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Introduction

1CHO 1H is this first of two papers for GCSE Chemistry Higher Tier. Some of the earlier
guestions also appear in the 1F Foundation Tier paper. The Combined Science paper 1SCO
1CH is composed of six of the ten questions in this paper.
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Question 1 (a)

In general, candidates performed well in this first question on the paper with the majority
scoring at least one mark for stating that the voltage decreases, fewer scored a second mark
for stating that the voltage reduced to zero. Many candidates stated that the voltage
increased initially, this was ignored, very few stated that the voltage was constant before
decreasing. Some stated that the voltmeter would go flat, showing a misunderstanding.

r = = X
Answer ALL questions. Write your answers in the spaces provided.

Some questions must be answered with a cross in a box . If you change your mind about an
answer, put a line through the box & and then mark your new answer with a cross [&.

1 (a) Chemical cells produce a voltage.

A chemical cell can be made by placing the metals copper and iron in a beaker of
sodium chloride solution as shown in Figure 1.

-©
copper iron
sodium chloride
solution
Figure 1

Describe what will happen to the reading on the voltmeter over a long period
of time.
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Y ‘{ ResultsPlus
/--._ Examiner Comments

This example scored 0 marks, the candidate has stated that the
reading would increase which was ignored, but there is no reference to
the voltage showing a constant voltage, decreasing or moving to 0V.
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Answer ALL questions. Write your answers in the spaces provided.

Some questions must be answered with a cross in a box [X. If you change your mind about an
answer, put a line through the box # and then mark your new answer with a cross .

1 (a) Chemical cells produce a voltage.

A chemical cell can be made by placing the metals copper and iron in a beaker of
sodium chloride solution as shown in Figure 1.

©
copper iron
sodium chloride
solution
Figure 1

Describe what will happen to the reading on the voltmeter over a long period
of time.

o ol i) et Nfb;fmd/w

R

iﬁ ResultsPlus
Examiner Comments

This example scored 1 mark for stating that the reading will decrease.
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Answer ALL questions. Write your answers in the spaces provided.

Some questions must be answered with a cross in a box X. If you change your mind about an
answer, put a line through the box & and then mark your new answer with a cross [X.

1 (a) Chemical cells produce a voltage.

A chemical cell can be made by placing the metals copper and iron in a beaker of
sedium ehleride selution as shown In Figure 1,

copper iron
sodium chloride
solution
Figure 1

Describe what will happen to the reading on the voltmeter over a long period
of time.
(2}
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% ResultsPlus
Examiner Comments

In this example, the candidates states that the voltage would be high,
which did not score. They then state that it would slowly decrease to 0
to score 2 marks.
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Question 1 (d)
Question 1d asked candidates to explain which of the three alloys is the strongest.

Candidates performed very well in this question with the vast majority being able to explain
that alloy C was the strongest because it contained the most copper atoms.
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(d) Figure 2 shows the arrangement of atoms in three different alloys of copper and
zinc, A, B and C.

zinc atom . copper atom

Figure 2
Explain which of the three alloys, A, B and C, is the strongest.

ResultsPlus

Examiner Comments

This example shows a good response which gained the 2 marks. The
candidate has stated that Alloy C is the strongest and explained that
the alloy had the most copper atoms, they also explain this partially in
terms of the greatest disruption of layers, but the second mark had
already been scored.
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(d) Figure 2 shows the arrangement of atoms in three different alloys of copper and
zinc, A, B and C.

- eausi zinc atom - copper atom

Figure 2
Explain which of the three alloys, A, B and C, is the strongest.

Examiner Comments
In the last example, the candidate has stated that alloy A is the

strongest, the second marking point was dependent on the correct
alloy being selected and so therefore no marks were awarded.

9 GCSE Chemistry 1CHO 1H




(d) Figure 2 shows the arrangement of atoms in three different alloys of copper and
zinc, A, B and C.

Zinc atom - copper atom

Figure 2

Explain which of the three alloys, A, B and C, is the strongest.
(2)

Aasombens  of 2abaC. okns.. M&W%MM&'
anndae. ke dirraptnibo ks e (00ens 0F 4be creb . |
copRen. 0k gt Npatboin . ot Loss. CasY. 4p sl
Lot _encl. othe .. thonlFrE. am 4. 4k 412 st ondert.

ResultsPlus

Examiner Comments

In this example, the candidate understands that alloy Cis the
strongest, but they then have the copper and the zinc around the
wrong way and so no further credit was awarded.
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Question 2 (a)(i)

Candidates were required to complete the balanced equation in 2ai. Candidates performed
well in this question with the vast majority being able to complete the equation correct with a
2 in front of the HCI.

r 3

2 Barium hydroxide reacts with dilute hydrochloric acid to form
barium chloride solution and water.

(a) (i) Complete the balanced equation for t}ﬁ reaction bz_adding a number in front
of HCl(aq). = |H-
c\- [av-1 (1)

; Ba(OH),(s) + ... .HCl(ag) — BaCl(ag) + 2H,0(l)

N

g < ResultsPlus
/--.. Examiner Comments

This example scored 1 mark.
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Question 2 (a)(ii)

Question 2(a)(ii) gave learners the scenario of barium hydroxide reacting with dilute
hydrochloric acid to form barium chloride and water. They were asked what would be seen
during the reaction.

Candidates did not perform well in this question with many candidates believing that all
reactions result in fizzing, effervescence, or bubbling. Some learners gave incorrect or
inaccurate observations and so did not score. Some candidates tried to state what type of
reaction it was rather than what would be seen.

Where candidates did score, it was for stating that barium hydroxide dissolved, disappeared
or that it would become clear without mentioning bubbling in addition.

(ii) State what you would see during the reaction.

\'\.

N / ResultsPlus

/'--.E Examiner Comments

This answer scored no marks, the solid would disappear would have
gained the mark, however the reference to bubbles was rejected and
so therefore the mark was not awarded.

A\ ResultsPlus

\ Examiner Tip

Candidates should be precise when describing observations of
chemical reactions studied. It should be made clear that not all

chemical reactions produce observable fizzing or effervescence.
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(i) State what you would see during the reaction.
(1)

N

ﬂ( < ResultsPlus
/--.. Examiner Comments

In this example, the candidate has stated that there was a colour
change, this was ignored and the answer scored no marks. If the

candidate had stated that it would become clear then the answer
could have been scored.

@4\ ResultsPlus
\

| Examiner Tip
Candidates should be taught to be specific with their answers, just
stating that there would be a colour change will often be insufficient
for credit.

2 T =
(i) State what you would see during the reaction.
(1}

N,

ﬁ/ < ResultsPlus
b/----.. Examiner Comments

This answer shows a common answer that scored no credit.
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Question 2 (b)(i)

In (b)(i) of question 2, a good proportion of candidates were able to name a piece of
equipment that could be used to measure the pH of substance more accurately than
universal indicator paper.

Where candidates did not score, it was often as they gave a different indicator rather than a
piece of equipment such as a pH meter or pH probe.

i N

() Name a piece of equipment that could be used to measure the pH of a
substance more accurately than universal indicator paper.

.......................................... _hl @ ronol

= i e . i e

ﬂ ResultsPlus
Examiner Comments

This example scored no marks.

(i) Name a piece of equipment that could be used to measure the pH of a
substance more accurately than universal indicator paper.

(1)
?\'\m'a\er

’yfﬁResuIts?’lus
Examiner Comments

This example scored 1 mark.
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Question 2 (b)(ii)

In part (b)(ii) candidates were asked to explain why the mixture was stirred after adding the
barium hydroxide. Many were able to score at least 1 mark for stating that it was make the
substances react or dissolve. A smaller percentage of candidates were able to score both
marks for knowing that it ensures the mixture was evenly spread to make sure all of the
substances reacts.

In some cases, candidates stated that it was to make the experiment more accurate or more
valid or a fair test alone. This did not score, if the candidates were more specific with their
explanation by explaining that this would make the pH more accurate then this would have
scored.

(ii) Explain why, in step 3, the mixture was stirred after adding the
barium hydroxide.

M,
v { ResultsPlus
/--.‘: Examiner Comments

This example scored 1 mark, the candidate scored the first marking
point for stating that it so the pH is the same throughout. They also
stated that it is so that the barium hydroxide is incorporated
throughout but this is part of the first marking point also, so did could
not score again.
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(i) Explain why, in step 3, the mixture was stirred after adding the
barium hydroxide.

(2)

iﬁ ResultsPlus
Examiner Comments

In this example, the candidate has scored 1 mark for stating that it
would i ncrease the rate of reaction.

The candidate states that this means that there would be an accurate
result. This was ignored, if the candidate had stated that it would make
the pH more accurate then the first mark could have been scored.

- \ Result<Plus
\/

) Examiner Tip
Candidates should be taught to be specific with their answers not give
generic answers such as this would the experiment more valid, to
make it a fair test or more accurate alone.

\ L]
(i) Explain why, in step’3, the mixture was stirred after adding the
barium hydroxide.

(2)

Mﬁa @L&\'ﬁ\:m}f&

iﬁ ResultsPlus
Examiner Comments

This example scored 2 marks.
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Question 2 (b)(iii-iv)

Part b(iii) of question 2 asked learners to plot a graph of the student's results. It was pleasing
to see that candidates performed well in this question, with the majority scoring the full 3
marks available for plotting the points correctly and drawing an S-shaped line of best fit.
Where candidates lost marks, it was often as they drew dot-to-dot lines of best fit, or drew a
line that started from the origin.

