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e aruler Question Mark
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¢ Fill in the boxes at the top of this page.
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marked.
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This question is about electrolysis.

A student investigates the mass of copper produced during electrolysis of

copper chloride solution. + - -
pp solution Cl- B o H » O
Figure 1 shows the apparatus. Y '\\./
H* OH ~
Figure 1
d.c. power
supply
Inert carbon + _
electrode
:° Copper chloride
o5 solution
agfvo o v
) \ONA
[0]1].[1] Which gas is produced at the positive electrode (anode)?
[1 mark]
Tick one box.
-
carbon dioxide A the Anodle ¢ N
/ ,/\Ck \ :Ql << l\d n

chlorine \/ al oy uyﬂs \'CLILLO

hydrogen Pviov “y .

oxygen

02
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Do ngt write
[0]1].[2] Copperis produced at the negative electrode (cathode). ek
What does this tell you about the reactivity of copper?
[1 mark]

Tick one box.

2 -

~ Al -

Copper is less reactive than hydrogen ,\/ CU\ Cl H_ QO+
Copper is less reactive than oxygen
Copper is more reactive than carbon A+ rl/d\ Ca fhact 2

tha Ly veoshve
lmont s ;?ofM-U*L-

Copper is more reactive than chlorine

Table 1 shows the student’s results.

Table 1
Total mass of copper produced in mg
Time in mins | Experiment 1 | Experiment 2 | Experiment 3 Mean
1 0.60 0.58 0.62 0.60 ) 4p. co
2 117 1.22 1.21 120
4 2.40 2.41 2.39 2.40
5 3.02 X 3.01 3.06

o \c© ot T ‘
= /\O\\Vz&d&c& CIAOWLUW/ UV#"J\
Lo\ ’ﬂM\S Q)

[0]1].[3] Deterrhine the mean mass of copper produced after 3 minutes.

[1 mark]
(Q ming = (A0 7 +0.60 Allouwo
g MY [80 o +0.6-0 ((—?__(,o‘

A( MN\S __QA(Oé Mass = (80 mg

Question 1 continues on the next page

03
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E Calculate the mass X of copper produced in Experiment 2 after 5 minutes.

Use Table 1 on page 3
[2 marks]

300 + @ + 301 = 3.0c. () («3)
2 W) '
302 + 3ol +x = QLI
S vaévog F x - 9.8
£ =918-603 wmssx- 34 (] u

[1].[5] The copper chioride solution used in the investigation contained 300 grams per dm? of
solid CuCl, dissolved in 1 dm?®of water.

The student used 50 cm?® of copper chloride solution in each experiment.
\ A~

Calculate the mass of solid copper chloride used in each experiment. 3

000 cm? = L dAm [3 marks]

,190( 3007  pe 000 e Y -<20

N _lg\e,: per- SO cw S 4
@)

A Hevnode \tevinoe. B (
ol | A/%REI‘ 2 Moss® ‘/%3

O.og x Vo 02« SO

_Li? g

)
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This question is about sodium and chlorine.

Figure 2 shows the positions of sodium and chlorine in the peno%c table. A
ANAL PvO

7N MOV

4 roofPs - ZL:)W\ J Figure 2 X D-F-F 9roups .
Suter

@ Shell

N2 Na cl

IIl State one difference and one similarity in the electronic structure of sodium and

of chlorine.
[2 marks]

Difference /l/‘a"’l l’\MQ— dip—ﬁ@w% U b2y
oL elec oy  in M ouler Shalls
Similarity m)"] hawus 'ﬂ/\’\ So‘ML nym o
0f electon sholls.

/ML*O\\/ NON ~ oA

[0]2].[2] Sodium atoms react with chlorine atoms to produce sodium chioride (NaCl).

Describe what happens when a sodium atom reacts with a chlorine atom.

