydr 1n and iodin . 

t first~ thh re ti 1 n i v ry sJ l 1 b,"cause th c n ntr3tion f hy . ro en i di 
is v ry sn1~U. lowC' t1r, Js thn p~is 01 and n 1 re ru1d m re hy r gen ud i dine 
r a t, th c nc n rati 1 f hyd1 ~en i did in..:r his n1 · ng rhat th r.tt - of 
rb r rs r ti n l s s. ""vc ntu Hy~ th r tk! 1 f eh f 1 

. , r r ti 1 

. nd th r v r. m 1qu L Aft r.r this l int. eh r i n furth r 
,,:h :u1 ncr ti n. syst 111 is n , in c u i Hbrh.1n1 wi h tb f r,,r, r 

c ti1 1 rakin p] c a.r dY~ hi i 1c 11 d a d .. n 1ni 
.. 
UH11 . 



C 
0 

___.,,__..------ B 
·,a 
I 

/ 
Equilibrium reached 

Im 
FI u ro 1 .1 Graph showing how rate,s or reac tlon cha n se 
unt11 equ1Hbr1um Is reached 

11m 
FI u r o 1 . 2 Graph ho wing the1 en ange In con centratlons or 
A and B untn equrnt,rlum Is reached 

I 
lll1e ratt or H2 + 12 2H I 
equal tne ra t1e or 2HI -+ 
H:z + 12. 

••••••••••••••••• ••••• 
At quilibrium th 
,con o ntration of 8 i gr ate r 
then thst of A. so the 
position is to, th right. 

R mem Der, tne reacttons 
do not stop wnen 
eq u HI brium I reac h,ed. 

Dyn 111ir e uUibria r iHustrat d itl i . ur s. 15.1 .1nd 15.". 

r rl1e cquili riunl re ~rion A ,:- B, tht: ~1ph ho\vh1 h w th~ ,L,;onccntrati, n f 
the r ,et nts nd pr ducts var;" L1ntU quiH riun is r ,chc i h ~ n in F i~ure 15.2. 

h fi1ct th _t h r. ctions d n, t op ,, ,h n tJuiH r.iun1 is n~. , h d , n b pr ,v d 
by u~jn radioactiv tr~u.:crs. Hydroa~n i dide~ rontai11in u trace, of the r:.,dioh,otope 
131 1, h n1i.. d \Vith hydr · 1 nd iodin in e,J1iiltbriN1u pr p rti, 11 t 3 J0° J.nd 
left f r v r l n1inut . "'fh mou1 t f · h su st nc d s no I h n ~ but th 
r di hor pe is f un in both hydr en i did n i 1 dine n10L cu1 1 • hi h w th t 

n1 hydro , n iodi n1ust h ve d c 1npos into i din _ nd hy ro -en. be, l · l I is 
clisrri,but I rw n th hydro en ·io iidc nd 'th~ i dine in tl11; s. 1n 1ati · s. in th 
, r ~JI uH it riu n1 c n ntr. tion . 

ur If 
Exp1a1n tna tenr, dyn, mile aqu111nr1um w1tn rererance to the equlllbrlum 
reaction wnen 011a ocuun, cn1or1d 1, u p na a In a aturat a 01ut1on or 
,alt water. 

NaCl(s) + q ~ Na+( q) + Cl-( q) 

he ~H.ti n bet •e n I vdro _en ud i dine 
• 

s studie t 'by u ld ,or llnd W1 
in 18 _ . b~y n1i e ' differ nt n. unrs of hy r B n nd iodh .n ,JU _w ,d th 
n1ixtur t _ r ,_b quiHbriun1 t 480~ ., , 

hey th,n n1oasu1 1J the c nc ntrJtion , fthe thr substa_n g Jt cq,uHibriLnn 1nd rried 
to nd 111athom tic I rel tionshi] 1 b "'tl cen th c c . ,nc ntr ti ns. Ty ic:d 1·c u 1ts f r 
this r~ h \Vn ln 1 15.1. 

15 Introduction to, eh mi,c I quiUbrium (To
1
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15.1 Reaction Datween nydrogen and lodln9 
-------. .,-. 

I ,, 

, .. f,,.,., _-.. •1 _,. I;',. --1nl 
~ln~!lal }~ .Hil·, .!:"''·· ':?'· · .L "'''\,j,,~ -,, 
---~--'-' 

' l'Hrl ~ · ,I-H·''lf-.1,: , 2, , 2 

0.040 0.040 0.0089 0.0089 0.082 783 49 

O.OBO 0.040 0.0426 0.0026 0.0748 675 S1 
0.080 0.080 0.018 0.01B 0.124 383 47 
0.020 0.080 0.0006 0.0606 0.0389 128'6 60 

qu re bnh:k t :.r un th symb 1 f • n rh nc ntr tio11~ in n1 J 111- 3, spec1 111 

of that ~u bgt uc _. 

Th v-tu in th final ie lun1n , r c n ti,11 t r within . p riln nt I err1 r. s fron1 
h r guJt ~ it · p r th t: 

[Ht);q _ 
-------- - c n t nt 
I H.2lcg [12 leq 

I Th quilibrium 
Law of m,ass action and K0 

h r suits iv. 1 i11 bJ 15. L nd th ,se f I th r quHibriuin r cti 11s. ell, bl d 
ciU~db rp. 1nd W lB to fcun1ul~1h· thf h\\ r f n1n '1 ti ,n , his SC t t: th._1t 

wh n r 1cci n r eh oquHibrhn11~ th q11iHbriun1 o,n.: ntrJti ns f th1.; roduc.:ts 
mu.ltipli d c B th 1r and ivided y th quilibduJn cone ntr ti n of tb r :.ic·tant 
al1 n1uhii,U · J t , . th -ir_ ,vith th , nc ntr ti n f eh ubst nee r h t 
th pow r I pli 1priot t1 th r. ,~u;tion t Lhi n1 try~ re _ c inst nt at a siven 
tfn1p~ ratu re. 

or ~ 111 :,,] ~ f r the reaction: 

N:?(8) + l-:l 2(g) ~ 2NJ-h(g) 

lNH Jig 
3 

c . c n tant 
I N2leq rH2l~q 

wh rt; l NH J]eq is. h onccntr ti n ~ i 11 u1 J.d11,-·\ of anu11onfa it t·quiUb i1uu. 

h const nt i 1C. 11 d the uiUbrh1111 1 n t~ nl (nu~ urcd in tcrn1g of 
con e nrr ti n s) in h .. _ th sy111 oL Kc. 

Jn I 'tlttr·:d~ fol J re,action: 

xA + i,, ~ 12, + ,n 
r~ rh st1 chi n1 tric m uut in th equ ti n: 

h ri, ht-·h ~nd 1 
• thi. pr ion i c 1 d th ~qu ti nt' n siv n th 

sy111 t i. 

., ....••...•.....•. ·····~-
The valu_ of the equilibrium 
con tant d p ,nd on 
• the reaction a e. written 
, the tern p rature 

The valu of K, does not 
depend on th , pr . ur or 
the pre enc of csta lyat. 

Remiembtu, that ~n an 
1equlllbrlum constant 
expre,ss1on, tns prooucts, 
aro on top and tn e 
reactants are on the 
bottom. 

Th equil'lbrlum c,on t nt, K0 



.•....•..........•............ , 
Note thet 1 -3 67x10-4 28,00 . 

The 1Chem1cai1 equ1atron and the ex.p1ress1on for Kc 
his i d fin d ii t nu f th uiHbrium ,c n ntr ti ns f h r et nL nd 

pr u ts, f tb~ r. Vfrsiblc r a,rion. 

An 
1
uHibrh1111 nstant h . .1s no 111.. ning un~"SS it is linked to .1 .l,~1111 -. I quati n. 

nlid -r th oquH· riun, r acti n f ulfur di xi I 1 ~111 I 1 .. yg 1 rea tlng r ., ~rsibly 
't f. 111 1 ltur tri1 id . hi re ci n ~au b rl;!pre s n:ted by t ~ equ ti 11s Jnd 
h nc by t,v x ressi n £ r rhe , -uilibriu n1 c 11stJ11t_ K,. h v lu s iv n b J 
• r t 727° ~ (1 , UD K). 

r 

C 

[SOl]~1 
K' C ----· -

(S OJJc~ [Oil' t1 
~ 

- ~K, - 52. dnr· Ul r2 
he r a~ti n l: n ... h b~ write n in the oth · r Hr cti n~ 

fr K: 

3( ) ~ _s 2{ ) + 2f ') 

K" = l ].~ 
C 

1:'l 
== .57 x I n-J moJ 111-J 

. . 
lVln 

he thr quilibrjum c t1 t nt , r c 1nn :1ctcd by th c .. pr si n: 
l 

K == (K' "2 = -t: rJ ,.,, 
l: 

h t .. ttions bov r, all c.. n1pl s of J nt 

~seG I.\V. yg n1L • r 311.:tion invoJ ing nly il.ses Llt'c lion10~ n ou.s. J ~vc1: ib1 
rea rions in s huion art: 1. o ex m ] 1 s f h 111 cl . Uj ~quUibl·i . II such r acti 1n . 
th , n1.; ntr ti n r rn, f n tb r act nts nd pr , _ 1.1 - ts t r in rh xpr si r f4 r 
rh cquil ibriun1 ,on t nt. r x _m1 I ~ f r th h n1 n ous r cti n: 

3+(3q) r (a1q) ~ c2"'"(a4) + ~I 2 (aq) 
., 

I e2+ fa,q) J ,q I I 2 (~1,q) l'i 
K, "' I n( q)l~qli-( q)l~q 

A h t rog~n ous re , ction is Jl\: \vh r the rt._ ctants nd products ar ur1t .. U 1n th 
s n1c phas:e. or :1xJn1ple: 

a 3(s) ;:= !!( ) 

r h!.! t r s n ~ ou r~ ,c ti u it is a su n1 d du t th~ 1 on ntr U n I f a u re H ia 
, . nst nt. his i b cau it is inc 1n r s. ib] . her, for olid] i n1itt d fj n1 th 

ion t r th uilibrh.n11 c t1 t nt. TLu : 

15 Introduction to1 eh mic I quiUbrium (To
1
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[H ] In qulllJJrlun, xpr Ion 

Wh n \V._1t r is in eh us ~tit .. [I _2 r in _1quHibriun1 coust nt 
expr ,e.ious. 
W h 11 \V ter i a rc1

1,J cc nt but H()t th nt. the tern, (Hi J n1u t ahvlys ~p e1JT 

in rh oxrr ssi n f r the _ quili'briun, 011 r._ nt. 
he 11 \\";l'ter is the s lv •n~ oven lf it i il~o •• ren tnnt 1 • r product, I H2 I 1es 

l~tl, ap Jr in tb xpressi n f r he equiUbri.u n1 c nstant. Tbis is c u its 
c n ncr ti I ren1r1.in c n t ut. 

..... --: . - . - _ .. ~ 

X 

Writ tne expires ton r-or tne qu111Dr1un, con tant, K0, Tor tn r action: 

CH,COOCH-:,(1) + H~O(l) ;:= CH,COOH(l) ~ CH,OH(l) 

~ ----- --------

• - I • 

rlll'.1l'L.I I0.4 

Write the expre ssl on ror the eq u Ill brl um constant Kc, 10 r the react Ion: 
~- ~-

Cr20 '7 • (aq) + H20(l) ;= 2Cr0 4 • (1q) + 2H' (aq) 

,,Ii ., I . ]2 
~ = [CrO l ] Ctj l[H D t'~]I 

[Cl 0 2-11~ t 

---------

1r I 
• Write thg expres, Ion Tor Kf;l tor: 

· ) Sn4+( q} + 2B ( q) T""'" Sn24'( q) + Br21( q) 

) F 20 3{ ) + 3CO(,g) _.. '>Fe{ ) + 3C02(g) 

c) HOCI( q) + H+i(aq)i + F 2-1- ~ tcl~(eq) + H20(l)i + F 3+(aq) 

It h i n1 rr·1nt t r) H th t th qu Uibrituu 1C n ta nt l'1Jy ~ qu~ fa the L]Uoti nt, 
v h n h systcn1 i c q,uiHbriu1n. 

= K: th 1 system t$ in quilibriLn11 ._111d there wiH he 110 Furtheir . hLn,, t: ii, 
c:011 ntr3tion o, the r a t:J11ts n l produ ts. 

K ~ r K - : the yst n1 is rHJt in u ilibriL1111 an '1 i 11 r~~H.; t t1 m ke 
n1 JI r. l T1 cucta ,viH b c nvl!rt int r t nts (th p siti n of cguilibriun, 

,viH shift to th 1 fc) thu r du ing th valu f th nu111er t, r in tb xpr s. i n 
t r · . nd i ncr .1sin the vaJue th 11 n inJt1 r. 

••• ,,, •• ~•• • w,., •• 
Water i e reactant but 
not the1 solvent~ 01 [H~O],q

1 

app ar in th quilibriun1 
ex pree si,o,n. 

' ...... ,, ..... , .•.••...... 
Water i a r act nt and 
the s1olvent. so [H:aOJ~R is 
01mitt d from th qui I 1brium 
xpre i1on. 

~ .. ,, ...... , ...... ,, .... ~,, .. . 
The numerator is th term 
on the top of the fraction. 

f , c tor H ctlng t h po lt ion 1of qunltni1um 



~· ....... ··············- .. . Squ re brackets mean 
concentration. 

y rrn 
The qul libr iu yi I of a 
reverslble reaction Is the 
p re ntage or f reetl on of 
r acta nt that Is conv1 rted 
i nt-0 product. 

••••••••••••• • ••••••• 
An incre a in t n,per tu re1 

s hifta th u ii ibriu n, in the 
endothermic direoticn. 

K ( r K ;z): 'thL;: sy ten, is nm in equilibrhui, ' n l , iU r act to ntake 
Jar er. R a t nts \,,HJ c nv~r cd into rodu u thus iucr asin the v lu 

of th nu m r t . r nd d ,er in th v l u f he , nl ,min. t r (tl p ition f 
quiHb.rillnl w ill shif t to the ri ht). 

Po rtl'on1 of equllrbrium 
Ate uUibriun1 th r tio f prodt1ct t I L. ,et nt c n ntrari n~ cl fin th p ili n of" 
quilibrinn1. Udn · th~ an1pl of qual moJ "S fh1 to . t:n nd iodin in eqL1iUbr1um 

with hydro en i I idc~ th po itioll of qu1H~ d un1 . t ~ 0 · can be 1 1 uht~d: 

I IT I::! 
K = I ~~ · ~ = 4J 

t l I I ~ I q (1 ~ ltq 

H.i'l~q - [12Jt!q~ nd t in th qu f roor f th side : 

o: 

r ti of [H ll ~Q t [l~ deq r rHII qt fl.21,q ~ 7:1 

\Pher 1 [l I] 111 ans tl e 1c: n nh tion o[ ll I I in n1.ol dni-3. 

iti n f g11ilibriun1 i c .. pr d s the p~rccnt of r et nt th· t i 
1 nvL::S·t d into1 pr duct~ it is , . U d th" q u I lib ri 111 11 ) i Id . 

hr ctu .11 yfo l in . pro c& rn y b lc~s th.111 tb qL1i Ubriu n, yi l . -h jB c u rs 
in n n 1pen yst in~ ' l1Ch as \Vhcn r r1c tilnt s ~ d thr1 iU h c ~ r t lyst b d. 

h syst 111 n1 y not r eh quilibriu1n b u he s re no in cont et ,vith th 
~.t:1]yst~ r !ong ,n 11,.1 h. 

Le Chatener's pirlnc11pl1e 
(n 1 4, h .. te lier I ut fonN. 1 i . u id . 'tli~t n us cl to I r Hct (hur n r c 
xpJ ll in) tl,c ,v.1y i 1 which rh p ai.tii n f c~1u Hi' r iu111 L1 lte11 ~ the physi,c I u nd 

1 h mi~ l nditions . r eh n . 0 1 • 

h n d1 r1dlili1 n. n t n1 in quilit riu111 • r h r d , tl1 po iti r1 of 
tJniHl,riun1 ~It 1 rs in ueh " wa n. · to try h1 rt" tor 1 1lh ori Tinal t"'onditi n .. 

ff et o t 111 p r tur 
rhc ir ction I th eh n c in qui librh1 n1 po i tJon cl l1'<Cll g up n ,vh their th 
r a tion .h ~ othern1 i , . r ndothc rn, i . h-.: ~ ir 'ti n of eh, ns n b p,r d ict 
u i B h:lr~u r's r hu:ip1 . 

