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Comments 

1 ID The Ia rge diP' between D and E shows ttl at ttl'e electron to be remo.ved from E is. in 
the next quantum shell . Hence D has the e~e ctron ic oonfig uration of a noble g.as 
ns2 n p6 and belongs to' Group 18. 

2 IB To do this question quickly~ you shoulid clhedk tlhe group number of the given 
e~ e1me nts a.nd recall tile gro up,'s val,ence e~ ectJronie conflg uration. 

Ga - Group 13 (ns2 np1) 

Se - Group 16 (ns2 np4 ) 

Cs - Group 1 1(ns1) 

H!enae on~ Ga .and s ,e ·fulfil bo~h criteria stated. Cs does not fulfil the 1st crit,erion . 

3 ID For this que stl on 1· you wi II ha1ve to wolik out the sllru ctures for all tlhe given species 
and ~h e1i r number of bond pairs (bp) vs number of lone pairs (I p) to deduce their 
shapes and bond angles. 

] ]I! 

A N03- 3 bp NO- 2: bp, 1 lp 
(1 20°) .2 (<1120°) 

B GlE.- 4 bp·, 2 lp 
SIFG 

6 bp 
(QOO) (90°) 

c XeF4 
4 bp, 2 lp 

BrFs 
5 bp, 1 lp 

(QOa) (<QOa) 

D Bro~-
3 bp', 1 lp ClDl- 3 bp, 1 lp 

(104°) (1 OSO.) 

For option D ~ although both have the same shape and number of b p and lp· ~ Br is 
less ~el ~ectronegative than Cl. H.enoo its bonding electrons are furttler from the 
central atom. Hence the bond angle is small,er as mpu~sion between the bond pa.irs 
is sm.aller. 
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4 Cl CJ 

H 
Option A : H HI has a dipo1 e moment and he nee is polar. There are permanent 

dipal,e-permanent dipo~e interactions betwe.en the molecul,es. in addition to 
C! IH 

H 
d is.pers.ion foroes.. lrhe r'e is on ~y dispersion forces between molecul,es of H CJ 

as the mol,ecule has no, dipo~e moment and is non-polar. Hence tile tis isomer has 

higher bailing point (bp) than the tr:ans isomer. 

Option B: Hydrogen bonding (CHJCH120H) is stronger than permanent dipol,e­
'0 

II 
CH .... C 

v \ 

permanent dipole ( H ) interacUons. Hence C HJCH 20 H has higher boiling 

paint. 

Option tC : IBo~h m ol,ecul,es have hydrogen bonds pres·ent. One r~eason for why 

ethanoic acid has higher boiling point is because mo~erules of ethanoic acid form 

dim em and this also' leads to' stronger dis pen~~ on forces lbetwee n its m·ol,ecul,es .. 
1(refer to Chapter 21 pa.ge 95 of Foundation Topic boo ld,et) 

OHI 

OH 

Option 1!) : has intr.amo ~ecu lar hyd rag en bonding between the two OH 
g mu ps,t hen ae it will have ~ess extensive intermolerular hydrogen bonds and ~ower 

lbp. 

5 B For C02~ since bolll C=O bonds have dipolles o,f ~equa. l m.agnitude and in opposit~e 

d irectio llS1 they ca noel each oilier off and r~esulted in overall 0 po~a rity. 

For COS~ the overa ll! polarity is lower than that ofCOSe. That means thatC=S bond 

is more pol.ar (larger dipole moment) than C=Se as it is able to cance~ out mo:re of 

C=O dipo 'e moment This leads t~o a lower o,verallpolarity o,f 0. 71 . 

This also follows the trend o,f ~el ~ectronegativity decr,easing do·wn the group (0", S 

and Se are a II Group ~ 16 e ~e ments) I hence I eadi ng to decreasing diiffer~en ce in 

elie otroneg.ativity values between C .and ttl'e G1ro up, 16 ellements (C =X bonds are 

l ~ess polar down the group~). 



7 

C To p ns~d ict ~he graphical m ~atio ns hip between two' variables1 you can rearrange the 

ideal gas equation p V=n RT in tlh e ·form J' = mT + c~ according to what is given in the 
.x and y· axis,. 

A p= nR.lr _!_ Hence th is • y- kx graph where k=nRT. At higher IS ,a ...... .... .. . 
v 

te1mperatu r'e T2~ tJhe gradi,ent oflle line should be :steeper. (wrong graph) 

B pV - nRT. Since pV • ,always constant and not affected by value o,f P ~ - IS a 

this 
, 

y=k graph where k=nRT. At T :z, the line should be at higher IS 8 a 
value. (wrong graph) 

c pV nRT. Them • • relationship, between and v For • - IS an Inverse p ' a grven - . 
volume., the pressur'e should be higher at T.2. Hence the graph should :shift 

outwards. (correct graph) 

D niRT 
Hence this 

, 
y=lkx gr,aph where 

Rl 
At 1"2, the gradient of the v- I:S a k=-- - . . 

p p 

line should be steeper. (wrong graph) 

IB n(INH2CONH:z) = 0.150 -:- 60 = 0.00250 mol 

TJh,e volu m~es of gases was measur,ed at room te1mp eratu r'e and pressure ~ thus 
H:zO exists as a I iq uid. 

C02 is an acidic gas ~ ain d w il ~ be r~em o:ved by the a.lkal ine INaOHL 

TJh,erefor,e ~ the remaining volume cons ists only of N2 gas .. 

n( N2) = 0 .00250 x 2 = 0.00500 mol 

Vo ~ of g,as after p~as sing tlh mug h NaOH 
::::::: 0.00500 X 24 
= 0.12 dm3 

.,.2o··· 3 = 1 .. em · 

8 A Tlh e mola.r mass of the sample of pallad ium is higher than the mol,ar mass of 
isotopically pure 100Pd. This outcome can only occur when a heavier isotope of Pd 
is present in the sample. Since 108Pd is the on~y option which fits th is criteria,, 108Pd 
must be the source of the d is·crepancy. 

Note that no callcul,artion is r~eq ui red I nor should it be attempted, in tlh is qu es~ion .. 
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9 A 1 Given that &W r· 
, 

negative ,and AS"'r 
. 

negative 1(becaus·e o,f the decrease I:S IS 
. 

number of mo~es of gas), this reaction 
. 

feasib1e at ~ow T. The - lrA .. SS' 1n IS 

term . m 1s, pos vel and at high T mary become la.rger ~han lle negative AW r_ 

2 Students may use this formula to' calcu llate tlh e e ntlhal py change of reaction: 

.d.~r = LAH£tc (reactants)- LAH£tc{products).. 

3 Nickel and the r~eaotants exist in different phases. INi is a so lid whi ~e etlhanal 

and hydrogen ,are both gases in this reaction . 

4 Both the alkene and a.~dehyde functional groups win be reduced by 

hydrogen under the 
. 

conditions. lrhe correct product should be g1ven 
OH 

11 C Option A: Tlherma.l decomposition of solid CaC0:3 willl form CO:z(g) and incre,ase ~he 

number of gas~eous p~,artJides .. Hence AS i:s po~sitive as them are more ways, that 

partic~es ,and the energy can be distributed in gases a.s com pared to sol ids. 

11 Jj) 

Option B~ : Sublimation causes so lid C02 to become gaseous C0:2. He nee AS is 

positive. 

Option 'C: lin fu e process of rustn ng I 0.2 (g) reacts with solid iron to form solid iron 

oXJide. Hence there · s a decrease in the number of gaseous particles and AS is 

n~egaUve,. 

Option li): The reaction between NaO H and am moni urn ch ~or ide produces N H 3 1(g ). 

Hence AS is positive. 

11 H+ does 1n10t fulfil II the criteria of a1 ~cata ~yst as it is consumed without being 

regenerated. 

2 Both are formed from reactants and consumed to fo1nm products iin 

subsequent steps. Yes~ tlh ey a.re intermediates of the reacllioin . 

3 Step 1 is tlh'e slow step1, ther,efore it must have the highest Ea. Step, 2 
therefore must have a lower Ea than step 1. 

4 B~ased on the mechan "sm ~ the s)ow step (step 1 ) indicates tlhat the rea,ctio n 
is first order with r~espect to' H202 and first order with respect to 1-. 

1.2 'C You shou ~d work out the in ilia I p r~essu re of 02 for e,ach of the ~experiments by 

subtracting initial pressu r'e of NO from total in mal pressu m . 

Experiment 
Total initial pressure I atm 
Init ial pressure o'f NO I atm 
llnilti!al pressu fie of 0:2 I atrn 
In itia 1 mte of r&action I atm s-1 

II 
11.00 
0.40 

0.60 
11.08 

Ill 
1.6'0 
0.40 
1m20 
2.16 

IIIII IIV 
2 .00 X 

0.80 0.2{) 

1.20 x - 0.20 
8.64 1J)8 

2 



13 

14 

A 

IB 

From experiment I and n~ the pns~ssum of NO remained unchanged while pmss.ure 
of 0 2 is. doubled. Rate is d ou bl,ed and this indicates 1h at read:i on is. first order w ith 

m spect to 0 2 .. 

From experiment 1111 and Ill , the pr,essum of 0 2 remairui~d undhanged whHe pmssur~e 

of NO is doubl,ed. Rate is quadrupled .and this indicates tlhat reaction is second 

order with respect to' NO. 

A 

IB 
c 

ID 

1 

R.eactJi,on is second o:rde r w ith r~es peel to N 0 . 

The rate equation shou lid be rate = lcf''No2 Po2. 

To find units o,f k1, take the units of rate divided by the units of the pressure 
atm .s - 1 

terms in tlhe rate equation: = atJm-2 s·-1 _ 
atm(Mm2 ) 

Comparing experiments I and IV ~ when pressure of iNO is ha~v,ed ~ the rate 
remains ~he same. S ince the order witlh respec.t to NO is 2 (th is should hav1e 
cau s~ed the ram to decrease four times) then the p ressu m of02 must hav1e 
q uadru pl,ed in order for the rate to m ma.in the sa me. H!en oe partial pressure 
of02 must be 0.160 X 4 = 2 .. 40 = -~ ~ 0..20. Tlhewefor,e .x = 2 .. 60. 

