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Materials

For this paper you must have:

e aruler

e a calculator

¢ the periodic table (enclosed)

Instructions
e Answer all questions in the spaces provided.
e Do all rough work in this book. Cross through any work you do not want to be marked.

Information
e There are 70 marks available on this paper.
e The marks for questions are shown in brackets.
e You are expected to use a calculator where appropriate.
¢ You are reminded of the need for good English and clear presentation in your answers.
o When answering questions 02.4, 03.4 and 05 you need to make sure that your answer:
— is clear, logical, sensibly structured
— fully meets the requirements of the question
— shows that each separate point or step supports the overall answer.

Advice
¢ In all calculations, show clearly how you work out your answer.

ﬂease write clearly, in block capitals.
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The pH scale is a measure of the acidity or alkalinity of a solution.

. |I| Draw one line from each solution to the pH value of the solution.
[2 marks]

.[2] Which ion in aqueous solution causes acidity?

Tick one box.

[1 mark]

€ xamples O;@ Acic g

H* @/

Na* I:I HC[::> H++Ql\

0> ] HzS@4 = 4T + So -
OH" [ ]

H/UO3 —_:> HY + /UOZ_

Question 1 continues on the next page
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When sulfuric acid is added to sodium hydroxide a reaction occurs to produce two

products.
The equation is:

H.SO,4

How many elements are in the formula H,SO,?

+ 2NaOH — N82804 +

2H,0

[1 mark]
Tick one box.
I/ L& = — 7
3
4 [ ]
6 [ ]
7 [ ]
.[4] Whatis this type of reaction?
[1 mark]
Tick one box.
+ -
H OH
Decomposition [ ] H,8O, + 2NaOH — Na,;SO; + 2H,0
—_— —
Displacement [ ] ac ek +altali — §q\+ + Lode -

Neutralisation

Reduction

[ ]

A
> \K}\
. El Name the salt produced. SO

Soak i xn
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. [ 6] Describe how an indicator can be used to show when all the sodium hydroxide has
reacted with sulfuric acid.
[3 marks]

Atk +— Allall — Soir + Looder
[H* - O{/(§ —> Hz@) MQM{\\/\U\[\‘SC}C/}‘?\QY\

- A@lc} Univerca W\OQlCO«“{T)/ to 8(’/0QlUVU\ \/Woimu&u_ Soluhon
— Ad&i %\9. Swe LN

~ Golowr CLW% +o L (pH = )

O/ — oddh hlcake- To SV\\;{@U&[\TC_ O\Q«'CA
/
Mron adkd  Soehivan Mokmf\\‘m}mokv\ﬂlgz.
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John Newlands arranged the known elements into a table in order of atomic weight.

Figure 1 shows part of Newlands’ table.

Figure 1

.[1] What are the names of the elements in Group 5 of Newlands’ table?

[1 mark]
Tick one box.
. Figure 1
Calcium and sulfur |:|
. Group 1 2 3 4 5 6 7
Carbon and silicon @/ 1
! e
Chlorine and silver |:| Flna|m|a]|s] r]|s
N
Cl K Ca
Chromium and tin [ ]

C — Covlbawn

S( - Silicen
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(=74
.[2] Inwhat order is the modern periodic table arranged? Ay )
/j Pro i1 mark]

Tick one box. O YonA S
Nombes

Atomic mass
Atomic number

Atomic size

00RO

Atomic weight

.[3] Give two differences between Group 1 of Newlands’ table and Group 1 of the
periodic table.
[2 marks]

- H/P /C( ave. Aot (n j(oup U on tha pe ool ic
toble . [V\oJr in e Sewa '/Ul\f‘ou}b )
- [/\ /NO«/{Q AR I‘V\ (SD(‘O(A}D L on '{/]/\0 ’upQ/\f(\leNQ

Fohle

Question 2 continues on the next page
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|0]2]|.[4 | In1864, atoms were thought to be particles that could not be divided up into
smaller particles.

By 1898, the electron had been discovered and the plum pudding model of an atom
was proposed.

Figure 2 shows the plum pudding model of an atom of carbon and the nuclear
model of an atom of carbon.

