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Crlg) = Cr'¥(e) + 3¢

The energy required for this change, per mole
of chromium(IT1) ions, is

A 1753L]
B 1977k]
C 3000k]
D 5250k].

What type of bonding exists in the element
which meits above 3800 K and forms a gaseous
oxide?

A Covalent (polar)
B Covalent (non-polar)
C Metallic
D

lonic

2Cu?t(aq)+ 417 (aq) = 2Cul(s) + 1,0s)
28,05 (aq)+1,(8) = S,0,  (aq) +21 (aq)

50em’ of 002 ioll™ CuS0, solution are
added to excess KI solution. What volume of
0-10 moll”’ Na, 5,0, solution is required to
react completely with the liberated iodine?

A Sem’
B 10cm’
C 25cm’
D 50cm’

The addition of silver(I) nitrate solution to a
solution of X gave a white precipitate which
dissolved in dilute nitric acid. Which of the
following ions was present in X?

A Carbonate
B Chloride
C Nitrate
D [odide

Which of the f{following is an accepted
analytical method?

A Determination of the concentration of
2 . . . e
Ca” ions by titration with  acidified
potassium permanganate

B Determination of the concentration of
2+, L ) §
NI7 10ons by titration with EDTA

C  Determination of the concentration of
NO, ions using barium chloride

D The use of solid sedium hydroxide to
standardise hydrochloric acid

Which of the following 18 not a form of
electro-magnetic radiation?

A o-radiation

B y-radiation
C  U.V.-radiation
D K-rays

Which of these electron arrangements breaks
Hund’s rule of maximum multiplicity?

AN
B 4s3d1\’|
I
i

E

C4s l
D .3d|

The electronic configuration of a krypton
atom is

18 267 2p6 3s” 3p6 3d'" 457 496.

]

||
1N
1]
il

K
|
K
K

Which of the following ions does not have this.
configuration?

A 7
B 5r
C Se
D As
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10.

11.

2507 s decay

o U formed by the radioactive
1 . . .
process involving the overail Joss of one alpha

and two beta particles.

Which one of the following was the starting
point of this decay process?

231 ppu
A 5 Th

239 1
B 7 U
C 2;3 Np

D 7;2 Pu

How many moles of H;PO, will be neutratised

by 20 e’ of 002 mol ™ of Ca(OH),?

A 2:0x107

B 267 %107
C 40x107
D 6-0x10™

In whicl of the following will an increase in
pressure lead to an increase In concentration of

, the product(s)?

A H(g) + Clyg) s 2HClg)

B 2N,O(g) — 2N,0,(g) + O,(g)
C 280,(g) + O,(g) == 2804(g)
D N,0,g) ==— 2NO,

12, AtT

13.

14.

,» the boiling point of a liquid
AH
AS =

vaApOrisation

vaporisation
-

Ly
For many hquids

AS =88] K™ mol Happrox)

vaporisation

If this value was true for water
(AH =40-6kJ molml) , the

predicted boiling point of water would be
A 40K

B 216K
C 373K
D 48l K.

vuporisation

The standard enthalpy of formation of solid
calcium nitrate at 298K 15 ~U37K] mol ™.
Which of the
represents this formation process?

équations below  correctly

A Ca®T(ag) +2NO; {aq) — CadNO;), (s)
B Ca(g)+N;{g)+30;(g) = Ca(NO;), (s)
C Ca(s)+ N, () +30;(g) — Ca(NO;), (s)
D Ca(s)+2NO; (aq) — Ca(NO,), (s)

Which of the
exothermic and has a positive AS value?

following  processes 1S

A Snow flakes forming

B Ammonia gas and hydrogen chloride gas
forming solid ammonium chloride

C Ethoxvethane (diethyl ether) evaporating

D Carbon burning




15. 'The fellowing data refer to initial reaction
rates obtained for the reaction
X+ Y + Z - products
RELATIVE —
CONCENTRATIONS | RELATIVE
T - — INITIAL RATE
X} [Y] [Z]
Expt. 1 10 1G 1-0 03
Expt. 2 10 2:0 1-C (6
Expt. 3| 20 2:0 10 12
Expt. 41 240 10 2-0 - 06
T'hese data fit the rate eguation
A Rate =k [X]
B Rate =k [X]{Y]
C  Rate =k [X] [Y]’
D Rate =k [X] [Y] [Z].
16, N, + 3H, —— 2NH;
The process described by the equation above
is used to manufacture ammonia, Which of
the foilowing data would mot be useful in
cajculating whether the forward reaction is
feasible at a given temperature?
A AH,(NH,) = —46-2k] mol '
B L= 300k} mol”
C §°(H,) = 1317K " mol
D S°(NH,) = 193] K™ mol™
17. A cell consists of inert electrodes in half cells

I\/[n()f_{aq)-i- 4H  (aq)+2¢” = MnO, (s)+2H,0(4)

whose Standard Reduction Potentials  are

shown below,

E"=2.26V

Fe aq)+e — Fe* (aq)

E=0.77V

What would the potential difference of this
cell be, under standard conditions?