Since ~he forward reaction is ~exothermic~ an increas~e in temperature will 

resu It in a lower yield as ~h ~e position of ~eq ui llibriu m will s hifl towards the I! eft 
to absorb the additional he.at. 

2 The reaction has an eq ua ~ amount of gas on botlh sides o,f the ~equation ~ 

~hus a change in p:r,essum will have no effed on the positlion of ~equHibrium . 

3 Kr, is temperature dependent (except w!h en 11 e ~enthalpy change of the 
reaction is zero). 

From the information provided and graph1, ~he folloWilng IIICE table can be obta.ined: 

P (g) ~ 3Q (g) ~ PQ3 (g) 

p Q PQ3 

I nitiall amou ntl mol 0.2 0.5 0.4 
Change in amount/ mol - 0 .1 - 0 .. 3 +0 1 >' ••• 

Eq u iii bri urn amou ntl m·ol 0.1 0.2 0.5 

Hence, 

o.s 

K. - 5 c - . . 
~x-( 0.2 )3 
. 5 5 

0.5 x 53 

= ----:-
0.1 X (0.2 )3 
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-~~ .... .. .. ... .... 
10 ' I · I · \' ~ c·· b · ~ · ·d HO \ c ...... 0 tv : a.r • oxy11c ac1 .· .... __ _ 

r 
\ HO , 

"!~. _ ,..., 

0 

OH 
Alcohol 

AJk.ene OH 

OH 

Chlorogenic ac1d 

- -~ .. ' 
~ .... 

r1 0 \ Carboxyl! ic add 
\\ ~ -

Hd' ., C-O!Jk . .. 

--... ~ 

' ' [ .... HO , 
.... _ .. ., 

0 
Alcohol 

---

9H Alkene - ... 
·' ' j ~ . 

' .I 
.... -........ 

0 

Cryptochlomge n ic acid 

OH 

OH 

The C=O bond in the ester ·fundional group should not be· mistaken as a k.etone. 

A 

B 

c 

D 

0 ,, 
HO C- OHI 

OH 

OH 

Chlomgenic acid has 4 ch 'ra.ll reentresl .and 1 C=C bond which ~exhibits cis­

trans isomerism. T1h US1, it has 25 ~ i.e. 32~ stereoisomers. 

0'* ,, 
HO C- OH 

HO . OH 

*~ .· 

* 

Each sp-2 hybridized carbon is labell ed ('w')~ and there am 10 in total .. 

Ch lomg en ic add and oryptoch lorog,en ic acid share tJh,e same molecular 

formu Ia ~ and functional g rou psi tJh us they are co ns.titutlon al isomers. IM ore 
specifically, they are pasitlional isomers .as they differ only in the position of 

the ester g mu P' on the cycl oh ex a ne ring. 
0 ,, 

HIO C-OH 0 
\\ 

HO C- OH 

OH 
HO 

OH 
OH 

0 . 
HO 

OH 
OH 

0 0
. 

. 

0 
OH 0 

Cis.-tra,n.s isomerism is pass ibl e at the C=C bo ndd marked '""" ' . 

3 



17 A 

18 ID 

A This molecule is nota possible product because it has an extra carbon atom 
which cannot be acoou nted using the m~echanism of fr,ee radical 

substitution. (2 A . radicals reacting in lie termination step should give 

a molecule wffih 8 carbon atoms, s~ee option B) 

B This compound can be formed from the t~ermination step invo~ving ~he 2 
alkyl radk:a~s shown be~ ow. 

2A. 
C This co:mpou nd can be formed worn t]h,e termination step, sh owfl below . 

. Cl 

Cl~ 
2 

• 
Cl 

D This mo1J,ecu lie is a typical monosubstituted prod ucl of the free radical 

substitution. 

exoi3'ss HB r 
..... 

Myrrene 
H 

Br IH 

C10H19Br3 
An possible· product 

Of the 3 C=C bonds, only 2 C=C bonds will yield products which am tertiary 
b:rom oalkan es. To determine the number of products which are ternary 
b:romoalkanes a table may be help·~ul . 

~ 
C=C1 
a lb 

....::; 

C=C3 
elf 

Addition .across, C=C1 gives rise to combinations Ia ' and lb' ! where neither are 

ternary brom oallkan es ... 

Addition across C :;C.2 g iv~es rise to comb in atio ns ~c ' and ld ' I where only 1
C' is, a 

tertiary br,om oallkan e. 
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Addition acrcHiS C=C3 giv,es lise to combinaitJions le' and tf, where on~y le' is a tertiary 

bm:moal kane. 
~~all ~abe~s ar~e arbi'trary-~ they just help Wiith the thought process. 

Thus, 1Jh e v.arious permutations and comb ination:s are listed below i• and any pmd uct 
that features 1

C' or ~ ,e' is a tertia.ry bromoa.llk.ane. 

ace 

H 

Br H 

(tertiary bromoall kane) 

.a de 

H 
Br H 

(tertiary bromoal k.ane) 

.adf 

H 

Br Br 

acf 

IH 

Br Btr 

(ter1:ia ry bromoal kane) 

bee 

Br 
H H 

(tertiary bromoal kane) 

bcl 

Br 

H 

Br 

H Br 

H 

(tertiary· bromoal kane) 

bde 

IB.r · 

H H 
(tertiary bromoa ~kane) 

bdf 

IBr 
H Br 

Thus, only 6 out of the 8 possible prod uct:s ar~e tertiary- bro moal k.anes. 

Note ~hat y~ou have to consider alii produots l major or minor.. lllf only major produd:s 
a.re considered! ·t]h,ere Wi. II be no answer. 

19 ~c When excess KMn04(aq) is us~ed tog~ether wittl NaOH(aq) .at low temperaturei. mild 
oXJidation occursi, and two --~0 H groups a r~e added across ~ea,dh C=C bo:n d. 

When excess KMn04(aq) is used toge~her with dillute sulfuric acid a1t high 

tern perature I strong oxida1tion (or oxidative deavage) ooou rs I and the C=C bond is 
broken. 

0 

A 

One of the fragments, created during oxidative cleavage is ethanedioic add I which 
would be o~x1idised further in the reaotion to ·form ~carbon dioxide, whi cl1 is not 

considered an org.anic compound. 

4 



ID .A 

B 

c 

D 

Cl 

0 
N02 

The n itlration step, will not produce the desired prod ucl as tJh e major 
produ cl since chlorine is 2 ~4-d irecting yet we need - N 02 to be di recled to 
the 3-position re~ative to' C/. 

Cl 
Mixture of products. 

N02 N0:1 

The nitro substituent is 3-direorng and the ch~oro substituent is 2~4-

direc~ing and hence in the alkyla,tion step1, they direct tlle metlhyl group, to 
different positions (i.e. the dir,ecling effects do not mutuallly reinforoe one 
.another). Thus~ a mixture of prod ucls will be Jormed resu rung in v~e 1ry lio~w 

yield of the des ired product 

-~""" Miocture of pmducts 

The methyl and ohloro' sulbstituents are 2A-directing and hence in the 
nitration stept tJh,ey di reel the n itlro group to different positions 1( i.e. the 
directing effects do not mutua Uy reinfo:r'ce one a no the r). Thus, a mixture 
of products wil ll be formed resu llting in very low yield o,f the desired product 

Cl 

N02 INO;;: 

In the nitration step~ ~ -CH3 directs --N02 to the 4-positlion since - CH3 is 2,4-
directing. In the chlorination step~ botlh methyl and nitro substituents direct 
the ch lio:ro group· to' the desired position. 

Paper2 

Mrs Ta.y SA: .sJso -· .5,72 
Mr Lim JIY: S,'73 _, S7K 

I You shou lid know how to write the Kp expression given .any scenario. 

(ii)l 0.161 
0.0305= .. , . . J 

(iiii) 

2.70·{PH?) 

PH2= 1 .. 949 atm = 1.'95 atm (3 s.f.) [1]] 

Su bstitut~e the va1lu e of Kp and the pa rtia.l p:ressu res of cyclohexane and 
benzene inb)l the expression to' obtain .PH:2 ·· 

llln mal p:ressu rei atm 
Change in p:r,essu rei atm 
Eq ui libriu m pres su rei atm 

CaHa(g) 
m 

~0 . 161 

2.70 

+ 3H.i(g) 
n 

~0 . 61 x3 

1.949 

F .· --· ·~ , · t· bl · b-· ··, ·:· -- = 1 9·49· .!L ·o· 16·1 3··· = 3· 7·· 79· . ·t · · 111] rom 1JJ 11e .a . e a ovel n . . .. '1'" ... • x - .. . , . a m 1 

5..167 X V R = 3 . .779 X 6.0 
Hence Va = 4.0 dm3 [1) 

CaH12(g) 
0 

+0.61 
0.161 

Accept if student works backwa,rd:s to get data, that fits ;the in.fotmation given. 

From the tab~e ~ m = 3. 31 atm and since total vo~ ume = 6.0 d m3, VA. = 2~0 dm3 

P: · X 2 1Q ""' 3·· 31 6· 0 CGHG · ' - . • X · • 

:r == Pc6 H6 = '9.93 atm [11 

The ill'ilitial partial pressures of benzene I m, all'ild hydr,og,enl n~ used in the ICE 
tabl'e are the partial pre ssur,es AFlrER con neoting and mixing the g.ase s but 
BEFORE the readi o:n has started. Since we have the equ il ib riu m partial 
p:r,essure Of lle product, C~JH 1.2(g) , we know that lie change in pressure of 
CaH, 2(9) is +0 .61 atm. l"hereftore ~ we can fii nd the chang~e in pressures o,f 
CaHe(g) and H2(g) using the stoidh io metric ratio! ,and hence worlk: backwards 
to find m .and n. Once we ar~e .able to calculate m and n, this becom,es a 
standard qu estJion that you are used to. Since tlh e te1mperatu re is kept constant 
tlh rough out we can u:se p, V, = P2V2 to fii nd volume of IB and su bseq uenUy the 
partial p:r,es sure of benzene gas before connecting the vessels. 

