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CHEMISTRY 8ee/t
Apvancep LEveL
Parer 1
(T'wo hours and a half)
Mathematical tables and a data book are available.

In this paper, relative atomic mass may be read as atomic weight and relative moleoular mass as
molecular weight.

All working must be shown.
Part I [45 marks]
You are recommended not to spend more than about 60 or 70 minutes on this part of the paper.
Atstempt all the esght questions.
1 [8 marks] (@) Show on & labelled sketch the shapes and spatial distributions of all the

orbitals of principal quantum number 2.

(b) How are the electrons distributed between these orbitals in an atom of nitrogen?

(c) Sketch or describe the shape you would ‘predict for the molecule of mtrogen trichloride
(NCly).

(d) Explain your answer to (¢) above ...... T AU U U

2 [4 marks] The following data refer to carbon dioxide.
Critical point  Triple point
Temperature/°C ' 31 : -51
Pressure/atm 73 5

Under 1 atm pressure, solid carbon dioxide sublimes at —78°C. The melting pomt of c@rbon
dioxide increases by 20 °C for an increase of 100 atm pressure.

(@) What is the melting point of carbon dioxide at 73 atm?

............................................................................................................................

(b) Construct a labelled pressure—temperature diagram (phase diagram) for carbon dioxide,
with pressire on the y-axis and temperature on the z-axis.
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1l Irl 1 (] |.Il| 1 I1_l

3 [6 marks] A oolloidal golution of arsenic{II1) sulphide is prepared by the ll'ea,ction .bettlveen
hydrogen sulphide (H:8) and arsenio(ITE) oxide (As,Q,). Particles of the eolloid are negatively
charged. S

(¢) Suggest a method of messuring the velocity of the particles in an eleotric field.

(6} Aquecus 0-01 mbarium chloride (BaCly) is gradually added to the colloid, Deduce how the
pa.rﬁcle velocity measured in (a} will change.
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4 [6 marks] (a) Write an expression for the-sclubility product of silver chloride, giving the
-------------------------------------------- N R L e e e e N R L S LRl

(B) At 25 °C, the solubility of silver chloride is 1-2 x 10~% mol litre—. What is the solubility
produet of silver chloride at 25 °C?

ABSWEL vviiiiriieiciiiiina e rrara s

fc) In & seriss of experiments, 50 em? of A {a solution of silver nitrate, AgNQ,) were added
to 50 cm® of B (0-1 m KCl}. In each successive experiment, the concentration of A was increased.
Caloulsate the concentration of A for which the first trace of silver chloride ia precipitated on
mixing A and B.

5[5 merks] A quentity of electricity-equal to the charge on cne mole of electrons is passed
through separate solutions of eopper(l1) sulphate and sulphurio acid.

{a) Calculate the masses of copper and hydrogon produced.

COPPEE: aviiiiiiiininnseemne sy Hydrogen: .....c.ovveeeenenes

(8) Caleulate a value for the Avogadro constant, L, given that 0-16 g of copper is deposited
by the passage of a current of 0-50 A for 16 min.

6 [8 marks] The pure compound E (which is a red-brown powder), when treated with dilute
sulphuric acid, gave a blue solution, leaving & pinkish residue. With nitric acid, E. yielded
a similar blue solution with no residue and evolved a brown gas.

(@) Give the name and formula of B ........iviiiiiiio e

{b) 'Write a balanced equation for the reaction of E with
(i) dilute sulphuric acid, i

{ii) mitric acid.

To the blus solution is added potaksium tartrate and an excess of aqueous sodium hydroxide.
When this mixturs is warmed with acstaldehyde, E-is again precipitated.

{c) Explain in words this sequence of reactions,
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7 " [6 marks] A compound G (C;HyBr), on heating with ethanolic sodium hydroxide, gave a
mixture of two hydrocarbons (C;H,p). Hydrolysis of G with dilute sodium hydroxide gave J

(C,H,,0) which was resistant to oxidation,
{a) Write & full structural formula for -J.

(bi Writé full Btrﬁct.urai formulase for the two hydrocarboné‘ (CHg)
(¢} Write the full structural formula for G.

