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Introduction

The paper was accessible to all candidates, and there were very few occasions when a
candidate did not attempt all the questions.

Candidates showed good knowledge of tests for inorganic compounds, but answers to
questions on organic chemistry caused more difficulty. In general there was understanding
of the principles behind calculations, but many candidates had very little understanding

of how and when to round numbers, and of use of an appropriate number of significant
figures.

The third question was the most challenging. The reasons behind practical procedures were
often poorly understood.
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Question 1 (a) (i)-(v)
There were many high scores on this section of the paper.

Most candidates knew that the ion involved was potassium, but giving the formula as K
without a charge was not allowed for the mark.

In (ii) many candidates saw the words "barium chloride" and "sulfate" and said that a white
precipitate would be seen. They should have read the question more carefully as it said that
sulfate ions were absent. Other candidates were perhaps thinking of reactions of sulfites, as
they said that a white precipitate formed which dissolved on addition of acid.

In (iii), the addition of silver nitrate solution and formation of a yellow precipitate were well
known as the test for an iodide ion, and many knew that this precipitate was insoluble in
ammonia.

Those who thought that both iodide and sulfate ions were present produced some
extraordinary suggestions for the formula of the salt.

Answer ALL the questions. Write your answers in the spaces provided.
1 Tests were carried out on compounds X, Y and Z. Complete the tables below.

(a) Compound X is a white, water-soluble solid.

Inference

Test ' Observation (Name or formula)
(i) | Flame test Lilac flame o

AL X
Potassiun | K ) (1)
(i) | To a solution of X, )
add barium chloride Wae o pE

solution and acidify with _
| hydrochloric acid Sovub\e L

Sulfate ions absent

(iii) To a solution of X, add lodide ions present
| dilute nitric acid |
followed by Yellow  opk

[ S\er whky o Nee (2)

(iv) | Add concentrated Confirms presence of
aqueous ammonia : iodide ions
| solution to the mixture | nsauble -
| remaining from test (iii) | | [ (M)

(v) The formula of X is: <X

<lj\ — A\
D
Resultstlus 2/ Results¥lus

Examiner Comments

Examiner Tip

No precipitate would form when
barium chloride and hydrochloric acid
are added to potassium iodide. This
candidate may have been thinking
about the reactions of sulfite ions.

Read the question carefully. If you see
a white precipitate which dissolves,
this suggests something different
from no precipitate forming.
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Answer ALL the questions. Write your answers in the spaces provided.

1 Tests were carried out on compounds X, Y and Z. Complete the tables below.

(a) Compound X is a white, water-soluble solid.

0]

(ii)

(iii)

(iv)

. Inference
Test Observation (Name or formula)
Flame test Lilac flame
+
________________________ | S
To a solution of X, Sulfate ions absent
add barium chloride Ao Shike P‘P'* .................
solution and acidify with
hydrochloricacid | ™) \'.‘.ﬂ(‘.w&'d.d' ...........

To a solution of X, add
dilute nitric acid
followed by

Silver. wadvale...

lodide ions present

Add concentrated
aqueous ammonia
solution to the mixture
remaining from test (iii)

PP doasat. Asasalut

Confirms presence of
lodide ions

(v) The formulaof Xis: . & XL SO, ...

(1)

ﬁ ResultsPlus

Examiner Comments

Answers like this based on the presence, not the
absence of sulfate ions, were quite common.

If the cation was identified wrongly, a mark could

still be obtained for the formula of the salt which was
consistent. However in this case the anion, sulfate, was
said to be absent and an impossible formula was given.

ResultsP

Examiner Tip

Tests can be negative, and show
which ions are not present.

GCE Chemistry 6CHO07 01
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Question 1 (b) (i)-(iii)
This section also scored highly.

The majority of candidates correctly identified the positive ion as calcium, and used

lime water to test the gas produced in (ii). The most common error was in (ii) where

the observation was given as a white precipitate. Some candidates named calcium
carbonate instead of giving the formula. The final mark was given if a correct formula was
given, based on an earlier incorrect choice of cation.

(b) Compound Y is a white solid that is insoluble in water.

Test Observation Inference
(Name or formula)
(i) | Flame test Yellow-red (brick red)
flame cCaletum. |
(ii) | Add dilute The mixture fizzed and
hydrochloric acid to Y the solid
Bubble the gas through It turned milky CO, evolved
_ [—'m e.. \Water . (2)

(iiiy The formulaof Yis: ... CC‘ Cog .
(1)

ResultsPlus

Examiner Comments

The second column is for observations,
so the answer CaCl, is not correct here.

A
@ ResultsP

Examiner Tip

us

Read through you answers to be sure
they make sense. The first part of (ii)
would only make sense if it said "the
solid formed CaCl, ", and this would

not be an observation.
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(b) Compound Y is a white solid that is insoluble in water.

(i)

(i)

Inference
Test Observation (Name or formula)

Flame test Yellow-red (brick red) 94

flame C'a
Add dilute The mixture fizzed and
hydrochloric acid to Y the solid

drggeacd fmteet)
Bubble the gas through It turned milky CO, evolved

(iii) The formulaof Yis: ... CG.CO3 B

(M

(1)

(2)

ﬁ ResultsPlus

Examiner Comments

The solid dissolves, and the word
"disappear" was allowed as a description
of what would be seen. However, as

the candidate gave a second incorrect
answer the mark was not given here.