I a sy t 11 t quilibritn 1 i. hc1
- t • th t 1np 1r tur ris s n th 

t re 111 vc th c h nt r y n br in th t 111 F r tu r ~ d ,v 11. hi n1 n 
hrtlt n q_;y 1nu 9t be con\"crt~ into h~n,L l 111..:r y. Ther~h rct th, positi ll 10 

quilibrilln1 sbifts in th end thern1ic dir~ction · ausin : 

d er sc in the qu ilibriu m yi ]d for an oth rn1ic re ctio11 
n incr ~ &e in uiHbrium yi 11 f r ~ n n orh "rn1ic: r:, ti n 
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A cr1 a in ten1 tratur n , ves th ec1uiHbriun, in the ~ oth rnli. ir~ "ri u~ ao drnt 
h1i!nlic1J n rgy is ,nvert t he t n r y. h r 11 f r this is th t eh qui'Li riu n1 

n t n Jte eh nip , tll I f r cti n t 1t re . 

or 11 ~ th riui n~actio1 ~ iftbe t~111p t3turo is in r a cd tbc ,, lu.~ of K~t~ 1111~H~t. 

his m n1 th~ t eh quo'ti nt i no\v t r r th n K n th I\Odti n f ui libriu111 
\vill mov t th J ft .n, kin th I uori nt ~n1 Jl r untU it qu ls th nc,; (~n1aU r) 
V h.1 K.. 

or an nd -1h rn1 i reaction~ iftht; r 111 orat11re is incrc sod the alue ofK et 'I. 

hi me ins that thl.! 1 L1oticnt i n \V m, 1l r th~n K nd the p sition f (I uilibriun1 
, iU 1nov t,o th ri ht~ n1akin th quoti nt 11 r _ r untH it qu. ls the- new (I r r) 
v"']u f K . 

,' ___ - _- _ - _- ___ ._:- _-. 

Pr diet tile errect on t11e position or 
equlllbrlum of lncrea ln_g tne temperature In 
tne 10 llowl ng eq u lllb r1 um y te m: 

·,O (g) ~ 2 10 ,(g) l:Jl=- S8kJmo1-1 
colour] ss bro,vn 

n 
rne reaction 1 -ne1otnerm1c 1en to r1gnt. 
An lncreas In tempera ure WIii 1ncraa-e 
thQ valUQ or Kand so thg quotient Is now 
less than the new K value. The position 
or equlllbrlum w111 move to tna right (In the 
enaothermlc direction) unt11 the quotient 
once more equal K. This cau e , more or 
tn e11n1trog n t trox1a I to a· compose na 
tne ga seou m lxtu re Cla rken , . 

A n11xtu re or ~ o 4 and N02 In glass 
flas,ks; the1 nask on the Ian Is at a lo1wer 
temperature 

Pr cuct th rr et on t1, position or qulllbr1um or Iner a ,Ing th ten,peratur In 
the 1011ow1 n,g eq u llllJ rl un, y ten,: 

Jlll• = -92.4kJmo1-1 
I 

rne reaction 1 -xot1,erm1c rron, 1-Tt to r1gnt. An 1nc~-a e 1n temp rature w111 
Clecrea e tne value or K~ cau 1lng tne quotient to De greater tnan tne n-w value 
or K. so tnQ po, 1110n oT aqu111br1un1 movgs to tng 1en r(tlie ant1otnerm1c e11rect1on)i. 
ThlS1 reduces the gqulllbrlum ylald or ,ammonia. 

For exotne rmlc reactions: 
rup, Kdown. 

For endotherm le reac tlon : 
TUpi Kup. 

'''. •••• ••••••••¥• •••• 
Hazard: Nitrosen dioxid is 
n imtant ga I 

••••••••••••••••••••••••••••• Din itrogen tetroxide ia 
colourl 11 ge s: nitrogen 
di1oxid i brown g a. 
When dinitrogen t-e,uoxide1 is 
he ted, th gas d rk ns e 
increasing amounts of brown 
N02 re1 fonned from N20 4• 

I 
Revers! ble reactions go 
both ways and th ererore 
simply stating that the 
reaction 1s exotn rm1c Is 

1 not s un1c1ent You must 
state u,at It ls1 axotharmlc 
1ert to ngn t. 

f , ctor H ctlng th po ltion 1of qunltni1um 



The chlorlde con1p1ex 01 1coDalt{II'} Ions~ coc142-~ 1 blue and I In equlllbrlun1 with 
pink nydratad cooa1t(11i1) 10n , Co(H20)6

2 +~ accore11ng to tn quat1on: 

coc:1/ - + 6H20 ~ Co(H~O)~ + 4Cl-
blue pink 

When a blua so1ut1on or mainly coc14.2- Ions Is cooled bY being put In a bea~<er 
or Ice, t11e colour changes1 to pink. Daducs w1,ather the reaction a written Is 
exotnerm1c or encJothern11c 

on coollng tne equlllbrlun, sn1ns, to tne right. rn1, means that t11e value or KQ 
I now larger at the lower temperature and so u,e reaction mu t be exothermic 
as wrttt n. 

An it1c-r . in tc,n1p~r tu r "11 pe s up the nd th n11ic r , . tion in thl;! uiJibriun 
n1 re th. n th oth rn1k· r · ,\ tl n. 1 hh i b use th _ctiv ti n t1 r y or 
rh r.~ a ti, 1n in the 1 1d th rn1ic dir U n is r~ .. t r rh u th r or th .. f L; :.1c'ti I in 
the . .. 1 tborutiCi dir cti n ( i ur 1 15. · ) nd r Jc ri ns \vith hieh 3,ctiv ti n n~r, i 

s n itiv t t n1p r tun.: eh n th 11 r ctious \Yith ] i\V r ctiv ti · n 

A +B 

Er Is the ctlvatlon n rgy for the r action A+ B c + D 
r~ 1ls the activation energy for the reaction c: + c CA+ 1B 

FI ur 16 Energy pro111e Tor the exotnerm1c equmDrlum reaction: 
A+B~C 0 

T t 
Ni1ck I ie purified by p sBin o rbon n1onoxide ges ov r th he ted metal. A 
gas,eou - nickel compound, [Nir(C0)4], i forrn d, ecoordinS to ·the equilibrium: 

Ni(s) + · O{g) ~ [Ni( 0)4]W Mfr,.= - 161 kJ mol-1 

Th temp ratufi is th n alt r d and th ,qullibrium . hifts in th r v re 
dir ction to produc pu nickel 11,etel. Explain whether the temp r ture h_ 
to b incre s d or d era sed to prcduc this ffeet. 
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Eff #et of con 101 
in c ncentrati n h-u no fie t on th va h.1 f th quitibriu 111 nstant. 

b..: eftoc: t f co11ccncrl1ti n app~i s co sy c~nu in whk h th~ f(?~ct~1 nts t1 r djss I ,ed in a 
~ -Jvont~ tum l Hy \V~t r. l f th con~ 1 ntr 1ti n f ne f thc subat nc in the eLlll i libriu 1n 

r ction i incre ~ d, h "' t Ji r's , rincipl r ~ kt th · t th p siti n ,. ill shif t 

rt;nl v ;0111~ t 'that sub~tau e. o,1uid r th riJaction ust:d as a test , o r :1 bron1ide: 

A r(s) + 2N H 3 {aq) ;= IAt:<( N H3)zJ+(lCJ) + nr-( q) 

he p10 ition of ,quilibriun1 i& n rnu1Uy to the 1 ft, .. · very 1ittlc silver bron1ide 
issolves in dill.1t1: ~1 us m,1noni. . lo, ~,rcr~ if conc:~ntr. tc ,d .~mmoni~1 is .11i.tdcd, 

INT-1 3] incretis . his riv a tb~ ~,osi'tion of eLJUiH dun c tbe risltr, cau iu the 
r i. it. t f sit br 1ui t · di&._ I r , it "'3 u co 6 rn1 [A (NH;J2]+ i in • 

f th r.1 cj in th qu i'libriun1 i d -r c d_ th 
pci1sjtio11 of cquilibriun1 hi u to pr10,du ~ n1ore of rhuc speci . 

Dlichrornate(v1)i Ions, cr201
2-, are oran_ga and cnromate(v~) 1ons1 cro4:z-, are yellow. 

In aqueous 01ut1on, they ere In equlllDirlum: 

Cr,.0 7
2 ( q) + H .O(l)-. .. :Cro/, (aq) + 2H1(oq) 

onu~e y,ellO\V 

Precnct and exp1a1n tne co1our cnange In tne systen, wnen oc11un, nyaroxlCJe 
solution I aCICled to a so1ut1on or potassium cuchrornate(v11). 

f 

Tl1a alkalln9 sodium hydroxide reacts with the H+(aq) Ions, In tl1a equlllbrlum 
n11xture, lowering the concentration or H+(aq) Ions,. This causes tha equlllbrlum 
to n1n to tile r1g11t. The solution changes colour rrom orange to yellow. as 
c11ron1ate{v1) Ions are formed from dlchromate{v1) Ions. 

--- -- ------------

When mixed. hydratact 1ron(1•11) Ions are In aqulllbr1un1 With thlocyanate Ions: 

Fe1t(ag) 1 
. S, (aq) ~ Fe( r ·(aq) 

c olourleii s blood~ed 

a large number 

Predict and explaln the colour change when a rew drops or the blood red 
equlllbr1um mixture are crnuteCI by aClcHng xcess wat r. 

ll , 

The colour wlll 1cnang 1rom blooa reel to a pale red-brown colouri Thi ' I because 
decrease In the 1concentrat1on or all tt1e pecles wm cause tne quotient_ 

Q. to get I arger a tt,e Dottom 11ne w111 a 1c rea s oy mo r tn an tn e top 11ne. 
rne1 po 1t1on w111 move to tt,e left so tnat Q once again Decon11s equal to the 
unchanged value or K0• 

·······~••••••+ ,,., •• ~,,,,,. 
C'onc, ntration is meesured 
by the number of molles of 
solute per dn13 of solution. 

f , c tor H ctl ng th po It ion 1of q u il'I tni1u m 



... ·~ ..................•. 
kl incres e in preasu re, 
on th reaction mixture 
(at const nt temper ture) 
wm cause the1 position of 
1equilibrium k,1 _hift towards 
the side of the 1equ tion with 
fe,wer sa mo I CU le (fewer 
mo,lea of gas). 

ur . I 
Copper hydroxid I in quilibrium with mmoni ocording to th 

u(OH)2(s) + 4NH3(aq) - [ u{NH3)4fi+( q) + "0lr(aq) 

uatio n below: 

pale blue deep p1.:up1le 

With dilute mmonla 'the posit ion of equilibriun, lie to the I_ ft. Oescrib _ th 
colour change1 wh n cor,centrat d ammoni i - then dd -d, 

ff et of p ur 
ht.1 ff t of pr ss.u ro only ~ ppHr s. to equ i H briun1 ro actions i nvo lvi ng as s. P ressu ro i !l 

c USQd by tl • n1b.udn1fn fth :is 111 lecul ,on th :;il]s D' the c ntain r. At J iv 11 

t ,1nper tu t· ! th uly nth uun1 er of a 111 l cuJ h a i n 'V Jun, . 

i n t . ff1pt2r rtu~(; c ,n b inc~ ~B d biy: 

• rt ucin· th v Jun1 
a din inor 8 i int th ~ same v0Jun1c 

B th n1 th e. re suJt in n,or n101f ]"er c111 . 

h dir , ""ti, · n f ,h t of th, cguUib1;11111 positi n c u ed 
d p nd up n the numb_ r , f . s mol cul ~ ( r m l s I f 

I u itii 1n. l r thf re u1· ia incre:u d. L htit~I i r s princi1 ] 
~ iH re t in I rd r to ry o rin th~ ,res ure d w1:1 it . 
th LJilibnu n1 ihifu t th sid \vah fi1 u1r . s 111 ,l cul . 

nside,r 11 quiHbriun1: 

-as ug rt: · c runu ;= . ~ u 

y ch"'-n in pr ssur 
s) ,n a,ch sid f t h 
r dkt th t th }' t m 

nly h pp n if 

An incr .1 in pr ,ssur h· s no tf et nth v,. lu f th equilibrium c ns nt. It ,vill 
a lt~r th~ \ralue of th quotient if there is 3 di Ri rent number r B· s 111 'k Cl] h~a on a h 

·id f the equ ti 11. 

A quilibritHn to shit~ ,v rids th si e of th 

Pracllct the srr·ect on the po ltlon 01 squll lbrlum or Increasing the pt&ssure In the 
ro11awlng equilibrium system: 

Tn v 1ue or Kc I 1on1y altered oy e c11ang In t mperatur • 

Tnere r rour ,gas mol ul son u,e I rt .. nana Id or tn equation and only two 
on the rlgnt. An 1ncreas 1n pressur on t1,e y t n, at equmonum WIii increase 
the D0tton1 01 tile quotient more tnan the top. Thi - means tnat tne quotient gets 
smaller and I no longar equal to the unchanged value or K, The1 reaction moves 
to the right Increasing the value or the quotient untll It once again equal I the 
unchanged value or K. The re urt I" that the position or equil ibrium hlfts to the 
side with fewer ga1

_ molecule~. wn1ch I to the rlgnt. High pre~ ure _ wlll lncrea ,e 
the proportion or nitrogen anid hydrogen that Is converted Into ammonia. 
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Predict tn Tract on tne posttlon or equ1111:>r1um or 1ncrea ,Ing tn prejl' ure In the 
Tollow1ng equlllbrlun, , y-.tem: 

H2(g) + l -, (g) ;:=, 2Hl(g) !J'1r = +Sl.BkJ 

rnere ere 2 mo1e1 01 ga, on acn Id or tne quatlon. rn -r ror • an Inc re 1n 
pressure wm nave no enact on tne quotJant or on the position or equ111or1u111. 

-------- ---------- ~ 

M -tn n - can lJ trapped In wat r th solld m tn ne hyar t , [CH 4( H20)6]. 

r11e reaction Detwean n1etnan - gas and water to rorn1 met11ane nyar ta 1 , 
1xothorm1c: 

c·H_.(g) + 168"'10(1) - [C'H4(H20) (s) llliis n gadve 

Hugei quantities of metnane hydrate ,are round at the tlottom or tne sea orr tng 
ea n ad,~ n coast. where t hs prss sure Is very high. 

) Predict what would happgin If the pressure on solld methane hydrate ware 
reduced to latm. 

} Predict what wou Id happen to the methane hydrate rr It were heat · d. 

c) Predict what would happsn 11 methane nyarata cry ilal 1 were brought to the 
ur1e,ce 01 the sea. from the great depth_ orr the Canadian coast. 

I r I 

rnere 1s 1mo1 or ga- on tn I n .. nanci s1e1e or tne quat1on ana none on 
t11e right. By La Ch~tellQr'S pr1nc1p1e. a Clscreass In pressure WIii cause th 
equlllbrlum to shift to the side wltl'l more g,a' molecules,. This means that the 
rnethane hydrate WIii decompo sand methane ga wlll be produced. 

) The reaction a wrltt9n I exothermic. An lncrea a In temperaturg wlll cau s 
the equlllbrlum position to s111rt In tne endotnermlc direction, wn1c11 Is to the 
left. Therefore. the mett,ane hydrate wlll dscomposei 

c Reising the solld metnane tiydrete rron1 the 1cold ocean floor n,eans a decrease 
In pr ure and an 1ncrea e In t.en,perature. As can b ~ seen rrom th an w-r , 
to parts a) nd b)i, thl would re utt 1n the n1etnan - nydrate aecomposhig Into 
m tnan ga ana water. 

y 1r I 
Prea1ct wnetner tne po 1t1on or equilibrium n,ove - to the 1ert, to tne r1gnt 
or I unalt~red when the pres' ure on each or the ro11ow1ng y terns Is 
Increased: 

) 20s(I) ~ 302(1) 

) C( } + H20(g} - CO(g) + H2(Q) 

f , ctor H ctlng t h po lt ion rof qunltni1um 



...................... , ...... . 
Catalyete have no ffect on 
the position of quiUbrium. 

Effect of a cata lyst 
A · t ly&t w , rk by p,rovi in n . lt rn ti'v r _ut th t h. ctiv ti n n r y 
rbari th~1t f th~ u n, t.1 lys -d r 'l,c:tion. The,r 1'01·~. thcw r Jv f TC"kl1 ti 11 with ~ l t. ly t 

h n1uch f ster thtu th r te ~ ith uc th:, c t~1lyst (pa 2 5,) . 