8 [6 marks] Write full structural formulae for the h'ydronn,rbon'é L and M g_iesg;ribed below,
giving your reasoning.
(a) L {C.H,), on ozonolysis, gives a compound © H,,O whxch is resistant to ox1dntlon

(5) M (CH,) gives an off-white precipltate on passing through & solution conta.m.mg
diamminesilver ions {Tollens’ reagent).

Parr II (54 marks)
Answer any 8lx quastions.

Euoh question carries nine marks.

9 (o) Bketch ‘the line spectrum of hydrogen (Lyman series only, wavelength i mcrea.smg from
loft to right).

() Explain the atomic processes that give rise to the lines in this spectrum,

{¢c} Explain how the spectrum can be ueed to determine the ionisation energy of hydrogen

(@) The charge on the oxygen nucleus js eight times that on the hydrogen nucleus and yet the
first ionisetion energies of hydrogen and oxygen are almost identical {~ 1300 kJ mol™).
Buggest reasons for thia. .

10 The water in a certain locality conteins temporary hardness and freozes at —0-01 °C.
{er) Identify & sub.tance that might be responsible for eausing the temporary hardness.
(%) Caleulate the concentration (mol litre~") of this substance in the local water.

{¢) Caleulate the volume of 0-03 m sodium hydroxide recuired to preclpltate all the tem-
porary hardness in 1 litre of the local water.

[The i‘reezmg point depression constant for water, K = 18:6 °C per 100 g of solvent.]

11 The grapn (Fig. 1) shows the variation of the molar econductivity of agqueous solutions of
sodium chloride and of acetic acid.

SUMMER. 1974 : 127
* molar ——— ‘
conductivity A
B L
\/ concentration
" Fig.1 7 ‘

{#) Which curve (A or B) refers to the sedium chloride solutiont

(6) Copy the figure and, on your copy, insert a line a.ppropnate to the behaviour of aqueous
hydroehlorio acid.

{¢) Explain the shapes and relative positions of the threo lines sketohied in (b) above.

12 Fig. 2 illustrates the experimental arrangement of the cell
Zn (3)|Zn?t (ag)|Cu* (aq){Cu (s).

salt
bridge
1M Zn**(aq) H IMCu*(ag)
Fig. 2
The.standard electrode potentials for the half cells are as follows:
- : BV
Cu2* (ag)|Cil (8) +0:34
Zn* {aq)|Zn {s) —-g77

{2} Write the equations for the half-cell reactmns and caloulate tha e.m. f. of the ce]l under
standard eonditions.

The e.m.f of the cell is measured whilst aqueous sodium hydroxide is run, with stirring,
into the zine half-cell. The variation of e.m.f. with volume of alkali is shown in Fig. 3.

" Fig. 8 >
“Vol of alkalifcm?®

0 X 2x
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(b) Write balanced equations to degoribe the reactions oceurring in the zine half-cell.

{c) Exzplsin why the addition of aqueous sodivm hydroxide causes o general increase in the

e.m.f,
(d) What do you think is the significance of the two volumes & cm? and 2z em?® of aguecus

alkali?

13 The following table shows the heat changes for a number of reactions.

Reaction AH kT mol—t
Na (3) + 301, (g)>NatCl~ (8) —411
Na (s)>Na (g} + 109
Na (g)+>Nat (g)+e~ +494
30 (g)>C (8) +121
€l (g)+e—Cl (g} — 364

tz) For which of the above reactions doss the heat of reaction correspond to
{i) s heat of atomisation,
(i) an ionisation energy? :
(b} (i) Define, and (ii) calculate, the lattice energy of sodium chloride.
{c} The numerical values of the lattice energies of the other sodium halides are
Compound NaF " NaBr Nal
Lattice energy/kJ mol! 898 719 670
Suggest a possible reason for this trend.

14 Write a balanced equation in each case for the reaction of hot concentrated sulphuric acid
with each of the following, and name the produocts:
(@) potassium nitrate, . {g) potassium oxalate,

{8} potassium bromide, {d) sulphur.

15 Two substances Q and R each have the elemental composition ¢ = 60-0%; H = 133 %
0 = 26 7% (by mass).

0-60 g of ench substance occupied a volume of 0-336 litre at 137 °C and standard pf‘essure.

(). Caleulate the empirical formula and the relative molecular mass of Q and R.