A 072V
B 149V
C 303V
B 380V

18. ClO; (aq)+6H " (ag)+ne — Cl (ag)+ 3H,O006

19,

20.

21.

What value of n is required to balance the
above equation?

A4
B 5
C 0
D7

The reaction A + 2B —» C has a rate law of the

form
Rate =k [A] [B].

If the reaction proceeds by a two step process,
then the rate-determining step might be

A A+B — intermediate
B+ B —¥ intermediate

B
C A+B — C

D B+AB = C,

0,(g)+2H" (aq) +2¢” =—— H,0,(aq) E" =0-

Predict which of the following reagents {under

standard would  react  with

hyvdrogen peroxide solution to release oxvgen.

conditions)

A Sodium sulphite solution
B Powdered zinc metal
C  Acidified dichromate solution

D Copper {II} sulphate solution

The second ionisation energy of magnesiam is
represented by

A Mg (@) Mg (gyve
B Mg(s) = Mg  {g) +2¢
¢ Mglg) = Mg (g)+2e”
D Mg (g) > Mg* (@) +e”

[Turn over
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22.

information 1 the

diagram

Examine the
below,

CRUDE OIL

Fractional
distillation

Petrol
fraction

Vacuum
distillation

Reforming

Waxy
distillate

Catalytic
cracking

) ( Distillation )

Petrol
fraction

Distillation

Petrol
fraction

1

PETROL

Which of the following statements is true?

A Catalytic cracking allows more petrol to be
obtained than was in the original crude oil.

B Vacuum distillation breaks down long

chain hydrocarbons into shorter chains.

C Reforming improves the quality of the
petrol fraction by redueing the percentage
of aromatic compounds in the fraction.

D Reforming improves the quality of the
petrot  fraction by  increasing  the
percentage of unbranched hydrocarbons in
the fraction. ‘

23.

24.

25.

The enthalpy changes for two reactions are

shown,
2Cr(s)+ 110, (g) & Cr04(5) AH =-1130Kk]
C{s)+10,{(z) = CO(g) AH =-110%k]

What is the enthaipy change for the following
reaction?

3C(s) 4+ Cry 04 (3) = 2Cr{s) + 3CO(g)

A —1460k]
B —800k]
¢ +800k]

D +1020k]

Which of the following can behave as an
electrophile?

A C,HNH,

C NH,
D NO,"

In the reaction between benzene and nitric
acid in the presence of concentrated sulphuric
acid

© + HNO;, —

A the benzene molecule is
electrophiie

NO,

+ H,0
acting as an

B the NO, ion is acting as a nucleophile

i

s . . .
the NO," ion is acting as an electrophile

D the HNQO, is being oxidised.




26.

27.

28.

Naphthalene and anthracene are examples of
polycyclic aromatic hydrocarbons.

Naphthalene: Structural OO
formula:

Molecular
formula: Croty

Anthracene: Structural O
formula:

The molecular formula of anthracene is

A Cl4H10 .
B CIZHIO
C CMI—ID
D C,H,,.

Which alco-hoi gives a ketone on oxidation?
A 4-methylpentan-2-ol

B hexan-1-ol

¢ 2,3-dimethylbutan-2-0]

D 3,3-dimethylbutan-1-ol

The formula CJ;,Q could represent an
alcohol (C,II;OH) or an ether ((C,Hq),0}.

Which of the following staterments would not
be true about both compounds?

A They can be made by nucleophilic
substitution from a haloalkane.

B They are used as solvents.

@]

They are flammable.

D They have hydrogen bonds between their
molecules.

Questions 29 and 30 refer to a compound
called eugenol.

29.

30.

31.

CH,CH—CH,

Struetural
formula OCH,

OH

Eugenol is the main constituent of clove oil.
Clove oil is first treated with KOH(ag) m
order to isolate the eugenol.

Which part of the structure of eugenol is most
likelv to be involved in the reaction?

A The —OCH, group
B The aromatic ring

C The —OH group
D

The unsaturated side-chain

In the infra-red spectrum of eugenol, an
absorption  due to the stretching of a
carbon/oxygen bond would be expected near

A 1275 em”!

B 1700 cm™
¢ 1730cm™
D 2775cm .

