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1. (4 marks)

For the reaction

COx(g) + HO(l) = H (aq) + HCOs (aq)

(a) Give a mathematical expression for the thermodynamic equilibrium constant (K) in terms of the

activities of the reaction components.

(b) Give the working rules for estimating the activities of the reaction components.

dco, =
o =
Ayt =

dsicoy- =

2. (4 marks)

Use the data below to calculate the equilibrium constant (Ks) for the reaction

BrFs(g) = BrF(g) + Fa(g)

Bry(g) + Fa(g) = 2BrE(g) K, = 2.2 x 10*
Bry(g) + 3F2(g) = 2BrFs(g) K, =53
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3. (24 marks)

A
D
C
pH
5.30 B
A
0 9.1 18.2 28.2 -
VNaoH/mL

The figure above shows the titration curve obtained (using a pH meter) when a 20.0 mL sample of a
solution of weak acid, HA, of unknown concentration, Cya, is titrated with standardised NaOH solution.

The NaOH solution has a concentration of 0.110 mol L™ and VNaOH represents the volume in mL of

NaOH which has been added. [Data: Ky = 1.00 x 10-14 ]

(a) What pieces of laboratory equipment would be used to measure out:
(i)  the volume of HA solution?
(1))  the added volume of NaOH, VNaoH?
(b) On the figure above, clearly indicate and label the following:
(1)  the equivalence point;
(1))  a buffer region.

(c) Calculate Cya.

(d) Using the given pH value for the solution at point B (5.30), calculate K, (the acid ionisation

constant) for HA.
What is the pH at point A?
(f)  Prove the general result that K, (base ionisation constant) for the base X~ (i.e. conjugate base of

the acid, HX) is given by
Ko(X") = Kw/Ka(HX)
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(g) Calculate the pH at the equivalence point in the titration.

(h) The endpoint of this titration could be detected using an indicator. Of the indicators listed below,

which would be the most suitable? Explain the reason for your choice.

Indicator pKa (indicator)
Lacmoid 53
Brilliant yellow 7.2
0-Cresolphthalein 9.0
2,4,6-Trinitrotoluene 12.3
(i) What is the pH at point D?
(12 marks)
Data: K, (BaCO;) = 8.1 x 107
Ky (MgCO3) = 4.0 x 107
Ky (PbCO3) = 3.3 x 107
Kgp (SICO3) = 1.6 x 107

(a) Which of the above four carbonate salts has the greatest molar solubility in water?

(b) In one sentence, explain your answer for (a).

(c) A solution contains a mixture of Ba*" and Mg2+ ions obtained by adding Ba(NO;), and Mg(NO3),
to pure water: [Ba®*1=0.12 mol L and [Mg2+] =0.50 mol L. Solid sodium carbonate

(Na,COs) is slowly dissolved into the mixed solution until a precipitate starts to form.

What is the first solid to precipitate (BaCO; or MgCO3) and how many moles of sodium
carbonate will have been added per litre of solution when this precipitate is first observed? (It

may be assumed that there is negligible change to the solution volume as sodium carbonate is

added.)
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(4 marks)

Name TWO industrial applications of precipitation equilibria. For each of the named processes, write

a balanced, central chemical equation which describes the precipitation of a solid from solution.

(a) Name of process:

Equation:

(b) Name of process:

Equation:

(6 marks)

(a) Provide a definition (in words) of a state function.

(b) Give the names of each of the state functions in the expression

AG = AH — TAS (1)

(c) What do the delta (A) signs in equation (1) represent?



(6 marks)

For the reaction

2NOx(g) = NyO4(g)

the equilibrium constant at 25°C is K= 1.9 x 10™,

(a) Calculate AG® at 25°C.

(b) Given PNO2 =(0.1 atm and PN20 = 0.2 atm, calculate the value of AG at 25°C.

(16 marks)

CHEMI111

An electrochemical cell comprising (i) a mixed solution of Co®” and Co®" ions and (ii) an acidified

solution of potassium permanganate (MnOy) and Mn*" has the cell equation

5Co°"(aq) + Mn*(aq) + 4H,O(l) — 5Co*"(aq) + MnOy (aq) + 8H'(aq)

For this cell, using the relevant data in the table below,

(a) write down the two half-cell equations;

(b) calculate the standard EMF of the cell, E°;

Selected values of Standard Electrode Potentials at 25°C (aqueous species unless specified otherwise).

