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SECTION A f
Answer all questions in the spaces provided. |
o |
1 A mixture was prepared using 1.00 mol of propanoic acid, 2.00 mol of ethanol and 5.00 mol
of water. At a given temperature, the mixture was left to reach equilibrium according to the |
following equation. |
. CH;CH;COCH + CH;CH,OH == CH;CH,COOCH;CH; + H,O AH®=-22kImol™" |
|
|
! The equilibrium mixture contained 0.54 mol of the ester ethyl propanoate. ‘
1 -(a) (i) Calculate the amounts, in moles, of propanoic acid, of ethanol and of water in _
this equilibrium mixture. CH3CHICo0H + CH3ICH 04 = ester + MO
. - 2-0 o |s-le
Moles of propanoic acid Ohs . - s }
I- 0-56 ‘z-osa 054 5;0-;;1
" = z [.& =
Moles of ethanol ...L:56... | 2O4C i 6 lisasg awf 14
Moles of water ..... S 54- ............................................................................................
(3 marks) |

i (a) (i) Write an expression for the equilibrium constant, K., for this equilibrium.

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

1 (a) (i) Calculate a value for K for this equilibrium at this temperature. Explain why
this K. value has no units.

i
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1 (b) For this equilibrium, predict the effect of an increase in temperature on each of the !
following. :
1 (b) (i) the amount, in moles, of ester at equilibrium “(l
forward recchiaon is ewobhermic C'”) So wil
2 move 4. endobhermic pide. .
(1 mark) |
1 (b) (ii) thel time taken to reach equilibrium Cafier ques fien 1':; get l-""'":']' @_G_i-'? ;
increqies re TiMé Jdecreatast |
DGELIAIE ... .otsressrmssisssins st s oo s s s s |
(1 mark)
1 (b) (iii) the value of K. Cquikbriom (ositon shifts leb+ s0 kc
geets mgiles
DU et
(1 mark) |
10

Turn over for the next question

Turn over p

WMP/Jan10/CHEM4



4 Areits outside
the box will
not be scannued
Jor mwirking

‘ 2 In this question, give all values of pH to 2 decimal places.
2 (a) (i) Write an expression for the term pH.

l‘ - jfﬁfj

.................................................................................................................................

‘ 2 (a) (il) Calculate the concentration, in mol dm™, of an aqueous solution of/sulfuric acid | |
that has a pH of 0.25 7 |

Q
Q
k4
w

1
Q
32
aN

)
-+

)

\i
O
Oy
o
3
L+
&
?t

Wl

v

Q
>
n

R

S

..................................................................................................................................

.................................................................................................................................

(2 marks) |

|
|

2 (b) A student carried out a titration by adding an aqueous solution of sodium hydroxide
from a burette to an aqueous solution of ethanoic acid. The end-point was reached
when 22.60cm’ of the sodium hydroxide solution had been added to 25.00cm” of
0.410mol dm™ ethanoic acid.

2 (h) (i) Write an equation for the reaction hetween sodium hydroxide and ethanoic acid.

NaOH + CH3CooHd —> CH3zCooNa + H20 I

................................................................................................................................... |

(1 mark) |

2 (b) (ii) Calculate the concentration, in mol dm™, of the sodium hydroxide solution used. |

Cone. zmal  conc xyolz mol . O40x(25 ) - O:01025 moks

IR
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2 {b) (i) A list of indicaters is shown below.
|
|
Indicator pH range l
thymal blue 1.2-2.8
bromophenol blue 3.0-456
litmus 5.0-8.0
cresol purple 7.6-9.2
Select from the list the most suitable indicator for the end-peint of this titration.
I the Qquivslance fPoint of w<sle acid iand
...... Cresol. POlPle........ Stoss. bow is. bohween thye foints. |
! {1 mark)
2 (b) (iv) Suggest why the concentration of sodium hydroxide in a solution slowly
decreases when left open to air. .
Coyisa s
| NaOH . con (esct with  C0z in the air,  slisiyacdic
: g af.
(1 mark) |
2 (c) At298K, the value of the acid dissociation constant, K, for ethanoic acid in aqueous
solution is 1.74 x 107> mol dm >
| 2 (¢) (i) Write an expression for the acid dissociation constant, K, for ethanoic acid.
!
B+ g ko z [ LCH3C00T e
| et [CHICOOMT e
' (1 mark)
' 2 (c) (i) Calculate the pH of 0.410mol dm™ ethanoic acid at this temperature.
' . . = 2
(LI 1341075 2 [ (ct3cood | 1240° xomio= (4"
f ; et
Qemernbe” ¥ O-4(0

!Fof”

| Ges

...................................................................................................................................