Figure 2

. t(;oerrrllgl);:: ;??n ggzlltlon of the szf/batomif particles in the plum pudding model with
o(fﬁﬁ,ancn» S Protons ppmony & RTS8
@—— Plum pudding  moote! S a. Sphave o_ﬁ posi e
CLNM nuclenr Mocle! o VOS\'—HM_ nueley s .
@ V“M Vudoalma how no ueleus / Nirelea, toctet oloey -
(3)- Pl Pudo{lf/l} hos o moutrons ,  Auclens Mool
hay  nevprons muide Hho  nuclews |
@‘ Pluan pucld ing  hos  octons M sanclown
pOS(ﬁOU\b %Mcleaf Mool o  elechpuy

(N %RQ@L Shelly -

[4 marks]
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. [5] Models are used to show the differences between elements, compounds and
mixtures.

Which circle shows a model of a mixture? < NO &

CDL?OM (‘ Q&% [1 mark]
Tick one box. ® nolg

Ar) e e n £

Ar
Naw,
Ar /
No % \/
bl [0
) ] Com pounas
N 2 SE

CO, -
@) T ot
N

Question 2 continues on the next page
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Figure 3 shows a model of carbon dioxide.

- AN
Figure 3 e
/ N ‘\@9\'
o™ N

.[ 6] What does each line between the atoms in Figure 3 represent?

Tick one box. \(O\\ X N\oVL - W\QM
foR~

Covalent bond Q/
\&&)\ Intermolecular force \) M— |:|

\‘\Q\[\/ N\Q/\N&}OSV lonic bond ]
X Metallic bond ]

[1 mark]
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03] Some students investigated the reactivity of four unknown metals, W, X, Y and Z.
The letters are not the symbols of these elements.

The students used metal salt solutions of copper nitrate, magnesium sulfate and zinc
chloride.

This is the method used.

Pour a solution of a metal salt into a glass beaker.
Measure the temperature of the solution.

Add 1 g of metal to the solution.

Measure the temperature of the solution.
Calculate the temperature increase.

aRrwh~

The students did the experiment using each salt solution with each metal.

Figure 4 shows the apparatus the students used.

Figure 4

U\,\zc‘}SU‘/&
Yo

COV\WUI\.

oo L&

Question 3 continues on the next page
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Table 1 shows the students’ results.

Table 1

Temperature increase in °C

Solution Metal W Metal X Metal Y Metal Z

Copper nitrate 46 10 29 <No chan@
Magnesium sulfate No change No change No change

Zinc chloride 15 No change No change @

Which metal is least reactive?

[1 mark]
Tick one box. /t/ULJVU\\ < WA no

able to alisyploca owx% O{L

Metal W [ ] Hee  ma tods e 1l
Metal X [ ] COuR Yo uumoly

Metal Y ] '

Metal Z E/]/

How do the results show that magnesium is more reactive than the metals
W, X, Y and Z?
[1 mark]

MWJIV\MMW\ Sutlfode_ Dlou not  gemot Cutdia. OMNY

7 ( 0
U,@ ’H/UL ke s OQ '{/I/\D_J& S No +‘€_VU\(> QI/\OKV\?Q
e A oy

M toly
Temperature increase in °C
Solution Metal W Metal X Metal Y Metal Z
Copper nitrate 46 10 29 No change
Magnesium sulfate No change No change No change No change
Zinc chloride 15 No change No change No change
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: How do the results show that the reaction between metal Y and copper nitrate
solution is exothermic?

A [1 mark]
3IUL -
otk lewm Pevrafura. INc reas<_
et
|0][3].][4 | One student said that the investigation was not valid (a fair test).
ol
CDV\/ ) Write a plan for the investigation that includes improvements to the method and

\)W apparatus.

