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IAb book 
hi t . _ tb k cov rs rh p '11.:i h.: ti n for th ae nd y r f che - ~ 1 c h 'mist 

A I .,vc,J c u rs . ~r I I rder I f top,i, s Hows thJ th . f e ific 3-tion. giv tu dent 
f - , nd f'.I ] fi r - 0111- r i , the c nt nt f th bn k 
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M r in c mn1~nts ar pr 1vid d thr ughout th b 

re1.uindcrs autl snip,J 1 U uf info1 n)._ ti n~ nd in lud~ j 

t kn v ~u d n1n1011 s ur i f c1 n'fusion. 

m'Prhe lu b] 
th:1t clarify ~ hut you n~~d 

, h · bo1 k i u t uide to th~ r cd 1 h mi try th t U I veJ ~tudents ~ ill stud r, 

How v r. 111 ny f eh re ti 1 s th._ ,t v-,rill be m t in th lab rat ry rt: d tail d 
thr1 u h ut. 

At th b k f th bi k (' . - - 4)~ th r i' p r1 di t bl th t RiV r ] tive t 1ni 
111~1. ses to on~ der h11 I pbc c. hi~ h uld b" ret~n·~d to - r .1t nlic numbers. Jto1n ic 

n1 ss s nd s }'m I t th~ ell.: n1ents. h t bi is sin1H r t I th nc ri nt on th 
~ L• k of the e .. :..uninati -n p. p r . 
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AH ru nu sh1 ul 
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u1~sc re av Uab] 
th , nd r very 
'typ,i · I ·.i m-styl 

r av H b] p-rt f r~ 

nd 

• 11.: t tr~,w s.tr. i ht-lin n urv d r ph fr nt ui pH d .t a1 cl t 

ar ph 
• ~b],e t dra,v t.: n ~nt to curv~s .1nd to t:~ lcu llu~ th slope the t::in C'Jlt 3t1d o 

str i ht-lin gr p,h 
• ~ n 1 tu in the us of s -i nri · -'-'" (standar ) uot tinu~ fo_ "an11,1 rh.1t rh LU111t er 
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B th a r r I .. nd - \Vill h. v~ 3 t J '13 t I cnu lti ] '"J-ch ic qu tii n. 111.b ddcd in 
l Jlg l' q u t i l1 I 

• P p r I, ts t r ... h ur 3. u1inut s n h s n1 i111un1 n1a rk t" I 1
• It dr , s n 

th 1 tir l ifi1,; tion and in lud 1 synopti .. gues· i101ns ~n 11.1u ation ·rh. t r ui 
r U n und r t n in . of experin1 nt ,r c dun;: • p ci Hy \Vith r r r tu: t 
lht; 1 ore JH· ti .ds lht _d in tit spftL ,ratkn1. 

H 
hi bo 'k i n t int 1 nd d t bt: · I b r cory nun1u L AH _._ rin1 _ nc d~~ ·rih d 

in this book h uld ri k ~ n d y qu Jifi eh 1ni try t clu~r b 
p rf rm d _ith r d u1 11strati1 ,n or 1 i 1cl s · r ti L 
l r:it ry ei t I r r n tnu gt be ·,,orn in . H xp ri1nent . 

I Exa, technigu 
Mark allocatio1t1 
In ll th A l J J JJ rs th n1ark · r h rt f th I u ti t i iv n in 

hfa h • n1uch , 'tcr uicfo as to h ,; n1ucl , rite than he nunib r 

line pr vid d f' r th JJuw r. I th r llrc ' n1 r ~ t~ o st· t 111cnts n1ust ," u1 d '. 

• ntroa uct11 on 



r exL rnplo. if 'the questi n uk:s f r 'th , ndit1 11s for 
th 1r rf ' n1~rk . v· H.1bJ • tvv diffi r 11 , on lition, n1us·t b 

Jrticu l r r nc ti n ., ud 
iv n~ 'U h ,tl • s Jv nt1 

r "'U1ly t. 

Alter1r1 _ tive a1n wers 
, , Utll give, '. 'It rn~1tiv" L n \V l"&. If nQ of chon, is wr 1 , th e ~nnin 1 r ·win n t 

ward ~1ny n1. rks r this p rt I th 1 qu sti n. If both n · iver are c rr et~ u u't1Nltl 
r~ rh uu1rk. H ~v r~ ther L 1 p int in iskin 011 n ,\~ r in w . 1 . 

1 ,v r 1 1 t ntr di '" ti u " u h J givin th r nt s 11 entr ted ulfuri 
a kl .. n th u \•tritin I I:? 4(J ) in 

Writi1ng your an.swers 
l tl de . ."'Ct.l A level r h n1htry , x:.uu s ~ the ans\\rer!i ~J re ,v r itt~t• i11 the s ~u:a!i o,n th , 
u . ti n l' p r. lt p rt of y ur na\vor is v ritten hc,vhcr n h pag . I rt th 
- 1nin r by writin f ' r ~uni l ~ "s b 1 w' l" • ntinue n - a m 

[ .. J er will be 111 rk 11]in • s qu sti n p, p r nd ~ nsw rs will b el ctroni Uy 
.inn d. r thi r n. it i t·~st·utiul n,,r tCJ u1t1re , lurshit' 01.t (•r>r,J.:rs 1nark d . n 

thi.: p ~~. 
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Yi u n1u t put er ss in tho b x orresp ndin toy u.r h s n . ns,ver. lfy1 u chan e 
yo1u 1nind. l u t horiz nt~ I Hue th rou, h th ' rt ss . 11 then 1113 rk: y ur 1u: ,v . ·11 S\Y r 
,i.: ith ~rou. ~ v r th t 01n qu gti n ~r~ ,. r 1 ss d i n p: tivcs - tbr c.. n1 le. 
·whi h t th t 11 wing i 11 t. .. ?' 

ln nurn ric:L l n1ulti1 h:-ch1 ,i, qu 1ti ,ng. y uld ju;t w, rk out eh~ nsw r ttnd 
then I t se \.Vhi "'h pti n is the sa1ne s ur Jnswer. ·rh nv ise. re d ,11 the 
ot~tions. his ,viii h Ip , v kl b in . n1isJ d by ~ h Jf- 1 rr t r sp1 ,n ,. 

Writ1n a tick or riass ~ftc thr ~nd Df Q:1ch rt:spons~ iaul I hr]p to foc us your 1niu L 
Jf y u find th t you hJv t,vo ti.. th 11 think 1'out ,vh.ich i r ~ n " th ,·orn:ct 
~1 rJS\\' r. 

l y u .. 1r,~ havh1s cl ffi, ulty with a u stion fut i l~irg rin arou nd th qu gtj n 
nuinb~r~ l , v it n o on t the ni.:./t qu 1tio1·1. 1 you h v thu • 0111 b ck ·~vh n 
you hJ ~ fiuish d sL?cti ns B and . R~:1:ncmbcr that y1ou should not rend n1ur 
th n O 1uinut~ n the J 1ulti 1 eh ice s U in~ i. . ne _u sU n . v ry '' ~ g nds. 

n1 qu s ion \ Hl t 1 1 tiu1c1 th n his n I oth 1 r~ ,vH] tik I n ~r. srLciaUy 
if c: ntl u lrtti n is iuv ilved. 

Co,rrection fluld1 
1red pen_ or pencil 

r not use ny r tho c. Mist kos sh uld be er 
n \V ,:n l'vl r. R d h1k and ,eu H \/ iH 11 t h 

1 c tron ic a. J ly. 

s~ u t 11 Jtly b~ re ,vritinQ 
up v hen ·th..: l1JJ ~r is ~,M~nu1 d 



Equation 
u tions n1.u.,t 11"\v ys be b.1h_ nc d. Word u d us n v r c r ~ any- 111 rk .. 

I oni ... ~quations .111 ~ h,ilf- c.1q1rn t1ons nu1 t .1 l!io 1 J 1 an o to1 "h~ r . 
~t tc symb h mu t b includ <l: 

if the qucstiot sks tor then1 
- in n th r111 · 1ch ml al L.:gu ti 1u 

- if a l r ~ipitt1 t - r as is pr due d 
h ns f the syn ol [ ] n (HJ in l r, 1 ic ·id .. tion at d r ucti n r~ cti.on~, 

ctivcly, i c p·t bl . , u· ti n u il1Q th yin 1 111u t e r pedy I uce . 
ani fi rn1ut us I in gu 1·ri n~ n1ust 'be written in such u \Vl eh t th ir 

str u c tu r s re u n n1 bi u u . 

StabiUty 
econd ry ~ rbocati 1n is t blo' h · no 1n nin . '.. t hiHty1 1nu t b 1u d ou ly 

,vh n · :lml ariJ1g C\v st1c t 'S ir cw t of 111 I)· u n . y; u llrrv, to know n 
underst. nd th diffi r n b t,v n th rm dyn~uuic t bility (A nd Eun) 11d 

kin ti Stuliility (. - iv rion 1 n "TRY ,an r t ft· · ci n). 

Graph 
Norn1any~ th r is a 1nar fi r 1 t Uin th a '1, Wh n k tc:hin a raph, 1nakc 
un~ thJt any nun1b r n th x r n Jin r s · ]e . - h -r h sh1 uld S't rt t 

tho rigl t place h v, th · c rr et sh p nd n t th right _t I c . Att X, n1pl . is the 
M~x\ ell-B ltzn1 11n dhtributi n ,. \Vhich . t rt lu th risln, ds in l1 curv t1 , J. 

111 ximu n1 n - t il ff ~ n yn1 t t t the :r .... i . 

Diagra1m of apparatL!s 
Ma le I ur that ft nd , nd n r rci no dr \Vt 

, ], gg M ro. h ppu.n1tu1 n,u~ t i.-v rk. h r n1u t · 
in the pp· r~uu . In Ji tHJati n~ th t p sh u1 b d 
eh en j th nd ns r. F r heatin und r re ux, the co1i f th 
b op n. N v r r ,v un n u n1 ,r ~ · h h:, t r. It i ahv y 
el tt k :,a1 h . ' r,, in c·1s~ 1 no { f th~ 10~1· nt is fl n1111ublo. 

Read! tl1e qtte tion 

f 

u . ti ,11~ ar oft 11 v I y 'ilnil r t , but li Inly 11 11t fr nt~ tit g p1r vi usl, 
i_ ik d. M , sure th t y u n \Vi.: r this y r s c_ ucsti u. n t ,I st y fg! - k t< r th 
\vordr1. ·u in_ your :;nu·\ver. to .. .' or · henr. ... '. For c~ . 111pl - ~ if rou li ve be n ;:isk d to 
1C Jcu] [ idatii n nu111b rs n re th n k d t "h nc ~ ~ J ill ,vhy thi i r~d x 
r .-..,ti n\ y Lit n ~w~r n1usr b in t rrns f ~h, n s in i tiou rnunb r .u1 not in 
torm~ ot 1 ss r ain clc tr u1. 

Qu lity· of wr1itten con1111unication 
ho n1 ~t im art~ nt th 111 is or ' u to nv,ey th n1 n in lel rly~ .. ur,1tc ly 1 nd 

in I , i l1 or - r. Min r 11 Hin and 1. 1u11ccuati n err rs will 11( t be p naHs cl as 
lo11s os tJu~y d 1 t diatorr the n1eanin9. N t~ ·rh subtJ dUfcr nee b t,v ~ n •nl re 
u s tul ]Hsi us' ( tot J 111.un , r) lld ·n1or f th c lli i ns r su 

(~ pr p rtiou f the nu111b~r). 



Uq u id bro m in in eq ui Ii brium 
with ga ous bromine 

squ r brae keta aroiuna 
t11e1 ym bol iof a s p c les 
m n th concentr tlon. In 
n101arn-'l. 01 tnat sub nc, ·• 

y rn1 
In a dyn mi q iii rimn, 
the rs,te of the1 forwa~d 
and r verse rieaction a r 
the ssm . Therefore. ,-h re 
is no further eh nse in 
the concen·tr tion of the 
re, ctant end products. 

uilibrium II ( • 
I 

t c ntplc tio1n1 .111 thers d 
r lbl r cti n. Phy i l h1n uch J. 

I f .r I tio11 
n ~re ho 

11111 : 

Br2(l) ,.- Dr2 ( ) 

Wh n Ii uid broniin is n1i " ~ rith ir in a s l ant' in -,~ 3 yn tni quir rituu 
b t '\Pl~ n th liquid an s LU broinin i r eh . u br inin t111 l cul s 
1 n ns into th li uid at e. · tly th, s· n1 r t bron1in 111 1 ulcs v 1 r t 

ft· · n1 th surf of the Jiqui . 

n id r th s us r acti n: 

I- 2l ) 

Wh 11 hydr1_ -
T. Jl d I 

in r n1i d in l nt~in r it t rnp ratu1 . 
u111 is cvontu Hy ~i.: ched. At thi p int. thort:: 

nc ntr~ti n f tho r ctants Jnd produc t~ but d1..:: 
he f r\v rd nd b ck r ntinui11 

11 hydr g n nd i din ,v &tu i by 
d di ffi r nt m u nts of hydro~en ~ nd iodh1 n d tile 
uHibriurn t 4 t O • h y then tn sur th c nc ntnui n 

th r,ee liU bst n J't quilibri111n and tri. d to -1nd a nllth j111atic:d r 'll:Hionshi1 
bet\~ n U s, ei n ntr ti ill'\ p,i L'.1 re ult f r thi r sh ,vu iu bi LL 

nd iodine 

0.080 0.040 0.04:26 0.002 0.0748 675, 51 

O.OBO O.OBO 0.018, 0.018 0.124 B3 47 
0.020 0.080 0-001D5 o.o 06 0.0389 2B6 50 

h V lu jn th tiJ ] c: Jum11 re 11 tJ11[ t \Vl h1n , ~rin1 ~nt J err r • fi· nt 
tht: &.c rc~ults, i r .1p 1 r& char: 

I II 1;, ___ ...,__ = ,ron tu1t 
[l-l2 l1q [ 12 l ~ 



Re mem bar thatJ in n 
equUibrium oonetant 
e,xpr -- ion, the products 
are ion toip nd th 
~ act ants re on th 
bottom. 

R _ - ir y 

uilibriu1 

r 1 knowl 

I Th 
La1w of n,ass action and Kc 

th r quilibriu1n r a ·ti ns. •n bl 
_1nufa e th~ I""' l n1 t n. hi t rhat 

, heu re cti ns r ' h ,quiH ritllTI~ th quill riun1 n - ntr tion r th 
n1ulri1 li d to, th r nd ivid by tl c1 uiUbriuin r. ncotur ti n · o ho r , t nts 
al n1u 1ti.pli 2 d to ~ th r~ wiU th cone utr'1 ti n f . eh su b~t. r~c rJis d r tho po\-Vl!f 
( pr pri to h r act n toi hi n1 cry t1r n~t ut t Qiv '11 t nlL'> ratur . 

r ,/ u1p,l ,~ f r rh r 1, ti n: 

N1( J + ! _ i (B) ~ 2NH3( ) 

[ N 1 L1 J-,, _ _ , 
[N ] H ,]j - c n~t:..1 u t 
1. 2.[ 2~ 

,,~her IINI I ].'l is th~ oncourr ti n ~ in tn J dn1- ~ of u111111 nia at c,11n'llbt· u,u. 

he 1 
1 nst. i t i & 1 ~ 11 th q nU brhnu n ·tant (1ueu su red i l1 tc rnu f 

11 ntr ti I s) nd hu tho yn1bol K~. 

h v lue t the quHibriun1 et nst nt d p 1nds on: 

l n tu re o t h re k1 ti n 
tht.; st k:hion1 try th qu~tiou ,,,ritt n 
th r tur t ui ]ibriun1 

f th 'qu iHbriu 1n c nstant o uc1t I han \\rh n th · uc ntra i n fa 
r th Er s.sur i lt ffd r if ,J c. t .lys h ~d 

Jn senoral. ft r J r 

~ .... A+ y ~ II 

. 
IOtl : 

+ IH 

wh r · . ~ Y~ n nd n, • re h 
i iv n by: 

hi 111 tric an1 unt in th Cl ,LI ti n. th v lu _f Li 

ho ri ht-.h} nd sid ot thi .. pr ssi n h callod the re. I n qu 
th n1bol 

It is im1 rt nt t Hs th t th u ilibriu n1 1 on&t nc nl y e u .s qu ti nt, 
w h n the . y s tc 111 i r . t ru ili b du In • 

- 1( th ;I sy t n1 i in tJ,q,uilibriun1 an-.:i h r wiH t 11 urth r eh n1 in 
~ 11c 111.tra t1 11 r the •~ ·t nts nd r ducts:. 
I Q .,. K thC' !.'Y~t~Jn is not in guiHb1·iu111 nd ,viU r act to reduc~ th~ v. luc I f 
tl n.uu1 rl t r. - hu pr ducts · i11 b c nv rte int r act nt (th _ iti n I f 

u ilibriu1n ~ ill shift t th ] ft} . 
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• I f JI K. t1 .c syst 1 is n t i 1 equilihdu111 nd wi11 r ... t t incr a e th v. luc of 
th 1 nu 111 r, tor. hl1 , r a, t 11c '1 ii 1 b , . n, rt in to I r du t · (the po iti _ n of 
qui Hbr.iu n , in shitl t the Ii ht). 

Tt1e ct1 e111ical equa1tion _ 1nd tt,e ex 1pres _ io1r1 for K 

n t nt In t 1111 of c no nt t i n. 
hi. i; d~ ' tn d in t nu~ of tile quilibriu111 c ,11, ntr tions of th re et nts n 

pr~ ducts t th r v r ibJ ~ r ncU n. 

An uilibriun1 c nstant h n 1n anin uni it i link d t h n1jc l ,q 1at1on. 
onsid r th ~quHibriun1 r . ._ ti n f' u lfur di .. ~id Jn YS ,n ri..: tin . r v rsibly 

t, r nn ulfur tri xid,. his ·r ·tin·, n b r pr ~, nt d by t1" guiti 11] and 
f r th c uiHbriun1 c nscn nt~ Kc. h v. Jue& iv n b l 

· re '" t 7 ... 7 tJ 

ht: r 3 ti n con • ho b Nritt n in the iothet directi n~ ivh1s l third ex re& ion t7 r K: 

2(8) + 1( ) 

.57 1~ ... 1n ] d111-

h thr e e uilibriuin c ust nr r n11.e~t d y th e.. re~si. 

K = (K')2 = _!_ 
C: C K' 

C 

h r , ti n t1b v ~u: ~ 1U ,c 1npl ~ t II 11 ti ns. 

._1 eQ ~ l .. y s nt L • U • 1 V r it] 

r 'tcti n 
th n 

----------

our If 
1 Writ the, xpr ·si on for Ke for the react ion: 

NO(g) + ,to (g) ~ NO .. ~ 

Th _ num -rator i th _ term 
on the, top of frraotio n. 

•••••• +•• •••••••• 
N,ote th t K~ = ,/1f; ana tt1at 
62 .B = \f2100 

·········•+••···· ······~······ 1 
No tn t 2,800 
= 3.67 >< o-4 

t r 
A homo II ou f ct1011 
is one In which U th 
r ctants end products 
are in thie s me ph se. 

Th qu1111·r1um1 con t 11 ,, K 



'' ·····~· ,,,,, ........ ,,,, w ter I reactant ut 
not u, SON nt, so l[H:;z0]1q 
appears In the q ul I lbrlun1 
xpr , 10 • 

,.,, ........ ,,,,,,... , .... . 
water Is r actanc na 
· h sclv nt, o [H20 ];Q ! , 
om ltt d rro1m ne q u111 rlum 
xpreaslon. 

[H20] 111 qullibrlun, pt n 
When r3ter i ;1 ro ct.1nt 1ut not the solve nt~ th t~r,n [H 2 1 nnist L l\v._ ys p~~r 
in the xpre ion fi r the qu i1ibriu 111 const nt. 
W hel \l ater h in rh , _scou s s . t • [H 2 ] Jl1lUt p~ r in qu U ibriun1 1ronstt111t 

• xpres Jo,11 s. 
Wh 'n , ._t r i, tl s Jv, 11t v:in if it is ·lls 1 r Let nt r produ t. p-12 ] d 1 s 
Jh1,1 p a.Jr in th sion for th I qu Uibrituu I is h bci,(::.lU ci its 
c nct.:ntr U. n r n1ains c tut nt. 

Wri th ~ xpr ssion for the equilibrium const nt, K0 , for th · re ~ et ion: 

H COOC'H (I) H 0(1) ~ CH~COOH(l) + c:H OH(l) 

fl t 

~ [CH COOH]1q[CH OH] . 1 

Kc= [CH COOCH1] q[H ~O] ii 

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

Writ th expre eian forth equilibrium constant, K0 , forth reaction: 

Cr .. o, (aq)i + H,20(1) • ... CrO (aq) + 2H1 (aq) 

o I i et 1 n n q u II i b, I u n1 x J r 
t a soJid - nnot r Jnd s it is le ft out 1 1 11 c u ihbriu n1. 

Write the xpr sion forth equilibriu111 constant, K0 • for: 

3Fe(s) + 4H O(g) ;:= Fe 0 4(s) + H1(;) 

n 

ur If 
Writ the expree ion for K0 forth following r ction: 

1 Q, (.s) ....1 C O(s) + 0 (g) 
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r2 

111 unrsofth'r nts.th · 
n , .le y1 u to 1 ul te tlt guUi rium c ,nst. nt. 

h c kul ti .11 11 guir f 1 t b] , ,. ~ in th ~or d o.. . n1plo bol Vl. 

Writ h c h mi I g u ti n. 
• C''onstruct ~ !.1Ult.3bl t .. 1b]e nd '\Vrit i n thu fi Ho\vin : 

th initi· l 1n uut (in n1ol s) 1 f th r u,ct nts nd t th I r du ts it ·th ir initial 
· 1nount \V r n t z r 
th ~ n1 unt by \Vhich th re et nt the roduct eh ng in r, achin 
,guilibriu1n - U5t? tht? st ichiomctT}" qu:.ui n 

- th, 1n1ount, in n1 l s. of eh sub t n .. t iquUibriu111 
- rh ~quilibriun c n . nlr.itiou in u1 1 hn- - ivide th cquilibrh1111 nu1nb r 

1 if 1 lo; by 'tl e t t 1 v .lu me 
• l ·,; th t bll'; ~ ,vrit th pr ssi n r the qu ilibriunt 
• ubst1 ut th , uil ibriu n1 n n rrt ti n. i ut tl t; s ion t d 1 • I ulJt jt \'t1luc. 

At th · n1 tiJn ~ ~ Jt:1t nnh1 th unit I f ~ nd inclu e th in 111 your ns\V r. 

-- --- - ~--- --_ -~~ 

When 0.0200 mol of sulfur trioKid i pi ced in a f1 k of volum 1.50dm3 nd 
· llow d to reach quilibrium at aooac, 29% of it decon,poe s Into ulfur dioxid 
nd ox.ygen. C lculat th V lu of the quillbrium con t nt. Ka~ at e,oo~c. 

ll 

The -quation ia: 

--------

1nm I mol s 0.020Qi 

Ch nge (mol ), ( 29/iOO) 0.0200) 
= -0.0068 

Mol t 0.0 00 - 0.005B 
qulll rlun, = 0.0142 

cone ntreuon 0.0142/1.60 
at q u1 I lbf1 um/ = 0.00 47 
mot ictm ~ 

.:$ci ·. i 
'.' -- j _______ , 

0 

... o.oosa 

0 0.0068 
:.: 0.00158 

0.0056/ 1. 0 
=: 0.00 7 

-------

' 11(f 
' 2 
- ---------

0 

+l 0.0068 
- +0.002 

0 0.0029 
= 0.002 

0.0029/ . 0 
= 0.00193 

·~····················· ..... N1ot th t s o .0058 mol 
of u~fur trloxtd act , 
o.oo5Bmol of uh'ur 
dloxld nd ! of 01.0058 = 
o. 0029 mol ot oxygen r 
produ cea. Tnl I bee use 
u,e ratio ot th tnr 
sue> t no s In 61 ci, m1c 1 
equ tlon Is 2:2:1 or 1: 1 :!, 

c l1cu1 t1on of K . from exp_ r1m _ 11t I Cl t 



,..... . ················-·· Not that w 0.048 mol 
or n th n r acts, th n 
0.048 n101 or s m also 
r act , nd 0.04Bmol of 
oar on monox Id , a ncl 
3 >< o.014Bn101 or nvar-ogen 

f1 produe . T111s ~s 
oecaus u, r acuon 
tolohlom try I 1:1:1:3. 

he s n1e 111 tl d i u~ d when 51 n1 pro uct. s ,; eH a th re et nts. i initi Uy 
prc s nt. In thi tyt ,f ~1u, ti nth quHibriun1111 l s r r nts, iH ' 1 ss th t1 

th i11iti ] • n.1 unts, but tho c uiUbriun1 n1 1 s f tho r duct '\ViH 111 r th n the 
initi l n1 unt. 

.. he units r t t nniu ns in "or ed c "an1pfo 1 and 2 011 I'· . 

A v s I of volun, 2.0dn,3 we fill d with 0.060mol of m than _ CH~, 
0.070 mol 1of t m nd 0.010 mol of hydrog, n and llowed to reach qui librium 
ta temperature1 of re. 80% of the meth n re1 et d. C lcul t the v lu of th 

equilibrium con t~ nt, Kc, at thi ten1p -rature. 

11 

The equation is: 

C~(g) + H20(g) ~ CO(g) 3H (g) 
,-----

lnl I I m101e o. o 

en ng (mo1I s) -o.eo o.o o 
= 0.048 

0.0BO- 0.04 
- 0.012 

Conca ntt lion 10. o 2/ 2. o 
t qulllbrlum/ .: o.oo o 

mo,ldm-3 

- --------
- - -- - - - - - - - - - ~ 

H' O ,2 , 

0.070 

-0.048 

0.070 - O.P 
- 0.022 

0.022/2.01 
= 0.011 

s 

------

"co , 
. ' 

0 

0.048 

o+ o.o 
- 0~048 

0.04 /2.0 
= 0.02'4 

------

"' ,I 
-----

0.010 

3 0.048 
= +0.144 

0.144 + o.o 0 
- 0.154 

0.154/?.0 
;;: 0.017 

lron(n) ulfat , Fi S04, and silver nitrate~ AgN03 , r et cc:ording t-0 the qu tion: 

Ag ( q) Fel (sq) ~ Fel 1 (aq) + Ag(s) 

To find th I quilibrium constant K0 for this reaction, 26.0cn,3 of 0.100 mol dn,-3 

olutions, of iron(11) sulfat , F S04, nd ailv r nitrat i AgN03, w r mix d and 
allowed to - oh -qui librium. 

Th unre et d allv r ion w re th n titr ted using 0.0 00 n,ol dm-3 potas iurn 
thiocy- n t solution. Th _ titr w 21.00cm . 

In th tit~ tion, the Ag ion react in I 1:1 ratio with th thiocy nat Ions to fem, 
pr -cipit t- of silv r thiocy-nat . Th I titr -tion ie self indicatinS- n intens 

red colour 'forms with on · drop of exc ·. . potassium thiocy n te nd th iron(111i) 
ion pre 1nt in the equilibriun1 mixtur . 
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Calculat : 

th initi I mount (mol _) of Ag nd F ~+ 

the fin I amount (mole ) of A(" nd h nc th quilibrium mounts of~, 
Fi 2• nd Fe 

o th fin I cone ntretion of II thr e ions nd h nee K0 

11 

initi I mount ( mol &1) of Ag+ = 0.100 mol dm- x Oi0250 dm3 = 0.0026'0 mol = 
initi I an,ount (mol s) of R 2 ... 

mount (mol ) of thiooy n te1 In titr = 0.060mol dm..a x 0.02100dm3 

= 0.00126 mol == an,ount of~ , t quilibrium = mount off; 2 t qullibrium 

mount Ag+~ et d = 0.002,5 - 0.00126 = 0.00124 mol = n1ount F Jti-

forn, d 

c volume of solution t equilibrium = 0.050dn13 so: 
10.0012d 

[Ag ] = [Fe ] = O.OSO = 0.02S2 mol dm 

I 
H yd rog n nd iod in ~ et r ve rs lbly to forn1 hyd rog n iod id 

H (g) + I (g) -'- 2HI(g) 

Th valu of th quilibrium icon t nt, Ka; t 420°C = 49. 

Calculate the percentage of hydrogen that r cte when 1.0 mol of hydrogen 
nd 1.0 mol of iodin I r aeh quilibriun1 at 42o~c in a vess I of volume 

50dn,3 • 

U ,, i1ts of Kc 
~, rQ n1u st be ta.ken when v,ti luatin the' units o Kr:.. he -hnt l:,st w~1 is t look Jt 

th uiHbriun1 n tt1nt xpr s i n nu ~ ork ut th result nt o\ver (din1 n i n) 
fth .. nc 1ntrJti n. th unit fwhich is n1 ]dn,-~. r x .. n1pk. r th .. pressi u: 

K c:: _[ ----"""""-c 

th din1en siun of t'h 1 top line i~ ( on eutr .. uion)3 ~ nd cll~t o the l,01nou1 nn~ is 
(c n entr._ ti n)2• h r fi r , the r u l't 11 t I in1en ion h (c ncentr~1ti n) ~ ,vh jell ha 
uni'ticf1u ]dn1- I h 11 1'7' r. K r h units fJnoldiu-3. 

••••••••••••••••••••••••••• Tnl me1 hod assum tt, t 
the position or · ulllbrlum 
doe not move1 to tl11e1 left '" s 
ttl snv r Ion r f1 mov Cl 
In th Utr tlon. ian w y to 
t II wou Id · to re pea the 

1Xperlm n , but p u tor 
1 m In ute halfway throug11 
t t1 t ltraU on and e If th 
titre al r . 

[Ag{s)] does not appear 
in the expression for Ka 
because it i El olid in a 
h t roge neou a r et ion 
(se1e p. 4). 



Calcul t th unit of th quillbriun, constant, K0 • forth · following equilibriun, 
~ , ction: 

.. 00 + 3Hl{g) = lNH {g) 

_,,,. 
tltli1 .. 

u11its of Kr: == (1nol dni ) - = dln6 mol • 

Calculate th unite of the1 quilibriurn constant. K0 , forth following quil ibrium 
reaction: 

C'~(g} + HiO(g) .__ CO(g) + 3H (g) 

u11its of K.. ~ (1uol dm 1) ;;:; moi 2 chu 6 

The m B rks ew arde d in que stio na that a e k for the VB lue of Ka to b c lcul ated re for: 

calcul tins th mol s of ach !ubstenc t qulllbrlum 
dlvldln, th ee v 1lu ·e. by th v,olum to find the quiUbrWm concentrations 
corr atly tatlng th I xpr1 s Ion forth qulUbrlum canst nt 
correc:Uy substituune equU1bnum co1nc ntrsuons 1n·to the expriess1on nd calculaung 'the 
v lu of Ka 
working out the unite {If 'th r are no unfta_ you must s'ta thl } 

or son1 r J ·ti n·s rh 
th r Jr n quul nun1 
Jik: this , y u 111 y not 

c.ui1ibdun1 c nst ut h n units. rhis h . pi n ·,vh n 
r f 111 le n , c h i, cl f t h g u t i n. In ,. · 111 r~l 
oJ h~ tot J v lu1n • it wUl nc I ,vh, n th v Ju 

1 f Kc i k U l t d . 
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-------- , 
- - . ---=-- - - ---'- - • - • ---

1.00n, ol of th nol nd 2i00mol of th noic acid w r mix d in e -1 d flask 
t 35°C _ nd forn, d a homogen _ ou mixtur _. Th y w r I_ ft to re,_ eh e,quilibrium. 

C .. H 0 1H(l) + CH1COOH(l) = C'H COOC H~O) + H..!0(1) 

The quilibrium mixture 1cont in d 1.15 mol of ethanoic acid. Calculat the value 
of th quilibriun, con t nt, K0 , at 35°0. 

r 
initi I amount (n1oles) of ethenaie eid = 2,00 mol 

num r of mole at quilibrlun, - 1.15 n,ol 

num r of moles that re - ,et d = (2 .00 - 1.15} == 0.85 mol 

lnttl I mol s !LOO 

en ng 1 0.85 

Moles at qulllbrium 0.15 

Concentt Uon at 
qutllbrlum 

0.15/V 

wher V = the tot-al volum 

[CH1iCOOC.H ][H10] 
I!! [C H·OH][CH COOH] 

= 0.85/ V >< 0.85/ V' = 
4 2 0.1 S/1" ,c l .15/V . 

K., ha no unit , th volum 

our If 

2.00 

0.85 

.15 

1.16/V 

4 C lcula th unite of Ka for the quilibrlun,: 
CH (g) + _H O(g) ;= _10 .,(g) + H .. (g) 

0 

o.as 

O.BS 

0.85/ V 

Tl1e 
f t 

q u i Ii b ri u 111 on tant in terr 
r i I I r ur . K, 

0 

+0.86 

O.B5, 

O. 5/ V 

f , in c ntn1t , n rud mn1 ti1 n. h Pli " ur f ' , . i 
us }' th fr uoncy .n en mentu111 1 f tl Ui;i 11 fit n1olc ul g '\:VitJ the 

c 0 11 c in r w 11 • 

In 1ni cur , s s, v ry- .u n1 1 ,cul , ntribut , th v ran 11'r s ur . h 
nnu >f th individu I 1t.: ontributions quJl · I h to·t I 1,ress u.r~. he . 011tr ibuticm o 

one · to he t 't l pr ~ur i . ll he I nrtr '1 1 pr ur f eh t subst n . 

If th volume ia not iv 1n, 
divide the mol1e by ~ 
which will later c ncel out 
when the co nc sntr tio n 
values are substitut d into 
the xpre aio n for Kc. 

The q,~m11ar1um con t nt In t rm of p rtl _ 1 pr _ - ur _, K 



mole fraction • 
lllll'U be r of 1uoles a gas 
total number o,f moles 

of gas 

Tlf 
Expri· ions for e,ithe,r 
Kp or Ka may be aaked 
for in sa eous equilibrL 
questions. 

rf h I ~l u~ I pr ~ l1 0 r ~ !'-' . ] n A I u I tu or I 3 . (1 . ( th 1 
• r . Lt l h ,t 

th , , u ld r t ll\\f r 11 n"h1 l h ,t", nt, n rntth ,,t nr1t ul r 

'Th p rt nl pr u1re , f n n J (A)._ 1, qunl t l h n1 l frn t 1 ,n 
11111h ipU. lb th r1 tot. I pr 1 ur - . 

p(A) = >< p 
t 

h UlH of th _ p rtfal 1,re~su r s in a n1 ixtu e,gu l th t tJ l pr ssu t . 

r , n1ixtur r thr s n 

JJ{A) + 1,(B) + p( ) = J:> 

h sytnb l f r p rti I pr ssur i 
br ck, cs~ p(A). r ~ s t1 sub ript. PA. 

l 1\V r s J• ,vith th identity t th 
he t t 11 r sgure h .in upp~r et se V. 

j 

ir i n1ixtur 

2 :ind , rh r 
tn, i,: 

f 7 ~ nitr, R n. 21'.Xi ·y en and l'Ml rQ n (1 lus 111 U m unt 
o ~. h partia I pressure f nitro n \J h n the t t I ir p,rouu re 

7 - )( 1. u tn, - . 7 . tin 
lUO 

Wh n di t: r de ·ends to t! th of ·1 111, th J3ir ssu~li.! r I . ir d ub] ~. he 
pJ rti 1 pr ssurc I nitr , n i n ,v: 

78 TT >< 2. L t in = 1.5 tn1 

· c hi hi, h 1r I rti r s u r , nitr · lv s in th , :,,} . Wh n the iv~r 
r turn s to eh surf~ c , the nitr n n, s ut of s luti n. his cau eg in nd 
, uld even r ult in th~ d th th div r. his c ndition. H 1~ H the 'b nd •. o 

111 iu in.1 iso the 1~r bh.un of th bends! x :11~ien ed s. · rt dh rs uso au air 111 ixtu r~ 
n ed 1nitro~ '. vhi,ch h g l w r tn le fr.,cti n I f nitro ~n, e u 1 to two t! i1~d 

inst d ,if th ~ ur-fi t h fi u n in ordi1 a y ir. 

bl! tlrti I pr u r f i! g s i mQ sure f it; c.: nc ntrJti n h1 eh tnL ~cur . 
her for ~ p rti.11 pr s ur c n b us d t c I uL t uiJibrium c n t.,nt . h units 

r 'th St..? of pros u l'Q :u,d u . n1 ll d ,n- • & tl 12 v. lu 1 of th .. e quilib1 hun onstant ,v H 1 
be diflcr nt. ,,. h quUi riurn 1-,on t nt in t 'rn11 at pr Hur g is ivon th~ syn1b I 1,. 

The r J ti n b tw n thr, cquilit rium c1 n t n·, KP~ nd p rtial , r ssur s is s1n1H r 
't th t f r K ~u d n utrJ'ti n . r r •a ti n: 

h unit 

ur If 

5 Write th · expression for Ks, and giv its unit for: 
so 'l2(g) ~ so,2(g) + c1 (g) 
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o et the orr~ ~t 'th rn1 dyn 1n ic Vj lull f K • the tot I pressure~ "nd h n o th ~ 
p, 1rti l pr ssu r , n1ust b n1e~uu1· in atu1 phcr4; (atn1). h ·rf a~ ,n t r this i 
b _ yond A l v J . 

h ut11ts f r KP I an be rk d 1Ut t1Si1 , b ,cau th dim~n s1 ns f Kr r bt in d 
1 n1 tb ~quiHbritnn . xp,rcssion. 

1f th r tion N2( ) t- 3Hl( ) ,- 2NH ( ): 

K - {NH )1 
P -- 1 (N ~) l)(H ~)! 

nd s th din1 nii n s re : 

i. nc th unit i 

r th r i , ti n: 

2( ) + li ( ) ~ , I( ) 
p(H J)l 

K=----
. p JJ () iJ JJ(l2) 

KP h.. no unit in this r tiot1~ th t p tin i in , unl n I rlle bt u n1 Un .. tln 

nu. , h unit n el. l vh KP . s din1ensionh:ss nurnb r. 

h .u, ti nt qu l the v lu t K,. n ly ,•vh n the sy t m is in , quiJibriu1n1 
uHibrium p rti~l r ssur i nlu t a.hi L ys be u d in K,p c .. ] uJ tion s, 

IC lcul ti n 
h , kul ti n f Kr front xp rin1cnt, I ta is c rrie ,i; ut in a shnil r ,v y t th 

alcul tion o,r c· H ,v v r~ there is n .. ·tr ~te ~ ~ hich is th c ], ulati n th 
t, t l nun1b r r 111 l J t quilibriu1 . h 1 ul ti n re,quir th u f t bl t , 

in the v irked ex n1 I bei ,v. 

• Wri't tb eh 'n1ic. I qu ti n. 
n tru a suita le tabl, nd ,,vrit in th f H ,vinp;: 
the i.niti J ~ Jn u nts (in m 1 g) f the r 1 ,et nu and of the pr lu ts if th ir i.njti l 
n1ounts \Ver not z ._ro 

che m uuts by '\Vhich the retlct nu. tuid 
quili ritun · u~" th t ichi in try f h 

eh ,., n1ount (ill 111 ha) f e.1ch ubstJnc , ~ t 
to find th~ otal nuJnb lcs 

- divi,l th 

the · roduct. eh n in r1.: h in 
u ti n 

qui1ibdun1; th n add th , Vllu 

gu ilibr iu 1n nun1b r of u1oles by 

~ - 1nulrh ly th n1ok fra ti1on f c eh sub.tanc 

&i u , r th uilibriu1u n tant. 
ubstiuu rh c uHibrium , n th uHi rium c nst nt r s 1 n 
nd ]c ul t its v lu . At the an1 tirn ~ \\' rk I ut th units r Kr nd inclu 

th n1 Ju y ur ans~ r. 

Never use square, brr ckeits 
in Kp ,pr ion . Square 
br ckets round fiormul 
m n th e1 e on centretio n, 
in moldm""J~ of that 
subat nee nd so must 
b u d only in Km 

1 x press ions. 



When th 1 re is only on 
reaatent, you might not 
be told its in itia I amount­
You must assu1me th et it is 
1 mol. You wrn be1 told the 
percents ge c1r the1 fr ctl on 
that re acts. 

Always check that the mole 
frsctio ns dd up to 1. 

Phosphoru pentachloride d compos -a on heating: 

PCl (g) --1. PCl (g) Cl2(g) 

Wh in om phoephoru pentachlorid w s h t d to 250°C in a fl sk~ 69% of it 
diesoci ted and th total pr ,sur in th fla k w e 2.0atm. C lcul · th I value 
of the quilibrium con tartt, Kp. 

n t 

Assum th t th initi I volum of PCl5(g) contains 1 mol. 

1n1t1 I moles 

er, ne 
Equ Ulbrl um mol s 

Tota I number or mole 

Mo1le rr ctloo 

P rtlal pr seure/atm 

·per ­. ,-i 
- - - -

1 

- 0 .B 

1 - o.ee = o. 1 

at equ111or1um = o. 

0.31/ 1.89 = o. - 3 

0.18 2.0 = 0. 6B 

W rk d ~x 1np1l 2 is 1n r c n1pH t 

.PCl3 

0 0 

+0.69 +o. 91 

Q + 0.6 9 : 0 1 16 I o + o.es - o.e9 
+ o.e 1 + o.iae - 1.e 

0.169/ .69 o. 1B/1.e 
== 0.408 - 0.408 

0.408 >< 2.0 0.408 X 2.0 
= 0.816 = 0.81 

c u tho 't 1ichi 111, try is 11 t 1 :1. 

On of the reactions by which the gaseou fuel meth n , CH4 , c ·n be 
produced i : 

l,H · (g) + O(g) .;=: CH4(g) + H O(g) 

Hydrogen and e rbon monoxid were n,ixed in 3:1 ratio nd allowed tor aoh 
equilibrium at temp r tur of 1000 K. 05% o·f th hydrog n r- ·1cted and the 
total pr ssure w a 1.2 tm. Calculate th value of the quilibrium constant, Kp. 

11 I 

As ume th t th · initial volume of sae i uch that there re 3 mol of H2 nd 
1mol of CO. 

------

'.·aH_a 
----------

lnlUal m1ole 

Change o. Ei 
= 1.96 

Equmor1um a - 1.es 
moles = .OS 

- ----

,co· 
------

1. 5/ 3 
= 0.85 

- 0. 6 
- 0.35 

--------

' iett' · - -4 
---------

0 

o. 5 

0 

+o. s 

0 + o. 6 
= O.BB 

Tot I nun1b r of mole t equilibriun1 = 1.051 + 0.35 + 0.65 + 0~65 = 2. 7 
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Mol rra,ctlon 1.05/2. 7 
;;; o. 

Partl I o. ae x 1.2 
pr _ ur J tm - o ,4e1 

0.36/ 2. 7 
= 0.130 

0 ,1S0 X .2 
- o. 56 

(pre s sttr·e)3 

dimen Jons = -(p- - ) ::: (presiure)-
• ressure 

units of~ = rHm'"' 

0.65/2.7 
- 0.241 

0,241 X 1,2 
- 0.:289 

o. 5/".7 
- 0.2, 1 

0.241 ~ 1.2 
- o.2ae 

our elf 
At 35°C nd t ure of 1.2atm. dlnitrogen t troxid • N20 4• ie 15% 
dis oci -ted. 

N O (g) ~ 2N0:2(g) 
Calculate the v lu of the equilibrium conat nt, Kp, 

Finding tt,e percer,t age converted Uising a given va liue 
of Kc 

hi typ" f .. l ulati n i di 1 ult. It is r quir d wh n \V r ut n1 l ul, 

r . et rl.!V r ibl r t r r1 1 tw, pr u.c t m l ul . he I u I ti n inv Iv s ] ttin . th 
fl 1 . ri n f on~ ;ut c n tha r ~ t gu.11 an unkn wn, . A tabl ia u ~ a in 'th 
,~ 1cul tiou of JH quiUbrhun n&t .. nt. ht: v lu :1 of_ i~ f und by t iu th ~qu.1r 
r t f th equ ii 1b riu n.1 xpr n ion. 

Th · eterification of thanol with thanoic acid is repres nt d by th qu tion: 

C .HOH+ C.H C100H-- CH ~cooc H + H 0 

The equilibrium cons nt Ka t 25.,C is 4 .0. 

Calculate the p re nt~g of thanol th t i conv rt d to ter when 1.0 mol of 
thanol la mixed with 1.0 mol of eth noic cid in propenon solvent of volum 

1.0d111l nd llowed to f eh · quilibrium. 

n 
-- ------

inm I mor 1,0 1.0 0 0 

Ch nge -z -z z +z 
Equ 111c,r1U m mole (1 - Z) ,(1 - Z) z +z 

EqUIII rlum (1 - )/ .o ,(1 - z)/ .o Z/ .0 - Z Z/ 1.0 = Z 
cone n tJon/ moldm = l - Z = 1 - Z 



Ti chnieaUy the ,qu r root 
of 4.0 ia t', but nes. tive 
v 1lu of mole re 
me ningi es. 

K y rn, 
A h t ro on ou mi)(ture 
i one that ,c.ists in two or 
more differe1nt phases. 

_ [CH COOC .. H ][H .. O] 
~ - [C H OH][CH -001H] 

=-----
(1 - Z)(l - Z) 

..... 
= (1 : z)l = 4.,o 

Taking th aquar root of both eid s: 
z -

(1 _ ~, = 4 .0 = 2 .Qi 

z = 2.,o-2z 

3z ~ 2.0 

z = 0.87, o 67% of th th nol r acted. 

Jn 11 eh f: r~ eh re, et nt and 1 r uc t h vo b 11 in the m 1 l ~ s . 
h.1ct. in dL r nt pb.1. s. 

here nr thr e physi 31 tt1 , - fi 11 id, I 11 1-1 id . 1 d s. 

AU • s . 111 i n1pl r l.y. h r fore~ 1ni tu re f g. s ,s Jh,rJ · - 1111s h1 le 
~,h e in which ny n~ p~ rt is id ntic~l ,vith , ny 1 thcr p rt. 
A , lu ti n of a ver 1 l.ute g in \V.Jt r xhrs in in h~ ph3se1 ll.o f 1rnins 
h n1 n us n1i tu r . 

o liqnid1 1nix t onn ~ith{: r a sin . I ph as~ or if th y . r - inunist:ibl~t t,vo 
l y, r - two Ii uid h . s. 

• .. h U t is · Jvr1 il1 9 Iv nt t nn a sint;1;l U uid I h -. 
A n1L"tur . t s lid nd • as forms t\v distin t h i . 

Mixtur s U ' r u u Jly in tw, , differ nt lid 1 h s s. 

In a h t ro 1 011 guHibriu1n r " ti n t ] st 011 sub n IS 111 di r nt 
h.,~ ft 1n the th r . An e.. n11 Jt;! f tl is h the r action b t\V en c rb n nd ste n1 

11:m c~rb l11i. hydr en: 

(s) 

use 1re in tl e ·s~un f ,l !Ut' but cL rb n i in ._ di ffi rent p,h~H !. _~I e 
n "'n'tr ti n f li • u ·h . , a rb n~ i" n ·tunt and i left ut i11 th ~l r ssi ,n 

r th~ re.1 ·ti n ab v~ ~ th -.qu il iliriun1 n~t.11,1 • K jQ iv 111 by ht xpn~ ~si n: 

rnv l til s: n · i u pr g urt.: n tl d n ,t a p r ~n the 
· r the quilibriun1 c in tant Kr. r rh r t n: 

e() · 4 -2 3 (!i) - 2(' ) 

p(H:?]4 

K. :::: ---
r PfH2 I 

,vhcr - ll p rti 1 J1r s ur s r qu ilibrhnu v lu . 

:L e:q u 111 IJrl um 11 (Top'IC 11) 



Ammonium hydrog n ulfid ~ NH4HSM d -compo - wh -n h a d, accordlns to · h 
quation! 

S th . xpr ion for K,a, 
Calculat the partial pr esure of both ga· e& at 50gC and henc th total 
preasur . 

11 

K~ == p(NH )p(H ) == 0.142 

A th re ction produce NH3 nd H2S in 1:1 ratio. p(H2S) == p(NH3) 

= p{NH1) 1 = 10.142 

p(NH )i ;;; 'i/0.142 ;;: 01.377 BJtlU 

p(H .. )- 0.3770 tm 

Eotal ,pressuli = su1u of partial pr ssures = 0.377 + 01.377 = 0.7540atm 

An h r h t r n lU uilibriurn is th t b t,ve n s lid - l iun hy r1 
;o id 

tu nd h lr xid i I s: 
n ' ......... '' ... , .... '' 

Th pro uct 01t tne 
c,ona ntratlona of th 1 

qu 10U5 Iona form from 
ap rlngly S10IUbl eolld I 

h & U ,c lchun hydr xid i in nc pha. 11d the dis. lved ion .nd th 
t1r in ~1 n ih r. h .:·pr ssi n f r th guili riu 111 n!U3 nt is: 

]v nt c u Cl t o~ublUty prociuct 
and glv n u, ymbol K p• 

K r: = r 2+1 ;i [ H - ]J CJ 

---------.. .. - - t: . -: - - -~. -_ ··- . ~ -_ -- ~--- - ---------~---~ 

Th v lue of K0 f-or di olvin.a e leiun, hydroxid i 5-5 x 10 6 mol3 dm""D 251e1c. 
C lcul te: 

the cone ntr tion of OHH ion in tur t d solution 
th number of OH- ions in 1dm3 of solution 

11 

Ka - [Ca:u.]aq[OH-]ac? - 5.5 10-5 

Let [(C 2 J - z 

R tio of oH- to C :Z+ - 2:1, BO [OH-] - 2z. 

4z = S,5 10 ~ 

= 0.024 

[OH]= 2. = 0.048moldm'""1 

,• - z (2:) - S. 5 10 

number of OH- ione = [OH- ] x the Avossdro 1eonetant = 0.04S1 x 6.012 x 02s 
- 2.89 X 102.2 



I 

e ur elf 
Wrt I h - . xpr aeion for Kil for th - qullibriuml 

F'e O~(s) 3CO(g) i= 2Fe(s) + 3CO'j(g) - . 

h ng Hl nlper tur ,vill always 1c u , hnn in · h v Ju H 
t'6 r the r cti n · zcr . It is the nly v ri b] c nditiou tll t ~dtcrs the v 1uc t'" the 
qui Hbriu tn c 11st~ n t or i\'f n r ~ ti n. 

Exother1mic reacti,ons: flH nega1ti1ve 
1 thc1 t 1n1 er tur _ is in,crt'~1scd. th value of K d_ r .. c.:s. 

hi 111 n th:it th~ quori nt · is now I rger th~ n t h nc\v , s the p sition or 
uiUbriun, n1 v t th l t until the nd K r nc R in qu I. 

Et1dotl1ern1ic reacti1ons: 8H positive 
If th t ,'111 er tur i intTC, ~c<l~ th va luo iof K incr se . 

his m 111s th t the quo,ti nt is n w &nt n r th 11 then v.r K~ s the po iti n of 
uili riurn Jn v ci t the risht untU th - n K r n l< in u~ I. 

'T'h ·1,,lan ti n f th I than in th' v h:1c- of th "1 ,qu Hibriun1 · n 'taut~ K. as th 
r tur h lt r d is iv n in h t r 3 u p,. 4. 

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

' ·R,enctto·n, 
• • r r • • ' ~ 1 

ICp , '{t,.Ut· -· 
lKJm·o1~ 

l(o 

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

Exoth rmlo: 
N2(i) + 3H2(S) ~ 2NH3(gj -92 r.,5 .8 x 106 atm-' 4.2 012 dm6 mo1- ' 

26 4 atn,-:z 4.7 108 d m8 mo1-:2 

226 .7 X 10 2 tnl 2 9.1 x 106 dm8 mo1· 2 

326 1.1 x :io~s t,m§02 6. 7 x :104 an18 mo1-~ 

42G 7.8 :10"'5 artm· :i .4 10' d n,6 mo1- :z 

Endoth rmlc: 
N~04( ) ~ 2NOz(g) +58 25 0.24atm 9.7 10-s moi d m-1 

80 4.0 tm o.0014mo1am 3 

100 48 tn, o .01s n,01 dm·3 

:150 50 tm 0.10 mo1 dm- 3 

I en n b r th t the \' lu r th e, uili.britun c 11 t nt is not It red by ay eh ng 
in c nc 1:1 tr ti 111 111u~ ~su r iti 11 of I taly t . It Vulu 1 r iv J1 r l c ti n, 
dcp nth s, J l" 0 1,1 the t mp, rJture. 
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Effect on the rate of react1i1ng eqLJ1i1llilJrium 
An incr so in t m r~rtu re . hvJys resu Hs 'in n incr aae in th r~t of re,:ic ti n. hi 
is tru~ ,;-,h th r h r1'.I tL>u is cxo' h rn1i"" or n othcrinic. It h. pen b~cau~ th • 
n1ol cu1 g a r . t r v r3 o kin tic n~r y n1 r c Hisi ns h ~n r y th t 

is r at t that 'the ~ctiv tion ner y. l iN 1n ans that J e~c r propotrion of rh 
.. 1 Hsi I s r~ su It in r~L1cti n. 

In a Tl!V rsibl r cti n. n incr~a in tern. · r tur incr :u:e th r tl: f th f r,:v rd 
nJ ba, 1, - . tit ru~ but d . tt t s quany. h~ nd th rmi, rea '"ti1 n h.u hi . her 
tiv~Hion n r y nd it r.u 1s 111 "'r s ni r.e th n h t f th x eh rtni 

re. cth.1n. hi~,~ on r a on vhy the position f :1guilibriu1n shH sin th eu othcrn1ic 
d ir tion h n th, te1n rL tur I f thf ysten1 h r h d. 

Be -aus~ the r· t s cif th r cti t1s r in ·re s d, ui1ibriun1 i r eh d n1 re r pidJy. 

o 1r If 
Stat th I ff et of d ing th t m p r tur on the equilibrium con t nt, 
Kp ·for: 

N2(g) + 0 2(g) __.. 2NO(g) !JJI== + lSOkJmol- 1 

n 0 lu1 e of 
r 01 

Effect on th1e eq 1uilli 'briLJ1m co,n taint 
It rin th t r ssur Q s us syste1n r th v lum ot. th" c nt inor h s u, tt et 

on · he v lu th~ ~t]U Hibrhun c, n t~nt. 

Effect on th1e 
1

positio,n of e,qLJ ilibri1um 
hi dep,et1 s on the nu 111ber o a n,ol u 1 Y 011 a . h ski~ of th1.1 c u ati n. 

IH U the t? ntpl s lo\V sstun"' that the I r !ULUTL? hmi been doubJcd y h:il 'ing the 
vohunt? t the . nt incr. hi, rviH , au tL , n ntrJti . ns f II ] 'ci t .. oubl . 

h,. 'quili'brilnn inv Ivins hydr en, iodin 
r J ti n i11 '1 hi h tho nu1nber f "'' n1 los 

ri ht: 

I 12( ) + l:!(1 
) ~ 2111( ) 

rH 11'' 
K = -

~ (H2].q[ 12] 

n i did,. i t111 ::unp] t 
t.]ll ls th nu111b r u tb 

An incr s~ in I r ur tc used by d _re c in th v lu1ne f th c 1nt u1 r) h 
,h, c1' r on th v,1 lu~ o K ,. 

• h c nccntrnti n t·H I ri. by ~ f et r I t-.... , nd , I [Hij2 in r 
• he c ncentrations f both J-1... 11d 12 i c by u f et r iof 2. 

mult( 1ied by [121 incre r 4. 
I th th top n t th b, tton1 Hn f th ~ u ti ~nt rise by th s 111 

l1cr , ru~ its vk Ju1.:: d s. n t I h ng . 

Eff, et of en ns of p, ure or v 1ume Of tn, _ c nta1 n ,, n & _ ou r _ ct1on 



An inere se Jn pr ssure 
wm dr,v the1 position of 
eq um briu m to th side with 
the fewer moles of g s. 

I 
If a syringe f fill _ d with 
an equilibrium mixtur of 
thes · two gases and then 
the plunger is pushed in, 
the co lour at first darken 
and then gets lighter. The 
reason is th t the brown 
N02 mol cul re in , 
sm Iler volume, but ea 
equUibrium ls slowly re­
est blieh d thi colour of 
'the mix'tute1 gets lighter. 

• Nc,ith ,r Kc n r th, qu ticnt h s ltored. thus Kc: till ~gu I the qu tient. hh 
in n that th ~ysten1 i nHJ in equilibriu tn . & tb r is n eh DA t , 'th iti 11 

of quiUhriun1. 

he ~uilihriun1 b tw n nitr 1.:n hy 1ro n nJ 111m ni is n ~. 1n le of 
re m,-tion in ~ hich ith 11un1 · r t s 111 le ll th l t is rn r th n the nun1b r . n 
tho right: 

N2(B) + - l2(, ) ~ -N 13( -) 

[Nl . ]:q 
K ------~ - [N:J '1( l-1 l]3 q 

A~su1ne th t th t ta1 pr" suru i d ubl~d ( r the vo1tune of the ontaiiu~r ,~ h.1lv d): 

An incro I;! in pressure h:u uo o "' t n th~ Vlluc I f Kc. 
'] h c nc ntr ti 1.1 f rn1m ni do ubl s~ (N l ,J~ ri by ta,·t r t 4-. 
INal n1ult:ipl1 d by rH2) rises by Ct1 r f 2 X 2·. his is 3 I r t r in re th n 
th. t f th • top Ii ne , f th1.: gu ti 11t. 
_ h u ticnt b ~out R nt Her. _ h r ~ r . it n I n 1• 0 1qu ] K,. an tht: sy t~n1 
is no I. n r in u iHbriu 111.. 

he systeJu reat"tS to n1.1kc the 1quoti 1u bi r until it one..: J);lltin C\C]U ls thf 
un ,lt red v hP' f Kr:. rt d s this by hydro .1,ctins ,vith nit B n t, 11u1 

1n r1 '1m1no11 i, • ~ th o iti ,n f u ilibriu m shi 'ft t I th right. 

An in r ,.1s in recisur d _ u1 t 1n r K . but 'rh q,u ti nt is lo\V~red ·u th ro .1r 
te\V r & tn I n rh ri ht. h ref r • th ay t u1 r t t nt k 1nor nu11 ni • 
unti] th qu ti 11t i:.1u ~ls K.: o n1 rt:. 

---------

ur 
Stat whether th po ition of · quilibriun, below mov to the1 I ft or right 
when th pressure of th yst-em i incre eed. Justify your answer. 

4NH3(g) + S02(!) ~ 4NO(g) + 6H20(g) 

E p le. n n in t r111s of p 
The uiH riun1 b t\v~cn dinitr n tet xi nd nitr en dio~ i ~ j n xampl 

.. re:icti n in ~thich th t1u111ber f as 1n 111 on the? letl Js 1-s tl .n1 thu uu1nb1; r 
, n th ri t1t: 

N2 4( ) ~ _Ne 2( ) 
., 

i' 11(N 2)· 

~,, = p(N1 4) 

A Ul 1 th t th r lun1 1 f th 011tdt1i;:r is h 1v I, thus · ubHn tl 
hi h.. n I ctffct , n th v lu 2 f K

11 
but c us the p· rtiaJ · r s ur 

d uh1c .n1d . o rh~ quoti n t it1c1 e by :.1 t11/·t r f 2"'/2 - .. tin1 . Tt is no~ r . t~r 

th a KP nd th r f< r ~. n10 N 12 r "" t& t forn1 N::! 4 until th u t1 nt re in the 
nilu 10 rhe un hiu1 d KP. _ h position of quiHhriun1 nlo 'l to the left. 

Adclltl n of n In 1 
W lle n pr~s ure is in ,r ~3 s _ by the a ditii n I f Jn in rt ~H :.it (. 1utan t 'olu 111 , th :1rc 
i n1 , c,ct u the I nc ntrati ns 11 th" r l cc nts r pr1 u t . hi i be u th 
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nu1n er of ntolcs of the r ctin s ~cics has n t been Jltcrod nd 11 ith ;!f hJs th ~ 

v luJnc . o ntr ti n i~ the nuntb r ot n1oh.~ divj by th vohuu . s n ith~r 
h s .1ltcr~ct th c n ntrJti u rcn1 ~1 in th_ ~u11 . 

h offi t I :.1n I I b (;!xpt in I h1 tern11 1 KP. h rn I fn1, ti 11 s d r b aus 
addition f inert r1s increascg the 11t11nber o t c 1 tnolcis but eh tot I J rt~&sur 
in r as s b th~ s~un et r, ; the qu t1 1nt i ur a lt r d . i n~c neither th va lu.o of K 
n r th v lu f the ,gu tinnt 1C:h t1 i th rs't 111 is still in quiHbriutn. h position 

, ui1ibriun1 d & n t e h n . ev .f. th u J eh pre&sure h g b e, 1 incr sed. 

Effect on t t1,e rate of react, i ng equ iii ib ri u11n1 
J the re.tcti n is ho1no eneou th~ _.1to 1 • 

in r d. hi &. c u s: an i n re I in t h r t 
so 'l]U ilihriu n1 i r ached i. oner. 

]Hsi n incr ~u1.es when the t r asu re i 
f th f nv rd nd b.1 k r acti n, nd 

hi. i not the c se or B-1 s us re ctJ 1u "' !l.tt1 ly ·..: d by a lid cn t.1 I 'St. h rltt! i 
d t 1 rn1in d by the nu n1b r o ,: tl lt n th taly&t surf ce~ s I an inc.:r s 
in pr~ ssur to~s n t ]tl!I the rJt~. he 1~ tivtt ;he& re h ay e,bupi d uni ss th 
pr ur falls t , n xtr 111 ly I w valu . A t ic l m ,eh ni n1 j : 

sorb d r~ et nu t t !it p 

ad rb 'd r ~u:tants ~ ad rb t r duct 

rbed J r du c:'ts ~ as us l" lu1cU + fr e c.:cive si't s fil t sr l' 

i icL I r~ 1eti ns c ta]yse I by e~1 zy 1n s hl v sh11HJr nu!ch, ni n1 s - o. tr substrate 
d , n t incre e the rat f th r ti u . Jt ng , eh I. t b r \l ill n t n1 k y u 
run fi ~ter. but gottin ·ps-yi. hl.?d up1 \VilL H rhh uses you to prodUCQ1 :idrcn~Hne. 
~ rhi ~h tri r th p ducti n of n1 re n :zy111 . 

Eff et f cl n of c 11c ntra ior of n 

Effect on t f1e eq 1uilibriu,n1 con taint 
Alt~ring eh I c nc ntrari n of r • ctant r pr1 duct h 11 'ffi et nth V lu frh 
gu iHbriu 111 n t. nt. 

Effect on tl11e 1po 1it io r1 of eq LJ i Iii bri1u m 
h uilibriu1n inv lvin su]fur i xid ~ xy n. nd ulfur tri id i · r pre n'tcd 

by th uation: 

21;'lr :? l.tt 
h p,frccnt3 e c n 1 i n f sulftu dioxid t u1ftn tri .-ide .. n be iucrellsed by 

le de iu 1n r I xy , n. A _ditL n 1t ~tra cu t I h y tent in cgu iHbriun1 d 
n t alter th ,, vaJu~ o f Kc but 1 ·aus s th quoti nt. _ t b~ 1c1 -Jna . Jll J Her. h r~for~ _ it 
no l n r u ls K.:. h &}"S t 1n r c t ~ 111 - ing n1 r . 1 until u 1lity is re ga incd. 

hi s 1u ~n thJt r tc1 ~,r p rti n fsu]furdiaxidf is onv~• t~d t ulfur tri - id . 

••••••• ••••••••• •• •• • •• 
L c11 ten r would p diet 
oth rv.l e but 11 wou td be 
wronsl 

Effect of eh n - of concentr t1on Of on 



Acidiflsd potassium 
dichrom e ( ) be,fore and 
(b.) a'ft r th · ddition of' alk n 

State nd xpl in th colour eh nge, th t occurs wh n lkali i dded to 
6olution containing dichron1atei(v1} ion_. 

n I 

Cr 0 ?1. (eq) + H 0(1)-. _...CrO ~ (aq) + :!H' (a.q) 
ora11g1 yello v 

The ddition of lkali doe not lter th value of Ko but it r1 movee H ion • 
making [[H ] m II _1r. Thi - reduce - th valu of th _ quotient. which no long r 
quals K . Th ref~re, dichromate(v,1) ion r aet with water to form ehrom t (v1} ion 

until the quoti nt once again qu le K0 • The quilibriurn po ition hift to the, 
right. o th solution turns y-llow. 

t 
A c tJ lyst h s: n - . ft'tl t u eith ,r th v lu if the equiHbriur_1 nst" nt r th 
qu ti nt n o has n "ff 't n he 1,,1 siti 11 f quilibriun1. 
A l~~1t,1l t I;! , is up b th th tbr\P~rd a11LI tbe b~,, r tiotl equ Hy. ~ 1

, 

uHibriu1n is r , eh d n1 r, uickly. 

t Jyst re used in .: th .1rn1ic h1dustri" l pr1 s e s that a f' t r rnt ea n 1£11 

bt"' 1n d t 11 l e r u lJ ra1:u rt2. r ~ n .... I cr111i r 3, t io1:1 Ehi resu It i1 ~Hl 

incr & i 1d~ c n1 r with the s 1 e r acd n c tTi d ut t the i._ m r· it ut lt 
hi her ten1r~e1·atu re in th~ _bs _ nc fa 1c t I Y~'t. 

he • t of h tin 't hi I t n1 1 tur ~ n lway b parti. Hy re v~r d b , th 
use f he t e. , h n t,rs. Hi h p,r ur is xpe1 sivc. not nly in the t:llcrgy ~ s f 

, 1u1~r s. i i1 .. but . ls in th a tr ~ st r f ph_1 nr th.-1t v ill ,vir'h~ anLi the hi h r ssu . 

ceutic 

rn. irni t l re nt conv rg\ n f r et nt t ,r uct; (in r the 
c uilibrhnn yi ld) 
m k thi a1 unt fprodu ~t s I uickly a pog iblo (fiut rate I fr cti n) 
k ~l th st l w ' si ] 
have ~o high n ,. t n1 Lonon1. p1 s ibl 

pr~sc,1 

h ph rn1 uti -- l indus ry us :1 b. l h r th r · ,et nt re dd d 
t , . th r in r . tt u , e el. W h n 'the 1 • ti n is c ,t . l t • tl ,t pr du ts ~ r 
cp r. tcd fr · n1 ny cJt lyst, th lv, nt ad 11y lUlt1& d r e t nts. h c t ,iyst h 

10ft n b 1 d d t r ~in particles s that it c n t~n1 v~d eJ Hy fr1 in the re~ ti ri 

n ixturc nd r -us d. 
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TJ1e Ha1ber 
1

proce 
- h · eh mi al r a ti1 n h : 

N2(S) - l 12( ) ~ :!NI 13( ) 

1,(N Ji ):a 
K - , 

P - -,,-( N-.,-) -p-(H-.-,)'A-ti 

t f 

t 

ff = - l j Jllr ,} l 

to 4 r r.i ( 7 K t 72_' -· 

llrcn 

Ammoinl 

Fi u 1.1 Schem tie 
diagram of the Haber process. 
Hydrogen -n d n1i trog, n a re 
mixed and compr,es·s,ed. The 
mixtur cycles through the 
r , ction tow r ove,r trays of 
iron 

pr~s u re f 20( tnt + 16 
cota 1. t - iron pron1 c d by t rllces f • lu m inh1111 
. nd l} t.uisiu n1 id s .i.12 -

ff et of t nip ... a 
h r .. tin i& c thcrn1i . Auy in r . s in 

t m r, ture r due th v Ju f th quili riu111 
n t tH~ K . n h nee the yi 1 i pj ur L2 d1 ,v 

h~ \V th lu of ln Kr nd hcncl.! Kr f Us dnu11 'tic Uy 
:1 the t rn et t ur is i l11~re~sed. 

A't . 1 rst i h t~ it \ u Id ~ p , c r th t rh I. b r f roe s s 
sh ul b rri d , ut t ro n1 t"'ntp r tur • ,ut th n the 
rnc '\V uki be o sl1 \: t b tr tiv ly z r an ahn st 
n , pr u t 'Vl.' uld be hi h t nipcratur 
would r~sult in luw yi ld bein . chiewd guirkly; thl! 
r t t lo r tf n11 er ture 'IJ uJ f s slol tl at th 

11 \V1 uld n t 1' ,r h · quHibriun1. ,v r ... 01n -

hl n1s:. an 1r1 ,u t. J , t · used. Thi 11 ~ th 

+4 

0....---...----.-........ ---..---..---.--!!!!!!!!!ll!p----t 
2 0 300 4,00 600 700 800 900 1 coo 

-4 
Tern pe rfttu re/ K 

- 12 
_,5 _._ ______________________________ __ 

Fi ur 1.2 Plot of ln#<;p ag. inst temp,er,atur for the H bfr 
process equilibrium 



0 .... 1 10 

e 20 

10 

t tcn1peratur - f70 K. 

as _n bi yi Id ~t 3tl 

t 4 10 • th qui1ibriun1 1 • nsr nt. K • i .Cl x l - 4 t1 1-... o 
th 'i ld ~, t 1 .ittn ressu r ii l 1\-V. rit I .it r u nd I st oJ th'-! 

rin ip1
] t c uiHbrium ~ nd re Used that hi h t1rossur w ul 

in rc:1 c rhe yi l i ( i ure 1.3). Hi o-,- rkl.!r. o , h, 
i~t d I pp r, tu th t C uJ \V rk t _oo tm r I 

o~T----..---..... ---,.----..---..----i 
·h x~,r'lssio1 t b~c 111 

t h rth v, lu otth uiHbliun1 d 
0 100 200 aoo 

Pr 1ure/ tm r u 1 th 1 arti ] 
1 · sy t n I r ,:i t 1n ·1 k i n 

n1 re l 111rn ni untH th u ti nt one p;,1n1 cqu I the valu 
Fi ur 1.3 G ph showing the ffeot of pressure1 on 
th1 p rcentage of react nts conv rted tc1 ammoni t 

t che 1guilibrium -- n t nt. his m, , ns tha th po~iti1 n t 
equilibrium d1H s t tll isht. 

temperature of 400 °c 

···~······· ~·~····· A's th· r r mior mol cut is 
on th I, tt-h ne1 Id or 
th equ tlon. th 1 .ottom 
I In , ot the1 pe1r tl I p~ a,su r1 
xpr , , 1cn 1nc~ s me 

th n th, lop I Ins. Thi 
makes th I quotJ nt. Q. 
m Iler nd tern porarny I a 
hen Kp. ·~·~· ..... , •.•.•..•...• 

Th ,c1101c of 1opt1mum 
co dlUoins bas d on n 
und rs tandl ng; or the 
pr1nclpl ·s of kin ties nd 
qulllbrlum le n xampl or 

'How Scl ,nc Works'. 

25 .. I 

20 

1 S 

-
I ~ 

.. '! 
'\ ~ -

r reaction la not Jt r ''Y incr3 ing tb - r ~Ur3~ the r t . i c ntr1 U by 
tiv ites . n th surf , f h t ly t ( 11. 177). 

v n und r lhe _ nditi ns only b ur Jux~ f th_ hydr n is .. nvert d c 
n1m nia. his is h c us the rate f rc:icti is stiU 't I ,v tor oquUibriun t be 

rea, h d in th c t. ly~t h:nubcr. 

0 ubt!1in OJ V TJU yi I t h .. u11n1 ui ]~ ftd1 ()Vt!d by C Un the 
I 'Ving the t lyst h~u11bcr. h mn1 ni Uqu tie . nd is e_ ri1t d fr 1,m the 
u1 m .ct~d nitro n and Lydr (:1\~ ~ 'l i l ar~ tluin r cycled thr u h th _ 1 ut~11y r 
1 h nib r. ln thi w y ~hn st ,1U tho hy r1 B n is ev 11 u lly onverr t 

he pr ce 11 b]e nitr n us t rtili ers t b n1 nuf ctur d eh 11y. 11 b r I d 
• 

l~osch" ere .1\v:11 d d the N bt!l rriz~ for their a rk . 

Tl11e Contact 1proces 
h 1 ~ru i. 1 tc 1n th n1 iHlU fJctur f . u lfu r1 a id i, : 

' .... 

h I t: nu it1 Jl r •: 

10 

~ ~ 
E et of 

r c ti 1 j s t h rn1 i n incr s h t n r.1tur deer ses 
s .. ll 

th' v.11u of KP. 

0 I 

298 398 498 S98 699 
i ur 1.4 sho\V h v,.r b1Kf rk~ ,vith tent ~r .. tur . 

KP at 298 K - 3 10!!4 JUn- 1 fi mp reture!K 

1. 
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h v._ lut.! f KP tbr this re ction. under th conditi ns f the 
. bout bHH n thn i J. l" er l · n that f rh r a ti n in th 1--1 l 

0111: et rocos • i 
s. 

_ o ·u~ur · th ~tt h f4J ti n is f:1 t tn 1U h 't I be . onon1i 1t u tun1p~ ra'tU r~ . · K, 
f vt1n dium(v) 1 .. ·id is LU d. A hi h rt nip r tur ,v u]d n1 n :i lo,v r 

yield n Jo\ver ten1p r turt:: ,,·ould n1eau an uneconotn i ratt,~ he t 1n ~r ture 
u g d its a 1con,1 n isc r.luu r du s :1 I igh yield c u i, 1y . 

At . ,_ r sur~ of2 . tn1 nd l t 1n·p r-tur 
A,sulfurt1i .id .. 

• the e u ilibriun1 n1i tu re, c nt ins 

"ffec of J)r u r 
As th I ar 1norc 1nol c.: u I n the lell-h~nd sid f tht.;i equa i n, n in r .. 1 o in 

r, ssur ,rv ul, driv eh equi1ibriu n1 t the ri ht. 

1 wcv r, the yhdd i hi h any\\'ay ~ nd the uae 
t r ~u b th th on r y I gu ir · I t - u1 r, s rh 1 

in tn king th pJ nt bl t ,vithst nd th high pr 
It do s n.:,t n1 .. ,le e,con n1ic se11s~ to i11c t·eJ e th 

( high r 1ure is x n iv in 
L s :ind th~ · st in,, lved 

furth r b usink hi h r ur . 

sur . 
yiel 

- I \V v r. ,rossure P.;re t r th n l an must b u c 
in rd r t iJ r iv_ th R· i throu h th r,I nt, s the 'lir 

ide .1ro co1npr ss d t b u r 2 ~tn.t. Und r 
thi.:~ conditions1 the guiHh.dun1 yield is ov r '>S1} 'u, 

FI n I yl lcl n cl pollution 
It ,v ukt o ~1 \1\1 t fr " n1 t ri I if l1nr c;tcd suJ Lu· 

dio .. "'id w r~ rcl .. d into th • tlH s b t nnd Jt \ oul 

nd O:z 

J 
69B K 

Cetalyst 

60o/a conver,.1cn 

95 o/a conversion 

,,,,,, ....... ,,,,,,,,. ~ 

Th , re 1s,on for thl I t 
sen1 ror th Ha 1r 
proe s . 

•••• 

:1 l~ c .. nu - 1c: nsid ,rablc .1 uuo t iu ri I) ]hl'tj n. hj . h r 
nna1 y :1Jd i bt ined y as in the , ~ s fr m the 
, · t lyst h 111 't' int on , ntrat d !iulfuri a id~ ,vhich 7 

Primary 
~!!!!!i--'· absorbe - • 

Jbs rbs th u lfur trio .. ide fr n1 the .. , u iUbriun1 n ixtur . 
h ~nu· _ t sulti1r dio id a11d air ~r' th .'.n pass~d 

b.1ck throu h n ,th~1 b d of c _ta 1y~ wh~r ,.. _ 111 tb r 
1 > 11

1. c nv rsi n t k pl ,c; • he r 11Jt i th t th g &es 
rckai,,d into th 11 1,vir nn1 nt ,ro11t .. 1it1 only 1H ht 'tra, cs 

o suJfur dio.1 i e. 

Catalyst 

h s re p s s d th r u h t h t1 rst c, 't I lyst b d t F
I 

u 
3 t nip~rtUUtt1 f 6 K (Pi ure LS) . A th =- rei,acti1:ln 

1.6 A sohe1m tic repr siemtation of the Contact process 

is · thermic. th , as s he t up t b ut 01 K 11 

th - nv r ion is u ly O'}t h s :J rc1 th n 1. ] d t 1 7 OK nd pa b _ _ 
thr ugh n ther bed f c ta lyst. ho - nv rsi1 n i~ n "'\V' (}5<M, 11 the mi. tur 1or 
su]fur tri xid ~ ulfur di xid nd xy n i d thr u -h t w r 
one, ntrat d suJ uric · cid. h sulfur tri xid nne 1 11 u111. 

r u1 inh1 ·' ! , r 11 s thr . u h 11 th r , t lyst b 
;ul ur di xid ,s • CJ. 5%. 

•••••••++••••' ,,,,, •••••• '' 
Th su lfur trl1oxld I re cts 
wm, 1h o,ono, ntrete 
uifurtc old to, form ol um, 

H2S207. w t r Is d1ded 
C refUI ly nd SU lfUrte C Id I 
termed. 

1nau tn I na pn rmac _ut11c I proc 



So Ud m the nie hydrate burn in S 

Tl11e extraction1 of metl11an·e fro1m methan:e t1ydrate 
A ~ ossiblo future u re I f 1ne th n 1 is d I osits f m Jthan hydr,· t ( c p. I · , ot 

hl-l yu .tr t stud nt b · k). h se a r • u nd , ith r in th aco1.uu iJ11 soJu c ntin 1 nca l 
sh lv s or in p rn1 , r st in th J ol r r i. 11 s. M th3n~ n 1 . tr t d by ri n in 
·rhc soHd n1e·th nc hydrJt t roon1 ten1.P f3tur, an r~ssur . Jc hdi been cYtiln t d 
th. t the totL l I t nic n1 th n hyd at rt!~ rv ir c nt h1 ~b u t uight tin1~ s thJt in 
th kn 1,vn d p sits I uatur 1 a . 

H · , I (s) # I~ ( ) + lH .., (I) AH • • 
SltlV 

It c:._ n bo so n fr n1 thu ..i qu.Jti n thnt ither 1 r du ·tion in pressure r n in r se in 
't 111pcr tu r v iH ·. riv this u iHbrium t · th ri ht r 1 o in 111 'th 11 fr n1 h 
s; 1H 111 th.:1,e h' ir ta. 

Tl1e extraction of t11etl11at1e from halie de
1

p,o it 
h shah? in rn ~u,y de · its I nt in d · rb d n1 than . his c 11 b .. tr t d by 

dri n h1 do ~n to th hL le · 111d thct1 ~ 11u11 1in, h .. t~1 an 1 au ~ und I high pr. ur . 
l v \V, tcr f r1 ~ ut the 1nett . 1 and the 11d k ps the r cks i 1 the Ah l~ 1 n. 

Su1mt11ary 
An incr e in te1n era. ur ecre gt: in 

u ilib riu 1n i J.d . 
__ n in "rt.i _g ,, in t 111'~ r. tur f n _ndothenni r~acri n HJ rt 1.11 in .in in-.:;1~.J _ 
h , quiHbriu n1 yield. 
Ad rcas in t~n1per tur ,vill re~ult in a lo er ra ction. · a 
J c n11 r n1is t n1p rotur.~ 111 be u ed o op,tin1ise I t 1nd yi kt. 
An incre, in pr ssur ,viU drive th equilibrium t 1 

1 the id f th" e u ti n ,1,.rith 
,v r as n o1t uJ a. H \\'t1Vt11\ the us f hi h rr1..;s ure ig e. "l' nsiv-.i . 

Unr et d r act nts r re yi l t in1 r v th fin I y1 kt t I ons rv r w 
1 n t ri h and to r uc 1 nvi1· 11n1 ntJ l I oHu ti n. 
M ny in lu tri l p,r1 c ss r n t tru uili rium yst 1n b .. use th ru· du t 
.1r rein v d. 

umm ry k 
M.1k sure th t you: 

, . n cJ -in dy · nth.: cquU 'b1 iun1 
n rit .. ,,r · ssi ns · r th uilibrium c nstl nt iv n th 'l eh mi,"' l , qu, ti n 

11 wh n r inc lu I r l l l in n e pr~ s;i n I r Kr: 
_ r B rd [s lid] i11 h t r p:cu 'OU e uilibrlum s n t 11t nd I n1it it frotn 

.. -1 r sions or I' 

· n d nu! n1 Je ft cti n n rti 1 ire ~ure 

Makt' SlUl! that you ca.n c.~ 1 "l1]at : 

K~ nd K1 fr Xl' rjn nt. I dl t3 

• th unhs f K 

M k sur 
WhCin: 

the t n 'lr tur , is Jlter d 
th pr ur i iu r ·1 1d 

ffi t on K (if ny) and tho p • iti 11 ·t uiHbdu111 

thci, 1 '"oncentr t\ n f r~ et nt I r pr du t h It r 
talyst is d 

:L e:q u 111 IJrl um 11 (Top'IC 11) 



0 f r th r a tion: 

h( ) ~ P ..ls( ) 

f K , . t .... 50° ~ fi r th r..: 1, ti n: 

in . ve l ,t 
h 1 t1 Hihriu n1: 

h equiHbriu1n 1nixtur '\V 5l und to ant iu 
U.U 1noJ u1fur td xid M o.044 n1 l uJfur di xido 
nd 1 • 22 n1. l uxy n. 3l ul tt the \' lue the 

cquili riun1 ·011stant, K~, t 70 ° . 
3 Jrti'ti nex1l .ri1nent , nb u dt 1ndthcf rnnJla 

r th c.h~l! 1 blu n 1n1oni /c _ J · r(u) con1_ l x i 1n. 

U I c1nl f .i s luti n f cop or su lf t ant inin 
0.01 n1ol f · "u,,+(aq) i 1 in ·,v s ddcd to 10 c1n 
of a \oltHi n f Jtnn1oniJ 1c:ontoini11 1 • JO · 111 I f 

m1no11 ia. he n \Vin r ction t 1k l'l~ c : 

u"+(a~1) + ,,N 3(aq)--,, [ u(NH )"1 2;-{~t1q) 

l his solution w. sh kl'!n ,vi.th 1 ·cm3 of 
ctho y th n nd h dh olv d n 1111011 ia bec'u 1e 

di tribu tud b ew~ct1 th 3(.]U us nd tht.-i r . ni 
J ycr . he , rtiti n n;t nt f JJnln ni bet\: l;'i:'11 

w t r n t hi • ~ , th n i O. 
rNI l3] in ·,,, t r 

--------- ::: 0 
fN HJl b1 thox~ith 11 

• h or ~11 ic l y r ,v n n11n 111 

c n ntr tion of ( .O Jt 141nol n1-3. 

a 1 ul.lt : 

) th c nccutr. tion of n, n10,ni 111 th 
J y [ 

U OU& 

b) rh amount (in n1olcs) of . 1nn1oni. iu .eh layer 
. nd hen e 'the t tJl tn unt (i 11 mok s) of frc1 

iss Iv d nu11 ni 

c) th , tu un (in 1n le ) f nu11011i th t r - ~ 

,vith rh ~p r ions 

d) eh r ti t rt: "" t , d :.1 n1 n1 ni t 1c pp · r 1 ns n 
h '\nee the f rniufa f th nunoni f. ·opti r(u) 
c1 rn lox i n 

4 l.OOn1 ] 1 f 1n th n I 4, nd 2~0 1nol I f stch n1 

r n1i.. d iu . v ss 1 volunu.~ 1 dn1 and ll \ d 
t re eh o uihbriun1 t l2ou K: 

An~ly i f the equUibrh1111 rni ~tun, sh w d thait 
.25 moJ f lllt: th l1t! ,va. rr \sent. 

1 Writ th '.I xp,r BSl n for the oquiHb1iun1 ci ,nstJnt, 

K~. 

) ~ l, ulatn tht; VJ)u,e of th L?qui 1ibriun1 c1 nst nt. 
Ke t t m r tur~ f 120 K. 

h' et r din1 thyl tl 311 dj ·it i hydr ly cd b·y 
, . t r: 

H 

l 1. of diln thyl th.1n dio te ,vcrc n1L·ed ,•vith 
fwu r .1nd .1U '\: d to re eh 12 , uiHbrhun. 

f t h t r r t n t h ti 1t I v I u n1 w, 
15. en 3• - lculate tl ,e vrdu of th equiHbrhutt 
c, nstant~ Kr:~ t th n1p l\ tur or the ~perin1 nt. 

Writ l the c .. pre. si n t ir KP tbr 'th toHo\vin -
rt:~ ti1 n: 

I ., ( ) + (s) ~ 

",Uver c rb n tc d 1con1po;cs 
qu ·ti 1 n: 

A 2 3(S) or- A . i (s:) + 
KP = l .48 t1n ~t 5uu0 ., 

al ~1,11Jt, 'th 1,,;uti~l pr ssur 
5 0° . 

• 1ns t the 

f I Orb 



m q 
J ir1) lydii 1:1 i n1anufi1 tur d fi n1 n1eth"no 

b 

by th re actio111: 

H*(s) + H1 (~) ~ H 2(s) + (B) 
AH -+ 21. ... kJin r 1 

I) 

(1) 

ii) Whcu 1 m J of 1n th~nc , nd I nt 
o t :1 a111 w r U 1\V t ro , h 

uiUbriu111 in vcss~l f \ oJu 1n 

50 dm3 and t ~ t 111p r tu r T~ 7 'M, of 
I uJ tc 

(5) 
· -1Ji11 the affe,ct on th v:1 lucs th · 

-
uiU riu1u c 11 t ut. K~ and on th yicl '1 O' 

.n incr Js in: 
i) prcssur 
U) tent . r.ttu1 

( ,) 
(~,), 

Cl' t.. I 12 n1 rk ) 

2, a) ) Muth. 1101~ H3< H , CJn t n1.1 te 
by a&sin c rb 1n 111 u xid ~ nd 
hydro en over he atrd Z'in xid ~ nd 
cht n1ium(111) ,._; c t lyst: 

(R) + :!l .. ( ) ...j. I ( ) 

Wh n fJ. l O n1 I f , n n1 11 xi d 
.Ul 0, ,0 Ul l f hyd . 1.11 \-\r Te h ,lt d 
t 4 oc in ,J v so.I f volu111 1 dn, . 
~quilibriutn \VJ · rea, h t1: r <YYi\ 1 f 
t ho · rb ,, u1 n ~jd c h d r c t d. 

.dcul tD th v lu c f th c uilibrhnn 
t: nstant, .n . z·~ (4} 

H he l1~C} ression Jbr K;: for tht r e~1 ccion 

H 0) 
i : 

1 Equlllbrtum II (Topic 11) 

h) K == 1.0 t 11 J{ tbr ll t;: r a, ti n : 

(B) + H2 ( ) ~ 2(B) + Hl(B) 

1. 5 n1 l ot c rb n n.1 n :d d n d I . 5 111 I ot 
t :uu ~t 11 I .n~ n1i- ~d \-Vith . Jn 1 of 

c.1rb n dioxide! 1 nd l. n1 1 f hy ~en in 
• r: nt .i11e1 of vohunt; JOOc.bn . C Jkular 

h rh r th ~st,dn i iu c uiUbr 1nn. If it is 
n t~ ~, ] in iu ,vhi h ir . ti n th S)l'lit n1 

, ill n1 ¥ in _ r-d r reach ~quiHbriun1. (3) 

f'l l I · , 1u rk ) 

xpr · &sion t"' r Kf • r th re Jett n 

:1(s) ~ .. N 2(8) 

., 
p(N 2)· 

b) Nitr . n nd hydl· g 11, cro 1ni d in 
o I: rJtli ~nd h,eJt d t 400° ov t· J l'l 

ir 11 ,c tJ1} t t pre sur f U tn1 until 
1quilit ri uni , J r, l ct. l sry;, f th 

nit 11 ,ws c nvert d to :in1monia: 

N,1(8) + H:!(B) ~ '2N H ~( ) 

I) Writ the o ~,r ~sion tor ~ ­
U) . Jclfl. t its VJ lu tn r th ~ 

( l) 

on hi ns. ( f) 
La1 -, 1n. rk ) 



B 

Acid 

J 

B 

Fi ur 2.1 

id b uilibti 

1rsr id fin - .in c r1n f their !iOUf r~ute. Wh n ind.i tors u h s lit111us 
11 , i l, s th ugl f s 1, y sub t nc th t urne Htn1u r d. 

idity I d Arrh ni u · t tn1" an acid as 
1+ i 1n in ~ qu 1u o]uti n. his defl niU n 'is Hn1 it d t 
xt nd d by , ,vr ,. and Br l1 tc t includ n n- qu us 

finiti 1 ins f ci & • nd l,· s s r iv t1 h lo\ I 

· n :, id [ ~ u b t :1 n · , Iha t :i r t c n ( H + 1 n) t, · , b· -

ho. I , ~ uh itun o t h t iL pi n pru n ( H+ i ,n) I' , 111 

his is iHu~trat d in i u,re . L 

r n , ci - bt se quilibrlun1 th eh u s .ire: 
lo u of proton 
-----b se gAin o·f proton 

I Acid-
ho roar tion of a 11 cid '\: ~ith b~ ,~ c n bQ \Vritt 11 s tho eh tnic I equ :itio'tt: 

El BJ-J-r + -
r Ln ny cid thi is a r vor iblc r' cti n: 

+n~ 1-t++A-

Fo1 th..i ] ft- t -ri ht re. · ti u, H is th1..1 ~c kl 1 , ig the b~u: 1• 

r the rish·t t 1 t r cti n. th ,cid i nd A- is th 

h .1cid H , nd ·rh ba l;. A-- cl "'riv d fr n1 i' by l s f pr ton, t un 
; u Jcid-c nju lt, bas ] ti ir. he base. B. and the id~ nH+~ dcri . cd fron1 it by 
cc J t~n of .i p,~ t 1n, ar I b~ -1 11ju at ~ id pair. 

HCl(~q) 
dd 

I 
Fi u 2.2 

1-) 2 ( i nr ~ .... ). 

~~o·(a~) 
c:onJug tr: cid 

+ Cl1 q) 
conjugf! 

I 

cJ- h th couju atr b 1se the a id H .J~ th co1tju ~to .u~i t c f rhe base H1 · is H 3 +. 

An1n1 ni i& 
tl ain1n ni 

Fi ur 2.3 

+ 

b se , n d re , ts i. it h wa t r, ~ h \, h 
111 J cuJt C·i ur -· ). 

~ OH·(nq} 
c:, nju 

I 

+ 

ivit1 

N 1-114 •( .. q) 

i:onj ugate 

I 



...... ·················-····· C1onJugat1 me ns Jolni ell 
to,g th r, h1er by u, loss o 
ga In or a proton. 

...... ,, ............. , .. . 
In tn1 r cuon. nitric ta 
L ac Ing s a to _ • as n I a 
proton tea b1y tt, a ul ru ru, 
c~d. Which I trons r 

acid. 

ho. r lati1 nshi:, bct\V c1 l nju 1.tt :ii r is: 

c id - Hot -> c njn t b"' se 
b .. Hl~ + Hi" 

e t y ur If 
, Wri th formul · af: 

) th conjugate cid of NH3 

b) th _ ~onjugat b _se of NH3 

Cone ntrated ulfuric cid l'i et with cone ntr ted nitrio cid: 

H1SO + HNO - H2N01
1 + HS04 -

Merk the oid-b - 1conjugat- pairs . 

11 I 

See Figure 2. 4. 

1-12SC .. + ~NO~ 
be!2ie 

l-l2NO:t + ~so .. ""' 
.:idd 

I I 
c:o n ju gate l!IC id 

I 
conJUg 1 b :e 

I 
Fi lUO .4 

a nte .... i 1- t :ui ,1, uu p.iir. . 1 ~ Ji t Li ill _ ~bl~1 2. I in I de1 o d i tl 
s't r~n th nd n,cra. sin bJ S· atr~ n th. 

T bi .1 Acid-conjug te base p irs 

i.,..----:;-:~r._ '~·'•· 
1>A1Cld:: • ·~·~r.--- ----------- - - ~ - -

u1rur1c era 
Hydrolodlc eld 

Hydrobromlo old 

Hyo roe,, lortc acid 
NU11c ac1a 

Hyd ronl um Ion 

Hyd rog nsu If I on 
Hydronuor1c cld 

Eth nolc ola 

ea rtJ,on le aol,d 

Amhl onl um Ion 

Hyo rog nc. rDo 

Wet r 

H2 04 

HI 

HBr 

HCI 

HNOg 

H30+ 

H 04-

HF 

CH3COOH 

H2C03 

NH,t 
Ion HCO:t 

; 

H 04-

r 
sr-
cr 
NOrt 

H:iO 

04
2 

r 
CH~Coo­

HC03-

NH~ 

COJ:2-

Hydros n u11at I ion 

lodld Ion 

Bromld I Ion 

c hlorl1 

• Ion 

Nltrat 10n 

wat r 

u~ra Ion 

Fluor~de 10n 

Eth no t Ion 

Hydrogenca onate Ion 

Ammonia 

c rbon t ton 

Hydroxide Ion 



If 
Ethanoic cid re ots with ooncer,tra·ted ulfuric acid: 

H COOH+H SO ~CH~ OOH +HSO 
Identify the cid-bae conjugat p ire, 

tro11 -nd w 
A t n n1 
h dr 1tc,d h dr ,n I n , ~ 3 +. 

01 n1pl , hydr chi ri . · id, l-J ](=tg) is ~ s r 

H .l(. q) + H 2 (I) ~ H -t- (a1 ) + 1-(. J 

A \l\f ._k o hJ I *- n Id U1 .. t l nl ,,,rJ,J, 11.rJhtl)' I nl d in :1 u u lntl n~ 

r C th n ic cid is \VC ak I cid: 

A 

~ str n 1a · _ [ t,_., LJI' 101nl _ d in .. _qu o u 
I n ~ H'""'. 

luU 1n, _ rn1ln 111 ur, Jde 

n1pl , sodium hydr 1 
.. ide is u stn: ll bJS : 

Na ·II( 1) -+ Na C q) + 
\teak -" ~ I 1 r t n nl d t I u 1, 

I rn1 . 111 11 1r I rtl1 n l 1, d 

F 1r X n1 ple ~ l ln n1 1 i i .} Vil k b I : 

I Acid 11d guili 

n udl dec-r 11 , In ·olu t[ n nn 
[ I · n . 

• 
r1u1 

Acid di1ssoc:ia1tio1n co1nst a1t1t, Ka 

n l 

\V • k ,~~ci is in quH ibriu 111 ,vith its c 
a ,v ~k o id1 'HA: 

in l 1gueou S luti 11. n id r 

+ H.. + ,- -

x :,r ~sion or the , uiHbrhnn c nst 11 r ( kno\.vn in thi& cont xt the · 1 d 
""h1U n n t3nt, K

11
) i : 

K = IH3 +11A-J 
IHA] 

[H: 1 is n c iuclud h1 this cxpressi.1 n th c n , ntr tio1 f w t r~ in u us 
~ lu rion • is lie nscant. 

h ,(..]Uation for ii. \Vr~ k Jcid is sou1otin1t'S writttn a~ 1 A ~ H + A-. o th 
xpressi 1n for K,. is: 

II +] IA-l 
K - r1 IAI 

,vhero [H I can be ro arded J s be in ~horth nd for [I I t · -t-J. 

Do not ay that a w,eak 
cid i- only p-niaHy 

ioni ed because thi could 
mean th et th ion [s tio n is 
ooniiderabie but less than 
co m piste. Even HF~ which 
is on e1 of the st mnges t 
~we k' cida, is only 5.7% 
ion iaed ini e 0.1 mol dm-a 
solutio1n. 

T 
St te sy m bo Is ne1ed not 
be written in equations 
iin this topic, as all th 
sub_ t nc e re in ,elution. 

Never include [H20] in the 
ex preas io1n for K:J. 

Ac1a , n,a ba e _ qulUIJ'rlum con t nt 



An 1uc u §olut\ n f J , • k b, s i 111 u iHbriun1 with its c nju · te cid for .. 
' I,} 1111, l~: 

NH.1 + ~I ~ · ~ NH~ + + l 1-

hc .. ·pr · si 11 fi r h bL di krtr n n t nt" Kb, is: 
K - [NI l4+H -] 

" [NHJl 
with 'W k i''"id ~ r 12 I is 1nitt d fr1 m th pre i 1 [l b u its 'V lu is 

, nst rnt in uqu us CJl1 ii ibri h1v lvin , a bu ~ s. 

nd 
[t c et . ~ t.:i th1;:r , b, se~ '- in it r 
, .s in ih r c d n \: ith 1nn1 _ ni . 

h~ unfih teri n.1 ur f v,,rat r i v n evi cnt i11 thc1 ab uc 
a id orb,~ , n e n1ol ,"ul , f w t:-.r .111 r , t r t an th r n1 ofo "'U I~ 

{ igur '.5). 

Fi ur 2. 

he quilibriu1n c 11 t nt fi r this reL '" ti n h iv~n th~ yn1bo1I 'Kw- ] "he equUibriutn 
xpr ssi n d n ini lud, th t rrn 1[112 ] " • u it · v, lu i · n t nt. 

Xv.. - [HJ TH Hl 
hi is J en ,vrict n · s Kv. .. = fH+H H-1. 

1 ~L H d eh~ 11- ni J ·r , du "" l I r,vL ter. rr V3 lu at .. 5° is Lt t x 1 - 1 n1 -J2 dr11- . 

Jn ~1ny u us soluti 11 t 2510 th v~Jue [H+I I Hl h y oqu la ~ h i'1 
v lu I f\vhk;h i L ~ 1 )-1"' n1012du1- ' . 

pH sea.le 

LO X ·1 -l ,n Jdin - 3 H +(~ q) i n~: 

1 - i i ni ldm-3 

1 lydr n ion c nc 11 tr ci n v ri s 1vvr h u e rans f v lu . (by ,.i 

a trHH011). l I arith111 i sc L f nHia utement was dcvise1 . 
11um rs in n1ost cL ses~ th c 1 ,v s d tined 

H = - 1 g101 H-t] (thi. ig ftcn ,,,ritt n s - 1 [H""] r - 1 [H ) 

H n : 

ctor bout 
v id n~ tive 



I H qual tho n~ f at i @ lo,c:ArUhn1 t - th · to, JO of lll h 'd ro1E!~n i,on 
(hydr nhnn lt111) 11 nlrati n. 

l u pr .. 1c'ti a th~ pH c.1 I ru us fi§ou1 a b u t - 1 t just · ve1 14. 

~ 

C leulat th pH of elution in which [H ] i qual to: 

) 10moldn,-3 

b) 1.0 n1ol dn, 3 

) 0.10n,oldm- 3 

11 I 

d 1.23 x 10-4 mol dn,- s 

) 4.56 x 10-D mol dm""s 

J 7 ~8 1 x 10-1s moldn1- 3 

) pH - - log 10 - -1.00 1 pH - - log,1.23 x 10-4 - 3.91 

) pH = - logi iO = 0.00 

c) pH == -log 0.10 == 1.00 

t pH = - log 4.56 x 10-D := 8.34 

pH = -log 7.8 x 10- 5 = 14.10 

h hydr g n 1 n cone n tr ri n I lJ n 

p-i ] - lQ- ~H 

alcul t d froui th 1 H . usin th ~xpr s ion: 

Calculat the hydrog n ion cone nuation in solutions of pH : 

3.50 b) 7.00 ) 12 .85 

n 

) [H ] - 10-3·50 = 3.10, x 10-4 mol dm-s 

) [H- ] = 10 1 .oc = 1.0 x 10 1 mol dn, 

c} [H•] = 10-12•9 5 = 1.41 x 10· 13 nioldm-3 

o 1r 
Calculate the concentr tion of hydros n ions in solutions of pH ~ 13.r67. 

N eutrarl i:ty 
A 11 u tral s lu tion is one in ,vhi h the c nc ntrations ot I r' n 

. ~ = [H1f H- ) = L 

pil+l - [ ]...J ] 

lu- u or r I - ~ 1.0 1 -TI - LO X Jt -7 1no ]d1n J 

J H = J B l.O x 1 - 7· = 7.0o 

In ,aU . gu ous s luti ns ~rt 25° 1 r11+1 

n~ an~ th 

Ai, ar idic .luti n l'las [H+] .7 [ Hl, Th ref r lr.1+1 - L x ·1 -"I ~u,d the sohuk n 
l s H 7. 

You hould report -11 pH 
value,s to two decjm I 
p!ac,es. 



..... , . . ················••t• TI1 . n utral valu or 7 Is 
on~ tru ~h n th ol utlon 
L at 2s0c. 

• + •ttlllllll ••••+•I I I 
Note now v n In v ry el,dle 
oh.mons u, r a r om 

oH· 1 ns pr s nt. 

An ~lkaUn 1 soiuti n h [ r -1. l '"h ~ref re [I J ~ l. x 1 - 7 nd the luti n 
hJ p,1-] ,. 

· t 25° : n 1 utr.1I pH= 7: il idi"' ~i,I 7. 

h~ i ni . tio1 f\vater i end eh r1n i I s th v~dm~ f . " in 
t 'J7° {n n11:.d ,1 tom er tur ~. th v Ju f Kw h 2 .4 

[H+J = ~2.4 x [1 -u ;::== 1. 54 1 < -, n1 I din-

pKw, p0 1H and pK 
. he pre ~• x ~ '. in this cont i t, u1 - ans. · tho ne ative lo of'. 

~ 
At 25" ~ p~ - - 11 (L , x Hl- 14) = 14. l 

inc 1 [( (,1 x h) = 1, g l , 1,: 

lo . ,., = ],o 11 +1 + lo. r 

PKw-

r ~,~es \V ith t u1p~·1 1tu r . 
1 1 °' nl 12 d Ill 

6
• h l1 C : 

• n~utr~ 1 l"l I is 6.14. 

pH+ H = J4 1n I [ = 14 -

Calcul the cone ntration of hydroxid ion in olution of pH 1.23. 

I 

M thod 1, which us pH + pOH == 14. 

pOH = 14 - pH= 14 - 1.23 = l~.77 

[OH ] - 110 1 ·17 = 1.70 10 ' 1nol dn1-

n 
K 

Method 2, which ue [OH- ] = [H \ 

[K 1]- 10 .. 1,l - 10.0SS9moldm-
. I.001 

)( 110 1-
[0H ] = o.ossg = l. 70 · 10-1 1nol din ... 

t y ur 

) th l(OH ] of a solution with [H,..] = 3.3 x 10 ° mol dn, 3 

) the pH of olution in which [OH-] - 6.6 x 10-2 mol dm-s 



h "cid Ji so i ti n n t nt ~ K . nd K.., r, n::L t by the: 
I pr~ss1 n: 

or 

) C ·v lue of K of weak acid with pK - 5.45. 

b) C lcu1 -te the v lue of pK of 11 w_ -k cid with K = 2.17 x 10-8 mol dm 3 ~ 

11 I 

) K; = 10- ~K. = 10-0,45 -= 3.56 x 10-e n1ol dm-3 

pK = -logK = - log {2.17 x io-e) = 5.66 

I TI 
Tt1e pH of tro11g acid 
A ., tr nn ,cld, u l IN 

n ntr,. tion t 12 moldin-3 h s 

- -~~ - - --- -- - -- - - - -

C lc"-•late th pH of elution of HCI mad by dissolving 4.56g of hydrog, n 
chloride, HCI (or 3.00dm of HCI gas wh r th n,01 r volum of ,S und r 
the e condition is 24.0drn3 mol-1} in water and makin th solution up to a 
vol u n, of 250 cn,3• 

r 
f Hcl 4.56g _ l § l 

now1t o = JcS.51 mol 1 = 0. -- 1110 

~01 3.iOOdm' ) = 0.1 5 mol 
24.0 dn1 l1.1ol 11 

[H l] = n1.ol = O.l-S1no~ = O.SOOi-noldni~ 
· volume 0.~50d111 1 

pH =-log0.500 = 0.30 

Calculate th pH of · 2.00 mol dm- 5 · olution of hydrochloric cid. 

n 
[H'] = 2.00moldm· l 

pH= -log-.010 = -0.30 

Note that jf a stroin,g
1 

dd has concentration 

are ate,r than 
1.00 moldm .. 3, it will have 
_ neget ive pH . 



I 
You 'Should lwaye oh ck 
your oelcul tfon of pH to 
ensure it m kes sense. 
An acid ol utfo n at 2Q,B K 
ea nnot have pH 7; n 
alkaline eolutfon cannot 
h &v pH 7. If you have 
obtained em impossible 
a nsweir s re suit of 
ea re ula~on, hen you should 
do 'the re 1lcu tatJon agei n. 

Tl11e p1H of strong base 
A · t r , n b a " i ot n y i n is d i 11 J u e1 u . I u ti 11 . 1r x m pi a , 1 u ti n t 

lubl,~ b.1 M H r f c -n .. ntrJti n ~.12 1 n10] n1-· h J .t hydto i i~ i t1 ouccntr ti1011 

I r . I 23,n1 ] dm- 3. 

m ldm- l h'" ~ hydr ·ide i n 
111 H- i ns p r tn Jc I f , s . 

- h p- l c u b , ~ork d ut in n t 't\V '1 ys. 

M hocl 
U sin . th ,r, i n ,~I + I J = l ·t a] u I t p H n h nc p,I I. 

m ldrn- : 

J H = - ] [ I 1 - - l S U.123 = . I I 
pH = 14 - p 11 = 14 o.•Jt = t '.11 

Usin U ox1 rcs i n [H+] I H ] - 1.0 10- 14 111 12 m ' ~ caJ u l te IIH+l , nd 
h 11C h pi , 

In th x m le v : 

.1 n1 

. I X l ~- 14 = 13. {J 

C leul th pH of 0.0444 mol dm 1 elution of b riun, hydroxide, B (OH}2 . 

11 1 u in 111 thod 1 
1 n1ol of Ba(OH)~ produce,s 2 mol of OH- ions. 

[OH ] = 2 10.04:44 = 0.08811110,l d111 .. 

pOH = -log O.OBSS = LOS 

,pH= 14-p01H = 14- I.OS= 11JiS 

n I J i 1 11 t I o I 
1 rnol 0 1f B (OH}~ produce 2 mol of OH ion _. 

[OH]- 2 10.0444- 0.08S8n1oldm-

[H ] = 1.0 10-14 = ] 13 10-n 
0.10SSS -· -

pH:::: -log[H 1] = -log 1.13 101- ~:l == 12.95 

t y ur If 
C lculst the pH of 0.200moldrn 3 lithium hydro><id . LiOH. which i, 
strong base. 



TJ1e pH of weak ac 1ids 
Aw, k • cid i in guiHbriun1 \rVith its c nju~ t b. s : 

fIA I l ~ I I · ,+ 
he rat s f rh tonvar.d and b_ rk l a~cio11s re &Di r~pid~ rhtu th ,, sy tcn1 is J\\ ~ys in 

cquiHbriun1. he uilibriun1 t.: nst.nlt (th~ J id diss j tion c ns't._ nt. KJ i ivcn by: 

11 1 -r][A I 
K - [ IAJ 

_ ht1 r .1i1: tiou is so1nc thue &i111 p,lifmod to: 

HA # H+ +A 

- l[A- ] 
K = ..__,,.,...,_ 

[IIA] 

[H~ I i. on1 itti: ct ron1 th~se e .. ·t;)r s!ion st ,, s it c n ntration i& eff t tively constant. 

_ h pi I of l soluU n f :1 we k , cid L n b C31c ufac J. Uiin the :un~ n1ethod i for 
K,. c:alc u fa_'ti 1 n . 

n1old1u- 3 soluti 111 f 'WQ. k ,_cid Wi'th _ = 1.0 x 10-5 111 ] din-3 • t 
i ni, :1 p r dn11: 

lnltl I concentration 

Equmb rlu n, cone ntr, tlon 

--- -

HA· 
Ow10 

(0.101 - .l') 

0 

- -

' -. - . 
,A-. . . -

0 

his I an b · s lv d I n ly by usin thl' forn1u fa r ,lLldrati qu tion. w hic:h is 
outsid th A I v I 1chen istry spec ir1cl'tion. H 'N' vcr 6 r 111 st ,v k . cids v n in 
v ry dilu tc s luti n ~ th ,. 'r- n t lie i ni ti 11 i& I ] th n -X,. his 111 n h t th 
va]u f . - h 1nu h less than the initi 1 c nc ntr tio1t f the ,v k cid. 11d s th 
t rm (0. HJ - x) c~u, h pproxim t d t ). to. ho ,,a]ue t x c n no 'N be s lvod 

sily: 
.J 

-- = L ~ 10-, 
n.H 
X - ~(1. 0.10 - 1.( 

, ~hu ~ 

1.0 )( 1 - 3 = ,.uoo 
l n , 3 J u bti ns inv lvitt '''t\ · ,~ j , thi.: f Ho\1 ins 3ssun1 ~,tion ~1rt.! u1ad : 

• (H'3 +·1 = fA-1 (b~ u,g~ t'hen.:1 i no . th r ourc A- i n ~ 
• IHAI t quiJibriutn 1 , ~u 1l t th c nc ncr ti n t th cid A r.;ivcn in th 

qu~ .. tiou \Vhi h ig .1ho ca Hed [HA]rnir:i (on ly ,abou t l1Yu ofth w . k le ~kt nu:lle u ]e 

re ioni d~ this is a fl i r a su 1n ti n) 

In A level nsw1 rs ith r 
expres ion for Ka is 
ccepta bi • unless , n 

equ lion lgiven in the 
question has H30"' on th 

1 rig,ht-hand side, in which 
cas,a [H30*') must be1 used. 

You should check that th 
approximation is f ir. Look 
et the v,alue of x th t you 
have c a reu lated and eh ck 
that it is sman comp r d 
with the , n ttia,1 vel u of 
(HA]. In this ex m pl1 _ the1 

va lu of x i 0.0010. This i 
smraU compared with 0.10, 
s x is only 196 of [HA]. 

.... ·············~····· ..... A leVi I tuc11ent tt.11dylng 
m ths can u e th formur 
for quadr tic qu tlons. TI1la 
SI¥ 1 the pH == 3. 002 wh rich 
to 2 decl m I p I c is th 
same. 

Ttl · pH of c:111 , 1ba e nEI 



I 
The subscript in [w ,ek 
acidJ1n1t1;1I is the v lue ,as 
if non of the c:id h d 
di oci.ate d. It is the value 
given in th I question. 

Always use the equmbrium 
constant xpres ion in 
these nd buff r solution 
c h:ulations. It t , sarf,er 
th El n tryi ns to r,emem beir 
a fonnul such s pH· 
!PH'; - ltogc (where c • 
the concentration of th 
acid). 

...•..... ,, ........ ,,,,, .. 
TI"\ m II r 'the vs IU or 
l<g, h w k ir I th -cl1d. 
Tnu • the Is rge,r th V IU 01 
pl{a. tt1 w- k r I th _ ac10. 

hc.sc u u mpti n ~1 IJ \ th ... ex ressi 11 tbr K. t , b i u Ht1cd: 

+][A-] +]~ 

i -1 [H A]inidl.l 

xpr ssi u can l'l used t c ! ·ulat th, H I r soluti n f .. 1 

n · ntr ti n n th v. lu f K ... 

C lculat th pH of 0.135mol dm-3 solution of th noic cid. (K; for thanoic 
x 10-= mol dm- at 25°0) 

Ethanoic cid ionise in wat r: 

CH. COOH + H,O = H 0 11- + CH C100 - ... - -

[H 0 1 ][CH COO ] 
,K.. = [CH 1iC 001H] 

= [H 10112 
10.1]5 

= 1.8 i< 10-s 1nol dnl"" 

[H:iO ]2 - O.l3S LB 10'"' 

::::: ... . 43 >< lrQ , 1uol'2 din ° 
[H~O '] = '\/(2.43 

= 0.0015~ 11101 dn1· l 

pH= -lag{H.10 '] =-log0.00156 == 2.81 

111 qu ri ns iv h r ·,. v:ilu r · h wi.:., k a id. In thi!i: . as ~ 11K n1u bt.! 
- nv rt ~d to K . 

]{. == j ,-pK11 

,r xan1p] , I K r n1~ th1 n i1c = .75. 

K = l )-a.,s = L7B x l0-41u ] d1n-

he cren · ths f s m w k aci a re sh wn in - ~ ble 2._. 

T bi • Acid diss,ociation constants, K , nd this pKw value,e of some weak acids 
Ii·.;,. , "o· · 1 d""""'2 

_i!!Af_~~- I .r.1~ :·-------~ 

fnorgnnio a id• 
Hydn~gen ulf&te i1cn, ~SO~- 2.0 0.010 

1-lyclrcgen fluoride. Mr: a.26 5.85 M 0 ... 
1Carbonio acid!. M C02 8.38 4. 7 0-' 
AmmQnh.1m icn, N H .. + 9.26 6.62 10,- Q 

11..f,ydrogen r:y n~ de. MC N 9.40 3.98 o-:u, 
Hyd1rcgc,n rben t_ ion, HC101:.1 10.32 4.79 o-:n 

Orpnlo nold• 

M thanoi,o~ l~C100H 3.78i 1.7S o-" 
t'.th noic, CM COO~ 4.76 1.76 iO-

Chf eah nc,c:1. CICH2C,OOH 2.S .3~ o-~ 
Pro1p nou~. Ci-1 COOl-!1 4.B8 1.39· · 0-C, 



ir r, ni a, ·ids ·,vh re th hydro eu is bon to I i-y n ·th · r lative tr nsth 
d p,~ 11 ) on h , r 5+ th 1 hy ro L .r up is . he 1 oup is 1 · tron 
pu bin . nd i; d1 ) - H hydr 11 in th n i id i l ss 61+ h n in m eh n ic , id 
and so it i~ t1 \Ve a _ r arid th n 1nt:th noic rid. 

ur If 
Prop noic cid i a w ak acid with K1 - 1.35 x 10-5 n1ol dn,-3 . A solution of 
the acid has a pH - 3.0 . Calculat the concentration of th propanoic acid in 
th . solutionj 

Di1protic acid 
1 Ulfudc ci FI, ... nl y str n cid in its fir 't i oi. tion: 

h s cou i nh ti n is l k 11 1s suptpr s e by th 1+ i 11~ fr 111 rhe .first 
i n isJ.ti n: 

J- _... H + 
J ~ lutio11 f u1turic .. 1 id , c nccntration 0.1 n1 ld1n- h s I H ] f Ju t v, , 

t . I ) n1 Id n,-·1. UPt .20 Jn l i.:hn- 1 
&! nd h 1l cc it i v 1 y sli· h tly ]esg th3 l1 1.0l1. 

n 11 ~ u r cy f n d cin1 1 . th I c, 111d 1 nh ti n c 11 b i n r . 

- . 

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

n I l 

For 0.10 n1ol dn,-3 . ulfuri10 cid, th fir t ionisation i con1plet nd th I cond 
partial, with K2 = 0.010moldm-3. 

cone ntratlon /rnoldm .. 3 o 0.1 

then •.. 

Cone, ntr tlon /molldm-3 o.· o x 10.101 x 

K = 0 010 = [H ][ O/ ] = (OJO x)x 
2 • [HSO ]1 (0.10 -i:) 

0.0010 - O.OlOx = 0. Ulx + x2 

x 1 + 01.llx- 0.0010 =O 

Solvin(Z for x ,Ziv : 

x = -0.11 : -Jo. n 1; (4 >< -0.0010) = o.oou~ 
.. 

[H 1 = 0.10 + 0.00,844 = 0.1084a1old1u-·~ 

pH =-log0.1084 ::::l 0.9'5 

To on d 1eim I pi c th pH of 0.10 ,i,ol dn,~~ H2S04 i 
pi ces the pH Is a. 

1.0. To two d ein, I 

.. . ..... . .... ~ ...•..... , 
[H+] Is lh um or tH+] 
rrom tJ , nr t n, , co1na 
Ionisation 



...... ,., ..•.•...... , ... , ... 
Note now n pH ora 
elution o,f we k BCI 

or w ' kb I. d~rr ,r ~y 
ppro:ic1n1 ely two 1f m tttet 

or - -trcns -cl orb, ( n 
rul or two- p. 6 .) 

~---·-······ ············-·-·· No tl1a tl1 pH o1 en Old 
Iner a s It IB dllu cl; 
th pH or ba19 
e It I , dllut d. 

olution of qui: I con ntr ti 11 

he pH of O .1 n1 I d n1-1 so 1 1 t i n f nu n b c r . c ids , b J ~ s and s lt s a r "' ho n 
in , 

.3 The pH of 0.1 m,ol dm""3 olutions of om aids, bases nd salts 

Acld or ·:beso ' Salt,. 

trons c1a 1.0 sa It or uons 01a nd tu,n se 7.0 
( ,,B• HCI) ( ·8· NaCl) 

we 1k acid ( ·B· 2.9 alt of atrons ac~d nd w kb s. 
CHgCOOH) ( .g. NH4CI) 

Stron DB 13.0 it or k acid nd trong S.9 
(e.g. NBOH) ( .g. CH COON ) 

k , se 1 ,- s it of k Cid now J< 7.0 
{e.,g. NH3) ( .g. C H3COONH4) 

Dilu ion f olutlon 
he I I Y~ lueis re ultin fr n1 dilutin luti 11s ot. stron nd \: ' ak. cids nd bJscs 

y fiict r o tc u ~re ,11 \Vn in blc 2.4. 

2. 4 Effect on pH of d ii utio n 

0.1 1 2.9 11.1 

0.01 12 3.4 o.,e 

0.001 1 a.9 0.1 

0.000 4 10 4.4 9.1e 

Wh n itron _cicts or ,uron bases re diluted, the l rh n ~s l y l unit fo1 Jch 
ten I dilutio1 . 

When we k a id r 1'I k b s s re ilut d, th H eh n )' h lf unh f' r ,i..;h 
t n- oJd uilution. 

y ur If 
7 C lcul te th pH of 2 .0 niol dm-3 olution of nitric cid, HN03, nd it1 pH 

wh n it Is dilut d 100 t im 

Cc; lcu lc; lo n of f 0111 nt I d t~ 
. 1 u i n -, n b n1 c s u r d u in a 11 nu~ t r (_ 1. I I) . l t h 

f ~i \! :i ,cid dis lv~d h-1 u k:11 , ,,1 run ,unt of at r 1r kno,, n. rh alu 
diss 1.J1tion const nr. .. , cJn be ]cuhttod. 



A solution of propanoic cid, Mr= 7 4g mol-1, was m d by dis olving 3. 7 g of th 
cid in w t r _nd m_king the olution up to 50cm . Thi 1 olution hed pH of 

2. 78. Celcul te th _ value of it acid di asocietion con t nt. K;. 

