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Introduction

The paper was accessible to most candidates and provided the full range of marks. Some
candidates scored very high marks and were well prepared for the examination, showing
excellent learning and teaching has taken place. Many candidates had a sound knowledge of
the specification and could demonstrate this in their explanations and descriptions. However,
a small minority of candidates found the questions challenging and needed to express their
understanding of Chemistry more clearly. The calculations were generally well attempted
with the main errors being in the substitution of data correctly into the equations. There
were no reports of candidates running out of time and the majority of candidates provided
responses to the last question, indicating that the paper was not unduly long. The mean
mark for the paper was 51.

Section A
The mean mark for the multiple choice questions was 12.

The questions that candidates found easiest were Q01 (K. expression of a homogeneous
equilibrium), Q03 (Kp units), Q05 (racemic isomers) and Q13(a) (choosing appropriate
indicators ). Over 70% of candidates achieved these marks.

Q07 was the question that candidates found the most difficult (rate equation for a multistep
reaction) with only 30% of candidates gaining this mark. The other multiple choice questions
that were more challenging were Q09(a) (number of curly arrows in a mechanism), Q12
(hydrolysis of a polyester with hydroxide) and Q04(a) (axes on an HPLC chromatogram).
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Question 17 (a)

Q17(a) was a simple selection of the correct value from the Born-Haber cycle. 86% of
candidates achieved this mark though almost all of the values on the cycle were given as
answers, and a small minority of candidates tried to do a calculation. Units were not required
and so were not penalised.
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Question 17 (b)

Two marks were available for this question, and over three quarters of candidates gained
both. Common errors included omitting the negative sign, forgetting that two chloride ions
were involved (despite this being shown in the cycle), incorrectly transcribed numbers and
arithmetical errors. Most candidates included units although these were not required.
Incorrect units negated M2.

This is an example of a common incorrect answer.

(b) Calculate the enthalpy change of formation for calcium chloride.

— Mg [0, ] + 138 590 W4S 4 2x 122
+ 92X-349 —12558 :0

—A4g G} - 1099=0
BHe WCallal = 1099 kT ool (Any)

(2)

\( / ResultsPlus
/ﬁ-.\. Examiner Comments

The candidate gains the first mark for a correct expression but no
credit for their answer.

74\ ResultsPlus
\

' Examiner Tip
Remember that the enthalpy of formation for stable substances will be
negative (as shown on the cycle).
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A fully correct answer.

(b) Calculate the enthalpy change of formation for calcium chloride.
: (2)

198 & 590 =y WuS 4 (2% 122 & (29-3u)—22%4

Alg =~ — 799 S mol™

N\

y { ResultsPlus
._/""" Examiner Comments

The candidate has shown their calculation and the correct answer to 3
significant figures with the correct sign.

""” ResultsPlus
\

—_ Examiner Tip
It is good practice to always show your workings and to check that your
units match the information in the question.
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Question 17 (c)

Four marks were available for this question and the mark scheme is similar to that used in
previous series. Candidates made a good attempt at their response but the mean mark was
2, with many candidates not attempting M1 (that CaCl, is mainly ionic) and some losing M3
for confusion over the iodide ions - as shown in the example below. Some candidates lost
M3 for references to molecules, or confusion over which ion was bigger or had the greatest
charge density. There were also a small minority of candidates who confused polarisability
with the ions ability to polarise, stating incorrectly that the iodide could polarise the calcium
ion more than the chloride.

This response highlights some common errors for this question.

(c) Some energy data are shown.

CaCl, ~2223 -2258

Cal; . -1905 ~2074

Explain why the difference between the theoretical and the experimental
values for lattice energy is very much greater for calcium iodide than for
calcium chloride.

Calcluen ¥ Jodide woo  some  deqeee .ot cavalenet ..

............ oa e  ataeic cadius o ndide.  lane e oeachh
............ greaker .. Moo N As Sar... . chlonde.  ans- Wence Me

.............. MOMNLD. . OO oo S S
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| [ "

Y / ResultsPlus
_/"‘--‘- Examiner Comments

M2 is awarded for the degree of covalency in calcium iodide and M4

for the distortion of the iodide ion. Calcium chloride's bonding is not
mentioned so no M1 and M3 is not gained for "atomic radius of iodide
ions".

e N\

4  ResultsPlus
\

' Examiner Tip

Check your use of atomic radius and ionic radius when answering
bonding questions.
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An example of a fully correct response.

(c) Some energy data are shown.

CaCl, ~-2223 -2258

Cal, - -1905 2074

Explain why the difference between the theoretical and the experimental
values for lattice energy is very much greater for calcium iodide than for
calcium chloride.
4)

—

I Sens  oace \araer than (L Tons so

srrrrredin e Mleansans

......

w\‘i N e AU LI A f\,!.\'.%«\# ?01\0\_,:,- Sa here

o awoker Aflerene, eX wWeen Yhe
MeoraXleal  awd  eyveetimental  \akkle

ResultsPlus

Examiner Comments

Marks are awarded in the order M3, M4, M2 and M1. The answer is
succinct and clear. The final sentence ensures the question has been
fully answered by using the data.

S
AT

() ResultsPlus

\ Examiner Tip

The answer lines should allow you to completely answer the question
even if you have large handwriting. If you find you are writing more
then you may have misunderstood the question.
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Question 17 (d)

The completion on the cycle in this question was supposed to make the topic more
accessible than drawing the full cycle. Over 40% of candidates gained all 4 marks with a few

common errors highlighted below.

This candidate only gained 1 mark for the cycle. Q17(d)(ii) is fully correct for 2 marks.

(d) Calcium chloride is soluble in water.

(i) Complete the energy cycle including labelled arrows.

(2)

CaCly(s) - > Ca**(aq) + 2Cl(aq)
-22%2 ...15-14\-&{-31‘3@’
- 2335
Ce, M+ @l

(ii) Calculate the enthalpy change of solution, A,,H, for calcium chioride using the

data given and the completed energy cycle in (d)i).

(2)

LE (CaCl,(s)) -2258
ApyaH (Ca™(g)) -1579
AngH (CU(g)) -378

Dosoy Hs +228%8 - 2335 = =11 K wol
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JiEs,

/ ResultsPlus

+ Examiner Comments

Labelling the arrows with the data from the table was allowed and the
mark for the arrows was awarded. Some candidates either put heads
on both ends of the arrows or had the arrows pointing in the wrong
direction so lost M1.

Unfortunately, the candidate has not used the gaseous ions in the box
so cannot gain M2. Omission of the state symbols was a common
error, even when the correct ions were included.

A ResultsPlus
<

| Examiner Tip

Remember state symbols are important in all energy cycles.
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Full marks are awarded for the cycle but the candidate only achieves 1 mark for Q17(d)(ii).

(d) Calcium chloride is soluble in water.

(i) Complete the energy cycle including labelled arrows.

(2)
CaCl,(s) . > Ca’*(aq) + 2Cl (aq)
LT
LE(catt 5 A, d H (& (a))
K Sud H ()
gy gy 20T

(i) Calculate the enthalpy change of solution, A,,H, for calcium chloride using the
data given and the completed energy cycle in (d)(i).