ResultsPlus

Examiner Tip

Melting is not the same as
dissolving, so choose your wording
carefully.

GCE Chemistry 6CHO07 01
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Question 1 (c) (iii)

The expected answers were a primary or secondary alcohol, as at this stage in the testing
procedure the actual alcohol had not been identified. However candidates who returned to
this question after doing (d) were credited for suggesting propan-1-ol or propan-2-ol.

(iii) | Warm Z with Colour changes from Z could be
potassium dichromate(VI) | orange to green
solution and a\whol
dilute sulfuric acid
or
Carboxylic aad 1 (2)

ﬁ ResultsPlus

Examiner Comments

The question said that Z forms a neutral
solution, so carboxylic acid was not a possible
answer for this reason, as well as the fact that
carboxylic acids cannot be oxidised by acidified
potassium dichromate(VI).

(i) | Warm Z with Colour changes from Z could be
potassium dichromate(VI) | orange to green
solution and Cl'tde.h‘{jdef'.
dilute sulfuric acid
or
| | alcovol |

ﬁ ResultsPlus
Examiner Comments

Aldehydes and primary and secondary alcohols
can be oxidised by acidified potassium
dichromate, so one mark was allowed for the
combination given here, though the preceding
test showed that an -OH group was present.
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Question 1 (c) (i)-(ii)

Careful reading of the question was required here. Some candidates missed the point that
these were tests on an organic liquid, and suggested inorganic ions in their answers.

The test for bromine detects a carbon-carbon double bond, and simply referring to a double
bond was not enough. The test shows the absence of a carbon-carbon double bond or
alkene group, but does not prove what is present, so the inference that an alkane is present

was not allowed.

As the solution in the test is neutral, the observation with phosphorus(V) chloride rules out

a carboxylic acid and indicates an alcohol.

(i

(ii)

miscible with water to form a neutral solution.

(c) Zis a colourless organic liquid with only one functional group. Z is completely

Test

Observation

Inference

Add bromine waterto Z

No colour change

Aleane /ot alken

Add solid
phosphorus(V) chloride,
PCl,to Z

Misty fumes (of
hydrogen chloride)

tdan Peohol
o alrancic
(1(1‘)(!

ﬁ ResultsP

Examiner Comments

The test shows that the liquid is not an
alkene, but this does not mean it is an
alkane, so this did not get the mark.

The solution is neutral, so alkanoic acid is
not a possible choice.

us

Q
Do not give two answers to a question
because if one is wrong you will lose

the mark for the correct one. This has
happened here in both parts.

ResultsPlus

Examiner Tip

GCE Chemistry 6CHO07 01
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miscible with water to form a neutral solution.

(c) Zis a colourless organic liquid with only one functional group. Z is completely

Test Observation

Inference

(i) | Add bromine water to Z No colour change

Ceut 20D dowiie Duf\é

M‘ Qmel’fk ..............
(i) | Add solid Misty fumes (of
phosphorus(V) chloride, hydrogen chloride) ) s
PCl, to Z Qezence. L OH a0,

(1)

(1

ﬁ Results#lus

Examiner Comments

such as oxygen this was not allowed.
There are no hydroxide ions present.

A carbon-carbon double bond was not present,
but as carbon forms double bonds to other atoms

Examiner Tip

Make sure you know the difference
between a hydroxyl group and a
hydroxide ion.
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Question 1 (d) (i)

Many candidates knew that, in principle, they had to find the number of moles of each atom
in a sample of Z, and then find the simplest whole humber ratio of these values to find the
empirical formula. Unfortunately many candidates rounded their numbers too early. The
13.3 mol of hydrogen became 13. The 1.67 mol of oxygen became 2. This gave a formula
of C,H,,0,. At this point the more thoughtful candidates might have realised that twelve
hydrogen atoms saturate five carbon atoms, so this formula is impossible, but some then
proceeded to draw structures of pentanol which did not even match the formula they had

calculated.

The fact that early rounding of numbers leads to errors in calculations should be stressed to
candidates.

However there were many correct calculations. Some lost the final mark by showing their
answer as a structural formula rather than an empirical one, or as (C,H,0),.

(d) The composition by mass of Z is C 60.0%, H 13.3%, O 26.7%.

(i) Calculate the empirical formula of Z,

C i 0 (2)
Macs 60-0 (13- 3 26'%
No of £ 13:% ‘el
el k Ephical  fomula of 2
gimplest
mﬂo g 12 2 Cehn0a

ﬁ ResultsPlus

Examiner Comments

This candidate has calculated the number
of moles of carbon, hydrogen and oxygen
correctly, but has then just rounded the
numbers instead of finding the ratio.

A
Q ResultsP
Examiner Tip

Do not round numbers early in empirical
formula calculations.

us

Compounds such as C,H,, and C,H,, have
percentage compositions which are very
similar, and early rounding would not show the

difference.

GCE Chemistry 6CHO07 01
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(d) The compaosition by mass of Z is € 60.0%, H 13.3%, O 26.7%.
i) Calculate the empirical formula of Z.
(i é PH P

0-b 0.33 0247

Ny _T;_ \ b =P =2, C;Hgf)
v.0¥ 0.133 0.01]
o.o1] 0.0 0.0

lus

Examiner Comments

This candidate is working in fractions rather
than percentages. This, and other valid methods
such as working out the factor needed to make
the lowest number into a whole number, were
allowed.