11 

amount (mole5) of propanoic acid taken= 3.7 =:li4gmol 1 = 0.050n1ol 

initt lJ c:.on.centratio,n of propanoic tticiet [C H _ OOH];,.i•i j1 = O.OSD inolt0.250 dm = 
0.2100 n1ald1u 

Prop noic cid ioni es according to th 1equilibrium: 

CiH . OOH--" H1 +CH coo 
pH ~ 2. 78, so [H-+-] == 10-2.1 = 0-00166 n1ol dm-3 

K = [H 1][C1HsCOO ] 
[C,H;COOHJ!animi 1d 

..... [H ] · 
- [C ... H ,co01H] in ••iAI 

10.00ld&2 ~ s = 0_200 = lJ1B x 10 · moid1u 

r 2 5 

n od no'th vc 

p, r iln ti n 
di or nt fron1 th c :11 ulat 0 d l1 in 

uch s - I and HN ~· \Vhich I 1 .. 
n h ulJ n t b~ n1ade. 

Th pH of 0.100mol dn,- 3 olution of hydrofluoric cid, HF, w e found to be 2.14. 
Calcul te tJ1e value of th aid dissociation con tant. K , of hydrofluoric cid. 

ll I 

[H'] - 10 pH - 10 2J-i - 0.007 ... 41~0,ldn1. 

[H'] = l[F] 

0.00724 mol ctm- 3 of H ion 
di sociated. 

re produc d, so 0.00724mol of HF mu t h v 

[HP] = 1[orig:inal] - [a111ount dissocirited] = (0. 1010 - 0.1010724) = 0.092! 1nol dm ~ 

, [H 1][F ] 10.00724 .. 
K = = = 5 (5,5 • 10 "n1oldln·· 

[HF] 0.0928 . 

No1te that in thi worked 
I .- mple thr simplifi d 

eq ui Ii brium requatio n w s 
writt n, with H + being u ed 
inst1ead of H3o•. Both are 
coeptebl . 

•••••• •••••••••• •• • •••• 
[C2HsCOOH)in1tu~11 - th 

1conc ntr lion s QJv n In 
the que s tl on 



Jn th rork d ox._ 111 le bovc\ if th ._ ro i 1njt1 n : 

IHPJ - [origin J 

h , n rn . th v ]u it K ,vl uld hav b n 5.-4 x 1D ... 4 m ldtn 3• 

Tt,e p'H of wealk ba . e 
A is lJ rti Uy prot in \V~lt r. 

. . 
lnTIL lll 1 n x.unpl 

NI lJ + I 2C ~ NH~+ + I 1-

,. [NH4-t-H ,H-1 
K, ~ [NI I ] 

A ith k c ids. th t nn [H >J i mitt d ~ .. s i r v lu ; c n t nt. 

fas un1 ti n ca11 be n1ad 

[NI-Lt] = [ 1-11 nd [NH ]. = l NI I Jl~n~ttal 

hu : 

I H 12 
Kb = [NH,3] 

I H '1 ~ K x [NH.d 

'\Vith '\V ak Cl : 

l W ak bJS : 

h£ value f . b f4 r run n1on i~1 • t _5o 
.101 n101dm3 JJ11rn ni. .i ' 1ution n 

c 1.7 x 10-5 moJ dn,- J. s the - I 
l ~ ul t : 

l 1-1 ] - ,,JK\, .1 o O - . 0 o 13 tn l n 1 3 

J I, - - ] [ 

pH - I, - ( 14 - .... B c:: I LI ... 

T hi 2. Dissociation constants, Ka, and th _ pK,b values of some weak bese,s 

Ammonl • NH3 

cyanld Jon, cN-

Eth noate Ion. CH ~coo-

Salits of weak base 

1.78 10-6 

2.51 X 10 5 

5,,75 X 10-10 

4.75 

4. 0 

9.24 

h ti n in · h s l I f \Ve k , ei are th h: nju 
nu oniu1n i n. N ' 4 +, is th · cot1ju . t 1 id of the '\!. 

luti n f n 111 nh1111 hl 't ta Hy i nised: 

NI 4 1 -.. NH + + 1-

id . r x n1pl . h " 
base nunouia , N 13• 



h .:.11 n n1 n hu 1 i n , .. t s ~ n c k1. rem: t'i n rev, r i bl ,,; it h , - te r to rod u i 3 

iol1S~ \ hi -h n11k th s luti 

. H ;­,-- - 3 

.6... I - rn m I dn1- n usins th -u 11 I ssu m1 ti n r r . 

k kl] = K1 )( [N _ 14 ] 

l din-.3 g luU 11 of lTI rn n1um chi ri ~: 

p,H = J _ [H 7.50 X 10-b - 5.1., 

h p l , i & L ~ tlwn 7, 

1 i th 1 s lu '1 c k. ·ids . J ll th ir nju . tc1 b .n1, le, th 
th n tc i n in diura oth n t is tho c1 njug tc b so f th n ic cid, ·whi h i 

:1 ,v ak · cid. 

S ditun th n C t Uy jo11is d : 

H Na"'" 

h 

+ H2 H 

h f rrn tion - ion n1 k s ·th solution ,J l H1 . 

1• 
I 

Kh i r th cth n 

h pH f 

- lam ldn1-l 

n1 l 1uti n f sodiu1.n tl n -ite '" an b -

iu- 1n I n1-

7.5 ~ X 1~ -,; = 5. J 2 

R member that &olution 
is acidic if [H+] or [H30+] 
.,. (O H"" l4 A neutral olution 
b com1 acidic if HT ions 
re produced. NH4 ... io na 

produc H+ iane and so 
the solution haa e pH 7. 

S ~its of weak bases -nd 
strong a ids are s Ii htly 
cidic, so h v pH le s 

than 7. Salte of week cid 
and strong ba s a re 
slightly alka lin , &01 h v 
pH gr tar th n 7. 



.. ,,,, , ...... ~ ,,, ..... . 
TI1 re C. ~o N C I + H:zO -
HCI N OH doe not occur. 
In r et, th I ver r , ctlon 
see to1 cornpl lion. 

I 
Do not t te, th -t buff r 
has constant pH. A buH r 
elution resists the 

change, in pH wh n sms if 
amounts of H+ or OH- ion& 
are . dded. It doies not 
comple,t ly remove all the 
add d H"' or OH- ion • 
Th re,f ore, the pH does 
change, but only v1 ry 
B,lightly. 

h l ' • ke th Jcid. the str n r i it& Jni 11 

aHtaHt1 i th s luti 21 fit s lt. or ·anipJ ~ 

11 c njugat~ b. 1 ~ nd th .. n1oro 
. rb ni .• id I I 2 31 i :vc or 

cid th:in than i . cid~ s 1 1 s 1uti, n of its ,~ t ba s diun1 (lrb n._ t h _s 
hi, h r pH th"-n , &1 ]uti u t & diu t 1 1 th n 

o 1r elf 
Write th qu tion forth r- action of water with: 

) NH4• ions 

b) CN- ions 

c) Stat wh ther th ir solution would b 11 utr I, acidic or lkalin . 

Sa lts of =t rong acid~ and =trong base _ 
scro11 cid, su "I I H t i. t I re et ~i th ~ t r. 

id f' , str n b, . i.: 1 o n t re~ict, , , the I lt f tro11 
3Cid. .1nd strou b scs. iss lv, .. 1u wa t r 'Without an r re, cti n ta,_ in . p] , . heir 

1 1luti 11s re n utr1c 1~ H 7. 

]- H., . -+ u _, r .. ~, tiou 
- .. 

N , + H ., n r c ti n 
'"' 

Universal indio tor in variou , , sit solutions (I ft to right: ammonium chloride, odium chloride. 
sodium thanoate and sodium carbonate) 

bn e r 
of . -Id 

hi ti ri i 11 th* t re I t 1 1L~h lln ~e l.n I H l hen 
1~ d d ·d . 

UI U Ul Lint 

,r ,lul n nsist~ f n1i tun~ f \V n it' c njug te h· 
of sJ°;uit,,r t' ,nL~ntration - tbr c~ ~unp1 • th "';}L1k rlcid cchanoic acid, 3 ( H 

, n it · lt d.hnn h n ·t • H 3 · >N· . 

An n I k~d n I.! bu 1r_ r , llu i u, c 11 i srs f a w :.l'k b 1.sc ~nL_ it c nju ate aci of 
· fruil,n· c nc ntr , ti n ~ .. r ex n1 1 1 th mn1 ni . NJ -3~ , n it s lt 
n1m niun1 hl1 rid ~ N I 14 J. 

~ ho cruci· J l oh t r tl1 t the n1 1nbcrs I th acid-b 
hnH r n ntr ti1 n. ,,,hi h sh ul b n t l ss than 

i 11 the ir C1 l1 C 11 tra ti n S h U ld n O t b fil r t h l1 :J fa t I' f ten . 

ir lllUSt 

h di - l1 ~ 



d pJ3sn1a has H f 7.4 nd I.its as l buffer s luti1 n. he1 H i n1aint ht d 
11 '],inly b}r 'the n1i tu l"t~ f :J rb nic .JC i<l nlJ h)rdro, n, rb natt~ i l1 . hui1 C th re 
blo cl •Us. tll pH is 7.25. I _ 1 • the but r i J ... rhoniL~ r.cid-hydr ucurh n. t :"! 

i1 n • but ha tn l i11 1nol cul~s rt.: the nu lv s a1cidi,c und l · ·er the t1I L 

Jt is i1n1 rtant tLat th p'I _ f b1l d l n1 and f the fluid i1 wi,i..k th bl od _ lls 
· e not lter si nifi ntl,. If the i I h n in 1, h 111 l n c 11. it'" ility t 1 

absorb ~ , ~11 i~ alt1>r~d. lfa pers ,u hYl' rveutit1t ~. '" '1rb n d10:dd~ i r u1 v cJ fro1n 
th Jood J l. sn1. nd the l It rs which c us th p rs n t b ,c m u nt 11sc i us. 

on1~ f ds .:1r b1.r • r, d co preve11t dcrork,r~ti n. c:1y du bacteri.t m ,y r J as 
,cid ~ \Vhi, h~ in th . nc..: f bu tfcr~ ~ ul.d r u1t in pi J han c th t ,v uld 

us h f d t d t ri rut I 

Mode of actior, of 1blrffer solution 
ns d r bu ffi r Juti 11 1n d 1of weak cid IA, t d it diu111 s lt N.tA. h 

salt i · tot Hy ioni od: 

NaA N, -+- + A-

h w · k a -jd i nly lightly i nh d: 

I A_. H+ + A-

Its i 111 ' tti n i n11,11ressc,1 by the A- i ns tr 111 the tot II r i ni d It. thui lAl Is. HJ 
Jtld p .A] [w ak JCh.1J 

JH+l I -1 [H+] Is ]t) 
K = = ----

[ A] [\v, k acid] 

A bufler a Jutio1:1 1 1 int ins J n, rly c nstant pI1 
w. 'k ,ci J. I A. lnd it -.; n~u Jt b.1, , A-, .1ra l. 1 
H r I dd . 

u tl r rv 1in f b tl th 
,:d,,tit1r 't th u1 .d I u111 uut of 

Whe11 f H+ i n is dd d, thu i tu r :1 1 t \Vith the r I.1tiv Jy ].Jr 
I] I th S lt: 

tt+ + A- _,. _ IA 

h v Jue of [A-l d1.: er s sh htly nd th t '.lf [HA] incr . cs 1ightly1 but tht!S· 
chan e~ ~r hu:i ni ICJnt j n t lation to Ute t. ri jn~l Va Jue s fr A 1 (ft 111 th tor .. Uy 
i,oniged I! l't) nd rf (HA] (fr n1 th 3hno uni uis d , , uk id) , hi h ren1 in 

ii tu. Hy u11 h n ,d. N thin has eh n ,i nitl L- ntly in th , 1r -s i ll f r K11 , 

s th hyd.r-og n i1 n I n ntr. ti 1· .t d h 1 c [h p,H win not h nge signi fie ntl , 

h n st tall u1 unt , f . >H- ions is d d. th ions r , '"t \vith th r, lJtiv ly hlr 
r s rvoir _lA111 lc;ouJ,s . f 'th \!'~.k ci: 

Ii- +- 1 I --t H .,<...J -
h V' Ju of [A-1 in r~a. e H htly nd th t [l A] d r . au htly, but th G 

, I an ar insi nifi ant in r Jati n t h ri, it, i , 1 ]ul; s f [A-1 ,1d [I I AJ, hich 
1· in in virtually 1.111ch n ed. N 1othin has eh n d si uificJnt1y in th ~ '"l'f ssion 
t r K.,., th hy r g l1 i n c n ntr i n ntl bc11c th l H ~ ill n t l n r itly. 

11 
The addition of OH ions can I o be explained by a tati n th t they drive, the I q u ii ibri um 
HA== H"' +A- to th , right, by r mov I of th H+ ion . Thi caua s. an increas in [A-]. How&ver. 
the inere B fs not signific nt bee use1 of the rel t~v ly large v lue of [A-J from the alt. [HA] 
also decre se,s slightly. but also by n insignificant amount. Th refore~ the pH hardly chang,es. 

,,,,,, ...... '''' ,, ....... . 
Tn I cl d proo uce 
re rvolr or HA mol cu I -
and th aal produc a 

rvolr of A- Ion . 

.,, ,,, .... ,,,,,, ' ..... . 
Aw k acid on ~ta own Is 
not burr r a ll A--] Is v ry 
sm n. Wh n H+ or OH ... Is 
act ed, th , chang In (A-] ls 
s1gn1Tic nt. 



T bi 2. 

0 4.7 

s 4.76 

10 .17 

6 4.77 

20 4.78 

In th calculation o·f the 
pH of weak acid, the 
a1ssumptio n was m de that 
[H+] - [A· ]i This is tru -
only wh n the sole ouro1 

Orf A· ions is th1e weak 
cid. In buffer olution 

this is not true bee use 
A- ions re formed from 
the oompl, ta ioniaation of 
the aaJt. 

·11e g Ith fuUy i 1 nis d, so suppr· ss ·th i nis. tion ot th w ak cid. 
h .. :un unts I f th \) 0:1 k i ,u,,I it& c:01 tju at~ b s .n c l~u , c; rel utive to th . n1 JIJ 

dditi n f I r H . 
I 11- iot1Q • 1 e ren1oved by re ctiou \Vith du~ anju ace b:.1 e: 1-irt- + A- ~ I A 

• 11 i ns Jrc r n1. d by r ctir n \Vith th \\'4.'J Jt: id: H - +HA-, H ~ + A-
caUil! (\ e acidJ ni [ altl r J r o r l 'tiv, t the I 1+ or · J 1- i 11 . 

th ,r i n i , i i tc nr J n jn. l H. 

Ef 1ci ncv of uff r solution 
n t ~t d by din . 1.t n1 ] ru- hydr h] ri · id in 5cn1 rti ns 
111 · uf a buffi--r s lution n1ad y is 1lvi11 t • I 111 J of soctiu1n h n Jt in 

1 Ot cin3 
1 LO 111 1 dm- th n i "" i soluti n nd n1 su rin th H t r a h 

. d iti n. h ,~su lt ~re h -, 11 in bl ..... 6. 

y ur If 
Which of the following mixtures are buff r solutioner end which ar not? 

) hydrochloric cid nd XC S 
~ mn1on1 · 

b) qu I n,ounte of hydrochloric cid · nd sodiun, chloride 
o) odium hydroxld - and exc s - ethanoic acid 

Callcu1I tion of t t,e pH of buffer olution 
· <IA nsid r bu r s luti n n1l1 u f J, ,;ve k cid. I IA, ._n , its I iun1 s 1t. Nu . 

he • 1t i tot Uy i1 11is i.: 

NtiA -t N.1+ + A-

he ,,r k I C i ia Ol l y Ji htl }' i I is : 

_ II I+][A-] 
HA,-H +A- K. - rHA] 

lr ni 'ti ,n f chc w~~ k ,Cid is SfJJ jif Ir tl by th A i ns ron t'b c t Uy i ni. , sL ]t. 
hi n1 an~ th t both r1 IA] and [A -1 r f irly I r ., · nd b th r n1uch J r r th n 
I I, h fi llowin s untpti 1n , n be1 n1adt: : 

he nu1ubcr f A~ i 11s fro 111 the t t;111y ioni cd Jlt i& 1nuc:h src:rt r th u tho 
fi ,, A- in fr . JU th ,v ak j i ~ s it n1 b _ a~suni thu.'t [ -1 C: r ,] I (th 
011,entrati n f lt ri h1:1U , r ~nt). 
h ion is tio 1 of th , ea . ci,. i so up1 r s d th t p c.·i I (th 

. one. t: nrration :,f ,,,~. k ~ id ri, i11,. J ly ~,r S'-:nt). 

be ther f re, b i1n Htt d : 

I I 

I 

h~ t 11 iof u buffer ~olu i n t.:.n1 b calrLtl:itcd 
_ n tnur· ti 1u r • n1 unts f tb w k a kl n 

f r th t 1 t1 k ' cid ~ nd th 



Calculat th pH of buffer elution m de by dding 50cms of 0.100moldm-3 

_rth _noie cid to 510cm of 0.200moldn,-3 sodium eth noat_. (K; for ithanoic 
~cid = 1.80 x 10- 6 mol dm-3) 

11 

CH COONa _.. CH 1 001 + Na 

_H COOR - H' + CH COO ... 

[H1] [C'H COO ] [H 1] [ alt] 
K. - [CH1C 100H] = [,,.,eak acid] 

K. = l. 80 1,0- mol dDl 

[H'] = K • . [we; 1:td] = I.SO 

= 0.0,0 . 10 n1oldm 

pH= -log[Ht] = -lor.r (9.00 )( 10 6) = S.05 

tr clr n1ust bi.: ta n v h n th th v h1tu , nd th 
. _ th _ :lit ~-r dL _ rt.! ut. 

- -

' ' . 
- - - - -- -- - - - ----- - -

Calculate th pH of solution made by mbdng 30ien13 of 0~ 10 mol elm-a 
e,olution of ben oic cid with 20 cii,3 of 0.20 mol dn,-3 olution of odiun, 
b nzo t . (K; for b nzoic aid - 0.31 x 10-5 niol dm-3

}1 

n 
111101.mr (n1oles) of cid = O.IOmold1u :ic O.OJOdml = 01.0030111101 

r , "d] = 0.10030n10] = Q1060--- ldm1 
1,;aci O.OSOd111 · mo 

mount (n1ole ) of salt= 0. 01i·u1l din ~ )C 0.020 din = 0.0040 nio! 

[ r.: lt·l - 0.00401110,l - 0 080 Ill d .~ 
~ :J O.OSO, elm -. -mo1.1 iu 

K, = [H JllA ] = [!iJ[s 111 ~] 
[[HA] l[we · B1c:1d] 

[H'] = K.. [we[ ~ ~]cid] .. 6.31 10 >< ~:~:~ = 4.73 

pH= -Iog[H11 = -log(4.73 r 10 ! ) = 4.32 

10 ~mold1u 

A 111 r con1 Hcat~d ,·~] uJ ti n inv lvin buftbr r.1s \Vh n n t1X(t1.u f ,, ~cLik :i id 
iQ n1ixed ith tr n. :1Jk H. AH the ti'lk 1i I e ,cts '\Vith so1ne r th a1 .. id~ '6 nnins 
s It I th ~ k id n th r f r ~ er tin uffi r s luti n. h m1 unt f It 
f r1ned i qu; I r ho an1 unt of .. I Ii. h~ t t. 1 v ]un1 th goluti n i th 1 su 1n 
ot th v lun1c t the t\VO luti ns th t ,v~rc 111i d. 

- ~ ····- --· .... ··········· Not th, t m lxl ng t11 two 
olutlo1n doubl1 th 

tota I VOI un, . ,,, r fiOfl ' 
the con oentrauon1 of the 
weak ecl1Cl wa n 11ve 
rrom o_ 100 mol 1dm ... ~ to 
o.osoomol dm- 3 nd th t 
or th all we , 111 1v d 
from 0-2100 mol dm-J to 
o. oomoldm-9i 



••••••••••••••••••••••• 
I Is Cl ns roue o use th 
H, n,d rson-H a I alch 
·rormul wh n c lculatlns th 
pH or buff r soilu tlon: 
H - I ( [s It] l 

p PK; og [we _k aCICI] 
bee us It is oft n 
m l&-rem m red. 

Calculat th pH of buff r solution mad by mixing 60cm3 of 0.20n,oldm-3 

thanoic _ cid _elution with 40cm3 of sodium hydroxid __ elution of con,c=ntration 
0.10 mol dm- 3 • (K; for thanoic acid= 1.80 x 10~6 mol dm-i) 

An 
an1,ount of alkali taken= 0.10 0.040 = 0.0040mol = amount of ~alt formed 

ruuounr of acid t n = 0.20 :-: 0.0,60 = 0.1012 mol 

amount of acid left= 0.012 - 0.0040 = o.o,oaomol 
iotal ·\olum- = 100cm 

[salt]= OO~i~io = 0.040moldm· 

[ 'd] O.OOSiO O 080 ld \: a1 ac1 = = 1

• • n10 , 1111 
0.100 

CH COO 111 CH~COO Na 

CH 1COOH -- K1 + C'H 1C 001
-

K. = [H 1][CH1COO ] = [H'.][s !~] 
11 [C.H OOH] [wea c1d] 

= l. SO -- 10 \ n1ol cbu 

[Rf] = K. >< [, teak acid] = l.B 10_ ~ 0.0080 
1 [salt] 0. 040 

= 3.6 10-~ mal dm-

p'H = .... log[H t] = .... log(l~ :ic 101 

) = 4.44 

T 
Alw y start the1 c lculati,on of th · pH of a buff r solution end also of a w 1k acid with the 
eipresaion for the equilibriu1m con&t nt. The,n m-k_ th a_ umption : 

·for a buffer solution: [HA] • [weak _ cld) and [A·] ... (sa lt] 
'for olut1on of .a w ak c1d: (HA) • [w ak acid] and (H+] • (A""] 

C -11cu1lation of t t,e co1mposition of a buffer sollut ion1 
._ l ulilti n ftl 1 _,,,, iti fa bu r luti ,n ri.: uir tl u f th~ ( r, i n 

f r K. h r ,. re t\vo cyp s 1 ,c. 11 ul.1t1 n. Jn the first, th 1nounc f, lid s It has 
'f b c ~ 1.cuJ t1 ted. 

C lcul te th m ss of sodium 1th noat , CH3COONa, th t h a to - add d to 
100cm3 of a 1.00moldm- 3 solution of th noi1c cid to n,ake a buffer solution 
of pH c:: 4.38. 1(K for eth noic Cid C 1.8 10""' mol dmsS) 



11 

[H'] = 10 111 = 10 4· M = 4.17 10 n1oldm 

K. = l[H ][CH,COO ] = [.H ][salt] _ l 
8 10

_ moldm-
[CH C100H] [·weak 1acid] . 

[ 1 l 
= ...,. [,ve 1k acid] = l .S 10- 1.00 = 

10 4
~,, . 

1 
d 1 

SB t A• x [H l 4'.l? 10 .. s . ~ ... 1no m 

molu m ss of C'H1COONm = l2 + 3 + 12 + (2 J( ltS) -1- 23 = ,E ... g;mol 1 

mass of s,odium etbanoate r,equired for l dm3 = 0.43l mol 12 g1uo1· 1, = 3 g 

mass for 100 c: n1 · of s olutiou = 3. S g 

In the s ~ n typ fc lcul 'ti in. th v lum fth luti ne t th \V 

th~ s It h v to I c fou] t d. l n this t f lcu]'- U n rht:r is n uni u ns r. 
It is th ratio1 of th v lu 1ncs of tb tv .. soluti n th t ii f un . 

C lculat the r _letiv_ volun, s of 1.00moldm- _olution of eth noi1c acid nd 
_ 1.00 mol dr,i solution of sodiu,11 th::_-noate that hav_ to mi~ d to giv a 
olution of pH ~ 4 .00. (K; for eth noic acid ~ 1.8 x 10~5 mol dn,-3) 

n , ·r 
I H+] - 10-~H - 1.00 x 10-4 n,ol dm- 3 

= l[H ][C1~~C~? ] = [H ][sralt] _ LB 10 ... .ntoldm 1 

[C4H1C100H] [iveak. acid] 
[·weak add] = [Ht] = l.00 10 4 = 

5 6 [salt] K.. 1.8 10-~ · · 

The ratio of th volum a of solutions of th noio . cid to sodium ethanoat = 
5.6:1, o, mix 5Scm3 of the ethanoic acid solution with 10c111l of th socliun, 
th no _ eolution. 

e indi 
lu ,cid- b s-, titrad ns. the u[ 
has bo n add d tr( m th hur tt 

p lnl is th point t \Vhi h 1:1 u h :ilkaH 
\V irh H th id iu th ,.oni, ~ l ff a k r 

\.Vh n t:ll ugh ~ id h , b 11 d l fr n, the ur tt~ t r ~ ,e t whh an the alk li h, th 
onic 1 fla k. r a r et ion l ith , i: l st i · hi n1c try. thi 1n an t1 cqu 1 nun1 ber t 

1n los I cid 1nd 1kn H. lf th st ichi metr , is 2: I, th u 'the r:1tio fen l s re uired 
f r th q u i l n ~ n in t i 1 2: L 

he 1,,H at th guival n 1 int i n t nc Sil rily 7. hi. j b ' us ~t thi p int th' 
~ luti l1 I on igt I if the • r1J f th · ll id . nd tl I JJk di. l'f b th th . cid ~nd I a H ~ r~ 
t ns~ the l,I 7t but it eith r is \\'e k~ eh n i.t will n t ( p. 4 ). 

he l:>Urpo c fan iudicntor i to aho\V when th equival l\il~~ p int ha b en re _cL d. 
l ndic t r r '1Ve k cid with th col ur f U e, 1 nju t b g b in8 differ nt fr n1 



th t f tho \V lak C"id nt J~ ul . h rch nd f r I n indi at r n ol cu] is l nd. lr 
diu in t th u ~ tio11: 

I Ind.,- H"19 + Ind-

ur 2 

uilibrium i drivon t th i l ft , nd th indi t r po._ n 

When alk U is . dd d~ the H- ion re t \ ith th H + 1 11 fr n1 th in i .. t r und 
th quHibriun1 i driv n to th ri h . I indi t r turn c l ur 2. 

h J ur :.1t the uiv J.~nc p i t app :n· ,v.! on If Hl nd] [lnd~J. At tllh oint: 

K. ,, - [r.l "+-] or H == l Ktmi 

Witll most i11di t rs. the eye - n ly either c ,] ur l or lour 2 if t lea t r % 
f · hat s1,~ fo ii pr enr in eh n1ixtur1?. hu , rh~ I\111 over \Vhich th col1 ur i 

n to h n e i f'ro tn I Ind]:~ nd I f ju t ] th n 1 t j u t , V' r , .1. 
his is r n e , f p, f 1ppr xhn tcly ± 1 front the ~,Kiud v~ luc. 

._ibl 2. 7 lists ,n rnnL u ~ id- ba in.di ~t r . 

- • 7 So m,a common acid-base ind ic tors 
~ 1•.-~;~~:..-~----.: ... ··i,:: 
.. Actcbo1otour .. ·~ 1···~ •ja• .... ~i,-\~~ ... :·-.,_J~t 

M th)1 or ns .7 .1-4.4 R "1 llow 

6rotnophen 01 ,1u 4.0 ,,0-4.161 Yi uow e1u G n 

Bromoc~ sol g~ n 4.7 • 5.4 Vi How Blu Gr n 

M thyl r d 5.1 4.2-E.3, Rd Yellow Or ng 

eromotnymol IU I 7.0 .0-7 ,' Yi How a1u Gr n 

11'1ymol bfu + B.Q-9,, Yi How Blu Gr en 

Ph nol phths I In 9i.3 B. 10.0 Coliourl es M U\11 P I pink 

Tnymo~ blue, I o clu1ng, ,a rron1 r d toy llow round pH of ':7 

ho orr ,ct choic ofi11 i t irdep 11ds nth srr, tl of'th' ci, and b ~c in tho titrk ti 11. 

(a) Methyl ,ori 1nge in acid (left) nd lkalin (righ·t) eolutiona; (b) ph nolphthaiein ~n eid (leift) s1nd 
e 11ml in (right) solutions 



I Titr tion curv 
A ti'tr1 ti n ·nrvt: ho,ns ho 'N th p 11 f s luti n v ric, g tlu: r a ~n t in th bu r~tt 
1s dd d. 1t titr~ttion urvc do1 nds t1J · n th str ngth / \v kn n f th 

1 n I rd r t s .. •t h tl titrati n cu 1· • 1 th ~ Uo\l · in h,av to b,e stilnar ci: 

the 1, I at th st. rt 
• th p I I at t h ,q 11 i u 1 n " I il1 t 

the vohHlle of liguh.1 fro1n 'th burctt _ r ~1uir~J ro r~ach th e1guivalenc 11oint 
• eh pf:I r n t th ne r vertic 1 J rt t th r h 
• th 1 l H at c r 'SS ro nt h~ ~ bl' n addi.:d fr t11 th bur tt (-u1a I J1H) 

he pF _ VJlu s t di ~nent p i11t duriu J t} p1 ·~1 I titration are hov n in ~ble ~. . 
h fi ure ar nly ~ 1ipr hn t ~ c us th y r r d pendin . nth cone ntratio1n 

3Ud n ho \V"13k he acids and bas · nr . 

T bi . Verie1tion iof pH during different types of titration 

• ~q,uiy1~Je'.nte 
ptj(n~ P~ . 

. 1-·1.nar pH 
·-· 

- -- --

strong e~ stron b 1 7 3-11 Ju t < 1 

tror,g lb ~trons Cid 7 1 -- Ju t 

k Cid ~trons 8 7 11 Ju t 13 

strong b W ak 1cld :13 9 1- 7 JU t 

tron,g CICI k ba I 1 5 7 Ju t 11 

weal< De Strion ac1a :11 7- 3 JU t 1 

e ~tr t et j -h . 
n Ul 

R d c bbage eitract at (from left) pH 1. 3. 5. 1, 9. 11 nd 13 

Note that the1 ru I of two ( p. 511) 1 ppl ies h re: 

A weak acid starts (or f1n1shea ff I is being added to the1 bas ) al 2 pH units higher th n that 
1of a strons acid. 
Aw ak acid has an qulv I nc po11nt 2 pH unit high r than th t of a strong acid. 
Aw ek base s,terts or nnrsh at 2 pH untt& low r th n that of strong bee t 

A w1aak bas has an qulv I nee point 2 pH unit low r than that of a strong, b s . 
For both w ak ctd , nd bas • the rtlcsl rans Is± 2 pH units about th uruat nc point pH. 

Me s uri ng pH du rin titrat Ion 



Perform ins a t~tt ation 

You must oonv rt th 1 

volum in cm9 to dm9 by 
dividing by 1000~ 

I H c th r 

h v 1umc at the equi 1 nc int h t be '\V r ,cd 
ou b rh u ua] ti'tr ti n 111 th d. ln n 1 t u stions 
th 3Cid 3Jld b iCS f ,~_ in l i : I 

( 1.1 n1ol d tn- b 
.10n_ ldni--~ id, tht? 1 uiv. l -11 

d d ba~ . N t eh t if th acid l a 
~.20 1n l lln-1_ the q u i ale nc~ p 

I t d ' d b ,S • 

Jn th tit r ti n u r v s h t ~ n ~ : 
chc st rtju vo)l1 m i11 th~ ft s ii 2, cnt3 

chc qui b leuc l oint is t ~ cmn3 fad d re a L:Ut 

th l t -band raph if a h pair sh s the eh n in 11 
a. b.1 Sf i :1 d~d t , l id· th ri b't-h .. nd r:1 h how!i tht 
pH h ng ci i dd d t b s 

Strong acid-strorng b e titration 
[11 n -rin1 't t~ o. ctn · f hy roch] ric ,-id ( 
stron a ~i1d) of cine ntr 1t1on ~. lOO rnol d1u- s itrrrt_ d 
ivith ,a luti 11 'f dium hydr xi ( stron s ) of 
.. oncentrati n 0. 1 < u niol din- 3• 

h~ V ~ri ti l 

ddod ,~ n b 
points. 

f H v i b thLl vohun f s iun1 hydJ'\ . ~td 
thn r d 'by c kulatin 'th pi I c rt in 

h cid c: ,fl nt ti 11- ~ s pH = -I B . JO , = I. 0. 

ddftion f .0 111 o llun, hycl oxld 
0 = . 02~ On1 l If cicl v r r 1r & nt ri in Hy. H.lf th , ,"id 

has rQ. 20 t = . 01 0 n11 J r pr L ut in 3 . ) rn ot s 1Juti _ 11 . 

I 1, r · 

pH = - l = L4 

pH .. quiv I nc 110111 ( t r 0.0 en, ~ d d) 
AU th '"id h re ctc il nd th s _ l 1tion 1c: nt in ·so iun1 hlorid ~ v hi h i t1outr:.1l 
at ('~H = 7. 

Id I I n of O. c n, I 1n1 hycJ ro let 
a I . n did t1 t r act, h ~ r f4 r , 

nt in Su. ,cn13 f s luti n. 

, h pJ v lu s t i er nt . inU du r1n thh titr t1 n r,e BiV tl in Tab I _ .c>. 



T blo . pH durinS th tjtr tion of 20 cm3 0.100 mol dm· 3 HCI with 0.100 mol dm·3 N OH 

0 .00 20.0 1.00 

10 .4B 20.1 10.40 

15 I 5, 21.0 

1 0.0 12. 0 

1~t9 3. 0 40.0 12. 2 

h d ea nb pr nt d s rJph ( ~ ure 2 .6), which i usu Uy c llc 'titr ti . n curv . 

:C 13 
D. 

11 2 

'I , 

,o 
9 

B 
IP~ at 

,q u ive I, n c:e 1 -··········-····· 
point 

6 

5 

4 

3 

2 

~ 

0-
0 10 20 :;o 40 

volume at Volum of N OHl,m3 

equ1vale1nce point 

Fi uro 2. Titration 1of a strong ac1d with strong base 

If the .1ci i ,ver , add d ti 2ncn13 f th raph ,; uld h.iv L sintil r sh p , 
but ,v uld n1irr 1r im . It ,v uJ st rt at pH I~. f.1 n sl v ]y, :.1nd th 11 just t otbr 
th · guiv~1] 'n · v lurn_ _ .. t • 1n3 f acid, it \\" 'Uk! plun rti," Hy _r 1 n1 b 1Ut 

pH lO t · in Hy, it ou]d 1t just . 1 1, H 1. 

involvin 
c th ~nd p int of th }s~ ritr:rti n n b fi und u gin . eh. , rulo ft\\' . 

The rul,e of two 
• h p, 1 f n.1 tnol dm- 3 goluti n c1 i 1 nd rh t of 3 ~ . I 1n l d1n- 1 

solution fa tron · b ~ is J 3. 
• hop J I a s Juti n of .. s"' Jt if l nr n id t1d str n b s i 11 7. 

•• • •• • •••• 
NoUc tl1 t tt, gra phi rl e 
l1owly to t rt w1t11. th · n 

v rtlc Uy t th r qulval no 
point, b ror flatt nlng off 
Ju t b low pH 

. ... '.,, .... .,,,.,,, 
Rem m r th t w k 

cld h _ . blgg r pH than 
trons cld and I w ,ak b s 

maller pH u, n strong 
DB · • 

Tltr tlon 1nvo1v1ng w k 1c1a 



Th rul1 for going f~om 
strong to weak is to dd 2 
pH units for I we,ek acid; 
su btr et 2 pH units for a 
wa I ba . 

· i ur 2. W ak cid/strong 
b se 

ho. ~ru l ._ 1 f t,vo gives n n pro in1~tc pH f 0. 1 n1ol dn1-l ,vc ,k ida. ,vea k :isos 
3n th ir s Its: 

I H fwea .. 1 i - t H of Ytr1 n :11 id + .... === I + _ = 
pH fw b ~ = ,l str n b s - .:! == i_ - 2 - 1 l 
1,11 f It of ,veak cid and !Uron · ha~ = 7 + 2 = 9 

• p'H f &.1 lt n tr n ~. id = 7 - - = 5 
pi t 3ft . f \Ve Jk: uieid and \V k b s., H f sal't t str n +2 n tron 
b e -2 - 7 + 2 - 2 - 7 

Weak aicid-st or,g b .s titratio1n 
he r:tphs in _ i. ur ... 7 sho\.-v th va ri!tti n f J H durin th re a ti n bet\ en 

1 luti n f w k aci I su h :1th 11 i JcidJ a11 , tr n b • uch nun 
hyd r.c1xide. ht! c ne~ ntrJti n of b th r, .1 c r.rs is U. i O n1ol dn1.-3. 

t3 

11 

g --------

7 

5 

11 c.,_ __ _,_ __ _.,.. __ __,,. __ ._. 
30 40 

Val um of b se/ c n,3 

11 

9 ••• • ••• • 

7 

5 

1 
0.....----,----t-----,,.----. 

10 2 30 40 
Volum of dd/crnJ 

ho ~h rp ri. in , ,- - wh -11 ,J Jittle b d i 'b - u tl e 1Jution i 11 , t y t 

bu ffi red . ron1 b ut 5, ·111J f b sc 5 c 1113 h r t o · tl tl , gu 1v. l nee point~ 
th luti n is u tfcr II' nd so tl H eh.an & r du llv. 

I 

Stiro1r1g a1cid-weak ba· e t itratio1n 
.. h~ raphs in i urc 2. n J . 5,_ sho\.v he v ri ti n f pH Jurin th re cti n 
bet,, n s lution f .. st~ n Jcid. u '" h tL hyd · h i i. aci.d. and :i \ Jk. l as u h 
L & Jmm ni . - he c n "" ntr don o{b tl r nu is 0.11 ,m ldn,- . 

Choice of indic tor 
For n indh: tor t rk, the entire r u e du rin \Vhich it eh ngcs c l ur 111ust He 

1nrl cJy 'l! ithin h ,~ rti al e ti n if h42 titr ti1 n 9 urv . 

r .. 1 . tron 1 ~j.._i- tr n - b., i t itr~~tio11 ~ th 1~1 _ ra11 . 1 o h iu i it r ntu t lk 
toH1pl'cr 111 \rVithin the r u 2 f p ' - ] l. her f r ~ H th indic tor li sted in 

bl "1.7 ( ,, 4 ) '\i ill giv :in ac urat re ult . h I indi c r n1 t lUU Uy h n ar 
n1ethyl r n t: an ph n lphth l in. 

r ,vc k ci -s r n b s titr ti n~ th r n n u t be cmuplct ly within .PH 7-11. 
f5i i11 bh: '2.7. nl}" thy111ol hlu and ph n l htlT1] ,in ,viH iv h 

rr et r sult. 



11 , , 
9 9 

7 7 

5 -------- 5 •••••••• 

3 l 

,-"-...--- , 
0 ...... --....---...... --...... --~ c ...... --....-------..... --..... 

0 10 20 ]0 40 0 10 20 30 40 
volum of b '@/cml vol um of a cld/c ml 

Fi 111 2. Suong acid/w ak b 

oir ,,., · k b· sc tr n acld tit[ ti 11. th - 11 ur h n e f" th indic t r 1nu t 

b rmuvfet 'IJ' ,i; rithin tl r·u1 t pi l '3-7. · lc ·rhy] orang t bro1noph n, l blu 
bro111 cro l r en n n1 thyl red re II u it bi i ndicr.nor .. 

Evaluation of Ka a1nci Kb front titration L,rve 
W h n strou b i dded t ]uti 11 

,cid h 
lVC k I ·id. th int h Uw:1 t th 

b n n utr lh . or ,v ak . I IA: 

K == [H1JIA1 
IH J 

At tl ~ htllf-neutr 1i1mti n inc~ rH AJ = [Al· h r 
n g l)Aa - pi I. h pH at th h lf~n utr Us d n 

At th-. h lt- n utrJli i n , in ~ th ' rni.. • ur is 

re~ 't this I int, K = l[H+l 
int c n b r d 1lf th raph. 

lV k a id nd its . nju Jt L,. ac arc pres tlt in qu~J .111d, ther ur ~ tii'i, nificant. 
~ u ntiti s. 

h "V lu ti n i sin1ilar ~ raw b . If s r np: i i l ded t \: k bas , th 
t' I .1 t t h c h J, 1 - nt.1 u t r~ Ii hn is o Ju .1 ] t p K of eh· WtJ · k :JJ o. E . 

D+ 

t t h · h 1 l f-n 1 1H r a Ii a i n J oi n t. [DI = l BI,+] . h r r , ~ t t h i o i 11 t K = 
[ H - ], sop -b::: rl. he fi ~lt tho h:1lf- neutr.1ig~tion point CJn be r.1:1d 0 

th r 1 h. 

B'uffer regiion 1i1n t1itrat1ion curves 
W h 11 t r n . b 1 is d _ d t a ,v :'I k ,acid, a bu · r s; Jut j 11 is 11 r 
:ir si nitic.ult ~uuount9 f hoth the JJt fi 1rn1ed ~nd unr. n t d ,v~J · ·id prcs tU. 

his c r iu th r irly tl' t , rt o th curve b t N n th iti 11 1 f" 5 , 1n 3 
I r 

st1 n ba e to v.,rithin c: 1n3 of eh~ '5JUiv ] n · , - iut. 

r;i;' 
Pe,opl who re1 r,ed-green 
colour blind have gr t 
djfficulty ee in,s th1 nd 
point of a 'titration us in,g 
methyl ore ns. . Th y 
should us acree,ned 
m&thyl or nge in&t d. 
Th is co n1ai n · a bi ue dye1, 

so the, acid 1colour is 
purple (red plus blue), the 

1 aikalin colour ia s~a n 
(ye1Uow plus blue) nd the1 

neutral colour i Srey (r _d 
pi us bi u plus y,el low). 

• ••••• ttt ••••••••••••• 

TI1 bUft1 r1 d r 8~ on WOUI cl 
look much natt r tt u, ea I 
Of th X· IS r . xtend d. 
TI1 IS WOiUI d th n 'Show Cl er1y 
th t h pH a tter only 
,I lgt,1til y t1or sm u add 1t1on 

(less th n 1cm3) or cl or 
lk.BU. 

Tltr tlon 1nvo1v1ng w k 1c1a 



I 

...... '' ........ ,,, .... . 
l::ven thOUS11 tne a Cl a I B 

onty about 1% 1on1a,ed, th 
r mov I or H+ Ions y th 
b s drives u, um rlum 
to th rlsht untl I 11 th cl1dl 
has n n utr II d. 

' bn HJ rJy. ~hon str ns .11ch.i is Jd.d d t ~ ~c ,k -as"', the f{lirly ft~1t nrt · th"' ~urvc 
urs \vh nth r .1r si nific nt · 1n unt· , both the · }1 rn1 an unr a t d 

,; r ak b· s p c cnt Thi& occur in th r, i n, b t\vo n the dditiou of 5cn11 of itron 
cid t \Vithiu 5 cn1 f th quiv ] nc p int. 

Bu _crs ·r Jnoet r~ i~t nt to pi I h.in e~ wheu th n1ou1u of the 01111,onent ,cf th 
,L cicl-b ao , n·u a p.d1 r , qu I. 

'T h t" u I r n 1t ha 11 . r n u t' u '1 't I n H l1 u t , r d n n LI . . t h 
· nth, lp I ha11 e, h n • t l a fd nnd n l a · r . t l rn1 l n1 I , 
un ,, t~ n a1rd , ndit " 1 1 L 111, I dn1 3 · luU n ~ 1 kPn r u 

n n t ted t 1n ,r lu r 'I u u, II 2 (2 ° )~ 
or e./Jlnpl. ~ it i the 111 l r ntha1py han for: 

H 1( q) + N . 0) 

4( q) + H (. q) --+ iK2S04(aq) +I 2 (1) 

HJ H ( g) + N H (., _) -, l, N (aq) + i 2 {1) 

Stiro:ng a1cids t1eutra1lised by strong ba es 
' tr n g i a tro u b s e re b I t h t t I ly i 11 i d, 1 th u ti n t r th 
re ,c.ti n b t,v n th 1n n b ,vritt~n i nic Hy. 1r xan1pl . for the n utr Hsat n 
10 hydr eh lori · ,t1,c1d b ~odhu11 hydr xido tho fu H ionic qu tiou is: 

Et+{ _) + 1-( _) + N, +(n 1} +. H -( ) Na+( _) + · 1-( q} + 112 (l) 

h spectator i ns 1c n , cro s d out, le vin 'th 11 ionic cqu tir n: 

II-t-( ,q) -

hill egu ation re pr sents rh n u rr Ji sation f :.d I tron ar id.s b., stron base~. 
ht' r t, 1r . H t~ r · lJ tb s r tiou i ppr xin1 t Jy th am . 

r 'tr n ' cid n utrJili d by tr n b . · 1 ln "ic 

Weak acid 1neutralised by trong ba~es 
he i 11 ia qu ti 11 iv 1ll 3b V S n 't _ Jy t 

by . tr n ba . brc u e th cid i n t tot II y i 11 is d. 
rdcd th u n , tv · ns: 

H A(aq) ~ H- (lg)+ A-( g) 

Hot( q) + H -(aq) Hi (1) 

din giv s: 

H A(a ) + , If''"( g) ~ -( g) + H ~c (1) Ha u, 
~Hn• , - H1 + l!H2 

,vher J 1-1,, -57.2 J n101- 1• 

n t ,v , · ci 
h u utr lisJtion c n be 

l f H 1 h nd ,thermi ~ the v lut! 1 

srron acid. 
"4t LH is loss ex, th rmi th a · HI} \U of 

2 Acla-m I eq11m1nr1 (To,p1c 12) 



• If Hi h x thcrn1 ic~ tho VJlu I f b.Hn uc i~ 111 r • oth rnth: th. n flH"' ut of a 
tr n cid. 

Hy . roflu ri - , i , k i . It i nis ~ ·th rnd""aHy 1 
.. u f th s111111 

s1z th - ion (th n1 Hcsc ni n th1c t ,"' n c .. ha in s 1ud n)~ whi h fi rn1 atr n 
hy r1 8 n b n s \Vith \V t r m Jocul . 

l ther w · ci -, ionh en othor1ni Hy. h _ ,v, k 1· th cid, the n1oro ndoth rntic 
is iU w nis ti n ... n1 :·.1rnpl ~ ro iv n i111~Jble 2.1 . 

T bi 2.10 Enth lpy of n ,utralisation of some weak acids In oxo~actds containing n 

HF 6. 1 4 

CH'.JCOOH 1.8 · 10-5 

H:z B,i 10 7 

HCN 4.'91 . 10-lO 

he t; urh1 1~ y o ion is. ti -n 
nth l 1y f n utr Ii Jti n is 

I Th 

.- -- --

1:'BBI~-
-~ 

N OH - 8,1 

NOH -55." 

N OH -32.2 

N OH -1 .7 

f 'th.n1 - c m: i i.s nl +:.? ltj n1 1- ·~. 

cl , to th t f str n acid. 
hi h: why it 

Acid 11 b · ccordiu t thro ~ type . In 'th nr~t ·ryp t cid. ~1 hydr n 
. 'ton1 is join d t :n, o. ~y on at 1n1 in a Jnol- u] 1

• h 1 xo-lcid ~ . . u lftn ic, nitri , 
1c rb ni ) nd . J 1 tb or~ 111 ic cid f 1J int . thi ,cut ry. 

In · dditi n t th xy en tt I h ,. t I th hydr n, 11 1 - .cid l , 1 nt in 
1 J UJU. r .~~ntplc.!. th stru tUH! of su] uri aek1 i~ sho\ n in 

, id i sh ,vn in i ur 2. J ~ ~~ n th:Jt r r nic ci i 

Jn th nd ty e f acir , • hydro n at 01 is join d to n t!l ctr 11 ativ ton, 
ther th n o y -en. W H kn 1\V11 x mJ ]<?s thi type of ci re H H l, HBr 

and H 1. he tr -n th , th~sc acid lel nd ntlinl. n th1.: 'tr n th I f rh I -
b n : th tr n r th b · nd th \,r aker th id. hi is \Vhy H is the 'W,e k s't 
, id f rhe hydr n lndid ~1 ids n rl J iti -1,, str 1n est. h =-- b 1nd nrhalpi s a1 c: 

H - : +Si 2 kJ Ill 1-l H- r: +2 kJ uiol_, 

he hird tyi,e . f cid h ~ 1 ydr.1t n1 t 1 i n. pol ri;in p iv r f th 
sp i Uy m 11 i n such Al + r 3·+, r ,vs ~1 ctrons w J fr1 n1 th 

il . eh urr Uldh fft r n1 lecu l . hh: in n~ t h ar t r 111 l I uJ 
sily by soJ vc n t t r rn loie u ] e : 

113 + ions ar~ J riaduc and o th, soluti 11 b (. in1 s ci ic ( e h _pc r 10). 

our If 
10 Draw th di pi yed f~rmula o·f ulfuric(w} 1cid, H2S0s;. 

l ment that can hav mo Al 

then one oxidation state1

1 

ttle lower the oJ(idatK> n 
state the we k r th ao id is. 
For example1

, &u tfu ric acid 
(odd tion state rof sulf u r • 
+ei) is a stronger cid than 
sutfurie(t ) acid (oxidation 
state of aulf u r • +4). 

-~-c 

~ 
F1 ur 

H Jo {I 
0 

Fi UI 2.10 

~ 0 

\ ! 0 C: 

--H 

Fi ur .11 



_ umm ry k 
Mak I ur th t y u c n: 

rit c r si n~ f , K cak ~i id 
nd I if buJ ·r s 1luti ns 

wri't .. p,r t ,. s nd us i't t , .. lcuhtt rh :ri,H I f,. . k 
base 
, -ak~ull1 _ th p1_ f I s hJ'ri ns if s l .;; _ ,vea _ as,_ s an I tr, n tl ids · ncJ salr o 
w~a k .lcid · nd str n b !.~s 
'\,"pl .. 1in th in d of .: ti n f buffi r soluti n 
dr w titration f.. urv s n.d u t rhem to calculate rhc v .. lu of wc:ik a idi 

tit die t r 
.:- lain\ rhy 11\•uitalbl ttm, of st.r H .1 i s ~i th str n b .. 1ses ,ar 1 ·•Pl ro i1n~kly th 
n1~ but th s, of ~ k J, "id diffi r. 

I Que 

3 

Hy r en chlorid J r cts vi.'ith \V c~r. Write th 
oqu tion f r th re c tion nd use it o xpl in \Vhy 
1 1 CJn be ctuudfiecl Br n 5t d L \-Vr .1 k ud 
, hJ th lution j 

tat th 11ju, at I b s :t th fH I 

ids: \\'111~ 

H N c) H-

d) [ (112 )ti i T 

rit th fi rn1ul f · r the conju cid r th 
fi n win b S A: 

NH., b) H C HN 

f th 
s lllti . lli 

At., 0 , ~ = 1.0 x 1u-J4n1 f2 n1-. l ul, t 1 th, 
p l of th foUav j n solutions in which: 

[1-1 l = 4.4 x 1 -s n I dn,-~ 

b r+ - 5. 5 I 0-r.1 1 n 1 d nl 3 

c) [ >11 I - i.i to 11 inol 111 · 

7 lculat eh c nc ntr ti t t'" hydr • ion 
solutions with th tollo,,vin pi V lu s: 

pH - 1.33 ,pH - 7.( 

1 ulatc th r ti of I - +1 t l 1i • n11n s 
of · H : 

7 b l fJ 3 

., l ll ] i t4.! t h~ p - I eh I n 1\\'111 luti 1u: 

) o.2oon1 1 dn1- 3 hy11..lr bron1ic id~ r , r. ~ ,h i I 

0.05 0111 ldm- 1 strontitHTI hydr 
\: h ;, h h s tr n bas 

. r ( 

• 111 

IS 

0 .. ]cu I t the p~I f' a 111-J s lutio11 of 
strnn . uh 31 nitric a,.i ~ HNt> . h 11 

i d Hut d I tirn n 

rit th qu- ti n f' r it ionisLtii n in ,v t r nd 
hen th ~ )'!lr sgion r th ~1 id diss ci ti 11 

c nst tu~ K . 

IJ) -~ lcuhuo th 111 f J o ..... l.31 1n1 ] dn1- ,luti i1 

.f h 1 ,r i (•) ~ i . 



Nitr us cid. I N ~. is ~ Isa 1Hed 11itri (Hl) ~jd. 
It is w k ci, . A .2 OJnoldm-3 soluti n of 
H N :! h s _ pH of 2 .1 .. • • le u L 't :. the va lu f i r 
~cid diss ci Jti n ·onstl nt K . 

Hy r xy th n i .ici . 1-12( H) 
pK == 3. , . J • u l t the pH 
s ] u ti n of chi ,,v k ci . 

)1-,,.J i hJ ~ 

5 tn l d1n- 3 

1 Mc'thyl 1nin i 
10- 4111 l dn1- : 

we k bas ~ \Vith Kb = 4.?. > 

..- H 3NH + + H 

) ,h, th pr yyj n t"' r K't_,. 

) l1culat ldin-l 111 thyl, n1i11e 
s luUon. 

hyn10J hrn c n b n. .. rded as "' ,ve:ik a ~d - f 

f rn1uh1 HThy. U o th r ~ 't 1 in ab1 .?' (p. 4 ) 
t 1ih1in ll lour eh ns thtn t pl:JJ. .. wl n 
dilut hydr ·chl ric i _ f Ho, d b}' 1 sa f 

diu 111 hydro id solution. is t1d.d 1J to a olution 
or thyl l blu . 

ku]at th pH -f a bu ,r s0Juti1 1n 111ad by 
ld Un so 1113 of 2. n1 --J 1dn1- odiuru h,,dr xid~ 

luti n t 1 15 c inl 1f 1-.00111 ldn1-l th n 
, kt s 1luti n. (K r han i :.h; id - I. 
10-5 n1ol d111- ) 

7 Wh t v lu1no I J.0( n1 ldn1- J r p· n ic t11 i . 
r~K = 4. 87. is needed r UtJke t1 bu er aolution 
of , 4. ,~.rith ) cn13 

r f I. O n1ol n1- 3 s1 ium 
l'f p n t s luti . n? 

2 

8 What 111" ~ f c I itun t:rh L1no~1t ~ • ( H3 ., )-,,. 

L u t b dd . t 1 c nl 1 1.2 n11 1ldn1 3 thanoi 
,a kl ~olutii n to tn kc !\ bu r . ohiti n of p I [ = 
5. U? f f4 r th n ic ci = L O x 1 -s ·1nol d tn 3) 

~'h t v lu111e l. u m Jd111 l s: ium hydr id 
n _ust be lldded f1 JQO c1n3 1.00 n1 ] dn1- · 1th. noic 
, 1c id s olu h n to n1 k bu ffi r s I u ti1 n if p l 1 -
4.44? tK,. _ r th n i id = i . x l •-s 1nol d,n-3) 

0 Write, th equ rltion for tht 

f 11 win ions l i'rh \V t r 
~ Ju ci na would b n utr L1 I, 

) 

r ~d ~· Ji110: 

) k.,~tch eh titr~tio11 curv~ bt ined wh n 40 cn13 

f . .:?O m ] d111-' h .roch]oric a i ' is . ddod to 
4 c n1 f .10 n10J . m-! . rnm ni soihni n . Uae 

0 

2.5 

5.0r 

ab]e - .7 (p. 4 ) to select a su 1tll ble i nd i, --~u r. 
Justity y ur eh i . 

b M,-l'k 1n y ur c:u rvc a pl:.1co ,vh~re th!:! lutiot1 
is tin , s bu ffi r. 

.20c1n3 
r if ]uti n of ,v k 

._ ci t HA, \\'J fd '"e in ,l c njcJl fhH . di tun 
hydr xi o s 1lution f c 11 cntr, ,ti n 1 .1 )0 rnol dn1-J 

\V~1 ~1 dd d in E rti ns · n Eh J rl f th_ stirr d 
E hui n road fl: r ~ ~u:h ddi t i n. ho r adin s 
obt:iined tabk be]n\V, 

1.0 

3.9 20.1 10.4 

20.5, 11.1 
11.4 

17.5 12.0 

12. _ 

19.5, 8.0 12.4 

2 

) l'I t raph pl (·),... h) in 't th, v lun1 of 

s d iu n1 hydro .. i le \·\·-. xis). 

I ) Us. th ra1 h 't , fincl Ju ,~- 17 'the aci 
diasoci tion c n. tant! K1 • of th · ,vc · cid, H . 

c} , stin1. t, tho l~H f' 
th g_Jt N~ A. 

I) U&e th ll 't~ in bJe -.7 (p. 4 ) t h~cc 
suit 1 iudi - t r r r thi titr ti n. Ju etify y ur 
eh i e. 

) xp]ain why 'th t Ud3Td cnthal ics of 
t1 U't[ Jis ti · 11 r hydrobron1ic cid ll 

hv r1 chi 
. 

acid by 3qu u, s diu 111 hydfioxido r1 
• 

J[ b d1 57 kJ rno1- 1• 

b) th n i ",cid is only :ib ut 1 o/c. i nis d h1 
;oJution . y~t itY ~ntba1py of nt'utr li1t1 tion is 
-5 , kJ 1n 1-1. . ·,p]ai11 , hy it Vlllu~ is so s1miJ r 
to thl r f hydr.obr. nlic .1nd h)~dro hlo·1 ic .lt;id .. 

c h1111 why the v ryw ak cid, hydr y , k id_ 

b 

14 · N. has n1uch J ~ r 1th ,nni nth~ lpy t 
neutr,.11is.1ti n rh - thlit ~ r ~ str n . cid. 

raw th stru 1 tur,a I fonuu l... hov,l in 
h f th f' 11 win 

chlori --(v) .1 id~ 1-:l _ l 3 

U the 

b) hydro ·.11,ic .. tcid (h d1 o n cytn1 id )'~ H N 



E m r ti 
1 .. ) J "UJ te the f.\1 I f::. s luti 1, 

hydr ch]oric cid ot cone ntr .ition 
2.0 mol ,dn1- . ( l) 

) xpl in hy eh H of l' 1 lution of ulfuric 
id~ H 2• 4, f c 11 - ntracion 2.1 nl h.ln1- · 

ifl 1 !is uo ativc rh u - u. (2) 

I ) uit"uri,c 1,..id re I ts '\Vith ni tri1- ,cid in th 
,quilibrilnn r ~ cti n~ 

H2 4 + N )3 ~ 12,N l + H I )4-

hiLh of the Uowin scaten1ent"' is 
(1) 

4 and JNo 3 an: 1 au ,~ id I nju , ate 

+ , JI nju at 
u id air 
tho nitri acid h t 'lduc d a~ ir in 
hydro n 
d nitric ci i it los ~ an 
el -ct1 n nd • rn1~ l p ,gitiv~ ion 

(' · tn I 4 111a r ) 

ly liic ,1 1cid~ 1-{2 1-1 H~ · _ ,v k acid 
rh:it h u od in sonL skiJ - ~ r r~ du ts. 

H ;= H + H 2 H -
K 

= L 10 

I ul..1t~ th p,H I L' . lutiotl f lye Ji · 
~ict 1of ~auccntnnion t.1511101 chn 3 (3) 

J ) ~fine •bu er ]ution' . (2) 

t ) Which f th t Hi ing fa flO'I bu ftbr 
&olu ti n ? { l) 

Jo cm3 r l . in 1J dlu- 3 H'.J'-""""''...._ .. N + 
1 t in f 1. 1 111 Jdni- ! I 13 , 

13 1 nil of 1 J 1110) din- Na H + l cn1 

f 1.0ntol m . - H c. ~I 
It 1.:1113 f 1. 1no]dn1- N I ' 4 + J cn13 

or LOn11 ldn1-l NL~ 4 
l J nt3 of I. 111oldn1-l N 1 1 Ill - f 
I . ~n1 1 drr1 3 NH0 J 

) lcul t th I I I t hut r lutio11 
11 _u y n1i in ·1 JO tu , f 1.00 ruoJ tn- J 

th n ic cid 1Ju tion '( ith 5.,,5 r 
s di um th n · t • f-I3 N . C- " r 
th n ic .~cid = l.R x I o-5 1uold 1 ... ) (4) 

fl' lnl 7 n• 'rk~) 

4 o) I) ofh1e, the t~rnt n,~ d . 

11) .. ~ lain hol i n1 . nt by th~ t rn1 
, nk n Id. (1) 

b) I) ~ k t,ch th ritr ti n I urv bt in d 
\Vh n 40 n1 .ft .1 m ldLn- 1 diu1u 
hydrn1."i is l ly d t .2f cm 
of .1 o 11101 du_ - 3 s ,lution f , _ ,v .. _k 
cid r H 2. . (-) 

I ) l L:! t fr1 m th lis·t b l ,v , sui able 
i11 d1c~t r f r th i titr cion nd ta'te th 
colour 1t th nd o'int. Justify y · ur 

( ) 

) Another I luti n of gl'yc li · ~ cid h'1 il pH lnat11H11t11r 

f 2. 8. ,Jkul tc its n .. utr ti 11 . (2) 

I ) x1,t in ,vhy . n a u s iUHl 

A1y,oL t . H']· - I I "i ... N ·1. ha H 
, r"tU r th 11 7. (', ) 

) When 2 . 1 cut3 fa t 1
• I Sil 1 dn1-J solutiion 

f glycoH 1cid ,v s n1bQ d :vith U 1 111 

f J 0.1 rn 11 d1n- 1 lution f s diu1n 
hy r xid ~ butfQr s luti 1 l fonn 

le ula tc th pil-'"1 · t tb · b u t'fi r I u ti on. ( ) 

t1 t "'Xli,]:iin tlw I nod of a ~rion of this buf .r 

s 1luti 11 ,vh 11 tn J m u11t of H ions 
1d d. ( ) 

(' 1: l l L n1 rk ) 

2 Acld- b equlllbrl (Topic 12) 

4.0 

6.1 Red V llow 

8.9 BU..1e 

) I) ~ ""Pl in \Vh~t is 111eant by !l nc utr.1 I 
qu, u 1uti n. CJ.) 

H) he pi I fa ncutr .d soluti n at blo,od 
tc n1p •ratur i . . ... . t 1in why neutral 
at thi t 1npc r tun: is n t 7 .u. (2) 

r- l~l l I ,n~trk ) 



, ..... ,,,,,,, ....... ,.,,,,,,,. 
llH2 Is th -I ctron ar11n1ty 
or chl1or1n . 

..•........... ···········-O.H3 . nCI llH4 r , U1 1 

nth I pi, 01 tom I at1 or 
aod lum , nd chi or1 ne. 

• 
I 

Ion-pair fort11, tion1 
l t i tl n t u ht t 
~iO th t th y 

he ~nth I] y re han C 

their ot ms h th sum t th 
fro 1. rll ~ 1 1iun1 ton1 , nd f 
~t m~ thus: 

N ( ) N -t-( ) + -
I( ) + ~- --+ 1-(g) 

N~( ) + l( ) ~ N +( ) + 1-('.) 

• 
I 

111 it.; ldi.ri n 

JI~ = +4 4kJ m 1-1 

i2 = -., 641(11no1-i 

h chl rin~ 

,.. hi is v ry et d . th rn1ic 1nd th r 1 f r , I ~ nnot b~ th dcivin fore fi r rhe r ~,cri n. 
In iti n. o iun1 111 t l h t v I ri nd ~hl rin 1n l cule h v, t e 
spHt 1nto1 ron1s. n1 akin tl1c \Vh J proci.?& o un 1ni0r ~:udotlu~rn1 ic. 

N .i(s) N (S) 

{ l( ) · 1(8) 
·-

r H: 

H - +log ,kJ tn l 1 

H4 - +L .. l kJ mo1-i 

I 
Na.( ) -- ; 12( ) _, N J ( ) - 1-( ) . 1 = + 3 , .kJ tno 1-i 

.... 
Wh n tidiu n1 ~ nd eh lot in ru c: t. s Hcl sou iu n1 ehl . ti , is fi 1 ntcd an no1t i. .t a1.at~ 
sl/! Ii us diu1n nd ch l rid ion . h ener y rel as d '\Vhen th i 1 ns 1n t ther 
, 11 fortn the Ji 111 r th· n on1p~ 1u t s f r th rnd th :)1 n1i • r111ari ,n of' th 

l rJ·t i ns. T'his en rgy h ,caned th I .. Ui1 n 

'1' h lo ttl. n H1.u 
· lHlll~e Wh H 1 UHJI of th 
, ,, t h n t t. r, I n I n H , II rn r . 
i I , t n z; 't • 

B0rr1-Halber cycles 

r I... ~ I r :in l1 n I ~ 1 n r u nd I t h n r . .. 

c,Ud ls 1rn1 d ro1n It I '"o n tU uent "" 'COH 

nrt . ll i • h n theruai , ft 3ht · I. 

~he cnth _ lp,y off rn1 _ti n o_ N _ 1( ) i the n th lpy h n, tor th re tion of QOlici 
s diu n1 \ Uh se us hl1 rine n1 lo ul ~- h nth .. ll'Y chan ~ t1 r thi I ir et I ne-
st~ r , ti . n ,viH,by lI s • 1 w. b'2 .u ·1 t th~. u1u fth ..::nth~1lpy 1 h~n1g inv 1lvu, 
if th~ rea ·tion 'W~rt! t tJkt: pJ J. ll in sever:1 l step,s. Born and r.[ubcr , ere l1t: firYt 'to 

thiuk i th f nn· ti n r n ioni m_ un 11:1 this \V y. 11 this I o, th ~t ps re: 

turnin Y lid a I iun1 atotn into u utoin 
plittin, 1 us h1orin n1 l uL int a n ut nu 

Energ Uc 



I 
Th fir t I otr1> n 
affinity is alw ys 
negative (exothennic). 
The econd is lw ys 
positlv (endothermic) 
as a negative electron 
is brought towards a 
negativ ion. 

r~n1ovins n ck~ .. trou fro111 e._ h as "' us odiun1 't n1 
addiu . u l , tt'I n 't cJt:h t s u '"hl rinc at 111 

brin in th ion t th r into an i nic ltUtic _ 

hos ro,c sae r sh ,v1] in i urc . t : 

Cl- C) 

t SL p 4 
EA(CI) 

N (g) i Cl(g) 

Step 5 

1 ~l~M if t.\H11 tt(N~CI) 

N (g) 

step 1 t 
~I-I (N ) 

N ~) 

Fi ur S. 

St p 2 
.41(CI) 

+r1.z~g} 
Uf (N Cl(s)) 

h en th lpy I f tonli ti n f oditnn H (Na) 

N Cl(~) 

t~p 2: tho enth~lpy of ton1i!iation of chJorin , Ali,( J) (+ 121 kJ tuoJ- 1) 

·. t "P 3: th Jrst i nis ti n encr . y s diu1.11 1 1 •1 l (N "' ) (+4 4 kJ n1or·1) 

t p 4: the nr t hi rine~ A( l) (-1 "4 kJ n1ol- ~) 

-t~, 5: th l tti, en«2r y f ~ diun1 chl ride, ~1 ti:(Nat J ) (- 771 kJ m 1- 1) 

J _r(Na l(s)) = tun th AH v~lu 

= f (NJ) H. ( I) A( I) 

+ (- {14) + (-77 1) = - 41 J kJ 111 1- J 

rJ'h nth. l,p ' nl1 11111 ~ 11 n, H._~ I Bfl I n1 nl I l h nth1c 11 
\\"h 'll 1 n1,1I J , t 111 t. 111. d · lr n1 ~ n 111 tu nl .in l·c t n 
· t:1t • ll '11WO r111i ~ 

'h first i tr ,n 
*i f rrrn e u 1 - 11 I 

the ,n r·l!y . hnnz " h n J n1 I 
t 2'' s ou nl 1 n1 ~ It n l n· 

'Th tr n nfnuH · 1 f h n re: L'"h. ni h n 
- ou · 1 ot1 tbrn1 n n 1- 1 n . [t i · lwo Cl ~nd th 1 rnllc . 

r .!"a u1pl • th enth ]py 

hl ri nc i f r 'th l( ) 

br n1in i for th eh. 11 r~{l) ~ r( ) 

ul ur i fi r th eh n 

r ,. 1111 1 , th hr t 1 ·tr 11 ft111it y fo1 n i" t r th eh n 
and th c · 11 l, tr n - n1 ity is - r the h~1 ns · -( ·~ t- - --+ 

( ) + -~-, ). 

a e: n cug t l,c n ( To plc 1'3) 



Te 
Writ the qu ~tione for: 

) th third ionLation n rgy of aluminiun, 

) th eond I ctron ffinlty of ulfur 

l f rl e i . ic radii n the arr1n ~111 tit f rh i ns in tl 1 trice r ki .o\l tn, 

th reti t1l l tti en rp:ies c n l ul t d. h nly \Vi y h t th y .. n b t un 
lf1]UGllC1Hy i bi~ U in U B rn- _ I b r ' ( , 

H N.i l( )) = H -(N ) + l)H ( 1) + Jd I (Na) + _A( 1) + H1 Jtt( N ~1 I) 

H1 h(N 1) - L\Hr(N l(s)) - { - (N ) + H ( l) + 11 I (N } + A( l)} 

- - 411 -i+]OCJ + (+121) + (+49 ) + (- 4,)) = -77 J kJ In 1- 1 

tion of I ttic I V ft'Olll Born-H I r ycl 
b dra,. l1 :.is ene y-level dia ra n1 . 

n r y-1 v~ 1 diagran1 i h ~--n iu i ur 

2nd l~(C ) 

C: a+(g) + e- + 2.C: 1(91
) 

11
' IE(C ) 

C-,(g) + 2Cl(g) 

2 ~ AJ./1(C I) 

2 SA{CI) 

r e- a111ph:\ fbr 

" ·-· 

j ~ndlothl!rmic 

! Uothi,rmlc 0 

C: a (g) "'" C ·12(g) 

H.(C ) 

Fi UI 

AHc( a 12( ~) - H ( n) + 2 x A 111 ( J) + 1 H I 
A( l) - A 11,tt( l,J 

· H1,. t( J!!) = li(s)) - { H.( H,( l) + l t I ( l) 

TI 

+ .lud I { ) + 2 A 

== -7 > 5 - ~ + J fJ + 2 ( + J 21) + ( + 5 0) + ( + J J 5 ) + - (- 6 4) 

== -2"42 :k:J n 1- 1 

The second io,ni eUon energy i the ener y ehange when n el1 ctron i r mov d from 
g s ous 1+ ion. It is th n rgy 1required t:o r1 mov th s cond el ctron, not the energy forth 
removal of both e,leotrone_ 

•••a••••••••••••••••••••• 
N1ote th1 t 2 Cl tom 
a r 'formed from Cl 2; th 

in h lpy cnang Is 2 x llH;. 
AJ o. b cau 2 c 1- ~on a r , 
formed. the ntha I py cha ng · 
I 2 EA, 

Energ Uc nt 1otnc bona1n 



.. ·······-· ••••t••·········· Th chars d nslty or a 
cation c n -1 th1ought or 

S ltB Cl1 fS 1dlVld d by tn 
cub of tts Ionic r cuus. 

••••••••••••••••••••••••••••• 
P · rtlaUy cov lent mr , n 
that th . I ctron cloud 
around the anion Is 
di tort d. T11ls Is, b cau 

pa lr or electrons on u, 
nlon1 I ,su9nt1y drawn 

toward& th t 1tlon nd so 
becoming partlally Bhar _d. 

I 
If you uae1 the te,rm 'eh a rge 
dle1n itt in n exa mi nation. 
you must explain wh t ~t 
means. 

Ext nt of c v I ncy: pol tion 
of tl 

he posi'tiv~ tion .. · r in attt , -ti n n th ani n. I f the 
le,ctr ns .1r · g1 11 i 1 antly pu l I 1d t \ rd th .. c.1tion, th 

cio1u \ ith · hi h h rs, und sin U r 1diug h~ v a high w r. 
sn1all r 1n. ~n ,siu1n i n i in ir 1 larhin th n tho l rgr•r , ~ l iun1 i 1 n. b th 

of hich h \'c.; the sru11~ eh r e t 2+. 
1 n"Aiu11 i n i 111 r p,ol risin · ttl n , s dhnn ion~ - , .. us" it i + n i is 

sn, lkr eh. n th h11 , r, l+ a dium ion. 
h p ] risin nsity I t th c ti n. 
n iun , i 11 • 
ni n ,vith lar nuinbcr 1 ctr n h vc r dius and ar sily 

polar i. ed . 
• An i did ion. I . is mar ~ ~Uy p 1.1ri cd th n the 1m Hor c hl ride j n. 

A ul 1 ion. '"l-~ i m re Ctt ily l' t_1ris d th n 1 h] rid i n b u~ it ha 
r t c h r , 1 n l r r r diu s ( -b 1 o .3. l) . 

ho eh r c d nsity fa - ti n L the eh r c divided by th 
As u1nin the i n ph~ rj L the char d nsity i tbe eh r 
\Vh re r h the i ni r dius. 

alum I f th ion. 
. "d b 4 ·-" lV'L ~ y ~r-~ 

ti 11 ,vith :i lairs h r nd tn l r diu ar hi hly p1 l risin~. ni ns ,,vitl1 
l 1r h lT an . l.ir r~H.ihu .1ro hi hly pol ris. bl . lf ith r tY} f i n is p1r s .._nt. 
tho uion will be si niflc. ntly p1 ]ariscd, r sultin in the b ,n b in rti Uy 
I v l nt. 

his c:iuse~ the ~ periJHt:'nt I ( r B rn- H b r) J tt1c:~ ~ u~1~ r t be- r~ t~r th:111 the 
th reti :il v~ luc_ \Vhich is J.lcul te ""~ u 111tn h t th Hd is Hl0% i ni . 

T bi 3. Ionic radii 

N + 0.095 

0.1 

0.065 

, ,Ari'lori I 
, , ·- I 

- - ~ -~ -

:z .. 
I 

r • • - 1 , 'r • 1 1 •••• " ~'"· ~ I, 

~8Jll.UG/J1ffl: 
.... • • -,.• ' I ' 1 < -~-- -- -

o. 81 

0 . .216 

iO. 84 

As the l o]. risin } 1 ,v r I f c ti n d~p nds . 11 tts eh._ rg n ity. th- 1n n ~itu11 

i n h the 1110 t l risinB c ti n in bl .2. h iodide ion is th 1i Q st 
1 i.on~ o rn n sium i didc sh ul b :i tha Jn u11d - n I_ v 

the bi est diffi r nc b tv on 't he [otic 1 J:ittic 
en rsi :19 ( ~bi - .2). 

T hi .2 Lattice energies 

N Cl - 780 

- 2062 

- 770 

- 1933 

-1944 

10 

119 

83 

Almo t none 

s1sn1nc nt 

con B,lderabl 

a e: n cug t l,c n ( To plc 1'3) 



h ffi et th.1t l: v~ I 111cy has . n thQ exp·erj nll nt~ l VJ1ue · f lattice en r y i g very 
rnu h k s ht1n th~ ffi t _ f th eh r s 1nd h 1\ <.iii of th ~ ions. 

-..h }!l'(l'1t r tht- dffr rl1II 
p r 111 \nt=-il D . rn--H lb 

b 'l\\' ~ . n t he thPt: 1f t.dl,. nil al uhtll' , nn tlu~ 
~ lu , th 111 nl nt ,I th b nd. 

Expl in why c lcium chlorid is mor cov lent th n pot s ium chloride. 

111 I •J 

Th calcium ion is 2+ _ nd h an, Iler radiu th n th 1+ pole _ lu,,, ion. 
Thar fore, its cha~g den 1 ity i gr -ateri Thi means, that it pol rises the Cl- ion 
to a gr at r x nt, c ueinS, th bond in calciun, chloride to 1110n 1coval nt 
th nth bond in pot ssium 1chloride. 

te. dHy d er s the siz~ th CJti 

, :.1 . th size f tl e ni ,11 b er s s 
r b tl t h c t i n ._ nd t h n i n i n re as s 

our If 

Which will h v I gre t r degr of cov I ncy, C S or KCI? 

: 1~~1,~lf:~n@:rgy~~J..{,j,g.1~ · 
. - - - .•.. -- - - - - -

H Ud s UF N F KF Rbf C' F 

- 1022 - 902 - 801 - 767 - 716 

UCI N Cl KOi RbC~ C Cl 
- 848 771 701 TB - 845 

UBr N Br KBr AbBr CsBr 
- 800 - 7 - 670 - f:S47 - 619 

LJI Kl Rbl CBI 
- 144 - 012 - 0 - 5B5 

13eCl:a MgCl2 C Cl:;z rCl2 B Cl2 
- 300 - 2500 - ?287 - 112 - 2018 

Oxl1 U20 N _2'0 K:zO Rb~O C 20 
- 2814 2478, - 2232 - 2181 - 206 

B 0 MgO cao SrO BO 
4444 - 3B90 - 3613 - 3310 3162 

SUIT1d - u~ N 2~ K2 Rb2S C ~ 
-2600 -2200 -2052 -1944 1B50 

Mg CS r B 
300 3013 - 2850 -'1725 

Hydro:d ' M (OH)~ C ,(OH)2 r(OH)2 B (OH)2 
- 2842 - ".>5 - 2354 - 222 

Magnitude, m e,e n s the 

value regardless of the 
sign. Thus the v lu -100 
h s gr ,ater magnitude 
than th v lue -10. 

T 1 3.3 L ic nersi1 
of some ionic: compounde 

Ext nt Of COV I' n _ y: 'POi rl t 10111 Gf tn 



FortTI1ulae of i1on 1ic com
1

pound . 
- ho reason \vhy s dilnn and chJorin foL·n1 NJ l r th r th. n N · 1 .. is n t b 1c us 

th 1 n1y hi,r. 1 s l iHty f J nobl a cle tr nic '· ont.1 urati n • . h .... 11s\1 rar lie.~ it1 
1111 ·in eh ~ nth 1 y "'h an r chc t\v r ti Ilg: 

I 
N (s) +; I(), N J ]() 

-
N () + 12( ) 4 N 1 l:z(S) 

Hr th~ t7 r1n. ti n fN.. l(i) n b 111 an1.r d. h value is -4 J l kJ 1n 1-1• 

Hr f r rh fi n11. t1 n _ N ]2(a) 1n b fron1 a · rn-H. be1 Y· I · 
C i ur ~. ); ssun1in th t h I ttico 011 r y of N l ]., , ul b dndl 1r t I ti t ot 
lvl 1"' (-2sno ~ 1n ,-1,. 

N:3 -+(r) 2CI (;) 

f 2 
~(Cl) 

Nl'.12*(g) i 2e· I· 'Cl g) 

2"d IE(N l t 
N-, (g) , 

J-11.t(N CIJ} 

111 IE(N ) I 2 x M.(C. I) 

N (g) 

H0(N~) t 
N~~) ·I Cl~(g} N Cli~) 

Fi ur 3.3 

AHr{Na 12,(s)) ::= A.1: (N.i) + 2 x AH
1

( l) + I st L (N:i) + 2nd I ~(N.,) + 
2 X ( · l} H1 u(Nl1 lJ 

= +10'> -(1 .... l) + 4 4 45 ( + 2(- 64) + ( 25 , ) 

- +2177 kJ 11101- 1 

ndothcr1n j, . • s N · l:! i n f rn1" . 

he rc:i on · ;vhy it h ~, end tb rn1i is thJt the ,. tr 4560kJ ofcncr y. roquiI·Dd to 
c nJ I r n fr 111 iu n1~ h t1 

, n1p n ~t f r by tl 
incr a , d ,~1nr cti n bet\\' 11 a 2+ c ti t •. nd a I- ,,1ni n in rh t he, r ck.al N, - 12 

1 H . his hu c jun1p in n r . y tr 1n the ttrst t the st:c n ionhati n ~n r y t 
diln11 ~ ur b , us.e th , c n l · r ,n h s. t b_ r n ov d ro,n n inn r (-J ') 

hoH. ln this 11 U th ~1 ctr n i er n d tr n1 th L1+ nucJ u~ by nly th t\v 
ls-electron . her foire. i't i held very tin11ly. 

_ hi once1 t f \ h th r th xtra ".In~ r, y _ qui1 d t _ "'1navc another I ctr1nn is 
,c n1p n t d r by th 111 r ne tlv J td n r , y ( r th h)" rati n ner " it 
'the r ac ti 1n is '" , rri 1U't i u ,qu lH• s .luti n) L in11 rtant iL1 the c:h _ n1 i$try f the 
tr n ition n1 t li. 

a e:nerg tl,c n (Toplc 1'3) 



l n ) he1 ,1istry~ it is tl:cn sus ested thJt the drivin tbr,ce b 1 hind 

th rn1 ti 1n ,t ions is inin th tabiJity 1 ~ n bl , ,as 1 I tt n I nfi urati n. 
H _ v r~ thi i~n r :19. th hu c ntunber f i n i co111pound th d- bl ck n1 t I 
th t do n t in this 1 - ,. Ued st iHty. A n1 r... ace urJt 
auhst:i 11 ~, r !t, '" C 1 1v~ th t r th: , itb the I \vest ~ n r. y. 

M, n .aiunt chi r1do i M l • n t Mg J, n r y r guir d 't r 111 v 
th s c nd uter r s- lectr 1n i n1 r th 11 tnp usat fi r by th extr ~n r y 
rele ed by cl, t 't , ti t betw i.?n tl e 1+ i tl , d rh , ~1- i , . i ur 3.4 ho th 
d ,t- nd cro s 1 1r M 1 2· 

FI u1 3.4 

olubility of io1nic compo1und -
w h n ,~ n i n i .. solid diss l vc s in \V. t r, t h l t t 1 
s _ · ~ r tcd. his i v ry 11dothcr1nic:, &1 you mi ht 
not di;s 1lv jn ~at L _ x1,1ah1 tlti .1p, ~ 1 nt l' rad 
ha , ens t · th ions the Hd di su'lvcs.. 

brenk do,vn 3Ud the i na ur 
x et th t i nic Jid ,~ uld 
x, y u nn1 t think t1bout wha't 

atious b coL11 surr unded y ~ ter mol cul s. "'trou , i n- dip l rccs et 
b tw en th itiv, ·-;1ti ns ,and th - . y n t 1n iri rh \\'~t r. ~ in1H rly. th 

n1 u rr und d by , t r 1u I cu 1 s , ith the + hy r n ,. t nu f th 
, rat c Jnolecul bcin etr ngly :icrr t d t I th ne . . tiv _ anions ( i ure .5)- bi_ 
pr c s i.s c. IJ d h ~ dratl1 n . It is the hi hly x th · rn i n~ tu r hydraci n th t 

tnP,f 11 at . t< r th~ 'n th rn1i br , k- up f th I Ui1 • 

/H 
0 

! - / H 
/o- H(:}i 0 

M r 
0 

H 

l"h nU1. Ip f 
1111 I I t th . ,lhi 
dllniil' , Intl n. 

lnt;o n 
di. :o) 

h · h ' d rnU n ,nthL 11 , 
ln1ol ,of r\ ~ · U U [ 

d I h1 t l u t 11 • 

H 

a U t. H,aln''" I th 
I n u l i i nt o,l 

hnn · 'Wl1 n 
nn n tHlt 1rl 

· ntludp " 1,~hat1 ,. 11 n 
nl to 1- :tn ht linltel , 

..•....•.......... ,, ....... . 
Wh u,ar or not 01,a ns 
ta k s pl. c , d p nds on 
tn va1u or m c nana 1n 

ntro • Tnls cone pt I 
cov , d I t r In hi eh p r. 

Never st 1te th t toms gain 
or los el ctron in order 
to reach the stabmty of the 
electron configuration of a 
nobl1B gas. 

The eh a ng,e from tom 
to c tion i a ndoth rm io. 
l1onic bonding only occur 
if th ions form a sol id o t, 
in solution. are hydrated 
by water molecules 
(se1e p. 59). 

An i nf i nitel y d ii ute solution 
ea n be th,o u~ht of aa on 
in wh ich further dilution 
does not caus,e a heat 
change. 
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Re mem bar that the I attic 
Em rgy i diefi n d in the1 

&Kot he rm ic d ir et ion. 
It is the n, r,gy chang 
when 1 mol of en Ionic 
solid 1! formed from its 
constitu nt g seous ions 
infinite1ly fer apart. 

I t p J: 

N l( ) ~ N l+( ) + 

I t l 2: 

N i 19 
( ) --. 

N . 

AH = ~J.-lhyQ(N '+) 

AH - /ll--lhyd( 11 
ivin : 

hi c n bt: ho,vn _ s ., - I u'. kl cycl lFi uro . ). 

t~ .. CI( .. ) -----......__ N +( ) t Cl (,q) 
l\J-I (:Jin 

Fi ur 3. 

hyJ( 1-) 

r 1n thi ,qu ~tio11 , it c 1H1 b sc n that: 

the 111 re xoth rn1 i th ]a ti :J , 'tl ~t • th 1nor '" loth r111i, tile r11thul1 y 
]uti n 

• tht: nt r 1 ,Rothcnnic cHher ( fth hydr~ tiou enrhJlt1ie~ rh ntorc e thcrnti,c th~ 
nth lpy f & ~uti n 

tu~ si. n f tbi? 1.!0tllt1l 1y ot'" luti n ia d t r111b1ed b the di er nc in n1 nitudc 
b twc n tb 1 tti n r y nd th sun1 f 'th, hydr ti ( i ur l7). 

Exothermic db:.olvi1n9 
Ga~ecu icR 

Sclld 

I SI?! I uti or, 

Fi ur 3.1 

Endothermic: d i:..-~olvirig1 
Gi'.'lst=ous icl'il 

-· J..li t 

Soluti~n · 1 

Sclid 

If eh~ nt~, ni'tu h ~ Lttti, ~~ 011th.1]1 y (blu . 1 r ,v) i ,,.,.sJ h .n th . \Hu tl ~ 
h)dl"t tioi1 et th· lpi s c th nv iou (i , rr ,v)~ i lvius \!Vi11 c. th rmic. 

If th L .1 nitud I f th lattice nth.1lry i ,qrcaricr th .. n the SI.J UI if th 1 y Tuti 11 

nth I pit f tl i .. t ~~oi iun s ~ diss lvin \Ni 11 bt.: nLJ thern1ic. 

11, t I r ktti nahip c n be de uc d fr m i urc 3.7: 

!:.tl •nh,
1 
= - 1 ttic" n r y + tbo suln t the hy rati n cnorsi s of aJJ th i ns 

a e:nerg tl,c n (Toplc 1'3) 



Factors t l11at affect lattiice energy 
h · n1 nitude I t th, J tti-e I n r, y de1 ·ends nth· str n ·"" tin 

ou th~ i. n&. In a l-itti , • h i u i urrotrn d,~d by ., nu n1 1-:r · f i n~ of 01 1 1 
• it 1 

h r , r su I.tin in etr ,n fi re s f ttra1ction and g m TL i- r r pulsi n. his is 
Hh.1 trarcd in i ur 31

• • he r, ~d tin s r pr sent for f ttr3cti u~ the blue line& 
r, 1 u hi 1 . 

h tren th I f the e for, . d p nds n: 

th m nitud I r the hars s 1 11 the i n 
• t h _ s u In f t h f.; r J Hi f the .1 t i( n . 11 I · he, . u i ot1 

the rr'ln on, nt I f th i t s h1 the btdc 
• t.h rf]tui iz · , f the i na 
- th fXte1nt fc 1V l ncy 

nd f ion 
if Pr sit -h r nds up n th v lu 

h rg s and h ~ Jose th , ntrc ~ f the i u ~re. he itro1 g r th 
i ns in the sc 1i ~ th m ,re exoth ,nnic i the I tti 

f th i uic 
f ttr cti 

h I tti "' n r y is 1,r p rtion 1 t th Jlfi du · t f th h rg ~ t1 th t, · i -n 
divid by th u1n ot tl 01 r r. dH: 

~(+) )( tJ(-) 
{ t·( +) -1 r(-) -~ 

1{+) - th~ 

,q (-) ::::: tl e 

n the , :lti 1 

th • 
I nni 1 

1'(+) = eh i ni r3diu ; of the c ti 

• • 

n 

r(-) ~ th l nic r dius ot th n1 n 

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

Explain why the I ttice energy of sodium fluorid is n,or exoth m,ic than the 
lattice nergy of potas lum chlorid . 

n 
It i b caus Na+ h a, maller ionic. radius than K+, and F- i am II r than Cl-. 
Therefore. th _ forc1es between cdiun, ion_ and fluorid _ ion re trong r than 
tho 1s betw en potassium ion and chloride ion . 

Explain why th lattice n rSY of c lcium oxid 
n g tive than that of pot a ium fluorid • 

n 

pproxin, tely four tim more 

This is be1c: use in calcium oxid the1 product of the ionic: charges i 4. whereas 
in potassium fluorid it i 1. The sum of th ionic radii cf th two con1pounda 
re not v-ry differ nt. However. the value i em II r hi C O than in KF. eo th _ 

I att ice ne rsy r tio Is, further in ere I d • 

Fi me 3. Th1 tore a _cting 
b t,weein the i10 n in a planar 
lice through a cryat I of 

sodium chloride 

Ther1 ar m H f'orce, 
of repulsion between 
neighbour~ ng ions of t h 

m1 charge. Thi is only 
sig,nifiaant when the nion 
is much lsfS r than th 
1cetion. which cau s, th 

nio ns to b crowded 
tog1 th r. 

. .••.•.•.. , ..... ,,, ...... , 
me I t-Ue en 8Y I 
n a ure or th tre nstn 1or 
tne Ionic oon~. The mo 
n g tlve1 u, 1etuc nersy, 
th stro1n! r th bond. 
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The coordination number 
of n ion in an ionic I attic e 
is th number 1of ions of 
opposite chars th tare 
mo t clo ly erran,ged 
around it. 

{ ) 

(,b) 

FI 111 3. Structures of 

(a) cee ium chloride and 
( b) sodium chlo ride1 

ho. JlS\V T t 

valu inv lv 
ork 1 d un11 lc 2 c.1n · c exp I. incd Jn re fu Hy kn1 at the 

( , ,]e .4). 

T bi .4 Lattice energy nd Ionic oh rg1e 

,s:uiiit~ll:c.o ' 

C 0 

KF 

I 

-3 l 

-801 

11eiid~~t~~, _ 
.. ;.,11 ._ ....... r.1, ·J, .. , · 

.' ~lpl)IO!t;hJl t,gJ:S.: __ _ 
_·- -~· -'. _ .. -- -·--' --· -_ .. _ . _. --

4 

·· sum ,of 
.-,o~n1~·.J~ae111;nn1 
o.2ae 
0.2 9 

h J. ttic .. ne y d p~n~s on rhe pr d nc t of the char e!i on the io1u tliv1clod by th 
un1 of the ion11 1 dii. 

he t , '"t th t th s t,v valu r s simil supi" rts th h ry. 

iz 
Ions 't:ik u · all rn r~n1 1nt;nt in the IJttic~ thlt ln:.nd1ni~ s th.t: lltti e encr y rcl" s, d. 

his i eh p1 itio11 f 1nini1nu p,ot nti 1 n r "' th i ns. lf , sm. n c d n is 

surr und d by t u 1n ny ]a! r ani , ,u , n id rabl ~un unc I f I puhion urc 
b1.:1t\l c n tl l.1r c.; m ttni ns.. hh is ~howu by th . tru tu rc,s o i Hi r ou1p u nd o: 
f n11ul.i AD h· Jr ,bl ~r,5. 

In s dhu11 , hlori ~ fl tin ei, ht , h lori I · i 11 ~1rou nd th srn :i u~r d hun ion ~ uu Id 
r tdt in - 1uid..: r bi i pul j n ,ec,; r~en th c]os J p 1 d h] rid i n . ·h N. + 
i n ia sur1 ound d by i t .. J- ions: neh t.."1- ion i urroundetl by sL .. N + i ns. his 
is a Bed : 1 coordjn ri n. his ,J tTan 111ent n tin in1 isos r~pu lsirun. 

. 

suosta.nco 
------

C Cl 

N"'CI 

Zn 

- .. - ... " . .,, ' 
.1c1t4on1c, 
.. ~ r ·~ -•·, •" • •,., .. - . •4- .. 

. :.1ra·d11u Sf.in mi: 
1~@1_·_, 

0.169 

0.095 

0.074 

0.1 1 

0.1 ,!l 

o. 84 

.1:1 

2.5: 

.: .. l~~,q,:!,~~.~p:~.9,1~ 
,J'ilumber· .. - .·.1· 
------· 

8 

6 

4 

~he tyr.- _ o_ latti dc1,, ndSi uron he r~uia of che ioni radii . L. unds ~ith 
rati1 JP ro ·iniar~ ly l: i h~ v :i I tti,Ae n·L1ctu1 sin1H rt th• t · 1 :;iun1 r hl1 ride. 

h il; vvith ~ rati 1 1 r 2: 'l hlv tnn: tu rc1 si in i1 r t th,lt f so lllln chl rid 
( isur - . ). 

a e:nerg tl,c n (Toplc 1'3) 



Factors tl11at affect h1ydration entl11allpy 
h · n1. nitude f th hydrati n nth. l 1,y C f "n i n d ponds n th str~n th ot th 

f rcc bet,- n th 11 .JU ~u1d tht1 - , · r mnol 1cu I 1s si11·r u ndin it. s1tivc, i in.s • • 
., ttr 1 .. t d t th 1 5- xy n t nu: ft h ~ , t r n d n lo: ti v i 11 s t t h 8+ h yd r n 
atoJUS. 

h tr n 'th I f h nd~ n: 

• the n nitu t f the 1Lll r e n 11 i n - the re rer rh ·h r t.\ th 
th 17 r, 

• th _ racliu . f th 1 n - the 111.dl I th r.1dius. th r at I is 'th r, 

T t our If 
Th ionic r-diu- of M., i- 0.076 nm n u,-t of Q3• i 0.084nm. Expl - in whioh 
ion would hav a mor xoth rmie hydr tion nthalpy, 

• u 1 n r h ,vn in b] 

T bi 3. Hydration e,nthelpies of ions 
---

-~~#{gL_ qi 

LI.., - s g - 506 

N + - 0 c1- - 4 

K,.. - 322 Br - 5 

Mf+ - 1920 1- - 293 

Cai+ 1650 OH- - 460 

~,2 - 1480 

Ba2+ 13 0 

f th hydrarioit1 n r y in v s s ,~ the h r c on tht;: a tion 

Calcu lation of e1nt1t, l!PY of _ ol1ution 
~ --___________ ,;, 

Uae data from Tabl _ 3.3 nd 316 to predict th nth IJ:.y of olu ion of aodiun, 
chloride. 

11 I 

!JH.,11, = -LlH1 11 + llHhyi1(Na 1) -- aHi. •J(Cl 

- -(-771) + (-4016) + (-3,64)- 1 kl mol • 

Ext nt Of COV I' n _ y: 'POi rl t10111 Gf tn 
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•••••• •• •• •• • • t • • •• 

Th hyd auon I ntt, I py or 
tn eh lo rid lo n niu t 
mu1t1p11 a by -·wo. cau 
there re two Cl ... ions In tn 
qu t1on. 

Usiup; llttic.:e ncrgies nd hydr ti . n t: n r ic s t nthalpy of s1 ]uti n n y 
b h1.1c u r lt • b t1\.la di h "fr rrs in any th(' gl1 1uitic u], rc11u lt in n Jnswet 
l rich th~ r n n1pl • i th(1 1 d 1ta in the nb l! :vork d o __ ~ n1pl had 

uld h v b n : 

AH,olB ::: llHiatt + ' Hi.yd(Na+) + AflhyJ( ,1-) 

- - (-7 I ) + (-444) + (- 4 1) - -4 kjlllr 1-J 

he nu Jue 

-4. tr 3r n1ust be 't kn ,vith i ui, 0111, unds ff rn1ul MX . his --a n be 
i nu stnit d ll ~in H,~ss'r. I~',; cy ·k ( i u r ,,.1, ). 

Mgl+(g) t lCl-(g) 

MgC l2-------.. M9 2+(~~) • 2C t-( q) 
M-1 olr, 

llH101n - - H! (M 12) + A ihyd(M' +) + 2 x HhyJ( 1-) 

- -(--500) + (-lf120) + .... (- · 4) - - 14 kJ 111 ]- 1 

A c n b ~' n fi· 1n1 le - .7. 111 ny i ni, n th nn.i ntb ]p,i s f 
o]ution and :ir atH l ~olu b1e. then, h lVe v th rn1 i, nr.h lt i $ of ~olutio11 .1n 3 rt2 

insolu- J 1 • h ,couc pt u, t .. th rn1ic I h ng \viU t11k · h1,c _ nt· ne usly nd 
nu th nni chans wiU n t i an ov rsi1npli 1 ti n. h I ri ri fc r p, ntan ity 

in lud~ the n t I · eh n ~ f tl 1 sy t n1 (p. 72) . 

. 7 Enthalpie (kJ mol""1) of solutions of en hydrous compound t 25 °C 

' OH .. · ' - ' 
iNQ.a~· 

- I 

! -;--~ ~--=-· . ·so ··1 .;.. · I : .. • .''Jt ,,,,.: J., 
-. ~·! .. r !, ,_ .. .._~ 

+4 -' - 57 - 49 63 - 24 - 1 -a - 0 

+1.9 + • - 0 . - 7.B - 4 - 27 +2:l - .4 

- 1 +17 ,t,,,?Q 20 - ,57 1 6 ">4 

- 1-2 + 5 +1 + 4 + 6 + .e 
~','!\'~·~/~ Agi :. . --23 +6 +84 '1' -+ 2 +42 +23 +- B 

---

.... ;1 .. 160 - 18 213 .s 26.3 * 1911 - 1 
'• - ~ 12+, 
C.9 - +12· - 1 - 10 - 20 - 1 I 7 {+._ - 3 • - :l - 11~ 

··:A1~t: 
~:,: • •• : i I 

27 +! - 0 -370 - -90 so 

Jt i oft n . ssun1ed eh t x th rrni r ._ ,cti 11s \VUl t kc Jue nd nd1 th rn1.i l'I 
ti ns ,vill n t. his h ,Jn owr i1n1,lification, 1-ln b oen by stu~lyin th~ 

lubi Hti.es l n the nth lpi s I f oluti.on f 111 ny s J't . r x. n1pl : 

a e: n cug t l,c n ( To plc 1'3) 



• ~R101n f n1 m niu 111 n itr.1 tc is end th n 1i . y -it it i very s lubfo n1 'ff! tor. 
I::. - ,0 1., f - lciu1n rb n' t is e · th rn1ic. y · t it is in lubl in wat r. 

nth 11,,y f th h 111i ( H i 
by ~- J.ctly he am 

~1ni r h 111i , Js ain ner~y ( Hi. itiv ) nti 
surr undh1 n ft.JUJl quJntity , f n rgy. w~ [ is tl1 drivin 

sp nrt n ou eh 11 ? 

h n w "r Ii in th i1n l concept th t lll"r' , and 111 t t r t n I L 1 ·r. r : 
u l 1r d i 11 r . 

Wh 11 hi., hly rdert: cry r Hine e lid. su ·h s ditnu hl ride 1 di s lve~ in :u r. 
th 1H , 0 1n s dispers d thr ,u holrt th li u1d. Wht!n the n r , s c.: rb n 
dioxidL'! is ,add d t · :ri r it d ~ s n t orn1 l \Vel l~1yt: 1:. but sp1re;.:td th r u h ut th~ • 1r. 

h s nu~ h lll"Cns iJ ith e11cr y. If , h1 t pi ~ fir 11 is t l , ii, l b ker . f'\:\1
, t r. 

th he~rt r 111 th,e ir > disJ · r g int, . the 'It ter tu, tU both the ir 11 ind the \1 r:,it r ._ re 
t th s n1 t 1n r tur . Y u nn t ·oil kettl t \V t r y ut tin, it 11 a lo .. 

t: t 11 ic t b n1 ..-: .Id r · h \Va tQr h at up. ucJ a h n 
'1 td n it b.re k the fir t t w th n11 yr nh.,s (th ·on rv ti n of m.:n rp;y)~ but 
c ri Til.e t(?]h, us that it nev r hapr '1ns. H ~l'' ntane usly flow·~ fron1 u hotter 

dy t 1 ]dcr dy. 

;lute int '\V t r. th 11 t 1101 tH mL·h1Q f c r n dio ... i 
"n, ir th het1 r tr. nsfi r fr 111 th hor 1 1 t ~ t r 1 n ,.i·, n p 1 s f._ n 
incr • in dis [d r. cl ntifi torm f r dis rdl~r is ntr . p . . yn1bo] .,, 

'l"h I fh 1 rn1 d nau1i t t II II ll h 02' 

r uh h1 nn [n n di · ru r nr n1tr,01, '. 

f th nno,Jyn._ rni s d 'ter1uiu th , i~ ti n if any 
h n1i 1 h n , t 10 1r x mJ I : 

• v hrth ''f h n , fit t r 1 ~h 1ni l r ti n i Ii · ely t happ n at a ~,, rti ular 
[ n1p r turc 
\J he h r rodox ro~ ct_ons ,viU t.1kc pi cc 
rll p siti 1n f -i..1u i Hli1 iu 111 

Jt cun s i th t th s c n I \l f eh r111 dyn 1n ics e .. p.l a 1ns J 11 f ~he1n1 i cry. 

"" re ITIUS't b 

th~ ro - 111 r,~ r 
iotd 111U i b 

nly the 011tro' ,y eh n~e 
f th ( 

t tln~ eh Jnical 
) 'm11l I ni.rir • 

f the . . 
1r n1 
ugJy, 

_ his h ~n1 th "r ,v. y pr ~5in th s nd I.J~ f th r111 ~ya,13n-1i . 

h e 11tr p,y the s l'-'' JH i H i nc1 else if: 

s Ii m Its r liquid b il .. - le: 

H~.· (g) 

Top: ordered, the ref ore low 
entropy; bott.om: disordef d, 
th refo re high e,ntropy 

In any ponteneoua 
ch_ ng , llStawl will be 
positive. 

Ext nt Of COV I' n _ y: 'POi rl t 10111 Gf tn 
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_ ~ Qa! j pr due d r if 3 111t111er nu n1 b r f 111 1Je of llS pr du J I r r ntunber 
of n1olcs of , s, fo r cx.unple: 

M - (s) + H~r ~(aq) 

• th numb r 
for t1xan1.ph.:: 

M 

r ti.=r th n th nu n1b r t 111 ] s I f rea tant,, 

[ r(H2 ),J3t( ) :t NH:2 H,:z H2NH~(.1q) ( _ r.(N [2 ..J 2 H:2NH2h ] t(.tg) Jl-12 (l) 
4mJ 7m l9 

nv rs ly tJ t: ' entro ~y f U e syste1H '\Vi n dee re so ~he n s r .1ct nt fonn s lid 
. r 111 r n1 les of g.1s pt lu~ fi ,v r 111 l s f ,,.1 . r ., .. ~ 1111,,I : 

2Mg(s) + :?( -) -T 2M 

A s lid is mu h n1 re ordered (or le s dis· r r d) than liquid~ :vhiich in turn h 
111.1 re rdc d eh n 1 .. • .. ; 1ug w c~r is n1 r~ di!i rd r d an h. g I._ r k'r 
ntropy th n Hquid v.r ter~ \-Vhich h s gr tor ..-: ntt · y th n ic . l n n rUll. this c 1, 

bi xpross d as: 

h \V th ntr ,_ y 1ch n , & 1r n1eltin nd boilin 1on1 subst nccs. 

Som19 entropy chsnses 

02 8.2 54 78 0 

1'-120 22 27 109 7 
NH3 95 97 246 

In the c 1tnbustio11 of I h ph ru s, th • B lid lu r u n s 
I (a)+ 5 2( ) ~ L ~ 10,(a) 

he disorder of ~l a~ ig rciila 1d hy th~ order of a solid. . here for , the c XtfUt of 
dis rd r d er 1 ::1~ s in A, \y,t m i n...: - ti 

h n iluc hyJr hl ri1 J ·id i ad d to oilid c,11 ~juni • r nat·'. c~ rbon dio "id 
~ h I r du d: 

lid 

A Q 

luti 11 

1 . nd 

.. sho the ~t nd~rd t1tropy 'V!l lu _ s f son1 s 1b~ta nc . Is , h w 
eh t , 'ntr p,y i11cr L e a th c n1pl xity f sub t nc inert: s !i. F r .. · n1p,le, the 
cntr 111,y . t eth 11c is rel t r th~ n th t f 1n than ; th "ntr py f c, lciu1n carb ny.tc 
i& ~n.:ott:r th n thot f kiu1n xido. N oto the djtfer uc betw ,n th is t blc nd one 

f t1th lpi, s f · rm ti Jn. 

a e:nerg t l,c n (Toplc 1'3) 



T blo 3. S,tandard entropi of some el ments nd compounds et 25C)C 
---- ---

t 11qLill1 . ·so110 · 

----- ----

H2 3-- C2H;OH e p4 

O:;z 206 CCl4 21e P4010 229 

N2 192 Ca Ha 174 C S.7 

H20(g) 18 H:20(1) 70 H20( } 4 

Co2 214 CO 40 

NH3 192 C C03 g, 

OH4 e 
C:;2Hs o, 

h ~t nd rd nth l ,y n11 ti n f n cl 111ent in it~ t. nd r sr tc i fin s 
z •ro. h aa n1e h n t trtt 1 about the &: tJuJ cmd c n tropy - J ]uo. f a11 , le u1e nt: H6 f f 

2,(8) == kJ n I- ]~ · f ~c) = - 205] 1 J lfl 1- t. 

t1, ird n r l oint i th t ~ ' "-,•t•m incr s if th numb r ,01 m l s in n 
t te ( u fi3 SQ ran liquid ) incr"a 4.: r 1y1tnu n.: it th number I n1 f 

p,r du t s I is I 65 t hl n th~ nu n1bc I f m, ,]e~ f gasc ou r n ~tants. , r o ~ n1pl th 
ntr py in th r ti, ·n: 

our If 
St wheth -r th -1 r , ction b -low r suit in -n Iner - e or d ere s in th 
ntropy of tli systen1 : 

) S02(S) + !O:z(S) S03(g) } NH4CI( ) + OH-(aq) NH3(S) + Cl (aq) + H O{I) 

Effect of tetn
1

perature 01r1 entropy 
1:rtt· y of pcrr et cry t IJin 

ur ,If 
State nd xpl in wh th r H20(1) t 25ac ha a high r or lower entropy th n 
H20(I) t 35QC. 

When looking up the, 
1antropy of H20 make, su r 
th_ you ue th& v lu 
for the state (g s, Uq u id 
or solid) given in th 
question. 

C 

,u ... · ;:: 

I•• • ·'· I 
I ----- r : 

J: : 
I 
I 

I 
I 

Melting Boiling 
point point 

T mp~r tur /K 
Fi ur 3. 1 



Note that S h s Joules in 
'the units~ wh reaa llH has 
kilojoule 4 

Note the s imi la rity 
between this expiression 
and th on used to1 find 
4Hr from entha~py of 
formation d ta: 

llH r • In, Hr( products) -­
Ill14H ,(r ac'ta nt· ) 

The yst m is goin,g from 
2 mol of g to 3mol 
of gas,, ,so the1 entropy 
increases. 

ho. v1lu s in -1 b I~ . 1 T st ,u lro·1cl "t tro1~1y v ]u es. ~ hh. h 111c~ns t h t 1th 'Y a re th~ 
v.llu it sta d ·t nip r tur ~ usu _Uy 2' K (-5°, ). u j 1 okP (J tin) pr ~sur . 
- he )1ntro1 y f Uguid ~ tH r t f Oo0 i ~OJ I~ 1 1110 1- t. Nhiieh i I J K- J Ill 1- J 111 r 
h rn1 its V Ju 't wSP • 

C lcu I tion of 
y t 111 1C n , tr n1 the f nnul : 

h.~., (Pl o uc: ts) - In.. (r~., t nts) 

h~r n r 'Ill" nt th toichion1ctric ,nnub rs in tht: 1 h -tni..: I ecru~ ti n. 

'. -_ - : -=~-::_:- · __ - __ - - - - - - - - _, 

Us th d t in T bi · 3.9 to calculat th ntropy 1ch ng of the y t m forth 
re ction: 

2H O(g) ~H~(g) + 0 (g) 

11 

.6.S•y icm = 2 S(hyd.rogen) + S'(oxygen)- - S(gaseous water)= 2 131 + 20S -
(2 18~ = B9 JK 111101- 11 

u data fron, Tabl 3.9 to calculat th standard ntropy chang of the sy t m 
forth reaction b tween phosphoru and oxygen; 

P4(1;) + SO~(g) P.a01,0(s) 

• 1 111 = l:n (products)- !:,JS' (r1eactants) 

= ;2_9 - ( -164 + 5 . 210 ) = -060 .JK J 1uo1- 1 

t first si ht }' u n1i ht think that th r ·"1 ·ti t, in w rk · lHI ,l ... ~h uld n t t 1 

pl ce c us the ntr1 py d ro s. J~ w ,,. r., thh is I nl y th n r py eh n1 o ho 
y t 111. Doth thi r · cti n (n tiv ., valu ) and the r · ti n of a( id ~vith l hun 

rb n t ( siti vl lu .) t le ·~ I s nt 1 u 1 . h c has n t b en t .. le 1 int 
a ·c u nt i tht:! •ntr y eh 11 f rh ~urr ll ndin (the re., ctions f ., · th.~nuic). 

Wh 11 an c th rntic. r 1cti n t.~ 1 k' pJ ccii. hoat r ncrl;y is tr nat rr d t the 
surroundinQ: air or t the . lvcnt. 1C, usin Jn incre~sc in dis ~rd r th~ ir r solvent 
111 J ul . hi can b n fr m tb M w 11- Jt 1nann di tributi n f ner i s 

t t\ l n1p r._tur g ( i ur .i 2). 

a e: n cug tl,c n ( To plc 1'3) 



r, 

Kin tic: nergy~ E 

Fi ur 3.1 Maxwell-Boltzmann distribution of mol cular en rgi I at two 
t mper atu ree (T2 ,,, Tl) 

At th hi h..:r t I per tur (T2) tho 1n I u1 h LlV n1uch reat r r ng 
an,I. so ~r~ u11 r ran I 1n r dis r lcr d. his I a s t - 'th fi JI win 
~011t.:lu sions: 

rnrr i positive for ~Ho thormi re ction&. 

• tiv tl r U nd th nn i n . 

, hi i~ sh wn - ic: t ri. lly in i -ure '. l 1• 

!;;Kothe rm ic , cti on 

Fi ur 3.13 AS~
1

" and exothermic nd ndothe1rmic r actions 

fen rgy 
i1up rt nt 

L tL _ u r r u d i 11 s .-1 re h t ~ t hf _ n tr 1, y i ut' r . ~ is n 1.1 n b c ,HH ~ the 1u ii I u J h v _ 
hi h ntro_ y nd r h· ~1dy in eh tic m ti n. nv r c1y~ if U urr undinss r, 
col - , th entr py eh n i n1u ·h r at r. h ntr 11''Y eh n . in th ~urr u ndin t 

u ~ d b ,. tr 1ufcr o hQ t, clope11ds on the v, lue o th he t 1-h1n. e ~ nd i nls 1 
inv rs ly pr l" rti n J t 'th t n11 r tut f rh urr 1.111di11 . h h u

1r h~n c of 
ci • sur undin s h. th, n tiv f eh nth .. Jpy ch·u1 c , th syit n1 : 

- -Afl& 

o 1r If 
State wheth ran endothernilc r ction will hav a po itiv or n g tiv valu 
of 1urr• 

If the system i 
exothermic, it I os e B 

enthalpy. which is 
trens.ferred e1s heat to the 
surroundin,gs (which g -in 
entropy). 

The temperature mu·_'t b 1 

in kelvin (K 0c + 273). 

Eintr,opy eh n e 0,f tn 



•+ .,,,,, ,, •••• ,,,,,,,w. 
Note tt1 t tt, va IU 1of ll.H 
w-s conVi r d from kJ to J 

nd U1e1 t . m per tur1 rro1m 
~c to .-<. 

I 
As1 with Ml ea lcul ation s. 
you should lweys include 
a ai ,n nd units in th 
answer for llS. 

......... ,. , ........ ,, .. . 
Rem m 1r u, t ntropy data 
re In Joul · (per k1 lvln per 

mol ) nd nu1a1py d ta 
l"1 In kllOJOUI IS (p r mol ). 

You must ltller dlvldr the 
nt.ropy v I ue by 1000 or 

multlply th nth lpy v lu 
Dy OOO. 

C lculat th v lu of · iurr t 25°0 nd t 100cc for r ction with H = 
-123 kJ n,01-1• 

n I 
A ( • ,cac)1 = -llH = - (-123 OOOJ1uoi-·l) = +113 J 11 m,ol 1 
lJ I UU B11. -J • T 298 K "" 

" ( • lOOoc·) =-AH= -(-123 OOO Jmol t) = +l30J' .. i , l 1 
"" UH B11. T 373 K 1110 

.. - - --- -- t 
- ~ - --~ 

C lculat th ntropy chang of th urroundings wh ,, 1 n,ol of phosphorus. P4• 

burns in ir. 

n 
AS' -AH 

~ • ~ .... = T 

-(-2984) . 
= ~,ps . = +ID.01 JK I lnol .. 1 = +lOOOOJK ' 1uo1-1 

change 
he t tJ1 ntropy , han e (s1 n1 tin1 ntr 111y h3n { f th univcri ~ is 

th<! ntr py eh n if the sy tcin1 nd 1th &urr u11din : 
11H - T 

C lcul te th total ntropy eh nge forth combustion of m gn lum nd 
comm nt on ite fi asibility at 2' 8 K. 

::?Mg(s) 0 (!) 2Mg0(~) AH, 1ad t,n = -1203 J11'10J-~ 

The ntropy change of th system Is -217 J K- 1 mol.J1. 

n 
" S _ -/j,H - , -(-1203000) _ 40-'17J-"' .. J . ] 1 
u - •ut T 2P8 . ~ n. me 
4S,,nj I = -_17 4037 = + 38_10 JK I n10( I 

Thi i a po itiv I number o th re ction i thermodynen,ic lly i 
temp r ture of 298 K. How ver, the oxidation of masne ium t 2 low 
th t it i not ob erv d. Thie is c u e th ctivation n rgy for the re ction i 
V ry high 

a e: n cug t l,c n ( To plc 1'3) 



... h:n1 • r lhern11od Hn 1111 oU n. ible if thu tot,rl ~ntr I y I l1 :-1r1 f 'i 
Il r, It i r .. . 

_ his n1 .-ns th t n, unf: ,ur~b k (n .. · j tiv,c) ntro~,y ch.n1 ~ of th yst Ill n b • 
f ir by f v urabl ( sitiv ) ncr pry h n f th surr undin i. 

T bi 3.10 Entropy changes and fea ibility 

--~!~.·-~· 
''''"~Qin 

Po itJV 

NI 8 tlV 

N satlv 

Posltlv 

.:·Pcip1UJie~ 
' ' 

Pa ttlv ( xoth rml c r otlon} Alway 

INeB tlv ( ndoth m1l 10 N ,v r 
r etl n} 

Po ttlv ( exot rml c ~ cuon} IT ui nu m r1c 11 v lu I or ll.H/T ~ 1yitetr1 

(rn ore Ilk ly t l10W tern peratu r )' 

IN sat lV ( ndot11em11 c lr tne num ,r1 11 vatu , /J, t m ~H/T 
~ action) (m1ore II k 1y - n 1s11 mp ratu ) 

_ our - If 

7 Ue th d t in t ble 3. on p. 73 to c lcul th th rmodynan,ic ~ asibility 
of the following re1

_ ction at 2 8 K. 

) N2(S) + 3H2(S) 2NH3(g) /lH = -92 kJ mol· 1 

) CaCO~(s) C O(s) + 002(S) 4H = +178 kJ mol 1 

Spontaneous endott1ern11ic reactiot1 
id i _ klcd to ·olid ~ uun nium Lrb nit , bubbl · f , 

rv 

2 H NH .(s) + H2 >(l) 

ven thou h th r . c ti n .i en therm i . th re is c usid rab]e incre e in entr , y 
ot the yst n1 bee u ~ ,~ , is p,rodu d. his n 1~ k A tu·t-. 1 o itiv' nd h · rei ,c:,ti n 
th nn dyn n1ic l 1y s :, · nt. nc us. 

Hydr t d b rium hydr I id re t ·with oHd .a1nm n1urn ,·h], rid 1n rap1id 
n -oth rrnic r c tior1 t roon1 t n1p "ratur : 

B"' ( 1 I)t 2 ( ) + 2 NI ·~ l(&) ~ D l:i (s) + J 12 (1) + 2NH ( ) 

f thu. .r I] , tion is '•y•1t•m~ \ hi h 
n. h r ~ .nts r s Ii n th 
ut uan n1~ ,ke I u bstan ~g, s. 

An th r sHy s rv d n th rmk h n e i th is Jvin of 1nmonium nitr t,e 
in t r. 

····~ ..... ,.,, .......... , 
Num rlc I value m an th 
valu isna Ins ny sign I so 

40 Is nu meirlc rai ly larser 
th n o. 

liot I entropy en n& 



er, 1mlc I pot n I I Is islmU r 
~o gravltatlonal potentl I 
en rgy, but ppU d to 
oh m lo I c h nge . 

100'1-'oA 

As t h "' r ti n i s 
h po~itive v _ lu 

ntan ous. the nc . ti c v.i lu-.i f . l'IUI! n1u t b OUt\V~i hcd b 

AH three ofth 1 .1b 'Vi..:! 0111 Jes 1 ~ tht..uuo ynL nric'iny p i1t ncou . he a t1v.uiot1 
n r i s r J ~, nd so , U th re rea, t1 n t k la r. pidly t ro 1n to1up r tu r . 

. hey ar ,, ~ anlpl & of re.1 tants th t re 'th rm dynanticaHy ntl kinetic Uy un~tabl 
r ]ativc t the fr , rod U1.; t . 

sit1ve tat l rn a n1 th t th ro et nt re thcrn1 dyn , niic H r unst hJe rl'J:J tivc 
t he p du ts. 
A nc tivo ~, 1 mc,J n that th r, :J 1 t nt r th rn1 d rnan1 i Hy r.t b] re1 tiv 

to th~ 1irodu ~ts. 
A snudl ~ctivJti n oner y 1n~l n that tile 1 JC't~ints arc kin ci,c:iUy uns b1 1 1 tiv4.1 
t, th J r u ts. 
A Ja f a ·tivation cuer y 1ue.uu rh~ t the re. tant8 ~rE? kinetic:.1Hy st.,ble n-.L tivt: to 
tho r, duct . 

