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Answer ALL questions.

| 1 This question is about chemical elements.

| Use the Periodic Table to help you answer this question.
|

(a) (i) Identify the element with atomic number 5

Bocon

(ii) Give the symbol of a metallic element in Period 3

(iii) Identify the element whose atoms contain 14 protons.

(iv) Identify the element whose atoms have the electronic configuration 2.5

(v) Give the name of the compound formed between oxygen and the element
with atomic number 13

B
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(b) The position of an element in the Periodic Table can be used to predict its properties.

(i) Which group contains elements that are all unreactive?

0 A Group?2
[J B Group5
[0 C Group6
i1 D Group0

(ii) Which of these is the least reactive element in Group 17

0 A caesium
B B lithium
[J € potassium
0 D sodium

(Total for Question 1 = 7 marks)
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2 (a) The boxes list changes that may happen in a laboratory and the names of some changes.

Draw one straight line from each change to its correct name.

Change Name of change

+ diffusion

dissolving
ice turns into water
evaporation
solid carbon dioxide turns
directly into a gas
freezing
a solute is stirred into a
solvent
melting
+ sublimation
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(b) A student has two solids, X and Y.

One of these solids is a pure substance and the other is a mixture.

Describe how the student could identify which solid is pure and which is a mixture

by measuring a physical property of each solid.

Mi’ffv‘w%f‘%kh?pf@wd%“‘Hlm

Sulstonc Mells b o (\)x
S | "V\_(,kkg Z)\:'t’/ (A @U\dl. L'( G’P—T(‘}{Q‘{J{:‘tmj " ti. "._S .\W\]Qkur{ . i

(Total for Question 2 = 6 marks)
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' 3 This question is about metals.

(a) Metals can be arranged in a reactivity series based on their reactions with water
and their reactions with dilute hydrochloric acid.

The table shows how four metals, P, Q, R and S, react with water and with dilute

hydrochloric acid.

Reactlon with

Reactlon with

Metal water dilute hydrochloric acid
P ! no reaction | hydrogen gas forms very slowly
Q E no reaction no reaction
R E hydrogen gas forms very quickly | not done
5 ; hydrogen gas forms quickly hydrogen gas forms v:e_ry quickly

AL

f‘@ (_’ ;\C,Y" r/\('“"j

L'L

“

most reactive

v

least reactive

(i) Identify which of the metals P, Q, R or S could be gold.

(i) Suggest why the reaction between metal R and dilute hydrochloric acid was not done.

VoS G (ald b unefs

(iii) Use the information in the table to place the metals in order of reactivity from
most reactive to least reactive.

f/\“
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(b) Zinc is used to coat iron gates to prevent the iron from rusting.

(i) State the name of this method of preventing iron from rusting.

(ii) State another method of preventing iron from rusting.

() A mixture of zinc powder and copper(ll) oxide is heated.

DO NOT WRITE IN THIS AREA

The chemical equation for the reaction that takes place is
n + Cu0 - ZnO + Cu

(i) State how the reaction shows that zinc is more reactive than copper.

= | (i) Explain which substance is the oxidising agent.

| L | , .
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(Total for Question 3 = 8 marks)
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4 Sodium hydroxide dissolves in water, forming a strongly alkaline solution.
Ammonia dissolves in water, forming a slightly less alkaline solution.

(@) (i) Identify the ion that makes the sodium hydroxide solution alkaline.

(ii) What is a possible pH of ammonia solution?

| O

| A 3
' O B 6

- X ocn
| O b 14

10
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(b) When ammonia solution reacts with sulfuric acid, a neutralisation reaction occurs
and ammonium sulfate forms.

(i) How does the sulfuric acid act in this reaction?

[] A asa neutron donor

[] B asa neutron acceptor

#] € asaproton donor

[J D asa proton acceptor

(i) The diagram shows a beaker containing some ammonia solution and a few drops

of phenolphthalein indicator.

ammonia solution and
— phenolphthalein indicator

Dilute sulfuric acid is added to the beaker until it is in excess.