GCE Chemistry 6CHO07 01
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Question 1 (d) (ii)

Many candidates realised at this point that they were dealing with propan-1-ol and propan-
2-ol, and it was surprising that they did not return to (c)(iii) and amend their suggestions. It
looked as if they did not realise that (c) and (d) were questions about the same compound.

Displayed formulae were usually given and only a few cases were seen where carbon was
linked to the hydrogen in the OH group instead of the oxygen.

(d) The composition by mass of Z is C 60.0%, H 13.3%, O 26.7%.

(i) Calculate the empirical formula of Z.

H O @)
o 13 267
o e

a:,/4 '
W 3 8 @ C‘3 HSO y
(i) The molecular formula of Z is the same as its empirical formula. Give the
displayed formulae of the two possible isomers of Z.

(2)

5 C’anlcan @ CHpns
(HOH
(caj,)zc

(Total for Question 1 = 18 marks)

ﬁ ResultsPlus
Examiner Comments

The question asked for displayed
formulae, though two correct structural
formulae were given one mark.

A

Examiner Tip

Learn the difference between
empirical, molecular, displayed
and structural formulae.

GCE Chemistry 6CHO07 01
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(d) The composition by mass of Z is C 60.0%, H 13.3%, 026.7%.

=2 0=

(i) Calculate the empirical formula of Z. ~ om H=l __Q_C_?- 3%-'?“";}.24
S 16 e 60 13.3 16‘7“ b2 s
s o ons 1”3 eo [ VZ
16 26.7¥ //f ) [
.\}._.. % 13- g% = 4k
6 (i) The moleculﬁérr?&mhls the same as its ernpiracalformula Give the
!.'% =) displayed formulae of the two possible isomers of Z.
|/ (2)
C = (:. = C. == C QH
H [
: H W He ¢ ’
n l | |
~C - C-C —OH e ~demy
| | \ D] \
t # H L

(Total for Question 1 = 18 marks)

3)

Examiner Comments

This shows two ways of drawing
propan-1-ol, not two different
isomers.

)
&
Remember that the OH is on a
different position in the carbon chain
in propan-1-ol and propan-2-ol. In

this case the OH is on the end carbon
in both formulae.

ResultsPlus

Examiner Tip
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Question 2 (a) (i)

Many candidates find ionic equations difficult. Some did not know the charge on a zinc
ion. Others gave the wrong charge on the copper ion, despite the name copper(II) sufate
indicating what it is. Many started from the complete equation and then deduced that

sulfate ions were spectators, but for full marks the sulfate ions should not be shown in the
final equation. State symbols were regularly missed out, again suggesting that candidates

had not read the question carefully.

ﬁ ResultsP!

(a) (i) Write the ionic equation for the reaction between zinc and aqueous LY /
copper(ll}) ions, including state symbaols.
e sy Co¥gy” (2)
c ﬁ\go S P p— 'Z:\"-‘F_:)C'.'? v Cu
V0 T ey Gay ®

us

Examiner Comments

The sulfate ions should be cancelled
out when they appear on both sides
of the equation in the same state.

ResultsPlus

J//\
Q Examiner Tip

Don't show the spectator ions in

your final ionic equation.

GCE Chemistry 6CHO07 01
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(a) (i) Write the ionic equation for the reaction between zinc and aqueous
copper(ll) ions, including state symbols.

ResultsPlus

Examiner Comments

A number of candidates wrote two half equations,
one for zinc turning into zinc ions, and one for
copper ions turning into copper.

This candidate was allowed the state symbol
mark only. Including the electrons shows that the
difference between an ionic equation and a half
equation is not clearly understood.

A

&4\ ResultsP

Examiner Tip

us

Only include electrons in equations
if you are writing a half equation to
illustrate redox.

GCE Chemistry 6CHO07 01
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Question 2 (a) (ii)-(iv)

The calculation of energy transferred should have been easy as the expression was given.
However candidates used a variety of incorrect numbers for the mass, including the mass of
zinc powder, the sum of the mass of the powder and the solution, and a mass of one gram
instead of the correct value of 50g.

Calculation of the number of moles of copper(Il) sulfate in (iii) was nearly always correct.

In (iv) the two most common errors were forgetting the negative sign and giving the answer
to more than three significant figures.

(ii) Calculate the quantity of heat energy produced in the experiment above,
giving your answer in J. (Assume that the heat capacity of the mixture is
4.18 J g' °C-' and its density is 1.00 g cm™.) Use the expression

energy transferred in joules = mass x specific heat capacity x temperature change
(2)

goxL 3% (69 5~ 23)

on Qﬂ\j_\j tronshenred =

in _—10 ules
- fxF QHE5T
(iii) Calculate the number of moles of copper(ll) sulfate used in the experiment.
m
Moleg = Conpenaraion | Yotume

Moles - \.O x bo
(00O

Moley s 0.05 mol

(iv) Use your answers from (a)(ii) and (a)(iii) to calculate the enthalpy change for
the reaction in kJ mol™'. Give your answer to three significant figures and
include the appropriate sign.

{5000y ) thelpy = q-F5K]) @
> :q"H%'SJ ; U‘U’nﬂe’ O'O5moJ

s q,-;.vg,skj i A :-ICILI'Sq'KBmorl

ﬁ ResultsPlus

Examiner Comments

This candidate made the common
mistake of giving the answer to (iv) to
more than three significant figures.