Free energy, G 
n rsy n1 ,._ sure .u ns't nt r s ur is c ll d th ,ibb free n r }' ( r ibb 

function), symbol 1 nd is n. 1n_d. r r rhc An1erican scienti tJ. WUhtrd · Tibl s. It i~ 
n1 t LU c lf h~ chen1i · J ~ t nti, ], J.i~ thl t 111 h.; f ~1 uh~t. nc h it wh n n its 1\-Vn. 
1 t i fi ncd a : 

\\~h r Iii th nth lpy f the s.u t._ nee nd , its ntr 
k lvi11. 

. Ti th t in1peratu re jn 

Wh n l 1n 11 f ub tune A r t. t formn I 111 l f u t nc • the eh n e i 11 tre 
is , iV u b 

= (H - T I ) - (J 

\Vhkh b C: ]TIC : 

-- - T; 

\\'h fk; L,;; · ii th ~ ntropy rha n fth JU . 

1 OOo/og 
Com po ... ltion 

ne y) is n 

v: l u f i n ., t iv, 1 as the 
h mi l l t nti. 1 t, one 

his i~ sin1iJar to r k r Hin 
(p, t nti l 

In q 1ilibrhnn •f\lctions1 th p ition f gui1ibr1un1 i ,vh r:-i th 
r t m h n1inin1u111 fr oner y. his ii h ii\Vn in i urc .14. 

h c 1np siUon t th~ uiJibrium 1ni. ture i · iv 11 by th 
tninilnun, in tbis , urv _. lf th r is 111 r~ _ in the, syst n1 h. u 
th t t the n1inin1u1111 the r ction v ill pr cc~ lr n A t 

u11til gu Hibriun1 i r eh d. Li c ,vis if ther . is n1 re B 
Equ illbrium in the 11ixture~ th rea, ti 11 ~ iU r eed fron1 A untiJ 

Fi m 3.14 The eh nge of fre,e eniergy as A eh nges to B u ilf riu m i r , l d. 

a e: n cug tl,c n ( To plc 1'3) 



L\ G (;j n I tot I n I py c h n 
r 1 ti 1 nship be tl c 1 11 tot J ~ntr y chan e ~nd thu cntro1,y c:han · o~ o· tl e 

y~t m nd u rr und in ,va giv n n 1,. 7<:_ • 

u rr u ru.liins• -

Mu lti1 lyin b th !lides y -T. 

ut th detiniti n 

eh r l ti n sh i- b aud 

' J :::. 

hi in1port. nt in~ JUality xpres~· · th c:dt ri n r p nt 11 1 u eh u1 
tern1 of the syst n, nd io the su bscri ·c systcl 1 ,c. n t, d r1 pt?d. 

nni r J ti ns \J in b sp 11t nc1 us it: 
i po.sitiv 

r i' 

• 
8 is 11.Q -1tiv but 1n 1

9 is l~ss 11e ativo than H 9 

An nd1 th nnic r 
n1ore positiv th. n 

n ~ i l1 n ly b s , nt ni.: us j f · 

Di1irectio1n of ciha,nge 
his ·.1n be l'1~cdi "t in 1 11 1 f rv 1 \V~lY , 

In t 1111 of 

is p 
. . 
ltlVe llH 

!i l Jy in 

i 

It. th eh ng i b thorn1 dynamic any sp nt 11 us 
f ~ sibl ). hus wiH o cur. pr idin U1.1t rh 

nc tiv • th rev rs r ctio11 is 
1:o·bl can h lt r d by alt rin 

rc,111pc-r. ture. r n ... 1th n11ic re:.1cti n :in iurrc s in t JTIP r tur :vHl lU 
1. .. nr. t b"' Olll l u I itiV' • \Vhi 1 h jn turn win m k~ I • ~[~t -L 1 SS I' sitiv -. 

I an a posirivc v· lu 

Th - rclati nship b t,v n tot I ntro y rch n e nd the ntro1 y eh n s or the 
syst "'Ill and urr undin !I WJs giv n b v _: 

H6' 

lr a s1~ nt ll~ us I ha n ·' O: 

( 1"' sitiv nu 1n b r) 

~s negauve for any 
1spontan1eous change. 

·~''''' •••• , •• , '''*••• ~,,, 
Th V IU o1 8mt11 160 
det 1rn-1 In · tne extent 
or the r otJ on. Tn mior 1 

pos lttve I vs tue, th n1or 
th po tu on or q u1 n bn um 
wll I I le to 'th~ right aa 

Stma11 - R In K ( see p. 82). 

'fiot I entropy en n& 



• ••• t tti •• Th Vi11IU of AG 1180 

d t rmln tn I xtent 01 
h ~ action. Tf1 1 ma 

ne;atlV I s V IU , lh mor 
' h position of , qullll:n1um 
wlll Ila to th right a 
a - RTlnK (s p. B2). -

.... , ... , ............. . 
/:Ji ~· ,in, I posa1v b c u 
th r action lnvolv Hquld 
olld two sa Hquld 

(getlln mor r ne1 om). 

I 
As both factors re 
f avour,ebl , t r, is no 
need to work out th 
velu of Mto 1• However, 
the re· ction may b too 
a,low (re ctant- kinetical~ 
st ble) at low temp ratures. 

i 
A a both f ctore er 
unfsvour bi , the1r is no 
ne d t,o work out the value 

cf la1gl• 

f n ern, of fr ner y 
If ~ i. n ativc thl\' 1 h n is sni to1 c thtlrU1 1dyn J ru ic lly st ontti11cou 5. hus thu 
h n , , ill ccu r~ r vidin th t eh in'ti fth .. h -11 r · r ur hl . If is 

1 siti , th rev{: nm re ti n i th r1uodynu n1 ic:.1 lly spontJn au . 

110 ativ v:.1·1u f f.1vourc by • value . AH nd t p ]tl ·v .. lu f . ; 
11~ atlV '• 

h r n nd dH , tu.I 'tho ntr- y eh n fth sy t 1n and 

urroundin bov : 

= 

or .. spo r1tan ouschan - rl • 

T ~t y ur If 
r ction with a valu of G~ = +.23 kJ mol-1 ia 

thermodyn mic lly fe ibl . 

Comment on th 'fea ibility of th following r action occurring t a temp ratur of 
.298K: 

C~H 0 1HQ) + PC 1 (s) 1C H~1 l(S) + HCl(;) PO Cl (1) 

AH- -107 JmoJ I .as·. 'JI\ 01 - 3681~ 'niol ~ 

11 

As '1H is n g tive, as urr will b posJti • Both 1u~r and _S,y torn are f vour bi 
{po itiv ) , o th r et ion i th rn1odynam ic lly f ibl { pont n ou ) at II 
t mp r tur . 

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

Comm nt on th · f asibility of th following r ction occurring , ta ten,p r ture 
of 298K: 

.. C(s) 2H::i(g) H~C=CHi(g)r 

/J.H = 52.2 _ Jmol l .o.s· t , = -18..J JK l mol"'1 

f1 

Both H nd 4S1y,tGm ar unfavourabl P so the re ction will not t ke place. 
Carbon and hydrog n re th rmodynamically table r I tive to th n II 
t mp ratur s. 

Comment on the ·f a ibility of th 'following reaction occurring et a temp r, tur of 
2 BK: 

H 1 - H ) l(g:) + , 0, (g) 0(1 .. 
!J.H=-286k.1mol"'1 =-45 JK I mo1--1 

a e: n cug tl,c n ( To plc 1'3) 



11 

tlH ie t - vour bi ( ,coth _ rn1ic) but .6S1y110m L unf vouli bi= ( negativ )1, Th 
re ction will take pi ce only if ilH/T is srea r th n ~S yit;m· 

all 
,ll, lul 1 = 8S :•• m + AS urr c::::: AS t , -r 

=-45 JKmol ' - (-2860001 · 1 mol· l)/.,.;98 ~ = 91 J I mol ' 

Thi is a po itive \Jalu and so the r action i thermodyn n1ic lly f asibl at 
2 8K. 

At very high temp ratu1· th v lue1 of -AH/Twill becom too 111 II to overcome 
th n g tiv valu of 1yatom nd th r actio,, will not be fe sibl . 

Stai't1dlard f~ee e1r1ergy of formati101n, llG 1 
h t. ndnrd fi~ , un r y f foru1 ti n ii t'1 1 .. h n ht trc n r. y th._, . curs .. h n 

a c n1 1 u nd i fi r111cd r 11n it. I n1 nts in their 1n st th n11 dyn.H1lic311)' st bi. 
under stand rd I ndirjo1 s c,f 1 O 1 (1 anu) pr ~ill re n .:ll ten1 · erarur, 1of ' 
is the liffcrl.!n c ~t\l e1:;n cl ~ re n r y f._ u1 ,st._ n e nnd rh~ free t:l i:?rgi I f i·ts 
l n1 nt in their 111 t th rn1 dyn n1i Hy t bi st t t st n rd nditi n . 

Tl c st nd rd fr st nd rd fr t: 

i.:n f . r1ruti u. It i the s111n f the free en r ies f rn1:1 ti 11 f th r duct 
minu f fi rn1atii 11 f che r act nu: 

fr, et. nt ) 

v h r I nte ns th..:: null an th subst n s~ usin ·thfir toi hi 1n try in th qu ti n. 

T blo 3.11 Som free, enersy of formation d t 

1M than CH4( ) - 12 Wet r H20( '} 22~ 

EU1 n C:;,iHs(S) - 7.7 wt r H20(I} - 237 

EtJi. nol C2HsOH(I) - 76 c tbon C02(g) - 914 
dloxld 

Gluco CeH1~0e(B) - 9 c roan CO(B) --3S 
monoxld 

C lculate the fre energy chang when 1n1ol of glucose i bumt In exc ea 
oxygen. 

C1H1.;.0 1,,(s) + 602(1) 6C10 .,(I) - 6H20(l) 

n 
ll~ = I(tAGf 1ofproducts)- .... (~O,ofreactents) 

== (61 -394) + ~~ -237) - (-Pll + tS 0) - -l87S k.Jn1.01- ~ 

• 

16•••••• ••• ····~ •t•••••• Th Is r, action mlxtur 
I kinetic I ly eta ble t 
roon, t mper tur . E Ith r 
a o taty t or I spark I 
n a d ror r ctlon to ooour. 
W r d eo,rnpo s ! nto Its 

11 m nt 01n1y t v ry n1gt, 
r mper tur . 

Re,mie mber th t the fre 
energy of fonn tion of an 
e iement in it st nd a rd 
st t-e is ze1ro. 



....... ' ....••.•.•••.•..... 
As th vatu Is 
neeatlVe. tnis r cl1on 
1 tn rmoayn ml Hy 
.pont n · us. 

R member that AS and R 
are quoted in j1oulea but 
ll.H In kilojo u lee. 

The stand rd free energy 
of formation of n lemeint 
in its stable state is z~ro. 

ree n r y eh n r r ti n 1c n h c c ] u] t d tr . n1 nth.J y ,ani n tr py 
1d.1ta u in th e pr "i i n: 

- Ali - A .· 

- -- -------~ .. =-- --~~--~ - - . 

Calculate1 the standard free energy char,ge1 forth - r_action a.-t 298 K. 

C .·H O:H(l) + PCI (s) ~ C2H5Cl(g) + :HCl(s) 'POCl (1) 

Given ~H = -107 kJ mol-1 nd ~ apt-Qm = +36SJ K-1 mol-1• 

11 

t..G8 = .6H8 -T.dS8 =-]07kJ1uol 1 - 2PSK · 0.368 JK. 1 n101· 1 

= -21a., kl mor1 

l A is ne ~ ti the chJ ngt2 i ;1jd t b thenno -ynjn1 i, • Uy fi sibl (s ntti n ou~). 
hus th eh n v i1l I ccur. pr idin th t th kin ties r'"thc chan I.!' r r 'V1 ur 1Je. 

H w v r ifth ·tiv~ ti t1 en r ·y forth re cti n i t o hi h. the r~lcti ,1 is d~s rib d 
n& b iug kin tic Hy inhtbit d. 

If , is p itivl:!, eh r ver · rea1cti 1:1 is tltenu dyn rnic lly f J ib1 . 

C lcul 101 of ulllbr iun, c n nt f 01 , 11 1 n od n n,ic cl 
r n ntr I y ':itu 
hl' vaJue of thE' ~quiHhriun1 ..:onstJJlt dep~nds on A "'!c: J: 

I}. ·lat l - R. ln K 

\Vhcr R is th~ s c nst nt. ,vhich qu h . JJ 1 nt l 1• 

o: 

K - 4S/ll 

he V 

I I, fl 
1 dep nds on the entr py , h n 
undin : 

f the s. tcn1 nd th ntr py 

- th n cur of h r-t1. ctii 11~ v h1ch deter111ine 
th t lll · r tur t ,quHibriuln 

h v.alu f K~d r, lt "J , n1d n th pr ur r th prt.: n ~ f c talyst. 

1 rn1 n frl• " tn1 rr.r 
1~ ht: s c nd rd fr e n r y c h nr c 

tandard trc n rgy off r1n ti n, 

11~ valu f Kc u th~n b c:ilcu hlted usjn tb x1 r~ssiou = -RTlnK 'If - . I 

a e:nerg t1.c n (Toplc 1'3) 



If 
C lculat th _ equilibrium cons nt t 2 81-( of a re ction with a value of: 

) /J,G 8 = +23 kJ n,01- ) ,llG' = -23 kJ mol- 1 

---- - - --

~--------

I O I 1 ~ 11 I 11 I ' 0 f 111 0 n d t ) 
U e th standard fr e en rgy of form tion data in Table 3.11 (p. 81)1 to c lculat 
the valu of th s,t ndard free en rgy eh nge, nd henc th v lu of the 
· quilibrium constant K forth re ction b low t SOOK. 

CO(g) • H20{g) - H1(g) CO .. (g) 

[R = SJl J1uol 1' · .. 1] 

n 
,!lG = !:.6.G

1 
(o·f produtt!i) - I:AGr (ofreactant5) 

= -394 + 0 - (- 33) - (2.:.9) = - 132 kJmol 1 

=-R1TlnK 

lnK;: -AG/RT=-(-132 OOOJmol 1)/(IJl Jmol I K 1 600r") = 2-6,.47 

K = I!''''' i1rr = e·r. 4'1 = .3.14 10,t 1 

ro , n 
Hydrogen i manuf ctur d by th reaction at soocc. 

CH (g) + .H O(g') - C01(g) + 3H (g) 

U - the d: _ below to calculat= 6G and h nc - K -=-t this temper- tur . 

[.R = B.31 Jmol I K-11 

CH.4(8) - 74.8 1 .2 

H20(g) 4 .1 188.7 

CO(g) - 110.6 1s,1.e 

H~(g) 0 1 o. 

An ' I 
.6.G == AH- TAS 

AH= -110.S + 10 -(-74.8)- (--42.,8) == +_06.1 k.Jn1ot· 1 

~S = 197.6 + (3 130.(5) - (1&~1
• lSS.7) ·= -14.S Jmor1 K 1 = 0.214S Jmol- 1 K 1 

~G = +206.l - (11073 0.2145) ; -24.l k.mol· l !."' I = -RTlnK 

h1K= -(--4100J1nol 1)/(BJl )( 11073) = .. J59S 

K.= e2 6 = ]4.19 

Remember to have both 
R nd ~G in terms of 
joules,, 

•••••••••••••••••••• 
Th rmodynansuca Hy d · rlv d 
V I U B ot K 11 Wi n O un I . 

'fiot I entropy en n& 



Both th explanations in 
rms of 6G -nd that in 

term of £15 It I assume 
th t neither 4H nor 
l1S f '1 m C hs1ns with 
change in te1mperature. 
This ie a reasonabl 
assumption. 

SLJ1 mt11ary 
he I quiHbriu n1 c nst nt K, h H.n d t !Ja • rcss1 ns: 

= -Rn1 K 

AS tctal = R Jn K 

Effect of a, chainge in, temper tL1re on, K an1cf het1ce 
or, lpo _ itio n of eq1u i Iii bri u 111 

11 t 1111 of LlS1otal 

H 
T 

J he, r -:1c t i. -n ls c I t b rm i ~ · H ii n ~ B t i ~ s - - H IT is &i ti ~ . 

1 

c" ll e 10 l bi.:con11? lc1SS pos1t1vc, lu K nd hl?n.'"e K. be 1on1~ sm U ·r ,and tht:'1 

positi n t: 11.: uili ritH1l li a nt r to th I ft. 

i , p J 1 t1 v • s H I is n t i vc ~ n set le s s 
hi n .r s. s c 1 1 .1n r I sirivo ( r lo& uc ~Hive) 
po&iti n f QquiJibrhnn 111 v ~ to th dQht. 

fth 

W h. t i th tY!t~ t f thci eh n in tcnlt'era tu r n th ,11 lue of A tg ·1? 

H 1 n e ,.; h:,t is tho e t of th ch .. 1n h I tenl}l~ rJ tu r n th ,,a lu f K? 

3 If K deer & ( .. th nni r acti, n) th, qu ti nc i n ~ L r I than 

h ositi n if quiHbritu m ve t th l fl. makin the quoti nt m H r until 
the n ,v v lu ot · equ 1ls th no,v v:1 lu t I<.. 

In t 111 of ~G 

= H Ti · , = ---JlT]n K 

lnK= R R 'r 

r· th ri , ti n is ~xothern1 i · ~ _H 9 i!!i ne !ltiv~, I 1 - I I T i l' sit iv~ . 
lf ''fin re ses,th v Ju, of Frl! Tb co1n s],ss 

h ri ht-ha_n id ' th lnK u 
K 

n11.;:s le :1s n lltiv . 
h ri lu-handsil fth c 1irc,ei intbrln · b _c n1 tir er~so l11X 1,dhcucL: 
b~c · n1e l~r i.:-r 11d th -o~i.tion of qu ii ibritnn rn ves to th ri ht. 

he lo ic • nu: 

f th ·h UM in t~n1p,t:1 r tur.. n th v Jue f 1 11'? 

n wh t i th ft t eh eh 11 in t mp r tur n th v lu f' K . 

a e: n cug tl,c n ( To plc 1'3) 



3 A ' .. de r Sc (re a j n i Q oth r1ni ) the qu ti ,nt i llOW h1rs~r th n K. 

t th l .ft~ t11ak.in th gu ,ti nt sin- Uer until 
th"' UC\ r VJlU~ of 

" . . . 
. t 1 I i ~'- S1CJV r 

Uy t .1siblQ, but .it rn y n t 
. is 110 • t1v che 1 ~c ri 11 is Slid to b 'th Tl'n lyn.uni -
ko p1J 1cc if the ~u: tiv ti n ncr y i t hi h. 

re actir n is unfc ibl it nc tiv or 

h chan , 1vh n n1 unfi sib,l r action b con1 s t sib] is wh 11 a n g tiv, t~bl 

1 • hive !J. beer u1 s z r . r tur~ wh n this 11. ~,p ns 

llH 
1yn m - T 

,.r ~ ~1-1 
!J. · .-y r m 

lll:l --- · 1" 

TA - H 

H. 
T = --­

!:!. i.;,, 

Ca I c1..1lat th tern peratu Ii 
b eon, fea ibl . 

t which th d composition of c lci1.i1111 nitrate 

1 
Ca(NO ) .. (s) = CaO(s) 2 0 .. (g) ;-0 200 
AS ••n = + 4 ... S .S JJ.:: 1 mo,1 t 

n 
The mp r ture i wh n llSto 1 = 0. 

A - "·S ll.H - 0 '-l _'luhd - U I 111 - - -

T 
T- tlH _ J+369.7 lOOOJmol :l) _ B63 ... = 5pooc 

a "Y•' 111 ( 28.S JK 1 mo1'·1
) 

) Celcul t the Gibbs free n rgy ehsng at at mperatur of 435 K for the 
re ction low and 1com111 nt on ite fea ibllity. 

PClq(;) ~ PCl ~) + C'l (g) 

4Hr = +9' Jmol I .S= + lB Jmol I K 1 

) C lcul t the temp r tur et which the r action chan,g s to b coming f a ibl . 

ll 1 

) aG = llH - T~S ~ + 2 - 435 0.182 = + 12.SkJ mol-1, , o th r ction i 
h -rn,odyn 111 ic lly unf ai I 1:J,G i po itiv . 

) Th temp r ture will b wh n .6G = 0. 

4H-T~S=01 

T= LlH = g,_ = SOSK 
!lS 0.182 

···········~······ ··········-Do not try to expl, In tn · 
errect 0 1t eh ns In 

m r tu r In t rm a or 
ti1 CllS ns In l't,.G S thl 

ult In v ry ,corn pi x 
)(pi nation, pee1a I Jy If 4S 

I po itlv . 

I 
The t rm •s.pontane,ous' i 
ometimes us d In plsc 

of 'feasible\ 

11 
Th value, fior magn1 sium 
nitrate1 i 213°C. 
Th is shows that 
the d c om positton 
temperature of the group 2 
nitr tes incre,a ea down 
the group. 

TI, 
Reme,mber to h ve both 
AH and 6.S in kilojoulea. 

liot I entropy en n& 



R m mberth t 
endothermic, re ctions 
have a positive 6H. 

C lcul -mp r- ture -t whi 1ch th - following r · ction b com 
th rmodyn mically fe eible: 

C C o,(s) 1CaO(s) COl(g) 
- I AH= +178kJn11ol S - 104JK 1 mo1-1 

111 rn 

f to I 

~H i unf vour bi (poeitiv ). but !\Si.yatam is favour bi i(po itiv ). Th r fore, th 
reaotion will only b th r111odyn 111ically ibl wh n 6S1~1tam is gr -t r th - n 
llH/T . 

.6S1t t1 l = .6S ,,m + 6S•ur = ~S •• m - llH 
T 

At temperature of 298 K: 

.o.S'L~Jt' 1 = +164JKmol ' - (+l78000JK ! mol-1)/2981. = -4331 JK • mo1-1 

Thi i negativ valu and o th f action is not fea ible t 29S K. 

A th r ctlon is ndcthermic, it will b corn spontaneous at high r 
t mp ratur • Th I conditions t which it chang s from . ing not f a ibl to being 
i- - - ible i wh n '1Stc,u:i1 = 0. 

AS .... AS tlH .... O 
l,j tut1u.l - t..l ' •l11rt1 - f -
AS- - !JI 0 • tm--

T . I 
T= 4.H = +l7B OOOJn1.ol = 1085K (or S12~C) 

~:s I m 16.:f JK I. n1ol I 

I O /J. 
ilH i po itiv (unfavourable)i nd liS is poeitlv (favourable)1. Therefor~. th 
~ ction will only b 1 th irmodyn 11,ic lly fi a ibl wh n T.6.S i more po itiv th n 
tlH. Th change in fe a,lbility is when th two r equal. 

T~S= !:iH 

T= !JiH = +178 OOO!mol 1 = lOiSSK (or sr,oc:) 
AS 1641K :i mol 1 

t A ] v I~ it is su n1e th .t n i ncrc ao in t n11 ratu re r, uha .in nc H ibl eh n 
in th .:thu; ll I m bt: ~use tho ~ntrot ic& 1..1f th 1 ~~ t~1nts :.iud produ ts ch.u1 " 
by imU .r m unts. It i. l · 1 gsun1 1 th t th v Ju f H d g n c le r ith r. 

h ~ :.r l') d ar,,i ro in• ri nr. u1 l !U th r~ i h .. n f 11. f th p!ci 
bet\\"o n the tw ten1 rL tu r, s. 

- hcnn dyu 111ic i ~ n in nu ti n b ut r cti n r ti.; . A th~rrn dyn mical]y 
f asib1l reaction nri, ht hav uch hi h a tivation en r y th.1t it d :l§; no·t pro d ,at 
o n1 tftnperitur . 

At high r t1lmperature1
, the mBgnitude of 6S urr lways gets sm II r. Thu neg tiv ~S5urr 

becom le,sa neg live nd a positiv l:!.S urr becomes less posltive1
• 

a e: n cug t l,c n ( To plc 1'3) 



I 
So I ubi l1ity of ga, -e -

is Ivins ga hv y r ults in an Jtiv 
11 

, b c us th y t m b c n1 111 r 
ord red. - herefi r • for" a~ ti b~ s Ju blc it nunt aJw· }rs disso]v • ~ t'I rm \ lly (the 
surl'1 un in s _ ·0111e n1or disord re ). hi u1 ns rh t the gui1ibriurn: 

hi: d:tiv~u to th 1~n b) au i ncn: :isc in ten1J e1 aturc. · Tases surh s 11.."::1 rbo1:1 Uoxid ", ~u·" 
l ~g solu l in h t ~ t r th 11 in c 1 ,. t r. 

2( q) Hn tiv 

Solubillity of so liicis 
11 'tr ry· t10 the I to 11tropy. s . lvin s _lids d , 

nu.1rt:? dis rd r~d). 
lid to m r r nd m 

·d rod du 1 
1 tho . r 9 f ~ctr. tion 

b nv en solute nd s Iv nt. hh i p rti, ul rly the c. s "vhen 1c nip unds c 1nt inin 
i1 lHi f hi h 1har den ity di. ~~]v~ iu ~ ~ I (J I ?), 'H •ctin C!.l ll b either n .1ti 
(h nc th urr undin l t on1 n1 " i rdcr d) or sli htly si iv (h n 
th urroundit1 s b · ou1 sli htly l s isord r ). h oquilibrium: 

. (s) ~ 

is dri n t 1~n (l \S s lubJ ) if A H 1o1n i · th ru1i .1nd t · th ri I t (ntore1 

solub! ) if H u,in i nd thermic. 

Extent of olu1bili1ty 
Jubility f i lid is d t rn1in d by th t t~ I ntr y h nQ fr I nt l fth t soH . 

-....... 
'J 

o,r au iouic s Hd t di s:olVt! !ii ni tr -1.ndy, /l t gtd 1uust b(! po;itive. lt v~lue dep ndr. 

11 d1 th ~ntr y eh llk f th y t 111 Jnd th nth lJ y ,"'h 11 • 

n rop eh n on II lvl n n ion I c olid 
Wl1 n · n1n1 niun1 hi ri h f'. ~ in ,v ter, th nth lpy h n is +15 kJ 111 1- i . 

--

i : 

~ut th . rs tt.: n1 
f the u rrou ndJ 11 

nn·r i:::: + If 7 + (-5 ) - + 117 J J m r L 

is a ] ositi nuntb r nn I & · tho di s , ] ring f :1mmoniu1n chJ ride1 is 
th nnodynJn1ic Uy J ntlllt.; us. 



•.•........... , ......••.•.•... 
Thi , can b d monstrst d 
by 1111 Ing a bur, tte with 
wet rand then adcHns 
son, an hydro us alum lnlum 
c n1orlde or Iron( 1111)1 c hlorlde. 
Tn volum or tne water 
snrlnks nouc , ~ s wat r 
mol CL.Iii s bond to ih I loin 
nd llecom I ranaomty 
rr ng d. T high chars 

d nslty of Al!+ Ion m an 
th t \Vf1 n a 1un11 nl um 
chlorl Is di sow d, 
6S •)'lt;m I n g tlv . 

ntr p f t h l1 rr unctrn._ 

c use ,~rr - - 1-1 1 in/~ th si n f the ntropy .. h n 
the nth 1 y ·h~n 

• 
7Hitr py r U1~ 

1 f luti n. 
f Juti n. 

L i u t'r j n a ti V • 
, • '"I •• 

nur H po lUV • 

n t 

hi i uu } llp1 f th nt1 'I y , h 1~ c of h...: HohJt .1n t th _ ntt1 i'Y than e f tb 
a,olvc,nt: 

When ny Ud lute is diss ]v d its c11trop1' incrc s g th p rti l s o tr 111 

b h1s arr ns ct i n J rcg·ul'1r pattern in tho soilid to being distri utcd r nd n1ly in 
the s luti n. hi , pp1il'S t oth I v lent ub tanc , such as QJu ~ s . 1d c i nic 
ubgta ces uch s s d1uu _ ch i ~ ide. 

lut > 0 (ll ., .~1u, • sitiv ) 

ln eh c s; f n1 ny luti ns~ th re is ._ lso n incrc s:e in eh :111rr ipy f h 
. oJvent as it becnn1 _s mnixt.!d ,vith s ]ut particJ . 11 weVQr~ ,,vhen ~nhyi _liou ionic 
· ubstanc s ~ r di s1 lv d in w ter. th ru i ho 3 1uide a ,l~ :tn\OLHlt r rcforiu 

( \V it 1 r rn lecu] I ,.rh p . itiv i1 llS b C n'l 'SU IT und d by ,v t r n1. l cul s~ ,.l 

d10 6- oxy en ton is in the w1r~r t , nd \\t,ith th 'I (lositiv~ cat ions. l1is 111~ ke~ th~ 

6 hydr n t ins n1 r ositiv ~ ~ u ink tb m t , bind - nd 1. h re f' \V t r 
1n 1 ule. he e. t nt 'to\ hi h this h p] na d p nds on the chl'r c nsity fth 

ti n . 

he eh r density f th uun niun1 iou i s111 n b cau th) in I ,I sit iv 1 . har, 
h ~~101 JliseJ oVtN th~ ,~ hol ion and o the ntr l1'Y of th"' rv ter is not s.i ni ,c .. utly 

Jt f d. he Uthiun1 i1 11. i ~ er ses tho entropy ( th s lvcnt t r t 1 

'tent th, n rh~ th- r r -up I i tu~ . it ionic r idiu is n1uch in. n~ r. 
c ti ns h v n1uch l- r, r eh r de tuity th n group 1 i, ns. hey , r 
, h:ir ~d ~nd, f r 3, h . U1e, 1 nir radius i n1uch lcs thun thJt o th 8rou1 I ion 
in th 9. 1,ne eri d. h e. t nt t 1 ,vhich th w1;t r i; n~ ati'Vt! (n1 r r<l red) 
d cr~as 1s the , roup is d~ , nd d. , hu bar1uu1 i I s~ Ba'l+~ oru r th wat r I ss 
th 11 nu1 sn . itnn ions. M g2+, 

N tiv i n s ~ Is o r au s 
surrounded by 6+ hydr 

r tb 1~r,o "~: 

.i ni 

di llt ord ~rinQ fw t r n1 I cu ]e ~ s the n ~Jti.v i. ns r 
en. t nu in ·,v~tcr 1n I u1~ . 

~, u tH ions 

the f llo\viug un1ptions ~an b m di.:: 

group 2 111 't 
D tiv . 

n ilv r ,con11, u nds 
\\\U r~ '~•t•m i , h,,ay 

ati ns. uch a 
u s J r e d -er .. s in the ntri I y f th ~ Jt r. 

a e:nerg tl,c n (Toplc 1'3) 



It i ,s51ib l 1 t cttJcu ] t tl e v~1hH? f "',y,t ". Ith s boen C!ilthuL ted th.1t A •)"H•m f r 
1dis~ lvin anun niu1n hi ri in ,v. r is J67 J 1 mol-1: th th r 1 ti ,11 v~ lue fi r 
b.rhun su lf~te i - 104JK- ln101-1• 

n1 ~ onth lpy n ~ncr py h n es f r i 
han e t :]()8 K 

M (&) + g ~ M''-r(.1q) + X"-(nq) 

r sh , n in T ble .12. 

h.solvin in \!VJt r~ i. . f r th 

It .. 11 b si;: u 111 th t blc th t J 11 tll ' c n11 unds c: n tL n1n1s siu ly I h~ r od 
r.ati 11 have (.I po!iith1c L .,, tun• his i the n1~1h1 re:1son - hy r up, I. con1p unds 
:ir trt, r solu bJ . the . ~c..;or ion be in Uthiu 1n fluodde. h ig is cou~ d by thl.! fluori 
i n fr rmin . S'tl' llR hydr l1 b 11ds \Vith \V:Jt r 1111 ]r cul and by h hi h eh r, 
d ;l nsity f th~ sni:111 Li · ion. Doth tb &f fact rs c3t.uu~ a 1nor.e ord ~rod .rrr:in enu~nt of 
th w ter 1n J ule . 1 iJv r chl rid i ins lub,] in spite ot th f vour bl 
t aus it 1"10 i hi hly nd th 1·n1i . 

T bi 3.1 Enthalpy and entropy change, for ionic solids dissoNinS in water 

I I 

- 1 124 11 135 

- 13 +4 +30 

17 - 57 +77 20 

LIF( ) - 1 - 37 _1 4 

) - 61 1 1 7 +11 

- 221 - 18 

M S04 ) + 06 - 213 2 

Cao04( ) +60 - 146 -85 

0 ( ) - 66 104 -1,e 
CU 04( ) - 7 +:245 - 192 +53 

·'?s·diuriiilt,··~,-- ; 
11 ···J~ "• .-~· • ._.. Y, I 

~":- '" 
1
il! II~:: I ,"'!'~\I ,J ___ _ 

----~-

Solubl 

SOIUlll ·· 

so,ubl 

I0501IUbl 

SolUbl 

lnsolubl 

soiubl 

Insoluble 

In olubl 

Solubl 

h r v 1r., is tru - r c tnp unds c nt ining ubly positiv . c ti ns. AH h v 
his ja \\thy n rn t1y th ir 1111)~ 11 nds (c 1rb 1n .. 1t '. 1 h 1,h. [ s 

3nd hydr . ·id s} ar h1 Juble. 'l h y r n]y s Juhl if the 11 h Jpy f luti u i 
suffici ,ntly cxothennic. Thi~ is. th case with 1na n siu1u sulfatc and coprer su]f 't • 

but n 1t , ith c l iun1 suit t _ r b riu1n su Hat t !JH b, i en oth r111 ic tl'Ud 

is n tiv ~ s it i ' ·tr n1 ly insoh1bl . 

h rel~1tir ! hi bitW~ n nth.llpy f S luti n, &1 ]L1l 1i1ity ,111 ~ th entro1'p,y f th -
sy~ tern i sun.1n1ari · d in T, bl r .1 . 

.. ,,,,,,, ...... ,,,, ..... 
TI1 uDs'tanc With n 
exoth nnlc AH oln are 

hown In red: tho,se with 
an ndotn rmlc llH oln ar 
In b1IU I 

T 
Exothermic indic tes 
a positive hSfiiJr~ 
endothermic indicates e 

n g t N1 4SfuFrw 



T bi 3. · Enthalpy, olubUity nd entropy 
---------------

~ s: ~ '!'!_ · ___________ _ 

Endolh ,rm le ( +) SolUIOle MUtb mcr po ltlV than llH r;1r/T 

Endoth rmlc ( ) In olubl IN tJ sa or s posltlv than ll.H,oin/ T 

Exou, rmlc (- } SOI Ubl Po IW OI n tlVi t11an 6H101,v T 

EX0111 rmlc '- ), In OIUD Must more ,8 t1 th n ll.H 1n/ T 

S0lub1i1iity trend in a, grou1p 
h enth tpy f go]ution ot 11 ion ic oH l CJ n be by n1 u !rl r J-.1 s s I ,v 

'"yet ( 1 f ). h re I n li>r th 1 trend il1 th lu ot ~H .-aln is f Ul'l jn thn \\fJY hat 
th latti ~ cncr it!S and hydration nergi eh n d wn r u ,. 

he enth 1 'Y f S1 lution is Jia11ce be tw en ! ttice en r n th sum f the 
hydr. tion en rQi ~ 1 f th ion : 

AJ-/101 - - 1 tti, "e en r y + !iilUTI of th h ,iJruti n en r i~s uf th ~ iou~ 

Jn ~ ny rou1 f the · eriodic ta] blc: 

he ! 'tti ~~ enQr i ~ b~,c 

, h hydr ti n en rsic a 
the r up h d ~. n d d. 

· rn l ~ xoth t·1nic do'Wn th~ r u1 . 

h teti r . the cl ung in H,nb, d1 v.ra th I Ul 1s d tennin~d by wh'i , I , uantity 
sh '\VG th yri t1ft r d c, as . 

Jf' the t tti 1-:n r y d er e Jn r th n th hydr 1ti n en rgy~ the 
x ther1nic ( r I ~s ndoch. . r1ni ) . 

'Tl1e lt1tricE f,ner y and hyJr~ti n enthalpy v Jue~ .for up 2 llydr .l ides n gu] fil'tes 
r sh \V l1 in bl .14. 

T hi .14 Lattice energy end hydration1 nthalpy velue for group 2 hydroxides nd sulfate_. 
;;s·uii"rtn'·--co~ ----~-----. 
. .. •. .. ,.11 ... I • .~.1· •1' ~ I · , .... .-.. 
·- I, \.I;.. •• I ..-,. 

-_-__ -_--______ _ 

Mg(OH):z(s) 

C {01H)2( } 

Sr(OH)2(e) 

8 (OH)2( ) 

en ng aown tne gr up 

MgS04(B) 

C-aS04,(S' 

rS04( ) 

B 04{!:1} 

Ch nge down th group 

a e: n cug tl,c n ( To plc 1'3) 

- 2842 - 1920 

- "'55 - 1650 

-2 54 -14 0 

228 - 1 '80 

14 & 0 

2B,74 - 1 20 

2617 1650 

-25 6 - 4 0 

- 2424 - 13180 

4 0 EiBO 



lblc .14 sh \I/ th~t. f ,r th~ hydr , id of ,roup -· n a~ cendin the group, thor 
is r att.?r hun t: in l.1tti, ' n r y eh 11 th r i in hy r ti n nthaltiy. hi r, ult 
in th nJ1 1p of oluti n b e n1i1 t adUy n1 re o~ otherinj . 

h fatt1 nc1r y eh l'1 s n1. r th n the hyd tion nthJlpy b . :.1usc f the y in 
\Vhich th two factor depeud 011 the i1oni r.idius: 

• he hydrati n 1, r y of. 1 cj 1 d pe nd ur~ 1 lts . hnrs d 11sity - th ·hor 
divided by he r dius. 

• h..: I attic: n y d~pe;nds Ul' n th rh r ~ , f th 1 t,v i n~ cuu] ·1pli 1 d tc 1 thur 
divid~d by the sun1 t th t\P i ,r k radH - {t'(+) + (,·(-)}. 

h42 H"'" i n is . n1 H .1ni n. ~ilnifar iu ~iz to rhc rou1 r tions. _ h. 're tore 
th v. lu c · { r( +) + ,~ -) iucr ._ s c 1nsid rably as tl1 v lue f the r diu f tbe 

ti n. r(- } . incr s . 

h oi,1~ sit, i~ rru f rt] . , ruup ., sulf _ -~s. hi ulfi t~ ion is u1u h Jar r tl _n ny 
o th r up ... "ati ns. her f r,e,. o r(-) 1 r(+) th vaJu of {r(+) + r(-)l ieli. ns s 
by only s111 II 1n L1 nt. his 1n 1an th:1t th 11 lCfe , -s in th n1. 11itudc of th l~tti 
en rgy h 111 r~ 'th n che er ._ s.e in th inn nitudc f th hydrati n nth ]p,y th 

i ns. hi 1n k s th nth ]py f luti n incr~ asin ly ] x therrni " h ~r up 
i~ )~~ cndL?d. 

h va]ue~ of H.~~" are s.ho\Pn in .ibh~ ,.15. 

"'rh v Jue I if bi.H•nln i n t th nl 'f~ct r d t rn1inin ]ubHity. h th r .f. et r 
h th chun i11 ntr py 1

• f th sy1t Jn . r rnJ11y i nic lkh. this is iffi u lt ti 

d, · tcr111h1 a , ur 'tely. A u ide i th..: n.dL tiv t.:'ntropy v. lu I f th 1 ns, ,vh mch a re 
lso sh wn in :'l)e .15. N t~ how th ntr py of th i n incre e s th i 1 ni 

r dius i ncr ses. 

olul lllty of oup hyd o id 

T blo 3.1 Enth lpy nd entropy changes involv d in dissolving ionic soUds - group .2 hydroxid s 

Mg(OH)2 + - 10 Mg2+(a ) - 1 8 

CB(OH):z 1e 64 ca2+( q) 5 

Sr(OH)~ - 46 +154 _r2•( cu - 33 

Ba(OH)2 52 174 sa2+( q) + 0 

Chan down Mor - 84~ oimon Chsns down - 148. so ma,r 
tne roup xoth rnilc Uk ly to dlssol'Vi th oup from llkely to dlssolv 
rraim Mg to aa M ~+ ( q) to B 2+ 

,.The va~ue o,r th entro,py 01 hyd1rat d Ion 1re rel tJv to the value for H (a q} 

he enth. lpy f soluti n - ""01ne n1 r-- 11 s tivc d 1wn the gr up. his mc~ns th t 

· \~"' b cont s 111 r 11 siti~ n s, f v ur Jubility. Th ·h n in th ntr l~Y 
f eh atio1 ors l ss no tiv i nd th\s Is: v1 urg s Ju ility. Aa both fa , t rs 

tavour. incr . in solubihty. b riu1n hy ro .. id iii Jnor "o]ubl th Jn n. ne ium 
hy I. ido. 



olubllity of 1oup 2 ul ... te_ 

Enthalpy and entropy eh nge& invo1lved in di solving ionic olide - 1 ·roup 2 sulfates 

MgS0,4 ... + 06 1Mg2+t q) - 1 8 

C 04 18 BO ca2•( q) ... 53 

- 9 + 0 r2+(aq , - 3a 
8 0~ 1 1 -1 3 B 2+(aq) 10 

Chang dovm L &S - a, so Ch "8 down the +148, o mare 
the oup exothermic les llkely to eroup rrom Ms2•(aq) Uk ~y to Clle ,OIV 
Tron, MB to - 01 OIV I to 13 ~+( q) 

Th VBIU B of 1h _ ntropy or hyclret d Iona are r ,1 tlY to , he \/, lue for H+,( q) 

(! ntht1 lpy o soluti n b" . tn 'S 1~ss n .1tiv do,v n th group. hh n10:nu that 
tJ uiu - me l , itive nd. th r r r -,~ t1 v urs in lubUity. h ,chan in the 
ntropy f th ~ ti n tg 1 ne tivc, \Vhicll f vour lubiHty, but th han 

in · ntr, py t th hydr t, ti n ('14 J J n1 1- l) i 111u h less th n th eh 1.1 iu 
utr P·Y o th~ surround in { J , 1 n1 1-1). hii r wr-ults in th~ ~olubilit y f the 
ulfatcs deer sing d ,,,n th 

iling p 
t oquHibrhnu 4 th v lu of t O • th r 1 i u i1 i ,,riun1 oc,veen ict.: 

an t r. he i oc t1 t n1 'le, n r d e th ,v t r fr~ z ~ un I ss h ~ t is add d to 
1 r t k 11 fr n th gyst tn. N ith r direction i thcrn1 dyn n1ic Hy f ibl • s the 
,v roruu c f vat~'r r n1 in in ~quiHbriuin: 

A cc l - 1y1um + 

- -c::::: 
1· 

·fl fl 
~"1 ==- r ] ::::::, ---. 1y11e "'f 8 · -,,y t m 

l - r ic 111 ltirig = 6012] n101-i 

h. \y• •m. - ' "'(\Va ter) - (ic: ) - +22] _ 1 111 11-1 

== _ IJ_H_ = . 1..;. :::: ..,73 K = u 0 

L' '"' - -' "")If i•ffl M@ 

n1~ltiu, tel11} cr~1tura of i 

· l--l felt~ ,~ tor ilin = +40 7 J 1no1-• 

l')l'itff'n = ' (Rt • 111) (,v t r) = +1 J J rn 1-1 

boi Hng t 1nper._ tu re K c::: l00° 

It , n n fr n1 h · that th 111 hin I r b Hing t nip r ture 
dc1p nds up n the ''-un unt 1 , en rsy 'rc~1u ired f r the ch·1ng of st t . Thi o .. pi i.ns 

a e: n cug t l,c n ( To plc 1'3) 



\\'h b Uin and n1 lting tc1n 12r ture d.,;:pe.11d on the s'trength ofthe tbr cs bet\\'"'e-n 

th I' rti l s: 

tl' 1:1 fore~ ~111 iwnt of n -fl y t1oe ~ to op,11· t eh 1 p.trti . las 
= hi h n1 ltin r b Hin te1n racur 

Slt t111r11 a1 ry 
• h re t~HH arc th~rn1od}'113n1ic. Uy un t b] r l 1tiv t the l 11 ducts it . t"1'r"l 

~ r tl eh t is p dti 1r A 1s n ari ,. . hi n ~ ~n th t th r ction i 
thern1 dyn mi Hy f 1. ibl . 

• nd th nnic r tio·11s . n h.1J1p n 1 1nly if th - ntr 1l'Y h.1n I f h .. ~y!l!t n1 is 
positive. 
-nd th- rn1i ~ ti ns ar n1 r likely t t kc pla,,. at hi h r E 111pcr 'tU n~ s. 

• ~ thern1i reacti ns r l'w y th rtn dyn 11ic Uy f v ur bl if the i.:nn·o y 
ell' u , fth y 't 11 i i,osifv\ 

• xothorn,Jc re c ti ns 3 re thern10 n:uuic iJ I r f._ v urablE c n \,1h 11 the ent1 - y 
the ys n-1 i n ative,, ifth entr py han fth urr undin outv i, hs th 

~n tr py c.;h n, tl ~ysten1" 

r 
Mak sur, hat y u can: 

• d fino1 I .. tti ~ 1.!ll 1· ) an I ctr n rt - n11ty 
• d fin "nth lpy ot" t 111h. tion. hydr ti n nd s lution 
• dra,v Jnd int 1.1 r 1 t Born-Hab r ... y h~s 
• J1'1. in th tnct r that a ffi c t the v Jue of J ,ttic en r ·y 
• o i,Iain th tont of c ov kncy in ioni c 1up unds 

M.. sure rh~1t y u: 

Clin C k:uhJtc 1y1t m usins th dat bo kl t u.nd A. ~rr fr 1 n1 cntht l,_ y t. 
kn ·,v the rcJ tion hi , betw~, n /J. cQt 1,- ll .,.,~.n:1

1 

.. tnd 
• r . I.is, th t r ,ction p Ju in :1 h~1v k. si tiv, ~ IY r m 

• lHl erst nd th t the JU UNlitudc ' A ~,utr d er Sc $ the Cc 1n1 r. tun~ ri Q. 

• kno\\' th c 01r J reactiott t ~ b cher1no -Y11Jnti~ .1 Uy fe si bk. A 1ectlll inust e I sitive 
r 'that n1ust b ne tiv 

r iii rhat a f asibk r ,cti n 111 yn t r~1k 1,tac ifth€ rivati 11 ~n r y i t o hi h 
• -, n lcuJ t th tl!n11 r 1tur t ~vhkJ1 , r cti n b c m s r~ sibl 

can e, kul t H ~,u,oi\ f i nic c JllJl unds lr m 1· ttic: n hydr ti n n rgi s 
• kn ,; llnd c u , Xl l h1 th tr~nd& in solubility f gr up 1 and .... 1c n1p und 
• can xpl in th ~·tent ot s JubiJity and the effect f 11 ug in tc1np '-rltur n 

s lubiUty 

M 1to1s na 110111ns point 



I 
U c the d t in T hie ,.f n p. 73 It c ],- 11 I t th 

eh rn1odvn~n1i, tb ibHitv o th , no , h1 r JC' ion 
- I • 

t 2' ~ 1 : 

N1(~) + Hi(g) - N J (8) 

2 liyclrat~ b' r.iuni ~ ith oli 
, u ti n : 

3 

n1n1oniun1 chi rid 

1 a( I ·1)2· ,11.. (s) + 2N 1-1 , l(~) -+ 
B.tl J2(') 1t I 12 (l) + 2NI 11( ) 

he t t.1] st n lnn:l ntr py cha n 3t 2 8 K 
6 ~tal = -1- l5, J 1111 J- 1• 

nth lpy 1ntl ntropy iv n in eh t bl . 

H20( I) 

NH3(,B) 

U t.": th dat t 

) 

860 

-286 

- 4e 

t naard 
entropy/ 
J K· 1mo1-1 

92 

b ., lcu]at . ~ •y• am ~ 11 ben QC lc u] te th 
ntr y I f hydr t d b riurn h. drox,idu. 

he r 
n.ot t~ 

H = - 28 ~1n 1- 1 

y n d s 

Use 'the, d · t~ ~ , e ~ nd tho in bfo . n 1 JS 73 
t '']'>lai n th c n 1~,ts f th rnt I yn n, ic t bi Ii ty 
nd kin ti in rtn ss. 

J r, w H s's 1 w i r" ni. nd us it t I orl,~r \Vith 
th d t h r, ~ 't I l ulat , Ru1b, (lithium flu 1ri - , 

i . mn1 nt 1 th Uk:oly s lubiUty f Hthiu n1 
fluoride i 11 w: tcr. 

a e:nerg tl,c n (Toplc 1'3) 

7 

Q 

I r v H s' l v di r n1 f r · i sol vi n c le iu m 
hl ri . U it an h data h 're t · J uJJ·t 

hyd of chl ri c i n~ 1-. 

2237 

tudy th , d t i,n th t bl . 

) ~ the da't .. to su ·1 at and ex ii. hi th relatiVt."' 
e JubiHty f tl r u I ... tJu rid ~~ 1n' . 11 itun 
ftu ri ~ M , ,..2• and 1C. I iu 1n flu ri _ • J F:!. 

Ebe d.1 .. 1 t si1 st ._ nd c t I._ i1 th r 1 tive 
olubihty I f the silver h Hdes1 sHv,er br 1nid . 

A r. Jnd silv~r i di I JA, l . 

U e t h f n wit u ti n t t te , n d l' l in 
w.herh.er the r ,i: tion s r !iUlt in on in .re lSe I r 

ecr · se 1n th encr _ ·y t th "'Y t m : 

l { 2( ) --+ -
b 

• q-+ N I~ +tag) N - J-(~ CJ) 

l l)"l1t m for h ]l,O\Vi ll re ~ci· 
~o 

N., ... ~(8) _., 2N 2(i;c) ·H = +57. kJ Jll 1- ~ 
- l, ' , I l Entropy, 51 com

1
pound t B6°C/ JK-1mol-1 

N204(S) 325 

N02(B) 26 I 

c) n1n1 nc n th f ._ sf iJity ti n. 

d pi in th 't rn1 th I n1 d. n n1ll tn.bfHt , 

with r fi r n to t hi r c ti n. 



a r 
1 , , l 1 'et \l hich f th win h ng s~ 

1l to Z, il1 tti _ Jl • t U11 M..:14 Jtl1f _ f 
K. 

+600 
-,eoo 

I 00 

z +600 

w Y: 1d onJy 
W n1 - only ( I) 

N2 4( ) ~ 2N l( ) IJ.H = +5 kJ m ]- 1 

t te · nd x 1 in th si tt ry,c m tor thi 
re . c: ti u . (' ) 

fJ: tnl 4 nul'rk ) 

.... ~) f) Which ,~ ill h:ive the , re. t~st c.fte ton 
th V lu ,f th I· t ic "1'1 "f y r tl j nic 
s lid? ( I) 

b th i u havin a hi h char llnd 
Im ~ tadius 

B l')Oth i n h vin 
sn1:dl r dius 

I w eh r J ud 

]ow eh r ond 

H) Whi. h t1 t nt hni. th . lu b,iHry f 
n i nic so.Ii M ? ( l) 

A 1ud a 
tiv ll nl f Aflhydnticn f th . 

] tl!i 

B a small n 
l:n n 

hntic 1 n~ I'S}' an ;n1 ll 
· tif tb~ ioug 

l y l,llII.JJ.tl 

J 

~ncr y 
(4) 

2nd i nis ti n en r, y - + J 4 kJ 111 J 1 

d~ cnou 3ffinity f4 r tluorin~ - -32 
ll~+ t1 r M ~ (s) ~ 1102 kJ Ln 1- J 

) i) ~s y ur ,an r r t (b) ull th 
b l r\V to1 c u] t the nth 1 y 
s l uti n I f M - 2. ( ,) 

i1,y t1 " t M 1+(s) = - l _o ~ 111, ~.-
1 

~)'tbOr.lU I -( ) - 50 1 J 1111 1- 1 

J ) Wh~1.t d a you 1 • n \V r t (, } (i) t 11 
} u b ut h ]ubility 
flu ri c? (I) 

Li ) Whi ·b sub tan will h vc h 
di__ rouc~ hi. h 'en th xii run~nral ~ orn­
H b r) nd the the re ti J J ttic norgi ? ( L) 

A s diunl tlu ,rid , Na 
B s diu n hi ri ~ N l 
' calciu1n ~:i - ~ . J 

al hnu suln I ~ .I' 
fl t3l t L 111 r ) 

M tll cti, n 

(· ) 21 2 g) ~ H 
AH r::. - 2 kJ m 1- 1 

H() 

n) r) U c the data b 1 to I ulat ~ ~ 1n 

i n and units ot this re - ti n. 1iv 
wi tl y, ur 1 \Vu r. 

CO(Q) 198 

H:;i(g) 131 

fU) 

iv) 

) 

I :1iv 
~nS\V ~r. 

l'. 

(I) 
6 r tl ~ r tk n lit 

,. si n nd uni Yitith y ur 
( 1) 

n th f 5ibi1ity 1of this 
(I) 

ti n is n t 

K. l) 
} u 

( 1) 

) ulcul t the to111pcr turc t ,vhi, ·h th 
f ~ j i1ity I th ren ti . n , in eh~ ni • (2) 

('I t l 1 t n ~ r ) 

Ex m pr ctlce queatlon 



OIL RIG - oxidat~on is 
io e; reduction is gs1 in. 

TI 
H lf-equartio ns must 
bal a nee for c h rg .as we1II 
as for numbe,rs of atoms. 
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d II ( 
• PI 

a 
hi topi assun1_ kno,vled ~ e th r I 1X h 111istr ov r d in th~ trg·t y _, t (A ) 
f the A ] v 1 c u rs . h r lr 1 1 1 hn rt nt concepts th 1nu Yt b rcvi it, 

befor~ n1b3rkin 011 the nt?~ sec nd ·y ar ~ork. 

h dcfinitli ns f 

f d n U n I I o f 11 let l r n b ru1 n t In , I n r I n 
In r ,, in ld 1.ti1 11 nu111b r I nn eh~uu~ut. 

b "' n . E IU ~ n 
d , "" r a, fn Li n ru1n1b ,, ur n ,] n1 •nt. 

h oxidl tjot1 nu1nber f n unc u1bin eJ~n1ent is: er . 
h .. id tion. number t tho lcn1cnt in 1n n t 111i, i n i the eh~ T8 n ho i 11. 

he ~u n1 1 f tbt; x id. ti 1n nu 1nbers cl' the :1ton1s i u a ,,eutrJ 1 on 1p0iu nd is z ro. 
h !iiUn of ·the I id ti n numb r in poly t I lli1c ion e u" 1s 'th eh r n 

·h" io1n. 
AU rou 1 1nc1't.1ls hav an xid. tiou nun1b r of +l in th ir. ~ ntpounds, and :1U 

r up 2 111 t.Js h v ~n xidati n ntunb r f +- in th ir 1rt u1p und . 
~ luorine . h '(}YS 'h _ g tl _ xidnti n uu nJ h r -I iu it n1p 1U nd s. 

• ydr Q n hJs th xid tion numb r 1 in its c 1n1J u 11 · , p., rt trorn wh n it i 
u1bitu d \Vith ,~ nu.~t .. I. , hen tile xkh1ti1cn nl1n1b iris -1. 
xy1 n h eh id ti n nu tnber ... in it c 111p u n , p, rt tron1 1n p r .:ides 

n sup 1r ide I r when i't i con1bin d ,vith fluorine. 

1r If 
ox ids tion number of u lfur in: 

b) S04
2- c) S2C 12 

lion ic f1a 1lf-eq uaitio1r1 
Jonie half- qu ati 1n ah ay h~v I trons on ith r th left-hJ nd id :I r eh~ ri ht­
h and ido. 

Wh n zinc i 
hy1 lr on~ b 
qu ti a j : 

d to iJut hy r chl ric cid. th hydro n i 1u r r due d t 
nu!h~ h ii id tion nun1t front + 1 r r . he half-

...H+( ) + ... e --l. H,.(g) 



A ·rh ig i .~ r ductiou rel tl n~ the el. • er us are n the lcfr-hnnd ide f the hL1 If-
quati n . h zjn 1t u1 ~ t· ~ ~ iJi..- I t zit1 i 11 ., t u th ir u. ~id. ti n nu1nbcr 

incr •a c fr 111 _er 1 +2: 

A this is o .. i tii n~ rh lcctr n , r n th · n ht-h 11 id I t the u 'ti in. 

1r If 
Writ th ha If.. qu tion for: 

) th reduction of Cr2012- ion in 1acid solution to Cr3+ ione nd wat r 

I ) th oxidation of iodid ions1 · o iodin 

Overall 1ion1ic eq 1uati o:ns 
Wh n h )f .... qu 1ti n r , c 111 in d t 
nru ·t b uch th t th nu1ub rs f l · 

iv the v r 11 qu :Hi n . the t ich i 1n try 
tr lli c; f n 1. · do th i ~ n r b th ha 1 .. 

qu tion s n1u t b mu ]tipB d by int 
sa n1 i11 b th. ho tt h .. u:.eg u ~ ti n 

I l1 ti n. 

rs s that tl nu1n.b r or I tr ns is U 
.r~ th n added to he ov rlH 

~ h t t 1 h JT in . -id ti 11 nu u1hcr t th s eci s b in I xidi is gu I o th 
xidati _ n nuinb r o th p i s b ins r due . 

Writ th helf-equ tion forth oxidation of Snl• lone to Sn4• lone In _ qu ou 
solution. 

Write the h _ If quation f-or th r _ duction of Mn04 - ions to Mn2+ ions in 
qu ous cidi 1c solution. 

c 1--1-nce, writ= the overall qu tion for the oxidation of tin( 11) ions by 
m_ nsanate(vu} ion in :::-queou - acidic: elution. 

I 

) This1 is oxidation, o th lectron r on th right .. h nd sid of th h If-
equation. Th oxidation numb r of tin eh nge by 2. so ther re two lectrons, 
in th h- lf qu tion: 

Sn1 (aq) - Sn 1 (aq) + _e 

Thi is r duction, so th leictrone r on the I 1ft .. h nd aid 1
, Fiv lectron are 

n ed d b CSU th OXid tion num f Of m na ne _I Chang · by 5 (fronl + 7 
to +2): 

MnO -c q) + 8H 1 ( q) + 5 - M11· (aq) + 4H~O(l) 

Multiply th firet qu tion by 5 nd th cond · quation by 2 to obt in th 
s ,,, numb r of leetron·s in eh equ tion . Th n add th two quation nd 
cancel th el etrons. Th: ov rall equ tion i ·: 

5Sn·· (eq)1 + 2Mn0 (sq) + l~H1 (aq) ~ 5Sn (eq) + 1Mu· (B1q) + 8H 0(1) 

State symbols must be 
u d In half-equati1one. 

You should m ke sur 
that both re c'ta nt r on 
the 11 ft .. he nd side of t h 
over II equation. 

Tt1 
Tin eh a nse oxid atio1n 
number by 5 2 • 10 

nd m ns~nes, eh ng 
oJdd tio n n 1.1 m ber by 
2 5 • 10 s well. 

4 Reaox 11 (TOJUC ~, 



Fi ur .1 An lectrochemical 
ceU of Zn/Zn2 and Cu/Cu2 ~ 

................ , .. ,.... . .. 
A lmpr It brlcig Is 
strip or TIit-er p r sci k In 
satu~ t d pota'B lum nltrat • 

Oxidation nd node begin 
with vow I. 

R duction and cathode 
b gin with eonson ant. 
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t our If 
U e your · nsw ra to teat yourself question 2 1(p. 7) to writ oVi ~ II equations 

forth r otion between acidifi d dichron1 te(v11} ion& nd iodid ion . 

W]1 n 

pl 1· -- in ,vhirh 'Ch zin - i 
,_ pp~I n1et.1L _ his t" c ti 
, ton s c 1nin into I ontact ( i, -ur 4.1). 

S rt br-idgc:, ,KCI q) 

re. c tiot take 
[ 

n_ th zin 

Zi,r,c :sul ~te ___ ..... _ C DFJ per ~Lilf ate -----~olu ,ion 
Q;MJdation 

Zn - zn:::1• • 2 r."" 
Redu ior, 

C1u2
"' ... 2~· - Cu 

On the _ urface of tt1e zinc rod 

!:al ution 

_ h in _ od i in uilU riu1n \Vith th sohniun _ zinu ion : 

1n , of the zinc ton1s i, 11 th r l , c t,v ~k1 tr n . he zin i n f rm int 1 

g lurio1 Jn t he ,r~k.,s cl le,. tt n t._ y . n th r d, lllJ Jn i nt: th,r ly cha 
he proic iG is o .. id ti1 n '1 zi n,c t ins hav Jost ] ctrons. 

ln eJ tr .1 h n1i l c Hs~ wher u s l c tri i t be I Ti du 

'"h 111.ic l ru cti n~ .Jd ti 11 ccur . 
his n1 1.u1~ th- t th zinc r d h th • n d . 

Ot1 tt11e surfa1ce of tt1e cop 1per rod 
in qu iii riu m ,vith tll ,- p r r 

,..-~- ....... 
-\,; '~ u(s) 

he OJ':l)~r ions in th &olutiou t k ~le tron& ron1 the c·c pp ~r rod \vhith n1. ke th 
r1 d itiv 1y i r d. 

A s r~ductii 11 (or ·pp, r i 11s) t kes i J c t the c pper rod~ it is 1C U tb t hode. 



his sets u ~ tcwntial diffor,enc~ ( n1f) b t\v 11 th two ntt.:'t 1 rods. A ,urr nt ,~iH 
f1 ~ ~ hen th r s r , 11n et cl b1y ui vir n th luti1 n · ~r, onnc t b}' 

lit rldg . \\fhich c nt:iin :i cone ntr t d lutiol f 11 in rt 1 I tli lyt , uch a" 
saturJt ~d pota siu1n nirr~u ~ r potn situn 1LJJnriJ . 

h curr nt i~ ~·rrie in th soluti n ·nd in tb Qalt bdd~ by 'the mov 1nent rh 
i ns. he ~ni1 ns ( .. 1" ~2- Jncl · 1- 1 r N - , n ,v t \V L\l th unod nn the 

Clti 11 ( ·8· .n 21- nd l 1-) nt · t ,v r th cathode. In th xt rn· l ,circuit (th 
wi r )~ th current i c rrl d 'by th ft of lactr ns fr n, the n~ tiv zinc r d t, . 

tl sitiv ol'P r ·rod~ ,vhi b is rorn le t t ri ht in i ur 4.1. 

At tu~t s.i ht, it ap,~ie.H·s tbat n g. tiv ( )4~- i 1n, Jr~ bein 1tt t\1,,t'ld to tb nt2sacive 
zinc :.111 de. rn act. eh , 1ution .1round th un de h-ts an xc ss fp itiv zin i n 
., nJ it i th a h. r Ur.ic h ne ativ 41- i us in h s luti 11. (R n1 nib r th 
n i tu I r ys to the an d .) 

he c nv ·nti 1 f r di3 r JJ,n s iUd.1 . hat in Fi u re 4.1 is t ut tit le ctro lt t 
\Vhicb I i "ti, n i kin p] c (th n d ) n th left. 

I El ctrod 
ta,r1d ard electrode potential, E&· 

] ctr d p itondal is ho c H d th tand rd reducti I p tentiJJ. b u e th 
~quation i 11 ,rmaUy \V-ritt n a& r ductiou h Jt-~qu_ tion with th _Leu· n~ nth 1 .. ft. 

A in rod dipp~d into a oluti n f i11c ions , n,n-~1t1:1 a pot 1 ntL1I Nlativ 1 t, 
th & luti n. H \V r~ n ] ctric p1 t nti '.I cL nn t b n1 ~,sur d. id thi 
pi: blcnl rhe elecrr d p,ote11tt J diffcrcnc is u1 ,.1sur d 3gainit anod, r lcctrocle . 
By convontiou, the ~t nd rd el ctr d p t n'ti l of hydr n h defined, s z r . 

he t rn1 st,1ud,ud n10 n eh t: 

• 1 U i ns 11 th~ s l.utiou ro .1t L1 nc: r.n1trJtiou of LO u1 1 n,- .1 
• U 8as s rQ t pr 'ssur of 1 1 kr (1.u , tn1) 
• the ay ten, is 3t a t t cl ten1p ratura, usu Uy 2 K (25° ) 

or n1etals.~ the t:n1 -ard r ducti n pot tUiaJ is or a piec 1 of the rnetal di~1pin into 
, L 111, l din- 3 lution fit i ns. · or zinc it i '\l riU n Uber .1 : 

Z11:!+(nq) + 2 - __.. ,Zu() 

or ~u: 

Zn21'( q) I n(s) 

Jf th sub tl n 

- - 0.7 V 

;;;;;: -0.7 V 

nsi ts f J 

lcnunt 'With th 

If tht; r ucti n inv lv :i tvr ,c: ti n - f r ~~ n1pl - M3+ in . r du d t M::?1- -
thl! lt:clro COllihts f pi tinun1 r dip ins iI to 1luti n C 1nt. inins M i n 
and M ~+ ion ~ b that . c n entr~tj n 11 I .Ou1 · I dn1-1

• At .. ~ 111 l i th teducti n 
o c t l-r \Vit l.1 IJ L1tf1 i ,n t • c n ntratiou f 1.0 lnoJ dm- . 

eJ ( ) + e- --" 2+ ( q) or 

The, i10 ma In the as It 
bridge m u!t not form a 
prec ipitete with the ions in 
the cells. 

••••••••••••••••••••••••••••• 
R 01en, ,r u,rait, ~n 
I ctrocnemloa1 ceus • 

ox1e1 tton occur t 'tn 
no • wn1ct1 b co,m e 

n ,e;eHv • nd reel ucuon 
occur t the c thod Whl,ch 
becom posltlv 1

• 

• •••• ••••••••• ••••••• ••••• 
The oxld I sed rorm or u, 
c,oupl Is written on the 1,eft, 
ro11ow, d t:,J n qu 111 brl um 
lgn or a vertlc I nn nd 

th n th duced r-orm I 
wrl n on U11 r1911t. 
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r n1ans n~tl:! (vu) i t1 sf 1n ns n e(n) i 11 in i I luti n. pl tinuin ] c tr d 
di1~piu int a solu tion contnini n Mu * -. Mn:!+ • ud H+ ious, 11 t c n ":1ntr1tion 
I 1. n1 Jd1n 3 i ued. 

Type o,f eilectrode 
( E 

r . n t d · c insi t f hy r 
ver lath 11111 plJte. ,vhich j , Ht'l'iu i nt 
(. u eh a 1. n I 1 111- 3 - I 1)- t t 1n ,or tu r 

- +( q) - ~ }1 .( ) · = V -
I r 

t 1 Pa p,r ur 
n thlft i LO 111 1 du,-
1 . 

A st nd. rd hy r l1 ) ctrodc (. i ure 4.-) shoul a)w y& b r ,vn n the l t h1 
L H r .. tn f the l"~ ratug for n1 .. aurin ._ H , renti'- I r \Vritt n 11 eh l t in 
c 11 di nun. 

C lot 
A ondary st~ud-_rd is normally 

hi i nJ 111 I le , t I ~ w·h ic b c 11 i t s I f 
Ulf r1 ury in , 1nta t ,. ich s. tu rat s Ju ti n of n1~fruiry(1) 1Ch l1orid ( i u r l 4. J). 

his hJ g r du '"tion ·, t nti· 1 ot + .27 V. 

r n I Zn2 l ctr1 de j iu d t1 a JJ m ] 1 ctr d 1
: 

Ec.,11 - c ~ 1 n1 l} ~· (Zn, ~ Zu) 

~ her . -! - ( n2-t I Zn) ia th st:11,11 1r, i n·•tHctica, J I f zinc iotls t 1 in n 
~ 11 - +LO V. 

( n2 I · n) == "'(c l 1neJ) - ~-n - +0.-7 - LU == - .71 V 

~ydrcgen ga 
t 1 C0 1~Pe 

1,0 mcl dm '1CI---+--

Plotinum - .... - ­
el~ct'l"ode 

Fi ure 4.2 As ndard hydrogen 
el1 ctrod 

.... __ S tur t d mertury{1) 
chlo ri de !ia1ution 

... ..-- Merc:u,y 
Sint ,red Solidi m u ry(1) 

gl1 _ ,.~-J..J...Ji-- c:hlQride 

d i:ic::. 

l!!!!!!!!!!!!f!-- 5aturcted J:)Ot1 .. !i1um 
c:h IQ rl de .. c I u lion 

FI ur 4.3 Ac lomel electrode 



U ins calomel I ctrode 

GI lee od 
n1eccr utiU es . h n:.c U th - t i~ b sed n th r1edu ti n . f h rdro n ion : 

H ( ) + # {1-:Tl(~) -
v rhich i link d t a ref ro11ce I ctrod , uch s .. al m l I ctr d . 

h 1 p t~ntia-1 . f th 1 ;- II ! 12 h lt- ~u 1 nds n th , con ntrati . n f 1-11- i n . 
his m n thar the voJt e , roduc i , n1 url? f [H+] nd eh •r re r tl e l f 

t thl! s luti n. h hydro n hJlt-c H. ,vhi, h Jets as an 11+ I t i syst 1n, i · nod 
I tr d . 

Mea uren1en1t of el,ectrode potential! -
n1 t'l; I 

ur usin the ys 111 illu trat 

~ydrogl!n 9a 
t 1 OO lkP 

Pl~tiinum electrrode ___ _J.._ 
1,0 mol1 dm~J HCI 

Fi ure 4. Me,asu~ ment of th t nd rd el ctrode pot ntial of iron 

Th 111 t· 1 i' 

th nth gisn 

of 
• orr 

re r • 
l · c e a nd s t h , 

U in th pp~tr tus h ~u iu Fi ure 4.4. 'the iron lectr e '\: uk1 b ne ative a1 d 
th v ]ttnet r \\~ u ]d r~ d .4 V. 



Re member that the sign 
I 01f E f011 is th ,ign 10f th 
L right& h rnd lectrode. 

A potent ia I oa n neveir be 
measured, 10 n ly a pote nti I 
dlfferience. Th is s why 
the Fe2"'(aq)tFe(s) cell is 
co up led to a standard 
hydrog n (or aalome1I) 
lectrod . 
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I 
A ref re,nce el ctrode ha to be u d, El'S a potential cannot b me aur1 d. There has to be a 
pot ntial differ nce1

• A eett brid,ge is used to compl1 te, th leetric I cir-cuit. 

h I onv~nti<"u or an -.:I c tr d ~ sy t:1n1 i th t: 

, n = - (ri ht-h n el trod~) - (Jctl- h ~n1d e1, c Er d ,) 

"'he ir u Jertro t i negative r l._ tiv to the hy rog n cl crrode nd s Ith electron~ 
t1 ,v fr 1 1111 th ir n lcictr,od t th hydr n clectr d ,. 

ho stt111d. r o'l tr d p t ntiL1 I f iron i~: 

_--- : ·u = - .44 V = (Po•+ II e) - (~ta11dl1rd hydro en ulectrod~) 

= £1 ( 2 + II ) - ~ 

tl st. nd rd elcctr d poto11 ti 1 f the P :!+ ii e y tern = - L44 V. 

hi in or1nati n 1c n ,e writ n h l'-cqu tion: 

I eZt(a ) + .... - ~ = ..... Q.44 V 

I r ._, s: 

( . :z+(3,q) I (s)) ~ - .44 V 

1 p r ._ nd otl , 1 111 1 t.1h be1 '1 hydro n in che . 1eccro llt!1Ui J s 1 i B h. v~ p ~1t1v 
stnnd r 1 trodc pot nti I . 

. 11 lnl!] 4,;:J ctr 1i.i ( _!' - + .... 7 ) is us it l"'hu;; c.z of. s • nd I hyd en k 'tr .. 
eh rn 11:,1su r..:d c 11 Jl t nti. J. c: u, is .71 V • 1,1d th iron lt!ctr i ue ~tiv . 

h ;t nd rd 1lcctr de p t ntin l i then c lcu I tc,d s: 

E nll = .i IV ~ ,' (right-hand [ ctr C d ) ; (I ft-h nd 

- o. 71 V = J · ( ;.?t ~ ~ ) 

- ( _ t 
2+ II F ) = _ 1 ccr a ) - - . 7 a + c 1. 21 = - _ . 4 v 

ncf I cJ I C od 1>ot 1 I Of 
If th gt. nchud ~1 "t de 1,1- tcnti I f ti s au t s J1lnrin it. r uir d~ th ir n 
l tr n1p rttn ~nt in i ur 4 .4 is rep,Jac d by c mp rtn1 nt ~ ith pJ tinu n1 

]~l 't dip~ in itno J 1. 111 l din-l s Jnti h · f diiuu ·hi rkL. \Vith hi riu 
lOO kP pr ssur , bubbHn i1l ,r the p,Jatinu1n. 

I . 
2 l;z(B) + e- ~ 1-(!1q} , = +1. 6V 

nd rd el c rod llOt nt(c; I o L n I n p ii· 
M. ng. n t~ (vu) i~ 1 r\v _ rful idi ing lie nt in J i so!uti n. " h h,. l - gu ri n i : 

Mn 4- ~aq) +(l ) 5 - F Mn ... +(. CJ) 

1111 r1 rtn,1~nt is n ~uJ of l ric e pl.rtinu n1 dip.pin, inc r a 01]u ti n 
m-3 in Mn 4-, I 1-t· ,ruJ fVlni i ns. hi i conn t d t t n ard 

hydroi~n I r l tn I ek tr d . ~ in i ur~ 4.5. 

('Mu 4- (aq) + BH+(aq)l, IMnl+(31q)+ 4H 2 (l)l I Pt f1 ;;;; + l.52 V 



} 
To .. t:md:ird hydragen 
or c: lame I e:h:ctroch: 

?I tinum 
e lectrod ----11--

S ilt brid e, KNC,G q) 

1.0 mol dm- Mn2+ 
11.C mcl1 dm Mri04 

-- 1.0 mol dm....! ~+ 

Fi u1· ·· M asur m nt of this standard electrode1 potential of Mno4-1Mn2 ... 

Co t11parati·ve va l1ues of E 
"t nd r p nti I , .. n bo lis ith r in l hab tic l r in 
nu1n ri ~ I rd r. J1ih,1b ti al rd~r ho!i the ,1dvanta o ~a y U5. in Ii t I f 

ata. Num rical r 1rd r list the elo·tr d p t nti 1 l ith the en st u , ati.v first~ th n 
in rdc r fill ·r a in v luet fi11iJ1in \Vit h th 1n st I" ,sit iv . 

_ h nun11.r_ 1 a 1- rd ,~ n1 tb d Ill .1n1 th t th . 'It st i U:in a. ,nt i th I f -

h'u1d cic tt th t p f the list (Li+(, ) in Tab~e 4.1 n p. l ).f)r ~H1 the str n est 
r ducin a ent i~ th ri ht- hand speci s ~ t 'the toJ of the list ( i (&) in abl 4.1 ). 
hnH rJ1r, th ti; n !t oxidisi n t2nt i th ] tl-hai d cies · t tbt: tto1n of th 

H t { ~ ( ) in : bi 4.1) u1 th , k u ing 3 cnt i the, right- h.1nJ speci a 
th bo't't · 111 f th Ust ( -,~ q) in abl 

1r If 

tro n,g s t ox id Is Ing ,gent 

weakest oxidising g nt 

Non-stand ardi con d i1t i1on 

c) th strong at r ducing a.sent 

) the w aka t r ducinil g nt 

If the co11ditions ar n t stan rd. H v lu 
dir" ri n f h n n b pr usin 

f th d ot nti l '\Vi l 1 ltcr. Tho 
L - h t li t 's f ri 11c ip1J • 

Ch n In cone nt tlon 
r, d 1x h u:. trn ti n: 

r3 ( n q) + 7H ., t l) · = + I . V 

If th~ c nie ntr Uon f dichr rr1. ti.:(vi) ion r f h~ r ~ n i n l"l1 in, re~ d 
~1b v j 1.0 niol d Hl- 3 ~ h posi·ti1 .,n f ec1 ui Hbriu 111 ii driv n t h' ri ht. hi LHC~ 

eh~ v u t the ck ~tr de pot ,uti t . to c moro I itiv tb 11 th t nd r v Ju~: 
,j,# + 1. ::\3 t 

nsid r h r d ,,-· ~ quilibriu n1: 
1 
;- 12( :) + 
8 

his c u e ·the v. Ju 
stand Id VJ}U : "' ~ + 1.3( V. 

- +L 1V 

ns i in r :n d~ th e uilibriutn positi n \: iH shift 
le troci l1 t_nti ]. , t b 1 \.; rth nth 

n 1us If et n h s nt neity r r . ti n. 

••••••••••••••••••••••••• 
Th , ~ wr1tt n s 
r auction n, rt qu tlons. 

'" the A lev1 I exe m a dat 
book i uppli d and 
this lists th tandard 
electrode potenti rs in ,a 
numerical iiel 



T blo 4.1 Standar-d el et,ode potential value at 298 K 

Ag+( q) + ... ~ AB( ) 

A1 3+( q) se- ._. Al( l 

a 2 ( q) + 2 - = Ba{ s) 

f Br2(l)i + e- ~ Br( q) 

cag..,( q) + 2 - = c ( ) 
:l 
yCl2(B) + -~ c1- (aq) 

HOCl(Bq) H+( q), + e-~ %c12(8) + H20(I) 

crl+( qJ + - = cr2+,( q)i 

cr2072-tsq} + 14H"'( q) 

cu+,(eq) + - :.d Cu( ) 

cu:z+(aq) ~ 2 - ;;:t: Cu{s) 

cu2+( q) e- ~ Cu-+( q) 

.!.p~(S) + - ~ P'"(, q), 

F 2+(aq) .+ 2e- ~ Ii ( ) 

F 3+{aq) - ;::! f:e2+(aq) 

H+(aq), + ... = f H2(S) 

1 
2 12( )1 + • ~ l""(Sq) 

LI"'( q) + • = LI( ) 

Mno4- (aq) + aH·{ q) + se- ~ Mn2·(eq) + 4H20(I) 

MnO - ( q) e- ;::! IMn0,42- {aq) 

Mn042- , q) + 2H20(1) + - ~ rMn02( } + 40H- (eq) 

"'iH~O:;i(Bq) + H+(aq) + ~ H2o(~) 

1 
y02(i) 2H+(aq} - 2 1

- ~ H20(I) 

fo:2(8) + H:20(1) +. 2 =: 2aH- U) 

02(8) + 2H+( q) + 2 - ;= H.202( q) 

Pb4+(aq) + 2e ... ~ Pb2+(aq) 

sn:z ... ( q) + 2 - ~ nt ) 
n4-+-(aq) + 2 ... ~ sn2•,(aq} 

(S) 2H+{aq) 2 - ;= H2 (8) 

zn:Z (sq} 2 - ~ Zn( } 

4 Redo~ II (Jiop'IC 14) 

+0.80 

- 1.8 

u+,(aq) + e- ._. U( )1 

B 2"-( q) + 2e- ;:: B (s) 

- 2.so ca2+{ q) 2 - = Cs( ) 

+1.07 

- 2. 7 

+1. 

.+1.B4 

-0.4 

-+0.62 

+0.34 

+o . 

+2.87 

0.44 

At9""(aq) + 3 ._.. Al(B) 

zn2""( q) + 2 - ..= Zn,( ) 

r=e2+(aq) 2 - ;= f. (B) 

Cr'i+( q) + .. = cr2•( q) 

S1n 2+ (i q) + 2 - = n( ) 

H"'( q) + e- ~ -rH2(Q) 

( ) + 2H+(aq) + 2 -= H~ (8) 

cu2+( q) + 1- ~ cu+{aq} 

n4+,( q) e- ;=; n::Z+ ( aq) 

cu2+( q) + 2 ... ~ Cu(B) 

y02(8) H20(I) 2 - • 20H- (I) 

+0.77 cu+faq) - ~ Cu{ ) 

o.oo 2 1:z(s) + e- ~ 1- (aq) 

+o. 4 Mno4 ( q) + d Mno42 ( q) 

-3.04 Mn042· (aq) + 2H~(I) + e· _,j. Mn02( ) + 40H ( 

1.52 02(11) 2H+(aq) + 2e- ~ H20~{aq) 

0.5 l+-(eq) ;d: ~· 2+(aq)1 

0.59 A +i( q} + e- ...j. Ag( ) 

!l 
+1. 77 2 Br20) + e- = Br(aq) 

+1.2 yCh(S) 2H+( q) + 2 - ~ H:zO(I) 

- .04 

- 2.90 

-2.87 

1.66, 

0.11a 
-

10.44 

- 0 ,41 

- 0 - I 4 

o.oo 
+0.14 

+0.15, 

+0,15 

+o. 4 

0.40 

0.62 

0.64 

+0.56 

' 0.69 

+O. 

0.77 

o.eo 
+1.07 

1.2 

+0.40 Cr:z07l- ( q) + 1ttH+(e~U + ee- ...j. 2Qrl+(acl) + 7H20(1) +1.33, 

1 
2 Cl~(B} + e- = c1-( q) + . 6 +a.ea 

1
•
69 

Mno4- (eq) + SH+( q) + 5 ... ~ Mn~+(aq)i + 4H:zO(I) +1.52 

- 0.14 HOCI( q) + H+( q) + - ;:! %<:12(g) + H20(I) i.64 

+0.16 Pb4+{aq) + 2e- ~ Pb:;z+(aq) 1.6B1 

+0.14 2 H~O:z( q) + H+( q) - ...... H:zO(I} +1.77 

- 0. 76 j'"F2(S) + - ;= P-{ q) +2.87 



Ch n e in pre ure 
seou r 1L: t. I lts n ly. 

h·df: qu tion: 

2( ) + ... Hi (1) + 4c- ~ 4 H-(3 ) ~· :::: + .40 V 

hi ssun1 s th t th J r ssur xy n i 1.Ua n1. In air~ thi i n t th . h 
purti I prc:ssur of xygen in air i] bout I .2 tin. hi rives the, redo~ u.Hi.brium 
t thC' l ft. n1 in . E .,. t.40 V. ~ h r f r '. o r, en in the ir is . l ss ~I od ,ddisin 

ent than urc -rfR n. nversi.? ly. ~ scu b div~r'g ir tank hm; x.y on ~t a p rtil l 
l}esaure 11 tu h r • tcr th~n1 1 atrn. o, it' d. nip ·tir is pln11p d int, 1 the ta11 k. int~ rnal 

ruse.in \Vill 10 ur 111 r th. n it d o& \Vith i 0 11 in n1 r 111 •. J .11r. 

1111 r tLII 

, h eh t1 ~ in t 1n rJtur d p nds 01,1 wheth r th re h lr-e,q ua tl n 
h c.. ith_rn1i:c r 1endoth .. nni,r. If it i . ."oth rn1ic~ Jn in r:-. ~c d t mp 'fJtur_ driv .. 
the ;iti 1 f quilibriu n1 t tht.! left (il the end thermic dire tion). h h m~ kes 

th v lLll of th~ 1~ ctrod 1iot nti~l l ss 1''1 itiV<! ( r n1 r nc"ativ ). 

hl rin i r u d .," th,tnni , Uy in aqu , us luti n. h r r ~ an in~r 
t n1p rl ture m k th n w l ctr1 d potenti J le th. 11 + l. ~IV. 

Alteri1ng a red1uct1ior1 poten1tial t,a lf-equ,ation 
h n in c1h ctlon 

J u tni n is r , r. d, 1ts sign nlu st ~ Is. be -ev rs t~ f -r e ._u11p,le: 

Zn2 (:1q) + 2£1- ~ Zu (s) 

n() # n2 ( ) +_e­

.!. -h( ) + )- ~ 1-(aq) -
l { ) ~ l 11(1 ) + -... 

r 

, = - .76 V 

ii = -(-0.76) = +< I 7 

· = · L ,V 

c -(+L ) ~ -1. 6V 

not v lts p r n1 le s 1nultiplyin 
r on the v. lu f Fi: 

{ 12( ) + c.- ..- i-(, q) :::, +I. V 
,l!!!!!f 

- +J. V 

Calculatior, of E call for a reaction 

r di ... h lt e u. ti tl h s 

h ~t. nd~ rd c U . teutL I, Gr:. n, cl n b calcul t fr n1 st nd. rd lcctr1 
t . in th ~ d 't ar n rm., I ly ~iv u r du ti n I) ·c nti l 1 th c,v r c nt 

mu;t be i nti 1 • n r" t nt ill b on tl l ft-h 11d sid r n~ h lf-oqu tion 
and ·rhe th r n che ri 1 ht-h nd sid of th thcr ht If , u ti1 n. 

h half- 1quati . n ''1 i'th th r a tant n th right-h n id · rnu t ,~ r v r~ . h i 
lt r!l th si n f Hs · v lu . If nl! co&;. ry~ the rw h 'If u tions: r n1u JtipH d by 

iv th s 1n nu1nb r t l • trons in h quati n. but thi d s not 
v lu . The ver H qu"ui n i obt in d y ddin tl ~ h Jf- cu ti n 

t, h l:.. \. lu f the r v rsed h u:..c u ti n i th n dd d to tht: B · v lu 
o th~ unchnn d half- qU!.l'ti n to i e rh~ VJ IUL? of ~ U· 

This i simil r to enthalpy 
calculatione - if the 
1equ tion 1of reaction is 
reversed, the ign of 6H 
h s to b eh nged. 

T 
This is un Wt llH 
ea le ul at ion_, wh e1re th1 
units are kJ mor1 nd 
the, v lue depends 10 n 'th 
number of moles in the 
quation as written. 



• • ••••~••w•-•• ••~• •••~• 
The V h. or c t,11 Is IISlltly 
n satN • o th position 
or qumbrlum I to u,e 11 rt 
und r t -nd rd con 1dltlons. 

4 R _ dOJC II (Jiop'IC 14) 

Us the d below to caloul t the v lu of E aall for the r action in which Fe3c+ 

ion O)(id is _ 1- ions in aq u ou ao luti on i Writ _ the ov _ re II _ q u ti on. 

Fel (aq) + e- = Fe 1 (aq) E0 == +0.77'V 
1 -
, 1.(s)1 + e· ~ I (~q) £ 8 = +0.54 V -

n 
Th - r ict nt - r Fi a... nd 1-. o th 
th &iSn Of its ~ V IU Oh ng d. 

Both quations h ve one lectron, so no n,ul'tiplyinQ is n ded. 

Fe '(aq) + e- -- Fe (aq) E· = +0.77 

(eq) ...... f 1. (s) + - E = -(+0.54) = -0.54 V 

Th - ee two -qu tions and th ir E \clues re1 then dd d 'together: 

Fe~ '(aq) + I (aq) F (nq) + {I .. (s) Ef 11 = 0.77 + (-0.S,4) = + 0 ..... 3 V -

Use th data b _ low to c lculate th _ " lu of E gill for' th reaction of 
dichron1et ( ) ion In cidifi d pot saiun1 dichrom te{ \1) oxidi inS c:hlorld 
in hydrochloric c id. 

Cr20 ,,J·(aq) + 14H (a1q) + ,6 ... = 2Cr-1 (Bq) + 7H10(l) E = +l.33 V 

J l ) + I ~ ~1 ( 1q) E = +l.36V 

n 
n,_ react nts ar Cr2D7

2 and Cl • o th _1 econd _quation h s to b 
and th ign of it E value eh nged, 

• 1one 

To , t the1 ov __: 1r II qu tion, th numb r of I ctron_ must be th ~ _ n, _ in both 
half- quation • o th second . qu lion has to b multiplied by 6,. Thi does, not 

It r th E8 v lu . The half-equ tion are then dd d tog ther. 

Cr O?· (aq) + 1-H 1 G ,q) + 6e ;;;;l 2Cr 1 (aq) + 7H 'IO(l) E'-' = 1.33 V 

6Cl (aq) ~ 3Cl _ (g) + ~e- E8 = -1.36 V 

Cr,.Ol' (aq) + 14Ht(r11q) + CSCJ (aq) :.= 21Cr-l (aq), + 7H O{l) + 3Cl,(:g) 

E: u = 1.33 + (-1 .3") = -0.0l V) 

his h~ th sJf . t \V~Y t .1u I f f r do rc,d:U n. It Jso ner t s 
th v. r U 

s. but th~y lo c t rti ul~H _ ifficulti s: 

1 c" nticl is ru1 ,, ,v r s, ,1 ,nth~ d. t._ r prcs nt din in r . sin • tu11~1 i t1 l 
rdor~ v ith th n1 t n ativc (J ~ t p j tivc) 1~ v Ju " 1 n t p. h h lt- quatio11 
h n urs in n ~Huiclock\Vi c dir~ction. _ 01 ~ , n1p'I • h~ i tion o ban _ 
r th c 1mbin ti n ( the 12 111- nd J+ I pr die u ing this rul 

( i ure 4. ). 



E•• "'"0.54 V 

~,'•(1~) .j. f"' ~ ~,r2*(11~) E·· +0.?7 V 

Fi ur 

_ his !iho 
J' r,vJrds. 
Sl l1 lUU5C 

_s b k,, rd~ nd tho bott in guL ti n oes 
cti, n in r v rs d. its 

h 1 ,~uh.~ 1 

- C }l = 1 

0 hlilins 8 j - E 1r tl'ucmg 111..' or I 

J. cathod - mat!.' CJtl b 
n1isr 1ncn1b r d :12 d ii ls d n c iv the voran ,qu ti n. Jn dditi n, it 
requiri~ orre t iclcuti IL tio11 of the o .. idisiu . e1. t, 11d the redu iu .1 Ctl't. h 
fi ducin ._ ,11 t i 1und n ·eh ri ht I f tl r ducU n pot nti 1 h t:.t: u. ti n, Jn 

r11Judn "l!•nt is rh VJIU f eh~ (, u -ti n -or 11tial. 

ln \\f' r e e1 
.. 1n.1pfo. 2 .1b v , the o i isin ~1 , n't is H ·hr n1Jt~ ( L) nd th r"' ucin 

:1g nt is the '"1 i ns. 

hu : 

6 
HI - + 1. ~ I - ( + 1. 3 ) - -< . O V 

t our If 
S Us th dat in T ble, .4.1 to calcul t th c II potential forth r action 

between iodide ion e · nd F 3+ ions, and write the eq u ti on for this re dox 
reaction. 

Cell diagram 
h cH i~ rarn is a st nd. rd \Vy f t· pre~ ntin1 c JI n r ti __ pr c- 1SS • h 

di ran_ is~ riuein in th U \ in, ord~r, fr n1 L ft t ri ht: 

th~ fi irn1u 1~ 'f tb n1 cnJU ., n d t< U \Vud b v rti Jl line 
th ion - r, ~ nt in t h n de re t Uo\ved by t\V v rti ~l lin & 

th iou pr y nt in th thatle r no,v d y ._ verdc._ I liu 
th~ fi nnuJa f the m talli eh d 

or th c H ,vh r zinc is xidis i~ th 1no 1 ) n c ·P r i 11 r du· t 
1C J 1 Cl ( hi h h the th1 de). th ,n di.l l" J l i : 

Zn() I zn-+( q) U u2+( ) II u(s) 

r th cell ,vh r m-1n n :itc (vu) i ns ;.dd1s ir n(u) i n, ( Mn 4 - i. reduct.:d 
,lH ~ C~-t- Oa ~kljg d), t h ~C U di3 f(Hll 1s: 

11t(i) I Mn ~ -l q) ~ [+(a ), Mn2+ ( q) Ill 

Noto th t: 

jf •c u is 11 iti e I the re 31 ti n p r C 3 d rro111 1) t rj ht ill the h:t' ha1 d I 1d] nd 
1tou1 risb r to l tl in du~ ri ht- h nJ I eU 
foctr 1u are nr it writcen in che di . r~n, 
singl verri - 1 lin s ~ u h , s lid · nd · lutio1;1 



This r lation5hip n1 ed 
not b learnt for A ~evel 
chemistry, but th fact th -t 
In K is directty proportional 
to ca ll ia required. 

4 R _ dOJC II (Jiop'IC 14) 

_ ~ pair ot v, rti I line r pre nt th s It bri c 
c uuua ~· p:1r""1tt~g t\vo ditfer n't ions in th~ !l.nuei o]lrtion 

Fea.siibility of a redox react1ion 
r _Jn __ n t . n I th _r1_1 .u n lbL ff th _ _ lu _ f l h 11 

p t n l I 1 · I tl '• 

' 111 a t ~ · u ·s n1 ,r h n +0.0 V 1r , n1 th r nun1 r, th 
roa, tion wUl not proc:Qcd v,cry t~ r. his is an ov, r&iluJ l ifi ~~ ti n. Ar- is sho\ n e]ow, 
th r 11 ti n hip b t? t\/ e H .· 11 Jn 'iai:al n J h nee ln K b d p ·11 s n th nuntbl:!r 

f le er -n1 tr tuf rr d in tl r, , tiou . 

Relations~1i p betweer1 E cell, ll -tot 1, 8G nd1 K 
hl v hie of the to ~l ~titro y h.1n , A~ , rll~ is _ ire tly pro Jftion.-il to 'rhti tand rd 

· H , t nti l t r ..:ti n. In turn. Jn K i dire ·tly pr, rti n I t tot h \Vh r K 
i tLc quilibriu u1 c nst nt fi 'th~ re.u: ion. 

hig ,n~Jn& thJ 't positive Ec~U results in ~ positiv 11 n h nc a v.11uc of K 
, r ~ t r than I. h n1 1 r p sitivc th value f ~ can• th l 1r r is the v:ilu th 
equi Hbr iu n1 '"on t 1u. 

u r ults in a Ut.: tiv~ · 1tc til :i nd . l,uc K thJt is I 98 th n 1. 

\Vh r 11 i the ntnnbcr ,of l , tr ns r. ns n~ d in th ver 11 qu :iti, n, ~ is h 
araday c iutl nt (l 50 tH 1-1) u1 i Ti~ the t n1 p r tur~ in elviu. 

In K = . ,tor I I R 

- r1 et.~ 'n/;1 R1 

'\Vh r R is tho s · c nst nt ( . I.J J n1 1-.1 ). 

hua ln I< is r rti nll to hat p sitiv U r u lts in valu 
K ttr at ,r th n I ,.n1d J n i! tiv , u r su lt in valth.: 1 f K les~ thtu1 I. A }lOSltiv 1 

, a,U LU '\ cs th re c i n th rn1 dyntc nlically fc ibl . 

' o the rn · tive i. ~ che 111 r 

ut a /:Ji i::: - R Tl11 K 

]nK=- ! RT' = +n · ·c u/R1 

your I 
Calculat the value of the equilibriun, const nt forth following reaction at 
25°C (F c:::: 9.65 104 C mol-1: R == S. 31 J K- 1 n,01-1 ): 

-r 0 7 ( q) l H (aq) 6Cl-( q)? 21C1:1
1i( q) +· 7H1

10(1) + 3C12(g) 
E tu= -0.03V 



Extent of reaction1 
r J ti nship etw~ n I:! -·tat 1 k1 nd fC i ah \.Vn ~ b ve. lu w rked 1 .:antpl l n 

. th coll 1lot nti I ·~- r th xid.1 ti n f iodi d( ions y h ou(u 1) i -ns i + ~. 2 . V. 
v lu f i.\ t~r 1 c:::: +74J K- 1 n1 I l nd th numoric~ l v lu f K == 7. x 1 . his 

va 1u sh ws tha r the re ction si nifi,rantly f vours ·the produ t~. 

h , kl ti n f hl rid i ns y 111 . n t (vu) i us in a '"id ]ution: 

Mt · -( ) + 5 - 1-(aq) + BH+( q) ~ Mn·+(ag) + 2{ ~l,( } + 4H2 (l) -
h~ ~ c•ll = +u.1 V. h h is l sn1· U 'Vl luo. but s th r r live l ~tr ns tr 1 nsf...: rred. 
th valu I f K ;;. 10~3• his is v r . trHHon thn R bi r rhau the • tor th 
o id 1ti n of [ hy _ · \ ~ hich 1n 'olv a jusc n ~l~c ran ~nd has the J.1r1 er "i:dl c:::: 

- .2 V. 

V ]u f K sho\-V. ' h - St ndar1 1lu ion n1an _ 't1 -"(VU) i ns in ·id 
g lution · !most c 1111 Jetdy ,xidh s st1nd._ rd soluri n of 1 1111 ri e i n , les it ,,cell 

b in . nly +0.16 V. 

n1 "UI ber: 

positiv~ ~n t t<.'nti 1 n1 aus th:i~ th1~ r-eac:tiou is th~nnodyn:.111Jic._ Hy -eas1bl~. 
• A n '- tiv 1 11 t nti l 111 n th t th r ·tion is n t th rm , . n n1i,c:1 Hy 

foasibl . 

-ttmrnary 
ca ll po ,ltlV 

ActuaUty of reaction 

K> l 

K 

4G S ttv 

~G posltlv 1 

HII po ltlV K 

. cal l n gaUv K < 1 

rl Jcti n n1ay be th rn1odyn 1ni, an fe.:1. ibJ C 9.u positiv~) hut 111i 
p1la .. . h ~ l1 t · r this TI b kin tlr r C . nn ,-r d \Vi th 11 n- t nd r 

in tic 
th red i ti u f wh ·th r r tiot1 i therm10 · yn n1i. Hy 

v r. th rn1 yn._ 111i fi i11Ui·ty i n u r tit o th t tho ro~ d n 
J ,co under t I d rd c nditi n . h r ct10,1 1n._ h ve such ~ hish 

a, tiv.•ti n ,, -r y thlit it is to s1 ,v t b - rv~d ~u -r n1 t n1 L-hntt. r 
L!X n l l ~ 13 r! cll. t r the r:1 ti n H1(8) + ! l( )· - H2 · (1) i + ! .... - v_ but n ixcure 
of hydro -n nd oxy n \-vill not react unk ss h ated or uni as J 9 tdyst is pr..:scnt 
( tue] c lh 011 p. 11'.3). 

h re cti n b t\.v , n . •rsu]fate i ns 2 -9
2 , n iodide ioi:n, I , h th rm ynJmi 

ally feasible ~.. 1l - +1. 7 V. H ,v v r, it Jo s not cur unk ss ~1 .1t.1lys't f 1r n 
i n (eith r :?+ r +) is added. h cti, ti u energy i.s h i h becau e I f then d 

n to ·oH idc in th unc _ta]y d r ,ut . 

'l 'ih ~ ""3t r,,nt :ire. hlu "t·it,rllJ'1 t h ie wit h ,~ p ·1c t to th~ tJrodtu: t - If i II 
3 t I r:i t 1 11 n r y f t h r (I LI n I L h f h .. 

1 h · r • l n · r tl•er,nody,uunlr,JltJ' 
tah•1 I nU i It I o 



... ,,,,,, ... ,,,,,., ... ,,.,, .. 
DI s,proportlon tl on I where 
n · lem nt In s,ns'le 
peel IS lmult n OU IY 

ootn oxldla a na r duo . 
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Non .. t'" nd Id cond t1on 
1ovidfd in th 't b klut r mn. u Al vcl gu~ tion. r a'lw~yi tand rcl 

t~ nti Ls. If the c nc utraci n f ~1 re c tan t ,r pir du t i 11 t 

l. n1 1 dn1- t th 'V::t]U O l7toU iH _ii - r fi~on1 th, r l f .Jc:cll • hi nd -h rosult in ., 

re. , ·U n t kh1 pJ c~ th t i 1 rodict d to b~ unf~asibJ , . 

. 
-- ~ - ---~~- - - ---- --- - · 

Consider th I dox ri action: 

C'ii (Bq) + 2r·(aq) - Cul(s) + }I2(s) 

Expl in why th i a rea ctl on will ta k pi ac , ,given that: 

Cu~t (aq) + e- -- · u ' (aq) E = 0.15V 

tl,(s) + e- -- J- (aq) E = +O.S4 V 

11 

Th reaetants ar Cu2 
th sign 1of th £iii 'J; lu 
tog ,ther. 

nd 1- ion . The fe , ,ibility i predict d by r v ,rsing 
of th s cond quation and dding th two E..1 v lu 

E,~ n = +O.lS - ( ..... O.S4) = --0.39 V 

The n gativ valu pr diets th t th r action will not t k pi c und r 
stand rd conditions where th concentration of Cu ( q), Cu2 (aq) nd 1-
( q)1 ion r II 1i0mol dm-3 • How ver, this i 1101 th c s in this re otion 
b c u _ copp _ r( 1,) iod Ide is pr _ cipit t d nd so (Cu ( q)] is al mos z_ ro, Thie 
driv _ th _ quilibrium of th _ cu2·1cu r action to th _ right, incr _ sins it_ 

leotrod potenti I nd m kins th I val u of th non- tand rd e, II pot ntiel 
po ltiv . The reaction is now fe eible nd. s the ctivation enen-sy i low. the 
reaction t k pi c rapidly. 

Di-proportionatiot reaction -
I 111 el n1 nt ... i~ts in th rt! di ff:c rent id,.ui 11 stat~ g ( hich , ou ld inclu , thL! tcr 
tJt r th un,con1 bi e len1~nt), di pr rti ,n ti n on1 s p · :dlity. - h 
asibH iiy of such a ro ccion c n h prudi 'tcd fton1 stttnJ rd l trod p 'C nti _ d .. t _, 

Predict wheth r or not copp r(1) ions will di' proportion te into copper m t I and 
copper(111) ions,. If o. writ the ov r II equ tion. 

Cul '(aq) + .. = Cu 1(-q) 

Cu (aq) + e- =Cu.() 

I I 

E == +O.lSV 

E =+0.SlV 

As this i disproportionation reaction~ a singl peci s i both reduced nd 
oxidia d t th m tim . In this xampl th t p cie1 Is th Cu ion, so th 
first equation mu t be r v r d nd dd d to th second qu tion to gi~ the 
ov r II qu lion: 



Cu (eq) == Cu 1 ' (aq) + e"" E = -0. l V 

Cu (aq) +e .. = Cu(s) E = -i-0.S_ V 

2Cu Ga1q) # Cu 1 (aq) + Cu(s) E0 u - -0.lS + (+0.52) = +Q,J7V 

Th value of ~eU i po itiv , so th disproportionation r . otion is f a ibl 1• 

I Pr ry 

El1ectri1city frotTI ct1en1ica1l reaction 
b re r thr w .ys h \Vhi h us ul , n1 unts f c] ctricity I n b pr du, d tr 1n 

eh tni~ I rem.: tions. hen1i, al ner is c nvert~d dir"ctly it1to o]~ct1 ic I n r '~ but 
tl p, t 100% ffi,ci nt ' th r r s 111 h at ] s . 

c; bi I tt rl 
Zin d 

xicl is r uc 1 d 'to 

h .u I :lo I n cir n 1. : 

-! ------ Cirflpnite t~thod'c (+) 
Zi,m: node (-) ----, 

__..._ __ Mangan ~e(1v) oxtdC! 
In !;acfo.J m h yd1ra Id pa .. ~ 

Fi ur • An lkaline b tteljl 

· H- i n us d u Lt tb~ ~n d r~ r, pl c ~d by th .. H ion r nn d Jt the 
~ he 'lUr tion ot i ns r n, hu n t nt th v le s s n t f: 11 until 

· U th, zinc hL s n us d, t ~ hi h p int th b ttery b ~ n1es ft t. 

M rcury ( i ure 4. ) c n b u d in ,v t h 31ld h rt p emak r . h 
n d_ is zine, the -~ ·th ~e i stt: 1 L111d thv cLctrolyt-.e i J 1~ st_ . f 1n_ rcury(u) oxidf 

ill lk Ji. 

-
Zin nade (-)--... 

;,...___ ......., __ S t.eeli c:~ th c de (+) .....a-- P.:s::.tc: c:if mcrc:ury(u) cxid 
in prcitl!sri~m hyqrmiaf! 

Fi u r 4. A mercury butt-0n b ttery 

191,, •••••••••••• ,,...... '' 

Th I I a a 1d I pro,portlonatlo 
re cUon b cau , copper 
1n ne sta' 1 
e1mu1t n ous1y ox1a1 a to 
cop r In , ,, eta nd 

ciuc d to cop1per In th 
z rc1 at t . 

An AA alkal ine b ttery 

Pr ct1c I p _ ct of e1 _ ctroc,n m1 try 



....... ,, ..•.••... ·-········ Tne en rBlng p oc a 1 
I ctr lysl s,, Wh r el1 ctrlc I 
ne1rgy cau · s eh 1m le 1 

~e ctlon. 
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th "lr uttou b1tt rjc& . rc1 1n f I ithi.u 1n nd n1 ngon (iv) xid . r zinc and 
·H er \i ith ~1 itJbl I tr lye s. 

Reh 
id b ~tt ry i us •d i 11 1 ars. ach t.: H c nsists of r,, 1 1 , id iJ.1te ~. he 

,cathode is c ted , i th s · lid J i:1d(tv) xiJ . h le tr · Jyte i D irly c, n ntr t 

s: ]ution f su ]fu ric id. 

h..: ~ n d r a c i n is: 

he th rl.!a tion i : 

Pb · ;2(.) + 41 +(a1 ) + · 4:?- (aq) - 2 - Pb 

- he ver 1l i h 1r in r r ac ti n i. : 

h pl")t ntial of 1r.h c H i& + 1 • · V. N orn1ally, ~i= - Us .1re rr u d 1n aeries crera ritt 
tt ry ,vith pot nti.J1 of l2 V. 

Wh n U 'th ] ad(cv) ~ xid h s b en r, ucc -. the b tt ry is flat. 

h dis1 ·h rQing r ti n is r, v r ibl . 1 n .. rn 1 1 t nti J ~r t r d1· n 12 V is 
ppli d~ th re cti n is drj n b kw rds . nd tilt:! 1 t ; r tor, u t th ir ri in 1 

1 n1positi n. 

h v raH h.1r in r c'ti n i : 

~Pb , ~() + 11 ~12 

Hybrid L1r l v t~ 
is n eJ c ric n h1e 

n in . n i tl 1: nventi n 1 ·S 1it1u en in and the ther 
,v r by rech r e 1 att ri . W h 11 the ri r p H s th 

hr J ke s ~ t h~ i 11 e t jc n . r f the car is I o nvt: rtcd to ek td ~ ~net Y~ i..: h k:h r~ char c s 
eh b tt rie~. 

rs ~v r d by tt rie lot1 hav lhni't r 11 _ th 

i it l c In r s. nd u1 hil 1nt in r 11s th u lid 
~,oly1n r ol tr lyt . h ,rt.i .ir · 1.;V"t\11 £YI ~ ,vith i r nt n1 t riah for lh :-. .11, do 
n c th de. -,n typ I f b. tt,~ry h lithilun node . nd , tit niun1(1v) sultid 

1'\, thode. he re ~ ti n nr : 

he Lrtt nd th" i n~ then r l'11l soli 

h 11tail1 princi1,lcs of r 1: _ (r h r ~ b 1 ) c H l~l! th t: 

- _ h ell micJ r _1 ·tion , r b th d s I usr bfi abl b_ r v r d 11 n :in 
1 lc ~ tricJI po'tc11ti I is pH d. 

h idi n I r 1du e t ran 4 f tb ~ 111ust h'1 1 H . 



Fu I c II 

i • i p,r u b 
z •r - n hsi u buses. hia h th 
hydro n f u l ,vjth o. YQon. 

Rh o i ised at th 

• J U ]rO U 

nstat1'tl-, 

h c Cl!!HS ~tc . ls 1 

·uch a fu I 1( n. h 

c rbon 
f n 

' th 

leic:tron r~ I~ ~e I rou ttd th oJ Etorn l 
I re xy t.!n l' g i reduc~d. ,h 

h :i n]y "I [' u t is \V t r~ \Yhi1 h lllUSt 

h iJ ctr ~ 111:11 le f p r u r p l it en b dcd ;vit l tl . taJyst. hid i 
URuaHy l ] .. thnnn. 1 op d c 1rbon n._n tubes . r~ h in d velo11cd s . eh . p r _nu 

r ~ ffi "ient 't lyst. 

d igtinc t ty 1c!ii of hydro en fu l Jl. 

I (.lU 

A z ro- 1mi sion London bus 

p, s r un 
Ane>dt! 

circuit t the c" tl d . · y n 8 s (fr 111 th ir) is r du 1 

th d nd ,v. r r is f rn1 . h h lt: qu 1ti n ~ r : 

An e 

.nhod 

'V rt11l 

h 

12 ~ 4r.l+ 1' -.,,-

2 + 4H+ + 4 - ~ 21 _ 2 

PlcM 

M :zO( 11 ) 0 2 (g) 

Fi u r . A PEM fu I o U 

rou 1 latinun 1 1d th le trolyt i an qu u 1 ]u ti n o 

h · 1 rinc1p1e is: th s 111 s \Vith P M eH . h hydr n is .. "idised t th ~nod 

h Jee tr tu trJV, J · r und h .. tern 'I circuit t th 
rt!dt1ced: 

l~ ) + 21 2 (1) + 42e- # 

v r U: 

2H2 2 --1 2112 

h in~~ r di :i lvLnt s i h ~ l u.Hn ueJ , • u~ ar d t t.h ir fti, icn ~y ii r due d ty 
ny c rb 1n di xide in th ir a "'1 1rr &lve p t ssiu n1 hydi· ocide s lution m 'Y le, 

out. J-:1 \Vt,; ve , th !}' a 1 111 1 _ ffi, i nt thtlll P' M lls and ..1r u J in ~p,., ,c l r ft. 
\Vh re pur, ys n rr:.tthcr th n iris us d. 

Pr ct1c I p _ ct of e1 _ ctroc,n m 1 try 
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12} 
tr lysi ~ i.: rhich 01uun1 s 
his ] tri ·ity \Vil] lnl t 

An tht:r nd th r.111 i r tion n, th1n v Uh ate. 111 iu 
t,v - ta , pr ce • U1 , ti Tl bein : 

h_ nly \\'·•Y th. ta hydro n- -'y n fi1 1 c U . ulcl b ri htly d scrib i .1s h~ vin 
zer on1issi.ons i.1 if th lcctri,city h d b n roduced by nucJ r pow, r r s m tonn 
1 f renc,, bl n r y. her fi r ~ Lllth ,u h th bu i lf d n t J rodu r n 
dioxide i it is e r at t eh~ po\ver st ti n r t the _ ,] nt rn i11g the I ydr B n frotu 
n1 h -11 I 

nt pr ry1 
~ her . r 

ar hav b 11 d iisn d to run n fu ,] t Us eh t us hy l'1 

ye t. insurm unt blc pr blo1n;: 

th f hydr s n A in th C' r 
tho ·pr blc n1. of refue-]Hn the vch 1 le llt a . ra f r~ u rt 

hc~e ose dt1n cr!i sin 'O J eous hydro en under · ress:u rci i hi h]y fiam1nabl t!. 

rch is b in ,-arri u·t into de ignin ru 1 c n th t \viU us ther fu ls ~ . 
ctb n l)~ r ther th n bydr1 , n. h t\VO h.Jf- ,gu tion t r cth n I ~1r : 

~Hs H(J} + 12 (]) ~ _ l3 H ( q) + 4H+ 4e-

2 ( ) + 4 + (aq) + 4 - r- ... H 2 ( 1} 

1,. 

th n I c uld n1 d by fi nn nting u I] r or ccr J uch . - rnp \Vh t r ri .. . 
1-:l w v r, it ig n t ,.: truly c rb n-n u t r 1 pr ~ s • b u e .. sil f u 1 ,v u ld h v 
to be us .. d durins th hJrvo ti,n f th ·r p nd i11 the n1.t1n1.1 tu r I othlln ]. 
Au thcr n1~u T r wl JCk t th roduction t bi ;) th ll l is th t ll us ~ri ·ultural 
1.. nd. his n1 ans t h t fo crops D t ro1\Vn n that 1 .. nd, which r su lt5 in 
r duct11 n in w rl food pro u..:ti n. 

( hin nd Jn ·i r d v J ping ,c n n1ical1y ntl r incr · th ir d n1 11, t r 
Tilt; t~ ,vhich r uir ; .. n.si I rJblo an1 uut f -r in t pr u . ]1is. c.: n1bin d 
\.Vith the drive to ~,r duce bi cthJ n l~ h s pu.shod u the p,ric or su g r nd rain, 
.. ln 1 ult d 111 r~rv.titi 11 in fl or ountlie1

~. 

M 1 tl Jnol i ~nother osgilJilit}" fi r a ru 1 1 11. I -,,,, v r n1. thJnoJ i n1 de fron1 
c~ rb t1 111 n x id n hydr n : 

ront a'I ,r 111- thouo ~nd th hydr n itself h.is 
i nir1c .. nt a.rbon otprint. 



I Oxidi 
Ill 

uc1n 
Oxi1 di - i:11g agent · 

nt I ._ 
id l In 

l Lr n fr n 1 n th r 
Lll tr n .. 

omc o . id i it r,t gents~ tl 
.rt= du t n J t ntiab re 

·i pr du cd wh " I th y r et nd th ir t n r1 
n in abl 4 . .2. 

T bi 4.2 Common oxidising gents Usted in ord1 r of decreasing power 
---------

EQ/V .. 

ozon 03 In H+(aq) 02~H20 2.07 

· r u1r te ion 'J.OB2 0 2-4 2.01 

Hy1drog n pe~o)dO, H202 In H+{aq} H20 .71 

cn1orlc(2:) acid HOCI In H•( q), Cl2, H:aO - 1.04 

Ms ng nete(v,n) Iona Mn04 In H+i{ q) Mn2+. H2o +1.52 

L d(1 ) OXI Pb02 In H•( q) Pb2+, H20 .47 

Chlorln C,12 c1- .36 

Dlohron1 t ( 'l) I on Cr207~- In H+( q) cr3+, H2o +1.33 

M ns n (1 } OXICI Mn02 In H*( q) Mn2·~ H2o 1.2 

OX)'S n 02 !n H•{aq) H:zO 1.2 

lad te(v) Ion& I03~ In H+t 1q) 12, H:;zO .1 

Bromlne1 Br2 Br- +1.07 

lron(m) Ions fel+ Fe2+ 0.77 

loctln 1 12 +o. 4 

T&trath 10 n t Ions S40s~- S;O·./·- +o.o 

sh 1ul th r du ~1ct nn . ny s1 ie 
u1pl l ad (1v) l.i dt.: '\Vill i e chi r id i, n to chl rin . 

n ·f chi rin is t \V rn1 1 11 ntrL·t d hyd ro,chl ric cid with 

- - ~ ---- ---- -

Show th t iodat {v) ions in cid solutjon hould oxidi iodid ion nd write1 th 
over II equation for the re ction. 

, r 
two reduction h If. qu tiona re: 

}I2(5) + ,e- ;:= I (a,q) E = +o.54 V 
- . 1 
10 - (aq) + 6H (aq) + S - :.::= ..... I:t(s) + 3H,10 (]) E = l.lOV -

The oxid lion number of 
-n 1elem1 nt in the1 oxid i i n,g 
gent decree s (b comes 

le as positive or mo re1 
neg tive). The oxidation 
numb r of an el ment in 
the sp cies b ins 1oxidis d 
increases (bacomes mor 
po itive or less ness1tive). 

ox11d1 1ng na, auc1ng g_nt 



You must mak1a sure th t 
the electron c nc, I in the 
over II eq u etion. 

Thfe feBretion can arso be 
u d in kin tic studies 
to 'fol low' th I rate of t h · 
r action (p. 159). 

.... ....... . ... ~··· .. rn . s roh n1ust not b 
d a too1 My, · It WIii 

lhen Irr v r I 1ly rorm bi u · 
bi ck olld rch- lcclln 1 

1compl x. 
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lodat (v) ion nd iodid ions re th re et nts. Th o irall equ tion i obtain _ d 
by rev rsing the first qu tionf multiplying it by 5 nd th n adding it to th 
second equ tion: 

10 (aq) + 16H ( q) 51 ( q) - ll (s) + 3H 10(1) E, 11 - +l.19 + (-0.54) - 0.(55V 

E aGH i posit iv , so the r dox r action is fe sible. 

Redox t1itrati1or1s 

lodin titr 
o ldi In 1 

elution f n 

.1 d] ·ht£: • e'.(,111 t " L' i~, 1thnt r ' t•i lr~ctr H5 , 111 n nuu,~r 
._ thu ldl n U~ It i t If r du d y .earn if I , tr n .. 

n b nt { J rt fr n1 't tr thi n·,te i n ) 
hi.: n1 thod ll d h~rl! is co ,mJJ 1 

i i tH ·t 11r 1\Vn v Ju mn . luti f'll t th . ·1, 1~1nR . nt. h 
dint; is th ~n titr~ t ~ a .1i11st st~n1dard so Uun1 thi ~ulfat~ s lution. 

r ~1 ci n be t\J 

luti n fan 
n iodiu Jnd rhi sulflt i 1 ns .1n us 1 d to fi'nd th .. n nrra i1, n 

h m ·th i& a~ ~~ H 1\\"s: 

Pipett . ,kno\vn \I hun luti n f tb o.:idi in I ent into , eonh:. I ft ,k" 
Usu illy it i nee s ry t · d s n dUut ci t this st ~ g i-t i n r n n 
prcs nt in tludr b If- gu~ui 1u. 
Add exce~si p t~ s iu111 i. did s luti n (or Hd 1 ot. itnu i didt!) l1Ud v 'i r'I t n1 L 
th ·1ution. 
_ itrJtc th lib~r~tiJd 1 ,i..iin a nin r st n~lJrd s ciiuin thiosulfhrc olution until the 
i din ,c lour t s t I t la atr w c 1, ur. 

dd m tti rch in,U at r. h(:; r 111 in in u nr a ,. I i lin vi,rill r act r v~rsibly 
\-V irh th s·c r1 b co :fi rm b]u~ - :,]ack c n1pl x. 

tuinu u din s diun1 thiosu H tc dr p by dr p until th b]ue- b] ,c • 

1,0Qg of n impure _ample of pota iun, iod te(v), KI03 , w disaolv din 
distm d wat ,~ a1,d th -olution mad up to 250cn,3. 

25.0cm3 portion of this solution w ri t k n nd bout 25cm3 of dilute ~ulfuric 
acid nd -xc s potaseiun, iodid w r dded. Each wa titrated wi h stand rd 
0.100moldm-3 odiun, thiosulfst solutionw Th m an titr was 23.751cn13 . 

Th · -qu tions forth~ reactions - re: 

KI~ 5Kl + 3H SO - 3Ii + 3K SO lH O 

I + 2Na2Si0 - 2Nal + N.s S ~00 

The ionic eQuet ion e re: 

IO 

'I2 + S:O , - - _·I + 'S O" 

Calculat th purity of th pot s iu111 iacl t (v). 