, t lys h s uo tf c t n , ith r h v Ju , f K r n th 
, f 1 r~v rsil,1 r , cti n. It sp ~Js u1 th ~ n,-Vtrrd k ncl l c 
equilibriun, i& re~ch di 1:1er than \Vith ut th c t3Jyst. 

iti n f uilibriu in 

r a,cti ns ~qua Hy~ s 

t ly t ar imp rt nt in in, us ri ] pr e s~ 111 ny f which r tr 1n ly slo,v 
llt r, , 111 r n1 r:itlll' . in iJ1g a suitJbl c:~t~1Jy i th 1 1 fore v,,ry n ssary. This is 
p rtk;ul r'ly o if tb r ,ction i rever ible Jnd e.. th~nnh:~ whi h \Vould result in a 
I '1 yi 1d t hi h t~n11 er ture. 

he HJb r proc ss for tb 1,nJnuf c:u.1r ofan1n1011i i b~s d nth ,quilibriu1n: 

N 2(B) + . 2(g) -- 2 N H .( ) Mire - - 2. kJ 1noJ-l 

h r _ a ti,on is v ry I w L_t ro 111 t n1:p,_r tur be lU _ o_ rh~ N-N b nd ~n ,r y f 
1lJ45 J lnof-1. l lo\v~v~ 1, if it i htiiat 1 in the t1 b encc I if._ CJtJly t., to • tQ111re r:iturc 

,tlt \Vl i,oh h T t i 11 n1ic ~ th yi 1 is tr n11;1y Ill 'U. 

th rmi, r .1 ti n u h this: 

h tet11 raturr-\ re&u lr it1 J.-,w 1uiJibriun1 yi kle r, ached qutrkly bee l.H - the 

r ction is f st. h lo~ yield 1n:1k s d e l'r ccs unl' non1i . 
• Jo~ r te1npcratu re r su Its iu .1 l,i~hi·, ~CJ. 1i11brium yiel I r a bed in r lt•1,4)l 

b aus tl, r a tion r:.1t is sl ,\i • he s]ow r te nui'k. s the pr 1c s u ne non, ic. 

• cat lyst i u1~d t , 11 ,, th r ,cti n t t k pl c r pi ly t lo,v r 
t 1np _ r tu r, ~ e. that n -cept b1 yi ld is l r due d at · re sonabl rat .. '. his is 
o ·ton ,ea H~d a " ornpron1i!. t n1pcra turc) s it bll nc," ~n econo,m i y icld with 
r , on mic r t . 

ummary k · 
M kf ur tb:it y u c u: 

• r fine th t is 1ne nt by -uilihrhu11 in t nns f oncentrr1tions n r te 
• \\~rit tl ~ xprc ~si n f r K iven eh ~ u tio11 

heck th t y ill ~ n pr diet l' nd xpl i 11 th e1fect n the po ition , f gu i Ii riu 111 of: 

c:h ng "i"n pre SliU re for g seotu r actioni 

• eh n h t 111 er tur f r b th f:X th r111ic nd end rh rn1i · r actj n 
~ eh n f c nc ntr 'ti ,n of r et n 't r l rodu t 
the ~ ition f ~ c~ t lyst 

hec that u c~u .. ]· h, \.vhy th c ndition £ r a e;hren rnanufi crur ar eh on. 
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I Qu -. 
ui li riun1 ,vith • 

. 11 Ji :11 trm 
r f~renc t th , uUibri.u 111 r c:ti n: 

2 · 2(s) .,.. () ...-; ·) ., .,.... -.. 
.:. Nitto n ~ hydro n r et r v i 1y to fi r111 

_mn1oni.,1: 

N:2( + H~(s) :;:: ~NH ( 

Und r c rt h onditi, tu~ l n1 1 f ni ,n 

n 3mol f hy ~ en r mix 1 d 209'-f: 
of th as & r ctc _. Dnl\V tht1 grapl • n 
th g~ 111e x_ , . ho\vin the t1l.u11i c. r 111 1..: 
~1 ainst t11nc~ r e~u:h of nitm~ 8 n, hycl -
amn1oni . LJb 1 y ur rapl . 

3 Al h i rt.:ll t rev rsibly with or nic ,tcid. to 
prodl:.1i , an est r plu, t _ ter. PJi Ji t th~ etf . t 

of incre:1sins the 'Ecn1pc ratllft; 11 thc;, po5it1011 

f 12 uiHbriun, 1 f 'the , steritic don f ,ction 
b ·t\vcen ethanol nd th n ic . id: 

l'iH H(l)+ H3 · (I) r 

2H~(l) + H~. (l) 
AHr,.. = U ~ n10J-l 

4 us ~ou c rbo1 dioxid dis olv,es in , kr an 
f 1111& s lu d 11 f ,arb nic cj rl1 · 3: 

.itu• - ' ~-:i:r • 

arb n dioxide is n1 re, ~ olub]e in I\.: ]d at r 
th n in h t w. ter. E ,l in v h ther JlH for thi 
r,I? cti, n is , . th rmi, r nd thrnnic. 

5 rlydrogen u~ is n ~.u1utac:rurecl by passing 
n1cth'1t1t- nd sterun o· er a he ted nick ] 
cat ly t: 

~I-14 (g) t li 2 · l ~) r== · {g) + ~12(~) 

llHr - +2 ~) n10J-l 

.. lain why t m r tur 
C t ly t . ~ US d. 

(1 sec{ nd stJ in rh . n,anufa ·tu1 of 5ulfuric 
ci i th oxid tio11 1 f ulfur ioxidc in ·r: 

2( ) ~ 2(8' ~ • 3( ... 
Mfr;;;;;; - 8 kj 1noJ-l 

ExpJ in ,vhy tho , onditi n 
t~1n er titUIT f 4 .... QC and 
at 1yst. 

us. d re 
n .u.liu n1 (v) xi d 

7 Pli di,'t wb th r th sition f · L1i'Bbrium 
th right . r is unaltered 

t\'h n rbc pre gur~ n e d1 f'the foJlo,v.i us 
sy .. tcn1s i incr ~ 

n) 4NH.3(s) 5 .,(a) ~ 4N {a) + b 1~ (s) 
b) . :! ( ) + t % (s) ~ . (s) 

S Ar 15° ,, d-br - w1 i . din n1onochJ ,rid 
{ml 1tin telnper:1ture 27° ) r~a n with 

,hl rine t forn1 the 01rat1se s lid i dine 
trichlori e (111 ltin n1F e tur 1 l O ) 

ccordh I to th equati 1on: 
I J(s) + 12 (g') ~ 1 ]3 (s) 

) n h tin a nti .. tu r ;J t guilibriun1. the 
quilibritnn p siti n hitts t th le t. \Jlh t 

is 'tht.1 ~isn O JiH for thi t ti n? Justify 
y ur t v ,r. 

) Wh t would b th t et . f inc sin th 
I r ssur~ on . n equilibriun1 n1ixtur 

) Wh r w ul l y u bs~rv i &. ~[•mp,1-. of 
i dine, tri blori.de was he t d t , 5 ° ? 

o e d h1 ride~ Pb ~- i n ins luble s ll . 
When son1e dilut hydrochloric acid is dd d • 
th~ , 1 ll wi1 _ quilibriwt1 l:Urs: 

,._ 
P · l., ( ) + 2 1-, ) _. Pb l ( q) 

_ he po!dti1 n of cqui1ibriun1 is t - th left, o 
n1 st o rh lead cb101 ide ili prQ ent ~u , solid. 
I rcdh:t wbt1t would h pp· n if cone ntrat -d 
h dI1 chloric oc1d w r dd d to s 1U I I d 
hloride. 

10 WrJt, the x r ssi n 6·r rbe 'quilibriun1 
1c nst ut~ Kc~ f4 r: 
n) M (N · ):!(s) ~ (s} + .2N ~( + ~ 
b) 4N ll (g) + .. (s) ;= 4N (BJ + i 2 

) ~4H 6 {s) + 2 r(e) - 4H ri( 



m pr I 
l n) <,rl n.id~r th e uUibriun1 cti n: 

(s) t 2H,2 ( ) ~ · 
/jJf - + <>O kJ n10!-l 

i 

i) or k,;.? 

A 

B 

I (1) 

U) · pl in th tiect n the po iti1 n 
f . quilibriu1n fin ere in · 

t'.he tetnpcnuure. (2) 
ii'i) .. p1hlirl th e tiect n th po jti1 n 

f qui1i riun of i1 re in 
tl J ressurc. ( ... ) 

b) · nsid :1r th --qui'libriu 111 reaction: 

' t;(S) + 4H2 (1 - J ~(s) + 4 l_(s) 
/jJf ~ 14 kj n1 r-J 

Whicl ,viU n1 v th positi n f tile 
· uilibrium t1 th ri , ht? 

n in re. se in pr )1ur 
.1 ti.cCL1J ~is :1 in pr !i ur .. 

n incr e1 i11 t n1por Jtur 
_ a ,,re. n1 tc.mpcr tun: (1) 

) In J UC' us , lu ti n. or ng~ dichro111 t~ (vl) 
i J1& are in fljl1illbiriu nl \Vith yenoi; 
1Ll1ro111at ( 1) i n&: 

r.2 72-( q) + l 2 (l) ~ -
- r " (:1q) 21 ""'(. q) 

he 1qui l1briLun p si ti n Hes to th.c lt fr~ s 
1uti n of p t iuin i hr 1nat (vt) i 

r. 11 • Le (u) chrom r (vJ) · an in!iolub] 
y J1 'V4l Ii 'lid. Whon a te~ r dJ ps f 1l 1ad(11) 
ni,rr r~ t acld d t - n aqu ou 8 1lution f 
p 't siun1 dichfi 111 t (V[) _ d1 r i : 

ycU ~, pL1?c:ipit t 

n oran c preci it .. lt 
whit ' I cipitar in y lto\V S 

n lr cipit t b c u e le d ions 
react with dicihron1.•to(vt) i n 

lu·t1 11 

on t 

(I) 

15 Introduction to chemical equilibrium (Topic 10) 

d) lti th pr ~ 11 ( n k n t Jy t 11itr n 
,._ nd hydr f'j1.: n rc1 

, t co forn1 _ nun nj : 

N 2(g) + H 2l~) - 2N 3(8) 
Ml = ()w kf l111 1-1 

.. 

1: · ti n nd h er 

n1ovb1 ition f uili rium t 
cb l fi 

IJ have n etT~ct th c_ t ly· t _ ntt·1 ls the 
rua,etion 

~ make l s m111onia 111 ire quickly 
I 1n.1ke n1 re n1n1 ni n, r tdc:-kl O) 

'Intol In . r 1 

) 

h. rus(Jn) d1lorido act reversibly \vith 
chi rin t b r1n h h ru (v} chl ri 

1 J (s1' + t, ) ? P 1 (s) 
!!JI - - 124 Jn 1-1 

) - t , , xpl 11 tb ffe t 11 th p Uion 
f thi e 1quilibril-u11 of d er - in 

i) [h t ,111pc n1r 
ii) th pr HUT 

b) i) t r \ dot-~ nd-cross di. ran1 f 
111 ] 1cule I r 8 S~ US h ho\ ill 

I ut r 1::l ctr ns I nly. 
H) tat h sh p 1 

1 f thi 
iv u n ciatin1n re I f th 

bon an 

n1ol cul nd 
1- P- J 

) Wh n qu 1 m unt f phi sph ru (111) 
chi ri _ :1 11 1 hlodn .1r n1i " 

. 759'fi of both s fl.! ih: . 

( ) 
(.) 

(2) 

r ph h \vin 
(- ) 

t 
chloriuc ~ re in,re .-ed. ( ... ) 

( _ 0 1l al 15 111~1rk ) 



m t hniqu 
ry chemi try 

- his h 'l"t r i d si n h Ip ,vlth ns,v rin cue ti 1 in x n1s~ ci Uy th s 
th. t. r ha. don pr c'tic .. I wor . - or c ... mpl , nth. lpy exp rhn nt~ nd titr._ ti 1n . . 

Marik allocation 
ln1_UAfo ~1p .. p_1~sch 111Lrks Sr _. hp, rt fth _qu ti n.,r~ i ' nin br ·kr,rs. his i 
a rnuch 1 'tt r. guid a to ho\,, rnuch co \Vrit tha1, h nu1u · · er t O'U cl Hn r. p1 vi :1d 
- r th nnver. lf ther~ r 2 m rk. ~ t\v st ten1en n1ust m de. r exan1p1 . j th 
1qu s i n ask - r th i c. nditi ns t~ rap rticufar r .. c i n n t th lf, 2 1n rks ·1 bl , 
th "r lTIU t b t\~ differ~nt C l1 i j .· ll Biven, SU h S S iv nt~ t n1p ·r tl.11" OT at·dy·t. 

Alternative answer 
uot , iv h rn tiv l n '" rs. lf ne th 1n i ,vr n . th .. 1nin r wiJJ nor 

,var ny m rk ~ r thi~ l ~ r f th 1ql1 sti n. If b th nswe r r , rr et. y1 u rr,r 1uld 
r tbei 1n .. r . ~l '\! ,~v r, tht'r ia 11 · p i n t in dsk:in n ns,v :r ~ i 11 \\'r n . 

· \V~r ho f c ntr:.1.di ci n ~ ,u~ b s ivi ns h,~ 1 (} Ll ' t1 t JS nco11tr.1t t.: suUuric 
, 1 nd th n wr1rJn ~J~ 4{a ) in n qu U n. 

Wrltln,g your answers1 

In I xc, I A 1 v l eh i111isrry e. an1. th~ an \V r~ ar \Vrittet in th s , ~ n th 
t)l1 sti n I' p r. If p rt of y u r ns\ r h , 1rit ~n J '\l h re n th p ~ l rt th 
x 111 in r by wri rins~ for l'X m l ~ •ic b I " ' 0 1" ·conrjnulld n l8 5 . , " m 

p ers ~. HJ be 1n rked I inline, g qu st1 n papers · n 3 us,vers UJ be e1 ctr, nic~dly 
sc.· nn d. r th i~ r~:is1 n~ it i~ ~ssontial th.lt tn write , N,sid th l1t1mc,s n1 , rk d n th '.l 

p 8 . ll n l s y u i ndic tc th t y u h v d n o. 

For the 1nu1tipll'- -hoic _ qu' tion s~ y u must put . ross in th ho~ corre pon ing 
t y u1 eh I n nswe r. 1ryou I h~in~e ·yi ur n1ind~ put J b rizon I Hnc d, u 'h the 
cross. Then~ n1 rk your n w h ice ,vith J er s . h 1nukiplc-ch i,c, 1qu i ti ns 

1i: nt in t~ ur po sibl ans,v rs. I b U d A, ~ , nd l . nly ·. n t th s. is the corr et 
11 \Vert th uesti 11. l , . r th t 111 qu ni ns r s nee; tiv s -

f r J111pfo _ ~w hk·h f th foU ~ling sp ie~ is n t pol.1r. • 

Co r ctlon flulcl and c I Lu~ d p n 
I · n t t1 ith_r f th . Mi tLk ~s h ul , 1_r ss ut n .. tly b r ,vriting th 
tle' \'!l ~U1 er. ,(Id I, ' r I th r C 1 ur~d in ' s ,vi ll 11 t ,h. \V up .:lS b in diff r J1t fr Jn 
bJ ck or Jue ink \ rh~n tho • p r i cann "Jd r :idy r on Hne n1arkin . l t y u er ss 

n1 thin u t n th n wi h 'Y u h d n t <lon 1, dd th w rd ~ 1 ) · r " 
er ssin I ue. The n1in r ,vill th n r d , nd 1n r th er 



Co1mman1d word 
[t is il11port3nt th. t u r sp nd c rr tly t key ,v ·rd r I hr. s in th I u sti n. 

ti n - defin itione. oif i n1portant tern1~ !iutb ag r lativ ton1 ic n1.n:& or s.t nd!ird 
, nth Jlpy I f fonn Jtion 3r frequ ndy .uik d lor. ¥ u HN~s, kn ,v th se deti niti ns. 

hey ar dis 1 ye s kty t ,,ns in thi 'bo k. 
e N Ill giv th tu II ll ' 111e of th SU bu nc ~ UOI its fonnul . 