In part (b)(iv), a smaller percentage of candidates were able to score the mark for being able
to use their graph to find the pH of the mixture when 4.5 spatula measures of barium
hydroxide were added.
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Plot a graph of the pH of the mixture against the number of spatula measures
of barium hydroxide.
(3)

pHof 14
mixture
13

12

n

“q

10

0 1 2 3 4 5 6 7 8
number of spatula measures

(iv) Use the graph to find the pH of the mixture when 4.5 spatula measures of
barium hydroxide are added.
(1)

pH of the mixture = d.g_.ﬁ'zw
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N / ResultsPlus
/'--.‘: Examiner Comments

In this example, two marks were awarded for the graph as all 9 points
have been plotted correctly. The line of best fit is dot to dot, which was
rejected for the line of best fit mark.

The candidate has tried to use their line of best fit to estimate the pH
of the solution when 4.5 spatulas of barium hydroxide are added.
However, their guide line is angled and this has led them to over
estimate the pH and the mark was not awarded.

A\ ResultsPlus
<\

Examiner Tip
Candidates should practice drawing smooth lines of best fit, rather
than drawing dot-to-dot lines. candidates should ensure that they do
not tramline their lines.
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Plot a graph of the pH of the mixture against the number of spatula measures
of barium hydroxide.

(3)

pHof 14
mixture
13

12

"

!hg-

o 1 2 3 4 5 6 7 8
number of spatula measures

(iv) Use the graph to find the pH of the mixture when 4.5 spatula measures of

batium hydroxide are added.
()

pH of the mixture = ... 5.5 ..............................

ResultsPlus

Examiner Comments

In this example, the candidate scored the full three marks for the
graph and have used their graph to correctly find the pH of the mixture
when 4.5 spatula measures of barium hydroxide are added.
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Question 3 (a)(ii)

Question 3 asked about sodium carbonate, in part (a)(ii) candidates were asked to explain
why solid sodium carbonate cannot conduct electricity but a solution of sodium carbonate
can conduct electricity.

A large proportion of candidates did not score on this question, a common error was where
candidates mistakenly discussed delocalized electrons instead of ions as charge carriers,
leading to lost marks.

(i) Explain why solid sodium carbonate cannot conduct electricity but a solution
of sodium carbonate can conduct electricity.

=c\ oA (3)
i~ Corboroxx.” Narp  no Pree  delaca(iSed

elecaons  meaning &R Ve 00 Rekmed .
O.,b\e.tocwrbox ge. When  sodicm ...
s e in OO SOudoen o Meore Qe
ohelacoliSeo u{%f(?\; unieh  are  Ob\e ko

ergamucaLangwmtytt%Maw
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N,

ﬂ( < ResultsPlus
/---.. Examiner Comments

A common answer that scored no marks due to the idea that electrons
are moving (or not) rather than ions.

| Examiner Tip

@4\ ResultsPlus
\

Candidates should be taught to take care when using terms such as
ions and electrons.
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(i) Explain why solid sodium carbonate cannot conduct electricity but a solution
of sodium carbonate can conduct electricity.

(3)

.cemdmt \Qntnufﬂ
m ...... Q!U\@) meéd [ jrﬁp, Ay Y
sk Yo P\ oy ik & o Sokd. \athie Sruchix.
artod o Soluh Sodium Corbonee can beaue
........ thor. ik m/da\m m& Qlechrumy bebvt [W

ﬂ ResultsPlus
Examiner Comments

In this example, the candidate has scored 1 mark. They have stated

that solid sodium carbonate is in a lattice structure scored mark point
1. Unfortunately, the candidate has written about electrons rather than
ions, this reference to electrons is a reject for both mark point 2 and
mark point 3.

GCSE Chemistry TCHO 1H 22



X (i) Explain why solid sodium carbonate cannot conduct electricity but a solution

of sodium carbonate can conduct electricity. \o o | et cr E,‘rru.c\r\m&

; (3)
W\“SG\‘J\ /sodiuem  Cacbonghe Y
otons  Ore 8!“‘1&5@ C“”‘LNWQVU

_condunck  lackecky  buk o o b

2e Yo move so can.

T e s

e

W2

R

ig ResultsPlus
Examiner Comments

This example scored 3 marks, the candidate scored 1 mark for stating
that the ions are in a lattice structure, they then state that the ions in a
solid can't move and in a solution the ions are free to move for the last
two marks.

(ii) Explain why solid sodium carbonate cannot conduct electricity but a solution
of sodium carbonate can conduct electricity.
(3)

Wmmammmcm\dmmm&mimm

MHM%M&M@%&MMWQWMxm ........
ot QIO L
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ﬂ ResultsPlus
Examiner Comments

Of those that did score, 2 marks was the most common mark seen.
Candidates that knew that ions are fixed in a solid but can move in a
solution often did not state that solid was a lattice or was held
together by strong attractions as in this example.
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Question 3 (b)

Question 3b asked candidates to calculate the percentage by mass of sodium in sodium
carbonate.

In general, candidates performed well with most candidates scoring the full three marks,
where full marks were not scored, it was often as they did not multiply the relative atomic
mass of sodium by 2 and so lost the second mark or because they rounded their answer
incorrectly.
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(b) Calculate the percentage by mass of sodium in sodium carbonate, Na,CO;.

)

total relative atomic mass of element
percentage by mass of element = x 100

relative formula mass of compound

| \
(relative atomic masses: C= 12,0 =16, Na =23] (2:5 12)\:{2 + ( féﬂ@)g}
b + 12 + &8
S [06 .....................................................
........................................................................................................ Q‘ %XJO{:}

N

N 1{ ResultsPlus
/--.. Examiner Comments

This example scored two marks, the candidate has correctly calculated
the relative formula mass of sodium carbonate to score the first mark.

The have incorrectly used 23 instead of 46 (2 x 23), so do not score
MP2. This was found to be a common error.

The candidate has then multiplied their answer by 100 to get the
answer 21.6981132 and have rounded their answer to 2 sig figs for the
second mark.

24\ ResultsPlus
)

) Examiner Tip
Ensure that you understand and can apply chemical formulas
accurately to calculate masses without errors in addition of atomic
mass.
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(b) Calculate the percentage by mass of sodium in sodium carbonate, Na,CO..

S oAl LN,

percentage by mass of element = total relative atomic mass of element .,
’ relative formula mass of compound

(relative atomic masses: C =12, 0 = 16, Na = 23)

2 ResultsPlus

Examiner Comments

This example shows a good answer that gained the full three marks.
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(b) Calculate the percentage by mass of sodium in sodium carbonate, Na,CO,.

total relative atomic mass of element g
relative formula mass of compound

100

percentage by mass of element =

(relative atomic masses: C= 12,0 =16, Na = 23)

(3)
S0 L N S © MR o W W2 1 Wk §(8 Sl SV NI A
A2XD) XN A GAINEA0G o MO cmeee

I I TR T PR PRI PR PO P A PR T PP I PPN AT ™ P

N\

%{ ResultsPlus
Examiner Comments

This answer also gained two marks. The candidate has correctly
calculated the relative formula mass of sodium carbonate (106) for the
first mark.

They have then divided 46 by 106 to score the second mark.

Unfortunately, the candidate has rounded their answer incorrectly and
so the final mark is not scored.

~ N
o

).

-4 ResultsPlus
\_/

| Examiner Tip

Candidates should practice rounding answers correctly.
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Question 4 (a)(i)

Question 4 asked candidates about the extraction of titanium from titanium oxide. Part (a)(i)
asked candidates to calculate the percentage yield of titanium and gave the equation for the
percentage yield. The vast majority were able to correctly calculate the percentage yield
giving their answer to one decimal place.
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4 (a) Titanium can be extracted from titanium oxide, TiO,, by reaction with magnesium.

() 100 tonnes of titanium oxide was heated with magnesium,
The titanium formed in the reaction was separated and purified.

The mass of titanium was then determined.

The results are shown in Figure 4.

mass of titanium oxide 100.00 2
mass of titanium produced 45.26 :
theoretical mass of titanium formed 60.00

Figure 4

Use the information in Figure 4 to calculate the percentage yield of titanium
in this process.

actual yield

rcentage yield = ——————
be gey theoretical yield

Give your answer to 1 decimal place.

.'\ -
ResultsPlus

Examiner Comments
In this example, the candidate has calculated the percentage yield of

titanium correctly to gain 2 marks, but then did not give their answer
to 1 decimal place so did not gain the last marking point.

A
/.-'f_.-"\_ 1

4\ ResultsPlus
\_} Examiner Tip

Ensure that you practice rounding to different numbers of decimal
places and significant figures and that you watch out for this when
answering calculation questions.
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AN A

4 (a) Titanium can be extracted from titanium oxide, TiO,, by reaction with magnesium.

(i) 100 tonnes of titanium oxide was heated with magnesium.
The titanium formed in the reaction was separated and purified.