,%U\(/;\//zj\ s ‘H)MV o~ %;(QJ Volups 06{; Mre mofal Skt Solwsm inds o V{]‘L(S:\‘lf\/m Cop,

oV

[4 marks]

—Qr earh Oxpw‘wm+/ add fhe same amtopm ¢ /Cemc 0o Solution .
NI Miosuye Har femperodune o fae Soludion
conud? - Add [} of watd Ao ‘HNZ Solwhon .
- She Hhe ol
- Moywe e —)Lﬁmwfth/‘L o Solufion. GLlLJ,U/ A Sek Harg _
- &«[culuk tha ‘I’ZVIApUU\W& (NC/aoyL .
_ ﬂ,epe,auf‘ Mo @(W@n‘wuu\»}— crnol  Coledlade o WAL OV

W 1 ; %\A\O\HOV\?
—7\/\ N\U¢\A /-_7 "

This is the method used.
Pour a solution of a metal salt into a glass beaker. 7
Measure the temperature of the solution. o I\ Ihawy RO \*QQ& !
Add 1 g of metal to the solution. —)

Measure the temperature of the solution. <~ Q%W haoo

Calculate the temperature increase. \o V\j\ 7

(e peat 7 Co&(Qv\(g\\J—&uO\w?

From earlier in the question...

-l
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Figure 5 shows the reaction profile of an exothermic reaction.

Figure 5

.[5]] What does the energy value of 1370 kJ represent?
A winluaumn Quna v MD(/W‘V-QQL
Tick one box. = dor oo veoera i toda

7 lonC e .
Activation energy @/
Products energy |:|
Reactants energy |:|
Released energy |:|
.[ 6] The overall energy change is 386 kJ.
What Q/er\/g_gg/tavgs of 1370 kJ is this?
Give your answer to two significant figures.
386
X (O -
(2333 /6 O~ R (=g

[1 mark]

[2 marks]

Percentage =

g
g ©
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The three states of matter are solid, liquid and gas.

.[1] Lithium reacts with water to produce lithium hydroxide solution and hydrogen.

Use the correct state symbols from the box to complete the chemical equation.
[2 marks]

aq g s

olis) + 2H,0() — 2LIOH(4&4) — + Ha(.5-.) @

lithium + water — lithium hydroxide + hydrogen

Figure 6 shows the melting points and the boiling points of four substances,
A, B, CandD.

Figure 6
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.[2] Which substance is liquid over the greatest temperature range?

Tick one box.

250
200
150
100
50
Teﬁnperature 0
in°C
-50
-100

—-150

NI

—-250

Which two substances are gases at 50 °C?

-200——+—

Figure 6

!

B [ D
Substance

[1 mark]
b 9 9 ey +
=l l‘,{ﬁvg‘ZJNU\QD\
e bRdLR 9N
R s n %
b A
of(l'l/l.UQL

poI ATX,

[1 mark]
Tick one box.
Figure 6
Aand B [ ]
200 "
ey
Band C ] i far
[ point
CandD 50 i
I:l Temperature 0 1 l
in°C ‘
A and D :\/I/ |
-100
~150 f
-20014 —— ;, { ? BN
5250 B | c E
.[4] A different substance, E, has: B
e a melting point of -50 °C
e a boiling point of +120 °C
Plot these two values on Figure 6.
[2 marks]
Figure 6
250 |
200 ! ;
; | Key
[ | | x Meltin
150 | @; Adiint g
100 NSNS NS NN R i .7 /| e Boiling
: [ ] point
50
Temperature | N ENSSEESSEN SNNEC TRN S EEenaoenes pasesinesl
in °C ! :
-50 | 1 X @
~100 b !
~150 - I
-200 Foix
-250 !
SPECIMEN MATERIAL A B c D E Turn over »
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Figure 7 shows the apparatus a student used to determine the melting point and the
boiling point of substance B in Figure 6.

Figure 7
O °
Figure 6
250
— 200 1
| Key
150 | % Melting
| | point
| Boilin
o e e e 'pm'mg
50
Temperature
in® o
=50
—roof e
-150 1
-200f————— EESSERESE
0 B c D E

Substance

. El Explain why the student could not use this apparatus to determine the boiling point
of substance B.

~BP o R is 190 e — ()

[2 marks]

- BF of Conter 1's 0o “c — &)

Suggest one reason why the student could not use this apparatus to determine the
exact melting point of substance B.

