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Introduction

This paper tested a wide range of Unit 4 material and provided good opportunities for
candidates to show their knowledge and understanding of the Chemistry covered by the
Specification. Questions 18 and 19 provided the most challenge. The standard of answers

to the questions on equilibrium and thermodynamics was often very good. However, the
responses to the questions on organic chemistry, including nmr, and acid-base equilibria
contained more errors. A very large proportion of candidates seemed unsure about the
choice of a suitable number of significant figures in their numerical answers. There were no
qguestions asking for a specific number of significant figures in the final answer, but as long as
there were at least two significant figures a candidate's response was not penalised. However,
candidates at this level should realise that giving a full calculator read-out for a pH value is
inappropriate. Many rounding errors were seen. Candidates often gave the first two figures in
their calculations, even if the third figure indicated that they should have rounded up.
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Question 15 (a)

Many candidates were able to identify that the citric acid molecule contains three
carboxylic acid groups and so one mole of citric acid neutralizes three moles of sodium
hydrogencarbonate.

15 Citric acid is found in lemon juice.

The structure and formula of citric acid are shown below.

R

|
H—C—COOH

|
HO—C—COOH

|
H—C—COOH

|
H

. C‘H.O? )

(a) Inthe presence of a small amount of moisture, citric acid reacts with sodium
hydrogencarbonate as shown in the equation below.
CH,0,(s) + 3NaHCO,(s) — Na,C,H.O,(s) + 3CO,(g) + 3H O[I)

6 8" 7 i7e 577

Use the structural formula of citric acid to explain why one mole of citric acid
neutralizes three moles of sodium'hydrogencarbonate.
(1)

- Sodhm Xwdrogen carbonake sasks i e oridue. Yemenk”
......... @ e 0RM0 - w COOM. . As Bagse axe D of Mawst

........................... S PR ;\‘% 10l 0. sockmm\ugc\mqm(mm
ce0tks AUy ik L0y one 3 mgles of Nar (0,
ae teguined for e whole molseul

ResultsPlus

Examiner Comments

The presence of three COOH groups was acknowledged, so the
mark was awarded.
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Question 15 (b) (i)-(v)

The answers to (b)(i) to (b)(iv) showed good understanding by the vast majority of
candidates.

The calculation in (b)(i) was usually correct. However, the most common errors were either
selecting the standard entropy value for steam, rather than liquid water, from the data
booklet or a failure to multiply the required standard entropy values by a factor of three. In
(b)(ii), most candidates realised that a gas or liquid product is more disordered than a solid
reactant.

In (b)(iii), very few candidates failed to convert the standard enthalpy change of the
reaction in units of kJ mol*to J mol* before dividing by the temperature in K. This enabled
the standard entropy change of the surroundings to be quoted in units of J mol*K?, to be
consistent with the units used in the answer to (b)(i). Consequential marking allowed credit
to be given for answers to (b)(iv) and (b)(v) that followed on from a candidate's answers to

(b)(i) and (b)(iii).

(b) You will need to refer to the data booklet in the calculations which foliow.

You should also use the values given below.

compound 5%/ 3 mol- K- "

sy B |

NaCHO,s) 2005 |
CH,0,(5) 199.9

(i) Calculate the standard entropy change of the system, AS___ for the
following reaction at 298 K. Include a sign and units in your answer.

(2)
CeH;0,(s) + 3NaHCO,(s) — Na,CH,0,(s) + 3CO,(g) + 3H,0()
ptins o~ oot
. R
o171 2005 ¥ 3x 1% 6 64&
Nari(d y Q4
g ol
| =S5 =54% )
108 S 0.
— . "
3 05 ) nf
*(ii) Explain how the sign of your answer to (b)(i) could be predicted from the
equation for the reaction between citric acid and sodium hydrogencarbonate.
(2)
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(iii) Given that AH; for the reaction shown in (b)(i) is +70 kJ mol™, calculate the

standard entropy change of the surroundings, AS(; snae TOT this reaction at
298 K. Include a sign and units in your answer.

(2)

M0 XleQe = w0000
- - I
244 =

234 AM k!

(iv) Calculate the total entropy change, As;}w for this reaction at 298 K.
(1)

-2%49 +54 = 1909 \sl'k”

(v) What does the sign of As:;m suggest about this reaction at 298 K7

............................................................. R L

(1)

ﬁ ResultsPlus

Examiner Comments

Part (b)(i) scores the first mark as the working correctly arrives at 1051 - 505.
However, the subsequent arithmetic gets "+54", instead of "+546", so the second
mark was not awarded.

In (b)(ii), the candidate mentions gas (and liquid) products to earn the first mark
and an increase in disorder for the second mark.

In (b)(iii), the answer is correct to four significant figures with sign, answer and
units all correct as required by the Mark Scheme.

In (b)(iv) and (v), full credit is awarded for both answers by the application of
consequential marking.
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(b) You will need to refer to the data booklet in the calculations which follow.