(2)

LE (CaCly(s)) -2258
AnaH (Ca**(g)) -1579
AnyaH (C1(Q)) -378

A aH = = LE preast e
sol LE ct;-)) + A““{'JH(CR (ﬁr_))

+ d‘L,.{H (g

= = (259) 4 (—is19) + (~378)

= 4301 kTml™ (As)
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JiEs,

/ ResultsPlus

+ Examiner Comments

The labelled arrows are pointing in the correct direction and are
appropriately labelled for M1. The ions are correct and have gaseous
state symbols for M2.

In Q17(d)(ii) the candidate has not doubled the value for the hydration
of the chloride ion so does not gain M1. They have correctly calculated
the answer to their expression so gain M2 as a transferred error (TE).

74\ ResultsPlus
<K

| Examiner Tip

Ensure your calculations match the stoichiometry of your balanced
equations.
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Question 18 (a)(i-ii)

Q18(a)(i) proved far more challenging to candidates than anticipated, with many drawing a
straight line of best fit rather than the anticipated curve. Only 44% of candidates gained both
marks here and there was no transferred error from one part to another. There were quite a
number of candidates who drew a straight line and then commented that the points did not
fit on their best fit line.
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No credit for the graph here but the explanation gains a mark.

18 This question is about the reaction between nitrogen monoxide and oxygen.
NO(g) + %0,(g) = NO,(g)
(a) The results of a series of kinetics experiments are shown.

1 0.010 0.050 0.040
2 0.020 0.050 0.160
3 0.030 0.050 0.360
4 0.040 0.050 0.641
5 0.050 0.050 1.001
6 0.020 0.025 0.080
The data for experiments 1-5 were plotted on a graph..
1.2
1.0
08
Initial rate
/moldm3s? 99
04
X
0.2 *
0 -
0 0.01 0.02 0.03 0.04 0.05 0.06
[NO)/moldm™

(i) Draw a best-fit line on the graph.
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(i) State how the graph shows that the reaction is not first order with respect to
nitrogen monoxide,

(1)
.Betawss....The . graph.. ghews. .an...expanenti) .

N\

V ResultsPlus
/---.. Examiner Comments

A straight line cannot score the mark for Q18(a)(i) as the mark scheme
requires a smooth curve. Any extrapolation beyond the points was
ignored.

The reference to direct proportionality allows the mark to be scored for
M2, though references to exponential graphs were ignored.

Ay ‘”’ ResultsPlus

| Examiner Tip
Ensure your lines of best fit pass through as many points on the graph
as possible.

This response did not score.

(i) State how the graph shows that the reaction is not first order with respect to
nitrogen monoxide.

(1)

'n‘flimhha'f'}mmmjﬁrmgk‘”’\;’Wlf}'h

N\

ﬂf ResultsPlus
/---. Examiner Comments

Both first and second order rate graphs should pass through the origin
so this response was not accepted.
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Both marks awarded here.

18 This question is about the reaction between nitrogen monoxide and oxygen.
NO(g) + %0,(g) = NO,(g)
(a) The results of a series of kinetics experiments are shown.

1 0.010 0.050 0.040
: v 2 0.020 0.050 0.160 3
1 3 0.030 0.050 0.360
4 0.040 0.050 0.641
5 0.050 0.050 1.001
6 0.020 0.025 0.080
The data for experiments 1-5 were plotted on a graph.
1.2
1.0
0.8
Initial rate
/moldm>s” 99
04 -
0.2.
0 H -
0 0.01 0.02 0.03 0.04 0.05
[NO}/moldm™

(i) Draw a best-fit line on the graph.
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(ii) State how the graph shows that the reaction is not first order with respect to
nitrogen monoxide.

(1)

Gﬂmg\u\sv\o-%—p”s-\mmﬁklr\muaﬁne&ﬂm ............
vxu—‘r?mv?mjnmmk—;mc, EARTON WQEN 0.

N,

ig ResultsPlus
Examiner Comments

This curve passes correctly through the points so scores the mark for
Q18(a)(i). The answer for Q18(a)(ii) also gains the mark.

International Advanced Level Chemistry WCH14 01 18



Question 18 (a)(iii-v)

Candidates were required to use the data to deduce the orders of reaction for the
experiment. However, errors made at this stage could still gain credit if used correctly for the
later parts and the values and units matched the orders stated. This allowed the mean mark

to be 4 of the 5 marks available for this question.

(Ili) Deduce the orders of reaction with respect to NO and 0,, using the data from
experiments 1-6.

(2)
Order with respect toNO = ... o
Order with respect t0 O3 = ...l
(iv) Write the rate equation for the reaction, using your answer to (a)(iii).
(1)
L
Qe - W ne)* Toa)
(v) Calculate the rate constant for this reaction using the data from experiment 1
and your rate equation. Include units in your answer.
(2)

0.0 - Qm\cil Lo.OSDP)
m\- .\!“.-_3,

k = 00D mo\—l Amc’ bﬂ\

N

y ( ResultsPlus
._/"""J‘ Examiner Comments

This is an example of a fully correct answer.
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An example of a response where transferred error has been applied.

(iii) Deduce the orders of reaction with respect to NO and O,, using the data from
experiments 1-6.

(2)
Order with respect toNO = ... Rf&lf _____________________________

Order with respectto O, = ... 4[”(5& ...........................

(iv) Write the rate equation for the reaction, using your answer to (a)(iii).

YM: L [N01C023 (1)

(v) Calculate the rate constant for this reaction using the data from experiment 1
and your rate equation. Include units in your answer.

o'oY = k (001X 605) o
=T k = D\E.IG;:L&G ’ﬂ”[}.l“\rfr— S g T
= 80 rmo\'dwy DT\ el et

N

3,( / ResultsPlus

/--J. Examiner Comments

Though the candidate has the correct order for oxygen, their order for
nitrogen oxide is incorrect. The candidate has then used these orders
to produce a rate equation and gains the mark for Q18(a)(iv). In
Q18(a)(v) the candidate has substituted in the values from experiment
1 and has a value for k that matches their orders for Q18(a)(iii) and rate
equation given for Q18(a)(iv), along with appropriate units.

./-'
.-/"

.!.f: \ ResultsPlus
\

~_ Examiner Tip
Feel free to use the answer spaces to work out your answers - this
candidate has successfully worked out their units.
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Another example of transferred error from incorrect orders.

(iii) Deduce the orders of reaction Wlth respect to NO and O,, using the data from

experiments 1-6.
(2)

Order with respect to NO = ......3.&1‘..::&{\.1:1 ..... t::‘mj?f

Order with respect to O, = ...'.z.ﬂf.a....omdﬂf ..........

(iv) Write the rate equation for the reaction, using your answer to (a)(iii).
(1)

vate = K [(NO])

(v) Calculate the rate constant for this reaction using the data from experiment 1

and your rate equation. Include units in your answer.
(2)

Q{ ( ResultsPlus
/--.\. Examiner Comments

In this example the candidate has the correct order for nitrogen
monoxide but not for oxygen. The rate equation matches these orders
so the mark for Q18(a)(iv) is awarded. The numbers are substituted in
correctly to calculate the value for k but no units are given so the
second mark cannot be awarded.

