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Materials

For this paper you must have:
e aruler

¢ a scientific calculator

 the periodic table (enclosed).

Instructions
* Use black ink or black ball-point pen.
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Pencil should only be used for drawing.
Fill in the boxes at the top of this page.

Answer all questions in the spaces provided. Do not write outside

the box around each page or on blank pages.

If you need extra space for your answer(s), use the lined pages at the end of
this book. Write the question number against your answer(s). 9
Do all rough work in this book. Cross through any work you do not want

to be marked.

Information

The maximum mark for this paper is 100.
The marks for questions are shown in brackets.

Time allowed: 1 hour 45 minutes
For Examiner's Use
Question | Mark
=
2
3
4
06
6
7
8
| TOTAL

» You are expected to use a calculator where appropriate.
* In all calculations, show clearly how you work out your answer.
* You are reminded of the need for good English and clear presentation

in your answers,
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This question is about nanoparticles and their uses.

II] Nanoparticles are structures that are 1 to 100 nm in size.

What is the size of 1 nm in metres?

Tick (v') one box.

1x10°m

1x10%m

1x10°m \/

1x10"2m

[1 mark]
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@ Figure 1 shows food packed in plastic film.

Figure 1

A new technology is to add nanoparticles to plastic film used for food packaging.

Nanoparticles of substances such as silver can kill bacteria.

Suggest one advantage and one disadvantage of using nanoparticles in plastic film

for food packaging.

[2 marks]

Advantage Lgr% e B }_ug_ztl.—p_u_-l-.._u_elu_._a:a.lﬁoaja—'
.!LHMA::LHE(J&MHMW&&‘_FI W les
Disadvantage  ypweled | 5 PrClocs S0 s (o e

R xpLu s

B "
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Figure 2 shows a cubic nanoparticle.

Figure 2

8nm

v

E] Calculate:

« the surface area of the cubic nanoparticle
¢ the volume of the cubic nanoparticle

« the simplest whole number surface area to volume ratio of the cubic nanoparticle.

Use Figure 2.

[5 marks]

_ thLéLLlAnn_ - é (‘_gi) = gf‘.( nm®t

Uilaay = 8% & 58

Surface area = 39 Y nm?

Volume= S 172 nm3
L T
}k‘%o = 1L L
:.'7 j B

Surface area : volume ratio =

2 . &

ML
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Do
outsido tho
'Z] The surface area to volume ratio increases when the cubic nanoparticle is split in half. "
Why does the surface area to volume ratio increase?
Use Figure 2.
[1 mark]
Tick (v) one box.
: L~
The total surface area increases and the total volume stays the same. |
The total surface area increases and the total volume decreases.
The total surface area stays the same and the total volume decreases. 9
Turn over for the next question
Turn overp
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Magnesium reacts with hydrochloric acid to produce hydrogen and one
other substance.

‘II Complete the word equation for the reaction.

[1 mark]

magnesium + hydrochloric acid — MAgnL gy en AV + hydrogen

El Magnesium is added to hydrochloric acid in an open beaker.

Explain what happens to the total mass of the beaker and contents

during the reaction.
[3 marks]

- N\“ﬁ"\e‘i:“"”‘ cl«;\o(‘w’tﬁi 796\\‘01\ f) ‘lj,v{p-.ul e S tih
e L:;L{ng;!_q-. e ¥,
v
- (]L-—(Q A % (A.f\ oppen [ﬁ_«&"gp, lﬁ L\éd{ft‘:gm
ﬁ“f 25(64_}!6,5
= M&l—od _HMI?H o g detrence i EEk)

paacs  tompureN Y ey L_..ﬁ_.m.a
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A scientist investigated how the temperature change for the reaction varied with the
mass of magnesium added.

This is the method used.

1. Add 20 cm? of hydrochloric acid to an insulated cup.
2. Measure the temperature of the hydrochloric acid.
3.Add 0.01 g of magnesium to the hydrochloric acid.
4. Stir the reaction mixture.

5. Record the highest temperature reached.

6. Repeat steps 1 to 5 with different masses of magnesium.

E Give two control variables in this investigation.

[2 marks]

1 —MW—LS—-—L{T‘L Lloer r;b,l

2 (acobebion o badellatie cad

Question 2 continues on the next page
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E Figure 3 shows the results.

Figure 3
AT ; i ‘
40 ‘ B
HHH A
35 - /
HH {1978
BN NN
Temperature A
in°C /’
30 : fl i y/. 1}
20 H HH !
0.00 0.02 0.04 0.06 0.08

Mass of magnesium in grams

Determine the temperature change per gram of magnesium added, up to the point
where the reaction is complete.