You should also use the values given below.

compound 57/ Ymol K-
Na,C,H,0,(s) 2005
CH,0,(s) 199.9

(i) Calculate the standard entropy change of the system, AS” osteny TOT the
following reaction at 298 K. Include a sign and units in your answer.
(2)

CHgO,(s) + 3NaHCO,(s) — Na,CH,O,(s) + 3CO,(g) + 3H,0())

* [Narcoy]= 1007 s*[coJ= 2036 5% [y0]= 644
AS3E = (3x6194 3236 +2005)- (3<1017 + 1449 )
+ 546 Tral"k™

*(ii) Explain how the sign of your answer to (b)(i) could be predicted from the
equation for the reaction between citric acid and sodium hydrogencarbonate.

gaseous. wm e awws hare s ‘uglw‘

hence ST, shodd be pasioe 5 aleudated

(iil) Given that AH; for the reaction shown in (b)(i) is +70 kJ mol~', calculate the

standard entropy change of the surroundings, AS” wnay fOF this reaction at
298 K. Include a sign and units in your answer.

S'. :"'_@.‘{— — "7_____.—-0000
B3%ur ™ T 248

22349 Tral' K™

et
—————

(2)
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(iv) Calculate the total entropy change, AS&.,, for this reaction at 298 K.

NShpl= S4b -23¢ 4
+2 | Tmol k!

I

(1)

(v) What does the sign of AS.

total

TN. 5|3h 8 pasibre dgqes. (v:j Mk e |

suggest about this reaction at 298 K?

ﬁ ResultsPlus
Examiner Comments
In (b)(i), the sign and final answer are correct, so both marks

were awarded.

For (b)(ii), the candidate states that one of the products is gaseous
and also mentions that four moles (of reactants) form seven
moles (of products), so both marks were awarded.

In (b)(iii), the working, sign, final answer and units are all correct
so two marks were earned.

In (b)(iv), the answer is correct, stated to four significant figures.
In (b)(v), the available mark was awarded.
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Question 16 (a) (i)-(ii)

In (a)(i), the K, expression was usually given correctly. The most likely error to be made,

however, was to include [H,0(l)] in the expression.

In (a)(ii), the pH of the sodium hydroxide was almost always calculated correctly. On
occasions, a mark was lost for incorrect rounding of the final answer.

16 Methanoic acid, HCOOH, is present in ant stings.

titrating it with dilute sodium hydroxide, NaOH(aq).

A scientist analyzed 25.0 em? of an aqueous solution of methanoic acid, solution Z, by

*  20.0 cm?® of sodium hydroxide was required to neutralize the methanoic acid

The equation for the neutralization of methanoic acid is

HCOOH(aq) + NaOH(ag) —» HCOONa(aq) + H,0())

kw = 701

was 0.00750 mol dm~3,

(K, = 1.00 x 10" moldm]
s lag (0700359
T 242493, . -
pH = N4 - 2n..
= \-49735...

= -9 (3w

(@) (i) Give the expression for K, the ionic product of water.

(i) The concentration of the sodium hydroxide, NaOH(aq), used in the titration

Calculate the pH of the sodium hydroxide solution.

(1)

(2)

ﬁ ResultsP

L/

us

Examiner Comments

In (a)(i) and (a)(ii), both answers are fully correct. State
symbols were not required in (a)(i). In (a)(ii), the candidate
uses the expression pK, = pH + pOH to obtain the correct pH
and this is, of course, a valid approach.

OO ResultsP

Examiner Tip

Remember not to include [H,0(l)] in the expression for K.

GCE Chemistry 6CHO04 01
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16 Methanoic acid, HCOOH, is present in ant stings.

A scientist analyzed 25.0 cm® of an aqueous solution of methanoic acid, solution Z, by
titrating it with dilute sodium hydroxide, NaOH(aq).

* 20,0 cm? of sodium hydroxide was required to neutralize the methanoic acid

* The equation for the neutralization of methanoic acid is

HCOOH(aq) + NaOH(aq) — HCOONal(aq) + H,O(l)

(a) () Give the expression for K , the ionic product of water.

ke, = 0 Cou’] §)

(i) The concentration of the sodium hydroxide, NaOH(aq), used in the titration
was 0.00750 mol dm™,

Calculate the pH of the sodium hydroxide solution,

[K, = 1.00 x 10 mol*dm™*]

Ky 1 (2)
Ce*dz o) ‘,(4-. -C.D(Lﬂ: w?)
L orew' l
- 00675 = 1. 8¢
L -1
T 1 et0

ResultsPlus

Examiner Comments

Both parts (a)(i) and (a)(ii) are fully correct.
Note that in (a)(i), state symbols were not required.

Examiner Tip

In calculation questions, always show the
steps in your working.
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Question 16 (b)

In (b), most candidates were able to calculate the moles of methanoic acid reacting as they
were the same as the moles of sodium hydroxide. This value then had to be divided by the
volume of acid, in dm?3, to give the concentration in mol dm-3. Occasionally, candidates used
the volume of sodium hydroxide solution, instead of the volume of methanoic acid, in the

second step.

(b) Use the equation for the reaction and the data from the titration to show that the
concentration of the methanoic acid in solution Z was 6.00 x 10~ mol dm.
NeOH m=CV (2)
m = 60076 x?D>l0'3

:| vaki
.. Hion: mzev ]
0'0’57540*‘;3: C..J'Z"S ‘fo‘L

C 20006 -3
L’ Gu.OO*’O}W"’L"‘

%
Results¥lus
Examiner Comments
The candidate has used a formula to solve a simple equation
where the unknown, ¢, is the concentration of the methanoic
acid in mol dm=. The value of c is correctly calculated.

Set out mathematical expressions clearly,
showing how the unknown value is calculated.

GCE Chemistry 6CHO04 01
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Question 16 (c) (i)

Both words in the term 'weak acid' were familiar to the majority of candidates.