Which of the following is least acidic?

OH
A

//O
B H—C

\OH

[Turn over




32,

33.

34.

35.

Which of the following statements about

benzene 1s correct?

A Benzene readily attracts nucleophilic
reagents.

B The benzene molecule contains
carbon-carbon Dbonds of two different
lengths. '

C  Benzene decolourises bromine  water

quickly.

D The benzene molecule is planar. .

280,(g) + Oy(g) < 2804w

Removing the sulphur wrioxide produced in
the above system will

A decrease the value of the equilibrium

constant
B decrease the concentration of S0, only
decrease the concentration of 50, and O,
of the equilibrium

D increase the value

constant.

Whicl: of the following forward reactions has
. . 22
the units of K =mel {77

A 280,() + O,(g) —— 2504}

Nz(g) + 3H2(g)
— INO,(g)

B 2NH,(g) —
' 2NO(g) + O,(g)
D 2NO,g —— N,Oug

A solution of sulphuric acid is diluted until it
. -5 i
has a concentration of 1 X 107 moll™.

Assuming the acid is completely ionised, the
pH would then be

A1
B 43
C 47
D 5.

36.

37.

38.

39.

40.

The dissociation constant for water (I )
varies with temperature.

- w14 2 2 .
K,=004x10 " mol"l "at 18°C
] 14 2.2 o
K, =100x 107 mol"l " at 25°C
FFrom this information we can deduce that
A the ionisation of water 1s exothermic

B the pH of water is greater at 25°C than at
18°C
C  only at 25°C does the concentration of H*

equal the concentration of OH™

D water will have a greater electrical
conductivity at 25°C than at 18°C.

In which of the following complexes is the
transition metal in the +1 oxidation state?

A K [Cul,]

B K, [Mn,0.]
C K [Ni,(CN)]
D le3[C(')2{CN) (o]

V*(aq) - VO,%(aq)
This change invalves
A oxidation, with the loss of 1 electron
B reduction, with the gain of 1 electron
C  oxidation, with the loss of 3 electrons

D reduction, with the gain of 3 electrons,

P+ —= R

The rate equation for this reaction is

Rate = k[P] [Q*.

If the concentration of P and (Q are both

doubled, the rate will increase

A 2 times
B 4 times
C 6 times
D 8 times.

Solid ammonium  dichromate decompeaoses to
produce chromium(II1) oxide, nitrogen and
wuater.  The complete decomposition of one

mole of ammoniwm dichromate would give
A toral of one mole of alt the products

B30 moles of water

e e ey
ATV T e

LA




41. The boxes in the grid below contain certain arcmatic compounds.

A CH,COOCH, B CH = CH, C CH,CH,0H

&=

D CH,CH,COOH CH,CH,CI F CH,CHO

Identify the reactant and the product when the following reagents are used:
(a) ALO, and heat;

{b) NaOH(aq);

(¢) KCN followed by dilute HCL

42. " The boxes in the grid below show atoms and ions of certain transition metals.

A B C

i v MnZ"

N 2 .
Fe Co Ni

(a) Identify the two particles which have the same electronic configuration,

(5 Identify the particle(s) which has {(have) 3 unpaired electrons.




43.

The boxes in the grid below show operations used in the extraction of metals from their ores.

A B C
Convert the ore to the Mix with another substance Heat the ore with carbon
chloride to reduce the melting point
of the ore
D : B F
Electrolyse the melt Heat the ore in air Displace the metal with a
more reactive one

Which operation or combination of operations from the grid should be chosen to enable each of the
metals below to be obtained from its ore on an economic industrial scale?

(a) Titanium from TiO,

{0y Aluminium from AlO,




1. 'The data shown in the table below apply at 298K.

Substance | AFLS[k] maol™ 5°/1 K 'mol™

NH,Ci(s) ~3150 946
NH, () —46-2 1930
HClg) ~92:3 187:0

The thermal decomposition of ammonium chloride is represented by the equation

N

NH,Cl(s) = NH,g + HCYg)

Use the data to predict the minimum temperature at which this decomposition becomes
thermodynamically feasible.

. . 3, -1 . . .
2. Excess iron(II1) nitrate was added to 40-Gem” of -10 mol 17 potassium iodide solution and the
todine formed was titrated with sodium thicsulphate solution. The velume required for
. 3 . .
complete reaction was 15-0em”. The reaction can be represented by the equation

28,0,7aq) + Liag) — $,0, (aq) + 2I7(aq)

(a) Write the redox equation for the reaction between iron{I11) ions and iodide ions.
{#) Caleulate the number of moles of iodine produced from the potassium iodide.
{¢) Calculate the concentration of the sodium thiosulphate solution,

{d) State how vou could detect the end point of the titration.