[ 200,23 (.ot  ag)
\ / \ r i

[4 marks] |

Ly 19 -2 /S gy T %

e = e —— - T i R

on 79-?6‘0'03 0'0(0 /7
Temperature change per gram = 1S9 °Clg |
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@ Figure 4 shows the reaction profile for the reaction of magnesium with
hydrochloric acid.
Figure 4
A
A B
Reactants / = &3\~ |
Cc
Products
Progress of reaction
What do labels A, B and C represent on Figure 47
[3 marks]
A £W¢.4,
=

Ay bion Eb.ECe 5

¢ Overill pnemp, changg.
Turn over for the next question
Turn overp
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This question is about chemical cells. box

Figure 5 shows a simple cell.

Figure 5

J/ Voltmeter
S

Electrode A Electrode B

Electrolyte

E] Which combination of electrodes and electrolyte would produce a voltage in the cell
represented by Figure 57
[1 mark]
Tick (v') one box.

Electrode A Electrode B Electrolyte

Copper Copper Sodium chloride solution

Copper Zinc Sodium chloride solution v /
Copper Zinc Water

Zinc Zinc Water

Ll

IB/MJun26/8462/1H



e 11

@ A student investigated the voltage produced by different cells.

This is the method used.

1. Set up a cell as shown in Figure 5, using magnesium metal as
electrode A.

2. Use copper metal as electrode B.
3. Record the cell voltage.

4. Repeat steps 1 to 3 using different metals as electrode B.

Table 1 shows the results.

Table 1
Electrode A Electrode B V:‘I%tl?ig::;ttshe
Magnesium Copper 211
Magnesium Silver 3.17
| Magnesium Tin 2.23
Magnesium 7 Zinc 1.61

Write the five metals, copper, magnesium, silver, tin and zinc in order of reactivity.

Justify your answer.

1
Most reactive M\ « LYY WS

Zidai
-

N
L]

(Y -

Least reactive §; \ver

Justifcation_Yhe (yopec Vo dligoetae a foackily
U \’DW \/ ;gUmg e h;sd.a&p&&ll_f_ua_&e%@_;&—qﬁ—tl_ :

v—/\oS" r¢ a(,k:«t.

[2 marks]

L

Turn overp
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|_5__| A hydrogen fuel cell is supplied with hydrogen and oxygen.

E] Table 2 shows data about two methods of powering electric cars.

Complete the equation for the overall reaction in the hydrogen fuel cell.
You should:

« balance the equation

« write in the missing state symbols.
[2 marks]

] Higd)" + Oz(ér) — ) H0()

Table 2

Rechargeable

Hydrogen fuel cell lithium-ion battery

Cost of refuelling or recharging

| in pence per mile e Ry
Distance travelled before
refuelling or recharging in miles 300 to 400 12010900
Time taken to refuel or recharge
in minutes g s

Evaluate the use of a hydrogen fuel cell instead of a lithium battery in an electric car.

[3 marks]
= | §3% X ‘
htfone ot =putlhine (350 v 1—‘9‘9) .
¥ A 4 P JIN A
60 i S :
= leer & f an (cle J vl
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Turn over for the next question
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The elements in Group 7 of the periodic table are known as the halogens.

|I| Describe the trend in melting point of the elements in Group 7.

[1 mark]
l,M Ala SAS
|Z| Name the type of bonding in a compound of iodine with a non-metal.
[1 mark]
cov eleut
EI Give one reason why all halogens have similar reactions.
[1 mark]
(4 g
eleclronrs ‘o podes SLed. e
E Draw a dot and cross diagram for an iodine molecule (I2).
Show the outer shell electrons only.
[2 marks]

I
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E] Explain the trend in reactivity of the elements going down Group 7.
[4 marks]

‘—&M&L\:sj_iunaus_u_;:w-_ﬁa_dauﬁmcr——
ﬁf_am neglews

= TL\J,‘ le sy MMLMM-‘AA—

=  Se & » ‘!!E plchruas & _M..A.-A__J..L}ak;-(-uLL—‘

Alleus Eled‘nu M@Lé__ogr A P2
Extraspace A Joe sbw-!(d.45 LJHMM

t.v\.)\ wetlea s |or -
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‘ Chemists use theories of structure to explain the properties of materials. box
[I’ Figure 6 represents the structure of a metal.
Figure 6
Describe the structure of a metal.
[2 marks]

fret-chy q;qj_:j_:%_ﬁ%_;_}z@mzpﬁb—a_

lD'\ ZA Cea o1 pleddrfonrs
y 3 e [ ]

[0]5].[2] Explain why silicon dioxide has a very high melting point.
[3 marks]

oW lioxite .;J—L?J-\--z\l’—&u!-lkmhfk‘
Mum) Cgﬂ!(_,,ﬂ=k L:Qvt.ét Bg,&,g 12 Lg.,,!t’
_&_@b}u\ e« (ol ef P,Wﬂg; b breads
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Diamond and graphite are both forms of carbon.