The mass of titanium was then determined.

mass of titanium oxide 100.00

O A

The results are shown in Figure 4.

mass of titanium produced 45.26

theoretical mass of titanium formed 60.00

Figure 4

N RN R N NN N R R N R

Use the information in Figure 4 to calculate the percentage yield of titanium
in this process.

actual yield

rcentage yield = ————————
pe 9ey theoretical yield * E

Give your answer to 1 decimal place.
(3)

'-)!-l“-‘#“-i Ve -\ OQ"‘LIS : 2'6
To 09123 x100:9).2% |

AN N O T R RN

_ ResultsPlus

Examiner Comments
In some cases, candidates subtracted the actual yield from 100,

resulting in an incorrect calculation, where this was rounded correctly
and working was shown, this scored 2 marks.
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Examiner Tip

awarded.

Ensure that you always show your working so that part marks can be

r

The mass of titanium was then determined.
The results are shown in Figure 4.

4 (a) Titanium can be extracted from titanium oxide, TiO,, by reaction with magnesium.

(i) 100 tonnes of titanium oxide was heated with magnesium.
The titanium formed in the reaction was separated and purified.

mass of titanium oxide

100.00

45.26

mass of titanium produced
theoretical mass of titanium formed 60.00
Figure 4
Use the information in Figure 4 to calculate the percentage yield of titanium
in this process. .
—
enta Id = x 100
Percentage yield = A oretical yield
Give your answer to 1 decimal place.
4576 N
................................... R — v
” Xf ~¥5 ky
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Examiner Comments

The following example shows a good answer which scored the full
three marks.
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Question 4 (a)(ii)

Part (ii) of question 4(a) asked candidates to give two reasons why the percentage yield of
this process is less than 100%. This question was generally well answered with the around
the same proportion of candidates scoring 1 and 2 marks.

Common correct responses included mentioning incomplete reactions and side reactions as
factors affecting yield, where candidates did not score, it was often because they gave vague
responses such as "product lost" or references to human error without being specific.

(i) Give two reasons why the percentage yield for this process is less than 100%.
(2)

1 SOﬁLFKOJWJlL/Mb'fO(M%ﬂMf}{mm .............................................
e e it Ny-poddd o Fe afin

™,
\-\.

N / ResultsPlus
/--.E Examiner Comments

This example scored 2 marks, the candidate has stated that some
product was lost during purification’ - some product lost alone or
some spilled would be be insufficient for the mark. They scored the
second mark for the reference to unintended by-products for side
reactions.
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(ii) Give two reasons why the percentage yield for this process is less than 100%.
(2)

o heaut A OXYRN  coule hane  beanly ouk

2o vmnwﬁ\G&de(W

|

% ResultsPlus
Examiner Comments

The following example scored no marks.

=
//"-’ |

/\“V‘J ResultsPlus

Examiner Tip
Ensure that you are specific with your answers as in this example to
ensure you gain the full marks available.
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Question 4 (a)(iii)

Part (a)(iii) asked candidates to calculate the atom economy of the reaction and asked to give
their answer to 2 significant figures, again the equation for atom economy was given.

Around the same proportion of learners gained 2 and 3 marks, and only a small percentage
gained 1 or no marks.

Where candidates did not score 3 marks, it was often as they did not give their answer to 2
significant figures.

N i )
(iii) The balanced equation for this process is

¥

TiO, + 2Mg — Ti + 2MgO

Calculate the atom economy of this process to produce titanium.

g atom economy (%) = total formula mass of desired product %100

g total formula mass of all reactants or products

’ Give your answer to 2 significant figures.

(relative atomic masses: O = 16, Mg = 24, Ti = 48) 3)

2 125 )

- T . Og x..2m My.... 16X 2232 B
@ @0 ausrcdd ueesaversi2s
§ atom economy = ».36%

N,

q < ResultsPlus
/--.. Examiner Comments

This example shows a good answer, which scored all 3 marks.
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(ili) The balanced equation for this process is
TiO, + 2Mg — Ti + 2MgO

Calculate the atom economy of this process to produce titanium.

total formula mass of desired product

x 100
total formula mass of all reactants or products

atom economy (%) =

Give your answer to 2 significant figures.

(relative atomic masses: O = 16, Mg = 24, Ti = 48)

24 t16240.40.2=5p.........4&.

atom economy = 3?

(3)

00BN e
Sc;wze«'z--uz"ujt

.'\_ o
ResultsPlus

Examiner Comments

This example scored 2 marks, the total formula mass of all reactants or
products is incorrect so the first mark is not awarded, but as the
candidate has shown their working error carried forward is allowed
and the calculation of the atom economy using the incorrect sum of
formula mass gains a mark. The final answer is given to 2 sig figs so
gains a second mark.

GCSE Chemist
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(iii) The balanced equation for this process is
TiO, + 2Mg — Ti + 2MgO

Calculate the atom economy of this process to produce titanium.

total formula mass of desired product
total formula mass of all reactants or products

x 100

atom economy (%) =

Give your answer to 2 significant figures.

(relative atomic masses: O = 16, Mg = 24, Ti = 48)

s e

PVRTNSNE- N S V.

atom economy = ... Lt L( ........

N

Y 1{ ResultsPlus
/--.. Examiner Comments

0 marks were scored in this example, the candidate has not given the
correct total formula mass of all reactants or products, there is no

working to show how this number has been obtained and so no error
carried forward can be awarded. If not correct, marking point 3 could
only be scored for correct rounding to 2 significant figures of an
incorrectly calculated values if marking point 2 had been scored. In this
case it had not so marking point 3 was also not scored.

" lf ResultsPlus
\

| Examiner Tip
It is important that you understand the concept of atom economy,
specifically the correct identification of reactants and products and
their masses in the formula.
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Question 4 (b)(i)

Candidates generally performed well in question 4bi, with a good proportion of candidates
understanding that the hydration of ethene has an atom economy of 100% because only one
product was formed, some candidates stated that there were no by-products or no
unwanted products, this was allowed and the mark awarded.

Those candidates that did not score, often did so because they were not careful and
incorrectly referred to "ethene" as the product, demonstrating confusion about the specific
product of the reaction. Some candidates mentioned generic statements applicable to all
reactions, such as "the reactants were used to make the products,” which did not address the
specific conditions of atom economy.

(b) Ethanol, C,;H;OH, can be produced by two different methods.
« by the hydration of ethene, C;H,
CHe + HO — CH:OH ~ atom economy = 100%
+ and by the fermentation of a carbohydrate, e.g. sucrose, C;,H,,0;;

C;H,0,, + H,0 —» 4CH.OH + 4C0O, atom economy = 51.1%

(i) State why the hydration of ethene has an atom economy of 100%. .

T s T s b e P AT R PR P SR E R LR TR P ST L

N
\/ / ResultsPlus
/‘--‘L Examiner Comments

In this example, the candidate is confusing this with calculation of
percentage yield and scored no marks.

GCSE Chemistry 1TCHO 1H 38



{b) Ethanol, C,H:OH, can be produced by two different methods.
« by the hydration of ethene, C;H,
CH;, + H,0 —» CHOH atom economy = 100%
+ and by the fermentation of a carbohydrate, e.g. sucrose, C;;H;;,0y,

C;H0, + H, 0 — 4CH,OH + 4C0, atom economy = 51.1%

(i) State why the hydration of ethene has an atom economy of 100%.

L N N et L C T N

_ ResultsPlus

Examiner Comments

This example was allowed and gained the mark.
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Question 4 (b)(ii)

Candidates found it harder to explain how the atom economy of the fermentation reaction
can be improved with a small percentage gaining both marks and the majority of candidates
not scoring. Where candidates scored one mark, it was often for identifying a use for carbon
dioxide, such as in fizzy drinks. However, fewer explained that finding a use for the carbon
dioxide then made it a useful product or meant that the mass of useful product would
increase.

Common errors included suggesting alternative reactants or changing reaction conditions to
reduce carbon dioxide emissions, which did not address the question's focus on improving
atom economy through product usefulness.

(i) Explain how the atom economy of the fermentation reaction can
be improved.

(2)
call?f‘* ﬁi’ld

| Use the  Caibond dioxide Producesd . . .
{Waame%hmcj}e(s#(Wf—p(amscowcf

S 7 0 S T e ¢ pha{asqnﬂunm?)
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~ / ResultsPlus

/'--.E Examiner Comments
This example gained 1 mark, "Use the carbon dioxide produced for
something else" gains MP1 for find a use for carbon dioxide - the idea
of using it to photosynthesise plants would also score MP1. There is no
explanation of how this would increase the atom economy to gain the
second mark.
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(ii) Explain how the atom economy of the fermentation reaction can
be improved. @)

............ Elfﬂ‘:ﬂ;t bt Joc e carhen. oliode produed

...... so_tef M. of. [ poedat . forrel .a

...........
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Examiner Comments

The following example shows a good answer that scored both marks.
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Question 5 (a)

Question 5 asked about the extraction of metals. Part (a) asked candidates to give two
advantages of obtaining metals by recycling rather than extracting them from their metal
ores. Most candidates were able to score at least one mark by identifying benefits such as
preserving ores, using less energy, and reducing waste. However, many responses were
vague, focusing on general benefits like being "cheaper" or "better for the environment,"
which did not earn marks.

J

O R e R P R I o o R o SO R DR P

7~

5 This question is about the extraction of metals.

(a) Give two advantages of obtaining metals by recycling rather than by extracting
them from their metal ores.