{c) Methanoic acid is a weak acid.

(i) Explain the term weak acid,

This response scored the available marks, as both the words
'weak' and 'acid' were correctly explained.

OQ ResultsPlus

Examiner Tip

Learn, and understand, all the key terms and
definitions in the specification.

(c) Methanoic acid is a weak acid.

(i) Explain the term weak acid.

(2)

(2)

ResultsPlus

Examiner Comments

This answer scores both marks. If the acid had only been defined

as a substance "with a pH < 7", the mark for the definition of
'acid' would not have been awarded.

an

A

OO ResultsPlus

Examiner Tip

Keep definitions, where appropriate, brief and to the point.

GCE Chemistry 6CHO04 01




Question 16 (c) (ii)-(iii)

The K, expression in (c)(ii) was almost universally known. However, the numerator in the
expression was sometimes given incorrectly as [H*]?, instead of the product [H*][HCOO]. In
a buffer solution, for which the K expression still applies, the anion concentration [HCOO]
is considerably greater than that of [H*]. The calculation in (c)(iii) was usually correct, with
a very small number of answers taking into account the small degree of dissociation of the
methanoic acid. Two assumptions used in the calculation were normally well known. The
most frequent omission, however, was not stating that the [acid], . is assumed to be equal
to the [acid] The assumption [H*] = [HCOO-] at equilibrium was well known.

equilibrium*

(ii) The equation for the dissociation of methanoic acid in aqueous solution is
shown below.
HCOOH(aq) = HCOO-(aq) + H*(aq)

Write the expression for the acid dissociation constant, K, for methanoic acid.

(1)
[H] [HC00T,]
Ka =
[H COOH mzl
*(iii) At 298 K, the acid in ant stings has a concentration of 6.00 x 10~ mol dm-* and

a pH of 3.01.

Calculate the value of K, for methanoic acid at 298 K.

State clearly any assumptions that you have made.
(4)

Calculation:

_ [»¥][KHeoo"] [HY] b
Ka = = -~
[ Keoon] [HCOOK ]

W. ‘ 30\
30l ==-log [K] -+ Dn]= 10" = 47724107

= l'5_"1xUJ"tmeab-r3

2
k. - (a- 7224 x10"*]
* 6x(0”3

GCE Chemistry 6CHO04 01
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Assumption(s):

The calculation, and accompanying assumptions, were clearly
set out and easy to follow.

OO ResultsP

Examiner Tip

Understand any assumptions made in a
calculation rather than learning them by rote.
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Question 17 (a)

In (a)(i), the K_expression was almost always correctly given, although a few candidates
were confused by the presence of water and omitted it from the numerator altogether.

The calculation of the equilibrium moles in (a)(ii) proved problematic for some candidates,
although consequential marking allowed the mark to be gained in (a)(iv). It was difficult to
see how some of the values given were derived, especially where the moles of product(s)
were given as zero at equilibrium. The candidates' Quality of Written Communication was
tested in (a)(iii) where some candidates stated that "the moles of all the components

cancelled" rather than 'the units of concentration cancelled out' in this particular K_expression.

17 Ethanoic acid and ethanol react together to form the ester ethyl ethanoate,
CH,COO0C H,, and water.

18

CH,COOH()) + CH,CH,OH() = CH,COOCH,CH,(I) + H,0()

(a) () Give the expression for K.

¢ = Coracoocn Chy JLtol
[cH,C00H] [ Uy HhoR

(i) An equilibrium was reached when the amounts of substances shown in the
_table below were used.... o

Complete the table to show the amounts of each substance present at

equilibrium.

- (2)
Component CH,COOH(l) | CH,CH,OH(l) CH,COOCH,CH,(I) H,0())
Initial amount / mol 0.40 0.30 0.00 015
Equilibrium amount / mol 0.20 0- ‘O 0-10 036—

(iii) Explain why K_for this reaction has no units.
(1
_______________ Somt 0- oy Mdly g on s side g equabt o

.................. U AN U

GCE Chemistry 6CHO04 01
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(iv) Calculate the numerical value of K.

(0.21(0-35]
(o2} { 01T

(1)

ke =

e 15

ﬁ ResultsPlus

Examiner Comments

In (a)(i), the K_expression is correct. The equilibrium moles are
correct in (a)(ii), so both marks were awarded.

In (a)(iii), two correct reasons were given for the fact that K_
has no units; one reason would have sufficed.

In (a)(iv), the value of 3.5 scores the available mark.

A
H
SA\ ResultsPlus
Examiner Tip
Use algebraic expressions to calculate equilibrium amounts of reactants and
products. For example, (0.40 - x) is the equilibrium moles of ethanoic acid,
CH,COOH. Therefore, x = 0.20 mol. The amount of ethanol, CH,CH,OH at

equilibrium (0.30 - x) = 0.10 mol. The moles of ester and water, therefore,
are x (= 0.20 mol) and x + 0.15 (= 0.35 mol), respectively.

16 GCE Chemistry 6CHO04 01



17 Ethanoic acid and ethanol react together to form the ester ethyl ethanoate,
CH,COOC,H,, and water.

F

CH,COOH()) + CH,CH,OH() = CH,COOCH,CH,(1) + H,0()

() (i) Give the expression for K.