Jdcnti f - gi ither the nainQ or the forrnul:i. 
• ril I he f rn mulo - .1 n,ole ·uhu forn1ul , au , h s :1 _ - 1~ wi lJ suffic ,. tlY I ng 

as it 19 un~n1bi u us. re is no u e riUn ~H~ ~ r tJ . f r111ub c th n I. 
c JH7Er tor h for1uul for 2 br n, prop n . hi als1 Jpplie1 t qu ti ns. or 
. an1ple, th qu:ition 2 4 1. r2 ~ ,2 ~ r2 ,vou Id n · t sc re n1Jrk. bee use 

th~ f" rn,ul t 2H4Br;,,, i an,bj u u . 
,t th t u · t u 'l J tor1 n u In this n1u st cl rly sh w the p siti1 n 

of rh functi n I roup. All double b nds h1 uld be h ·wn. , r . n1p] ~ n 
~ccept bl ru tur l t~ rn1uh1 f ut-l-e11 i 112 = I 1 .., J 3• 

• __ '-·"' th _ dt I In d for u1ula r th fu ll tru turnl f rn n11 '1 - · nth _ at n, 
. nd ~1ll hv b n Is in d,, rnofocule uu~ ~, be e.ho\vn. 0 1 on1 1 . rh di,p1Jy d 
forn1u J of ethan k acid is: 

H 

I #a 
H--c--c:,r 

I 0-H 
H 

t it iv th na~ r i. i'thout ny plun ti n. r e. m1 J , if uSk d to stut · 
in \Vhich ir tion lhl: I aiti, n , _. ·uilibrium 111 1 s. h :1nsw r i iimply 'c th 
left' r 't the ri ht'. 

t t " g i v in , u r r a n 'this i d i tfi u J t type f qu -s ti oa . i nu. J k 
. t rhr1 ·1nark di , tion. hrn st. t rh ~11s,v ~r (l.:1n1. Uy I mur' 1.n1l~u th . ns, r 
j~ one f u.ly t\VO I'' iSihUi .i s - -, .. u~d 50/S qu~&'ti 11) l n j t H 1\\t th i 
,; "ith n "pl n.1ti u conta1nin nou b eh mi al points sc re th r m 1ninB 
111 rk . 

u n 1u \\"l' - l o - c the m rk Uoc tion nd th "ll gi~ th 
s 111 nu 111ber f pi c f eh ~mi, l . ph1n tion. ,r wn n 1 ~ . tr ... F, r 12 Jn1ple. 
in an w r t I the 1questi 11 c xpl in why but-2 eno has t\V1 on1ctric: h n1t.: rs (2)'. 
th · 1.r t p ilr i th t there is r strict d rot Uon bout th cl 1ubl bon nd th 
s . and p int s th t th r r tw ditli r ut roup oi1 eh d uble-bon d arbon 
ton1 . 
edu o - the dtua u pH d iu the question,. 1r an an er r in a 'I 1f vious part 

the quc ti.on. arc us~d to work out the nswer. he cl t could he 11urneric.1J or they: 
1could b th r su lt. f 1q,Lh lit tiv t, t n · a un kn \\'n ub ta nee . lterniitiv ".I ~ 

kn ,vkds fron1 aln th f p rt I f hl' sp cUicLtion ,nay be- n d J t 1 
1 nsw r 

1qu~ stiou lb ut refa ed t· pie r sin,i.hn su bst:111cc. 
r di1 t - y u are n t x e t to n 1 'th ns,; r. 

un I rst .. n in . sin1il r c 1111 und h v to b u t ,v rk 
11 v,r ,r. [... r · ~-111 l ~ tb h I f .. ~ is c v r cl in h p cific ti n ~ you 

~h u ]d bt' J ]e ti deduce the sh pt . f tb P I, - i n. AJtern ativ ly, tbe que.sO n 
1ni h:t ask you to ug c st the id --n tity I if Jn organic con1p und b~,ausc th.c1 ~ rirc 
n it u tfici nt t t ci ' b ~t,v n hvo possibl is m. rs. 
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u . '.) t Of A. pl , r. -.rt Hf1 wcr l l1 i qu ti. n - y u are 
not .. ect d t I h v~ 1 n t the onsw r to the qurstion. ut y 11 n: c,. et d to 
u your kn ,; led r n1 link t ic th t i it the specific ti n nd a· pJy it 
·to th~ gue!ition. or ex n1pJ~, iAp ly you r knowJ d ~ o th~ n1ech .t.1isn1 o the 
lectrophHjc .Jddition H · J to alk n s t ~ug e t the 1uo,ch._1ini~n1 ot rh lddition 

of iodin mon ch1 rid , l t, to ethc ne··. 
on1p r P plnin th dif r 11 . b t "" n v H p, inn n1u r be n1. e 

bout bath substan s. or o~ .. n1pll1. i tb qu ~ti, n sks for au xpl nltion or th~ 
dHft!renc~ 111 't'h b ii h,8 f mp ratu resi of hyJr, 8f n tluorid .1 nd hydrog n . h 1 rid . 
thl! ditleret t typ~s n etrcn . eh. of ilu nnolecu l r rco in b,,.,h su ~t ni.; ~ nHJ t 

b described~ t etb r ,vith n , :rpbn· tion f \vh t cue. th sci dhf r nc . 
... .._ lent l~ - it is advi~~ hi to s:h1 ~v ,lll working. or ex~unpl , ifthP qu stion "1 s 
, r at1 c1np1ri :.11 011nuL t b t.iv J frcun 1Ml n tmss ,cl i1t.1, it n1ust l c c1 a r to tht! 
. an1in r h 1 t y u h ve hrst divid d by the r 1 tiv t ink n1as ·ind the11 by the 

sm Host ns,v r. W rk h u]d . hv yg b et ut s, 1 th t if you n1 k mist k nd 
th ·\vr n DS\\-'" _r is c, kul te . th x min r c n i 1.;ntify th ini t kf nd ~ r 1 

m. r _ fj f th_ Oil _qu nti._l sr I 5 in eh' ri I ul.lti n. Iv LY! -iv your 1n I. U \V r 
to ho nu n1bcr si, nitic~rnr figu r s ju ~ti fi4,;d by th nu n1b r - f ~igniflrc~ tl t fr u r~ 
i.t1 th . dat . N eve1~ round t ot1 r t~ - i nific nt ti ures in th int rn1~diat 
At .ps; a t: I ll i ,ti 11 . It i h t t [ av an th~ 11'-lmb rs I n fi urea 1cu later nd th n 
riound UJ t tbe nu of th 1 'l U] t.i t1. 

) cJ nli f t.h ,~ 3 .-_I,; 11 t - iv d1 w(w1U nan1 r ~ rn1u] . An~l er U\.Jh as 'i,J ck i tJ d 
ichr m .t ' r' · H- i n ' n1 y not sc ro full 111 rks. Th nan1e f r nt i th 

n 1n1e n th b ,ttl . 
~ tnt th 1l"' rnd it i, n. - n t ut -111 tic. Uy ,\rrite: d ,\rt1 'h at uu r r Au ... 

h nswcr 111i~ht b "at r ion,. Cctn r .. 1ture' r you n1l ht b xpecrcd to kn v~ 
th ne1ce&s y s Jv nt (e. . th n l olv nt t ,r tll -Hntin .ti 1 r HBr tr n1 
bron1 alkan s) r peci ~ c: t Jyst (e. . hrti nun1 or nickel in the dcU tion 
of bydrosen t • lkenos). I f ,nc ntrdt cl a1..id i n cdc ·i11 ,1 r a~ti 11, this n1ust 
b sit ted. 

Equatlons 
- , u ri ns n1u t a h~:lY be b l need. W rd qu tions never s r any n1Lrk . 
lr nic rqu .rtions ._ nd h lf- qu l1tio11 mu t J~o b. l:ln t' for ,char . 

t. f~ ~yn1'b 1.s 1uu st b. in lu ed: 
- jf th qu sti ,n a ks f' 1 th n1 

in 11 th rn1 chc1nic 1 quati ns 
if ,J pr C'ipit t r 3 g is prouuc 

Th u ofth~ yn1bol~ [ J n _ [~ij in oq!: ni,c idati n and rcdu,tion r~:i,ttons. 
r spectiv Jy. is ac ptablo. __,quati 1u Luins the e yn,bol must ~till be pr p r'ly· 
b l nc d. 

• rg ni fc nnul UC! in u ti ns n1ust ,vritt, n in such , y th t th ir 
stru tur s ::n: un.:n11bir;uous. 

Stabrl1ty 
"AlkJn r ar ible' l,a no 111e'- nh1, . ~ · t3biBty mu t nly be u d wh n n paling 
tw st c s or tv "1 ; t f comp un, . Alk n m y unr · ctivc, but J niixtur f 
m th n nd iris 'th n11ody11an1 k Uy u nst hl . Thi 1u r th. t n1ed1~n nd xy n 
·re unst ble r111r r ,vith th ir co111b11sti . n prodt1ct ~ c rb n di xid nd \V, ter. 



Graphs 
N rm Uy. th r \s 1n. rk tor I 'b llli th~ .. s. Wh n skctchin ~ ph. m. ut th t ny 
111.unber . r n liuc~r · al~ . ~ he , -raph houl st rr at the ri In pb .. , ha" th ,c ,~r ·t sh. f " 
:nid c,1 d l 't the r· lit placo. At1 L1Xa11,plu · th M 3J~\\r 11- Bolrin, m1 ctisrri'bution, whi .h star 
llt th 1 1i _ in, ris sin l curve a n1axi111un1 nd tails otf ~.u an llsyn1ptote1 ~ 1 tl, .,~-am. 

Diagrams of ,a1pparatus 
M ~ !iUre rhat l:1 Has_ a11 l nJ.enser ar t dra,vn ~'L 0 11e o n th1uotH I itc:e f 

he ·pp ratu nnl t rti u1 rly (;uretu I wh n d in 
a n 11 r. h re mu t b n l1tl t t th air m ,vh re in th pp ratus. In 
dhti 11 tion, the top 9.hou ld b~ 1dos and thCt outlet &hou ld h 3t r.h.. nd of rh~ 
,t: nd nscr. or h ~1tin under reflu • che to·p the con en~ 1 r n1u t b, pen. It i 

l~ ays &a fer t clr. \V an electrj · I h I ter~ in '";H e on of th , r u ents is th1n1n1 b1I . 

Doo·m an,d gloo:m 
Av i ~p ,: lyptic u.vi1 1 111,HUal prcdicti n . o,r e.. mple. the z ne lay r is 1 ly 
d:un s~d 'by . n it y th r chi rin - c u1 1 un : i c rded pJastic docs n t 
d in1 t H wH Jif; in rB ni, f rtili , r n t ,vipe ut 11 qu tic Hf . 

R'ea1dl t ;he quest1l1on1 
tn n pap r I v s 111 rkin th stud nt h ' b on sk t ,,, n i n1 r f 
2-br . m p . n . Ab Llt h Jf f: iled t r tb u ti n f if p rly 11 dr w th 
rr1.1ct~1r f 2-br 111 pr p. 11~, n t i·t i 111 r. 

Qua11lty of written commu1nlcatlon (QWC) 
Th~ 111 ~t in1p rt, nt thin i~· r c nvcy th n, nin d ~ rly~ accur tely . n h1 
logic. I ordor. Mit11 r ;pellin errors. d I not 111. tter1 unl~n they JlH n1bi uity 0 1~ 

inl Jy a differ~nr rour , i t1 nl lt!CU le. You 11...oufd spL:U h nol · hth:JJ.Qi tl in Vari t r 

· f v, ys , itb ut b in p 'll Us d1 but ph "'nylphth 1 in \\'ill n ,t rn :i n1 rk be us 
'ph nyl ' is st, Hi group _n h diffi r nt fr 1n1 ph nol. 

I La oratory test 

Tests for g1ases 
he teats used to id_ nti fy th con1 n1on J:ibor::itory gases h3ve t b 1earnt. It ia also 

i1np 1rtauc to b , ble co draw 1.,;oncludous fron1 th~ id 1ntih ;.1tion of 1the e as ,g. o 
e. n ple. if dHu te sul fur le alJid i d e d t 1 g lid ud ~ · is produce l that turns 
Lln1 water n.1Uky th~ ndusi ns r that: 

• the g .. s is car'b n dio id 
• the unkno,. n solid is .. 1 carbonJtc or a hydro ,enc r onJt 

Hydro n 
1' ~ 1L: ignit th N 

b t\-+ ati n: but n& \: ith l sq ue. ky op 

l qu n: 11, + 2 :2 J 2 
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Hyd by: 

-ti n b t,v n n ci a1 d a r , tivc 111 t I 
th r :u;ti n bet, o 1 ,v. t r n 1 \ther ,.1 roup I Jl1 t 11, r · Jch.:1n1~ s.t~ ntiun, 
Of b~H llllll 

0 
,.r t : plac _ g]()"'ring \vooden s lint i11 th_ Ls 

b ~r .. ti on: BpB11t cat be !i I r 

pr, UC d by: 

h -i th1 · B r up 1 n i'tr ~ e 
hl; tin tbor nitrlt 'S, but N J is .1 ho 1-irL: s nt 
th!.! cJt J!ytk d ' i.: n1 -,siti n hydr n pe11 xid 

C r bon dlo Id 
_ e t : I 1& g, s in o Um w t ,r 

r,,,, ti , n: lime cJ udy/n,Hky 

llqu ti ,n: 2(8) " { - _)2(a ) -l, - J.3{s) T 112 • · (l} 

arb 

th re ti 
h tin 
h ~ 

1n 

An1n1onla 

is prod11ce.d by: 

n t c n an ci nd c Jr , n t 
rb in t . ( p rt fr n1 s, dium. pot 

r u1i 1 hy r - n rb -n t 

rnp r d litmus p p r in th 8 

b r " ti . n: litrnu p:1[ ~ r e hlu 

A1nn onia i pr due by: 

,r hydro n rb n t 
ium 1 ,r b riu in c rb n tc ) 

he. tinfi: qu OU$ o iu111 hydr xi ,vith ~u n11moniun s It 
ddi n Jqu oLu.1 sodiun1 hydroxide and :.dun11ni.1un powder to :1 nitr3tl! 

N1tro n I xl e 
~ t : ob& rvc c l ur 

b. rv. Li on : gas is broiwn 

N itr en dio .. i e is pr duce by: 

h tin r up 2 nitr~t r lithiun1 nitr .. t 

Chi orln 

b rv U n: litn1u r is r pi ly ,] eh 

hi rhtf is pr due d by: 

eJec'tt( .ly~is of a luti n o,f a , b 1 ride 
• ddi n di1ut ·.- hydr chloric Jcid t s ]uti n c: ntainiug. eh I r t ~ {1) i ns 

The only hydrogen-
c aroonatos that exist as 
so11as are u,ose oT group 
1 metals. 



You mu t know tne 
form ui ae ot the am monl um 
!on. NH4 +. and common 
po1yatom~ c an 10n s, uc n 

2• as carDon ate, C03 ~ 

hyelrogenc a monste. 
I HCD3,-, SUITate. S042- ~ 

su mta, so.:l~ .. , nltrata NO 3 -

a no cntorat rn, CiO . 

I 
The fl a m11 test Is the on 11y 

t-0 t ror a group 1 metal In 
a compound. 

... .. . . .,,, ..•....•... 
Magnesium compounds do 
not 1oolour e flame1. 

I 
Flame te,sts oannot De usea 
on mixture conteilnlnH two 
of tnese ions because the 
c01our produc;d by one or 
tne Ions WIH m;sk tne colour 
proaucea Dy tn1 otner 
metal Ion. 