(2)

N
\/ /i ResultsPlus

_ Examiner Comments
This example scored no marks, vague answers such as decreases

pollution and doesn't damage the environment were too vague for
credit.

A\ ResultsPlus

\ Examiner Tip

Avoiding answering questions such as these with vague or generic
statements about cost or general environmental benefits without
giving evidence or examples, for example the environmental impacts
of mining and resource extraction, such as habitat destruction and
pollution.
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,
5 This question is about the extraction of metals.

(a) Give two advantages of obtaining metals by recycling rather than by extracting
them from their metal ores.

Examiner Comments

This example gained the two marks available.
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Question 5 (b)(i)

In part (b)(i), candidates were asked why the displacement reaction can be described as a
redox reaction. Generally, the question was well answered with the biggest proportion of
candidates scoring 3 marks. Common errors included not specifying that it was cadmium
ions gaining electrons. A noticeable proportion of candidates used half-equations to support
their explanation, with some demonstrating excellent clarity and detail.
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(b) (i) Small amounts of some metals are extracted using dlggc*:fvn‘ent reactions NL—W.L

In one process, zinc dust is used to precipitate cadmium metal from a solution Condy
containing cadmium ions. .
ok

Cd*(aq) + Zn(s) - Cd(s) + Zn*(aq) clw,bc_
cadmium ions cadmium .

Explain why this displacement reaction can be described as a redox reaction.

......

caa\*fg.m Nea). ,Ir\ C«Avm:.wﬂ

Cﬂuéﬁql

EC‘W/"Ss

‘LLL "z_.{\nt.! C'Cu-—&;.\\rq

exdehn i ki el Tosie
o od o Weklun  pafel

......... T v‘ﬁc}\ox o ]h“crvx,

ﬂR&suﬁsﬁtﬁ
Examiner Comments

This example scored 2 marks, the first mark is awarded as within the
answer the candidate has stated that both oxidation and reduction are
taking place. The second mark was scored for stating that zinc loses
electrons and is oxidised. Unfortunately, the last mark was not scored
as they have stated that cadmium gains electrons and gets reduced
rather than cadmium ions gain electrons and get reduced.

-’{/.-' | ) .I'-l

(T ResultsPlus

\ Examiner Tip

Ensure that you are specific when writing your answers, especially
when describing the species in redox reactions as ions or atoms.
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(b) () Small amounts of some metals are éxtrachedming displacement reactions. %

et

In one process, zinc dust is used to precipitate cadmium metal from a solution
containing cadmium ions.

Cd*(aq) + Zn(s) - Cd(s) + Zn**(aq)
cadmium ions cadmium

Explain why this displacement reaction can be described as a redox reaction.

..... ﬁ( ru&an//.-m;mﬂ 4#&1,6::(‘:;,-!};' g

ResultsPlus

Examiner Comments

This example shows a good answer that scored all three marks, the
candidate has used half equations to explain part of their answer
which was allowed.
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Question 5 (c)

Question 5c was generally well-answered by candidates, with most scoring the mark for
giving one disadvantage of bioleaching using bacteria. Where candidates gained the mark, it
was typically because they stated that bioleaching is slow or results in low yield. Where they
lost marks, it was often because they have gave vague statements such as it damages the
environment, causes pollution alone or produces harmful substances.

(c) One of the alternative biological methods of extracting metals from very
low-grade ores is bioleaching using bacteria.

Give one disadvantage of this method of extracting metals from low-grade ores.

AT AIT PAF PR AL AT
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V &{ ResultsPlus
/--.. Examiner Comments

This example shows a good answer that gained a mark for the idea
that the leachate needs further processing.

(c) One of the alternative biological methods of extracting metals from very
low-grade ores is bioleaching using bacteria.

Give one disadvantage of this method of extracting metals from low-grade ores.

AR LT A B S P

Y / ResultsPlus

Examiner Comments

This example gained the mark, ideas about cost were ignored and so
the fact that it requires a long period of time gained the mark.

47 GCSE Chemistry 1CHO 1H




Question 5 (d)

Question 5d asked candidates to describe a method to obtain a sample of lead from some
lead oxide in the laboratory. In general, candidates performed well in this question with
many understanding that carbon could be used to obtain the sample of lead. Fewer added
the specific detail of needing to add heat when using carbon for reduction.

In some cases, candidates described using electrolysis to obtain the lead which was
accepted. However, candidates found it hard to specify that the lead oxide needs to be
dissolved in an acid or molten for this method to work effectively to gain the second mark.

In other cases, candidates stated that a more reactive metal could be used to displace the
lead, this was allowed, but where candidates stated that metals such as sodium were
suggested, these were not allowed as it would not be an appropriate method to extract the
lead.

— TS e Tt g R e

(d) Lead is low in the reactivity series. Pscwo cz «

Describe how to obtain a sample of lead from some lead oxide in the laboratory.

(2)

R P A P AP TP P P P PPN P

|_Corbm- " To dothis Qace
cxida ina Qmom ........... ond
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\( &{ ResultsPlus
/'--. Examiner Comments

This example shows a good answer that scored both marks.
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(d) Lead is low in the reactivity series.

Describe how to obtain a sample of lead from some lead oxide in the laboratory.
(2)

Leod o
J(\:rma.\(

R B I I N I P P B AP A PP A P Py

This example scored 1 mark. The candidate has suggested using

electrolysis which gained the first mark, however they have then

suggested using a solution of lead oxide which was insufficient for

credit. If they had stated to use a solution formed with an acid, liquid
lead oxide or molten lead oxide this could have scored.
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(d) Lead is low in the reactivity series. e, © pome

Describe how to obtain a sample of lead from some lead oxide in the laboratory.
{ porosar)

(2)

_ ResultsPlus

Examiner Comments

This example scored no marks as the candidate has suggested using
sodium to displace the lead.
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Question 6 (a)

Question 6 focused candidates on a titration between dilute hydrochloric acid and barium
hydroxide solution. Part (a) asked candidates to explain the effect, if any, that traces of water
in the pipette and conical flask after rinsing could have on the titration results. Candidates
found this question very difficult with the vast proportion of candidates scoring no marks.

Many candidates misunderstood the role of the pipette (or confused it with a burette) and
incorrectly assumed it was being used to measure the acid, where the pipette was being
used to measure barium hydroxide.

Candidates often didn’t connect the concept that traces of water left in the conical flask
would not affect the amount of barium hydroxide in the conical flask and so therefore would
not affect the titration result.
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6 Titration can be used to find the volume of dilute hydrochloric acid needed to
neutralise 25.0cm’ of barium hydroxide solution.

(a) Before the titration is carried out, the pipette and conical flask are rinsed out with
pure water.

Explain the effect, if any, that traces of water in the pipette and conical flask after
rinsing could have on the titration result.

(4)

s S —
........... QG T ond  so more. Of Ax
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conical flask
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Examiner Comments

This is a common example response that gained 0 marks. The
candidate has incorrectly identified the substance in the pipette as the
acid. This is rejected for the first mark. They then incorrectly state that
the titration result will increase so does not gain the second mark.
They state that in the conical flask, alkali would be diluted, this is
insufficient for the mark. They then state that the titration result will
change so no MP4
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7

6 Titration can be used to find the volume of dilute hydrochloric acid needed to
neutralise 25.0 cm’ of barium hydroxide solution.

(a) Before the titration is carried out, the pipette and conical flask are rinsed out with
pure water.

Explain the effect, if any, that traces of water in the pipette and conical flask after
rinsing could have on the titration result.

A alnax (4}
pipette
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Examiner Comments

This example scored 3 marks. The candidate refers to there being a
lower amount of barium hydroxide so less acid would be needed
which scored 2 marks for the pipette. For the Conical flask, they state
that the concentration of acid is the same so did not gain marking
point 3, but they do correctly state that the titration will be unaffected
so scored marking point 4.
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6 Titration can be used to find the volume of dilute hydrochloric acid needed to
neutralise 25.0 cm® of barium hydroxide solution.

(a) Before the titration is carried out, the pipette and conical flask are rinsed out with
pure water.

Explain the effect, if any, that traces of water in the pipette and conical flask after
rinsing could have on the titration result.

(4}
pipette
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conical flask
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Examiner Comments

The following example shows an excellent answer that scored all 4
marking points.
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Question 6 (b)(i)

Question 6(b) asked candidates to state the change in colour of phenolphthalein at the end
point of the titration. Just over half of candidates knew that the indicator would turn from
pink to colourless. Other candidates described colour changes that did not correspond to
phenolphthalein, such as red to green, green to red, black to blue, orange to green, or red to

purple
(b) In the titration, a few drops of phenolphthalein indicator are added to the
barium hydroxide solution.

() State the change in colour of phenolphthalein at the end point, when the

barium hydroxide solution has just been neutralised.
(1)

from .. QAAA LS . O P\hl’; ;

Y ‘{ ResultsPlus
/--._ Examiner Comments

In this example, the candidate has the correct colour change but the
wrong way around so did not score the mark.

(b) In the titration, a few drops of phenolphthalein indicator are added to the
barium hydroxide solution.

LAY b )

(i) State the change in colour of phenolphthalein at the end point, when the
barium hydroxide solution has just been neutralised.

from @\'J\M«to AAIIA NI D

N &{ ResultsPlus
/'--. Examiner Comments

This example shows a good answer that scored the mark.