(1)
ke = [CHaco0CH, CHy [ H.0]]
LCHLCooH) [ CrgCHOn )
(i) An equilibrium was reached when the amounts of substances shown in the
table below were used,
Complete the table to show the amounts of each substance present at
equilibrium. o
‘;r o v 2)
Component CH,COOH(l) | CH,CH,0H(l) CH,COOCH,CH, (I H,0()
Initial amount / mol 0.40 0.30 0.00 0.15
Equilibrium amount / mol 0.20 010 ©.20 0.35

(iii) Explain why K_ for this reaction has no units.
(1)

(iv) Calculate the numerical value of K.
(1)

kc 0.2 %033
——————

Gy x0T
= .07
2
C.ol
= 3.5

p——

ﬁ ResultsPlus

Examiner Comments
In (a)(i), the mark is awarded for the correct K_expression. State symbols
are not required.
The moles are all correct in (a)(ii).
In (a)(iii), the idea of the units cancelling out is clearly expressed.
In (a)(iv), the numerical value of K_is correct.

GCE Chemistry 6CHO04 01
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Question 17 (b)

This question was very well-answered with the vast majority of candidates aware that the
presence of a catalyst increases the rate of a reaction, but has no effect on the position of
equilibrium.

(b) The esterification reaction above was carried out in the presence of hydrochloric
acid as the catalyst.

State the effect on the equilibrium position and the rate of attainment of
equilibrium if the concentration of the acid catalyst were to be increased.

(2)

C ak f'{lijf_.\( wod c—i have no eWeet o tha 2. liorws m po sihon 1 howew a.

f-t.-(‘,-.,\(‘J inNoreaae, tre reaye ( -C(U'Q-runrru Nk

ResultsPlus

Examiner Comments

This answer correctly addresses both the points required.

A

Results#

Examiner Tip

Make sure that you understand the difference between the
two questions "how fast?" (i.e. kinetics) and "how far?"
(i.e. equilibrium).
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Question 17 (c) (i)-(ii)

In (c)(i), the breaking of both the C-O and the O-H bonds was often noted. However, only
the making of the C-O bond was acknowledged in the majority of answers. In (c)(ii), the
idea that the same bond has a slightly different bond energy depending on the environment

in which it is found was often overlooked.

(c) (i) Identify which bonds are broken and which bonds are made in the
esterification reaction.

(2)

Bonds broken:

O—H ondl (-0

Bonds made:

C—0 ond O—H

(ii) Explain why AH for this reaction is not exactly zero.
(A calculation is not required.)

s- &.l. M F&SM!\JA |-i_ iar-l-r'

ﬁ ResultsP

Examiner Comments

The answer to (c)(i) scores both marks for the correct bonds
being broken (first mark) and then made (second mark).
No mark is awarded for the response to (c)(ii).

GCE Chemistry 6CHO04 01
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{c) (i) Identify which bonds are broken and which bonds are made in the
esterification reaction.

o v (2)
Bonds broken: ok ""M
[;l \ H H \
" d Bty i ,,0/ o
2 n-t ey, MeemcoeOn
| oW Pt
H H
Bonds made: o M
h
i ﬁéo_” ) . - Lr»;f_.u
H-C—C (-i-_ci-_ g -~ @H

(i) Explain why AH for this reaction is not exactly zero.
(A calculation is not required.)

Examiner Comments

In (c)(i), both marks are awarded. The annotations clearly show
the correct bonds that are broken (one mark) and the correct
bonds that are made (another mark). In (c)(ii), however, the
reasoning is incorrect so no mark was awarded.

20 GCE Chemistry 6CHO04 01




Question 17 (d) (i)-(ii)

Topic 4.5(f) of the specification requires candidates to be able to recall the relationship
AS, .., = RInK, yet this expression was often not seen in answers to (d)(i). However, this did
not prevent many candidates from subsequently achieving full marks for (d)(ii). The most
common reason for losing one of the three available marks in (d)(ii) was for omitting to
state that AS (or -AH /T) was zero, rather than stating just that it was 'constant'.

surroundings

(d) (i) State the relationship between AS_ and the equilibrium constant, K, of a

reaction.

(1)
A S‘&nbul : Q ‘ A %
*(ii) Use entropy considerations and your answer to (d)(i) to predict any effect

of an increase in temperature on the value of the equilibrium constant of

a reaction for which AH is zero. Assume that AS,  does not change with

temperature.
(3)

DSMBF*!?%#\;@&?Q*“"%M& ...... bo. ECa 2R an Wehavan  cmasbmb

...... W loweren oy Foo Dol 03, RALO._ KA RLLA 0N &
BT OUCY VRN PRV OO H«.w'ﬂ-ﬂhﬁvﬁnswwm”&\ ......

_____ L-r.f.w

ﬁ ResultsP

Examiner Comments

In (d)(i), the expression is correct so the mark is awarded. In (d)(ii), the first
scoring point is addressed as it is stated that AS_, . . is zero. The second
scoring point, however, is not awarded as there is no reference to AS,_
remaining constant. However, the "temperature will have no effect" implies,
from the wording of the question, that K remains unchanged, so this mark is

awarded. So, two marks out of three were given overall for this part.

GCE Chemistry 6CHO04 01
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(d) (i) State the relationship between AS_ and the equilibrium constant, K, of a
reaction.