,/ [4 marks]
* Mo los+ 1 Q)

/N [ —
(Vo) — [@o) ¢ lectran

Write about electron transfer in your answer. @

~

— .\ ; V/@
P [ AR | Elgained
Eﬂlﬁ’é %L{;S;)g /)l/ e |ectvon
T dechon lost Lo Al woocs
J’VUV!SMV@A o Cl. ([

| (klovine e T

D

(/\ ovié&
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> hea + Qw@lgy

_ The reaction between sodium and chlorine is an exothermic reaction. Ve ledyeak

Complete the reaction profile for the reaction between sodium and chlorine.

Relative
energy

06

[2 marks]

Figure 3

O Huaton
mf\?j

Reactants

Prodlo tg

Progress of reaction

IB/M/Jun18/8464/C/1H
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A student plans a method to prepare pure crystals of copper sulfate.

The student’s method is:

1. Add one spatula of calcium carbonate to dilute hydrochloric acid in a beaker.
2. When the fizzing stops, heat the solution with a Bunsen burner until all the liquid

is gone.
The method contains several errors and does not produce copper sulfate crystals.
Explain the improvements the student should make to the method so that

pure crystals of copper sulfate are produced.
[6 marks]

’/lML Studat  Should USe Suw\/\g C’LQ(C)&
s feod. 04 chQYotlxx\anc, aod o froduce
0o suLﬂa%e jodhar tham @ Clalords .

- Use copper Corbonate insteod
O{L (olciym  Cavb onat-e

- M) Ahe Covbonate in 2Y.ceSS, to
ensure i acid ﬁwUM reacts

F Her t© venouve A excesg
(avbo pate .

- fleat genty and L o
Ct’}}l@%o(llfse/

~(leleyan+ poin 1 iclon {wcﬁ

- Giyenin oot
p‘{oﬂ(caﬂy W\MJ

(legv occonnk .
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Elzl This question is about the halogens.
[0]4].[1] Write the state symbol for chlorine at room temperature.
. 1 mark
Simple Molecular [ ]
Cly ( )
) b oo
low  oily V\j pont
[0]4].[2] Figure 4 represents one molecule of fluorine. {:’2
Complete the dot and cross diagram on Figure 4
[2 marks]

Figure 4

19 \ prorond
- A fluorine atom can be represented as =~ F OfOWANC E electyrord
NA- QV V\UVV\b AN
What is the total number of electrons in a fluorine molecule (F»)?
T [1 mark]

Tick one box.

9 14 18 \/ 38

[0]4].[4] Auminium reacts with bromine to produce aluminium bromide.

Complete the balanced chemical equation for this reaction. o\ C

_(9/2A|+_3|3r2 ezA\ﬁ@r_ /‘(|@E><&§5
A—\gr]

0 8
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E When chlorine reacts with potassium bromide, chlorine displaces bromine.
Cl, + 2KBr = Br,+ 2 KCI

Explain why chlorine is more reactive than bromine.
NAANA—~
[3 marks]

\
o V\/loac ¢ \eckowd A’L‘

STNY "
S5 C //2?1\\ is B ///“\\\
R EVF ()%

v

o<

'C’ IS A Swaller a+ovuk/ has lemaf

Shells. (1)
'Cl [/"IS S‘/\_Qﬂ Shielding / grea e
offracho  bef) ean Aucley owmd

Yo owler skl o ()

- éOLSieJ 1‘[0/ Cl +o 9@/\ an wayon
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This question is about structure and bonding.

Figure 5 shows part of the structure and bonding in diamond.

Figure 5 coNbown
a_fomh

Explain why diamond has a high melting point. m
[3 marks]

- (Zob 01\/- Sf"r’br\? CoVO\lQJA*\' bo V\c:[o,

/)
- Qxayf@ Covalont Stvuce ru o

'5{0\’5 O{L ey  to  break /OVQJQQMSL-
4 Yy

v
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[0]5].[2] Figure 6 shows part of the structure and bonding in sodium chloride (NaCl).
Figure 6 ‘ \_\/ \\J \ " f
|IONvc 9 I
bo""’l’“j YRS