(1)
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(b) In the titration, a few drops of phenolphthalein indicator are added to the
barium hydroxide solution.

R RO MO

(i) State the change in colour of phenolphthalein at the end point, when the
barium hydroxide solution has just been neutralised.
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/--._ Examiner Comments

In this example, the candidate did not gain the mark as they have
stated that the indicator would turn clear, this was ignored.

&4\ ResultsPhus
<

| Examiner Tip
Ensure you use precise language when describing chemical reactions
and colour changes. Practice identifying and communicating scientific
observations such as colour changes for the indicators in the
specification accurately.
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Question 6 (b)(ii)

Part (ii) of question 6(b) asked candidates to write the ionic equation for the neutralisation
reaction. Candidates found this very challenging with around a quarter of candidates scoring
on the question. However, of those that did score often gained both marks.

Many candidates did not attempt to write an ionic equation, indicating a misunderstanding
or lack of knowledge about what constitutes an ionic equation. In many cases, candidates
wrote all of the formula but then were unable to take this any further by removing the
spectator ions.

(i) Write the ionic equation for the neutralisation reaction that occurs when
hydrochloric acid is added to barium hydroxide solution.

(2)

____________ Ba(0H), + HCI 2 Bally +H,0
gg (0H), +Hel 2 Bacly +H2O
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/--.‘: Examiner Comments

A common error was to try to write a balanced equation rather than an
ionic equation, this scored no marks.

L ResultsPlus
e

Examiner Tip
Ensure that you are aware of the different types of equation that can
be asked in the specification and what is required for each. Word
equations, balanced symbol equations, ionic equations and half
equations.
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(i) Write the ionic equation for the neutralisation reaction that occurs when
hydrochloric acid is added to barium hydroxide solution.

(2)

OH + K" =0

%U/\&ﬁ"l&t 1Ht\(ﬁ:|'f" _ Ba C“[q\ﬂszoﬂ} '
-4 - q - (J
204 1H/uwfg'jgegg| IH,

10H A = 2R, O

ResultsPlus

Examiner Comments

This example shows a good answer that scored both marks.

GCSE Chemistry TCHO 1H 58



Question 6 (c)

The last part of question 6 asked candidates to describe an experiment to obtain a sample of
pure, dry barium sulfate from the contents of the conical flask. Candidates found this
application of practical procedures question challenging with around half of candidates not
scoring.

Many candidates did not read the question carefully to note that there was a precipitate
formed in the conical flask and therefore described the process of crystallisation rather than
obtaining the precipitate from the mixture. A significant number of candidates missed the
step of washing the precipitate of barium sulfate after filtration.

(c) When barium hydroxide solution is neutralised by dilute sulfuric acid, a white
_precipitate of barium sulfate is formed in the conical flask.

Describe an experiment to obtain a sample of pure, dry barium sulfate from the
contents of the conical flask.

i, A (e b hosin sl b dy in 4 aan o

N { ResultsPlus
/‘--. Examiner Comments

This example shows a good, clear, answer that scored 3 marks.
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() When barium hydroxide solution is neutralised by dilute sulfuric acid, a white
precipitate of barium sulfate is formed in the conical flask.

Describe an experiment to obtain a sample of pure, dry barium sulfate from the
contents of the conical flask.

a\___

i( ResultsPlus
Examiner Comments

This answer shows a common response that scored no marks. The
candidate has described crystallisation then this was rejected for the
first marking point. If marking point 1 had not been scored then the
marks for washing and leaving to dry could not be scored.
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(© Whe_ is neutralised by-dietesulfuricacid, a white
precipitate of barium sulfate is formed in the conical flask.

Describe an experiment to obtain a sample of pure, dry barium sulfate from the
contents of the conical flask.

(3)

. m Nl O poyees
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ig ResultsPlus
Examiner Comments

This example showed a common answer which scored 2 marks. The
candidate has described filtering the barium sulfate and then drying
the precipitate, there is no reference to washing the precipitate for the
second marking point.
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(c) When barium hydroxide solution is neutralised by dilute sulfuric acid, a white

precipitate of barium sulfate is formed Tn the conical flask.
omea s

Describe an experiment to obtain a sample of pure, dry barium sulfate from the
contents of the conical flask.

e (3)

ﬂ ResultsPlus
Examiner Comments

This example scored 1 mark, the candidate has explained how to filter
the precipitate from the solution. They have not described the rest of
the experiment.

5/ ResultsPlus
\_/ Examiner Tip

Ensure that you know the difference between different command
words such as explain and describe.
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Question 7 (a)(i)

Question 7 asked candidates about the electrolysis of water, acidified with dilute sulfuric
acid.

The first question asked why acidified water is an electrolyte.

A good proportion of candidates were able to score with a slightly higher percentage gaining
2 marks than 1. Where candidates did not score, if was often as they incorrectly mentioned
electrons moving instead of or as well as ions when discussing the process of electrolysis,
this was rejected for both mark points.
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7 (a) Water, acidified with dilute sulfuric acid, was electrolysed for 10 minutes using
inert electrodes.

Figure 5 shows the apparatus used.

water acidified
with dilute
sulfuric acid —

positive _—1 = negative
electrode _] !_ electrode
6V d.c.
0 [+

supply
Figure 5

(i) In this electrolysis, the acidified water is an electrolyte.

Explain why acidified water is an electrolyte.
(2)

e acisdcien. Lacke s Laomacs. N 19 CoNEEain X BG
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Examiner Comments

This response shows a common answer which scored no marks.
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7 (a) Water, acidified with dilute sulfuric acid, was electrolysed for 10 minutes using
inert electrodes.

Figure 5 shows the apparatus used.

water acidified
with dilute
sulfuric acid —

positive _—1 ———__negative
electrode _] I electrode

6Vd.c.
supply

Figure 5

(i) In this electrolysis, the acidified water is an electrolyte.
Explain why acidified water is an electrolyte.

Recamse ix  conroins MW Nons. ond

_ ResultsPlus

Examiner Comments

This example scored 1 mark, the candidate knows that the solution
contains ions, but does not refer to these ions moving for the second
mark.
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7 (a) Water, acidified with dilute sulfuric acid, was electrolysed for 10 minutes using

inert electrodes.

Figure 5 shows the apparatus used.

water acidified
with dilute

- sulfuric acid —|

positive
electrode

—

6V d.c.
o] o)

T

'supply

Figure 5

negative
electrode

() In this electrolysis, the acidified water is an eléctrolyte.

Explain why acidified water is an electrolyte.

_ ResultsPlus

Examiner Comments

The following shows a good response which scored both marks.
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Question 7 (a)(iii)

Part (iii) of question 7(a) asked candidates to complete and balance the half equation for the
formation of oxygen at the positive electrode in the electrolysis.

A good proportion were able to score at least 1 mark, often for knowing the water and
oxygen were formed.

A common error seen was that candidates incorrectly wrote the product of the reduction
reaction as "H," instead of "H,0", indicating a misunderstanding of the products formed.

s
: 2H, v + O
(iiy Complete and balance the half equation for the formation of oxygen at the
positive electrode in this electrolysis.
(2}
,-"'\ /
y ( ResultsPlus
/--. Examiner Comments
This was a common 1 mark answer where the candidates has omitted
the electrons from the half equation.
s
(iii) Complete and balance the half equation for the formation of oxygen at the
: positive electrode in this electrolysis.
Z (2)
: - o
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/---.. Examiner Comments

This example shows a good answer that scored both marks.
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Question 7 (b)(i)

Question 7b describes the electrolysis of copper sulfate solution using copper electrodes.
Part (i) of the question asked candidates to describe what should be done to the copper
cathode after it has been removed from the copper sulfate solution before its final mass is
determined.

The vast majority of candidates were able to score 1 mark, this was because they focused
solely on drying the electrodes after cleaning, omitting the important step of washing or
rinsing beforehand.

Many candidates that scored 0 marks, did so as they suggested using sandpaper or emery
paper to clean the electrodes. Some candidates mentioned usings other solvents that would
not be suitable for cleaning electrodes in this context and so did not score.

(b) Copper sulfate solution was electrolysed for 10 minutes using copper electrodes.

Figure 6 shows the mass of the cathode and the appearance of the copper sulfate
solution before electrolysis and after electrolysis.

before electrolysis 5.32 pale blue solution

after electrolysis 5.87 pale blue solution

Figure 6

(i) Describe what should be done to the copper cathode, after it has been
removed from the copper sulfate solution, before its final mass is determined.
(2)

B anowdad. e oo Nd foxennng.
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%{ ResultsPlus
Examiner Comments

This example scored no marks. The candidate has stated that the
cathode should be cleaned but there is no indication as to how this
should be done and so no marks could be awarded.
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(b) Copper sulfate solution was electrolysed for 10 minutes using copper electrodes.
Figure 6 shows the mass of the cathode and the appearance of the copper sulfate

solution before electrolysis and after electrolysis. Pn N |C

before electrolysis 5.32 pale blue solution

after electrolysis 5.87 pale blue solution
Figure 6

(i) Describe what should be done to the copper cathode, after it has been
removed from the copper sulfate solution, before its final mass is determined.