NSivas = RIn{K)
wpen 2= 3.2\ (commank)

M

*(ii) Use entropy considerations and your answer to (d)(i) to predict any effect
of an increase in temperature on the value of the equilibrium constant of
a reaction for which AH is zero. Assume that AS, e does not change with
temperature.
(3)

.......... = -:_..,Q,ﬂ soeq,umz _O__ SO.. eq,m(o O

T ; RO
AL OSsglem ... Jcm':%mr/ OS.jetal..uald...

mmmge wmm é&mm aSneeoned

Plus

Examiner Comments

In (d)(i), the expression scores the mark available. In (d)(ii), all three
scoring points were addressed, so three marks were awarded. Firstly, the
answer states that AS, . IS zero. Secondly, the answer states that AS,,
does not change. Thirdly, it correctly states that, as a consequence, there is
no effect on K.

OO ResultsPlus

Examiner Tip

Learn to set out arguments in a logical and well-
structured format.

GCE Chemistry 6CHO04 01



Question 17 (e)

Part (e)(i) was, in general, answered correctly. On occasions, the formula of ethanoyl
chloride was incorrectly given as "CH,COOCI". Also, water was sometimes mistakenly
identified as the co-product of the reaction to form the ester instead of hydrogen chloride.
In (e)(ii), some candidates seemed unaware as to how to draw a skeletal formula and so
drew the displayed formula of ethyl ethanoate instead. In (e)(iii), the -NH, group was often

written in an 'undisplayed' way, instead of showing all the atoms and all the bonds involved.

(e) An alternative method for preparing ethyl ethanoate is to react ethanoyl chloride
with ethanol.

(i) Give the equation for the reaction.
(1)
CHy, COLL +  ER3LHOH — CHy Coocrhcng  t He)

(i) Draw the skeletal formula of ethyl ethanoate.

A4

(1)

(iii) Ethanoyl chloride also reacts with concentrated ammonia. Draw the

displayed formula of the organic product of this reaction.
(1)

ResultsPlus

Examiner Comments

Part (e)(i) is correct, despite the slightly unclear presentation.
The skeletal formula is correct in (e)(ii), as is the displayed
formula in (e)(iii).

GCE Chemistry 6CHO04 01
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(e) An alternative method for preparing ethyl ethanoate is to react ethanoyl chloride
with ethanol,

(i) Give the equation for the reaction.
(1)

C_H3C-OCL oF Cida (RO, — CM.SCOOCH.LCH-SM«- ML

(i) Draw the skeletal formula of ethyl ethanoate.
o
\/ \/
\
(o]

(iii) Ethanoyl chloride also reacts with concentrated ammonia. Draw the
displayed formula of the organic product of this reaction.

(1

(1)

ﬁ “/ ResultsPlus

Examiner Comments
In (e)(i), the state symbol after the HCI is missing but the mark
for the equation is still awarded.

In (e)(ii), the skeletal formula is correct. In (e)(iii), the
displayed formula is correct and the mark is awarded.

GCE Chemistry 6CHO04 01




Question 17 (f) (i)

This part was very well-answered, with the equation for the reaction to form the alcohol and
the sodium salt of the carboxylic acid well-known for the alkaline hydrolysis reaction given.

(f) (i) Complete the equation below for the alkaline hydrolysis of ethyl ethanoate
using sodium hydroxide. State symbols are not required.

CH,COOCH.CH, + NaOH — (Hy000NG" + CH,CH.OH

ResultsPlus

Examiner Comments

This answer was awarded the mark available.

A

ResultsPlus

Examiner Tip

Learn the equations for all the major organic chemistry
reactions encountered in the specification.

(f) (i) Complete the equation below for the alkaline hydrolysis of ethyl ethanoate
using spdium hydroxide. State symbols are not required.

CHCOOCH,CH, + NaOH - (CHyCOC™ No¥ 4 CHyCH,OM

ResultsPlus

Examiner Comments

A correct answer, with the ionic charges shown on the ions
in the sodium ethanoate. These charges, however, were not
required for the mark to be awarded.
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Question 17 (f) (ii)

Many candidates were aware that the alkaline hydrolysis of an ester is not an equilibrium
reaction, whereas the acid hydrolysis is reversible and so does not go to completion.

(f) (i) Complete the equation below for the alkaline hydrolysis of ethyl ethanoate
using sodium hydroxide, State symbols are not required.

(1)
- x
CH,COOCH,CH, + NaOH — CRZCOONQ x CHaCi0H

(i) Explain why the reaction in (f)(i) gives a better yield of the alcohol compared
with acid hydrolysis of the ethyl ethanoate.
(1)

Examiner Comments

This correct response scored the mark available.

00k w.équ\u WX
(f) (i) Complete the equation below for the alkaline hydrolysis of ethyl ethanoate

using sodium hydroxide. State symbols are not required.
(1)

CH,COOCH,CH, + NaOH — (R CH,0H + CH, COONaY
(i) Explain why the reaction in (f)(i) gives a better yield of the alcohol compéred

with acid hydrolysis of the ethyl ethanoate.
(1)

____________ . wukion obowe qws o (.w\g\s\hm as QQQDSQMD

ResultsPlus

Examiner Comments

This candidate has answered the question in a clear
and succinct way.
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Question 18 (a)

In (a)(i), deriving the order with respect to hydrogen ions presented few problems for
candidates. The question specifically required candidates, however, to state the experiment
numbers that they had used but many failed to do so.