(b) 0 ·.o · (Qi) ... -----· o (g) 
AHr = 6 x BE1(C=C (benz,ene)) + 3 x S.E(Hi~H) - 6 x BE(C~C) - 6 x B.E(C~H) 111 

:: 6 X 520 + 3 X 436 - 6 X 350 - 6 X 41 0 
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= ~132 kJ rnol-1 [1] 

1[1]1 for identifying correct bonds (and number) broken and bonds fo rm,ed 
1[1]1 ·for correct answer 

Take note ·~hr .at in your Data Book~et ~here are a few vallues given ·for tlh ~e bond 
energy· betwe,en 2 C atoms .. In benzene I we shou~d use the value of 5·20 kJ mol-1 

for the bond energies of ~h ~e 16 C to C bonds, and no~t use the value of 3 C=C dou b~ e 
bonds (61 0 kJ mcil-1) and .3 C~C single bonds (.350 kJ mol-1 ) . You should draw out 
a1ll the structur,es (and all bonds) i'f you ~cannot visualis·e the number of bonds 
broken and number of bonds formed .. 

(~c) I Kp wiill not change. [Y2I The n~~moval of ~he catalyst will no~t aftiect the posmon of 
the ~eq ui llibriu m/ catalyst only affiects how fast the ~eq ui libriu m is reached/ catalyst 
only anects the rate of the re.actionf cat:allyst does not affect the equil ibrium 
composition! .Kp is only aff;ected by te1mperarur~e . [11 

II Kp wi II decr,ease. [Y2I 'When the tern perature was incr,eased, ~he ba.ck.ward 
reaction,. whidh is endothermi,c. was faivoured to absorb heat,. ~h ~erefine Kp must 
have decr,eased. (1] (ecf based ~on (b))' 

R.eferriRg to' your Phy·sical Chemistry no,tes 1(Chapter 71 page 137), you should 
know that the only· factor fu at affects ·~tl e value of Kp is tern perature. A catalyst only 
i ncreas·es the rate at which ~eq ui libriu m is reached1 but will! NOT change the final 
equilibrium eoncentJra1tions or parliall pressures. Since ~he fo:rward reaotio n is 
exothermic, increasing the ternperarurn will ~cause backward endothermic rea.ction 
to be favoured. Kp must have decr,eased. 

Dr Ella Sze: 5 '60 - · S'6K 
Ms Wong HIM:: S70 - 572, .S,7B - g ,'7K 
Ms G1r,ace C.hua: .8,'73 - · S,75 

2 (.a) UV light OR heart [11 

I R.,ecall the conditions. for free r.adical substitution. 

(Jb), IMor~e than one bromine may be incorporated onto the alkyl substltuent if excess 
liquid bromine is used. (1] 

Vague answers like ~~multi-substituted f multi-bromina1md products may be fonmed" 
are not accepted as sub sllltution ma1y refer to fr,ee radical substitution or 
electrophi lie substitution but reaction 1 refers strictly to free radical substitution. 

R~ecal ll ltl.at it is d iffi,cult to' oo ntrol the extent of free radical sulbstirutnon I rn ulti­
subs.tituted products may be formed such as (dibromomethyi)benzene .and 
1(tribm:momethyl )benzene) in 11 is ca.s·e. For free radical substitution, ~he use of 
limit,ed liquid bromine (in o~ther words~ excess rnetl'hylbenzene) can only maximis·e 
the yield of rnonobromi nated product~ it ~cannot prevent but ~can minimise mum­
su bs.titution. 
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For wee radical! substitution,. a H a1tom attached to an sp3-hybridis·ed ca1nbon atom 
can be substituted by Br but a H atom attached to' .an sp·2-hybrid ised carbon atom 
will not be substituted as a H...1C(sp2) bond is s.trong,er than 8 H-C(sp~3) bond as an 
sp2 orb ita I has mo r~e s character than an sp3 orbital. 

Under the reag,ents and oon ditions of I iqu id b:rom ine in the presence of UV light or 
he.atl electroph il ic substitution should not occur due to' the absence of a s.tron g 
el,ectroph ile. 8 r2 is a weaker electmphi le com pared to IB r+. 

(c.) (i)' Name o,f m echan ism: Electro ph ilic substitution [[1]1 

[FeBr4]-
•• 

~ H Br 

slow fast 
+ FeBr3 + HBr 

CIH3 

Mechanism [21 
Min us 0. S mark for each of the follow~ ng possible type of mi stalkes u D' to a 
m.ax ... of 2 marks 

• M issi nglin correct equation for the ~generation of electrophi ~e Br 

• M issi nglin correct label of slow step· 

• Missing FeBr:1 and/or HBr 

• lllncorreot structur,e(s) 

• M issi ngl in correct anows 
• Missing lone pair on liB r of F eB~r 4-

llln the sl,ow st,epl two' n el,ectro ns fro:m the de~o ca1lised rt electron doud of 
rnethylbenzene (repres·ented by a full armw) is used in the formation of C~Br 
bond in the carbo cation int,ermediate. This ~eav1es four rt electrons de local is·ed 
o~ver the five overlapping P' orbitals on the five S[~-h:ybridised carbon atoms in 
the ring of the carbocation intermediate. 

llln the f.ast step·, the proton on fue sp3-hybridised carbon in the ring is remov,ed 
by the IBr0n s.ted base F eBr 4-. The C~H bond in the carbocatio n i nt,ermed iate 
breaks in the proce ss1. providing the two, electrons 1{ rep r~esented by a ~u II 
anow) to, r~es.to re the stable delocal ised rt electron cloud. 

(ii)' The stable delocal is,ed rt ~electron cloud is disru pt,ed I loss of arom.atl c stab1 lity 
in ·~ e forma1tion of the carbo cation intermediate. [11 

llln the slow st,epl two n el,ectro ns fro:m the de~o calised rt electron doud of 
methylbenzene 1(repr~es·enmd by a, full a.rro·w) are used in ~~e format1on of the 
C~Br bond in the ~carbocation intenmediaite. This means that the stability 
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conferred by the· six deloca1lised n e le cwons of the ring is di s.rupted ~ so tlh e 
process has high activation energy .and is thus H-Ie slow step. 

Note that the be nz,ene ring of methylbenzene is not m,ade up of alternating 
thr~ee C=C and three C ~ C bond. The rc ~electron cloud is made up of 16 
deloca.li'sed n electrons due to the o:ver!apping o,f six p orbitals on the 6 s~­
hybri dised carbon .atoms in U"lre benz,ene ring of methyllbenzene .. 

Br 

[1) 

!Methyl substituent 1(~CH3) is 2 ~4-directing,, hence 2-bromometlhytbenzene and 4-
lbromomethylbenzene will be the major products. 3-bm:momethylbenzenel W 
formed~ willl be the minor product 

(e) The mettlyt substituent donates electron density into tlhe ring via inductive effec~. 
ma.ldng the ring in m~efuyibenzene mor~e electron rich (1 ] and hence 
methyl be nz,ene is more prone to electrophi lie attack. than benzene. 

Students ar~e ~expected to state and expllaillil the relative eas~e of methyl be nz,ene 
undergoing electmphi !ire su bstitutio:n as compared to benzene. You should 
appm·ach the question by lao kJi ng at the d iffem nee between the strudu re of 
methyl be nz,ene .and benzene. Mere~ly :stating that it is ~easier fo:r metllyl benzene to~ 

undergo~ ma.clion 2 than benz,ene because methyl group i:s .activating w ill not earn 
you ful ll credit 

(f)1 (i) Sodium benzoate i:s so~ uble in the aq ueou:s layer due to favourable ion-dipo Ire 
inter.actions ·fonmed lbetwee n its ions and water molecul~es. [1]1 

Sodium benzoate i:s a.n ionic compound with el!ectrostatic fo:rce:s of atlr.act~ons 

between oppos m lly charged :sodi urn cations and benzoate an ions .. In aqueous 
:solution ~ ion-dipole intera.crlions am form between sodium cations and polar 
water molerulesl and between benzoate anions and polar wa1mr mol,ecul ~es. 

ion-dipole inten~ction 

. e I 3+ 
o~ o--------H " ·. . o &-

' H 

o+ H a. 
o;:• \ '>±.r ()- o-- ----

1

-- -Na 
I 

H 
ion-dipole i1nteracf on 0 . 

. 

bfH'Izoa.b~ ion 

U nreacted methylbenzene is soluble in the hexane layer due to favo urabl~e 

dispersion forces I instantaneous dipole-induced dipole interactions formed 
between non-polar mel"lylbenzene molecules and non-polar hexane 
moleou les. 
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N .... tJ·:e·· Th· ·· d ~' .. · · ·· · .. . " .. · n·- • · ·· . · ·· d u .• e wor .. excess 1s o~~. mqu1m .. ... 
ACCEPT any mineral acid but name/formula must be specified .. RJEJEC"T 
"d ilure acid ". 

Sodium benzoate reacts with dilute minera.! add to give benzoic acid via an 
acid-bas~e reaction. Sodi urn benzoate is the proton acceptor and the dilute 
minera.! acid is ~h ~e proton donor. 

+ HCl 0 1 NaCl 

sodium benzoate ben zoic aoid 

(Bronsted b-ase) (Brons1Bd acid ) 

(iii i.)' 1. Add d iethyl ~ethe r to 'the resultant mixru m and shake 
2. Separate into th ~e .ag ueous layer and di,ethyll ether II aye r using (1 ] 

.a separ.atory fiu nn el 

3. Ben zoic acid will be in the d iethyl ~ether layer 
4. Evaporate 'the solvent diethyl ether to~ obtain pur~e whim solid of benzoic 

acid 

OR 

1. Filter to obtain whiite precipitate/solid of benzoiire acid (11] 
2. Wash the wih ite solid with small volu m~e of cold water~ and dry the white 

solid. 

You are expected to recall ~hat benzoic acid wHI form as a whut:e pr,ecipimte 
firom side-chain oxidation of methyllbenzene under acidic conditions, hence 
benzoic acid is i nsol ub l!e in aqueous solution. In this case, you can filter the 
m ixtu r~e to~ obtain the white p r~ecip itate of be nzoi~c arcid1, and the un r~eaot~ed 
dilute mineral acid will be found in the filtrate. It is necessary to~ wash ~he whnte 
p:r,ecip itate of be nzoie acid with some sm al ii vo1J ume of cold water in order to 
wash away any di llute mineral acid. The white pm C1i pitate of benzol c add is 
dried to remove water. 