OO ResultsPlus

Examiner Tip

Make sure you are clear about
the difference between significant
figures and decimal places.

GCE Chemistry 6CHO07 01 17
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(i) Calculate the quantity of heat energy produced in the experiment above,
giving your answer in J. (Assume that the heat capacity of the mixture is
4,18 Jg ' °C"and its density is 1.00 g cm™.) Use the expression

energy transferred in joules = mass x specific heat capacity x temperature change

5.—.2‘-95 trarncdevred = S'D' > T8 > 4(;.5 (2)
=z 9718.58 J_
(i) Calculate the number of moles of copper(ll) sulfate used in the experiment.
moles = concentratiom x volum ¢ (1)
= (. po = 5O :D.OSMQJ{
N+ '
(iv) Use your answers from (a)(ii) and (a)(iii) to calculate the enthalpy change for
the reaction in kJ mol™'. Give your answer to three significant figures and
include the appropriate sign.
(2)

- -1
AH = » < 7’3-§y|o"3k‘}"mgf
o 5

— 19.3% KkKTmal ™

_ -
Z]H = —Jq,4ﬁkdm:a1//

Tkl ThaA th v mmm b cirmn Al khis mvmsclma mme memin mem i smrbalebi e maak

Examiner Comments

This candidate has calculated the number of
moles of copper(Il) sulfate correctly, and then
used the wrong value in (iv). However the
method of calculation is clear, so one mark was
allowed for including the negative sign and giving
the answer to three significant figures.

GCE Chemistry 6CHO07 01




Question 2 (b) (i)-(ii)

A significant proportion of candidates failed to realise that the starting temperature of

23.0 °C could have been 0.5 °C too low and the finishing temperature of 69.5 °C could have
been 0.5 °C too high, leading to a possible maximum temperature difference of 47.5 °C.

As two temperature readings are needed to calculate the difference, and there could be an
error in each, the possible error is 2 x 0.5, and this must be used to find the percentage
error.

(b) The thermometer used in this experiment gave an uncertainty in each
temperature reading of £0.5 °C.

(i) State the maximum temperature difference in this experiment that could have

been obtained using this thermometer.
(1)

o Qe B (_ ) \ G
(i) What is the percentage error in the temperature change using this
thermometer?
(1)
\ x 109
3 A NS
Ga.s - 23) 2

ﬁ ResultsPlus

Examiner Comments

Using the value of £0.5 to suggest a temperature
difference of 1° was quite a common error This was not
the maximum temperature difference in the experiment.

The answer to (ii) was correct.

(b) The thermometer used in this experiment gave an uncertainty in each

temperature reading of +0.5 °C, )

(i) State the Mmaxim rence)in this experiment that could have
been obtained Using this thermometer. )

St 4emite 4uT 435 °¢

(1)

(i) What is the percentage error in the terhge_r_aﬂ_[ggnange using this

thermometer?
\ (1)
. 469
2 0. 11 ,/O

- o

ResultsPlus

Examiner Comments

The answer to (i) is correct, but there is no reason to use
the value of 0.1 in calculating the percentage error.

GCE Chemistry 6CHO07 01
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Question 2 (c)
Candidates had difficulty in describing a suitable procedure clearly.

The first mark was given provided it was clear the temperature was recorded before adding
the zinc, and candidates were not penalised if they did not describe leaving the solution

to equilibrate with the surroundings. Some candidates wrote a description without ever
referring to the addition of zinc. Others took measurements, but did not say of what, and
many talked about measuring temperature with a stop clock.

The second mark was the most difficult to describe correctly. The mark was given for
stating that the temperature should be measured after adding the zinc, at regular time
intervals for several minutes. These measurements are used to draw a cooling curve, but
many candidates said that temperature readings should be taken until they reached a
maximum. Other candidates thought the zinc should be added in small portions, which
would be of no use as cooling would occur between additions. Suggestions that the
temperature should be read every 10 seconds were impracticable, and readings every five
minutes would be so infrequent that cooling would occur. Readings at between 15 and 90
seconds were sensible, and enough readings should be taken to draw a cooling curve, which
means a minimum of four points.

The third mark was not given for simply saying "plot a graph". There had to be a link with
the results which had been collected, or stated to be a graph of temperature against time.

Finally the fourth mark had to refer to extrapolation of the cooling line to the time where
the zinc was added, or attempt to explain the use of intersecting lines. Some candidates
sketched a graph here which was a good way of explaining how to use the results.

(c) Using the same equipment, together with a stop clock, suggest a procedure
that would improve the accuracy of this experiment by obtaining a more accurate
temperature change. You must use the same mass of zinc powder and the same
volume of 1.00 mol dm* copper(ll) sulfate solution,

_ along Wit a ¢rop clock, (4)
Fivery A wedgure Haetempevatuvd of thae copper@gulmﬁ
WO Wity a 0-110%C Meywaeder for Hae firet \ v
0 ot andl wololw ol comtinuouisly After 3 winues; add

the zine powoler with & wiase ot §. littte by liffte tv eusure no

frotialg peours . ShY the mixture: SHEadlly - Recordt Ht tem perature of

o M\WN/W% _________________________ . mee Mmm o Hmbﬂm& r.mfw

e Wighest po'wﬁ' M d S0 Fo (ool dovivt. Praw g gropn ueﬂt\g Hine data,and

edaplare fiag e o getan afurate SEMpLracomt cNange at Smiwi
o . (Total for Question 2 = 13 marks)
&t \\‘

mw
]

ﬁ ResultsPlus

Examiner Comments

In this answer the zinc is added a little at a time, so there may
be cooling between additions. The temperature is measured until
it reaches its highest point, though the graph indicates that the
temperatures were taken during the cooling period. The use of
the data is shown clearly on the graph.