Calculating the order with respect to bromide ions proved far more challenging. Those who
used the data from experiments 1 and 3 generally fared better than those who attempted
to process the data from experiments 2 and 3. The fact that more than one reagent

concentration had been changed provided considerable stretch and challenge to candidates.

Many in the end decided, incorrectly, that the order with respect to bromide ions was zero,
despite noticing that altering its concentration affected the rate of reaction.

Parts (a)(ii) and (a)(iii) usually correctly followed on from the orders deduced in (a)(i),
although sometimes the units of the rate constant were overlooked in answers to (a)(iii).

18 Bromate(V) ions, BrO,", oxidize bromide ions, Br, in the presence of dilute acid, H*, as
shown in the equation below.

BrO, (ag) + 5Br(aq) + 6H*(aq) — 3Br(aq) + 3H,0(l)

Three experiments were carried out using different initial concentrations of the three
reactants.

The initial rate of reaction was calculated for each experiment.

The results are shown in the table below.

Experiment |  [BrO,"(aq)] / [Br(aq)] / [H*(aq)] / Initial rate of reaction /
number mol dm™? mol dm~3 mol dm™ mol dm-3*s-!
1 0.050 0.25 0.30 1.68 x 10°
2 0.050 0.25 0.60 6.72 x 10°*
3 0.15 0.50 0.30 1.01 x 10

*(a) (i) This reaction is first order with respect to BrO,"(aq). State, with reasons,
including appropriate experiment numbers, the order of reaction with respect
to

vl b

Briag) (gmudc i
.......... Exﬁ%ﬂbﬂ\l,z’) \@ Do T\"u. {E}(l wfm.?a@hj
____________________________ ]Mdmnmaommﬁ Uf)[ O;»D

(ii) Write the rate equation for the reaction.

Plo - b @) (0" B
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(iii) Use the data from experiment 1 and your answer to (a)(ii) to calculate the
value of the rate constant. Include units in your answer.

U)'\M‘L‘)dgh .,Ef@m &xfw-mh‘.t "~/ (3)

168 x02 7 Kk x 005 x 03" x oL
- reexe”

— = Q- OWl9 'T‘“JQ-'?.L“‘?qE;‘
009 X 0B X 01D

ResultsPlus

Examiner Comments

This answer was well set-out, with experiment numbers
included as required by the wording of the question in (a)(i).

A
@ ResultsP

Examiner Tip

us

Always read the question carefully and include all
the detail required in your answer. For example,
experiment numbers were asked for in (a)(i) and the
units of the rate constant in (a)(iii).
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18 Bromate(V) ions, BrO,", oxidize bromide ions, Br-, in the presence of dilute acid, H", as
shown in the equation below.

Y

BrO,(ag) + 5Br(aq) + 6H*(ag) — 3Br(aq) + 3H,0()

Three experiments were carried out using different initial concentrations of the three

reactants.

The initial rate of reaction was calculated for each experiment.

The results are shown in the table below.

Experiment | [BrO, (aq)] / [Br(ag)] / [H*(aq)] / Initial rate of reaction /
number mol dm~ mol dm™? mol dm? mol dms™' NS {ICR
1 0050 025 o 0.30 168 x 105 vt
2 0.050 }n- 0.25 } 060 ¥ 6.72 x 10° ’ "t";a
3 0.15 ’ 0.50 « 0.30 1.01 x 10

*(a) (i) This reaction is first order with respect to BrO,"(aq). State, with reasons,
including appropriate experiment numbers, the order of reaction with respect
to

(5)
H*(aq)

(i) Write the rate equation for the reaction.

e o] o Y ¥

(1)

Laky -
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(iii) Use the data from experiment 1 and your answer to (a)(ii) to calculate the
Xperiment 1
value of the rate constant. Include units in your answer.
. 5 (3)
Roke (6B %x\0™®
. e— 2 —
w = E?.mfltﬁﬂl.“;kl 005 XO 1S w03
V6205 _ 2 - 9 .
T — - . L9 X0 mol Sehm 87
TRV LS LN
Mool Aim ” 3¢
e
o\ ‘dow
[ . _

ﬁ ResultsPlus

Examiner Comments

This is a good answer, except that the experiment numbers
were not given in (a)(i) so a mark was lost. This omission was
only penalised once.
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Question 18 (b)

The answers to (b) followed on from the rate equation deduced in (a)(ii). Those candidates
who had deduced incorrectly that the order with respect to bromide ions was zero could

score the mark by suggesting that bromide ions did not appear in the rate-determining step.

The key point for those who had earlier derived the correct orders with respect to hydrogen
ions and bromide ions was that the number of particles in the rate-determining step did not

match those in the equation for the reaction. It followed that the reaction, therefore, must
proceed in more than one step.

(b) What evidence suggests that this reaction proceeds by more than one step?
(1)

There  owre. 2 . reacktonke.  Anyoived. . bn.. tne LIEWIRTaRL T ON by— o otk

(-‘.nl-».j 0 A A 1 ¢ W G &N\ N & % APk oL EnG. Ne e fww_ eqine * U

ResultsPlus

Examiner Comments

The mark was awarded as this conclusion follows on from an
answer of order = 0 with respect to Br ions in (a)(i).

(b) What evidence suggests that this reaction proceeds by more than one step?
(1)

Becawse  Pe  reackon  hal  three  subSthas {4 ke

ﬁ ResultsPlus

Examiner Comments

This answer did not score the mark as there are indeed three substances in
the correct rate equation and there are also three substances in the balanced
equation for the reaction. The fact that the numbers of the particles is different
in these two equations is the important point missing from this answer.