Element Reaction E°/V
Cobalt Co3t+e = (Co?* 1.81
(3d7482) CO(NH3)63+ +e = (30(1\1H3)62+ 0.1
Co2t +2¢ == Co(s) -0.28
Co(NH3)2* +2e == Co(s) + 6NH;3 -0.43
Manganese MnOy4 + e = MnO4? 0.564
(3d54s2) MnOy + 4H* + 3¢ = MnO,(s) + 2H,0(1) 1.70
MnOy4 + 8H + 5¢ === Mn2* + 4H,0(1) 1.51
MnO,(s) + 4H* + 2e == Mn2*+ + 2H,0(1) 1.23
Mn3t + e == Mn2* (in 7.5 mol L-1 H,SOy) 1.49
Mn2* + 2e = Mn(s) -1.18




(c)

(d)

(e)

(H
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Draw a conventional cell diagram for the cell which has the given cell reaction. Show on your
diagram which electrode is positive and the direction of electron flow in the external wires.

How many moles of electrons are transferred per mole of the cell reaction as it is written above?

n:

Calculate the EMF of the cell under reversible conditions at 25°C when [H'] = 1.20 mol L™;
[Co*™1=1x10?mol L"; [Co*"1=0.10mol L'; [MnO4 ]=0.50 mol L' and [Mn*"]=0.10 mol L.

RT
The following data may be useful: R =8.314 Jmol” K™'; F=96489 C mol'; "= =0.0257 V at 25°C.

Giving reasons, predict whether the reaction will proceed spontaneously in the forward or

reverse direction when the concentrations are as given in (e).

(12 marks)

AH°¢/ kJ mol™ AG®:/ kJ mol™ S°/Jmol' K
PCli(g) -320 272 217
PCls(g) -375 -305 365
R = 8314 Jmol' K"

(a)

(b)

(c)

For the reaction

PCli(g) + Cly(g) = PCls(g)

predict the sign of AS® (do not attempt to calculate but provide an explanation).

Using the table above, calculate (at 298 K):
(i) AH®;
(i1) AG°.

Use your answers in (b) to calculate:

(i) AS° (at 298 K);

(i) S°(Cly(g)) (at 298 K).



10.

11.

12.
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(6 marks) (111 only)

AH°,.»/kJ mol”!
CH, 9.2
NH; 23.3
H,0 40.8
HF 27.2

With reference to the compounds listed in the table above answer the following.
(a) Why does CHy4 have the lowest enthalpy of vaporisation?

(b) Why is the enthalpy of vaporisation greater for H,O than for NH3 or HF?

(6 marks) (111 only)
(a) Define what is meant by a Brensted acid.
(b) Define what is meant by a Brensted base.

(¢) Inthe following reaction, label the components as acids or bases:

C¢HsOH(aq) + NHs(aq) = C¢HsO (aq) + NHj'(aq)

(11 marks)

(a) Complete the following diagram for the ozone cycle in the upper atmosphere by filling in the four

blanks:
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Energy

20, +0

Energy

(b) Draw a Lewis structure for ozone.

(c) What is the class of compounds that are the major source of the chlorine atoms in the upper
atmosphere which lead to ozone depletion? Provide the chemical formula for one of these

compounds.

(d) Show the mechanism of the series of reactions between chlorine-containing molecules or atoms

and ozone that leads to ozone loss in the upper atmosphere.

(e) In what months does the Antarctic ozone “hole” appear?

(9 marks)

(a) List the name and approximate mole percent for each of the four most abundant gases in the

atmosphere at sea level.

(b) The pH scale is used to measure the acidity of the rainfall in those countries where acid rain is a
problem. Unlike most such measures, a higher number (i.e. a higher pH) means less acid rain.

Explain why a higher number is better.
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(c) Assume that new industrial pollution causes the average pH of the rain falling on a hectare of land

to decrease from an expected value of 5.50 to 4.20. Assume also that the average annual rainfall is
1.00 m. Determine the mass of CaCOj3 that would be needed per hectare per year to neutralize the

additional acid. The pertinent chemical reaction is
- 2+
CaCO3(s) + 2H (ag) — Ca™ (ag) + COa(g) + HyO()

One hectare is 10,000 m2 and one cubic metre contains 1000 L (dm®). The molar mass of CaCO3

is 100.1 g mol™.

14. (14 marks)

(@) (1) Using a diagram, explain the term: triple point. What is the state of a system at a triple

point?
(i1)  Using a diagram, explain the term: azeotrope. State a property of an azeotropic mixture

(b) Ethanol and methanol form very nearly ideal solutions. At 293 K, the vapour pressure of ethanol

18 44.5 Torr, and that of methanol is 88.7 Torr.

(i) Calculate the partial pressure at 293 K of ethanol above a mixture in which the mole

fraction of ethanol is 0.80.
(i) Calculate the total pressure above this mixture at 293 K.

(iii) Calculate the mole fraction of ethanol in the vapour above the mixture at 293 K.

15. [18 marks]
(a) Nickel has a face-centred cubic structure with a unit-cell edge length of 3.524 A.
(1)  Explain why the unit cell contains the equivalent of four nickel atoms.
(i1))  Calculate the atomic radius of nickel.