Resultsplus
\_/ Examiner Tip

Underline the important points in the question. This candidate has
missed that the units are required.

\.
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Question 18 (b)

Two marks were available for this question but the mean mark awarded was less than one.
Common errors were stating that the value is greater than 1, rather than commenting on the
magnitude of the number and many candidates discussed the moving of the equilibrium to
the right (some in relation to the moles of gas on either side) rather than the final position.

This is an example of a fully correct answer.

(b) The equilibrium constant, K,,, for the reaction at 298K is 1.55 x 10° atm™.

State what this value of the equilibrium constant indicates about the position of
the equilibrium. Justify your answer. K ¢ (ND) X p (01)1»‘3.
- F(N02Y @)

Nolue .. ﬁ ........ \Q? s \.'an3 \m&{,, 39.. ?nwm-\-\qn '&

'nem.écmjd ......... ASs..... YIAVNENT XD\ G&Kee_wwﬂ,&ﬁaamm

\mgm- Permes. ?nsx}c\..m ............ o& ........ Q_G\/ W\ o v, e g, el
o Mae  sahoalnk .

.'\____ _
\,{ / ResultsPlus
< Examiner Comments

The candidate has used their understanding to comment on the size of
the K, value and explained what the number means mathematically

(this was not necessary to gain M1, nor was the K, expression above
their answer).

M2 is awarded for the final sentence where the candidate comments
the position "lies well to the right".

(T4 ResultsPlus
\_, Examiner Tip
If you feel an expression will help you explain a concept then feel free

to write it out, even if it is not asked for in your answer.
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No credit for this response.

(b) The equilibrium constant, K, for the reaction at 298K is 1.55 x 10° atm™,

State what this value of the equilibrium constant indicates about the position of
the equilibrium. Justify your answer.
(2)
T M MOIAR...... bR s a0l e s 2GCHOD. =

v peduct.  slde. ..os.. Mo dep....valug. . 1S o O eater... teon...

.‘w\\

S{ ( ResultsPlus
/'--*. Examiner Comments

Stating the Kj expression is bigger than 1 was not sufficient to gain M1.

The reaction being "in the product side" is not a suitable answer for
M2, as a comment on the position of the equilibrium is required.

< Resultsplus
\

Examiner Tip
Include as much detail in your answers as possible - use the data.

\. J

A response that gains one of the two marks.

The.k f‘ omuch 31e_n.Lr.~r .1 S — P\’PGL-ALI
O anm! Bm.r-_)aj H-u. Fmahm ....... n.c .......... %1 mlemnm
=« 1 T e | Lj"\k

™

S}- { ResultsPlus
._/"'"\‘ Examiner Comments

This response lacks detail so is only awarded one mark. M2 is awarded
for "the position of equilibrium is on the right" but "K, is much greater"

is insufficient for M1. There is no comparator for the Kj, in this
qguestion, just a general statement on its side is required.
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Question 19 (a)

This 6 mark extended response question was well answered with the full range of marks
seen. It was linked to a prompt question and the average mark out of the 9 available was 3.
Though Q19(a)(i) asked for skeletal formulae, credit was given for any correct structure with

the number of C'3 peaks. Many candidates drew displayed or mixed

semi-structural formulae. Where candidates did not read the instructions to Q19(a)(i)
carefully and drew branched isomers, or longer chain molecules, they usually struggled to
gain marks in Q19(a)(ii) which may be the reason for the low average mark.

Candidates made good use of the spectrum, often labelling the peaks to assist in their
answer. As the specification does not specifically give a name for a peak splitinto 5, all
names that related to 5 were accepted along with multiplet. Candidates were most
frequently awarded IP2 and IP3 with IP4 being given the least frequently. The symmetrical
nature sometimes confused candidates when it came to peak areas, with 3:2:1 being a
common answer.

This response highlights some common errors.

19 This question is about some bromoalkanes.

(a) There are three straight-chain structural isomers with the
molecular formula CsH,,Br.

(i) Complete the table for these three isomers.
(3)

International Advanced Level Chemistry WCH14 01 24



*(ii) The high resolution proton NMR spectrum of one of these isomers is shown.

Chemical shift, 5/ ppm

Deduce which isomer is present in the sample, explaining the splitting
patterns and chemical shifts seen in the spectrum.

Include the name of the isomer and the relative peak areas.

Use your Data Booklet.
(6)

_,Mmﬂnmaeep&c. m’dm(aukﬁc\ﬂn(wﬂam
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"

\ / ResultsPlus
/"--.". Examiner Comments

In Q19(a)(i), the candidate has drawn displayed structures and all are

correct. However, only the number of peaks '3C for Isomer 2 is correct
so the candidate scores 1 mark here (if the peak number was also
incorrect for Isomer 2, they would still have scored 1 mark for 3 correct
structures).

In Q19(a)(ii) the candidate has scored IP1 for the three hydrogen
environments. IP3 is scored for the triplet splitting by 2 neighbouring
but as the candidate goes on to describe the "quartet" being split by 3
hydrogen atoms IP4 cannot be awarded. IP2 is awarded for the
identification of the CHBr group at a chemical shift of 3.9. There is no
mention of peak areas so no IP5 and the isomer is incorrect so no IP6.
3 IPs scores 2 marks plus 1 reasoning mark = 3 marks for Q19(a)(ii).

\\\ Examiner Tip

Label spectra and graphs to help you structure your answers.
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An example of a response that gained all 9 marks.

19 This question is about some bromoalkanes.

(a) There are threg straight-chain structural isomers with the
molecular formula CgH,,Br.

(i) Complete the table for these three isomers.
(3)

B W
| 5

2 0 T

Or 5

Dr

3 /\‘/\
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*(ii) The high resolution proton NMR spectrum of one of these isomers is shown.

Chemical shift, 8/ ppm

Deduce which isomer is present in the sample, explaining the splitting
patterns and chemical shifts seen in the spectrum.

Include the name of the isomer and the relative peak areas.

Use your Data Booklet.

(6)
There o 2. ser of peaks.. se. thece o
d%{:&flﬂ'\- .ﬁfosﬁﬂ envivonnents.:. Pﬁmkn oY 'L?nm L
due xe H-C-0 . Peake is o dripler so there  mwst.
Lhe 2. Moakems on. ﬂ.ddamn?r.. ..... C. atom.. R.C.ctzv'dmg‘\‘bcﬂ‘"a)
cule. Peok ot 1S PP s Que o, B e A, R Peals
sl s Rendetson. Meve et B A atems on
adiocenY. C. atom.. Feak ot .0 PPy e Sec Yo
T halenen. .. Whes.... \’prﬁkpﬁm B Penle ve o

ﬁ],_Snme.vls’ihc.m-&re_?:"bwrmpmﬁm .....