You can also :solve this question by u:si ng the information pro~vided that 
benzoic acid is soluble in di,ethyl ether and dietlhyl ether is immiscible wffih 
water. .Add d iethyl ether to~ the resultant mix.tum and shake to en:su re the 
benzoic acid dis solves in diet"! yl ether. Since dieth yl e~h er i:s i mmi:scilble with 
water~ two~ layers wil ll be formed: the organic layer Wlitlh benzoic acid dissollv~ed 
in di,ell yl ether and tlh e aqueous layer containing the u nreacted dilute mi ner.al 
acid. You may find it helpful to refer to~ Introduction to Organic Chemist1ry 1{l) 
Pa·ge 31 under extraction to s~eparam two immiscible I iq uid s using a 
s~ep·ara1tin g funnel . 



stab ilirty of 

OR 

H3C- • ..... CH~ 
~c - .;J 

D
. 
. 

. 
. 

H• HI ' c ... 

0 . . 

A tertia rv radica I intermedi.ate formed firom X is more stable than a primary 
radical inte rm ed iate fonmed from m e~h ylb enzene. [1] 

because 
The radical intermediate formed ·from X has inductive~y electron-donating 
mettlyt g r~ou ps which stabilises the electron-defid,ent radical intermedi.ate ~ [1] 

You a r~e told II at .X. was morn reactiv~e towards side-chain oxida,tion than 
mettly1benzene. You can thus infer that X can form a more stable radical 
intermediate 11 an methylbenzene. 

Ms Tan ~cs, : S6D - SBC 
Mr Sim WH: .s.&D -~ s ~&G, 578- S7K 
M s Grace Chr11.1a: SBH _, .S,'77 

3 (a·), llGe = AH 9
- TA'' 

= 2(286) - 298 (2 )( 0.163) 
= +4 7.5 k.J mol- 1 [1] 

S inre A. · > 01 the rea.~ction ii:s II'IIO,t s pontaJrn&OWIS and energy from the sunlight: is 
needed to' drive the reaction. [11) 

En~halpy change o,f ·fol'lmation of Hr2:0(l) is for the formation of 1 mole o,f H20 (l) from 
its constituent e lements as represent,ed by H:2(g) + ~ 02(g) 4 H20 (l). The given 
rea,ction is the rnvers~e reactio1n and involves 2 mo1Jes of H20. 

Bence AH9 for readio n 1( 1 ) = -( - 286) x 2 = 5.72 kJ mo t-1 

S im il.arly, ll.Se for reaction ( 1 ) = (- 1163) x 2 = 326 J IK-11 mol-1 

Use the equation llGe =llH 9 
- lr ll · to' find A · • Re member to' convert ll · to' kJ 

IK- 1 mol- 1• 

!Based on the sign of ll.G-e , w'e lknow that the r~eaotion is not spontaneous and hence 
energy must be sup plied to driv~e ·~he r~eactio n .. Do note tJh at a positive AGe means 
the reaction is not s po nmneou s and vice versa. If you caleu ~a ted a negative AG e 
but you know the reaction is not spontaneous,, you :should cheak through your 
calculations. 

(b) ( i1.)' To flush ~out dissollved oxygen in the o rig ina I CAN sol uti o:n [1] 

Since the experiment involves measuring the a.mount of oxygen produced 
in the reaction ~ any dissolved oxyg,en in the original CAN sol uti on must be 
r~emoved to obtain an aocu rat~e value of· oxygen produ oed. This can be d o:n e 
by bubbling nitrogen gas through the solution. 
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(c) 

(i i) To mainkl1in a cliosed system or reaction vessel / to avoid oxygen from 
entering the system I to prevent loss o,f oxygen. (1 ] 

( iiii) 

(i) 

Since ·~he o~xygen gas produced may escape, the eata~yst must be added 
- - - - -

without the loss of gas in a dosed system. Also, o~xygen fmm the 
atmosphere must no~t enter ~he syste1m which ~can affect the measurement 
of tJh,e co noenrration of di:sso1Jved oxygen prod ueed. 

T t I {0 ) d d 26.00 0.169 1 373 "~~ Q-4 I [11 ] o a 111 , .. :2 . pro .. uee · = x = .. ·, · , x 1 1 . mo 12 

. 1000 32.0 
2H20 4 0 2 i- 4H+ i- 4e-

Ill( e- ) llost by H20 = 1 ... 373 X 1 Q-4 X 4 = 5..49 X 1 o-4 moll = IJ(e-) gained by Ce 
in CAN r/2] 

Orig ina I o~xid atio n state of Ce = +4 [%] 

n[1Ce4+) = 25
·
0 

X 0 .0220 = 5~ . .50 X 1 ()--4 moll ["A 11 "II ' - 1 00(}1 '2J 

Mole raUo of Ce4+: e- gained = 1 : 1 r121 (or words to, tha1t effect) 

Fi na.l oxidation stat~e of Ce = +4 - 1 = +.3 ['12:) 

It was mentioned in the question that water was oxidized to 0:2 using CAIN. 
H'en oe Ce in CAN wa.s reduced. To find the final oxidation stat~e of Ce I we 
need to lknow the number of moles of elec.trons transferred. This can be 
found by d etermi nin g the number of moles of 0:2 produced .. Do note ·that the 
total volume of the reaction mixture is 26.00 cm3 on addmon of U"l'e cata llyst 
Based on ~ e mole ratio of Ce4+ to e- ~ we can find the final oxidation state of 
Ce. 

Do take note that proper :statements and presentation of answer are 
requ ired. !Intermediate steps :should be giv,en to an appropria,te number of 
sign meant figures and units should be given. 

G d.. f, - IJ .SB-(-6,22) o·. g·17 1 ,ra • 1en ~ = - .. . . . ~ 
- ·4.8B-( - 4 .1.6) 

order of readio n = 1 [1 1 

You need to' read the context given to answer this question .. 

From tJhe rate equation expressed in logarithmic form: 
lg(rate) = lg k ' + nlg[eatalyst] 
n is the grad ient of the straight I ine. n is the order of r~eadion w ith res peot 'to' 
the catalyst 

Do take note tJh at the graph of lg1( rate) aga inst lg[catal yst] will be a stndg ht 
line rega rdl,ess of the order of reaction and tlh e gradi,ent g ives the order of' 
reaction. You should INOT be using the sha.pe o,f the gr.aph nor half- life (tlhere 
is no time .ax" sf) to find the order o,f re.action . 
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(iiJ TOF = k' 
6.88 = lg k' + 0.917 ( · .88) ~ k.' = 3.94 x 1 o-3 s-1 

Accept answer where students u s~e 1r11 = 1. 
Rate = k'[[cata ~yst] 
1 o-s.ae = k.' ( 1 0--4.88) 

k.' = 0.0100 s,- 1 

mle of c~ange, of [02 ] 
Since rate= k '[catalyst] .and TOF = ---__.....;~___;;....-= 

[catalyst] 

TOF = k' 

Find k' by substituting tlh e VEdues of lg 1( rate) and ~he con·esp on ding value 
of lr · catal . st into the rate e -uation in I . --arithm ic form. 

' 

(~dl) IIBoltz1ma.nn distribution diagram (1] 

No. of rno u I $/ 
~roparl n o 
mo' cules / 
i'flilifi" ftn ' o·f 

mo -culll!!s 

0 

T > T 

' 

............_ ...... !Pro crti_ , of oJ cules 
wi KE > ~ .at lt 

ro or~i . of rn-' l cui 'S 

wi ~ KE i:!: at l , 

At lh1iglh,er tem1peratllJlres~ th,e DtoDortion of m~ohu:ul~es wifth kiinetfrt. enem·y· 
greater than ot equal :to ,adilvat1ion ener~gy· increases [1) . 

Thus ~ frequency of effective ~co!lllisiion i nt reases and reaction rate increases. 
[1] 

You are expected to k.lrllow how to' explain how a change in tern perature a1ffects the 
rate of reaction using a Boltzmann distribution.. IPay aH,ention to the drawing of the 
IIBoltzJmann distribution .and tJ11,e m arkJi ng points required. R,efer to Section 7 .. 3 of 
R.,eacti on Kj netics lecture notes. 
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(e) (i) sp2 hybridis~ed . [1) 

5p1 _ ~~v J. GN _ ~ls 

Accept 11
S p2" a.nd lip'' as label 

1 

[1) 

Si noe the shape about the carbon a tum is trigona.! planar~ it is sp~ hybri dised. 
Label the d iagra.m c~early si nee two' types of orbitals are p:r,es~ent Also~ you 
are only r~equired to draw the orbitals .around ~ca.rbon a'. 

(iii) Side-on overilap of the llJlnlhyb ridised p ~orbital! on each carbon r~esults in 
partial double bond charact,er in this carbon-carbon bond. [[1] 

( iliii) 

Each ring stnucture is resonance stabilis~ed (similar to benzene) .. When the 
unhybrid"s,ed p orbital on carbon llabeUed a o,ver~ap with IJhe carbon la.beUed 
b~ an extended delocaliz.ed n electron is formed. The carbon-carbon bond 
between carbon ~abel ~ed a and carbon la.be l ~ed b wi ~I have bond strength 
ttl at is intermediate between a d ou b!'e bond and singl ~e bond 1(pariia I do ub Ire 
bond character). 

