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1

Answer ALL questions.
Sodium sulfate is a compound with many uses.
(a) The formula of the main compound used as the source of sodium sulfate is Na,SO,.10H.,0

How many different elements are shown in this formula?

OA 2
(1B 3

Kc 4

OD 5

(b) Sodium sulfate can be made from sodium hydroxide and sulfuric acid.

Balance the equation for the reaction between sodium hydroxide and sulfuric acid.

() Sodium hydroxide is manufactured by the electrolysis of brine in the diaphragm cell.
Sulfuric acid is manufactured using the contact process.
The table contains some statements about these two processes.

Place ticks (v’) in the boxes to show the two correct statements.

brine is a solution of sodium chloride in water /
the temperature used in the contact process is greater than 1000 °C

an equation for the contact process is SO, +H,0 — H;SO4

the reactions in the diaphragm cell are displacement reactions

the catalyst used in the contact process is vanadium(V) oxide /

(Total for Question 1 =4 marks)
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2 The diagram shows the positions of some elements in part of the Periodic Table.

He

Li B N F
Mg Si S Ar

(a) How many periods and groups are shown in this diagram?

Periods Groups
LTA 2 4
LIB 3 4
oe| 2 8
b | 3 8

(b) How many elements shown in the diagram are noble gases?

OA 1
o 2
Ooc 3
0D 4

(c) What is the formula of the compound formed between magnesium and fluorine?

OA MgF
Mg F

OB Mg,
“%c MgF,
0D MgfF

2
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(d) The table shows the percentage composition by mass of a sample of silicon.

Isotope 245 5 5

Percentage (%) 922 @ 470 3.10

Calculate the relative atomic mass of this sample of silicon.

Give your answer to one decimal place.
(2% nq2.2) + (29%x 4. 3)+ (30x3.1)
e |00

(e) A molecule of silicon tetrafluoride (SiF,) contains covalent bonds.

Draw a dot and cross diagram to show the outer electrons in this molecule.

Ke e
F 0k F !
32 L -

¢ F:

A O

28

relative atomicmass = ... 5 o |
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(f) The table shows the boiling points of some compounds containing silicon. All of
these compounds contain covalent bonds.

Compound  Boiling pointin °C
. SiF, -86

Sicl, 58
| Si0 2950

2

SiF, and SiCl, have simple molecular structures.

.. DO NOT WRITE IN THIS AREA

Si0, has a giant covalent structure.

(i) Explain why the boiling point of SiCl, is greater than the boiling point of SiF,

o Intermolecular  Jorcel beteen  molecvlel

DO NOT WRITEIN THIS AREA

(i) Explain why the boiling point of SiO, is very much greater than the boiling

point of SiCl,
1 | | . |
800, kS, Steong  covadent pondS  (Hhet must be beoken) | ] c

| _. o

THISAREA

_ (Total for Question 2 = 11 marks)
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3 This apparatus can be used to investigate electrolysis.

- CuSO,(aq)

NaCl(aq) g, | /

solid PbBr2

power supply

1.LOC (a) Name the particles that move through the connecting wires to form an electric current.

(b) The electrodes are made of platinum, which is an inert metal.

State what is meant by the term inert.

(c) Explain why the electrolytic cell containing PbBr, needs to be heated before
1.§6C electrolysis can occur.

— O 0 OO SO

V3dy SIHL NI 3LIHM LON Od

WIHVYSIHL NI 3LINM LON OQ

YIHY SIHLNIZLEMIONOG



DO NOT WRITE IN THIS AREA

- DO NOT WRITEIN THIS AREA

- DONOTWRITE INTHISAREA

(d) When NaCl(aq) is electrolysed, two gases form at the positive electrode and one

gas forms at the negative electrode.

The formulae of the species in NaCl(aq) are Na*, Cl-, H*, OH- and H,0.

(i) Name the gases formed at each electrode.
' positive electrode . C honne. and ... O’(\ g&f\ ...................................................... [[.58C
| negative electrode............oo.. HJ drogen

(i) Give ionic half-equations to show the formation of each gas. .1

|1.59¢

2H 0 1= 4HT ¢ 0, + ke

(e) The ionic half-equation for one of the reactions in the cell containing '
copper(ll) sulfate solution is |

Cu** + 2e > Cu
During the electrolysis, a charge of 0.040 faradays passes through this cell.
Calculate the mass of copper metal formed.
A(tw)= o0.o4o - iy
z |.60(¢
=~ 0.020m0l

m(lc"") < 633w 0.020

= ;35

mass of copper = (.3 g |

(Total for Question 3 = 11 marks)
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4

Compounds containing C==C double bonds are used to manufacture alcohols such as
ethanol and addition polymers such as PVC.

The table shows the formulae of some compounds containing C—=C bonds.

. V3HY SIHLNI3LIHM 1ON Od

A B
B
CH=CH, H—C=C—~C|—H
H
C D
C.H, CH.C
i'
|
4.0) (@) (i) Explain which three of these compounds are hydrocarbons. :
Bt B 08 it ETER pely iegts 0 ERSRES |

(i) Explain which compound is shown as a displayed formula.
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(b) Ethanol can be manufactured from compound A using reaction 1.
Ethanol can also be manufactured from glucose using reaction 2.