(b} What is their moleoular formula? o

With sodinm, @ was unreactive but R produced an infiammable gas. R also reacted with
warm, acidified potassium dichromate, giving a produet which, when jsolated by distillation,
gave a procipitate of silver with agueous diamminesilver ions {Tollens' reagent).

(c) Identify QandR. ‘

(d) Write simplified equations for the reactions of R as described above.

16 An ester (0,H,,0,) wes heated with aqueous sodium hydroxide until no more alkali was
oonsumed and the solution then partly distilled, The distillate gave a positive iodoform reaction.
The residue was neutralised with dilute nitric aeid; addition of aqueons gilver nitrate then pre-
cipitated a silver salt containing 59-T %, of silver (by mass).

Draw the full structural formula for the ester, explaining your ressoning.

SUMMER 1974 129
CHEMISTRY 866/2
ADVANCED LEVEL
PAPER 2
(Two hours and & half)

Answer five questions, including one guestion from each of
the Sections A, B, and C. ' o

Mathematicol tables, a data book and squared paper are available.

In this poper, relative molecular mass may be read as

molecular weight and relative atomic mass as atomio
weight.

SecTION A

1 Give the relative masse< and charges of the three funda-
mental atomic particles. [6 marks)

Outline with the aid of one example the nature of iso-

topes. (6 marks]
Complete the following equation:

*Be + —-»¥C + In [8 marks]

A sample of & radioactive substance gave 40000 counts

per second at time zero and 5000 counts per second after

24 hours. What is the half-life of the decay?! How long would

it now take for the number of counts per second to fall to
12502 [6 marks]

2 Explain, with the aid of suitable boiling-point/somposi-
tion curves, what is meant by (a) fractional distillation,
(b) azeotropic mixlyre. [11 marks)

From the following data, caleulate the maximum mass of
aniline (C,H,.NH,) that can be steam distilled using 1000 g
of steam, assuming an atmospheric pressure of 760 mmHg.
What is the temperature of this steam distillation? [9 marks]
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Vapour pressure/mmHg
Temperature/°C "Water . Aniline’
02 567 283
94 611 308
96 658 33-6
98 707 36-4
100 760 395
102 815 42-8

3 Use the idea of an energy barrier to explain how and why
the rate of a chemical reaction is affected by (a} a rige in
temperature, (b) the presence of a heterogeneous catalyst.
' - [64 6 marks]
The gaseous equilibrium mixture present in a 1 litre
vesgel at & constant temperature was found to contain 0-50
mole of sulphur dioxide, 0-10 mole of oxygen, and 4-6 moles
of sulphur trioxide, Calculate the equilibrium constant, K,
at that temperature. How many moles of oxygen must be
forced into the vessel at the same temperature in order to
inereage the amount of sulphur trioxide present at equi-
librium to 4-7 molea? o " [9 marks]

4 Describe the determination of the relative molecular
mass of & gas by a method of direct weighing, e.g. Regnault’s
method. ' [10 marks]

For a fixed mass of gas at a constant tem perature, outline
(@) the predicted effect of increasing pressﬁre ‘on the volume
of an ideal gas, (b) the effect of increasing pressure on the
volume of a real ges. Account for any differences, [10 marks]

Secrion B

5 Outline the preparation of a pure sample of nitric oxide
(NO). * [4 marks)

With the aid of diagrams, give the electronic structures
of nitric oxide; nitrogen dioxide and dinitrogen tetroxide.
Commept on any unusual features. - v [8 marks]

How, and under what conditions, does nitric oxide react
with (e) iron(IT) sulphate, (b) copper, (c) potassium hydroxide,
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, : [8 maiks]

(d) chlorine?
6 Account for the varistion in the radii of the following ions.
Ton Nat+ Mg+ Al gi¢- P3- 8- (I
Radius/nm 0095 0-065 0-050 0:271 0-212 0-184 0-181
. SR  [6 marks]
- ‘What would you predict about the size of (z) the K+ ion,
(b)_the Sitt ion? Give your reasons. [4 marks)
- The first four jonisation emergies of one of the above
elements are 576, 1810, 2740, and 11600 kJ mole—! (138, 434,
656, and 2770 keal mole—?). Identify this element, giving
your reasons. Why is there a greater difference between the
first and second ionisation energies than between the second
and third? a T [4 marks]
Discuss the following solubilities (given in ‘moles per
1000 g of water at 20 °C) in terms of the energy changes in-

volved in dissolution. - © [6 marks]
Salt CaCl, SrCl; BaCl,
Solubility . 673  $:39 173