GCE Chemistry 6CHO07 01



(c) Using the same equipment, together with a stop clock, suggest a procedure
that would improve the accuracy of this experiment by obtaining a more accurate
temperature change. You must use the same mass of zinc powder and the same
volume of 1.00 mol dm™ copper(ll) sulfate solution,

(@
Add 50.0cm3 ol Copper. (W) Sulfate. Solwbon of concentatin
..... 1.00_mol. dm?’z&@wupol styrene. cyp , Yhen add measue
Hhe.mitial. Yempeceture o the.. Solutio n_.___aan____Q_\r‘c_)_i_d___.&‘-_astf_mqﬁt
oxr..sweh. s paralex exver. Add S o of.... AT Pow&w
o the  polysturene  Cup and then Shirr it for 40 secord
puse She  shop woodch ty record fhedime, then caver. the.

..{.:.s.‘.e{). ______ wih_a.. e \askic Q\cowl“(ka%@rcmetwp\acecg Ilﬁ\t‘\i'ﬁt"-
down e flnal temperature affev S mmutes; hen vepeadthe procedue

(Total for Question 2 = 13 marks)
ﬁ Results¥lus

Examiner Comments

Answers like this were seen frequently. If
the mixture is left for five minutes there

is no way of knowing what the maximum
temperature is, as cooling may have started.
Repeating the experiment and taking an
average will be of no help.

2@ ResultsPlus

Examiner Tip

To find the maximum temperature you
need to draw a cooling curve. This will
show whether cooling occurred during
the reaction, meaning that the highest
temperature recorded should have
been even higher.
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Question 3 (a) (i)
This experiment is one where many changes occur, so there were many possible answers.

Candidates were asked what they would see, so there was no credit given for describing

what they would smell, or for identifying the products, or for giving tests for the gases
evolved.

The amount of hydrogen iodide which forms is very small, and would appear as steamy
fumes. The term "white fumes" was not allowed.

The hydrogen iodide would be oxidized to iodine, which might be seen as purple fumes, a
black solid or a brown or black solution. Sulfur would be seen as a yellow solid.

The colour changes are very obvious to anyone who has seen the experiment, so simply
saying that effervescence or a colour change occurred was not enough.

i

3 (hloroalkanes and bromoalkanes can be made from alcohols by reaction of the
/alcohol with sodium chloride or bromide, in the presence of 50% aqueous
sulfuric acid.

lodoalkanes cannot be made from sodium iodide and sulfuric acid; red phosphorus
and iodine can be used instead as the halogenating agent.

(@) (i) What would you see if concentrated sulfuric acid was added to solid
sodium iodide? Give two observations.
(2)

1 a. . cffervéscence

2. b’oucl Cl tgfﬁqpéar{-j'

ﬁ ResultsP

Examiner Comments

This answer was too general to be given the
marks. Effervescence usually refers to the sort
of fizzing which occurs when an acid is added to
a carbonate. In this reaction the most obvious
observation is the production of coloured fumes
and new solids and solutions being formed.

A
Q ResultsPlus
Examiner Tip

This reaction involves several redox
reactions, as sulfuric acid can form
three different products when it is
reduced. It is a useful one to be
familiar with.
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3 Chloroalkanes and bromoalkanes can be made from alcohols by reaction of the
alcohol with sodium chloride or bromide, in the presence of 50% aqueous
sulfuric acid, ey

lodoalkanes cannot be made from sodium iodide and sulfuric acid; red phosphorus
and iodine can be used instead as the halogenating agent. (A |

4 { \
L7
(a) () What would you see if concentrated sulfuric acid was added to solid 1! f} 4
sodium iodide? Give two observations. .

W 69
Sk 34

v

(2)

1. Pu.(sla\ﬁ L NOPOUWNS emmutect oM o

ResultsPlus

Examiner Comments

The mark was given for the purple
vapour, but a yellow solid, not yellow
flames would be seen.

OO Resu

Examiner Tip

Sodium is a very reactive element,
and would never be displaced in a
reaction like this.

mmmmmmmmm_m&mmw
sulfuric acid.

lodoalkanes cannot be made from.sodium iadide and sulfuric acid; red phosphorus
and iodine can be used instead as the halogenating.agent.

(a) (i) What would you see if concentrated sulfuric acid was added to solid
sodium iodide? Give two observations.

(2)

1. .\'gﬁa\&m m\\\ ..... \ux ........ éo.s \( \(Jnmn. .......... 3 Q&\n@ ...... S SE——
...... bl @\c W\ Seen

ﬁ ResultsPlus

Examiner Comments

The first mark was given for the description of a
brown liquid or black solid, which is how the iodine
might be seen.

No mark was given for saying that there would be
effervescence.
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Question 3 (a) (ii)

Many candidates knew that sulfuric acid oxidizes hydrogen iodide or iodide ions, though
oxidation and reduction were regularly confused.

Only a small number of answers were given the first mark. It had to be clear that hydrogen
iodide was necessary for the reaction with the alcohol, or that when sulfuric acid reacted
with sodium iodide there would be little hydrogen iodide available.