WPenket so. Hhece. vaust. be.. A aJroma on....end oot
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candoLoda Co A i Adplet, B ie pendet ond

Cois Peadet, Rede Relotive peate  owenss

N

\,{ / ResultsPlus

/‘-J. Examiner Comments

All 3 skeletal structures are correct, along with the number of carbon
environments so all three marks are awarded.

IP1 is awarded for the first sentence. The candidate then explains the
splitting pattern of the triplet using the n+1 rule for IP3. IP4 can be
awarded for the correct chemical shift values for the peaks at 1ppm
and 1.8ppm (along with the correct splitting patterns). IP3 is awarded
for the identification of the H-C-halogen at 4.0 ppm. IP6 is awarded for
the correct isomer name.

Over the page the candidate has drawn the displayed structure and
highlighted the three hydrogen environments, this has also allowed
them to calculate the peak areas for IP5.

6 IPs scores 4 marks plus 2 reasoning marks = 6 marks for Q19(a)(ii).

-
o

14 ResultsPlus
\_, Examiner Tip
Drawing and labelling diagrams is a valid form of scientific

communication in extended response questions.
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Question 19 (b)

The average mark for this mechanism was 2, with the transition state points being the least
frequently awarded. Any one of the 7 points being omitted or incorrect led to three marks
being scored and all possible errors and omissions were seen. Correct mechanisms using
skeletal structures were accepted.

An example of a fully correct mechanism.

(b) Draw the 5,2 mechanism for the reaction of 1-bromopropane with hydroxide ions
in aqueous solution.

Include curly arrows, and relevant dipoles and lone pairs.

(4)
& b
\]" T\ (Br T OnH
| N
H—C—-C—a-H — “_é_é_c\ By
ot oy /
) o
H H oH
| | |
H ~Erg— s Ho o+ er~
VT
.':\\_ i
\( (Resuﬂs?"’lus
/‘--“- Examiner Comments

This candidate has gained all 7 points and scores 4 marks. The answer
is very neat and the heads and ends of each arrow are precise.
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This is an example of an Sy1 mechanism.

(b) Draw the S,2 mechanism for the reaction of 1-bromopropane with hydroxide ions
in aqueous solution.

Include curly arrows, and relevant dipoles and lone pairs.

(4)

N

V ResultsPlus
/---. Examiner Comments

With the omission of the transition state the maximum that could be
awarded for an Sy1 mechanism is 2 marks. This candidate has omitted

the bromide ion so only scores 3 points but this is still 2 marks in total.

f"‘” ResultsPlus
\

— Examiner Tip
Read the questions carefully - the type of mechanism is clearly asked
for here.
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This response highlights some common errors.

(b) Draw the Sy2 mechanism for the reaction of 1-bromopropane with hydroxide ions
in aqueous solution.

Include curly arrows, and relevant dipoles and lone pairs.

SN2 - | slep. : F : ' (4)
nli*ﬁs r:‘bm ( or’ "l{ 4.3'1:'
cuacﬁz'C'Bv e \L—," ---—-)c#acﬂg'f“"

:o{:‘ gl. I.\H | "

N

i{ ( ResultsPlus

/--.1 Examiner Comments

This candidate has made two errors but scores 3 marks. Firstly, the
arrow from the hydroxide ion does not start at the lone pair and then
the transition state shows multiple charges inside the brackets as well
as the overall charge on the outside of the brackets.

,f'/f oy
4.\ ResultsPlus
\_,' Examiner Tip

Ensure all curly arrows start at a lone pair or bond. Where square
brackets are used around a complex ion, charges are not required

inside the brackets.

\. J
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Question 20

Of the 9 marks available for this question, the mean mark was 6 and the modal mark 7.
Incorrect units were only penalised once for Q20(a)(i)-(iii) otherwise some candidates would
have lost multiple marks here. A TE was also allowed from Q20(a)(i) and Q20a(ii) to Q20(a)(iii),
and any values added together with correct units were accepted.

In Q20(b), some candidates omitted the negative sign for the gradient so lost M1. M2 was
awarded as a TE but no TE from Q20(b) was allowed to Q20(c) so a negative value for
activation energy was penalised here.

The final part proved the most problematic for candidates with many only commenting on
the total entropy or even trying to compare the total entropy with the activation energy. An
incorrect value for the total entropy was allowed as a transferred error from Q20(a)(iii). A
comment on the (positive) value for total entropy scored M1 and multiple routes allowed M2
to be scored. Some candidates commented on the temperature in relation to the activation
energy and were awarded the mark whether or not they said the temperature was high
enough.
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This is an example of a response scoring all 9 marks.
20 Nitrous oxide, N,O, decomposes at high temperature to form nitrogen and oxygen.

N;O(g) = Na(g) + ¥20,(q)

(@) (i) Some standard molecular entropy data are shown.

nitrogen, N, 192
oxygen, O, 205
nitrous oxide, N,O 220

Calculate the standard entropy change of the system for the

decomposition shown,
Include a sign and units in your answer.
(2)

A5 pqtm = Sprduct = Fractant
~ 192 + (0-5x 205) = 220
= +3b-g T Imet?

=3

-

(i) The standard enthalpy change of the forward reaction is 82 kJmol™.
Calculate the entropy change of the surroundings at 2048K.

Include a sign and units in your answer.
(2)
bf . = = AH X lm‘)
Fwmundingy
i §
= -8y 100
204t 5
J v
(iii) Calculate the total entropy change of the reaction at 2048 K.
M

Include a sign and units in your answer.
= 3.g+ Yo.ol

s NY.s TIwmet?
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(b) Rate experiments on the decomposition of nitrous oxide produced the
following graph.

L
TfK'

0.0064 0.0065 0.0066 0.0067 0.0068
-188

-1\

-192

Ink

-198

Calculate the activation energy for the reaction in kJmol™',
Include the value of the gradient.

Ink= E—'l + constant
T RT

R=831JK" mol" , |
e e 32790 ( 00063, —1a6) (2)
M- - &84 X L
3 M-y ( 0-0665,-\90.3)

- _lqbeU.'}

_ oaprove
5.0 _ 0.66b¢
4 _
—28fn . - €9 ~2%6§3 Tmod =€

8.3 + 23684 KT - Ea
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(c) Explain whether or not this reaction occurs at 2048 K by considering the values
calculated in (a) and (b). —_
(2)

nard cally  Peop'blt ay fpted i e
h_ﬁpﬁmhu va.Lu-t Md M €a IS a frl&"ﬁﬂ VW ™ o wf” h
_Raded fnce a high ﬂmru«d&w%

(Total for Question 20 = 9 marks)

\,{ | / ResultsPlus

< Examiner Comments

The expression, answer and units are correct so 2 marks are scored for

Q20(a)i).
The answer for Q20(a)(ii) is fully correct as per the mark scheme.

The answers in Q20(a)(i) and Q20(a)(ii) have been added together for a
correct answer to Q20(a)(iii).

In Q20(b) the gradient has been correctly worked out for M1 and this
answer has been multiplied by a negative gas constant to calculate the
positive activation energy with correct units.

The answer to Q20(c) scores M1 for "thermodynamically feasible as AS
total is a positive value" and M2 is awarded for a correct comment on
the activation energy.