7 How does the electronic structure of & transition element
differ from the structure of elements in the main groups of
the Periodic Table? Describe the electronic structure of
either chrominm (atomic number 24) or manganese (atomic
number 25) and discuss briefly how the valency of the ele-
ment is determined by this structure. = 8 marks)

Give three characteristic properties (other than’ that
relating to valency) of transition metals or their compounds.
Illustrate your answer by reference to either chromium or
manganese, ' [9 marks)

Give the full electronic structure of either the chro-
mate ion or the permanganate ion. ' [3 marks]

Skotion C

8 Give full structural formulae for the three carbonyl-
containing compounds having the composition (by mass)
C=667% H=111%;0=222% and a relative mole-

cular mass of 72. [7 marks]
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What would you observe when each of these three com-
pounds is treated separately with the following reagents

(e} aqueous 2,4-dinitrophenylhydrazine,

(b) iodine in agueous alkali,

{c) a solution of silver oxide in aqgueous ammonia?
Account for your observations. [13 marks)

9 Describe the preparation of a pure sample of diethyl ether
starting from ethanol, [10 marks|

Diethyl ether is frequently used for the extraction of
organic substances from aqueous solution. Give three
properties of diethyl ether which make it partieularly suitabie
for this task and two properties which make the operation
potentially dangerous. [6 marks]

How, and under what conditions, does diethyl ether react
with (i) hydrogen iodide, (ii) concentrated sulphuric acid?

[5 marks)

10 Identify the compounds A-D, explaining your reasoning
and accounting for the observations.

(i) A, CGH,NO, is neutral. Hydrolysis with concentrated
aqueous sodium hydroxide gives a solution of a salt,
C,H,30,Na, and a compound, CH,N, which gives a violet
colour with aqueous bleaching powder and with agqueous
bromine forms & compound CyH,Br,N. - )

(i} B, C,HNO, is neutral, With cold agueous alkali
there is no. reaction but, on refluxing, ammonia s slowly
evolved. -

(iii) G, C,H,Cl, on refluxing with aqueous potassium
permanganate, filtration, and acidification of the filtrate,
gives a compound C,H,0,. :

(iv) D, CH,NO,, is acidic. On refluxing with aqueous
alkali, ammonia is slowly liberated. {4 x 5 marks)
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SPECIAL PAPER
(T'wb hours and o holf)

Answer five questions, of which not more than two may be
selected from ome section. . .
The answers to questions in Sections A, B and C are to be given

up separately.
Mathematical tables, o data book and squared paper are
available.

SEorIoN A

1 Ezxplain what is meant by the statement that the stan-
dard electrode potential, £, for the silver electrode
Agt (ag)+o > Ag (8)
iz +0-799 V at 25 °C. Give the cell reaction and the.st}a,nda,rd
cell potential for a cell formed from standard silver and
copper electrodes |
Cutt (aq)+20 > Cu(s); E® = +0344V
with the eloctrolytes separated by a porous barrier. How will
o decrease in the silver ion concentration affect the cell
potential? : (11)
The electrolysis of a solution containing a silver salt gave
gilver and hydrogen at the cathode in the ratio by moles of
4:1 ab a ourrent density of 0012 A cm—2. What cathode a'.reala
will be necessary to deposit silver at the rato of 0-01 mol min~
under these conditions? ®

ment critically on the following arguments. .

. (Gac;mlf two'homoggﬁéous mixtures of liquid M Wjﬁh ]i(.?‘l.ud
N have different: compositions but have tI{e same ‘?01.hng
point (at the same pressure), they must give ethé)rmm
vapours of identical composition. (. ) .

(b) When nitrosyl chloride, NOCI, and nitrogelf dl_()xlde,
NQ,, interact at moderate temperatures, the only significant
equilibria are those shown below.