(i) Explain why sodium iodide and sulfuric acid cannot be used to make
iodoalkanes from alcohols.
(2)
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ﬁ ResultsPlus

Examiner Comments

This candidate realises that hydrogen iodide
is a necessary reagent but will not be around
in the presence of concentrated sulfuric

acid, so scored the first mark. However the
sulfuric acid is an oxidizing agent, so the
second mark was missed.

A
3/ ResultsP!

Examiner Tip

us

A quick way to work out whether
oxidation or reduction is occurring

is to use oxidation numbers. Iodine
in HI is -1. In the element it is zero.
Increase in oxidation numbers means
oxidation is occurring.
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(ii) Explain why sodium iodide and sulfuric acid cannot be used to make
iodoalkanes from alcohols.

(2)
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ﬁ ResultsPlus

Examiner Comments

This answer does not go far enough. It
should say that the sulfuric acid oxidizes
iodide ions. This means that little or no
hydrogen iodide is present to react with
the butanol.

A
Q ResultsPlus
Examiner Tip

Remember that halogenoalkanes are
prepared using reactions that involve
hydrogen halides. Sodium iodide does
not react with butanol. Hydrogen
iodide is needed.

GCE Chemistry 6CHO07 01 25



Question 3 (b)

The equation could be written showing phosphorus atoms or P, molecules, and could be
shown with whole numbers or fractions.

Most candidates gave the correct formula for phosphorus(III) iodide, but it was surprising
to see so many equations which were unbalanced. Equations showing I for iodine were not
given the mark, nor were equations shown with ions.

(b) Give the equation for the reaction between phosphorus and iodine to form

phosphorus(lll) iodide. State symbols are not required.
(1)

Pe +CT, — 4P71,

s

Examiner Comments

This version of the equation is correct
and scored the mark.

Examiner Tip

Learn the formulae of the molecules of
non-metals. Halogens are always diatomic
eg Cl,. Phosphorus is P,. Sulfur is S,.

(b) Give the equation for the reaction between phosphorus and iodine to form
phosphorus(lll) iodide. State symbols are not required.

P +1, — P

ResultsPlus

Examiner Comments

Formulae are correct but the
equation is not balanced.

A

Examiner Tip

When you are asked for an
equation it must contain the correct
species and be balanced.
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Question 3 (c) (i)
The slow addition of iodine suggests that the reaction is very exothermic or vigorous.

It would be dangerous to add the iodine too quickly, but simply saying that the reaction is
dangerous without a reason did not score. It is true that the alcohol is volatile, but adding
the iodine in portions through a reflux condenser reduces the hazard of a volatile liquid
escaping, so answers simply saying "volatile" were not given credit.

(i) What does the manner in which the iodine is added in step 3 suggest about
the nature of the reaction?

(1)

7)’* btackion o o Slow ore and eeds
'l" be trnerdl ‘F“‘b{ﬂf -
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ﬁ ResultsPlus

Examiner Comments

Iodine is added slowly because the
reaction occurs very rapidly. This
method of addition would not speed
up a slow reaction.

ioma s

(i) What does the manner in which the iodine is added in step 3 suggest about
the nature of the reaction? '

(1)

Todin® 15 votatile so daxples explosion may occur to stop ths .
we- mast do ths precaduwe Jently

ﬁ ResultsPlus

Examiner Comments

This shows lack of careful reading of the question.
It asked what the manner of adding iodine showed
about the nature of the reaction.

When considering the hazards in the preparation,
it is the volatility of organic liquids, not the
iodine, which is important.

GCE Chemistry 6CHO07 01
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Question 3 (c) (ii)

The mark was given for suggesting a possible colour which would be seen if little iodine was
left in the organic solvent, or for saying that the mixture would become colourless. Many
answers said that solid iodine would no longer be visible, but this was not allowed, as it
would have dissolved during the refluxing process. Some candidates suggested adding
starch to test for iodine which did not answer the question of what to look for.

(i) Completion of step 4 requires that'little or no iodine is visible! State what you
would look for in this step to ensure that this is true.
(m

{.u.”{_\i{_'f(- (l-'_.;,[;'l.._.

ﬁ ResultsPlus

Examiner Comments

If dissolved iodine is present it will
make the solution coloured. This
answer does not say what to look
for to detect whether any iodine is
present.

(i) Completion of step 4 requires that little or no iodine is visible’ State what you
would look for in this step to ensure that this is true,
(1)

Vitlet solukion +urn Colouriess .

ﬁ ResultsP

Examiner Comments

The term 'violet' was allowed here
for the purple colour of iodine, which
would get paler and disappear as it
was used up.
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Question 3 (c) (iii)

Many good diagrams were seen by examiners, and only a few candidates drew diagrams

showing distillation under reflux. These candidates could still get one mark if the condenser

was drawn correctly.

A mark was lost if the apparatus was completely sealed, though the receiver could be shown

with a vent or leading to either an open flask. Some candidates lost marks by drawing

a horizontal condenser or even one sloping back in to the distillation flask, which would
therefore lead to reflux. The opening above the distillation flask could be sealed with a
stopper, thermometer or tap funnel, but a mark was lost if it was left open or had a filter

funnel in it.

ﬁ ResultsPlus

(ili) Draw the apparatus that is used in step 6 for distillation.