....................................................................................................................

aw"‘_‘:@-}
o\ﬁ.‘t‘l' h] 30 ’x 040 = [HY| = 2.(71:!0'3 —lo\jﬂ‘ﬁ] = 2-5%F
e

...................................................................................................................................

Question 2 continues on the next page
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c"v*mv‘sOIOOwéLe..)Mo"mo‘es'CGH
Lots goirg on ' Leoe

o Ehiy el "
! s wit 040 xezs } - 1-028 %10  moles  CH3CooH

| GT L L L L LT T L) T Ll L T P T T |

(when | omsie n}-")‘“ = M
L é‘_.ck 5 i R A BB S A S E PN OSSR AN A Ay S so Z&;\t““"b‘"

-3 ce

smﬂ;{””" KOH_+ CU3CooH —> CHacook + H20 & < 4
9‘ ' 1:028%10°% = 151072 2 425102 moles of  CU3COOH in

Cecess

1x1073 meles of CUsCoOK Pormed: |

|
..................... CHzCooH == CH3C00. & H* e

dof

2 (o)

(iii) Calculate the pH of the buffer solution formed when 10.00 em? of |
0.100mol dm™ potassium hydroxide are added to 25.00 cm?® of 0.410mol dm™
ethanoic acid.

............... I<a.z. WA A LCHacoor ! I
— (35/1000) (6 marks) |
(Exira Space) ... [CHECOOHl_g ..................................... |
425 %67 . .26% modden™ >
.............................................................................. LX) ..o vonsiciuionins
.............. [ Moo 2 [HT 0005 | [34mioS 2 0264 =[]
0-264 0-018S

....................................................................................................................

[5) 216120 .. zloglHe] 2. 339 |

Jor marking

ﬁd,,if
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3 Propanone and iodine react in acidic conditions according to the following equation.
CH;COCH; + I, —> ICH,COCH; + HI

A student studied the kinetics of this reaction using hydrochloric acid and a solution |
containing prepanone and iodine. From the results the following rate equation was deduced.

rate = k[CH3COCH;3][H™]

3 (a) Give the overall order for this reaction,

(1 mark) |
3 (b) When the initial concentrations of the reactants were as shown in the table below, the

initial rate of reaction was found to be 1.24 x 10~* mol dm™ s,

initial cancentration / mal dm™

CH;COCH; 4.40 "y |
- a |

I 5.00% 10~ & N?\I ﬁi\ rave |

HY 0.820 QB

Use these data to calculate a value for the rate constant, %, for the reaction and give its

URits.

Calculation ("GI‘I'C ..... 3]<[ct~!3CocuﬂEHf} .........................................................
oo, [-24x(0°% = kx 440 x 0-§20 |- 2404 K
2 I ORSSRPRRRINE i AT % 0 . e CORRRONS (8.1 SORE . W

BIE s e A0 B0

3 x o 5
1 -.-\J.n-‘s' K = 3. 44x(0 smo"lim?’s" !

TTRUIER sccaiionm s s oo s B 55 S S 0 L LA e e S W s S SR B S SR A

3 (c) Deduce how the initial rate of reaction changes when the concentration of iodine is
doubled but the concentrations of propanone and of hydrochloric acid are unchanged.

.......................................................................

(1 mark)

W
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(d) The following mechanism for the overall reaction has been proposed.

Step 1 CH3COCH; + HT
1
Step 2 H—(I:—Eli—cm S
H OH
H
Step 3 C:T’“—C}ig + b
H OH
Step 4 ICH,—C—CH;3 —
I
I
H

H\
C=C—CH; + H'
4 I
H OH
|
—  CH—C—CH; + T |
I
| |
H
H+

Use the raie equation to suggest which of the four steps could be the rate-determining

step. Explain your answer.

(®

.......................................

Use your understanding of reaction mechanisms to predict a mechanism for Step 2by
adding one or more curly arrows as necessary to the structure of the carbocation below.

..............................................................................

(2 marks)

H 1Y
f + N
Step 2 H—(i:—(l:—‘CH3 - o /C:(l:_CH3 + Hf |
H OH H OH i
/‘ (I mark)
pi'-"\'njh'“ |
c Uy 50 eect™
pair must Form doshle
boadk " Turn over p
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4 Two isomeric ketones are shown below.