T4\ ResultsPlus
\\ Examiner Tip
Always continue with your calculations using your previous answers

even if you are not sure they are correct.
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Question 21 (a)

Over half of candidates gained 2 marks for this question. It was acceptable for the name of
the first organic product box to be blank along with a cross in the reaction box to score M1. A
minority of candidates failed to realise that ketones cannot be further oxidised and identified
a carboxylic acid as a product.

Candidates generally had more difficulty with M2 where some even suggested the ketone
may form an acid with the reducing agent. There were occasional slips with the position
numbers for the alcohol groups but the allowance of the absence of the "e" and even the "n"
meant that some weaker candidates did score this mark. A number of candidates gave the
correct numbers but failed to use the suffix - diol and 2,5-dihydroxyhexane was seen
regularly. The name was required for this question and structural formulae did not score.

Where candidates failed to score any marks, it was often due to the lack of recognition of the
reducing and oxidising agents and the answers were reversed.

21 Hexane-2,5-dione, CH;COCH,CH,COCH;, is a toxic compound formed in the
human body if hexane is consumed.

(a) Complete the table for hexane-2,5-dione.

Name the organic product formed if a reaction takes place.
(2)

refluxed with excess X No pro Juck
acidified potassium dichromate(V1)

excess lithium
tetrahydridoaluminate(lll) \/ he vah = 2,5 - diol
in dry ether

AN

V ResultsPlus
/'--.. Examiner Comments

An example of a fully correct answer.
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Question 21 (b)

Nearly three quarters of the cohort gained the mark for this item. Most stated that there
would be a yellow precipitate or yellow solid. Some included pale as a part of their answer.
Quite a few candidates identified CHsl in their answer though this was not required, or

included mention of a smell which was the alternative answer.

Answers that were seen frequently but did not score included "yellow solution" and "turns
yellow". A small minority of candidates mentioned the colour changes usually associated
with iodine rather than iodoform eg "turns blue/black" or "purple colour" and a few gave
observations for other reactions eg "fizzing and/or misty fumes".

(b) State the observation when hexane-2,5-dione reacts with iodine in the presence
of alkali.

N | / ResultsPlus

/‘-.: Examiner Comments

An example of an infrequently seen, but correct answer.
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Question 21 (c)(i)

Approximately 55% of the cohort scored this mark, with every type and mechanism seen
from "electrophilic", "substitution", and even occasionally "hydrolysis" and "elimination". With
only one mark available both parts needed to be correct to score and the addition of S\1 or

SN2 to the correct name and type negated the mark.

An example of a response that did not score.

(c) Hexane-2,5-dione reacts with excess hydrogen cyanide, HCN, in the presence of
potassium cyanide, KCN.

(i) Name the type and mechanism of this reaction.

(1)

Ehﬂﬁa&spl ...............................................................

™.

f Y

Y / ResultsPlus
/--J. Examiner Comments

While the "nucleophilic addition" part of the answer is correct the
addition of Sy2 means that the mark is not awarded. Phonetic and
recognisable spellings are always allowed on IAL Chemistry papers but
giving multiple answers always comes with a risk that if one of them is
wrong the mark will not be awarded.

W4 ResultsPlus
<K

| Examiner Tip
Only give one answer when one is asked for, "nucleophilic addition" is
the type and mechanism of this reaction.
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Question 21 (c)(ii)

Fewer than 50% of candidates achieved this mark, though the type of structure was not
specified so fully displayed, shortened structural, semi-structural and skeletal diagrams were
accepted, along with combinations of these. Where displayed formulae were drawn it was
expected that all the hydrogen atoms were shown but a minority of candidates omitted
them.

Many candidates only showed the addition on one end of the molecule instead of both.
Some candidates failed to show the alcohol group, instead replacing it with a hydrogen or
more commonly just an unbonded oxygen.

Below are examples of responses that gained the mark.

(ii) Draw the structure of the product.

N
Il

M

¢ { ResultsPlus

/--.". Examiner Comments
The O of each oxygen isn't complete but this response was given the
benefit of the doubt. Ideally the triple bonds of the nitrile groups
would also be joined up to the skeletal structure.

(1)

\ Examiner Tip
Practice drawing molecules from the specification using different
formats.

International Advanced Level Chemistry WCH14 01 40



CHy— CORN)~(Hy=(Hy~ C(OMIN) (1

N,

iﬁ ResultsPlus
Examiner Comments

This shortened-structural formula also scored the mark.

T‘ [
\
H O W & o a
I ] 1 | \ \
W-C-C-C—C—C=—C=H
A \ | | | |
i c H - c H
1) 1]
N N

AN

ig ResultsPlus
Examiner Comments

This candidate has drawn out a fully displayed structure.

o
.-// |
o

\Vl ResultsPlus

| Examiner Tip
Remember to include all hydrogens on fully displayed structures.

S e cN

o [«

ig ResultsPlus
Examiner Comments

An unusual mixed formula that gains the mark.
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Question 21 (d)(i)

Over 70% of candidates scored this mark with the most common correct answer being
orange precipitate, though many combinations of yellow, orange and red were seen. Brown
was not allowed and some candidates lost marks for giving an answer of a correctly coloured
solution instead of solid/crystals etc.
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Question 21 (d)(ii)

This question was poorly answered, with over 70% of the cohort not gaining either mark.
Candidates needed to state that the precipitate would need to be recrystallised (M1) and
then the melting point compared to known values (M2). Many candidates answers lacked
precision for M1 and they stated that the sample would need to be purified without naming
the method. For the second mark a large number of candidates said they would compare the
boiling point to known values. A few candidates stated they would use infrared or NMR
spectroscopy and while the interpretation of these spectra is on the specification, candidates
are not expected to use these techniques in a school laboratory.

An example of a response scoring both marks.

(ii) Describe, in outline, how the product of this reaction may be used to confirm

the identity of hexane-2,5-dione. Experimental details are not required.

(2)

Shliethe ovecipitate and. necrystallise the predpitede. .

__________ to.detamine. dhe. . identity. of herane=72,% = AiOMR v

\{ / ResultsPlus
/---\. Examiner Comments

M1 is scored for "recrystallise the precipitate", the filtration step is not
required but shows the candidate has a good understanding of this
practical technique.

M2 is awarded for the third sentence.
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(i) Describe, in outline, how the product of this reaction may be used to confirm
the identity of hexane-2,5-dione. Experimental details are not required.

™ tent chows that FELS a

__'ResultsPhs

Examiner Comments

This example scores M2 but M1 is not attempted.

—
,-f"’-“
e ".

Q \ ResultsPlus

Examiner Tip
When two marks are available you need two pieces of information in
your answer, do not repeat information already given in the question.
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This response shows an incorrect response for both marking points.

(ii) Describe, in outline, how the product of this reaction may be used to confirm
the identity of hexane-2,5-dione. Experimental details are not required.

(2)

MW;W ......... hwtsp%mmmtdm.h% ,,,,,,,,,,,,,

ﬂ ResultsPlus
Examiner Comments

M1 is not awarded for fractional distillation.

Infrared spectroscopy is not a suitable laboratory technique for M2.