What are the colours of the phenolphthalein indicator before and after adding
excess sulfuric acid?

Before

] A orange

0B yellow

B C | pink

colourless

(1D colourless

pink

O




(c) Ammonium sulfate is used by gardeners as a fertiliser because it contains nitrogen.
(i) Explain why the chemical formula of ammonium sulfate is (NH,),SO,

Refer to the charges on the ions in your answer.

N/\x, QIME i .___}0" s o |4 C&CD The, Suphude L‘L’“ 9.

- Cleme . Vo (MG ).SOL |, B forade endbtes S|
Qh“‘“ 2 ol k@ G"\“ﬂ eath Sthe” ouk, Moy B oo neakad |

(i) Calculate the relative formula mass of ammonium sulfate, (NH,),SO,

- 2 G Ll (\‘)) ¥ 3L vk () () (1)
% Y32

.-""_-._"
—_—

132

relative formulamass=..0. 2. 5 oo

(iii) Calculate the mass, in grams, of nitrogen in 1.0 kg of ammonium sulfate.

V3L
R I AR

Mess (N = ot

2\1

mass =

(Total for Question 4 =10 marks
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- 5 (a) Chlorine, bromine and iodine are elements in the Periodic Table.

Explain how the position of these elements in the Periodic Table depends on their

electronic configurations. N -
& / 2(

‘h ¢ s lanst

RL\ d" Yhese Q,wa‘i Qe W e 9 - " by o hawe q

(b) Chlorine reacts with methane to form CH;Cl and HCl

(i) State the condition necessary for this reaction.
(ii) Give the equation for this reaction.

(iii) The bonds in a molecule of CH;Cl are covalent.

Explain, in terms of electrostatic attractions, what is meant by a covalent bond.

(2)

‘*~ ‘{33%\) Ux(/\)@\\(& HC (UJ‘”LL Jo m‘” Q»ONJ”" o S\ u’d par
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(iv) Draw a dot-and-cross diagram for a molecule of CH,Cl

Show only the outer electrons of the atoms.

*'DONOTWRITE INTHISAREA ~ -

(v) CH,Cl has a simple molecular structure.

Explain why CH;Cl has a low boiling point. |

PONTINTENTISIEN

1 hkmhcu A f L, r&[w \J"\nghﬁ/e/@“;

- -DONOTWRITEINTHISAREA - -~ =0

15

AN 0 R 0 0 urmover »



kl} M2 Cilm(ﬁ C{T_)QL?'\.'L-\‘L% e /\‘}\L ( ,Q' -’,(:’(k £

(0 Graphite is another substance that contains covalent bonds.

The diagram shows the structure of graphite.

Most covalent substances do not conduct electricity.

Explain why graphite is able to conduct electricity.

2

P . (2)
b Uehan dom tach oo e S ollecalicd So is (e

LY

(Total for Question 5 = 12 marks)
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| | | |
I GH, | GHg GHe = GHs I CiHs l CHio |

t | |

(a) (i) Explain which homologous series compound B belongs to.

| | |
% ) W@S\f\;& O~ m\f\ J O( ’(LL ) C\,UL(‘ NS lw w'c \) w
Guncs, Quy B s Bois Gy ,

(i) Give the letter of the compound that has the same empirical formula as its
molecular formula.

O

(iii) Compound F exists as two isomers.
Explain what is meant by the term isomers.

Include the structures of the two isomers of compound F in your answer.

(3]

MANY I T NI 1IMAR 10N OO

—LSU s 0re (Compotds coush J@ke Some  Mietdar Qmjc. Lk |
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(b) Describe how compound D can be obtained from crude oil using the industrial
process of fractional distillation.

ﬁcwb@‘g\/b@”w“?g)@@@(bt\j
| Qumn: frackes %mﬁgﬁéwﬁgjHW@U'(M‘LU@K |

@FWW’DSGWW”WRFC(HG”W“ |

(c) Compound C can be used to make a polymer.