11 

amo,unt (in 1nol s) of sodium ·thiosulfare Na ,SiO = O.l0011i1oldm 3 0.02375 dm 
= 2.37S 10 mol 

1 mol KIOs produc e 3 mol l:h which requir, 6 n1ol Na2S203• 

mount (in moles) of potassiw.n iodate(v) io 2 S cm 1 "'l M .375 )( IC 
= 3 .19 58 , 10 lna~ 
amount (i11 moles} of potsssiu1n iodate( 1) m 2S0cmi = 10 )( .3.9SS . 10 ... 
= 3.PS8 . 1'0 i mol 
11.1olar n1ass. of Kl01 - 39.1 12t5,!) + (3 ;.,; 16.0) = 214.0 g n1.01.w1 

l11tlS.S of pure Kl101 in smuple1 = iiuo,les >< 1uoler UlBlSS 

= 3.19 S 10 mol 214.0 giuor·l = 0.847 g 

purity of sample = Oi~~: 100 = 84.7% 

- . ~--~--~ -------

~u---;-;- " ------=-r"'=_ ~-~~ - - ~ -

Br ,a i an lloy of copper nd zinc. th proportions 1of wlik~h r ried to ere t 
range of brasee·a with diff rent propeirti s. The percentage of copper in e sm II 

bra s ecr w w 5 d 1t miin d s follows: 

Th scr w wa w i
1
gh d. Its mass wa found to be 2.1 g. 

• Son, cone ntr ted nitric cid w - 1 dded to th er w. Thi w , carri d out 
in a fun,e cupboard, Th copp rend th zinc both r ac d to form solubl 
nitrat a, nitrog n dioxide nd water. 
The ~olutlon w n utr lis d. It. and th wa hlns- . were tr neferrad to 
250em3 tand rd fL k and th wlum n, _ d up to 250em3 with di, till d w ter. 
25.0cm3· n1ple w ire n, a Uf d by pipett into conic I ·fl ks nd xc s 
olid potaa ium iodide w s added. 

Th zinc ions did not react. Capp -r ions ree d c1cordin,g to the quetion: 

41 - 2Cul 11 

Th Ii rated iodin w s th n titrat d gain t 0.100 n1ol dm- 3 olution of 
odiu111 thiosulf. te, ddi11S st rch as th I indi1c tor n r th end point. 
I..!.+ 2NI s ... o -to 2NaI + Na1S 0 6 

Th me n titre was 23. 75cm3 • Oalc-ulat th I percentage cf copper in 1h brass scre1w. 

n 
amount (in 1uoles) of sodium thiosulfate = O.l0~1uoldn1 ... l )( O.O.J7S cln1 

= 0.001517S mol 

2 n1ol Na,2 2032• r et with 1 mol 12. which con1e fron, 2 n1ol cu:ii., so: 

amount of cu..1 1 in pi tted ~am,p~ = an10unt of sJo,.:- in titre= 0.00 51751nol 

a1uount of cui 1 in 250cm = 10 0.0025175 ~ 0.02517S1nol 

mass of copper in brass sc~, = 163.5 g mor1 x 0.0251751nol = I.s;g g 

o/o of 1co,ppe1 in brBss screw= l.5P9 · 100/_.19 = 73.0% 

ox11d1 1ng na, auc1ng g_nt 



••••••••••• tt •t•• •••••• 
The reduc~ns B nt Is on 
U, 1 ''i llt-11 n c1 a Id ror th 
s ndard r 1ductlon po tentla I 
1, If. qu tlon. 

e ea fu I whe,n s · f cting 
the, comact ri&1idox ha ff. 

1eq uation for hydrogen 
pe1roxide. In this ex m pl,e It 
is acting as a redut ing gent 
1nd so it wiU be on th 11Qht 

in th ha ff.. q uation. 
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Po ... un1 111, n tin, tl n f the cone ntr t1on of 
r ducin g nt 

H t f ~on1c ri.!ducin ll enu. th spe ,s pr, du d ~ h~n th y r a t. and th ir 
st nd r r, ,iucfim~ p t nti I , r : hr n in b 4. . 

T b I 4. 3 Common reducing s.e,nts 

Pb~+ 

sn4+ 

0:2 

F + 

1 
2 Br2 

P 02 (Pb4+) 

,~----, 
·:E!/ V'. 

' . . . 

+O. 

0.1E 

+o.6 

+o.,e 

+0.77 

+1.07 

1. 7 

Juc:in c nte 10, idis 1 nd ·th I xid tion nu1nb r of at ef u, nt in rh 
r duc:ins gcnr incr J c (b co1n s more p, sitive rr los u atiw). he .~idr!tion 

nunlb r f ,n 1;;] 111 nt in Eh S! ~ic b in r du . · re. •· 1. 

} l2(s) + -~ _ G--fLJ ... 

= -0.54 'V 

h~ 111 th d i t citr t st, ndard luti n of · t .. ssium 111 n 11 t (vn) \Vith th 
luti n f th r u in Ji t t. - s c n b e :1n fr in able 4 ... , 1 nd fro1u th va]u 1 

f the Mn 4- , H . Mi l+ syst 111 1( ,,. i: u = t.5- V). n the r duch1 ~gc,nts in tl c 
t bl ~ HI r du~, n1~n1 an· tc(vu) i n n t1 i ic luti n. 

Show th t hydros n p roxid hould r due mang n te(v111) ion in cid solution. 
Write th over II qu tion for the re ction. 

11 I 

O (g) + -H' (aq) + 2e- _. H~0 2(aq) 

MllO - (tiq) 8H• (eq) 5 .. :.:= Mn· (aq) + 4H 0(1) 

E8 = 0.68V 

E -+l.52V 

Th r aetante r H20 2 and Mn04-, o th fir&t qu tion h a to be r versed. 
To achlev th sam numb r of I ctrona in eh quation, multiply th fir t 
qu tJon by 5, nd the s cond qu tlon by 2i Thi giv s ten I ctron in eh 
qu tion, which will c nc· I wh nth . qu tions re , dd d. 



E"' = -0.69 V 

2M110 -(aq) + l16W (aq), + 10 - ~ 2Mu t (nq) + 8H 10(1) I!' = + 1.52 V 

SH~0 ,2(aq) _MnO~ - (aq) + 6H' (aq) ~ so,.(g) + 2Mn: (sq)+ EH 10(1) 

Th v lu of E;;ctlon I po itiv • so hydrogen peroxide should r due 
m ng n te{vM)1 Ions in cid olution. 

h n r 1n th r titr tinrit th t Jld rd luti n t , t 'iu1n 1n n . n 't (vu) 
\Vith ._ r duch1 .\ nt is ~u fi Jlov s: 

A . n1ple o kno,vn v lun1c\ usu.1Hy 25. uil~ f th re uc1n .1 nr i 1,,ipotted 
int a , · ni al fl sk. 

• Appr1 • bn tQJy ... 5,cn1 · dilu ~ i.uJfuri,c id 'i , dcd . 
• A bu rett 1 f1 ll d \Vith t ud rd I lution f p,ot ssiun1 m ng na'tc (vu). 
• P t~ s ilUn n1 n n.]t "'(vu) ~oluri, n is ll kk1d s a ily, itb " rirli11g. untH th 

1 urple c ,] ur di& pp rs gi "' rJy. 
• ho po SQ1un1 n1. ngauatc(vn) 1s then .1dd d dro,1 \Vis • untH the soluti n b 01n ~ 

Ii l Uy ink. 
• h tie1\1tion is r l' atcd until t 1 JS t\; ~ , nsis ~nt titre s r 

n Uc d to add TI indi at r b ~cau the: n1 n an te(v u) s 'ltHi n i 9, so in tensely 
c J ur . h titrati n is st pp,cd, P'h 11 th si11 H st J ,ss c Mn ->4 i n c us s 
L faint }}ink col ur t1 be ,,i ibL . 

I r-on t bi ts 1contain hydrated iron{11) eulfate n,ixed with a fill r. Son, tab I t w re 
cru hed nd 7 .17 s of th powcl r d tabl ts w re di olv d in wat r. The elution 
w s mad up to 250cm3• 25,.0cm of thi solution w pipetted into conic I 
fl ek and 25 en, of dilute sulfuric oid w a dded fron1 me surinS cylinder. 
Thi n1ixtur w s th n titrated with 0.0205moldn,-l solution of po ium 
m ng net {vi11) untH faint pink eolour r main d. Th titr tion was r pe ted nd 
th 111 an tltr wa found to be 23,40cn,~. Caleulate th p rcentag of iron in 
th iron tabl t . 

ll 

,.uuount (moles) ,of MnO in titr,e = 0.0205 n1a] d1u x 0.0_340 dm 

- 0.000479711101 

Th qu tion forth re ction is: 

S Fe2 ' (aq) + MnO , (aq) + SH-(aq) ..... SFe· 1 (aq) + ?vln i "( q) + iH 0(1) 

1nount (_molei) of Fe"' in .... 5 c:111, of iolution ~ 0.01004 7P7 tiiol MnO.t :i< 5/1 

= 0.0023991nol 

,1uount (mo,les) 1ofF l ill 250 cni of oliition c::: 10 >< 0.002399 = o.023gg mol 

1nass of iron in san1ple - s~.8 g1uo1-1 01.023PS1111ol = 1.338 

0
, of· . _ . . bl _ m -s s of il'on :-: liOO _ l. 33 B l O O _ 10 701. 
G iron n1 r ,et - - - - - 4.1 . i O 

m ss of pcnvdered tablet 7.17 

Titr t ion of F (11) with 
me ngan ate(v11) 
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h~ c ur::t y d 1 3 1 il' tt on _ 11u tnb r of fd~tor ! su h ~l iU 1u l Uty, n1 the 
tcn1pcr tu r nd visc sit luti n b ins us d. Most .:.s. crn 3 s,h · J J 1ip ttc1~ 

utJ ~n i g h vc ~1 1, r .. _ nt.1 I 0/25.u ~ 1 .2 r:1, 
urette i~ ±1 .r 5 c1n t7 r a h r adin nnd ~ th~ n1 xin1uJu rTi r h 

he c n ~nrr tiot1 f st._ nd r i ; lutkn chi en that t~ ~ ti.tr~ ,J H bet 
20 n1l n 30cml. upp se th titre is 24J nl'J. h p r c nt orr r in tl lJS I 

t: f rb bur tt _ i : 

n. I X I O O 01,1 ---- = = 0.4io -4 . . 
I b n 12.0C I nl . eh err r \V uld st'il l hJv b n ±0.I '"Jn ! but tl c 

p _rcL'nt error \VouJd b 0.1 10 /tlh,j. 

·h tnic 1 b l, nc th t w i h t 1 two iln I ,,l c s h s n rr r · r ± . 1 t r 
... eh fL: din (h1Lludin 'tho z r re in if the l n1 e is tar~d). Thus the rr r h 
'th 111 .. g 1S o. 2 8, 

In th w r n 1 I 11 

th 1:, _ r .. uta hing i ~.02 t '0/7.17 = 1 
• 2 'M, 

th p,i tt h s p~rc nt' e ,rr r f . 2(.Y.l 
the hu r >tt hll J l rcr n ta, err r f 0.1 x 1 /23.4 ~ 11 .4 91~ 
the total pcf(: nt ~ err r is 0.2 t){J + .... % + 0.4 ,1>"{. = <.. ]'~11 

hi 1.11 ns that the ctu 1 r ntJ 3 fir, n in th t bk ts i b~ tw n 17.7 1.Vu , nd 
l' 1.61 %. 

A mpl1 1 of m s 1,30g of d-block m t I ulf t , M:2(S04)3, wa dis olved in 
water. Exceee pot ~ ssium iodide w s added nd the iodin I iberat d wa titrated 

inst etand rd sodium thiosulf t elution. Th titr I showed th t 0.00325 mol 
of th tran ition m -ia1 ulfst w p~ nt in th 1.:30 . 

t C lcu I t th mol r m 

b) H ne c lcul t th atomic m of th I m nt M. Suag tit id ntity. 

A suming th t th I error in eh w igJiing is :t0.01g. calcul t th p r ntag r 

rror in th ma of M2{S0,4)3 tak n. 

d As. u111ing th t there re no other significant errors. c lculate the maximun, 
I nd minin,um v lu of th mol r m nd t, nc of th toniic n, rof th 
,I m nt M. 

Wh t does tlii indicate about th reli bility of the identification of M? 

11 

130g_ 
) mol r ma = ma·aa/mole = 0.00325 mor·1 = 400 g,1101-

1 

b) maae of the eulf te group= 3 x (32.1 , 4 x 16.0) - 288.3 

n,ase du to 2 tom of M = 400 - 288,3:::: 117, 7 



relative atomic ,,, & of M == 2 x 117. 7 - 55.85 

So, the I ment M i iron. s th r. ~n,i of iron in the periodic t _ble ia 55,B. 

c) tot I w ighinS rror ie :t0.02 g 

Pere nt "' rror in weidhind th solid= 0 ~02 x iOO = 1.52% 
~ 0 

~ I 1.32 

d) ±1.52% in 400 t1 n1ol 1 is ± 1·52 x 4oo 
e 100 

= ±6 i 1 e niol 1 in tt, - m o I r m- & 

So, the maximun, molar maee is 406.igmol­

minin,um molar mass ia 393. gmol-

m xin1um relative atomic mas ix (406.1 - 288.3) = 58.Q -
1,iinin,um -- 1 tiv- tomic m 2 x (3 3. - 288 .3) == 52.8, 

Th e valu u,gs st that th n, tal M could mangan se (Ar = 54i9). iron 
(Ar= 65.8) or chron,ium (Ar== 58.9) and eo the va lidity of the id ntification of 
M es iron is poor. 

M k aur th it y u c n: 

• ~ rk out xid t1on nu n1bor 
• c phlin .. idati, n r r duLti n in t~rn1s o eh n ~ in xid ti n 1· u1nb r or electli n 

tr n r 
,vrit 1 ni, h;il - qu 1tian ~nd ht n ov 1 ::.H r lo guari n 
d cri , th de i n nd w1 rking if' h.~ '"tr, eh mi" l Us in "ludin b tt rl JJ1d 

hydro en fu ] -n 
_ c, lcuLt l 1 L.11 iv 1'l tJnd r r ducti n t I t ntial 
• r. all stnn ard nditi ns 
• cxpJ~ jn why n n-9.t nd·ud 1conditi n~ an affect fe:isibilit 
• ra\v - 11 cti r 1n1s 

understl! nd eh t 11ositive VJ lue u 111 - n th t th r.od re~ t11 n i 
• -, n fin oxi isin 1 

• nts nd r ducin a ntg 
und r t.111d rh -n ~pr fdispro rti n rian 

• c~n d~ cr1bc h 'J tht.? nc ntr. t1 ,, f xi.disin and r ducin cnts c n b found 
by titrJti n 

• r ,] r us ritr.. ri 1, d t to ·a 1 ulat coc " ntrati n 

un,cert 'lnty ot 1mes urem nt 



l:t~fo r t on p. H 4 ri· r st nd rcl r~du tion 
p itcnti I v~ lu s. 

rit thE hJlf equ ti . n t r: 

rh r u ·ti . n f chlorino 
. 
ions 

Us:ci ~our answers to qu _1tio11 1 to write overall 
uati ns r h r:i 1 ·tion \V n chi rine n 
:!+ i tU. 

) ~111 u 11te thf ceU p1 hi nti.1 l 01 e.:1ch f the 
f il11 

, in rc:1cti nSi n u t \Vhothor I r ni t 
th r a1ctio11 i~ f u ~ibl : 

l reac ti1 rn bet\Vc en l .id(iv) kln.s ~1 n chl rid, 
• 
l 115 

r re ri n I w n rin(iv) io1ns n 2-t- i ns 

b Writ ~1u tti n tor n,y th-. r, .1 ·tion in (~1) 
(i}-(H) th.u r r" a ibl . 

4 th t s iu tn tn ng n t (vn) nd 
di hr n1t1 !'l(v,) I r us d it ci 
oxidising . nts. u~c the dntl in 

. • p1 in ,i,: hy hydr hlori1 • id ntu t nm u 1d in 
the 1Xid tion f n or n 1c su bst n1c by p t ~ iu 111 

111an n t (vu) but c n b us \Vh n pot~u1siun1 
dkhr n1 t (v1) is the .. idi in 

6 ) · , p rU n rail I n . 

b) t l t thr 
un r, o a 

m U e the : V' lu in bi 4. t t r i t 

h th r n1. n an~t (vt) ion ! Mn 2-~ vill 
dispro_ rtion tt: into n1 11 anatc ( 'll) iot1s, 
Mn 4-~ LHld ni. n 1n "Se(rv) 1 xictc Mn 2• 

d) Pr i t th~ f in r Luin Eh pH 
f 'th s luti n n th fi sibility f this 

disproportio11:ition. 

Jlcu bt~ c 11 tbr 'th I id, tian by o y en of iron 
in r n ug Ju ti n. Writ th v r J 1 
th ii rf acti n. 
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xpttin ,,rhy h~ n 1 - rr s t l s r ,. tent in 
1 • y ,n:lt I \\r ter ifth H I th at r i in r s 
b ,. the ,~ ddition f l k H. 

h th r f rr t (vi) i n ~ e 1_.J- ~ ,vii] 
bo r lh: 1.! t + or to el+ ion b, hydr1 e 
p ro id in t1 .cidic Juti n. 

) + SHT( J + 3L!- ~ e +( q) 

+ 4Hz 0) == +-.20V 

l;-( ) + c - ..- Fo2;- ( ) rt-* == +o. 77V 

~( ) + ... H ~Jq) + 2~ ~ l _2 l (aq) 
., == +o. ) 'I 

b) Writ th~ ov rL1H t]l1 .. tti n fi r th re. r'ti n hat 
t k p,I I • 

.. )i. 0 m3 f i luti n f p ·t ssiunl i atc (v) 
,va pip tte itlt · conicL 1 fhuk . .,.5 n1 f dilut 
ulturi id nd 2 . 1 p t siu1n i didc ( n .. - os) 

\V~r - oddt:d. T''he i dh1e Hbcrate-d ,v s titrat d 
vith . I041n ldtn- · s · iun1 thio,sulfa't s 1uti n 

starch s an indi at r. h m"' n titr \Ya~ 
cm. . 3lcu 1 t th co1 ie n:tr tio1:1 r th 

potJ~liliun1 iodaL (v) s lurion . 

I . scrib :i hovv the con . ,ntrntion of a solution 
1 diu tn chl r t (1), N · uld b f 1 un 

x1, rhn ntJl ly. 

Wh,lt ro th1..: .1dvanta L. Iv~ 1it. g 

runnin 111 tor vchkJ" usin fu l ceJJ th t i 
o,v t d y h yd r r n? 

xphdu ,vl1y the srr n -H bon I stre·tchin . 
Vi rJ'ti n in th ll l IlllOr b US in infr, r 
1 r ~rth.1 lvs rs . • 

rr 1n(n} QU If te C ntJina ,_ ,,! t r of tyet ]Us:1tion 
nd it t rn1u1a c n b :rvr1ttcn s ," 4 .. · 12 -. 

I Acrib ~ .n1 ,p ri111 nt th t w :n1 ld L;1'1 :thle y u to 
fin , th v luc f x. h ntetll 1ust inv lvo · 
ritra i .. n. Yi ur an \V t· sh rld in lu \Vh t you 
\V ul d nd,vh t 1nc~ ur 1nontsyou uJd 
. n - shovr h , y u , ou kJ u 1 y u r tn · su r tn nu 
t •JI ·u l t th v lu f .~. (1 cl tin_ th hydrllt •d 

li \,,ould d~1 n1p ·~ th ir 1n{u) sult t ~ so this 
i.s not Jn t1 1 I 1 t~ b]11 m~thod.) 



a r LI 
j n) A spot f W,lt r ut liuin ~ n1 

b) 

hen 1lp1hth lo.in J.S pl. r d I n . _ i e f tc: J 

Fe 

"I .. 

tl: r n J ur. h ut i 

- +"'·-- ~? 
J!lo"' ...-- -

fl!l\V r 
(4) 

lU 
,y 

E · - + .77V 

.4 .. - ~ = + 2.01V 

iUl])Uf\ 111 11(111) hl rid P~ 1,.1, 
w s di"s lvf in , ,. t r 311 tht= luti n 
n1~uJ up t .. 5 cn13 in .1 volinu~ tr\c fl~sk. 

.... , s pot ss.iu111 i di ~ dded t 
.... .01cn1 p I ti n nd th i din~ lib~ rat~ . 
, th n titr~t a.inst t .20 m ldn1-
s luti n f odiun1 thi sulf: t ·. h 111 n 

I) f sult1tr it 
2- ions i~: 

+4 
B +3 . -t 8 (1) 

Ii) al td t th p re nt g purity by tna s 
f the iron (mu) hi rid . 

J + 1- -+, F 2 
I + *12 .. 

12 + 2 2 ! , _ ---+ 21 + ~4 ,./-- 5) 

U[ tnrch h1d1-ator niust not be .idc.Ld 
unti l eh i in~ luti n try p l . 

]rtin \Vhy thi i tl C S f}r kn th 
pcrc nt p,urity if it \-V, ' l" 

dy. (1) 
(1' itnl l 1n. r k ) 

2 n) Th _ i .rri n nutnb r f 
I) oxyg n in 2 is 

B _! 

"' - -L _.., 
.... 

U) c rl 011 h1 4:!- i 
4 B +l J 

b) l1 ~u loto th st:in,klrd c U _ t ntinl nd 
h nc th u1~rn1 dyn n1ic f a ibility of J 

reil ti ni.D\\tlichn1Ln .n tc(,·H)i n in 
c id luti n oxidis th, n di t i ns t 

n jti. ns 
t 25~ . 

CJ) 

( ) 
2 \i( ) + 2 - ~ l )~2-( q) - - .40V 

Mn 4- ( I r+{a ) - e 
;= M n2'1" (m.1) + 4'r[,, (1) 

E ·= +1.5 ... V 
u ~st \-Vht in pm1 ~tice~ the t e. ci n d1 

~. 

ccur un r stan :1rd nditio1 t 

r Cl1Y 

t~111 c.J. u:d 

( :1,) 

u]d t1c t :1lt r h ~ 
tct1ri 1? ( 1) 

I 

Ill 

( 

Ex m pr ctlce question 



• • • r n 1 1 n m I 

p 0 
• 
10 m I 

. he d8 bl ck l 111 nt H b t\ve n th s .... bl k n1 t I and th .1,1-blr ck non 111 t 
I u, 

h 1 eri di tab] . ho h1 J ri I 4 1 h1 
\: n in 1ble 5. J. 

T blo . Th1 d .. bloak l1 ments in p1eriod ,4 
-----

;Sit: I 

c n,cHum 

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

.,·c1r '.1 
1·M,n 
,' ·. ' 

.~ 1pjj====== ...... ,... . C;O I .NJ 'i 

T -n1um v-na 1um cti mlum M ns n - lr n It Nickel 

NeL1tra l toms 
Ars, n h~s th .I t n " nfi ur.iri n iii 2. 2 ~JJ s., p. 
] vel is th 4s- rbit t. so it fills betbrc rhe Jd. her fore p 
I ll l l1 ration r Al 1 ,( 4sJ ,L _ . • 1 lciu 'Ill I A~l 11u 4,,q::?. 

Zn; 

ho n x t l w t n r y 
t~ ssiun1 h-.1 th lcctron 

tlcr c lcium~ th ,I blo k. st t Jl'l'd tile ,,I rbit ls b.. in to r1llod. h e ral 
11 fi u r:.iti n tbr ,l- bJ ck ] m nt is rAr1 3~ 4.;:? ,vh r · i t h nu n1 h~ r of th 

, • 1u n n 1 u th d- blo . . • nd 1tu11 .. is th u1 t d-bl c h: n1 nr. eo its c u 1 u. r~uion 
i rAr] ,d1 4s~ ij V n· diu m i th third. 5 I it nfi . ur ti n i [Ar] d 4s2 n ir1 n h 
h &i _th , it c:onfi ur tion ig [Ar] 3 f 4s2• 

In th f urth p ri d, ,'" t, Zn. th 1 r r t\v X"' pti na t this rul . her i • sli he 
, in in t biliry in h "Vin fun r h lt- ull t t d .... rbit._ I . hus chr 1niu r11, tl e 

f urth d- b] ·k . I 1111 11 r_ h 5 the 1 ctro ' n figurJ tion. r Arl I 15 4.rl u ,, rA ] tl 4s"': 
, o r h. s th c ,nf1 u r tio11 I Ar! 3dw 4sJ uol [Ar] 1i.tt1 4s2 J 5 ..... ). 

Posi1tive ions 
W h n 1 ,1 ... blo k cl n1 nt in p ri 4 l set'! I ctr1 n1 n t, rnu p iitiv~ i n, tho 
uter s-el ctron s ar lway lost b fore . ny tl- lo ·tr us:. Login · -1 I I eh 4s-cd irons 

111 kc the ioni · r dius n1aH r h n if it h d 11 ·st it; (I .... 1 c tron . his 1n n 1 th t 

th )J ti ~ ner y nd tho hydr·iti i1, n y .1r 111 1' x ,th rani . _ h r~ · r~. in a 
re~cti I rh ver 11 liH is oner eric J ly m rre f v ur bi th~n if ju 't 'th d- le et ns 
had b n I, t. h le tr n rnfi ur ti ns I f rd- 1 ck ~1 111 nt& in p ri d 4 1nd th"ir 
2+ · n + i n.. r ho,vn i11 T b] 5,.2. 

_ n n 1uon metnl (Topic 16) 



T blo . Period 4 id-block el me,nts 

Aton,· 

C (Ar] Q'l 2 Do snot xlst [Ar] r:fJ 4s0 

TI [Ar] a2 4 2 (Ar] d2 4SO (A ] a1 4s0 

V [Ar] C1 4 3 [Ar] d3 450 l[Ar] a2 430 

er l[A'1 a6 4s1 [Ar] aa4 s;O [Ar) aaa as0 

Mn [Ar] as 482 [Ar] c,6 450 [Ar] a4 4a0 

Fe [Ar] ae 45:2 [Ar] c,E 4sO [Ar] d5 4s0 

Co (Ar] rJ1 452 [Ar] 3d7 4sO (Ar) aG 4 0 

INI [Ar]I as -2 [Ar] cJB 4 o [Ar] ri' 4 -o 

CU [Ar] ale 4s:1. [Ar] 3a0 4so Doe, not ,exl t 

zn [Al'.] aw 2 [Ar) e,110 490 C not xl t 

Tran ~ i1tion n1etals 
1t 1nlei1u . :1r th s b ..: tl n th s-bl k an eh p- bl 

l n1, nt h v n I ut r h~ tr n c nfl ur ti n nd ·. (u + l)s)\ 1,, h r x i ny 
n.un1b m from I t 10. j ' is 1 r 2 nd u ig th 01 bit nu111b r. 

rau i rion nt ta ] L1 :i re de _-u1 -d i I ntly: 

A tran Hion 1n 1tnl h" n~ o u1orlP, unp .. I @d d- ,I, , tron · 111 on f U i -u -

or 

Of! f It Ion Jut o p _rt a II fi ll d ,f- h 11 or h .. s .. I 1 a l H U np. lr d 
I t r n I u I l I cl- r t t 1 .. 

, andiutn t rn1 i1 
3-t- it I nly i n~ his ha n ,1 .... ~1 ,ctr n. an ,c n ditu 11 i 

n t l tran&iti n Hlt t ~ L 
• i 3 · i n. \.V hi • h h , ~ n u 111 i r d h ref r , 

citanit1u1 is a tr~ln itio11 J n ett 1. 
Ir n l p r · i Hy tlH ,I h 1l in "' ,. h • 1 n. , r, 
111 t. I. 
Z inc es n t r rn1 ith r Zn 
· 11 P· ir d i1 fiv full ti- r it= l . ·ju i n t tr nsit n ntc al. 

h rr 11 n1c11c9i f le tr ,nQ in F ~+ and · ni+ ion ~ .1rt h wn in 1 

:Jd 4s 3d 4, 
Fe2· [Ar)I [ill [I] [I] DJ DJ D zr1::.. [Arl [DJ [ill O] [ill [IT] D 
i ur .1 Electron configurations of F :z+ nd Zn2 ... ione 

your If 
1 Writ the le1clron configur tion of v n dium nd the V3 ion. 

·~·-···· .... , ...... , .. .,. 
Th Cu+ Ion 11 th 

I ctronlc configuration [M] 
3a10 4 9°. 



n en 

Fi,rst ion1i -at1iot1 energies 
In p ri1 

' ~ th nr t i ni ati 11 ner i ., foll vr a g n r l u1 v1l rd tr nd fr 1 1n1 diun1 
· rg1 n . . h h i us d by ,J u i nc r .• s c in the nu ] r c h r with u n 

h, th numb r ot ~hio]din 1~ tr n1 in th inn r rbit . ho ctivo 
incr liS'-J ttsidt1rab1lY1 H1d this C.lUS L l~r t1 in ar Is iu th fir t _. 

i ni l i 11 n r i . he t1rst i nh ti n n r v f s di um is 4<>4 kJ 111 1- J n th t f 
ar on is 1520 kJ 11101- ·~. 

h l u~rn h ctur rent er s th~ iJ'- block. h uter el ctr t thru i; r 111 cl in 
th r ac ti 111: 

M( ) MT( ) + -

· 4"~-cl ctron~ .ind it i shh;l1uod by the in1u: r d- 1 · crons (· s Wt; lJ as by th 1 s-, 2s-, 
'1.JJ-, 3s- ll nd p- Jectr ns). Alth u h t l nucl r h ' r j ncr g s acr gg th bl ck 
f rr1 sc ndiu 1t1 o iinc1 th 111.uubor f i 1111 r hi ldiu 'Ji#- le trons in . r" !S JS ,v U. 

his 111 n th"' t th. 1rst i nis~ni n en r. ies f th 1-bl ... e] n1ctns in p"' iod 4 :ire 
f irly s n1ih1r. his is sh 1wn n isur 5.-. 

J.. 1000 
d-blo k ~ 

900 

t: 800 .... 

700 

1600 

SOO 

4,00 

Fi ur 6. First ioni ation n rgiee of period 4 lement from potassium to zinc 

Succ1es ive ioni ation energies 
h r~ i n rm Hy bi j un1 bctwoen ucccssiv~ i nis ri n ncr i s a nc\V 

iguanturn hell Jos s an cl ctr n. or XJn1ple, then.:- is bi jurrtp h tw en tb~ 
sec ncl nd third i ni l tion ner it:Hi f n,~ gnesiun1 ( le tr n tru· tur : 1 s2 2s~ 2J> 
3s2) h au . tht.: third 1 t~ n h~JS t · -Jue fr -n1 th s cor1d rbi't . hi cl tr u i 
subjected 'to1 a nn1ch strongel" pu II fron1 th nuc leus :1s it is mu h less hield "cl. 

~ h n r y ], v l th d- nd the 4s- 1 ctron r v ry il11il r in d- bl k ]em nts 

nd bi . juntp c n1 "'S r all t he .. ~s- and JI th 3d-cl "'ctr 1u hJ e be n 
r n h i i h \! n in abl 5. , nnd in Pi UH: 

- h r in b]u in - ble 5 .. , reii r t th first · 11- le tr1 n b h1R remo d. 

lt c n en cl rl th t th r is n1u h I rscr di , r nc in I r~y b t\vc 1 't d 
,I-~ 1 c t ro11 s. J s t h r is ~ h1 r ju ntJ \\"h n th ir t 3 JJ:- l c rron i ~ oi 11 r In V' . 
hi i ho\J n raphic Uy in ip;ur 5 .. 

_ n n 1uon metnl (Topic 16) 



T hie .a Diffe nc in auco ssive ionis tion r nergiea in kJ mo1-1 

at nd 2nd -49 720 317 + 79,4 

2nd na ra 14.10• 16QOJtt 1400 1740~ 

rd an,d 4th 

4th and 5th 

5th n1a ti tn 

th and 7tn 

7U1 and u, 
The rete,re to th 

... 8000 

~ 
7000 

r liOOO 

.s 
!I 5000 

J 4000 
Q 

3000 

iCCC 

1000 

1 50 1730 17 0 B 0 

4&0 1 80 2 00 2170 

1120 1S30 23 0 

7900 750 

730 10 

11rel 3d · r ctron be In removed. 

3p I ci:,cr, b i ng remcv d 

0-------.------....-------..------..------..------...... 2 nd - 1 ~t 3rd - 2 nd' ~th - 3rd Sth - 4th 6th - 5tih 7th - 6th 

Fi ur • The diffe1r nee in successiv ionisaUon ene1rgj for chromium 

Cornmo 1 cl1emic I prop 
• r I of tr n • • 

I IOn 

I 

Va riab le ox1idation, tates 
he n1etL1I in th~ .r-'hl lck xist in nly 11 _id tion , ·tiit in th ir i1111,,, un ls- 1 

e. n1 le ~ g . d iu n1 is J l V y + I n d m. sn i um i ~ I, . ry '* + 2 . 

Th n n-tr 1n ition ,t-block 1n t h ]s h v sing;Je . id tio11 st .. Zinc is ah Jys 
- in it · ,mpounds Jn iC3ndiu111 is al\v yg '.l, 

h tr~ naition u1 ta ls e ist j n ~eve I al di e r,eint o, i ntiuu g'tates. 
111 n in s h t bi I n1p, und uch s Mn · -t (+:2). Mn >2 (+4}. 
and l Mn 4 (+7). le al 1111 c..on11 unda in th + nd +s i't t s. 

or cxan1 l . 
2Mn \~ (+6) 



The h If •equation for 
1reduction pot nrti I has 
e le1ctron a on th I ft. 

• • 7 

~5 + 

,. id Jtion atatc s i& eh t th~ su ·,cessiv ion is,. t\ n n rgies 
in re st · w 1h ~vn in i ur . . "' r x mpl ~ th extr I n r -yr qu ir d 
t r n1 vc a third c.l tr n fron chr 1nhnn j~ r ,. in Jin th stron · (;!f i 1 ic ndin 
in ,olvin th ~rl+ ·i 1n c nip re, with the ~ " k r i nic bo11din b th,. less eh r d 

.l+ ; 
1 I u 1 

T y ur If 
Giveth nam nd forn,ula of copper compound in: 

) th +1 a idation et te 
b} th +2 oxid tion stet 

Redox reactions 
It ii be ltl e trtu1 Hi ir1 1n t 1 . ·idati f st t that r, d . r ~ cti tu llr 
. nun n. A rra ns.itiou n1 )ta I i 11 hi h r ,xid .lti .r1 st .. c wi 11 be .1 n .~jdiiin, ~ nt. 
n in a lo,v r I id tion stat wUl be :i rcdu iug a nt. 

h s ,vith \Vhich r n icion n1ot I ion h 1 
.. ·idise r r due is iv n by its 

st.1nd .rd rcdu tion pot ntial~ . . 

• 

r xl n1 J.e: 

f the 

~ th beet r th i 11 on th icftMh nd id t the 
ctl O."'i 1i in L ~ntJt1 t th ~or~ tl ) n nth~ ri h -h ud siJe 

in nt. 

,, + - ~ v2-r " = 

1 . ,_ 
- l, 74,j ., .. 7H-t- f1& -

0,7·7 V 

L IV 
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• 1ch r 111 t (v1) 1 us r tl · besr .. ·1d hiug ._1gcnt nd v.anadhuu (1 u) ions re th ~ 
, r t. 

• h 1·on1 iun1(u r) ions re rh ~ r rsl redu in . _ 11 t ._1nd v n. diu 111(n) ion r tll 
b t. 

h fo:.udbiJity f roLl " rca ti n i · indic~tcd by th V3lu of th tan t ~d [,ot nti l 
o t l 1.;cll, 

F · 1ility is ~orlc d I ut by ftrst n:v rsin, the h Jt 'lqu ti nth t h s ne t the rol et nt 
on th Ii ht- h._· nd Nil ~nt ] 1 h n in h sig1 fit E ,~llu . If h.llf-fqU~ti n i rhen 
dd~d t th half.... u ti nth. t h~1 the thcr r ct:uu n th lt'rl- h:n1d si le. h sun1 

tho E3 · lu s f lr th t\1 o h~ I f:-cqth1Cions ~v s ~ ,,.11. If th aluc- is ositiv. tho reL ,ction 
is lh rn1 dyn. 1ni . Uy f a ible ~nd will t k 1 1C r vidin th Jt 'the !1ctiv I tio en r . y 
i ]l t I hi h, 

Will dichrom te(\ 1) ions oxidi _ Ft 2 ions? If so, write th ionic _qu tion forth 
r action~ 

n 
Cr"'O? - + 14H' 6=- :;:::: .. er + 7H O E0 = +l.33 V 

R v r th -cond h lf~qu tion. n,uttiply it by ah< - nd I dd it to the fir t h lf-
qu tion. 

t,Fe 1 = (5:Fe~ + 6e E° = -(+0.77) = -0.77 V 

Cr,01 .. + 14H' '5 _ - = 2Cr + 7Hi0 E0 - +l.33 V 

Cr20 ,i + 14H' + 6Fe ... -Jo _er I 7H •. O + 6F1e Ef,u - --0.77 + (+l.33) - 0.56\l" 

Ee. u la po -itive. s,o the ri etion is fea -ibl - and th r - ~ctant ~ re1 
thermodynamically unstable relstiv to th product&. 

Ju n1cc 'Sth ticti ti 11 "11 r, 1 fth re ti n c1 uldb t hi h rth re tin 
t EL1 l 1:.1, f.1 rJl idly n u h r be I l ,g rvl; 3t r n1 t ior ~r:ULH 1 • he r ~, t. nt& . r~ 
th n s id t b I In · t l a ll t nbl , rcl .. tiv t th roclu t . 

.., 

.... -..... u - 1.31 V 

_ hh is th4.:1'11l dy11ltn1i~ Uy f . sibl but d e u t ,. k"1 pfa1 b ·• lU it r I JLi i1 ~ 
eh~ r cti n bot\V en tw n satiVQ i n , l1d & h s a hi . h a -ti ari n cner r. he 
r - ·ti n i!i . a ly d y + i ns. WJ1 n dd d to th n1L turc. r pid '!fiV lutiot1 · 

. s ((. rb n dj ido) i; s~c1.1. h ;l+ i 1 n • ~hi, h r pink, ./idis eh 2 · 4,'2-- i n 
~ nd 1r re duccd ti 1 blue "01+ i. n . h sc th n redu. th ~ I- ., _ i ns n th pin 
- 1 u r due t . o3+ ions is then ~ 011 B in. 

h st nd rd r du · tion 1 t nti Jg fson1~ tr usiti n n1 t l i ns~ rran din I rdc r f 
in r _:i in # idiSitl p \Ver~ JI" iv 11 in .1bl 5.5, h 1 11 11 th 1 t p, ri ht ( r+) 
is tJ b st r u.cin . :1 nc in th Ji t nd that t the lion n1 ri 1 ht ( +) i th \V 1r t 
r -u in · . nt. 



TI 
A reduction potential 
m eas u re,s the e s1e o·f 
reduction of a substance. 
The mo1re1 positive the 
r d uction potanti al, 
the more1 likely it is thet 
the subst -n will b-
r duced a1nd. the1refore~ 
the atron ger it is s an 
oxid is in,g agent 

T bi . Stenderd reduction potenti I for eiom transition metal ion 

Crl-+ + -+ c~+ 

v:a· + ,- v2+ 

cro,r'l- 4H20 Cr,(OH) 50H-

[Co(NH9)e)13"" + - [Co(NH3J5]2-t 

cu2~ + - -to cu• 

vo2+ + 2t:-1• + v3•+ H2o 
[F (C N )e]3- t e- [Fe(CN)sJ4-

Cu++ - Cu 

Mn04~- + 2H20 + 2e- Mnol + 40H-

re9-t + r- Fe2.., 

VO~;f .. + 2H ... + - -+ va2+ + H:20 

Mn02 + 4H"' ... 

Mn04- 8H+ + 6 -

co3+ + - c,o2+ 

Mn2+ + 2H~O 

2Crl+ + 7 H:;zi01 

Mn2+ 4-H:;zO 

fe042- + BH+ + ,- -+ Fi 3+ + 4H20 

- 0.4 

0.2 

0.1 

+o. o 

+0.16 

+o. 4 

o. e 
0.52 

+0.59 

+0.77 

+1.00 

+1.23 

+1. '3 

+1.51 

1.a1 

, 2.20 

In bl 5.5~ th, ,v. t r H nds h v b n onlitt to '1n1 li f.y the oqu ti.ons. nd11 
th r th n l 11 · r includ in th t r1nul . 

No rice the _ fr c _ of tht! Ji :1nd n th va lu - f B 

• h~ r du ·tion potential f th · hydr t d it n(u m) ion is JU ni po itiv thlll thlt 
of th I , x cy,:1n fi rr tc(rn) i n. T his 1n ns eh t th + o ·id'- ti n t te be mes 
t~_biU~cd _ J. iv to th +2 st t by th chang t he stron · y· nid Ii ~ nt_. 

h n.:for . hydr tcd iron (rn) i.s J tr ngcr o i i. htQ ntth n hex -yan r~rr t (rn). 
_ hi i,even1noren ticc bit! with , b11lt(1u). hn st1 othin \ iHoxi Us hy 11\ t't d 

.,.._ i n&: t I hydrat d o + i n , t ut i th n11 l d , ith 1n1n n i , th 

xid a t i n can t k J I c . 

) U the table abov nd h reduction pot -ntiale on p. 104 to predict 
wh ,th r hydrog n ulfide will r duce V02+ ion to VO~+ or to V3"'" ions. 

b} Write th o~ r II equation forth · react ion th t tak pla1c . 

Bo11ding 
In 1n it ·1 n1pounL1 s. in tL +2 :111d +31 11i.: xid tion Uat s. the tr.J.nsition 111 -1 tu 1 .1 re 
i nic:iU y b ttded. or e./ 1.11 _ 1e _ ir,on(n) suJ fare ,, f ' 4 js i ni -! as h 1chron hn11.(nt) 
ulfi1t, ~ r2( J.) . Anhy,dr us hi rid • br n1id s n(J i1 did s are usually I vnJ..:nt, 

hu r r ion k v hen hy lr ted. 

~· n n 1uon metnl (Topic 16) 



Wh n 'the transition 1n,etJI is in 11 o 1dation i;tnte of +4 1 r hip:hor, i't i oval ~ntly 

b n d d ~ ft, n in n n i n. 1np l , t h n1 n a n t 1n in M 11 4 1 n i 
co . I ntly b ndod to th fou1 o. y n , tonu l ,y n singk1 nd thr~ e doubl h _ Ld&: 
( i, ur 5.4). 

nt c t1on eh r 
h tru c11 r y r n1 vc tl i rd I tr n tr n1 n l+ i n (th third 

i1 nig ci n n r y) t fi nn + ig al ,. +2 o kJ n1tol- ~. 1 hi n rt=c v red ither 
fr n I tticc on r y, it it ronng sohd, r tr 1 1 hydr ti n in rgy t th c ti.on~ if it 
is in s futiou . 

hi is n t r he · ~ ,v ith u, ] iu m ~ \Vh r r m v "- 1 of . , third e] e t r n \! u Jd h ve to 
1 tr in un inn 'r sh H. h" third i 11is ti n 'll )rQy of , al iurn ie. 4~>4 1 j n1 1- 1• 

w hi. h i t I r a t v r d f rn J ._ t t i r hyd r ._ t i n 1 r y. 

f ~ov I nt ond 
... 11 a h c v l~nt l I n:I t be - rn1eiJ, the el 1n ~nt ruust hJV an unp'1 it '.ld efoctron in 
its v:llen shdl. r tr nsi jon 111, t h. th v lcn ~ hell 11 isrs I th upi d 4 -
a nJ d- 1rh,it:ll.s n th un c..: upi d · 1)- ort it la. AU th 1 s r .1 • i 111 H. r n r y I ~v~ 1 
nd s r n be u d f r b ndin . r ex 111p] ~ th v· l nc, 1 ctr n c nr1 · urari n t 

1n n "'nos is Ahown in i · ure 5.5. 

~d 

[DDJDJ D D 
. 
1 ur 

Wh t1 it f rm ev n c v, lenr bo,nds, in eh Mn .J;- i n. it h s t I h v a v n 
unp ir l ctr n!i. his is . ,chi vod by pron1otin ~ n l c tro11 fron1 the 4s- _ rbitJ l 
into .1n ~1n1,,ty 4p- rbit. l. 'The& s veu unp ired ck1 -tr n& ~r thcu us :1d to rm 

v n c1 v 1 1.nt b nd ( i, ur 5.6). 

[TI] [TI] [TI] [ill [ill [ill [ill D D 
Fi LII' 

A1 the · n~r y l v 11 oftho ~d-., 4s- nd 4p- rbit l ~r i1nilJr. Hul cncrs r i rt2 ,quir d 
C. r r m tion an this i r~ciouped fr1 m rh~ b nd cner y relc:1 E:d. his m an th t 
U v r ll n r y ·h n - thr u -h I sin el c tr n t U ,v, by hyd1: ti n th 
iou s (or p'l.11..:in i ns in o J la ti, ) n I th , 11icr,rll ncr hJt c, 1 pr nt ri n f 
I ctr ns fbll w d by - v Jent and f' riu ti n re b th ex ·th rn1i · n ~ th r fore 

Hk ly t b _ th rn1o<Jyn tnha11y feasibl . 

~tab]~ ,110 con 1 uratic 11. he e1H?l'SY uccd d t 1,r n1 ite ny the~ 
u ld n t 1ne fr n1 th energy r ] g b c v lent bond 

oc h l ''llrkbl o, id o n t 't s. 

Fort11ation of complex ions 
h .1c ept d A 'le I th ry is th t . Lbtiv c · v J tU h . n fi rn1 b cw n . n ~to111 in 

U 1i nd. \Vhjch d n ll tt1 p,~ ir f lectr ns. nd th c ntral n1 t J i n. 

0 o-
· / 
Mn ;? ·. 

C 0 

Fi UI 

Never state that ther are 
Mn7+ ions. An ox~dation 
tate, of +1 is different 

from an Mn7+ ion. 

••••••••••••••••••••••••••••• 
repr sent an Mn 

I otron; I r, prri s nts n o 
I ctron 

A Ugend is n ion or 
molecul1e that is bonded 
via a dative co1v lent bond 
to a metal ion. An atom 
In that Uga nd must have a 
Ion pair of I lectrons. 



Th formuta of compl x 
io na re a lwa ya written 
between square brackets. 

Fi ur .7 

When drawing hydrated 
ion m, k I sure that th 
d tive1 bonds II s t rt from 
th O of ihi H2o end nort 
from the H. 

qu 1011 

When II-block · ti ns arl ~iis& ]v~d in wat~r th~ b .. nH? h dnit d. h y n 
:it n1 l a , t r m lt!c u I. hn lon ir 1 tr u th t f rn1 a ativ .. ov l nt 
h od \Vi h ~ n em( 'tY ?Jd- or 4J ,_ rbjt.1] in the 111 • t i ,n. los tr~1 1 ·siti . n 1net ls for1 n 

111 le.. . .ua i ns \Vith sL · \ tcr U and [M( I :r ) ]2 ,n +. 

hr mium(tn) i n~ which h th r 11fmu] 

h v at I m o1 '"u ], s. ~ ~ 11 d l "n d .. 
ue if the lone p. irs f lo, tr1 n on th(;! '-l'R n J to1n r f e~ "" h at r tn 1cc u l 

tbrtns ~ dltivc I va] nt hond , , irh , n en1pty orbit:d in th r1+ iou. 
'" i d ti v~ nds ronn, s th hydr tDd i n h tht.! o r Un A't n nuu1 1r . 

• h i n. w th it. :1tcr n1l,l ul Li, nckd t th entr.] n1 t i i. n. iA L 1H cl 
· J . i n. 

n nun1t r i th nLu11,b r J n 
nd 1 d t ,. th I er tr,. 11 I n .. 

urln Bt 1n .. 

In tho a n1ple rof th l,C .. r(l 12 ) 61 + iou1 th r3+ ion ha. si.. · o. y en 3 t n1s (one 
r u1 , eh f th sL" ,v t r li n s) s n r 11cighbi urs . 

tthis on11'\l ./·i 11 1
• n b I r di t~ usin val~n -sh H l ·tr n-1, irr pulsi n 

11 ) tho ry. h r .1r J i. d .. tive b ud. . , h I onttin u ~ p ir , h: t 111 a. h l!i 

sL" air kctr 111. r p I h oth r ~ th' p iti n f n1i11ilnun1 r-tpulsi n. 
whi his Jbo tll I gition of 1naxin1u1n s~i-,ar tion. 1 h sh:1p_ is. thcrcfof'-!,~ t hedr~l. 
All r mpl x i n ,; ith c ordin ti il't. numb r r t h dral ( i ur ~t7). 

I 11 
HlAt U , nd 

'Tl1er J r nun y n1 I c u Jes J d ni t1s thJ.t ~ n tbrln ~ornp]ex i n with tt·unsi.ti n 
n1t: t I ,c ti ns: 

u,ch thy] ndne. 2H 5N 112• f rtn 
f u1+ U] d nlnlr niL-1. whh:h } • S tht: 

nrnJI , ti fl. _~I e 
n a r t· rn1 d h ~ c . rd i.u ti n 

n111ub "r f 4. ...h sh :11,c thi i n is tctr hl) r.1 I, ,vith .. 1 h nd • n .14.l f H , . .sr.). 

11 _ h. t\V .1- li[t.mn 
I O b nl.l ,JI 1 l . 

ur I 

r u nd ,1 c ntr.1] u+ ion. his 

,,r t r, ~ r n1 n ,o Hl it e U z n l . 
1 u n t fi r111 ~ d tiv b n1.1 

Dr w di gr m of the [F (CN)e]3- ion to how it , h p . M rk on your 
d ia_gram the bend ngl 

_ n n 1uon metnl (Topic 16) 



lnt[111uu 1nlpl I a h u1 th · r'1p t drue:., 
rd.1 tinu 1n(u) i n, pt2+, ~ n fl nn a on1pl vith tv,ro 1111111 ni n1 'le ul n t,v1 1 

hlorid i ns. TiliS .i& an uttal ontJ kx, · l tin_ \Vith forn1ul [Pt(NH3h ~11]. lts 11 i 
p] n r , nd th h] rh1e i ns c 11 b rr nged iris I r Crans t ., eh th r ( i ure . ). 

Cl Cl 

/_ p 

,1-1, N 
I 

c.r- m,ns-

Fi UI .8 

h ph1tinun1 '"" 011111 h nds t ~1dj~1 nt u~1nin~ u1ol ~u l s in J str nd NA 
in c. u ' r cells by~ U nd c./'ChJn · rc .. c6 n. :J.i'"h th~ chlorid ligln is roph1ccd 
by n ot th :ni ro -n to111 111 u nin . his pit vrnts r~ .rlk 1ti n · h NA. h 
dl rn t.: 1 

1 anc r ice H i th in d tr )d r th body s in1 n1u no sy t n1. Un fo ·tu n.1 tely~ 
ds-pl 'tin has uun1be1 1 f sid c ts in lu in kidn 1 y da111.a e and tbe inhibition ot 
hair gr \l th. he latt r re u lt in ticnts. \ ho re u ndors 1in , c h mi thcr 1 Y~ 1 in 
th~lr h ir ten1p1 rl rjly. 

. 
J:11 

Fi ur 

" r nti- ·· n r ru is th 1~- i rn r f n11il x th t ntain hi o ,,,] 
. hi c 111,fox t od t t,v u 1.1jn e n1ole ul s in H erent strL1nds fth 
n r U - n11 l t ]y J "'in it~ r pH ti n ( i u r 

Ii nd · 

tinu 1n 

NA 

h rjn 
&uch 

lvin rll and ntu h1 s tv ~ t u a. iv - 111 .tnt 1cr d rin s. 
structures ,vith no nd train. 

nt l li,l! n I 
. ,jtl th ntr.d 1 t l i n. b 

ents ~ r fi irn1in m1lc thi 
w I Furth r I J+ i ns r u 

. . 
lV "-n 1 n 

n11nc T U~l nd U[ C . rb -yl t s C i UCQ 5.1 1). 

•• •• -o ~ 

CH-~ ,-, CHz 
.. .. / 0 

0 /N CH:2 Clb N 
,9-0 

/c C~:z C~2---c?" 
o"" -o 

• •• 
Fi ur .11 

/"a. re 
:o~ o 

FI m 6. 0 

' ........•. ,,,,,, ..... . 
Dim thylamlne c inno1t act 
a bld1 1nta Ug na a , 
if It ClldJ It WOUIO Torm a 
fOU r .. m n, r d rlinR Wlti1 thr 
n1 tal Ion. Th bond str In 
wou11e1 D to ,gr at tor tn1 
to s ble. 

I tl•j + •• + , ••• •••••+++I 
ECTA · ~ nds tor 
etnyien di 1m1n t traac: tic 
a,cld. 



The formula of 
h ae moglo bin need not be 
rem1 mbe~-d 'for A I ,v1-1. 

ho.r~fi r .. ,~ A b,1s sL ~it s ,c nt~ in h1 o I n1J air (111 r k d in red) , nd & an 
torn, i d 1tiv , b uds. 

onta cnunon lj, ,.,ud .1r li to l in .1l l ~ Si •• 

. Common Uganda 

N utml 

N g uv I Ion 

Polydentat 1 

wa r 

Ammonia 

M thylamlne 

Fluorl 

Chtorttt 

Cyan Id 

rn1ocyana 

Hydroxide 

u1r te 

.2-dl m1no tn -n 
Ethan dloat 

ECTA 

- - -

Formul'e · 
• • I 

H2o 

N'H:; 

CH31NH2 

~ 

c1-
CN- • 

SCN· 

OH­
O 2-4 

NIH:zCH2CH~NH2 

-ooccoo-
-2,ooccH2 ):zN (CH 2)2 N (CH:zCOO )2 2-

~ rn cyanl,d Ion norm uy · onas t-nrousn th c rllon ton1. 

In th ha~ n1 l biu 1.uo] u le (Fi u r·i 5.1-)- th 1 ir n ion . r ' ~ nipl .. ~ d \Vith an 
r nil s1 ci th. t c .. 11 fi nn t1v b nd~ [ the n1etJ t hC1 i rh p1 siiti n h t ken llp 

"'ither by ~Ht I y en 111 l 11 I tart ri ] bl J ) or by \V te1· 1n l ul (v~ 11011 bi d}. 

0 OHi 

Fi ur 6.12 The structure of h emo,globin 
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h 

th sitc\O fi rn1in 
th p I itio t1 \Vh r . y n is n 
oxyg n t c Hs Jnd, if on u h 

1r _ If 
Givi the formula of: 

) I chromium(m) comp I x ion 

n ind irr vcrsibJy in 
und. h,is Ilr v nts ha.~n1 l bin 1 1 ryh1 
n xi e h s be 11 in h led. the p r 1 n I i .. i. 

b) copp r(n)1 complex ion 

Co1 r 01 pl1y 
s 

• 

IC I tJ operti of tr 11 · iti I 
tal io 

co11oured io1ns 
h d-1 rbita l in 'transiti n n1 ta I i n r n at th, arn n r y l v, l. but tlu-:y 

11 1i nt in di er nt dir cri ns. hr th rbit. s 11 int bct\v n th ~ . }'"" nd 
- .. cs ndtvro p, intal n thc s .: s ( i , urc 5.1 ,). 

dw1-yo rblta I z l Ja11y•O rb lutl 

Jd ~ worb ital 

F ut o .13 Shapss Df the d-orbitals 

When i i.. H J1 ds ._ r a I th j n. th y d & ._ loni t] ' ;:-, 11- • n s. This 
1 au e ~re t r r 1 u I i n ,vith th t\ , ,1 ir'bit 'Is tb t 1 int al n th ·-, 11 nd ~ x 
tl au ,vith th hr lr tll t l int b t,v n the ._ h I er , J vel f the ,I- rbit I 
r 11Hth 1 \,Ver r u fthr nd nu r r up ft r ( i ur 5.14). 

~---..-.ii - - t 
- - - . 

no llgand with !.Ix llgarids 

Fi ur .1 Splitting of d-orbit fs by ix ltgands 



Fi ur .1 The colour wheel 

h n TQY di r n b t\v n th s" t'W s t ~ t l r ,it h in tyJ ic~l 
t. t.1 hedral ,c n1p,I ./ ion h equ~ l t th ~u r y of 1 hotou in th4.: visibl4J r ion 

r f tho 1p,cctrum . 

W h~n \i rh it ]i ht hh,~s thli u h luti 11 f n1pl i t f transiti n nt, t I. 
h t n . ,.1rricukn· raqu nc J.r bE rb ond th~ir u~r y pr n1 t s ~Hl lectr u 
r the lo 'N r cner y l v l to he upper en r y J v l. his i , H d d- ,t tr, n iti n. 

A c · I ur i f,e,u,,1,ttl fron1 tl1 ,vh·it Ii ht and h olution h._ s th con1pl 111 tu ry 
· ] u r t the Ii ht,.., bs rb J ( i ur . 15,). Witi in J fr c n n I f. c nd th i n ,Yith 
~n1 rlectrc,n in th L u1,p r J~v,1 , oHidcs \Vith , 1 rh r i, n. h" cfoctron d.ro1-, do\V11 

1 n r y i.9 r l ._scd s h t. h on11ih: .i t is n ._iu in th r und 
, bl t Jb rb inor, Ii h 

t , --H H H 
- iiililil -

light be,lng 
b orbed 

LJ l 
1 f ~ H ---

.1 Ab o rptlon of Ugh t energy 

Statc:i d hr: r 
I ig ht b!'lo rbt!d 

Wi 11 tli d-J ~c~ ns uf 11 . lour~ ilnt1ly be _U th yd 11 t h \' _ any 
,t-ol c r 11 t I pr 1n t . her~t7 re. ·,c:3;. nd i4 r c 11 url s ~ 1 b th h v tJ 
lcctr n c ,nfi ur._1tio11 f [Ar] Jc 4iO. 

1 n ~itl 1 tl- , le tr , ns ilr . ho t1 t c I ured. ven hou1 h th n y lf\' ]g o 
th d- rbit 1 r split by th ]ii nd ~ they , r fu U, 1 r 1noti n fr 1'fU l w r d- to 

hi 'h ,r cl-lc-vel is n t pas;ibl . h r for~ u""' iolH, c1lecrr 1nic ,nfl uration !Ar] 
d l 4s0 ~ arm ,}1 u.rl COlTI 11 X 5 such uch r u(N )l] . ik ,vi zn2+ 

i n , ~ l tr ui nfi ur tion [Ar] ](JUl 4s0 ~ h nns lourl ss I u1pl su h s 
IZn(H.. )612 

. 

h c1 1 ur wh l h \Vll in Fi ur h w h r 1 t1 u hi ct\V n th c J ur 
f ' h H J t 1 bs. ,rb u1 the ou1plc1u 11r~1 ry lou I f tl _ 1 01111,1 -_ i ,1. he e 

.. l u r1 r di. m tric H)r op or.it eh thL:r. 

h I UC -1· )ti r+ i 11 3 1 rb T n li h , it is blu . h I Ni (I 1 )6J2+ i l1 

, b ~ rb s r d l.i h t, so it i~ , r _ n . 

n 1 r y lc,v 1 1 the ,1.. rbit l I r Jdy sp] it by H ~ nds 
• Ii he 11 r y ba rb ~ t movin l ur tr1 m ,vhi H l t tr n l r 111 t · o 

hi ho.r lev 1 
tr ns1uitt d lisht h s con1pJ 1n nt iLy c 1l1 ur ot absorb d light 

irh f1Ln1c ie~ol u r ~ the op1 o it_ t k _ s J l,x _: 

h s t~ proce ses 1nu t 11 t be , ntu ed. 

_ n n 1uon metnl (Topic 16) 



Te our If 
What colour of Ught ia bsorbsd by: 

) [Cr(H20)i4Cl2 ]+ ~ which is sreen? 

Eff et of II ~ nd on col u1 

JU Ji ands int rJ wt (11 r tr fl ]y th tl th rs ,vith th d- J I tr na nd so ~au · 1
) 

r te1 s · Uni 1 . Th r hnivc tr~ngth n and \g sh wn h igu r 5.17. 

Streng eN-
1,i g n c:t, iN 1-42 CJ-(z CM:z N ~:z 

INl-4! 
l~:;10 
-COCCOO-(etn.u, dioa,~) 
OH-
IF"' 
SCN-

Weak ei1-
I ig, nd1~ 50 f-

Fi 11 6.17 Rel -ti\11 stlf'ength of li,gands 

A &tr n liga11d I tits th d- rbitttls h1 the 0111 ,142 ' ion t 
\v, _ 'k H n d d e ~ ( i u r 5. 1 B). 

~, - - ,~ _-_-_tac 
We k lign,nd Strong Ilg nd 

(Cl,-) (CN-) 

Fi ur .1 Splitting of d-orbi·tals by different lig nds 

re t r .. [ nt t h .. n 

I .1 t n er H and r 1,,] ~i a \V4; 1 r Ji • nd, lh I oJ 1ll r .ihs rhed 111 s to\ rd 
th high ... u r, y (vi 1 t) · nd f th gpo trun1. This ,c::.u1 b h v n by the Jdditi n 
exc 1 ss anuuonia . llltion to ,Ln1uc OU!:. <:OJ p~ r su 1fLltc . he re.~ :it tion is: 

Ret1ti v~Jy \l ~ak~r Hl l i ands h.1v~ been r,epla d by !itrot1 r N H H · ~nch. he 
bs rpri n 111 v s tr1 n1 1r ng t ·\\' r sycl lo\vand th J ur fth on1plex ,·h n 

fr u1 l lu t vi l t-blu (s ~ i ure . I b). 

Solutions of some c1omplax 
meta I ioin s ( let t to right: 
[Ti( H20}a] 3+, [Co( H20)8] 2+, 

INi(H20)e]2~ and (Cu(H20)el21 

C,ommon p11y 1c ,I prop_ rtre of t ir~ ,n 1t1,on m _ t 110n 



O d" Ion nu n,b of h tran It on 111 I Ion 
n ity wHI 3 tr.t, t Ii 3 nd tr n ly. s th s11Jittin . 1 f 'the 

d- rbit~ls will be r ter. he (H2 ) 12+ ion . b rbs red Ji ht, w hich 1n n1 th t i.t 
h , (I 12 >) 6] + n . bs rbs y Ho,,; r li ht n · n1ethy. t (p le 1 urpl -vi 1 11 t). 

Ch n in coord n tion nun1b 
hl: cl-Id- plittin di _ rs b~tWl!en th.rt .~u ~d by._ n t.1 hcdr~J _J Id .1ud th .. 1t ._1us cl 
y c~tr h dral r 1 n .. r -1. Id. 

n nun, 
1t, I U1 

n i th 11 un1 . r r L n 1 

htH ifth C rdh1 tion nunib r eh 11 • 'th C ]r Ur~ riU eh 1l • 

Wh nc 111 

I .. u (l 1 

blu 

hJ ri i • th qui1ibriun1: 

yell ,v 

i drh n to he ri ht. he ol ur chan fr1 n1 blu vi grc n to yell w. h rc~n 
1l1 ur I l urs ~lll n both [ u(H2C ) ].,+ nd [ u "'14) 2- ,:ir, p1fQ nt. h ]i hr b ,rt, d 

rt:h np;c g fr n1 r n ~-au lng the i n t b blue) t via], t ~c usin th.) ion to b 

y~U \\r). he coor~ il hth: n nunlbcr in [ u(H2 }iil2;- i ~1~ au i tc .. u l.il '- it is 4 . 

Su111mary 
ll '" lour rf rra n&iti 11 n1 t3'l Lonr 1~ x.es i c used by th~ U nd s1,H't i• rh 

,I orbit ls into n: ro di fti ront &cts of cncr y 1cvcl9. Li ht is b~orbcd and an electron 
i,r . n1 ·c d . h .·. I ur f th 1nJ J · ;o is th 1n11 J n1 11't I ry i; l ur t th~1t 3bs rt 

_ h itl- rbit3J 9lllittiu f th tr 1uiti1 n 1n t l, ~11:1 h n th c 1 ur f the c mr l 1x, 
ct .p ndg on thc1 n turo ftha U nd nd on th 1 • kid ti net"' t~ o:fth tr n iti n n1~t~J 
~n the coordhi ti 11 nu rnbe.r of th n1ple .. -. 

- tereoisome.rism 
_ 01n oc t~ h lra l , n111le. 

hi bit o itic. 1 is en rian1. 
._ hib1r ~, 1n~cric (ds-/u,u,s-) i g 1n-.: ri n1 ~nd ~orn 

ls-1r,u1s ,111 r n1 ur h, 1Ct h dr 1 · nd , .u re pi n r ·01n l (but n ,t 

tetrahedral). Wh tw lig. n s ar adJ L n th y .r Lid to .-fs~ .~ . u 'I p itc 
,a h th r, f1·t1us. 

1n 'tri -- i m ris1n f tl iilanar 
he t 111 tri i n1 rs. th 

~· n n 1uon metnl (Topic 16) 

n1 lo [Pt(N 1-:l h 11] ,v s , h wn n 
·tah r.] rnr1] X [ - 1 (N l]) I., l+ f~ 



1t1cn l i ~ n u,rl ·n1 o urs ,,; ith bi cntlt Iii nd& such ~s 1-- - dioth r!J 1nin .. , 

Nl---:12 ,r li H :!N H2. nd tl t; j h ~H1 •tti .at i n. - , h iSOlU r of th 
iron(ur) r.on1pl x [Fe( )313- r h1ow1- in _ i ur 5.2n. _ n is the 111irror 
in1 1 f th otht; r a ad th y r 1t t th pt n 1 1 l nc pol rised li ht in I pposit 
di re t i n s ( ~ e l'. I r 1 } . 

our If 
Draw th two optical isom r of the compl lt [Cr( n)3] -+- where en st nd for 
th bidenta ligand 112-diaminoethane. 

I R 
Vaniad iLJ t11 

V n diun1 lbrm 1 01n und h1 th +2, + 11 +4' nd 5 ::dd ti n tat s (1 bJ 5.7). 
he I lour 1 • th ions d I nd on th I i id ti n st t · 1 if v n. diunt. 

.1 Oxidation ata~es of vanadium end colours 
of th ions 

+2 v:z ... L Vi nd r 

+3 V3+ Gr n 

4 vo2.., Blue 

+5 VO~ ~ llow 
V03- Colour I 5 

Anunon ium van d t (v) ~ N I JJ V i col ur] s. solid. but ,vh u ddcd to \Vlt r. 
th~ h.rti n i!i yellow. his i& bc,aus I f the r 1 ·tion: 

~ v· ,+ + - H-.. 
Addition of -1cid drivei tha qu H ibriu m t the riQht .111d th ycl l \V c I u r b c tn~ 
rn r i11t n ~. 

n bt.: u e v n Jitu11 i in th . +5 1 --id ti in t.1t 1n th 

h t, ndar r due ti 11 pote 11ti 1 f r the r d • chan s ot v 11 diu 111 r h \Vn 111 
.. bl • 5. . 

Solutions of vanadium ,n th 
+2, +3, +4 and +5 oxid tion 
states 



•••••••••••••••••••••••••••• 
Tf1e co~our cheng Is 

ctu lly y How to w n to 
blu • Th, ~ n 0010,ur Is 
wh n ,qu I niou nt·s or vo2 + 
Ions i( lt,ow) an v9+ ions 
( 1ue) er pr sent. 

T blo 6.8 Standard r duction pot ntial for va1nadium 

VO:t .. + 2H+ + - = vo2+ + H2o '5to 4 

vo2+ 2H,. - ~ v3+ H,o +4 to + 

vl• + r __.. v2+ Sto 2 

1.00 

o. 4 

- 0.2B 

Wh -,n Fi 2 ( q) - .,d Sn2 ( q} ions ar, dded to 
ion , VO:i~( q), what will be th final colour of 

parate ,olution of v n dium(v) 
eh solution? 

Fej (aq) + e ... -J. F'e· (aq), E0 = 0.77 V 

E'*' =+0.15V 

11 

lron(n) ions th r ducing agent 

J, Reduction of vanadiun,(v) to v n dium (rv): 

V01 + 2H + e :;:. VO· + H20 I°= +l.OOV 

Fe2 -- Fe + ,e- ~ = -0.77V 

Over II: 

V0·2 1 + 2H + Fe· ~ V02 H ,o + Fe I Ee 11 = +l.010 + (- 0.77) = +0.23 V 

E~11 forth r .action ie positiv so the reduction i feaeibl ,. 

) Sub quent reduction to v nadiu1"n(rn) 

VO + lH + e- __... V1. + H~O 

F · =Fe11 + -

0v rall: 

vo:1 ..jw 2H + Fe ~ v 1 + H o + Fe 

E = +o.34V 

E =-0.77V 

Ft.u - 0.34 (- 0.77) ~ - 0.43 V 

Efa11 for the re ction ie n gstive. eo the1 r duction is not feasibl . 

The conclusion i that iron(n}i ions will reduce" nadium(v) to v nadium(1 ) 
but not to van dium{n1)1, nd so the 1colour will eh n,S fro1n y llow to blu . 

Tin{n) ions a the reducinS S nt 

) Reduction of van diu111(v) to v n dium (~v): 

V01 ' ~ lH• + e"* = V01-+ H20 E-' = +l.OOV 

i° =-0.lSV 

Over II: 

2V0,1 +-JH ... + H20 + Sn41 .E0 11 = +l.00 ( 01.lS) = +O.SSV 

~ 11 for the re ction is po,sitiv • so th r duetion is fea ibis. 

_ n n 1uon metnl (Topic 16) 



) Subs quent reductjon to v nadium{m) 

VO ' + ... Hi + el"!! = V HiO E° == -t-0.34 V 

E8 =-0.lSV 

Over II: 

-VO + + 4H + Stii.2 t = 2 +2H20 + Sn4 EC u = +0.34 + (- 0.lS) = +0.1'9V 

E~ 11 forth r action i positiv nd , o th r duction is fe ibl . 

Th conclusion i th t tin{n) ion · will r due v nadium{ ') first to van diun1(1 }i 
nd then to van-diun1(w ). 

The v lue o·f EdlQII forth reduction of van diumi(m} to1 van dium(n) by tin(u)1 l 1s 
-0141 V nd ,O th t reaction does not t k- pl -ce. 

Th conclu ion is, th t tin(n)1 ion will ~· duce vanadiu111(v) fir t to van dium(i v)i 
nd th n to v n diu111(rn:) nd o the 1colour oh ng , from y llow {vi ,Sr en and 

blue) to green. 

h pr dicti n m de 111 the~ 

• Mi · ta,_ thcr guk l \ lunt · of dHU't, hy r ·hl ri 
h.nion. 

Add f dr ps 1111n nju m v 11 d te(v) s luti 1:1 

1scrv~ th:1 _u1:1J c J ,ur. (W. r.n1 ifnec _ss'1ry.) 

t eh ,o]ution f dn u) chi rid 

eh ck d i.:x rim nt Uy: 

and iron(u) sulf .'t 

h . thlt the fit bt ined r e with th!.! r icci ns. 

Te our If 
) Use Tabl 51 -8 t:0 predict th oxid lion stet of vanadium when oxyg n g. 

is blown through -n acidified olution of VJ+ ions: 

l ( ,02 g:) + 2H '"(aq) ·+ 2e- H O 1) E = 1.-3 V -
) Write1 the equ tion forth ov r II r · ction th t t k s plac . 

R due 10n to v llt diun (11) 
hib ~~n be a "hi ve I y w rrnin a giuluti n f p ,vd lrod i.nc 'With am.m 1niurn 

van d t~ (v) in th resen t 50 V., ] y r1 hl ric ci luti n. h .. ·t) rim nt · 
· .. 1r ,iod ou't in .... ni .. 1 .. 1sk fitt v,ifh uns n v~lv in · 1 , r to ei ludc 3ir, he 
V 2 ion r t dily r due d. nd th~ t1nal col ur is I v 1 nd r~ du to VJ i n . 

h, s Juti n c nt~ hiin ycUo,\r V :!+ i n tirst tur11s · ro~n. hh i u d by 
n1ixtur y~u \ · 'J + ions nd bllH~ V 2+ ions. ho s ]uti in turu blue wh 2 n nH 
th V ;+ i ns. h, v b n r uc d t lu V .2-r ions. tll n re 11 in g v3+ i n 
r fonn . nd fin lly Jav nd r Vlll n r u tion r v1+ is 1c 111 11 t . 

c1t, re mi1u n, 

Th o id ion t of eh 01111un, 
h f hron1iu1n i n~ in di r~nt i, .1tion 1rj -110\\"11 in a 1

] 
1 5.' . 

h t nd3 r rodu, ti n p t~ntialg to[ chron1iun1 , re ho\vn in blei 5.10. 

••4•• ••• ,,,, •• • •• ,., • 
call v I s p1redlct th t 

· ulrur dloxfd should reduc 1 

v nadlum(v} 10 v n dlum(111). 
But, tJ1e cuvatlon n rgy 
toir r- ductlon to V3 Is too1 
n1gn. tn re cuon tops t 
v n Cllum(tv), 



.. ,~,~,,,,,, ..... ,,.,, ,,,,. 
TI11s I not r dox reaction 
as t c11rom1um 1n bot11 
speclee la In u,e +e 
OXl 1d t1 on stat . 

Make sure that you choose 
1 a half- quation with 

hydrogen p roxide on th 
right 

You must alw ya cane I 
eleCtfOn B When writ inQ n 
overall equation from half .. 
equetion . 

e 

cr3.., 

Cr0142 ... 
Cr207~-

Blue 

Gr n 
YellOW 
or.ans 

T bi .10 The stand rd reduction potentials for chromium 

Cr:P1
2- (aq)1 + 14H+{aq) ,a -~ 2C~"'( q) 7H20 to 

crl+(aq) - ~ cr2 ( qJ 3 to+2 

~I h 6 tn l 

1.33V 

- 0 .41V 

hnn Ji -hr n1 t~(v1) cont in he r, ;i.- ion . h e ar in quUibriu1n \V.ith 
1chr n1 t (v1} i n . 

r2 ,~- + 11 > ~ ... r 412.- + 211• 
r,.1 n y I lo\v 

Add mtii 11 • lk._ Ji dri v chc u iUbriu n1 t th ri ht by r~n1 1 f H'+ i n1. 1 his 
,vill ,c u ~ th so]uti n to chan ~ fr n1 rJn t 1 y llo,v. onver5 ly audition r id 
tt> Jn .1qu us Jutiot1 f r n th equillb1ri111n t th , l~tl. turt1in tl 

]uti n fron1 yell \V t or n . 

d n t I :111 I r n1 + t + 
r> EJ sium H hrou1. te(v1) in .1 id s. · hni n is 
r du d by 111 ny r. ducinG Gents. 

d xidhin ut, s it will 

U - l bi 1 4.1 on p. - 04 to c lcul te wh 1th r acidifi d pots ium dichron, te(v11)i 
will oxidi hydrog n peroxide und r et ndard conditions. If so, writ th ionic 
_ quation forth I r dox re ction. 

11 

Th h If-equations nd their stand rd r duction potential 

~ ==+0.68V 

Cr.o ,,-(aq) + 14H (aq) + 6e- - 1Cr1 (aq) + 7H:.:O(l) E = +l.33 V 

Multiplying th top qu tion by 3 nd then r vi rs,ing it. give : 

3H 10 .Jl) + Cr~10 7 ... (aq) + l 4Ff' (aq) .=: JC ' i(aq) + 7 0(1) + 30 .i(g), + '1H 1 (aq) 

E:,.11 =-(+01.68) 1.33V = +O.t551 V 

Thi i po itive~ a the r action is fes ibl . 

The ov rall quation must not hav H+ ion on both sid . Cancelling them 
r suits in: 

3H~10 .(l) + Cri O'f (aq) + BH1 (aq) = 2Cr (aq) + 7H20(1) 302(g} 

_ n n 1ti1ron metnl (Topic 16) 



ldoti n rr IU + t - + 
Hy ro n p 'r ~ ·id il1 alkaline soluti n i, 1 po rful n u h klisin _ •nt t1 1 

o :idis 1 + ions to (_ r 4.1- i ns: 

~ r( 

H2, · J1( q) + 2c- ~ 2 J 1-(aq) 

) () + ,5 = -t .13V 

L ·= +1 .24 

o , t th ov r 11 equation and the ~ ~-n valu . the top qu ~ ti n h s t be1 rov r 
nd n1ulti1 H d b. 2 rHJ dJ.ed c tJ bort 1m equ ti n ultiplied by 3. 

H l (l) + 2 r 4'l-(aq) 

, ~·u - +1.24 -(-U.1 ) - +1. _ 7 

h tot 
h 111ob:t cuunuoll1 1co1upound!i of1 ·hro1niun1(1n) cont.11n the hyd1 ~te,i..l ion. 

H )rdr tod chr 111 iun1 (tu) c hl ride cxiat in everru t'" inns. 1 Ub di r nt ntu11 bera -f 
chlorid ion \Vithin th c1 rdin ti n sph 'r : 

rn1 I: [ r(H 2 - )61 13 i 

F r 1n II: [ r(H... )5 1] 1f1 is I Jlc1 r) n 

- rtn llJ': I 1 (H 2· )4 IJI l is riJC!ll 

1 tn 1 f' tonu I r cts :vith xc n ilv r n itr t I luUon c f rm 'I r , i_ it t I f' 
~u11 l I f i)v r ·hl ri 1 ~ t 1no] 1 f .ton11 II iv s ris to I r cipiitJt f2n1 l I f ilv r 
ch]orid : I rn 1 1 if form [I I ives r nly I n1 l _ r~cjp,it te. 

+ ... 
When 'J olutiou f r2 -( r of 1 +) ion is 1·odu d by zint :ind ltid. th ~oluti n 
ventu. Hy ,]u ag th r2+ ( q) i n f rm. - h s · i ins re 'V ry e ~ily xicJj d. 

with 'th n I te i n . . J t ble n p,l x i .. rn1ed. 

A s luti 11 p _s iu1n di hr n1 t (v1) (or I f 1chr 1niu111(1u) ulf t ) is pi ,c d in 
ft sk with s. 1n1 zinc nd 50o/i'.J 0 11c utro.t d hydr chi r1, '"id. Ad Hv ry tub is fitted 
'l.i i th the b _ ttoJn nd b low tho !u1rt. 1ce of the .1,idit1e pi t n~siu in dich ron1 at (v 1) 
soJu tion nd th - oth r ond be.: I N' the su rf.1..,;..: f soJuti n t & di tun tlrn 11 l t 
( igur .:21). 

K2 C rJ01 (aq) 
,._......_""" 1-----=~1 serve ~c, 

. Zn(,) 

FI 111 6. 1 Pre pe ration 1of the chromium (111) e,th enoete complex 



he s a I t th ., t p is lr s~ t Let hydr geu "'le: o. h or n s Ju i n n rst turns 
r n s 1 + i n~ · re tonu d nd b n blu a th s 1Jr ~ ucfd t n . 

A't thi tag • llCJ re :tlj r f thu 9 a I i gcr ,v d ghut :t nd 'th - p1 c u ro of h)' lro . 
th s lution LU int th t st tub r nt ini11 th n t ioiu. 

1 h I 'Y r · k cl r n1 i u n1 n) i n u ndcr o H n o.. c h ~1 n ., n ti pr i pit t r I th 
n utra 1 r d chr 111 ituu(u) ·th~ no.nu .. 111 le i. 1i rn1 d: 

• • ne n1t, r nn aturc c 111 lox h eh. t th t \V n at n1s in ~, h 
th no;it i n f tu1 dativ . 

ho :& . u f r thi r 'ti n n b 

n2+ (ag) + 2e- r- n(aq) E == - .7 V 

. +(Jl)) + - ;:::! ~ (ag ) 

11 e u ti n: 

... r3+ (a ) n(s) '=; ... r (aq.) 

• '=~lt = -(-0.76) - (- .41) = 

r If 

= - .41 V 

112+{ q) 

1 . • 5V 

us.. 

Give ·th formul of compound of chromium in the following oxidation stat 

) +2 ) +3 c) +B 

De,protonation of t1ydratect t iran -itior1 111eta 1I ion 
Wh n 3 b 1sr s addc d t .,. ii1tic,u f hydra 

lace t .a p:re t r r l gs r ~xt nt ct~1 din 
rd- b] I k. i us. c11~1,r t u" tf n t k ~ 

,n t h s tf 11 t h f t h t! b s . 

- pr t n Li n i n r t ni In \l\'h lch • r In l n (- + Ion) 
fro 111 1t h,~ m.p , l . 

h f r1n ti1u1 f th 
acidic, \Vith pH 

itnil r re , · ti n r k s I 

tensiv . 

with hydr t d ir n(nl) i n : 

Pe ( 12 )) l +(aq) + I:! (1) ,...- I ~(112 ),;( H)]2+( g ) + l lJ _)+(aq) 
111 tbyst y llo\.V ... bf wn 

rn un 

- h eh r, d n ic·y n div. 1 nt ion sucJ u 21'- i 1 w r, s it ttra ts tht: Ii n 
I , tr ns. l ss nd eh hyd eu Jt10111 in eh~ \Vat r ligand _r l . _ hi n1 ans 

that very Ii' tl de r t n; tion t kea pl e 'J rith hy r tod c p r(u) i n "nd ,v t r. ud 
th 1 

- luti 11 is only &Ji htly cidic. 

_ n n 1ti1ron metnl (Topic 16) 



By r b 
AH hydrJ.tl'd rl-l 1lu k ions are d .,protonatud \Vhtnt orh.ar hls~ g~ s.uch a~ th atron b.,~e 
sodiun1 hydr .·ide or th 1 k b·1 111 n1 ni Jf'r~ dd d. 'I'h d _ rot 1n'1tion i s 1 

_ t nsiv t'h .. t , n unc:h3r cd ruid b~, co h olubl p~c.i~s is J rodu J. 1r ~unpl : 

[ r(H:? H-(.1q) -+ [ r(H, H) )(~) + 3H2 {I) 

r r(I 2 ) ]3+(J.q) + N H 3(:iq) ~ [ r(H 1 l-t) · l(s) + 3NH4 +(., q) 

(Pc(H 2 ) "I 3 
(. } + H-(. , ~ r H.,, ... )~( H)31(9) + 3H (1) 

I c{H :1 ).; I] ( ) + NH3{~q) I c(J :2 ) ( l.:t) l(s) Nrl~ +{a ) 

f th hydr t d hydr xi 
, r e ~11uple: 

fP ( I ;! ) + 2 H-( ) [ (H,1 ')4 ( H ) ](s) + 2HJ (l) 

) + 2 N H ( · ) -, I e ( I 2 ) ( I ) 2] (s) + 2N t~ ( q) 

I I 
[ ) 6Pi-(q)+2N 3(aq) [ 2Nl14;-(· q) 

r ll( H 2 )u] .. +(.1q) " H-(aq) )~( H }2](a) + 2H2 (1) 

I u{ .:? ) 6] 2 (aq} + 2 NH ( q) -4 f u(H2 )4( H)il(s) + :?N 4• ( q) 

[ r(I l 

. 11(1_;12 . b:( rl):d (s) 

n ~.. u of str ng sc h .1dd d. furth r 

r the inph teric hy4.clro. id s th.it dis hte in, 
r ~-• n1p1 : 

-, -( _) -> [ -r( ) ]3-( ) + ~ l (1) 

I 11 { I_Jl ) ~ 12-( q) + 2 ~I 2 ( I) 

An ~nnph1 teri hy r • id is ,r o th~1t • n .ict ~& rirh~r llll .u:id r a • S«;;, & 

hr n1iun1(n.r.) hy t·oxid l . 1 r a, ts \Vith idg: 

h ·olour f th hydr t d hy, Ji :·"ide f irm ,vith . dh1111 hydro. id ]ution nd 
\Vh tber )r n t th _ pre ir,it ,~ du &olv s in :.1 .. cess an be u cd to id tuify a tn1usition 

n1 t l and its id tion t t . h c 1 un 3 r li t d in I bl 5.11 n . 14 1, 

Hydroxide of, from lie ft iro n(i 1 ), iron( 111) ~ copper( n) and nickel( 1 t) 

,,,,,, ... ······-···· ~•· Th fo1mu I 01 th 
nydroXJd clpltat s r 
eom tlm writ n without 
u, coor-cl In sled wa 1r, 
.g. CU(OH )2 ror eopper(n} 

hydroxt e. 

6j••••••• ••••• ,, •••••••••••• 
Th Torn1u la 01 m ta I 
hy,dlroxl1de c n be writt n 
wltl1 o without tl1 wat r 
llgands. Thu both Cr(OH)9 
anel [Cr(OH},l(H20)~] f 

a,cc p bi ae th I formula or 
chron11um(m) hydroxide. 



a •••••• ••• •••• •••••• •• ••• 
[H201s I omit d Jfflm tt 
expre &Ion 10 I< b c u 
I 1- th OIV 1nt ,nd 
thererore lt9 cancentr Ion 
Is constant. 

T bi .1 Effect of dding sodium hydroxide solution to ome hydr ted ion 

cr3+ In [Cr( H 20),f3+ Gf n Forms sr n 01uuon 

Mn2+ In [Mn(H:20)e]:z+ orr-wntte~ Non 

re2+ In {Fi (H20)e]2 ... Greent None 

Fe3+ In [Fe(H20)e]3+ Red-brown None 

Co2-+- In [CO(H:zO)a]2+ 61U 1 Non 

N12+ ltl [Nl(H20)&]2+ Gr n Non 

cu2 In [Cu(H20)efz+ BIU None 
zn2 In (Zn(H;20)e]2+ Wfllt@ Form B 1CO IOU rl s solutlon 

• The pr lplt t with Mn(n) It d rkens on xpo ur to1 ,r s It I slowly ox!dls d to1 
m ngan (1v) oxl • D rkenln8 le mucl1 mor rapid nan oxldl In ant (1 .g. Hl02)i Is dd d 
to the pr olpf te. 

t The pr clplt t With (11)1 satt,s Q.O s brown on xpoaur to lr as It l1B oxldl d to lron(m) 
hydroxl . c. rkenlns Is n1uch mar rapla If an oxldl Ing , g nt ( .g. H20 2) Is dd d to th 
preclplt ta. Vi ry puli olutlon or Fe2+ Ions give a p I reen 1(elmost whit l preclpflat rot 
hydr te 1d lron{u) hyd ro:dd . 

Th fi clplt t of Co(OH)~ turn pink on standing ~t los s w r. 

Wh n dium h ,dr id· is .id d to a goJuti n r silv r s lt_ de rot1 n ti1 n I f th .. 
[A (H 2 ) 21+ · n tJk ~,fa , •, Uo\v '.} by id hydration _ f thl; hydro. id I f rni a 
br "-Vll re ipitllt f sHvt.: r xi c: 

.... iAs(H ;J )21 (J ) + ... > 1-{ ) -+ Agl (1) + 5H. (1) 

Ligan1d1 exct,ange reactioitl 
In c1 n1pl x ions~ tb · H tn1ds re not irr versibl r bound ~nd c 11 b r 1 Jae d by th r 
li nd in hi! nd I hanz r :1a tr n. In 1110 t c · ..: . it is w ter Jig n th t r 
rcpl cc . h 1xtont to ,vhich thi hk ~ pens is 111 sur d by th tnblllt n. tnnl. 

P r th lig nd xch ng r ction: 

M(El2C )62+ + 4L-" ML4J+ + H2 

I f f ~: 

he quUibriu n1 c-1utant i iv n by: 

,. - [M 4]l+ 

K - fM(H.2 )6]!!-rfLl4 [ 
... - fM -61 2

+ 
I( - rM(H2 )GJ"+r r 

nd the st bil ity 1const nt ., s: 

tability tut. trt = I K 

f K d 1·p n,d upon : 

h r lativ st np:tl1 - f th b nd t tw u eh 1n t 1 i n u1d eh li .nt 
ntr I y f ~coni (p. 72) 

~· n n 1uon metnl (Topic 16) 



· 't biHty co1ut ut ~- r !i n1c , op 0 r(n) c 111 1-.xc s arci iv n in " . b I 5. L .... 

Addition of , ,onod nt t JI nd o d-block Ions 

h . 1dditi 1 n f e c )s t1 n I n1 11i.1 s lut1011 o 0111 i 11' r su It& in 1i a I rJ c- d1.11, e. 
b 1e r th~ ion th~ t di, s lv in o .. ,c s n11n1 nia t toru1 an ntmin . H tr tnsiU n 

m t 1 i ns ar tirst d p,r ,t, n d by , sic Jn1nloni . rn1in pr ipiit1t hydr tud 

h)'dr .. id s. lle hydr xide f c b lr{u)~ ni k l(u)~ ,c pp r (u). zinc(u) nd &Hv r(1) 
re. dily f rn1 n Lunutine by li .. nd e eh n o. - he pr:,cipit~1t , t ,·hr m1uJn(1u) 
hydr, xid r acts 1 ry sJ, , ly t rn1 ~n t11nn1oni co111plex. 

he blue, pn;: ipit 
luti 1n: 

f hydr t~ c ln t:r(u) hydr1 xidc r di i I cs in 

[ u(H2 )4( H)2](i ) + 4N~h( g) --+ [ u(NH3)4(1 I2 )2]2+ + 2 H-(.i, ) + 2H:z (l) 

h ov ral 'I fr(•:1, ~u n b ,t,v t1n hydrL t cl c l p r(1 r) i us; l nd :]JU n1 tt i:, s lution i tl.1 
exch ngc f ur \V~lt r Ii nds by mn1 ni U nd&: 

f r· du Hy ddin - n1n1 ni s lutL n t hy r t d ions f s 1n d-blo k 
~1 nl nts untU it is in ex ~ . . r ho\'\'11 in .i Jc 5. l ,. 

T bi 5.13 Effect of addin,g ammonia aolution 

cr3~ In [Cr1(H20}8}3+ Gr en t 01 solv sllghtly to rorm gr n 
olutJon 

1Mn2i in {Mn{H~O)s]l2,., Off·Whl · 'I! Non 

Fe2+ In [Fi (H20)e]3• Gr n• Non -

fe'l+ 1n [F (H2D)eP+ R· a-0rown None 

Co2+ In (Co(H20)eJ2+ BIU 01 olv to form brown 01 utl,on 

NI~+ In [Nl(H20)eJ2+ Gr n DI olv to ·torm pal blu solutton 

cu2,.. In (Cu(H20}eJ2~ Blue Olaaolv to Torm d p ~I ue so11ut1on 

zn2+ In [Zn(H20)&]:2+ Whit DI olv, t,o rorm colourl ss OIUtlon 

Ag+ In [Ag(H~O):d+ Brown 01 ssolvee, to form 1 colourle s olutlon 

Th1 pr clpl' t s 1or Mn(OH}2 ncl Fe,(OH)2 darken th y oXlcil In air. 
T rt,, mmonl ,compl x w1u, cnrom1um hyC1roX1de 'romi very a1ow1y. 1r 11qul1d mmonl I 
tided to eoUd n¥drated ,chro111u..1ni( 111) ch1011cte, tne 11,monla mol cu1e take th place ot 

w t r mol cu ! s around tl1 1 ,cnro ml um Ion : 

[Cr(H20)e]Cl3 + ,eNH3 -+ [Cr(NH:.de]Cl3 + 1 H2o 

Th brown p1c, c~pl t or IIV r oxl I ort n not n 
rorms so ea Uy. Atl1dlna ammonl solution to a pr clpi 

nv r compl x: 

AgCI( ) 2NH3{ q) ---t [Ag(NH3)2]1 (, q) + Cl i( q) 

·ea us tn ammon la co,mp1I x 
of Ae;C I or A.Qf3r also m ke thl 

AgBr i o lneolubl that cone ntrat d mn,onla Is requlli . Agl I v n n1or Insoluble nd 
th complex do B not rorm, v n with cone ntra d mn,onl~. 

T bi .12 StabiBty constants, 
for some copper(r) complexe , 

(CUCl4]2-

[[Cu(NH9)4]2+ 

I[ CU( EDTA')]2-

toglC 
~~--

6. 

13.1 

.a 



ur If 

Sta wha you would se in. end writ th qu tione for, the - p- r- te 
reactions of odl u n, hyd rox id nd of a n1 mo n i a solution with a solution of: 

) nick l(u) Ions ) eopp r(n} ion 

d t'I n 1 hl ,rt I n 
h dltiv 1 ~ov..11 nt bond t t n n1 t~ 1 i n nd I hl rid(; ion i tr ,n er th n 

th t \Vith \V t 1 r. ~J ,v v r th ,eh Jo rid ion is mu h bi~ r .i nd t\v r ~ ,ur Ii and 
n1y \Viii fir 1r u1 l the Ln1Jtj] i n. Wl n c n ~ntr _r d hydro hi ric . , i is J, ~d 

to J u ous op:_ r(u) suU t th luti, n turn" ycUo,l r s [ u l~J~- con1 lex i.ons . r 
t\ rmrd. 

[ t1(H 2 ) 1-+(.' ' + 4 1-(~ q} --+ I u 14)12-( ,q} + l H 2 (J) 

A sin1il r reJcti n takus p]n,ce ,vith hydnit d cob' lt(n) i ns fortnin [ · .. I f-( q) 
~ 

'1 ns. 

In b th reactinns thl' coordination ntunbc1r ~h·n1 es tron1 to 4. 

, ddh1 n r n1dl.' l n 
· :yani e i, ns ( nu str n Ii . n, s ,vith 1nany hy rJted tr nait1 11 n1~t J i ns in 1 
Ii _nd _ .. ~C:h:111 r~.1 ti ll. _ h tcd fi I ir llVU) i US is t t ,l i CJ) hlU r~r i itJt 
(P.russi~n blue) when s Jud .,n f ot s iun1 h cyan. f rr r (n) jg · dded. lt c n , 
n1 ,de in Ii 3nd xchan c re_ ti,on ,virh yani iou . 

[ (rl., ) r. ~1'( q) + f: N-( q) -+ [ ( N ) ]4-(' ,q} +- ( l :? (l) 

he pre iJ it~1ti lU r~a tiou i ~: 

0 +(a.q) + K e1 [ e.( N ) )( ) 

' d tl1 ,n f bi n'tnt · nn 1 · I nt l l U nnd ·. t d-bl k l n 
rtu1sition n1 tal i 11s, such 1s I r(I 2 )6j.3+. r .1ct v ith t '-di rnin th 11 ! 

l-J:!N l.2, \". J'dch can be r resented by• n,: 

I r( i } 6 ]3 + 'n ~ [ r(i n)3J3 + 6H2 > 

4 i, rt i l s 7 J J r cic I s 

Both eh nitr en Jt nu in I* 2-di unin ~th. nc, fi rn1 dlltiv c v ] nt b ·nd \\' ith th..: 
ntr J chron1hu 1 i n. i r1nins t1v~ n1 111 t· d rin . 

i min rneth n 1111 t act · bid nt t H . nd s th re u ltin 

I < r( H .1 ) ti 13ot- + I 
... pi rti l s 

'Ult in t n1ucl tr~ in. 

I r( )]- + I 1 

7 p, rti l 1s 

nd 11 le ,v uld 

h~ drivi1 ~ ,r e of th H 3nd t!X lv1n, e r~ {h tk n is th c nsid t 1bJ 
in ,y•t.rm· his is c used by th in re. s in nu1nb r f particl ._ i th 
r J,ction ta kcs: pl.tct.:. 

~· n n 1uon metnl (Topic 16) 



Copp r(n) con1pl 
, or,1 er forn1s J n11n1 bl.)r o c.::01111,lc cs. 

Hy r tcd -oppor(u) i ns iu ,,t,ufou coo.si~t f au oct:ih dr~d 1rr3n eutcnt of six \\l\ lt r 
tn lccu1 ~ · r u11d th' 1C ntr J -.u ,"'" ion. [ u(l,,,'.Ji ) ]2~. v f th \ atl~r 111 lecul ~ 

p1, Eitc h th 1 r ~ re fu rth(! r \ . y r n1 th 11,cr ion th._ .n th oth 1· tn\ which 
llre in th s me l .n s th c per i 11. h 11ittin I f the d- rbit 1 i uch th t 
th i 11 i u rqu i -blu . 

1 ,tllitl hydr.1t ~d op] ~r(II) ulf t h·_ h 'fTilUlac f u(I,2 )_.}I ' ( .H ., .111d i, rh 
fi1n1iH r cur u ,is lu . h cop, r io1n 1 urrou 11d ,d by f ur water 1n 1 ~u les. 

h 1t h n110 ] i.rul of \V t r of crvetalliY:ition h boudcd to th ~u lfat i n • 

11 ur, ·-- . ( . "'') 

Wh n s Hd blu hydr•t 1:,per(nJ ulf t is h tcd~ it 1 s sits W'.,t r li u1d . As 
th r re, n 1,v no H an s~ tl re i 10 si,Ht itl · f h id- bit Js and l it d I B not 

sorb vid 1 li ht. 1 h r tbrc, nhydr u c r(u) suit l: i whit . 

1Jid hydrJt d c I p~r(u) ·hl rid ~ u 
1 ·01ni,1 x. ion p ir 1.n.1d up of ou blue 
j s l u ( H } -J 2-r. r 11 1 1 , _. 

, 1111n tua 

) ]2 t 4N I 

• n1in s uch s thyl nin 

. 
, • 1 r n ... au~ it is in tJ t th 

i :n "nd c~ne y U W o n ~. (ts f r1nul 

f u( l i ) r'+ t- 4 -:iHsNI 12 ~ [ .,u( iHsN l 2)~(H 2 )~] + 4H2 

• nmt'nts: 

ke s lud n f p, r(u) ul· at nd 
'l d -11 'ntr t c.J anuu ni u11ti1 tle r 

blu s luti n js f nn d. N tt.: th c l 1ur 

o n~ t rtiol , 
luti n ; t tho 
luti n I th - · 

the 1 u in 

3 :n th s 

rri u ~. 

1 .2-di 1ni n · th n 
lu ti 11 fth di dh.n11 sa lt 

., ... 
Xc: h ,Ul C r • . t i n s i h ,vn by rh _ 

i ll &. 

I •+tttt•• • *f • tttt ••••• 
TI, 1 two rr nfl In tne 
~,o~2 10n re 1oca11 a 
a round ttte f,our oxys n 
atom • W11lch h r u, 2 
en rs i 

ny icolou r eh 11B · Complexe of cu:z+ ~ons with water. mmonia, EDTA and 1,2-dieminoethan 



ll~l:ito 1t hc ru ri ns to th st bUity const~u1ts iven 111 , blo 5. L .. (p. 147) llnd 
ug I t v lu f r th stability c;oust nt f r I u( n)3 f1+. 

~111in ' , nd -n diet' 1]uti ns r · in1pl •• of 
hos c m 1 ~ g i: r r du d t ,. red proci it t 

pp r(u} i ns \J ith tartr t, i ns. 
f p r(r) . xid b}1 ald hydc& 

b u t n t liy k t n e s. 

Copp r(1) co111 p le 
l1ydr,._t I pper(1) ions ures unst b] 1 in \Vat r .in~ dis1,r po1 ti uat s~, nt.1n usly: 

2 u+{ q) 4 u(~) + · ul+( q) 

u+ + i:- ~ u ,_ +0.52V 

1~1 w v r. thc.:y ~n b s·tabiH 1n1 Jex ti n. hl ri i , whit 
Ud nd r "' ts ith anu11 ni t fi rm ol url ss oluti n f r(1) n1n1in 

co1nple : 

u l(s) 2NI I (aq) ~ [c..u(NI l3b]J+(~q) + J-( q) 

lid co pt!r(t) h l rid Is di Iv ~ in o et trJted hydr id, tl r1n in 

th l urJ s lin ar I n1pl .. ion~ I. u "'12] - : 

u. l(s) 1( q) ~ [ u 12]-( ) + II"'"( q) 

011,,cr(J) iodide is J reci,1 itat d ·whc1n iodi - ions rtidU 1 pc r(n) ions: 

2 u2+(atJ) + 4 l-(al]) ;= ... Lt [(s) + L, (a) 

he IJd iti n f :1nn111 uio luti u 'ro thh r ')cipit:ite pr1 uc~ c ]ourJes, Ju[i n 
f the J _ er(l) anuu n i ·ortt _1hJx: 

ul( ) -t - Nl-13( _ t) ~ (c u(NJ-l3)2l+(~q) + 1-(~ I) 

A blue' col ur b -· in to f nn ou rhe surfa · o thi i .. . 1l url sa o]u tion a. thu c10 p r (1) 
n1plcx h l \,fly xklhed by the 1 .:,, 11 in th · .. i r to t rt1l the c1 I per(u) .: 1 n1plcx. 

hi blu col ur radu.1Hy apr ad thr u h 'th \•,,thol~ s l utiion. 

pper(1) on1pl~x j ns ~ r, , ·oJ u rl ss t ~ u,s th..: c1octr 11 i stru tu N I lf tlr i 1n j s 
(Art .,1 4s0• 11 th ., rbit h in rh d- h ll ~ re full. h ref re. v n th ush the 
n-.r y le l f th ,l- rbital lf.: r Ht~ i,r n1oti n of . n ,ll ctr 1n C u1 -n.. f the 

J \! t spHt tl-1 rbit~ ]s t k hi h r on , .. nno t ~ pl ce. 

Catalytic activity 
r nsiti n m~t 11 tind tlu~i r c m 4- u11d1 arc I d 1 h is ii ,artic u l rl r true 

of the l 111 nts t th ri Ju-h · nd si, f th , a-bloc . 

H ll OU C ly 
Ah t r Ben l 1u o" t lys t i in ditt:9 r~nt h s: fr m th r t nts n th ction 

~ur n th urf c o th tal yst. Many indu tri l llf u c tr nsition 
n1c tu l!i or th ir 111 und ~ s he t r n u c: at. iysts. 1r -. :unp,l • in th 'H b r 
p,r c s. iron in the s, Hd nar ii u cd to I t l ys. th. r ction b t\V 11 hydr c11 
,llll n itro. on . ~s s. 

~· n n 1uon metnl (Topic 16) 



Me·t I ·at .. lysts ~ork y p,r vi.di n 3 tiv it s nt ,vhi h the r a/"tJ nt 111 J -u lei 1n 
b n ( daor ). h r ,t ti n i : 

· lep I (fn L): c ous tL: a ct3 nt + rivv sit --i- ud. rb~ d r et .. nts 

t sorb d re~u: t. nu 4 . r ,s rbtd pm due: 

C " t): ds rbcd pr du ·t 

h cy._J is: th n rL: _ i..: c d. 

tr n iti n rn t I 1 ~ n a, t 

\Vith a r 

t lyst b au 

' Ql'l 'Tt-b 
talyst. 

1n1c hc 't ro . n us c ttalyst \V rk b >c• us f th v rhtbl . ·id ti n t t f th 
tr nsiti, n 1net L 1: e. 1111.l ~ v n. iun1(v) xid i u, d s th '"at._ Ly t in th 
o h.Ja i, n , f ulfur dk xid o sulfur rri xi in rh 111 nuf.J~t 1p, f sult11ri ,m it hy 
the .. ont:1ct procei&. h suJfu r d t ~ idc is OJ, idha~d b the v1nadhnn(v) xido \-Vhich 

is r, du e t v n diun1(1v) I id : 

h 1 y n thL1 n o idi thll van 1diun1(1 ) _xide ba t v· 1 udiun1(v) o id,: 
1 

1 2( ) + 2V ( s) -> V 2 · s (s) 
.... 

u J ti n is: 

(g) 

uc:eg 3 nun1.b r of oHtU3nt , i.!& i.! ""i Hy c. rb n n1 no id 
. N · . The; c 11 ro1n -v by sin thQ hot h.._ ust 

he c.:.uJlyst ia thin I. 't:r o l'l thnun (, ·Hh 
b s1.:. he plJtinun1 s r th ._ s~,1 which 
tonn rbon di - id Jnd nitr 1 1.;11: 

111 Hy tl 1 r duct , . s s an~ i all t j ns tl surfnc to ~u.t, rb n, r c rbon 
111011 1xi E? nd nitr 

t ly 
J 0111 1 enl:OU c _t lysts ~ r it1 the s. nt_ JhJS4l s chc re~1 cant . , L y ahv~ys ~ ork vi 
:in int nn~di , n1p und r i n. r /·:1111 1l , e1+ i n ,. taly rh .. i fati · n . f 
i id - i 1ns by p, r ult t I n in qu u luti n: 

h t\ . r t nts a rt; nt;, ativt1 i 11 niJ so r _1 ,t c.1ch rh r, 111~1kin the re ti n 
v ry sl \V. W h n p1 si tiv l y c h r d - l+ l n ,,l r d c ~ th y a r o i i d by th 
n tiv ly I h r I p rsuU: t i .ns: 

• 2 2- (aq) + J_ e,2+(. qJ --, ~.. ~:?- ( 1q) + 2 el+(. q) 



ho. ... J 1 us re then r due d by i di, e ions. re enc rJting th t ly C: 

· n int re tinp; l!X mple f ut t lysis i th r "cti n b tw 11 n1 n~ n t (vn) i ns 
nd ~th.t,11 i .Ht: i n : 

2M1 2Mn:!+ + I 

h~ Mnl i ns roduced I t s c tnly t in thh re cti 1 1n bc?t,; i.:en th cw negative 
i, ns . h ~ on~e qu nc i$ th~1 r the r tc c f re .t tion si~e 1ds up , th ~ , . tc1lysE Mni+ jg 

f rm d nd Jn~ Uy sl ", doi.i n s the ncentrJtion if th r :wuctJnts boc n10 ver , 
s:nudl. 

u ry t 
M ko sure th~ t y u c u: 

. nti1 unni n f d-bloc-k n1 tJh and their i ns 
• de fin tr. n sici n m tnJ. nd ,J- t 1 k ~1~:n nc 

d tin th t r1n Jigand 

" n you xp]ain: 

·,vhy tran iti n 1n ta ls h Vl: v _ riablc v~ J n ·y? 
, h , 1n1 t tr nsiti n m t 1 i ng I oJ urcd n ,vhy n1 r c 1 1url 1S ? 
why th c1 ]our ot c mpl x ions eh. 11 s v ith eh n in 1i bud · cord 11 ti u 
nu n1b r nd o .. id ti1 n st~1to? 
th b 1n ing in c n1p] x i ns nd th ir hap ? 
Ii nd e- chan e reaction& inv ]vin bid nta't and po) yd nt te Ji nds i.n tL?rn1 of 
ntr 1py? 

u: 

n \V eh -f v,· 11adiu1n i ns in its ifr r ~nt • i ati n st t 
· n c lcul te : 11 n th over U fl;! .", u ti n iv~n sui't bfo t 
.,re 3bl to pr d.L t th fin::al o. ·kt. tion st~t > it1 . r do,c re. cti n iven l · d t 
"" .1 n ,; rito i ni cgu tions for th~ re. ,1ction s r ditHn h)rdr :\'ido nd of mn1 n i:i 
Ylith d-bl ck i ns 

di r nc bctw en dep1 t nati n nti li@lnd .. 1 hl 1:1 

M k sur th t y u: 

• kn w the diffi r nee botw n ho1ni , enc u t. ud h t ro1 - ne ou t lyst 
_ an xplain how V 2 s; ,cts as a c t~]yit' h1 the oont. et proc ss 
.1n , rit equ ti n t - ho\/ h w 2 i n at l}' th r .1 tion bee, ~L!n 1- ions 
nd 2 >8 ~- i ns 

u nderst nd ,~l hJt is u1e:n1 t by autoc:.1tJJysi11 nd ive .. 111 ex n1ple of it 

~· n n 1uon metnl (Topic 16) 



:\11i] ill ,vhy 111 ])' d 11UTI1 h 5 h 
c nn urltion (Krl 4,1s 5£1. 

2 fthe p-t J k 
se cons id r~ bly tr 111 left t rip;ht 
tht.: d-bJock · J Ill ut~ hard ly l lter. 

3 r crog di ram, h I\; in the utor 
trons n]y\ tbr: 

b v· + ... 

xp1 iu ~h}' tit 1nitun -H 1orn1 b eh ... + nd + i 11 

~ her s c I ium . 11d zinc o not f rm -+ ions. 

.. ,I in why hydr:Jt d 
hy r t i3 i n ~re 

i + ions ur c 1 l 1.u-l 1 ss. but 
] ur~ . 

. · t:iu \ivhy_ when 'lxcc s an11nonh1 i add 11d t 

c rp.cr(u) ulfJte - lutiou I the c lour i:h.1 n ~ fl JH 

cur u is (blu - r n) t1 i l t- 1u . 

7 Why i · nbydr us op_ :ir(u) ulf te , hi nd why 
_r r -f p _ r(I) c1 111pl x s ~Jso '\' hi _? 

J r t n. t t 
r t 1nL ti 11 tit" t 

tb1.1 hy rut cl ion~ ~u diu ]v d in \ r,1 t ·1 

b diu m hydr xi. l is dd d c th llydr1c d i 11 s. 
sl ,vly , nd d :lin in 

A 25. n1 ~!ill\}] :1 n1 I "'1ni-~ Ju tion 
f V3 i ins w~ .s placed in . · nic I HJ k and 1xcess 

di tut) su lfud . 9 L ad d. ota ~s1u 111 n1~1 n. au 1tc (vu) 
f concenrrati n ,05t i m l dni- 3 wa dd d r n1 

until r: int l in c 11 ur \V s s 11. h it1: 

th 111 u nc (111 Jes) 
1111n , ntrt~i(vu) ions in th itr . 

b h l1UIU . r f Ill l ')s l 

that the n1.u1 anatt:(vu) has r, ·. eiv~d ron1 the 

v n diu1n(n1) i ns. 

c) lcul tc tho Ju1 unt (m lcs) o.t v~ n:.idiun1 (1u) 
ion.s in tl - sa 1111 1, • 

d) le u 1.n th "id tion &ta t f the v n ditn11 
Jft r r acti n with p itJssium n1 11 1 anatc(\'JJ). 

0 l r~ i, t ,vheth r chi .rido '1nd bron1ide ions wiH bt: 
·\dis d by 1n n 11es (1 v) oxide Mn z~ in ci 
1uti 11. U' th V lu i in ~ bl 4.1 11 • 1 4 

n \Yer thi qu ti 11 . 

he r du tion tl r r2 ion b in 
r u d to chr 111iu1n in ~ta] is -c .<J1 I,, Jn th tor 

r3+ i ns b i.n rodu d t r2+ i ns is -0~4 l V: 

r2 + -~ r , c:::: -o.o lV 

r1 + I;!-~ l.2+ li = - . 1V 

Predict ,vh th r r"+ i ns ,viU dispr p rti n~ te in 
1u us luti I t r n1 't~] n J r + i 1ns. ff • 

\Vritc th guation for th" r · . ti n th t t:Jlc s pl ,c • 
I _ crib h w y u would r1,reparc~ fro1n _ olution 

f chr miun1(nr) sulf' c : 

) s Juti n f I hf n1iu1 (n1) c 1mplcx 

I ) luti n c nt inil 

c ~ solution co1u::lli'n iu chroiniu 111 u) io:ns 

3 What d you und~r tan.d by th tblJowin ter1u ? 
ive -11 x n1p,le f · eh. 

) lig n 



m qu 
1 n) ~ ·:i lain why the ] 1 tr ni c 11fi urJti n f 

c pp r is [Ar] 4s 1 ,tl0. (2) 
) Wh n s diu n1 hyJr ~d ii · t 

lution ,c ntai11in l u (H2 )6f~+ 
pli ,cipit te . fo.nn ~d f r ,,j U.( ,~1) ~(I 12 >)4) . 
When ~1qu oous I nn1onia i~ . dded to this 
r -i. ,it tc ~ dark lu ,1u ti n i fbnn d. 

I) Identify th i n ~nit.in th d p blu 
so1uti n. p) 

i) s~ th -1 · t,vo r ti ns to, oxpJ i11 the 
di.tJ - nee b mr ~n di! t t nati 1.1 • nd 
H nd 1x,ch1u1 ~. (2) 

, Wat 1. Jt11n1oni~1 :utd 1-2-di n1in th~ tl 
( n) ll f rn1 1111 I i n. \Vith .,u2 ions. 
I) xpl in. \\·lr [ u{NH )4(rI.,c )2.l2+ iot 

nd ( u( 2 )6 :! i ns ar dine Ht 

I ur . ( ) 
H) Wh n s l.u~on 1 ' di. · 1.1 .... - 1 11.1 orhl n 

(en) h ud e to , solutk n c ntai1,h1 
l u(N I 3)4( 12 )~f· i n • L H, nd 

.. ,ch~u1 1 r ti n tak s 1 la,·e. 
Writ tlu;: equation r ·thi r, 3c:tiou 
u1 us it t, Xf)1ain why this r ,3 tion 
tak..:s pJJ, e. {3) 

d) , o,rd" u n1ixtun.: · used in r nc 
fun i id on r1p . It , nt ins b th 

c ppt: r(11) ~ulfat 11d cruciu n• hydr xide. 
·1ut hydrochl ri, id ·w . dd d 

.42 1 f B rd, am n1i rur nd the 
rcsultin ~ luti n f1l cl up t .250 cn13 in 
a st. 1 dard fluik. !'le s rot3 .1u1n iodid 
\V s dd d to 25.0 cn1 porti n and 
th libQr.u u iodin ~ as titr.1tod Jiust 

t .1 • 4 1n l dn1 - I u ti n f um 
thi u1r:1t . h~1 1n ,~n, titre2 w. & 23.65~1nl. 

Jc utu th p r ·ent J e by n1 s ,co per 
in th rd ~au 1n-1i:tur . (5) 

I.2( q) + 2 2 i~-(aq) ..... 21- (_,q) + ~ 4 bi- (:.ct) 

( tit l l. n1 r · ) 

ll n n ltlon metal (Topic 19) 

re: ( 1) 

vo.· &.- • - -•-...... Y U-' 

A 6 4 5 

a 6 5 5 

C 5 4 4 

C 6 5 4 

b) A ~0Juti1 1n f i din b 11dd d t, solution 
. f 1+ i1 na. 
i) U the ta b 1 ,v nd the 1 ~tJi d 

pot ntials in rh"' A lt.!v l fata book 
to ih ~ t \Vh,1't u id~ ti 11 t t t t) 

3 ion wiU b 1 xidi d. Justify your 
eh i ~- (4) 

I ) \llrir th qu ti, ,n r th r J ti n nd 
st~it \ th~ . ol u1 ch~u1 e J\.lt would h \ 
noticed. (2) 

r) Vi111a,diun1(v) id ~ V 2 s~ i th 1t .. dyst in 
th c nt , t pr Cf. fi r tho 111 nuf ctur ,f 
sulfi1ric ckl. I I t lys s th rca,cti n: 

Wh1 l f the foJlowin st. t n1 n ~ r th 
n1ost • c,cur te? ( 1) 
I It i , h JH -n ,us , at. 11 ·t. 
... It is h t ~ n us l t lyst. 
3 lt lower~ the ac·tiv3tion , 1n r for th 

rl. tinbt . n 
lt I r vid n tiltern tiv ute with 
low~r .. tcrivatiou r.::n~r y. 

A 

s 
C 

D 

ru tol 8 n1 rk ) 



The value of 61 r ota ntJ 
is neg at iv btlc au s its 
cone ntr tio1n decrea s 
with time. The1r-efore. a 
more correct definition of 
r t is: 

te 
..... Alf · ctant) 

re =----
tim 

This glv s posltlv, valu 
for the r t In both cas s. 

Kin II ( 

_ he 1u in p,urpo~ ju,, . ti ~tin, 'th rJte , 1 r a tion is to provi evi l~t1ce 6 r 
'th n h ni 111 't11 t r 

rr h rnl r I J r a l h n i t h rot f . 1h n n . - 1 , n , n t rnU n I 
• r • hint or p_ Ith Un1 ., 

Ir unit~ · r 1niol n1- s-l. 

ti111e-

\Vhcr c 11..: ntr ti n i th ·h.an in c n, 'ntr tion o r "'tant r pr duet n 
tin1 , i th tin1 over\- hich thi , h, n ' ta: I J ,r • 

hi is nly j r "'gon bJ a~su1n1 ti n if ·th I n "'C1\Ttr~tion ,ta 'l ..:act. nt h"' s f Uen by 

I . thun luct'o durin the th11c l p d. 

ur I 
1 Hydro,g n ro ide · lowly oxidi h nol In cid solution. In n e· p 1rim nt. th 

amount of hydrog n p roxid I in 50 1cn13 of solution h d ·fall-n from 1.46 x 10-3 

mol to 1.32 x 10""~ mol s in 45,e. C lcu1- te th rate of th r -ction. 

R ir y r1 I 

'" t nt m leculc muia c lli : 

_ ,,,rith kin tic n r, y r t r th n r qual t th ·tivation n rgy I f' th re ction 
·with th c: ,r _. t orient ti n 

he n1ol cu I in L• a r lic.1u id .1 n n1ale.:: u l or i ns in olution 111 v ~1 r 
di ffi rent p c . h y . e diff rent n1 unt~ of ·in ti,c 11 r, y. hi i h \ n b)' 
the blue Hn , in 1 u rt:' (,.1. 



ith ner, 

11d iti 

t1 r y 
rti n I 

Tern1p,eratL~re 
\Vh u th · t~ n,p ratlU'ff i in ~re sed, tht1 n1 lo u] or ion in iueti t1 ne1 

h y h ve r t r r n ~ f n r i s ( re ter ,ent Y) nd th v r ner y 
i inc r so11i.L his 111 12 aiu th r tlle1 p tlk f tl1 '1 M · x, U-B1oltzn1 nu distribu ti n is 
1 \J r d Jnd n1 v • t the ri ht. hi& i h 'In b ,. the r Hu (at t n1] r .. tur T.,) 
in Lu re 1 • L b r cl • r o th ri, ht of th .1 tiv. ti 1n ly in re s d 
bt!C us~ m Ui h , r :iter pft1porric,12 of th coUkHn nloJe uli.;-s hmi t;:U r I r • tcr thiln 

( r qunl t, th a ·tiv tion n r y. r t r r. porri n c lli i ins ,viU 
1· ult iu r a "tiou. 

T, 

r 1cti n eh t t 
nerp;y o b ut 

h av th nol ~ ;g~u 

Kinetic 
nergy~ E 

s p ,JJ1C fJi r1y uickly 1t r on1 t 'Jnp . r ru r ~ h s in ti \r;ui n 
kJ rn 1-1,. his n n th t l eh n 0110 in a bHH n c lli i ,n ,vill 
c n r y tor ,~ ~1 ion t take :p,lJ tl. 

uid is th t th r t d uble r lO K in r ; b1 te1 p r tur . An 
Th 1 f th~ -tfcct of i11cr t n1p ratur depo11ds n th value I f th 

y. A rh.~ fr: n1 2 t , 8 i \VHl .use tl rate to it r a e by 
t i r t: 

l ... &/JOS.RJ 

\\"h r s c n t nt (B.J -J 1 n1 1- ·i) nd II is tht: a ~tivati n cUt,;f y f r th~ 
r \ I ti -



. , . -. ~ . . . - . ' .• ~~-------

If E = 60kJmo1- 1• c lcul te by how muchth I r- incr - s a- h 1 -mp- r ture 
rie from 298K to 308K. 