(3)

7\

e

Examiner Comments

This answer lost a mark as it does not show
the direction of water flow in the condenser.
The tubes leading in and out of the
condenser should be near the ends, though
one like this would probably work as long as
water entered at the bottom.

GCE Chemistry 6CHO07 01
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(i) Draw the apparatus that is used in step 6 for distillation.
(3)

| bavimond to,
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ResultsPlus

Examiner Comments

This drawing scored full marks.
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Question 3 (c) (iv)

Sodium thiosulfate is added to remove residual iodine. Incorrect suggestions from
candidates included neutralisation and the need for a dense solution so that the organic
layer would separate from the aqueous layer.

(iv) Suggest why the first washing of the product in step 7 is with dilute
sodium thiosulfate solution rather than with water alone.
(1)

CEe NGy Ggey SO psSse s oottty NG

ﬁ ResultsPlus

Examiner Comments

Thisosulfate ions react with acid
forming sulfur, so it would certainly
not be used to remove acid.

(iv) Suggest why the first washing of the product in step 7 is with dilute
sodium thiosulfate solution rather than with water alone.

__?fas vl bw—aw, Teman b qvluwmm.kj

ﬁ ResultsPlus

Examiner Comments

This is not specific enough. There
had to be reference to the iodine to
get the mark.
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Question 3 (c) (v)

Calcium chloride only acts as a drying agent when it is anhydrous, and hydrated calcium
chloride would not remove water. This distinction had to be clear for candidates to gain the
mark, and answers simply saying "calcium chloride is a drying agent" were insufficient.

(v) State why calcium chloride used in step 8 must be anhydrdus.
(1)

........ (Qaom Sukerde 5 A Susivg ageuk wWdh Wi
o QR Tn R veockiou hecomlag

i,:}‘ us

Examiner Comments

This answer gained the mark. It implies that
the anhydrous calcium chloride, which is
specified in the question, is changing when

it absorbs water. The word "hydrous" was
accepted for hydrated.

A
Q ResultsPlus
Examiner Tip

The question was about anhydrous
calcium chloride, so your answer
should not just refer to "calcium

chloride" unless other comments are
added.

(v) State why calcium chloride used in step 8 must be anhydrous.

Hw usd as dr:j}::ﬁ aguf ) B ot showld ret Fam‘f in it

ﬁ ResultsPlus

Examiner Comments

In this answer it is clear why
the calcium chloride should be
anhydrous.
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Question 3 (c) (vi)

From the description of the practical procedure, most candidates realised that 1-iodobutane

is a liquid, and suggested some form of distillation. Only a few incorrectly suggested

recrystallisation, or said "purification" which was too general for the mark to be given. Some

answers said that the calcium chloride should be removed by filtration, indicating that

the phrase "after decanting the mixture from the calcium chloride" had been missed or

misunderstood.

(vi) To complete the preparation, after decanting the mixture from the
calcium chloride, there should be a step 9. What is this step?

(n

F o0 de M—»ﬂt&mmﬂumw

Plus
Examiner Comments

If decanting does not remove the calcium
chloride the mixture could be filtered, but
completion of the preparation requires final
distillation.

(vi) To complete the preparation, after decanting the mixture from the
calcium chloride, there should be a step 9. What is this step?
(1)

of .\- todobufame- -

erﬁ’g Uite

the Qrﬁamic ,Q(?jen to fo;w—» C”.j-ﬁal&.

ResultsPlus

Examiner Comments

This candidate thinks that the
product is a solid.

A
Q ResultsP
Examiner Tip

Look carefully at the information available
to decide whether the product is a solid or
a liquid.

The crude iodobutane in this experiment
was distilled off in step 6, indicating it is a
liquid.

GCE Chemistry 6CHO07 01
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Question 3 (d) (iii)

In a question asking why actual yield is lower than maximum possible yield it is not enough
to blame human error, or simply say "losses", and there was no suggestion in the question
that reactants might be impure. It is also not a good idea to put a long list of suggestions,
as if these include wrong answers the correct ones may not be given credit.

In this reaction other products, namely hydrogen chloride and POCI, form as well as
1-chlorobutane. However competing, or side reactions, are reactions giving products

other than the desired one. In some reactions there might be multiple substitutions, or
eliminations as well as substitutions. Some candidates were not clear about this distinction.

(iii) Give one reason why the actual yield is lower than the maximum possible
yield.

Mvgj

hWuman  exvos - co\Qwﬂalﬁom exyors waew
6&/% lo  emAvopmant

ﬁ ResultsPlus

Examiner Comments

A significant number of candidates
referred to heat loss as a reason for
low yield.

Q Examiner T|p

Heat losses are a source of error
in experiments where an enthalpy
change is measured. They are not
relevant to the yield in an organic
preparation.

(iii) Give one reason why the actual yield is lower than the maximum possible
yield.
(1)

Odner. producks. ase. &0, pro dxe. . and nere m\%\%
‘oo Asibsintion . o N soeshitiohon.

ﬁ ResuitsP

us

Examiner Comments

The reaction does produce other products, HCl and POCI,, which is why it
has a low atom economy. If two Cl atoms were somehow substituted, this
would be a side reaction.

This answer does not clearly distinguish the two different reasons for a
lower than maximum possible yield.
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Question 3 (d) (i)-(ii)

The method of calculating percentage yields is very familiar to candidates and was
often carried out correctly. However it was clear that many candidates did not understand
when to round values, and the appropriate number of significant figures to use.