(i) State the type of polymer formed from compound C.

(i) Name the polymer formed from compound C.

(iii) Draw the structure of this polymer.

Include the displayed formula of the repeat unit.

(v v \
+ & =i
b

)
|

J

S T
N

. \ ,
\__ H 2 (Total for Question 6 = 14 marks)
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7 Dilute hydrochloric acid reacts with a solution of sodium thiosulfate (Na,S,0,) to form
3 a precipitate.

The equation for the reaction is

Na,S,0;(aq) + 2HCl(agq) — 2NaCl(ag) + S(s) + H,O(l) + SO,(q)

(a) State the name of the precipitate that forms.

(b) The reaction is often used to investigate rates of reaction.

The diagram shows the apparatus a student uses to investigate the effect of temperature
on the rate of the reaction.

conical flask

sodium thiosulfate solution

paper with cross
drawn on it

A~
<

pd o

This is the student’s method.

®

20

pour 50cm’ of cold sodium thiosulfate solution into a conical flask and heat it to 20°C
draw a cross (X) on a piece of paper and place it under the flask
add 5cm’ of dilute hydrochloric acid to the flask

look at the cross from above and record the time taken until the cross cannot be seen

R A

g\.‘\ -ID \«",L(‘. | (1)

CILY ERIE 231 IMAR 1 AR AT
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& The student repeats the experiment four times, using sodium thiosulfate solution
at a different temperature each time.

He keeps the volumes of sodium thiosulfate solution and hydrochloric acid constant
i in each experiment.

Give two other factors that the student should keep constant.

» G{m{n o of 33@ ochlme adid /Nht’wk

DO NOT WRITE IN THIS AREA

(c) The table shows the student’s results.

. Temperature ' Time until cross
5 in °C ' cannot beseenins

20 400

30 188

40 84

50 44

DONDTWRITE INTHISAREA .~

mmwmmmsgm

60 24

The highest temperature the student uses is 60°C because he thinks the results
might not be as accurate at temperatures higher than 60°C.

Suggest a reason why the results might not be as accurate at temperatures higher
than 60°C.

Tr gL(Lﬂhm k\\\cgw\plm gJ LLtOr* wud’ :

Tef‘f@a\ C\,i' Q\L Ye(t \\-Ul kCW\p NEn

Py e
PSR e

e
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Rate of
reaction N EE|
ins™ T e A

(d) The student wants to compare the rates of the reaction at the different temperatures.

He uses this formula to obtain a value for each rate of reaction

1
timeins

rate =

The table shows the value of the rate of reaction at each temperature.

' Temperature | Time until cross | Rate of reaction |

in°C ' cannot be seenins | ins™’

i 20 400 0.0025

30 188 0.0053

40 84 0.012

50 44 0.023

60 24 0.042

Plot the values of temperature and rate of reaction on the grid.

Draw a curve of best fit through the points.

BiDS
0.04

0.02

0.01 4

. | '
0 10 20 30 40 50 60 70

Temperature in°C

O O O
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(e) (i) Use the graph to determine a value for the rate of the reaction at 45°C.

Show on the graph how you obtained your answer.

rate of reaction = Q)Ol? &7

(i) Calculate the time that it would take for the cross not to be seen at 45°C.

| = -0 3

‘S??

time =

(355
(iii) Describe the relationship between rate of reaction and temperature shown by
the graph.

(1)
.

(f) Explain, in terms of particle collision theory, the effect that i increasing the temperature
has on the rate of a reaction.

2)

(3]

meﬁlc Qw\b 0( fc’ tedes

| wrease S S the e var ( SW ossful (m"‘” S

Hu_@h OF Rackion (pases

(Total for Question 7 = 14 marks)
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8 A student uses this apparatus to investigate the heat energy change when a salt dissolves

in

Th
o

e add a known mass of solid anhydrous copper(ll) sulfate to the polystyrene cup

water to form a solution.