134 EXAMINATION PAPERS (ADVANCED LEVEL)

aNOCL = 2NO+Cl;, .endothermic )
NO, + NOCI = NOCl + NO, thermoneutral.
1t can therefore be concluded that the ratio [NO,)/[NO,Cl]

will not vary as the temperature changes.

" (¢} The presence of a dipole in a molecule has little effect
on the intermolecular force because, on average, the inter-
action between a pair of molecules is as likely to be repulsive

(7)

3 Define order of regetion and explain bﬁeﬂy how it might
be determined for the acid-catalysed Teaction between
acetone and iodine in agueous solution:

OH,COCH,+T; > CHCOCHI+HL - (8)

In glass vessels, nitric acid vapour decomposes by reaction
on the glass and by & gas-phase reaction. With the informa-
tion given below, show how the ratio of the gas-phase, ratef
gurface rate will change for an increase in (i) the temperature,
(ii) the partial pressure of HNO,, and (iii) the volume of a
sphericel reaction vessel.

a8 attractive.

Surface reaction: zero order, low activation
. ' energy .
. Gas-phase reaction: first order, high activation
: energy. - - . - (6)

" The rate of decompositioh of NH, on a Pt catalyst at &
high temperature depends on the partial pressures of NH,
arid H, present in the manner shown below. Deduce the orders
of reaction with respect to NHs and to H, and comment on

the result. ‘ _ ‘ ‘ ‘
Partial preséure of NH,/mmHg ‘1,,00, o 160. 100

Partial pressure of H,jmmHg . 80 .. 50 - b
Reaction ratefmmHg min-t, -, 0072 01156 0048 (§)
| SEG&.\iﬁﬁ B "

4 "The atomic number of the element vanadium, V, is 23.

Certain foatures of the chemistry of “this element are pre-
sonted in Fig. 1. Consider the diagram carefully and then give
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brief answers to the questions that follow.
Nas[ V(0y)q] VF, Vel —S5 K, VCI]
HaosT F, Cl . .

NaOH B iq. _ ‘
Na, [VO,] 4 V ——3 VBrg ligNHs, 1v(NH,)e]Brs

H, HCllr \ CO/NaJ’ -
VH, VCl, V(CO)s |
(n<2)  Fig.1
(@) Deduce the electronic configuration of vanadium.(l)
(b) Suggest why the compound VBryis para,magnatid‘but

the vanadate ion in Na;VO, is not. - (2)
(¢) How many integral oxidation states of vanadium are
represented in Fig. 1% @)
(@) Account for the fact that the compound VFg is
colourless whereas VCl, is green. ' 2) '
() Suggest a reason why the colours of the compounds
V(l,, VBr; and VC, differ. o (2)
(f) What do you deduce about the oxidising power of
the halogens fowards vanadium? 2)

(g) Compare the' action of chlorine on venadium with

that of hydrogen chloride. : T (2)
*(h) Does VCl, react as an acid or as & base with potassium

chloride? Explain your answer. ~ =~ = (2)"

(¢) List four features of vanadium as shown in Fig. 1
that are not also shown by arsenic (atomic number 33). Give
o reagon why a-comparison of vanadium with arsenic might
be considered appropriate. -+ Ay

() Explain what is meant by thie co-ordination number of
an element, illustrating your answer by reference to
vanadium. E : S (4)
5 The table below contains: information | concerning the
elements beryllium, calcium and barium as follows: .

(i) M; the atomic symbol, -

(i) AH,[fkJ mol™'; AH,, the heat of atomisation, is the
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energy change associated with the process M (3) - M (g),

(iii) AH;/kd mol-t; AH;, the heat of ionisation, is the
energy change associated with the formation of the di-
positive ion M (g) - M3+ (g),

{iv) AHg/kJ mol—; AHy, the heat of hydration, is the
energy change associated with the process M2+ (g) — M2+ (aq),

(v) m.p./K; the melting point of the dihalide, MCl,,
(vi) rfpm; the radius of the dipositive ion, M2+,
[N.B. 1pm = 10-12mn.]