Chioride ion ldthee
Sodium ion
\owo
oL
chowrgeak
Explain the conditions needed for sodium chloride to conduct electr|C|ty ‘)Q/hC\eA
[3 marks]

— MOH’QV\ /'(DIM(C)\/@

— ISSOIUQOQ/\((/\ wocres) / ag
L/w 7 l/

~ lons ave wmebile/N(moving areund
Structive, Co\ffv,(r\i,u ckomj/q)

IB/M/Jun18/8464/C/1H
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.| 3| Figure 7 shows the structure of sodium. \
[o]5] g T > meto\e
Figure 7 bC)V\cli ‘/9

c A fL/ poSithve

ek = ": \\, :”f ‘\, A fad

of- dplocd ﬁ/ R o 0
2loctfon) Y Y ©

Describe how sodium conducts thermal energy.
[3 marks]

— Delocalised 2lecfroan 0

— Hee to /\onz/amw\oQ (e
Structure

—~ fHeo o Jﬂlﬁ%b;‘ﬂ—zxf CVLU\qu
*L\fow;;l/\ smmm/@ /
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Group 2 metal carbonates thermally decompose to produce a metal oxide and a gas.
2+ 2-
NG

Give the formula of each product when calcium carbonate (CaCO3) is heated.

[2 marks]
(& O and C o 2
> a. greup 2 kel

The relative formula mass (M;) of a Group 2 metal carbonate is 197

2+ -
Relative atomic masses (A;): C=12 0O=16 X Cog
Calculate the relative atomic mass (A;) of the Group 2 metal in the metal carbonate.

Name the Group 2 metal.

XCO, = |la=

X +1%2 + 3(16) = lq=
X +60 —= 9=
(A% — 60
27

e

[3 marks]

X =
X =

Relative atomic mass (A;) = ( g +

Metal @ ALY VAN

IB/M/Jun18/8464/C/1H
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Figure 8 shows the volume of gas produced when a different Group 2
carbonate, W, is heated.

Figure 8
330
300 //
/
Volume 200
of gas P
in cm3 /
//
100 //
//
5Of——&<
T Iax
0 ‘ |
00 9305 1.0 15 2.0

Mass of Group 2 carbonate heated in g

[0]6].[3] Calculate the gradient of the line in Figure 8

Give the unit.

afa&rqm% - 5
D

[3 marks]
Yy = 330 — SO
2 Jdo -0.3

- 6

Now  \6D - (F4

Gradient é g
Unit Cm > / Sl

1 4 IB/M/Jun18/8464/C/1H
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[0]6].[4] 24dm’of gas is produced when one mole of a Group 2 carbonate is heated.

Determine the relative formula mass of the Group 2 carbonate W.

Use Figure 8
2 [4 marks]
240 e - MasSsS

Q4O cm3 = |4 g (Vgadm

| x loo X o ol

U

N arapln>
24,000 cm® = &g

b dw> = 24 0oo om?

Relative formula mass (M) = ( ("( S—

15
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n A scientist does two tests on four white solids. The sc))(l{ds are labelled A, B, C and D.
- =
Test 1 Adds the sample of the solid to distilled water and stirs.
NN —
Test 2 Measures the pH of the solution after Test 1

Table 2 shows the results.

Table 2
Solid Appearance after stirring pH o\lol)ina_
-
A colourless solution, no solid A
B colourless solution, no solid @/
o colourless solution, solid remains 9
D colourless liquid, solid remains (7 )
puirren\
Newrya
These four solids are:
e magnesium oxide
e phosphorus oxide
¢ silicon dioxide . e
e sodium oxide. AissolV
Table 3 shows the solubi@f these four solids in water.
Table 3
Solid Solubility in grams per 100 cm® of water
Magnesium oxide 0.01
Phosphorus oxide 52
Silicon dioxide 0
Sodium oxide 109

IB/M/Jun18/8464/C/1H
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— relevanx Points

[0]7].[1] Identiy the solids A, B, C and D. —9ven N duted|
= logrcally linteck

Explain your answers.