Thus th r t incr se by 1B factor of pproximately? or by 10096. 

ofth 1nolcc u] nd I · n increl1 e in t . ntp rj tu l"c Is, in "t cs th v ra 
mcr~ ses th oHisi n fre411e11cy. F r · 1 - ri fr n1 .... 

fi1 tor of 1. ... (2o/i:~). bis i~ ne Ii il,li , n1p, red I\Vith tl 
~ thi incr s 5 th r t b 
in r .1~ in r t ,?1us d b 

the in ·rt.: 1s d r port1 n f , ]Hsi n th t rogu U h1 r(rn ti n. 

!Pre SLJre: for a gaseoL~1 · reactiot1 

U' I 

he situ tio11 h d 1.:r~nt if J . :1s jg r retins . ith solid , iUCh us ,!l c tJ]yst. he 
urr f' th S 1i i U U n" th lhnicin~ fa t 1'1 th f t i ind pl;n ~nt r 

th J r s ur, :f th , .s (J . 177). 

Concentration: for a re ction in1 o!luti1on 
An in r in c ncentrlti n \-Vi11 in r ~ ch.o eh nc the r tin spccio (1111 1 u l 
or i ns) collidin . his will c us th" r ~t~ 1 f su c ss.f u l · Hisiot1 t incrc sc. 

1 h pu ri, s if th .·p ri n1 11t ] rn 'thods ' rib b 11 w i,s t fi1:1 th rd r of 
th Ii action v ith r sp et co a ~h re et .ut and nlso1 to evaluate th r t c1quation. 

11 ider h rei.: cti n: 

uA utB ~ 1 r du t 

h rate eLJU a,ti n tor this r a tkn1 is th fonn: 

tvh~re u nd 1n nr th ~t1 ich io1uetri s in th ch~111ic l l ..: t}lmtion ~ k h the t.1tr onst::nlt 
an I' n q ro th p ,; rti r fth - n ·oner 'ti n fth . u t n sin th r r I u ti 11. 

he c1u an'tit r k i 
th~ t mp rltur 

n Jnnt and vari - \Vith then 1t11r 
n rllt.: pri.:s n ~ uy e,at ]yst. 

fth 

The r t const nt i alw y 
ri pr nt d by low r-
ca se k. An upp r-caae K is 

1 the ym bo I for q ul Ii brium 
conat nt. 



... '''''' .. ·~· ........•.. 
Tt11 g ,nera ~ rorm ul glv n 
ror th rate equ tlon I e 
not lW ys o,orreet. ~ome 
r v r sl b~e f1 actions hev 
much mo ,compi x r t 
qu 1Jons, oft n cont 1n1ns 

rrac U1ona I pa ru I or,c1 r ,. 
Th s are yand th scope 
or A I V I. 

he rd~r fr · cti n is p + 1· h rdor \Vith r sp - t to ub11t:n1cu A ( Is c lkd th~ 
parti d n.i r) is JJ. h . rd r \"Vith r 1 ·t to s.ubstanc: B i •J. 

. r t h r (L, t.. n t 

'Th 

''fh 
r t 

th nun ofth p \'l r. h : ,- hi . h & her. 
d n th c. p rlnicttt,IIIJ' d t n 1 n 

t n t I Lh ll rt l h[ h Lh 

fl' ttlt 'Ull 

UB i n. 

11 ~nitrnti n1 

1, on t nt pr p tl ,n .._ Ut U1 t nn 
H _ utr. ti n ,r th r net n .. 

he v. lu ,~ of JI and ,1 ·anuot I pt"'dictc l ft1on1 the r h 1nic l gu.rtiou. h ry d p n 
on b eh the t i hion1~try u1cl the 111, d1u ni. 111 'the r tiort heretbr, , t h y h._1v4.1 

t und by .. 1 rin1 nt. 

ur If 
2 Con id r th r action: 

A + 28 + 30 products 

It was found to b first order in A and B nd e cond ord r in C. Writ the r t 
qu tion for th i _ r _ ction. 

I Exp eth 

Car must be take,n ·th t 

th q u nc hi ng rQBgeint 
does not react with 
on of th rea sent& to 
give th same produ et 
that i being me ur d. 
For ex mple. th· cid 
hydrolysis of n e te,r 
c 1nnot be qu nchied by 
adding alkali bee use this 
wo u ldl react with th eater 
and increase th ,amount 
of product. Sodium 
hydro1genc rbon t , will 
~ move acid without 
making th solution 
alk lin . 

he rat f I eac ti n nu r b Ln a surcd j rectl y. l't ,.. 1 nly b 't rn, in fr n1 
'

4 n cntr ti n Id tin1e dat . uun1b r t nuith ds t r · Jl ,vin • 
r ,c;ti n hat n bi eh s c t t ur ,d. 

Titir ti1on 
If th I on ntr~nj -n f r a t nt . r pr _u . t ~u1 b 
r ._1cti n -n b foll ,v d usin thi t hnigu, : 

tfrn._t_d by a t1rr tion. the 

Mo ur... ut n1plcs of thj r~ -t nt ,vith n wt1 Ml nc ntrati n. 
Mi-. th~u1 toi •ther~ t,.irt J ck ud stir th n1i- cur th 1 u hly. 
At r uJ I t1n1 1 inr rv',. I • 'i; ithdr. w .. nip le s u in 1 i _ tt nd. qu nc'h (et p) th 
r . ti n. • u 1u:hin c n usu!,Jly b . rhiev d ith r y ddin th soluti1 n tron1 
th p,ipf\t ~ t i -c ]d \ a't T r t1 't luti 11 that r ac: r. ,vith n of th actant5 ~ 
t pr v nt further r ct1 11 fr n1 t1king 1 la . h tin1 t, hi h h It 'th nt nt 
of th ip tt hav been dd d to the qu nrhin ~o]ution i not d. 

h u 11ch d s luti n i th n titrat d sai nst uit ,]~ st n :ird ]u · i n. 

h titre i p1r rti1 n l t th n~ ntr ti n ot th r c nt r t r du t b in~ 
titru~d. 

his 1n th d a1 ti u. d wh n ,~id, lie di . r io, i i, - r . ct.1 t I p,r u ic;t, 

A i n 11 titrat with ar ., l '"alL lk lis \\rith ., t., 11 a an i din · 
,vith t.1nda Id solution f sodiun1 thi s.u ltbte. 



. , . -. ~ . . . - . ' .• ~~-------

In th - pr- nc of an cid cat ly t, aqu ou elution of iodin nd prop non 
r et aecording to th equation: 

CH2I' OCH. + HI 

D · orib a method to find I 1ow tli cone ntr tion of iodin v ri _ with tim in 
thi r etion. 

n r 
Plac 25cm of propanon solution in , b ker, follow d by 25 ,cm3 of dilut 
ulfuric acid. 

Plac 25cm1 of iodine aolution of known concentri _tion in a_cond b ker. 
Sin,ultan ou ly, mix the two solution 1,d t rt a c lack. 
Stir the 1n ixtu~ thoroughly. After 5 minute r r11ov 10 en, of the olution 
In a pipe,tt nd run it into cold sodium hydrog nc rbon te solution. 
Not th tim wh n h If th · liquid in the pip tt-e h a run into th odiu,n 
hyd reg nca rbon t~ oluti on. 
Titrat-e the iodin pr ent with et ndard sodium ·thio utfat olution~ adding 
starch wh n th iodin colour ha f ded to straw colour. 
Stop when th I blue-bi ck colour of th tarch-iodin compl x h vani h d. 
Re d th bur tte velum . 
R pe t th proc s.a v ry 5 minute· until th r ie no solution left. 

The cone ntration of iodine i proportion I to th velum of sodium thioeulfat 
elution required to d coloris , th ioclin . 

ln th xp~rilnent d y,""rib in th '\V rk d -.. nip] b v N in or r t r du 
id lU1 I tJ th~ , uu1ber · f ari blC1s~ ·it i usual t h v 'th con ntr t1 n f tl 

r p n n e b u t n tim ~ r tcr th n th c _ nc n t r ti n f i . din , . 
t o variablc~Si .:1 -e ti111e and thr , oncen tr.1tion f iodin . he c,on 

h 1 I the inly 
ntn1tious 0 1 the 
,.'."pc rh11ent. id nd th JJr Jtl u r m in up ,r .. in,at !y c1 n t ' nt during th 

Colorilnet ry 
lr re et nt or ro uct is c 1 ur d~ th 
,conccnu~ tion of rh c.:olour d specie c u 

u in sp tro _ h t m ter ( i ur 
Lll unt 1 1i ht .1 .u:ticular r qtt n y 

th t is nb~,orbed d. , ~nds on th c ncL'ntration 

I 
I I 

t th c l ur d uh t 11 • Uglrit Re ction Ol!trctor 
eu re: ve L!I 

_ h 1 r, a tanrs ar n1i. t'd 3l1 I .1 . lock t rt d. 
hr.! H ht .1bs rbcd ie. 1 "eu r~d 1t r ti n1 I u r .2 A p ctrop hiotom t r 

int_rv"] . 

~ su i bk ~a,np] i th r ctic n b t,ve n br 1111in nd n1.~th:1 noi1 

If this r ti 11 i d , iu ~ b~ k r, th l 1ur f br n1ine 1 n to fa 
r du Uy. A sp c trophot nl 't r i u to oU \-\' th b. orption I f li ht by br, inino. 



.•..•.........•........... , ... 
The In ltla I r te of re cllon Is 
th gr I nt t t = 101. 

The fading colour of bromine1 a it re,acts with miethanoic acid 

Cha1r1ge of mass of reactiion mixttlre 
duril ._ r . cti n t!1 r t c n b c 1,cuL t d by n1 ._ &tuh ith r 

1nags f' g:1s h - be 11 givl!n ft: 

v rn r tc = ----­
thu 

t tim t = eh t tin1 r 

nt ininp; th re cti n n1ixtur i d n b I nc nd th 111 s 
is rn sur c int ls f thn . 

hi i 11 t J 'V l'}' For tvil r, sons: 

I st tr m th fl k ~ · spr y. hi c n b v re n1 by putting 
ool in th 1n uth of ttr ftask. 

cos ci is d d t i I l. f zinc_ th t tal 

Vo 1lum1e of gas evollvedl 
If the r ._ ction t'r dur s_ th, volu1n~ f 1 '"at b 1n a ur at 
re ul r tim int rvaJs. - he v lum f t I n 
'thcr 

h rate f th rila1 '" ti n of n ,~ id ~ith a 
h cid is ad D t the c rb n t ._1nd th v lu n1 o .. . rb n di 

U i d Chi \V y. 
id n tod 1.;V r 

30 s~ ond ( i ur 11.3). 

f) + 2H+( ,q) --+ .1 "+(aq) t J _2 (l) + 2 ( ) 

h 

tic id ia used u1 . 

ro rti n 1 t 1 / tin1 fi r 
cp,t',b] p Jf xi n1 ci n it 

T t ur If 
In r ction A B + C. the valu of [A] ·f II from 0.12 moldn,-3 to 
0.012 moldm 3 in 6,0 a. Expl in why i·t is inaccurat to t _te that th - rat · of 
the reaction is 0.0018mol dm-s- ' . 



Syrlnge 

- ......---t--- 1Re c:tion 
rnt tUll!! 

Fi ur Gi Measuring th · volum of carbon dioxid produced in 1 ~ action 

lnfraired pectro COJJY 

lntr r sp . tr py simil r w y t1 ol rin1 try. h I tr1 tn t r 
is 5~'t r 't J ( ,,trtj uh1r 1. 1ue11 y lu d th nn1 u11t . in t:Ul!d rDdil , i n ~1hs rt d at 

th t fi:cqu n }" is n1 sur d n r uJ r ti 111 hit 1 rv I . h id ti n f pr p:in-~ 
ol t 1 l'li 1panont.' by uridi l d potassium diiehr n1 _t (Vr) can he tbUowod by 5c ttin, 
th~ s , ·tr m t r t 171 0 ,cm-1 (the bsorpiti n frc _ u ncy du t th, strotcbi n 
th bond) n~1 1ne,1su rin th in, N ~tS in · 'b. 1 p,ri n 1 th H H roup is 
oxidised t th = Qr u ,. 

1Electrica I measLt re1111ents 
1H 
I f n of the r ctant r one 
n eh r c ti ,n t k s pi c in 

l, n1 J ur . 

f th r u, c in ._ 1 a ci n i .n cid r an ,a]k~H 
u u h.1 i n~ th ch:111g in p ,vith titn c n 

r hJe111 \\ ith thi. t "h niqtu: is h.1t i I l is a lo ""rithn1 k· t]U .ulti ty. I f. trou id 

is r er nt n . h narth c · n ntr ti n is 1. ~ tn J n1 \Vith pH = ~ • th pi l 
ouly h~u ~s t J ,,•h .n q o/i. ftllc .1 id hmi rca t , . he] 11 ris ~ to 2 . h 11 1 t>XJ 
of th ,cid hJ r t d ... hi 1n "th d r quir !i VQry u:, ur t ~ .1nd h -.n .. " o p n iv", 
,J l 111 t r t 111 nit 1r th h 11 . in id tll: ntrati 11 . his 1n s the 111 th , 

uusuit · ,] f r eh o] I b r t ry u . 

rt c n b 
f ti111 . 

b , n1e urin the eh n e 

h I zyn1 n1 .tliv a.sin 'th , ,j, i: cid. his i P,J d U 
int ~I 11.d )- i ns ._ nd th rate can bo f U w d by th incr 'a~ 

f i, ns. n tb I xa111pl w u1d b rh . 

H 

Time for tJ1e reactiot11 to f1ini h 
An ppr · hna m thod is t d · th t~ 1 r 
th~ 1 ~ ci n t &t p. An • nll ]e w u I h c 

+(J ) + r-( ) 

~ u time ho\ I ng it t t [ 
dd ~trip I f n1 gn siun1 t n x, 



•••••••••••••••••••••••••••• 
TI1 lnlUal r · I he1 ra 
or ctlon t tl1 morn nt 
when the r · actants re 
mlx Cl. 

•••••••••••••••••••••••••••••• 1r tn numoe, or rno[es or 
'thlosulf. Ions I much1 
lee th. n the numb r or 
n,101 of th hydros n 
pero,xld and lodld Ions. 
th averas r t m asur d 
I'S 1mo·st 1aenttca1 to tne 
ln~tlal r, 

f dilute ulfuri · ._ cid 1d tin1e h '°"'' Ion it t kcs r r tht"' pr-odu ti · n of hydr1 en 
bubbl t 1 ·t1 l , h ii rin1 n i r it ~ ,,; itb ith r 11 d jff, r n ..:,. n ntr~ti u 
th Jcicl I t j . t: r nt tt: n1pe r.'1.tU r . 

he ., ~&u n1 ti n is then 1n d - th t th r t is ro rtii n l t I I / tim . l \V v r. thh 

is only v,. Hd if the , ncoturation of the . cid h f n n by ll's than 10-15~ . nd if the 
ten cr~tur did n t h· n b , n1 r..: rh n 5° du it th n1i..:. suren1 nt. 

In i1t i1 I rate expe ri1me:t1t 
hear ti,' H th h idol rJt is th r:idi nt the 1..1ph f c n entrati n a ainst 

t zero titu . Jn 1,r. ctic the e. si st '"'-' y t tn :isur" th initi. I r t i to nu~. sure 
in on .. ,~utr ti n r ver a p, rio til 1· durin \-Vhi h the c nc nu wti n 

er 11t h ~ d er 1a d by IO~, r l he initial r t ~ ' l r im s o 
I huu ~ in on entrJtiou /ti nu: tJ k~n . · lCJck' 1 ~l ·tions .ire .. \V .. iy o Jet rn1i njn, 
initi l r ~ tes. 

·clock· 1 -= et ion 
In r. actant re 1,ni.~d nd th tint t k. n t rodu fixe 
.un unt r d uct i nuh ur d. 1 sev ~11 tin1 ~ usin 
di ffi r nt st .rd n con entr tion . 

hi ivcs v r I iuiti ti n t i er nt • nc ntran n . 

h . cl 111 t lo I 
I 

.. "id ti id i n b}r hydi- n cro,, id in ci s ]ution c, n b f. ll , d 
:) 3_ I 

Hl i(ag) + -r( q) + l l-I+(Jq) ~ 12(s) + 2¥1:! (l) 

n p ro i lu tio1· i n1i. cl in 1 b a k. r , i.t h _5 1n3 f \: . t r 
1t rch soluti n , dded. 

25 n1 3 of potas:situn iodide so1u6 n and 5 cnl o a d lutei so]utio:n of sod 1u 111 

thi su 1f tc r 1 l cc d h1 ~ c I nd b 
h, onr 11ts f tl ~ 1t'\\' benk rs llr, n11xcd 1nd h_ tint e luti u to 

• 1 blue is; rue sur .. d . 

h ., 1 ~ri 111 'nt i ~ t · i \Vitl th n1 ]un1, , . r It~ ssiu lfl i id . I nd 
diu1n thi ult1u hut '\-Vith 2() n1l , hydr . 1 1 cfiL:. ·id 1 ~ nd '.?i,Q crn3 of v 1t r ! 

~ nd th n ,vith other rcl tive lnou 1tt1 f hydr 
50 1n I 

~ n ,vat 1\ t t Hin 

he r actlon p,r dutJ~S i din , whi h r .. ts , lth the s: diun, 'thi sultate. 
th o hu11 thi ulf: t h , n u1 111 ~ th ,1 no t i int.1 thu.t i pr du. d r 
·tho . 11 iut nsl;? bbl -bl~ k o1our. 

hen ;iU 
ts ,vith 

h u nt I i di nc produc~d in the n1~. su r d ri n1 1s r rtj 1·1"'] t the v ltu 1 

1 f sodhun thi su lt: t S10 1]uti n t kon. h r f r , the I vcr.1 r.u o r n ti n for c~1, h 
, x ~ ri111 nt i 1,r rti nal to I /ti n1 . 



' hll u tru 
~ 1 iun1 thi suJfur: 

h i;ir. 1 n ·, ,~ hit~ til~ \Yith a u1 rk. r n. 
.:. cm t LI diun.1 thiosu]fat . lutio11 i 1nixcd \Vith 25 cn13 of 'i; tt:!r h1 t1 b k1;:r. 
25 en 3 · dilut~ t itrie o · id j~ phi, ed in c nd b . keL 

h fir t b ker i pJ c~d n t, of th X nd the c ,1,t nts f th sec nd n~ ~r 
d d. 
h nl ix tu r is sti rrod t~nd th tin1 (t) t 11 r !.U .ffi ~ient ulfu r t b pr du..: d 

to hid . the .. ,vh n l okin . do""°'n throu h th . b'.J~ er ii rn" su red. 
• h p~rhn, nt ig r I ~ ac d with di er nt I h1ti vc: a1n uuts f Iii dh1111 eh i u I fat 

111 ,v~ t r. t ,t Hin 50 ,c 111 • 

h n un1 h r -f 111 l s o ulfu r p1 o u d h th n1 in . II 
th ~1vcr.3 e r~te of re c ti n !1 re eh e.· rhncut is pro , 

Ded 1uction1 of order of reaction 
F on c ,n c n I Ion- h 1 

hh is ,n 

Hn l - U r t1'1e, thu , k•n · r th 

l' riln nts. 
n I t l / r. 

r _{lr.st rder ri;: l ti , rh h 1 f. Ure is c n~tant ~1t , .. ~e d t ntp r.uu r . his 111 ns, 
r. r ... -.un1il ,,~ tb.lt if it t.1k 25 s for th ,n,~ nt1 · i u f ny J.. t nt t · fi1U fr in 

units t 4 u1 its1 th n it .:ls t k 25 f r i.t t f H fron 4 unit& t 2 units r fr m 
unit t uni·t . 

1r e,C()ll'rl- r r r · ti n. tb h It- Ii in r · in r ul r g m tri, 1n I n r . 
c ,n ~ntr tion o ny re et nt 

f r it lo , n fr nJ 4 unit~ to, 
hi n1e n _ f r x.111:1 le,~ thJt i it t L:!9. 25, r th 

to faH fron1 units t 4 unit , 'th -n i't \~-till 'r k 5 
2 unit . 

l f J p;r.1 h fthe c1 nc ntr i n f .. 1 r cta nt i ~ pl tt d a a hut rhne. nd tlle ,-oncontra ti n 
11 ,i.J 1 ri ns th exp =-ritn "*nt t l a th n 2 o/u it iI iti l v lu • t,v con utiv h Jt:. 

Uv s .n n1 .. s.ur . If th faH ilil l ss. th:1n thi , r,v1 n n- ns. ,cu tiv h lt7-Hvo c n 
still , m u r ~ but th f U must b sr t r th n lXi t b , · rt i.n tha th h ] :. 
Hvcs ura urac . witl in ·l'erinu,nt I err .r. 

r the re ction: 

A+ B - products 

Use th _ dat h re to plot _ graph of [A] 
gain t tim , M a ura two con eoutlve 

h If-lives nd her,c deduc th order of 
r ction. 

.OOi 0 

0.90 5 

0.75 12 

0 .42 

0,30 62 

0 .20 70 

0 .15 2 

••••••••••••••••••••••••••• 1n d or v ry1n th 
concentration or ·sod lu m 
th lo ulf . te,. the, tern p ratu re 
COUid be it d. Thi WOUid 

n bi tn ,cttv tlon n rgy 
to b c lculat d . 

The symbol for half-life 
i .t~. 
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6.4. 

h If-life fron1. [A] = 1.0 mol dtn 1 co [A] = 0. 01no,l dm- = 30 s 

half-lifi fro1u [A]= 0.50moldm 10 ic,A] - 0.25 n1,oldlu- = 3'01

~ 

The half-I ife is constant_ so th re ction is first order: 

All kinetic experiment should be carried ,out t constant temperature and for most re, ctions 
the I bor tory its, If acts s ,a constant .. t mp. r tur m dium. However~ most f ctions ar 
exoth nnk:, so the temp rature may rise spontaneou1sly. This c n c us th half.life t-0 b 
& lightly shorter. 

Jn th ~ r L exan1 le . ve n t th. t th , ~e on i h u:.1Hi i 11 t s. l is is the 
u111 of th t'\V n u·tivc half-liv and rcpr "llt th " , .... nc ntrati u f ]]in to 
n -qu t r f th 01 i iu:tl v.1h.1 . 

N te a] U t th~ tw half-live& ue not b c ns cutiv . 1 f the tin1 for th 
1. n - ntriri I o - t f: 11.t: n1 .4 tn ,}, in- t o. n11 I ni- ll' d h 1 n1 ~ur 
r, n1 th 1 r tph, it \V u Id .. lso h~1vu b~on s. Lik12\ivis ~ th ti1n tb r th c nc --ntr., tion 
f t . n fr 1n o. i rnoldn1-J t .3 111 ldtn .... 3 \V uld ~Is b - s. 

> t y ur elf 
, In - r - ction A B + C, th concentr tion of A f II from 0.24n,oldn, ... a 'to 

0.12 mcldn,- 3 in 4 e nd to O.OGn,ol-3 in 2 minut 1s 8 s cond . Stat the 
order of re ion. 



doln 
For r action A+ 28 

- A] 
l ld =--t 

V I 111c th 
C + 3D, th xpr alon: 

la an approxim tion that m sure , th v rag r _ during thi period. Th 
in n neous r t ia the diff renti I of this: 

r-t == -d[A] (or_ 1 d[B] or+ d[C} or+ 1 d[Dl) at 11 2 at at ~ at 
For fir t-ord r reaction thi _ come : 

which on intesration b corn s: 

kf = 111 [A.1, -II [A = l,11U ·~) 

wh r [A]10 i th initi I cone ntratio1, of A and l[A]r is it cono ntr tion t tim t. 
Aft r on h lf .. life th initi I concentration of A h halv d: 

1 
( ), 1 = - I A]o 

-
Th r for : 

I 
kt "' - In { I . liJ2 I A lo} l n 2 

t , := _ln2 DI k = ~ 
k f I 

This prov th t th 1, If-Iii I of a firet-ord r r etion is con t nt t given 
temperatur nd th tits v lu c n be u d to c lculet , th r te con tent~ k. 

In the worked exen,p le above. the half-life is 30s. _o I(= ln2/30 = 0.023s-1. 

F101 , on ntr tio1 -tin, t 1>h ~ forn1 of th 
When ,J r ph f [A] i J'l ttcd in [ tin1 ~ eh ha 
ord ~r fr,~ cti n. 

s l ll~ I r l hl1 l!rnfth at :1ny ~11 u ~ 1f [A] I l he 
rat fr~,, t ,n1 3 t th:1 l t.;On, ntr t l -n .. 

If it i hori:zonta] lh1 1
1 it n1 an~ th wt the r c ti n i not t· in l c (r t ot 

[A] 

r a tion - 0). 
l f str, igl1l Hnc di pin d \-Vil b in~ , th 
the r r is c nstant. hi n ly urs whe11 eh~ re. 

Time 

R~ z ru, 
no r ctlcn 

[A] 

FI uro 6.6 

Con nt r U!'1 
iQ zero o rd ~r 
(r~t • k,[A]D) 

TI m e 



•••••••••••••••••••••••••••• 
TI1 ha 11·1 lve on U,1 graph In 
FI ure e.e(, } ere1 con tant. 
TI ~ rare, tn Is r _ ct1on IS 
nr t ora r. 

... ,,,,, ................•.. 
TI1 ha 1r .. 11v on th we pt, 
In A,gur .8(b} Iner as 
r pld ly. dou b~ Ing s th 
con o ntratJon I h alv cl. 
Th r ror • this r ctlon I 
not flr t or1 r. 

It l J F\,,·nwl r Cftr,Pc is: btain 
1 ltC is d e Yf.Hiu J IAl faHY. 
( i ur :J. ). 

·(a) [A] 4 

3 

2 

, '\Vith ntu11 ricaUy d creasin sl p , th 
eh ~, r A,~1ction is first orde r or re ·it r 

(b) [A] 4 

3 

2 

, 
0-+-~--~~---~---~-- o-----!!!!!!!!!111----...----..----..---------------

·····- . -···· ······-· .... TI1ls metJ1od only work 
ff tn cono ntr tl ons oT 
tne o lh r r c ' nt ire 

ctlv ly canst nt. Thie 
Is done IJY 11aV1 ns tl1 m In 
about tour tlm ·s x,ce a,. 

...... ,,,, ... .... ,,' 
IT , ne x _rlm_nt I r _p 
w1tn 1doub1 tn mount or 
pro1p non , a.tr lght 11 
or neg tJve1 a 101p wm etHI 
be o t In d. but Its slope 
WIii ISO 1dOiUbl d. This 
a how that the f otlo n I a 
11r t ord1 r w1t11 r p et to 
pro,p non . 

\ C.B 
"'1::1 

1 C.7 
E 

C.fS 
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0 5 110 o 5 110 15 20 .25 ao 
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FI u r .R Determining, r C ctlon order from concentr tion-tim I curves. (a) A first-ord r r action 
(b) greater th n fir t-ord r r-action 

Th · iodin tion of prop none in acid olutjon w tudl d with th cld and 
propanone - t ten tin,e1 the cone ntration of tJ, - iodine (p. 159). Th volun,e 1of 

od iu111 th io u If t i pro portion I to th concentration of' i od in 1 • 

Th graph of volum of odiun, thio ulf. te pin ·t tin, wa plott d. It was found 
to a straiSht lin with ne1gativ lop 1• Ev lu t th ord r of thi r action 
with fi peat to iodine. 

11 
As h elope of the gr ph i con t nt. th rat of the r action i const nt. Thu -, it 
i zero ord r with re p et to iodin . 

• '"' u h1n I?' nt 
he I nt~ -t , ny 1~.1r ic u 1:i r couclHUt .1ti1 n 

1c I uJ t d by dr ,vin i t n nt t the curv 
po1int 11 n1 ,, u 1·i n th lopo I f th t n nt. 

nu b,r 

[ tll t 

r 11 -r f 3 1 ant ain &t 
h rat 
r ph ( 

,g_u I t, n1in.u s rh s~ ~ 

le is. di 1 u :1r c dr~,; t~ n nt ,ccurately. h 
t n , nti · l Jin n1us't , l n n u h t r h 
, oordina e at rh t l~ ~ nd h_ bot n1 f th~ Hn to 
be ro d fr u, th r ph \Vith ut ll r~c rr r. 

C.1 
19.§-2.S-117 

Hy dr v, in t n nt1 t'\l ints or by n1p ri n 

O"""'-------~------~-------..--------.-----
h inj ti 1 rit ,vith the rat~ 111c ... ured by the t .. t'l cut~ 

the , r , r of r ._ ti n n ~ di.! uc 
10 15 20 

imelmln 

FI ur 6. 7 Calculating the rate1 of s cond-order reaction by 
drawing a tansent 

~5 
Tim 



-------- -. , . -. ~ . . . - . -~--------

Th re ction N02(S) + CO(g) , NO(g) + C02( ) w , studi d, using, lars exc 
of CO, and th graph of [N0,2] s function of tim wa drawn, as in Figur 6.7. 
wher [A] r pr s nt i[N02]• 

) Dr w th n,g nt at [A] - 0.25 mmol dm-J nd n1 ur it , lop 1(Sr di nt). 
H nc deduce th I rate of fi I ction when [A] ~ 0.25 mmol dm-t\ 

Th initial rat I wh n [A] w 0. 75mmol dm-s, w · 0.17 mmol dm-3 n1in- 1. 

D due th ord r of th re ction. 

) Th xp rim nt w a r pe1 ted with th 
mueh co. but th rate ren1ain d th 
th s I da I 

I\ 

m con c , ntr tion of N O:;z but twice 
me. Suggest the r t qu tion th t flt 

) gr di nt of th graph t [A]= 0.25 mmoldm 3 

(10.1 -0. ) 
:::: - --

] l . - . ) 

r te of re ction when [A] c 0.25 mol dm-3 ;: +0.01 mmoldn,- e- 1 

) initial rate wh n [[A]= 0. 75 moldni-3 = +0.17 mmoldn,-3 min-1 

Th cone ntr tion of [A] w s d er as d by f_ ctor of 3 and the rete1 

d er a d by factor of 0.17 /0,019 = B, 1 1(or 32), so th · re ction i 
second order in N02. 

c Th· cond xperiment how1 th t th con 1e ntration of CO do not ff et the 
rate. so th re ction is z ro order with r peat to CO. 

Th re q uation i 

rate = 2fN0:2] 

Fro1 , h loJ> f I t -cone ntr tlon I Jh 
I f th rat I f l1 r ti nt r s n1 uantity th . .1 i. 1i111 'l' rti n~] t 11~ r.1t • is p'I tted 

.i :1 inst the c n 1ur Jti n ( on r ,ct:nu, th" rd r ,:vith r ~p ,et t thlt r · '"t.1 nt jJl 

be found. 

h rilnet t mu. t b su h th., t the c I i tration~ f th rh r r c ~u1cs nuu.t n 
lter i nific nUy during th ... rpc1rim n . his i d ne by h h1g th n1 in t le"' st 

four tin, s e s v r rhe r~ ·, eru when c: 11 nt.r._1tion is l''H~in ale rfd. 

f the thn~ 6 r th J, ti n to l ro .. cl t ,J r.ta in . hlt (1 / ti n1 ) is 
f eh r t . 

I f rh in t l r ~i, t~ ntl is /a,ri out,d str i .Ju Jin 1 th 
r ti 11 i z r er \Vith r s ·t t th~t l'f nt. 
lt th , r 1 h I r r t ( r I / tint ) in t [ r et 11tJ i. ri in ~tr i ht lh ~ th 
r ~ tion is ust ord r ~ itl t p t t th._1t r '"l t nt. 
It the r ._ h 1f r t ( r l / tirn1.:} ait1 t [re, 1 '" t ntJ~ i rigu1g str ight Uuc ~ th 
r 1.1ctiou i~ llr.ond order \I ith r~ spt:; '" t t ch~t r ._ et, nt 

Th partl I ord r ot this 
f acuon p o~d e"1d nc lor 
Its mecn nl m ee p. 72. 



.. ····~······· ........•.• 
Th origin must b plotted 

son point. Th rate I 
zero when [A] - o. 

Colour1 - e, nitrcg n monoxid act with xc , oxygen to form th brown g-s 
n itro,gen d ioxid · : 

2NO(g) + O,(g) ~ 1Q (g) 

The thi, t ken for c rt in d pth of brown colour to pp r w s me sured. Th 
data obtained re hown in tl, tabl : 

60 

1001 

200 

, Plot: 

0.0 1 

0.010 

1) gr ph of 1/time ,gain t [NO] 

i , a sr- ph of 1/tim against [N0]2 

0,04 I 

o.o-5 

0 .02 

' . 
2.0 10-l 

1.2 10-3 

o.ao 10, 3 

Use th a Qr phs to det rmin th order of r , ction with re pect to nltro;en 
monoxid . 

b) A n w ri of r adh,g w obt ined u in,g twic:: h initi I concentr tion of 
1oxyg n. The1 gr dient of the graph of 1/tin1 gainat [N0]2 doubled. Determine 
th - ord_1r of reaction with re:=pect to oKygen. 

n , 
) S e Figure 6.8. 

't- C.020 

IJ o.c,s 

o.o, 0 

CJ .005 

o~------c 0.01 0.02 C.03 0.04 O.CS 
[NO J/mol dm-3 

uro . 

~ Cl.020 

..-11 0.()1 § 

CL010 

0 .00 S 

Qo;....~~~~--~~~--, o-' 2 o-:i 
[NO];z/mol2 dm 

Th graph of 1/tin, S in t [NO] i- curv . So th re ction ie not firet ord r 
with respect to nitrog n monoxid • s th rate i not proportional to [NO]. 

The 1r ph of 1/ti111 against [NO]l2 is a tr ight lin , so th rat i proportion I 
to (NQ]::Z~ Th refore th reaction i aeicond ord r with re p et to nitrog n 
monoxid . 

b) The gr di nt of th lin i proportion I to , [0~] . Th I gradi nt doubles a [0~] 
1doubles,, so tli r - -etion i- fir_ t ord r with resp et to oxyg-n. 



Fron In itr I rt: t 
_ 1 c i nit hi l rat of oc re , '"tion is th~ rat~ t th iust.n1t that t ht.; eh mi a ls re 111 i ...:d. 
hi i n rn1 Hy found by mn surin th thnc t k TI f r tho c nccntr tion of a 

rt2a t 11 _ or I ro,1urr co eh 1 . by u kno w1, ~Ju unt1 ;vhi,r.h n1usc he l ss th~1n 'I o/i:_, 

of the ini.ti 1 1 ·oncc1.rtr ti n of d1c r,cact~1u. he . I r iment 1~ the11 r "pcated. 

h n it th.. n ntr ti n t n of th 'f a t. n but pin th n ntrl ti n .. 
all rh .;]o • r · .:ti ~ l d s ·rU d t v , js \\'ay f n1 ~ urin 
ap1 ,r s1-in1at initi l r tc . 

011 idcr l r ac ri u: 

"' -+ 11roduct~ 

ritnental nt h d h~ ~s foll , s: 

- If th~ r,1tc i e9i not h r~ t h :1 r ::u:'ti ,n s c ro ordli r with re !:;pc, t t sub,~t.u1cc.; A. 
If th ratu - ,ubl (in,-Ii s by f et r f 2l)~ it h tn· t ,r - r in 

- 1 f th ra ~ it r il Y t y 3 fi t ,r f 4 (2·) i is , e>nd order in A. 
A third p rimn nt i perf. n11:i with 1, - j nd I I _U l t I l. m ldn1-l nd r I 
= ..... 1n I dni- \ hi n 1bl th p, rtial r,J r \Vitl1 re p , t t t b d du 

A fi urU ,.,. perim nt i ,c: rri d ut in , hich I ] i alt rtJ ut [Al 11 [B] r 
kcr t th ,mm a1 in 011 of tho p,r. vi1 u c p rhne11t . his en blcs 'the I rd r ,,vith 

C1 b dedUi d. 

h rd r is th sutn t 

h ha11. 
d rib_ 

in. c n ntration e, n u u Hy be 111 asui- d by n 10 rh p c dure 
arli 1 1 jn thi hat,t r. 

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

The re ation ,tween nitrogen( 11) oxide nd hydrogen at 1000°0 is: 

2NO(g) + 2H,(g)-+ N2(g), + 2H O(g) 

U th - d ta b low to d du c th ord -r of r -action with 
nd nitrog ni( 11,)i oxid . C 1,culate th ov r II order of th 
quation _ nd calcul t th , v lu of th r t nt. 

epec to hydros n 
ction. Wri th rate 

1 

2 

3 

4.0 10 

8 .0 X 10-9 

8,0 X 10-9 

Con id r experim nts 1 and 2: 

.o 10-3 

4,0 X 10 3 

4.8 10-6 

1,92 X 10--4 

• [NO] i incr as d by a factor of 2. [ H2] i unch ne d. 
Th ra incr se by factor of 2 2• Th r for , the ction i 
nitros n(u)1 oxide, 

cond ord r in 



••••••••••••••••••••••••• 
Nota u, t IT th1 re ctl n 
w ~ cona or1 r 1n 
hydr10,s n. wnen [H:d w a 
I ncr - d a r ctor or 4. 
th t would lncre by 

recto of 42 or 1a time . 
Thla was not th c s In thl 
r action . 

.... ,,, ... . . ..... , ..... . 
You mu t ilth r lndlca tt1e1 

xp rim nts that y,ou r 
comp rln or t which 
oonaentr uons r m In 
1conat nt rand h10W the cth -r 
on ns i Bou, f1 lndte Cl 
1n tn1 wor~ x 1n1p f • 

The unit of the rat 
constant, k. v ry ccording 
to the total 01rder of 
reaction. 

Con ider x rim nte 2 nd 3: 

[H:z] go s up by f ctor of 4. [NO] i uneh na,ed. 
Th r- t in1crea by f, etor of 41 • Th r .for , the r ction L first ord r with 
r 1speot to hydros,en i( ven thoush th re ~ two hydroi,en molecule in the 
1ch mical qu tion forth r ction). 

oven.di orider = ... l = 3 

rate= k[N0]2[H:i]1 

rate 1co1ist nt k == ----
[ 

The unite c n be worked out u ing dim nsions: 

y ur If 
Ji te quation forth r ction A+ 2B + 3C -+ product& w found to b 
= k[AUB](C]2 • 

By wh t f ctor would th initial rate incr as · if [A] and [CJ wen both doubled? 

Unit _ of rate co,nstants 
F r r rt:; ti n, th I t · ~ u"iti n h t Lt == 1AJ1• h ~f r • = rat / [Al, 

h units t th r .t const nt r : 

or u -n l-01~d 3 1 .1c ti n. r" te == Ai[AJ1 r rJte c:: Iii . U ]: 
, - r te/(A] 2 r k1 

- rJtc/ [Al[BJ 

ho units the r~t · onst nt re : 

con~ ntn1 ti on x rin1 ""1 
. . , 

I nccntr non· 

h LUli't f 'th r3 t on st.n1 t tbir l111 \\ rk j I ut in .1 ~irni1.1 r Y.,f. y. 

. t ur If 
C l1eul t - the unit of the r con tant, where rate = k[AUB]2. 



IM I d tJ1 

Sir1gle- -tep reactions 
in1 1 r ,cti n t k, l c in ingl p. r • . tllJll.,. th r ti n bct\V n 

.. ti n tl t is 1 u us hydr .. ide i n nd • rh11 ry h lk ne is 
thought to inv Iv I ollision he 't,v en th tw . 

urin th I Hi ion, th -h lo n b nd b sins brea 
f nn . At this h . l i.i y p int, the gysr~m i& ~id t 
n1 i1num J t 1l'ti I c1,1~r y. Thi. i. 'th l rl n hi n t 
th r du t - ~ r nt ,l • ,vith H 

1H ~ H /H I 
C Ii'" ~ ••• C:• • 1111 • Gr 

I I 
c~ C 1-1 

Tr nsition t ~ 

3 n w b nd 
eh osi'ti n f 

en th r act nts nd 

H /H 
• ~ 0 C 

I 
Cl4! 

arro,w sh w& th n1ovcnnent o: 3 Jon p ir of ole trons fron1 the o,~ -y en 

r 11 v~ 1 nt b . n f rnu. h r 11 rr , r ~,r ' n s th l . tr n in 
- r a-b nd n1 -v1n . t th br n1h acon1 i th b n I br ale . 

er n1sit ion st ti.: oi:, urs wh n ht: n w 
b n i~ half- rok 'U. 

b nd i hal f-fi rn1 d Jnd rh~ · .. -Br 

_ h re _,rtio11 i;ner1 y profiJ f 1· au1 1 -step re.ii tinn is h , 11 in i ur .1 . 

Reoctan 

Produ 

Fi ur .1 R etion profil for a singl -step r eotion 

A this i si ugl -st 

rate = [A][BI 

ln thjs .. 11n1 1 : 

• r en n 

r t c: kf H ] I H H1 13r] 

t,v en n o 1 ·ic , th r, cti n i s c nd r kr 

+ 

Don't forget to include the1 

negative charge on th 
tr nsition state. 

iBr-

,, ...... ,,,,,,.... ..,,,, 
A cur~y arrow r p sents 
lh m ov m nt of a p lr o,r 

I ctrons. 

Th pow rs to which the 
conaentr tions ar r ised 
in th1_ rate quation for 

..,;r,gl -st p re ction 
ar the same a th 
stoie1 h iom et ry. 



Mt1lt1i- te1p reactions 
M ny r Jcti ns tl ke pi c in m r th 11 n t P~ vi i11ter111cdi it~ -, 1nJ ounds, ions 

r 1 .tc.-i i. la. 

h h drolysis of t rti ry hal cuoalkane. fi rt.! .. an1_ J 2- ~tll r ----lUt::thylpro- ane~ 
\vith , u ou h ¥ r1 xid i 11s is :.u1 ,c,c n11_ ,Jc of t,v tcp r a "ti n. 

li!ll 1: th ..... l b nd br ks heter lytic. lly. , rmina i c rb 
ni n : 

quu1on 

rat == 1 [( 3)J 1] 

.. t t1 1: tht: l n p r l ·r t1·ous on th o n oftl 
\Vith thf 1 · itiv~ c:3-rb n Lt 111 : 

rat = k:1[( 

hl: is ntr H "ll by th~ r3t f tl ' l · w ·t · cp in th 1n chanisn1. hi 
St p h C U d th , t - d t t 

'T h rnLc-d t ran nlin u~p I I h , , t p .fn n 111uh - t p 111 · 'h t1l 111. 

r th h.1 · r Jy i f ... ~chi r -:2-1nethylp · , n . th fi r t t p · th 1 Vil r tcp nd is 
·chair for~ r. ·t do'tQrminini . As l entors the Lue h. ni.stn ,Jfh"t the rat -d t r111inin 

n t p r in th r t quati n whi, h, t . r this r · , tion, h: 

-I] 

Evi1deince for a1 t11eclt1ar11ism 
1 der of 1 

• 1011 

he n1 h vid n ~ r tnc h ni n1 is th or · r ot r c:ti n with r i p et t , h 
re 1, t.J1t. 

h hydrol.ysj f l a lo ou .. 1] kJncs c .. n t k. pl.1 by t\\f 111..:c h n isn1s. Both a re 
nu l ophili . u tituti ns~ but in n~ th r t ot r'.) , ti n d p 1 nd 1 1y n h~ 
'· on e,ntr~uion f the h · l I e11 aJk.1n ~u1 no't n rh nurl ophHe. This is can d 

11 N'J r ti n (I, == substitution~ N = nu J phiUc n . l = hr t r r). As th r 
r ·t\,r I r ctants in eh _ r cti 11 is z~r rcLr \\rith r sp c't t th 111.1 1 11hil , 

th rt:. ctk 11 n1ust t k I, c 111 t l S't tv o st s \Vith th nucl phile ~ntori n~ t h 
ti 11 1ff er th rac -d t L·n1inin st pi. 

1 n the 1ther ty of 1nec-hauis1u 1 the rate ~gu ::ition is: 

r.u = kl h.il , t: ll 31 n Hnu le bile) 

lli iA 1c~1 lied n N2 r c ri 11 .1nd .is h u ht to t k 
tr nsiti n 1t t . 

iu sin 1 s.t p. 
t I 

1Jn VJ I 

r.lalo . 11 alkanes re.i~t \Vlth nu le phil s su(.h 1 11-~ ~I_ ·~ N rl and · N- in 
substitutiot r cti n(l. his is b us the c r n at 1m join t I th h~ I n is 
lightly + , nd i th r t · k d by 11u ·I ,biles. 



Wbich n1cchnnhu1 is fi U i. od d p nds n \l hother the hn los n I lie nc h pri1n ry, 
ond ry or t ,.rti ry. 

Prlrn r ht;lo 

en r 
is th 

- ] 

h n1 c;hani n1 i J in le step, thJt 

of n 'N- 1n , h nisn1 inv ]vin 
~ throu h 
tr nsHi n 

ir r "I ctron n the nu le phH 

bond is nou -h to l rovid th 
·i.l r th - halo en b nd~ th t ster 

nd is · l stron ~st u1d th 1 

urth r vi n .. n1e fr 1n1 th ptic la tivity t th pr du t 1n r - with that 
f the re:ict- nt {P· J' 1 ). 

no 1kt; n 
n s r et by n N 1 m -h n i 111. hi type t .r 1Cti n t k 

t p I : Eh carb u-hal en bon br ~ ks, J1l intcrn.1 dhn *t1rbo uti1 n i t7 nnod and 
h H i n is r 1 n d . hi is tl sl , rat 1

... t nuinin - s;t p ( i;·ur ' 1. J J}. 

C: l~!I 

I H~c- c---
1 
CIH~ 

Fi ur .1 

r rb c. ti1 n is tt k~d b r th nucJe p1l ile i a f t r~ ction ( i. ure 16.12). 

CH CH:1 I ~ 
f t I 

~C+ 
[Iii;: H,;: ' CH 

I ~! c~, 
CH 

. 
G.1 I LU 

N....; 111 h nisn1. ' ddition l vidcuc for th · N 1 1n eh nisn1 n c1 rm 
fr 111 orti ._ 1 _ ti ity i rht! h l 1,0. Jk~u,e is ~hir l. 

h r.1t 

• 
I I 

IS 111 T 

· tions :vith N2 111 eh 11hn1 dccu~ 
en ulkane. his is b 

n - ushh1 

s in th 1 rd r r iurnry ~ 
f tb . in ·nhtsi n t ri 

ation 

A transition st te1 is 
not species th t can 
b isol ted. It rch nges 

imm diately into the 
produet. 

....... ,... . ······~······ A oariboca ion IS an Ion In 
wn1c11 mer 1 1· poamv1 
eh rs n itom. 

Re1member to include 
the partial eh rges on 
the C _rbo1n nd the 
h log,en and the lone, 
ps ir of electron on the 
nucl ophile. 



Fi ur i 1 Oiff -rent rate of 
SiNl and SN2 reaction 

The step in a mechanism 
must edd op to the ov raH 
quation. 

h" c r l1ti nshi s ._re sh \V l'l r.,phi Jly in fli urc J~. 

i u r 6. l g h \ t h t ri n1 ry h 1 o 011, a lk. n s r .1c t 1 m o t 

en tit cl r by ,~u1 ,N2 I nechani sn1. a l'1 U1~t t,. t ti~1 y h l C111 

r aict y .in N l moch niun. 

, , 0 11d ry hal . . n lk ne r et by t, 1th t11 eh nh1n s. 

v 'rall rat 

~ ~Ul iV 

t p i , 1t d t rn1 11111 

rt - cLrn1ini11 . t pi the fir. t t p che11 .he r1t ' 1 u.tioJ1 forth r ver ll 
r , ti 11 is the s 1n a& th t f r the r t, - d~t rnlin in 

r th . lk. line hydn .. Jysis f 2- hl r 2- rn thylpr l'H.Ul , h nuc "' u ti n is: 

hi n1 n th 't if a ub t nc nt r. th n1 ,h nisnJ qfrer h r t - t rn1inin st p. 
its ·, rri I rdcr is zoro. In this x. 1npl th~ rti. l rdor f th ]k._ Ii is z~r . 

Th reaction: 

NO (g) + CO(g) 

is 2nd order with ap et to N02 nd z ro ord r with respect to CO. Sugg ta 
mech ni m th t ia conei t nt with the1 dat . 

11 I 

1st step ( low r): thi mu t hav 2 mol of N02 on the I ft so th tit will be 2nd 
ord r in N02 : 

_N10 ,(g;J NOi(g) + NO~(g) 

2nd e p (fas r)1: 

NO (g)1 + CO(g) ~ N02(g) + C02 

Ov rell _ quation: 

2 '0 2(g) NO)(g) CO(!) NO(g) + 0 (g) + ro_(g) + C:0,1(g) 

Which simplifie to: 

NO (I) + CO(g) 

r If 
7 Bromin re cts with prop none in th pre nee of OH- ion . Th fir t t p is 

th low stand involv t1, - removal of proton fron, th CH3 group, Write 
th rat equ tion for this r action. 



cond o ub qu nt 
r _ the i cond (or 
1n1;;1Ch n1sn1 L nlor 

ll rn1i nln 
't pi i r.i tu dctcrtnini.n , the d riv _ ti n I f rh 

H I 

nd ;icid but z ·ro or r in iodin (p. 1 ) . 
haniun 'f - t th ~ rat - d t~rmh1in, ·r 1 . 

k t · 1: 11~ 1 Df p ir f lcctr 1 s n tht rn1 b n ith n H ·r in th 
taly t. bis 9t i ruiJ id nd r v r ibl ( igur .14). 

CH 

\ , 
c: = o : 

I c~., 

Fi ur .14 

CH 

\ == o~ . ..,.._.._..... 
I 

Ci,.!IJ 

rn1 ti n f th -n 1 int r.1 
t bt:? br, k n _nd h nc i thl r·1t d tenn inin 

hi i sJ 1\V b C: U S ' :l 

t p ( isur 6.15). 

LI 

- H b n hllS 

· t - : dditi in I i int? nd 1 s f H . hi is · ta t t 1 th i dj n 
in th m · h, ni 111 cjftt'f th r. t. I t nninin tcr,, it d s n t Pl' r iu th r. 't 
cqu ati n ( igu r, . lb). 

H.,C --.... H!Jc - c 

II 
a 

'+' 
ver U rate = rat of th sl t steJ - k2[( H ~)2 · EI] 

t th sp..:Git-s in n oquUibriurn 

l]llilibrl UJll l: llit ·l 't [ gt 

Thie two in term edi ate,s re 
reson nc struoture:s. The 
reality i th t the positiv 
c hergeii s h II d by th, 
cxyg n nd the, c rbon 
atoms. 

An eno I is a species with a 
c-c nd n OH group. 

I 
If the1 p rtial order of 
a reactant is zero, that 
reactant enter5 the 
me1cha n ism f r the rate­
dete rm in ing etep. 



I o: 

ov rail r t - [Jt r t p 2 = klK1lPL" p 110U ][HT] - [ 

h vidonc upp rtin th" 1n eh nisn1 is 

n n I [1-J J 

h reJ,_ tion c n be "ho\- n to be lg.e order \Vith te&p er to 1 ropan n nd 't, I r'" 
, 1 d rd r \l ith rcs t c . i ln . 

in tbo h dorr'n t br ll] i ne if t I chi rin h S n I l?, f his 
r c i. n. 

Reactiot1 1p rofi le di~ 1grat111 for 1L u lti-ste
1

p re ction 
1 n ._i 11.1 Lflti- st p r c tion ~ thl r, a t nt via tr.u, ~iti n t tc t n in t~1n, dhi te. 
v,,rhich h 11 r a t~ vi furth r tr, u iti n r ~ rn1 th t r 11ct . h iut nu di t 
n1. be at a hi her or ~it a low r e 11er, y lev 1 th ~111 the rt'Jr t.ruts. 

Jn isure .17 -, the tiv~Hion nerli'y t7 r the pr du 'ti n of th intern1 di te is 
, r~ a r th n1 th tivation n r y .tbr th iu't 'rn1 di t in t th) pr u t . his 
n1 ns t l _ · t rh fi ~t t p is. rh rak -deterrninin gt pi. 

u r ,,,.17 b~ th · nd cti ti n en r y i , r tor. a th n 
r r .. t n inin r p,. 

(b) 

Read:ant Reactan 
In 

In 

Produc 

Fi 111 6.1 Energy profi lle1 diagrams for two differe,nt r ections 

Pseudo-zero-parti 1-ord:er rea1ctio1n _ 
1 ssi 111 le of J udo-z 1 - a r il 1- rd r r ._cti tu . r~ th ) 11 zy111 -

1l'\ tt ]y re ctions: j n livi n or • ni 111 • 

h t i , f , ti n p n s I h cone ntrati n of th n yn1 n n ion h 
I on "ontr~uion of th substr~u . 

~im. lifi d ex_ I n ::ati in f 1ryt11e tivity i. th th llZ)'111e r _ idly . 1rb1 thf; 

.,ctant ,.1 n ~l wl y '"ouv ts i to 3 pr u t tb 1t i th 1 1 r .it idl) _ I t1s d by the 
nzyn1 ( i ur h. I ). As I n s th r i n u h r tant (th ubstr t~) t ._ turat 

tho ,_ 11zyt11~'1 th~ re rtiou rate i not incr as d by in -r asin the c n entratiou of 
r L,, ta nt. h fli! 11 • th r . ti n hL ln J'P r nc :z ro p I ti 1 v n l1 u h thf 
u stra t nt -r. th~ n1 ·hani n1 er. r th r k ... u~tcnninin 



l 

Substrartc 
approathing 
enryrri 

Sub~ trL,,tc: 
bonded to 
r,zyme 

Product:; 
bonded ta 
r,zyme 

IProdu~ 
!~aving 
~FI yme 

If rh~ con· ntr. tjou ofth ubstrL t dr I'' to far. th nzyn1 cc~Lli s r :i,~ l1curated 
iit1d the re ction t , · ,~oml;! s dop nd nt n thC' ,concentration of the ~ubstrlltc. 

Catafysi _ 
11 U 

h a r l JLt.ilysu th .. 1t .. r, in di r 11 t phl s fr n1 th r icc~nu. M ny ind.u tri:il 
p,r,oc ;se use this ty e if c: ta lyst the'Y h v:1 tb .1d ant · that th ,~ ttly&: t c n b 
s pl-rated fr,on1 thl quHibtiun1 u1i .. ·tur by shn1 l phy~ic,11 n1e1~uu. 

r :~a1nlll ~ th s lid iron c.: t ily c in th H r 1,r, ~u is in di er nr r h'1~· fr 11n 
th nitr n an hydr ~n~ nd t ys in th rc1 cti n eh mb r th p,r duct gase 
p, ~i thr u, h. 

A simil._r m _eh ni&nt occurs in a]n1 st al1 ,n ta]-ieatal ed gaseous r c·tions. h 
t ly c h'n tiv sit n its urf ,c th t r I idly b c 1m satur t, d by re t 11ts. 

which . r th 11 slo\l 1y nv rt int, iir du ta. h~ ~ th n l\? 1v~1 th n1et. l . urf c:e. 
thus H l h1 B rn re ot th role t nt to ds rbc cl . hh tnc tu th t tl1 r t ., of l 

11 i n t lter d y n incr · s in pre su · 1 the a u re et nt . hi · i 
true 

th H r pr c s. i11 hi 1l tbe r ,c ti n b t,v u nitr n nd hydr ME'll i 
talys ' l y ir 111 

eh n11e nufucturc , hydr B n fr m n, im llld n1cth.11 , \Vhich is c tnJy~ed b 
ni '""k J 

- th xid ti n f m.n1 ni by ir. \Vhj h i s c t ly ed by p,l ·tinu n1 

h s ra cti ns r " Ii zor 1 
1 rd r ,vith r s t t b1 th r . , t nc , s s, u11! H th 

pr s ur i very l \\~. 

A ty1~i l r tH 1 ,v uld b 

, d orbed r 

f at ly t ~ 3dsorbc I rcactu1t 

-+ dsorb d product 

fiut 

sa ou product + fr .. at1 lyGt urf c fiut 

I 0110 en OU C t ly t 
h c t lyst nd the r 

olution. 
r in th 1n ph se. ith r tho 8 ph s . 

or n1 

FI ure 6.1 



ho. r~rt I f re~ ti · n depends n th c n 1 ntr tions f the Jtalyst and . nc f the 
r ,, t , nts. i\ 11 e 'nnpl is th~ i ti n f i i ns by p rsu ]fat i n1: 

(1q,) + I l a .,_t:1q) ..... 12(• J) + 2 42-('lq) 

his i,. I 1,v 1 1 ri ,1· be . us it r 11.-11, ~ t\V1 n , ativ i n t Hide. h r th:ri n is 
t lys by ir n(in) i n _. Th~ c t lys d r utc is .. 'd ti no i id i ,ns hy ir n(u 1) 

i n ~ 11 n w d by r ducti 1n f r ulf t i t g by iron(n) i ns ~n - fh r 1 n r~uio11 
f the .. t ly t f i ron(u1) i n1: 

· ti n 1 2 · -r~ ) ) l.2( ) + 2 .. ( q) 

J=lc crion "'J J 2-(., '-1) -4 :! 31"(1q) 

hi r ;r·ti 11 i 
i1 ns (r ,cri n -) n, 

'ions tr · ·tiou ]) t . 

Jt lys d by ir ntn) i ns. h c r ,piidly cdu- eh pi rsult ~ 

r I xklh t ir n(! u) ions~ ,vhich 'th n r, _ idly . idise l dide 

Altering tJ,e order by the t11etlt1od of exces reagent 
n i _L!r r , tion: 

.2A + , + 
he rll tc oq UJ cion is of tho forn1 : 

I 1 v .r.. if the initial c:011 ~ntr ti 11 of is rnJde at l sr t n thn . that t A, th 
,h J ng in r ] _Uri 11 Ch~ r~aC ti n \Yill b n Jigibl . hi Jn~, 11 th ,t [ ] JS ~on t nt 
,vithin experiln nt~1 i rr r, n o thE r. t e u ti n ~c n1 s: 

\Vh T th n t nt = k th I proxin1 tely n t nt v lu f {B)ll. 

he . lu f p (th rd r \! ith r 1 !il t , tu1 y th u~u ] 
n1 th ds fiui.ti 1 r te or h 1 .... ]ifi. If th xp rhn nt is r p t with 'the s n1c initi 1 
'· . ncentrati n f A but 20 tinll.!i ~1 1nuch B (d ubH1,1 th c n ~ ntr 1tinn I l B tron1 
th fir to., pcrin1t111t) t ho way in which th initi .. J r cc ]t r \ iU d en n U 
with r p et t , . lf th r t doubl ~ th t cti101n i fir rd r ~ ith r 
'th r~lt , u. rup] s.~ th re ·ri n is ,c nd r r in B. 

ft I n C ly -
e con 

h~ va lu f the 1 \tL' c in .. ta nt de1 ndg tl : 

tl c n1pl . ity of'th n1 try f th n1 l culc . his i 1 c lled th 
f ctor. lf only 1 in l I c Uisio1;1 s cc u rs ;V}th th c rr t ori "nt tioni th 
·.1~ . r equrdr1 . I . " hh .1 "tor is constu1't r p It ti u 'l:1r rt: :1cti n. 
the , ctiv tion e11ur y f th r cti n 

rl~nt ti n 
ri nt ti n 

'Jh · ·U li n n ra:: .. i d t•n d t h n1h1 rnu111 n rf " lh t the 
n1i u t h L , In l H J n ~ 

th t 1n, er tur 



Remember that re ctions that h v high activation ne1rgy have1 sm II value1 for the rate 
coinstent and ar • ther1efore~ slow t room temp reture. An increase in tempe1ratu~ increases 
the value1 of the rat c1onetant and so the re 1ction ia f 1&te,r. 

h ace nd ,nd third ract1 rs c. u g eh, r t c ust nt t :ic pr porti n l t 

(- :1/R 1 

\Vh r ' • i the c tivatio111 en r y. R h th 
kelvin. 

cou, t 11t nd is th 

r ults in l r e nes tiv sin 11 v lu r th 
r. t n s c :1 n ·t. A . t ]yst c c I t iv ly ] w rs the • , t iv ri n n r, r ( by p1r vi ins . 
dHfc r nt r· ut,c for the r~ ,-'ti n). Thor, fi · r • the .~ n nt b , n1c le nc tive nd 
k , t ] rg, r ~ n d th r t f r L cti n in c r s . 

A ris in tern1 er,Jture inc:r, g the d l1(Jlltinati.Jr f the ~ ·pottenri I rernt and n13 e 

it 'V lu l n tiv ~ 1ncr sin th. v. Ju t" k. his 111 , n hat tb~ r t { re cti n 
in r · s lS, h r l 'ti n hip b c,v "n th r t onst 1nt n c 111(, r 1tur is d )crib d 
by the Arrh niu c u. tion: 

Ink~ lnA - RT 

\Vh r A is c rut nt. 

It th v lue t th r t c nstant is 111 " ut· t diffi r nt t n1p r tur s r ph n 
b' 11 tted f h k 8· inst l/ T ( 1r , r ph f ln(1/ tinu~) h1gt 1/ T). he r ph 
\Viii b tr i ht line ot l - .:./ R. hi· n bl g. th ~ -tiv. ti 11 n rgy t b 
d tttrniin ,d. 

- - -- ----- -

Th s, cond--ord r riat constant for the reaction of 1 .. bromopropan with aqu ou 
hydroxid ions w ·a 111 ur d function of ten,p r ture. 

CH CH.CH Br(aq) + OK"(aq)-+ CH CH CH20H(aq) + Br C q) 

Th re ulta re hown in the t bi below. 

25 298 0.00335, 1.4 )( 10..Jl 

6 30 0.0032 .o ~ 
45, 318 0.00314 6.8)( o-4 

65 28 o.ooa · .4 >< 10-9 

- 8-9 

-s. 
-7.3 

-e.0 

Plot a graph of Ink againet 1/T. M asur the slope (gradient) of the lln and 
henc - calculate t11 activation en- r,gy of tl,e reaction. 

The rate1 of rea ctlo n 
t p rticul riniti I 

c:onaentmtion 1of reactant 
is proportional to the r te 
c:o n ta nt. This me ns 
that graph of ln(1/time) 
against 1/T hes the .ame1 
lope as th graph of 

Ink geinet 1/T. This i& 
true prov idi n~ th et the 

pproxim tio n th 't 1/tim e 
is maesur of th rate of 
reaction is reaeonsble1 



The et ivation e ner y is 
a lweya posit tve bees us _ 
it ~ the r nergy th t the 
colliding mo lecul mu t 
have ror a re ction to ta k 

[ pl,a_1ce_
1

·--------

•••••••• •••••••••••••••••••••• Th t ,mperatur1 1 mu · I , 
In kelvln. Th conv r Ion 
nee ssary I c = 
(x '1.73) K. 

11 

S_ - Figure 6.119. 

- L7 = 1 , I ~ur, = 
0.000 ... 

... 
=-

R 

E. ==. lope R 

= -(-73Ql ") >< 8.13 JE~ 11 mo ""1 

= +601 0901 I 1uol i 

=+60k1mol 1 

----------

.... . . 

-6 
..E 

-7 

-8 

- 9 

,~ 
.-L, 

I r-,.. .._ ____ ..,.. 

c1 0.00.3~3 - 0.00310 
• 0.0002.a 

- 10..._ ___ _,... __________ ,__ 

r-1 lll 

0 .0030 0.0031 0.0 32 0.0033 0. 0034 
1/T(K·1) 

Th activ ~tion neray of th - oxid tion in _cid solution of iodide Ions by iodate(v)1 
ion c n b found by 1KP ,rim nt u iris, clock r ction: 

PI ce 25 cm3 of solution of pot aalun, iod t-e(v) in b ker nd dcl 5 drop 
1of ta rch solution i 

• PI ce 25 en,3 of olution of pota ium iodid nd !5 cn,3 of _ olution of 
sodium thio ulf te in noth r b sker, Mix th two elution ,, tart top cloc:k 
immedi t ly and stir with a themiomet r. Re d nd record th temp rature of 
th mixtur . 
Record the tim when the olution turne intens - blue . 
R p t th xp rim nt with th s m volun, of th , olutlons but at high r 
t mpar ture. 
Repeat the exp riment using t least two more diffe1rent ten,p ratures. 

Th quation forth r action L: 

IO - (aq) + sr (11q) + t5 (aq) . 31~.(aq) + 3H. O(l) 

11, - iodin produced th n r acts with th sodium thiosulf t 

I. (oq) + 2S Q, - ( qJ 21 (!q) S40 / (aq) 

Wh n II th odium thio ulf t h be nu d up, th n xt iodin th tie 
produc ~d f-orn,e n int n lu colour with th _ etarch. 

The r au lta r hown in th ta bi below. 

136 

4 

14 

0.0074 - 4.9 

0.0217 

0.0714 2.e 

25 

40 

,eo 

29 

a 
3 a 

0.0033B 

0.00 9 

o.oo 00 



Plot gr ph of ln(1/tinie} on th I y-· i ~ainet 1/T on th _ -axi . 

Me_ sur th etadi nt of h lin nd _ valu t _ th _ ctivation en rgy. 

You may a um th t th gr di nt of thi lin i th n, . th t of Ink as inst 
1/T and th_ t it_ v lu is -Ea/R. 

An 
e Fi,gure 6.20. 

0.00300 0.00320 
f ! , 
[).00340 

-2-------------------------------

- l 

- 2.3 
-4 

--II 
,.E -s 

Fi ur G. 0 
.... 

~a.client of lilw - ·· = -63 B 9 K 
0.000 ' 1 

As th Arrh niu equation is Ink= - E. + a conat nt, th 
RT 

gredi nt qu la _§_: 
R 

E = -gr1dient RT= -i(-6lS1P)1K 8.31 rK- l lnol"' 1 

= 53 090 Jn1;ol 1 = + 3. 1 kJ m,ol""1 

ur _ If 
Th time for 10% of a r a 1ctant to r et was m eur d t diff r1 nt 

n1per tur 1B, At 25QC It was 40 . nd at 35°C it was 20 81, Calculate th 
ctivati on n rgy. 

mm ry k 
M k s u r th :it y u n: 

dr 
r cb n 

• 
r~.i ti IU 

i triburi n curve nd ug thcnt 'tn ~ 1 in th ffi et 
in t m1 Tature on 'th r t of'r cti u 

err et 11 in r · s in r ssu re 1 th r t f h 1n10 neou s . s 

h k eh t y u c n ~ cri ori111 nt 1 111 th ds fi r foll , i D 

• citr:Hi n 
• c l ri1n . try r infrar d 

l H ch~n 

-~·· ....... ,., ..... , ....•.... 
Four or flV r ad 1ng9 t 
dlff r nt t mp ratur s 
would m ke th I esult mor 
r II le. 

.. ·········· .,,,, ..... , ... ,. 
N1ot u, t t unlts of 
th gas c,onstant. R_ er 
J K- 1 moi-1 nd so th 
ctlvatlon nerrg wll I 

C ICUI t d !n J n,01- 1. 



_ v lu111 f , pr du d (or ]1 s I f t11as l ~C'JU , t. as "'V ]v d} 
thnt: tor visible c; hau e to b hse rved 

h .k t 11 t y l l C l.'l: 

d du c , rd r f ro1 . i n i't i 1 r. t s 
dtduce lJrdcr ro1n conic "ntrati u-tjn1 ra1 hs 
wri't the r t u 'ti ,n iv tl th p rti ] rd rs 
·al uht th v lu f th r t con~t nt and i s units 

r I rd 'r . 
diffi Nntiat b t\\r ~n h 111 _IU!OU .n1 h tero f nt.:011 .1taly! d r ctions 

1 ) r - rhe di tributi 11 r,f ener i~ of a n1i tun~ 
hy r n nd i din~ t t m or tur "1 i and 

't l ~ ~ r t n1fl t ' tur , 2 • 

x J,lin. u1 t uu~ f 4,;;t1~r y an rr qu ncy f 
oHisions, ,vhy h r a ~uo11 b tw ~n l ydr g n 

,H1d iodin~ iR l ,,rcr t th~ l ,vor tetnper, ture . 

c) Whi h I et1er ) Ld fr qu 1icy o , oH ii 1:18 is 
1 n re in p rt n t in c au sin the rat c d c r , se ? 

d Wh' .t i.!ff~ t w ul n in r c in J r s ur hav n 
th fr qtuni..: y 3nd ti nc1r y oft.: Hi i ns l ttd henc 
on th r t f th r ctio11? 

tu. iun1 m ugan· t (vn) r l ~ly ~ith 
s luti n 1 cha11edj ic ci in dilut su]furic t 
ro1 111 tc111pe r tur . h u ti n i1: 

2Mn 4-( ,q) + 611+ (;ig) 5,( 
2Ivh 2+ ( } + · H.., 

e cr1b chc11,fcc1l 1n~th d by which tl 

f hi r .= ' cti u c tfl 1 b fi 11 w I. 

) lt thh r ction is c rrie out , t 1C n 't nt hi h r 
tcnipctatur , thu ra.t Jt 1 rst inert.!~ s s 3 nd th n 
1 wg ,wn. u . t n J. n ti 11 f r thj~ l nd 
ug tan ~·p_rjm 1 · roe 1 1rn1y u I rp t ll 9j 

for the in iU I incrc se in r t, . 

3 n i der t h re · • ti n: 

It - j s tl u nd r b s rond orde1~. Write t ~ rate 
qu"' ti tu thJr fit hcsc d~ t 1. 

he in ti ""S ot th reacti n: 

- 21 I.s l + K _ 11 --+ 21 ls I I + Kl 

re rudi, '"f. h ·fi n \ .rit} 

i11itL I r t \rVcr 

2 0.401 0.10 4.4 X 0-5 

0.20i 0.20 4.4 10.:-S 

th p:irtfr\J 1rdera I fr action \Vith r, a11e, t 
thJ n ( · 2H s;l), ~1.nd l r s h1n1 hy r xi . 

b Writ eh [.tt "'qu · ti 

c) the •{,aluc I he r ·t c, nst 11t • t this 
ten1p r rure "'nd ivt.: it units. 

"'- ;J 
:? it' ~ n~ 
k Ill th d. 

2' ./· ( q) + 12(aq) 

) ck 111 th d . 

h~ initial rat s f ri.: a~ tiot1 ,v~ r rn su red t 
dt ffi rent c nc ntr ti n . l ~ result r how11 
b }1 ,iit. 

0.050 



7 

c) Writ~ the r. t qu tion Jnd c lcu l t · the va]uo t 
tbt.1 CJ\ C 11 t111C. 

" h dat I in ·the table ref r t 

nd I 

0.20 

rea t1 11 bctt\V en 

h r ti n b c,v en 2-br rn r p n Jnd ;.; n o. e 
a uu lution of s ditu11 hydro .. ·1.de is :is foll ,vs: -----------

In an x ncentr ti n f th 
f 

ents r the 

. [ t tan u = 

rt ft u n = 

b) In t1 XJ'·criln nt f 2-brotni pr pJn~1 
\ s n1 su red t i nt rv:i Is 1 'tirn1; . he st rtin 
on 11rratii n t a h r . t nt \V s . lO ,nol dn1-3. 

Wh t w uld b tht: r lativ v lu, f th sl pt:s f 
t n nts dr, \Vn c r,l ph ol (2 br ,1n pr p nej 
rol ahl r thnt.: t tile J 1Ul \-Vh re [2- l t 01\l . 1 I ,:l, ] 

utth 

o.a 
0.4 
0.2 

0.1 

,dur· 

. JOn1ol din- r1nd O.U5 1 n1oldn1- ? 

th 

u 111 if,, th · pcrhn "nt to find 
rde1 s f the t...: r ~,n ts? 

t c,v I diffi r nt r 1 tiou w IP 

rc,su Its re hO\\' n in the tl I . 

20.0 0.8 2.2 

--9.7 0.4 4.3 

19.9 0.2 .s 
20.4 o. 17.0 

th r u ~ti, n . 

0.07 

0.04 80 

) Pl t J r ph t [A I ns timo. 

l>) Dra,v 
[A] - . 

at rAJ - 0.1( n1 ld111-l ud at 
n1 . M a su r t h slo t b t h 

IU\V rs ft·o1n (b) to tinl tc 'th, 1 1rder 
ti ll. 

,. h v lu s of the r 1t c 111~t nt, k~ ~t diffor nt 
t ntJ' r,.1tu I s fo1 r.h I c1 .1 kin of th._ n hn 1 )th u 
nd hydr · 8 n ar iv n in the tnblc. 

720 

rrllc niu s " u ~ui n i : 
- -1 

ln ,., = ln .i:I - ___... 
RT 

) 1 r 'Ill rJ h I rfh1 R • inst 1/T-

IJ Mc sur f the !Jn n h nee c l uJ t" 

th . lu e rth activati n ener. y U i r cti 1 • 

c) U,w the ulate the v~lu~ o:f che .rate:: 
n t nt t t, n1 r ur I f 7( I . 



m r q 
I h ~ re :i c ti on b 1 t,vc en s 111 U. q u J i z d I tn1,, s 

f \ tl iun, '":lrh n.uc, n1 i, di1l1t~ hydr ch1 ri 
cid \cV3S studied t djft~r at t 111 c. ru res r. 

1l1e cid in xr ss nd th tun t· k n for th 
1 - u ti n bubbltis t tc,p v .,s J te1 u1in -d. 

5 l c1n3 f0.5 nl I - hy rhl ric , cid \VCr 

dd d to one lun1p of et lcituu ca.rbon .. ·te of mn:i~s 

.... -. h~ tilnc f r bubbJ du ci n c, t 
-

wm~ n .1n11 • b t: 1n1Jts .ire sho\Vll il1 th tlbJ . 

& 1 

17 
69 25 

3e !5 

1 50 

· 111,p,I te the tabl . (-) 
h) . -.. lcu] t the p re ntag by 1n Jes f th 

• id u ed up, in th~ ,q.,er.in1 nt. ll.?nc • 
u 't w h th r 1 /tin1 is ,. . r~ I s 11 bi 

l!H;: iU I of th~ rat f f.'l:3Ct10t\ . (3) 
, ) I J t r h f Jn ( l / tbuc) ~ inst l / • 

ltl 

·t n11 rra tur > n d 1nea!:n.1 ro its r .1 i .. nt. ( ) 
d) Assun1ing th t the n1di nt f the lin 

th · 1ne a thJt ot th m1ih f ln k a, .. 1iust 
1 / T. I ut t the l tiv ti n e 11 er f r h 
r cti n. i sisn an units ,,rith ur 
n. v ,r. h~ Arrh niu .u lti n is: 

ln k = ln .. t - Ra 

( l~ a cc nst .. 1nt R c:::: .3 !J l - ~ Jl1 1- ~) (3) 

) Assun10 that the ro ction is first ord r. he 
unit f r k ~r~: 

B 
1) I) 

n 

1nol 111- !CL 

s - ] 1dll1 lll 1- 1 s ( 1 ) 
h val u I f /lH · r thi r ac ti n 

is - 151 ;J Ill 1- 1• .Jcul.1t I th lte.\'t 
n r, yr 1~ s .d ,vh ,n 0..... g f\:._ lei tun 

... rbou, tf r_. ts, ith 5,0cn1 fdi]ut~ 
h dro hl iri u,dJ. H n'"' • cJkufat 

th' t 'lnt ratur ha11 .·~ dudn th 
reactiou. 'The lutil n h · spo, ific 
h · t p~ city t'" 4,.w ] g- 1 0 "'"1• ( ~) 

Witt t _tI t \Y idci this have n 'th 
a · u r cy ot th v 1 u 
n r y? 

tbc ctivati n 
(1) 

( ' t I [ l n1nr ) 

8 Kin tic& II (Topic 1.8) 

3 

2 he aJ kl line h}'dro,lysi& of --chlo,r, but. no. 
I 3 l J 5• \V s tudi . - h r s ult 

re ~h wn in the r blc. he cqu ti n f r the 
hydli Jysis is: 

13 r l J :! s I - -+ 
H] H( H) 2,Hs + 1-

0.20 0.20 2. 

o. ,0 0.10 4. 

• j 1 :1duc .. 'th, r-d r fr~ cci,on \Vith r e11uc t 
r 
i) 2- hl , robuc.u1 
I ) hyd xidc i ns (4) 

h) rit th _ c i..tu ti n f r this 1 • ;oti, n. 
( l) 

.) l .,aJcul. to the r~u c nst 11t. b s d on th · 
dltJ liun1 o · ori1ncnt _. ivo your uns1 er 
to t\v, i nw ant figur Jnd i11c]ud 
unit. 

d) - r \V th tn "' -h 1 i 1n t r t hi r 
th~t · on ist nt with y1 ur ~ns, 
in, ludin r, I ,v nt I n irs I f 
1Jler rn t1s. 

ti 11 

t) (b) ~ 

n1or f prim ry 

(2) 

(4) 
,) If , inBl o deal i 

h, lo n Ik n h. h n us • ,vhLt ''IN uld 
b th n th l no ot 

lip;ht? ( 1) 

n 
dirr!rti1 n 
It ,, uld n t r t .. t it 't ll . th 
p1 lu t \ - u ld n t be I I i r I 

I It "\l . u ld u t rot t~ it at ~ n ~ .1 mi, 
rni. tur \V s b tain d . 

( -t l L 2 11 a rl ) 



I nulf1tr 10n • ,, 8
2- . ,ar > rcdu 1 d b i didc 

i ns a c n.Hi to th qu tion: 

( q) + l2{ ) 

n) he sttuctur~ of the pc,reu lt)t i n i~ sh , n 
in i ur 6.2 . 

0 0 

-0 
\ // o-5 o- o- s 
// "' 0 0 

th ocid d n numb r f . , , n 
in thi! ·ion and itc the 1011ic h I -equ. tion 
fi r its r du -tion . (1) 

~ ) sc1 ihe h , you could fi 11 thi~ 
(4) 

f potas~iu1n iodide ot on . ntr ti1 n 
2.01nol d111- 1 \V r 1 n1i" ~ ·,vith t ._c _ f l _ 

c t lyst f i 1n (u) ulf t ~ t ,n, y r~acti n 
to1 k b e~. h rcsu Its f th~ XJ' ~rhn nt .1re 
sh wn b low. 

60 
100 

200 0.076, 

300 10,088, 

400 0.0 4 

500 10.0 7 

I) r ,v a r pill 1l 111] n th )'-
ainst tiJn n the .. ·-,l x.·s. ( .. 1) 

H !i y ur ra~,h to 1Ci I ul t eh~ ini'ciJ] 
rat · , tion ei her b~ drawin ~ 

r by oth r m ns.. t .. ) 
U) rin1 ur ~as r p~ u t~ I but 

usin . dium rsultat s luti n 
f I nc~utr ti n .0 1 n1 I dni-3. 
ho i ni ti I r t , 1 u nd to be 

2 I )( 1 o- ~ 111 l d111- - l , Wh 't 

iui4 ·rn1 'tio.11 d r. this ive abou't the 
t rtiJ.l r r c J n t nts. 
Ju ti y ur :n1 '1{ r. (2) 

d ) h p rim nt \V l'! fir t in it 
t~nlpf 1-.,tur of 15ri nd then r pcated at 
,5" . It ,v. fi un th3 r th r t , ns 1~ 1.2, 

u b l 1 d a r t h c hi h r tc u 11·H.: r, tu r , . Us th -

l' "P,TC. si l1 b lov to uh:n: tl C Vl]U "I f 
h tiva·ti ,n n r . hi r a · tinn~ , ivin 
_ si n ~nd unit i rh your 

(
k2 ) E ( I l ) In --1 =- 1~ - -
kl R r:,I T2 

R = ,J,,tJ Ill 1- 1 K- 1, 

( L, l 1 7 I l" rk ) 

y ·l p· pnn ~n e 1 11 ..:rt d int 1'ts is iu r~ 
p r p n by he tin t 5 nc · : 

C: H2 I __ ,...,.. CH,CH= C,I\ 
~iC: C~ 

0 
s 
a 

o.o 5 

0.023 25 

0.014 35 

o.oo 5 so 

* ) Us the d in di t.ibl t pJo·c J rJph 
f .. n n trati t1 (j,-axi ) Jin t tun 

{X- X is.) I 

b) M !Ulr throe c ns utivc h lt- livc1 -u1d 
( ) 

h nc;e de U.f" _ th ~ riJcr of th l r a tioL. (3) 
1 

) ulcuJ tc 1th v Jue I eh r t c nst nt. 
at tin its unit . 

' c 11 id r , ro ·ti n th t h u tw - t p 

(2) 
Ul r k ) 

uu~1 h nisn1 in ,vhich b th st_p art -~ c,thtrinic. 
t ~ i th rJtc-c t nuinin stt:p~ 

c l : A + - -+ in term di t 

te ""4 : A + in ctrn1odiat ....,. 
) \l:' rit th ll qu ti n t r the 

re it: ti n. 
b) l r., v,,., the r .ction 11rofiJa dj r 111 

th r raH r a ti 11. 

, ) I r diet tile Ii t qu ti 11 f r tl 
re ctt n. 

(I) 
r 

(4) 

,p) 
d ) I ~ uld h u L ti n dif • r if' step I 

I th rat de t r111i11in. -step? { l), 
(']J tnl 7 n1ark 

Ex m pr ctlce queatlon 



I 

hir Ii ( • 
PI 

q ir d y · r ow -

· tru tur'11 l. ,111 ,, r nip und wfth t h nn1 11101 r'!lu lor ft r-1nu l :1 
but a ,r nt tru turol t . ,rn1u ln". 

tru tural is n1 rs c n b~ divicted int. 1 thr · 
.in fun ti n~ 1 , r up. 

te rie s: ~ rb ,n- hain1 l' siti n l 

C airb,o n -eh a ir1 i so rn e ri s,m 
In . .. rb n-, h~ in I n1 ri 111. th diffi r 11ce b t"v 11 th i ~11, rs is th h~n th f 
the Lr on ·h in. r n1pl~~ it th 19 n1pound, nt in tour rbon ut tns. th )' 
,. an b~ an~n1s d Hh t,v di • rent chL1iu len. th Fi ure 7.1). 

C: 

c-c-c-c: I c-c-c: 
C: 

I 
Skeleton A Skelciton B c--c--c 

Fi ur 7.1 Ch in lengths for four e-mon FI ur 
tom compound 

N te rhrtt th c rb n cloton in i ur.c 7.~ h th s n1e s th .. t of A. in Pi ur" 7.1 
be aus they b th 11'"ont in a h· in off 1llr carb 11 to:1n 1. 

he b n d . ni le a ro u 11 d • sv h y b d is 
1 ° r *>< 0 f r i 1npHcity. 

Posit i1onal i, 011,erism 
h V thi;: 

1 rbo11 ske] t1on. _ . r ex 1u1 I • ther 
In one h n1 r { r , n- 1- I 1.) r b -
Jt4,; 1 rh r ( r p.in-"- 1) it is b n . 

H H ~ 

rb n :rton1 is I ~ , but is oftc n dr ~\Vn ~ ~ 

th nd 

r 11 t 1 (:llti ns n tt 

31 la I 

n led t Jn nd ,3rh n 1ton1; in 
r on · t 1 n ( igu r 7. , ',). 

- ! ! !- OH 
I I I 

~ nH H 

I~-! ! !-
I I I 

~ ~ ~ ~ ~ ~ 

I UI 



Draw nd nam th tructur I iaom re of C4He3CI. 

Th re Fi- two w ye of arr- ngin th= four earbon atom {Figur 7.4). 

C 

I c-c-c-c C c-c 
Skeleton A Skeleton B 

Fi lH 

Th re are tv-Jo po itions on th four-ea rbon sk le ton for th chlorine rtom (Figuli 7 .51)i. 

H 1-l H H 

I I I I 
1H C C C C 

! ! ! ! 
1 .. chlcrobuui n · 

Fi ur 7. 

The re I eo two pas iti o,,, 
(Fi,gure 7 .6). 

~ H Hi 
I I I 

H.--c C C 

I ! I H H 
~- -- f.JI 

I 
~ 

11 .. ch la rnmetfiyl pro~ a r,e 

F1 ur 7. 

Cl 

H 1-l I H 

! I I I 
Cl H C C C H 

! ! ! ! 
2-cM1lal'IDbut nc 

on th thre arbon akel ton for th 1chlorin a ton, 

~ 
Cl 

~ I I I 
H-C C C-H 

I l I 
Hf.Jl - c- ~ H 

I 
I~ 

2 ~ h lorome!thyl proic an e 

Th -· e tructur can leo be rep~- ent d by k I tal formula ( Figur 7. 7 ). 

_.,_- c1 

Cl 

Cl 

FI ure 7.7 

F1unctional-group isomeris1r11 
Jn un u -nnl -zr UJ I 1u -,i 1u. ch~iio1n rsar nu~1r1ber ofdiff1.;1·tnn hon1 lo us 
s ri s nd. th ·r, fr~ h Vf ifrr nt functi n· l r u(. r m1l. th~r r 
t\V is n1 r of n1 I cul r t7orrnut1 1116 . 11 i -n1~r ig th'-! .1lc- h J th.1n L 

H 3 ~H 2 ~I : th tb r · the th~r n1cthoxynu:i tl1ano. · "'H, > H . 



/ C 1-1~-C 11-1., 

/c= c 
H 

FI ur 7.10 

H 

•••• ••••••••••••• •• • •• 
A way or r m mb rln~ this Is 
'Z m nz on ze z me z Id 'I 

I 
tereo1 ·,1n1 r · nr~ 1 on111 nut ,vlt h th '1tne 'trul~turol l11r111nk1 I ut 

, hl 1 h h n th • t 1n 1 d dUf r nt'II In pn ~ 

h r are t\vo type~ or ter 
. 

in n . n1 r.netri nd I ptic J. 

Geon1etric 1i orneris111 
1 n 11rl 111 is Js 1 1 ~tH d ds-tr,uu ir ,_z ison1c ris1n . 1 n 

t:hen1istry it 1s cau s d h the pre ~ n n of a fu nctionll roup th.n reSitrkts rotation. 
r , x tupl . a = r u , c n i t , 3 a- b nd. whh:h H s 3} np; the .. ·is t\v 11 

th t", "Jrb u an.lnl .. n 1t-b 1n , \Vhi his ab \' nd b l1 i\ th. t ~ ""i ( i ur 7. ). 

F mo7.8 

. r r t:1ti n round the a-b nd t ur, the 11- b n I ,v uJ t h 1v t br 1k nd th n 
ref rn1. h n 'r r uir 1 t d this i f ~ r r t t r thi · ccur Jt r u1 

r-nipcratu re. 

Al t1 ex] 1bit n1etrh: i tnt risn1 if th r ~ diffi r, nt r1 u I e:J h ie rb 11 
si1n1 ] sc cxa1ni,lc i but- '-en . \\'hi h has. 't\tJ e n1ctdc 

1--1 C: HI 

/c= c/ 
H CH:s 

tl but,,,2•ene tn,,;s .. b u t•.2 •enc 

FI ur _ 1. 

H 3 roups ,~r ou the s.1111e sido of the doubl~ h 1nd · 
i I s. he, f? t c tn · un ar iso,1n r 

r di N tU r 11,1s (- I , nd 

, th 3 c ~ rb n t ms in th 
7. I 0). 

T t your elf 

1 Explain why 1-ehloroprop-1- ne. CH3CH=CHCI, xi t& a- two geom tric 
i omere wherea 3-chloroprop-1- n • CH2-CHCH2CI~ do a not. 

h /Z ., l 1n . f n n1 il1 i · n •~ r nun t l be kn ,vn. ut tt eh e - t . 
- ... rou1 is JS i n~ci a priurity. h~ hi -h 1 r th~ ato1nic nun1b -r f th~ ,at LU 

rh hi~h r the1 pri rity. If th t, high , 11ri rit to1ns r , r u s r on 
Ii 't; rent sid~ f th r up, th~ 1111 ound is th~ .. -is11.nu r. hufl rrt1H.-hut-2-~ nt2 

is ll c llod E bu t-2- n nd c:is- ut-2- n is - lJ d ' -bU't-.2-cno. 



l f t\V diflbr ' nt roup,s r b -na d 'thr u h c rh n tr n1 s to the r· 1u '• t hen 
th n ~ 1ith th , , r t •r stun o to1ni nu1nber · h s th hi ht.,r pri rity. hu · ~ 

il-715 r up h hi l1 r priori't th n ~ H 3 , r up. 

rr1 tric ho,n rs h v eh 9 n1 h mic~] ro ~crti s. ~nd sli htly differ n t hysic 1 
proi"lertics: 

-:1015 

z .. ut-2- n -1 9 

+3.0 

+ ,8, 

nuiltric hon1 is.in n , c ur in cy li · c n . 
l"01 sibk . w11~,n chlorin dd 't y l hQ n~ 
jg 111er is 0 1 tned (- igure 7.1 I). 

~ ~ Cl 

+C1::i --r 

H H H 

Fi ur 7.11 

un s in ,v'bi, h rotati n is n t 
u ... t'1 p ssibk 1n tric 

H 1.,..1 r:1 

not 

HI H HI 

11,1 r i~ forn1e iA vki nee that thl' g~ c 11icl <:hlorhu: atiau1 ll1dds 
si fr, n1 the tJr"t ,ch lorine. " his is - Ucd t.-,uu dditi n. 

n1 tri.c is nuffi gn1 ls ccu r in son1~ tr~n iri · n ni ta I 
p,l t1nun1(u) ,tl rn1 plan r , o.1nplt' es with four H and . Th 
xi t1 a tw m 'ttic i 01ner ( i urc 7.12). 

,~-din mm in ~d ic:h lor p l~tt·n u rn(11) 

Fi ur l .1 

- he cis-is n1 rir (kn ,vn s 
in rh cr~atn1, nt 1of I tuiccr. 
p rticu l rly su c tibl . h 
b~c~us~ , isplariu tops the re 

Cl N~ 

Pt ~ 
~ --

N1l-ll C I 

m,ns-d i mm in d it h l1aro p1la tin u m(u) 

isphuin) , nd ihuH r ds , JJtinum compl x s . re u ed 
h 1'" · 1n1~1c. inhibit , _n divjsi n ~nd nc r , Us ., r .. 

tr atn1 tu, kn l n s eh 1n ther PY~ 1 1 u ~ h ir l s 
r ,v h f h:iir. he rraus-iso111 r has u biol i J] ~u~tivity. 

, h di- tt'tUt n1 t hod of nJ n1 in 0 1u tr1 111p,l x 
, ·01np un s. r ox rr1pk\ the re . re t'1 , , 1n1.: trk i.s n1 re f tb(? uns tur t d cid. 
2-Jn thylp ·nt-H- noi a ·id! 211 s 

C::z H!! CH., 

\ I 
C- C 

I \ 
H COCH 

E-t~cmer Z-i.,amer 

Fi LII 7.1 Th E-/Z-isomers of 2-methylpent-2-enoic acid 

I ! i advis hie to draw 
correct bond nsles 

round the C- C bond. 

.,..... ..... .... . ........... , .. . 
Cl pi tl n l31l10Ck ONA 
r pne t1on becau It I the 
correct s1, , to 1,ono to tn 
b B nln In DNA. Tn 
trens torm ea nnot do thl s. 



...... , ... , ..........•• ,,,,. 
A I rt 11 no I different from 

rlsht hand~ yet I oo s Uk 
right hand wh ,n r fl et d In 

mlrro . 
....•...• , ....•......... , .. , .. 

Non&~ u perl mpo able m n 
tnat It 1 1mposs1r,,1 to ut 
on · 1EUde tn ortt, r In such 

w ¥ tn t 'tn 1r n p 
tne sen, . .... ,,,,,,,, ..... , , ,,~ , , , ,. 
Not tJ1a't th two Isomer 
re di wn a mirror lmag-s. 

Tn W S 6 11 d S11 B ~ _ 

me nt to glV · en Idea or th 
true dim nslon I sh pe of 
th mol cul a. 

ho. 11riorit nu 111bcrs to 1: gou1~ con1n1 n roups ~r 

J-1 - C 

2H5 == 17 

Th pr fix Z i~ iv n t, the i om r with the t,vo hi h r 1i rity ~f upl on thi.: s n1 
aide , f th d ublc nd; .. i iv n t eh is n1 r with rh t, o hish r p1 i1 riry r ups 

n , :i I it~ dd s:. hus. the lctl subsc:incl.! in Fi ur :1 7.13 is 2 Jn~thyJpent ... 2-en i 
acid and eh th1.: r i Z-2-111 thylbut--- noi ·1 id. 

y ur If 
. Draw the E- i on, r of CH2CICH~C(CH3)1CH2Br. 

r 2 i om ri m 

cl al I 1 111 rl n1 do not h v ( r a~ i or c utr ) 
h~ an~ said ro b~ hi ro.1 . '. uch c tu pounds have t" o iso1u rs ·wh·ich 

ar mirror in1 a 5. lu: igo111ers. r cul] d na1nll n1 r . 

A left hand and its reUaction 

A hi .. I, ~n tr I t1 , tn hr u lo I r f1 1n , n 11 n1er .. 
wld h ri oil d n 'lnlJ i-n ,r ~ 

n n~ n U 111 r 11 n1 1r th~ 1l I n n- up ri111,(l bi I n H n1lrr r 
hn 

hu .m1 t c mn1 n c~ u e I h irality in or lnic I hcn1i tr is when a c rbi n c m h s 
four di ronc gr up r t m tt h t it. " r ~ Jrn1 l ,, th n1 und H l r 
is .. hi r J 1 ( i u f ,L! 7. 14). 



En ntlom rs or CHFCIEir 

h n n1Hk , 10 s u nd in nun,cle& 
( I 

o 1r If 
Draw the t reoi om r_ of: 

) CH CH(OH)CN b) CH CH=CHCN 

... ., :in tion1 rs h v idetUic: al r-h_ m k t propetti ~ nd th s:uu, b ,Hin t~1n11 r ture 1 

n 1 solubiliti . _ h y di ffi I in tw v •Jys: 

• Uni u ly m ng ,eh 1nic 1 c m unds4 th 'Y r t t~ th pl n of J I Ja ri1 ti n r 
J l nt.1--1' l ris d lir;;cht. 

ti J i nu~r ft n h ve di · r nt bi · "'h n i tll r cti 1u. 

,Jue sc. I ( H H) c ... H 2 H ~ is one f l ti ... al i n1 rs. luc s is th nly 
on , of the 16 that t:311 be uu:1t. boHs d by h.uu1 ns. 

IPI ane-po la ri ed1 I ig1t1t 
i~ht ,v v ,i9 h vc p k nd trou . hs in aJJ J Jun s. W h n _ rdin ry li ht is pa sed 

~i _ fP ]arid~ th lighr th.t · 11 .. , u uly h, p ak .nd tr u l i11 

hi Ji l r i id t b p lar1 d . 

A lu ti ,n t n ,n nti m r rot t 
Uzht in _ lo \-Vise diJi tiou (+); th 
dir cti n ( ) ( i, ur, 7.L,). 

U nFJ o la rh:eid II g h t 
vibrating in lr p1.:ines 

Fi ur 7.1 G Unpoleris,ed and polarised light 

t h pi n f p l ri ti, n I a ri 
th r ci11 nriorner rot~ t~ i't in 11 anti lock'\/ is 

Pola,ris~d light 
vlbr: tln91 In one pl.:ine 

Mirror 

Cl 

t 
/ , .. .. F 

Br · 
~ 

Fi ur 7.1 Enantiomere of 
CHFCIBr 

Mirrcr 

Br 

coo~ 1MOOC 

I I 
C 

HO/\• Cl-I, 
.,,c 

~.c, .. I 
1H 

Fi 1u 7.15 

Alwaya m k sure th t the 
bonde are dre,wn from 
the central carbon atom 
to the, correct atom in th 
a;roup, for xample, t"° the 
oxy, n atom of the -OH 
group nd to the1 carbon 
tom of th -CH3 group. 

,,,, ....... . ,,,,,, ,, ..... ,, 
TI1ls prop rty Is optic I nd 
pri0v!a s tn origin or u, 
n m 'optic i lson,erlsm·. 

O~I 



,oluU n nt 1lnfn~ equhn Jor ~n1uunt ol 
,1U d rn 1nl1 u i 'Ill ' a It s n t r, t. tu th 

111 an -1 11 rl d U._ h't. 

ir ction. 

l'nonitlon1 -r I 
ol ri . ti n 

h_c - t nt by r hi h n nanti 1n1c t tot t ~ th~ 1 l:1nc fr 1 .. ,ri tion n b 1n ur d 
u sj n a , 1 a -in 111 t C! r ( .. i u r 7 .17) . 

Sodium 
d lsc:ln1 rg 
lube: 

Fi d Re ian Rcu1t 1bl ;yti 
pclil:lriser tube pol11rl~er 

Fi ur 7.17 A pol rimeter 

h ~1n J _hrou h , hi ·h th · 1,1.n1c f l' . hu i~a i n i& r 'tat d d p, nd on: 

• the n tur f th en 11d 111 r 
• the 9 onccntr ion · the uanti n1 r in the soluti in 

h st'c nd fJc:t r ir. u,c ul in datcrn1inin 

r ~.. 1111~1 • th 1 tt f th hY1 1 olyf 
tho ,c:han e in c u '"ontr tiou during r J,ction. 

f au I c n fl n -\ d usin ii 1Jrhn-t r: 

121·1~2 H + [ '~ -+ I '~2 ~1-112 o 
.ucr c luc se ruct u? 

ucr s · th p,l n fpolari. ti n in n dir~ ti n nd th 111i ture f slue 
and fruc 'toso rotat(; s it in the other direction. 

h · r. te f hydr ly is 01u1 en .. n'tl 1nor · f .1 h o eno., lk:tn an a.ls I he ~ lkl, 
l' rin1 t r: 

n1 r 

1 l ne 
th 

ur · If 

I 13 J..:I( I J)< 2H5 + 1-
rJc mic .mi cur 

p 1 rh, tion of plJne- :10L .. rh d Hi ht drops fr 111 tl · 
r hi is , u th~ r 

p,l t r h te nnediat . 
nL unts t each 11· nti tn r. 

Al nin , NH2CH(CH3 )COOH, i an , nlino acid found in n, ny prot in • Draw th 
structur of th I two optic I i om r of I I nin . 



Bi1ologica l di1fferen,ces 
·,t r 1isom r h vo h s n1e eh mi- 1 re '" ions. th I nanti nt r f 1 tic cid 

I .iv~ i nti I . he1ni !ll 1no1:!lart1 s. Ho, ev~r. n1 t Liio h n1i 11 rcn ti1 n '1k 'i J l t r..1 

1i.th n]y nc f th tw cnltlti m rs. lbu r t1 n. ( H ) , H . I:? .. H 4 H ( i ) 
[. 1or c .. an1pJ 1 i chiral nd the tabl 1 t~ -v: ilabl 1 1onun ~ iaHy :1r~ r~u~entk 

J i. tur . nly th (-) rn is.. tivc s ii kill r" nd ,. 1 ri-1 11 ff nun.it r "drug. 

ln th 1 )50i. th drug th lid n1ido ,v intr u d n cur tbr In rnin si kn s in 
[ r n. l1t \ 1 ,in n. a ly~ it had not - t.in tc tcd tH Clll4..: rty c n .. su 1 i tu ra11Q fpr n:int 
n1anu11 ls. A out t 1Q11 ·hUdr i ~ wh se n1 th rs h d b 1 11 t in th Ud n1ide1, " 'eit· 
boirn . ith ~~vcro '"bn nn Uti s - 11 r . inpk. ·v~sti fal lintb . It~-.u tound sub~ qu ,nrly 
th on c,ntu1tion1 r YUt1pr s cl n1 rnin sickn sa nd ihe otl r c .. us d the birth c1~ ts. 

Two ch1iral cet,tre _ 
If m 1 cul has tw I di er, i t ch\r, .I , ntr s. th I e, · r~ up t our ] ssjbJe r ,ti nl 

t n 1 "'" hir I b c U cl A. rt has t\ 
0 

th . k,vi . - . n chir J .. ntre b 
h ~ ntn.: ,1ls h s 't\V 1n i rror in1 a e . tru tu nt~. and - I . 

h four optic~d iso1ners . re: +A ,vith +13" - A - Hh - B" +A with - E e e1nd -A 
,vith + -. h first i n r r t" t th h1n1..:, f p l ri sati 11 r pi n -p t1ri ed Ii ht 

1c1 c.ltwi.s • the se nd r t. t s i't ~ n tic lo is t y tl s 1n 1111 u nc nd th rh ird . nd 
ou:rth c eh r tat htly, dcp ndiu · on the °>Xtent t \Vhich 'th.: A an B hir~l 

"'"entr s eh ~ tat Jan 11
• 

If the cwa 11 .Iv s hJV the sant f rn1ul. (A is th~ s n1e ~ B). th n che hist t\\'o 
11·111 i in r r i nU l hi na nti 111 r i l] , th HI s,,, ~" rm. 

our If 
) Draw and n m the four tructural i omer of C3H8Cl2 • 

) One of thes exists optic1al isomers. Id ntify which nd dr w th 
structural formul of th a two i om r • howing cl rly how th y diff r. 

Sum1n1ary 
ptic 1 • c-tivity , u r in .. JUJ' LH \Vlr'n f Lll" 1 i rcn . 

to tho s mt c r n to1n. rb n to1n i th hiral c ntr 
• A .hir 1 c. ntrc r sults in t\v opti 1 i 1nors ( n nti 1ncr ) U ilt r non­

!ittp rin1po11 bi I nirr r in1a s f .1ch oth r. 
n·1nti n1 r r1 r .. t tl ii,1Jn~ t fa ri , tio11 f pl. n - i:,, h1ri n ht in op1 osi't' 

· ir ti ns. 
An c uin10J r 111ixtur f nanti mera i ll d raccn1ic 111ix'tU re. It has no et 

hnu -Jolari ed U ht. 

If e molecul h two 
id ,ntic I chir I c ntre , 
the isomer with a plane 
of s,ym metry will not be 
o ~tie I ly active bee au 
one chir I centr1 will 
rot ~a the1 plan1- of 
pol ris t ion of pi ne1 

.. 

polarised Ii ght cloc: kw ,se 
nd the other chir I 

c ntr e1 w ii I rot at it q u Hy 
nlicloekwi . 



I Cl i 

7 c n1, -11ty (,To1p1c 17) 

Nu1cleophiilic -lJbstitutio1r1 of t,alogenoalkane ~ 
Nu I 1,hiHc ub tituti n t h. u aJk n !i n l r ith,.r thu u h n N1 r 11 

, N2 111cch._ ni m. 1 h re Jr tv 1ec~s f videnc that n b1e1 h ~ ti n f th~ 

soir t 1n h nisni. . ne is "'•on1 th inctics of th r. ction. An. N J 111 h · nis1n is .z 11 ro 
ord r,,·1d, rt t t th nu l l"hHo .u,d fir t rd,r\ itll r. sp t to th hJI noalkLu,e; ut 
·N2 111 "'h~ nis1n is fi 't rd r ;t(ith r s1 cct to b th th nu 1 phile 1n th ha] ~110 lk n . 

k N l: r t = 11 h. I n l an ] ! hil 1° 
N:?: r~te = klha1 ~n ~11 anop [nucl op,hil P 

ho other pi cc 1 

l ris hght. 
id n " jg th~ ~, e t , the r duct f the r acri n ion l hn10-

lr . sin l i,tic l is h lo , no lk nc it, r ~ et with hy ro .. id j ns t1 1 

'. ho r ac rion h · an N2 n1e\.:h!utisn1, tht2 r n1 le \VH I b a sin le op ti .1 I is n1 3 l I f th~ 
r duct le h J. - h c I -- 11 n tt k ft n1 the side o it t I th h 1 p: n nd thus 

. sin l ti, :i] i 1stru ur i c.;b ain ( i u 7.1 ). 

-Ho: , 

F1 ur 7. B 

J w v r. if th n1 eh nhn1 i 
111 i tur · th t,; 

t p 1 

i uro 7.1 

Step l 

Fi u e .20 

H 

-

NI , the r u It i 
d ( 

.J 
11,,10'" / 

H 

pti Jly in 
UTt; S 7. J1 

HI 

H 
:a~ 

iv b U!ii th r . 
fU1C 

n 7.2( ). 

he 1rst t p i thf l . s f th h Ud n alk t ~ "'11~ r sultin 
arbo • i 1 n h ~ tl r p·iirs f li · n in n no kn pair~~ s · it sh p 

h; r1 i:i n 1.d r p1._1113r • r und the positive c . rbon .. 1tan1. he uucl 1 1h i le 1 ., n th~ll 



attttck ron1 th .. t ( I ft-haud id, · r th~ t'\voi tc, ut h nisn1 s) ,. produ i ng n 
11. nti 111 th b tt1 111 (ri ht-hun I sid of t p ')~ l r ducin th~ th r. 

As th I hau l-: f au 1c rcnn th 1 top is id nti . ! t th LI t fton, th~ botto111, th~ t\V10 
optic 1 is n1 rs ( n n ti n1 r~) r r ducod in quJ I 111 u nts. his is the detiniti n 
of r~1cen1i lni .. tur . 

Nucreo1p,hiHc additio1n to cariJonyl com1pour1ds 
h pr u ti in f rJ n1i 1ni. ·tur' in nu I r,hi Ii ~ddi'ti,)n 't .did hyd ~ i 

~vid nc f r th ty1 e t n1 h nisni. hiY i~ cxpl i.n . d hi hapt r B. 

umm:ry _ k 
l\ll J ke sur that y ill : 

• an , rit orn1uJ t cJ arl.y ho, inQ [he di ~r~n e bct\ve n di cri?nt . tructurnl 
i 1 111 rs b t\ , u ris nd tr,~ns ( ~I Z) i , n1~rs nd b t "' n ptic ] is n1ors 
{011 nri n1. r~} 
· n efin I hirali y , n kno h \\1 t identify a chir l , ntr in stru -cur 
lcno1,v 111 h t \V y optic I. ison1~rQ di r ud h this c .. n b ien1onstrlt d 

• und •rst~nd th chi r lity i11volv din Nt n N- ubstituti n re cti ns 

1 h c ni 1, .. i n [ -r(N 3)~( 1)2]+ h t1 ur 111n1011i 

1111 1]c u les and t, o chlotid~ ion tea h_ d to the 
c I tral chri miun i n by d t;vl\! c v l~nt nd . 
It sh pe i ctah dr.11 n shu ii r to th t of th~ 
hydr~t d n1Jgn siu 111 ion [M (l 1~ }r;]2+. 
t1 1 met i i , n1 rs f h hr I hun c mJ le. 
i n. M rk in th b n n 1 s I n y ur di. r .. n1. 

i n1on ne is ' chirJ I 111 I ul fi _ und in th I H 
citrus fruits. Its stru tur _ ii sho\ n in 

Mc CM~Cll,,I 
~ I \ 
_/c- c'H c- cl-h 

H C \M:z-&~ 
F uro 7.2 

2 r ni 1 i. J rtu111e ti u nd i11 ros l . It -dr the stru .uu , n1 r in th hira[ c nt 
fi rn1ul. i ah v n in i ur 7.21. 

~~C CM 

\ I 
c == c1M(C 1-,12)2c == c~c ~ 0~1 

I 
H~C 

7.21 

r ni l xi t s h: e m 'tri 
is1 n ers. 

S N 111~ th coin u1 s in i uro 7.22. 

tt H3C /F 18r /F /c. C 
C C 

H c:~ Cl/ 1-11 

FI UI 7.22 

4 r. \V rh t,v -pti1 Ii n1 rs f H 1-1( 
t show c1e.Jrly the \V y in wh 1ch they di fter. 

7 

v it h n st ri k . . 

Al n'ilnt! 2- l] rnh r p n 1J .,;id, is. an .1rnino cid 
fi und in r11 ny pr t in . Tt ii chi r L 

xpi l in rho ate uh1 of the t .rm " hi r J '. 

b) '.i crib :I ho,v 
~ peri1n . nt lly. 

d rtl ctivity i~ d 'tt2 tl."!d 

has 

ri \V tb , tun true tu r l t nn u l thi 
n1~u kh1 11 i h §him al entr wlth n1 ut ri 

re nly chr I Jl ical i 1n r 
1 f this con1p in, . 

·1-1 \V ,vou l<.i 1~1 den1 nstrato th _ JL_erc t1 
. 
Ul 

rop rtfo ft, o o ,ti,c3] i tn 'r ? 

arch 'th~ '\-\Pc b or in nu t io11 ou cisfllaUn u.1d 
\Vrit ppr in1 t ly l f )O ,v rd b ut it di c v ry. 
us .111 t probl 111 s. 



• m q .ion 
J a) An ~n nti 111 r i~ 

an u 1 n,i ·tur ptic I 1 nu~rs 
11 rti u] r pti 111 r 
ne arti ufa.r metric i 1ner 

l c 1np un . \vith t~ ur I iffer nt r, up 
~tta ·he to .. c.:arb n aton1 {I) 

) tnin . · s Iv d in n inert G lvcnt r - t 

, ith p,rop n t fi rn I ~2- Hir 1n ] p n . 
hi pr du t 1contl hu t e chir~d c. rb ,tJt 111. 

i) Wh.1t o y u und rst, 11 ::I by the t r1u 

ch i r .. I? (I) 
I ) I ra,v th 111 , h 11isn1 f r thi 

rea ti in. (3) 
) iglic ,cid i the /'- i~on1e r t ~-n1 thy I but ..... -

e1101 ,cid H3 I = ( H ) 0 >H. 
l ) J r 1 tllc stru tur J 17 r11111JJ ti lie acid 

ri n a i n f th up 
roup. ( I) 

I_) - '.I n \ hy it ii , n - 'is Jn~r. (.2) 
iU) A hcn1i.st tri d t pr p r ti lie . id fii n 

'-bii n o-.... -n1 thyl bu't n- J - 1~ h1 t\v, 
t p s. u s t 1 3 nt · nd 
,:ich f th st I-' J]1 vvrit 
a h (ltcp. 

"i l l : 1 a nt 

t 

I ) 

.. 
IO 

1 diti ng 

qu. ti n 
XJ h in whflthor ti 

,v uld b pr u 
b .i n1ixU.1rt.: of ti ]i 

its is mars. 

. r , h th r it '\V u Id 
cid. nd 

(2) 
( tul 1 111 _ rk ) 

7 Chlrallty (Topic 17) 

2 J hi gu~stiou i ab 1t1t 

MO 

0 

n) It~ tuol cufor mrtuu1 

b ) It 
ic aci j 
i ;1 id 

( l) 

( l) 
fth 1nu r 
cts with l I- r 

n 't its i onlcr, iw 

( ) 
t _o tnil 6 nu,rk ~ 



FI ur 8.1 

•• •• , •• ,, ••••• •••4• ··-. 
0th r compounds ,cont ,In 
'th C==O group but ar not 
c r ony1 compa,unde. Th e 

re ea rboxy11 c ac Id ntl 
tn lr rive Ives and , re 
cu cu In cna pter 9. 

rb nyl 

"rbnn l ,[ o,n11,01 11d . oi1tJ in t h :> = roup, h ., rbo11 _ tnn1 i.s b 1 d d to 
th 1 ~ n b " a-b n and n-b n . cu is n1 rt e1e tr n tiv, tl u . Jrb n, 
· . th b ndin ~1 r p,ull d l w rd& · h . yg n t . n1. 1nakin it o- nd h 

rbo1:1 6+ ( i ur 

h p 1l r n cur..: f th b nd m kcs eh arb n t 1m nuc tihl r tt-ck by 
nu . Joophi lo .. 

f h 1 p · 1 \l It I i B I . " pa I r ,j t r ,n that I · u d t 

r r 111 • b n d w Uh -

h r re t . typ s f cJrb nyl , n1i1 und : ld hy - nd k nc . 

I Al 
I 

Nsv,er write the formula of 
an aldehyde El! RCOH. 

Fi u 8. 

A Id hyd h v ~, hydr O't ton1 b1 1Dd d c I th c rb n I f th , = r ,up. 
hydro ln h~ f r111uhHi if ]d,d1y~l , n b rt p,r nt d by H _ l ,11~ r 

• t u1, n lkyl r r , nz n rinG f r .. 111 le H . r - 61 S• 

• w h r~ u i1 0 t ~ j t,c. 

HCHO M t11 n I - 2 

C"19CHO Ethan- 1 20 

CH~CH2CHO Propan I 4 

CH3CH2CH2CHO Butan I 7B 

(CHsh2CHCHO M thylprapa na I 2 

lf y u r~ as cd .0 1 tht tru tur.tl rn1u lJ i11 111 e un, it j~ .1 o u md a t ho,v 
the ndin in the - H -r u . r x mple. it is hel, rul t writ~ [he nru~tur l 
tbr1nuLJ of ~than .. I :is sho,\,.n in i urc .2. 

h ~. iHn ren1. r .ttur · c r ast: fr irt rn. th n. l t but~u ~. LI th nu tnb r k rron 
incr causiJ, str nger L nd I ore ,9. M thylpr p n., lJ s '11 \Ver oHin ti.:111p 'r turo 

h.111 it~ is n1~r •. u: it h~1s J bran h d hain, ,vhi,. h '" .1k ns 'tl 1~ _ n 1 n ·1 r 's. 

n 3t 1n t n d t, eh , '"~ rb n f th..: ,r up. 

he fi r mu 1 f eton -, s c i1 b r I ll', wh r R. nd ll.' ~r "1k l 
r ,n nc rin r up such ,.1s 3~ 5 r h in p,I ' t k ti n is 
ropln 11 . '1 hich cont in 'thr c c r'b n tit n1 . 



Propanone u ed to be 
caU 1 d ace~on . 

FI ll TO .3 

Stdctly speakin th CH3 

~rou pa 'Bh ou Id also be 
di played. but this formula 
will not b pe,naHs d. 

0 

Fi m 

/1-l 
~--c: 

IR_, 

I R.--c: 

Al1d~hyd 
\ 

K~tcn 
\ 

Fi m 8. 

/i 
"./ 120· 
0 

I 

CH3COCH Props non 5,6 

CHaCH2COCH3 auc-non 80 

CH3CH2COCH2CH3 nt n .. on 102 

CH3COCH:2CH:;iCH3 P · nta1n- -on 102 

CH3COCH(CH1)2 M thyl ut none 9 

l" th r1nul f . [f go y nlu~t h , 1 th~ 
1 indin h tho ie rb nyl p;r u 1

• r c. n1 J , ur B. h ws - rop n ne. 

1r If 
1 Writ tJ,e formula of the katon I i omers of mol ieular formula. C5H100. 

h~ en~ra l stnJ, tural for111u] o of a1dl!hyd~s ~nd tonc5l, !iihowin · doubl~ bond!it~ 
c,1, n e ropr nt d by i uru .5. 

Geot11etry arouir1d tl11e C=O group 
ht: carb n t JU h & t, ., ~in Je bond . 1nc.'! d ub1 b nd ·~ nd n l nc p ir • th 

~le, trous in th~ th re b 11ds r 11 J eh ther nd t~k.e Ull\ thci p siti 11 -r n1 · xin1u u1 

ep r ti n . Thi h plan r tri ngu] r sh~,p \.Vith b nd an le of ~ 2 ° ( i u re -. ). 

hi I u r sh p nu1k it y t1 r nucl phil s t tta.c · th rbon t 111 tron1 
ithur b v r b l \-V. .nd I ri &in l ptic'"d is 111 r i n c1r bt 111 d li,y .1d liti n 

t c'" rbr nyl 1C mpounds. 
+ &-

he p l. rity ot th ) =; - r u I i n t n " 11 d ut by th th r tw -r ups 
tt ·1, hcd r th c rb n ' t 111. h_r_ ~ ro __ et . in 111 le u] s. ar t ( 1.ir. 

I PI y I properti 

M than l is s. he 'th r i.: bo1, ,1 n I unds re Hqui ·1 t r n1 tet 1 m atur~. 

hv n10J c u les ar~ polar~ so dipol -(lip 1le tor. es :iYi \-VeJl s L ndon (dh.peroion} 

f r .. i t b w nth 111. Al - 11 sand lk"n s r 11 p 1 r, th ir iut rn1 1l 111 r 
r r, ~; r w k r n thl!ir b iU1 p ints I \V r th n th . f I hy . t I d k t ne~ 
,vith the s tn nun1b r I lcittf ns in the 111 J cul . 

Jnt~nno] c u far hydrog n b ndin, is 11 t 1 oni ,J in c: rb nyl c · n1p unds o ~ use 
n ith r Jld 1 11yd s n r k~tones have ~ hydr1 

, en Jto1n rh.1t is uffi ·ic.,ntly 6+. 
h r f' r _ U y h v ilin1 point th r r 1 w r tb n th of l, h I ~ ,vhi h 

f rn1 int 1 Ln l r.ular hy r , , n bo11d~ . 

a c rbonyl compound (Top1c 17) 



Te 
E:,<pl in why butanone h s - boiling ten1p ratur b twe n thoe of butan .. 1-ol 
and p ntane. 

So I ubi:l 'ity 
h I w r Jncn1 f b th ·on s 1r s Jubl in w t r. This lubiHty i u t 

hydro ,en bllndin bet\\· 1 et1 th~ Ion _ pair of , 1cctrons in th., 5- o y ll1l in the 

-· rb 11yl c n1, und nd 'th 6 hy r n in w t r m le -uh: ( iigur . 7). 

lh1 nt s Jv ll't fi r 

Sr11eU 
• h l \Vl.: l m mb rs f th h n1 l us ri of ]d hyd s h~tv 1 u n nt od1 urs. 

I et n 1 s- h ve rnu h s\Ve t r !U11cHs tll 11 tdd -ihyd 1 s. 
• . 1 1n1,pJ ._: ,, 1 ~hyc_c. ~ncl 1 t n s re ftcn ln :1 p rfu1ucs. . itral. , n in rcdicnt 

f l 11\on r:us L iL i . t : ld l .y J _: ~-ion n is .. k tone rh t sin ll f viol~ ts nd 
i u d in p~ rfu tn ( i, ur . ). 

CHl1 0 C 

! 11 11 

HC/ c'((' H 
.,,,,c 

21 
c~ c~., 

H:zC 

c~ (~! 

ll Citrall p-lonone 

/c 
i.,i .,c: CH3 

FI ur 

I La ory tio11 

Alctehycle 
Aldehyd s r pri.! , r d by thL? p rtia I id~tiol1 f L J>ri,u U'J' le I ,oL hi! usu I 
oxi Hsin ~- nt h ,J s luti n t 1, tn! hn11 ( r a ium) di hr 111,it ~(v1) it1 dilut 
su ]furic .. i . t n1pe1r cur mu t b 1 , tl b . ilin p 1in · f tl1t1 le hu] d 
b v,e thJ't t the Jl hyl . In this w y th ld hy is , · il ft s ic i nu :n1d~ 
h 1~f r ~ ,-~11u1o't he i is d um h r. I th Jn t tine ,v~1~ t ·,~ h . t d und~r rcflu , 

tl aldc hyde '" ul be furth r id i d t J , rb xy1 ic 1cid. 

f ]l ,v : 

ut o 0 
"' ' u ·in 11 l "tric: h ,ater. 