@ Describe two differences in the structures of diamond and graphite.
[2 marks]

1 E‘&c'« cochon oo  modco e aMer cavilawd t!",\

A:;.Wn.l) lowds L. L 3(\{’:-[._.‘& anly malces 3,

2 (4 N ' ‘wher -

pasl e cede s forcep.

[Il Describe two differences in the properties of diamond and graphite.

Do not wnle
oulsido the
box

[2 marks]
1 DrewmonN s Lerder
Cj\ .\ kg y
2 rapte  comhe,dbs fle oy cl}}) LA
Ao W e snd
El Name the type of carbon molecule that can have a spherical shape.
e—— [1 mark]
Folents es
Turn over for the next question
Turn overp

[T

1B/ Jun26/8462/1H



18 “

This question is about the periodic table.

El How were the elements ordered in early periodic tables?

[1 mark]
j 758

mﬁl gagc.A o Prc oy !—\J\‘t:f.

@ Mendeleev developed an early version of the periodic table.

Mendeleev changed the order of some elements from their positions in earlier
versions of the periodic table.

Give one reason why Mendeleev changed the order of some elements.

[1 mark]
Ta l{’l‘u.e 2l gty e GOCeap o)
&g:ﬁ-’r-g_ﬁrf,t.lt}}mj ?ro“perh‘ec.
Some elements in the periodic table have two or more isotopes.
@ Define the term ‘isotopes’.
Answer in terms of subatomic particles.
[2 marks]

St olewta . profous, eletbons 000000

Pfﬂig‘gwﬂ’ (arr gund J&L e ous.

L
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E Magnesium has three isotopes.

Table 3 shows information about the isotopes.

Table 3

Mass number | Percentage abundance (%)

24 78.6
25 10.1
26 11.3

Calculate the relative atomic mass (Ar) of magnesium.

Give your answer to 3 significant figures.
[3 marks]

(Auxzg.c ) r(as o) 40 x 113)

!‘f\{\

Wi =

l‘B‘f 2 l“"% 3 ¢
s

Relative atomic mass (Ar) (3 significant figures) = 5 E( O

Question 6 continues on the next page
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[oTe].[5]

Sodium reacts with oxygen to produce sodium oxide.

Describe what happens to sodium atoms and to oxygen atoms when
sodium oxide is produced.
[4 marks]

LAae L ) {.ff)\i‘h. L ¥ e e

(ﬂ\‘ﬂ’r .\.Al'L‘

~ 3-‘ L

A o

H’ Pnrlﬂ‘\ A |,..~.L anik

Py ny.pww_mﬁ—
*2—“65——04:—9‘7»—44:%__@—_@_#@?———
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Do nol write
oulside the
Table 4 shows information about the properties of some metals. o
Table 4
2 o T il Appearance of the
; 3

Metal Melting pointin °C | Density in g/cm metal chloride

A 98 0.97 White crystals

B 1455 8.90 Green crystals

C 660 2.70 White crystals

D 232 7.29 White crystals

. Which metal in Table 4 could be useful as a catalyst?
Justify your answer.
[2 marks]
Metal R ¢
Justification o, . Jce S o colocne N co gl o
[0]6].[7] Which metal in Table 4 is likely to be the most reactive with water?
Justify your answer.
[2 marks]
Metal A
Justification /pr “"’*—‘ n| Brices Didaiks,
T J \ —_—
15
Turn overp
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ﬂ Lead is a metal in Group 4 of the periodic table.

Oxides of lead include PbO, PbO2 and PbiOs

The lead oxide PbO reacts with carbon when heated.
The equation for this reaction is:

2PbO + C — 2Pb + CO2

(0]7] E 22.3 g of the lead oxide PbO is heated with 1.2 g of carbon.

Which substance is in excess?
Relative formula mass (M:): PbO =223
Relative atomic mass (Ar): C=12

Tick (v') one box.

Carbon is in excess V]

Lead oxide is in excess

Neither substance is in excess

[1 mark]

I
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[0]7].[2] The lead oxide PbO contains Pb?* and O% ions.

Answer in terms of electrons.

Explain why the lead oxide PbO is reduced in this reaction with carbon.

[2 marks]

|é d!ﬁ(ll::.ﬂb : S E c .: pf £ ‘ﬁ:}fuhl

—CM—QLD——gmql—u R —

[0]7].[3] Lead forms Pb? ions and Pb* ions.

What is the ratio of the numbers of ions in the lead oxide Pb304?

Tick (v') one box.