3. 'The table below gives information about three compounds containing fluorine.

Fluorine compound Shape Bond angle
BF,(g) 120°
CF, () tetrahedral 109-5°
NF,(g) pyramidal 107°

{a} What 1s the shape of the BF, moleculer

(8} In terms of electron pair repulsions, account for the difference in bond angle between CF,

and NTF,.

Marks

(4)

ST NS T

(6)

{3

|
i
1
i
i




Marks

4, Consider the reaction seguence outlined below,

6.

A
C,H.OH — CEHSCr
1)
f an ether
B an

a secondary alcohol > C,H,Cl

(a} Give the name for the ion (1). 7 . 1

5y Name
{i) reagent A,

(i1) reagent B. 2
(¢) Draw the full structural formula for compound {(I1). 1
(4)

AH/k] mol”

Enthalpy of sublimation of Ba(s) 176
Enthalpy of formation of BaCl,(s) —860
Electron gain enthalpy of Cl(g) —349

(@) Use the data in the table above and the information on pages 11 and 12 of the Data Booklet
to sketch the Born-FHaber cycle corresponding to the equation

Ba(s) + Cl(g) — Ba’*(CI),()

Give the name for each enthalpy change shown on your sketch. 3
(&)  Use yvour sketch to calculate the lattice enthalpy of formation for BaZJr(Clm)z(s). 3
(6)

. . Hy.
As a result of acid rain, a smali loch of volume 10" litres has a pl of 45,
(&)  What is the hydrogen ion concentration of the loch? i
() How many moles of hydrogen ions are present i the loch? i

(¢}  Calculate the mass of pure calaium carbonate 1‘equi%ed to adjust the pH of the loch from
4-5 to 6:0. 4

(6)

{Turn over




7. The table helow gives information about complex ions containing vanadinm.

{a)
{b)
()

(d)

Ton Colour
V(H,0),1™ ' violet
[V(ELO), ™ green
Vo ' blue
VO,I°

Dretermine the oxidation number of vanadium in the ions [VO,]" and [V{I—LO)(,]H.
- . oy 3

Naume and draw the shape of the green complex ton, [V(H,O) ] "

(1) Give the electronic configuration for vanadiun in the [V, ion.

(i) Suggest why vou would predict this ion to be colourless.

Light of wavelength varying from 400 1o 700nm is passed through a solution containing

I . \ . :
[VOY" ions. Copy the axes shown and draw the absorption spectrum that vou would
expect to obtain, (Page 10 of your Data Booklet may be helpful.)

A

100 7

e Absorbance 50
(] T T T ‘;

400 504 600G 700

Wavelength{nm

8. The Haber Process is represented by the equation

2-0 moles of each reactant were allowed to react and come te equilibrium i a 1 litre container

Ny(g) + 3Hm = INHg) AH® = 92 k] mol™

400 K. At equilibrium, (-4 moles of ammonia were formed.

{a}
(5)

()

Write the expression for the equilibrium constant, K, for this reaction,
Calculate

(i) the equilibrium concentrations of both nitrogen und hydrogen,
(i) the value of the equilibrium constant at this temperature,

Explain what will happen to the value of I, if the remperature is now ruised to 600 Is.

at

Marks

7




g,

10.

Marks

Ethunal (bp 294 K) is reacted with a saturated solution of sodium hydrogensulphite (INaHSG,)
for 30 minutes. The product of this “hisulphite” reaction is the sodium salt of hydroxyethane
sulphonic acid. The structure of the salt is shown Relow.

OH O
P
CH,~ € — S —ONa
|
H ©

+

(@) What type of chemical reaction oceurs between the ethanal and the sodium hvdrogensulphite
selution? i

by In practice, after separation of the sodium salt, purification and drying, the vield 15 found
I ¥ 1 YINg, A

to be less than the theoretical value. Suggest two reasons Tor this fact. 2
(¢) State how you could determine whether the crystalline product is pure. 1
{4}

A 12V car battery has six electrochemical cells, consisting of lead electrodes in sulphuric acid,
connected in series. The reactions that occur at the electrodes in each cell are

Phis) — Pb 7 (aq) + 2¢ E = +013V
PO + #10%aq) + 2¢ —> Pb*(ag) + 2H,0(0) E = +1-47V

(¢) When a cell is operating under standard conditions, determine
{1) the potential difference (ean.f.) expected from the cell, i
(i) the standard free energy change for the cell reaction. 3
(b) Suggest why, in practice, the potential ditference (e.m.f) obtained from each cell in the
battery is different from your answer to (@)(i}. i
(¢) If the battery is discharged for too long, a white precipitate forms around cach electrode.
Name the white precipitate. : i

(6

[Turn over




11,

{¢)

When a pH electrode and meter are used to follow the titration between solutions of

sodium hydroxide and methanoic acid, the following pH graph is obtained.

pH

(@)  Which one of the letters A to F corresponds to the point where the alkali is completely

0

neutralised?