A

ResultsPlus
Examiner Tip
Chemical reactions such as these have to occur in more

than one step as it is statistically impossible for all 12
reacting species to collide simultaneously!

GCE Chemistry 6CHO04 01
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Question 18 (c)

In (¢), many candidates sketched graphs that showed either a decrease or no change in
concentration of bromine with time, despite being told in the question that bromine was a
product. Others confused bromide ions with bromine molecules. The majority of candidates
realised that a gradient had to be calculated, but relatively few mentioned that it would be
that of a tangent drawn at t=0.

(c) The initial rate of reaction was obtained from measurements of the concentration
of bromine at regular time intervals. How is the initial rate of formation of
bromine calculated from a concentration-time graph?
(2)

(aleulalzd fem b gadiet g9 a
CoUmtratioun - N Gr2gln. |

ResultsPlus

Examiner Comments

This response scored the first mark only as no mention was
made of drawing a tangent to the curve at t=0.
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(¢) The initial rate of reaction was obtained from measurements of the concentration
of bromine at regular time intervals. How is the initial rate of formation of
bromine calculated from a concentration-time graph?

(2)

ResultsPlus

Examiner Comments

This answer has mentioned that a tangent has to be drawn
at t=0 and its gradient calculated.

GCE Chemistry 6CHO04 01
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Question 19 (a)

Part (a)(i) was well-answered, with the method of how to calculate the empirical formula
from percentage by mass data familiar to almost all candidates. In (a)(ii), candidates did
not explain how information from the mass spectrum had enabled them to deduce that the
molar mass of compound X was 88 g mol.

192 An organic compound, X, was analyzed in a laboratory.

(a) Compound X was found to have the following percentage composition by mass:

carbon, C = 54.5%
hydrogen,H = 9.1%
oxygen,O = 36.4%

() Use these data to calculate the empirical formula of compound X, showing
your working.
(2)
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(i) The mass spectrum of X is shown below.

100 +

80

Relative
abundance

m/z

Use your answer to (a)(i), and the mass spectrum of X, to show that the
molecular formula of compound X is C,H.0,.

Ervpral Levvvndal mS\ch
LL. NEonidonr -mass W m
woss s Ve loak peak ook €%,
e-amulsk

- CL G

{2]

Examiner Comments

Parts (a)(i) and (a)(ii) are both correct, so two marks were awarded for
each part. In (a)(ii), reference has been made to the mass spectrum to
justify the use of 88 g mol for the molar mass of X.
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19 An organic compound, X, was analyzed in a laboratory.

(a) Compound X was found to have the following percentage composition by mass:

carbon, C = 54.5%
hydrogen,H = 9.1%
oxygen, O = 36.4%

(i) Use these data to calculate the empirical formula of compound X, showing
your working.

C-54.5 W AL O-364

(2)

12 l [ b
- L.5LY = 2. = 2215
o= a) O=2.23S
C‘-ﬁ%‘%— 2235 2.273S
Y Sy = |

. empindd Pormamla ¢ X is GH.O

(i) The mass spectrum of X is shown below.

100 -
B0 -
60 -
Relative
abundance 40
20 -
88
0 . l il dlyh ! _.‘_ i T )
15 30 45 60 75 90
m/z
Use your answer to (a)(l), and the mass spectrum of X, to show that the
molecular formula of compound X is CH,0.,.
(_.LN-\,‘D x2: 2GR0 - CHHS O'J. @2)
e CargOy) = Lox 1 D@ (2x 16)
=~ LT +8~ 32
= 88 wwucw s ¥e last paake on H€ wasS

Spactrons

ResultsPlus

Examiner Comments

This answer obtained maximum credit as all deductions have
been fully explained.
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Question 19 (b)

In (b), most candidates correctly assigned the bonds to the infrared frequencies given,
although some quoted the N-H bond despite the molecular formula C,H,0, having being
given in (a)(ii).

(b) The infrared spectrum of X has a broad peak at approximately 3500 cm-'anda  Waulo.
sharp peak at approximately 1700 cm-'. Identify the bond responsible for the

peak at
(2)

3500em?  O-H

1700 cm™! =0

ResultsPlus

Examiner Comments

Both bonds were correctly identified, so two marks were
awarded here.
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Question 19 (c)

The answers to (c)(i) were generally good. Many candidates commented upon the absence
of an aldehyde group from the negative result of the test with Tollens' reagent. The
presence of the alcohol functional group was often noted, although this was seldom followed
up by a comment about which class of alcohol group (primary or secondary) could be
present in the molecule. A surprising number of candidates interpreted the statement in the
question that "X is a neutral organic compound" as meaning that "X has an equal humber of
positive and negative charges" rather than using it as information to deduce that X was not
a carboxylic acid. Marks were lost in (c)(ii) by not giving the names of the functional groups

as required by the question.

(¢) (i) Some chemical information about compound X is given below.
* Xisa neutral organic compound.
* X has no effect on Tollens' reagent.
* X turns hot acidified potassium dichromate(Vl) solution from orange to green.

What does each of these three pieces of information suggest about the nature
of X?

N (
Koconlas no Cood Qouwf
X s not . cu’laldﬂhgﬂﬁ Lod ke
X Can. oXidised |

(ii) Use your answers to parts (b) and (c)(i) to name the two functional groups
present in X.