N==-" 

The diffe renee in the d s and tra1n s isomers is due to' the 1-·osition of the N. 
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Paper .3 

Mrs Jl Tano: .s ~so - .SJ66 

Mrs Vi,olet Teo: 5 '67 - · .s~&K 

Mr Teo ME: 870- 879 
Mrs Crystal Cheong: 87 A - · .S,'7K 

1 (a)' ( i~, La 'Chatellier"s IPtiinciple states that when a system in equiliibrium is. 
su bjecmd to a ~change in ~condiiti:ons which disturbs the eq uil ibriu m, the 
positiion of equmbrium wHI s lhiift in a w.ay so as to 1redluce tha1t change. [11 

Them are 4 points to note when writing this definition: 
1) System must be already at equ iii bri urn before a 'dh an ge is imposed 
2) It is the position of the ~equilibrium tlhat shifts1, not the ~equilibrium~ 

whioh doesn't mak'e sen s·e 
3) Note that the word 'reduce' is us·ed, which does not indicat'e .a 

complete reversal of the change imposed. Alny words that indicate .a 
complete reversal will not be accepted. Some accepted synonyms 
are: •counter'.t 'counteracC •oppose' .& 'minimise'. 

4) Advice· here is to memo ris·e the definition and no~t write it in your own 
words as it is inevitab! e that you miss out t11 e nuances in meaning of 
the definition. 

"'G G - g· 2 (723· . 1'9'9 ) - 5·1 g-· kJ .· 11-1 a. - - - . . - - _- - _ x - _ _ _ _ - + . , .. mo1 - 1mm [1 ] 

Some common mistak.es: 
1) Failing to divide AS by 1000 so that tlhe units of· AS (given in J K-1 

mol-1) and that of AH (given in kJ m·al-1) aJe the sa me. 
2) F orgetlin g to ind ude the negative sign for AS in the calculation. 
3) Wrong units 

+51 '900 =- 8 ... 31 x 7'23 .x InK 

K = 1. 7 7 X 1 O""""" 
[[1 ] 

K v~ery smal t. he nee the yield of ammo1n ia is low. 
[[1] 

*.Do not· accept K < 1. Ignore units g;·ven .. 

Some common mistakes: 
1) Failing to muWply AG by 1000 so' tlhat the units of AG is in J mot-1 as 

r~eq ui red by the e,quation. 
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2) F a.il ing to oonv,ert the tern perature to K from °C. 
3) Ill nab ility to evaluate K (i .e. don't know how to g~et K from InK) 

For those students who fail,ed to multip!y· AG' by 1 000! the K value obtained 
is 0 .991 whidh is almost 1. This means that the ratio' o,f r~eactants to products 
are almost the sa1me. 

(iv) Pressure between 200 - 300 atm 111 

High pmssur'e causes the equ iii brium position to move to right and incn:~ase 
the yield of a.m monia. [11 

The most oamm·an m ista k.e was to' discuss ~he 'economic considerations for 
using 2.50 atm. While mos.t discussions were correct, they were not aw.arded 
any marks because the question ask,ed for the imp·.act of the oonditio n (i.e. 
pressu m) on the yi,eld. Th'e question was not asking for why tlh e p:r,essu m 
was not as high .as possible. 

(b) (i) The chlorine atom. Since 'tlhe product obtained is 1-;dhlorobutan-2-ol, the 
OH 

(iii) 

® ~ Cl, .............._ _..,.. - -
carbacatio n i ntenmed iate must be either · ~ ·....._....- · or ·® -- · - -· . 
How'ev'er, a1 secondary· carbocation is m·ore :stable. Hence~ tlhe chlorine must 
haive been added first and it must therefore be the electrophi lie site 0 R 
chlorine is less ~el ,ectronegative than 0 , hence it w"lll be electron­
defid,entfpassess a partial positiv'e charg,e. (1 ] 

There were only 3 possible answers to this question: H ~ 0 or CJ atom. 

WJhil,e the H ato:m was the leas.t electronegatw~e1, and hence a possible 
e~ectrophilic site~ it is quite clear from tlhe product that the HOCI molecule 
added .across the doubl'e bond as OH fragment and Cl atom. Hence 'this 
option should be m lled ow bas·ed on the product given. Othe~rwis,e if H was 
added to' the C =C band, tJh,en ~he nu cleop hil'e that attacks the carbocallion 
should be OCI and the prod ucl olbta ined will be different from what is g iv,en 
(CH3CH(OCI)CH3). 

The 0 atom should not be chosen as it is mare electronegative than the Cl 
atom. This can be 'easily deduced fi"om its position in the periodic table 
relative to that of Cf. "fhis would mean that the 0 should cany a S- charge 
while tlhe CJ carry the 8+ cha r~ge due to their differen oe in electron eg ativity .. 

The q ues.tion aslked ~he student to, 'deduce· so a reason must be given for 
y~au r choice. Many students failed to provide a reason despite se le cti ng the 
correct e lectrop hil ic site. 

Electro ph ilic addition 
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Correct mechanism 

.. e 
Ho: . 

• <I I 

[[2] 

.,..Any errors:, deduct%, : e.g. m~issinglwrong 6+1 6-:,, st:Ow/fa.s·l, ,arrows! 
wrong carboca,tio,n etc. 
Them were 4 possibl'e r~eadion mechanisms that could be drawn: 

1 ) The atlacki ng electrophi l!e was the H atom o:n the HOC I molecule. For 
students who chose Ids route I usually .a dead end is reached I since 
the 0 - H bond should be broken and no~t the 0-CI bond. No' m.arlks 
were awa.rded for Uil is, case ,as the wrong carbo cation was g~enerated . 

Marks were dedud,ed if the O-Ct bond was broken i nst:ead of· the 0-
H bond. 

2) The attad<ing eleotrophi le was the 0 atom on the HOC I m~ol ,ecul'e . 

Erro:r carry forward was a.llowed if the 0 atom w,as id entJlfied ,as the 
electrophilic site in (b)(i). The l ~ess stable carbocation was generated 
before the C~ n ucleophi le attacked the carbocartion to form the 
r~eq ui red product~ 

3) The attacking el ec~roph il'e was 'U"i1 e Cl ,atom on the H OCI m~ol ,ecul,e .. 
This was the correct answer. 

4) The attacking e lectroph ne was cr.. Half a rna rk. was d ed uded from 
using the wrong eledrophile since them was no need to first ionnz,e 
the HOCI molecule. IB,as·ed on the comparison of ~electrophi lic 

r~eaotio ns of Br2 with an alkene ver.su s IB r2 with benzene t it is quite 
dear that the alkene functiona.l group iis sufficiently r~eactiv'e to' be ,able 
to' react with a molecular ~electrophi le ( HJQ5--CP) which was only 
pa rtia,lly el,ectron defici,ent r( as. signified by the 5+ dh arg e) rather than 
the more powerful cr- e lectrop hil e r( due to stronger el ectJron 
deficiency as signified by the fu II *" charge). 

Some· common mistalk:es: 
1) The cu rty arrows do not start worn the lone pairs, and the a now heads 

do' not polnt to th'e atoms (but tlhe 1+' or IS+' cha.rges) . 
2) Missing dipoles on the HOCI m·ol,ecule, or on the wrong atoms. 
3) Missing product in 1lh e first st,ep·: oH- was missing 
4) Missing 'slow' in the first step 

(iii) Enantio merism. [1 ][ 

.,..Optical isomerism' not .accepled 
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(iv) 

Geometry about central carbon ato:m of 'the aubocation is rpla.na.r1. allolllring 
eg ual probability for OH- to attack. the top and bottom face . [[1 ][ 
Tlh "s resu llts ·n formation of equal .amounts of ba:~h ~enantiomers I racemic 
m nxtur,e.. [11 

Tlh'e e.xplarnation for this part was quite poorly done due to' misreading of the 
question. The question .asked for 'how' the stereo isomers wer'e formed. "fhe 
question d id not ask for why enantiomerism was possib!'e (which was what 
many students expla ined). No credit was given for explaining how 
enantliomerism arose due to ·~he four differ,ent groups attached to a ~carrbon 

atom in the fi na II product 

So me points to n ot~e~ 

1 ) lilt is the geometry· about tJh e centra I ~carbon o,f the ca rboca'Uon ~hat is 
planar. Th'a ca.rbocation is not necessarily always planar. 

2) Please reference the carbocartion in your answer and not some vague 
re~erence like 'mol,ecul,e' or 'carbon ' or for some~ there was a 
com pl,ete lack. of reference to, the carbocartion .and the attendant 
geometry around the central carbon atom. 

3) lilt · s. necessary to' indicate that ·~he attacks fi"om the top & bottom face 
have ~eq ua I pro ba bil ity .. Without th is stat erne nt, ~here is no reason why 
the enantio mers formed ,are in equal proportions. 

Some common mista.k.es: 
1) Th'e question asked for type of ster,eoisomerism, hence 

lenantiomerism' should be wriHen rather than 'enantiomers'. 
2) Do not use I optical isomerism'. It is not accepted. 

A B C · [[1] x 3 structures 
Tlh · s part was rea.lly· quite i ncmd ibly poorly done. Soma us·efu I tips when 
atte~mptin g to join badk mo lecu Ia r trag me nts after an o.xidartive cleavage: 

1 ) Always oou nt the number of carbon atoms of the ori gi na.l compound 
and compare w ith the number of carbon atoms o,f all tlh e fragments . 
This will ea.s3 ly reveal if there were any terminal C =C bonds wtl ich 
then indicate that file terminal C atoms were lost as 002 gas in the 
clleavag~e prooess. For example! for compound A (wrth 8 C atoms), 
the pmd uct had only 3 carbons. This indicated li1 at compound A 
should comprise 2 hallv,es of the pmduct to make 6 carbon .atoms, 
while the r'e should be another 2 C atoms m iss3 ng (to' malk:e a tota.l of 
8 C atoms)~ meaning that th ~ere should be 2 t~erminal C=C bonds in 
the molecule. Since the two termi na I C =0 groups in the product 
should be used to join tog ether two product molecul,es to ·(!arm the 6-
membemd ring r(given in questio:n )1, it leaves the cent re C=O group to, 
carry the termi na.l C=C bond. 
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2) Be systeima,tic when you put molecular fragments together: draw the 
C=O groups ofUm fragments such that the 0 atoms face· eaclh other 
fro'm different firag ments. This wi II clearly- show where the C =G bonds 
are located. 

3) 0 nee a compound has been pieced togetheri, always checik that you 
can get the cleavage products by breaking the C=G bonds, .and 
comparing with the given deavage products in the que sti o:n .. lrhis wi II 
enable you to check that you have not p~.aced the C =C bonds in the 
wrong place on the molecule you have pieced together. 