4

CHy— ﬁ — CH»CH>CH; CH;CH; — iiilj— CH,CH;
O 0
Q R

(a) Name and outline a mechanism for the reaction of compound Q with HCN and name
the product formed.

a1
lecdi i
~ 3 e N
Mechanism 'CPJ- - A x> 0‘;5“5(‘ .
d C = 3 H+ Q‘ (:‘" '
5 o’ i 5=
_ _ L < —_ CH3CHZ,CHZ = -
CHay-CHy -CHy - (i J |
CH3 c HJ’
czN
¥ i
CHECHZCH; = O-K
i
CH3
Name of product th,tr"‘a'?-‘“ca‘t}‘-'f ...... 0-@'4""(" .........................................
. _ (6 marks)
Joa't F'w\;d ‘
thir e, |

I

il

WMP/Jan10/CHEM4
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4 (b) Some students were asked to suggest methods to distinguish between isomers Q and R.
One student suggested testing the optical activity of the products formed when Q and
R were reacted separately with HCN.
By considering the optical activity of these products formed from Q and R, explain |
why this method would not distinguish between Q and R. |
...... ronN‘waouléna’r)(a/manoﬁcdljﬁchvccompwno\
|
ag. it Ooer not have o Chirs\  ceater. i |
n | ea! t-kns e
St 06, Q. wetd Fom. . racemis.. mixhae ehich 7. @qqe ot
r |
- of |1af
ds.an. eqxl mis of encotienes. and hence will not ¢
(arete olane pdaired Ligh(?.; .................................................................. |
(3 marks) |
BIETEIEITTIN s e e R S P
CzZN
NoT chirsi. b - |
............. T R —
4 (c) Other students suggested using mass spectrometry and the fragmentation patterns of ‘
the molecular ions of the two isomers to distinguish between them. ' |
They predicted that only one of the isomers would have a major peak at m/z = 57 in its |
mass spectrum so that this method would distinguish between Q and R. |
4 (¢) (i) Identify the isomer that has a major peak at m/z = 57 in its mass spectrum.
(1 mark) |
4 (c) (i) Write an equation for the fragmentation of the molecular ion of this isomer to ‘
form the species that produces the peak at m/z = 57.
(6] _
o + i [0} + |
[CsciCctacus]” =2 [CHackaC? ]  x 2 CHacHs
(2 marks)
4 (c) (i) Predict the m/z value of a major peak in the mass spectrum of the other isomer.
,0
o [CHRGHACHICE 1T
(1 mark)
1
13
Turn over »
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‘ 5 The triester, T. shown below is found in palm oil. When T is heated with an excess of |
sodium hydroxide solution, the alcohol glycerol is formed together with a mixture of three
other products as shown in the following equation.

: CH3(CH;)14COONa
' (ngOOC(CH_:)MCH}f CleoH &
Cl,'HOOC(CHg)—;CH=CH(CH3)7CH3 + 3NaOH ——>(FHOH + CH3(CH;);CH=CH(CH,);COONu |

|
| CH,OOC(CH»)12CH;3 CH,;OH +

. CH3(CH3)12COONa

T glycerol

g ‘Klechion
l Alse Eaown AT 5-1‘}00\*' b

; . Sos :
5 (a) (i) Give the IUPAC name for glycerol. ~-mskitg ,,ﬁ—
N A7 i T K T e 18 s S
(1 mark)
‘ 5 (a) (ii) Give a use for the mixture of sodium salts formed in this reaction.

.................................................................................................................................

5 (h) When T is heated with an excess of methanol. glycerol is formed together with a
mixture of methyl esters.

5 (b) (i) Give ause for this mixture of methyl esters.

Biodiesel ...

arsares

‘ (1 mark) |

' 5 (b) (ii)) One of the methyl esters in the mixture has the [UPAC name :
- methyl (£)-octadec-9-enoate. Draw twe hydrogen atoms on the diagram below |
to illustrate the meaning of the letter Z in the name of this ester. '

H H

N,/

7K

(1 mark) |

i

WMP/Jan10/CHEM4
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5 (b) (iii) One of the other methyl esters in the mixture has the formula |
CHj3(CH,);,COOCH;
Write an equation for the complete combustion of one molecule of this ester.

e R P P P R P

(1 mark)

y €
6(. Cerell - 14F nok 22-5 &
: )
+“00‘yﬁcrc«hﬂv 'n the esk il |

Turn over for the next guestion

Turn over p
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i
|

6 The three amino acids shown below were obtained by hydrolysis of a protein.

6 (a)
6 (a)
6 (a

H
|
HN— ([: — COOH

=(CH;

alanine

i
HoN— cI — COOH

CH(CHj)2

valine

(i) Draw the zwitterion of alanine.