Hydro n ct1lorld 
_" t 1: pl. et d 1np b,lu Htmus p per in the a~ 

b rvotion~ 1te.1my fi.uno th t cui n d;1n1p Htn1us p.1p~r r,u 
t : pl c th top r fr 1n b tt1e f c n n'tr3t ~unm ni h th 

b rvot i H: \Vhit sm k ( mm niun1 h1I rid ) is f rmed 

qtud i >n: J l(g) + NI 3 ( ) ~ NH~ 1(s) 

Hydr n .bl rid i · ~r due d by: 

the r ~· tion n;.r n c n ntr d u]furi cid nd hi rid 
thQ re ction betwa n phosphorus pcn1tacb.lorid~ n l'ith r n Jcoho11 or , 

I rb xylic ci 

ulfu dloxld 
t: pl:1c~ ft1t ~r 1 

.et sr n 

+ r · .,_ + -J+ -+ ~ < •2- + 2 ~r3 + H.,· 2 2 7 .. '1' • 

u] ur dio ide is , r1 duced by: 

''1' r1nin n a,c:id \Vith · & Hd sulfite 
burnin sulfur 

• redu t in~ cone utrat~d u I fu ric , c:i I 

Ti 1c~rry out l _ tlu n1, tes't, , dr.au pfatinu n1 or ni hron, r , t w ir is d ipp d into 
,c nc ntr'1ted hydro hlori,c cid. tht: n int , rh s lid to be 'te ted a.nd fina Uy into rhe 
hatt st part rof a Buns n A an:ie. 

he con entr ted hydro,chl ric ~ ci converts so1110 1 f th unkn , n i. ili into 
,,hi ri, . · h 1 1rid r 'l rn r v l til thy n thcr s ltsi o _ in I f th unkno,vn s 
in co rt, ga p h , w h n h at d in t h hot fl .1 n1 • An I "t tron i pr 111 te t higher 
en r,gy lev l by the he~rt. lt then 11111 b~ ck t, 1 rhe r u nd st~t a.nd :1n1its Hght of ~1 

rC ], ur & e.cih to tht! n1et I pr~s nt in tht! 1c inpou nd (soe pa ~ l l). he colours 
1 btain din Jt.111 t ts r iv n in able 1 .1. 

TaUlo 1 .1 Flame colours 

Crime on 

Yi llow 

UI o 

Yellow-red 

Red 

P I gre n 

Li+ 

N + 

K+ 

cai.. 

s~· 
Ba2"" 
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Prrec11prtat1on1 reactlons1 

It is import nt t kn w ,~thi h ion i c n pout· ds r s 'lu ble in \ V 't r nd \Vhich 
arc1 insoluble. 

lubl ionic conlpouncJs in Ju fo : 

uH roup 1 s Its 
11 ~ m111 niun1 tc Its 
11 nitr t !: 

11 chlorides p rt fro1n sitvt r cbloricl l.l ,Jnd lt!acl (u) ch1oriJo. (The s JubiUty of 
' r 111 i ' s nd i · id s is sin1iJar t th t of ,eh 11 ride .) 
· 11 suit t ! p rt fr n1 b, riu111 aulf t . stroutiun1 ulfi t 

11 iu 111 ul a nd silv r su Hi t .. r dightly !'olubl . 

In ,lubl j nic ,c n1 · un s includ : 

• . ll _ rbi n t ! • p rt fron1 r up 1 c rb n 111111 • r b n t 
.1] I hydro i,d ~ .l i1rt fron1 u1 · 1 hyd I o .i 'S ~ arilun hytiro~ ido • nd J n11n on iu 1n 

hydr .. ide. al iu1n ti 11d strontiu n1 hydr .. ide are sl i htly lub] . 

J, ~ su] ts f s n1 - pre~.J ,it tion re cti ns arc h ,,i I in abl 1 . 2. 

a DI 1 . Pre cl pit atlo n reaction 

8a2+ nd S042- ( ulf ion couk:J 
be frio,m olutions of group sutf te i. 

mmonium ulf t I or from ulfuric ·cid) 

Ba2+ and 509
2-

Ag• and Cl- (silver ions are normally 
from olution of ilver nitrate) 

Ag+ and Br 

CO 3 :2- nd any ceti on, other than a 
group 1 n1etal or ammonium (carbonate 
ions could be from aolutio,ns of group 1 
c rbonat s or m mon ium o rbonate} 

Result 

------------------

• White pr c1pitate of barium sulfate 
• On dd ing di lute hyd riochl orio oid, th 

precipitate remains 

• White 1precipitate of barium sulfite 
I On ddins dilute t,ydrochlori,c cid, th 

prec ipitete ,di eolves with ,,o fizzing 

• Chalky-whit precipitate of silver chloride1 

• Precipitat dis olvee in dilu aqueous 
• ammonia 

11 Cream pr c ipitate of si lver bromide 
• Precipitate is insoluble in dilute ammoni 

but soluble in concentrated -mmonia 

• P I yellow precipitate of silver iodide 
, P~ cipitata i insolubl in both dilu nd 

conoentrated ammonia 

• White precipitate of the in so lub I m tal 
c rbonate 

• On adding acid, the precipitat-e fizzes _ s it 
liv a 1off carbon dioxide and di appe rs 

Th ionic: qu ti 1n. ~ r di..:sc ] r 1 ipit~1ti 11 re , tions ,vilJ .1lw y. be ftb torn, : 

cation( q) + ani n( q) ~ '6 rn1u'I f rccipirat {i) 

or c.. 111 l 4 the ionic l;! qu ti., n for tb f rn1 ti 11 f b riutn ulf t by n1ix in · 
soturi ns f b rium cb]ori and t s iu111 ·ulf te i~: 

,1,,t • I t•• • • •••••••• 
S e pages 112-13. 



••••••••••••• ••••••••••••• 
Th dilu hydrochlork, 
acid can b added bef1ore 
th barium chl,orid . Th 
formation of e preoipiteite 
prov s th pr ·B1 nc 1 1of 
sulfate1 ion . 

r= Both tne e tests worK 
w Ith hydro,g,e,ncarbonates 
as wel I, o the lnl tlal 
conc1us1on should 
be that c a rDon ate or 
nyarogenc arDon.ate, 1s 
present However, the 
only hyarog,encamonates 
that exl st as sol Ids are 
group 1 compounds. 
I r tne1 unknown I 
round to ll e e group 1 
compound, the test tor 
nye1rog0nc arDon ata must 
D c arr1ea out. 11 tne 
re· u1t 1 . nesauve, tne 
origin al compound Is a 
carbonat . 

Te,sts for an1Jons 
ul a 

J soluti n I frhe QU p~~te l ul . tc .idd dilute hyJr ,i;hloric ai:icl foll ~v by JLllW us 
b riutn chloride. l hit:) precipit t- • , hich rcml ins ,vh n .. ccs hydr chlori.c - id 
i g add d~ prov s th pr scn . of su I .t ion . 

u1r1t 
Ti I the u p et 1 d su l Jt ~ d , Uute uJfuric 
, i xid a '\Vi 11 b giv n tf. hi i t t 
s, a_L d in l tauiun1 dichr n1 t (v1) in th 

ul Jt , sulfur 
i c f tilt r p r 

frn1 rn - t 1 

,ris1n I s 1lid. r n n rh I ~ r on 11·1119 tb 1~r 9 n P ot. ultJt. ions in I, 

This t c n I c rri d ut I ither n unk.n wt, ~oli r s, lution fthe unkn ,vn. 

C rl on 
dd cl Hur sulfu ri1 L ci - to th usp 1 c r 1 :;irb n.tte iu !iOH rn1. T fit is t1 c.1ri on:.i t i 

ie · rb n dioxi i'll e iven ft~ bi h tested - ,r by p sh g be B' · int lint JC r~ 
\; hi, h 111ilk-y. 

Alrcrn tiv ly.~ h ," t th s H . J rbi 11. tt?s. th~r than s, di ln11~ p t. ssium 111d b. riu m 
, J rbothito~ gh - off c .rb n di x 1de. 

nc r bonat 
here lH~ thrc \V. y t is.tin ui h b t\vcc n a roup I c:~1 rh ,n tc nd a 

hydros;en ,.arb n t : 

~dJ s n1e of the unkn , n s lid ti b11 t b jJin w tcr. Hydr n~ .rbonat 
dl I m1 s '\\' ith th production f arbon io. idc, - fiz in occurs. · ~rrb n 
di .:idfi c t1 be t &t d fur 'by p{1ss1n it int ]hue, lt r~ which g ei; 1nUl.--y. 
ndJ s · lution o the unknown to okniein of c~lciun1 chloride. H.ydrogl'nca r-

n t do n ,t gh J reci itJte becau$e cakiu111 hydro nc rb n t is s Jubl : 
1C :ubo11 tes iv · whit p,r cipiit ·t, f calcium c rbonat . 
tc,st a s Jution ·, ith pl I p, per. r n t s h.1v J hi h (J lka lin ) I I-i 1vhc rt;'" 
I ydto n-u I bon .1t s ilt aln1tw 1l n~ utr 1. n \Varin in , j f the ·9o1utiou i L 

hyd1 o nL;arbon~t , h H d s rapidly B th hydr 0111.:arb n" to doc -nl.[ es t 

iv 1carb n t n rb n di i . 

Chio Id 
solut1 n ot th ~u p crcd h1oridc, d dilut nitri- cid until th solution 

l JU cidic (t t \Vith litmu , J r). hon, d i1v:1r nitr t S ]utiO'l . A h lky-
whit pr cipit t , whi, h is lv s wh n .. c ilut n1n1onia i d d. r ve th 
pr . ~~ nee f I hl ride i, n in th ri in l · olurion. 

B 0111lde 
luti n t the "US et d br n1kl ~ 

~ idic (t sr \Vith litn1u1 p r). h n. · ilv r nitr t 
\-Vhi, hi ins tub] in di1ut Jm1n niL but di 
[h FI nc . br n1i i ins in th rigin J 

d eh] rin ]uti 11 f th L1nkn • r m1 i.: 

c 1 url . . oluti in hr ·,; n . • 
1 ns r 
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loc11d 
o so1uti n f l suspected i didc. d , dilute nitric ., C"id until th lution i 

jusr a,jdic (test v1,rith Htn1us l'\ p r) . _ hen, . _d sil\":,r nitr.i.t_ s lution . ~A., p"" 1~ y II "tV 

preci.pit. tc, which nnuah1s ,vhen conccntrJt~d anunoni:i i~ dded, p1·0Vei the 

, r n f iodi ion in the 1ri in I Ju tion. 

An · ht.:rn tiv _ t t i t Jdd hi rine watC1r t a ,s i'luti n f th unkno\Vll .. n, th n dd 
a ft w drops o ~ n qtlnic solv n't such ~u he. n . Iodid_ ion ~ t oxidis d t iodin , 
iO the 11.; ,] u r1es I o -3 n I llyor turua viol . 11 p l''S nee f i dine fruni the o .. idJti · n 
f i id i n c n l o be t ,et y din t r1 h_ ,vhich turn lu , ... bl ,ck. 

o the un n wn solid, add alun iniu1u r \Vder r cvJr l alloy Jn 1odiu tn 
hydr, xidc 1oluti n n thcu w rn1. Nitrat i ns re r -uced t ru11n11 ni . , hh:b 

n b , t t d th ev Iv , turning d n1p r I lit1nu p I ~r blu . 

Au ~ htw!1 ~1tiv 1 1~ eh~ "bror\vt1-rin ' tt'st. Mi. t .1d1 r S1c1]u io11s 1f th u nknovln 
nd ir n(u) sulfot . h n 1CtH fully ur ant I nc rur 'ted uHuric ,c:id d ,vn th 

gidc f th t st tube. A br1 wn rin - form wh re rh c nc ntr ~d id nd qu us 
J y r m t. 

T y 1r 

A solid X gev - an eppl green flem colour. Wh n solutions of silver nitr _ te 
and X in eid were mixed, a white preeipitete wee observed. Identify X. 

Te ts for cations 
An 111 nlu 111 
W r111 th unkn ~ n liJ r olllti n ,vith qu ou dium hyd r i . An1m niu Lll 

Jts giv ff , 1nmoni g s, ,vhich c n , ' y El cht · 1np r d Uunu p r r 
in th 8 . A111u11 ni turns tb P-P r 'blu . 

Gro Jll and c t Ion 

unds d ni 1t 11.:, ] olou r'I &s in ~ i'lu riot1 . n iv~ 
f m 1 nesiun c rb n te h n . 111 1 nhnu C' rb n · t ~elution 

p-lJloc ncl d-bl oci o 1011 
h d t ctio11 of th ion o p-bluck ~nd. ,I-block ~1 n1 nts js te!ii't d in the s =-coud 

Y,t.! r f A v 1. 

Tests for orga,1nlc iun11ctlo1nal groups 
t for a c-c 1101 d 

dd :, 1n1in ,vat r r, th t I c 1111 un . l n11 0L1nd c ntaining a --= • b n<l 
(uns .. tu r ted con1poL1nds) turn tho broniin wat_ r fron1 oningc to colourless. 

H r 

... , .... ,.. . ............ . 
Th result would be th 
sem if bromine wate,r had 
b n add d. Bromin is 
stronger oxi dis ins gent 
than iodine, and therefore 
oxtdi i1odid , ion to 
iodine. 

. .. , ........••......•..... 
B'eforie doinS this te t 
you need tc1 show that 
the corn pound ie not 
an ammonium selti a 
ammonium sa tts give1 

ammonia wh _n he,at d 
with , lkali. 



, .... ,,, ..... ,~ ···~······,·· A I ittle thanol i 6 ·som times 
,add d to hrel p di a so fv1 the 
h lo~ no lkan1 1nd bring 
it into ,conta,ct with the 
hydroxrde ion9. 

I• tftt +•+ttttt•• ttft ••Wtf 
Th ,organic halogen 
1compound i · hydro~ys d 
by th odium hydr1oxid to 
giv- halid ions in -olutio,n. 
which th n rea,ct with 
the sit\ler ion , to f-orm a 
prec i pitete. 

I 
Remember that an orga nl c 
unknown n1ay contain two 
runctlona~ groups. 

11 
You ara expecte1d to 
know techn lque,s u ed 
1n organic preparation . 
You mus,t be able to 
t1raw 01 a srams or tne 
n ece ary apparatus ana 
know when to use e1acn 
methoel. 

16 Ex m t ehniqu 

o a C-0 ou 
Ud fh s1 h ru p 11t chl ri · t, ·rh n hydr u mp und. If th 111p u 11 

,, ,ntJ in a - r.1 gr up (cJ rb xyU, J.~ids lll l I oh Is)_ s.t ~nny fu 111 s 'f hydr , ~n 
c:blioride will be produced. hi s ., n b detc "tt?d by , uttilt d 1up blue Htn1u ~ in r.he 

. vdr n hl1 ri tu rru th lit nus r- d. 
I 

I fJ ~ P 1 -+ R. I -+ -J 

Do not stats that this IS a test for alcohols. If a compound QIV9S a posltlvre rGsUlt for a 
c-oH group, you then nav - to cJet rm1ne1 wnetner It I a carboxyllc acid or n alconot To 
ci1st1ngu1sn between tne two. acici , ome ot tne test compouno to s.001um nycirogencarbonate 
solution. An acid wlll produce fizzing as carbon dioxide Is glvsn 011: with an ;lcohol therg Is 
no reaction. 

n roup 
W~ rind, un n(:\ L ,vi·rh ,qu u& s diun1 hydr i fr ever.] n inut &, b i11g 

,c ref u I not t b iJ off ~1 voluti 1~ I rsa n lC er 111p 1U nd. AH w the- s i'(u cion t ,co I. 
Add nitric cid untH rh o.lution j ~ Ju;t Jcidic 1:r Htn1u . b n add ~ilVQt' nitr .t 

lution . 

I _- hal 

h.1-( q) + As+( 1q) ~ Aeh 1() 

• rsanic ch]ori I s iv \-vhhe precipitate f ailv r hlori \ ll hich is lub] in 
d Hut nunoni a. 

rganic bron1id ~s ~ive a crean1 p,reci~,it te of git or br inid ~, \\•hi,ch h; i.ns lu ble 
in ilu tc a 1111 ni bur djss lv s in c nc ntra ltn1n1 uiJ. 
( r nic i, did p:iv p. J n1 y U \-V pr ,cipit t I f s.ilv ~r i di . whi h h ins lubl 
in b th dUuto _nd ,c -nc_ntr tcd _nnnonia. 

-----------

ur If 

A neutral orsanic liquid C4H1o0: 

• S v teamy fume with phosphoru (v) rehloride 

• produe· d a gr en solution and a k tone whe,n warmed with acidified 
pot ium dichro,n t (v1) 

Writ th s,tructur I formula of th organic liquid. 

Heatllng under r1eflu1x 
r~-anic gu tanc~s . re volntil an th~ r t s n1any or :1ni r ,Liti n ar sloi. . 
e tin i us t p up r~l,'cti nel~ but i' thi i d nt:: in n , p n v i L such 

b - k r, rh r nic r ,rl nt n rh I r I u r 111 y b ii c tf. Ti pr v nt his h._r~P ning. 
n re Au~ c ndrn.s 'r i ~ u ~ . he or ni, :.ipours that boil I tr s the r a, tion n1ixtu r 

nd labor tory eh mi try 



j htat· r c n I n d a_1 d Bo\V ,ck int rh t J ti n r ss 1. As n1 it r · nk: 
su ec nces 1rri 8.1n1m hie. it i s 6 r t he t thl! n1ixcuro usin 11n 1 ctric h -1t r r 
w t r , th r: th r th n a ut s t burn r. 