E 
c 

....... 

T 

Na Mg AI 

Correct atomic radii trend [11 
Correct ionic radii ~rend [[1] 
I nco rr~ec:t .ax,es & l l abe~s - % 
'"Ignore units· on .axes 

JO:Fl!I.C 

atom.ic 

s. p s a 

'"lo,nic t;adii trend can be ,discontinuous Is;· .need not be in,cluded 

Thes·e were the points that the markers looked fur when rna rkl ng thes·e 
trends: 

1) Both seri,es should have do~wnward tr~ends~ This is part o,f the content 
that ne~eds to' be r~eme1mbered by students. lift could also be ea.sily­
ascertained by clh ecking the data booklet. Same students we r'e 
obviously confus·ed tlh e radii trends with tlhl e IE trends. 

2) The calllons should be sm al lier than all the ato:ms. H'e noe INa+ ion (ttl e 
largest cation) should be found be~ ow Cl (title smallest atom). It was 
quite common to' find that Cl was even smaller than AP+ (or Sii!1+) 
whidh didn't mak'e any sen s·e sin oo the cations have one less 
quantum shell llan 11 e atoms. 

3) The anions should be llarger than their respective a,toms~ with p3-
larger than Na. l~f Si was tak,en to' fcmm Si4l-~ tlh en it should also' be 
lar,ger ~h .an Na. 

4) The horizontal .axis did no·t need to be labelled should all tlh e points 
be labelled individually- as some students did. Otherwise.t writing 
~el erne nts', I Pieri ad 3, elements' ~ or I pro·ton/atomic nu mbeif' wer'e 
aoce_pf,ed. ~ Protons' was no~t acceptable .. 
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(i1i) Acmss the series, atomic radii decreases as •n uclea r charge i ncr,eases 
while shie~ding effect remains almost the same.t hence ~effectiv~e nuclear 
charge inar,eases and draw the vale noo electrons closer to fu,e nude us. (1 ] 

Acmss botlh ~he cation and anion series~ ionic radii decrea.ses as *nudea.r 
charge increas·es while shi,eld ing effeC-t remains tlhe same ~ henoo *,effieclllve 
nuclear clh arge increases and draw the val en oe el,ectro ns closer to, the 
nucleus. (1 ] 

Cations ar'e smal ller tlhan anions as they have one l ~ess quantum :shell .. [11 

*Requited to be menlio.ned only on~ce, or can be lu·mped :together. 

The part was quite well done and quite cleaflly many students understood 
title reasoning behind the trends. Those who confiused the Ill E trends with 
radii tr,ends should spend some lime comparing the two explanations as they 
look similar. 

n is necessary to di:scuss ba~h the nuclear ,cJharg'e and shielding ,eftect before 
m.aking the oond usion that the ,effieclllve nu cl!ea,r charge i ncreas·ed. While 
'number of protons' was aocept,ed in thi:s cas·e, 'nuclear charge' is ~he oorreot 
term and :should be used as s.uch. 

Marks we r'e deducted if refer en oe to ions were unclear (i .'e. markers were 
unsure if II e reference was to the atom or the ion. F o:r example ~ the ionic 
radii decrea.s·ed from Na to AJ) . Ple.ase be more spedfic in r,eferencing the 
ions.t Na+ to AJ3+ would be unambiguous. 

The terms 'one more val,ence shell ', ~one more subshell' are not the same 
as • one more q ua.nru m/e lleclron sh eH' when exp Ia ini ng why- the .anions a r'e 
larger than the cations . 

M s So1p lrl i e Bobi II ier: S6,01 _, 571 
Mr Sam Lee: .5:72 - · S·'7K 

Overall ~ it is clear tlhat tJh is question was demanding in terms of time ~ and despite rna ny 
secUon.s being well a He mpted by students~ many did not manage· to, com ple:te it. 

2 (a) (i) n is the aver.ag'e ~energy required to break one mol'e of a covalent bond in 
the gaseous state. [1] 

Many- students understood this defin mon qualitative ty but forgot about the 
quantitative aspect1, that is~ that o:rne mole of a c~ovalenil bond is Ibm ken in 
o:rde r to get the bond energy values given. Other common om is:sio111S 
induded the r,eferenoe tn the bond energy being an ~ .ave1rage' va,lue, and the 
fact that the bond shou lld be in the gaseous sta,te. 

(' ' ·~··)·. B II";' (·c· - o·) - 740 '~J m· ol-1 ... b .. . · -· -.. -. - . - . · lr"L- II ·- .. 

B.E.(C-N) = 305 kJ mo~1 
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B.E.(N-H) = 390 kJ mot-1 

B.E.(C-C) = 350 kJ mot-1 

B .. E . (C~H) = 410 kJ mot-1 (1] 

Since the C~N bond has 'the lowest bond energy, the C- N band will be the 
bond broken by the protease. [[1] 

This question req ui r~es students to interpret the sk~el ~eta. ~ structure g iv~en , and 
to, assess al ~ the covalent bonds prese m, quoting the BE value for eaclh. As 
sudh, ful ~ credit was given only when all ·fiv~e types of bonds were cons idemd .. 
The C-H bond was ~commonly· forgotle111 .. 

Interestingly, m.any thought (incormctJiy) th.at tlhe p:r~es~ence of the prote .as~e 
enzyme meant that the strongest C=O bond would be ~h ~e one that is bm!ken .. 
This concept is not clhemica ~ly· sound because I whi l!e the enzy1me does 
facilitate bond -b r~ea tti ng by providing a, pathw.ay of lower .activation energy t · 

it does not mean that the enzyme is able to 'choose' to break the strongest 
bond. 

(b) !Role o·f P: (Bronsted-Lowry) add I becai!Jse it donates/loses a protofil1 ('to, be·oome Q) 
!Role of Q: (8rofil.s'ted-Lowry) base l becai!Jse it acceptsl gains a proton (to become P) 121 

This question was general ity we~ I answered. Students who referred to the proton 
( H+) as (jan H atom" wem pena.lised. 

(c.:).~ ( i~~ Adds IFoli fil's reagent to, Ule reaction mixture~ and measure the absorbance or 
trafilsmittance or colour intensity o~ver time; using a colorimeter or 
:spectrophotometer [1] . 

•ReJect c~ac.l€ method' .as if does not Involve contln·uo:Us monitoring o~ver· time. 

B eca us~e the question as k.ed how you would manito r ~he rate of react" on ,a,ver 
time! only· answers that suggest conti nu ou s. man itorin g we r~e .accepted I while 
dock methods ttl at r~eq ui r~ed timing the appe.arance of a blue co l!ou r we r~e 

r~ejected .. 

Students needed to specify the v,ariab!le to be measured (absorbance,. 
transmittance o:r colour intensity·),. and, for a more complete answer. should 
mention the instrument that oou !d carry out sudh a measur~em ent 
(colorimeter or spectrophotometer). Non-technical terms. sudh as ~~degree of 
blue colour' o:r ~~ooncen~ratJion of b~ue" were not accepted. 

~Careful ! Colon meter '¢ calorimeter. (!co ~o:r'' means co !our,. while (lea l!o r is a 
refere nee to heat! 

(i i1) o raph p~~ottin ~g 

•· Ax.es, labells~ chos~en s,cales. axes the co:rr~ect way .around [1] 
•· Correct points and best m curve (mark. ~ost for stJra1ight line~ or 

mi:splotted points) [1] 

Mani pullation1 of data (2] 
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From g r.ap h 1( d oUed construction lines must be shown I and values read 
oorrecUy) 

• time taken for the ooncentr.atiorn of casein to~ fal ~ from 0. ~ 00 0 mol dm-
3 to 0.0500 mol dm-3, h, is 16.4 min. (can be shown on graph) 

• time talken for th~e concentr.ation of ca.sein to, fal~ lfirom 0.0500 mo! drrr 
3 to~ 0.0250 mol dnr3

! 121, is 12.8 - 6.4 = 6.4 min. (can be shown on 
graph) 

Si nee h = b , tA is constant, th~erefore , reaction is first order wfth respect to 
[casein] . 
(tlh ~e r~eason for concluding that it is a first order m.action must be given) 

0.005-{)_100 

G1radient of tangent = 8-0 = - 0.011,87.5 mol dm-3 mirr1 

:. initial rate of reaction = 1 .1 9 x 1 o-2 mol d m-3 m in-1 1(to 3 s. f.) 

(Tangent at t = 0 min must be drawl"! correctiy, coordinates must be mad 
oorrecUyl and range accepted for initia ll rate was: 0 .00900 - 0.0150 mol dm-
3 min-1) 

Stu dents are reminded to show their construdio n lines dea r~y on the graph, 
and to' use a ruler. U nfonunately many e nors were made bee a us~e of 
misreading o,f students' own scales. 

Va~ues of two, half- llives have to, be shown, and it is recommended that 
students show these dea r~y ~on the graph. Simply sta·~i ng that 5h alf -1 ife is 
constant' without supporting tlh is wuth v.alu es is not sufficient to~ earn ~u Ill 
credit. Similarly, concluding tllhat the reaction is first order without stating the 
sup porting ~evidence is a.lso, incomplete. 

The coord ina,tes u s~ed to~ ca ~culate the gradient of ·ttl e tangent line shou !d 
all so be shown dea.rly on the graph I so that the examiner does not have to 
decipher students' worlking. Students who mi:sr~ead their ow111 coordinates 
were penalised .. 

113 



(rd) 

Mg2 (g) + 2e- + 2Cl(g) 

736 + 1450 
2(- 349) 

M!f+. g) + 2Ci(g) 

g(g + 2Cl(g) 

244 
·. g(g) + Ch(g) 

· g(s) + Ch(g) 
• l20r 

-642 

--'642= +120 + 244 + 73r6 + 1450 + 2(- 349)+ L.E~( IMgCI2) 

:. L.E.(IMgCh) = -2494 kJ 1mo!l-1 (exact value) or -2491 kJ m~ol-1 (to 3 :s.f.) 