'/ polystyrene cup

- distilled water

is is the student’s method.
add 50 cm’ of distilled water to a polystyrene cup

record the initial temperature of the water

and stir the solution with the thermometer until all the solid has dissolved

record the maximum temperature of the copper(ll) sulfate solution

(@) (i) Name the piece of apparatus the student should use to add the distilled water

to the polystyrene cup.

{r\ \wj\ 5( A ::;;) (;sz w(

(ii) The student stirs the solution to help the solid dissolve more quickly.

Suggest another reason why the student stirs the solution.

(iii) State the colour of the copper(ll) sulfate solution.

eﬁg\‘-;\”(’{ t‘,\g, bﬁfﬂ\mﬁﬁ‘.\,h;ra WS U\s?, S('u"-".t’, g '\F_‘U\ !v\c-"'ﬁ

Ei\_,‘v\ € -

R A A
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(b) The diagram shows the temperatures in one experiment.

°C 25 °C| |30
20 25
initial temperature maximum temperature
Complete the table, giving all values to the nearest 0.1°C.
maximum temperature in °C (:/_7/ s T
- — -
initial temperature in °C /4, 4
increase in temperature in °C 'Z (1 ;

(c) In a second experiment, when a student dissolves the anhydrous copper(ll) sulfate
in 50cm’ of distilled water, the increase in temperature is 3.3°C.

(i) Show that the heat energy change (Q) in this second experiment is approximately 700 J.

[for water, c = 4.2J/g/°C]

[mass of 1.0cm? of water = 1.0g]

(R =l
Q gO/\L‘erpl%
]

£ CC‘{C\, )
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(i) In this experiment the student uses 1.70g of the anhydrous copper(ll) sulfate.
Calculate the molar enthalpy change (AH) in kJ/mol.
Include a sign in your answer,
[M, of CuSO, = 159.5]

o/ i. 7 ~L . T
N ((L\S()Q) C_g_,}t_l___c_)_-— = @ 0\('DC~, 1d)

513

AH = 63xw o 66- Oiq"}ﬂfg?{%k)(m

-— "____—-——-__-—-_'* =
0).o\06b

.—(/r

AH =

(d) Another student does a similar experiment but uses hydrated copper(ll) sulfate
instead of anhydrous copper(ll) sulfate.

The table shows his results.

initial temperature in °C 23.8
final temperature in °C when all solid dissolves 227 |
' |

Explain what the results show about the type of energy change that occurs when
hydrated copper(ll) sulfate dissolves.

. ki/mol

5 6)

(2)
| A fis LU"“" Lﬂﬁ)u;g (L(}mm 6,\9, reackon s dothgac - |

(Total for Question 8 = 14 marks)
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; 9 Sodium hydrogencarbonate (NaHCO) is also known as baking soda.

Baking soda can be used to make cakes increase in size in an oven.

This is the equation for the reaction that takes place when baking soda is heated.

2NaHCOs(s) — Na,COs(s) + CO,(g) + H,0(g)
(a) () What type of reaction is this?

[0 A combustion
= B decomposition
[J € oxidation

[0 D reduction

(i) Suggest why the reaction makes the cakes increase in size.

4 S | ’ ~F ) ” h
C’I\‘(\p on OJ O~ e 0a.S S ‘,C'l '*LJ\;UA Ced).

L
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(b) A student uses this apparatus to investigate the reaction that takes place when
sodium hydrogencarbonate is heated.

sodium hydrogencarbonate
crucible

pipeclay
triangle

heat

This is the student’s method.
e weigh a crucible and record the mass
e add some sodium hydrogencarbonate to the crucible, reweigh it and record the mass

e heat the crucible and contents for five minutes, then allow to cool before weighing
and recording the mass

e heat the crucible and contents again for a further three minutes, then allow to cool
before weighing and recording the mass

(i) Give areason why the crucible and contents are heated for a further three minutes.