Examiner Comments

In (c)(i), one mark for 'no COOH group' and a second mark for
'not an aldehyde' were awarded. In (c)(ii), the answer is correct
so one mark was scored.

GCE Chemistry 6CHO04 01
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(c) (i) Some chemical information about compound X is given below.
* Xis a neutral organic compound. Cq H’ O t
* X has no effect on Tollens’ reagent,
* Xturns hot acidified potassium dichromate(VI1) solution from orange to green.

What does each of these three pieces of information suggest about the nature
of X?

............ CH O@(DVF

................ lT)‘. {;ymSAﬂ['QC:&f@A,oa ssive dichrmol. sdibion...

.............. prwgc!oy:m/;émﬂée,o;méa&%%m/-&wa
....................................... k&‘o«w_.ﬁ@wfa/ IQCOR,) Ve s s e R R o o st spiE e

(i) Use your answers to parts (b) and (c)(i) to name the two functional groups
present in X.

Examiner Comments

The answer to (c)(i) scores two marks. The first mark is for "...doesn't
have a COOH group" and the second mark for "... doesn't have an aldehyde
group". The presence of an alcohol group in a molecule of X has not been
considered, however. No mark is given for (¢)(ii) as names have not been
given in the answer.

OO ResultsP

Examiner Tip

Read the question carefully. In (c)(ii), the names of the
two functional groups are required, not their formulae.

GCE Chemistry 6CHO04 01
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Question 19 (d)

Answers to (d) varied greatly. Some candidates seemed to have little difficulty in obtaining
all seven marks, especially if they had taken into account their answers to (b) and (c). It
was also helpful when candidates neatly annotated a drawing of the displayed formula for X
with labels of the letters of the peaks arising from the hydrogen atoms in each environment.
Other candidates found it difficult to interpret the nmr spectrum and included functional
groups in their suggested structures for X that had been discounted in earlier answers to (c)
(i). A small number of candidates just drew out a correct structural formula for X without
any further explanation or justification.

"1a) ine nign resoiution proton nmr spectrum or X s shown below.

L

Tm 1w 9 8 7 6 5 4 3 2 1 0
Chemical shift, 8 / ppm

The relative number of protons causing the peaks shown are: J=1,K=1,L=3
and M=3.

Use the information above to determine the structural formula of X.

In your.answer, you should refer to the number of peaks, their relative sizes and
their splitting patterns.
(7)

__________ THAR. FUONKE. SRAARALIN. SNWS K ?mu\mmugm |
_________________ K conkus & MW& MGJDWWVQMS .
e eelodive so2es e 4,4 Dand 3, ohuid Slusk ks e
_____________ N of - g o A1 0gh, suronut. 020k kK
- ehows 00 spukiag, Lshroking $hak ik s odsed by
____________ A Juydrogun pem e -0H qroup. Peak T agpnsings 1

_____________ huiogua, ond a4 o guadtek - Slteaking $hak s
Guogua s b odydenak 10 ik - Fanakly, L and M

et & s 0chn. 2o W_sgj
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- L shous n0 spiting, Alskeaking ak hasio adjocerk
\u\(&m&}w ~ ¥ SL(LQ o a =0 bond. MUS split
o 4 - Y Q.@QUL@ _____________

(Total for Question 19 = 18 marks)

TOTAL FOR SECTION C = 18 MARKS
H TOTAL FOR PAPER = 90 MARKS

Flus

Examiner Comments

For this candidate's response, the seven marks available for this
question are awarded as follows:

Four different hydrogen environments are mentioned (1)

The correct structure for X is given (1)

Peak K is identified as the OH peak (1)

The (n+1) rule is applied to peak J (1)

Peak J is due to the hydrogen atom next to the CH, group (1)
The absence of splitting for Peak L is mentioned (1)

Peak L is due to the CH, group adjacent to the C=0 bond (1)

GCE Chemistry 6CHO04 01
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*(d) The high resolution proton nmr spectrum of X is shown below,

L |

f..l K 4
Ll A

e Tttt p v T
1

"m 1w 9 8 7 & 5 4 3 2

T
0

Chemical shift, 5 / ppm

The relative number of protons causing the peaks shownare:J=1,K=1,L=3
and M =3,

Use the information above to determine the structural formula of X.

In your answer, you should refer to the number of peaks, their relative sizes and
their splitting patterns.

Sbtmmmrd S TNLUce O < snsiuwMTotal for Question 19 = 18 marks)

OO ResultsPlus

Examiner Tip

ResultsPlus

Examiner Comments

Note how the use of an annotated

displayed formula greatly enhances the
clarity of the answer.

This is a fully correct response and
scored seven marks.
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Paper Summary

Based on their performance on this paper, candidates are offered the following advice:

Make sure you read the question through carefully - more than once if necessary.

In questions that require the use of several pieces of information in the answer make
sure you address the requirements of the question in full.

Show all the steps in your answers to calculations.

In calculations ensure that you give your final answer to an appropriate number of
significant figures making sure your rounding is correct.

Make sure you are totally familiar with the data book and its contents and that you can
find information you need quickly and accurately.

GCE Chemistry 6CHO04 01
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Grade Boundaries
Grade boundaries for this, and all other papers, can be found on the website on this link:

http://www.edexcel.com/iwantto/Pages/grade-boundaries.aspx
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