• dd o s ]uri . n f p t s ium cHchr n1 te(v1) ii tlHute ul' uric . cid sJ fron1 , 

t J funn ]. 
- A~ it di tih ff, n et the th. n3 l in ffa.g urr u ndcd by i, d w tcr. 

O--H 

FI ur 



A Bunsen flam· muat noit 
be uaed _is both ieth no1I 
end ethenai ar hiShly 
fl mmable. 

Tl1 
[O] can be1 us.ed in 
quationa. fior oxidation 

reacttons in organic 
chemistty, ep rt fN>m 
those invo Iv ing oxygen 
g 1s. [ H) c n be us d for 
a II ired uctio n reactions in 
organic eh miatry, part 
from when hydrogen gee 
is the r1educing sent. 
Equations containing (O] 
or [H] must still balance. 

Th le cl t r p th 
OOH et Ing ft -k coo I ,nd so 
prevents · vaporauon 101 h 
ethanal. 

he ru c rion is exothcnnic ud s h trt i cncrJtcd. his n1t1inta ius the t 1n erJtur,e 
ab v th b . ilin . p into than 1~ i it b ills ff b - r it · n b - i tis 'cl turth r. 

J. tcl arr1.tio11 of th n .. 1] ( i ure 8.' ) is rc1 ri: sent~d by th e qt1.1 t1on: 

H ~c H + [ >]--+ _·H~ H · +11., 

i ur 8. L boratory preparation of ethanal 

\ ndtU n : t -'J.11p r iture f if-, Y' '" ; 1c Hect the 'th n ] s 1t di tils tr. 

( b ,r nt n: th -ran ~ 1colou r f pot ssiun1 ,:U,h r n1. t (v1) eh.in c t r en 
bee.: iu s hro1n itnn(u l) i n ar forn1ed 

-1 th n 1 , n · 1~uri 1 d by r -distiUin it~ usiu r w~rr r b th s s1 1ur 
coU c tin th fraction th- t b ih in th, ran 20-2 ° 

Ketonles 

fh t nd 

t n s ar I r J I red 1Y Eh" i ti n of sct,,ndclr)' l1 h l . r f idL1 d p t ssiun1 
Hehr n1. tc (v 1) h us cl "'s the o. i iain a ~ nt the et i,o is n t furrh r o idi od. 

Pr1 p n n \.; n b prop· rod 11 11 n £: 

Pl c pr ~ n .. 2 ... 1 l I n 1luti r 
a id in J round-b tton1cJ Hask. 

1t r tJux c nd nscr. 

iuni dichr m t (vt) in dilut ultbric 

B c rbonyl compound (Top1c 17) 



• He t. using n ek ctri, he~t~r, s that th., n1i ture boi Is tbr ab ut l5 rni nut s. 
I 111 /\I' th :flu.. c nd n r nd et up th pp. ratu ft d' t U lion. istil . th 
pr pJn n (b Hin inr 51,c:, :) fr n1 y u ll tcd p n-2-ol (boiHn point 2° ). 

h u ti n: 

n tl'I : pr ,pJn-2 ... 1 ] ud ex e I tJ 1un1 j, bron1 t (v 1) is~ Iv d in dilut 
ulfuric 

n .JlJL . n : h t und r r l u. t r b ut 15 n1inut \, nd th 11 dhtU , n n 

b ,rvntl n: th oranp;c ,olour I f pot ssiun1 ichro1nato(vr) eh n c t p;r n 
b us ... cbr n1iu n1(n1) i n re f rn1 ... 

:,ttl hed to he, ~rb nyl r u1 , ~uch a ph nylPth!1 n n , 
c re r~d usin h iried J..... r , 11 1r ~ l n . 2 { 1). 

• Doth .Ad hyde u1d k t ,n ) un rs nu 
of the polar natur of d1 :w bond. 

• AJ ohyd , n t n I th u nd~r~ 
• ld a hyd , s . n b o i Hs d t rb xyli 

,vith i din 

~ d[t 

Ii 
lf 11 . 

t 

lken 
\Vh r 

n c rb nyl 1 01n iU nds ,c nt h n ... :. n 1°. H -v' vcr, = i~ n n-p 1 r 
h pofor. h k tr n cl ud b v n b l \\1 l o-b nd in eh == 

n u iv..: ,cl rg tl t j ,~ut k )" el tr phi] 

- h I ctr 11 1 I roup is istorted, with the 1c rb n t 1n hig 6+. 
his 6+ rbon · n be ittack d ,y nu leoJihil . 

rh nyl arb 11 in pr l'~ n 
nucl l11Uc dd1ti n i : J 

R cJ u et ion 
Al hy s nd k t n ,c n b ri;:duc~d y lithiun1 t tr hy rid un1in t (u1). 
LiAIH~ . 

hi "01111 und ,c ntains lHq- i n., ,vhi h a .,.t ,._ l ~Qurcc of H- . h~ re cti n 
t. k pi c in t'\: ~1 1 di tinct tcps: 

h trst st, p i th dditi n of 1,- t th ~ + rb n t n1. In th·i · t (), tl r :l nt 
nn.;1 t Li -Oft J -y. 1 t h c~ rrj 1 out in iJthor solution. 

• h s I nd step is th dditi n f' n Jl]U ou s lution f n a,cid \Vhi, h pr ton t 
th J t1n in th Jrjt s p. 

W.:itc:r out • 

~und-
b ncm~~ 
tl ~k 

Fi ur . 0 L boratory 
pire par tio n 1of prop_ none 

TI 
Remember thet eth nol 
end cond ry 2-ols lao1 
do1 the, iodoform re ction. 

R _ - ct1on - 1of , Jrlenyae , ,na k _ ton 



••• ··········~ *••. •• •• Sodluim tetrahydrfdobor te(1n), 
N BH 4, In aq ueoua solutJon 
also duce po1ar C=O 
oon a. 

...... ,,,,, ... ~ ~ .,, .. ,., .. 
Hyclrog n 1cyanl1d I a v ry 
w k old nd produces i w 
cN- Ion . 

ho. result is that th.. rb nyl 0111~, u nd is ~·cd1u ·t~ll t ~ n lc1 hol. or 1 x.a 11 ~,Je ~ 
th n I is r cluceJ t th~u1 1: 

H H + .. [H] --+ H.3 ,/ H2 
than 1 ~chtu1 l 

Wh~n ldohyd r~ rodu d, JUiHJ,H'}'' le _ l ro)s re tl ir tn d. 

"due ti1 n o eton s tak pi 
the rl'du ti n uf p1r :in 11 

H + 2[1-ij ---+ t., H ( I ) I 
i,r p.1n0rn propa n- '-oil 

W h n Qt1 n~ " r"] i duc~d (e(Puda }' ·;ii- hol 

LiAl ~ is .1 rcducin a t.:nt th~tt relcts si ecific~'Uy with pol:ir n-houd&. hus1 it 
reduc s p;r u1, in l hyd a. k 't n • J -id 
nitril • but do J u ,r redu th n-bond iu 

ci duriv tiv s. nd =N in 
• which r~ D n-p Jar . 

B 'th nd • 11 h r du ~d by' I ydr n ,. nd l p1a tinun1 C tJ ly1.t. 

sun1marh1 

Aldeh1 s nd cto11 s r r du · d t oJ oh ls by: 
iAU t i in dry th r 

H.,/ Pt .. 
Alkenes ~u· nly r uccd by H 2/ Pt. 

ur 

Write the formula of th organic product of the reaction of CH2=CHCH2CHO 
with: 

) lithium t-etrahydrido lumin te(1u)i in dry th r follow d by the addition of 
dilute acid 

b) hydro,gen g s with a pi tinum cat ly t 

R ~ ction with hy lr n cyi];i nid 
h r J tion b~t,vc n thana1 n hydr \i! ll cyanide t. k . 1 t c t ~1b ut p,H 6 t · 
hig J H pruv·d s en u h u tbe c t -J. t. which is the I yanid i u. · N . 

H H + H N -1 H H ( H) · N 

he pr du ·t is 2 hydro ypr p J' cnitrHc. 

1-Iydro en y1 nid • 11 N, i v ry vv a _ j,d, inci pr due: t7 1 w ~ ion in 
aolution. Lte n ce~st1ry conditions are s.uch that there 1llt1!it be a si n ific nt J.n.1ount 

f b h · ~ ir na · 11d I i N 1n 1 ] 111 s. 

I!' nt: , , ·cs1.1 r tas iurn yanide -+- &onte diluco sulti1ri - ai.;id: 

l{T N- + f ~+ ~ J,J N + K-t 

r hydr t; n , ·ya nid~ + son1c ~od iu n1 hydr .. id 

1- ~: N ~ + H2 

r hydros 11 , ·y nid lH .,N) + s in p tassium cy uid (K+ N ) 

B c rbonyl compound (Top1c 17) 



Calculat th ratio of CN- ion to HCN rnoleculee in HCN/CN- buff r solution 
of pH = 8, given th t K. of hydrogen cyenid _ c 5 x 10- 0 n,01 dm- 3• 

n r 
HCN-H +CN 

K = [H ][CN ]/[HCN] 

[C ]/[HC' ] = K. l[H ] = S >< 10 ~011.0 . 10 H = >< 10 -- or 1:210 

h n1, h nisn1 if thi r cti 1n i . h ,vn in Fi ur . l L 

h Ion p, ir f ] ctr 11& n th · rb n at 111 t the N- i n rn11 • b )11 ,vith 
th o+ c- rb n t 111 iU sh , n b ,. tho L" d curly rro\l . At th sam thu . th 
'11- l ctr 1ns in th c = rou11 111 ¥ t the • y n t 1n - h ,vn ,y th blue 
urly rr w. 

N n1 I cul t I f rm the 

•• ~,c ~!c o-
/ HIJC r!"o- H 11-i

1~C /0~ , ... 
/c .. /c CNi /c. / H : CN"" H CN 

~ CN 

I m .11 Fi ur .1 

h - , rou1 in th int --rn1ed i at d n ates a lou pJ ir f. 1 , "tr ns to th 

in an I N rn h: u fo (rod _rro\! ) JS tltc1 a-b nd betw n the I I n1d tbc 
f ]u JI r \V) . his r~ _ n r:u~ - N- i ns, l'ii h t.:/1t Jys ! 'th r '" ti n . 

11~ onditi n f r thi. r1.: ti n ure v ry in p rra.n . I th~ I i t 

n t :1n u h l .. N- i n f r h fir t s ~, t ~k I lac ; if he I I-I is c 
1 or 11 us;h H f""I N 1nol 'cul~1s for the set rnd step. 

re 
hi h h r 1 t1r 

h ~. m ty fr cti n '"' rith th . ni m ch1ni m ccur with e'tOrlle'". but t 

l w r r c" - for ~ -_ntplc~ ,~lith 1 r, p.1non ( i ur 

CN 
/C~:9 I C: HCNI - H,C C c~ II • t 0 

Fi ur .1 

h · pr du c i :!- hy r . y-... - n1" hylp 1J) n nitril . 

l ,r · h nil tr - I ndd l n 
n t 1 'Jn a]d 'hydo or t Jn ynunetri . k t n ''- the 

u o th, c r:, 1nyl 1cotnp u ntl i pJ n· r .1r und 
anido i n ctu1 tltt ,"'k fron1 th letl or fron1 the 

... 

~ I CN 

•••••••••••••••••••••••••••• 
Th m ci,. nl m I if th 
reaction 1Qf i1d1 hyd S 
and keto s wttn Uthl um 
a 1um 1n 1um nydrlct I a lmoet 
th s m s that ror u, 
acnuon 101 HCNI. p 1 

~ qu I~ a curly rrows rrom 
th H- Ion or the AIH4- to 
the carbon oT the C=O grou pi 
and 1rom t11 n"bond to th 
oxys n t1om. tep 2 r- ulr 
a curly now from1 U,1e1 o-
, roup to tn H~· iof th cld. 

R _ -ct1on- 1of , Jrlenyae , 1na k _ ton 



c~, 

I 
C 

II ,/ ·. 
'M' 

I 

m11iror 

i 1r .14 Stereochemistry of 
addition to carbonyl compounds 

risht of th .. pl n Jr centre. 
iv ·th r_c n1i 111L tur 

{ i U'I 8.14). 

hus~ 'thc1 dd iti l1 f hydros n . ranidc to ~th3J13 J 

f b th n~ nti n1 rs of 2-hydr '* y r l'' n, nicrilc 

her is I en 11 usi n , hen x ] ini.n tht: Stl r ut,c, n1c i 

f nuck ophiUc additinu t 1 ~u.ynun _ tri c rbonyl an ~ N l 
ubstitution t h 1 B~ n 1 k.. n . . With c rb1 uyJ dd iti u. 1111 nt">n rr . r iu 

th 1 xpt nati n · r c: 1n1 1nixtur ii,; t, y th t th int rn1ediate i pl n1 r 
L n c n b tt k d fr 111 eith r Ii e. his is t tru as the int rn1 d iat h 
·t~trah ral. lt i th st rtin ld h1 e r t n th t is 1 l n r , t th r cti n 
sit :1nd i. • n b . tta k..:d (by th ·y nkl i n) fr rn ~lb v - or bcl w th · 
pi n . With NI substituU n it is th hrt ·rn1 d 1 'tc c t1 rb c, ci n th t is p] 11 .. r 
n c n tt .. ck d fr n1 th top r b ,tt m . 

1r - If 
Expl in why the product of the addition of hydros n cyanide to 
propanon , glv , product that h e no effe1ct on th pi n I of 
polari -atio,, of pi n -pol ri& d monochrom -uc lig;ht. 

f nhrU 5 in 
lydr · ynirri 1 s r due d in this w~y n b h rdro]ys d to hydr X} • t b · yl i ~ cid , 

f r e.: n1ple: 

- + NH~'f' 

he rcJcti n ntix·turo is he _ted under re.flu.-.. Th pr1 dul·t j9 rh r~ c n1ic JH L_tu r~ 
r th two nanti J 1 1 f 2-hydroxypr r,Jn i .u:i . \Vhich is 3h c~n J J.i tic a i . 

n I ls b r du d t hJ r xy miu • f r e an11 l : 

I l3 H{ · I I) .. H::!NH2 

uit bi rcdu ~,ng , nr t7 r hir. ru ·ti n . r : 

iithiu1n t trJhy rid -.. lun1inat _ (1u) (lirhiun1 ~1tuniniun1 hydri le)~ jAIH~~ in dry 
th r luci n 

sodiu 111 tet t a hydddob rlt( (U 1)1 N J I I~, i u Jguoious s h .. 1ti ,n 
hydr,op;en sas 1th _ 1 th.1u111 , Jtl 1yst 

ditun in eh u l 

Add it ion-e 1I irninati1on rea cti1on 
th 1ld hyde ~ nd k~t rL S r _et ith 1np unds c nt .. inin n f 2N r up. 

ho l · n Ji ir t lcctr ns on the I jtr g n aton1 cts nucloophUo nd t< rn1s 
boud \Vith [he 6 , arb n t 1n in 'th = :-, , r up. ) 1 ,v v<}r~ inst ad f Jll I i n 
.. din on t th · - f r 1ed th subst nee J, s water m le uJ and c::N b ·nd 
i h 

·. + rJ.,N .. 
in the nitr gen at u1 ha s ~ ]on~ }J:1 ir of 11~,, t ns. the bond riu l~s Jr und tll~ 

nitr , en in the pr du, t r 1w 0• his 1n # us th t h1 this ty p,e r ti n ' 1 hydc s 
(oth r ch1u1 nu~tha 11.,1 l) :u1 tisyn11 netri keton..- ] ro uc n1ix tu r ~ 1 f tv,,1, 1 1merri . 
is m rs ( igur .15). 

B c rbonyl compound (Top1c 17) 



IH,C /x H3C'\ 
N• /c N • / • 

~ HI X 

Fi ur 8.1 

01n.11'1 und th t Ji ts in thi ,.,, y is .... 4- initro1 h nylhydr iin ( i ur 1 .1 l). 

~tN--NH-""""' 

I ur .1 

h Ll ti n fi r th re ti 1n b ,v n pr pan n :.ind 2,4-dinitr p,h n tlhy rl tin 
h shown in ip;ur . L 7. 

Ff .,C 

C 0 1H N- N NO;r 

fll/ 
! 

0 2N 

H,:1C 

H!/ 
C Nr Nt-1 NO:z .i. IJ..l.2JO 

Ff ur 8.17 

- he in1 rt nc t th re cti 11 t 1C rb nyl c n1pounds "\1 ith ~,4... initr1 _ henylhy zi n 
i th .. it th u r i in lubl . h t fbr:1, thi le rion an h us d a ,1 t ti r th 

i sou o f c. rb ny] 

T t fo c r b on I o I fJ 
Add I luti n 1 2 .4sdinitr h .nylhydr zin { B D t) t t h SU S · C t d 
c- rh nyl c nipou 11 

• Id hyde!i Jnd k t n s iv Yf Uo,~ pr .. it itotcs . 
( .. b nz 11 hyd ~ t>H5 .,H ) n t n s ( .g. h nyleth n-

d ita't 9. 

h i ' 1tit und c.:t1 11 be, f und y th f H ~ iu n1 ~eh d: 

• J oact th c rbony] 1 on1p und '1 ith s luti n of ... A, i11itr l nylhydr 1zinc. 
• ilt~ r ff th ,r i.Pitat . 
• I · "" ry tn His(? (p. 2 84) th pre ipitat..i u.sin the n1 ini n1tnn in u nt f hot eth n. L 

..•....•. ··~· ····-··· .. A 01tuuon or 2, 4 d1n1tropn ny~ 
hydr In I eal i B,raoy' 
re g nt. 

R _ -ctlon- 10f , Jrlenyae I rnCI k _ ton 



•• • ••••• •••••• • ••••• 
The r ct!on with FehUns' 
solution d10 - not work with 
Id h s of larg mot cul r 

ma b caus th y ari too 
In olub1I In w t . 

............ ·········~·~ Aid hyd s wrn not reduc 
copp r(n)i or sllver Ion • 
unless th I lone r 
compl x cl. 

1ry the puritlcd r duct nd 111c sure it 111 ltin tcn1p r tur . 
f r 1d. t b o ~ n,c:l n1p3r this 111 I ri11 t ntp r.itu r ~ith 'tho~ • t 

2 4-dinitro h nyJhydr zini..: derivat v f ld hydes nd k t n s. his ~n ble1s 
th i 1 entity f the C11 rbonyl c n1p . und t b st bH h d. 

Ox1idation of alde1t1yde 
Aid hyd (but ,wr t u ) r re ad ily idi. ed. If th r~ a ti n is rri d on't in 
g luti 11 eh pt1oduct i. . c lie . ci 

.H 

It th re cti 1on is c rri out h alk Jin s 1lt1tion ( chHng s oiution or oH-in ' 
uct is the .. rb 1xyl t, ni n: 

J H · +[ ]+ H--+ 

"' her are nun1bcr of suitJble o .. idi in 

s 1Juti n ( mL tur,. 

.·id~, 
111ixru r , ncl I p,r1 uu - - h n ,vlr1u d \\'i l 
a11 J]dc hyd .) 

H n ' r nt (a ~ luti n nl1 d by ~ din a fe\V r p I f odiu1n hydr id 
silv r nitr. t s Juti n . nd th n di hd n eh pr c.;iJ i r._ t in d ilut n11n 1n i.) i 
rcdu d r iv a dlv r n1irror n wannin ,vith .. 111 ldl: hyd . 

ran I otasshun _i ~hro1nat (vt) in 1 ·i i lu i n i ~~tu ecl t . 'l' en r(1u) on 
hc1atin with n ldf hyd . 
I tassiun1 rnan auntc(' U) ox.i bes _kl hyde in 1ridk:. n utral r 
ln ci i ~ lu ti ~ tb tn ,le m. n an te(vu} i r du d to sive Mn2 • 

In n ~utr:i l (lf 11 ka Jill( olu ti 1 n, it i r~du i t a br ~ n -r, ip1rat of Mn 2• 

Gi\11 the formula of the organic products of th re ction b tw n propan I nd: 

) 2,4 .. dinitraphenylhydrazin solution 

b) pot sium dichromat -(v1) in dilu ·- ulfuric cid 

t to di tin u1 h n Id hyd J< ton 
An al hyd c. n b~ 1distin uish d _ron1 a ketone hy the production ot: 

_ r d pre i itat (O u2( ) on WJrm in ~ rith _ e hlin · 's r 
a i lvcr tnirr r n ·v1L rn1 in \I ith 0Ho11 s' r ,a eut 

l n th ti n. che 
"' ith thJ n.1 I: 

H~ H · + [ ~ + 
cth 11 1 

K t n s d noit und r, 
l ketOlh\ p h] it'l · 
c l1 urles . 

t the It t 

--11 H -
..: than -at ion 

cti ns. 
· nedi t s lution r n1 ins blu 

rb . ylic 

t, sts ar carried out 11 

oHeus' re nt rein h1s 

B c rbonyl compound (Top1c 17) 



lodoform reactionr 
th n'- 1 . n n1othyl k t nos und rp; th i d I nn re. cti n ,vith i dine in • J k H, 

~ c rnrH at~ I 'ro cs in which the hyd1 o~~n .ito1ns f th 1 H3 = m: up, . r 1 

r ph •d ])' iodin t n1s. h aJk H pr. s ut in th re cti n n1ix ure then ~ u es th 
c;A-L. bond to br ak n a pale ycUo,v p,rc -ipitarc f I, dof r,n {triiodom th n ), 

H13, is t rrned. l d t1 nn l I h n ,Uc bl Ii infect nt meU. ln l r d e it 
j t _ it: I 

h I v rJH tJU:Jtion is: 

R. + 1., + 4N'-... 

,vh ~re ll. h hydros n t 1 m (c th 11 1) 
r - 61 is in eton . 

fr I tio11s is s tbll ws: 

+ NJ + Na. I + H,, .. 
11i roup such ilS - H ~ - 2,H5 

• diu rn I ydr xid luti n i& ad l t i int: s lucj, n t fi ru, .i d te (1) i us 
(l -): 

1~ 2 )1 -,.l .. I 

he i ll I titut int1 , the the = r up, f rn1in 
l = group. he el~ctron-,vitbdr.1\\'in ~fft2ct of tho thre halo en ato,1n 

nd eh o "YS 11 t 111 ,,..r aken tb a-b nd ctw n th t,,.. ~ rb n t m nd thi 
hrt; l ki~ fiorn1 in1 

I -( g) 1-1-(~q) 

] 13 

_ his rcacti 1n u l!.o t,. kes pi e ,vith th _n _ l and sccon t 1ry nu~thyl alcohols. h y 
:ire Lrs o i i d by th i d t l(r) ion& t ~th.1na] ~tn 'I 1n thyl k~t n s r pcctivt:ly 
un r th ndit1 n f th r , ti n. mpl . ,vith pr lJ n- .... - l: 

H +I-,] -- H 

,.irry -ut the i ~ ~ rin ra;J~ti n. ell _ r .inic rn.1b t.n1ce is nt,ly wa11n with 
ith r mi tur of i din nd odiu rn hydr , · ide s luti n r \Vith 1luti.on f 

p,01t 1ssiu n1 iodidl h1 sodiu 1n hlonrt_ ('r). 

ur If 
Stat the type of reaction between 1thanel 1and Fehling's eolution~ 

SL1n1mary 
n ,J I!' uJp: .idd c, r ctro of th rg nic , n1pou nd to ·1 s. )uh 1 

t 2- --dini tro( henylhydr zin . A y How r or n r,re,cit itate indk: te the r s nc 
of a arh nyl roup. 

•••••••••••••••••• ••• • •••• Ado~r H lti ris mo'th r di Cl or 
lodotorm pal on Ins from h r 
treatment for bre at c nc r. 

The iodof orm r et ion 
is _ test for 1eerbonyl 
oo m pounds containing 
the CH3C•O group and for 

lcohol a cants in i ng th 
CH3CH(OH) group. 



f n. id •I d • : i1 u r .1 sununnri cs tlw n.: d . ti ns 1 

.- + ~CN (pH - 8) 

RC HO--- + 2,4-dirdtre~h nyl­
nydrazl,ne 

--.. ~ RC~(OH}CN 

---t•• RCOOhl 

i-- • ~ . hiing#!. or cllen.: __ ..,... Rcoo-

C:~I • MC:oo- ( 1th ~th11rn.,1 only} 

I u re 8. 

ldchvd s . • 

i f j urc .1 un1 rh s. th . r cti ns ot k ton s. 

RC (0 H)(R') C NI 

i- + [Hl ---• RCH(OH)R' 

R.C:OR.' ---i-- .., 2_4-dinitropnenyl· 
hycl, zine 

~ I low/c range p ll!C I pitate 

r,c, r ctian 

I ___ ..,_ r,a re-,e t1an 

~+I.JN OH ---tl]rt• C:~11 + R·coo- (i,f IR - CH ) 

Fi ur .1 

lf the SU 

lftbe n1 

B c rbonyl compound (Top1c 17) 

e1:1edict's 1Jution - a ldt.! hyd s ive r i p,r, ci i tJt : ke't n~g d n t 

l ur f th hling 9 s lution 
t nt - .1 ld hyd s iv .1 si lvor n1irror.: k tones id n . t 

l: if p l 11 w pr~ dipitat i 1~ bt in c ~l 11 subst nc h nUy 
luti n 101 'i 1 -i11 _ nd soditun hydr1 xid • th _ ubstl_ncc , nt.1ins 

( H) r H 

11 Id hyde, it c Jn n ly be ethan .. 1 I. 
pri1n. ry :i i h 1 it I n nly be rh.n1 L 



• th di t.: ronc ill tl"U 1 tll r b t\V Cll ld hyd 'S 11 kc1tonc S 

th .. t b th h v, 1 16- _ _ton 1nd h nr .irl? ~ arcr-~oJubL u _1 t n b, ndi _ 

• th the r pi 11ar und tl = r up 

gu tio1u tor: 

• th r pnr ri n of :Jldehyde ff n1 11 in1. ry ~ I b 1Y 1nd t",'ton s r n1 ~, 1 nd _ry 
l hr rh ( nd r~ b]e t dr W th r ]ev nt di ra111) 

• th rea 'ti n~ f _ld_hy "'S nd k t n_s ,,vith hy r g '11 Y~ nid and 
2~4- dintr.o htJnylh 'dre1zin nd with r du ins 3 cntc. ( iAlH~ or H / Pt) 
th n1 h 11 is1n ofnu ·I r hilic .. ddition \\'ith H NL nd it tcre eh 1 111 i al •Jnplic tio11 
th reJcti n - rof ,aldehydos \Vith ,ehlin 'g~ ToUcng' J11U oxkUsinB a nts (H+/ 

"II 

r1 , n M 11 ij l 
th t scs fr lrb nyl c 1np1au11d Jnd th se to dh in uish bet 

rn1 re ci n ith th nal nu synuu tri m rhyl 
lu hoh c ntainin the "" H H ( H ) sr u1 

\Yith 

Wh t i.s the di in stru "tur bct\ve n n ) 1ni.. tur f i din and gu us sodh1111 
dd hy 

2 'X'h n pr 'I an. I is _ r ar d f n1 pr p n- J.... l. the 
llli CUI" i kc Cat at '1111 foe tur:-i b t\V nth boiJin 
cen1p rJture s f pc p n :JJ and ]'1J"l , , n- l-oL .. ~ pJ in 
why thi i 11 S:lf}'. 

3 . p,]ain why th n l i · luble in w t r but p nt.nal 
is t11n, st in, lubl~. 

} Wr,i't tho qu rt i 11 ~ r th~ rol ti n b 'hV~ n 
hyd r en cy njd ) n pro~, n r11 • 

x1~t1in why thi 1 • -ti n d s n · 't t.1k pl:.n: 
u nl ss a trlcc Jf lkali i11 kiod. 

6 Writ th n1 eh nhtn r th reaction of _ r p non 
'\l ith Htl iu1n huniniun1 hydrid 1n dry tl cr1 
fi U wed by , ddit1 n f cid. 

... ,,t1 in hy the I r uct f the ddjti n f l ydr I n 
cy, nid t but n n ive pr duct th 't h a no 

· c1ct nth ~,Ian fpol ri ti n fplnnc -1,, l ris d 

Ill rn hr 111 ti1 lip:lu. 

f th rs n 1 r du t the 
re. f tion if any, between l"rup In ] and ach of the 
fol] \Ving: 

hlin ps s lution 

b . U t1 s' r, s ,nt 

hyJr id 

l n each Sc~ g t re t h s rvat1 n that ,v u ld bo 
m,,td I 

PJ aratu 

H.:1C-C-C~li:-CH~ 

11 
0 

A ure . O Butanone 

' . cfitlC the t nn1 ·nuc) op1hil . ' rrnd ·o~ rj,dation'. 

nt th type f re, ti I b 'CW n rhL n" l n 
e eh tthe fon \Vinp;: 

i) hy<lr g n y ni 

ii) f hHn 's s h1ti n 

Ill) 2 8 -dintr I h ny]hydrazine 

· crib h \V y u 
r mpound eh t v u r 11 

2 ,"'4 - dintr heny]hydrazin n 
\,dth o1lons' r nt 

the 
,vith 

n gilv r mirr r 



m r q 

i c t i t nt witll , a1 · ound 11 vin 
n1 lo u I r t1 rn1 u I I 11 ll • ( ~) 

b) When so1ne con1pou1 ld w.1si h~3tcd 
\Vitb luti n , 'f t ium dichron1 te in 
su lfuri ~ i.: id i't f _ 1ne I ~ 1,ro u~ t~ ~ wlii 1 
w .. diP.tilJ d ff s it 6 rn1 ed. 

1 n1p und 3V 1 yell w p~ cipit 't 
with 2~4- ini't . ph 1 n lhydrJzin~. Wh 11 Y 
r.v s \'\' rtn . with hlin 's s luti n. th 

,hli11 'i;i !ii luti _ n ~n1 in d b]u . 
I) c1'iv t11 strucru L" l rmul , t and 

Y. Ju ·tify y ur 31uwcrs. (4) 
U) Jl r~ ~ n,, h n1 r th t u L 

r ,v th 111 b th. h wing l 1rly h \V 

the di er. (I) 
l~) A iffi 

4H l • Wh~11 1 "dis d 
in the s n1e \\ y s it pr du :.d a J r duct 

;1v · ~ y n ~v pt~ iJ itit \?Jith 
initr · h nyJhydra in but \Vhich 

r l cte d \vith \llrJ rn1 c hlin , s lu tion 1 

· · r du in l r rtici it t . 

s 1·u u .. 
d) Whi h 

..... 1 ,,,;u 

Ccmpcund 1 : 

Co1T1pound 2 ! 

Compound l: 

C:ompaur,~ 4 : 

.21 

n1p 
omp 

mp 
llll) 

u11ds I 
un J 
U11 

un 

nd 2 
11 4 
11 

n 4 

n~y 
n]y 
nJy 
nly 

~-OH 

~=a 

(1 t~ I 1 HI r k ) 

a Carbonyl compound (Topic 17} 

2 r p nal ~ a ts wirh hydr 011 y.,u1i 3 in a 
11u I ph1H ddi'ti n r ~1cti, n. 

) Whi h ot th f llmvin i 11L,r 
nu,· ie, 11n ? ( l) 
. N I l3 

B 112 
b) r ,v th. ln h n. ( ) 
t'.) t, h c.: nJiti fl& nl1 -.:, n .. ~1nd ,] in. 

in t r Jn .. of tho mech. ulsn ~ w.~ y tl esi.: 
,onditi n n e n _ ·e s ary. (3) 

d) Wh t 1nd f h n1 risn1 d ~ th pr ctuct 
if this r t cdon !i1 h w ? ( O 

( n. l"I , u1·trk ) 

has :l 1u.ol u]ar 

b) 

that 

(2) 
i [) 

ison1 rs. (2) 
) ~ h~1s. ~ n th r is 111 r, \ ,•,,rhk:h JJ o a ts 

vith - ~4- dinitr ph "nylh}"dr, zinc an.d t rn1s 
a r d-br ,vn l r · i} it1 t ,,vh n v · m d ,virh 

"h1iJ1 ·s s luti ,n. 
I) Writ th r rn1ula t tho r 

pr ci it t . (J) 
J ) '!iv th trll tur.1 f rn1ul 

i 0111 T th t C 1Uld _ 



rb yli • 
I ) 

..... arboxyli a id and rh jr . riv.rti es c nr.ti n the r UJ' ~ho\vn iu i u re . l. 

0 ; 
--c 

X 

Fi ur .1 

he 11 tur f ,. rie is h ,vn in 

,. - - - - - -. 
~l)Jl?<(otf'.comipo~n~.·, ; 

-- . . I - .... 

• I 
Narrie' -
-- .- .. . . -= 

rboxyl lo ord 0-H Etha na10 acl d 

Es r 0- R• Ethyl tnan t 

Acyt chlorl Cl Ettl noyl eh lo rid 

Amide NH2 Ethanamlde 

~ R stands for an I kyl WOiU[P ( .Q. CH3. C2H5) or a b nz n ring 

CH!COOH 

CH 3COOC:zMs 

CH9COCI 

CHaCONiH~ 

he r c ti ity f th~ - . r up, h ir1 sid ra.bly 1n diti~d by th 
gr u, 1nu h th t~ un]ikc ldchydc: and k t 11 ~ r .. ~li 

d riVJt1vas d 11 t l t'l!cr · ·ith :t4-dinit1ophL?nylh)' r:izin('. 

·1 
I , 

r the 
n th ir 

= · iSi pol ri :1d \l ith th le ] ctro nc ativ - carbon ton1 + nd tho 
rive 1 ., y u t 111 -. 

he lH C b~ni&Ul l" lTilllY t th r ,.~ ti tlS is f ii' 1 UU '"l }"1hil t tt ck t h 6 + rb n 
l t 1n . hi i th l f ] lo,v d. by th loss f th p;r u1 n " f • 1 ") J n \ 1 lll' . .. _ . 

1-
R 0 

6~ 
C 

Nuc: X 

~ 0 "" R 

c'/ • .. C 0 4- x-
/ L Nut X 

I lit Q.2 

_ hi ty t of r . -ti n is . u~ I .111 dd U r1-elhn lnnt1 - n 
re~c ti I d l tJ fl s n: 

t h & tt· . n t h t th - . bon - h ~v k ·t I t t h n s i th 11 ~ so 
acid chi .ride~ -r~ th rn t su~ccptibl, to nucl 01 hiH.c atta . 
the st bHity· f the, le vin gr u '~ - he N Ii- i ,n i · t str 11 b3SC to 

~ rodu t in a,q,u u t1 1 uti 1u. his n1~ ~uu th~1 t , 111i d, 1111.:,t u n~Jcr a diti n-
H n1 i nation n~ 1 ·ti us. 

9 C HJOXYIIC 1a (Jopl'C 17J 



I 

C rb I ic cid 11d h ir d riv tiv 

arb yli, [ t~ un in 11u111b r f fruits Jn v 

• FI, · H t i a rib , kt i ur ' .. 

HO 

• 

lt i p,r nt in -.i,tru s ru;t , rti u l· rly l n1, s l' d Ji 111 s. Lt i t nri ,I id ... nt .u d 
i u d in tL tb d indu try 1 a11 diti v t iv flJV ,ur n ~ .ini v ith itr t ~ 
L1 •• hu er. rt nun1b~r is (. In th fo1111 o citrate it i~ .. n int I u1 di re in th~ 

Kr bs cycl in , lls n is. th r f re , inv, ] ~din th m , b Hun t f t i pr t ins 
J nd .1rt hydr. te . 
M lie cid, H H l - I( H) nt in ppl ( t n ruaf,011) nd 

ivos then1 their .h .. 1rp taste. hs syst~.m ~rric n~uu · i~ 2-hydroxybnt~u~-

101 • id (nl n ~1111 

le. V • 

ter ~ re h 
1, .. , 1-tri I ( ly 

and v . et bJ~ il r at 1r r pr p nt.: ... 
l] tll I- v ri ty f1 rg nic -ids: 

ow ' niilk coin tu in lU1 s 'r f th ~lcids --hydroxyi ropJt1 i (1a ti ) .1, id. 
oat' Jflilk 

h I ' rd 

which is g tur t . 

• Vos t hl n n h H 
~s l' 129 H, H 3 [c::: H 2 . 12 

,vhi,rh i .u, ontega-3 acid. It i en Uc nu: a-. b · use th st rt 
3t the third c rbon ·ro111 the t1d furth st fron1 th -
t h J t 1 ,t t r in the l h b t. 

ur 9. J. 

0 H 

Fi U1 

. his is aH d tl 
th hydr yl r up~ 

9 c rboxy11c c1a' (Top11c 17) 



h 11.1111 G f son1 1 of tho 1,u n1 r f thi h Jn Jogous sorie s~ t 

tn ] in nci b 1Hil t int r.1tur • r iv n in bl ' . ' 1

• 

T bi .2 Cerbo,cylic acids, 

HCOOH 

CH3COOH 

CH3CH~COOH 

CH3CH:zCH2COOH 

C H3CH(CH3)COOH 

M thanolc solid 

Eth note ciCI 

Prop nolc cld 

8 

17 

auta no1,c c1e1 - 1 

Methyl pro pa no lo -4 7 
Cid 

101 

11B 

4 -

I 4 

54 

th r \.Vith thci r 

1.7 :L0-4 

1.75 X 10- 6 

I 9 10-0 

1.5,:1 10-6 

M th n i is ll t nni 
·id is ul 

· id, b use it h J r nt in nt sting 
(L th ..f,Jn11r.\~ nt). --- tll n l 11 d 1, • ~ t i1 a ·id 1 s it il'.i t I, c a ,c id i n vii B ~ r 
( tin ,,c tzuu vin r) . 

r tur s of er rboxyli aci s , hi h r th n uiv~Jc ut c.1 rb nyl 
uuds bl:!C u c thon~ i - tu1d n1bl~ hydr 8 1 n b ndins b:1t\v, n nJol cu l 1s. 

n1 th n i ad th n ic cids I ir cid n1 l ul ( hn r ~ r 'fi rn1 d 
igu r •,. 5). 

i ur 

_ hi Er. u rfi t .1 le& C'_ xt1.1 nt v ith ii.Is th t h v u I r tu bo11 t nia, .1 th hycl r u 
11ding i inhibit d by th zi 1.ag I hain if c r 

Wh n th , id i b il, d. h r r n b n i nd nd 11 or r b k n an 
the b Uin t 1n ~r urt; of th :i id have th i,~ttern that is oxpec ted frorn th 

incr · in nuntb r of l r n : m th· noi '4 J ·er n,: '1th n ic~ ,_ 1 tr n; 
p,rup uui . 40 ~l ctrons and n . 

if nt c b t n d.lj nt n1 le ul 
cid the nd n (te1np r. ry induc 

diJ, le- induced dipoh.!' forces :rr ,,v 'l ,J ~r. hi~ 1n ans that it 111~lti11 and b iling 
t 1n1 r,· tur r l \V r thtn th s f but noi id. hjs i · n e, p - t, d \Vi'th 
bir n lle d-ch., in I 1111 u nd n it tr3 i -llt- h in i int r. 

Na111es of ca1rboxylic ci1d! 
_ J n~un s o c rb ;.:-ylic ids _r UQrivod fron1 th 11un1bor of ct1rbo11 tonn in cl 
l ''in, inrludr,,1.' the r n it n1 o tJ1c - J I r up. hh rb n :u n1 i~ r :1 Jr d 

~s th fir t r _rb n 1t 1u. 1-:l is ~al I d -chlor i,,, pan ic 
id nd - -3 - ( 1 i) 15 Cid. 

~ writ theformu1-
of butanoic acid era 
C3 H7COOH bee use this 
cou ld al o rep~ sent its 
isom ,r, methylpropanoic 
acid. 

..............•... , •...•..... , 
Th old n m fer 
25 hyd roxy opanol c cld 
I lactic cld, wh~ch Is trn 
u , d In bloonemt try. 



Fi u1 

N n, th con,pound that h e U, formul CH5CHCICH(CH3)CH=CHCOOH. 

11 

The c rbon eh In i , six c rbon tome long 1(h x .. )i. Th r is: 

a doubl bond ion c rbon nun1b r 2 
a -CH3 group on c rbon num - r 4 

chlorine ton, on carbon number 5 

Its n m i 5..chloro,4mm thylh x-2 noic cid. 

l=J 
H 

ur If 

[(r u s. rupl.cs t r : 

1 ritten I-12 .. 2 ~)~ ,vhi,ch is ic cid 
, hich :is t\V '0111~ ri is mner!i 

N me th following compounds: 

) (CHs):;1C(OH)COOH ) CH CHCICOCI 

ant in bunz~n~ rh . he nnul. ba1 _ 1 11~c. rb .'"yli c:id 
sh ~n in i ur~ .h. 

i lHc <J.7 h \VS th tb1111u] fl I nz ~11 - 1 ~4- rb xyH, 

~o 
- c 

01-l 

Fi Ut Fi ure .7 

Pt,y ic I 
1

properties 
h \.: id in the 11 n1 1 I USI. eri H ~ r U u ids u t I tJ = . 

• AH c rl, xyU,c ~cids h v 1tr1 ng sn1 Us. Vine . r is dilute oluti 11 f c:th 11 ic 
cid. he srn U r u, i t utt ~r 1 0 111 ~ ~ fr1 rn but a Ui i cid f rine d by the 
c ti 111 f b t ri I n butt r t. 

• Jlydro n n in ·w1th w t_r 11101 cul s u bl s th s id 
with nly a fi \1 3rb n ro111 t i · lve il1 '1 r~r ( ·i ur 'l. ). M than i 
a -i1 :I an~i th 111 ic aci 111i - \-Vith ,va r in 11 pr 1, rt i ns . h) lu iiH }; 
in J r dt?' r as 1 s as th hydr1ocai-bon eh in 1 n ·thc11s. his ii b C3US~ he 
eh iu i hy r phobic. 111v r e]y, s lubili y in lipi t1 eh in 
L n th us. 

11z1 i ·i ; .· ; H, i Si Ji ·eh t rn lt9 122° . It i p ·ringly 
solubl( in I u1d ·,v. tt,r and s 1l1'ble in hot ,vJt r. his 1ua _ s \Jll t r a YU it!Jb,le 
$ lv "llt t1 r urifyin~ benz k i by r crysu1 l li , tio11 (p ..... · 4). 



IPrepa1 rati1on 
. rboxyJic cids c n be proi r d by: 

• the 1
_ xid tion t " 1 rh11 ry ale h l. Wh n h t u under r flu. ,vith "cidirwd 

I ot i1uu die h ro1u. tc(v r). the prhniry al ·oh l is ""idi ed to :1 , 3 boxylic c:ld. 
P . r ~ ... LTI I ~ ·tir p n 1 10 1] is o idis d to rop noic acid: 

' idi$ J to • rbl -I -yu atkl by th 
on Uti n k prim~11·y le h l r r c.. n1 I : 

H3 H + [ ] _,, H~ H 

• th hydr lysis t an , &t r {f. 2 ) 

Vines 1r is 3% solution 
of et hanoiic ec id. It is 
prod uoed from th a no I, 
which i m de by the1 

f1armentation of g,rains and 
sugars. Eth nol is then 
oxid[sed by the oxygen 
in th sir in re ction 
cata lys d by e,nz.ymes in 
specific bact.eri . 

• th hycl11 1ysis of .1 ll itril . Ni'triles .rre ~on1p und~ 'that cont31n the = N I oup. • ........ • • ............ . 

~ hen he t dun · r r t1Jux. ~ ith Hut · id. nitril .. i hydr lys t arb . ryJ i The c rboxyl le ac Id h s to 
tl dlstHI d off fr1om th 

n anun niLnn sah. f< r x._1nr,1 : 

+ 21 ., --,. · H .. H + NH~ 

lfheated un :J r reflux ,'lich aqu us lkJJi ~ he ~It (eh rb xylic , cid ig f rn1ed. 

u bs gu.~ nr dJ iti n f stron ~ "kl , ~u h s dilu tc ulfu ri • id~ f rot llilt ' ~ rh 
c:irbo .. ylatc i n .. 1nd the carboxyli acid is forn1Q,d: 

H - + NHJ 

then: 

l 

Jiydr ynit1 ilce (p. 2 ..... ) ru hydtoiys d to hydr - y::1cid1 in a in1ifar 'ff a}' for 
ex lnpl : 

H 21 J J - - H NHJ 

yp·r p n ic Jcid (I actic cid) 

• th iodol rn1 r , tion _ f ~ n1 thyl k tone or a. ec n 3ry • l oh 11 (p . .... 7). n 
dditi n if s 1JuU n f 1 d1n in u ous s diuin hydroxi e to :i Jn .. thyl kct no 

( u h butu:n 111 • ... - IJ I 2 • ... · ) 1 ~3)~ th s lt f th :i c.id \ ith n fi we, c rb n 
.. t 111 (pr I tut ic .. c.i . ·_ I _ 3 - H l • > I I) i r due d. I. fr rti yU · i I is 
f nn~d by addinQ ex,,c s trong acid to the 1nixture. 

H H , .. 
Dut n-2- t H 3 H 2 H( H ) 1:i, 'Ar u ld ls r duco · ropanoic a jd h1 thi 

Clt1e111ica 1I reaction 
h r 1 a1 tious o· , arhoxyJk 3Cids ,~H~ iHu &tr~tcd u~in ethanoi JCid .llS the ~x. ntp! . 

1r, ,v .. 'k ., '"ids ( . 29). 

r actl on m lxtur . 



•••••••••• •••••• . .......... 
Tnl Cl 100 11 s tlon o,r ,c1,. rg 

blll th conJusa 
Dae • Rco2· , Wltn res _ et to 
the Cl1d, 

Th syrnbol [H] L us,ed in 
or,gen ic re ctio ns invo lv1 ng 
a reducing s,g,ent uc h 
UAIH4, because, the fuU 
5'1Uation is too complex. 
However_ the equation 
must etiU bJsnce, which la 
why 4[H1 t written in this 
equation. 

I :u.·t 11 n " 'Uh 1 . • hi r 
_ 1rb yli a, "'ids 1· Lc't r v rsibly ,vi rh ''IIJ ·att: r: 

H 

cL rb .rylh.: L c.: ids i 11,11 r acid i th n th'-l - H r up in a 1 · hoJ s. 
her:1 ' r t~v r 11e r this. ~ir r. th = r ur puH ] ctr us a,v~y frun1 the 

- · l-:-1 roup. n1 ki.n the J ydro en :.it m LU r, + .1 d tl e 1
~ - r e risier t I re 

+ i n. 

' ec 1n l tht' carboxyl. t anion h:u the n. " ti ch~r (i;h re betwe n h o oxy ~n 
u nu. _ h r 11- 1 rbit~I f th c3rbo1 -it 111 (contliniu on~ eJ :> ron)~ the p1- rbit l 
f the , 1 y n d ub] ,-bond d t it ( 11tainins n l tr 11). nd th JJ1- rbitl; 1 t 

the othe1 xy cu tcrn1t d.nin, ih ne eJectron and the ot1e ained by tht: 1orn1...1tiou 
1 f the - i n) all v r]Jp ( 

• • .i. a · o~ 
•• 1 )C 

R )ii C x • 4, 1-1 • • k •• 

• 0 • , .. 
• I( H 0 

acid t n11 s It \Vith b uch diu n1 bydr1 xid : 

HJ J I, 
• 

AH .. ~Lb xylic ci . r 1' er]k cids ( .2 -n 11. 213 f I th 1i1 ,.~Li I diss1 ci._rion 
· n, t nt~) . he c oc ntr ti n f c { o,xyUc ci c n f un b}' titr tin i \Vith 

stron ~ J&e. gu h a sodlun1 l dro. idt\ ush:1 p h nol[ h'tha], i 11 .u th in lie ato.r ... l e 

an1 unt (nl Jc s) f' ci.tri ,cid in J n1011 juic ,c · n b estim t d in this \V 'Y· 

tl1 n wlith . r n t • o h 1dr n r nnl 
· L,rb xyHc pr u _ ilth n d i 1 id \J itll ~m rvt.: n, h n d tu 

I ~ rbon t : 

N1( q) + 

R duction 
r~ 10 yH ..:id;._ r - rcdu d by lithiun1 re'tn1hydrid a]u nii11trte(n1). LiAI ~. 11.Hss lve 

i'n ry th r ( th .r:y th n ). h H i n. in th AU 14 - ia t1 1 O\V rtul nucl ophil . It 
& on t I th + 1 rb n t 1n1 in rh~ 11 , r u111

• 

1. c 1.1d th fin 1 pr duct h s t b hy rolyscd by ilut 
i d t prin1 ry J hot hc1 \ r r,.11 qu~ti n is: 

I + 4p I --,. 1 l + J 2 

9 c rboxy11c c1a1 (Top11c 17) 



rboxylic acids "re- not rodu ed by hydr gen I a~ j n the prt:: sen A 

uic l rt 1 tinun1~ uttlik alk n ~ whi ·h r r u cd t ]k~ n . 

, OU If 

Jt lvst f • 

Id ntify the organic product obtain don r ducing CHOCH==CHCH(OH)COOH 
with: 

) lithium tetrahydrldo luminat (1 11) in dry either followed by dilut 
hyd roch lo ric c id 

hydrog n g sand a pl - tinun, cataly t 

ltt ll pho u ( chlorld : orn tron of cyl eh lot Ide 
th oi i c n e conv rt d t th n yl chl irid ,y d in s 1i 

pent h l irid t the dry . c id: 

l + P - 1
3 
+ -- I 

his i iJ 1i1 r ro ,cti n t rh t b tw n 11 · 15 1d :in -, h l. J th r cti ns_ th 
- I l r uJ i r pl._ d by a h 'lorin CO'IU nd c]oud!i f 1nisty fun1 s of hydr en 
1~h]oridc r iv n ff. h .. nv r.i n , .in J I b perfi rn.1 d usin thi n)'I '" hlorid , 

H+ I+ 

h dv nt - e of this r . s nt is th t th~ in r .n1 i,c 
cyl chJi rid i left in th re , tion fl -

R cti on i h lcoh ol ~ · t rif1 ion 
ci s d n t te ,. ire, dily wich nu 1cl~ v . r~ eh yd act wirh 

. 1, h l in th pres n _,, 1· f c ni ntl ated su l uri .icid (~is .1 :n lyst) in 1 r ~ersi l ,, 

r • c t ion to fi nn e t rs: 

aci + lcoh · l ~ e t, r + '\l t r 

r 

H1SO,(l 
21 is 11 El , 

th noic cid th to 

h cJtalyst et 11 ti11 d 1 = r up f th th· noic , ci ~ \Vhi h th n 
] ulc: 

4"'" + +( H), 

hi& i by th l n , ir lccrr n 11 th ~ ]c h l'; xy n Jt n1. 
c,j in. Uy 1ArJt rand 11+ i.on&. r' lost and the st ' r . orm d. 

••••••••••••••••• ••w•• •••~• 
The H- loin In LIAII H4 attackB 

lte . Th refer • UAIH,4 
wll I not r due C;;;C group 
as It h B hlgf1 I otron 
d n lty. 



I 
When carrying out this 
experiment, care1 must 
be ta ken not to get 
any but e1 noic acid on 
your h nds. lte odour is 
extiremely unple,esent and 
lasts for days,; Therefore1, 
protective a;lov a, must be 
worn. 

M "thyl but._ 110,l[O h prep.1red by th re ation f butanoic." Jcid \Vith ntethanol in th~ 
pre s •n , _ .1 fi \i drops , t nc ntr.1 t ,su If uric ~c i : 

H H, H,, ... ... H+ H 

M tl yl l ut 111 atk'., .111 ter. s1neills f in . t l'lf , 1111 _ i use 1 t A~ v u r sw ts. his 
n be ~ho,vn c ri111 ntJ11y: 

• Add fi ,v cir, 1 s f c nc ntr lt d su ]tu ric a i t a 1nixtur I f bu tan 
n1 th n l. 
Warm ,or s veral minut s in a \V ter ath. 
1 · ur rh c nt nts int J h ._ k I f 11..lih.1t s dhu11 hy,c.,h , . n .1rb n 1t~ solutiit n. 

he sn1cH I f pin p _ le can b l ticcd read Hy. 

e your If 
3 Writ , equation forth r action of prop noic cid with: 

} qu ou odium hydroxide ) n1ethanol 

F1 die I ub titution: fo1 rn io1 of 11 lo no ci I 
rin , is buhbl, _ int I l boilin , rub _ yH ~cid iu eh pr .. s nee _ f sunli hr _ r 

u ltr violet (UV) Ii ht. . 1:11 rine t m r pl ces ne of th~ hy r en to1ns iu tho 
L yl hain: 

H+ 

hi is 1n XJtnp] 
\Vitl hlorin in th 

t'tcc- r,adic . I substitution. lt ii si n1i la. r to tho r ;iction ,af n1oth 110 

,re n.. f UV U ht. 

If pr ,1, 11 1 .1cid i~ us in 1,1 ,c: f th.~11 i, ,. ci . th p, du t is 2- hi ,r pr pan i, 
ocid. n t 3-chl ropr p,~ no,ic nc id: 

H+ 

Su1111t11ary 
h~ b 111ic l r cti ,1: s of c rbo,x ylil: cid , r tunn1 ris d in - igure .10. 

4- C:zH!OH canc~so., Clt I~ • C~:1COOC2l·h1 

c~ coo~ + PCI C~iCOCI 

- 4- LiAIH_. fr1 dry elher liiC lvc r'I t ... C~,c:~:zOH 

+ Cl2 UV light • C~:;CICOO~ 

.1 

9 c rboxy11c c1a' (Top11c 17) 



I Acyl chlorid s 
h ar .llso km, \Vn s . cid hi rid :.1nd have th funct1nna .l r up sho\wn in 
i, u re 1 .11. 

'Ph,ysic I properties 
• M &.r y1 chJoride. ~ r' I i,qui s t ro m t 111 c r tur . 
• h y Jubie in s v r~ J r nic 1 ]v nt. ~ bu r . 1 t ,vith ,v t r. 

ht"' n~uues1 tbnnufae ~ud boiHn . rcntperatu rcs of sonic a, yJ chloride9 ar iven 
in bi 9. ,, M tl noyJ -hl rid I s n v r ,e n is l d it d 111p t r n1 

-ntJ L1t11r int 1rh n 111 ,n "i,d :.iud hydr , 11 hl ride. 

• Som acyl eh lorid s 

Ettl noyt chf,orld CH3COCI 5· 

Prop an oyl en lo Id CH3CH2COCI 80 

au't n )'1 cn1or1 CH3CH2CH2COCI 02 

B nzoyt chlol1cJe C' He;COCI 197 

Pre pairatiion 
A,_ yl c:lllori ar~ prl1,1red fr ·111 °',1 _b x ·Ji acids. Tllt! - H r, Ul' is r p,1 c d by a 
~hlorin .. 1to111. he rc~g nt1 th t c.1n be u~cd re phosph ,ru (v) ch l rid (ph sph rus 
l"tn' hl tide), h ph rus(ru) · hi rid r rhi n}1I , hlori i . ta1 tin · 111 thJn k 

id~ th~ U., 'ti -lU JI : 

I 

I I l 

c1t1e,mica 1I reaction 
In .1 id hi rki s~ the ,i1cffb n nton1 ot th,, - > r up i v11 ry · +us th~ arbon t rn 
is joino t t,v high! cl ctr nc:g tiv , tonu· th .- 1 b nd 1 n 't v ry st'f n 1 

nd 1- i · ~ od 1 avinQ gr up. k~n t g tl ~r~ this tn k th rn l , u] v r 
u I tibl t nu le hiH tt in diri n Hn11n ti n r Lti n . ,.. h nd t·c ult 

is u b tit ut ,n i11 ,vhich th nuc: ~ iphU 1 r 1] r.: s th Ahl rh1~ t n1. 

A, iu hl ri s re ~ret 1nuch 1norl; , ui kly h n c.· rb yli ids. h I • rb n in 
,- r ~,oxylic cid i le ; o+ tl n th curb n n cid ,~hi ri , th H b nd i 
stronger th n th - -....J b nd nd r- i l s d leaving roup th n t 1-. 

R ction with w 
vi orousJy with ,v. t rt f rn1in eth. noic acid and d uds of 

I + --+ H H + l 

0 
~ --c 

Cl 

Fi ur .11 



•• tft ttt •••• ••••• , ...... 

The 1cot101 must b dry. 
or tn oyl chlorlde wlll b 
liydrio1y-, d by tlh water. 

ho. first st 
cl trc.,n~. 

dd ih n of i,i rltt r. he y 11 t · Jn in wat r hJs lone p 1r 
k~s it 11 nu ·]~ ,p1hH . h l n, p,1ir torn1 1 b 11 ,vith th 6+ 

roup ... in1uL:1t1 au 1y. th n-hon _ br~Jks nd th ~ 

( i ur .. .12). 

0"" 

I 
H!!C !!Pb H C C: C:I 

I C'I 
~ c• /o+ 2 • 

H IM 

Fi ur .1 

bi 
. oUow d by th~ l,o,ss of Ji" and 1- ~ u m,eou 13 ] in the f.or tn of ste..: n1y 

fun1 s ( i 1 u rt: 9 .1 ) . 

o-
0 I 

l..f C: HC ~ HCI C t:I a C + 

I 0~ 

/ 
a-+ 

Im!, 

. 
I ll 

hi ti n \Yidt \Va't t 1ne. ns th~1 \Vbc11 Uih1g· thDnoyl , h lorjd a r. a r nt~ 
. u I' ..:U[Q ~11 l saw r, n1u~t I ry. 

lcs ro ctive th n th a.t 1 chl ride nd r 1cts n l)' sl ,vly , ith 
h, , Jn b us~d ,vith re .. 1 ont in ~qu ou s lntiou. 

R n i h ~ I co ho I 
thanoyl I h 1 rid . r cts ra jdly iu :} n n- re er ib] r a stion W,itb J] oh 1ht -h~ 
r nli ty tu1n s f hydr en chi ri v pour: 

J + H -, H H +H] 3 ! J 
thlln yl , hloriLi n1-'th~11, n1 thy] ch.1n atc1 

th - r ,·ti t with ,v c r. 

A thi is n n-r v r i ,l r , d u v 'ith od yi ld~ it i n1 re etii i nt 11'1 th dot 
111 .. \kin, au 8ter than reuctin, th ;1J oh l, i'th .1 c rb ~ yli ho ].1tt t r~t.1cti n 
i r v rsible '\Vith l n1 ximtnn sdbl yield un "'r 70 Yu. 

ction with cone n r t d n,n oni 
h nitf n t n1 in 1nn1 ni h s 1 ton pair 

uu ·1 )phiH .1tt.1 k 11 th r u1 . h · 1 r ju t i .111 tHHi I 

+N J --,. 'H 3 NH., + ... 
than n1id 

With e.,. u nun nL 1 th hydr n chi rid tornu a ~ hit 1n1 
1,J1l, ri 1~: 

H I+ NH -,, NHq 1 

~hj · h 1 11 od in 

. ,_57), f r 'X.n pi : 

9 c rboxy11c c1a1 (Top11c 17) 



R , c Ion with 1 ,111 s 
A111it1Q~ ls . ha\'(; 1 1011 pair of cl.ec:trons on tL nitr I en at n1. 1 hey ro. et with 

yl hl ride" in tht: nu; w. y as nunoni . h r duct is ;ubstitut d 1nid , or 
_ an1 h.: : 

J + H ~NH, --t H NH + 
th noy1 chi rid ... n1ed1yl th n n idt.! 

R c I n with llthiun, t t1 I yd1 ido lun1ln t (111) 
A y·l hl -·ri c , Ii · carb yli- ids n lit r . r, uc · d by lith1un1 
t tr hy,dri.d ,~tlun in r (nr) h dry , th r luti n t for1n .. . pri1n .. ry I h L F r l . . n1pl : 

R ctf on wl h ~ ro111 111po 111ds 
thano ,1 ch l.orjd~ t cts, ith benzene nd, itJ- l h nol (] p. 24, nd -45). 

Writ quatione forth reaction of prop noyl chlorid with: 

) ammonl b) wat r ) 2- minoethanol, N H2CH2CH20 H 

S1umr11ary 
i ur r( .14 un1nu1r.is I h 111 fc.J r '"t1 nr. f ci 111 rid . 

RCOO~ + HC:I 

RCOCI -...-.- + NH.!1 --~,. RCO NH:z _.. HCI, 

i-- + R'N~ :2 __ _.... RCONMR' + ~Cl 

i.......-- + LiAIH, ---.• RCH2l lH + HCI 

Fi ur .1 

·~················ '··· ..... Th pr flx N- lndlc t s th t 
th m thyi sroup Is eh d 
to n ttros n tom. 

;f'o 
--c 

0--R· 

he 11uu can b~ ::i hydro ""tl to1n or au or J.nie r~ idu~, ~u h .u - H . he Fi m· .1 
group ' n1ust 1c a r ,,idu l;: of. n J h I \VUh a . rbot1 t n1 tt ched t I the 1 -~S n 
fth l;&t r linka ~. 

• II 

• 
h pr t1x ,, 1- indi , atos che p siU n f th~ st~r link in the propyl .. h \n. 

D01 not write the formul 
of an1 ~ eter as ROCOR' as 
this is mbiguoue.. Is th 
p Brent cid RCOOH or 
R'COOH? 



•+ •••••••W••~•••••••••••••••• 
C1onru I ng1y. n e,s'l r Is 
wrltt n with tt, Cid f1 1BldU 
nr t 'tn nth 1co,no1 f ICIU I 

out nan, 1d wm t11, a1col101 
r · SldU fir t. 

Pt,y icall pro,pert1ie 
M st ster r Hquids lt r m tcnnp ·rJ'tur . 1 h u mos n b i1i t1 inti of tho first 

T bi .4 E ter deriv d from ethanoic acid 

M thyl th n CH3COOCH9 67 

Ethy~ tnsnoa CH3C10CC:;1H5 77 

1-propyj . tn noat _1 CH3COOCH2CH2CH3 102 

2 propy1 'thanoa CH3COOCH(CHa)2 9 

olul ilit 
a11it b in 110] r 11101c ul . a U sters r~ inti lubl~ h1 ,v 1t "t. _ h~ r~ s n for this 

i th t they cann t f rm l )' r, Q n nd l ith \V t r 1noJ cu 1 s b us th y · o 
n it h., Vl'! an r byclr en 1t Jn and th 8 .. ~ c 11 , ton1s ar t ri Hy hinct r , 

r c ntin cl o ppr eh y \i • t r 111 ,] ul . 

Prepara1tion 
~t rs - n be r r d by~ rn,inQ · n l ~oh J Jld , C' rboxyU , cid und r n:! flux 

,vith ,a ,v dr ps l1f conccntrat d ultu ri, · c id: 

hi h r yi Id i. r et d with n . cyl hi rid llt r.o 1n 
ten1p r tur b c us th~ re cti 11 i n ,t r v rsible l ud h 1 \Ver ctiv tion ner y 
nd !. i 

+ · H Hs + H l 

Che111i1c I re ,ctio1ns 

Hy II ly i 
-i st rs 1r hydr ly , wh n h l ·t d under r flu \Vith hhor quoous .1, id r u us 
alk.1 Ii: 

Not rh~ , I L _ 

. 2 Is + l 2< 

21 l.s + N . i i ls l:I 

1 ~., ti 1, s. In the fir.~"t, th~ cid h ~ ctH.1 ly c 
y eld t acid nd k hol i l ,v. 

h hy rol " i ,vith Jqu " u. '" l'koli i not r versibJ 1 , rh r is d rj ]d I t 

the s lt f th rb xyH • id .u1d ti 1 h l. lf the r nh: ci ig l:f ui1· d. the 
luti n h c 11 cxc s dUut itr 11 cid, uch s h~ r ch1 ric r ulfuri ~ 

h add _: 

H N + H + N 1 

9 c rboxy11c cta' (Top11c 17) 



l arc roduced y the hydr 'I ds f n~ turil u&it rs sut: h lS vc c t ble oils nd 
nhn l ft . hi is · hievcd by I e atin tl t~/ ih 'ith 1 

1CJ U ous sodiutn hydr • id . 

- + ~ II 

h fatty licid in th1.; ter • r usu .. 111 r ifft!r. 11t, buc nm. ny kind& o tri ly '-lt idc .1r 
n \Vn. . h .. 1d · in I n the t ·ttv reid~ in naturally currin tri -]ycorides v ry. 

but n1ost ont.1in 1 ,I l N or 20 c~irhon :-1tonu1. Na'tur:il :iuy ._, id~ round in p,fanh nd 
aniln 1 .rr typi, • Uy nipos d f nJy ov' n nLHH er of c rbou t 111 . . refl ,cti ug 
th I .1 hl ay fi r th ir bi ·ynth si fr u1 rh..: tw - . rh n buiklin - l l 1c ~ 'tyl oA. 

Tr 11 1 ·t1c~ tl n 
here ~ r tw10 tyJH.!5 of tr. n~t.: stl,ri u:ati n ro. tion. 

I h an 't h r _ J!--_ n I~ ., i I 
1 id rt -,f 'th est r is r pi by the acid re et nt. h sin1pl t e 1n11 le i 

n b •t, e n Q thyl th;i noatl.! .u1d Ln 1th noi 
ho pr du-t, re thy) n1 th no t and oth 

'u:id in eh I pre s ~n '-! 311 n id 
1cid: 

fr ~1 ci n is us 
inc n1h cid i s tu r te, n 

is h r 
C t Jys't. 

.. H3 ~ I J 

f J \,r-fat n1 (I . 2,1,,14) ,vhcr, 
id j uns tur t 

y th ale h 1 r 1 tant. A sin111I a1npl 
.ind 1n t'h n 1 in th ot n 
tc ud c1th n l: 

his typo f re._ ti u i; u ed in tll n1 anufit tur f hi die l (~ . ..25) \Vhc: r 
thi.: rc3ct nt I le h 1 js 111, th~1nol or cth.n10J :ind the r du1· t olcoh l i r p no 
I 2 ~ ; .. ,rri . 1. 

An11 tJI ats nd v tabl oils l"l: an 1,ks t f u i ·1yc~rjd~s. T h~ r1r~ est r forn1 d 
fr ,111 ~t,cids \1 ith i n hydr rbon cl a iln (fut t r ,~\rids) t1nd the ~ l · h l pr no 
If-~ -ui 1l ( lye r 1). 

ils. th thr, ;icid that f rm th e.t r Hnk 
tural d, 1110 

n thiu they htiv in I u11nou is 
111. t~ ric , cid . .... ~7H 3s 

nhual f c ; it is n v r f un n th • 1niddl, 

re nt , s f rh thr differ nt kin 

are iv 1 n in able ' . 5. 

f[ tty in v r , tv f fats. nd il • 

............... , .......... . 
Thi , a,cuon I l&o e u d 

po nine t1on. 

,, ... , ..... ~ '' ,. , ....... ,, 
Thi r ,action I I o ,c lled 
Inter t 1rilflc tl1on. 



T bi . Perc,entages of the different typ a off tty aid present in some f ta nd oils 

oya 011 82 

R pe d OIi 2 

unnower 0111 ea 
OIIV 1011 0 

Butter 7 

pre dins n1araarln 20-40 

23 

5 

23 

7 

36 

40-60 

~­-1:.x,·~·ll:ll,'\f'V'l~ ...... 1_J. J' 

" ~1&.atutato.d.t 
------

15 

10 

11 

14 

57 

1&-- 0 

ih , ntJn1 betl e' · 0 1'1, ln >0 1'1, unsacurtH d -. t, \Vh I ea buner 
1 ~ 11t iin 1ppro· in1 t -.J r 45% u n~utu r tc I t t. atu nit d t ts re h rmfu I t h 1th, 

th y t'll ta U! hi h l1:v I f 'bad' chol Rt rol in th bl o s r n-, v hirh in y 
r suit in bl ck g~ 't I th art ri s (,. th r clero i1). 

d[n 
t. bl 1COHV re 111t s mi ... u _ui t"'orn1~ \rvhich i put hu tubs n 

I kl ~pr din I r lo\v- t 111ar, 1 in . hi n b c:irri d I ut by tw 111 thod . 
1 r'1tn e l rf icattor1 
A c t lyst (either in r uic r 11 nz ' ln ) i d d , ith I rne s.te ric cid to the 
v at,3bJ 1 H. hh t~ k • th pl , f n~ f he uiuatu1 cc I f tcy 1 1ds. y pr cos& 
f, ntr ll d 1·ryst-1lHs ti, n, 'th h. rdcr (fo I uns turatcd) triglyccri es cry!t lH 

fir. t nd re a~ . r 1te t ft~ t .. ric id is ua d b~ u u · it ,.1 eY 1:1 t fte t the lo\-'-
d nsity Ji · i r t in (·ba eh 1, t r, ]') leveJs in th b.l 

_ Adv nt . : no uans r tcy a,cids r 
- _ · iirn v nc e: s ll1t! f the sec .rrk .1cid ·o , nt1 the 111 idd] .. rb n po ition f 

tl c trioL · his i thought t be slii htJy h .. rn1tu l to he~ Uh. 

P rtial hydr n t l n 
A ntroHed .1n u n r hydr n i a id LI t th n in th )'I ~ nc I .. I • t ly t 
(11 r1n lJy nickel). • Ille . fth . ublo b 1nds r tur tod nd h rd rt" t is pr, due" . 

• Adv nt, . : th r is no int rfi renc \.Vith tho rd 'r f th f: i'tty cid . n the t ri L 
v JU e: the == i \i e k n d a it b nd to the cti.v~ sitt:s on the c tnl r t. 

me of th m lecul s r t t r uni th rem ining \V k n d 
, nds .nuJ so rn uaus h.oni rs ire fi r1ued. h sc ~re li ved t 

,eh Jest, r J le v ls in th blood. 

h~ ltcr 1 il t n1 ad y ither me tht d~ · r rh ln 111i d with u ntrc ~ t d v~ 
.. nd \: ith lipid-~oJubl a t itiv uch ,JS vit~11ni1 , 1Lolourh1, u . ntg _n nn1bifi r11. 

hi 1nixtur i th n bl )n ~d ,,rith \V tcr s lubl dditiv..: uch n1ilk ,vh • 111Hk 
pr t il 11 I ~Jc. he r suit i spr..:1ad~bl m .rg rh . 

nd 011,e 
il h ve · rbon c rb n d ubJe bond et,v ~n tl third nd urtb 

arb 1:1 't ins, , unting fr 111 th 1nethyl net If it i' p lyun tur t d~ th . ther 
cl . ublo bonds . r b twe n th si th nd s venth \ 3nd ninth nd conth, rbon Lt n1.s 
~ ntusin ly c unting r m th eh r nd tr, n1 th I IP 'rst 111). 

9 c rboxy11c cta' (Top11c 17) 



.1 i l .trc - uu i in fl h ·11 ~•nd, o ] SY r "' · te11,t. in nu~1 vo ~tahl 1 and 
nut oH . u1~ - cids h v 1 th , t1r ·r d ub] b n bct\V n th six.th nd e nth 

._trb n .u:onu fr n1 tb 1110 hyl nd. . . ci , <l1-Z,L .. -Z - et d c.-' J2-
di noic cid. th r U v d t 1 be 1th nd n b tbund in tn ny 
di ary uppl m nu. (Pi ur 9.16). 

C 

HO 

0 

11-,1 0 

Fi ur .16 

8 o Ii 
Oiodies 

- -

de tr1 n1 nJtur,J v etJbl H . )n~ such is: r p, '\ o H. 100 k of 
1·1other s ur I f biod c s "Jl is th 1 ~as fron1, 

, ill u t u e l nd th t c u l b used 

h 
wit ntedhnu. 

J ud If ic I ftrst d u1onstrJt d his d1 g 1 11 il'lc usin uut ii. but v 
01]s re n t I d fu ls t r these en in s~ th y t:1 nd to cl th Ju J i.nje ti n 
n zzle . A 111 r~ vo!Jnl H ]Ukl i t ee ied. Thi i obtained ty tr n _ gt ri 1 ti · n 
( igur -l.17). UnUk th pr,ocos u d in 111iking· n1ar rin , th n~1tur ... ] i1 i.:it r 
is 1nt ~ d ,vith u-1eth 1110 1 11 i a :1t~1 lyst. _ TJ l'U stcri 1c,1t1 n t , p,l thll 
n1 thyl st rs f che f tt , ids pr, e11t in th1e v 8e t le iJs. 

RC:OCC l43 

rtcooL 

R•·coot 2 

Fi ur .17 

Polyester 

--P:- RCCOCH + R'COOCH ~ ~··cootH, + 

t r I nd n ati1 n ' olyn1 ~r . 

0 11d n ntl 1 11 'I ul 111 r r l1 rn1 d h~n 111 nc 1n r j 111 o ether 
rth th Un1in t( n r n hnp1e ni l Lll • u 11 , -,t n 

hlorld . 

h n1onotncrs that I ondense muat h _ v t\V 1, roup I one t a h nd oftl _, mo] ule. 
x n1pl -, die r 1.-yHc ci h s t, I , r u _ s~ di acyl. hl rid h t1~.r1 1 

- 1 r1 u s nd di 1 h t ;v 11 r upa in th 111 J ul . 

••••••• •••••••••••••••••• 
The n th nol o n made 
rrom nydr a n a no c roon 
monoxld • 



..••..... , ........•.... , ... 
A co,po~m r I polym r 
mad rriom two dlff r nt 
m1onom rs-

A poJ ter is f r,n~d if a di "'arbo yH cid~ such Ji ben:t1:; ne- J ,, -di rb • yB cid 

(t n~1,hth· lie · )~ r · cts with J i I~ u 11 . il th t1 -1~2-1~Hot rJ~ H H 2c 11 . 
n f th - _ 11 I :> Up•s Jn tho die a bo._yli a< id r ac t ,:vitL n f t h - _ H 

r ups in th l. he r n1 ini n - I I r up in th di l th n r , ith ( n 
f , h~ - r t11 ~ in ~ se n_t hi i,iu n1uk ulf. h r 111. inin H 
r up th 11 r et' \Vith the - l h1 s c n di ,] n1 l~cu lc nd , 11 h ll! nds 

of tin1 s. 

lJ,c:e wi'th the hn tl yl st r r i cy] ,c:h J ri. 1 . An 1111,Je 
lya1 r ryl nei. J I r I T (,P l}" 1tbyl n ,-r r thth l' t) 

n Cl--~ 

i--c---o---c~::z-c ~::z---c-.-
11 
0 

+ n ~Cl 

Fi uro .18 

U of pol 
Poly s.t r~~ uch a~ ryl n ~ re u in the m nuf ctur 
sh irH, sheet~. so, ks 9nd tr u r 
fi r uch s c tt n or .,,_.,I J. h p ]y st r 
re i&r t1cc; the natural fibre iv s s ft~ r te~I 1 ba rb sun1e 
, r&pi r tio11 fron th w ar r. 

ly ls . "· 11 nt tl nu l h1 ul·1torS1 nd c n be us d ,~ s 1UinQS1 t r duv ts. 

p .. trud in o diffi r nt sh r n i u ~d t m 1 nl s t r nizy 

Di o I of pol 

he b ttle d10 s n r U 1W the di lvedl c· rb n i xi e t , esc e 
I is sh tt Tllr t~ ci \,ri U not br "ilk if dr pped. 

I oly ,terg are n1ot biod rL d hle b au~ , nzyn1e~ h:iv n t _volv d th t hydr lyst 
the gt r linkl1B s hi the rri 1ci 1 br s. I ism n th t hey d not r t i1 ~ J f dfil1 

ite. ltburnt. toxi fu1n~ art! ll du difth t 111p~ratur >:1 t1 :Hn 1-un f.ir Jrt 1 11 _ t 

1 I s ly c 1 tr U . 

Ho1110 olyn,e1 ic 
fr m ;inp;l t , f Ill nr n1er. This mon n r 
n r' t \l ith th.. r1 up at th th r ~n t th 

X n1pl S. 

I 1lyla t t-: i (11 ) 

ctic I id (2-hydr1 1prop n ic ci ) c n b n1ad by th b ct,"ri 1 t, rn1 nt t i n I i 
1c rnst~I\.h. It is dim ri d 1nd t1nal1y Jy1n rh d { i u r 19.1 <>). 

9 c rboxy11c cta' (Top11c 17) 



CH,. 

I 
n C:M,C: ~(OH)C:00~ -.-o--cH-c 

11 n 
0 

i u r .1 

alyn1 r jg fully biodt! r~tdti J • £3 c.tu s i't d · r:id il t i n11 cuou ~ la ti , 
11- A i us a~ m die 1 im I ntg in th f' rm I f nch r1 ~ ~ rc,"s~ L. t s nd in9. 

~p, _ndin on the nxac't type used it bre. kfl down i11sid th .. hody \Vithin l 1uonths 
t 2 y r;,. hi r Ju I iesr d ti t ia ~ ir bh: or a support tru tur • b ct1us it 
r du~m Hy rran , r th l .. t the b c.iy ( • . th~ br 1n ) ,ls 'tl1. t lu· a h als. 

I f pal 
- liydr .. ybut n t , ~ J., is pr u ~ d s n n r y st r 

n1i,cr . r ni91n .1k,~U -cur". Aft 1 • ·rnn.: tion~ it is r olyn1 riscd · .. 1ytically ( i u r 

Ill 

C 1-1 :i 

---o--!~c:~ --c 2 

II 
C 

FI u 

hh; p 1yn 'f j n t ~ Bi p l and. i ully bi 1~ad!.1hlo. rl..!~nr,c~ c uses :i 11 l 
t m kc its 1..r dit rd . cn1 1 ttl c 1nt init1 l ir 1 ti n r n1 de of - i 1 1 I. s 
it1 son1 dhpo1s.i:b] 1~1 ti~ cudery. Its co t a 1 d 1 ck of t .:. ns.ile stt _ u th nt _kos i , s y~ t, 
u nauit. b1 r 111.ajor use. 

r 
o r If 

A poly t r h s th r p et unit shown in Figure .21. 

--+-O- C~2 - CH2 - C-----

II 
0 

Dr w th tructural forn,ula of it monom r. 

M k urc th r you 1c n: 

drJw th ~tructurJl f 1nul. _fr~ t ,. n 111 ~ 1· 3rt, . ylic . id _ st r ~ yl hl id s 
• n rn1: 

• .. pJ it1 ~. hy ~arb xyli ch;I h.:1v .i hi h~r l iHn r i11c .nid . r n1 re lul k in 
, tcr th n st r 

• u k:111 w th ir pr p r ti1 n rrom rin1 ry ]11..:oh ls,. l ehyd s. 111d 
fro1 n stc rs. 



_ M.ik ur that you c n d crib th ir r ie:tion with w~ t 'r (inclu in cal ul tin 
the pi r of rlu:: solution), b""i 4.; !1 8 ·u rb,ona t~ !i ~ nd hyd rn enc3rbon.:1fc g. l~ohoh~ 
litlliu.111 luminiun1 hydri nd ph 1 1 h rus ent chl1 rida. 

ster : 

C .u1 yo u l' ph1in \Vhy th~ir J rep n1tio11 fi·oJn acyl chJoridt.!!I is better th.1n frou1 
rh xyl ic cids? 

, h I k th t you kn · 1W rh it r ti us ,,vith a ids n J] Ji ! and \-Vith or ni 
3Cid~ or a ko1h 1, (tr.1nse tQri hc:i tion). 

h ,c th t yi u no,v 'the i rc11ce h~t~v n ta n ils. 
M k sur thJty u n\\rrit th 1· p ""t u1 its fl 1y st r .n '" ""n ,v r:k ut th 
111011 1n1 rs iv 11 th rop - t unit. 

Acy] eh! rid 's: 

Mak ~ur,e th. t you _ no,; th _ir structure nd th ir prep r tion. 
11 ,ck th t u. ~ n ,vrit equ~ ti ns r thL:ir re· tion \Vith wit r~ I bots~ 

i 1 u1 nt.. 111h1 nd Hthitnn h1n1inium hydri 

I Qu tio11 
1 .. }lai 11 ,vhy l I p n ic , hJ is so1u ble in ~ a r.~r 

i insolu]]. 

lf th n1ol r m:i t th noic cid is n1 ur d ,vh 11 
dh~s:o1v cl in au rsoni lvtnt guch s b n n ~ it ia 
t und t be ~ 20 g 1nol J. xpl in this. 

3 Aspirin "'· n b r~p11r, d by th r cti n 
f thJ1 y1 chi ri e with th 
i ur •1.2..:.. 

u &tJnc in 

0 

11 
C 

OH 

OH 

Fl u .2 

Writ th tructur l f 1rmul n: pirjn. 

I _i rib ho\l you would pr1ep r, a pure. lu~h-yi ]d 
n1pl ot b nzoic ,cid ~ · iH; · · H ~ fr m tJ yJ 

b nzo te ~ "61 ls · ""2 Is, 

ril y u u] d p1 p,.u~ 1 5. .u np 1 f 
hi ridL.: fr 111 prop n ic cid. 

x ~,l in th n1eanin fth t~nn l r 1n , · rJ ti ti n. 

9 c rboxyll c cu11 (Top11c 17 J 

1 In terms of their "'h 111ic I n1p s.iti n, • l._ hi 
eh I dif[ rcn · bet\ cen anin1-1] f1 E and vc tablo 

H&. 

8 ~ ,,fa iu wt }r it is pr fc1r.1b], t us n ci c hl1 rid . 
ra'tho1 rh.in a I arb "Yl i, . id~, h,11 1u.1 kiu t_r , e 

u J nt\ti s -f n cstejr. 

--hydro. -ypro 11 ic 
ra"r 'Eh tructll r 

p lyn1~r. 

cid c n b p lymcri s d. 
t ttiJO re11~ 'E units of thi 

xr,lain ,vh}', ,vh n m kin~ l1 w f 't pr in 
n1al , J rin · ~ c1 .. 1nt ste ri 1 ~rti n is 1~ref rahl to 
hydr I cnJtion. 

1 rib th ~ chemistry f .. nv, rtin J v g t bll! 
il into bi 1odi ~ L 

ivc nc advont~ 
r cher th n goyab n ~ 

bjr dios .. 1. 

]•1'fi1plu:z treos 
1n nu C'tur I f 

3 Writ hl n L:!t ry r s nt und 1C nditi ns t< r 
c ·h t p in eh re c ion qu n h 1wn b "l ~. 

tep ·1 2 
H H > H H 

4 wi;tc the r p t unit f eh p ly (r l11 

H f,, .. H ndH H:! H'\I .. 



-

s 

) ] 
U) 

r 

b ttc r f 1J 1 for .1 I a r · 

sc u 111..e f r the high yfo]d 
thyl eth n te fr 1 oth n l 

nt. a, th 
,h t p,. ( ) 
(17otnl ~ nt~ rk ·) 

his , u ~ti ,n is L bout c0Jn1, unds th.1t h av . 
= in their &tru ~run;:g, 

., ) 11sider th n1p un nd 
0 

Cl 

p Q R 

O Which "f'.ill r et \: ith 
2. di.nitr p,h nylhydruZll1 ? (1} 
_ , . only n P on ly 

B I nJy 1 Ft. u r 
Ht Whi h ,viU 1 :\ eh]h ' 

sol u ti n? ( I ) 
nly 1 

.111 P nly 
B l nly ll t ur 

HI) \Vhich ·,:viU ro t 1 ith .. qu ou 
dium c bi n t ? I) 

nlv , and ll nJy , 

nly ., U tr ur 
I 

> WI i ·h \vill r , .. t , ith W l..:ti in 
dry 'th r? ( l ) 

1 

,. nd P n]y 
] ' and onl r 

P n nJy 
l four 

b) JP, se d ·. i1 · a tri -ly ri ~ hi h 11 t, 
c 1nverti.: d in s Ud f t stu:h ~ s m.1r arin 

r in t bi di s L 
i) h pr duction f m r arin c n 

r quir talyt hydro naci n. 
N. m J suitJble G!tta1y~t . nd st. te ont: 

i· dv nt f thi 111 th (:?) 
II) _ h µ1 du~ti n · f i H l inv IY 

4 ._ 1) 

If) 

tr n t rili tion. x J in ttus c rm 
with i ('lfcrcn e t ir p du ti n -~. 11n 

( 

(2) 
f lblnl 111 r J 

mp und ont· ined 5, . lYu c rb u~ 
ex. hyd en nd I . 1,, 1i1~ n. 

b w th.tt th ~ 1: , nsisto:nt 
:vi th h vin k ic I f rn1u I 

sl-lw · 2· 
h m.; ctrum - hJd 

1t1/ = 1 2.Wlik d , 11 its 1u 

t 
(2) 

p tk t 

lecul 1 

f r111ul . I l) 
b) onq,, uu X \I g heat d u11d "r r~flu 

,. ith u ous s diu1n hyd · nd th n 
c 1111, undY, i till d u .1 h I n1 inin 
s luti n ·v s a idi 1ed \V ith dilute su l uri 

'ld ,c m1 ound Z ,; s 1distill ~d ut. 
1np u.nd a e p le 't:Uo r recipitat 11 

, h n \vnrmcd , ith i dine in alkJli. 
NM_ ~p~, tr~u11 1 1111 und Z 

t 111 i t\ onvir nm nts. 
i) th infi 1rrn ti n ab v, c d Ju 

th tru c tu r J] or n1 u l .1 f Z a t1 Y J nd 
hon o that f . Justify your n , rs. (5) 

I ) d ' id 
(2) 

HI) \\Tri t!.! th t~ r the rt.1cn n I f 
uc u sodi u111 

P) 
. It ' · m 

· V.thi 'h 
optic~ l 
fW an 

(2) 
( tnl 1 · u1 rk ) 

Ex m pr ctlce question 



r n ( • PI 

r anic: 1 _ hen jstry C'~ l1 be divided in th re cat ri ,: 

h 111 . lr : thi i. th stud) of sj1npl 1·01upounds th · t h ~tr.1.ir ht r 
f , 111 h d CJr 11 eh hu or rill S fdns ly nd d C,arb !l, t Jll!t lk n , th ll1 ·]~ 

J"1ifl I ne 11 • n nnJ )'1 I I t211 - are e .1n1pl s I LlUphatic 
Olll "\ und 

CH2 

/ t2 
C 
Hi 

C:ye~Ofl f"IC: 

Fi ure 0.1 

_ r n 1 
: these ailed r . n1 t 111p lllnd . h y aH nt in b nzen\.: 

dn . _ h 1s is u ting I sL ea r1 n 3t u1 & in \V.hi h o ·h forn1 s t o- 1 ndij 1 itb 
it n i hb urin carb n aton1s ncl h~t 1 . p- l .err n in n-b n, . he urth 
v lcncl.'.! c1.l1.!ctr n is in J a-b nd with an .u ,n1 th. t i j in d t tho I h1s. 
N t ,,, I r r u t : th s c n1 und r c 1nplc r nic su st~ n s und in 
n ,tu re. h~y includ c 11 urinB n1. ner~ p jg n; ftJv urin ~ l r t ins~ h rr1uones 
nd 01np un ~ 1 1ith p cific d uri th t m y b u e · t ttr , t nh ial ·t'" r 

~·!unp1 phcm 0 111 nos. 

I Th g 

August K 1kule1 1829-QS 
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Ben nc h s the ir n1u l.1 
rn1 n ~h 1ni t 1{ k:ul su 

with . ltern e_ and doubL b nds. 

doubt J b · U't it s'tr.u tu re u ntH · he 
· rbon tOlll \VOr I"[ n od h rin1 

· 

her• ~ r rhr 1naj ir pr bl n1 ~ rith rho K ku 1 · tru tur : 

Prol l n1 1 In U, hJtk: ·1 nap u1: ds i!I. h rt .r th ni b nd bur 
all h ud b rw n th ar, n t 1ns in "11 ~11 r h m ~ l l11 th. 

-n.11r H _r:1 ~tion sho,v th pngiti u ofth , et: ntrc :.,f .C1 ins. An:1.ly&iis of the iffrt ction 
p .et rn b n n ~h w I le rly th t 11 th b nd I 1 , th b~tw 11 tl \ H" n t n1 s 
r t h s., n1 ( bl 1 .1). 



li.. bi 10.1 Bond ien th& 
.-.-B0--·,1_a ____________ l ------

,---;-;-!'_: .... ·1~:.,-..- ·,· .. ·-=~-~~ . 
... e.on<1 ,:1en,gt11/ mmr . 
- -----

c rbon-carb n lngl nd In cy loh xen 0.1 

c rbon-c rt>on doubl bond In cycloh ~ ne o.13 

c rbon-o on oond In nzen 

his is. Is ho\l n by th J ctr n d 1~ghy m. 
th r is i niflc ut , l ctr, n - cinsity in riug 

rb 1_ t n ( i urc 10.2). 

ha the 
re n t s ~ uld b 

shows th"' t 
J 11 th i..· 

et d it n:zen 

v r a h ni .. -,1 c\1E lyst. 1 1nol of 
· hQ .... J n,e is orn1e . J yd.rus n is d orb d 

it n 'th u rfa, ta]y t. h sc hydr n r:i k ls dd on 
h n-b nds until & t ur t tl cy, 1 n 1s 1orn1 cl (Pi, ur 10. ). 

Fi m 10.3 

he Ti!aiCtion i similar to he 3tkli'tk.>n , h , lr , n t ~y, I h '"cue, which hns nc 
1 • lia d 11 bond ( i urt: t .4). 

1ft uz ne h d thr rvcHlsed Jt-b n ~ h nth ilr}' hlu, f r th~ kliti n - ·:\1n I 
if hydro -n would be · >< - 11 ') = -357 kJ n1, 1- 1. . he di A~ren ~t! bet\\'~en th jg a ]ue 

nd · he a tual nth lpy ~hn.n · t r he dditi n t Jn l f h)rdr I t b 112: n i 
t 5n kJ n1 r-1• hh i&. th v.1lu by wh'i h th b nz n 11 I cuJ i s.t. L,iHs d b cau 
r th I c U , ti, n f th 'Tt- l ctr1 n~ (ros 11 u e t biHs tion n r y). 

ul with thr l c lis d d uh] nd is ,c H d •, ·y ·I h , tri n •. 
f this rnole u 1 nnd 'the ,~1 tu tll 1n I cu l~ s f bt.)n ne nnd 
n in igur 1 ), 5. 

-.------ 'Cyclohexatfie111e!' 

- 150 kJ 

__ ..__-'II_ n nzenC! 
-357 Id 

-207 Id 

,__ _______ ...._ ___ Cydo
1

h911ne 

Fi 111 10. Ener,gy 11 ve,I d ia gr m showing deloc e Ii ration 
energy of 150 kJ 

Fi ur 0. Eleotroin density 
m, p of b nzen 



FI ur 1 . The Kekul1a 
form u le of banz1 ne 

10 Arena- (.Topic 18) 

Benzen is t n cncrg ,. lcv I 150 kJ n10J- l J ,v, r th 11 that t .. y-J h xatrio11 '. 
h r 1rC'. th r ~sontn1 ~ · iii ti n n r y i 150 kJ in ]- 1• 

I rt b le 1n Benz 1u, 1do, n 1 it sh , th~ typi ~] eil1.:etrophili'"' adJition N3 tions I f 
uu atu1 t d coin unds such s th n nd ycl h x ne. or '-!X n1pl , it rea,cts with 

bro1nin by su b~titution flth r th n by addi tion. 

n oluti n t th e robl ·1 n1 ,v s to :i ]y the t.: nc pt fa r on .. 1nc trn tur . 
- hh w ; u rsc u ed 't ount fi 1r th identic 1 bond l~n ths in zone. = ·•-+- . 
In th ry, he di ub,)r-1 b nd sh ukl sh rt r h n th dativ b nd. I w ver! be th 
boudi a rt? th tHll ]Q n th. h r~ g n is 'th. t th n1 1 u I z n is uni -ue 
it rue tu r th t !1ppc ~rri t r son a te1 bet\: c n = --+ , and 

ho id · 1 rus 11 n e i" that t h a tu J n1 J uJ i detinicc tru tur · th t is 
hybrid f two th r ti J tru tur s. An 0 1:z ne 111 lc,~uJ h n ith~r nor 
. - --+ Jn i[ o n o~, iU· c t , -C\\f n th~ t\Vo. es\1n n , n b ho'J 1n s · 

doubJc - he:ide 1 ~n 1 ,,. bet\ve~t1 tht: tw theoroti, 1 srruc:tu.rc ~~ b tl1 f "\ hicl n1ust 
b 'Y h nonn l rul s bonJin . 

wriu 11 a : 

hh1 c.:.111 ~lso be use1d to dcs,cribe th bon in in ~ c~1rboxylato ion ( igure l . ). 

0 o-
// 1 

R-C 
\ 

0-

R- C 
\ 

0 

Fi ur 10. Reeon nc structure of the 1carboxylste ion 

HI FI 
~c /c. ]~ CH ~c c~ 

/~~ .. II-

H~ 
~ 

1-f 

C C 
u l'1 

Fi 111 10.7 

It h u u I t l rit the t nuuJ f enzcne \Vith ut showin either rh c rb n t m.B 
iar the hydr t:n Jb.111a. hus. ~ h xa1 on vvirh ~ lc...:rnatc doubl (]Jld ~in lo bond~ CJ:ltl 

b u d t rcpr s nt b nzen , ; in ikur 10 .. 

A d ubl' b nd b a-bond re ~u lt1n, - froJn 11 rVDrl 
-., , ,.,t tn -~anda n-b 11trsulh1gt-:r1 n1 n v r]ap~ 
r tlle p- rbitals f the t,v aton1s. 

ut :mic rl,itll s b t\-veen 
nd b 1 \ rh a-b nd. 

h beu r~pr enc tion ot benz 11 n1 l cu l is six c rb n t n1s in h 
pl. 1 e1 ond d t C' ·h I th ,rand ouch bon d t hydr n acon1 by a-b nd . ho 
fourth vl l nc l tr n n ,eh rbon t mi in p.- rbit J t ri ht n l . t th 
pl 1n of th six c rbon t nu. hep_ -orbital ot ou ar'bon ~ t 1n ov rt ps qu,aUy 
\Vlth th, J';s - F it ls . f b th djJccu t carho11 at ins. forn1 h1 1 

• ntinu us n-b nd 
b v , nd b 11 \V the rin f c rb n t in ( i ur 1 . ) . h r 



d io aH d ver the rin . hh give& 'the ni ]ecul r ._ tcr st~ bility c101np"r d ,vith 
th ir ti · l 111 l'cul in ,Phi h rh n-el crrons .1r ] • Hs.ed b t,w n itu.tivi u~l 

't 111 . 

hi tlin 1n st._ bility is. c 11 d eh n • H tot Hi ~:itr n n r . In bcnz n 1ts 
va1u i~ 150 j mol-~ . 

h '\ ,, .. y in whj h 1H d 11- yst n1 js ,; rrjtten i.n. ._ rn1uL. i t r3W :i 

ntinu u curv round the nt1 m tl t ar pJrt if th t ~y t~m ( r nzenc. 
c;ir, I i I r \Vu within th he .. ,, n r p s ntin th ,\ ix rbon ._ t nu ( i ur 

1, . J , ). , v 1 r, K ,kur rn1ut_1 -re a. tl l at A 1 v, J nd at univ rsity. he 

fbnuula ofcy I h , an l hich ha~ no 11- l err ns, b ra,.. n .. sin i ur-i tn. tnb. 

Fi ur 10. 10 The skeletal formula for ( ) be,nz-ene nd (b) cyclohekane 

11 
Remember th t there 1 i a hydrc,1gen atom attech d to eeoh carbon atom in benzene. When 
b nze,nie reacts by substitution, a hydrogen tom is replac d by another group. Therefore, on 
of the products i a simpl mol1ecul .uch es HBr, HCI or H2o. 

T t our 
Draw th r son nc etructur of th eth no • CH3Coo-. ion. 

An · r~n i& , 

Sing'le 1UIJstit1uent 
· ton, r sr u rep'I· c s n hy ros u . ton1 in , b n_ en 

nt 1ou11 h s th It in - enz 'n ~ith 1 r tix th gr u 
Chl1 : 

• fjH s I i . H d chi r b n z~n . 
b - s ~ i 1c·1ll m thylb nzen . 
H 5N ·2 fa calh.:d n1trobet1z ne. 

6 l; N I i 1Cd·1 b I H d 1ninob nz ne. 

in . thL! n. ntL: , f 
r tom nt rin~~ 

An iti 11 l nt1n1ing y t l1 i n th ph n 11 rour , - 6H5 p;~ u ~ thus: 

• 
• b nzc1 c . 

Fi m o. Overiap of 
Pt" orbital in be nzen e1 

............ , .... .•.•... 
l\i1etJ1yl nz n I was 1orlglna I ly 
c u tol -n c use It 
was flr I 0,1 t a from th 
r11 In o,t th sout 1 Am rlc n 
tre I Tolu bals m. 

,,,, .... ... ,, ~ . . . 
Am lnobe nzene w s ea II d 

nmn . 



..... ,,.,, ............ , .. ,, .. . 
Th 01 nan, ror A w s 

Two or 1n1ore . ubstitL11 ent 
It th r r tw or t11 r , r ups 111 b nz ne ring p1 iiti n J iso1n ris111 ccu r . 

r x n113J , h r' • re tlu l~ i 111 r~ f .~ H4 12. h rcltrtiv 1 · itio11 th 1 ,v l 
~hl rin I t tus r d t11:1 d b , 11t11nbcr . nc · u sti' u nt h h :JY n m d & in 
in the 1-r iiti n n the lil ond ~ubstitu~nt by the lower I f the p ssibl nu1nber . 
hl , u l"t: I U .1 1 : 

tru tur , A is t .... -dichlor enz ne (1:1 1[ i. dicJtl rob nz no). 
1

- tru "tur i I~ -di hi r b nzenc (not 1 ~ -di hloin nz n 1). 

· tru "'tur is t ~4-dich1 r b nzen . 

Cl CII Cl 
o rtn o-a 1cn1oroo nz n , u,e A B 
pr flX ortn o- 1n,01 c tins ·tn t 
the :wo sub, tltu nts are on 

CIJ c nt carbon toms; B 
w s ma.ts-dlchlo obenz n 
(U1 substJtuent b lni 
on c on p rt): c w s 
psra-d lchloro n ne1 (tne 

u stltu nt belns oppo J· 
en ou,er). 

Br 

Fi m 10.1 

OM 

, 

4 

(3) 

s Ucync cl d Is d 1rlv d trom 
s llx. t11 Latin na m ror 
wlllow tr 1

, 
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Cl 1 

(2) 

(.3) 

Cl 

Cl 

FI u .11 

t ur If 
Dr w nd n n, II th -rom Uc i om re of C6H4CIN02 • 

i ur~ l! . 1- &h \VS the f n11ul.l rtho I n1 Ul d Aoq l-cribr ln. ph n L 

N lu n nd h th f rn1ul h wn in 1 ure l .1 . 

0 

~ 
OH 

NO OH 

Fi II 10.13 FI ur 10.14 

A11 e .. -cp'ti n t th rul s fi _ r n,unin, 
is H d 1 t!U ic id, r th r th n h 

ron1. tic 1np un I i s 
u ,lb ri nt h~nyln1eih., n 1J 

H. whi h 

M ny L r1 nu1tic ub t~u1i ·a ar stH1 kt , n by th ir old 11 111,1 , , h11 h w r 
l ri d fr 111 rh s u~ci.: f th che1111,, 1L For. .. unph\ the c ·. n1 1 und wi h he 
~ nnul in igur, Hl. l4 is L.on1n1on]y r f~rr~d to JS alir 1 He cid. rad r rh._111 
"-hydr • yb 11%/ k I id. 



I Benz ne 6H 

1Phy-i1cal properti,es 
nz 11 nd 111 ny 111l1' un s th t nt in [} sub1s itu · b n cnt.: rinQ h v 

h racrcri ~'tic sn1 ] I - h nee th nan1 r n1a tic. 1"' hci mn dern n n1e f r c, n1, u nd 
th t c nt;1in ~nzene rin i1 re,n "· 

nz n i n n-1, lar H uid r n1 t 1npera'tUro. h~ n1ain f n: · bt'tw n 
1nol cul s re L nd n (inst nt n1.2 ous 'in uced di , fo) fi re s, nd 11 th m l ,cu1 
has 42 1 ~tr n ~ th s f re nr troug en u h fi r bcnz ci nc t b Hquid. 1t can nor 
f ·rn1 hyd n b n g whh , at r nd , it i~ in1-1nis ibl . 

h physic L pc I\ rtios ot b nzcn ll" : 

• n1 )ting tcn11 era tu re, 5. 5° 
• boiHn t n1poratur ~~ ~. l0 

• d~ nsity~ . 7 , c,n -1 

C!t1ern ica 1I reaction 
Benz n) U ke 11 ors an i ... c,mp, unds~ burns in i r. Lt ls und~rg c g dditi n and 
n1 bstituti n rtia t'i 1n. 

Con11 u tlon 
Jn ~xc s l ir~ b nz n burn 'to, fc rn1 c · rb n di ide a11d ,v 't r: 

tn .. it 
l 3Ud ig us~d. in s111 _n qu ntiti 
rcino -, ni . 

tr ] ldditiv . Jc 

1 n a lhnit d , n un of i r it burn with 1n ky thun sit1c c rb n is t~ nncd r th r 
th n c. rb n di 'idt?: 

h 111 k y fl, ine c n b c us d as t ; t t u s st ho n~ 11 c r c n 2 n ri 11 M in 
an or ni c tn}'\ und. 

ddltion 
_ eal" t on with rn1n ln e 
When r n1 iu is hi.': t d u nd r r flu \ i'th be nz nf in th J rt: s "'t'l, u ]tr vi ,ler 

li ht~ ,~kliti n l ,vJy t,t p,]ac: and t ,.l, \ 4 5. - h ~.Jbr,ont eye] h ' n is J r 

+ llr., -4 .. 

...... ····~····· d ,rlv d tro,m 
a 1101ma tic a net n e,. 
rept'e nuns ,c roon­
oamon doubi bond. 

·~··· .............. , .. . 
13 nzen sn,o on, rotn r 
oompouno tn t eontal n 

b nzen r1ns are 
ea re I neg, n le. 

~ ·~···'····· . ···········~· A m IXtUr 01f th g-ometrle 
Isomer Is obt In d w1tJ1 

h I eh· ni rn inv l'V u lcr vi 1 t 1i ht aplittil 'hr n in - Jn lecul 
radic ls.: 

m n t c\v ,n, r ,nt ci na tr ns 

Br2 - Ii ht 11 rsy ~ 2Br• 

h br niin ra\.ii .1ls t d :,n, 1 n 1 a .1 tin1 1 tu th b n n rit19 until all th .. n-b nds 
hJV be u br n. 

h101in re ,. t h1 1 sin1U r way. 

rrsns m, nts on adJec nt 
c rbon a1om • 
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• ti n Y.r:Uh h dr, f!~n 
Wh n h 1 -ite ,d "rith a nick l ,catalyst. hydro ~n 1 d 11 11 n l -loh n i t nn ai;J 
(_ i u r~ H .15). 

Fl ur 10.1 

El c ro1,hilic ub itution 1..., c io1 
l lctr,ophll att ck th hi h- ,(c tr n density in th i dolo lis d n--ring ot the 

bcn z nc tnolecu Jc. 

hu tir t t ·) is tho ddition of th 
p sitiv ly ~11 r d Jnd in ,vhi h th 

he s con stc p i th eJi1n in ti n 

1 -~tr philc t , f' nu an huern1 di t th t is 
u H d 1 UI Ii J tion h a b ~ n pa rt i 1 Hy br, en . 

n I + ion. h uHy c1 c Hsed r ln nd 
s't ili . d n en r y ar, thu r · in . 

_ ho re c'tion i~: 

· ldtU n th n Urnlt1 U ,n - ub tllul[ 

dol . · · .Used 71 ... s· st 111 i stk bl 
cti ti n n r y [ q,uircd t 

ub titution r ._ ction f b nz~1:1 

oru red \Vith th lo -uHscd n b nd in lk , n s, 
r" k i't i f irly hiRh, h r for • the l ~tr hiHc 
lw._ ys r quire c L Jygt. 

h~ 1n ch.1nisn1 is th.1t t1n e1 tr I hile. _ • add. on t u arb n L_to111 ii the b nzenc 
rin · (Fi ure lU. 1f.) . 

Fi ur OJ 

his st p i in1il rt _ he i i n f :1n lectr phil 11 alk no. J \\rev r1 uUy 
dll1ucalis d ri11g of11- lc-ctr ns. tabilis tht?i bonz ne ri11 . h rl!forc. r. tl1er than th~ 
a nd st p b in th sub qu nt · -dition of n ;ii n ( s \-Vith l - n s) it j I n f 

. n I J+ ( i u I I o .17). 

Fi ur 0. 17 

Nl'troU,1.,n: th~ r1'91fth1n \! _Ith n1trl ,hi 
Wh n concc tr t d nitri"' cid, bcnz .n 
ci r \V nn d 'to th r t 

c ind nser ~ nitr bonzt:nc nd \W c~r tmr fi r.111, 

c t Jyst I c ncl;!ntr t d suHuric 
in ~ Rask 1tr cl vlHh · r Hux 

( i ur J • l ) . 



FI ur 10. 

,v 50° ~ th r, ti n is _ I 1\ V~ bove 6 ° c nd N >2 roup is sub 'titut 
int the r i nA. 

1~ ~cut: conccntr t d nitri cid 

ar .. Jyst: nct:ntr. ted "lll uri, id 

I 1 rn1 at h n tl l h~1 ~l~c l roJlh Ut1 : oncentra t d su lfuric :.icid pr tonat 1 s n itriu 3,c id 
1 ol cule. rminQ H2N + hi l st: wntcr, forn1h N · 2 +. which is a p \N rtl1I 
el c n·o11hil . 

_.+ HN 3 

J + .....+ N "+ + H2 

ti n then pr ice ds i11 tw t~ ;. 

t 1 ctrophiH · N {r i n dra\v. 'P' ir t J ctr1 n, fr n1 th rt ... yst 1n and 
for111s u , . lent b -nd C i nr lO, l '>). 

Fi ur 0.1 

.; le,1> 2: rhc intern1ediC1te los s n F.f+ 1 n o . H - i n. h stt1bi1ity O' thL' 
b nzenc rin i r t=r i ncd nd the l J 2 ~, talyst i r c11c r.it d (Fi u re 10..... ) . 

NO:i NO:i 

\.I ( \.1"04. 

Fi ur 10. 0 

..... , ................... . 
Th H2o I th n p otonat d 
by nothe r H~So 4 mole,cu r • 

11 
Do not forset to put the 
p os idve charge in the1 

ring in the1 formula of the 
intermediate. Afao_ make 
e u r that the dreloo a lised 
ci re le go s round five 
carbon toms but not 
the on to which the N02 

group i ttached. 

... , ... ,...... . ...... . 
N,trob nz n ea n be 

lf t h 1 1 hi h , a se nd N i r u1, h sube.titut d nJ 'th ~~-p sition r due d to pnsnylamln 
(p. 266). 

NC21 

+ HN0:1 

Fi u1 0.21 



•••••••• , ••• ••• i 

In srtu m , ne In th ame 
pp ratu . 

Alkeneg, uch as thane, 
re act with bromine water. 
There is no reaction 
b tween bromine water 
and b nzene. 

····~•••,,• ..••..•...• ~,,-,. 
Brom In rea,cts with 
o nze ne In s uosittrutu,n 
~e ctlon. A I t fyst is, 
ne dad end th reaction Is 
r pld. Bromine also re et 
with ben n In en aaaltlon 
reactlion. UV llght 1, ne ded 

nd u, , re cuon Is low. 
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11 Y.r:Uh hnl i! n . 
rt~tin , ou i'ti ins~ 1chl1 rin ud br 1uin r et rl1pi ly ,vith ben:z -n . A 
f n hyd1 ou ir n(1u) h Hd (01 a1un1inilun h~1u -) 1nust b us d nd U th 

nts u1ust b T}'· r th br 1nination t 11zene1 th ,c t lyst i~ n1 d in sit" by 
.1chii11 t I L1 uli tur fb nr. ne, . nd lii,.Jui _ l r n1it1 . 1 nds I f hyJr, 1;1 

bron1i re iv, n 1tf in this , othen11 ic r a ·t1 11 (Fisur lO . .:.-). 

+ Br:;1 

Ol nt: Hqu id hron1 inc 

·t3ly r: ir n(u1) br~11nid 

n~lici n~: Jt1 hydr us 

y ur If 

:er 

+ H8r 

Sitate th conditions for the conversion of nitrob nzene. CeH6N02, to: 

) C6H5Br8N02 

b) C8H4BrN02 

1~ 1rnu1t n I th I lr phU : i ir u t1lin s ar ~dd d (rJ.th r th.,_11 ir n{1n) 
br mh;_ )~ they re~ et t f .nn th c talytit: 

2Fe + 3B1 2 --+ 2· e Br3 

h\g th~n re et ,, ith 111 r br 1ni'n, to f'orn1 the ~] tr phUe, Br+: 

+ .. -
r + r~ 

r ce,eds in cw steps. 

tr phil tt ·k the nz n ring ( i llr 10.2 1
). 

FI m 10.23 

2: '1 he r.,. - rern 'Ves H+ ft n1. the int"rn1 t . H r i f nn d nd 'thcj 
l3r3~ is r n r t d ( i ur1.: 1 . 4). 

Fi ur 10.2 



ri d 1 , nd ·th 111 ric n J nL s r t s dis v r d th 

I 

nipouud . 

10 c vkd nt 11 hy r1 u n,~taJ 1chlorid • t · r 
r i- n(ur) chi 11 id<.\ e I . H ,v t r nuur b 

ho r JC'tion ..::in be: 
1 y1 ti n. ,vith h lo1g n Jk nc 
ylati n, with t1 n ti id. hi rid..: 

ntpl , ~1 Jun1iniu n1 
. ~c..lu d. r n1 th 

nz n re , tg ·~ ith h I , en Ht n in the r scnce f at-l, t I f 11hy r u 
lun1iniun1 ·hl rid . und r dry con iti ns, t I f rr11 , hydr rb 1n 11 u 

l ydr n h Hdc. r 1.-: .. an, Jo, be11z n nd 1Ch 1 r t l ~ n~ relic c t f r111 c1thylb 11 z n 
ud hydr n ·hl 1rid ( i . u r 1 . .251). 

+ ~C l 

lt is di 1c11U t stop the re. cti n Jt thh st c. J urther Jk lJtiou to 1 ~2- ud 
I 4- U r.hylb nz 1 c t~k s pl. , . 

I~ rt 11 . f the 1~ truph J l: the 1 
• t~1lyst r acts . ith th h,ll n .il , ne t 1 

fi rrn H:2 \ :vhi ·h i th el ctr, 1phHe: 

t 11 I: the I , tr phil pt9 p ir 1 t n 111 th rin . f lrn1in . 
L::ov11lont b nd (, i ure 10.2 ). 

h re is ._t I of H+ r1 n1 the int rn1 di .te~ thus r I ainin th st bUity f 
.-in ( i, u I t,-7) . 

Fi UI' 10.27 

11 
Whe,n drawln thi 
mechanism, make ur 
that the thyl ~roup i 
bond d to the benzen1 
ring by the CH2 ea rbon 
and not by the c rbon of 
th CH3. 



··-~·············~·-·········· Th lnterm di t I at a 
1, IQh r n rgy I v I th n th , 
r actant du to th 10,ss or 
atabUlty of u, ae 1oea11 
TT-eysl m. 
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ho. r'iaction rofik f r the two-st , 5ubstituti n rca ti.ons of bon en h howu in 
i ur , 1t . 

lntermedia 

R 1cten 

Products 

Fi ur - 10. 2 _ R1 action pr,o'file forth substitution re -ationa of benze,ne 

' t Ji I h.u th hi h lr activ.iti 11 ~1n'1r r 1nd i~ 1 .. 1t ,_d ,r~rn, in in . 

~1 1 nt: l'i halo en alk.1n 

· t .. ly t: anhydr, u aluminhun hl rid 

nditi ns: dry 

ur If 
Write equ tiona for th production of th electrophile in th following 
r-,action - of romatic compound 

} nitration b) bromination c} lkyl tion 

#0 
CH,C ~ + AICI~ 

Cl 

Fi u 10.2 

lU are 1 \1rrLd ut tuin an ~_cy.l hl ,rid~ uh as 
h · t~ ly t i;j 11 hydr us Ju 1ninhun hl rid ~ ,vhi,ch 

+ = . ( i u r 10 I ,wl q) I 

.. 
C:==O + AIC I/ 

fthe n1cchanis111 i sitnil rt 

0 

+ MCI 

FI ure 0. 0 



he pr1odu ts re th~ tont* (phcnylcth:111 nc) lUd hydr en eh lori de . 

urth r gubttituti n d cs n t till ke 11 c ~ b c use th 

b~nzen - rin . 

l e. , ~ut: .1n .. yl 

at, ly~t: nhydr us ,· h.uniniunt 1 '"hi id 

nditi ns: dry 

Aror11atic compound _ with a carbon S'id1e cha,in 
lf , -r up is att -hod vi 1 rbon c 1m t the en z n rin tllo c n1pound h s ll 
th pr p rti s t .tn Hph tic 1c n1pound \ ith that roup. s \V Has th r aictions du 
to the enzonc ring. 

Mothylben z n 

R ti n 1 lrth hl ,rfn 
Wh ,, hi rin iR bubbl d int1 

• 111 thylb nzen in the pr s nc. · f UV H ht~ the 
hydro ,en at 111 tho - i nc . t .: ti n,e: 

H3 + l:? l 

l et·. 

nd r anhyd u onditi ns nd with ~ t lyst 1t 11hydro11s lurninit1111 chi irid , 
1ni tur f2 hlor1 111cthy.]bcnzcne ~nd -chloron1cthylbct1Zcno i!I fon11ed ( 

CH, 

CII 

c ~~ 
Mio 

/ 
+ Cl2 

CH:s 

CII 

Fi 111 10. 1 

Ith n. ntrnl d nlt,i .. ~Jd 
nitric cid re w rn1 to 5 ° in th I r, s, nc 
tur of 2- J nd 4-nitr nu~ thylb nz~Le and wat r 

All substitution reacbons 
of benzene must be 
carried ou't in dry 
co nd itio na w Ith a c ata1 lyst 
Ulat produ ea a powe1rf u I 
1e!ectro ph ii . 



••••••••••••••••••••••••••••• 
If the n1tr tlon or oth r 
eacfl ons of I n 1f 

to D e m d out 1n tn 
1 or, tory. m thyl D nze n or 
m, thoxyb nz n • c H i;OC H'l, 
snould De us et. r-tner tnan 
u, 1 c rclnos; n1c D nz n • 

0 
H 

FI UI o. 
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FI 111 0.3 

cone. HN:01 
IP 

CHJ 

NO.i 

If the t~ n1poratur-.? ri ~ bove 5< 0 , .:?.4-1 jn iti- n-1 th 1t enzen \: HI b~ f nu _ 
nd if 111 thyJb nz n( i h · t d und t r flu.· ~ ith th nitr. ting n, i, tu r 

~14 >-trh1 itrota.lu n t N ) is i,r du 1 d. 

id eh In 
I. hcnyl than n ~ 6115 H3~ rn1d other .1rou1.Itk· k.c.tton . 1.13 · c s:indt:ir r action 
t t-1rop n n su, h s r, cti n v1Hh r dy15 r, s n't (2 . - intro h nylhy r zin )1 

u cy niuc l 1 ·with lirhiu n1 t -tr J.hy _ri t .1hu11 in~ t (u 1). Ph ny] t1 J non 
ro1n tic k ton t h t r ts in t h i i rm r ,c ion. 

I 

I 

PI 

· HI + .3N 1 

y ur If 
Write quations and st te the condition forth 
with: 

) th noyl 1chlorid 1 ) bron1in 

H 
l h n J 1s n .r1 n1 tic le h iJ. It I nt. j n n -

rb n t 1on1 in b nz n rin ( .. i ure JO. ~). 

N + H 

oti ons of ,,, thyl b nz n 

c) nitric acid 

r up b nd d dirac:tly to 

h.-.: ]one- l",air of ~k!Litron i in th p - orbitl I I n th o .. _ y en ato1n int racts with the 
d I ttli9 d n c11 tr 1u in th ri 1 ( tsur l . 34). his il1cr l s th 1 tr n denJty 
in i , th rin ~ 1nakin it J i r ~-r ph nol to b~ ·1ttu:'k · by u1 h~1 tr 1 hil . his 

.. pi ins the [ 1 tiv 'las with vhich ph 1 n I r et in ale tr phi.lie sub tituti1 n 
r a ti n c 111 r ,,rith b nz n . J t JI 1 1UC? ·r"' s s th - 1 h r I n h ~ yg 11 

at n1_ n1.1 in i't ] r tiv g n al hol. 

Fi ur O. lnte,r-c·tion of the1 oxyg1en1 el ctron& with the, aromadc ring 



l?u IHng th 111 ek ~tr1 ns fr 111 the oxy, 1 n ltt1 n1 int tho rin ,aus the hydro en 
t 11n t - b n1 r + than it is i11 Hph •ti al ho,I . hi · 111 nu. th tit is nn1 h 1n 
._sil, 1 gt fron, h n l hln it is fr n1 Hph.~ti ]roll l o ph_r ] hJs snou r 

properti th n th n . l. 

our If 
Calculat.e the pH of 0.20moldm-3 solution of phenol: 
K - 1,3 x 1a-1omol dm-~. 

Ph1ysi1ca l propert1ie 
Ph n J i a whit _ olid rh. tab orb WJt~r front dJutp1 1ir. 

M e I i ll t n, I LI 
Ph~n1 J ia a I Jar 111c l ·u] · ,1.rith 6 . "'YS n ~comn and _ hy r ~ n ~ t _ n1. It 
c n. thcr ro. ~ rn1 hydr en b nds with th r pl n l m l cu l I tint rrnolo ut r 
hy r n ~ ndin ) ( i, ur 1 10 ... 5). 

FI ur 

hi i why ph n J u1 Jt 
n1 rhyJb n 11 ~ hi1 II h 
Pur henr I 1n lt1 t 41 ° 

olu 

t hi h 1 r t n1 r tu r th n ithcr 11 z n I r 
nly \ k r ndon fi -~ tw n cJ ir 111 I u I s. 

nd boUs t t 2° . 

dd d t "\V' tt:r t r n1 t 111_ er tur • nv Jiquid 11 rcr · re fonu d. 
'luti 11 hen 1 iu ,v1..,t r ~nd th I rhe is luti t1 f, ater in pll~n t If 

th t n1p r tur i t is d t a:, ve h 1h0 < • in l ] y, r i r nn d u 1 h nol nd 
wator. arr t t Uy n1iseib]t' 1b vc thi. t~n1perr1tu1 e. 