(iii))  Calculate the density of crystalline nickel in g cm™.

Na = 6.022 x 10 mol™; M(Ni)=58.69 gmol™; 1 A =10 cm.
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(b) Using diagrams, explain the following four terms:

(1)

(i)

(iii)

(iv)

interstitial
hexagonal close packed
n-type semiconductor

copolymer

END OF PAPER

CHEMI111
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Periodic Table

1 2
H He
1.008 4.00
3 4 5 6 7 3 9 10
Li Be B C N (@) F Ne
694 | 9.01 108 | 12.01 | 1401 | 1600 | 190 | 202

11 12 13 14 15 16 17 18
Na | Mg Al Si P S Cl Ar
230 | 243 270 | 281 | 310 | 321 | 355 | 399

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

39.1 40.1 45.0 479 50.9 52.0 54.9 559 58.9 58.7 63.5 654 69.7 72.6 74.9 79.0 79.9 83.8

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

Rb Sr Y Zr | Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd In Sn Sb | Te I Xe
855 | 876 | 889 | 912 | 929 | 959 | (99 | 1011 | 1029 | 1064 | 1079 | 1124 | 1148 | 1187 | 121.8 | 1276 | 1269 | 1313

Cs | Ba | see | Hf | Ta W Re | Os Ir Pt | Au | Hg Tl Pb Bi Po At | Rn
1329 | 1373 | below | 1785 | 181.0 | 1839 | 1862 | 1902 | 1922 | 195.1 | 197.0 | 200.6 | 2044 | 2072 | 2090 | (210) | (210) | (222)

87 88 | 89-103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 @ 11 i 112 |

Fr | Ra | see | Rf | Db | Sg | Bh | Hs | Mt

(223) | (226) | below | (257 | (260) | (263) | @62) | @65 | @66) | i 4 ;
57 58 59 60 6l 62 63 64 65 66 67 68 3 70 71

La |[Ce |Pr Nd |Pm |Sm |Eu |Gd (Tb Dy |Ho |Er |Tm |Yb |Lu
1389 [140.1 [140.9 [1442 |(147) [1504 [1520 [1573 1589 [162.5 1649 [167.3 [1689 [173.0 [175.0

89 90 91 92 93 94 95 96 97 98 99 100 101 102 103

Ac |[Th |Pa U Np [Pu |[Am |Cm |Bk |Cf |[Es Fm Md |No |Lr
Q27) (2320 |@31) (2381 [237) |@42) [43) [@47) |245) |@51) |(254) |(253) |(256) |(254) |(257)
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Physical Chemistry Formulae

PV = nRT
n;
PA = XAP\otal where P, =P, +Pg and Xi= Z n
P,=X,P,’
Pp = (kg X
AU=q+w
Wp = -PAV
H=U+PV
AH = AU + RTANgs when AT =0 AH(T,) = AH(T)) + ACp(T, - Ty)
Cp = dH/AT (when AP =0) Cy = dU/dT (when AV = 0)
AHreaction gﬁ VprodAHf(prOd) regc:tsvreactAHf(reaCt)
-1d[A] -1d[B] 1d[C] 1d[D]
For aA + bB — ¢C + dD, Rate:adt‘bdt‘c . T4 d
-d[A
For Rate = _d(|—1t_1 =K, [A]=[A]o -
-d[A
For Rate = _d%l =Kk[A], [A]l= [A]oe'kt and  ty = (1/k) loge(2)
k 11

AL ElRT D) _ B (L L
k=Ahe IOge(kJ =R (Tl TJ
K — [HM][A"] K — [BHM][OH"]

a [HA] b [B]
pH = -log, [H']

A -
pH=pK,+ loglo([HA]) = pK, + log;,(N(A")/n(HA))
AS = pr%s ViroaS(prod) - regclts Vieacro(T€acCt)
Athase change _AHSXS
ASphase change — Tcritical ASsurr = T
AG= AH-TAS
rgd VorodAGr(prod) - %;ts VeaclDGreact)

AG=AG’ + RT log,Q AG° = -RT log,K
| -AH®  AS° | K AW (1 1
%" T RT T R O%eK,) T 7,77,
Ecell =E RHS ~ E LHS — Ecathode - Eanode

Weeet = AG = -nFE
AG’ = -RT log¢K = -nFE’

RT 2.303RT 0.0591 vV 0591 \%4
E° =1 logK="""log;K At25°C: E’= ——log;oK
RT 2.303RT 0.0591 V

E = E°-FlogeQ= E° - nE log;0Q At25°C: E = E°- —logloQ

R Gas constant (8.314 J mol-! K-! or 0.082 L atm mol-! K-1)
F  Faraday Constant (96489 C mol™)