The equations for these reactions are
reaction 1 CH, + HO - CH.OH
reaction 2 CH,,0, —» 2CH,OH + 2CO,

Give two advantages of using each reaction to manufacture ethanol.

ANY 2L

reaction 1....

» Produces pure ethanol

= Faster preachoa

o Greattr atom eccnoan

*..NO  Coq produced

» USesS atmeSpheriC  srelSure

*Mocks AN judt  ehove rOomM femp

(c) Compound C reacts with bromine to form a product with this formula.

CHs—(liH—(1ZH—CH3
Br Br

() Use this formula to determine the name of compound C.

Bk -2-eae

(i) State the colour of the product formed when compound C reacts with bromine.

ColourlesSs

NH 0 0 0 A
P 4 8 0 8 3 A 0 1 1 2 0 i over
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(d) Compound X is an isomer of compound C.

(i) Explain what is meant by the term isomers.

Structvral dormulca

(ii) The equation for the conversion of compound X to an alcohol is
CH,=CH—CH,—CH, +H,0 —» CH3—(|ZH—(ZH2——CH3
OH

Place ticks (v') in the boxes to show the two correct descriptions of this reaction.

LE.OG addition v |
: dehydration
hydration o
| oxidation |
| reduction

(e) Compound D, chloroethene, can be used to manufacture the polymer PVC.

(i) State the full name of PVC.

Huy | f‘-fi‘j (cw(;.fc-@-he__m}

e L N o S g e b e a2 G ik e e gl G G e e i L e e e s R R i

(i) Write an equation, containing displayed formulae, to represent the reaction
that occurs in the manufacture of PVC.

( oy
I

Lll'hy i
—> 4+ C-C

B, |
- =
(!
) -~

T —
>

H H H

(Total for Question 4 = 19 marks)
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5 A student uses this apparatus to find the increase in temperature of water when
methanol, CH,OH, is burned.

- o
| -0

| 2

| O

| =

| S

| =

-

m

| water =

‘ L |
| I

| ©»

| »

| =

I m

| »

methanol

(a) There are several reasons why the increase in temperature is less than expected.

() One reason is the incomplete combustion of methanol to form only .
carbon monoxide and water. :

Write the chemical equation for this incomplete combustion.

VINV SIHLNIZLIYM LONOQ

(i) State another reason why the increase in temperature is less than expected.

SIHL NI 3LINM LON.OG |

~Y3gY



DO NOT WRITE IN THIS AREA

DO NOT WRITE IN THIS AREA

. DO.NOT WRITE INTHIS AREA

————————

(b) The student records these results.

mass of bﬁrnér and methanol before combustion
mass of burner and methanol after combustion
mass of water

temperature of water at start

temperature of water at end

847 g

- 832g¢

1259
22°C

58 °C

(i) Calculate the heat energy change (Q), in joules, in this experiment using the expression

Q=mx42x AT

where m is the mass of water in grams and AT represents the increase in temperature.

Q= 12§ 2. Lr (§8-22)

= 8900
=
(i) The relative molecular mass of methanol is 32
Use this information and your value for Q to calculate the molar enthalpy
change, AH, for the combustion of methanol.
Give your answer in kJ/mol.
mass (CHOM) = 847 - 83.2
H . | OR 15
n HY = g "
(CHyoHy = Ls = 12600
32
-~ ©.04 6873 mol :
AH = = 2400% 3L
A= _ 18400 = — 4 0OkJ/mol
0.04(87%
T - }4032009moi*
. AH=-Lookd /mol
AH=... 400

S

| 3.a0

3.0L



(iii) The student draws an energy level diagram for the complete combustion of
methanol.

carbon dioxide
and water

methanol
energy

Identify the two mistakes in his diagram.

OIYGN reathet misSing
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(c) The student is given this table of average (mean) bond energies. I
|
Bond C—H C—0 O—H O0=0 (=0 :
SESIBQE ORI | 412 | 360 | 463 | 496 | 743
in kJ/mol _
The equation for the complete combustion of methanol is

|
H—Cl—O—H + 1.50=0 —» 0=C=0 + 2H—O0—H }

H
Use this equation and the information in the table to calculate another value for |
the molar enthalpy change, AH, for the combustion of methanol. |
B S (bondS broken) = (G12x3) T 360+ W3+ (L 9 %!-.5‘3 |
= 2803 ki /mol |
. |
2 (bondS mode) = (Tuac) + (eavy)

— 2338 kJ/mM0) 1 3.07
|
AH= 2803 - 3338 :
|
=~ - 8§35k /mol l
Alte nate wof‘ki’\gj c-"\{‘.celn-hio(

|
M= =838 imol |
__(Total for Question 5= 15 marks) |
TOTAL FOR PAPER = 60 MARKS 4
|
|
i
)
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