2 ResultsPlus

Examiner Comments

This example scored 1 mark, the candidate explains that the electrode
should be dried, but there is no description of washing the electrode
first.
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(b) Copper sulfate solution was electrolysed for 10 minutes using copper electrodes.

Figure 6 shows the mass of the cathode and the appearance of the copper sulfate
solution before electrolysis and after electrolysis.

before electrolysis

5.32

pale blue solution

after electrolysis

5.87

pale blue solution

(i) Describe what should be done to the copper cathode, after it has been
removed from the copper sulfate solution, before its final mass is determined.

PR
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ResultsPlus

Examiner Comments
This example scored 2 marks, the candidate described cleaning the

electrode by running under pure water for marking point 1, they then
describe drying the electrode to score the second mark.
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Question 7 (b)(ii)

Part (ii) of question 7(b) asked candidates to explain, in terms of ions, the change in mass of
the cathode shown in Figure 6.

A good proportion were able to gain 1 mark for stating that copper ions move to the cathode,
but fewer were able to give a full explanation in terms of the copper ions gaining electrons to
form copper atoms on the cathode.

A small number of candidates provided half-equations to describe the reduction process
occurring at the cathode which were accepted for both mark points.

]
o

g (i) Explain, in terms of ions, the change in mass of the cathode shown in Figure 6.

(2)
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\’//'--‘: Examiner Comments

The following example shows a good answer that scored both marks.
The candidate shows the copper ions gaining electrons clearly in the
half equation and also the copper atoms being formed.
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(i) Explain, in terms of ions, the change in mass of the cathode shown in Figure 6.

(2)

ay .

% ResultsPlus
Examiner Comments

This example scored 1 mark. The candidate states that Cu 2* ions are
attracted to the negative cathode and that they gain electrons and
were reduced to gain a mark. There is no reference to the atoms
forming to gain the second marking point.

GCSE Chemistry TCHO 1H 72



B R DR RGP A PRI

(i) Explain, in terms of ions, the change in mass of the cathode shown in Figure 6.
(2}
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This answer scored no marks and shows the importance of using key
terms correctly. Although the response mentioned the gaining of
electrons and correctly labels this as reduction, it is suggesting that the
cathode itself is reduced rather than the copper ions so the mark
cannot be awarded. There is also no mention of atoms being formed
for the second marking point.

4\ ResultsPlus

\ Examiner Tip

Ensure that you are confident in using the correct terms such as ions,
atoms, reduction, and electrons in the context of electroplating and

that you are careful to use them accurately.
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Question 7 (b)(iii)

The last part of question 7, 7(b)(iii) asked candidates to explain why the appearance of the
copper sulfate solution did not change during the electrolysis. Candidates found it difficult to
correctly link the maintenance of the blue colour to the fact that copper ions are both
deposited at the cathode and replenished by copper atoms from the anode. Understanding
this dynamic process is crucial for explaining why the solution's colour remains constant.

Some candidates misunderstood that it is specifically copper ions (Cu?*) that give the
solution its blue colour. Instead, they mentioned sulfate ions or other incorrect species,
which led to incorrect answers.

Some candidates focused on why the solution is blue rather than why the colour remains
unchanged during electrolysis. This suggests a misunderstanding of the question's focus on
the absence of a visible change rather than the colour itself.

(i} Explain why the appearance of the copper sulfate solution did not change
during the electrolysis.

\( < Examiner Comments

This example shows a good answer that scored both marks.
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(iii) Explain why the appearance of the copper sulfate solution did not change

during the electrolysis.
(2)
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/--.. Examiner Comments

This example scored 1 mark for stating that the concentration of
copper sulfate remained the same, just stating that none is lost or
gained is not sufficient for the reason why as there is no reference to

the copper ions entering at the anode and leaving at the cathode for
the first marking point.
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Question 8 (a)(i)

Question 8 was about the properties of different substances. Part (a) asked about the simple
molecular covalent compound silicon tetrachloride. The first part asked candidates to draw
the dot and cross diagram of a molecule of silicon tetrachloride. Candidates responded well
to the question with the majority scoring the full two marks. Candidates who accurately
depicted electrons in pairs found it easier to draw and score well.

Some candidates made errors in counting electrons, particularly in the outer shell of chlorine
atoms. This often resulted in missing or incorrect placement of electrons, affecting the clarity
and correctness of their diagrams.
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8 This question is about the properties of different substances.
(a) Silicon tetrachloride is a simple molecular covalent compound.

(i) A molecule of silicon tetrachloride is composed of a silicon atom and
four chlorine atoms.

» asilicon atom has 4 outer electrons
« achlorine atom has 7 outer electrons
Draw a dot and cross diagram of a molecule of silicon tetrachloride, SiCl,.

Show outer electrons only.

(2)

a\ o
ResultsPlus

Examiner Comments

In some cases, candidates scored just 1 mark as they were able to
draw the four bonding pairs of electrons to score the first mark, but
did not draw the rest of the molecule correct to gain the second mark
as in this example.
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8 This question is about the properties of different substances.
(a) Silicon tetrachloride is a simple molecular covalent compound.

(i} A molecule of silicon tetrachloride is composed of a silicon atom and
four chlorine atoms.

« asilicon atom has 4 outer electrons
+ achlorine atom has 7 outer electrons
Draw a dot and cross diagram of a molecule of silicon tetrachloride, SiCl,.

Show outer electrons only.
(2)

.'\ o
ResultsPlus

Examiner Comments

Where candidates scored no marks, it was often as they had not used
the stem of the question to obtain the formula of the molecule and so
therefore did not score, as in this example which scored no marks.

]

Pl

T\ ResultsPlus

\_) Examiner Tip

Ensure that you read the stem of the question carefully and use the
information there to help form your answer.

GCSE Chemistry 1TCHO 1H 78



r

8 This question is about the properties of different substances.

(a) Silicon tetrachloride is a simple molecular covalent compound.

(i} A molecule of silicon tetrachloride is composed of a silicon atom and
four chlorine atoms.

+ asilicon atom has 4 outer electrons

« achlorine atom has 7 outer electrons

—

Draw a dot and cross diagram of a molecule of silicon tetrachloride, SiCl,.

Show outer electrons only.
(2)

a\ o
ResultsPlus

Examiner Comments

This example shows a good example that scored both marks.

A
A
Pl I|I

4\ ResultsPlus

\_; Examiner Tip

When drawing dot and cross diagrams it can be useful to pair electrons
in the outer shell of atoms, as in this example, as this simplifies the

process of drawing the diagrams and improves accuracy.
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Question 8 (a)(ii)

Candidates found it more challenging to explain why silicon tetrachloride has a low melting
and boiling point in 8(a)(ii) with fewer scoring the full two marks.

A common misconception seen was where candidates mistakenly referred to weak covalent
bonds between atoms. In the second marking point, candidates often lost marks as they
used terms such as "less energy" or "easy to break", this was not sufficient for "little/small
amount of energy to break.

(ii) Explain why simple molecular covalent compounds such as
silicon tetrachloride have low melting and boiling points.

e e A At S T S L T

N
\/ t{ ResultsPlus

Examiner Comments

In this example, the candidate has scored 1 mark. Weak bonds is
insufficient for weak intermolecular forces and so did not gain mark
point 1, if the candidate had stated weak intermolecular bonds or
weak bonds between molecules, this could have gained credit.

They did understand that the melting point was low because little
energy was needed to break and so the second mark point was
awarded.

M\ ResultsPlus
\ Examiner Tip
It's important to ensure that you use the correct terms when
answering questions on melting and boiling point, remembering that

intermolecular forces occur between molecules, not within them.
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(i) Explain why simple molecular covalent compounds such as
silicon tetrachloride have low melting and boiling points.

(2)

enk. tolcdor bonds

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

|

ig ResultsPlus
Examiner Comments

This example also scored 1 mark. The candidate states that there are
weak intermolecular bonds for the first mark. Unfortunately, they state
that less energy to break which is ignored for the second mark.

_.—"_\
z’ —~y !

74\ ResultsPlus
\_/ Examiner Tip
When talking about energy required to overcome forces, ensure you
terms such as little heat or energy or a large amount of heat or energy,
rather than less or more.

(i) Explain why simple molecular covalent compounds such as
silicon tetrachloride have low melting and boiling points.

(2)
Lo st on flocwaide G andey ondigelon dates  of affetton
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Examiner Comments

This example shows a good answer which scored both marks.
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Question 8 (c)

The last question in question 8 was the first extended open response question of the paper
with a levelled based mark scheme. Candidates were given a diagram of the structures of
diamond and graphite and some properties and uses of the forms of carbon. They were
asked to explain, in terms of the structure and bonding, the properties given.

Many candidates demonstrated a good understanding of the structures and properties of
diamond and graphite. They were able to describe these allotropes and link their structures
to their respective properties with a good spread of marks seen across the cohort but with
the majority of candidates scoring marks in level 3.

Those candidates that did not score full marks often showed misconceptions in their
understanding. There was some confusion between intermolecular forces and covalent
bonds and some candidates incorrectly referred to strong electrostatic forces or ionic
bonding instead of describing the covalent nature of bonds in diamond and graphite.
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*(c) Qla@d and graphite are two forms of carbon.

Figure 8 shows how the carbon atoms are arranged in a part of the structure of
each of these forms of carbon.