In (i) the maximum mass of 1-chlorobutane is obtained by multiplying the number of moles
of 1-chlorobutane by its molar mass. Candidates who rounded the number of moles of
1-chlorobutane, instead of working with the number stored in their calculator, got values for
the percentage yield in (i) up to 2% from the correct value. Candidates should be advised to
round numbers at the end of a calculation which has several steps.

(d) Chloroalkanes can be made from an alcohol and phosphorus(V) chloride, PCI..
The equation for the reaction of butan-1-ol with PC, is

CH,CH,CH,CH,OH + PCl, = CH,CH,CH,CH,CI + HCl + POC,

This reaction is not suitable for the manufacture of 1-chlorobutane on a large
scale.

(i) Ina laboratory preparation of 1-chlorobutane, 95.0 g of butan-1-ol was used.
Calculate the maximum mass of 1-chlorobutane that could be obtained.

(Assume the molar masses are, in g mol~', butan-1-ol = 74,0, 1-chlorobutane = 92.5)

pe 850 _ 1o § mel :lﬁ butan- I- oL (2)
4.0 led8 = M
butan-lol ;- difowbufont qi.5
{ . { LA XTLE = m
(.46 (I _
Xz [« AB ol H‘g‘g =
(ii) In practice, 95.3 g of 1-chlorobutane was obtained. Calculate the percentage
yield.
?f'ldfe&i - 45,3 y 10 = 80.7 7 it

1 g

ﬁ ResultsPlus

Examiner Comments

This candidate lost one of the marks in (i) by rounding
the number of moles too early.

In (ii) the calculation using 95.3+118 would lead to a
percentage of 80.76, which should not be rounded to
80.7.

A

ResultsPlus

Examiner Tip

Don't round numbers in calculations
until you reach the end of the final
step.
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(d) Chloroalkanes can be made from an alcohol and phosphorus(V) chloride, PCI..
The equation for the reaction of butan-1-ol with PCl, is

CH,CH,CH,CH,OH + PCI, — CH,CH,CH,CH.Cl + HCl + POCI,

This reaction is not suitable for the manufacture of 1-chlorobutane on a large
scale,

(i) In alaboratory preparation of 1-chlorobutane, 95.0 g of butan-1-ol was used.
Calculate the maximum mass of 1-chlorobutane that could be obtained.

(Assume the molar masses are, in g mol; ', butan-1-ol = 74.0, 1-chlorobutane = 92.5)

R (2

. R
' Bwm wdoro bptart « _——
- a CER
w z W& &4gn
(i) In practice, 95.3 g of 1-chlorobutane was obtained. Calculate the percentage
yield.

453 ¥ OO v

Hgh
= 80 §% 2 % lQ(D

ﬁ ResultsPlus

Examiner Comments

This candidate has also rounded the
number of moles too early in (i).

In (ii) the calculation shown comes to
80.48, which should not be rounded to 81.
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Question 3 (d) (iv)

This question asked for two reasons why the reaction would not be used industrially to
produce 1-chlorobutane, but again long lists of suggestions were often given.

Some of the suggestions given were correct comments describing the reaction e.g. it is
exothermic, but did not answer the question of why it is not used industrially. The most
obvious answer is the low atom economy of the reaction. Saying that the atom economy is
less than 100% was insufficient.

Many answers referred to the release of acidic fumes of hydrogen chloride, but it would be
relatively easy to prevent this. Hydrogen chloride and hydrochloric acid are useful reagents,
so the comment that "the other products" are not wanted is incorrect. If unwanted materials
are produced then there is expense involved in separating and disposing of them, and
reference to this gained credit.

o

ecavse Licst PCly is . expensive. to be sed dom in

(iv) Give two reasons why this reaction would not be used industrially to make

1-chlorobutane.
(2)

I“CJ“‘(’hﬁ at. .4 l@.fﬁ(., SC‘%’C, ond. secand. becanse Hime

p pmentn

e ¢ conomical i eldro £ i

(Total for Question 3 = 19 marks)

TOTAL FOR PAPER = 50 MARKS

ﬁ ResultsPlus

Examiner Comments

This refers to the economical yield
percentage, but should have used
the term atom economy.
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(iv) Give two reasons why this reaction would not be used industrially to make

1-chlorobutane.
“f (2)
%

Lodwe Rrcendogye TS neX.. O enowPhn
R -4~ S USRI « VI = 7Y T, 2 R
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(Total for Question 3 = 19 marks)

TOTAL FOR PAPER = 50 MARKS

ﬁ ResultsPlus

Examiner Comments

Answers which are more specific are needed.

The laboratory preparation gave a yield of over 80% but
candidates could not know the yield in an industrial situation.

Corrosive liquids are often used in industry, with suitable

precautions, so the corrosive nature of hydrogen chloride was
not allowed for the mark.
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Paper Summary

This paper is about laboratory skills, and it is hoped that candidates will have first-hand
practical experience of laboratory work. Where experiments are hazardous, using video
recordings can be very useful.

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

take time to read and understand the questions.
consider how you can help examiners understand your reasoning.

pay attention to your presentation, including detail in calculations (e.g. rounding and
significant figures), and express explanations with care.

be familiar with the changes which can be observed in chemical reactions.
understand what is happening at a molecular level.

understand why different procedures are used.

GCE Chemistry 6CHO07 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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