= Resuttsplus
\_/

Examiner Tip

If the question includes the statement "experimental details are not

required" then the technique is likely to be one that you have used on
your course.
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This is an example of an imprecise answer that fails to score.

(i) Describe, in outline, how the product of tl\'ﬁs reaﬁtlon may be used to co#ﬁrm
the identity of hexane-2,5-dione. Experimental details are not required.

o ,mﬁx% LEE. . oS gai g il e
Mx deiad Aot Aok 551/ J,amﬂ‘ad,@s

s . Al .. ma [ R )

ResultsPlus

Examiner Comments

The candidate has made an attempt at M1 but has not stated how the
crystals will be purified.

They have then confused boiling point with melting temperature so M2
is not awarded.

| Examiner Tip

Ensure you revise the techniques on the specification
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Question 22 (a)

This question was poorly answered with a mean score of 1 and over 30% of candidates failed
to score a mark from the 3. The request to draw a low resolution H-NMR spectrum confused
some candidates who still tried to draw split peaks. This made counting the number of peaks
and estimating their area or height nearly impossible; so by attempting to draw a high
resolution spectrum candidates limited their achievement to M3 alone. Both lines and
"triangle" style peaks were accepted but spectra that showed more than 5 peaks did not
score. An acceptable range for each peak was given and the area and location of the peaks
were independent, with the stipulation that the tallest peak should not be on the right. M3
could be scored for any two peaks being in range. Some responses to this question were
hard to mark where candidates had just drawn single lines for the peaks, particularly when
one or more of their peaks was over a gridline.
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This response scored 1 mark.

22 The alkaline compound tris(hydroxymethyl)aminomethane, known as Tris, is used to
make a buffer for biological research.

Y oH
N v
5> 00 (1 -4 ~ NH,
3~ N, fﬁ-ﬂ'“ﬂ,\ o n
5 (-Wolo
b~ (-¥ \@Aﬂ W OH
Tris

(a) Sketch the low resolution proton NMR spectrum of Tris (C,H;;NO;).
Use your Data Booklet.
(3)

LA L]
S [\

10 9 8 7 6 5 4 3 2 1 0
Chemical shift, 8/ ppm
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\,{ / ResultsPlus
+ Examiner Comments

The splitting pattern of the middle peak means that M1 and M2 cannot
be scored. M3 was awarded for 3 peaks in the correct locations.

\.
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This response gains all 3 marks.

22 The alkaline compound tris(hydroxymethyl)aminomethane, known as Tris, is used to
make a buffer for biological research.

@ OH

7
@
s i 2ME HO NH;
@ I't 1] ®
@°H-rh$-?-°H on
HhHq Tris
(a) Sketch the low rg)solutlon proton NMR spectrum of Tris (C,H;;NO,).
Use your Data Booklet.

(3)

L] L 1 L i I L] ! L]

10 9 8 7 6 5 4 3 2 1 0
Chemical shift, 8/ ppm
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Y / ResultsPlus

/‘--; Examiner Comments
This response shows three clear, unsplit peaks so gains M1. The
heights of the peaks are in the correct ratio and the tallest peak is not
on the right so M2 is awarded (though the candidate hasn't used the
lines on the grid as expected). The three peaks are within the ranges
prescribed for M3.
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This response scored 2 marks.

22 The alkaline compound tris(hydroxymethyl)aminomethane, known as Tris, is used to
make a buffer for biological research.

OH

HO NH,

OH
Tris

(a) Sketch the low resolution proton NMR spectrum of Tris (C4H1NOy).
Use your Data Booklet.
(3)

10 9 8 7 6~ 5 4 3 2 1 0
Chemical shift, 8/ ppm
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Jio,

Y { ResultsPlus
_/'*--*. Examiner Comments
This response scored M1 and M3. The wiggles at the bases of the
peaks were ignored. The three peaks (M1) do not have the correct

height ratios to score M2 but two of the peaks are within the correct
range to score M3.

-

4  ResultsPlus
\

' Examiner Tip

Ensure you have a ruler in your exam to help you draw straight lines.
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This is an example of a response that was hard to mark after scanning.

22 The alkaline compound tris(hydroxymethyl)aminomethane, known as Tris, is used to
make a buffer for biological research. h

Tris

(a) Sketch the low resolution proton NMR spectrum of Tris (C,H,;NO;).
Use your Data Booklet.
(3)

10 9 8 7 6 5 4 3 2 1 0
Chemical shift, 5/ ppm
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N / ResultsPlus

/“-—-‘- Examiner Comments
On zooming in it can be seen that the candidate has drawn three
peaks (at chemical shifts of 6§ 3,2 and 1) and that these peaks are of
heights 3:2:6. As the tallest peak is on the right hand side, M2 cannot
be scored but the peaks are within the ranges for M3 to be awarded.
Where candidates are drawing over printed lines it is important that
they widen peaks sufficiently to ensure they can be clearly seen by
examiners.

T4\ ResultsPlus

\\\ Examiner Tip

Ensure your answer can be seen when it is scanned in. HB or B pencil
should be used as an alternative to black pen but your lines must be
bold enough to stand out from the answer grid.

55 International Advanced Level Chemistry WCH14 01



Question 22 (b)(i)

The mean mark for this question was one out of the three available. AiImost a third of
candidates did not gain a single mark here, despite the mark scheme and question being
very similar to those set in previous series. Some confusion could have been around Tris
being a basic buffer rather than the acid buffers candidates are used to.

An example of a fully correct answer.

(b) Tris is a Brensted-Lowry base and its conjugate acid is formed as shown.

OH OH
OH OH

(i) Explain how a mixture of Tris and its conjugate acid acts as a buffer solution
when a small amount of acid is added.

Thete. ale, (e, (uoatietion of ot )z HO/LPM*h hd
e Swiall oY ot gid js g it]) ot WA
/o 10 M 4 inle_fup Of 2 ,WS
tnpes™ it et Tt e g hoiges' il

.-:\‘\

Qf" { ResultsPlus
/--.1 Examiner Comments

This candidate has chosen to draw the molecules rather than referring
to them by name or molecular formula which is fine. The first sentence
gains M2, the second M1 and the final phrase scores M3.

3

/.-

ResultsPIus
\

Examiner Tip
Using formulae instead of names is fine unless a name is specifically
asked for.
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(b) Tris is a Brensted-Lowry base and its conjugate acid is formed as shown.

OH OH
|

HO NH, + H* = HO NH;

OH OH

(i) Explain how a mixture of Tris and its conjugate acid acts as a buffer solution
when a small amount of acid is added.

. Whnen 4 smald qmount o gad s added, fe |
ethbrtumSm{‘t’srohmftah‘fpmwmﬂﬂm@refﬂc
__________________________________ Mmﬂpwaudmmﬁqemw

ﬂ'gnueq{ﬁklr%ﬁf@.&ﬁ*%&\&.{?p\mﬁ@‘?bnh—ﬁﬁ
ard;ﬂmndugwamdmrrconmr%msAwkcmngf

o . Ths geeps he ph consiant -

-
" ( ResultsPlus

Examiner Comments

This candidate scores M1 for the equilibrium moving to the right. M2 is
awarded for the fourth line "large reserve supplies of both Tris and its
conjugate acid" but the candidate does not mention the ratio of the
substances so M3 cannot be scored.
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This is an example where the candidate has confused themselves about conjugate acids and
bases.