H
&
s N i~
‘ |
H
C H

20
C/
NOT

H
|

H,N— C — COOH

|
CH»(CH;);:NH,

lysine

(1 mark)

(i) Draw the species formed when valine is dissolved in an alkaline solution. |

W o
N——C—-C\ )
HO O

CH(cHy),

(iii) Draw the species formed by lysine at low pH.

H
';{Jf (I,-C”O
H- N .
W
CHZ(CH1)3-+r:I -H
[
H

(I mark) |

+
Don )
phis NHL7 e
(I mark) i

i

WMP/Jan10/CHEM4
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6 (b) Draw the two dipeptides formed by the reaction of alanine with valine,
{'i o H H o
(I \ x/
H, N - c e =K N-& -
CH
bon J\ C‘r
GMIAC
I inlcalj(
(2 marks) |
6 (c) Name a suitable method by which the mixture of amino acids formed by hydrolysis of
the protein can be separated. -
. Shomatogrbhy of.glectrathoresis. |
(1 mark) | |
6
Turn over for the next question
Turn over p
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7 Organic chemists use a variety of methods to identify unknown compounds. When the
molecular formula of a compound is known, spectroscopic and other analytical techniques
are used to distinguish between possible structural isomers. Use your knowledge of such
techniques to identify the compounds described below,

7

Use the three tables of spectral data on the Data Sheet where appropriate.

Each part below concerns a different pair of structural isomers.
Draw one possible structure for each of the compounds A to J, described below.

(a) Compounds A and B have the molecular formula C;HO
A has an absorption at 1715¢m™ in its infrared spectrum and has only one peak in its

'H nm.r. spectrum.

B has absorptions at 3300cm ™ and at 1645 cm™

show E—-Z isomerism.

A B
O

(!l
HaC-C ~CH3

- chk n ‘Hﬂml" as

ontj one de'fﬁtn

environmeat, H3C beth
C.CLuN"ﬂu*

4
)

! |
%)

A
C=C~C-O-H

in its infrared spectrum and does not

No E-2 iSomerism QS

{.._,,,c hjbfojmr on PemL

leg(_aﬁ C}Ou"b["' bof\

(£ showr [{Sea'C=C bomi

(b) Compounds C and D have the molecular formula CsH»
In their "H n.m.r. spectra, C has three peaks and D has only one.

C D

©
CH_;
I
H;C— C "CH;
i) l @
CH}

@

{2 marks) |

gll same eavimmn

So one P(Gk

(2 marks) |

i

i)

WMP/Jan10/CHEM4




17

7 (¢} Compounds E and F are both esters with the molecular formula C4HgO,
In their '"H n.m.r. spectra, E has a quartet at 8 = 2.3 ppm and F has a quartet at

d=4.1 ppm.
E F ,
O -Cl ¢
O “o-cus 0=EHLCH3
2‘361!-" - ‘f"lC.Jl-“ 5
H
R (2-C-C-t '
@ T Q-E_o_f_.. )
o H

7 (d) Compounds G and H have the molecular formula C¢H;,0
Each exists as a pair of optical isomers and each has an absorption at about 1700 em™
in its infrared spectrum. G forms a silver mirror with Tollens’ reagent but H does not.

G i H
Cu

i
H “f’.'c'f‘s

CH?_CHLCHB

CHs3
P

i s
H "'C*-C -~ CH3

]
CH'LCHB

v fo be O(f:icd _\ggﬂ'_’ mvf hat 4 chirgl carben.

+ beth Mmuit have c=0 Cl‘?oacm")

o Folleas Forms n\ver micror with ald

ctjdf .

ﬂdamen}- af ‘
C‘Hl mﬁk{f i

| ﬂt 2 e
JoFrernt,

{2 marks) !

|

(2 marks)

7 (e) Compounds I and J have the molecular formula C4H ;N and both are secondary |
amines. In their °C n.m.r. spectra, I has two peaks and J has three, '

I " 1

C'H3CH2'N-CH1CH3 CH

O® ©®O0 O

4wo fCGV-J' in YNme

H d

1 £ H
J‘-t -
3-—[\ C ["3

{
CH3

®

Fhree pecks in "CNMR

(2 marks) |

Turn over p
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SECTION B |

Answer all questions in the spaces provided.