• Cycle (must show all· processes sepa,talelyJ 
• Correct calculation of L. E. based on ll.abelled cyd e 

[3) 
[1) 

Since ~he q uesti o:n as ked thal all i nd ivid ual processes be shown ~ there we rre 
pen allies for combining steps instead of keeping them sepa.rate 1( e.g. EA and IE 
shou !d be s~eparate ). 

A number of students did not know that ~h ~e formu Ia of mag ne si urn chloride was 
IMgCh~ opting instread fo:r the (incorrect) MgCI .. Many students also did not realis~e 
that they had to refer to, the data booklet for further values, that is •. the bond ~energy 

of C ~CI and the ·first and second I.E. of Ma.·gnesiu m. Each step should result lin 
00 nsrervation of charge~· and students shou !d the rre:fore rem rem ber to inrd udre 
electrons in order to kreep it lbalalnced! 

.As for any energetics question ~ :state s·y1m bolls are crucial to the enthalpy data 
used I and hence should be included in the dia.gram. 

Students are reminded tu include units on ~tl e axis, m alkin g it easier to, wrlite values 
in the diagram (without units). 

(e:)r (i~r 11C02 = 2.573...!,. 44.0 = 0.05848 mol 
:·. mass of C. in 1.1116 g of "T = 0.0.5848 x 12.0 = 0.7017 g (to 4. sJ.) 

= 0 .. 702 '911(to .3 s.f.) [11) 

11H20 = 0.643 -:- 18.0 = 0.03572 mol 
mole ratio of H atoms to water mo !ecu lies = 2 : 1 
:. m.as-s of H in 1.1116 g of "T = 0.035.72 x 2 x 1.0 = 0 .07144 g (to 4 s.t) 

= 0.0714 '9 1(to 3 s.f.) [1) 
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Tlh"s question part proved more difficult to students than (e)(ii). !Many 
s.tud ents we rre unab lie to even interpret what the question wanted ~ attempting 
(in correctly) to draw ICE tab Ires or to solve for the empirical formu Ia di rectJiy~. 

What was important to realise here was thart upon burning T in excess 
o~xygen I all of the carbon in Twas converted to ca.rbon d io,xide ~ and a·ll· of the 
twd!ioqen in T was convened into water. 

AJso~ note I"! at in ttl is rconte.xt~ ~mass of hyd rog,en ' referred to the mass of the 
e~lement H in T~ not to the di.atomic moteculle hydrogen (H2),, though the same 
m.ass would be calc11Jiated ev1en with the latter misinter •relation. 

r(.iii). Q 3 11Na H = (22.1 0/1 000) x 0.0700 = 1 .. 547 x 1 o- mol 
= 11H Gl' rremaj ni ng 

11HCI reacted witlh ammonia= (80.0/1 000 x 0 .. 1 00)- 1 . .54'7 x 10-3 

= 6.453 x 1 Q:--3 mol [[1] 
= 11NHJ 
= 11N in 1.1116 g ofT 

NH3 + HCI' -+ NH4CI 

:. mass of N in 1. 1 76 g of T : 6.453 X 10-3 X 14.0 
= ·o· ~o- ·g·· o-341 · · ~~ · 4 · · ~ ) . . . . . . g 1\tO S .1. 
= ·1· ~os· o3·-. - (t .. , 3· ~" ) [•] , . . · .· . g .. 0 S . 1. • 

This pa,rt was general fry well I done for stu dents who' mana,ged to reach this 
fiu. 

Howe:v,er, there we n9 some unreasonable equations given to .account fur the 
absorption of amm~on ia by HCI,, though these were ignored. 

Ag.ain,, in this context, note that lmass of nitrogen' referred to the mass of the 
e~ erne nt N in T ~ not to tlhe diatomic molecule of nitrogen (N.2),, though just li k.e 
in (i ii ·)~ the oonrect mass would be calculated even with this misinterpretation. 

(Hi) Mass of 0 in 1.176 g = 1.176 - 0.'7017 - 0 .07144 - 0.090.34 
= 0 .. 3123 g 

110 in 1 .1116 g = 0 .. 01 953 mol (1) 

c HI N 0 
Mass in 1.176 g of 0 .. .7017 0.07144 0 . .09034 0 .. 3123 
T I Q 

No. of molles I mol 0 ... 0584 0.07144 6 ... 4S3r X 0 .01 '953 
I 8 10r3 

Mo~~e r.atio '9 11 1 3 

:. emr-· irica1l formula ofT is G9H1 1N03 11 
Few students were .alb!e to' lfreach this question part~ and several of those 
who did for •-ot about the ox. · • en · rres~ent in T.. 
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There were a,h~o' many ca r'E:des s errors, including omissi on or add ffi,on of 
zeros after 1"1 e decimal point1, which ,arflected the eiFil~i re calculation of mol'e 
ratios .. 
Seve r.al students also found a m.ass ratio in stead of a mole ratio,, which is .a 
big co nooptual ~error.. 

Mrs Che1ng M L : Sr80r _, S7r0r 

Ms Soh .SK: 57'1 - .s,7K 

J (a)' r(i~' A dynamic equflibfium' refers to a state where the forward and ba,ckward 
r~eactio ns a,rn both taking place but at the sa me rate sudh that tJh,ere is no net 

~dhan ge to the concentrations of the re.acta nts and products .. [1] 

The idea that both forward a.nd backward reactions a r'e taking place is 
necessary to a . dr,ess the term "dynamic". as opposed to a static equilibrium. 
To address the term ~equilibrium' . the last two underlined points willl be 
necessary·. 

Note tlh at because the forward and badkwa rd reactions have the same rat,e,, 
the net co noontrations of reactants and products remain unchanged .. 
However~ the concen-trations df the re~eu;tants and ~h ~e products are not 
neoossaril .· e ual!1 

(ii i1) Using tlhe de fin "ti o:n of a Dobson unit given in tlhe q ues,tion, 
300 DU = 300 x 0.0~ mm - 3 0 mm lay,er of ozone 

Since we a r'e finding the no'. of ozo:n e molecul,es o~ver an g are.a of 1 . .0 mr2' I 

volume of co~umn - -3.0 x 1 o-3 (in m) x 1.0 (in m2) = 3.0 x 1 Q--3 m3 (1) 

Since we are to "assume ozone behaves ideallly'\ we earn use the ideal gas 
~equation : 

PV= nRT 
.at s.t.p'.,, IP = 105 Pa (1 bar) and T = 2'73 K (0 °e) 
~· 105 .X 3.0 X 10-3 = n .X 8.31 .X 273 
~· n = 0. ~322 mo! 
0 R at s. t p ,, molar val urn e = 22 .. .7 dm3 

n = O .. Or03 x ~ 000 I 22 .. 7 = 0. ~ 322 mo! 

[2) 

Many students ~ost m.alfks, here due to not reading the question car,efully 
~enough . F o:r exam pie 1, the question aslks to find "number of molecules" and 
states ~~ sta,nda.rd ;temperature and pressure" .. Yet rna ny students stopped at 
finding the number o,f moles o,f ozone andl,or used ltll'e rJ.p'. conditions 
instead. 

Many students arlso, incorrecUy· ronve rted lengths. area and vollu m~e .. Please 
note the conv,ersions as fol ~ows : 

Since 1m= 10 dm = 100 em= ~000 mml 
==::- ~ m2 :::: 1 0~ dm2 = ~ 002 c1m2 = ~ 00 02 m m2 
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A significant number of stu dents failed to u s~e he .30 0 D U data in ttu:~~ · r 
c:alcu lations. 

To find the uverall equation o,f a r~eactio n from its medh an ism! add up alii the 
individual e ~e1mentary steps, in 11 e given m~echani sm. Please s im pi ify by 
cancelling the common speci,es on both sides i.e. Cl• 

(iii) rate = k [03] [CI•] [[1] 

r( iiiii) 

To de rive the rate equartlion, look fo:r ~he rate-dete rmi ni ng (slow) step in the 
mechanism. The rate will depend o:n the concentrations of ~he reacting 
s pedes in this s bw step,, a.nd their orders will depend on the mol,eculanty in 
this step .. 

For this meclh an ism I ~h~e first st,ep is the slow step. 8 ince one Cl• re.acts wiltlh 
one 0 3 m o!ecul e in this step, we can dedu oo ~hat the rate is first ord,er wrl 
Cl• and first order wrt 0 3.. 8 ince 03 is an actual' rea,ctarnt in ~he ov,erarll 
reaction r( i.e . llii,Ot an i nterm ed iate). and Cl• is a catalyst (.and catalysts can 
a1.· ear in the rate e . uatio:n 111. , the rate e , uatlion will be written as abav,e. 

- -

(1] correct shape of ~curve and correct axes (i.e. "energy' vs gprogress of 
reaction") 

• 2 peaks, Ea1 > Ea21 products energy lower ttl an reactants 
(1] correct labels 

• correct species indicated as tJh,e reaclants,l intermediartes and 
products 

• correct indication of Ea1. Ea2! 1l H with correct arrows 

Since the medh.anism shows fwo el!e1mentary steps1, there must be two pealks 
in tlhe re.acliion pathway diag r.am 8 ince the first step, is a slow step,, ~he Ea 
for the first step must be larger than that of the seco:n d step. Since the 
qu esliion says the g iv,en reactlion is exo,therm icl the energy ~eve I of tlhl e 
starting r~eadants must be higher than that of the fi na I pro duels. Next, l.ab el 
tlhe axes! Ea and AH o:n the diagram. 
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(iiv) 

The renergy- levels must be dearly labelled wi'th the correct species~ l"he 
energy- I eve I of the react8 nts must i ncllude sill reactants in the reaoti on (i.re. 
CJ·• , 0 3 and 0 •) and ll'ilrOt just the reacting species in Ill e first step. The renergy 
level of the intermediate step must eontain the products of the ·first step 1(CIO• 
.and O:z)1, as well as the re1maining unreacted 0•. lrhe renergy level of the 
products indudes a lii products of the steps, mill'iiUS the intermed"ates .. 

Please note that .a ~rreaction p·athway diagram·~ (s~ee Topic 16 K inetics p.581, 

P~ 1 00~ Topic 5 Energretks P~4) is, a diHerent diagram from an 5jrenergy· level 
dia ram" 1see Tor ic 5, Ener etks 1 .9 . 