WajqumeafadiDmJili,Tﬁswzwu
N W%H*&smubmhiek&%Uﬁhkmlaw(uqmi
14}%}%&2_ ........... bene...axe.. ﬁome?\d' ............ .. la R YT .

mamu;;ﬁ.o\m«di;@hmﬁq%&
Nz)lybb.c.km@xmdh nandedion . of. cad e

onyppodt.. basey o Lovidd o LUAY sk il
A N = A

rsbont yand o gz pliac by (2) , g shys
cx,ppﬂ?mwly ndand- ay ol

-

BA — s Tii
HA = mjugede odid

- \ B
ﬁ ResultsPlus
Examiner Comments

M1 is awarded for the first sentence. M2 is not scored as Tris
molecules do not have a conjugate base. M3 is awarded for the ratio
and pH comment and the candidate clarifies what they mean by the
terms HA and A - under the answer lines.
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Candidates found Q22(b)(ii) difficult, mainly because they had to write the K, expression for
the conjugate acid of Tris. There was plenty of confusion over charges on the relevant species
and the mean was 3 marks from 6, with a quarter of candidates failing to score a mark.
Where candidates did get the first part incorrect a TE was available to Q22(b)(iii). Candidates
did not require their answer to Q22(b)(ii) to gain the first three marks of the calculation.
Some candidates further complicated their response by subtracting the moles of Tris from
the moles of acid as though alkali had been added to a buffer and then the new pH needed
to be calculated.
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This is an example of a fully correct answer.

(i) Write the expression for the K, of the conjugate acid of Tris (C,H;;NO3).

(1)
K"‘- - sm fGaHuMi]
Ll H),Noy T
(iif) When hydrochloric acid is added to Tris, the acid salt is formed.
The acid salt is a solid, which has the formula C,H,;NO;Cl’, and contains the
conjugate acid of Tris.
When 100g of the acid salt is mixed with 500cm’ of 0.200 moldm™ Tris,
an alkaline buffer is formed.
Calculate the pH of this buffer, assuming that there is no change in volume
when the solid is added.
K, for the conjugate acid of Tris is 8.413 x 10~ moldm™,
(5)

|00
- —-—-—-—_—___-__-—_.
N caHureys ¢4 4xiy )4 i lba Ty - 0.6345 mel

Nps = 02Y 50X10732 0. g
Ca Hip Aoy T = (eHhM0:s 4+ H*

0. 347 @4
0.6349- & 0.1¢x X
Conuntrodiva: (2698 -2 0.2+2x 2x
4 _  (0-2tx) 2x
ka= §.413%0 = 12698 <2

3% = S3uuyied
[t l=2%= 53¢ funo?

PH.‘: -f‘j W= T 17
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.:\\____. )
\,{ / ResultsPlus
+ Examiner Comments

The K, expression is correct for Q22(b)(ii).

The candidate has achieved the correct answer for Q22(b)(iii), though
there was no need for their complicated equilibrium expression.

\.

A\ ResultsPlus

\ Examiner Tip

Lay out your calculations neatly so that examiners can follow your
logic.
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This is an example of a response with a couple of errors.

(i) Write the expression for the K, of the conjugate acid of Tris (C,H,,;NO3).

l:_H'ﬂ ]:d‘!HﬂNO&]
EC-«H# f NOSj

(1}

(ili) When hydrochloric acid is added to Tris, the acid salt is formed.
The acid salt is a solid, which has the formula C,H,,;NO;Cl", and contains the
conjugate acid of Tris.
When 1004 of the acid salt is mixed with 500cm?® of 0.200 mol dm’? Tris,
an alkaline buffer is formed.

Calculate the pH of this buffer, assuming that there is no change in volume
when the solid is added.

K, for the conjugate acid of Tris is 8.413 x 10" moldm™,

(5)
ﬂ(‘c"ﬁf&‘o Engr 24l +35->

KA = R HI13X0

4 Cffrf‘:’;: %%1&25 0.1 el
o = EH*_] @j
A
HAO)
AR = k];_jg:m

] - ’quj“ A
) @/‘*%%%f
41 L.olé“"“o i

EHF‘.E}—: -]c:@(" ‘OUBKID)

.M~ g .47

P
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N / ResultsPlus

/"--.". Examiner Comments
No credit in Q22(b)(ii) as the candidate has confused the Tris and the
acid salt. This is given as a TE for M3 in Q22(b)(iii), as the Tris and its
conjugate acid have been confused in both parts.

No M1 for Q22(b)(iii) as the M, is incorrect. The number of moles
calculated (M2 as TE) is then substituted into the K, expression (as the
volumes cancel out in the rearrangement this is fine). The
rearrangement (M3 as TE from Q22(b)(ii), using numbers from M2 as a
TE) gives the value for the hydrogen ion concentration (M4 as a TE) and
the negative log of this value gives the pH (M5 as a TE).

63 International Advanced Level Chemistry WCH14 01



This is an example of the transferred error from Q22(b)(ii) to Q22(b)(iii) using the
Henderson-Hasselbalch (H-H) method.

(ii) Write the expression for the K, of the conjugate acid of Tris (C,H,,NO3).
(1)

,-r
Ky = TCuMpNOg i

Coutnos 1047

(iil) When hydrochloric acid is added to Tris, the acid salt is formed.
The acid salt is a solid, which has the formula C,H,,NO;Cl", and contains the
conjugate acid of Tris.
When 100g of the acid salt is mixed with 500cm’ of 0. 200 moldm™ Tris,
an alkaline buffer is formed.

Calculate the pH of this buffer, assuming that there is no change in volume
when the solid is added.

K, for the conjugate acid of Tris is 8.413 x 10 moldm™.
(5)

4 s ; b= Waldgq‘ﬂ'{s ﬂ-O']mﬂ
~— Aottt et
pH =pko 4 ida ['gm{]

Lacid
Mo o8 salk = 18D 0635 msl
1575 "
[eah]= 0:6235 = LG8 maldm
5 50/)p>

1.269%
He ~Jog8: YaxIG & -Qc‘j o2

S’-Q?ﬁ/ﬂr\g

International Advanced Level Chemistry WCH14 01 64



&%

N / ResultsPlus

/"--'*. Examiner Comments
No credit for Q22(b)(ii) as the expression is upside down. The
candidate has confused the acid salt and Tris so this is not penalised in

Q22(b)(iii).

In Q22(b)(iii), M1 is awarded for the M, of the acid salt. M2 is awarded
for the concentration of the "salt" (this is really the Tris). The candidate
then substitutes into the (H-H) expression and calculates their answer.
The answer 8.88 shows that the salt and Tris were incorrectly
substituted into the equation and as this confusion has already been
penalised in Q22(b)(ii) the candidate gains all 5 marks on this
calculation.