Figure 8

» diamond is one of the hardest known substances on Earth and is used in
cutting tools.
+ graphite is soft and flaky.

+ diamond is a poor electrical conductor, but graphite is a good
ctrical conductor.

Explain, in terms offstructure)and Gonding) these properties of diamond
and graphite.
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Examiner Comments

This example scored 4 marks in level 2. The candidate has explained
the hardness of diamond fully.

The electrical conductivity of diamond, and graphite and the hardness
of graphite have just partial explanations. They have described the
structure of graphite and diamond.

Full credit in level 2 was awarded.
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*(c) Diamond and graphite are two forms of carbon.

Figure 8 shows how the carbon atoms are arranged in a part of the structure of
each of these forms of carbon.

« diamond is one of the hardest known substances on Earth and is used in
cutting tools.

+ graphite is soft and flaky.

« diamond is a poor electrical conductor, but graphite is a good
electrical conductor.

Explain, in terms of structure and bonding, these properties of diamond
and graphite.

(6)
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Examiner Comments

This example scored 6 marks in level 3. The candidate has described
the structure of both allotropes.

They have explained all four properties with detail and gains full credit
in level 3.

GCSE Chemistry 1TCHO 1H 86



*(c) Diamond and graphite are two forms of carbon.

Figure 8 shows how the carbon atoms are arranged in a part of the structure of
each of these forms of carbon.

e e
R
R

diamond is one of the hardest known substances on Earth and is used in
cutting tools.

Figure 8

graphite is soft and flaky.

diamond is a poor electrical conductor, but graphite is a good
electrical conductor.

Explain, in terms of structure and bonding, these properties of diamond

and graphite.
(6)
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Examiner Comments

This example scored 2 marks in level 1. Whilst the format of using a
table is fine and full marks could be awarded for a table if the
explanations were contained. The candidate has only given a couple of
unlinked basic correct facts, this is just sufficient for 2 marks at level 1.

J
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Question 9 (a)(i)
Question 9(a) described an investigation into the reactivity of four metals, D, E, F and G.

Candidates were given the observations of 3 of the metals and asked to suggest the
observations for metal G. Candidates performed well in the question with the majority
scoring and most scoring the full two marks.

Where candidates did not score, it was often as they struggled with the comparative aspect
of the question, where they needed to analyze the amount of bubbles produced relative to
other metals.
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9 (a) Aninvestigation was carried out on the reactivity of four metals, D, E, F and G.

Equal sized pieces of these metals were placed in excess dilute hydrochloric acid
and left for three minutes.

Figure 9 shows the observations of the reactions for metals D, E and F.

D Bubbles formed quickly.
After three minutes all the metal had reacted.
E Bubbles formed very quickly.
No metal remaining after three minutes.
E A few bubbles were seen to form.
The metal looked unchanged after three minutes.
G _

Figure 9

The order of reactivity for these metals is shown in Figure 10.

E D G F

most reactive least reactive

Figure 10

(i) Use the information in Figure 9 and Figure 10 to suggest the observations that
would be made for metal G.

e NMAKRS S o, Haa
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(2)

ResultsPlus

Examiner Comments

This example scored 2 marks for stating that some bubbles would be
formed and that some of the metal reacting would react.
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Question 9 (a)(ii)

Part (ii) of question 9(a) asked candidates to explain the meaning of the terms dilute and
strong acid. Many candidates struggled to answer accurately when defining the terms, this
seemed to be most prevalent when trying to the term dilute correctly. Candidates were more
successful with their definition of a strong acid being an acid which fully dissociates into
hydrogen ions.

A —
r )

(i) The dilute hydrochloric acid used in this reaction is a strong acid.

Explain the meaning of the terms dilute and strong acid.
(4)

, Hﬂ%fmyfm

dilute

The following example shows a good response which scored all 4
marks.
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(i) The dilute hydrochloric acid used in this reaction is a strong acid.

Explain the meaning of the terms dilute and strong acid.
(4)
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Examiner Comments
This example scored 2 marks. The candidate states that there is a low

concentration of acid. There is no mention of the acid dissociation or
hydrogen ions so no further credit is awarded.
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dilute

(ii) The dilute hydrochloric acid used in this reaction is a strong acid.

dnesoubion ) ot 4

Explain the meaning of the terms dilute and strong acid.

strong acid

B Nigh aneentadion...

(4)
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ig ResultsPlus
Examiner Comments

The following example scored no marks. A common misconception
seen was that a strong acid meant that there was a high concentration

of acid.
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Question 9 (b)

Question 9(b) gave the formula of lead ethanoate and asked candidates to calculate the
number of atoms that combine together to form 16.25g of lead ethanoate. While many
candidates demonstrated proficiency in calculating moles and using Avogadro's number, a
significant number missed the final step of multiplying by the correct number of atoms and
so gained 3 rather than 4 marks. It was found that candidates that laid out their answers
logically tended to do better than those that did not.

(b) The formula of lead ethanoate is Pb(CH,COO),.

Calculate the number of atoms that combine together to form 16.25 g of
lead ethanoate.

(relative atomic masses: H=1.00,C=12.0,0=16.0, Pb = 207

Avogadro number = 6,02 x 10%)

(4)
ey 2 Ne:?S T
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/'--. Examiner Comments

This example scored 3 marks as the candidate has missed the final
step to calculate the number of atoms and shows the importance of
showing working so that intermediate marks can be awarded.
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(b) The formula of lead ethanoate is Pb(CH;C0Q),.

Calculate the number of atoms that combine together to form 16.25g of
lead ethanoate.

(relative atomic masses: H = 1.00,C=12.0,0=16.0, Pb = 207

Avogadro number = 6.02 x 10%)
(4)

2o NTHZ Gt AT A6t 64\6=2S
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/--.. Examiner Comments

This example scores 2 marks, the candidate has correctly calculated
the relative formula mass of the lead ethanoate to score the first
marking point. The second marking point has not been scored for
calculating the number of moles as they have the division the wrong
way around. As they have shown their working, error carried forward
can be awarded and marking point 3 can be awarded for calculating
the number of “Pb(C,H30,),". If they had then multiplied this by 15 a

further mark could have been awarded.
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\ Examiner Tip

Always show your working in calculation questions so that marks can

be awarded for intermediate steps in your working as in this example.
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(b) The formula of lead ethanoate is Pb(CH;COQ),.

Calculate the number of atoms that combine together to form 16.25g of
lead ethanoate.

(relative atomic masses: H = 1,00,C =12.0,0 =160, Pb = 207

Avogadro number = 6,02 x 10”)

Z (4)
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This response shows a good, well laid out, answer that scored 4 marks.

ResultsPlus

Examiner Comments

2\

/""/C \ ResultsPlus

\_} Examiner Tip

Showing your working in a clear, logical way, as in this example will

help you to arrive at the required answer without missing steps.
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Question 9 (c)

The last part of question 9 gave candidates two possible balanced equations for the reaction
of iron with copper nitrate. Candidates were asked to carry out a calculation to show which
equation represents the reaction taking place. Most candidates attempted the question, and
a pleasing number achieved full marks, indicating overall competence in the topic, with many
correctly applying the first method outlined in the mark scheme.

In some cases, candidates completed the calculations correctly but forgot to explicitly state
which equation they were referring to therefore not gaining the final marking point.
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(c)_Iron is more reactive than copper.

Iron will displace copper from copper nitrate solution.
Two possible balanced equations for the reaction are

Equation1 Fe + Cu(NO;); — Fe(NO;), + Cu
Equation2 2Fe + 3Cu(NO;); — 2Fe(NO,); + 3Cu

It was found that 2.24 g of iron reacted with excess copper nitrate solution to form
3.81g of copper.
—— TTT—

Carry out a calculation, using the information above, to show which equation
represents the reaction taking place.

(relative atomic masses: Fe = 56.0, Cu = 63.5)

The following example scored 2 marks. The candidate has calculated
the number of moles of iron and of copper to gain the first two
marking points but failed to calculate the ratio or state which reaction
would represent the reaction taking place for the third marking point.
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(c) Iron is more reactive than copper. MLSS = Y me\es

Iron will displace copper from copper nitrate solution.
Two possible balanced equations for the reaction are

|
Equation1 Fe + Cu(NO,), — Fe{NO,}, + Cu
Equation2 2Fe + 3Cu{N{§J,}, — 2Fe(NO;); + 3Cu

S
It was found that 2.24 g of iron reacted with excess copper nitrate solution to form
3.81 g of copper.

Carry out a calculation, using the information above, to show which equation
represents the reaction taking place.

(relative atomic masses: Fe = 56.0, Cu = 63.5)

ﬂ ResultsPlus
Examiner Comments

This example also gained two marks, The candidate has calculated the
number of moles of iron and of copper to gain the first two marks,
they have gone on to identify the ratio is 1:1.5 but have not identified
which is the correct equation for the reaction taking place and so does
not gain the third marking point.
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(c) Iron is more reactive than copper.

Iron will displace copper from copper nitrate solution.
Two possible balanced equations for the reaction are

Equation1 Fe + Cu(NO;), — Fe(NOy), + Cu
Equation2 2Fe + 3Cu(NO;); — 2Fe(NO,); + 3Cu

It was found that 2.24 g of iron reacted with excess copper nitrate solution to form
3.81g of copper.