•• XX ·•• XX 

:c..t: O ;Q~Cl~ 
+• XX •• )(){ 

[1] 
or 

X.X: • • •• .X:X 

£ rC.J~Q: ~Q ~ rC.J ~ 
)()( •• • ·• XX 

Obs~erve that Ch:0:2 is "twice" that of CIO·• so it is llikely that two CIO•· 
combined to to rm one ChO:z molecule. Hence we can deduce a sin glre bond 
is formed between ttlre lwor 0 atoms in a ~c,_.O._Q-...Cr fashion . 

Many students lost m.ark.s due to missing or incorrect number of eledrons 
on 0 or Cl. Note that earah 0 should either have 6 dots or 6 crosses and 
readh Gl' should either have 7 dots or 7 crosses. Each 0 can form 2 bo:n ds 
.and each CJ can form 1 bond and achireve octret wlithout the need for any 
dative bond or double band. -

Note that it is unlikely for Cl atom to form 2 bonds and be the central atoms 
instead of 0 . 

(v) CJ• is the mom reff;ective catalyst since it msu Its in a lower activation renergy· 
for the reaction compared to •NO .. [1 1 

Recall that the ro l!e of a cat:a lyst is to speed uP' a readion by providing an 
alternative readion pathway· of ~o~wer Ea (com pa1red to without catalyst) . 
Between two cam1lysts therefore, the one that pro~vides a pathway of lower 
Ea would be considered morre effective in its rolre. 

Note that this question is about kinetics. and not tJh ermodynam ics. Hence 
be careful with your terms used: the reaction with lower a.ctivation energy is 
not neoossa.rilly ~'mom energetical~y favorable" .. 

(r:) lrhe boiling point of HCFCs will be lower than that of CFOs since the replacement 
of Cl witlh H means ~ewer number of electro:n:s and a smaller elrectro n cloud size of 
the HCFC molecules, resullling in weaker intermolecular dispersion forces and lress 
energy· requirred to overcome these furoes. 
or 
HCFC would have a lower density llan CFC since its molecular mass is smaller1, 

assuming 11 e number of· partides occupying per unit volume is the same. 
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[%] oorrec~t physical property 
[1 %] correct explanation with reorrect conclusion (higher/lower) 

From the information given ~ we klnow each CFC molecule contains one m~ore Cl 
a rom than a HC FC. molecule (which has in stead one mo rre H atom). Notice the 
differrence in size and nor. of elecllrons in these two atoms (CI vs H). Tlhis will have 
impact on lle eleotron cloud size of the molecule ~ and hence dispersion foroos 
and bo iii ng point 

The difficulty lires in the fact that no actual molecules are given. Hence it is 
uncertain whe'IJh er replacing a po lla r C-CI' bond Wilth a non-polar C-H bond would 
tru ~y malke the overall molecule morre or less pola.r. Note ~hat having more po! ar 
bonds does not always lead to 8 more polar mo! ecu le, sin oe the net dipole 
moment (and polarity·) of a moleculre depends on its shape and the orientation of 
the i nd ivid ua.l d ipolre moments (the polar bonds). 

0 n the other hand, having fewer polar bonds a.lso does not 8 ~ays give a m~ore 

polar molecule since it depends on the whetlher the existing dipole moments are 
cancelled or not Hence arguments eitherw8y about ~he po~.arity of molecules and 
stronger/weaker pd-pd interactions are not given rCredit 

As we can not tell for sure whether H CFC molecules are more or lress polar than 
CFC molecules ~ .answers about solubility are also not given erred it. 

Two, s~erious misconceptions were revealed from many students' answers, so, 
makre sure you sort them out with the expla.nations below 1( frf still undea.r 1, please 
dh eck with your tutors!): 
1 . Having a C- HI bond does NOT mean the molecule can form hydrogen bonding 

with itsel or water! Rremeimber that to, be ab l!e to form hydrogen bo:n ding 1, the 
molecule must have a H attached to 01, Nor F (not C. or other el!e1ments~j . 

2 . When discussing bo31i ng points of sii mple m olrecular oo mpou nd s! the strength 
of the QOrVale nt bonds witlh in thre molecule is iirre:levant. lr 0 lboi I sudh 
rom pounds, we b rea.k. the intermolecular forces! and NOT tlh e covalrent C- H or 
C--CI bonds! 

(d) (i1) HIFC-134: 

(ii) 

134 + 90 = 224 ~ molecular fonmula is. C.2H:2 F 4 1[1] 

Th · s answer is e8sil y obtained by following the i nstruction:s or1 how tor use 
the code number in the question. 

Note that when the question asks ·for molecula.r formula! you must write lle 
molecular formu Ia and no~t i ust draw thre structure. 

H F H H 
I I I I 

H-C- C- F IF - C- C - F 
I I I I 

F F F F 
(1 ] correct drarwi ng of the two isomers 
(1 ] oon:stitutionall OR positional isomerism 
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F m m tlhe molecular fo rmu Ia C2 H2F ·h we can only draw two pass ibl e 
constitutio na ~ isom,ers r{ same malecul.ar formu ~ae but different structural 
formu ~ae) : one with 3 F · ato'ms on one C atom and 1 F atom on the other 
AND bo,th C atoms having 2 F atoms each. Si nee t11 e only diffe renee is tlh e 
positions of the F .atoms. they are a.lso ca.lled positional isomers. 

Note that your structur,es drawn must fit the rna ~ecular formula ·from (d:),(i). 
Noti oe that the molecular fu rm ula C2 H2F 4 shows the compound is satura.ted 
and hen oe there is no C=C band ·. resent 

(e :).~ (i~ 2 13.3,3-tetr.afluompmpene 1[1]1 

(iii) 

The parent chain oontai ns three C .atoms (so stem is "p rap''') and ~he principal 
fun ctiona.l group is a C=C double bond (so suffix · s "'ene") I hence the name 
~ends with "'propene' (no need to indicate position of double bond since ther~e 

is only one way of placing it). 

There ar~e four fluoro substituents r(so ''tetrafluoro ') , ttlree attached to ttle 
third carbon (carbon-~ is the one at the end with ~he doublle bond)~ .a1r11d one 
attached to the second carbon (so "'2.3,31.3" to indicate their positions). 

This qu est1ion was very IPOorly done. Please review the basics of I U PAC 
nomenclature in your orqa nic chemistry notes. 

Br2 (ag) 
H FO- ~ 234yf.: yellow-orange agu eous bromine tum s colorless (or 
deoolorises l 
HFC-~34a : aqueous bromine remai1ns yelllow-orange (or does not 
decolorise) 
or 
Br2 Ol or Br2ICCf4 
H FO- ~ 234yf:: r~eddish-b:rown B,f2 tu ms colorless (or decolori:ses) 
H FC- ~ .34a: Br2 remains red dish-brown (or does not deoolorise) 
or 
KM n04, d il H2S:04 
H FO- ~ 234yf: purple KM n04 turns colorless (or deoolorises) and 
effervescence of co! O'rl ess odorless C02 gas 
HFC-~34a : KMn~ remains purple (or does not deco!orise) and no 
effervescence 
or 
KMn04, dil NaOH 
HF0-1234yf: purple KMn04 turns oolorl,ess (or decolo:rises) and brown ppt 
ofMn02 
HFC-134a: KIMnO, remains purpl~e (or does not decolloris~el and 1r110 brown 

mll 

[11 correct r~eagent 
[%] correct obs~ervatio ns for HI F0 ... 1234 yf 
[Yz] correct observations for HFC-134a 
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HF0-1234yf has a C=C double bond (alkene functional group) but HFC 
does not Thereto re~ u s~e d is.tin gu is hi ng tests that react with the C =C double 
bond and m suIt in obs~ervable changes i.e. 

• Br2(aq)1. r.t. 
• Br2(#) ~ rJ. 
• Br2fCCI4, r .t. 
• KM n04( aq) I dilute HizS:04 I heat rr~·wi II produce 00:2 so will have 

effervescence of C02 besides decolor"sation) 
• KM n04( aq),, dilute NaOH ,, heat (*wil ll produce C02 but no 

effervescence since C02 wi~l be absorbed by NaOH (.aq) and will 
harve lbmwn ppt of Mn02 s"nce in INaOH, besides decolorisation) 

• KM n04( aq), di llute H2S04 I cold (*will no~t produce 00:2) 
• KM n04( aq)t dilute NaOHlt cold (*will not prod uoe C02 but will have 

brown ppt of IMn0:2 since in NaOH besides deco~orisation) 
are all applicable. 

Experimental details like 1 cm3 
I test-tubes,, add dropw~se etc. are more for 

pl.an ni ng question in practical rather than fur tlh is question - note 'this 
qu estio1n asks to "state" the r~eagent on~. However. in co rr,ect conditions e.g. 
using uv I ig ht/heat is penal iz,ed si nee both oom pounds will g iv1e ttl,e same 
obs~ervatio ns (as free radical substitution would be possible with uvlheat ). 

Note tltl.at your answer must ind ude tlhe o bs~ervatio ns Jar IBO'TH compau nds. 
not just for the one that gives the positive test Color chang,es must include 
the original calor .and final calor e.g. rcye !low-orange bromine turns colorless • 
"purnle KMn04 decolorises' etc. For carr,ect calor Of bromine in various 
states and solvents,. r,efer to the· Data !Boo kJiet p .57. 

(iii) Step, 1 : oxidation or o~xidative ~deavag~e 1[1]1 
Step, 2 : hydrolysis or s ubstirution [11 

In step 1 ,, notice fu at the C=C double band · s cleaved to fu rm C=O wlh ich 
should remind us of the oxidartive cleavag~e of C =e bond using KIM n04. 

In step, 2, notice that H20 is used am d the -OOF gm up, bee a me -C02H, 
producing a HF at the same time. Hence H20 is used hem to split up the 
origi na.l m,alecule lilke a .. hydrolysis' would. Alternative lly, we can s~ee the 
reaction as a s.ubsUtution of F in 'the -CO F group witlh OH. It is. in fact a 
nucleophilic acyls.ubstitu'tion. Hence answers with "'electrophiliclfree 1radical" 
substitution are inoonreot 
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