8 Three isomers of CgH4(NO;)> are shown below.

NO, NO; N
NO, il |
s 4

- 2 |

4 I 3 N02
i 1 |
NO; |
W 5% Y |

8 (a) (i) Give the number of peaks in the 3C n.m.r. spectrum of each isomer. !
W3 . RIERRCN B 1 S - |
(3 marks)
8 (a) (ii) Draw the displayed formula of the compound used as a standard in recording
these spectra. d
AME H-C-H , ‘
Tetra mc‘:t‘JLs;l‘"" ¢ ! a“ .
= {4"’ C — ] -'H
— C~S5; - ¢
# | ¥
H-C~y
I
H
(1 mark) |

1

WMP/Jan10/CHEM4
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8 (b) Isomer X is prepared from nitrobenzene by reaction with a mixture of concentrate

nifric acid and concentrated sulfuric acid.

The two acids react to form an inorganic species that reacts with nitrobenzene to form

.

8 (b) (i) Givethe formug)of this inorganic species formed from the two acids and v@: ‘

an equation to show its formation.

.........................................................................................

.........................................................................................

8 (b) (ii) Nameand outlmegechamsm for the reaction of this inorganic species with

nitrobenzene to form X,

NO, NOg Noy
No,f
e H —_—
No,
“ cc'(’rvfkt'-'c
S st fuh on

Question 8 continues on the next page

..........................................

..........................................

(2 marks)

No,
P(od..uo+‘ .S-]"lw[d!
be in pose dinchen

for NOz  as i+ if
eleckem withdfawgs

(4 marks)

Turn over p
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8

8

(c) Isomer Y is used in the production of the polymer Kevlar.

(c)

(©)

Y is first reduced to the diamine shown below.

HENOWE

(i) Identify a suitable reagent or mixture of reagents for the reduction of Y to form ‘
this diamine. Write an equation for this reaction using [H] to represent the

reducing agent.

cessssssasmsilloctocbunassnsissiiaratananidtebisidsisstasbbbaririsasniane

..............................................

....................................................................................................................................

.................................................................................................................................

(ii) This diamine is then reacted with benzene-l.4-dicarboxylic acid to form Kevlar.

Draw the repeating unit of Kevlar.
e sty T

-

i g
OSSO

O
il

{2 marks) |

2

o

il

WMP/Jan10/CHEM4
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[

8

(c) (iti) Kevlar can be used as the inner lining of bicycle tyres. The rubber used for the

outer part of the tyre is made of polymerised alkenes.

State the difference in the biodegradability of Kevlar compared to that of rubber
made of polymerised alkenes.

Use your knowledge of the bonding in these polymer molecules to explain this
difference.
Keviar is biobt ('C.(ge.a'::{t bot the Palymm‘na( allceres

.............................................................................................................................

...................................................................................................................................

_____ Kevia S, polac and Gordcins o gebife bond. This
Sen..he..athacked By nuckghiles, cadsete e
LG5 dhe. polyallene 15, Non folac. Su. (esistat Fo ..

...................................................................................................................................

(4 marks)
(EXIRE SPHORY uninusinsivussovsiis s e s 5 S RS w5 i

....................................................................................................................................

...................................................................................................................................

Turn over for the next question
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%) 7S
\Y 12

&7 :
(a) Name and outline a mechanism for the reaction of CH3CH,;NH; with CH;CH,COCl |
a(Jch‘f'EOn - eli mingfion (eachon . @

Nam@le amide formed

S ;-
\/}O

C H3C H?‘ - C’\"

CH3CH; I'\;’“

‘H

Cce

this is an N sobst
the N Grom on the ami

s

~2 CHaC“l—f-{}{L |

CHyCHy ~C7

@ \

¥+
=N =CH,CH
" 1 3 =3
[

O

NN - CHyCHg
|
H |

N- eU"J LPfopanamIJe @

H cAom.

foded Gmide @ Wwhere
de has § ubfﬁﬁ’*“( I

{6 marks)
c M _ ‘
e !
am;d-c =L ~N-

L

2

2

WMP/Jan10/CHEM4
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9 )

Halealkanes such as CH3Cl are used in organic synthesis.

Outline a three-step synthesis of CH3CH,;NH; starting from methane. Your first step
should involve the formation of CH3Cl g

In your answer, identify the product of the second step and give the reagents and
conditions for each step.

Equations and mechanisms are not required.

R T T T ey |

.............................................................................................................................................

.........................................................................................................................................

............................................................................................................................................

.............................................................................................................................................

...........................................................................................................................

IOL (6 marks)
(EXITA SPACE) .veoeveeererreerrereorseviineseressssssiesesseesneeesenre DS 98 e,

o HaNi catdlysk with
H fj’ﬂ -kmf/r cesrsore. .

..................................................................................................................................

.............................................................................................................................................

END OF QUESTIONS

W
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