Th ~ !1tia1 l'l int~ ot du: Jr~p-- r tu s ( igu r 16. L) Jr : 

r u nd b t t n c fl a~ 
r Hu~ c nd ns r ,vith th , at r cut ring t tb bott1 n1 and J avin t th' t 1 p 

th~ top of th~ r Rux n en s r bl:! in pc n 
·rh tlm~ 'k b ing lie t d usi 11 ~" electric h it r~ w t~r r oil ba t'h r s nd U. y 

,ction \Vh re he adng u ndcr r Hu .. is 11 Ct: ry includt:: 

,cidisin . ~ pri111. ry I 101hoJ to a cL rhoxyli,c ci 
xm uan econd~ ry t ohoJ to ket n 

c uv rrin ~ hL lo8 1 n ]kan t n h:oh I 
c nvcrtin n k h ,1 to , br n10 .lk~ n by r ctin it ,vith p ium br inid 
nd 5 % sulfuri- cid 

M st r - 11ic r, ti ns do n go c m 1 d 11 and th"r r oft n i I r ction . 
hi~ me,an th. 't th __ si11 d pro J.1ct h pres nt in n1i tur_. ,r _nic sl1h t nc!s ~ r 

v l.]ti I. , so t.hcy ,c: n be sQp. rat d fron, non-volatile in r ani spcci s, ~u h ::. s cild. 
r lk11 Hs~ by di ri Uari1 n. 

If th r is J r , nou h iffi r nc in th boilh1 ten1p r., tuli s I f r. ni ub t 11 
J r"Js nt in a 1ni tur ~ th n H rill.Ji n ._n b..- u d t s p_r , then,. 

int:; about th~ pacacus (Pi urc 1 .. . 2) t·, , : 

r und-b tt n1J d or pe r sh p d tl sk c nt ln1n~ the mL~tu1· 
._l till- h aJ fitt d " 'itl1 L1 th rmomC'1ter, the buJb ,vhi,. h n1us·t bo poiitii 1n I y I 
\- ich th utlet f th tH l-h~ ud 
"' cond n~ r with th ·v ater oin in ar the b tt n1 nd 1 \ in at th~ t p 
n op n rec i·v in ves 1~ ~u 1ch as b~ or~ r 11 , dapt r pen t the i r j i t1ed t 

J R sk 
·rh tlL s h in~ h~ r cl using· 2n 1 rri h Jt r~ war r 0 1 oil barb -r s. .. nd tr,ay 

h ,, l11 i CU [ is C f fu Uy h at d 11 th 
th r .,n s er t ±.2° f the · Uin 
(obt ined fr m d t b ok) 
is ond n, _ an 1col1 c d . 

h1~"l0l1U . 

r,h armomete r 

. Still head 
Wat r cut 

w ter 
•_ o_ut 

\:\'ater 
In 

FI u r 1 . App a rat us, 10 r 
heating under reflux 

T 
Make sure tlhat you dr:aw a 

1 UeDlg cone1enser corroctly, 
with water 11ow1n1g around 
the central tube. Do 
not draw the flask and 
conae1nse r as a s1ng1e1 
un~t - there must be a Join 
between tn em. 

11 
Maka sure that the top of 
tno strn-naae1 1s c1os9CJ 
ana tn at tn e Liebig 
conden er I a rawn w ttn a 
water Jacket. 

Cc,ndenser 

~\ te, m open 
beaker 

FI uro 1 • App ratus tor simple dist111a1t1on 



I 
You must be able to et raw 
the two types or apparatus 
shown In Figures 16.1 
ana 16.2', 

11 
It Is assu meCI mat 
!atJoratory coats ano eye 
protection are always worn 
wnen carryln,g out practtcal 
work. Therefore, cre1dlt Is 
not ~von Tor stating either 
or tile a as a specmc 
s ~rraty precaution. 

You must be able to 
c ale u late theoretic al ~ el d 
and percentage yleld 
(pages 14&, anci 218-191

). 

Drying 
Ad mp r . nii: Uqui ie· n bl: dried by ddh1 . nhydr us dium ulf t r nhydr 11a 
1 

• • lcitu11 eh I ride . 1 h ~ h1iti I n1i Hu~~ ,vitl b ~ loudy but a th ,v t r is roinoved thi::­
Hquid . c8 cleJr. The or anic Hquid c~1 th~n be hltercd o . 

,SOl1vent extralct1on: 
lov oH 1 :in be e" tr cte I tro1;11 lov~ by crushiu _ thc1n1 in r stl n n1 rtar ~.nd 

th 11 .iddin uitabl o'lv nt Siuch s he'" an . h~ mix u re h aha ken ~ nd th i I 
d i h ... n is fi 1c r d . ft. l \g ·eh n Jibe d i1:1 • di&ti'.11Jti 1n llPl . tua .. n th 

h xan disti'l l d 

Bou ,ng temperatuire 1deteirr111natlon 
he }'LI rit y of liqui ,c n be r~sced by n1~asuri ng i'r b1 iling r n11 e ratu re. he liqu i 

ig placed in distiU ti 1n · pp· ra tug, and h tcd. 1 f th subst nc is pure it ,viU b, H t 

1c nstanr t n1p r rurc, 'Whi h shout l, tha1r _ bt in from _ d t ho k. If it i~ in1pur~ 
it ,-viU boil ov r signi 1cant range f ev r J de~re~ s. Liquidi that boil b low 0° -
should bi h~'1 t d by t 1 at bath. · ther\-Vi c n h., tdc he t ·1 sh u kl bt us~d. bit 
pri.:vcntg th~ rsu1 ic liquid 1 '" ,cchin fir, if thcr, i~ le~ in the pparlttJs. 

_ 
1af ety I u,e 
u tion . r oft n a k d ab ut h _f ty pr c ution that ~hould be 't~1k n ii 

p m·ti ufor ,eJ_pcrimn nc. · at _ty pr~c.1ution and tbe rc ~u;o,n behind hcn1 include th 
l'lo,ving: 

• i tiUa·tion n h tin und r r tlu .. n1List c rri LU in fum cu b r if th 
VJP u r of one of th r act nt or produ 1cts is h rn1 u], p isonous. (toxic) r irrit· nt. 

bis l'F pHes to halo, t.:n • hydros u haHd s. h:ilo cno lk n~s aud mrnoni . 
I 1n L tu r is boi nit h :1ted unde1r reflux r disti H d~ tb r c n1ur.r be oJne utlet 
t th air. rf there is 1 t~ r uurt= \vilJ buUd u i11 eh p r tu ,, , hich ,vil] th n 
ti}' p rt, sp,r yin h t~ Ra111m bl ~ nd often corroshr , Hquid r1 und. 

• 1o'Vc s n1u&t b \Varn ,vh 11 corn1' ive su b~t nee .. 1rf used. u -h substJuc: 1 s. 1ntnt 

· h ~ h nd] cl with c · . Thig J pH t c n nn·· t cids nd Jk lis. 
h tl sk houlcl ue\l r h atcd l ith nak Bun~ n tl m . Thi i b c us 

Im st H r ank· ubst _n_ s ~ r A 1nm bi nd if th , liqui b~in h t d ,v r ro 
s U I ~ r or th llJ sk to ier . ..:k~ a fir~ \V u ld r su It. 

Ylelld 
au c _ f: 

c n1p tin8 r action 
h_ndlin lou l ~ during pl1ri 1 tion1 su h s ~ n1 product lrft dis.solv d .. ft r 
r.@ ryst.11Hs:i ti n 
incom l re r cti n 

our If 

1.22S of ethanol wash ated under reflux with excess acidi·fied pot ssium 
di1chror1i t (v11), After paration nd purification 1.56S of th noic eid was 
mad . C lculet t h p reentsge yield. 
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Enthalpy of co:mbu tton 
hen eth cl t~ r de;tcrminin the; ct1tha1py of,L,; mbu tio1 - fa liquid~ guch 5' ethJnol. 

i d s,rihe I n p scs 244- 45. W ys t , incrca e th accur cy f th~ exp r1mo11t 
in Ju d f 11 \\Pine: 

h , '"opp r c lorin1cror, h ,uld be first l i , hc.d, cn1pty 3nd then v1 hen ,c ntaining 
, a er. Alternativ ly, WJct~r c uld b"' dd~J t th c1l.orin1etcr usin . ipett ,, n~,t 

tnc: uriu ·yHnd r. If the vo1un1 f \; t r L 111 ur cl, the n1 1s h calcul t• 
u in th ' nsity f ,vat r. whi h is I crn- . 

s. r" n shou l be pl ,c d r und th , I rhn t r t 111 ~· imis th ·tr nsf r f h . t 
fr n1 tl l t co1nbustion , .. ~ 1 t, dtc b ., cm of' tJ t r. 
T' nsur 3 n even te1np ratu re thr ushou t. the , t r in th c lorin1ett!T n1u st b 
stirr, d c intinu Uy. 

'h t~mt ratu r f the W:1 h."r shou Id be nu: :J u .-~d ~ r s Vt: r 'I tn i nutc s bt: r ,re 
Hg,htin d .~ ti, l t\nd ~ r s v r~1l 1ninut s Jfl: r uning ut the hu rn r Aon1e. 
Th t m er ·ture tin1 1 m su r 1n nts r u e t I plot r ph ti on1 whicb the 
th r tic ] t n1r r tur ris i. ti1n t d by xtr p J ti n. h.h r ll th rr r 
au~ d by b~ 't I SS _r 111 th b ··ik rt th '-1Tf un ins . 
I, burn r .. 1 nd 'iteL c 11t uh ~I, uJd be ,v i 1 cl 'b ~ or4: .u, 111111,ed b t ly i ft r the 

xperin1~nt~ u ing a b lane eh t re ds t an ccur cy I f [ .01 o better. 

Th c 1cul ti n h c. rri d llt h rhr e tops. 

t p I: h ~ t tra neterred by rh co1nbus6 n f th fue'I - ,u x r 

"" ,.. 1 b n,~1 s b~tor _ 111 .. t k1 h r 
L p .... : ,· n1 unt , 1.u 1 urnt = ---------

1n l ~ n119; of ftu:-1 

f fuel burnt 

~ s the VJJu f AH" is n B tive. 

D1[sp11acem1ent reactions and enthalple of so11ut1on1 
In both dispL1 ent 11H r actiong a1 d exp 11n1ents c det -nni n rh t: nth.i lpy 
fs ]ution~ solidi r.dded t a liquid nd eh tfnl :1ir tur ~hJug=' is n1 iur 1cl. 

h meth ·t~ r dc;t rrninin Al-Irr fr~ cti 1 ~ u h th dis pi c n1ent f c PF er 
fron1 copper u: lf t Jurion by n1 r r , tiv _ m t t i d sc rib 011 p -42. , b 
g n1~ n1ed, d js u~ed to 1nd tl, nth lpy I aoluti n ot a soHtl. 

cm r ture- thne gr phs are n ce5s.uy b c use tho r ac ti ns ar 1ot in t ntan~ us. 

rr , rs c n b r u c d by: 

u h1 po\1 de red s 1id r.arh r d, ~in lun,. - th i. spa eh UJ , th ~ 1' e of re~ic ti n ~ s 
the r h le ti 111 f r h at l1 s o 
n1 kin sur th t~ £ r d" pla m nt re\ ,'" ti n 1 n u h n1 t 1 is t k n t 1 1 sure 
th t th luU in f tho s le f eh 1 ss r a, tive 111 t J i tht lhnitin r .3 nt. , r 
end, lpy f so1urion xp _rhn nt!i~ tbe ·w t r 1nusr h~ in 'l r nsur th. t 
aJI the solid dissolv i 

Tno mass, m, Is, tne mass 
or water 1n tne De ake1r. not 
tne mass of rue1 ournt. me, 
specific heat capacity or 
Wclt9r, C, IS, 4 .18 J g-1 0 c-1, 

so tne unit 01 tna neat 
IP rocJucecJ Is Jou1 1as, not 
k lloJ ou les. 

.......•..•. ..... ., ..... . 
A Ii m iti ng reagent ~eacts 
corn ple,te ly, I eving . n 
ic, of th oth r g nt. 

Enth 'lpy 1ch ng m 



me unft or volume 
me asureo IJy a pipette 
Is cm3• This, must be 
converted Into Clm3 by 
C11VICI Ing oy 1000. 

I ••tff\ •••ftltt••••• •••• • 
This not only gives an 
accurate v I u for th 
mount (mol s) of I eh 

reaetsint. but e I so gives 
n ccurat v lu for th 

vo,I um of the olution. 

There l·s no nead to plot a 
tGmpgraturt1-t1m; srapn 
because tne reaction Is 
~nstantaneou • o tnere 1s 
no time for heat to be lost 

111 ;urin r.h tcn1p ratur vcr 1 1ninnt b ,~ r rh - start f the r~ c·ti 1 nd 
for s v r l minu s ft r the r cti n h fini h d. r us d to 
p,1 t r ph, which i~ .. tr p l t d t , find th the r deal t nip r· tur ris 
,continll Uy etirrins rhe cont~nt!i o eh" ~x.p .nd~d polystyr~ne cup 
.~,1J_cin lid ou the cup to] 1,ev nt he- t Jogs throu b v por~ti n 
n,c ;urin rh vo:lun1 f the 111 tion u sin . pip et rather th 1 n a n1e su ring 
,cyHnd r. ~ th r the 111ount (n1 l ~) of s;o'lut n be cur t ly t~r,nin d. This 
is not n e!i a r-y for ~ nth 'lpy of s lu'tion dct rn1inarions 

he c1lculatio11 is c .:t ricd out h1 thr, e steps: 

t p .1: heat I r ucc,d by rh r cd · n - HJ x ( 

The mass, m~ IS the mass oT so1ut1on In the cup. not tne mass of solute raaotad. me specmc heat 
or tne so1ut1on 1s assumea to be tt10 same as tnat ot water (4.18J r 1 ac--·1), so u1e unit oT tne neat 
producea Is Joules, not k H0Joui1e ,, 

tcp .. : am lHH of s ,lut r 3cr~d = cone ntr. ti n (111 ,I Jn,-) volunl (dm3) 

(F r 1 nrl,~I~ y ao'luti n cl(''t rn,in .. tir na ... 1mount of~ 1ur" = n1.ui/Jn for n1Jss.) 

Tf th~rc i& t n1. · ,r itu re ri _ AH h u g. tiv · it tho t n1p a tu re f: JI.. AH ig p sitivc. 

N ucr U ' ti, n n pr ci it ti n r cti in r i 
us d Of ~ H , in both ·cyp s ot r~ac iio11 is th~ 

rror ,c n 'b, r due d by: 

st nt nc us r, cti ins. l m1.:'th d 
1n.ei ~nd i d~sc1 ib d on p , t!' _43. 

using pipette; , rather d1blu n1 ~1.1rin cyUnd r ~ tom nu~ out the voh .. 1mes f th 
t-, o liquids 
1na' in sure d1 t on f th r ._ c:t~ nts ia in excess. h a 1u of llH an tl, n h 
w rk d ut uling, t'h · run Ull't in m l f thl! H111iting rei r t 
for n utr;1 lh tiou re c C'i tu nJy. ,vei1 hin the -xp ud d p lyst}'f no cup e1npty 
an l fr r 'th re cri, n. _ hi is _ n1ore .: 1c ur 't w_ y f bt inin . ·th n1_s. of 
s lu rion eh n u ing - i et .1 n ~usu n1 in that cl,~ oluti n J1.u • dtnl&ity f 
1 scnl-J 
111 a urin th t mp :ir turc f b th Uqui s 11 v rJsing th 
h'-1 V lu 9 

• ~tirrin in1n1 dfat 1y on 111i jug th t, s lution~ 
• re dine; rh n1Jxin1u1n ton1peratur~ ro:.u:h d 

he ,calcul -tiou is c rri~d out in thr st~p·i. 

t p 1: be r ,pr1 due d by the r cti ,n - HI , t AT 
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I 
Tn mass, m, l , tn tota~ mass or tne t\¥0 sOIUUons, not w mass or salute reacted. The spgcJ1ilc neat 
of the olutlon Is, assumed to be thg samg as that of watar (4.1,BJ g-i Dc-1). so tha unit or the haat 
produced IS JOU)QS, not kHOJOUles • 

. t p ~= :un u n f sokn ~ r et c::: c 11c I tr iTi1 n (ntol clm- ) x v hunc (Jiu ) 

bt.: at ,r duced or lo· r 
t p . : AH r == --liliiiiiiii-----

nt J ~ of s l11t _ re. ct _d 

It eh r i ten1per: tur~ ris , AH i n ri : 1 th , e111p r tur t ]l • AH i I itiv . 

ur If 
When 51.30g of sodium nitrat , N N03 , w a diseolv d In SOg o·f w t r th 
temper ture fell from 15. 7 C to 9.scc_ Calculate the et ndard nthalpy of 
solution of sodium nitrat • (Sp eifi1c h at cap city of w t r = 4.1BJ g 1 °C-1) 

Preparat1on of a ta:nd1ar1d so,lutlon 
l n , ny titr ti u~ the; concentr· ti n 1 ( n f th 'i · luti n 111u t ,e nccu t ,f y kno~ ,n. 