Carry out a calculation, using the information above, to show which equation
represents the reaction taking place.

(relative atomic masses: Fe = 56.0, Cu = 63.5)

I équ&*)tnw 2. (Total for Question 9 = 13 marks)

2 ResultsPlus

Examiner Comments

The following response shows a good answer which scores 3 marks.
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Question 10 (a)(i)

Question 10 was the last question on the paper focused on the reaction of methane with
steam to produce hydrogen. In the first part of the question, candidates were asked to
describe the effect of the catalyst on the rate of attainment of equilibrium and on the
equilibrium yield of the products. Most candidates demonstrated understanding of the
concept, with a majority scoring at least one mark and many achieving full marks for stating
that a catalyst increases the rate of the reaction without affecting the equilibrium yield.

s 2
10 Hydrogen can be produced by the reaction of methane with steam.

(a) Methane reacts with steam in the presence of a nickel catalyst to produce
hydrogen and a dynamic equilibrium is reached.

The equation for this equilibrium reaction is

CHi(g) + 2H,0(g) = 4H,(g) + CO.(g)
methane

The forward reaction takes in heat energy and is endothermic.

(i) Describe the effect of the catalyst on the rate of attainment of equilibrium and
on the equilibrium yield of products.

f&xﬁﬁ’-;ﬁ&fnn/%/\!— w// Le

(2)
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/--.. Examiner Comments

This example shows a good answer that scored 2 marks.
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10 Hydrogen can be produced by the reaction of methane with steam.

(a) Methane reacts with steam in the presence of a nickel catalyst to produce
hydrogen and a dynamic equilibrium is reached.

The equation for this equilibrium reaction is

CHi(g) + 2H,0(g) = 4H,(g) + CO,(g) -
methane —

The forward reaction takes in heat energy and is endothermic.

(i) Describe the effect of the catalyst on the rate of attainment of equilibrium and
on the equilibrium yield of products.

1

oAl mm ____________ Ad e

L’*Mﬁﬂﬁ.ﬁ?. w\m\a\ .6\ ngn& -!l.c‘w \:an

ResultsPlus

Examiner Comments

In some cases, candidates incorrectly assumed that the use of a
catalyst would increase the yield of the reaction as well as the rate as
in this case which scored 1 mark.

N
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Question 10 (a)(ii)

Part (a)(ii) of question 10 was the second of the two extended open response questions with
a level-based mark scheme. Candidates were asked to explain what effect there would be on
the rate of attainment of and the equilibrium yield of hydrogen if the manufacturer were to
use a higher temperature and a lower pressure without changing the catalyst.

Many candidates demonstrated a good understanding of how temperature and pressure
affect equilibrium, with a good range of marks seen across the cohort and a pleasing number
achieving Level 3 for being able to predict and explain the effect of changes in temperature
and pressure on equilibrium yield and rate of reaction.

The best responses effectively applied Le Chatelier's Principle to explain how changes in
temperature and pressure affect the position of equilibrium, clearly distinguishing between
their impact on reaction rate and equilibrium yield. Candidates who structured their answers
by clearly addressing each component of the question (temperature effect on rate and yield,
pressure effect on rate and yield) tended to perform the best.

Some responses included irrelevant details, such as discussing the effect of catalysts, which
were not part of the question's scope.

Some candidates struggled with using correct chemical terminology, such as referring to
reactants and products incorrectly, which affected the clarity of their answers
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*(ii) A manufacturer produces hydrogen by the reaction of methane with steam in
the presence of a nickel catalyst using the conditions

temperature 600°C
pressure 20 atmospheres

Explain what effect there would be on the rate of attainment of equilibrium
and the equilibrium yield of hydrogen if the manufacturer were to use a
higher temperature of 1000°C at a lower pressure of 10 atmospheres without
changing the catalyst.

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

103 GCSE Chemistry 1CHO 1H




N,

ﬂ/ < ResultsPlus
/--.. Examiner Comments

This example shows a good answer which scored 6 marks in level 3.

*(ii) A manufacturer produces hydrogen by the reaction of methane with steam in
the presence of a nickel catalyst using the conditions

temperature 600°C
pressure 20 atmospheres

Explain what effect there would be on the rate of attainment of equilibrium
and the equilibrium yield of hydrogen if the manufacturer were to use a
higher temperature of 1000°C at a lower pressure of 10 atmospheres without
changing the catalyst.

(6)
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/--.. Examiner Comments
This example scored 4 marks in level 2. The learner has stated that the
higher temperature favours the forward reaction, giving a higher yield.

They state that decreasing pressure will favour the side with less moles
increasing yield of hydrogen.

The candidate has explained the effect of temperature and pressure
on yield.

There is no reference effect of temperature and pressure on rate and
so this is just level 2 - 4 marks.
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\_} Examiner Tip

In order to gain marks in level 3, you must ensure that you answer the
whole of the question posed.

"

*(i) A manufacturer produces hydrogen by the reaction of methane with steam in
the presence of a nickel catalyst using the conditions

temperature 600°C
pressure 20 atmospheres

Explain what effect there would be on the rate of attainment of equilibrium
and the equilibrium yield of hydrogen if the manufacturer were to use a
higher temperature of 1000 °C at a lower pressure of 10 atmospheres without
changing the catalyst.
(6)
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Examiner Comments

This example scored 2 marks in level 1. The candidate has stated that
increase in temperature causes the reaction to go faster, but lower
atmosphere makes it slower.

The effect of both conditions on rate only has been described to gain
full creditin level 1.
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Question 10 (b)

Question 10 (b) asked candidates to calculate the maximum volume of products that could
be formed from the complete reaction of 650 dm?> of methane. Candidates found this
difficult with a large proportion scoring no marks and a noticeable proportion leaving the
question blank.

-

6% x4=%€00

(b) Using the equation for the reaction
CHig) + 2H,0(g) = 4H,(g) + CO:(g)

calculate the maximum volume of products, in dm’, that could be formed by the
complete reaction of 650dm® of methane.

(assume all volumes of gases are measured under the same conditions of
temperature and pressure)
(2)

maximum volume of products = ZQC)@ dm®

N { ResultsPlus
/---.. Examiner Comments

In some cases, candidates knew how to calculate the volume but only
considered the volume of hydrogen rather than the volume of
hydrogen and carbon dioxide, this scored just 1 mark.
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(b) Using the equation for the reaction

CH4(@) + 2H,0(g) = 4H,(g) + CO,(g)

calculate the maximum volume of products, in dm’, that could be formed by the
complete reaction of 650dm® of methane.

(assume all volumes of gases are measured under the same conditions of
temperature and pressure)

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

maximum volume of products = % 380 e A

IR : R
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Examiner Comments

This response shows a good answer that scored both marks.
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Question 10 (¢)

The last question on the paper asked candidates to calculate the maximum mass, in g, of

carbon dioxide for every 1800 dm?3 of hydrogen produced in the reaction. Candidates found
the question challenging but a good proportion scored the full 3 marks available.

(c) Using the same equation for the reaction

CHig) + 2H,0(g) = 4H;(g) + CO.g) ---—“:':'\

calculate the maximum mass, in g, of carbon dioxide for every TBDOdm’-—v, vOl
of hydrogen, measured at room temperature and pressure, produced in
this reaction.

(relative formula mass: CO, = 44;
1 mol of any gas at room temperature and pressure occupies 24dm?)
(3)

e KNG TN 5 SRR, (. G0 (4 G 1000 13| (O
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mass of carbon dioxide = 33009
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Examiner Comments

Where candidates did not score 3 marks, the most common incorrect
answer was 3300 g, where candidates did not consider the
stoichiometric ratio as in this example which scored 2 marks.
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(c) Using the same equation for the reaction
¥ \200A*
CH{g) + 2H,0(g) = 4H,(g) + CO,(9)
calculate the maximum mass, in g, of carbon dioxide for every 1800dm’

of hydrogen, measured at room temperature and pressure, produced in
this reaction.

(relative formula mass: CO, = 44;
1 mol of any gas at room temperature and pressure occupies 24dm’)

(3)
.............. RN OB SEAM oo DA ORI .2
................. 1300 = mal x24 o n
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mass of carbon dioxide = .. 825 g
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Examiner Comments

The following example shows a good example which scores 3 marks.
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Paper Summary

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

e [tis important to explicitly mention key concepts and avoid generalisations such as
‘harmful to the environment’ or ‘costs more’'.

e When performing calculations, candidates should pay attention to units, significant figures
or decimal places required and show their working in a clear and logical way to help them
arrive at the correct answer.

e Ensure that they are using key scientific terms such as atom, ion and electron accurately
and consistently throughout their work to avoid contradictions.

e Candidates should ensure that they answer all aspects of the question, this was especially
evident in 6 mark question where candidates that did not perform as well often did so as
they only answered part of the question posed.

e Pay careful attention to when carrying out practical methods during class activities so that
they describe and explain different aspects of the practical methods when required.

e Ensure that they use the information in the stem of the question to help them to inform
their answer, consider using a highlighter to highlight key terms, numbers or specific parts
of the question.
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Grade boundaries

Grade boundaries for this, and all other papers, can be found on the website on this link:

https://qualifications.pearson.com/en/support/support-topics/results-certification/grade-
boundaries.html
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