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1 (a) Derive the expression
dG =Vdp - 5dT
from the relations dU/ = dg + dw and dS = dgre /T, and explain why the

expression applies to irreversible as well as to reversible processes. [10]

(b) Show how the expression derived in (a)} may be used to account
for the principal features of the phase diagrams of (i) carbon dioxide, (ii)
water. [2 x 4]

(c) Show liow the melting point of an incompressible liquid depends on
the pressure and the quantities Ag,sG® and AV, (7]

2 () How is the standard cell potential {emf), £, related to AG®, ALSS,
and A, H® for the corresponding cell reaction? 6]

(b} Measurements performed on the cell
Mg(s)|MgS04(aq, mi HCuSO04(aq, ma}Cu(s)

at 298 K vielded the values E® = +2.71 V and dE®/dT = 7.2x107* VK.

(i) What is the significance of the symbol || in this cell notation? (2}

(ii) Write down the cell reaction in terms of half-reactions. 13]
(iit) Evaluate A.G®, A.5®, and A, H® and the equilibrium constant
for the cell reaction at 208 K. [6]
(c) (i) Write down the Nernst equation for the cell in (b). [3]

(ii) Caleulate E for the cell at m; = 1.00 x 107% molkg™" and gz =

1.00 x 1072 mol kg™!. Assume the solutions to be ideal, (RT/F = 0.0257 V
at 298 K.) (5]
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3 A particle of mass m is constrained to move in a one-dimensional potential
well with V(z) =0 for 0 < z < L and V() infinite elsewhere.

(a) Show that the function
¥(x) = acos{nwz/L} + bsin(nmz/L)

{where a and b are constants and n is a number) is a solution of the
Schradinger equation for the system. 5]

(b) Using the boundary conditions at x = 0 and L, show that a = 0
and find the allowed values of n and the corresponding energies. {51

(c) Evaluate the constant b that ensures correct normalization of the
wavefunction ¥(z). (5]
(d) Sketch y(z) and ¥(z)* for the lowest three values of n. Comment
on the physical significance of v{z) and ¢{x)%. [5]
(e) An electron is confined to a one-dimensional box of length 15 nm.

How many energy levels lie between 3.5 and 8.0 kJ mol™!7 (me = 9.110 x
1073 kg.) (5]

4 (a) State the selection rules applicable to the emission spectra of hydro-
genic atorns, (3]

(b} The first transition in the Lyman series of the emission spectrum of
a hydrogen atowmn is observed at 82258 cm~!. Predict the wavemunbers of
the next three iines in this series. [4]

(¢) Four lines of another series of lines in the emission spectrum of a
hydrogen atom are observed at 5331.5, 7709.3, 9130.8, and 9948.0 em!.
Assign these lines, explaining your procedure, {4]

(d) Would the energy required to ionize the 2s electron in the ground
state of a lithium atem be greater or less than that required to ionize a
hydrogen atom with configuration 25?7 Give your reasons. {s]

(e) Dixcuss the differences hetween the series of lines arising from np —
25 transitions in the emission spectra of hydrogen and lithivin atoms. (8]
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5 (a) Explain the terms (i) reaction order, (ii) overall order, and (iii) molec-

ularity. [3x2|
(b) Explain what is meant by the stendy-state approzimation in chemical
kinetics. Why is it useful, and under what conditions is it valid? [4]

(¢} The following mechanism has been proposed for the thermal decom-
position of ozoue:

QO3 — O +0 Ra
Og+0 - Oy k;
O340 — 02402 ky

(i) Derive an expression for the rate of decomposition of Qg in terms
of the concentrations of Os and Os and of the three rate constants ka, k7,
and k. (7]

(ii} Discuss the conditions under which the overall reaction will exhibit
kinetics that are (a} first-orcer with respect to Og and (b} second-order
with respect to Os. 4]

(iii) Interpret the rate equation you have derived, and in particular
explain the role of Og. 4]

6 (a) Derive Kirchhoff s law for the temperature-dependence of standard
reaction enthalpies. What modification would be made to apply the rule to
standard reaction internal energies (4,0 %)? 5+ 2]

(b) State the equipartition principle for the average energy of a maodle
of motion at a temperature T, and use it to predict the molar constant-
pressure hieat capacity of a gas of diatomic molecules (with vibration ig-
nerex). 5]

(¢) The standard enthalpy of formation of ammonia gas is —46.11 kJ mol
at 298.15 K. Estimate (by «drawing on the equipartition principle to esti-
mate the molar heat capacities) the standard enthalpy of formation at
500 K. |6}

{d) The molar constant-pressure heat capacity of graphite and diamand
both obey an expression of the form Cp y = aT? at low temperatures, with
different values of «. Devise an expression for the standard entropy of the
graphite — diamaond phase transition at low temperatures. 7]
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7 (a) Derive the Clapeyron equation

dp _ &;HH
IT ~ TAwV

and use it to account for the features of a typical one-component phase
diagram. (8]

{b) Label the regions in the two-component phase diagram below:

Temperature

A Mole fraction B

Explain, in as much detail as possible, what you would expect to observe
as the system is allowed to cool from the point a. {9}

(¢) The Iollowing expression was found empirically to describe the tem-
perature dependence of the vapour pressure of a volatile solid over a limited
range of temperatures:

2511

{p/Torr) = 16,255 — T

Suggest an interpretation of this empirieal result, and interpret the numer-
ical constants, 18]