·111 f u h floluti n - ·t ndnr , h1t 1' t1 - i 
s follo\vs: 

k~ u 1 tc1 tha n 1 ~ s fsoH n ,t to n1 oJuri n ofth r guirt;;d c nc ntraciou. 
1 l C ttl n 't t r utt n . s th t t he1 

s J r s 
A d the 1Hd to rh \V ishins b ttl u I ti I th r _ quirt1d 111, SS is re ' b d. 111 ~ 
2 n13 ot J Si 1luti n of I in~ .. ,1 1\ , tion 0.1 ~ Ju I dn1-.. 1_ i X 0.11 Un 'I l, :is t be 

w i h out. bi i be , u . _50 tn3 is u rt r of I n 3 

ip th c . nt nts of th , i hin b td h-1 t be k r. W h ny rc?n1 inh . , H 
fr 1rn tbe b ,ttlc i nt th be:i . r.. 
Add b u Si cn1 f dist.itl d \Vat r t r.he 

I r • stir u11ti1 ll the li h 
c mp1 t ly. it n y b n , ss ry t . l 

the s lid. U in 
i s lv th H 

Pour the J11ti n 'thr u h . funnd int1 
~ • n _r 25( can Aa k. "W sh th stirrin m 

nnd th J'°1r. n,~ kin s1.u~ th .. t U rh ,iv .. hiugs Li( d,r ush th~ fun11eli1u I rh Haik. 

11 
You must use a stand rd na· k_ not a beaker, to measure tne volume oT tne so1ut1on Tne 
volumg or a solutton Is not tne same as the volUme or the11so1v1ent used to make up the solutton. 
Adding 250 cm3 of water to Uie soHd would not produce an accurate staniclard soluUon. 

T 
The S1DI ute used In the 
oalculatJon must ba that 01 
tne n mltlng reagent. 

T 
Tn e b9st way to do this Is 
to remove1 tne Dottle niom 
the pan ,ana then add the 
souct, cn1&c1<1ns tno mass 
untn tn corrreot amount 
nas be1e n aaa ed, This, 
p rev en ts errors c ause1cJ by 
splll lnQ solld onto the p a1n 
or tne Dalsnce. 

Ti i t i.on t chniqu 



I 
Tne same method appnes, 
us Ing volum atrlc 11asks or 
otner volumes, s.ucn as 
1oocmJ. 5oocm3 ane1 
1 CJ m 9• sta no a ra 11asKs are 
accurate to app roxl m.ate IY 
:t.:0.1om3• 

Al ways us,e a pipette to 
measure out tne soluuon. 

1 Meaisurmg cynnciers are 
very Inaccurate, Wlhtureas 
pipettes discharge the 
stated vo1um a to an 
accuracy or :t0.05 cm3• 

I 
Never DIOW th a contents 01 
a pipette Into tne conl cal 
na K. 

n1 rt? di tillf d \V ter to the s Juti n u nril th b t on, f rhe 11.1 ni u js ] , e l 
11.: ith th~ 111 rk n tb t l nd r fl ·1 k. 
I ut th stopp r in th ff a k nd 111L th r ughly by tnv rti n n sh. kin 
sevc ral tin1c 5:. 

Prl111 ry t ndard ol 1tlon 
Ti m k~ 1 prim ry tand rd luti 11, the ubst nc must: 

be .i.bl to be btJi ncd pure 
• nor losl'l1 \Vator of crys·caHi s.ition to tht' air 

n, t bs rb,, 1t~r r c rbon di .. id fr n1 the ., ir 

A s cond ry standur s lution. uch a riodilH11 hydr ., id ~ is 111 d up s cc11r tcly 
tni l ssibl... nd th n st._1nd n.Hs 1 d g inst prin1.1ry stand~rd solution (su b ns 
.. th J nC',dioic Jcid). 

Perforrn1lng a trtratfon 
_ he pi D" pparJtu r ql-1ir _ d _r~: 

• , burotte 
ip 'tt (u~u Uy 1 .< ~ cn1 ) · nd 

• nic ] fl 

h~ chentk lr. r 'JU ired ur : 

a atandard soJuti n 
• th ('Juti n funkn 1\Vn co11 entr ti 11 

,., su it3 l lc h1dicut r 

The two common aclCI-Dase Indicator are: 

pneno1pntna1e1n, wn1cn Is co1our1ess In ac1a so1ut1on ano purple In alk.aHne so1ut1on - as me 
alkall ls normally addr&d to the acid, the end point Is when the solution turns, to a permanant 
pale pink colour 
metny1 orange, wn 1cn I rreo 1n ac10 so1uuon enci ye~ 10w 1n al Kaune so1ut1on - tne enci po1 nt 1 
when the1 Indicator goes oranse 

_ I,~ n1ethod for pcr_or1ning on 3C, urat~ ritr3tion is · llow~: 

• r w ,n1 1J n1 unt of n oluti n h to th pif' tt usin l ip tt tU r n 
rins it ,,vith the Juti n. l i cLrd th~ ri n ings. 

• Usin - J pip tt filler~ fill th pip_tt s th t rh~ b 1tt 111 ~ th n1 nis\;us i n 
the n1 ~ r . 
All ~ tho pip tt to disch i!rge j nt a \l a shed c 11 icu l A ~1 . Wh "J; .1 the p,ipett "l hJa 
n ti d~ touch the urtac of the U u id in th :fl k '\'llith th ti f th pip t e. 

I 
Tne conical 11asK canoe wet as. tn1s wm not alter the number or moles or reagent ae1asd nom 
the pipette, but tne 11asK n,u t not contain any ac1a or .alkaU. 
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LU eh t the t i shut~ rin out ur~rre \Vitb a fo~ , en J f the rh r 
s luti 1n I d di L rd the rin~in . 
Usin funn t tilt th bur tt t abov th z r Ln r n rul U uid ut until th 
n1eniscus i 0 1:1 the., sea l~. h~ck that the bur~tte b low th t p is h Hcd with Hquid 
nd -rh'-1t there 3 r n lr bu bbl '~. R 111 v,e th funnel. 

c, n-1 tb in1'ti Iv Jumc by 1 1 ' in , t \ her eh O'tt n1 of th n1 1 ni us is on 
th bu re re s, 1 . 
l \.ln th liquid slo,vJy fr m he1 burotrc int, , the onic: I A sk. continu Uy rnixin 
·rh 1olut1 ns by irBn h liquid in th~ ~t1 k. Add the liquid drorwi!ie as th 
n p int i n a red nd t p \-Vhe th h ~lie .. t r h s the nd oi n ] . ur. c. i 

th urett t .U5 rn1J. 
1 cp t th titration until thr c con ord.._ nt t1tr s h v~ b en obt~fru.1d. 

I, n r .u1y non- , n ord 11t titt and 1vot~ the 1L:;Oncottfant i lu es, o ~ i ve tht: 
(n1 an') t1tr . 

Tftratlon 1ca11cullatfons 
h~ re de 1 ih~d in h pter n e 155- 5 . 

I 
At A level. the equation ror tnie reaction Is normany glVen In tn que tlon. Look at It careTully 
to find the mole ratio of the two reactants. If the equation Is not given. then you must wr1te It 
Derore starting tne ca1c ul at1on. 

I en1 mb r that the cal ulati ,n is c1rri,cd 1 1Ult in thrc stop . 

t p 1: lcu l t the nun1bcr of molos in th_ standard aoJutiou us cl in th _ titr tion. 

oon·t torgat to conven tne volume (plpGtte or ourette) Trom c:m3 to om3• 

vo,ltu1.1e bi d1u 1 = vo!unie io cm 1 

1000 

t p · : u 1; tb st ,ichi n1 'try 
( n1 unt) in th th r luti 1 us 

th qu ti n to 
in th dtr tj n. 

lcu 1 · t th nun1ber Jll l g 

1r the mole ratio Is 1 :1. makQ sure tnat you stete uiat tne number or mol9S 1n me secono 
so1ut1on qua1s tne numDer or moles 1n tne Tlr!t so1uoon. IT tne ratio 1s not 1:1. m Ke sure tnat 
tne ra tlo 1, tne right way up In tne conv rslon: 

number ,of1noles of A in egur1tiou 
ntuub r of moles of B in equatioi-1 

t p : c~ k u Ltte the ieoncc Ut1\ ti n f th s c nd lution. 

I 
Mak91 sum tnat you g1ve1 your answer to tne correct number 01 ,lgnmcant TIBUres. 111n e1oubt, 
gtve It to 3 sJ. 

Burettes are ca11t>rat-ed 
In 0.1 cm3 divisions. but 
you s nould esu mate the 
vo1um e to tne nearest 
o.05cm3• 

IJ 
All re dlnss nd tn1e mean 
ture must be recoraeo to 2 
dee, m al pi aces or 
to ±0.05cm3• 

•••••••••••••••••••••••••••• 
Concordant me n s th t 
the difference b tween th 
high st nd th lo st tibe 
is-not more than 0.2cm3• 

Ti i t i.on t chniqu 



•••••••••t•+111•1•••••••• + I 
Note, that II vol um ,e w re 
converted from cn,9 to dms 
by d ivid inS by 1000. 

A amp1a or 2.65g, or pure sodium carbonate, Na2co3 , wa wa1gn out, 
CII solved 1n water ancJ mace up to 250 cn13 1,, a vo1umetr1c flask. some or tn1-
so1ut1on was placed In a burette and used to titrate 25.0cms portions or a 
so1ut1on or 1,ye1rocn1or1c ac1a. rn- tltm , 0Dta1nec are sr,own 1n tn - taD1e. 

'li~ro)o.'"·~ .': 
- . ":.... -~~~----

1 22.36 

2 22.40 

3 21.BS 

4 22.60 

The equation Tor the 1'991Ctlon IS: 

:?HCl + Ns.,CO~ 2N,ttCl + H20 + C10 : 

t Calculate the concentration or the sOdlun, carbonate solutlon. 

t Calculate tne mean t itre. 

cJ Calculate the amount (In mol s) or odlun1 carbonate olutlon In the mean 
titre. 

cl) ca1cu1ate tn amount (In r,,01es) or t1yaroren1or1rc acid tnat reactea. 
) ca1cu1ate the concentration or tne nyaroct11or1c ac1CJ solution. 

n 
) mohu"n1.ass ,ofsadhuncarbonate=(2 .. 3.0) + IJ.O + (3 l CLO) = ]06.0g111or1 

m1oun1 of sodium carbont1t,e = (2 ; :...3.0) 12.0 + (3 . 161
•

10) = 100.0 g11101- 1 

. lllOl O 01501 l conc:eruration = = · .... mo -= O 100 ·I~· -vobune (250/1 OOO) dm · · nio wn 

) n,e titre fore perilneut 3 is at le st 0.5 an1 less theu a11y other titre .. ru1.d. so is not 1~ed. iu 
the calculation. 

, - 3· s , , ···o· + ,,.., so 
. --· --·""' -·· - 21 41 mean ntr, = 

3 
~ - · .... cm 

} 1m01.mt of sodium corbonate = concentretion . volume 
.,, •! ') dml 

rm1otmt = o .1 oo 1uol cbn 1 - -;'o-
00 

= o .002 24 inol 

ratio HCl:Na ... - 0 == 2 : l 
• 

amoimt ofHCI = i x 0.00224mol = 0.00448 mol 

concentration of hydrochloric acid = ~ol 
VO I\UUe 

= 0,0044811101 _ - I . - - ,1 
( .. S,10/1000 mn') - i0.l 79n10,Jdm 
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y IF I 
·. 25.0cm3 portion of · s tur ted olution of trontiun1 hydro>eid , Sr(OH)2• 

w r I titr t d g in,st Oj100n,oldm-3 elution of hydrochloric cid. Th 
mean titre was 32185 cm~. Calculef th cone ntration of ·the ,etrontiun, 
nitrat solution a)1 in mol dm- 3 -nd b) in .gdm- 3 • 

I Ev 
h 1 r is 3 lv r y u ilt-h1 err r, h 11 usi11 app, · r.ah.1 sucb s bak, nces 't'ht: rn1 nurten . 

bur tt nd pip tte . 

h i[ , tte 111._y b st n1p d \\rith 1th .. voh.1m .... 5. cml . or rh 
rra ' L23 , but thl' ~ _uantit1 s , re H q,1bj c t s n1 error. 
n'll nu f: c tu r, r of b J nee n1ay st t tha't th n a g fan obj -l. t is ,curat 
" h r f r • r ~1 in f 1.2 :;B n1ay 1n 1 111. ss l ny\vh r b t-,,; ' n 1.-.... 

, la11 rn . y 
.im· l , the 
t1 ± 0. I . 

If , ont,1 in~r is \V i -h Ii; n1pty tu1 I tb n rew ished cont in ing . tn oli , ~1r1d, 
t i J, in ouJ be- ·su bje, t t 1,ossi ble rror _ ±0.0 l ri ncl s the n1ass. ot" th ~ H 
could h v n rr r of±c . .. ,. 

---- - - - -
---------

An empty cruclDla was welght:Jd, u Ing a balance With a possible error or ±OwOlg. 
It wa 1 rewa lgt,ect oontal nlng some sol Id metal carbonate, MC03, and wa, then 
heated to con _ tant weight. on heating. the metal carbonate decompose 
according to the equation: 

MO+CO, 

Thai read I ngs wg ra as 1011ows1: 

ma of en1pty cruc lb le == 14. 2 3 g 
· m or cruclbl + caroonate = 1 .46g 
m , or cruclDI + cont nt 1t r neat1ng to con tant w lght == 15. 1g 

or carbon dioxide given orr. 

) Hence, ca1cu1at tne amount In mole or camon e11ox1e1e proauc a. 
ca1cu1at tn ma ,i or m tal carbonat taken. 

) Using your an wers to b) and c), calculate tile molar mass or the metal 
carbonata and hance thg molar mass or the metal. M. 

Assum Ing a 11 the mea s u rernents or mass hael an unce rta I nty or ±0. o 1 g, 
calculate the uncertainty In the value or the molar mass1 or M. 

11 

) mass of carbon dioxide= 16.4(5 -- 1 S .61 = O.SS = 
ma s 0.85g O 01n3 l ) a1uom11 = 1 = 

44 0 1 1 = . · 3" , mo mo 1ua.5s - . -~ n10 

) nmss of MCO . = 16.46 - 14.23 = - .23 g 



I ••~••• •• •~ ••••• •• ••••••• 
Th= ,e,lement. M, could b 
Cr, Mn. Fe, Co or Ni, a their 
mo1lar maaae,s lie in the1 
r ng 62 59gmoi-1. 

1 amount (moles) of MC.O~ = amount (moles) ofC02 = 0.0193 mol 

molar mass ofMCO = =l~s = 0_0
2
j;i~!ioi = ll6gmor' 

n1olm: 1uas~ of M == 116 - [12.0 .... (3 :-: 16.0)] ·= S'5.0 g n-101- 1 

J ft\8.SS of CO, c::: 0.85 0.02 g ,. 

The amount (moles) or co2 11 s Detwoon ~~ = o.01aemo1 and~:.~ 
== 0.0198 mol. 