3 Tr\;‘i S (N CR ( /E',‘r‘bhf'ﬂ{ r\/]c;,g,i Cél/\ ]32 rf,g; (-LL«’_,d ax {\]lw

Machn Joos  (p CC?«A:;L' .

gt

(i) The student considered using a lid on the crucible in the experiment.

Suggest an advantage and a disadvantage of using a lid on the crucible.

he proers G B9 oy oat

( 2 ent

- | advantage ..

: | - A A . Ko< ", q.\b o 5 = . - s ,7-)'\
- | disadvantage mJ(jh\‘&Mlcm@m‘\lbl}wl?b(otg(ﬂrf
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{c) The table shows some of the student’s results.

mass of crucible and sodium hydrogencarbonate in g

29.75

|
|

E
i mass of empty crucible in g

26.50

(i) Calculate the mass of sodium hydrogencarbonate that the student uses.

Mess = 29738 - L.So
s 15

218

4815 oL« |

(i) Using this equation, calculate the maximum mass of sodium carbonate (Na,CO,)

that could form in the student's reaction.

2NaHCO;(s) —> Na,COs(s) + CO,(g) + H,0(g)

218

[M, of NaHCO, =84
________/ =

0 (N&\'i C@§> S
?

- f!(}¢’LCJDﬁ> -

"

7.4
O o

M, of Na,CO; = 106]

00%61 0

_ 0. 01935 nd)

m (N%C@%} 5 0.01935 x Y06

= 1956451

=)
- 205
maximum mass = ...t T @
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(d) Ina second experiment, the student uses a larger mass of sodium hydrogencarbonate.

She calculates that she should obtain 4.8 g of sodium carbonate.
She actually obtains 4.2 g of sodium carbonate.

(i) Calculate the percentage yield from the student’s experiment.

/ yads ST
.3

- i
= 8 ’9 5 i
percentage yield = ...

(ii) Other than spillages, suggest a possible reason why the student’s actual yield
is less than expected.

\
u"ﬂp .

(Total for Question 9 = 12 marks)
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10 The table gives information about some lead compounds.

 Compound = Formula | Appearance = Solubility in water

én;ead(ll) oxide PbO yellow solid % insoluble

, lead(IV) oxide | PbO, brown solid ! insoluble ]
red lead oxide Pb;0, red solid ! insoI;ble |
lead(l) nitrate | PbNOJ | whitesolid | soluble |

(a) When a sample of red lead oxide is heated, it changes into a yellow solid and a gas forms
that relights a glowing splint.

Complete the word equation for this reaction.

| ) () ) “) X‘(—j\f‘ 7 n
red lead oxide — (ﬂ\(’/(o 4 L)%jjo’

(b) A sample of one of the oxides of lead contains 86.6% lead and 13.4% oxygen by mass.
Show by calculation that the sample is lead(IV) oxide, PbO,
[A, of Pb =207 A, of O0=16]

Leas  Oxyp
eas Q6 6 ke

i = f..__-/‘
A Z,O-jf \ é
i O.k8k  0.9357

< /—/
gﬂ.'\(‘J\J"L('_’S]{] "'___—-:-;-: \ Ly (‘/ ’.J,.‘,
oW\ - oY

= § 7
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Lead (V) Oxelas
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(c) Red lead oxide reacts with warm dilute nitric acid.

(i) Complete the chemical equation for the reaction.

Pb304(..... O ..) + 4HNO,(.Cy [t ) —F g fZ— ...PB(NO;s),(aq) + PbOy(s) + rleO(l)

(ii) A studentis given a sample of solid red lead oxide and some dilute nitric acid.

Describe how the student could obtain a pure dry sample of lead(ll) nitrate crystals.

lﬁr Lw oxde gy DW

g\\\‘/ N& (Tb{cu ) Bt,um 0[ (mt (._(I nﬁ'f“
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(Total for Question 10 = 13 marks)
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