Phen 1 di ss l e in ,w t r. b c us hy r g n l nd lT rorn ed. h tw n h n 
m l ,cul I nd w t r n10J cu.fos ( isur 1 ). · l). 

0 1-,t1 

/ 
,"' H 

1 ur 1 . 8 

lt i n r , ry s Juhl in \~·:it r (unlike th 11 t \Vhi, h i tr t Hy I rii ihl ) be u o 
tl Jar h dro1"h bi t uz n rin . 

Pltcn 1 is 1ubl in a vari 'tY I t anir 
• 1 r · & b Q t'\V en it g n1 1101 "" U l, S nd [ h 

lven ta b :1 u 
f tho 1v nt. 

f h~ 1xis 11c · f L n 011 

P'h no11. C HsOH 



Do not forget, that these 
ar 1ubstttution reae'tions, 
ao there muat be two 
products on the right-h-nd 
sid of th 1eq u, tio n. The 
eecond product is a simple 
molecule, uch as HBr or 
H2o. 

10 Arena- (.Topic 18) 

Cihemica ll reactior,s 
Phou l under oe g tne of the r" ction& of r1 1n d c m unds • 11d son1 1 r eh 
re. rti us f !,! k1ohol . 

tror>hillc 0111 tic ub tl ution I ction 
~1 1cnon I n i,ty ofth~ J I ~lis d 11- yst 111 i re t r in ph n l rhau in b n t1 • 

his 111 .k s hen I ll11 r r activ t f\V' rd l ·tr phH s. he uh titu nts into 
h M- nd/or 4- nd 1h - s1,1on~. his i b t ~ pl~1ine 1 b,y 1 okiu • t th I< kul~ 

r" nan· structur ph ni 1l C i~ur J • 7}. 

H /HI /H 
O~, OH +o/ +a a 

I I I 
!!!!!!' -

I 
Fi ur 10.37 

Not nly ari) th re tb t\\" b nz n -ty11 r 11 11 ~ ru, tu s, th re ar1..: thrc th r 
eh~ t hl v-1 n , U c eh rg~ n the .2 • 4 r ( p, s.iti ns. AJth u h the c ntributi 11 
f th ~t;' structur "& i h~ s than th t of th t\V1 b~11% "11 - typ structu r ~ ~ it is ,nou h 

co i.n c [h , h omin f lcctr p,hi le n1orl.! likely t Jitt., ck tll ;e clecrron-rich o it ion 

inst d f th - nd -r aition . 

U n 'A'ith r n1ln 
h cot ditions fi r the substituU n , bron1in~ int, bcnz ne ar !iguid r n1in 1 

nd ,- t ly t f' j ron(ru) brotnid (u u ally tn d in sit,11 b d i11 ir n t1 Unp;s it, the 
bro111ine and b "nZ n~ n1ixturc). 

he con iti ns f r th br 1n1h1- tion of phenol , re quit differ nt. Wh n br n11nc 
wnre, i ad d t u1i "'tur . phe1 l nd ·,v t r~ h r d- r , n r 1nh ol u r 
dis: pp ._ rg 1·1d white ~n:1ri t:' ,tiL -~n1 Uin pr ,""ipit t f -t4~h-tribr n1 ph~n l n1 
s lution f ltydr sen br n1id i imn1 di t ly t~ rn1ed. he m 1 ular q1riti n 17 r 
thi 

h equ tion, ush1 t I ~ rn1u lJ~, is &J ,vn in 

+ Br;z 

Fi 111 0.38 
lllr 



he clectrophHc is the 8+ br 1nine ton1 in n I Br rnol cule. m di.; by th~ 
r ~u:tion uf br n1in and ..1t~r: 

r H r 

- ~4~ -tri rotu hQn 1. Uk., 111 11y l1a]1 sen.1t d _ h n ls~ is :iu ~nrtisopti . r ctt 1 is 
-,4- i hJ _ 1

- l,5- ilu thy]1 h nol a11 P i -.~t ~-tri hloroph 'nol. PI n ·J its l 
is al o ~t nti epti nd , a used in th nin ·r - nth ntury by th ur n Li~·rcr t 
r du · t: d ,ath fr 1u info U, n utt "r sur cry. 

N llratlor1 
Ph n 11 r a ts with 1: ilute nitri J jd c · tbrn1 111L_tur~ f 2-nitr hen I :ind 
4-nitr 1,1hen l J ,Iu ,vLt"lr ( igur HJ. 3 ). 

OH OH 

Fi II 10. -9 

• t n -,,[th n I hl,orid 
Ph n I react with c r] chlorides~ but Udt in 
-xy, n ton1 in heu l cts s ~ nu cl J hH 
acid eh 1 rid . t1 nnins .in tcr (p. 22 ). 

h n I 
~ 

n Cl 

OH 

NO.z 

r i d 1.- r t1:s r . d n . Inst d th ~ 
nd tt cks th" 5+ ea rb n t 1n in th 

h p.-1. n ~,~i1 101n thei yp; "'n ton1 is t'1
• rti._ lly drawn into rh · rins. nd this n1 · ko& 

th , hy r , n to1n 1nu h 1110-re + th~u, in l.c l I h. hus_ 1,L nol eh ,vith \i ~ t r 
to fonn .in L "i ic luti n :ind "'1th 1k. lis t fi rn1 a ~.1lt. H 1W v r, ph n I is n1u '"h 
,v k r eh n c rb li· , i nd · n t i· id ,:vh~n n1L: d ,vith 

~l 

Aqu 
lt 

H 

rth 

- + H, ... 

h~ ionic _qu tiou i : 

iun1 hyd1 o ~11c:arb Ujt . 

+ "H; -

~ uJid hcnol 'd lssoJvos~ in qu~ u1 sodium hydro· i -i . 

Remember thet nitration 
of ben~ene requires 
cone ntrated nitric 

cid with a c t lyst 01·f 

concentrated suifuric cid. 

In n reactions invo Ivins 
the -OH group, the 
a tm pi est way to write1 

the formula of phenol is 
C6H 60H. Thi b nze n 
ring need to be drawn 
in full only for aromatic 
(electrophi Uc au betitu·tio n) 
re1acUons. 

..... ,~ .... , ..... , ...•..•.. 
Th I word "dis olv s' Is of n 
u d In t111s cont xt. A mor 
correct d, cr1ptlon would b 
t11 t soiUd JQhenol r a c to 
form ao1 uuon. 

P'h no11. C HsOH 



Fi ure 0.40 

TI 
Remember th t e1I ip h atic 
I ooh ols, e uch as t hanol 1 

re,act rs pid ly with both 
Uph tic and arom tic cyl 

<::hlorid a. 

0 

11 
C 

Fi UI 10.41 

I 
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l bi 10. ' Aoid,ty of lcohols, phenol and o rboxylic aide 

Alcohol 

Phenol 

C BrflOXyllC: a Id 

Stays blu 

G r d 

GOB r Cl 

h 110 1 I; n lcoh I 

Nor action 

satt rormed 

~t 1orm ,a 

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

•,:t .P~~:fiqq,l,~(1\'t.c:a.r~.Ql118~',, 

Nor action 

Nor action 

n t r act a n k h I. r dily iU li1 h d al - h 1 ~ ;uch a th n l 
_r l ropan-.... - L or x n1t] it d t:! not re , t \Vith c rh xylic cid to f rn t~r.s. 
his i bt! u c th~ I ,ne pair f 1 ctrons I n th .. y en - to.111 j drJ\Vn int . the rins 

nL.kin eh , · y n 1' u~ 11tibl, to 1 tr I hi U,- atta k. 

t'1i c tJ n Jth n · I hlnr 
Plu~n I r 
11 rm n 

t lui srrru tu r ._ 1 f rn1u1 a f th o t r phc 1yl than 

phH I d att cks tht 6+ c rbo11 t,om h1 

Aro111.atic .-u: yl {; hl1 rides! ~uch ~ b nzoy·I ch l ridt\ ~bHs > ..I. ar"' li.:.s. r~. t1v . 
odhun hydro,xid has t 1 e dd t I cr~at e, 5 i ns. which re strong r 

nucl . phil th n ph n I 111 l u l s. he rt 1\ ph ny! b nz at • is tb nned al na 
irh h I rid , i, n s: 

001-i 
\VS rh ~tru 

It is a 5 Hct \-\rith a 1nolti n t tn p r'-ltll r of 122° . 
It i hno t in lu blc in c Jd -..,.,l t r. 

• he dissolvin . fb nzoic cid i ndcthermk o rh po ition f the quill irium: 

I() + .H.J ~ _ l(oq) 

h dri n to tho ri ht by n in- l'i ~n l.: in t~1n or .. tur . B nz, ,ic cid 1; lublo in h t 
,-vat r and o "" n b J 11 ri t, d by r ryst Hi ti n u in h ·t w t r t . 2 4). 
Il l! ' iie ~u:: j h~u. t h t)'p,ic· i. rt: , ti ns I f .. rb xyli .1, id, lt i ~ l l htly rott r 
. cid th;tn othk n ic ,.1cld: 

K. ofb I zoi _ eid = b.3 ~ x 11 -S n.1 l dn1- ; p,l i f .1 n1 ld.n1- i ]ution - 2. 
K f than ic cid == 1.7 10- 5 111 ldm- 3: pH O' UJOn1 h:1n1-J solution = 2. 

2-n1ethylnitr onz n , < f 3c t.1' li.,N 2• i an ily li u i _ that n1 U I f .alm n . [ t 

boils C 220n . 

Pre1pairation and purifi1cation 
2-tn th ylnhr b nzono c n b i,re1 red tr m 1n ~thylb nzenc n nitric cid 
( i urc 10.42). 



• 

• 

CH.s CH" 

NO 

cone. 1-1 ;zSO 4 
+ HNO.:, • 

h ,r1 c dur i1 

he nitr~ tinp; tni cure. hi h 1nsists of u I n1 unts of nc r1tr 1tod nitri nd 
~u I fut i '1 ids~ h n1i.. ~ d ith b,.:11 zunc .111d th n1 i. turL? i h . ratL.?d in 3 ~lh! r bath 
1n int in ,d .1t 50 . . h ccn1p r turc n1u t not ri · ab v this r ·i nific nt 
n1ount of 2~4-clinitr n1~thyJb4.:11zen "l will be f rn1~d. If tho t "1nr r~turc is 
11 ~r t f U l w 50" , the r ti n b c n very l \V. 

ft r. r -fh1/·in·_ .• the n1i tur is ~10 l Jn v,lltr r h a d d Hlute the ids. he 
111 ixturo is th n ur d int I par tiu - funuc] and th l tcotn L y r. , hi h 

nt.iiu s th 111 th 'lnitr b n:z n ~ i run h , t p I ) r i isc rd d. 
h I i111 ur 11L. ture f ·m tl ylnitriob t Zt'nes L ~ · 11 d wit'I ium Jrb n t 

s ]uti n. t r, m.ov r s1du J cid i nd th 11 " 1th \Vtl'tl:! r~ t r m vc r sidu 1l s • 
lll 111 

u t j n t h tJ s l ra ti n f u n n l. 
in lu1n ot nh 'dr u en] iun1 cbl iri nd 

n I istHlcd. h fr ctii n th t il 
n 2 .. 2° is n hi~ i pu,r 2-111 thy]nitr b nz 

tion rno 2-nitr tn ithylbcnzone (boiliu t 1nperatur 
4-ni u·o1n thy]b nzone (boilin . , nip r turc ' 8° ~). 

l1 C n: 

lJ v· id 11c f r th stru tur f b nzen 
• ,. l u l tt! th r, 1 n n .. st iliaJti n n 1 r " 1 f b nz ne h n the enth lpy f 

h,ydr1 en ti n ot it uc ot eye] he .. an 

1nr•J t th pi r di r· n in i ur , 10.4 y -;vritin 
n L.: n idon t r th~ .rive r • cti ins r ben ne. 

Cyc:I o he:xa n I!! 

Ph!nyleth none 

Fi u 10.4 



_ h nol r nets n1ore ro diJy th u benz n in l ~tr _ hilic sub ~tituti n r :icdr ns? 
J h noJ j tl'\ n ~r 1 1 thttu th.tnol but i 1 s;s r~.l tiv s n1 11 · - h l? 

I Que 
111 ntha]I,,y data .ir ivcn b~Io,v. 

~ o r 

4 arbon = +7 ~ 5 kJ 1,11101- l 

1-1,. of hydli Q ~, = +21 kJ J 1- 1 

AHr f b nz n ( ) = + 

C=C 

C-H 

r · lcu L te: 

the cntha ]py of fo11nari n o the thcor "tic I 

as u 1n 1 ul ·. 'cy loho atri "n 

b the resonunc ~tahilis tion ~n --r y f b nz ne 

c) i nc ~ dr w :1 I b~ll~d ener y-lcv l di . r3 m 
sh \Vin b th the f r1u ti n f ",cycl h x trien 
• 111d b nzc n ft In ~olid ~ 1 bon 1u L ydr .1 • 

.. nd th res nl! n stabilh ti n n r y. 

nd nan1 ~ J] rh~ aroLn de isorners f 
'""' H Br., H . 

3 Writ the n1 hnn is~ n, in ·JudJug the, ctuctj n f 
th I trophil ~ f" the r, , ·tion c f 
od1a n yl eh lorid . 

4 .. p,l 1in hy pll n l : 

) react with br 1n1in w r ,vh re bonz n 
rerguirc,s Hquiu brou1ine 3nd a catJlysr 

b is a ~tron _ er Jcid than ethanol but is loss r, ctive 

~ s n le h l 

) ha hi~h r b Hin c mr . r tur ·th n th n 1 

I h l Li 9 lu bi in w t r th n 1 th n l 
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6 

Write the &1tru-rur~J for1nul.1~ o the or .u1i 
1 ·ro uc t • if ny. f mi· ·i11 ,h noJ \I ith: 

aqu t siu111 hydr id 

) hi ri11e \1 it ·r 

) b nzo ,1 chloride. Hs in lkalin -
Jut, n 

.11 ul t : 

) th 
. 

th t \V uld re · t ,,,ith 1.2 llllll 

if f -~4 -

7 iv n :1111r,J "' r fph n il r:1a Un s nucl phil . 

I r w di.i ·r. n . t s.h ,~ I \V two n1 lecule o 
b nl ic cid 1r hydro en b n ·. M r in the 
bond 'l n 1 ~round th hydr en b ud . 

x1 ,1 in tht: irn rtnn..: f the 1ndi'ti n in the 

nitrJtion , f b nz '11 • 

0 Wri'tC! rh~ rn chanismn, _n ·ludi11 tlu1 rn1ati n . 
the foctrophiJ th nitr ti n fn1ethylbenz ne. 

An or n i... ,c n1pou nd burn ,vith J am ky 
fl a1u~. lt iv I JJ1 r:u1 e p,rec i it tc \V ith Br.1dy' 
r nt but d n t fi .nn silve r mirr r with 

nt. It .,.iv J y llo,v 1 r cip,it 1t ·wh n 
,v m1cd entl \Vith s, ,Ju ri n of iodin ,L1n I 

Cl hun hy ro~ id . >raw th scruc tural f rn1ul of 
a coni1 ound th t c · u ld b 

Pu n1i n su lfu ri. cid cont in di s lved ~, 
r ntains + 1Jfur aton1. ~ 1 g st rh Jll 

~ r the i. u Ho nati n b~n z~ nc. 



a r 
j n) · rca ts r. I idly \Vi'th b . n1in • but 

b 1 z 11 rt: _uir · c t ly~c I I hydrous 
iron(nt) br nti . Writ the 1n h nisn 
th cti n f br n1iJ ith: 
I) C'th ne (3) 
I[) b~nlfHU! ( ) 

) u g .. lain ' hy 

(3) 

U) 

d) I) ti n 
f 1 h nol with hr n1j11~ \\ t r. ( l) 

I[) n1p. TI.! th r cti tty f tl b I Zell 

rin in ph uol , ith that in b uz~ne 
itg Jf. (3) 

f ) 

" B nzald hy1 e~ · 61-Ie; ""11 ~ c u be p,re1 r d 
fr 1.n l etlZ nc. 

Th b nzen ~ acts 1 ith mi1.-rur of c r " n 
11 , hi rid 

ch~ctr 1 hili, suhscitu'tion r ,ll3 ti 11. 

n) 
nd 
(4) 

' ) h b nz n rin - h cti t t ~ r 
cfo rr phUic aub ti tuition in ph n it his is 
bee. USt:: 

th l ctron in th - t nd ~-rh11 
\vith the n- I t ns in tl b nzcn rin 

1 I n .._ ir I elcctrou n th o,zys n 
v~rl.ip vvith rh _ n-~ l t_ tu in the 

bcnz n rin 
oxy l:l1 i~ n1 r ~ olcctron tiv th n 
1'"3f , n. s it draws 'lkctr n& w u1 the rin 

l tiv th n c rb 11. 

(1) 
1~) ry 

[ (.:f.) 

re , ti n 
2. diu itt, h r1ylhyJrJzin€ lnd st t \i J at 
y u \V u ld b rv . (2) 

1 ) B~u cne nd pi en 1 l'i ti~t \- i h nitric 3 id 
in l ctt hili u l stitu tion r ,cti n , but 

r nt , , nditi t • tate ,vh t th s 
condition r :111d oxpl in \Vhy di t er~ nt 

n iti n ar nc d . ( 4) 
fr t* I 15 111~ r ) 

Ex m pr ctlce question 



/ N 

i LII 11.1 

pound 

IA 
c nt in the ~roup sh wn iu Pi urc 11.l. 

her typ 

rbon at m 11 1,; d t th nitro en at m 11 

t th ni tro .. n t n1 . 
NI 

has thro ~am n , 'tonn ~nd no hydro Q11 tom~ att '"' h_ d 
,n .t n1. rin1 thyfamin' ( H. )JN, i 11 x n1p]e. 

h nitro :1n ton1 in U n1in I ha tht a: .... bond • nd I n pi ir f l ctr 1u. hl; 
ur p ir f I et ns, r , .. 1rrn1 ,ct in :i i 't1;1h ~rLn r und the ni,tro n. 1""ir r-.f1 r , 

'th three b 1 i 8 p'1 ir lre rrans~d pyr n1id H , •ith the H - N - ~J b nd n l 
i'l'l 1 rim~ry antin~ l 1 ss than th · t t1. h~ ral 111 lt.1 1 f 1 'f. hi i =- c.1us , th - lon~ 

'l ir/ b nd 1,1 ir r u ]si n is r t r tha. n th nd ~,l.s ir/ b n l ai r 1~u1 i n. 

Aini n c 11 be 11 lll d cith r by: 

r 

1nin t th st 111 f th lkyl r u . hu . 2115N I I:! i · hyl n1in n 
I ,.. H -, Nr:12 is 1- buty] .. n1ino 

thQ pr fix .. 1nino- t th~ 

2H NH~ iEi !111 d LJt11in ~ 11 n~ · nd 

ur If 

lk.rn tron1 \l hich th' anllin ii d rived. 
H~ H., HJ'I ""H .,N H., i 1- .. n1in butn1 . 

.::I ,i!i "" 

C4H11N h v r I tructur I isorner . Write th tr~uctur I forniul of th 
i -on, r of C4H1 N that i : 

} a primary 1,iin 1 with br nch d 10h in 

b) a e condary an,lne with a branched chain 

) t rti ry n1in 

P~,y icall ,properties 
M ~thyla111h c is I r 01n t 111p "r turc nd pre sure. thyl n1ine il r un 
ro 111 n11 r tur nd I next 1ni.::mb~r t tl ho:n1 l g u ri~s f rin ry 
n1in s r liquids ( ,able I L1). Amin hav eh r.1ct ri ti · t1 h-U - innolL 

1.1 ors _nlc n1t10 en compoun,tl {Topi c :LB) 



M my1em1n . (, m1non1 tn } 

EtflYI mine ( mln th ne) 

1 propyl mln 1 mlno opan } 

~ butyl m lrn1 1 

Olm , hylamln 

1tl m thyt. ml n 
Ph nyl, mtn 1 

( mlnobenz n ~anmn 

~ 

I'• I;, . .._,.. ~ 11 , 

;Forn1.u·1t1 
',- .. •;.~1~,\r• .. ;1}°\•~~ .. a·,·".•iql,,.:•t...JI .:.· ,'I'· 

~Bolling 'tem,pe.:iatu~, 00 
. ' 

CH3NH:z - 6 

CH3CH2INH2 + 7 

CH CH2CH2NH2 4 

CH3CH:zCH~CH:zNH:2 1 

(CH3)2NH +7 

(CH~)3N + 

CeHsNH:z +1B4 

n 111in 1n 1 . uJ ( igur J L2). 

r hi . her h n ho,s,e f rh 
c O wh r"'J th') n n-hy1 r 

A111i11 s ar n b ud · ,;, ith \V t r n1 1 u l s. 
h nirr n .J on1 is it i 6+ ( i un i I.~). 

+ 

A U1 11. · I m 11.3 

ur I 
Sta th H-N-H bond nSI in m thyl min . 

Preparation 
R ni with h lo no I ~ n 

11c ncr t d nun ni h quta u th n He 
u cin1 ~ p,rin1 ry . n1h1e i t in tl~ f r .. • n1pl : 

.2115 I 

An .. we s~ 

"""2 l; N I 11 + N I 4 l 

no!lr n wiU yi ld th , ond r-y • n1h1 . 

An. th r · n dit i n , 1r this r c.: ti u ~ tl n u t d in tc tb I k s nd 
c n1ine g, j h ~ tin h n1ixrure in , s Le I tub . 

y 

Note t h.at the boiling 
temper turM of the 
u nb ranch d m~ nes 
inc~ sis 1s the numb r of 
1 ~ectro ns in the ma lecu I 
in c~e asiea. Thi cau e e~ the 
London foric ; to become 
stronger. 

Remembe1r thet 
the strength of the 
intermolieoular London 
force de,p nd mainly 
on the1 ~otsl numb r of 
1aiectro ns in th mo le1cu les. 

Note th t th angl round 
hydrogen-bonded 

hydrose,n atom Is 1B0a. 

When the1 base am m on i 
is reactant. do not write 
n qu tion th t has 
n acid uch as HCI ea 
product. W Ith e1xc es s 
mmonia, ammonium 

chlorid- i produced. If 
~e ammonia is not in 
1excess, the amine s It is 
formed (see the reaotiion 
of amines with cids on 
p. 253). 



• • •••••••••••••••••• 
uu, lum t 1tr 11y1drl1do-
1 um 1n -t (111)1 I 1501 C u 

I Ith 1un, al um In lu m hyO rlCI • 

1 

A ba e i ubstance that 
c n -c1c_ pt an H'1• ion. 

••••••••••••••••••••••••••• 
Th tormul 1or 1·bufyl mln 
c n b wrl t n , , 
C H3(C H :a)3NH2. 

tint or he1t 1n , E aJ d tub 

p, f r u li n : nucJ ophilic sub tituti n 

R clu t on of nit, II 01 111id 
nitril (e.g. th n nitrH ) r n n1id ( . . th namid ) n r due by~ rmin . 
Uh ;oluti1 n f Hthium tc[r hydrido lumilrnt '(111) in dr etb r ( th M yi;;:th· n )~ 

f 10 HO\rV d y hydr lysi of the d UC t \lll'ith dilut ci : 

4 I]_.. 

lthJn nhrH 

1-l~ N H2 + 4lH]I 

thoc1n~1n1 id 

I ,NI '-. .. ... 
thyl tnin 

H 2NH .. +H • . 

t l .yl.uu iu 

J ii; is n c "' n1pJc f th rcdu ti I of p 1~r n-hond by th nu l philic H - ion 
in Hthiun1 t tr, hydrid Jun1in t (111) . his rci nt n · t r ucc th n u ... l r 

in lk~n s. 

t y ur elf 

Nan, th re ;ents nd conditions forth two-s· p prep r tion of thyl _mln 
from eth n • 

luct1011 f ron, tl I itr c r I u nd 
Nitrob nz n . H5N ~. C3l1 h re due d by h~. tin ,vith tin and cone nt1 t 
hydr ,ch]1 rte cid. 

W h •n s diu n1 hydro" iick is. J _ded. hcnyl. n1in "1 i. set frc ~ and t.:an b~ r~1novcd tro111 
th r ocl "tion ntixturc by t un disrin._ t1 n ( 1

, ~ 4). 

H ,H5NH .. + H 

1-bucyl rninc. J-1 H .:! I I~ "'I :!NI-I.,~ is uacd s n c. am J • r1n1 1ry nun . 
h nitr n tont has a Ion ] ir f c] ctr 11 nd rhh us, - it t e a ba an 

nude hH . 

r , ti 11 g f ln1n s r ~in1it r t · th se r :in1m n1 l. Amn1on i. nd m in 
1nok ule havo ~• k,n~ pair of c le .tron~ on th 1 11itro c,u at n1 th~H 1 -:in be u ~d tu 
fi rm .1 da[iv ] ut t, t 1 1th n H+ i n. 

~ U n '\l\tUh nt r. 
A111in~s re~ et r V rsHi1IV with 

H 2 H ..,N 3+ + H-

1 J- J lU J dlll-

1.1 ors .nlc n1t10 en compoun,tl {Topic :LB) 



A - 1. n · 3rc p,r duccd, the lution h lk .. U11 u ~ ith ._ I f 51 ishtly loss th n 
11 • hh rt · ·ti n it. iin1H rt 

NH + H:;! · ~ NH4-t- + H-

- he, t1 I kyi r up pu sh~i. ~1 tron sli htly t ,l rd th n itr n r 1n u11ki n it 
m _ l" 6- thl n it is in Jnun ni . b refi [e, t rin1 ry 111ine1 ~re stronw r b s s h n 

• 
1Ulll lll : 

Kb of 'thyl 111 ine - 5.4 10-~ n1 l ,Lhn-3 

K°" of bucyl..u11 in = . I >< 1o-4 11101 dtu- 3 

K1, of l111Uront - 1.8 li 5 nto] dm 

i th r] mine. ( 2J I5)J.N t i .t sh htly tr n r b~ thi n thyhun in 
contains 't\Vo ~Jectron-pu~hiu roups Jtta ""b~d to the nitro n 3ton1. 

:un 1 it 

Phc nytun inl! ( tnin benzene) b . we:1 k e1r s th n , 111 m n'i. . his i. bccluse 
th [ n pair f Jl ,1c tr n v •rl ps ~ ith the 11 syst m f th b 'nzcn rins. 1 his 

ith r w lectr ru fr rn tll nitr ~n. m in it Ls; bJe t .. 1cc:~pt n H 

he? ;trcn th f an1in is ord red f Uo\vs: prhn ry Jiphatic min 
m1n ni > r 111 ti , • ruin . 

e'1 l 11 

Wh n n with s·tron cid. such s djJut hydr ch loric cid. rut 
(siruil r t - n 1nm 1niunt lt) is ·"" rnl ,cl . r ~· . 1ni,1 ~ l-b11tyl1ntinc n , 
hydro "h I ric acid l r due~ 1-butyl nun n 1u 111 eh 1ori do: 

H~ "'I I2 Hi -fllNH !! + H 1 ~ -H3 H~ H~ ro,HiN I.~ 1"'" 

r 

J 1.,( 1-12). N 1-12 + I l l 

With thyla1nit1 ~ th ~llU ti n is: 

li N 'H2 + H J-+ · 2H 5N H ;- 1-

, C)n~r l ~qu tion h: 

N l3 

r versed 1y 1ddins str ns di ~ such as s d1u1n hydro. id 

ho an1in~ c n then b distill d off fron1 the n1i tur of th ~u11iJ1t? s~dt nd sodiun1 
hydro id;}. 

e~ ctlon ,1th c I chlo1 Id 
'I h I nc ir of el tr ns on th nitr, 11 t m in th 111ine t I nucleophil nd 
ttatki 'th · ·,.. c rb n ;1ti0n1 in thf Jcyl rhloride in an .., ddition-elh11iuation r ction . 
ore mplc '\Vh n a::th 11 rl chlorid I is dd d t I ,utyl mh1 3

~ ccondary iUUidc:. 

N-1.: 'rhylbut,t11n1idcl .,n 1ui~ty UITI Sr fhydr I ~urh] 1ril 1rc1~r h-1 I: 

With ~thyla111iu 

l H;NH ~ + H~ 

J ;. J-:1 __ Nr.l ( H~)J H3 + H _ 

- thyh-:thln:1111ide L nd tho 1u~ti n is: 

H3 NH 2H5 + H ] 

Ammc1ni reacts with 
clds to1 form ammonium 

s Its euch e mmonium 
chloride: 

N H.3 + HC I NH4 rtCI"' 

Ammoni reacts with aeyl 
ah lo rides to give am ides 
(pr. 220). 



....... ,., ......... .. ,, ... . 
P raootamol I lso known 

s c t m1noph nor s 
,y1eno1. 

ar - tan 11 cL1n ,c n1 d y ro tin 4-h dro~ Ylh nyl n1in with othln I chlorid 
( i, ur 11.4). 

fj m 11.4 

c.un L 

0\ 
'C- CH 

I >==--\ + HCI 

A111iu "'S \Vith n.v- -Nl-12 roups in the 1nol culc nn p 1 , mnid · with J yl. chJorid s 
'\Vith ,v · J r up (p,. 2 ). 

R c Ion lo no 111; n 
A J ri1n ry n1h1t' r~ t with J h.11 n Jlkan J1t du ~ ~ u1ix u r - f the l s 1 

1dary and t, rti ry n1h1 ,. i urc 11.5 hows th re:1ccjon \V th l-butyt_1n1jn 

nd Hn1it m unt I chi r th t • 

C~ (C H.1)J 

\tiH,cr 

t! 
FI uro 11. 

With rhyl:nlline and ~xcess. chl rocthlnc: 

:?I 5NH2 + 2Hs I~ ( l H5)2NHl'2+ 1-

( ~Hs) N H,, + 1- + ~l--15 ] ( ~ F .shNT-I+ 

h 

ry n t rti y n1int: r required~ , tr 11g '"' is dd t th 
s i11tiot1 au I th~ aniin a ~ tu1ed arfl! e .. tr _ tcd fron1 , he re~1 tion 1nixtur J11 I th n 

by fi·a 'ti n 1 di till ti n: 

R c i o 11 Ith - I oc k l 1 t I i o I 
A1nin ~ "" t 

thL! a 111i n 
i n~. _ h _ r 

1-i ., 1 ... 

u~ pair o_ l ,~ tron 0 11 

n r,ty mn ,I-bi 
f ~ nunin ~s ,vith 

f h 111 t. I hydr k1 i pr du c d 1r t. With l\ Ni2+. u+ u1+, 
i ns tho J r-.:cipitnc dinol c bee u a c rn l x i1 n i t7 rn1 d. h 

~i'th l nun ni~ s l1-1ti1 n (11,, 147). 

he lf~t r ._, ti u. f r:n1i1;l th 1c,cip1tJt • i .,n ~.~u11p1 f . d1i.1 r t 1nJti u r ~ ,"ti n. 
rr n1ple. the rcac ti n b 't\V en h . • qu. p r(u) l ns l n thyh1111 inc roduc s 

a pal~ blue pr ipit.rt : 

[ u(l i )t ]2+(aq) 2 ~l l I5NJ J~(~q) --. [C..u( II~ ) ( Hh] (s) 2 JI N I +laCJ) 

1.1 ors _nlc n1t10 en compoun,d {Topic :LB) 



With .. xcus c: thyl rn inc soluti 11, " I is nd o eh uso re. tion tak I Ia ~.. nd a lub1 
c rn ] ', · i n i rn1 e I: 

[ u(H2 J4( H ).:d() + 4 2HsN I 2l q,) ___. 
r u{N I 2Hs)4(H~, ' ]1 -( q) + 2 I J- ( q) + 2H2 (l) 

h I v, raU r action is: 

[ u{l-:12 · h.1li+ (aq) + 4 il-lsNI I 2(· g) -+ 
[ u (N H2 .,.Hs) 4(H2 )2]2+( ) + 4H ~ (I) 

hi ~ 1n ,,1 x h: de , bJu . 

All prin1 ry . Jnin 1nclu in I- butyl 111 hie nd phenyl n1in - nn ,co1np]e ions 
\Vith hydra l"l' r(u) i ns. Th equiv. I n[ gu ti n s v ith Jnlrn ,ni r --: 

[ u( 2 (uq) -..;a, I' u(H2 ) 4( H )il(s) + 2N 14+(1q) 

[ u(H., )4( H)2](s) + 4NH3( J) 
[ , u(Nl-1 . )ij(l-12 hJ:!+ (· g) + ::? )I l-(3,q) -t- 21 .2 (I) 

1 ..... -dh1min th nc i · ' bid ur. t lig .. nd n1 r, a ts with nrnny 1-bl ck ntct J i ns 
t forn1. n11 lex ion. he drhdu~ fore i th'-1 incre , in ncr p,y as four rti ·le 

r due s v 11 (1 • 148). h equation ~ ,r h r cti n b t\Ve\\!t1 hyi rat d chr tniun1 
ioiu and 1,:2-d 1~un ino~th 111..\ s Jn b101iSQd • s c n for shn Hcity~ is 

[ · r(en)3] · + + 6H2 

our If 
Writ.a quationa forth r action of 2-an,inoeth nol. NH2CH2CH20H, with: 

_ ) dilu hydrochloric acid 
) _than oyl eh lorid 

c) iodometh ne 

• 

1111n 
i ur 1 11.o h w the strut:tur l 'fi u 1ufa. fph nyl:i1n1h . 

h 1 nc :lir 0 1 ck!ctrons 1 1 th nitr B 11 t in is h1 th s n1e 1 nc th dc loc lisC'd 
n-electrong of th rin nci 80~ t ~oJne .~t,_,nt, be on1e; p,art f the de loc H;ed 
sy t~n1. hiG . unil . ofth e] ctr n& int . the rir11 nd J'1 i.Y r n, th nitr n t ,n 
h,is t\vo , 'ts - th rin b , 1n s 1n r~ 1.l cpHb] to ]~c:trophiti, 3 atta k und th 
ohr ~n .Jtr fU b · Ill fi I 5 6- nd s l SS ffi tiV a b 

Pt1ysical prope1rti1es 
• Ph~nyl min is. liqui t ro n1 t n p r tJrt;;, le 'b H t 1 4° nd 1s H .htly 

d 11s r th n ,vater. 
• he n itro l:!JJ a'ton1 is 6- ~nd th h rdro t1 atonu ,3t t.1 "hed to the n itro n :ir.e 

6+. h ~ tor , ph ,nyl 1nin n t nu intcrin I ul r hydf g, n b uds ,v JI 
tr n ndon f_ r s b f\] ),n 1n l ul i. It is aliSh'tly olut 1J, in \Va r ~ . u it 

t rn1 h~l roL n b nd&: wi'th ,var r m le ul s. I c ,v v 1r~ th b nzen ring inhibit 
solubi]ity. 

Fi ur 1. 

, , • •••••••••• , • •• •• •• +• ··~· 
pnenyi mine u a to c 
ceUed nmne. 



.. ..... . ...... , ...... . 
This I slmllar to the 
r ctlon twe n ph no I 

nd brom In wa't ,r to 
form Wh I pr cl pit t of 
2.4,1 -trlbron1ophenol. 

le dissoJv~i re dily 1n n1 ny r ni 101Jvcncs &u, h as ~thc-r (eth .. y,cthL n .. ) .1nd 
th. n l. 

It l& a to ic ub t· nee th t an b ._b rb d throu h the skin. 

L lboratory prep _ irati1on 
h 1 r ~cdur fi ir the l or t ry prei aration fpheny1 11,1i11c i 

Nin· ib~nzeno nd tin TL! n1i ed in r und b tt n1~ fl sk fitted 1 rith a r~flux 
ond~ n ~r. ~· 11 ntr t, d hydr hl ri, 3 id is ~ r fuHy dJ d nd. :i tl r the 1. 1,id 

~voJuti n r hydr e t1 h.u. .. aed~ the n1i tur is h Jted t I , 0 in · blth f 

boilin \V tc,r tbr , ) 1ninutes. 
h rcacti n 1nixtur h cool d 't r - 111 t nip rL.cure, th c nd, 1u r rein v d and 

diun1 hydr i i r fully add d \\"ith . lin . 
. he 1nixture i& st .nn diti:tiHed to ren1ov~ eh~ 1,h nyJ.uuiu~ front tht' slud ~ of 'tiu 

hydr ,xid . . hi i ,carri out by ,] \Vin~ steam into Cho 1ni turc nd c n ,n,inQ 
th "\ - h nyl_1nin nd s m rni tur·_ th_t ,_on1 ~ , _, 
- he distil!. r i I I ced in s p r~ tin tunn J tn1d s n1 s Hd diu.111 chloride is 
. d ~ ti rcduco the lubility f J houyJ.1min~. he ph nyla1n ine I yer i run 

1n , lid uhyd r u ,~, ta itnn a rb n ' t dd d t rt: n1 \l'e ny 
t r I • 1 J \V t r. 

he . heuyl 111ine is dee nt d offfro111 tho s:olid ·potas&iun1 ·u, bonate , .nd distilk~d. 
u~i n n ir I n 1 scr. h fr ,cti 11 that b ih I tl n I · nd I s~ i 
101le t d. 

h ov rJll gulti1 n fi ir th pr CfS c 11 b~ r pr ~11nt d by: 

~6Hc;N ~ + 6[H] Sn ind cone:. 14 I 6HsNFI, + ... Hl 

C1t1et11 ica ll reactio1t1s 
l 1hcnyl m in r ~cs s b th Gn r n1 tic c n1pound nd • • 

pru11 ry 111111 • 

Bro111ln'" tion 
111 11 utr J I luti ns th b uz n , rin ii cti vt1tc b th l n p i r ot lcctron 11 

th I itr sen at 111 . Pl ~t,yhun inc r ~•cts , ith br ,nine WJtc r in .111 clectr phHic 
ub dtution r '- ti n t1 f1 rm ,vhite r cipit t C ...• 4_f, ... tribron1 ph uyl min nd 

hyd1 n bron1id . _ h m lecuJ r ~'LJUJti 1n is: 

H NH 3Br., ~ · H 2 t NH2 

A 
ul H t1 t=; ft he lonf ~''"'tir f 1~ ... tr - n fron, the nh:r 

rin 1n k s th nitr gon :it m le 6- 11 , 'Cher l'" r ~ los 
nu loophilQ. 

-n acon1 b f thu b nzen 
ft- ctivc b s n 

Phenyl n1 in i \Ve k b , ~ G it r et re er ibJy \Vith ,YIJ' t r: 

It r ,cts with str1 11~ acids t 1 • rn1 phcnyJ n11noniun1 s It . or x ntplc,, tho 
1n l~cu 1 r ~qu~rtj -n tor th rea ti n of pheuyht 111 in v ith bydr eh 1 ric acid t tbrru 
· h ny]Jn1n1 n1u1111ch]orid is: 

1.1 ors _nlc nitrogen compoun,d {Topic :LB) 



he i nic quation h: 

iq,u id p,h nyl min dis l e · in iq,u us acids b u& it t 1rm :.1n i ni olt. 

Pheny]aniin - is a ,v ker b s rll,au n1m ni · ., be, ausc, f rho lcctron-,vitl drawin 
'fl:ec t f the hen n ri n . 

ur 
-- Write quatione forth r action of ph nyl mine with: 

) hyd roch lorie ci d 
b) than oyl eh lorld 

An1i c nt~in th r up s.h \Vn in i ur 11. 7. 

his is usu· Jly writtc11 . - ..: NI 12. 

Pl,,y ica l properties 
An an1id Jn 1 cu] 1 ntaius tw 6- hydro en t m , 6- ocy n a in nd a ,.. 
nitr 8 t n1. her 16 r • h n1 le ·u l 11 f rn1 se,·ver l lnre,iu le ul r llydr1 en 
bonds. hi& n1 1 s th J ~uni _ hJV :.. hi h r n1 ltin · t~n1 ,, rJtu r s th n a yl ~hl ride 
dL?riv 1 d fron1 the s.1111 1 id. 

T bi 11.2 Som mide 

Eth nsmld CH CONH2 

Prop n ml . CH CH~CONH 

nz mid C"H,CONH3 

B2 

79 

132 

222 

222 

290 

At Jrt fr ·n1 th ; with la e hydr1 ph bi r up~ fr _.,. inrl t 4,n1z3n1idl.!. :1n11d~s 
r ~ at r-s lubl ,. his is b ~c us th n1 l culc1 c n f rn1 s ver J hydr on bon s 

1J ith 'NJter m I u l~ . 

Prep ration 
Atni r c U.011 b t'\l 0011 :uu1.u nL .. ""u1d tln ~ cyl hl ri I : 

1 + NH3 -* · H 3 NH2 + 'H l 

ydroly I 
Wh n boi 1 d un I r reflux \Vith ith r .iqu ou '- ' i I r qu ou :.1Jkali. an1 i s r 
hydroly. d . r e.; • n1p], • th nan1id is hy rolyac in ci . s ,}uti 11 t th noic acid 
nd :uum niun1 i ns: 

NH., + H + H ... 
~ 

H + N~l + H.1· 

0 

~ --c 

I UI 



A thr ad of nylon b Ing pun ed 
from th1 inta rf ce1 of the two 
,olutions 

W'ith .1Jkali. 'the s It of th~ rbo yli .. acid is f r111 d ~nd ,.inuu niJ , as is cv1 Jv d. 
1r • · 1111 ,l ,vhct hydrolys d by , ctiu111 hydr id ~ ben n1it.l ive ~ , hu11 

b nz ~H : 

NI + H + NH 

It th c rb xy1ic aci . 1s r-­
" l th . s hni n f a sn~ n 

the pro1duct of lk Un• hydr lysi n1u c .icidi.fi 

B nzoi ~cid i iu. , lub] in c ld v ~t r n 

T _ t y ur _ If 
· Wri th qu tion forth re ction b tw n 3-bromo-2-m thylprop n mid · 
and xc se aqu ous sodium hydroxid • 

fl n .I C ')'] h l ri C .11 d tl 

1 roups r a,·~ts ~vith 
n t.inc ,,., d . , 1 ib d ~1 ov j. I 

ubst1nc v itll t\v NH!? ,;;r u 

h fi rs't I n1111 r t, J p ly n1 i i \V s nyJon- • . hi in th 
1 b rtrtory by the r cti n fh x t ~-l/1-di yl dichl ri 4 nd 

I~ -di _n,h h · .1ne, :NH.2( H ~) 6N 1·2• he1 f rn1e1 ia s lu ,1 h l , ! ,2-rricJ lor erha11 
nd th latt r in ,v t r. rf th t\vai ,lution , •;ir c r ~ru Uy d d tog th ~r s th t the 

n r p fth r ~ui t yer~ thr_nd of1r l n , an b' dra~ 'n fr 111 
~ I H uids. 

h qu tion f r th ~ cti n is shovi.rn in i urc I L . 

! 
+ n IICI 

Fl ur 11.8 

N ylon ii u 1 _ n kusarion p0,ly1ner - a 1nolccu] of hydru n chlorid~ is elhninate i 
h id 1 ·hi ri r up r ,cts \Vith n min ·ou . 

h str n th t n lon th 
tbr _i'.1ds und r t_nsi , n. 
hydr . n bondin , t~ 
;,1ton1 in th NI ·1 r ups. 

o- 1 y n in h 
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, Nylon fibr s . re us d in ~t ckin s n I • r , n. 
Nyl n j us~ J t n1 k - nu1nl'h:r of urnchin 1~ rt U1 h ,,U b ~11 in s .u1d roller . 

his i cnu it is a v ry t u h m t ri:t'I th t h n1 ]tin int I b v 250° . 
• lr has hi h el c:rriral re ha 11c1~ and so is used to tna e s,vitches. 

th I pol I n1ld 
i U Tl: 1 1 / sh '1 qu. ti in or 'th fi r111'.1ti n f p . ly 111i r.. 

ar 

IM ~ 

n MCOC- R. - C:00~ ... n H:zN - R'-NI-I;: C-R-C-l-R'- 1 
~ ~ 

I ... 

Agur 11. 

N m ,.i is a long. ~tn1i ht- chJin pi lym r ith fl Jn r~sist· nt r crti. s. he 
eq u a t i u fi r its f rn 1 J t i n ii s ho~~ 11 i n i u r, I I . 1 0. 

.n C:- CI . n~ - N N- ~ 

11 I I 
0 H H 

Cl 

! 
1-- C---N-~ 

~ ,! 

FI ur 11.10 

Kcvl r, 1 i n th r t u h 1 ly~ 1ni e. It i u ed in bul letpiro if vc sts. h nq u ti 11 f r 
its fonn ti 1on i sho, n h1 lsur l LJ I. 



nCil C C- CI + nH- N N- lrl 

II II I I 
0 a 

l 
H 'H 

C C N •n HCI 

II 11 I 
0 0 H 

Fi Uf 1.11 

All .r ly:in1i nt in the, p,epti e link. hi i th s 1n link th t j in o - n1in 
a1... L r sidu~ ~ in p t,~ in,. _ he str Jnds f p lyJrn ides Jrl' held ro r h,Qr ,y h dro - 1:1 

boudSL Ct\V t:tl dUfercl1t 1ChJJn ( C b 1,0'1 ). ' rhis BiVC5 th fll C naid r ly r ~t r 
nsile trc1 , th tb 't_ 1 1] al cnes su h s J ly(~lh n ). 

S. ~ilk C l tain hi h f rti 11 f 
i ~ n 111h1 1 a,cid offorrnuJ. NH2 H( H,2. H) 
nd f rm rti hnk ,vith the - N 12 ·r u 

r Uf ~ rn1 p J ride link ,vith tu1 
11 

igur l L J ~ giv ~ th struct ur ] f r tnu I . sh 1\1 in[( three r .. 
t un ns. 

H ~ a l H ~ o I ~ ~ o 

---!-!-~+!.i-!-~+!-j-~ 
CH20H I CH;;OH I CH20H 

Repe~t unit f\epe£it unit FleFJ at unit 

Fi ur 

W ol h s 
r -.si,du s. 

rti n f • nun tb, n i, ~cid (g]ycin ) N i 2 

yo r If 
7 Draw two rep at unit of poly{aminoethanoie ,cid). 

I p1op rti f ol 1 ,,id 

., -

Nyl 11, iJ nd ,v P-pl Jt d sh t tructu . h h in 1· rr ng h1 
su h n n1L uncr th.1t th fihr js H_ e1 .:i st:.1 k f ," rru nt d ~rdb Ll \ ith hydr ~11 

11 s t,~ 11 th 6, n , f rh > ~ sr up in ne r , , t unit 11d th 6+ 
hy ro , n · t in in n >NI I Qroup in n th r r p 't unit. hi 111 k ~ s eh nb1· str n . 

Conde1n atio1n po lymeri -ation 
h!.i f nna'ti n f n rJon N n1 # :an,l K vJar JU.~ JU ~ .. a111J 1 · f c ucl n ation 
lyn1 rh ti n. 
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ln 1n 5' a cs. t\\'10 di f):" rc11t 1n no1ners. e eh having t\l i ~nti 3 I. fun ti n. 11 r u . 
r ' ·t. H \V v r~ a 111 ti1n 1 l" lyrn r is onn ' in n n sati n n~ a ti in tron1 
sin l n1 n n1 r that J1._ s t, o dit r nt fun ti, n._ J r.01up, . 

An x._ n1 1 is the lyn1~ris ti n of 1 ... 111in h . • u ic cid. N HJ( 
( i ur 11.1 .. ,). 

+ n H 0 

Fi ur 

An th r nt ] f c n QlU ti 11 p Jyn1 ri~ati n i th tbnnati1 n I t , ly st r su,ch 
s ,. ryl ne (I,. "' ) fr 1n d 1 J r b - yH · c id ~ n · · l. 

tion 
Addition J lyn1cri!mtion hu,s t ~en c v ',~ d in th~ firrw't A- l~ el y~ar. hu 1nonon1 •r 
is c 111p und ,vith :> - - < ;r ,up. h n- , nd in lfl nosn r b1:c k1 nd nc\v 
a-t -n fonns \Vith 1 th r n101 111 t . As , 11-b 11~1 i w ak r th~ln a a-t 01 d, Jnd 

Fi ur 11.14 

~ flH~ 

t] ' pi 

ly(pro1> n n Id 

Prop ffleic a,cidl 

A ur 11.1 

thcrmi . im l 
~ 

i ur Jl.14). 

l)rtn -r h \. b J1 JJ1'V flt cJ that Sh \"! Unl1RU31 l ,f1 ] rti S j n 

n I poly( rop n c id) 

.. 

; 0 

n 

Repeat u n l,t of p c1ly {pi ro pen am i ac) 

HO a C, 
.... -CH2- L----

In II addition polymer 
the r1e pe 1t unit co na hats 
of chain of two oarbon 
atoms. 



hcso t :vo o1 n1 rs~ particularly ,,1h n r s-Hnkod, bsorb w .. t~r throu h hydr 011 

bondin . he. ar u ed i11 ji5JI s· bi n~1 1i~s ~nd s vv t r-hc 1 in 1s in th I i1 
f p t 1 L ut nd ll:in in b .;k ts . As 11 y ~ bs r'b v ter- th olyn101 II o n13ny 

chu s th ir ori inal v ]u 1n • 

nl~ t,oys nt:ik use ofthfa property. or c .. an11,1 , there is a coy inosaur · in v 'hi, h 
the heH d s M t ha,.., r ss-Hnkin J11d ig, th ,r f r ~ \V. t r-s 'lubl . W ht), the I.! h 
] ] ccd in \Vat r the h ,JI diss, lv s. h 4Y ]k' i ,ross-Hnk nd it abs _ rb \Vat r it 

.., P·~ d . hcr~fort\ th , e . ppei r t h tch . 1 r , ~ inr din ur. 

Poly( th n I) 
his l~n1er is 1 ie:~H d (p ,]yvinyl:dc hol). Its re · t unit j h ,'\Vn in iRUfc 11 . l . 

•• • •• • • ••• •• 
Th . preftx vtnyl Is om um 
used as the n me tor u, 
C H2=C H- gr-oup. I ly( then l) h s th un u I pr p,11rty t b in "' t r- ]ubl . It is u ,· S the 

1 cin in Ii u itab \Vhich , nt in H uid w. shin "-i t r nt, n1 1n , lub] b. s 
to b Jd H d h1 1 it l J u ndr~". , h I nier ls \l r t, r- s Ju bl bee u , f th m ny 
hy r n b n th t - n torn1 b tw n th I I gr up th c ur I n ]t nut 

Fi ur 11 .1 his _ ly1ncr is l tn1u uu1 in th t i.ts n1 n ,m r d, not xht. Att n1 ts t 1 1n 

2~ H I I. r suit in th rr ducti 11 f eth~ n l~ I 1-'1 . h - p lyn1 r 
is ln~ nufi ctu r by r • ctin th poJ , st r~ polyvinyl. t t (PVA) v ith Lne h. n 1 in 

tr n t r i ti a ti ,n r a ti n ( i ur 11. ·t 7) . 

+ n C: ~.,cooc~ 
n 

Poly(~ ~no I) 

Ip du 00 11 
I • 

II 11 11 
rou 
NA. 11d llNA 1- nt in nitr · l!n t 11n ,vith 1 n I ir t t.:1 ctr ns. 

c rb hydr te (d yrib s in NA) 11 th rb hydr 'te-
1 h s h t h 1i11 .. n f r1111 hydr C't b nd with p~ rticul r b s h1 the ,i,posit 

tr:.ind ( i, ur~ 11.1 ). · de111n ( ) hvay forn1 hy r , -. 1 b nd ,vith tJ yn1in 
t ); UJnin ( ) l ~ 'Y~ rn1g h r r en b ncJg ,vith cyt ,sine ( )· 

FI ur 11.1 The DNA doubt helix 
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hur :)f r " it- nc NA str nd in tho d ublc hoH .. • h th rd~r I\. j' -A ~ th 

r po it &tr nd ~ ill hav tht rd, r 'A :r, Hydr 11 b n s b t,v •en ·tra.nd 
_ r sh wn h r d in igurc- It 19 and l 1.20. _ he1 t nd th t utttiLh_ s th _ ,._11 t the 
carb hydr t is sh \Vn in r u . 

H 

C 1-l 
~ 

I C /N ;O, I-IC~ H 
HC?°c 

C 

I 11 

... 
C: H 

. /~ Q 

11 
N /Ni ,. ~···J ! / N 
I C ""' H /c / IN c/ II H, .,&:f, C /N N C \ N? C 0 I II /CH I 11 

, ... 
0 H /c /C N 

14C- C N IN 
IN/ 

Cyto .. ine I Gu nlnt! 

Thy mint! Ach!n i,nl! ~ 

Fi u, 11 . The base pair thy m in and ade,nina in DNA Fi ur 11. 0 The ba e pair cytosine and g,uenine in DNA 

In I NA~ r _[ IJc thyn1in 
I -3 r up n on 

n t n1 . 

and i ~ und hydro cu-b n _ d t, d nin . 
'th d 1ub]y b n d 1r,, n t n1s h r g 

th ~r r ani bas -.i th it ntail1 an ,nine ti UJ: ini.:lud •: 

• the alk l id p,oison, ~tr rchn in 
th p in ill r , 1n,orphinc nd 1"" d in 

thu sthnu]~nts. c._1 · in~ , nd nie tin 

A1ni.n i n1 1 l u le c nt in ic Je st ne - N 2 , rou1 nd n - H t up. 
h ~ .ci s th t ar - th building l ck f r toins h v the - N 12 r u 

Jtt chcd to th ~rho l :itont n I r to th - H r up. r ~ 11 ct- ~n1ino 
._ ,ci . h hnple st h n1 in th n i,c cid ( lye in ), NI 12 l . 

An1h1 cid& h., ,r: th , n r J fonuul ho, n 1n i ur 11.- J. \Vh r I is ither a 
hyd'1 o en .lt u1 or au ot . n i,e 1 t; idu c. 

M~Nc1~coo~ H l r/'o 
I a, ./N C 

I ~ H 0 H 
R 

Fi ur 11.21 

h re ar ~ :?O ~ n1ino ~ ids th:it u1!1ko up, th , ~,rot in~ in the hunl n body. -· f thLSt\ 
1 .... , n b ynthe .. i~ fr n it her n1i n a, i , but ei1 ht "" . 1 not. t · 1 ner re cul] d 

_ nth1l n In , L "i and n1ust b pr nt in rh~ h~t. o " "au1pl s ar v line 
'tnd ly. in . 



••• ••• •M• ••• • •••• ••• 
The It 101r glut mlc B1cld In 
wn1 c11 u, nydroge n In one 
or tt, coo H srou ps 11 s 
be n r pi c 1d by sodium Is 
m1onosocllum siu m, t • the 
n vour nhanc r a d d to 
som foods. 

0 

Fi ur 11, 

H 
1,.1 I #0 

• c~ N1 C 

M/ 1 I 0-
H H 

I llf 11. 3 

An1in tu.:id :in be dividod hu I three t 

n utr, I :1111fn a( Id - a 1n 1 cule I f a n utral tnini a id c nt in only I n 
b si - NH2 1 U .tnd ou .: j ic - H rouf.-

f ._ n ~ cidic n1in ff id I ntahu, t1 1 - ~ H 

f J b ~ ic n 1 n , id I nt~ti 1 c, - NH ., 
• 

11e - H 

T bi 11.3 Som amlno1 cida 
-~----- I 

·,,r:o,r111u1a 1 

N Utrsl Glycln 

At nln 

Am I noeth nole a,c,d 

2- m1nopropano10 cla 

2· mlntr3-metnytbuteno1 cld 

CH2(NH2)COOH 

CH3C H ( N H~),COOH 

(CH:d2CMCH(NH2)COOH Vi 11ne 

L ucln 2- miner m C thy1pent nclc acid (CH~)2CHCH~CH(NH2)COOH 

cyst In 2- mln~ ulrany,prop note HSCHlCH(NH:z)COOH 
~d 

AOICIIC A partic 2· n11nobutan .4-CIIOIC Cid 
acid 

Glutaml1c 2 .. mlnopentan 1,5 cUolc cl 1d 
acid 

B le 2.e-d1arnln0t1 x nolc 01a 

igur 1 L 21 h s th s h.; tal fc 1nnu 1 f la nin . 

Phy ica l propertie 

H OOCCH2CH(NH2)COOH 

H OOC(CHi):zCH(NH2)COOH 

An1in id r n1 t1 n1 r tur 1
• his ii b cJu '1 1 h n1 11 ·ule f n11 

U t ri,1 n . .i-:1 r up in ne n1 lecu.l pr it t th - NI 2 r u 
in n h r nt 1] u l ~ rn1ing J sp ci I th t h s ~ . sitiv h r e t 0 11 nd and 
'l n~ -JtiV i.:h. r 1 .It th~ otl1 r. h~ p siti 1Ch3r e 01,1 1 11 

ttr act d t th n tiv h r o· ~ n ,11djar ,n zwitt rion. h~ - r u i& 
" u1kly acidic nd th~ - N H2 1 -r1ou~, is w :1kly b,asjc, ao th~ forn1 tion ftb zwitt rio11 
i rev rsi le . h re fi r , b th the z,v1Uc1i n l nd th n u tral m J cu 1 l r,~ p~ gent. 

hi~ in , • r_1i1r • nt et for _ n1i110 thanoi u:id ( ly i11e) by rh ' 1u"1ti n: 

NH.., H2 

'\Vh r +NH l 

TI 

- i th zwitt ri n. 

It is common practioe to writ -1 th . formuia of n mino cid as an uncharsed molecule~ rather 
than as th zwitterion. Howeve1r, it should be remembered that the position of this quilibrium 
is wan to 1the right. Equetlons for raeotione of · mlno ecids should have 1the1 zwitterion on the 
left. How ver, n I qu tion with th molecul r p cios on th left will score full marks at A lev I. 

i ur 1 L ... J h ~ 1 the tu H structu r I 'fi r1nu J r th~ Z\vitt ri 11 of g]ycin . 

I 
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Ct1et11 ica:I ireact1ion s 
hr.? \VO n1 sc imp rtant r cti1 1tu .. re tho~c oi n1ino cids with acid nd '\Vith b &cs. 

et Ion ,ith c lcl 
he J - r up, jn th :vitt ri n I ts s b· s nd 1 1C ·t>es n H-r i n fro1n the 

.1 ~§id: 

+NH 3 - +H 

d Ill J CU le 

NI l3 H:t 

he basi, N l Ii r up r act _ ,vith rth' -;- i ·ns in ~tr n id. 

R cti I rith 
be N'H 31- _ t UJ'1 in rh zv itt ri n cts u ~n ru;i .ind I rot1 nut ·th · ha 

+NH - + · - + H, ... 

he? - N 3 + 11r u ~ i..: hi h i. th ,c nju at cid f th w .kly b ic - N 2 
sivcs pir ton t eh 1-1- ion. 

h~ altornJti\, c1uati n sh ,w rh' a idic -
r t n .. iting hydr , id ions: 

1yrn rl tion ction 

-r u13 in h .. unchar d n1 

An1in cid c nj in t e · h th r y 6 nn ti n f p pti lo; link in nd~n · ion 
l ly111 ri~ati n r a ti 1 • 11zyn1 s talys" tlti r a ·rion and wl n it hap n rrlJllY 

ti n1 th TL: su]t i g a pr t in (Jl. 2(1 ')). 

y ur -·If 
formul of II n tur Uy occurrinS niino oids c n written e NH2CHRCOOH. 

Rewrite thi formula s the zwitterion. 

I ) Writ ionic equ tion for the1 reaction of th I zwitterion with i) aqu ou acid 
nd ii) qu ou - 1k Ii. 

te reo is o tTI e iris t111 
AU th n~ tu r~, I ~Hui n I a..:ids, ~ x et t l)'Ci n . ~H c. ptic:a Hy • cth . he c~l rbon ~ t 111 
11 xt to the H is , hira] contr b c u o it ha f" ur di l?r ut r1 up tt. ,eh d 
to iE. Al nin (2- 1nino1iro1 · n ._ id) ha tw pti l ison1 rs (Fi urc 11 .24). 

N~2 

I 
NH::1 

I /c: .. .. ~-- •C 

I 1-lOOC \ 1-l coo~ 
CH.:, CM 

• o-ison, r L 1:iicmer 

Fi ur 11. 4 The two optical isomiers of 2-aminoprop 1nok: acid ( lanine, 

•••• , .•..••• , •••. , •.•••••• f. 
The n eme • zi.vltt rlon' I a 
d rlv from the German 
ror tn wa a ·n,ons r , 
Wh ic n I u, o,n prl n or twa1 
dlff ~ nt ~ d o-r do9. In 
u, chen,1ca1 ne • It Is th , 
niongre I Of' c tlon n1d 11 
anion. 

A b se is a species that 
ccepts a proton. An 
c id is a species that 

proton a s ba e1
• 



Almost H th mino acids 
in prot ins hev1 the same 
e bsol ute co nf igur atio n 
in space. Thi-a is the 
L-conf~gur tion, a shown 
in the di sra1m of alanine 
( Figure 11.24 ). 

The structural ficnmula of 
an amino ecid c n lso1 be 
written as NH2CHRCOO H, 
wh re R is hydro,g n 
atom (in glycin ) or an 
or,gsn ic group. 

Fi u 

he i 1ners ·, n be '1 ritt n t1s Z\J iU rions or lS unch.1rgcd 111010 ~u] . he latt r is 
i 1 ly in bi h n1jstry. 

Al nin • , hi h oc u1 s iu 1,r 1te.in • i 
in Fi urc 11. _ . fa.nin rot t s th 
c] o, ~ \Vis h . 1 ) 1 ) . 

nly n 1 f th two ot ti, , 1 hun1ct gl \ u 
I. n f o] risad n i l n - J rh d li ht 

Jy in (. niin th~t h: ~..:.id, N H 2 H2 I ) is _ rjc U~r h a t\v b c u~ it 
n t h ve ,chi r !. c ntre. ho c rb in ti rn ne. t t th~ - H rou h t\V 

h~rdrt 1 n. t n1s b nckd rt1 it. s, it ~ nn t b~ hir~ l. h r fn1~ ly inc 
h. s n n th hlnc f p lar1sati n f pl. uo... l rh d U ht. 

Sepairatior, and i1d'e1ntiificatior1 of am1ir10 acids 
h s pr ces c nb c rried utinscho H b r t ri ausi.1 thin y r hri m t r J hy, 

h ~ principles f ,. r th ~n 1 i · oth ~r hro1n~rc r J'hi t, ·hnigu ~ 

(p. ~ 13). he st.lt] nar pl ~no ig eith r ilico e,J or h.c1n1h11u111. oxid 1n11n bUi e I on 
fiat in rt h , t that is n1 d 1uu Uy from -la I ir 1 Jastic. 

he unkn \: '11 an1ino ,acid or 1ni ·tur f amino ids is di!s Iv I in suit ibl 
· , 

1l.vt:1 t nd p t o th t st luti n i p] ;i ~ d ., bout 2 c1u fr 111 th bott n the 
plat . 

p 't of dissolved knuw11 ~,nino CJCids are plJC, d i ] .. rate ly n Ui4.1 s;une pfate ~t 

rhe s 111 1 v 1. 
h 1,,1. CQ h thon di}'P d in a suit. hl olu 1·1t (th ~ n1 bil r,hue ) ;vith the SJ ts 

bov th I v,1 orth liquid ]uct1·t. h 111 t i. pl din J "d ,--ont iner. h 
lu~nt is dra\vn U]l th l,il.1 tl! by ,. I in. ry u i n. 
h pl tc is l t until th L:!lu nt h ri. en t th top f th I lat . 
ho pi tc is I en1ov d 11d spr y d 1.vith ,a soJutii 11 of ninhy rin 11d rh 'n h 'tod. 

N iuhydrin rea "t ,,rith tuino cids ( n min s) pr du.cin 1lu.c-purpl c1 l ur. 

he hci ht rh t th u n n r\Vll r eh d is c 
cid . l" t th s 1m h iQht r c \H d ITI 

. ~ 

1n111 ac1 

1 b id ntit1 d. 

h . r, ti n \ r s · u s di ff er n t n, hio 
is b c u th~ i,nt n1c ti n l it] th t ti n r r ph 
· ]u, l t di er f r di renit ~un ii 

I Prat 

differ nt Rr v ]u s. hh 
0111 r d l th s ]uh.Hit " in the 

r .t nu1nb r of an1ino cids joined t · eth r by pei ti . lin s. If 
t\\r amino cid j in to 'th r in I nd ns ti n r . ~tion, the pr duct i 1c U 
._ dip h .r H1 ial s et ncr ._ rt 1 1 is i , tid r rm ~ fr n 
_ h nyklh1nin nd ~ SJ rtic cid (Fi~ur J J. 2 ). hL:: p rni Hnk i sh v n in rod. 

1.1 ors _nlc n1t10 en compoun,d {Topic :LB) 



An ,:.1111in ~1 111 n e tid eh iu is • .lll d ·J tJ idu~,. hu s. a &p.1rt. JU h th 

r siducs f J'h nyl 1 l1 in n spa riti · 

N:1,tur;II pr t ins a1a pal pe1 Ud r~nc by cond~1t1s.1tio11 tJo]ynu1ri~ltion o 
m ny min cids. B vin insuHn h s -1 n1in ids in n s1 Hi e ucn . h 
nuinb r of di ret1t ,vays of rran it1 th s 5 l ~1tnil10 ,:1cid is 3L, ut 'the 31llt as 
tl re '"r~ 1t nu in tho :vb le f tht: Milky Wl y g. 1 . · • but 1onl n ~·ny J r duce;s 
insuli11. 

h I p rid t nd in t'rot in!li at1 1 ir, ptid s 
r~flu. ~ ith dilut ~u1 uric acjd. "'rh Jn1iu • cid 

n b hyd lys d b- ht: atit1 und r 
n tll n b Y r t d by thin-] y r 

chron1~ o ra1i,hy. 

I i r n1 rk bl th t I f ,rv n1utati .1u cu r 1. r due r , ue l, lyJ I ti 
H \V er, sicklt:i 1 11 n cn1i is , her , ditJry dh s~ th t resu It ,,,., 11 11 t\VO lut 111ic 

i 1n l c:u] ,s ( n in eh P-r olyp I ti gu 11, , in I . . 1no l hin) · r r Ji]a, 

byvlUne n1olc ul~. hore ultiu - h ein 1- in 1n 1ecu l, is.11nu h po rQr 1 .. - en 
c rri r \\thich t.'"'nd t hortl! n th lifi of th su rer. H \V v r, his ,nut tion d 

c n~ is p s~d n ro 111 , n r~ ti n t 
en r tii n ~ in r gi 

. . 
1 11 m1 • 

Structure of protein 
rdcr h n1in1 a id in th -hain. his i I cific 
tid eh ins 1~ o t rJnd n11y rr n " I Hk pile 

1r, ni d intn1 a · 't·,o,od ,r tru, 1tur - 1 of \Vhich th r at 

o.-h U , - the pt'ptida ig coH12d in a spir l :ind th - struc:tu r~ 11 l t,a - cwthcr by 
{n ttHn1alccul,i1 hydr1 , e; n bond b ·t 11 11 r up in I n rt f th • 1..ha h nd 
~n . eh r r ut fi ur r sidu' .1w~ y ,~1 1 n rhc h~in. h u~ aro a]s ioni b tlds 

, r, ri n the r, iidue it b sic nd idic tnnin · cid .. My l 1in is an x.1npJ f 
pr t :win \Vith JJt a.-h Ii l true ure ( i ure 11.26). 

p.... I l h - th I lyp pti , h in r' ln1 t fu H'Y . ·t nd d I • r 
h 1 by hydro n bond to th r p lyp rtitle ch;1lin5 ( igur~ I 1.27). ho r slllt 

t c of L rrus,at d rdbo rd ... n It h s 'this tructur . A thr d f 
b · aus f th~ n1any int rm ] cul r hydr n b n & b tw n its 
h. ins. 

ur 11.2'6 

Ft ur 11 . 7 

Fslse•colour scannin,S 
electron microsraph of normal 
red blood ce,lls (rounded) nd 
eickl csll (oreecent-sh ped) 

~ 
Nylon is po lya m ide1 

in which an the p irs of 
r-sid ues -re id1e ntic -1. Its, 
second · ry s tru ctu re is e 
~-pleated sheet, w hia h is 
why nylon is so strong. 



ry 
Mak ur thl1t y u c n: 

id nti ·y nlinc uncl un1idc fun ti1 nal r up 
writ_ aguuti n f r the r actions of. ny 1,rin1 ry JU1i1 with w. cor~ 
--h] rid ~ h l . enoa]k n 11d ul+( ) ion 

1i,Jain hy phe11ylam in is ~ \ k r bai tl L-buty1an1ii n wl ich~ in turt • is 
stron r th 11 n1n,1onia 

h k th t y, u c 11 d s rib th pr J t\1ti 11 - f 

a prin1lry alil hatic an1ine fr1 111 a h" lo ~n al. u ') and rom a nitri1 
n lll n1ati l n1in ~ su h ,, phenylan1ino, from. ~ nitr n1 und 

an you: 

\Vrit th qu ti n nd n· u1 th pr ducts t r th 
\Vith anHu nin ~u11in s ~u1d ~1 i·th .1lcoh ls? 
dr._1\,, the r p at unit t polycst~r& ud Jyan1id 
V r ? 

re ti n th n yl '"hi irid 

iv n th tu n 1nor ~ a_nd vice 

x "1 in \Vhy n1in 
\\trit qutJtion& fo11 

c id r . U s and re G lubl 111 ,v t r? 
Chu I C,tl ti n f ~unin . ~acid \V ith I _ + (. t]) atUd '\l ith 

11 ns? 

M,1k ure y u und rst n th~tt: 

pi, t ins re , x. n1p]es f po],y,an1id 
J rotein!i u re hydr ly& cl by , id i tlt tht:i r c t sf itu nr n1 ino .1 iJ~ 

1.1 ors _nlc nitrogen compoun,d {Topic :LB) 



I 
iv eh N - ..... 

your. ~nswer. 
11 . l 1 in th nan1i . Justify 

2 xptiin , hy e thy! n .in~ h. s lubl~ in \I t~r but 
chi r1 c·th nc nd th n r b th insolu ] . 

3 h r 
b ilin~ point th ll I r 1pyla nt h1-, r:11 H l l I 2N H :! , 
n 1 hy th th con1po11nd1 hav, hi her b ilins 

p int tb n but n • ,, H 3. 

thyl 111inc. · 11 5NH ~ 1cl n · r,cp re ' fr in1 

th n ic ci,d by a ·thr -st p, ynth sis. uclin 
tl i 

6 An or nic 
11 . 5o/r':m hyd 

0111 ound cont ins 
oi').I'. "11l/ _ . .. .... 7 J 

o. tX, c r n~ 
nd 2 . % 

• n1tr sen ,y n1 s. 

) · k;uJnt its m i ri ~ 1 or.mu 1.t. 

) i h rn ]Qcul r f rrnuJ 1 , t thi ,c1 tnp und i. 
cha sa Ille:! ag its on1pi ri I fi rn1u I . Jt ron ~ts with 
ho _ h rus p nt bl rid • ivins frn1i cy fu1n . 

st stn1 cur. 1 ti ,rn111la or his c 1np1 unJ. 

• c r · n r b. s th. n 
tr n er b s than 

1 hy n1ino1i:than i ~ id ia s Ud at r I n1 

t n1p~r t ur nd is s lubl in w t r. 

thyhnnin h 5 i tin tive sn1 ,u. \Vh n n1 

di lut I ydr hl ric acid i~ add~ , th~ 111ell 
di app r . If ']U u s di um hy .. ·id is no, 
~dd~d in ss, th sin 11 r 'turns. Writ ~gu.1ti ns 
f r th r cti 1u inv Iv d. 

t t th,r .gut f rthc , uv rsi n fnicr ~n n" 
tu ph~u l.111.liur. 

Phc ny1 rnin nd chi r b nz n r 
p t _r n1 I ul s. h nyl 1nin boil t I 4t"I .. : 
, h 1 or b n n b i1 s 1 t I 2 ° . P he 1 , t n1 in 1 

is s H h tl ,. l u l in t r au I fi rnu cl a r 
, lution when dilut hydr chlori1 acid is . dded. 

111 r1 b nz n is hnn1i. cibl ith b · h wat r nd 
d Hut I yd r h 1 ri c r. i . 

XI tin: 

l th differ nc in bc,iH n - t mp r3tur 
[\VO !U Stan. 

f th 

\l hy 1 h~nyl.1m ine i~ m r s ]u b_ i 11 hydr chl r] 

1cid than in ·wat r 

6 

c \ hy hl r b~n:z:cn · i~ h solu ,] " b th in \V ter 
aud itl hydr,ochloric acid 

."'p]ain wh cth ll ' n1id i s. lu le in wat r. 

Writ the: ~ _ ll ti n ~· r th f rn,k ti n the r, lyrn 'r 
1nJd fr 111 I 5-p nt:in di -i · cid 11d dia1nin th n . 

xpJ. in why a poJya rnid~ such .n. __ rylen h s 

hi her rn ]tin t 111 r ture than n d iti n 
Jl ly 111 r &u h ~, l' Jy(f roi, n..: ). 

E~ pfo in why oly(~·thf n 1) is \l 

r'- w th , tw ptic J i mers o . ruin -but n -
t .4 di , ·i ·. Identity ,vhi h f the t\vo h ~1 sp:.1rti 
u id. 

Wri to th true tu r r i e ri t~ nn d rron1 
on1in ' 'th n 1- a ·id _nd 2- n1in pr1 p n ic ci 

7 I N "-011tait1 th bJse urAicil ( i ·ur 11.2 ). 

C 

H 

Fi ur 11. 

r m of a ur '"il 1nol cul in n str1nd 
·. n1 l NA,, h~n hydr en-b nd d o '1U adcnin~ 

111 lc1culc in str n f DNA ( e . 263). 

he infi rn1 ~tion n d tbr gu siti 1u l -2~ i~ n t 
fouud in ·this to tbu k. Yi u ~re advis d t di I y ur u,wn 
r S1.:; t1rch to find n \ c,rs t the s qu sti us. Possi 1 1 

s u re a r th in t r n r. bi I r t x ho k :1 ud rh er 
stud nts who r studyin biochc1ni try. 

Hn .. t\v n NA 111 I , 1 I , ·n1 

n1 l'lNA 111 J ulc 1nd th polypcptide1 fon11 d. 
~'hat i h s gu 11 c t b· s -s n d d t put 
] u h1 r &i u in _ poly~ I' id_? 

Us t h in t rn t t fi n d u t bout ha r ~ fr s r u I . 

0 Writ brief not s on thL? disc vcrio 
tructur n1-ad bv 1lkins an 

' 
L1 nd n nd ric nd W t n in 

bout NA 
ranklin in 

mbridge. 



m r q 

ccurrin . min cid ? 
h ~" c n b 1 pr 

of .NA. 
h y r t rlll d y th hydroly i f 

pr t, ins. 
h y au gh, r\V , ptical is m~risin . 
h~ir ,1u 11 · s luti ns have 1 p_ I of 

bi ut 7. 
b) xpl in l rhy aJ nine i! solid ,vhich 111 its 

'b vc 250° · ,vh re rop:in 1i ci,u. .1nd 
1- l,r pylan1ine b th m It bel \V u0 · • (4) 

t N 1tur~1ny ocrurr in 1311in is one 1of t\vo 
en nti m r . 
I) e fin th t r1n uml Oo,ucr. ( l) 
H) t t , 11c differct ... ~ in h}'· ic.tl 

11 l ertics th1t ~1. nin ha& c n1p3re 
,v.ith it n._ 11ti n1er. { l) 

I) raw tb t\V nJnti1 n1c rs 1 
2-~uniu t ) • noic j • ( 1) 

d) Writ th ionic quati ns t r th n.: . ctio11 f 
al t1ine1 2- 1uinop,rop,an ,ic ,-id, ,.; ritl : 
I) ilu hydr chi ric . ci 
H) ·. dhn11 hydr xid~ s Jution {2) 

11 organic nitrogen compound (Topic 18) 

e) AlJnin an t nu ~1 dil,epti 1 with ly in . 
Wri.t the stru ·tur.tl tbrn1u I c r th rn•ii 

ip p tid S th t C 11 

tw .1nin ids. (2) 
Cl 1t I l- 1n.1rk. ) 

2 .) ri t · qu ation f' r th r cti 1u ,f 
I -butyl. n1ine . ri'th: 
[) 

U) 

Uf) (3) 
b) h order ofincrt, sin p] ofO.l 1nold1n- 3 

olution f :.11n1nonia. l -buryJan1in Jnd 
ph ~nyl 1nin i : 

~unn1011i , I - buyla1ui11et r henyl:l1ni11 
ih nylamin • l butyl n1n1, ~ nlffi ui 
l-bu tyla n1in • nunonia.. ph nyhnnin~ 
ph nyl n1in , :1n1n1, ni. 
l-bu tyhl 1ni1u~ 

) - m.in pli p, n yl 1 l rid 
1'""1 2N ' 12 rl2 1. an p lym rise. 
n I I a\ ,.,, tl r~ ar unit I this 

p J),n1 r. (2) 
U) tJtC th _ rype ofp Jy111 ri ti n. ( 1) 

rri toJ 7 ll,l k ) 



t 
Alcohols do not react 
with pote ium cyanide. 
An alcohol mu t first 
be1 co nv rted to 
halo eno lkene and then 
r acted with KCN. 

• n1 • 
I 8) 

. r anic !iynth si. is the1 c us rl-1 , ti · n. for 11 ie n.tc k~1 u le u in 1 -he111ica 1 pr sses. 
p rti u l'1 r synthe is n1ay inv1 lv on r n1 re i1 tcr111 dfa t~ 111 und . r 
n1pl x n1ult1- t p synth sis. it n1 y b t t t rt by nsi rin 11 clJ th fina] 

pr uc t an be 111 de ,. nd then \Vork t k,,,ruds t u it b le ri hi 1 r act. r1t~. 

At r.1lt rn tiv ·t hni u is to d~t rniin whethe eh c. rb n-ch h1 J n 'Ch h s t I bo 
alt, _ d. If so~ th n th synth 1 s-i. will involve one o t'h r ~u;tiong bc]ow. 

l ln e in c rbon-cl1a i11 I 
h£'t nr · St era] ·w~ys in hh:h th" k u th f rh n chl ,in c~n be ·hu:r~ l sod. 

Nu1cleophilic u1b titutio'n wi1th KCN 
r t uuiinn1 y 11i I re· ts ,vith 11,rin1a11'~ s~c1 ncL ry .n d t r i. ry hal 
1 .. X. h" rea ti 11 can b reprcs nti;:d by: 

IX N~I N+ -" 

ho con1.1ition re heat u11d r r _ flux in • ~oluti n f than ] _ nd , at r. 

his I l.:~Cti n incr ._ ~~ eh c. rh n- h in I t1 th by n c3rb n .1torn. h proclu t 
is ni'td1 ,~ \Vhich c n be rcdu ·e t 1 primary mine r hydr ly e t n bo .. yli 
ci i : 

N l. 11 ll-l, in tiry ethet 

•. Hydvol~t ,vith H2 ~(aq) 

I C'N L 1---leat un er reftux v,·ith N 
2. Add dUute acid 

Nucleophilic addit1ion of 1HCN 

CH 

ydr n ·y nid rc,acts \ ith ldehyd s n ket n s t f! rn1 l 1C n1p und ,vith . 
N roup nd n f _ Q:roup on th s.un carbon aton1: 

ho nditi n r th t th raap;ont r lTI ixod in th preg nc f. bu trer t pJ , . 
he I I f the hydr n y nid t b , 11v rt t ··y ni ions4 ,vhi, h 

r th C t ly9t r t hi t.: a tii n . hi~ r .: et 1 n in r the IL r b n-r h in l t t 1 b , 
n c r on k nt. h J rodu cc n b h 1dr lys. d t J :! ... hydroxyc r xyBc 11 id: 

~Dit'lV rt d 1eid! 



Fr1iedel-Craft reacti1on 
A n \\' 1 k rb n ar ou ~inQle b nd c n b f nnod wheu no l k~ n r 11 

The product WIii b mlxtur .i I hl ri , 1 ~ et with , n -r n ~ su ~h a& 111 1 th}'ib~ ll:Zt; ne . i ur~ 12.1 how {UI .....•.•.••. --~············· 
or t11 1/2· nd 1,4-1 om rs. X n1pl . 

+ C:zHsBr .,nd + HB,r 

jo 
+ ~!c ~ 

CH" 
and + ~Cl 

c,1 

FI ur 1 .1 0 

our If 
1 Write a tl1f sts p 

re,action qu nc · 
for th con · rsion 
of propen t-0 
2-m thylpropyl m In i 

- t ly t or nhydrou lunliniu n1 hl rid 
be ,dry. 

Grignard reager,ts 

• 
1~ n d d n . th r nt :n1u t 

Vice r ,1 i llllrd ~ou th N b I priz f r '"h nlist1 y in I , 12 f l l1is dis. v ry 
1 f wh t r n ,v c lied ri, n rd r nt . Thi i r g nt wh i h up] 
h :i 1 c11 Ltlkan s ,with cou11,ou nds ont in in ·th rou . I re r a t d 
111 sno iu111 iu et I with h· lo no lk nc~ dlis lv d i11 dr}r cth r (eth -~·eth n )· 

J I + M 

~ he r ult is J t1 lkyl mJgn iun1 h, Ii I M in , hi h th c rb n n1 att eh 
t th n1 , n sium i!i 6-. hi 111 cs 1t 1n .,.., n nt nu lco hH ~ nd so \ViH att ck 
th 5+ c rb n t 1n in tho - · rou . t rnrln . n ·,v c rb n c I r n a .... b nd. h 
product is thc11 hydr Jysed hy dilute . ie·id ta i e ~i - H roup. 

ti n ith n1 th n I 
Wh n n1eth. nal nd 
r ,~ ti n hy r ly'1 

Juti 1, I 

1y Uut 
ri, n 1rd r.ea nt in eid1 r .. r n1L d~ ,. nd rt r 
rhn, ry ,, I h I i f nn d: 

t l'l I: 2H•M - r + H El ~H~ Hi M Br 

t 1, ': I I ... rT N Br rI 1
' ( ' q) -+ l + 



--------

- - . --=-- - - ---'- - . - . ~!. 

Outlin - how -1hanol c- n b conv rt d to prop n-1-ol. 

ll t I 

Add th nol to moi t red phosphoru and iodin . Thi conv rt it to 
iodo than . 

Dis oiv the iodoe1than in ether and add magneslu111 turning . This produc s 
th Grign rd r g nt C2HsMsl. 

Add th olution of this Gri n -rd rea, ant ton, th n I nd then hydrolye the 
product with dilut ulfuric cid. 

Th route forth third tep of thi pr par tion i : 

ion 
Wh n 1n ,~ldl'hy\.ie nd .1 :1d uL rd r a nt d1ss0Jv d in ther~ L r, n1ix d nd 1fter 

n d n r ' al .. h 1 i rn1 ..-: d. r:e ti n hydr lys d by I Hut cid l 

i sM l l( 3 

H + M 2+ + 1-

- thyhn., nc'-'iUn1 io id is I onvtrte t tor ut. u-2-ot A I I rh l1 h lin f .2 b onw 
11C1 Of 4. 

When ._ ·k~ton 
r ~ ti n hy . r l 

nd J ,ri n rd r,e nt~ dissolv~d in ether, r mix1:d nd after 
d by Hut id, l 1 rUnr 11 h I i f rm d : 

CMJ 

I 
C~M~ --C C l.:i3 

I 
CM;I 

H 

CH1 

I 
t p ... : C1~,--c- c~, • ~+ 

I 
OMgl 

.Ul t i eh rri y i11
" h 11 2-in thylbuc n1-.2- l. 

ction 11 dioxicl 
Wh 11 I • 1 bou , i, ~1de 1g bi1bb1e,i i,uto .t s ]u i n f .. 1 yri n.11 1 e" nt in ~ th t . ilnd 
af r r ti, n hydr ·ly by dilu't cid, ,a '" rb ·yUc ·id ~ ith ono n1or.,. c rb n 
at n1 in th h in i pr uc d. 

M l 

?• -· M H + M ... -r + 1-

lod eh n ive thy] n13,gn siun1 i didc whid thl;:n pr u 1 r pan cid . 



11 
Knowing these 
tr nsform tiona will 
not only be1 ue.eful on 
answering questions 
on synthesi . It is good 
r vj ion of the1 e,a rU r 
organic topics th t m y 
be1 tested in synoptic 
qu tiona. 

ur If 
Write three .. tep reaction 1S qu nc for th conv rsion of ethanol to 
2-m_ thylbutan-2-ol. 

l'riimary t1 lc:ohol 

C rrb oxyli c: id 

F1 ur 12.2 

of crri. n,1rJ r ,nts :ire u111111ari e in ur 1.'.! .l . 

Sl!condary 11lcohol 

dgniird rt!~gent 

I Decrease i, c rbon-ch tl1 

I 

l1

odofor111 reactio1t1 
.-H .· rl( · H) r ur a11 

1 rbonyl · m_ u1 da ,vltb , r u t1 f nn iodofi rn1, Hl1-, n the s lt f 
a 1 9

l rb xyJi ci \Vith ne le !1 rb n J n1 th n the le h l I ir c rb nyl ornp und. 

iv_ s d iu n1 cthnnct 'te. _ h ~neral re cti ns are: 

N 

he c rbo, y]i - aci I,. n b forn1 d fr 1n th s l by ~ddin 
hydroch ]oric cid: 

N +H l-+ +N l 

kot 1ncs, such ~u 6 r; Hl, • ls und r, , th 
I 

J 

Alkene to haloger1oalkai1e 
H = H + ... 

ample l ydr 1 

... undrt . n. : 111i g se t r n1 tcutp r tur 

Ha1l1ogenoal1ka1ne to alcot,ol 
I X + Na _ . l --> ll I I t N aX 

o r nt: qu ous sodiun1 hydroxid 

~ondtt n : h a u,, 1 r~fttL in qu us & luti 11 

qu us suJfuric r 

d 1tonn r :icti in. 



R.. ~ + 2NH3 

I a nl: , 111n1 ni 

n : concentrated guc ous ]uti , n of anuuoni ot rootn tetnperatur or 
h t in . nlcd tub 

Alcot,ol to halogeno llkar,e 
R. H + 1 1;-, t 

1. o nt: hosphoru pent ch1orid ~ 11 15 , fi r chl irin tion; f . - r nd 50'11, sulfuric 
a id 11 r b,1} 111111~tion~ 11 1 ist r pl. s h rua n d t in .t1 r i in ti. u 

,on Hl o n 1
: 1n.1x rc:.1 ,l:_"l1ts :it roont t •tnJ rrJture 

H + I,, ... 

n 'ltl1 n ~ add oxidisi 11 

a i i f rnu:d 
nt t I t lcoh ] und 11 ,v the ;ikl hyd t , distil off 

Prir11ary alcot,ol to car1boxyilic aci,d 
H, ... 

t'li - L'nt : cidifi~d · ot·:is&itnn die hron1att2 {VI) 

. ncnu n : h t under r flux 

Second _ ry __ lcoh1ol to :ketone 
H( l )R' + r 1 
L1r1:t : i.di t1 cl l cl ssi un1 dicl1r rn te(v1) 

' n d tJ n · • h t u nd r Ii flu • 

Carboxyliic acid to acyl, chllorid,e 
P ls_. 

eo cJr nt : phosphoru& p nt. chlorid -

ndi U n : n L dry r · enu 

Acyll c'hloirid!e to ar11ide 
l + 2NH 3 

I ne~ nt : 3qu u Hll rn l1 i 

ndH n : n1bc t r on1 t~1np~r tur 



ur If 
How would you conv rt: 

) propan .. 2 .. 01 to 2-chloroprop n 

b) e con da ry e lcoho I to ketone 

Su r11111 ~ ry 
Fi ur 12.3 su1n1u ris s eh er n f nu ti 1u. 

Alkc:ne 

1-!CV~lir/~I ~ 

1 a alkyl 8 mine- 1 a haioge:ngialka ne 

PCI,' 
K9r • ~lSQJ 

~+1C ir20,2- p + 12 
OH (aq) 

A1d hyd 
di~il gff 

1 ° lcohol 

l 
UAl~-4 rln ,th~r 

HCN + CN-

L• d 't ·1· ~iAIH4 il"I t ru~r LJ .J I r-iy roxyr11 ri e r-iyuro)ty~m n~ 

~ef I ux with 
~·/Cr:zO, 

PC l:5 

C rboKYl'ic: acid 

LIAI~, in ether ! 
A 'd hi 'd alcchcl c1 c cr1 e ! W( ql __ N~~ l ! frl dd·Crnf ~ 

~ydroxy ccid 

1 ° ~mine 

Hye:! roxynitri l~ 

! W ( q) 

H ydrr:JY.Y acid 

Fi ur 1 .3 

Alk1mci 

l-l'C V 
H Br/ OIH- ir; thanol ~, 

NH:! 

PCIJ 
Br .i,. M2SO~ 

p + '12 

HCNr + CN-

LiAl~4 
ir:, ether 

Ketone 

Refh.1K with 
H+/Crz0.,2-

Amid Arom~tlc keton 

Alkyl orene 

! nlcohoi 



I Re 
N itratiot11 

IN 3 

ndU I n : J L 1J ith c nc ntr. t d su l furic cid t 50° 

Friiedell-Craft_ allkyliation 

rr~ n ( pr . u t: thy]benz n, 

I en · nt: bt: mo th.tn 

n Ill . n ,: ry, iu the t,r _a n , JU • nhy r u .11un1iniunt , hlorid c taly t 

Friedel-Craft acylation 

renn fr: pr1odu t : phouy] than n 

I • .... n t : t h n y J I h ]1 ri 

1-:T + Hl l 

ndiU 11 : dry. h1 the pr g n c o 11 lnhydrous olu1n111iu11:1 ,chloride c ta]y&t 

Ha 1logenation 
Hb + Br2 ~ .. ~ !; r + HI r 

rfZ' .. 11 

l o - nt: ligui 

, ndl'tl -n1: try \: ith ir n c 

Reacti101n of co:1r1pound - witl1 two fut1ction,al group 
At .A lev l. eh ~i suinJ''ti n is 111 e that u1 ,ctioual r 1u g beh v indc nd nrly. 

he ·c I ti n to this is 111i11 a ·ids (p1
• 2 4)~ wh r z~ itt ri n i fi 1rn1 d, s 1 

tl ~r i no -NH2 rou1 r 31 t a nuc.:leopl il in th r~ I tion \ itl n , yl 
hl ride . 

h umpti 11 Ln an th t c 111p un u h L 2Bbr 111 th n L 
c.1n be hydrolys~d by .1qu.11ous JlkaJi to a diol 3Ud can also b 
h ]og no ,i : 

he~t ·undlcr r~ftur 
with H--

H:? . r l H . 
~didised to ~ 

H2Br H 

A' ctl n 



I Multi yntl e, 
h('re in· t1 o distinct 'types of 1ucst1 n I n this 'top,i . he _1rst tyJ is \Vh n you .1rt2 

e.k d f r ~n utlin f rnulti- st p synthesi . In this c: c, ,vh t i requir dis a r ,ut 
th t sho\v U th int rm, ... di t mp und nd tb r s nt nd 11diti ns f r , h 
st p. - here ._ se er 1 'IA' ys ft~ c'kJin this 'tY f qu stl n: 

Lo k t s it th c r n h in l n th h, b n i ncr s d r d 1cr a d. 
~ tart fr 1n th fin l produ t ud w rk t ,v rd th i.t rtin · subst~u1· . 

t. rt f n1 th t nin sub t n . nd. think fthe f ction th tit c._ n und r . 
- -

-----~--------

Dedu I the nee s ry reagents and condition and tl, in - rm diat in the 
conv r ion of benz n into th compound shown in Figur 12.4. 

CN 

!- o- c- c1,1 
I I 
C~., C 

2. 

11 

Working b ck a,rd : 

The fin I product is an . , tar of th noic cid nd o can b m -de by th reaction 
betw e,n _n alcohol and thanoic acid or eth noyl chlorid ~ 

The -CN .nd -OH group on the same carbon t~rn come from th ~ action of 
keton with HON. 

Wo rki 11 g fa1rw rd : 

A Ide chain ha to be1 introduced into th I benzen ring. Th i i111plie Fri del-
Cr fts r , ction. inc a k ton i requir d. the re ction ie tw en nzen I and 
thanoyl chlorid . 

Step 1: reaction b tween benzen nd th noyl chlorid in the pres nc of 
nhydrou AIC ls 

C,, + · H C:OCl C,,H CO H1 + HC'l 

Step 2: r quire, pH 8 

C H COCH + HCN C H C(OH)(CN)CH 

Step 3:. 

S e Fiau- 12,5. 

FI ur 

CN 

!-o-c-c:~J 
!1,1, ~ + HCI 



---------

- - . ---=-- - - ---'-- • - • ____....: - -

D due - the n c s ary re g nt- nd condition- -nd ·the int rn1 -di s in h 
conv rsion of thene into 2 minoeth noic eid (glycine). NH2CH2COOH. 

' b ckw rd : 

An cid roup can be mad I by oxidieing a prin1ery lcohol. An n1in group cen 
b made from a halo enc lkane~ so compound with -Br nd a CH20H group 
i likely to be n int rmediat . 

Wo,rk in fo rw rd s: 

An lken will react with h logen to forn1 · dih log, noalksn or with halogen 
di· olved in w ter to form halogenoalcohoL Th r for ,, th fir t et p i to 
bubbl eth n e into bro mi n water: 

CH =CH "+H O+Br"I BrCH~CH.,0 1H+HBr . . . 
Th cond tep i to r et th product with xc , cone ntrat d mn,oni 

BrCH CH20H + 2NH NHlCH CHiOH NH.,Br 

Fin lly. tl'r aminoalcohol i o idi ed by h tins und r flux with -cidifi d 
potes,sium dichromat (vi) solution: 

NH CH CH OH+ .. [OJ 

h c nd typ. f q u 5 ti n i wh r n int rn1 di r 
ubscc u nt t . h ~1n '1'-'T v rin in lud,. th 1 r , et. nt nd nditi ns r r h top, 

h \l th int rn1 i'Jdiat is ia I. c d ud h 1
~ r th fina] pr du ·t is purj tlc d. 

D scribe how b nzoic acid. CsH5COOH, c n b converted 
in two-st p synth _ i into methyl 3-nitrob nzo t _ 
(Fl,gur 12.S). Show how th _ in'tern-,edL te is i ol d nd 
pure sample of the product obtained. 

11 

tap 1 i th conv re ion of be,nzoi c ci d into th st r, 
n, -thyl b-nzo t - . CeHsCOOCH3: 

R flux together 10,S of benzoic acid, 20cm~ of meth- nal 
_ nd 3em3 of cone -ntr ted sulfuric cid for bout 
30 minut . 

/OCH:, 
C 

Fi ur 12. 

Al low th mixture to cool. Tran f r it to I rge parating funn I nd dd 
40cn13 of w r ,end 20cn,J· of hexane. 

Sh k tt1e funnel, r lea a i ng th pr ur from time to ti m • 
Allow th two I r-; r to s ttl . Run off and discard th low r qu ou I !'J r. 

INO.i 

W h the 011,anic leyer with about 20cn,3 1of dllut I aqueous odium cerbonet , 
rel sin th pre au er at d by ·th I production of carbon dioxid by th 
r ction of ny ren,aining cid with th odiu111 c rbon t . 
Di card th_ low r qu_oue lay rand wash th org-nic lay r with about 20c1113 

w t r. This r moves salts and any exc s n1eth nol. 

t 
Outlin how th n 
could b cony rted 
to butan-2-ol. 



.... ,,,,,,,, .............. . 
TI11 would be ultabl · 

xp rim nt ror a , s n,1 nt 
or pr cttcal klU . It r qulf1 , 
rour 1-1,our pe1 led • 

Sine saf sty glassiea end 
I b 1ooats are s umed, 
they a re ne,ver ,aw rde d 
marks. 

H zard sym bola 

Di oard the low r qu ou la rand add om nhydroue c lcium chlorid to 
th · o rg n le layer. 
VJh n h liquid cl r • d cant it into fl sk nd c, refully distil off 11 the 
h ,c n (boiling temper ture SQ°C} I ving th m thyl benzo te (boilinS 
ten,pe ture 196 .. C) in th fl k. 

S,tep 2 is th n itr tion of m thyl b nzo t : 

Car fully dd 10cn,3 of concentrated sulfuric acid to the m thyl benzoat 
nd cool in en icebath to 5°C. Th n add 10cm3 of n1ixtur of qu I p rt 

cone ntrat d nitric nd cone ntr ted eulfuric ·cid dropwis ~ m king ur that 
th temp r tur of the re ction mixtur doe not ris bov 15ac. 
L_ v th r action mixtur at room t mper tur for t I ast 20 minut e. 

Pour th r action n,ixtur cnta aom I crush d ic I nd stir. M thyl 
3-.n itrob nzen i a so lid nd will cryeta I Ii ae out 
One I th - ic has m lted, fitter th mixtur usin Buehn r funn ii. 
Coll et th solid m thyl 3·nitrob nz ne nd r cry t Iii it using th minin1um 
-mount of hot eth nol e the olv 1nt. 

T y ur If 

Outlin how 2-chloroprop n-1-ol could b conv r d to 3 111ino-2-
m thylpropenoio cid, NH2CH2CH(CH3)iCOOH, 

r d hazard 

a1fety issL1es 
H·,znrd n pr', p rt · fth 

an11 le rn , n 
ub t* n 1 · f n 
t , · I I it h r 

l e 1 In th p,,,, l" :tur • 11 r 
BH b , A or d thrllU£"h th 

k In._ n d 111 '- r 

k i ~,b a oH w lh .. r " 1n1p l 
n n2 h , t d .. th r k i r du b • u In In 
h , ter r th r than · un en ft n1 .. 

It i snutt4.:d in A lcv l qu llo in autioni r ~ hvays ea n: 

afcty Bll sog 11d hlbO[ .tor c ats re \ orn at .ill tiln s in U r tical cl~ssc&. 
~ands Ji · w ... h d bef4 re I aving the I bor t 1ry. p1 rticul rly if to ic ubgt n ·t: 

h~v~ ho n ui. d. 
ood n drink r n v r 11sun1" in th lab r~tory. 

' peci I ~ r mu t t n with ert in h mica]' n n1 r s \ViH 
j I ntifyin th h zorJ ,11u.1 rel.evant, 3 co reduce ri k. 

Ahn st U rsanic chontic l r fl nn11 bl (h znrd). Jask nd t st 'tub .. , 
nt ini11 th n1 sh u ld n t b i t d dir tly with Bun en B n1 ,. ,v t r b th 

or n el tric heat r h ul he us d (reduce rhk). 
lf I h tnic l c 11 b b r, d thr u h the s in. I v n1u1t b \V rn. 

If~ , h •1niclll h · a hJt rn ul, h'ritath1 1 poig n ug p ur~ th x ,rhn nt n1u. t . 
rn ut in 1um I i-·u f . 



• I f ie:h 1nic:il is, rr siv ~ ht1r1nfuJ. irrit~ tins r )O,i nous (t ~ic) 8~ 1ves must b 

rn nd rra t n1ust b t. k n. 
• At 1. sut st. n, _ su sp ctcd I f b h1 a 1c. 1 cil , eu Lnusr not h,e u d it :i eh ol 

l b r t ry. 

Wh n n, thyl 3-nitrobenzoate is recrystallised, the solv nt used i eth nol. Thi 
is fl mm ble liquid with a boiling temper ture of 78°C. What ap cific afi ty 
prec utione should you tak - when dissolving m thyl 3 .. nitrob nzoat in th 
minimum mount of hot eth nol _nd filtering th olution? 

n r 
Th olid should b pi c d in round-bottom d fl k ·fitted with reflux 
cond ns r. Som th nol i dd d nd th fla k w rrn d until th th nol i ju t 
boiling. He ting hould b c rried out u ing ith r en 1lectri1c heat r or w t r 
bath. Extra eth nol i a add d down the cond ns r unti I e 11 the _ o I Id d Is o Iva • 
Th heater i & r - ,,,oved. follow d by th _ conde n - - r, nd th I hot ol u tion is fi I t.e red 
using, warm at ml ss sl se funn I. 

ng 1 1 ·an b void d by c re ful r '1 J _in . ofhazLrd lab ls 11 api~r pd t t r U'ti 1n 
t kon. h ris • c H be fu rth 1 r raduc~d by u sin . sn1 n gu. ntiti &. l eh ~r ii sti H 
, .1ubt ~ t th fi ty f th xperin1 nt it h ul b b nd n · r r I cfd u in, 

our elf 
· St th I main h z rd of using th noyl chlorid - when pr p rins 

thyl th noat from eth noic cid. 

,. r sp tr'- I .1n3Jy i J1d - r thi: ni sur ,n1 nt f 1n 1 ltin. nd iling t n1p ratur'ls, 
iUb~ta11rc:e n -, d ' 1 b v ry pur . 

he re u lt f any 1r nic r :13: "" tion ,viJJ ~ mi.. cure f sub t n ei. h~ r ui rod 
1 r du t 1nu t b par J fr n1 th r a, ti n n1i ·tur Jt1d th n I uri ted. 

Heating un1d1er refJux 
J \\' rc3cti ns inv Jvin - v 1l tile an t .. ic r ft, 111m blc ubst nc rri ut 

u.sin the technique I ha Un uud r r flux. h 1· cc nts ~ud solve,nt ra J ..: din 
r un - 1 tt m d .ti sk fitt d vvith a verti l I on n r ( i ure 1-:....7). 

Wb n th r , ti n h tu1i 1h ~ th .. nd n r is alter h 111 rn1 l distillati n 
~' sili 11 n th w nt d 1i,r du "t di tiH d ·ff; U tiu i. t th c IT t i11n 
· t ' ~ 1" ) t m·t- rll ure t 1 ur .... . . 

Vo u a re expected to be 
_ ble to rel te s fety 
es pect to the sp · ciflo 
h zard of the react~o1n or 
chemical being h ndl d. 

Water 
out 

Water 
jr, 

Fi ur .7 Apparatus for 
heating under reflux 

M _ tn oa of prep r t I on mtcl p Lttl fie -t 1 on 



•••••• , ••••••••••••••••• t •• 

otn r drry111g e nta t1,at 
can b I used a r ni,ydrou s 
sodium u1rat , potase 1un1 
l1ydr10Xld 1 nd talclum c1xld . 
Calclum c1,1orld, must net 
b u d fo1r drying eml ne or 
1,cof101 c us It r cta 

with them. 

• 

The rmomtter 

~v t ,r cut 

I 

-

C:cnd fl'I r-

W ·tcr i ri Open 
1bcii ker 

Sodium 
cubon ,te: 
:i;oluticn 

1 bromcbutll n 

Fi ur 1 . Sep ~ tion of 
1-bromobut ne from aqueous 
odium earbonat1 

h qll 1 y r i ,iv h d iJ ith ,v 't r. his 
r 1111 v s any unrc t d s diu111 51c lH nd ny solu k: irg nic sub r~nccs~ su ·t, 
thanol. 
hi n y.,, 

anhy r u 
he ri d 

distiH d, c 11 

u1.: us J yer i disc rd d nd the r u 1 1 y r ricd, u ~u Hy ,, ith 
l iu1n hl ride . 

liquid is d c. nr d tr rn rh Hd "" Jc iu n1 c:hl rid ~111 

thcHguidthath Ho .t± .... 0 tthiboiHn t mp ra.tur 1 of 
h suhstanc . 

' i n1 I di ti 11 ti n c u J s b u d t : 

r ,111 ve v I tiJ Ii u id fr 1n n n-v 11 til() su ,st nc 
tw v Jatil liquid th 't f r111 h n1 n 

he I tt r, rkg o,11ly if (h r h snt H arn unr of on I f th~ tl I H ~ui.ds r s ,u s an 
h11J urity. he 11 ·k o th ft k nd th still h d ,et · ruini fr cti n th " lu1nn. 

fin in1purity r guir~ ra, ti n I di till ti n r lJ r ti n. 

--------­

~----

1-bron,abut na c n b prep r1 d from butan-1-ol by re etion with 5096 olution 
of eulfuric 1cid nd potes,sium bromide in flask fitt d with reflux condenser. 
At first. teamy fum s of hydrog n bromid {HBr) r produced. Sub qu ntly~ 
bron1ine (brown) nd ulfur dicxid (colourl ) r produc d. Aft r re ction, 
1-bron,obut n nd unre et d but n-1-ol er distil! d out of 'th fl sk tog th r 
with ome cidie lmpuriti· 



Th orsanic liquid i wash _d with odium c rbonate olution and th n with wet r. 
Anhydrou c lcium chlorid is dded nd I ft for 1 hour. The liquid is d 1canted 
off and distilled. 

But n-1-01 117 O.B 

-brom o utan 02 

) What impuriti , 1Br r n,ov d by w shing, with odiurn 1earbon ta olution? 

) VJhy d - the lower layer reontain th 1-bromobutan ? 

'A'l,at impurities ,ar remoVi d by wa,ahing, with wat r? 

) \'Vhy i , nhydrou c lcium chlorid dd d? 

) Ov r what ten,per ture r n h ou Id the purified 1-bro mobuta ne be col I et d? 

n r 
) Sulfur dioxid • hydroge,, bromid nd bro1i,ine 

) Bee u I i i d n se r th n wa r 

) Som , of th but n .. 1-ol nd sodium salts such s odiu111 bromide from th 
r action of acidic impuriti e with th odium c_ rbonat 

To ~ mov ny wat r dissolved in th organic lay r 

) Betwe n 100°c nd 104°C 

olvent extraction 
· n rQa11i pr lH:t tl t i~ a in81Y s lub] in ,,, t r c n p r t r1 n1 th 

r .1cti. n mi turc bys Jv Dt cxtr ti n. hf r , cti n n1i tu r is st 011 h . ratin 
fu nne] C i u re 12. ·>) , ' ith ~ s. Iv nt such ~n e th 1'r or cycloh x nc . Tho . rs" nic I y r 
is w shed , nd ried nd th n th s h ent distHJ d ff. 

1- hlorop~utan c311 be p,r p red by addin xce ph sphorus 
p,nt n 1 J: 

l( ) I 

J hospho1 U!i o~~ hlorid • I 13. ha~ a b iliu , tcn1peratur ery 
;in1i1 r t th~ t 1- chJ r nt 11e1 

( 108~ ). Th r ,[! r it i tl 

th t ,, by di sriH tion f rh~ r L cri n 111i tur . 

n1 n1f' u nd is s .P r d ,y 1di ing th.-u ( th r). hi~ o]v t t 

di olv t ... cJ lor p~nt n but n t J h h rlu .. ~r hJ ri . h oluti. n r f 
J-chl r p ntan in th r is ,.,,., h I I first \\' ith . , 1u' us . diunt rb th t (t _ r nv v,' 

·1d) and th JJ itll, .t'C r. It i dried with nhydr u. c 1lciun1 chloride :1nd th eth r 

is di t ii I d ff by ntk ,v·1rn1h1 ~ I v1n 1 u tc I- hJ rop 'ntm1c i11 h fla k. 

lfncc~ss. ry. the produrt tal1 b furth r p,u1·i 1 d by di~cilfotion. I olleLtiu . the Hqnid 
th 't b Us otr t ±2t'.' t th sub t nc s b ilin t, n1 t:raturl!. 

'' ''' ..... ,,,,,,,,~········ 
Eth r I hlBhly fl n1m bi . 
1 1 dlstm d orr In fuim 
c upbo rd by warm Ins th 
f1l 'Bk wltt1 hot vat r In 
IJ K r. pr vtou ly 111

• ted In 
tt, op n I bon t,o ry. 

M _ tn oa of prep r t I on 3,JHI p Lttl fie -t 1 on 



Solliid 1product: recrystaU1isation 
Ai lid p,r du t i ·r m od tr 1n th · r ction mixtur ,y f1Jtration. It is theu purifi 
by re .. rysta Uis ion. A lvent b:i t b 6 un in \Vhi .. 11 tht'! subst~n ~ i s -lubl~ \\'hen 
th s l c11t i h t, but ins tu le (or v ry n1nch l s s lubl ) wl ~1, it i 1d. 

h tn hod L t7 Jlo,; : 

I iss lv th i n1pu r s J kl in th ruin !'u-u11u ,f h t lv 1nt. 
Uter tl e h. s Juti, _ thn: u l ut u dt r p p r~ u in . , u,,rrHU',1 st 1111~,s unn ]. 

int c·r ni l fl sk. his r n11 v ins lub] · hn u riti . 
n \V th g oL 

Filt r the 1ni.. tu r th . ur soH and the sol nt u ndcr f dr',cf! f JJJ'.cssru:f!~ usin 11 
l uebn~ r fu 11 t1el (Fi u r 12. I 0). ollc t th s Hd u th filter jr r ~ nd H~ rd 
the U uid. his r 111 v s 1lu h~ in1111 dties. 
W sh rh solid n th deer l,:ip r \'1id1 ]it ] i · -c ]d lv n nd l ·1v th Ii 
t, dry. 

- ar ully remov th J ur lid front the t1l r I p r. 

F~lt~r piper an 
perfori ted lba~e 

===--•• To v c:1Jum pl.HY'I~ 

Liqu,,id 
~i ltrot -----

Fi ur 12 .10 Apparatus for reduce,d p1r s-ure filtration 

nz i,L · cid i ver r s lub1 in h · t ~ tc r. ut hn st i111 lubl in 
h fi r ~ it ca n b 11uri I d by r c 1~ stk Hi, ti t ron1 h 't" te' . 

he 0111 und fi rn1c by th r cti n t\V en , n ld hy or k t 11 nd 
2~4-dinitropib 111),]hydr zine c n b ~ r r-ystallise, fr 1n1 h t tb n 1. 

7 How would you purify the liquid 1-chlorobutane from the re ction n1ixtur 
wh n pho phorua(v), chloride I dded to but n 1 .. 01? 

_ teatTI distilllation 
· t . 111 itlistill tion ( igur 12.l l) i. u ad t tr et vet tUe li uid tll t ~s in1n1i. ci h.1 
,,·ith w· t r. tr rn , on1pl nlixture. It i 1 rticul rly u tul t r ,. bt inin ub t nee 
th .t ,v uld dee m sc at Hs boiHn p ,int. It is USt'd to ~xtr et p I fun1 fr n1 fruits 
nd ti v rs. 



..-.......... - Safety vc,n t 

Water 
C tu~'1ed I ave: nd er 
nd w ter 

Fi ure 1 .11 App ratue for steam diatmation 

P r .. · 111p,] ", l V'nd r i] c ntain th c mpoun Hn lo L h1 J ol c n be 
y cru hin 1 'V nd r ft \V r nd st ]k \Vith \Va rand then ubj tin[( th 

t, st an1 dis till ti ,n. h H _ u id i1 1 '\: , the boiU n t 1uper ru re of 
u Hn·ll ol n d ·01np , ition o th pr -u,c:t cs r,h . h ~, c 

f JIO\ : 

bt in 
mi. tur"' 

eh wt r 

• ru h l v n r fl w , r ·l nd st 1n in \V t r n J l c the mi tur in fl s . 
• ·r Jn i til 1nd ollc t the di,uUbte u11til pur \,,. tcrt ,vith n oily dropk t , distil 

V r. 
l I ur tl , n1i ·tur int J r 'tin u nn l] n run th gu u I ycr. 
Add lu n-1 _ · , .1 nhydr1 us p t~usiu n1 c. rb n ,t t th r nd 1 :i,, untH 
th pr uct b om , le r. 

t ._ n1 distHl tion is used to~. tr et ph r~yhuninc tro111 th r action n1ixturc .tttcr th 
r du ti n f nitr bcnzcn \Vith tin 11 on cntr t hydr chi r i id. 

h nitr b~nz ne is v :irn1ed ~ ith J n1ix 'tur f tin tn1d .. nc ntra't d hydr hl ri 
, id. h in is xidis t · tin(IV) hl ri,dl: ~ 1d Eh ni'trob,t: nz n i r~ lt,c d r 1 

J h ylan1in . hjs rQ~ rs with tl hyd1ochJ ric . cid t · , fi rn1 J soluti, n f t l ~alt 

· I 15Nl IJ 1: 

rHJ + H .. l -. " I :lsNI .13 1 2 12 

WI. n le JkJli i dd d~ h ytn111n nu preciI iC r u ed: 

H NH . l(aq) + Na H (.~q) ~ 6 l5NH 2 (1} + H 2· (I)+ NJ 1(3g) 

· n 14 (. q) + 4Na I( q) "n( H).J() + 4N 1( ) 

h vol tile phenyl n1in is r tn r d r nl he u J n i n t tin hy r ~~j in ,.,lk~ Ii 
by s l: :in1 di~cil l ·t1ou. '" alt h Jdded t th diitil l:.tte to reduce the solubiHt of th 1 

ph 11yl n1in in w t r. h r · nic l y r i p r t d tl· J the que u 1 y,t.:r u h 

r .u atmn funn l 111d th 11 Jri d with g lid I r;uisiu n1 h dt , ide. 

You will core full ma™·B 
in an A l,evel examination 
if you draw a round· 
bottomed fl ek ea nt a in Ing 
~he flow rs mi~ d with 
water being he t d 
directly r th,er th n h vi ng 
- ete m g nerstor_ 

,~,,· , ... ,, .... ,,, .... , .. , 
A high r Y1 Id IS obt In d 
It th p1h nyl mln I Is 
eepsrrated fron, the queou 
lay r by 01IVi n xtractlon. 

M _ tn oa of prep r t I on 3,JHI p Lttl fie -t 1 on 



Stirrer 

~-Tliermcm ter 

,...-- c pil l ry 
tub 

~~ Ignition 
tube 

Fi m 12 .12 App rat us for 
the determination of boiling 
point 

Te . ti1r1g for iden1tity 
- h id ntity of liquid - n t uud by 111 :uu rin its oi Uns t 111p r., tur (or th 
nn"?ltiu tcn1p raturt. fits solid l1.:rivativc). h J idontity fa solid cnn 'b 1 ~t~rn1i11 J 
by m surin its n1 ltin t ln er .. tur . 

oilln t 1111 r ur cJ t 11 11n~ ion 
ho Hin t mp r , u rc t 11 r · nic Uquid n b d t rinin l nd th ·v luc 

1L nip.ired with h s in d t b 1S1i.: . 

~P'l~~r itu s r n1c1:ist1rins 

i u r J 2 . 12 . l f l r , 1n u ll't 
the :ii in b.H np,er. tu r 
ii b 1 ~ th b H j n, t 1n r t 11 r 

is sh wu in 
an b m I ur, d 

ush1 stan ar Hstillatio 

A t 1t tbr purit)" is tll · t .. . ur ubst 11 will b 1H o er t1 ry &n1,., n r n ..: 1 f 
tf 111pcr tu r . whc re s n hnpur ~ subst., nee \viU boil ov r c n id r .bl rans . 

h 111 th dis 

Pl e, - 1ntdl n1ou nt f the t~ t Hquid in th i 11ition rube .111d, u sin rubb r 
u eh it t th th rm m t r. 

• h apiH ry tube in tb Uqui . with it n 11d b l \'' th urtl e. 
l. rnp th hcrm m kr in th bf~ kor f \V t r. 

l 1w] h t eh wat r~ d LTin H th th11 . Wh n th tr atn bubbl n1in ut 
f th J Ul ry tub is r pi. nd c n tinu u , n t th t n11 t· tu r nd st I h ~ tin . 

AH \V th , be ~ r . 1 \VJt r t ·1 ol sti rrin 1ntinu. us1y. Not h te1n era tu ro 
\1Vhe11 bubble to~,, co111iu out f th , a iH.u y tube an rhe H uid bosh t su k 
b'" ck int the cl i UJry tu l'lt.i. 

1 th tv o t 1npcr tur s is th boi Jin . t 1n ic r tur t 'th Hqu id. 

r f, ,'lt r is h t d1 th' ir in th ,c::k piH ry tub ·l'' nds n 
ut f th tu . hcso • et ~u 1111c] i on ;v hich the iubbJ 
hi J r~v nts up rh.. ting V{hich i \Vh n th 

itg ,iHn t mp r tur . 

h te1np r~ture m J ur d n c oHng is wh in the Hqu kl top boiJi n . 

bubli] f 
f boili n 

f he 

th t mp r tun~s re li~htly in cunn b c us, th r i tim l ~ bct1 r th 
th~rmon1 ter 1Clll r .j,gtllr th oilin t n1p r turc. A ra in eh~ two r ad in s 
c nee ls ut t l i orror. 

h l' 

• i int f sinlilar ul t n r t 11 quit ·I, , t rh r ,Jn n 
di _ ,r by 1 ss th. n th~ ext ~rin1 nt.i l rror. 
llnpuriti n VJri ti n in tn1 ,sph ric pres uro. lt r the bo11i11 J int. 

T bi 12. Boiling temperature of ome 
------ - - --

. E&te.rs 1 

• : •. ~ ~ > I • t, • • 

Ethy~ th noat 

M thyl prop no 

:l· opyl meu, no f 

77.1 

7B.7 

-- --- -----... . .... 

.,.;,\lcol'.lo'l1 

Eth nol 

Propan-2 ol 

2-methyt prop n-2-01 

78.5 

82.4 

2.6, 



M lt111 t nip r tur d I n1in .. tlon 
_ 1 c 11 surc1n nt of b ilh1, tern· crJttH· is n t ve1 y oli blc. h~re_ fe!, it it. 

1 on1n1 n r .. ·U 1 6 r liquid t b c n rtcd to a Hd d riv 'ti e. ir . n1pil 
c rt onyl c::on1p,ound can h oov 11 tod to 2.4- _Hnirroph -n) lhydr3 in d ri a'tive . 

he d riv~ni.v i then ptu i t1cd by re ry6t 1 Us1tion and it 1n lti n tenrpc cur 
d t n11in . 

uc I thod I f d t,ern1in ing 1 ltin c 1np,..:ru u r is as f H ws: 

• hu rr 1n" o eh pur H in o :I • piH ry tubt1 an th 1 n att·, h h tub or n 
en u~~n;v rd t I J 11 n111 111 t · r with ru - bcr b nd. 
1 il! ce th th rn1ou1 t~r into bL th of liguid. h liquid n1u~t boH Jt .1 hi h r 
t m r tu r th n th tn Jtin t n11 r tur i r the! s Ud in t t d. 