Since the ratio or MC03 to 002 Is 1:1, tne amount (moles) of MC03 al o 11e, 
oetween o.01ag n101 ana 0.01 a mo11 

niass of?vJCO, = 2 .23 = 0.02 g 
. -M - bigge,st 1uas~ 2 25 1 max11nw111 molar ma~s of CO = ell = 0 01 B1> = 119 g mo1-

s111 est n11~s -1 

maxim.wn moler mass of M ;;; 1 l 9 ..... 60.0 = sg g mol 1 

. . , . . ,.. . . . , _ sm.ttllest ma;s _ 2.21 = 112 gmol-1 
n11wn1Wl11uoler u1as.:i of MC01 biggest 111a;s. o.o 1 gs 
nunim.tun 1uoler n1t1ss ,of M == 112 - 60.0 = S.2 g mol .. 1 

rne uncertainty or the molar rnas1 or M is tnat It IS1 between 52 ancJ 59gmor-1. 

A thermometgr I labgllsd as, having an accuracy or ±o.2°c. 
In an enthalpy or neutra11sat1on reaction. the temperature before the r action wa 
17 .4cc and art r the reaction wa,_ 24.5DC. The ma or 11qu1e1 u ea was 100g. 
rn spec1r1c n at c p city or tne 11qu1a 1 4.l&Jg 1 ~c-1. 
ca1cu1ata tne perc ntage arror causea by the thermomGt r anct hence tr,a error 
In ttia Q'Valuatlon or tne heat proCJuceCI. 

r 
te111pennure .rise - (24.S - 17.4) :l: 01.4 - 7.1 :1: 0.4aC 

percentag,e error causecl by the tbenuometer = (:cO. 7J) 1100 = -S.63°10 

heat pr,od1.1ced = 100 g >< 4.18 J , - 1 1 x 7.1 ° = ;2g~s J 

en-or in value, ,of beat produced= :1:S.rSJo/o of 2g168 J = :t:167 I 

M e ur that y u no,v: 

th test ~or Js ~. ani n~ nd n1n1 niun1 c n1p unds 
t\~un t sts 

• the t sts fi ,r alkan 1 i. ~'le h L nd h lo n1 af kJne& 

h ck [h t you n de crib : 

• he.! :iting U ndor I flu X ud disri Uation 
th rep r ti n ot . prin1 ry t tld rd I luti J 

titr ti n t chni u~ nd id ntify s t1r s of rr . r 
• h ,~, b t eh 1 ~ of c n1busti n r 111 l ur, 

h 1\V b~!ft b J:1 _ fi in oh.:1tio11 ;1 r~ Utt: asur~ _ 

16 Ex m t ehniqu end labor tory eh ,mi try 



I Qu 
1 ci1er i be h ~ 1 t1 n 1 t t :sh u 1 b 

out on ~ . n11l f s lid. 

2 ubst .. nee A is J whittl in r an1c s Hd. 
• he ft me ten in A p~ due d UJa,~ tl In . 

• Wh 11 4 eh ps f dilut hydr chi ric a id 
vi. r~ .id. d . s lution f ubst nee A. 
toU 'IV d hy 4 dro,1 ~ or bJritrn1 h1orid 

lu ti, n. a white rccipttate ,vas Ji rn1ed. 
Id ntify s-l1b~tancc A. 

.I ,t.1bstanc: i~ th u ht t, b :-1 ith~r hlori -.: 
or bJi ntidC'. ~&cribe l ,\\I' tb. id~ntiry of the 
anion u]d b , tabHsheJ. 

4 ,~o n un·.11 r ank:, li ui .1n w r 
teS'f d s toU o,~ ~: 

• B 'th ~vo off ~r n1y fu n1es when 
I ho horus(v) chi ri ~ 1 dd d. 

• Wh n \\ rtn d \Vith ,cidiB d l t s b.un 
di,chrornat (VI). · turn it fro111 r~n t 

gre n. bur \Vith di &Lokuion I n1L in d 
ran . 

Wh t can y u d due b u t nd ? 

5 2-br n1op1i pJn r ~1c:ts \\then he.1t_ d with an 
ethan n 1u ti, · n of f. 1 tJ~!j;iun1 hydroxide ro 

iv pt· pcne. r ,v ._1 fully fo 'beU~cl dia r~nn of 
the :>pp ratu y u ,vould u to pr ~ r, nd 

H c t this I k n . 

rop n-1-1 ] (boflin8 rent ~r-Jtur~ 17° ) can 
oxidised ,y h ating with ciJified , ta siun1 

di,ch n1 t (v1) t ith r p1 p ,1 ic cid (b ilin 
t n1p r tu 14 JO ) ir ·pro n (b ,ilin 
tcn1p 1~a tura 4 D ). ·ratw' ~ fully LbcH d 
di gr-Jn1 of th apparatus r l~·~: --p~u·iu 3nd 
~oUectinM, p p nal. :rive ny ~p cial ~ nditi ns. 



1 

pr i u 
N _tura1 oil • such a rL1pcs cd oiL can b 
is tltei<l ~ y s lv~nt e .. trncti 11. h s ,~~ 

crushed ru1d -h kc n ith :in o·rg.1tli 1 sohr:,nc 
uch s h .. nc,. Tho s luti n is filtered l'ld 

th n · · tiUe . lJ ,tin th h 11 th t 
boils oft" 3t bS-7 ° . 

rL1\V u db I nt f the appl1ratu [h r \rV ukl 
be u f r di tilJin ff th h ~ .. an . ( ) 

) Rll d jl , ntains tw ~ n Yu nd 
54 116 erucic :1cid~ wbicb is th~ Z-hioni :1r 
of th~ mon uns turated megJ ,cid of 
fo 'llUU t 7 ~ H l 22 

i) Wh t i 1n4; nc by he t"rn1 n1 J? (J) 
ii) xpbin 1JJ.rhy ~rucic acid is ct.!.iifird Ls 3 

Z-ison1cr. (2) 
iii) .. rucic rcid can b r acted ,vith 

hyd~ n ov r nick 1 c t ly r~ ~ rnlin 
a aturated a id. 

. · 6 e; fr p se d H r J ced ·\vi d, 
L.4cm3 f hydr en. . al ut t the 
per nt by m ss f eruci c cid in th 
~ r111ile of r"" p~s d oil. (M l1 r v lu 111 
u 11d 1r th 1C'1 ndi,ti1 :a.is ( the (.]fin, 1 nt 
- 24 cln1 11}1 1- 1) (-1) 

; ) W11 t su111pti 11 did y u n1 in y ur 
al ubti . n th t coul 1n~ke it v ry 

in ·1c c u rato . (1) 
lnl t J n1 rk ) 

2 'Th t n1s f l'hubarb "f u~ d · · fruit but 
tho le vc& ontain c rh nediok id~ _ 12 2 4, 

l hie h is ois1onou . A student d .. cidcd to tlnd 
out tb pt:n:ent by lllJS f 'th neclio~c cid 
in s1 n1c rhu:, rb I ,,,, s. h n1cth us c w 
mi fo1lo,vs: 
• 16. o of gl,1 1,; dded I aves i,·,i,r l"t: boiL d 

in ~ bit.' k -r with ,,,i1ter t extrJc't th 
th ne · i i .i i . 

• Aft r c olin th, ontent~ ,.: re flit r~ d ink, 
,a v lun,ctric tl .. -.sk and th,e cont --nts of du, 
'beak1;r tho.r u hly \l a h~d int tl, tl sk, 
,vhich ,v d1 n 111 d up r 25, cn13• 

16 Exam technique and laboratory chemi1try 

• .:?5.0 en 3 porti 1JU of thh s h1tion , ~re 
rh n titrl .t -cl "' iu t a 0.020 1noJ dn - 3 

elution o'i s 1cJitn11 hydro.'Cidc~ u~i.n 
phcn tphth 1 in ~ in i 1CJt r. hL:: r din 
r h · 1\Vll be lo\\~ 

Titration Initial Final Tltr I 
volume/cma volume/cm3 cm3 

1 1.20 16,.45, 

2 17.30 32.00 
31 2.25 17.05 

t , +1NJ H N .. 1.., "II q + 2H2 - ... ... 

'1) 0 Wh t c l ur eh n w ul 
b rvtd urin~ th_ tin· ti n? (1) 

ii ) nl -] tQ d,o tJble ab v ... (2) 
iii) Whkh v lu hould ~ ug cl t 

, :tlcuhtt th m,e n titr ? XJ l ·11 

(1) 
iv) nd use it 

n1 unt in n1 l 

oluti 1 11. (4) 
} Ua~ y ur n1s'V r r iv) t lcufo,tu th 

p Iii.: ent by maH of etl1 n di i i! cicl 
in rhub rb 1 v .· . (~) 

b) tate aod xpl~in wh t ,vou Id be th1; fFe t 

1n th~ pc rc~nto ~ it: 
i) s: 111e of the s r]uci n ha I [cJnain d in 

th b k r 
ii ) th stu ., nth. d bi \Vil ut h 1 st drop 

t~ rn th pipett~. ( .,) 
Assun1in that the error in , burette 
re din · is ±O.U5 c 1113, calcu1a't the 
:o,os!libl p~rcen . r r in th m n 
titre. ( ... ) 

ii) Ano'ther stud nr t k I 1. , if 
shred d 1 .1~ s. - lab1 ~wheth r the 
n:sult fro1u thi w ul a r ,u bl . ( .... ) 

rr 1l nl 1 tn;1r'k ) 
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sullfnes. ldc:atifying H 

sudi ce ilfc:11 rate of te c:tion 2 3-64 

1u~t inilbiHty ,ssuc11 L l-B ~. i Q13 

T 
tc:1npet.lturc 

c:quilibrhun po ition 7 -7 

nd n c e ,of re c don 2· 4 
te1np~rarur~-t-in1~ raphs 242 1 245 

t~miin tion, re!~ r.1clic11J 1rnbsrtitution 1 'J 

tertiar)' ilkohols 20 . 210. 214 

tc:nimry h logcnoaUcillmlli LQ8, 201, 203-04~ 

205. 210 

tc~u :? B '94 

' er Utem:s l · 

r t addn1 100- 1 
:fl11,me te1t11 100-01. 29(11 

fer iu:r-s 2 S-90 

fer b Ud~s 112 i 3 



for l\iili lo ,no l ' nt s 207 

Cor h, le en11 1] 0-l l 

Ettr hedraiL 1h p~ S3. 54-55, 5,6 

th ctetk;J 1deld 1J91
, lR 

11d Hmiting rc:il ent 151 

ther:ru 1 d eomposbi n xpcrimenu gg 

thernt l sn.bility 97 

c 11rb on -tC" 9 

nil 'CCI 98 

Eh~rnto,.Jif-mk l u tion, 2!!6-37 

Thomson, J. J. 9 

time crHighE (T F) m11.H 1pc:i::trometer 14 

1irr11ion1 155- 3~ 2 9-- 03 

blltk rittuiti n• 1 0,- 1 

c; lctd.iiticm,1 157-S!, .301-0J 

enth lpy 252-S 

111inimhing c:rrcrs in 1 

~ ertormin ~ ~etaih:d method 1 S 6, .! 00-0 l 

pri11»:ry ,:tiJndacd solurion. pr!p'1~tion ,af 

15 -GO, :?Q9-l00 

stclc:hioineu·y of~ reaic:tion l 61 

t1:ehniq,ue11 299 JO.! 

., ... 

trims-Cauy c: ds 176 

tr n1hion U te 202, 203, 2G7 

td on 1 bipyr11mid I d111pe 55, S · 

tdgcn l phn r shape 5~. S 6, SB 

triple bond 46, h 7. 171 

u 
unit of c: once t1t r.it ion l 5 - 5 5, 

un111hn: red ccmpbund!I 

( Uu:nco) 171-il. J 
URI tu 1 Etd ats 50, i 6B-6QJ 17 ~ l 4 

V 
v Jenee e:]ectron1 44. 46, 5:!, 531 54. 55 

vidency 2'9 

vc,lume 

vc]ume c:alcubtion5~ u~• i-'6 48 

W1L1Ce ~olymc:r11i (pl~tic). dhpi0s ] of 'i93 

w1ter ((U OJI) in l!quHibdU-m 

expres~icnu .?75, 

water 1nolec:u]e-ion bon 11 • 3 

w.uer mole ctdt~. hydrc tn oncUn 
,v11.r!'r r cdo1u 

y 

dbine s IQ 0 

group - niet l1 5 
h1dosc:no lk ne 2, 0 01 

h lo tn1 108 

hot .ind c:old p:1ck.1 2!7 

hydro c:n h Lide1 Hl 

:nu:ul11o 3q 

yield 2 6 

percent.aige 14B 4' • :ns- 19 

th~o:reti; I 14 • :H 

zc: cl ite1 l 7Q, 

5 



l Group 3 4 S i 7 0 
1.0 (0 
H He ~. hilum 11 

l 

6.9 9.D The periodic table 110,'8 1110 114:0 16.0 19,0 20.2 

Li Be B C N 0 F Ne 
l limum ~~ijffl ~ m,t,:,, ntropn q,pn !IIJ1nci nn1 

~elauve 1tomic m 1 J 4 Key. 5 6 1 8 9 10 

ll.0 24.1 Atomic symbo1I 21.Q 18.I 3H jl.l 35.5 J9.9 

Na Mg IDffll 

Al Si p s Cl Ar Atom k: (proton) number 
~um ryllum 1umr,li,n 11~1!(1 p~1111 1urur cijcfil'II l'fll J 

11 112 IJ 14 IS 116 117 18 

H. I 40j •i.a 47.9 so., SlO 54.9 5SLB sa, S8J 6l5 65.4 '9.7 72.6 74,9 79.0 19.9 Sl ,B 

K Ca Sc Ti V Cr Mn Fe Co1 Ni Cu Zn Ga Ge As Se Br Kr 
F«JIIUffl iuum 1:udum t.tJnum nradum mmhrn fflUJilll& Ira, OD bat n~bll ltffll' zlrc pllllll frmfflUffl .,1nc 11lllum bramna bpn 

19 20 21 n 1J 14 2S 26 27 2B 29' io, 31 31 ll 34 3S ]6 

B5.S 87,6 B8.9 91.l 919 95.9 [9&J I~ I.I ~01.9 106.4 1107.9 112A 114.e 1118.1' 1121] 1127.6 112&.91 ll lJ 

Rb Sri y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe 
N~~hm IMJJm ~um Z~NJJm nlchrn ~lfJII tt:hn1~rn rud1111lum r~um Ftbil~m h,r hm Ind um Un I/IUIT!Qr(1 tl~NLffl lcdll'lrl Xllctl 

31 39 39 40 411 42 43 44 45 46 47 48 49 so 511 51 5] 54 

1319 131 1319 171.5 IIIU IIBl.9 11861 190.l 1912 195J 1197~0 1001.6 204.~ 20,1.2 109.0 [1'0~ ~11~ [lll] 

Cs 8a La Hf Ta w Re Os lr Pt Au Hg TI Pb Bi Po At Rn 
cmlJm h/11111 lan~anim lmnum n~m turvttn rh11111111 01rnum lrtiim ~1hum F~ mn.ir, ui1Uum ~ul ~1m11h pd~um lf11111'111 mbn 

SS s, i1 Tl 13 1• 75 76 n, 78 79 BO 81 Bl Sl B4 85 e, 

[lll] [lli] rnn [1611] 1161] [166]1 [164] [177] [lD&] ~71] P72JI 

Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg 18em ,u wtth tomlc numbers 112-116 hava b ·en 
krt:tJm llll.1111 Wlum rilibtll iianlJm •111111 ~'"um . wn rnnnw11111 dmllm.nl rcfqt1UII r porUld but nor fiu

1I~ authandcated 
87 Ill 89 ilQ4 105 106 107 IIOB HN 110 111 

7 

11'4ll f.0.9 ~,Ml 11+u 150.4 15'2.0 157.1 l15l9 1615 164.9 167J 168.9 1173.a 17S.O 

Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 
ca~um in-J,n111 nal)fflU11 ~•thum lllfllrum 11ruipum ~lnum rairil I 1111 ~1pu1um ~mlum atum mu~um ~um umlJm 

51 59 60 611 61 63 6i1 M 66 67 6B 69 70 711 

231 [ll~] 2J8.I [nn1 ~41] D•JJ [l•n ~4~1 [15 111 [lS4J [lS~ [156J [154]1 t1sn1 
Th Pa u Np Pu Am Cm Bk Cf Es Fm Md No, Lr 

Ul"1Uffl ~IIU.m uranum n~111hm pw;num .mum mum blkllLffl alfcffl~m 1n1t111um gimum ffllMIWi1111'1 ncd~nm 1w11~um 
IJO 911 9l 9J M 95 96 91 98 99 UJJ 110~ 101 ID 