M AHA AHI AHH m.p. r
Be +322 4 2657 — 2455 - 678 31
Ca, + 177 + 1736 —156656 1055 99
Ba +176 + 1467 — 1275 1235 - 135

Consider the information earefully and then answer the
following questions.
{a@) Estimate AHp, the heat of formation, of each
divalent ion M** (aq) from the solid metal M (s). (7)

(b) Suggest an explanation of the variation in the
melting points of the dihalides and compare the wvalues
shown for BeCl, and BaCl, with those for LiCl (879 K) and
(a0l {911 K) respectively. , , {8)

(c) Explain why, with reference to aqueous solutions,
you would expect beryllium to be a weaker reducing agent
than ealcium. - (3)

(@) Beryllium sulphate is highly soluble. in. water,
ealcium sulphate is soluble in excess dilute sulphuric acid but
barium sulphate is almost completely insoluble under.all
conditions. How do you account for these observations? (2)

6 In the table below, B and E§ are standard electrode
potentials for aqueous solutions 10 M with respect to HCI
and NaOH respectively: they are the potentia]s for the
reactions

Mnt 4 pe~ — M®-2+ (symbolised as M ”‘l'/M tn-a)t),

where, for example, the reaction
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Cl0z + 8H* + Te~ — §Cl; + 4H,0 (symbolised as ClO; /3Cl,)
in defined as having a large, positive potential.

BQ[V | BQIV
NO;/iN, +1-2 NO; /3N, +09
IN,/NH} +03 iN,/NH,; +01
PO}-/3P, —04- PO}-/{P, —15
}P,/PH, -01 iP,/PH, —-03

Use this information, where appropriate, to give brief
answers to the following questions.

(@) What is the effect of alkaline media on thé stability of
(i} the nitrate ion, (ii) the phosphate ion? . 3)
(b} Would you describe as oxidising or reducing agents
(i) phosphine in acid, (ii) phosphorus in alkali, (iii) nitrate ion
in acid? Explain your answers. (6)
{¢) Compare the action of acid upon ammonia with that
upon phosphine. How do you account for the difference? (4)
(d) The data suggest that nitrogen is thermodynamieally
unstable with respect to the NH} ion in acid solution. Suggest
a reason why this conversion does not ocour at all readily. (2)
(e) Compare the stability of the + & oxidation state of
nitrogen with that of phosphorus. Account for the diﬂ'_enrenc{a»3
{(f) Suggest a reason why phosphorus does not.form an
ion POy (analogous to NO3 ') but instead forms the ion POE-(z)

Suoriow C

7 Give the formulase of the products A-I you would expect
to be formed in each of the reactions indicated heIow and
write the equation for eash reaction.

dil. ag, heat B, [CCl,
(a) CH3.0HO A B
ROH (5)
KI/T, 0, '
() CH,.CH(OH).CH,.CH,.CH, 5D + E
NaOH
- (8)
c.H,.OHF
(e) dry HCE (2)
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‘ cl /llght ‘ alk. KMn04

from R or for obtaining W from U.

139
CHO

a

Y om
Formulate a more efficient route either for obtalmng T

(8

(@)
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c CHO ‘
' © a@KON  K,Cr,0,
(d) O ——sG——>H
aq. acid.
B | oy )
' - dry HCI
(6) CH2(0H2 . COzH)z + CH2(0H2 . OH)2 —_— I

reflux ( 4)
8 Dehydration of the straight-chain pentanols L, M and N
can give the C;H,, isomers O, P, and Q as shown below.
Alcohol L gives O and P,
Alcohol M gives O, P, and Q.

Alcohol N gives Q alone. ‘ :
Identify the aleohols and compounds O, P, and Q, and
write their structural formulae. o - (8)
Show how far treatment of O, P, and Q with ozone and

cleavage of the ozonides (ozonolysis) would allow identifica-
tion of these compounds. -~ (6)
‘Explain clearly in terms of hybrid orbitals ‘how the

‘isomerisra of O and P anses, and suggest how they mlght be
-distinguished. 6

What other type of isomerism is displayed by alcohol M*?

What effect, if any, does this form of isomerism have on
the dehydratlon reaction? S . (3)

9 Consider each step of the conversions R > T and U > W
below. State for each step whether the reagents and condi-
tions given will bring about the indicated conversion and, if
not, what the product will be. Modify the reagents or condi-
tions if this will allow the step to be accomphshed

I : I
1,/AlL, Br,/FeBr, O
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