[1 mark]
[074].76] Thave is Yoo nudn Qubstones. 1§ o vua it
IMSton -y
oo
— ’(/ijv\/\od\ QOVLQQ\UQHU\"\—VLL?
Figure 7
~—Thermometer ) %\QMP g/‘/bkoq\ l‘{l/[+ %/OM ’H’\{

e B 2 thal teut tubg
\\\jvt;k::ance!i v e ‘H/\-Q,«/vu\@ IA/LSL{—U/?
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Turn over for the next question
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This question is about making copper salts.

Figure 8 shows the apparatus given to a student.

Figure 8
y N
a 0«\3% 1 (oot 9
A N qudwd WX‘N\%
O Q Qo1°
\i\.
N2
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Outline aplan the student could use to make pure, dry, crystals of the soluble
salt copper sulfate from the insoluble metal oxide and dilute acid.

[6 marks]

O A'dl(& € Xeess CoPpar OHCL!L to Svtl{iuﬂg GC((‘JL o ek
beolior

gh\f tog s waimp. 00 Stvving veck -
tleovt "t mixhine oves ,@ ?WU)O/\ buien

@Q v fhe. mivtwe. Wing « A\'f/ «ﬁUAM el pagen-
o o Loyevating [ocww\

@ é\/C}\rO(mrerQ OM m“mmm.m woker
A&lH'fOL“—& [z 0. USIN) O ww(e/r bm’t/b\\

@ Xﬁau e ﬁl(hfou@ i A wpved placa
10 dﬂ/ ow\cl Cvfcm tollc2e .

@ (ZEW\O\/Q and. O{M e Q\f/(/,SgrrAl

[/\)ZOV 50\,(124/% Q_O(/IIC/’A(QK
~ Dont douch Niro’  hot (o@.o«/uf W< J(O\/\@S
(Wi %\\x&rw\ﬂ\ .

Turn over for the next question
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Figure 9 shows an apparatus to produce elements from a solution of an ionic
compound.
Figure 9

.[1] What is the name of the process in Figure 9?
[1 mark]

Tick one box.

Combustion
Crystallisation

Distillation

@DDD

Electrolysis

e
SP“¢mﬁ

co M

CA
poun

o V\} Q/LQQH\'Q{*;, |
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Table 2 shows the products formed from three experiments using different
compounds and the apparatus shown in Figure 9.

PMT

Table 2
negorine Chovge  Pogitiue Chovg e
Compound State Product at Product at anode
cathode ‘
Copper chloride Molten Copper Chlorine
Copper chloride Aqueous solution Copper Chlorine
Potassium Molten Potassium Bromine
bromide
[2 ] Use Table 2 to name the products formed at each electrode if using
an aqueous solution of potassium bromide.
Y S
X kS
Vs ‘/‘// [2 marks]
At cathode \/\Vy (}\W 0N At anode Q omiNL
{ )
B\ & Q\(\NU\QJ WL[\;\U\WO\Q/

. Explain why copper is formed at the cathode during the electrolysis of its salts.

- Cofpe,f ,‘ﬁofm,u)

e —

—_—

[2 marks]

positive.  Iohn @

() Moda 'S

V\‘LQO\\'IMJ.M

& )/\OAI/QJLQL

/H/uamwwe— M Qc»\opej

le\/\J) L/U]\\

1’3& O\H\@\OFQQJ\ tes 1. D

SPFCIMEN MATERIAL
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0]7] This question is about calcium.
(o -
PO
(0]7]. What type of compound is calcium oxide?
O
1§

Tick one box.

[1 mark]

OH "~
An acid

[ ]
A base @/ (ﬂ O + H 10 — (,(X Cg@\z
] p—

A carbonate

A salt [ ] bosa

—
. IZ| lonic compounds, such as calcium oxide, have high melting points.
Complete the sentences. Use words from the box.
Co\,a\e"/\ . . / \ [1 mark]
CaC oA W (pw
NS .
ot T4 S - s S lathce
/) 2 /
7 e /
bonds forces ions layers
YAl
Ve  _—ve

Calcium oxide has a giant ionic lattice in which there are strong

electrostatic ’FO VC & S of attraction in all directions.
AN — N —

B e N
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. El Figure 10 shows the electronic structure of an oxygen atom and a calcium atom.