• 1 , ly h1:: t cl1 H uid b tll. i 11 r n t n cirt in ~ . 11d oh r cl1 s Ii in th 
L, ill. ry ru . N t·, tho r n1~ nuur v I en th lid n1 lts. 

noth r m eh h s ono,vs: 

Ii in b ilin . tuli . 
hoiHn tub in r. b ,. k ,r I f hot li~1~1id (i atc,r j th solid 1n :t]t. l .. low 

nt lu. I' ut J th ru1on1c ter ~1 ci stirr~r in th 1n 1r n gol id and. 
r mov th ilin nib fr1 m th Ii uid b nh. 

n \V th n1 1Jt 11 u.1 · t u1 t ~aol. tirrin , th ,vh I ti1n , and r th 
cen1p r" tur wh n the fir ' t cry t l I Hd .11 p . r. 

.. j -ure 12. I~ h PI ar cus use f r b eh n1 h 

'flh I! rm o m l!ter ---t 
~ ---Capill rytub 

I-lot liquid b th 

Fi ur 12 .1 App ratu forth two me,thods of melt in , point det rmination 

1grn1i rija ·ti n f3 e]y o 1111 J tion ~ud tht.;r ~He u u. Uy c l11Jl 1 tit1 i 
r . cti n . h yi Id i ft n ~1 1 94i. Puritic tion ro1c s c h I \V r th 
yie]d . For instanc ... it>UlC1 S1 Hcl '1 'U I r~n13h1 n solutii 11 du1 iu rec:ryetallisation :n1d a 

di till ci n p r tu ,viii r t in 1ne v ur. n t 11 ~viU b turn d to li ui in 
th , nd nser. 

l fl syuU1e isr~ uir~ rhr c t'J ;~ ~eh f hich h i kl 1 70 M,_ th-.: yi l ,vill b 
< .7 . 7 .7 = u. -4 = 341M). lfth puriticai i n fth tin l r uct i o•Yo ffici n ~ 

th Hl, ] yi I ,vH] b X 34 - 271Yu. 

The ·terms •boiling poinf 
nd 'boiUn temper tur ' 

are interchenge ble1
• 

A t st for purity is that 
solid hati a sharp melting 
tern pereture rethe r th in 

m I ting over ~ ng1 of 
tern per ture ~ 



A oom m on irror is to work 
out th yield a ma s of 
product 100 divided 

. by th m ~ss of react_ nt. 
Making 1hi mist ke in thfs 
e,xa m p!e wou Id ,give the 
incorrect answ1 r of 93%. 

FI uro 12.1 

I 

Tn lidomlde 

FI ur 12.1 

Benzen (mol r ,,, ss 78.0g,rnol-1} c n · conv rt-ed into b nzoic cid (molar 
mesa 122.0gn,01- )i. which then h __ to b recry Iii& d. If · .3g of pur b nzoic 
Cid wa mad from 10.0g of b nzen -C l1culeta tl, per . ntsge yield. 

An , 
m, SS 10.0 g 

lllnou11t o,f benz:ene used = 
1 

- 70 0 1 1 = O.l-B 1nol 1110 Br ins sr c . g nu, , 

theoretical yield of benzok acid= 0.128 mol 122 .0 g mol"'·1 = 15.~ g 

actu~l yield of pur be,nzok acid= g,3 g 

. ld 9.l .... 100 .t'n - .cooi (: ' f . percenta~ y1e = ]S.Ci = .J:r.6 = u ,G i..to - s . . ) 

u If 
3.86S of 2 .. hydroxypropane1nitrile. CH3CH(OH)CN, w mad in a two-e,tep 
syntheei fron, 3. 3 g of thanol. Calculat the pare ntag yl Id. 

MJny dru s 
th ra uti,-

i mer i 

; ===o 
\ M 

r:t of 1 
citic. hi m n that nly st ro i m r h s 

ibl • r cti n thw· y th t pr nly th d ir d 
us thi in n~ th n 1my . f eh m nufa tur . 

I up1r r n ( i~ure 12.1 } h· 
'A'i th ). 

chir ] c r, n t n1 (n1Jrk 

nly n u1~r is . o '"ti I llS pr1in- r u~v r nd 11 an .. nti-
in fl nun" t ry drug. ,. he eh 1Lll ic 1 rt:! ction th" t t roduc it 
:!re ttcn- t..: r osp(;' ific .1u ~ · th dru is 1 11 ,i th r 1 1nic 
inL·tur,. In tin: body~ n I ni rn e nzyTn sl1 ;vly c nv rt 
th in 'rt nan ion-1 r h1to the I tiv nn. her fi r 1 

there is no p int in ·ctein tin t vi e ecit1 
n1 nu cturiu , pr ccss. 

Inth 1 5 s.tht1lid 1n1id 1.1r t 2.Ji)"'·1su1 da r1 t 
r Ii ,,e 1n rnin1 i kncs in I n nt nt 1 • h • in 1 cuJe 
cont ins hir I r on aton1 (n1ark ,vi h ). 

lt ,va~ ,I ter fouud that whHe ne 101 tict)1 is 1ne ne cl 
i kt e~; the oth r is n1cr c us d 1 rrific birtl 
n rtunat ]y, th b dy sp nt. n usly nv rh 

011 1 ti ~11 ho1ner iJH th othet. hi, n1eans tit ,t ev 11 i 
n1 -th d '\1 1 re d v I p d t I pro due 'the bcn flcial is n1,er 

inly, 'tho drug 'W uld still n t be uit3b1 ~ r _ r~a;1.rn.nt ~ 011en. 

It i u d to y . r H v v mi'tin in p ti nts und r1 in 
eh~ 1noU1erapy. 



1nc rori t1 n ar st ~rco cc:1 fie. l{n l l d e of tho 1ne..:h ni . n1 f J re cti n all \ 
·h 111ist t 1 pr di t ~h th r th 1 r dur ,viU a ai n l i n1rr 1r ~ Su: 0 Jni .. tur: 
of th_ tv 't re is n1crs. 

Add1itio,1 cross a C=C bondl 
Wh t1 bran il o add. n a r 
br 1ni ne vvith y L p "'nt n 

doul 1 b I d. tl dditi 1 1 i frmu. h r ncti 
iv s th'\ rr,nu is n1er nly ( i ur l . J ). 

FI u1 12.1 

A si n1 Ii wd pi 11 ti n h th t th 1rst st is tht: 1 dditi n f Br+ 't n r the 

r n t n 1. In th e nd st l , th r n1in t n1 in th rho ti n int rm di c 
n ri any hil d r tJ ) ll"P' l h the Br- i n. Tt 1 u t tho.rof1 r ut fr n th th r 
side nd o th f,m,( 1 aim ,tric i · Jn r i~ plioduc cl. 

Hydr g n ~ in th ·1 r1 s n · r 1 1 tinu1n t lyst~ , d n th S.' Jn sl . hi is 
H , cis iti n . hi is b c us th lk n i I , 1 t 1nt th t~ lyst u rf c nd 

hy r 1 11 diffuses tl r u h the 111 t l nd add1 ,er s tho = · b nd. 

11 u know h w t 1ncr s th c rb 11 chl in: 

• \-Vith h l ~11 Jk n , nd K N 
• \Vith I ar.bonyl co111p,ou11 s and JI ~N 

u in rign ,rd r Q ll'ts n 31d hydc ! k t 1:1 ' nd CJI b 11 di id 

n t ~1nd c nditions to·r c a 'c rti ns: 

rs 
n vi er~ 

s. ketone s Jn c rbo.:-ylic cids 

1 L n . !t u r h is of u µ to r u r at t 5, 

difl"er nti t b t~ n h z r an · ri&k 

M sur, th._ t y u c n scrJb1? includin dr win r lcv trt 

• h atin under r~f1u .... 
n ti U.._ ti n und ft .1 ·tiou. l cHsti II ~ti 1 

s Iv nt \, tni ·ti n 
\V3 hin and dryjng 
r cryst His ti n 

t 1 r111 iu. ti ll . n1 I tin ~ nd b i Hu t n, }c1r tur 

• ••••••• • •••••••••••••• 
Reactions th t t 
plac on u,e su rt ce or 
h terog n au c ta Jyat ar 
on. n I r ospeclf11c, s re 
most bloch m!o I r ctlons. 

st _r ochem11 try of L ct,1on 



2 

9 

An I rQ ni tnJ, und i th ughc l 
clll tin and iodh1, ~,anded t carb n 

e scri b th t s t that y u ~ u l J a rry ,u t t 

thi&. 

ont in 
atonu. 
prove 

J is 'tht.1 111,~j 'f .. n1p -n nt h1vt.1 nd r H. It; 

f rn1u1 is 

nnint il nt in tht: c nt ound rv n . U e 
th r .. u Its ,f he, toHo\vin te~ that w · fl! 

n rv1 ne t d uco th tuncti1 n l gr u r sent 
i11 th . 111 1le ul . Ju tify y ur de tu ri n fr n1 eh 
t [. 

[ t tun1 wd br \Vll br min v~ t~r C I ur1 1 ~S. 

n y.,,,1c rn1in1 ,vith iditt d s1u111 

di1~hr n1tUe(vr). th~ s luti n r 1nain d ran t?. 

C It sav 

hig qucsti - 11 c nc nu 1citr~,t i Hi . (fbund in 

1,JI I u,t (foun in I 1n n r]Hi ii)~ t.tn rani I, 
r s iil). 

t to sh th1c t ·1tr J i 

rib t t t h \V th t b th Lup uncis 

d ln v h. t \V~Y , w u ld the infr~ir d sp 1c tr r citr l 

• 11 l r tniol d 1fter? 

0 1111'f)OU 11d 

n1k ss: , rb n. 
17 lJ/. 

I ,... ,l'U, 

h~t~ the 
I X,; 

siti n by 
n, 7.ntvr,; n. 

lllcul ,r the 111 iri · L 1 f r1nula f I 111p, und Z. 

b Us~1 th int rn, ti n b 11 i\: t deduc th 
structural tbrn1ula t c n1pound : 

• The 1:ir t3S ut/; v-11uc in tb nun ctrun1 f 

,,r ~ n on th 

V h 11 ph •ph [U 

111 und Z. 

A diti n :t4-dini'tr ph nylhy razin' t 

• Wh n 
Z and th n1i .. 

rm d. 

Y' ,] I \V lr Li j t t . 
C J1 t \ 3 d t O Ill) llll -

'I .. rin d. ~ ilver mirr r 

• I. 1 w rtn d \J ith J s lut} i ine i 
y ll w diu n1 h ~ r xid . 1np1 un 

Jne ipit~ t 1
• 

When })h nyl n inc1 r ,cts ,vith cth~noyl hl1 rid ~ 

s lid i f r1n h t i ~olu l in hot wat r but 
ins. lu bl h1 c I w t r. & rib h \V y u c: uld 
purify tl i lid. 

7 < y l h xun l (b ilh, l' inr 1tit O 
") n b uv rt 

hu i-ycloh x 11 n 1 (b i.lin _ hu J 5 ·P · ). 

r thi r c ti 1 • 

1 t t h v u '\Vi u l bt in ~ p,ur s 1 1p] or 
c cloh~xanone fron1 J u1 ixtu -~ co11tainin it 3nd 
_% I ycloh ,.-, u ]. 

uld bt in l~U I" S3J t:~] Ot 

cycl hoxnn ne fron1 nli. ur - containin~ it 1n I 
25(Xl ""ycl h x n t 

non nc cyrJohc. n 1 (produ 
u in quesi u 1

) c~n ~ s par.t_d, eh• 
Bub t n . ,vhi,-h r in lubl j n , r, h v t · b 

ac rib h V.' this \V u Id be ~l hi vcd. 

b) H w r trac a fwat r rem Vl.!d fr n1 th or n i 
&ubstanc s? 

u kn . w '~h n th wat_r rctnav 1 
'N' I C n1 

nic n1p und c _nt in rbou, hy r1 n 
nd .. · n on]y. W ht: n 4. 5 o Z ras burnt h, 

"Y e11 11.CJ f c., rbo11 di xid nd 4.85 of 
'at r re J1r du 

he 111._ si. spectru 1u of Z had ~ p,eak due to 
it 1n ] ul r i n t 111 s /i ·h r r ti f 72. 
. on1 ~ 1\.1n l a y~H \V 1 ipit t ,vith _ fa Jy' 

olu ri, n but n pr cipJit~ t , ith i · .inc nd s diu n1 

hydr xid luti n. Its NM p ctrum h four 
k in th r ti :2: .... :1. 

,ho,ving 11 y 'tu· \VO kin n u in 11 tho d t 
1 r vklcd~ d du h · tru tur~1 fi rnulla f Z. 



1 

0 ) i o the, re gent . onditions ~nd j nt rn1 ed i. t s 
in the n t but .. 2-t: n t -a111in bu . n-
2-on . H(NH 2) .. H _. 

~ x J] in 1 h t ffiict th h ve 
n th 1 plan a J'olari,:Hion I f pt uc-po];1ris 

Hght. 

1 Writ tho [ruccu r l r rn1u] r 'tll ~ ni 

l'rodt11 t th • 1 a tion f th 
i, ure 12 . .17 wi h th H wh1 (Y u ntJ • ~ s un1 

t h .1 t t h tiu I c t i n ~ J r ups b cih. v i u d p e2 u d n tl y) : 

ph I h ru,, p nt hi ridf 

b s.odiu n, hvdro en ilfbon .. t . 
c) iodine d 1ss Jv d h diu n1 hydr ocid 

d 2.4-dinitr, honylhy r zu1 

Jithiu111 luu1iniu1n hy ri 111 h r 
foU \V d by hyd1~ Jysi of th 

~~c c - CH(OH)- COOH 

I 
0 

Fi ur 12.17 

r ~ cnts~ nditi n . nd int nn diJ in 
the ouversion r th1 no! t L:: th noyl. hi rid . 

A n1p und 

It did not 
rca, ,ent. 

• It turne1 
1 olou J 

.. ,v s t st d l f Ho\v~: ... 
. 
lV I pr cipitat ,vith r d 's 

r 1 1in water fr 1n br ,vn t 

11 W h "" ..:. iS P ls\! 3 s ddl'd, .... 1nol 
iv •n 11f 1,,er 111 J c f he or -nic !01u1, iU nd. 

• ho n1p tu1d h d thr 1'~· le \n it NM ll 
sp ctrum n I . t rn/ = 57 in it! n1 s 
si, ctrun1 . 

u st I tn1u J t r th c tn un . Ju tify y 1ur 
, ns ~, r. 

utHi h 1- h n.yh~th· n I~ H 5 J ( H) 
... 13, ul pr~ r in t""1 - t p ynth si 

_r nab nz,n 1n .ou rh r 1, jll~ r ,3 _ nt. 

) utHn h 1
~' y u '1 uld ~onvQrt 

6H 5 H= H ~I in 10111p ut M 
( i ur 12. I ) . 

~ 9Ce- C C C~ 

11 11 
0 0 

Fi ur 12.1 

b) Id 11tify the r uct rorm d • y r ctln 
nii" und M \Vi h i in 11d s ium 

hy 

tdtr t 11d th nitr bcnzen 
11ro1 uc'e l a, re u d witb ti11 -:u,d n 11tr. t d 
hydr ,chl r11- cid. At1: r diti n ,r diun1 
hydr ~ ·i ~ th ph nyl n1in ,v t am-di till 

ut of the r 11..ti 11 J i 'tur _ washed, dri d 
n r di tiU . h 111 ·s of 1 ur J h 'nyltuninc 

produ ~e,iJ \Pti& .75 . a]cu hrt th~ p "'r enr . t: 
yi 1d. 

7 It ,va r, uir d t , rep r" the n1p und 
( 1 ):r ( I 1) NH2 fr nt I r n nc. A 
student st d the utliu sy11the is s.h ~ u h1 

~c 
(Cl-l!l)zC~o __ ..., (CH1 )2C(OH)CN 

J 14, 04( q) 

(C ~, bC(Of-1) COOJ-1 

I ur 12.1 

,J Pel 

(Ci4 )2 (OH)COCI 

l NHi 
(CM3)2C(OH)CONH 2 

E:x1 Jai.J1 , hy this s qu~ncc vvou Id IHlt I iv, th(:l 
r u 2 r d r,r, c u t. 

,, ·pl in wl y th d iti n ot hy r n l:Y nid ~ 

I N ~ ' o but. n n ~ 

n1ix ure, r thcr th n 
13 :? Is~ , iv r.. L'nli 
~in le pti al ho111 r. 



m r q 
l ~ ) ,utUne a thr e-step 1th si~ ir th) 

c nv rsi, n r p1 p n 1- 1] int pr ~n. uido. 
In lud r as nts. c n 'ti ns n f r111ul e f 
U iiu nn di tQs in 1 ur ns,v r. ( ) 

b l r p na1ni is s lid t r1 0111 t~n1per:nu1~ 
utlinc hmv l 

btain. d in (a) 
wh. t ryp s f 
t C\ C h ~t. e. ) 
r_ t,\I t 2 IU~rk ) 

..... a) xplain wl [}' ri n_lid r ~ cnt i ab]e to 
,~ rn1 ne 'N - singl b n~1 ,vith 1C.: rbonyl 
t: mpound . (2} 

b) 1 utline ft..1ur-st -p synth sis 'to 1ronv rt 

U) 

i eth:m to 1 , , ylb nzen,,, 
H3 H2 H2. H5 . ivc th. r,~ nts 

11 1c nditi n nccc &ttry fi r . eh srop 
u1d thr1 forniufa all i11ten11c liate 

m . unds. 
1-1,ro ylb nz n 
t 1nr1cratu~ or lt 
th p1 duct 1 1ul 
re~1 ti n nlixture 

{8) 
• ai Ii uid with a b Hin 

rib t 'Ml 

b'ol1l the 
1d th ,1, ,urifi _ . (:.\) 

rr 111 l3 11.1 rk. ) 

An ost r hos tho 1n lecul r tonuul 

7 . 1~ :?· Wh n h~ t d un or r flu · '\Vith 
q u us s diun1 hydroxide fi U ~ d by th 

.1ddit1on . t .. ·c ss cid, it , s . onv rtod int 
two 01np unds :ind 1: 
• 01np u u h s the f U. v.rin~ 

c m siti n b. n1 ss: c mon. 5,4.5CX,; 
- y ,n. 6. 41.i f1: hydr ~ n, 1 J. J 111i,. 

• n,p und n- ot carbon djo. idc 
~ hen .,dd d t luti n at s diun1 
hydr I nc rb n · t . 

• on1 und h s thrl":e p ks i.n it 
l J-I NMI · sp ctn.un. 

• on11 und ;I do 1 s 11 't gi o a :raci 1tat 1 

with i in nd 1u Ln hydroxid . 
• _ · educ tl st1 uctu , 1 fi nnul . f th 

and \vrite the1 ,qu ti 1n tor its r .i,ction \Vith 
s · I h1t1 n hy r - i i . 

('r' t.._ f J 111 rk ) 

4 A studl.!t1t \Visb d to c nv rt rop n l- 1l into 
l - b n1oprop n . Two i er 'nt 1no·th d wer 
suggcist d: 

12 Organic •Y.nthe11 (Toptc 18) 

t the c h 1 und r f tlu.· with a 
n1i. .. tu r solid p it:.1&sium br n1idc nd 
,on rntratc.d p ho,sphori L cid. 

13 th 1n~rhods initiJU y 1~ du sase1 us 
hy r g t1 bro111id . his th n I ts \vi th the 
alcohol t fonn · he ro1noalkan , , hi h is 
di till d 1tT nd c nd ns d . 

h h z r g ,~ r i n tj fi ed 
• nc ntr:1t d 1tdfuri .1ci rr siv and 11 

.:idi in n't 
• c nc: ntr.1t~d phos1,hori .u~id: r siv, 
• hydt n t iii n1ide :.tp ur: irri.t:1nt 11d , 

1 du in "Ut 
• pr p, 1 - 1-oJ Jnd 1- b~ 1 1 J r-op,., ne: v, lJtH 

nd tl nun b] 
• bro1ni11 : v btil and irritant vap 111 

·) - ll in ,vhich n1 th d sh uld o us d to 
1ninilni~ th risk. (2) 

b) - r the n1eth d s lcctt;d in ( )~ 8UB st 1d 
explain uitabJe ll ciaJ Jf ty pr c. uti n th t 
h uld b~ c .. ' n t ntininii e th~ risk. (3) 

fT tnl HI ,rk ) 

5 t n c n11 und Y. 3 14 J~ rtVL! thl! 
ii llowin ra~u It): 
._ ) h n ~h si,h ru. p nt chJ rid w s d 

te~uny 11111 ·tha't turn dan1p litn1u . 1'1' 

b ervcd. 
rbonat 

v,l s ., d d, 1 a ~ ls evo!v d th 't turned 
liin w t ~r l udy. 

, ' ) A yCiHo, pre i it;1te ~ as bt in 1 d \1'hen a 
o]u ci n f .... 4-di11itr I henylbydn zin \Vas 

.1dcled. 
d) rJn idifi d p t g i 1.u11 dichr rr1 t~ (vi) 

a luti1 n turn r en \Vhcn warn1 d ,vith Y. 
~·i,J it1 th hs ~rwti ns in t)-d) in h nc: 

ded.uc th e;: 1tru n1r J fi rmul l f n1p1 1undY. 
~ t:iJ DI rk ) 



p 

I opic 19) 

ho t1 diti n 1 1nothod 1s to tind th cnt iri, l rmu]l @ 1Ho'\l d by the 1111011 ul r 
r1nul c and th~n the fun ti n J r UJ ,s pr nt. 

To fi,nd tt11e molecular fort11LJI -

IC nt a COl11 po iti 11 

hi i norn1.1Uy rllrried our by co1nt ,usriot1 ~ n lyli . A n.own 1n:i ~ of th sut atan 
i turn din x cs dt 'O~Y 11r1ndthen1 ss; fw.tcr -,ct hou 1 l x1dc 1Jro u d 
r 111 asur .. he 111'1 f r c r i und by \1 t r v p ur n ith r 

l 1r tn1 ~ y lr u lciu in hJorid : rh 1 di1 id h fou11J by 
r ,ctin it \.Vith I akiutn id . 

111t1Si f carb 
rn 11 of \v t~r 

• 'KJ n = 'll 

di xide ~ n1~1ss f , .1r~ n ~ X1 ,c:tt bon 
n1 s. 1 f hydr I en % hydr n 
- (% f r'bon + % lrrdro ~n) 

2. -Og of an org nic compound X, con ining1 hydrogen, c rbon nd oxyg n only, 
w burnt In I xceee oxyg n. 6.60,S of c rbon dioxid nd 2. 70g of w ter w r 
produc d. C lcul te the p re nta&r compo- ition of compound X. 

11 

Method 1: u in mole 
ma;s 6.60 

1uole,s of C02 = JI,. - 44.0 - 01.150 - n1oles 1carbon 

mas-- carbon= 1uoles :i< Ar .;;; .12.0 :-: O.lSO = 1.80 g 

o, . b - l.BO 100 ie - 1c ,,o car on -
2 

_
90 

= u... . . 

1U8$~ 'l 70 
1uole·s of H O = :;; ... · . = 10.l 0 

kl,. 18.0 
1nole1s of H = _ 0.150 = 0.3001 

n111s; of hydrogen= 111oles >-: A, = 0.300 i 1.0 = 0.300 g 
0.3100 

1o/a hydrogen = . 100 = 10.3%, 
~.

190 
% ygen-100 - (612.l + 10.3)- 27.fPo 



Remember: 

Do not round up th %/ 
Ar valu 1. 

• Round th ·ftn I column 
to1 1 d clmal pi e . 

• If the numb rs In th 
flnel column ,r nol 
whole numb re. try 
multtplym by 2 or 3 to 
1obtsln lnt gars. 

Method 2: by m, 1_ iratio 

44.0 g 1of CO: contmus 12 .0 g of cm-bon 
~ I (5 601 

-

u.60 g ,of CO conta111s 1- -M.o
1 

= I.SO g o'f carbon 

0" L. = I.BO 10'0 = .c:2.1,o 'o o c . ..,on .., _
90 

'"'-

lB.O g of H 10 contains 2.0 g of hydrogen 

.:..70 g of H10 contain ~.O is~~ = 0.300 of hydrogen 

0..3010 
''• hydrogen= ~.'ilO )( 100 = 110.3!1'1 

'o/i ,oxyr:;en = 100 - (0,_ .1 + 10.3) = ,,.~'ii 
n, p rcent se com po ition by n, 
10.3%, oxygen 27.6%. 

of eon1pound Xie: carbon 62.1%, hydros n 

EI rip I i c I o I n1 U I 
h 1 f nn u l I f c m u n i1 :, t in y ividin · th I rcen t 

r h e] n1cnt by it n1ic 1na s n tl e1 divi in thr u h by tht; 

·- ·~ _ _:_:_ _ --- - __ - ____ - -

Find the · mpiric I fon11ula of con,pound X, which ha th following p re nt-ag 
con,po ition by n, e : carbon B2 i 1%, hydros n 10. 3%, oxyg n 27 .6%. 

c rt,on 

Hydrog n 

oxy n 

---- -----

Jo,1v1e1e··uy· A'·r-: . 

62,l 62,1/12.0 = S,175 

. 0. 0.3,/1.01 - o, 

21.e 27. / e.o - 1.1_.,s 

r 
I 

3,0 

S.97 .0 

1.0 

Th en, pi ri ea I ·forn, ula of con,pou nd X i e C:1 H 0. 

ur · If 
Th r ·tio obtain d by dividing th _ % by th , tomic numb r _ of ,c rbon, 
hydrogen and oxyg n nd th n by the sniall at wa 1.5:4:1. What i it 

mpirical formul ?1 

Mol cul~ fo1111ul 
h 1 1npiri ... l nnul 

n u. 

ln~n: 

111 l cular r rn1uJ = . " ti 1n s th1' .in1pi ri 1 1 TnuJa 



th - empirical formul CH2 nd n1ol r m~a 5 .Ogmol • Wh t is 
its mol 1cular f-ormul ? 

molar ·t~iass = ? 6 .0 = 4 mass of e1Dpir1cal formuJs, 14.0 

molecular formula - ),( CH, = C H ... 

n b tb u nd ti· Jn th ,nl.._ valu 
th 1 m s s ec trun1. 

• lf th un 11 ~ n c n bE titr t d, th num r f n1 Jc f iven tn ss cl n b 
c stin1lt 1 d. h en n1ol:ir 1n~1s = 111 .. ss/n1oles. 
If th unkno~vn is s ~ n10J r 1n·us ~ v lu m /1nol r v Ju m · _ \Vher th n1 · l I'.' 

v lum n13 un r 1:1 rn1aJ t bar t , y nditi n . 

our .If 
- 0.126g of a vol tile liquid w s vaporis d ta temper tur of 100°C nd 

ta pr esur of 106 kP . It occupi d s volum of 63.4 cm3• C lculate it 
11101 r m s . 

Specific id,ent ific ti1on of the u1nlkn1own 
is ._ rri ut in tw st c~. i.r t_ th fun tio11 I r u ,s r id n ti: •~d. nd rh n 

A .. , t formula is d riv d . 

I O J 

In r · .ni .. 1n~ly1i!t c r, n1ust h~ t k n t fi U i, f th t su. _ r ' • nit 1~. 

~hive t ~t vitith r -y' r Qllt (2 .4 ... dinitro h nylhydr zin ~ in -ic s th 't th 
u n kn '\Vn is ie:· rbonyl c . 1nJ u n but ,J s not dis·tin l1 i~h bet a11 • n .1 ld hy nd 

k ton . Ir the unkn ,v11 o '. n t r et\: ith ciditi d pot 5 iun1 di,chr 11n t~(v1) · ut 
l!;iV positive r sult \Vith r dy' i, a •nt th n it 1nu~t be k ton . l ehyd r 

· idi. ed by cidifl d p t sium di br m t (v1). 1 p &itive r ;uh in b th th s t sts 
h 1

~ th the unk.n 1,vn is n la hyd, . 

==· "'' 11(1 
h tost t7 r th - ... gr up 1s t 1d br1 m1no w ter. -, n1pounds U ~ t c.ont~in J ~- ~ 

roup qui k1y ch:coloris th bro\vn br1 niin ,v t r u don t iv !l pr~cipitJ . 

A I ,e11 rap,idl f ru rn 11 urm:1 l fj iu 111 n1 11. anate(v n) f~ n t l u r1 ] s lu.ri1 n to 
br \.Vn pr ci it to c r m t mp r ture . I - w v r. JdQhyd h1 d this. 

n 
H Jo ~ noal n~s on t 1in h •. I I en t 1n. which. t1 w rn1i n ~ ·ith ._ ue u , iiu 111 

hydr xidc. is r n1 · d by hy r lysis. · cixc ss dilut nitri cid is dd d t tJ is s luti . n 
to n utr. B~e th s,1 lh.nn hydroxid~ . u ;] ldition of ~oh1tion o f &i 1- r n itrlt . 
p,r i it t i bt in d . T l e u ti n& 1 r tl e f f ti 11: f._ hl r alk n ar~: 

J+ + J-

Norm a I I borato ry 
ieonditiona are 25°C and 
100 kPa pressure. 

Ph nol a a !so d co lori 
bro m in w te r~ but they 
Shl'e a whit precipitete of 
a polybmmin ted phenol, 



Do not st te th t the1 

a ppea ra nc • of a.te -my 
fum s of HCI with PCl6 is 

t-est for alcohols, b cau · 
e rboxyUo acids (and 
water) lso give th s me 
r suit. 

I 
Wh n colour change 
indfcetes positive re,eult 

to a t-est. alway giv the 
colour of the solution b f am 
the test s well . s after. 

• A whito l r "'C:i · it te olubl in dHutc :11nn1 ni .lu t'ion pr vc s th.. , scn ~ f 
lJ ri n in rh r "'nic co1 Ll o,u nJ: 

l(s) + _NH (ag) ~ [ ('NI lhr'"(~g) + 1-( q) 

A , r ,un preeir,,itl t , itts lubl in .Hut nun 11ia but lubl 
. nun ,nia. h \Y! th pr s nco t br nlin i1 th or 1:1ic c in 

r() 

h, c: n utr~it 
ll11d: 

- H 1 ~, 1r· i1it t~. insoh1blc itl b th lilut 3nd 1 . u1 nrJt ·cl nnn -1 i:t, 
v the ,rog D i din in th r i inal rg:ini . c n1 · , und: 

he i tinch n b w f ll tlrin1ary_ nd' ry nd t rti rr h l en I'. ]kan c n n t 
b~ in Kie by ihn1,J chen1k:. I t(? i t , An._ lysi by tnJs sp c:trornetry or sp'ili conplin 
in NM11.. p, ,ctr ,s, ,1,y n ,~ ncJu iv (pp. OJ and lo,). 

• 
h l 

- H up iv Yt~.; n y ft111tt!S 

lid ph I h ru I nt chi ride: 

-1 
J 

.,] + p 

h mfi r, ,~ ~n k -hols , nd U ~ rb · yli ~c.:ids iv p i.itivt: r su]t, H \V-.;V r . 
. l1 ohol · (unlik c: rb -~~lie ci '. ) d n t iv bubble o c rb n di xidc on the 
,~td lition f ithc r s i.l iun1 hydro rn '.'" _ rb nat or odiu 111 .1rb 1n._t '· 

n l rn1 it1 '-Vith th n i . acid in th pre t et: f f ,v drops f c nc ntr ''== 

8Ulfu ri oclCi f ]l .1],'"ohoh fornt it 'Jrs: 

RcH+ 

If th pr our I iuc , b ak r f dilut sodiu n1 hydro en arb n 
lu'ti n~ th eh r. cteri tic d iU r f n 1st r (Uk n H v rn i h _ ]u r truit) ,vilJ 

b a t t~d. 
Prbn ry nd s c nd. ry . kohols turn rrin ifrnd p t. sSiium dichr 1nat (v1) 

luci -n ro reen oluti n of r31-(l~l) ion . ~rthu 'nk. h h :ir no I xidis i by 
~ idi tl d dic.;h1~ n1 t, (vr) i ns. ,o th luti ,n r 111 i D s r .. ,n . 

- hi t t ,c: n b modifie t i tin ui h b twe n rim ry nd se1 n ry 
lcoh hi,, by i tU ljn ff the o ·idi d r ani pr duct a it i!I. fornt d. 

1 this is cuL d , ith oH ns' r L · nt~ n ly tht:' o .. i is: I r duct thc1 
tau .1ld h yd~) re u s he il v r i n con1p lex t I iv . 

u t t th 
but (Uke 

t 

t 



.k l h d undJ kc.ft n, . 
h a ldehyd~ s ,t1n k t, n s i c H '\: or r-11 ei p,r i11it t , h n ,tlr i, 

of 2i4-d1nit"1oph _nylhydn1 in (Br _dy's r nt) ~ . dd J . Th JU~ ion for tll:1 
r u_ ti n '\Vbb 3 tl1_ na l is sh \'V n in i ur 1 1, 1. 

Fi l ll 3.1 

h inn-. r d sp tr'- f ._ ld h des. n 
_ t ncs hav _ p ks ~ t Jbout 170 cn1-1• 

d , th l sp tr.i .1n ther · 111p u n 
\Vith · = r up. Th~ h1clu c rb ~:ylic 
cid~. ester • :.un id i . .11,d r.id hl rid~ . 

h r r s c vor J ] s i n1 pl c I n 1 i . I , s t 
to diflor nti t bc·tw n . ]d hy os nd 
_ et 

• h 1un is '1 • nn 
vith n d1ct's solution. 
Aldehydes iv ted r ret:iri'tat f 
c I J er(1) xide. K t n s d , n t r 
_ h _1 f re~ th _ ,·op er(u) , n1pl /' in 
[h tc t soluti 11 i n t r du d n th 
~oluti n rt21n.lin bh1 1

• 

• n '\V rn1ing i.: ith po't ssiu 111 
i ·hr 111 t (v1)~ iss l ' in dilu't 

su lfuri cid .!dehydes turn the ran 
lution gr n. K ton ) o n t re et, s 

eh soluti n st:ivs oran . • 

Akkhyd s,· n digtin ui h dfrom . t n 
by .. au1inati n of 11 I NMR p,cctr.1. The 
NM s '"rrun1 or u J ld hyd~ has n k 
t 6 ~ (J1.0 H .o. c u0 d by th~ hydr n 

1ron1 in th ihJ hy t rou , H ·. _ hi i 
bs:ont in kc n . 

l "h~ I rn1 r ., tl tl 
he f'onuu l oif i1odoforn1 is IJ 3. lt hi ~ 
1 yt:! H ,w lid th t is in ,Jublo in w, t r 

nd h ~ 3TI nti pti 111 -u. I d 1171 nu i 
produc d w hen :111 r nic c ,1np u11d 

11c· it1it1 th H3 - H ( H) 
r u is ~ntly v. r1ntid ,vith i in rr1L d 

\\rith diun1 hydro i solution. 

Distinguishing be1twa n n aldehyde end 
a keton : left Fi hling' solution; c -nt~ , 
FehHnts solution that h ,s b n reduced by 
an e Ide hyd ; right, keton do not r act with 
Fe1h H ng's solution 

Silv r mirror te t for the presence of an 
aldrehyd ,: k, ton do not r et nd th , 
solution r mains colourles 

. ,. ~ . . .. ,~. ··~· 
1n tn i st an Id nya 
I 1oxld la· it ,or 
c - rDoxyt le Cid: 

RCHO [O] oH-
RCOO- + H2o 

Th unst bi ToU n • re g nt 
lam by adding J w 
drops of odium hydroxld 
to snv nitrate . ·olutJon nd 
dis olVlng th preclpl t 
form d In dllute1 mmonle 

olUUon. If u, car1Jo11¥1 
compound I ntly warm c 
wltn Toll ns• .B ,nt. 
r hyd Ne a I IV ,r m u,or 

but ketcn , o, not. 

Primary and aondary 
~cohols at o giv a 

positive result with 
acidified die h rom1ete,(\'11) 
ione. Th1srefore,, th ir 

bs, nee must fi rat b 
hown by a leek of teamy 

fumes w lt.h p hosp horua 
nt chlorid . 



Th iodoform r action is 
one of the f w re 1actions 
in which e1 oarbon chein is 
a ho rtened by one1 carbon 
atom. 

• h n1y ktohydc th.1t 
AH 1n thyl ket n giv 
btlt3n nc h: 

rn r1n t h ·, i d f rm r 
y Ho 1re i i.t t . Th 

tion is oth. nJ I. 
qu tion tor th r cU011 1 t 

H H I3 + ~H N + N J + H., • 
hi.! pr du cs Jrc prL?ci:r h .. t f i1 dof rn1 • nd .. 1u ti n of Jn tc 

and sndiu1n i did . 
Al. h Js und r I thi r ,ction it th y I • n b xidised t giv, ris t = 

r up. th n l is th, 1 nly rin1 ry -11 h 11 th~n i\ e p ~c · ip,1t t f i d f rn1. 
h .. lkJUn luti 11 or i din xkHs -s it t th n 1~ \Vhi h then r ~let t ive 

tl tir ci it t : 

1-1. l·J2 11 I + [ ] -Jo · 1..:1J 1--1 

+ 12 + 4N l H -4 · 1113 H Na + .3NaJ + L, 

he sequ nc is: 
_ tl1,n1 1 "'""'"* th n l 

11 + ( 1 -.H -

H3 + 12 + 4NJ H --+ H I + H 3 

h 

rap non --+ i. 6 rn1 + s diun1 

s not under o th iod n11 re~ ti n. 

Ii [ ]--+ H 

n 

well 

) + p l3 

-

n,L th r-ifi re iv a 
n w :r r ii i' at with 

· N+NI+~, • 

t i. d t f il1 

• An ~1ci I c~u be dhtin ui. he t fr 11n .an al oh J by th ~ d1tj n olutiou r 
ith .-r diu n1 hydr nc:irb n I tc or sodiu n1 c rb1 n 1t • 1th c rb . ~ li " id 

buhbh~R f .1 ar seen: 

N + H., ,-

udy. 

2 + . J + I-12 

If a i: .. rb yli a -i is \V~nn d ,vith th. n J in rh" re en f fo,v dr ps f 
,c 11con rnul: d sulfuric :11 id 11 t r 1s pr -due . If the ii ti n 1nixtur is p ur d 
into ,1 dilUtQ solution o sodhun by ro onclrbonlt ', th chJract risti ~ sn1c1l 10 th~ 

&: ter ai t t t d. 
h infr;1r"ci 1 tr f rb ixyli 1 i h v - · roa nd · t ~t r~ro in1 e Iy 

~OOOc n1 1 • nd ·~ h.1rp band rtt ~,~1~,ro in1~tel 1700 1cn1 J,. 



r n1atf 1u r, und . 
Ar in ti 1 01111 u11"'is burn ,,,.ith sn1 ky fl 111t. 

• Ph u 1 nd ph 11)'] rnin(! rapi ly turn br n1in _ , .lt r fro1n br n t c 1our1 s. • 
with he t nu ti n f ,vhit pr ipit t ( i ure J .... ). 

0111 

• 

Fi ut 13.2 r 

--- --- - --

our If 
A compound X has n,olecular formul of C6H80. It decolorised bromine 
w ter, gave an or n~ pr eipitate with 2,4-dinltroph nylhydrazine nd pal 
y llow precipitate with Iodine in lk Ii. St ta th functional groups in X and 
draw a kel t I formul th t fit& the data. 

Mod rn n ly hn1qu 

I lnfr 
Abs rpti n finft .. tred radiJti n c us !hi b nd to str tch or nd, thu~ Q: ining ·, i rJd n I 
ner y. A p r · -ul r end r tr t h · nly infr r d · tiv ifit · n1 ni d }r I hm · 

h di l.e 111 n1ent. hug~ ~ n nd nitr s ·1, l n ,,ich aH ther dia n i, clent nts, 
do not b rb infrar d r diati n. hi m an~ th t th y r n t rccnh u 

in T ,. urh 11 di idn :J11d t . trab dr 1 Ille th._ne t 11011-p l r, V, n th lJ h they 
h v , p1 far b nd . his i& 1ec u th i ndi idu 1 baud di1 k c: ncel ut I u t th~1 

tnol ul , b ins syn1u1otr1c. L Any a yn11n~tric ] b udb1 r strc·tchins ,vill c u 
th~ di lo n1on1 nt co 1'"h nge fr m z r I and s the molc~ul Ylill then be infrar~d 
a1ctiv . AH vi -ration in p 1far 1n l 1 ul s uch ,vat 'if n nitri- o id t· su lt in 
ha n eg in th ir dip l n\ 111 1 ts nd s they ~bsorb i nf .. 1r d 1 • di.ui n- This 111 ~n 

that carbon di idc. n1eth 110. \V t r nd nitri · 1 xide) Jr .r 11h use , e. 

iffcrcnt b uds in c \' lont 111 1 cul b rb ril i tion ot diffi r nt trc u nci s., 
\:~lhich ~r I n rn1~ Hy u1eJisur d :n , JVCntnnb~r . An i11 rared Pc.! trun1 u~u Hy h s :1. 

r ng fr m 4 ~ C 111-l t I oc 111-1. 

ca.u 

f 1•, U '111 i s. 
v r the r 11B 

11 U e.. et in 1ecubr et1vironu1ent of the -H b 11 • 



- t ond b rb t around J7Uo r~u1- 1 ~ u th ,"" tual value dep~nd on the 
t 111s · tt~ ·h d t the = r u1. his is 'ho,.; n in bi 13. L 

th r ty1lu& o ban 1 -bsor .\t di _ r tlt frequ ncios. bu th ~ . tu ~,1 v tluo . . in 
d p nd I n tho n i hb u ri ns t n1 nd roups. P r mi 1 th et ni 
I roup1 in 11 C l-12 .. I]= -# 12. absorbs b J \V 17 Or n1- 1• 

T bi . Absorption fr quenci s of differe1nt T bi 13. Abso~ption frequ nc,ie of som common groups 
c-o groups 

- ------
~- ~-

Ty,pe :1~~· .co~pouna 

Allpi1 le 

AHph tic tone 

Aromatic Id nya 

Arom tit ~t ner 

Ca rbOA)'~ lo C Id 

E r 

Acy I oh lorld 

Amide 

, , .iW8YOll,!J.m~~,.r; ,;m~ ~I .. _\~ .. - ·- - ................. , .. \_ ...... ~ 

172Q;-l7 0 

1700-17 0 

16 17 6 

1580- 700 

17 1725 

17 5- 750 

1815- 1825 

1 4 16 0 

0- H Alcohols (hydrogen bonded) · 

Alconol (no111yclr1og n llon · Cl) 

Carboxyllc cla 

N- H 
C- H 

C- C 

C- 0 

c-c 

Anlln (nyaro 1n bon d) 

Alk n 

Alk ne 

bi 

Aro,n1 tic 

Alkenes 

na n s 

36~ 7'00 

as~ 1500 

2 50- OOO 

OOO 100 

1aeo-1490 

1450-1 50 

1 60-1700 

ht1 rt' i on b ]o\.v :ibout 150 r-rn- ·1 is kno \Vn ~u the fin e; rt r ln l .r~ ·1011 . It shoW!i . 
1 n1pl .. ri s f' ks th ·t c e nd n the x, t <:oiup und b ins n ly ed . Just . s 
hum 11 fin ~tl rint an 111 _t ht: d by llll Ut r t iv uni1q U i tUifi ati Jl, so 
, mput r n Jysi f eh rln rprint r i n c 1n b us~ ' t idGntity ure unkn ·wn 

r ~ n i c sub t 11 o. 

0 

0-11 c-11 c-c 
o ....,_,_,.._,.._,_,_~,_,_~...,. .... !l-,i!! ___ ~~---·~-.._,.-.-.-.--,---~~__,---.-__,-

4000 3000 2000 1500 

Fi ur 13.3 lnfraried spectrum of prop n-2-ol 

In · h infr re 

th bro , p 
• t l n: po~, k ,at 2 

• th p ak t J 

p ctrum if 1
_ r p n-.: 1 shown in 

k t k r und - n m- i i du to by 
70 cu1- 1 ig due t 'the - H b nd 

< 111 1 is due t th b n 

1000 
Wt!tvenumber/cm .. 1 

i ur l . ~: 



Te 
An org ni1c compound of molecuLr formul C1 H80 burnt with - moky flan,e 
and decolorised bromln w ter. It had pa ke in its lnfrared pectrum at 
1695 cm · nd t 3050cm- . Identify th groups th t caua d the IR peak1 

-nd sugg, et formul for the con1pou nd. 

Identif ication of an organic compo1und: 
- he in rar '.} p ,ctrun1 1 a un~ n1p und i , ,contp, red '\Vith sp .. tr in d.1tab s ~. 

h fin erprint r~ iJ n is s1 _ i l - "nJ s I n bt.i us d t id~trtL y ~ n un n wn. or 
~ 31111:.l , u.H '11iph tic h ... h ]s · b~ rl an und .3 UO ·nl"-J ( - H trl?t h), .} , 1 . ,cn1- 1 

( : l J StH: 'tch) nd 14i Ocrn- ~ ( .. - 1 b nd), bu h~ !I s.orpti n pa tt In of th ir 
fin crpi1 iut r g 10111 i' r. h r for ~ 1u th~ infrJrod r ath ly~e•. rhc L1bs rption 

t t n1u t b in th 1ng rprint r ~i n cth n ,I nd not t high r tr · qu 'nc:i s. 

Te t of 1pL~ri1ty 
h h1 frar I pect1:un1 f] utc r n1_p und shou ld n1 tch thJt in rhe d tab si:: . A11y 

~tr~iy p,c \Vil) lu"' t iJnpurities. _ r 111 l ~ ._ k ,Jt r tn l7 c n1- 1 in 
th g, , trun1 i n al h ] ,v ul J r b ly du t rb nyl r id impurity. 

Whn 1.d ~, M , i bon1b rd~d if hi J, .... enersy cJ ctrons, it bee 

M (s) + ~ M+ ) + .. ... 

uJ r i 11 1 r du · d h v hi h n r y n s 111e tn y h n r k 1 int 
iln~ I lor . , itiv~ i in~ • , Jnd a r di,c I Y•: 

lu . ui:1 · 1 I r 111 t r~ th s p sit iv i ns are then cc 1lcr t d by ~n loctric 
fi ld. Jtld d flee ted b 1 nl~l n ti,L fi lJ. he U h i na r d ft e 1norc1 th n th 
h vh: r i n n s s t'"i n h i ,r du - . 

- h ~ k \Vith th I rB st m ss/ch. r e r 'ti ~ ,n/ 1 is .iu s d y 'the n1 J , u I r I n . 
h p1 :ik t l W"r ,u/. vah.1~ ri c fr 111 fra n1 nt f tJ t ion . A tnall i k c Ail 

I, ,~h r ., 11& tho n1 l cul r i n lu ~. n1 y b observed. h is i ue t th pr g n 
of l 't 1:11 in t h 1n l c u 1 . N ,lt u r3 l r 1-r b n ot1 ta i u s L 1 % 13 . 

o 1r If 
S Bromin I ha two iaotop • 753Br and 91Br, in pproximetely _qu I proportionsi 

Sketch th m spectrum of bromin (Br2} in the rang, m/ z 155 to 165. 

Fragt11entati,on of the t111olec,ular io t11 
ha tr s tn nu giv clu s to th s rou th t r J'r s nt in th 1n lccul . A 
r up h.1 1n ss 15 unit rKt s , n i 1n of m/z = (NI - 15) in i~ . .1tes that t l 
ubstJucc hJs a 113 group: 

( 



T bi 13.3 Common f~ gments 
lost 

15 CH:.1 

2 ' C2H6 or CHO 

1 CH20H 

45 COOH or 
CH2CH20H 

11 CeH6 

..... ,., . ... . ....•.... 
structur, 1 II xl s ta two 
optlcal I om , r . 

he n1.1~s f I n10 n11non fr;i n1eut thnt ,ro ft "'11 I t re ivcu in ,. blc 1 1 .3. 

Compound X doe not r et with bromin _ w _ r or with _odium 
hydro ncarbon t . When exee , PCls i add d it produc • 1rnol of hydrog n 
chlorid S s per mol of X. It ha a molecul r forn1ul of C3H002 . 

Writ down th structural forn,ulae of four posaibl isom r& of X. Justify your 
ensw r. 

b) It 111 e- p-ctrurn I oh a pe_ke a m/z value of 29 nd 5 _. Deduce th 
id ntity of xi 

11 

) It does no r et with bromin wat r, so it do not hav C=C group. 

It does not r , et wid, odium hydrog, nc rbon t , so it does not cont in , 
COOH group. 

It only contains on · OH group a 1 mol HCI is produc d, o th ether oxygen 
muat be in a C=O group. 

Paa i bi tructure 

C'H 1CHOHCH01 

II 

b) Its mol r n, 1 i 74gmol-1. 

CH.zOHCH CHO 
m 

An m/ z va lue of 29 impli s a C2H6 or CHO group, so it cannot be I. 

An m/z v lu of 59 (74 - 15) impli 

X i CH~CHOHCHO. 

~·----- ... - .-----: - _- -~ 

CH3 roup, o it _ nnot b m. 

Study th - n,,ass p ctrum of prop noic aeid, CH3CH"COOH (Figure 13,4)i. Id ntify 
th peci ri ponsible forth p ak at m/z v lu e of 74, 73. 45 - nd 29 nd 
tat how they r fo rrn d . 

. t 1100 
I! 

.~ 80 

.J 
-I 60 

40 

20 

C.....+"4+!~.....,._........,.....,..~............, .......... """"',+,M..........,.~""""'....,..,_.........,..,..,._.........,........, 

10 15 20 25 ]0 ]5 40 45 50 55 60 65 70 75 
m/z 

Fi ur 13. 



1 

Th mo1 - r n, es of propanoic _ cid i 7 4.gmol-1 _ nd _o th _ pe_ k, t 7 4 w s 
c- ueed by the molecular ion. (CH3CH2COOH} • produced by the removal of an 

1-ctron from th ges ou mol cule: 

CH CH COOH(g) + e- (CHJCH2C001H) (g) + 2e 

The p k t 73 i cau d by th niol cul r ion lo ing, on of it hydrogen atoms. 

(C'H 1CH ,COOH) 1 . (CH CHi COO) 1 -r H 

The p k - ,i 45 i 2 1 I · th nth mol cu1 - r p- k. It r suit from th lo of 
C2H5 group and o i e u ed by th 1 (COOH} ion: 

(CH CHiCOOH) 

The peak at 2 is due to th (C2Hs)+ ion: 

(CH CH~COOH) 1 -+ (C!2H~) + C OOH• 

our If 
A compound Z with n1olecul r formul C4H1.00 had p ak in its maa·s 
sp ctrum at m/z valu s of 74, 43 and 15 but non at 29. Id ntify th epeci s 
c u ing th 1 • p k end ugg at forrnula for z. 

Determination of id·ent1ity using acclJ1rate tTiaiss 
spectrot11etry 
Mo I rn n1 5 pcctr m t rs c,mn d c~11nine th r lativ 1nol cular 1nass if J 

corup und to an c ura y of r ur d in1al 1 bt --cs. Mofo uh~s \Vith 'tho sa1ne nt ] __ 1r 
1n s , ntc urcd by nvc1~ti n ] n1 n t the nc re h 1c nun1b r, c u b • 
, i tin uished us.in 111 ss ep tr.,_ Jt t fi ur do '" imt.1 I pla, 

R ]· ti,ve t n1ic m ss r kno,vn t c nsi.d r ble ,""cu r cy .. nd th~ ~111 H 
variati n in rtJlntiv , n1 l 1cular. n1~1 , s can b u ed to i . entify ~01np u11 

1 

1nolecu1 r fonnula. In pr:n:tic ~ the f ur d chnal 11 c 4i.f._ t are f 1 d int,o ,., 1-0111put r 
:i nd th~ i11Jy tn l ul r · rn1ufo I f th c n1J _ u nd thJt fits the tJ is utoru ti Uy 
\V rk d U' • n 1 i.;Us1,,Jay I. 

-- -----

- -- ---- -- -- - -------~--

An ors nic compound X had a n,oL r n, & of 84gmol 1• and could b eith r 
CsH 2 or CsHsO. 

) Its, niol culer ion had a m/z v lu of SA..0573. U e the dat low to show 
that it is C5Ha0 and not C8H~. R I tlv tornic ma se : :12c = 12.0000: 1H -
1.0078; 180 = 15.994 1, 

It , infr r d pectrum i hown in Figur 13.5. Identify th ~roup thet cau· ed 
th peak at 1704cm-1, 

Do not fiorget to put the 
po S itiv Charge, on th 9 

formulae of th ions th t 
produce the peaks in 
m ss a.p ctrum. 
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4000 .aoco 

Fi m 13.6 

20cc 11500 11000 
WGvenu mber Jr. m 1 

, Compound X deeoloris bromin water, It doe not r et with Tollen ' 
r a nt_ but do a giv pal y llow preeipit wh n mix d with iodin in 
odium hydroxide olution. It xhibita g om trio (cl Vtrans) i om ri m. 

Draw the ek I t I forn,ulee of th E- nd Z- isorn r of compound X. 

I I 

) The m/z v lu_ for C5H10 = (51 12.0000) + (8 x 1.0078} + 15.9949 = 
84.0573. The m/z valu for C8H12 is 84.0 36, so con1pound X ha ·the 
mol cular formul C5HsO and not CeH:12. 

b) Th group that caus, d tli p I k -t about 1700cm-1 i,- the1 C=O group (in 
aliphatic ldehydes or k ton }. 

The d colorieation of bromin wat r howe that it must cont in · C=C group. 

A it do not r et with Tollena' re gent it i not n Id hyde. The pr cipit te 
i that of iodoforn,, CHll; so X must b a m thyl k ton . Po eibl tructural 
formula re: 

CH COCH=CHCH~ C'H COCH CH=CH 

Only th first e~hibit geom trio isomerism, o th sk I tal formul of th 
g ometric Ison, r of X al'i hown in Figure 13.61

• 

) 
0 

Z-isc,m1r 

uro 13. 

uclea etic 
Most in ri.] , .ire tra11s1 ar nt r.a Ho - nve~, \\thi h i why it is t,ossi lt2 t h.iv 
ind or tel hi n n. rJdi10 1ert h. 



Al I nu lei in to1n~ r 1 rcsu lt:1 nt 1n:1 u~ ti 
c t rn,. J n1 u 't i fi Id , l h 

ith ~ 1 r utiI 
n h s rw1 t t s. Its 

th~ nuc1 ua • ncl thfll srr th 

It nucJ u h n dd nun\ er t pr ton r Jn d 111unb r 
odd 1n s 11un1her~ it p,i l iU pr duce e] ht n.. n tk: · Leld. 
th e , nditi n re th t ~ 11 (1 r t n nd neutr n ) n 1 ( r it1 11 

7 n~utr na). I t1 t~ri u 111. 2J , v hi h is , n ,vritt n . I . .111 v n nu n1ber 1 _ 

roton + n u tr ns ~ and 12 h pr tons nd f ncutro1n1 nd 
h ir nu l i viH n 11,r ju 

nucl i of h dro ~n aton1s 1 
1 Ii~ and t hos . of 13 1):riodu 1 a 1nt:.uuu .i ble n1a n~tic 

nd th cff et n it ot n p ,Ii d t rn l n1 n ti t1 l c n b studi 

If 11 
. . 

p1nnn1 
od o it. he fi rrn~r 

n ·r y. hi j 

-~---Spin cppc:ied ta £!1rtt!rn~I fil!!ld 

1En r;y 

_ ...... ___ 5p1n ~lign!d 1.o ttXtern I field 
No ppUl!d field tXt!iirn I magnetic fie ld 

3, Nucl_ r-&pin energy level split by next mal masn tic field 

IL.:ctr 111asnod r1diJ.ti.on i a or 1ed as th _ in f rhe nucleu ftip fr1 m the I, 'W~r 
n r y lign iricnt ti n t th' high r- n rgy ip s , 1 ri nt d n. hl;: tt _u ncy 

ofth r diaci n~ v, th t us ~ this is , iv n by v - E'/h, wh r~ hi t he Pl n~k n t~ nt. 

l · 111 gn ti · fi Id r ov r 21 Uo Ju i U d, th s littin i such that r~dio1 
\V l v s f r uency up t 4 O Ml z: re bs rb d. , h actu 1 fr qu nc y dcp n I 
ou the en ir nu1c11t of thv. nucleus ;ind the strengt h I I the ~pplicd 111 n~ti fi~ld. 
Nucl 1 ,vith JU h r r li1 n 'd \Vith th p H d t1 1 \\l'i H b · rb th ncr , f 
th rJ ilti n ~.u1 1 Ai1 spin- i po~ 1 st c '. 

Aft r h rt tim ~ n rm lly fth nd. th nucl u nt n ou. ly I h n es 
it pin nd r v, rts to ti 1 lo,vcr.- nl?r: }' pin- U~n~d t tt:. giv in . ft a p rti uJ r r d1 1 

t1 LJ 11 ~n ~ a g it drop~. he ~ v r c ci 111 f ,r th i pr e g s i g , U d t ho r£1, l~ :HI n tf n 1 . 

Obtt lnln per. l'L 1 , 
h sn1p,1 · rht.:n11tri1~dis · lvedin guilh] · 1vut,isl] 1 J t\veenthe , 1

] 

of a w rtul ~1 ctr u1a net. Q . n th p ] l f th 1n 11 n t th r i 1s a r di -
r qucncy co,i] th t is then th~J' ed ,vith osc:il] tin r:tdio w. - s. _ h42 ~bsorpti n o 
th S' , ,. V 5 by h S J1l I I B W y th -en i si 11 t 'th r dio 'Yl.1V is , t CtC1 

:-ind ·th re uJts fo to I' i.:otn1 u er h _t h . \V th resu lts ,J tr. cc. 

h 

dHy l'tcrin th tr nth oftho n1 n ti fi ld nd ke pjn the fr qu n y f 
th radi ,v V"S n ~taut 

• It pin th nut netic ti~ld , nst nt :111d s 1 ndin. ulsc s. fradi '1 vc~ f r uaJly 
ii re sin fre u n y thr UAh th s n1pl 

•••••••••••••••••••••••••• ••• 
llc Is at bi I otop ; 
norm I c on cotit Ins 
1. % Of 13C. 

N111c1' r m gn t 1,c r · on nee 



T bi 13. Chem~ca, shift- of 
common groups containing 
hydrogen 

xt I t f th, s Utti11g d ~nds · n th strengtl of th~ JUJQn ti held. h --r~fo,r ~ 

valu f th nu ~1 i b in inv 11ti ~,c - n1ust b n1p._i d ~ irb that of t1 S't nd. r . 
_ h s.t nd td . l\v.•)' u di. th h dro 1· nud i in _ M~\ r tr.._Jn_ th r]sil._ n ~ ( I I )~St 

h s.~n1ple is dis olv d in o !LOIV nt tlr1t d s n t . 011t in any pr ,tons. utcr t d 
ricl l r n _ tl . , _, · ..J · 13, or _ 2,e ar."I t'I u Ll~] chvic ;. A sma1J.. n unt I f _ 

r n1 · r· u nd the san1pl · pl in the s1 

Und ir th s nditi ns, nucl i in j r nt eh ,1ui ,.1 ~nvirot111 "tlts h v I j - r nt -.. 
,, lu . he t nt to1 " "hi, h th y i r tr m h t th M I rot, ns i call 'th 

h 1111 nl ~ hU 8, hk h i h sti 111c tor J l 111. cl ines 111d :1 11. c t n1i3 I nta neti,r tu)] g, 

Proton NM1R (1H NMR) 
olution 1H NM, 

\ -r ~oh:1ti n NM inwsti_ 1t s th v.1]u 
t h Q b r ti 1 k (t h I _ h i h t). 

rh horni, al hitt 1nd the re un~i1.;r 
i.:h . 111ic I shitl i11di · tes di n ir n n1 nt 

f th hydro n ti 1n in th n1 l cul n th p k h i ht indic11 ho nurnh r t 
hy r n t n1s in rhnt _ nvirotuncut. 

~h n11[ , I hU 

h ·h n1ical hitl, r l iv - t th 11r t n in M" ~ p n h nt. inly n h h nli, l 
, nvir nn1 1u f the h ro en ~u ru in the. 111, J ul . 

c-c ' :J 
CC 2-C 

C 

I 
c--c:--H 

I 
C 

lV 11 in 

o.~1.2 

.5, 

.6 

•\."-~(ll,:,r..~,.·---------•, ;~Gr-oun·~ ,I 
")r~· .. ':'•-:'!~I!.:, _________ ) 

C 20H 

I 
C C 

! 
I 

I 
C 

~o 
._ ....... c 

In aid hyd • 
It ton s, 
acid • st r 

nd n11a 

c.... on b nzen rln@ e. 8.2 c a 

C- C- In elk n1
- s 4.Ei _ .5 coo 

C=C- C 1. 2.0 C- OH 

,.2-4. 

2.0-3.0 

1.0-10.0 

10w0-1210 

1. .o 
The value et u, nlrt ror nydr10,xyi hycJro.e n lon,s d pencJ on the sotv nt and th xt nt 

o, nydr,o n ban cu ng and. ther for • It n1lght oe cnn1cu1t to I den tl1y sucn compound using 
INMR e otra 1one1• 



~,1 11 I h t 
h p · k htd ht (111 _r pr fHJdy ~t11, htt r l ar ) is o 11 indict I by 

:J l lUllb r bo e th p J __ , It .. n ,al o b_ . thn~1t d by 1 akin ,~t tho spectrUJll. 
l.c I inu~ high- r s !uti n p tra have n int rati n tr - su1 rhnJ · sed 
011 rh~ NMl s11e u ~~1ut. h 1 H NMR sp ," trun1 f th .. y~th.1ne~ 

I JJ J 12- - 112 ~, 13 \\"Lth eh ilnegr ti n tr c dd i i . h 1wn in 
i LI r l 1

, • 

.3 j /~ -----
2 + .1 J - - - - - - - - - ' 

.... ______ i., 

, _ _,A "liMS 
• 

s.o 4'.c to i:c 1 :o o:o 
h mi 11 hi~ 0 (ppm) 

Fi ur 13. NMR pectrum of ethoxy, th ne with integr t d trac 1 

N di 

11 't 111S, S 

th ·· suJt 

h NM . s1, tr1-nn f ~,r p. n l is sho, n n ' i ur 1 .. • I 

s H ~ 

l I I ~CJ 
C C C 

I I H ,~ ~ 

I I I I I I ' I I 

10 9 B 7 6 s 4 3 2 
,, I 

C 

th - 111 
m _ nd ix 

= .4 
t: n uu ~lei is 

xyg n. n1. 

Chcm,ic:al hift, a {ppm) 

Fi u1 3. 

h 're r..: thr I aks: -

• he paak .. t 6 ::::l ,t .R ig I uus, 1 by th hy r . n I t 111 ] th H sr UI', 
h pe k t 8 - 2. ~ i ~ c us d by the t,v bydr .t m • he r up th t • . n 111 1 

is n, _ t _o the H> r up,. 
.11 5 l_t6- I.I hc u~ I th hydro~1I n 1 tonn in th H_, rou . 

1'" h .re s und r th p 1.ksh v n t b 11 Jcul t d. 

Do not e'tate that the 
eh mical shift is ceus d 
by Srou p. It is c-a used by 
the promn in th nucle,i of 
the1 hyd roean atom 6 in ·t h 't 
aroup. 

N111c1' r m gn t 1,c r · on nee 



.... ·········-~ ........•.. 
Not tll pi lttl ns or th I 

pa kB In th spectrum ot 
prop n-2-oi. 

Ex min- th NMR sp -ctrum of prop n-2-ol~ CH3CH(OH)iCH3 ~ in Figur 13.10 ~nd 
identify th pe ks, 

I I I 

11 10 9 I 8 I 7 I I 

6 
I I I 

5 
I I I I I I I I I 

4 3 2 1 a 
Chemical .. hift I /ppm 

Fi u 1 .10 

11 

Th tall pe1ak t - 1.1 i due to the he hydrog n atom in th CH.a groups. 

Th p ak t = 4.0 I due to the CH hydro, en on the CH(OH), 
1
group. 

Th unsplit pe k 1( e below) t 8 ~ 2.2 le C US d by th hydrog n tom in th 
OH groupi 

y ur If 
7 How many peak er th r in the low .. re elution NMR peetrum of butanone, 

CH3CH2COCH3? Wh t is the ratio of their h igh s? 

olutlon H NMR p C I 
ectruu1 is i nvc sti1 t ,d with ll hi h-r' lution 9p tr · n1~ tcr the pe J ks .1 r 

se 11 r b split. r Uttin arcurs be _u e rhe 111.1 ne'tic envir nn1 nt fa rrocou in 
ff et by th 111 n tic fl 1 1 r tons I n nei h I urin I rb n 

l1 b r , hyd.r ell t 111 j dj ]'th th ppH l I, it l 
r inforcc 1 nd incr as s h fio ld on th noi hb urinp: hy 

rr et f prot n i11 I I grou n th hy r g n t n1 in th 
tu~i hbourju ..,H 2 rou -: 

h hy ro n at n1 crmn h v its sp,iu Ii nt.1d f or pp s d J.. 
ult in t 0 1 diff r nr fi I is ffi in th -·i;i 2 hydr 1n ~ their 

r~. th 

i1, ii, J;t . r 4J.. 
hi h 



hi p,r cess h called spi n 111 lin r phi- 11in Utt h . 

It th r 1L1 1n I f ._ hy l r 
~ rbnn "'lt n1 "H -t•u _ 

rl [ l Ill h~ H h ' rd 
J Ht 'inh1 (n 

n ._ t 1n1 n n0-I I 1bourl n 
1 

1) -ub-r~"t . 

_ h~ r 1. tiv th nu,,n_b r th. 'tap ~ _- ig S] lit int tu1 b 
tri n le (J i uro 1 

Nu II - 111 1 n n ighh 1Udn, tont 

I I J JU n noiQh • unng ton1 

2 ~I urin 

H t n1 11 1101 hb 
. 

Ufl l . totn1 

4 l-:1 '- t ms irin ~tonu. 

Fi lll' 3. 

h hydr 1n , t n1 n a I 12 roup n ' · t t a · 113 r u1~ , ill b · . lit int bur 
pe of r 'I tiv hl~i I t 1: : :1. 1~11 only X: _ ti 11 t t l i. rule i th1 t th hydr gc 
at ,n, on n > I r n n NI I., roup d .c not nortn lly c ll , spHttin N 1 ~_rticul rly .. 
if it is hydro n- 'b nd d. h i~ h hov,n by th hi h-ros ]u'ti 1n NMLl. tr1u11 of 
11r i _11- J- l~ H3 1-1.1 ~H 2( rl ( i ur 1 :\.12). 

I 
I 

j l l -
I 

5 
I I I I I 

2 
I 

11 
I 

0 4 3 6 
Ch mic I hlft a {ppm) 

Fi ur 13.12 

• h J e k at 1 ). ) is due t n t n1 in the 11 sr 1up. It i split int 

b · 'the , ve nei hh u ri u hyd 
• k t . 5 h split int th · . ~ h 1 k i L us d by th t,. , hy r scn ~rt n1s 

in the .. H 2 I roup. It is &plit into tbre by th tv 1 11 i hbourin hydro en 

• .4 i JUI 

~1 I t. 

Thie is c U d the (n + 1) 
rul a1 nd is c rue ia I to the 
interpretation of lH NMR 
p otre. 

N111c1' r m gn t 1,c r · on nee 



....•••......•...•. , ..... . 
TM CHO p k In 

1ae11yi - WII I to B In I t 
w1tn or e-1oppn1. 

• 31ni11 ati n f the pl 1tt1 nB indi tc~ th - nun1 bcr f hydro en at J ts n the 
n i, hb uriu rb n t m . [fa p · i l Ht int I t th n j lt ltrin rb u at u1 
hJ n H t 111 ate· t.:h~ L If h l' k is s lit hu 5, th re :ir fi ur 1 oi hbourh . 
hydr ti n1 . his n1 u_ns th t thcr is ith r I . r up phu I I r ,up1

~ r 
c,v . 

Look back at Figure, 13.8 and try t-0 xpl in the splittinS in the NMR epectrum of ,ethoxye,thane1
• 

Look at the 1H NMR sp iotrun, in Figur 1 13.13 and Tabl 13.4 on p. 306 and 
d cide whether it is that of butanone, CH3CH2COCH3, or m thylpropan I, 
(CH3 }:iCHCHO. Id ntlfy which hydrogen nucl I c use aoh peak by con id r tion 
of th nun,b r of pe k ~ nd th ir plitting patterns i 

s 

FI ur 13.13 

I I 

3 2 0 
pprn 

Both will hav three peak , (th _ two CH3 groups in ,,, thyl prop nal re in id_ nti, I 
cheniical nvironments). 

It mu t be but non bee u e: 

th re i ingl t c us d by th CH3 group n xt to the C:::O ( = 2.1) 
th hydrog n aton1a1 in the CH:2 ,group will be plit into four by th_ neiShbourinS 
CH3 ( = 2.5) 
th hydr g n ton, in the CH3 n xt to th CHl will ,plit Into thre, . (8 = 1.0) 
m thylpropan I will hav ingl t p k (CHO) - one plit into v n nd on 
doubl t 

e y ur I 
A particular pe1ak in a hlgh-r -oiution proton NMR - pectrum i plit into _ix 

pe ks. Giveth formul of the n ighbourinS, groups. le this consist nt with 
th compound b ins buten-1-ol? 



Carbor1 13 NMR (13C NMR) 
- h J l sp c tr;i r n1uch shn _ le r ~ th re wil 1 be no spHttins. 
13 at ms b 11 in n "Xt to c::ich ithor 'in Uu rbo _ i.;hain j .lb ut 

Unlike 1H N M ~ 'the p nk h i ht nr not pr p, rti.onll t thu nun1 r f c rb 11 

·t 1tn in that en h~ ncnen't. 

h nun1b r ,f p kA i. e ua l t I th nun1b r 1 ,at·b n t n1 in i rent 
envir -nn.1.ents. o but n ~ ~H H ., - H H 3• \VjU 1 av t~ ~e ks i1. it u N M 
p trum~ n du t b th I :ll "" rb n t 111 n - th tiler u t the rb n ·t 1n1 

in b th _ 11 ., - Ul) • ... 

T ble 13.6 Typ1c I chemical shifts 1n 13C NMR sp1 ctroscopy 

C o, C-H or C-C In -CH3. CH2 nCI CH 

c of ren 

o 01 c-x In 11 10g no lk n 

c or c-N In _mln 

c or CON In mid a 

c or c-,oH ~n 1oono1 

C o,f c next to C-OH In lcoho1
~ 

c or c~c In elk n , 

c o, coo In 10 moxyuc c1e1 ne1 sler 

C==O In a Id hyd nd k tone 

C or c next to C==O In tdehyd , k ton ana acids 

-

• . • ·1 

.. :,c_fje_n1,.~.ar~1~H.t.~i>,P_,n , 
-------~ 

60 
(CH3 CH2 CH) 

110 1 0 

0-7S 

0-60 

160-180 

lS0-90 

25-70 

120-140 

ea~1eo 
200-2,..0 

20-50 

Th t 3 NM 1 cc t 1\ f r J n ic • c id rt n d r p n .... 1- l a r s h "r n i u Pi u r, s 1 . i 4 
and I . J Si. 

coo~ 

2 CO 1 SO 1 6 0 140 1 2 0 1 00 80 SO 40 2 0 C 200 1110 1 ic 140 1io 16a a'o s'o 4'o 2b 6 
ppm ppm 

FI ur 13. i uro 1 ,.1 

he pe:dt .1t 6 = f 4 i u the s1 1 c tru m of p,ro au- 1- ol is c.1uged b the iof 
that t 8 ~ 2 y th 2 n j that t 6 ~ U du to th H 

N111c1' r m gn t 1,c r · on nee 



A ign th p - k e in 
carbon atoms. 

C NMR -1peotrum of buten I ( Figure 13.16} to it 

- , -1 r I I I I "I 

200 ,ac , so 140 120 1 oo so so 40 20 o 
ppm 

Fi ur 1 .1 

11 

n,e pe k t 205ppm i · c u ed by th e rbon in CHO. 

Th p ak t 4B ppm ie cau d by th - c rbon ton, in th CH~ n xt to th CHO. 

Th pe k t 17 ppm ie cau d by the c rbon t-0n1 In th CH2 n xt to th CH3. 

Th p ak at 14 ppm i oaus d by th c rbon , tom in CH .. 

h I cn1ic. J hift of' rb n to111 th r tmns-- to e eh ith r ( . . in rrd1u-bu t..., 
r th~ n th·it in the r s- isontcr. In I J l NM R. it is th I ye.If\ n 

ton1s that re crs tr eh t her thnt h v the I~ r er d cn1 icaJ shi'f't. 

M 

ur If 
A con,pound had thr-ee pe k in its 120 NMR pectrum. The wer I t B 
valu s of 27, 72 nd 85 ppm. Sugge t forn,ul for this compound. 

in1 in i u d I pr l m in s, tl 
r quir so .. trcn1 ly 
I f the. n1Jg11 t t . 

t rn r.1tur of 4 K '\\'lth liqu kl h~ nu 111. . tues ~ up . ndu E r .. nd 
hi h ]cctrt- currL.:nt c· n be Jn" 1 t fl ll thr u h ic '\i rith ut · 1y h t b in ""l" uc d. 
_ hh results in dl c/·rr ,n1 l ' ry.t t fu l Jn~ , neti fi Id of ·1 kH ~1uss. Pul es of ~ dio 
, v: ~ t ar u nd 40 · Hz r t lkn r dfa tcd throup:h thi.! :mticnt. 

he hydr gon nucl i in ~otl tiuu h ve :i diffi r, nt eh n1i, al hi fr n1 th s in 
hard r tis ue. ou1pute1 1·an s 1un.1.t l i tur g f Ii · s thr u h th~ p rt f th b dy 

inv ti 't d 11d, th r t r ~ pr bl m c n be t cted. 1 h 3 ti nt guff r no 
i11 c cts because the proc:cdur is :non- inv siv~. 



I Chro1 n pJ1y 
hron1~ to r~ phy of. 11 typ"s \vor s 111 th ~ n1 prin i1 I . hl' s. n1pJ is dissolved 

in so'iv nt · nd \Vllh d thr ugh 3 st tion r r p,h c by ;i 1n bH _ h.~ call d th 
Ju nt. h c mpctiti n t,v en th 111pl 1n l u] s ads1 rb d by th t ti n ry 

p1h u1 d is~ Jv d by th eluent r 'SU1ts in s _ r.1ti n. :"u , t"' n o th r r n1 re 
solubl in th ]u 11t :ind 1~ s ds r d by th"' ~·t tionar. l h s ni v f1 st~r th ·ou h 
th .if~, 1ra'tU • 

h pt": d t \Vhich l _ c\fil u t nee p:i g s thr u h c , 1e1 d 11 th n tu~ th 
st ti n ry phas 11d f the elu nt. or iv n t ti n ry ph s nd l u n t ~ hi s i 
n1 ur d th R,. ]u r tb gub tJnc : 

AH tud nu ilJ b v1 r f :.1p r I hr . Jn ,t r ph ~ but thi.: r soluU n bt in d by 
thi m, tho hi 1 10 r. h re ,rt:; thr m h1 .1dva cod t chniqu & th t re u d. 

Tt1it1-layer ct11romatogra1pt1y, TLC 
his h scrib d in det H in h pter J 1- l . ... v rhor th , rati 11 f n1in ci.ds 

is e. pi in d . 

Hi1gJ1-perfor1ma,1nce Uqu1id chromatograph.y, HPLC 
hi t -hn 14..]U u g l olu nu1 l .;ked l-Vith I Ii 0i unif rn1 l ~ rtic1 si z - the 

st ti n f}' ph 1c. h s 111 :.1
] to 10 cp r. t h dis Iv.: in uitabl s lv nt • nd 

~dded to the to o th colun1n. he liquid ~luen t - th n1ubHl' ph~~e - is thrn 
f re throu h th olu 1n un r h 1 h re ur . 

I 

h 1 pr111 ·ir 1 is th n1 as fi th r I hr 1n to r phic t hniqu . itf r nt 
hav·~ L r ut str n th 1nf inter.1 ti n b ~ n rh ti 1 nary \ihas an 

thl: . h h dn1 t k n or 1c tn n nt in th atnpl n1i tut· t p s 
thr 11 h th"' . lun1n is , an d tin 're lent n Un1er ~nd is uni u harJ .. t ri tic of 
cl ~ sub t n ~ th I tnp siti n f th e]u nt~ th~ n tur f th tati nl r ,. ph s and 
h pr u re . hi· 111c n s tll'lt i · r 11 on1 n~n, \viH as chr u h on ~u r th 

othor~ it h op bet •o n o eh. 

- h us I r hi h '[ ;Siur in r .. s th ~ e d t which the elu nt throu h 
th _ re lun1t1 .111 I re u rhe tent vLi h th b H t of Is 

u t du ~ t ~1i u. ion • , hh Ull:! n s t h. t J P h. & 

1:,i,1pcr or thin-I ycr chr 111:.ir r p1hy. h coh.utu1 .u be c nnc t d t lln intr, rod 
spe tr n1 er, \l hj l u g c..t t i 1~ntify c h .. n1 otit:nt i11 th 11i nu . 

h rly , lun1 nr. u "' ol r t'1tion 11' h s,~ nd ~ n n I ! r clucnt. H w v~r. 
thi l 3 h n sup~r d by n n-p J r stati n ry phas an p l r Ju nt. hi 
t chniqu-. js c~ Hed r~v r d-pl . ._ h 01 h-p r · rm. nee Uquitl chr ,in. t r hy, 
llP P t .. . It i u d in th J hL r1u I uti ll industry t &,1i,1r1t · r1.1 tr 111 r1 

rnL tur .nd · , h the urity of it prr duirtg, 

Gas ch1rot11a1togr -pl11y, GC 
n hr 1n1:1to r plly is s, in1 tiln uH~d s Hquid I r n1ar raptly ( r ). It 

111volv s. s 111_] being inj et dint a chr n1 t gr h, c lun1n in th nn t ,tf -.iUy 

1w••~••••••• •••w•w •••••• 
Thi& t chnlqu u d o be 
e u d n1at1 .r ,eeur Uqul,d 
c hron1 togr phy. 



~ 11tr H ,a oven ( ~i1 u re I _1 .17). l "'h " sJ tnp,k ..:v._ r:tt $ nd is f re d thr~ u h th~ 
. k11nn by thc1 ft \'V n in rt~ s u n10LiH ph UC1 1 11 cJ th rri r m • he 

1 ]u1n11 its If ontilins _ liquid st. ti n. 1 y 11h s h 1t i ad~ rb d or t th surfil L! f 
n inert Hd. 

Carrle!r ga1 

0\/en 

Fi ur 13 .1 A r ,pr sent tion of GLC 

h I rri r s n b hy1dro n. r1r on. oxy~ n. nitr 
~u bgtru, e p. e th I u . h th "'olu nu1 d J f nds 11 th ~ 

,vith rh Uquld st ti n ry pha s . 

n or dr. t ,vhi1 ' h 
t nt t - \Vhi h it i11 tera t ; 

1 t t r n1c1asur s th 'th nn l c ndu rivi'ty f h as ~ 1t1n th hunn. Wh n 
n nt r the I ri in 1nixtur i n1ix d ,,,ith the rri r _ th 

n u tivicy eh n~ s. h thne th t ' rtic ul r 111 onen[ ot th n1ixture 
ilk t - pt ch1 - 1.1 1 h the c !u111 n is. ~,.1 11,d the I t •nti 

his n1 th di suit bl fr r cin n i curs I f s r vot.tilc Ji uid&. he 
id ntity ~ th c tnp ncnts i u th 111i xtur. 1 n b tb u nd by r 111 vin s tnplc s 
I ._ vh1 th :1 co1Jun1n and nt Jsurin th ir n.1"" s, NMR.. or i11 rar..,d gpc tr l. hc~e ar 
then n11 tired \Vith p ctr i.11 d t b s hi chniqu · .. j Uy v Ju ,] iu 
t~ r 1ui ,.: 1rk nd in 'tb de t '" ti n f dru l 'tllcdr 1,n _ t. b Ht(; in .. n h let~ •e ·bl 

r urin s::uupl . 

m - ry 
M l1 o sut th. c )OU und r~tn d ho\\' t • h: ul.i te: 

1 n1.1 iri 1 f nn.u la 1 ft· in coin u t:i n dat.1 

• 11101 ufar f rn1ul fr n1 1n iri al fi r u1ul 1nd ,n/ - at 
111 1 cul r fi rn1uJ fr ectr Jta t 11 u r d iln l 

the -- .· . ~11 an . . - - .,,1 I p;roup 
c H roups 

1uur that y u underat nd: 

I \V ll ~ nuu s n N M ll s. tr .. r b t. in 

tb, t IR · l ec'trJ iv in tbr111.1tion bout th roui ~ ~,r 1 s n t in a 1nol u k 
th t tl. nu n1b r f p ka - nd th ir v lu s h1 ,t NM tru111 
th numb r 1f di ,r nt h n1i, ·al nvir nn1 ~nts and tl1~ t th " r , s d 111 n on h 
nu n1ber . f I :.1touu in tlu1 t environ n t nt 



• thnt th s Htting f th, ~ k.s c::: r, + L \Vh re tl is the nun1bcr of neighbouriu 
hy r en at n1 

• that the t u1nb r f poak :1nd th ir 6 . a lu~s in . NMT l' - trun1 clop nd 

• 
• 
• 

n th nun1b r difl r nt ,eh nli 1 nvironn1 nt , and th t h p ks u_r 
11 1 t spHt 

to11 d · er as s 

~, rpci n f infrar d '"• use~ , nd 't tret, h r bend due r k! ch:in e in 
ciipole n1 1m nt 

'[h t y u: 

C!lltl iuter1,r~t llllUUi, r R..w ' NM . n.d 11" NM ~p C[f3 ~ud us~ chen.1 to deduc I 

th id ntit) of 11 unkn \Vil 

• 'an int t 1~,r t ] liuin 1 att rns in I l _ NM J ~'tr~ 
• un ,rgt nd th .. t the ,eh. Jnic 1 ghi'ft d~p nds: on the e cent t d shi ,Jdh1 
• r alis that th ]in in u n1 ~ sp tru111 a re ·aus d by p sitiv i ns 
• kn '" th t th di t nc n1ov J by a su t n in 11 1u t gr phy d p nds n ics 

r btiv s lubility b t, n th stati n ry ph Y nd the , lucnt 
• can dc,sc rih , L . ~ H PL nd L ud ,i.;.;. 11 dedu c identiti "'S fron1 

c h r 111 t , r 111 

I Que tion 
Which sub taJl ,v uld not re. , 't \ ith N I 2 li 2 H = ... H 

,cid 

B Uthiun1 .dl1 n1inhun h) ride in y th r 

br m ino v.,.atl.!r 

D cth noi cid in th pr 1G n ntr te su l uric cid 

, . H? 
• 

thyJ · ... n1h1 b n2: t NJ 12 ,, l J4 · 2 Is~ c au b rep r d fr 111 , n z i c 
._ , ·id in thr e str1,~. 

H ~tep" N 
l 5, ) 2 H 

!Step ,, s ) 

TI n nd c oncentrat d 
hydrochlor1c old 

c Ett, iniol an,d ,oon,oentrated Dllut nitric and su~rurlc Tin nd Clllut , 11y,drochl,ot1a 
umurlc acl1d clCI at 50t,C Old 

o EtJ1 noyt cn1,orl hy,drochlorlc 
sunurlc clds at 50°C acid 



3 l h .. 1 '" rt ~ s qu nee tbr n: ryst(JJJis 'ti n is ti disso]Vt.; 
in th nlinilnu111 .un unt h t s 1'11 n ~ rh n: 

o I. 1ltcr. \Vl h the r sklu 
• l,TI \Bl[ f C1 ld solvent 

co 1. fih~r. \Va h tb r sidu 
. IU u LU f olv n 

\Vith th 

111i ni l11U Ill 

. . 
1n1111 111 u n1 

Liter,~ ·" h th~ r i uc wi h th~ n1i11irntun l rn unt 
of al ~ ]V nt 

O tile r~ "o l th . tiltr · t ~ fil'c r~ ,v 1sh th r si u 
with th minin1um m unt 

4 lJ hi h ryin nt c uld be us.a t dr 1 s luti n 
of 1,h ny]~ nlin in oth _ t? 

A r!l11hydrou&1 1 lciu1.11 chloride 

B • n h rdrous: 1C ,er su U1 ·t 

t ssiun1 hydro .. id 

D I one ntr 1tod sulfuri, id 

6 A tu cnt pJ nn d to r 'P:Jr M ~n1· 11 qu nti.ty of 
C

1thyl oth n at by h~atin ll'll T reflux Oth~Ul ii. 
UL n i, 1 · id nd u1 11c ntr t d ulfuric cid 
s r tl1ly1t. 111 HJ f r 1 ossihl~ h. z.1rd f rhcs 

r lht d b~l w. 

• c n "' ntrat d sul uri , id: 311 1 iJy ,- rr siv liquid 
th t boH ~ ith d on1p ition llt 40° 11d r ·1cts 
e~ th rmic l ly ,; ith mJ tn1 c1 nt inin 
- · I-I 1 up 

• eth u ]. thanoic ttcj and thyl than t~: 
ft 111 n, .1 l • I atH~ Hqui !i 

Which "J uld n 't b ne1 ~s ry f r r, du1ci11 the risk 
v h n p rtbrn1in this 1.-p rim nt? 

u !W a Vltrte.t bath to lu .. )~l't the •nixtur 

B ~ dd th one ntratc d ulfu ri1 1d dro 11 Nh t Lh 
r c ti n mixtur 

. arry 1 ·ut th~ r~ J tm n in fu nt I u~, .. 1rd 

Whi h re ction \-V 1Uld n t i .~ sin~ll.! tcrc i'1 lll t ? 

the ddition hydro ou . YJ nid . H N. to 
th n.1L ... H3 H 

B th1.; ' N2 
n nti 111 r 

n of H- int I t single 
. no.1 n 

D th id iti n t" ir min r cycl h - n 

7 1 .. ho cstor 111othyl b~nz Jte c n c hydr lysed 
t b. nz . 1ic 1ci n~ ni th n l by h tin und~r 
r flu. v ith dilute h 'droch 11 ri id . _ h . Ud 
b 1121 i h dt r d I ff ud lid sodiun1 
hyd1 I enr lfh 111 lt~ is. } d~d t . th fl h1(1()J1 , "'he 

of th SO ]Ul11 hydr01 n rb 1n t i t : 

A re n1 v 1ny r1 ani in1puriti 

B r 111 V • 1·1y ill r nic .dts 

I ny 1. id i, i111pu riti 

Ith rn th1 n 1 

the effi t n 

) infran::d r di ti n 

11].Iin, · hy ·\vatcr va] ur i~ pov,,· rful re 11 h u e 
~ . 

• 111it1 the intr red sp - tr , A n in i ur 
1 .1 . n sp ctru111 is h t f pt 1(l n I: th other 
i th t o· _ r p oic 

(d ntify th pc k in A at 1715 cn1-1 • nd 1421 c: tn-, 
an I th ~ 3ks in at 2 6 1n-l, 171 I 111-1 r._nd 
1416 n1- 1. H nc, .. d cid \Vh ich spt:ctrlnn i th t 
f pr anoic cid. 

;1, 100 

i 
l!! 
l! 150 

1 SOO 1 COO 
W venumb rl<m- 1 

o ......... ~""""'~~!lll!ll!!llll....,~i-1!!!1..-....-.-.-....-
4000 .3000 2000 

FI ur 13.18 



a 

Ii) 

r 
, ,vhi h , "' n' Jins 

:\.l' en nly. w-s 
n n if " rb n 

, ,v: ter ,vert.:1 r du d. 
ku1Jt its n1piri,c I f rn1u l . ( 4) 

Its 1na . spe trun1 hl~ 
k t HII = ( . [ t 

tru 111 of · _ h d 

v?I rh t 
( ,) 

f 1 L~t I 1 t I 11 r k . ) 

.. ~1,) A co1npound could h~ ith~r 41 
r 5H 1~ . [ t h . u] rr ion , k 
t ""'/ = 88. .,, . Us the data 1 ,} w co 

calcu Llte its n1 1 ut r torn1u I"". (2) 
[l l ] = 1.( ~, ; ll = JJ .( 00 ); ·l = 15. C) I 1] 

b) d _ s n t rc.1ct ''lith cith r 

• - • Ii . 
1 , I , I , 1 , 1 , I , I , .1 , I , I 

1 BO 160 140 12 0 1 ea BO 60 4.0 20 0 

Fi UI 13.20 
ppm 

J't wh_t y . u c.1n d du ~ 111 th e 
t g ts. I d n ti fy eh I r u tl t c us th " 
t\VO p in th l 3 NMI s1 ecn·u1n 
nd h n ·- \Vrit , th tructural f rmul I f 

c1 n1 und . (7) 
) Anoth ~r ,co1 nJlOll ltd Z hus 3 mnole ul. r 

f' rnlld f 4 s 2 ld . C rb ~ylic '" id. 
i) rru turaJ urmnuJ thJ t c.: ult1 

U) 

o) () 

H) 

(-) 
1 ctnnn h.1s thr c p _ _ s: 

._ sin I t at u b1 t · t 6 c 

1 .. 2 nd .J ,i,e k plit into 7 at 8 = ..... :,, 
'U e th ~ at:i to id n'tify . n1,p 1U nd Z. 

pluinin y u r re nin . ( 4) 
f oil 1 15 n1 .. r 

. n uu n, 
I I 

I 

dl r a .. 
,vith X havin n ,mpiric 1 ~-- nnul f 

S JO 2 ' (2) 
h c 111 ~s tru n1 f h d k t 

,nl = 1 n2 . Writ d :vn it 111 

tbrmul.. 
b) ....... on111ound ,va s h . :1t d u nd "'f rctlux 

,;rith 3 JU u ditun h ,d 'd and tl'1et1 

1 • ,1np · und , as di5till d ut. h r ~n1 iuin 
s:olu tion ,, L a, i difi · d \vi th filu re s u I fu rk ~icid 
, 1 i c mpound \l di till d ut. 

ntpoun ,y ,l'V ~ • p. I yell \\r pit i1i,it t 

,vh ,,n \Vi rn1cd , 1th iodine in alkali . 
he u NMI p. trtnn f ,· nip,. un 

h~ 
l) g~ th intbnua ti ll b rvt.1 t <l du 

th~ stn1cturJl fi I mull .1.ndY nd 
h 11 th t ,. .Ju~tify Y, UJ" JIU\~ • (5) 

U) Why w $ it n osa~ t dd Lid h _or,c 
dir.tillins ut und ? (-) 

Ui) Writ th r tht": r .cri t1 f 
qu u diun1 

( l) 
I ) W is .111 is1 n1 r t 

ptic 1 is n1er . r \V 
th stru tura1 u·nul , fW :.1nd jrcl th 
1chir J I ntrc. -) 

r1 t I 

Ex m pr ctlce question 



A 
gbsnm:ption fre n~n iei11, JR. pec:rroscopy 

2. 9,~300 
t!'tte dd {etban, i cid) 21 

a id- 1 c: nju r, p in 27-29 
u:id b.isc: c:quiUbri 27-S7 

c:id-b 1c conju te p its 7-2Q 
add nd JI quiHbrium con• 11n 

20 30 
cid.~bue indic tots 47-45 

.11uro ionisaricn ot \V.ltt!r 0 
buff~r sc)nticun 42- 47 
enthalpy o n~utr:Llis tion, 
p l--1 ,c,f i:lC ids. b ses _nd i. lus 
pH 5C l~ J0-.31 

dds SJ-55 
l- 2 

str,Qn nd wi k cid1 11d b e 9 
st ucturc: of f:i SS 
dt . ti 011 C'U rv,es 49-51 
ticri1.tion1, w a 1u:idJ \vea.k biUeS 51-54 

Ati b~se btdic:1ton 47-4B 
acid chlorides st, cyl chloride, 
11dd diuod l~on const nt, K~ 2 

c le U-} tion trcm experimen tw c II J - 40 
C ku1 tion of pl-f of~ I! k 11,c:ldl 35- 7 
~v )uarion rem titration curves Sl 

:.. cidk mine cid 2 4, 2,6? 
il i 27 sn d{~o ,tron , acid-.;, ~.ak id1 

mine re cdons 2Sl 
diprotic .37-40 
enth ]py o: neutr~i• tion 54-SS 
re.u:tion with amino cid1 2 S 
1b:ucture of SS 

activ tion eners y, de!fiOed nB 
ctive sit~,. cat ly•t 1u:rr1ce 1'9, IS!, 177. 231 

ac yl c:h lo rid 1 

11mine I,C' crtlon wbh -Sl-54 
chennic;al re; tion• "'lQ-21 
6crm ticn o 21? 
phydc l pr crtits 219 
~r p don 219 
r~ tion ,vitb ph no] 145 

addition eHmin~don re c:ri,oJu ... 01. 
204-0ti, 211. 2SJ 

addition polylneri1 tic·n .l,6J 2 
ilbnine 2G4, 265-GG 
dcohols 

aiciditv of 24 
I 

ld~hydtt, nd ketone, r,educ:e:d to 
201-rp 

boilin re 01p r ru re: is 2 ti 

c oxylic r:ids 2 17- 18 
esterific;ti n ... 17- 18. _Q 

etblln1DyJ chloride re ctic,n ... .;.0 
idcntificuion oi _9 , 01 
iodo!orm r~:1cdot1 2017, .,. 7 ~ 2 B 
ph~nol BQn lcahol 24 
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the1nic:: J re ction11 235-41 
compounds ,vith i: rbc,n 1ide c:h in 
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c rboxylic cids 213 
d~ter.m h1 t iot1 o,f 2 ,6 
entropy ch'11o e1 72. 73 
~lllb!n :222, 286 
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Bui:hnt-r fun]t('], fihr ti,on " 
u r re i n in lih ti ,,1 cur , S1-.S4 

buff'~r olurion11 "- J 
cotnpo~ition c kul ticn 41 47 
effidc:nc:y of 44 
m,odc: ,of c:tion 4 44 
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c ti,cns 62- 70 
c- group. rc:sr for 295 
CC!ll di ar ms ~ 07 OB 
ch~r e dc:nuty, c tion 62, BB, 
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non ... 1t nd rd c:cnditicn1 lOl-OS 

e]e,c tz:an ffi.ni.t y 60 
d~c troph U ic • u'b Slit ution rr c tions 
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d.et~rtnini.ti on ,of l 87 
!'nuop y eh :u1 ~11 7 2. 73 
B op1etrk i I o m~n J 89 
phtn l 2 

mercury ti rteri I H t 
n1ct ll, 1t nd rd electro e pot nti l 10 l--OJ 
1neth ml 1971 19 

r ~cdon \Vhh :rdin rd t'C gent• 272 73 
nlleth.illne 81 1 2 9 · 

extt c:tion .?4 
hyd1'\osen :rn nufi ctuL-e l 14, 177 

meth~nol i 1J, 1113, ~~O ~:.!J, l25, 
methyl ntine l , 2S0-Sl 
methylben:ume rf c:ticn 24 t- 42 
tn~thyl bunnci re, ""lB 
2-nu~thyl.rdt[,ahrnz~n~ .,. Ct,-47 
methyl oran a:e 4 8, 52 , S 
modern 11n.ilytk tec:l1niCJui: 299- 14 

chrom to n.phy 313 14 
infr red 5pcH: tl' .299-301 
h1 n B pc: c: ttoscop )" 30 l - 0 4 
nude m n tic: rc:son~u1ce: 304 J 1 

mc]:ir Jn1us 2 94-95 
m cl~c u l;r lfi"ormu ]a, obt. inin from 

empiric: I 294- S 
mcJecul:.u iou, fr:asm~ntation of" 30 ]- 02 
m"3le fraction, d~fin d liQ 
monadent te n 1nd1~ ddidon HJ d-b]c k 

ion1 1~7 49 
MRI (m gn~tic re on nee im~aing) 312 
muhi-U p reaction l7' 
mu!.ti-uep aynthescis 27 0 

N 
(" 1) rul 109 
nm:tur l c:itetili 223-25 
n iat urai l po lya mid~ a 2.1tiQi 

n11turiJl l products 230 
c:ont~inin · d1t' 1.1min~ r,oup 26:2- 63 

n.~s dv lo, (p p 1-1 nd pK.) l2 
neutr;] 11mino ;cid1 264 

nc:uEr l iiltomi I l ::? 

nt!utr lh ,tion of ,c:id1 1 e1.1th lpy ,c 5 l 55, 
neutrality cone pr 31- 32 
nitr:idon 2 G-37, 2 t- 2, -45, -77 
rntrihu :us 

hydrolys~d to c~rboxyUc cid 'JS 
r~d'-icti n o_ 2S2 
u1e1 ci in I ynt heli 1 2 0 

NM (nudeilJ' m n de re1 ruu1 e) 304-12 
nomen l cure 

r n I JJ -l4 
c rboxyHc dd!I 21 - 14 
i1on1c:r1 l 8 - ,o 

Nome:x1m _5&, 
non ... supt!rimpo ;i'bl~. 1!!11 nE omer l 0 

nudeophUk iddition 
I dehyd" n btone 5 ~ 0 !-0 J 

, rbony] CQ:rnpcun !I LPS. 203- 0J 
hy ro in c nide ( l N) 271 

nucl~ pi ilic 1ubsrilurian 172-74, 
194-95, 271 

n;'lon 25 -5 ~ 2 ·,7 

oprkal is merb.m I JQ,, 1'90-Q l 
bioh:i ic:al ditrerence1 1 Q 

pl n~-pol ti1u.~ li8hl 1'911- 'QJ 
hivo c:hir l c:c:nErc1 19 

,opticll isomcn (m .ruiometea) 1' 1.3 ~ 1 5~ 
2. s-,6 

ord~r ,oil m:tc t ion 1 SB 
1!\ddence fot ll medt nlun l72- 73, 

crd~ r ,of re _ c: tic n, d~d m: ti,cn of 
from form or c:on,~ntr tion-iim Br;ph 

1165-67 
rom .initi l r te l 6'+-70 

from $h;;i:pc of rQte-i;encentr r cin -r phi 
l 7-

usin · )J l' -lives l · J - S 
1orgsnt1c '1i.i1 - lysi • 

6L1dh1 the: moh:cul. r. mrmul~ :293- 5 
1pl!!c:ific: ide.ntH1c.a.rion of tht! unknown 

205_g9i 

or anic compc1u1d, id~ntitic:nion a, 30J 
or nic 1ynth~sb 2 7 t-91 

dec::re 1e i , _rbon-cluin l~n ith 274 
in~:re; e in c _rb n-chilin h~n th 271-74 
muhi-11,ep 5)'nthe1es 278- B,0 
od1er common rr n form rions 274- 76 
pr p r tion ruul ruirificatian n1eehod11 

261- 7 
mac:tion of r~ncs 277 
d&k ncl h ~a,rd ::? BO .... a ] 
stl!I~och~mi1try ,o: rcH1c:Eion1 2BB- B9 
yicld1 lS7- 8 

a caU ionic 97-9B 
oxtd ticn 9 

kl !hyd.ei 2 Q I 
t the nod~ in c lll 9 S-L QiO 
nd xcent of re i:tio11 10Cl 
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ionic h lf-equ lions 9,7 
oxid ricn numbet/11t1.n~ 91 

chr,ctnium 141 42, U.3 
ox,o- dds 55 
tr: n1idon metuls 1-7-lS 

o,xidi,in 1 \S-l 
_g .. cicl 

Ol!Qi11~ 2.12 

Par ctl m ,] 25 
p rd ] by'1rn n [ton 224, 
partiany ,o ralcnl ~2 
parthJ ,ordtt of a re ction 158 
p tti l pl'i ssure, K11 Q-·J 0 

cdc:ubdtm ftom expc:ritnent ] ckit 1 ~- 13 
eguilibrhlm ~bn1u.nt in ternll of 9- ll 
betero !nous equili d; l JS 
OX)·gen ~OS 

p~1b, i.n£c ~d 1pecu:1 JOO Oi 
c~:rbon 1 NMR Jll-12 
p~ k. h~i ht, low .. rHohnion 1M NMR. 

·Ob. 07-08 
l'e k 1rliuin . hi n-res h.uh,n I I NMR 

ptctr JOB-10 
pc:ptide ebi11.in1 267 
p pticlc:, links 25 I ') •o! 2 5, ") 
pc:r.c~nt11 e, c:rtor in me11.nu:em~nt1 120 
P.. (Poly thyle~e c:rephth l tc) 2:!6 
pll 

buf&r solution J.4-4b 
cl, n I! wirh dme l,61 
lndk _ to:r1 47-4 8 
me-t~r tO I 
cul~ iof h,va, 51-52 
a le JQ,-JI 
titr~ti QD c:utve, 4'9-S 4 

h rm ccutic l proceHcs 20 24 
phenol 2 2-4.3 

,hemiciiJ :rc:iJlctio:ru ... 44-4 · 
f h ys ic: u p rcperde!I 2 4 1 

ph enclphth ~lein 4 B, 52 
ph nyl:unlnt- 2 J1 :25:11 ...;SS 

cheniic l re. cdQns 2S -S7 
I bcr t,o,ry p~p r don 2S 
1,h~,4ici1l pr,optrtie 255-S 1 

ste m ,Us·1 iU ti n 2 
planc-pol ris~d li ht Hn-92 ~ 19!. 206 
pl tin.um i: mp]eus s i:htmother py 

dru I 13 
pc] r bond1 1 17, 201 1 ... 02 1 299 
p ol ri mt!tc·r ti. ::!: 

clati• don ofEhc 'nion, i::ov1Jem:y 6:!- 3 
po] r mQlt'cu]~1 1 B1 2:2:2, 24.J. 2 
po]y~mtcil!1 lSB- 610 
po]y·den1 te U nds l3l-3S 

ddition to d-block icn11 I · ~ 
po]ye u~n 22S-l7, :UH 
p, -ly(-t11enol) i62 

lyl e:tk cid (P A) 226-"'7 
, (3}y1n r elec1colyte rm:.mbr11ne (PEM) fu l 

ceU1 HJ, 

lnd_X 

p o,l ynu: ri1 t ion ceu.c t i,c n1 
n1ino dds 2 S, .. 7 

poly1mide1 2610- 2 
poilypepdde1 267 
pciy(pr,op n micle) md poly(prop~n,ok 

cid) 2 l-6" 
p caidon _] i tQ,mtri1m 1 S -871 .... 3 
p ,aidon of ~quilib:r.h,m 

nd onc:en'ET ri n eh ,ng 1 19-20 
effe~t of ddin1 c:ar ly1n: 20 
e c:c:t of increQU: in prenurc 1 - t 
e' eel C!lf tempem:uurc: c:hmge 17~ B4- B5 
mini n1u m free ener8Y 7 

pcsidvc ions, d ... lock !lei11~nus t 14 :?S 
po,tLlHium r:.y nid~ (K N) l? l 
pet 11ium m n 1mr~(,,n) dtr;uions llB-1 , 
pr=Hur eh n e,. 1ta1u re cticn 

, ect tin ~quiUbrium po1ition 17- tQ, 
eft"e~t on te fre ~crian 1S7 
nd electro -~ pot ndal v Jue 10,s 

prim~ ry knhcl!I ste 1.!110 1h no! 
c:yl cl\]oridelli prcd.u~ na "21 

aldehyde prep Ueu 199-200~ 275 
ldckyd,c: teduccion 202 

c rboxyHc dd. prcpui:Ldon :ns, 275 
c rboxylic c:id reduced to 2H; 
idtmtifyi,n 29 
iadc orn1. test 20S 
methan~] ind Cri n1rd 1e ent 272 

prLm ry min~s 250 
ch~1nk l reaictian1 25,2-SS, 
prep ~tiou 251 

prLm ry ltruc:tur • protein, .,, 7 
ptopmon (rac:etot1e) t 918 

prep tiou o 200-01 
rc:duc:ti:on of 202 
solv nt fer or: nic sub!ltince111 ] 99 

ptot in1 1 -6 7 
proton NM 30Ci- l0 
pse:udo iero p ti l-ordttr rr- cticms 176- 77 
PVA (polyvinyl cet;te) 2, )2 

c:tmic mbctur 1a2. HU, 194. IQS, 20· - 04 
mte cons r1nt. k J S 7-Se 

clfrtid · !ttmpergttJre and c tal)'JE 17!-S l 
unit· 1Q·f 170 

re- detaminin 1teri 17,,. 17!, 174 1 175,, 17 , 
Ee q,l1l don1 l 57-5 

rare ,of t"e 11.c: t ion, defin d 1 SS 
mte- conc e nt rat ioa r~p h• 1 '7 
~ c: ticn p mfllC!' di ~r mm l i Cl 
rech t Dbl~ battetie1 U2 
~cryu lB111don c ,olid prcd.u~u S 
reidox 9 , 

eil~c.:uoch"mic J c:tUa 96-99 
~h~ctrod~ pctend l 9n-t U 
ion k h gJ -rgu at iom 9 G ...J.J7 
m uurement er ra 12 0 
OrVe:l' - 11 ionie equ tion• g7 ... 
1oxidation number11i ,Q 

oxi clisins and r du t: u18 p;,nts 1 l 5 19 

pr~ctic.11 i111ue1 f 1J .... t5 
trEJ:nlitior.i m u.11]1 l28 30 

re udns 11 , in, U B- L 
mduction 

ld~ hy e 11 'nd ketones 2 01-02 
,o:f nitrUe er mide 252 
,of ro111 d nitr,c c,cn1poun s 25,2 

1 th~ c thcc:I~ in ce-lh 9B 
ehromium l 2, 143 
e Ln -i:1 gb 

v nRdium 140. l 41 
ml Jt tic:n timnc:', NMil 305 
rc,pe t 'U 11 tH 

d didon clymc:n 2· J 
poly1mid~1 2 0 
poly(inhenol) :262 

u-!ddn~, ilm ino dd in pt-p dd• eh in lG7 
[~&on;nc::eo ,t;biU,~don !Rl!!f y a·r 

~ nu~n~ 23J 
res n nc:e- 11itructurc1 232. 244 
rtttndon time. l P 31 .. 1 
ttv~nible re c:dc:1n 11 , 14. 17 

ac:id1 :nd bue1 27 
t!11tedfic ticn 117 
rc:charse ble bii.lUc:iries 1 t2 

risk ,nd h tard 2BO- 1 
llNA, ur~dl b~se 2 
ru]e er EWQ I Sl-Sl 

s finy isaue lB0- ~1 
1~UcyUc d 2.3 
UIJh bti _ 98, 9 , 1l01 
, ponific'1tion 22~ 
ll!CCfld ty kchch 

'11d hy nd ri n rli re i nt 273 
i1 iic;iform :re~c: tion 207, 2t- , 2.98 
btcn~ p,tep r~ticn 200 01 , .?75 
te1t tbt ,,g 

IC:C:CD~l)1 QlIHne!I 2s,o. 2S4 
pri:p L"Uion 2S1- S2 

u~co.nd ry hdo eno Uau1e11 173 :'74 
pot Hium cy11:nid re11c:ticn 271 

second ,ry 1tr:ucnu:~ of"proce,hu :267 
U!ccmd i~,, af thermcdynandcs 71 
1h1i1le dep -siu. meth n~ rxrr _Ctlon 24 
1ickl ceH n tmi.i 2 7 
1Hk ._oO, 2G7 
1ilve:r mirr,or tes,, ldehyd 1 297 
1 imp]e istill t ion 2 82 
single-11itep te c:t~ona 17 J 
ro p produc:don 2....;3 
1 olub i] ity 7- 2 

c cb,o;nyl comp ound11i 199 
~st~r 2:22 
~xt~nt of 87-9 O 
,o, .ne a7 
et ionic: c:c:mpouncb ,65- itl 
pbenol 24! 
of 10Ud!1 87 
ttettd.1 in 1rcup QO- 2 

u,b.uion enthlllpy~ de ned 5 



10,lvc:nt i:xta: c:tion 2B.3 
sp ctr 

in ' rat d 2 · 301 
NMR. 05- 12 

1pin couplin /spin- 1Pin sphnln 30 
spliuln et" d- odl1t hi J 35~ 1 J?, 13 ~ ~4Q1 

spHuins~ NMR.. 1p~ctt !OS-0 ~ J,OB-10 
p:r~ d hl~ m ,in~ 2.2 · , 

u nd:ard c:cndirions 54. 
11u.ndard ~dtcts:od pou~nti~I, t>'9-l0l 

h,rin h Ute u ri. ,n 105 
c h::vl.uicn f l'tiuld rd c U p renri l 

from 105-07 
cotnp;iruive v.ilur::s cf JOJ 
111euuretne11t of 101 03 
non-st nd td conditir:11-u: 10 • 105 
vdue1 t 2 K l04 

1 t ;u1d ilrd i:nth L y of ne ut1 li 11tion ~ 
dmned 54 

1u.nd:ud f'u!e !n!r y of form ticn Bl - ii 
u.indircl hycko ~H electrcdt:! (SJ-1 ) HJO 
1u.ndard :rt!duction pot:~ntial1, El".ansttion 

met J ions 129-30 
Ht nl dLstiU ELQn 284- SS 
uereoiisotnerism J 3 -39. 1 8-90 

mino cids 2 5-66 
Hren g cidl1 2 1 

m i11e :re: c tioa ,v ith 253 
neutr l i1 t ion ry 1hon 'b ue1 5 
l,'31.-.l cdc:uliui.on J.3 
p henyh.ln ine rt! ction 25 tl 
pl,.l v hH!' 3B 
1 hs of J.2 
dtr.ition ,vhh stra,ns' b:ui: 50- 51 
titr den ,, h 11 we'1k b • !' S,2. 5J 

1 tron bns~• 2 9 
dt1p rot on don l J .5 
n~ut1 H1 don of eids 54-55 

pi c lc:uluion 3 
pJ-::1 VQln~ JS 
a Lu o 4"'' 
titr don with 1tr,on1 cid S0-5 I 
titr~tiGn \Yith w~ak c d S2 

1truc:tu1:lll homed1n1. 1 u- 7 
urucrurill isomer:, lB6 
IUC:leli!H! 1 2 
•ul{ur 'drod: 1 h ,.3 
su]fur cUcxid!! 19. 2l~ .151 
!liulf\,ric: 11.dd. m nufi ctum c ?2- 2:l 
1ul ur trioxid~ iQ', ">.J, 1 S] 

tmiper 'ture, 
etrec:t en tnu~,opy 73- 74 
~ff!ct ,on K ] ,fi, B · 
nd ~l~ctrod.: potl!'nti L v.du~ lOS 

11.nd equilibrium pcdtiot1 84- 85 
11 b~r proc H - t - :2::? 
11.nd ri:lte cc,n1t Ill 178- a 
11nd r te ofr chin equHibrium 17 
iu1d r. tt! of :r,e~u:dcn l S6-S7 

t, rti _ry alcohol :!7J, "''74, 20, 
terri11r,y mhH 2510, "54 
terti ry h Jc ~no Uc.:1.nl-1 17;J 

hydmlysi of 172 
r te of re ction 17 l - 74 

TervJm 22 . 
duJido1nide ]9J. 2a -
thetma1] conductivity 314 
tbermncd.ynDmk ll)· It blt! tei:1.ct11J1ts lO 
tbetmcdyn'1mic e 1ibi]ity1 C! t1tccpy ch;.nse 

77. 791

, 2 
1th in -1 ytt eh r:,cm tQ r~p hy {TLC) .2 6 
third. b.,v o, · th~rmodynil.mic 1 73 
tim~ Ct r tfil ti t to fini t, 1 ,1-6'2 
dtratign 

m thod t1f I S -
redo 1 i -1'9 
- ~ k 1i.u::: id1/ \ve k buc1 51- 53 

titr den c:urve:s 
butfa re ion 53 54 
cw lu tion of K,. nd Kt1 frcm 5.3 

rt (rrun --byt!r chrotnrncgmphy) 266 
TM (tetrurul!thyl1d l:1Jn ) 306 
_ on n11 

rt!' _1i5ent 206, 201B, 2sn. JQi 1 

tot l en,r-opy du1n t 76-B 
tr nHnc1ifkation 223, 224, 225, 62 
tr n1tbr111.itions. ,f mit 1yn1hesis 274- 7 
tr n• ition me u.l ion 

addition of mcnddent ce H aruh ta, 

1J7-4 
amine:, re c:tion~ 254- 55 
coloured ions l 35-
c:cmmon phfllC l propertie,5 L3S 39, 
.:,ccrcUm,:u icn n~imbi!r, eh nsei in Ll 
d~pre1tcn ticn of'b)'d.ru~d 1 -4 
iorn'udon ci co,1nph~x i,on1 l ;Il- 35 
H nil ex.eh n e rtacrh:,n1 i46-SO 
, i'1 tl n num e-r J .JB 

st n rd r~dt1c1ion pottnti Js 129-JO 
:1tcre o i1 omeri:nn l :3 -J 9 

tr n~ it ion m I als 
bondin8 1:30-31 
t t lytic c:tivit y 150- 52 
chrondum re1u:tiot1s 14 t- 44 
common cne!mic:11J properties i 27- S 
d.e:6n1tion1 ol I 2S 
,l,ctrcn confi urai1ion. 124- 25 
ioni1kltion en,.rsi,1, llL- 27 
red _ re cbcn, 126- O 

:n di.um r cli a:1 134-41 
V1 i l o id rion s te 127- 28 

tr-in1iticn 1tue 171. 17· • 17 
iri. lycc:rddf'1 223~ 124 

j 

ut1c m:runty o me surem~nts 120-2 t 
UlllU 

V 

equ.iUbrin111 constm.nt~ J<., i - B 
p rtiai) pri:nur::e of Ba1. K;p 10- 11 
r tc: conu n'tis 170 

wn dium 139 41 
vc: -,t b]e 1oil1 .212. 223, 224. 2:?5 
volume o contdnc:r~ effect on equilibrium 

17- .l 9 
volumt! cfg 1, method of me~su.rin 

1 o- · t 

\.Vat er 

;:untne r::i:11.c:tion 252-5 
uto-ionis'1d en ot" 01 

botl in tiunper1:11tuire of 2 
c: rboxvHc .1dd r ·11,ction 216 • 
in equHibrium exp~Hion1 J 
e1h noyl chloride re ction 2]9~20 
ionic: product o 3 0 
ph!nol re c:tioo 245 

~ e ak m.c ids 2 9 Jtt alsD c rb oxyl ic m.c ids 
buffl!r soJuti,ons 42- 47 

cHpronc: id 1 7 
hydro en c:y.u1ide-eth1ncl re ction 

202- 04 
inclic tor1 47-4,S 
ntutr H• ,tion by 1trcn ;ac:id.1 5 - 55 
pH , _kul don J -':J,7 
p_ I v:1h.1~1 jB 
t'-' ]C! o two, 49. S J - S·l 
I h!I c( JJ- 42 
dtradon involvin · 51- 54 

w k a1e1 , g set "1ls;, w ter 
ijlk Lne buffer lb]ution 42 
diu d ri, n a t ru. JiC-o JO 
pH c kul _Eion 40 
ph nyiamine! 25 - 57 
p,H va]ue11i JS 
rule e t • C '9. Sl-S2 
uiln ,of 40- 1 
ritradons invalvin 51-54 

\ ool 2 0 
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Perl:od I o I ~.o 

H He h~· hihm I 2 
The perlodl'c table -

~.9 9.0 ID.B n.o 14.0 l&.O 19.0 lCl 

LI Be B C N 0 F Ne 
l ltftlLffl ba~l~ffl bcfg; Wn nt• a,p, nitin1111 ntun 

Aelacl\'e atomic imas1 
J ~ Kay. 5 6 7 8 9 10 

Atomk s1ymbo,I ll.O 24J 21.0 18.1 l l.Q n.1 ]5.5 ]9., 

Na Mg Rlffl 
AJ Si p :s Cl Ar Atomic ~rown) number 

1od~m lflll'll~ffl 1~m~l1111 1Jan ptlll ph:fll I !lll'ur ch~l'II •rion J 
1111 ill 13 l4 IIS 116 17 IIB 

l9.11 40.li 45.10 41.9 sn, 510 54.9 SS.8 SB.9 SBJ 63.5 6S.4 6U 716 74.9 79.D 79.9 D.B 

K Ca Sc Ti V Cr Mn F,e Co Ni Cu Zn Ga Ge As Se Br Kr 
4 ~1~m i:idirn aMhffl thin Inn wnl.d~m mramum fflliplQII Iron mlllt Nltil mpr DIC , 11L111 pman~m -~ 111~num b't1mh1 ~ 

19 10 l~ 21 ll 14 25 2£ 27 21 29 ]0 JI )1 ]J 14 ]S 1, 

65.5 e1, BB.9 91.l ,1, 95.9 1[1] HI.I 10'19 11.4 ~G1\9 11114 11114.8 11 11&7 1121.B 127.6 1126.9 IIJ 1.3 

Rb Sr y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe 
llib~lllft 1rorcurn y11um lrct~um n~Mm lffl)*IIII Sl'IIGUlffl rvu,1111111 r1!Dd~l\'I pnd11111 ttiv •1"" ~d~ffl tn ll'lfflCfl1 l'Ql~NIIII ~ 1111 lr.:lft 5 

J7 3B ]9 40 411 42 4] ~ 45 4' 41 4B .ff 5'0 Si Sl 5] ~ 

1131.9 IJ7.l IIJQ.9 ne~ IIB0.9 IIBl.8 186.1 IIHl 1911 1195.1 1197.0 200.6 204,4 107.l 209.0 ~I] ~110] [lll] 

Cs Ba La Hf Ta w Re Os lr p Au Hg TI Pb Bi I Po At Rn 
Ulm 111num IIIJIUIJffl rttnum 1raum Wrp,1 rllll~m DllftUffl l~um ~Ulllm pa IIIWJff tllllum ud ~IIMII j*Onum a l\defl 

55 56 ~? 7l 11 14 75 16 11 7S n BO BI 61 83 84 as B6 

~n] ~ I tnn [1611J [261]1 ~66] [164] ~77] l[Uii] llnJ [21~ 

Fr Ra Ac Rf Db Sg Bh Hs Mt Ds, Rg B1m11nts wlrth atomic num1ban 112-116, haw bagn 
riiM~ffl lldUffl lmlhrn rll'tftll dltfl~m lmrfllTI t<Mim haum rnatl'IQl'l1111 NIIJII rcttptJn r o rud but not 1u,~ auth anti tad 
'81 88 69 IM 105 106 1107 108 l09 uo 111 

7 

1
140. I l!~0.9 11~.1 144.9 1150.4 1510 1IS1l 111., 161.5 1164.9 1167.] 168.9 ~1J.,Q 111~.o 

Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 
L'll~Um f'H~III nt:q111um Fffi1RH IITI 111111num IU~Um p ln~m trri!Uln ~lpttlllTI h~rnum g~im 1ti~IIITI pn~m hm~m 
58 59 60 61 il 6J ~ 6~ 66 61 68 H 7Q, 71 

lll [l] IJ 2JB.II [lffl [242] 1~43] [14~ [245) ~I] [254]1 [25~ ~561 llS~I [lS~I 
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