— Cleow Recoupnt [6 marks]
“Table 2 . Tohe 3

\/\_’w\ ( —————————
(

A: Wo so\\'ck (p“‘—"*) MW’IV\M\AM mde. = 0.0 |
OLQ AL

B no SO\( (V” 3) ﬂlOSVl’\MMS onde = S22

C: Solidh vewainns (1-1) STeon  donde =
‘D SOl& /RWAND (f” 7') SOOL WWA O)Ud_l, - (OO(

base

D s Silicon d.o;\o\l /ﬂ/\\s s beconse Naa
Pl’\ 1 IMCI/\cma/aA :?vm)ﬂ/\a;( OJL dish \ed Wokes,
)n/\QV ov2e No SO||A ADSONQOQ RV\A Silheon
()\\01\\0\.& 5 Cc)vv\{’le}d\q N\SO(«JJ\OLL

)

( 15 /ﬂagmes»‘uu Oxida - /ﬂ/\is ) becounye
D insolnble CSW\Q\/\Hu) UH Se s
o\\sso\mi IN M w&&// |/\2|Am )(\/\L 67\1 INC(eS 2.

A 1S goohum [)}kida bQCo\\L& D albase
C‘/\QU\Q‘L h% [Aiqh ’PH> aV\(A 1S \JQ\‘fy Soeluble .

(S IS (Vhosﬂ\ow OndL an i+ 5 Ocidic
(low prl) and SolubU
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@ 10 cm?® of solution B is added to a beaker.

Distilled water is added to the beaker until the final volume in the beaker is 1000 cm?®
The pH of the solution is measured before and after distilled water is added.

Table 4 shows the results.

Table 4

Volume of solution in beaker pH of solution B

3

1000 cm?® ‘l X
0O = (O x |O

Calculate the value of X.
[2 marks]

_ Vilwbon \DU) O L&C*O-\f 0/4”. (0O
3 + +l - S
MW\ d\M’W\q )DM I 4{1@@/ 0,1), \O Mv& will be o pH

Chugge op [ As 2 da b

0 10, Ahe Y will uhavgﬂ 1

by 2.

1 8 IB/M/Jun18/8464/C/1H
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This question is about iron.

Iron reacts with dilute hydrochloric acid to produce iron chloride solution and one

other product. Ce 4'(9”0 N &C\Z + HZ
|I| Name the other product.

[1 mark]
H 2 (L“/] OQv’ 09¢ \ )
T / /
[0]8].[2] Suggest how any unreacted iron can be separated from the mixture.
\ [1 mark]
£ hvabon (O\/ V\Aajm Jc)
Magnesium reacts with iron chloride solution.
3Mg + 2FeCl; » 2Fe + 3 MgCl,
[0]8].[3] 0.120 g of magnesium reacts with excess iron chloride solution. M
N _|[Mr
Relative atomic masses (A/): Mg=24 Fe =56
N~ A e O
Calculate the mass of iron produced, in mg
[5 marks]
Mg + 2R (. = ZFe + SMo (L,
|/ 3 ] 2
o) )"’2 0gq
l J

w{mﬂ s L4

nof fo %x 0.005 = 0.0033 woten ©

s ()
M= N XMy = 00023&%@ :Olgééj
(H,CL) Mass of iron = l % ?:// @ mg

0

0. \MG% X looo = 184.¢
T =

IB/M/Jun18/8464/C/1H
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[0]8].[4] Explain which species is reduced in the reaction between magnesium and

iron chloride. Oxidato
O +3 - o +2 -1\ s "
3Mg + 2FeCl; » 2Fe + 3 MgCl, Losg
RedueNon
Your answer should include the half equation for the reduction. (S

Cla i [3 marks]

(Mq hoy ben oxd ised )

7/

(\(\/’ S o0 Spectotns (ov\)

J
Co™" han bewn veducad becoune
i+ o ?mmcx [ZUIS NS VIA

U
Co *" + 50— Ca./@

END OF QUESTIONS

2 0
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