S ron r
_ o

0\\& ‘7 ﬁ\roup Figure 10 C\»/ooP elecHOM
} 9 &\LQWON) -6 ~ 2 |
%.
2+
| wore
UU,Q\"(OVU)

Prorow) -
[ Q\ﬁmm J(l\’/\/ \J/(os#

protow W o 2 elechon

Describe how the calcium atom and the oxygen atom forms calcium oxide.

@ [4 marks]

- 2 electvo owWe. Co

t O
0
‘%S A (o &Qc’r\fou\g/

””/\.Q;/,glm/u, gﬂfﬂg ol W 2@()
_ O’\M idﬁ,&ivcxw/ “/w/%uw( hoyy A

4= charge.
0

You should give the charge on each ion formed.

Turn over for the next question
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Figure 12 shows a reactor used to produce titanium from titanium(IV) chloride.
Figure 12

The chemical equation for the reaction of titanium(lV) chloride with sodium is:

TiCl, +  4Na — Ti + 4NaCl
titanium(lV) + sodium — titanium  + sodium
chloride chloride

|é|§k7 + ‘—?85&1{7 = 7 4 a2 ”‘j

For one reaction:

e 1615 kg titanium(IV) chloride reacted completely with 782 kg sodium
e 1989 kg sodium chloride was produced.

Calculate the mass of titanium produced from this reaction.

[1 mark]
239 % = 7 + @39
7= %4 F -89
Mass of titanium = 4—6 % kg
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. [2] Table 3 shows the solubility of sodium chloride in 100 cm?® of aqueous solution
at different temperatures.

Table 3
Solubility of sodium chloride in g Temperature in °C
per 100cm’®
35.72 10
35.89 20
36.09 30
37.37 40
36.69 50
37.04 60

SPECIMEN MATERIAL
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Solubility of sodium chloride in g Temperature in °C
. per 100cm*®
On Figure 13:

35.72 10

i ) 35.89 20

e plot this data on the grid 36.09 30

e draw a line of best fit. 3737 40

36.69 50

37.04 60

Q flow“/‘? VO(V\\') (3 marks]
@ bz))x/ ,{Lr‘r LV\}L’ Figure 13 O\\I\OMC)\\?/

Question 8 continues on the next page
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. E The product sodium chloride is dissolved in water to separate it from
titanium.

At 30 °C the solubility of sodium chloride is 36 kg per 100 dm®.

Calculate the minimum volume of water in dm?®, at 30 °C, needed to dissolve
1989 kg sodium chloride.

§'Q'S [2 marks]
° 45 2 o
30 d . /3é kq Pev \oo s \XSS"~23
30°% Y1469 I{? pes — SR /@
26 Volume of water = SS-&S—, dm?®
(4

!

Calculate the percentage by mass of titanium in titanium(IV) chloride (TiCl,).

Give your answer to 3 significant figures. T iC \4
Relative atomic masses (A,): Cl = 35.5; Ti =48
[?‘: marks]
Awo_Lf x oo = 4-‘8_ X (00 = ﬁ x O
My o) TCiy 43 +4 (35 s) @ 0
o = As. 26317 ©w

Percentage of titanium by mass = ‘Q S-3 9

@
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Qvov p/ G toup
8 o
.[5] Suggest why the reaction is done in an atmosphere of dry argon instead of air
containing water vapour. 174

[3 marks]

Aaxd

Ticlg +4-IUO\ = T + 4 DaCr

, h
- Adgon iy umrwcﬁm\ m Quter

S ha AKX
r\

- Woter vapour  youd Vgestt wHA TiCla OR  Ner.

-

()

~ ks contdiV) ox”en W‘Cou\o\ Jeoct Wk VRaetaun by
@ O prockc iy

Explain why tltanlum conducts electricity.

W\.O.L [3 marks]

Titoumium (how delowliseak L(}kh’bbw Lrom
“/UL owder  Shalls.

’ﬂwc cwoccx(beoﬂ d&l‘fom oW @ L‘/\L’z__t?

MOV&/t ounch 'M/\.L whole_  Stvructuv e

Cuwqu CM%-

END OF QUESTIONS
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