\ ResultsPlus

Examiner Tip

Show all steps in your working for each calculation.
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Question 22 (c)

This question was well attempted by many candidates. The average mark for this question
was 2 but over 40% of the cohort achieved full marks. The mark that was least frequently

awarded was M3, as many candidates neglected to square the [H*] on the top of the
expression. M4 was available as a TE for answers that were less than one.

This is an example of a response that scored full marks.

(c) A solution of chloroethangic acid is prepared for gi_tr_ggqn with Tris.

0.0150g of chloroethanoic acid (M, = 94.,5) is dissolved in 1500cm’ of
distilled water. The resulting solution has a pH of 3.42.

Calculate the K, of chloroethanoic acid.

(4)
B,0C00H <  ehACD™ + HF
f‘L[CHld DD‘JH\ = 0‘015 = c (:c,.‘l(:lcm”\ — Fu . _l— 3 1'05%2 1!0_4
245 7 w0 Ouso rncldir 2
- FH e 3-42 > [H*] . io—‘bo'-il
- + 1
R T il R ST )
[CH,0e00H]
.':\\__ .
V / ResultsPlus
/--‘- Examiner Comments

M1 is awarded for the concentration of the acid.

M2 is awarded for the hydrogen ion concentration calculated from the
pH.

M3 is for the K, expression and M4 for the final answer.
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This is a response that highlights some common errors.

(c) A solution of chloroethanoic acid is prepared for titration with Tris.

0.0150g of chloroethanoic acid (M, = 94.5) is dissolved in 1500cm’ of
distilled water. The resulting solution has a pH of 3.42.

Calculate the K, of chloroethanoic acid.

(4)
™ [.1",:] : moler of chloroetapoic eld
é‘ + = O'DISO g
At 141
4
Llof:s-ﬂji- = 1'69%10
r(ﬂ.:': -——-—/__. J‘ i
5 con(- P
[ 2350 ] \ - sa e 4x 150000
= 2+ 38% XIE_

4
+Ka = 8 ) eH = - [o%[H"J

242 = 408 [H’J
(vt~ 10"

N

9? ResultsPlus
/'--.. Examiner Comments

M1 is not awarded as the moles are multiplied by the volume, instead
of divided.

The [H*] concentration is not evaluated so M2 is not awarded, but M3
(as a TE) is given for the substitution into the expression and M4 (as a
TE) is awarded for the final answer.

(M4 ResultsPlus
\_/' Examiner Tip

Show every step of your calculation in your answer, rather than just
putting the numbers in your calculator.
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Question 22 (d)(i)

Though there were two marks available here, 70% of candidates did not score a mark. The
main reason for not gaining a mark was not referencing the graph or using the vertical
portion instead of the part that is nearly horizontal. Where candidates had only referred to
the volume of acid at the end of the buffer region one mark was available as a rescue mark.
Some candidates chose to mark the buffer region on the graph, which was fine as long as
they stated that they had done so in their written answer.

This is an example of a response that did not score.

() Explain how this graph shows Tris and its conjugate acid act as a buffer.

(2)
............... Thexe...15....a.. uffer...xeqion. ...ab- fhe . very . beginning...
_____________________ D—F{hQLLlYU'ELQthQ—l—hE H.. decenses. fom....

\( / ResultsPlus
/"--J. Examiner Comments

This candidate only refers to the areas of the graph using pHs instead
of volumes. No credit could be given for this answer.
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This is an example of a response that scores both marks.

(i) Explain how this graph shows Tris and its conjugate acid act as a buffer.

(2)
MDM Loxewme ok Rew® de G
B cuc,t; aé&g& uﬂ’— afqp"«a\mv?.:a

R VA l\»c. »e)wﬁ;: clma:%r

Mﬂ_gn{& bd_ '1%4:_ au:ltl!\nvq ac' am:v\ “\L H’

iﬁ ResultsPlus
Examiner Comments

The candidate gives the range of volumes over which the buffer
operates for M1 and says "the pH stays almost" for M2.

-
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(T4 ResultsPlus

\_} Examiner Tip

If you are asked to explain using a graph, ensure you quote values
from it.
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Another answer that scores both marks.

(i) Explain how this graph shows Tris and its conjugate acid act as a buffer.
(2)

et volueng... H.om 2. =7 3malim
WIPE S LU TIY "Glﬂwai;;mmﬂni-ﬁmmtm:@a

..... Thaadore,.... Hals... povt..oban.... k... mﬁw ac&:?un ok
P~ N Y. BT wnfuqotl.....acd..

ﬂ ResultsPlus
Examiner Comments

This candidate quotes a smaller range of volumes (M1) and uses

gradient to identify the buffer range, then stating the meaning (M2). An
excellent answer.

This is an example of the rescue mark being awarded.

(i) Explain how this graph shows Tris and its conjugate acid act as a buffer.
(2)

............ Vo W o!famlé Y. mwirv.s!

ﬂ ResultsPlus
Examiner Comments

The candidate gains 1 mark for this response, 18cm? is outside the
range allowed for M1 but "a large volume of acid" is acceptable for the

rescue mark (large volume relative to the titration) only decreasing the
pH slightly.
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Question 22 (d)(ii)
Nearly 60% of candidates scored this mark. Incorrect answers were seen both above and

below the allowed range, and many candidates gave values in the alkaline or acidic buffer
regions.
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Question 22 (d)(iii)

Just over half of candidates gained the mark for this question. Some went into far more detail
than was required, we were expecting a brief explanation of why pH is important to living
things. Where candidates failed to score, they did not link their comment to a biological
context and just explained what a buffer is or does.

This is an example of a common response that did not gain the mark.

(ili) Suggest a reason why buffers are so important in biological systems.

(1)

| »,

Y / ResultsPlus
/"--J. Examiner Comments

This answer is not linked to a biological context so cannot be awarded
the mark.

-
r

4\ ResultsPlus
eyl

| Examiner Tip
Reread your responses to check you have answered the question.
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This is an example of a response that goes into more detail than required.

(ilf) Suggest a reason why buffers are so important in biological systems.

(1)

ﬂ ResultsPlus
Examiner Comments

This candidate has obviously studied enzymes in Biology. Words like
"denatured" were not expected or required as they are not on the
specification. The first part of the first sentence was sufficient to score.

This is another example of a response that scored the mark.

(iii) Suggest a reason why buffers are so important in biological systems.
(1)

e doed s So Ftwad eMS can. wenk

ﬂ ResultsPlus
Examiner Comments

This is the answer that is on the specification and was expected. No
detail is required, just an example of a buffer in a biological context.
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Paper Summary

Based on their performance on this paper, candidates should:

e Read the questions carefully, underlining or highlighting key words and using this to
structure their answers.

e Practice writing K, expressions for alkaline buffer molecules and conjugate salts.

e Always give units with their answers.

e Practise deducing the orders of reactions from rates data.

e Practise drawing SN2 mechanisms, including transition states, for different reactions.

e Practice identifying buffer regions on titration graphs.
e Practise explaining splitting patterns for different organic molecules and be able to predict
the products for molecules in different chemical reactions.
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