{6y  Which of the foliowing indicators could be used to detect the neutral point?

Y

. : 3
Volume of methanoic acidfcm

Indicator

pH Range

methyl crange 3-0-4-4
methyl red 4:2—6-3
phenol red 6-8-8-4
alizarin vellow R 10-0-12-0

(i} Why can this solution act as a buffer?

(ii) Explain how the pH of the buffer solution remains constant when a little more acid is

added.

DY

If the titration 1s stopped between I and F, the resulting solution acts as a buffer.

Marks

&)




Marks

12. The reaction

My + L ¥ 2Hlg

follows first order kinefics with respect to both iodine and hydrogen.
When studied at different temperatures, the data shown in the table below were obtained. The
data could be used to determine the Activation Energy for the forward reaction.

LI' Temperature/I | Rate Constant/1 mol s

ﬂ

' 556 _ 445 x 107
575 1:37 x 107"
629 2:52 % 107
666 141 % 107
700 6-43 x 1072
781 . 134

(@) Worite the rate equation for the reaction. i

{h) Calculate the initial rate of reaction at 700 K, if the initial concentrations of both iodine and

hydrogen are 0-5 mol 17 2
{¢) The data show that the rate constant increases with temperature.
Explain this trend by sketching the distribution of kinetic energies among the reactant
molecules at two different ternperatures. Use the same set of axes for the two graphs and a
single line to represent the energy of activation for the reaction. 3
(6)

[Turn over



13.

This article 1s adapted from pages 406 of Chem Matters, December 1989,
Auntomatic Sunglasses

Photochromic glass, that darkens in response to light, relies on the light sensitivity of a class of
compounds known as silver halides that are dispersed in the glass. This is the same family of
compounds used to make photographic film, and the chemical reactions are much the same,
Flowever once photographic film has been darkened by exposure and developing, it can’t be
reversed.  The silver halide dispersed in photochromic glass, however, will decompose and
reform indefinitely. ' ‘

The basic unit of both sand and glass 1s a fetraliedron that consists of a silicon atom (solid circle)
covalently bonded to four oxygen atoms (open circles), shown in the diagram below. Each
tetrahedron is joined to others by sharing a common oxygen atom. In sand the tetrahedrons are
arranged In an orderly, crystalline pattern but in glass, an amorphous substance, they are
Jjumbled and disordered.

Photochromic glass contains crvstals of silver chloride trapped between the silica tetrahedrons.

This is shown in the diagram below.

Silver chioride
crystal .

Silica tetrahiedron

Metallic
silver

The energy of the ultraviolet light causes the 1ons in the microcryvstals of AgCl (consisting of a
lattice of Ag and CI ions} to exchange electrons and produce free atoms of silver and chlorine.

Ci + Hpght = Cl + ¢ followed by Agt + ¢ = Ag

. . . . . . . . . e+ .
I'o keep the reaction from immediately going into reverse, a few tons of Cu are present within
the silver chioride crystal to react with the liberated chlorne atoms,

Cot o+ Q- cutt o+ oar

The silver atoms migrate to the surface of the silver chloride crystal and aggregate into small,
colloidal crystals of silver metal. Some of the electrons within the metallic silver are mobile and
this permits them to interact with the clectrical vibrations of light rays. As a result, they absorb
visible Hght and make the lens appear dark.

When the sunglasses are brought indoors, cach Cu?” jon slowly migrates to the surface of the
erystal where it accepts an electron from the siver.

N

o2+ .+ M
w4 Ay — Cu + Ag

The silver 1on rejoins the crvstat of the silver chiomds and the darikening fades,




{a)

(b)

(e)

{f}

What is the main difference m the darkening process for photochromic glass compared

with photographic film?

(1) What evidence is there in the diagram that photochromic glass has an amorphous
structure?

(it) Using the representation shown in the diagram for a silica tetrahedron, draw out an
arrangement that shows how six tetrahedrons might be linked together in sand.

(i) Why are copper(l} ions present in photochromic glass?

(i) Write a single equation to show that the overall function of the copper(l) ions might be

described as being catalytic,

. . . -1 . . . .
If a colloidal silver particle has a mass of 1 X 17 g, how many silver atoms will it contain?

(END OF QUESTION PAPER]

Mearks