1Pb? : 2 Pb* : 4 0%

2 Pb?* : 1 Pb** : 4 O -

3Pb2:4 0%

3Pb*:4 0%

Question 7 continues on the next page

[1 mark]

L

Turn overp
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E The lead oxide PbO. decomposes when heated.
The equation for this reaction is:
2 Pb0O2 — 2PbO + O:

9.56 g of PbO2 was heated until the reaction was complete.

Calculate the volume of oxygen gas produced.

Give your answer in cm?®,

Relative atomic masses (A): O0=16 Pb=207

The volume of 1 mole of any gas is 24 dm?.
[5 marks]

L ?L,-O}_ = A2

Rols oy fLO. = giow ~y)
J —

Vo ls 25 O) = CQO) et

Volewe a4 O, = ©-4g Jn3

/
P

Volume of oxygen=_ (X O cm?

i
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[oT8][2]

[oT&].[3]

This question is about electrolysis.

Aluminium is extracted by electrolysis of a molten mixture of aluminium oxide and
cryolite.

Explain why a mixture is used as the electrolyte.

[2 marks]
- \ &
Less ewmers e predod
Aluminium oxide contains the ions Al** and 0%
Complete the half equation for the reaction at the negative electrode in the
electrolysis of aluminium oxide.
[2 marks]

Al¥ + 35 — A\

An aqueous solution of potassium nitrate is electrolysed using inert electrodes.

Predict the product at each electrode.

[2 marks]
Negative electrode \—\ Yocac,enm
Positive electrode Q 55 2
Turn overp
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Do not wrtg
E A student investigated the electrolysis of an aqueous solution of copper sulfate. wt:;g:m
Copper sulfate contains the ions Cu?* and SO+~
The products at the electrodes were copper and oxygen.
An acidic solution was also produced.
Explain how the acidic solution is produced.
You should identify the acidic solution produced. 7 :
[5 marks] |
Copper salploke soliks lavn (o*F 02, L: .
DH™ Foag :
jon L
Y, Ll
; Hgdro xide 1ows aps oxidise M o) e
SO,_T e T - s V.o < W EMIDRPOES) Wi ey A
Egm,‘ﬂ‘? é; ‘}2‘: z 1.[4 A‘A-uut—\ G
,r:,.'lj&Lk/ic. acid,
Extra space
D
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(
This question is about the titration of a strong acid with a strong alkali.
[0]9]).[1] Whatis meant by a ‘strong’ acid?
[2 marks]
A\A et -!O{ A b d"‘" _l‘_[ TOH:U‘I —
I ea Gy eol g Sslupioe
IZl The pH of a solution changes during a titration.
Plan a tit_ration experiment to measure the volume of barium hydroxide solution that
reacts with 25.0 cm? of hydrochloric acid.
Your experiment should use a pH probe instead of an indicator.
[6 marks]
_ Pipelee ') S af BCl Wk Co»;rnLalenf
a e L : > 3 Lr
NI Y2 V7] WS
tee F pobd uh glarys e veconh Koo
Skmsbing  plF 5 edd
A P ol 3 te £
QralG A ¢ (ap e
7 /]
(a,w":‘mw. ‘ra M {71/ Lo L\jr}{bn‘)ﬂ_ 2ues” P”‘ ","'
rf [N
ﬂ]ﬂﬂ.@@cyf“.
—pnk alas Buciune by deidt e b e
? ” &LJ, Jl,rn-\. W MHL
Extra space
|
Turn overp
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= Do nol wrfy |
outside the
‘ @ A student measured the pH during a titration when barium hydroxide solution was o

added to hydrochloric acid.

Table 5 shows the pH of the mixture at the beginning and at the end of the titration.

Table 5
Volume of barium hydroxide solution 0.0 185
added in cm?® :
pH of mixture 1 X

Explain the change in pH.

Answer in terms of ions.

el PR KR
/BTN b~ 0} HF 1ons b rhark o 1}
wAA
bl Ldin hodcoxide povide OH' jsug
1 e, ) o Y, ¢ 7 LA ng?-:;bt.—- yyoduce
W, 0 :
PR R o Vraciin Loy draside ¥t
TS eq ok Comp Lk LD g7 BY 2o
Extra space DHE fonn f -

[4 marks]
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[0]9].[4] 25.0 cm? of hydrochloric acid was neutralised by
18.5 cm® of 0.240 mol/dm? barium hydroxide solution.

The equation for the reaction is:

Ba(OH). + 2HCl — BaCl: + 2H.0

Calculate the concentration of the hydrochloric acid.

Do not write
outside the
box

[4 marks]
PMols a} Basiiie Ly decoplide
= D.90 % &4 125/
BanJpa N el SE
s o) A/ = ©-00 88F my|
B it vife) o
Conceontyrcrion ay [l = 0-00FSE
el =0.355 |
O -0 %< ol LAnd |
Concentration=_ (O .25S  mol/dm?
END OF QUESTIONS
L sl
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