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(1) By how much (in J/mol) does the chemical potential of super-cooled water at -10 °C
exceed that of ice? The heat of freezing is -6.01 x 10° J/mol at 0 °C, and C, - C,; is
-37.3 J/K, mol.

(A)22 (B)132 (C)220 (D)245 (EB)342

(2) Express (;Cv as a function of P, T, a,, and k, where the Joule coefficient p; is defined as
©T/aV ).

(A)P- (aT/kx) (B)P+ (/aT) (OP+ (aT/x) (D)-P+ (x/aT) (E)P- (x/aT)

(3) Calculate the energy that must be transferred as heat for a gas with equation of
state PV/RT= 1 + B/V}, that expands reversibly and isothermally from V| to V..
(A)nRT [In(Vo/Vi)- B(V2-Vi'D)]  (B)RT [In(V2/V1)- nB(Vy'- Vi )]

(COnRT [In(Vo/Viy+ nB(V2-Vi)] (D)nRT [In(Vy/ Vi B(Vy1- Vi)
(E)ILRT [lIl(VzN])- I]B(Vz- V1)]

(4) Assuming that at 300 K AG¢ for Fe(g) is 360 kJ/mol, AH¢ for Fe(g) is 400 kJ/mol, and
AH{ 1s constant, calculate AG¢ (in kJ/mol ) at 400 K.

(A)356 (B)372 (C)390 (D)416 (E)442

(5) Benzene and toluene form nearly ideal solutions. Consider an equimolar solution of
benzene and toluene. At 20°C the vapour pressures of pure benzene and toluene are 10.0

. kPa and 3.0 kPa, respectively. The solution is boiled by reducing the external pressure
below the vapour pressure. Calculate the vapour pressure (in kPa) when only a few drops
of liquid remain.
(A)3.0 B)35 (C40 (DM6 (E.5

(6) The standard enthalpies of formation of Na(g) and Na*(g) at 300 K are 107 kJ/mol and
609 kJ/mol, respectively. Estimate the first ionization energy (in kJ/mol) of Na(g).
(A)502 (B)490 (C)508 (D)5i4 (E)496

(7) Evaluate the z-component of the angular momentum of a particle on a ring that is
described by the wave functioncos ¢
(A0 B2r) (C)yh/m (D)2b/z (E)-h/(2w)

(8) What’s the kinetic energy in Problem 7 if the wave function is e%¢ ?

(A)h%/(2=2) (B)h¥(4n 2I) (C)hz/(nzI) (D)hz/(SrczI) (E)2h%/(7?T)

(9) Evaluate the commutator [H x], where H— P:2/(2m) + V. (V isa constant)

(A)ihp/(2mm) (B)- lhpx/(ZTCm) (C)lhpx/ (mm) (D)721hpx/ (nm) (E)- 1hpx/(1rm)
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(10)Consider a one-dimensional random walk of 10 steps, beginning from the origin. What’s
the probability that the drunker will have moved 2 steps to the right of origin?
(A)0.04 (B)0.08 (C)0.12 (D)0.21 (E)0.25

(11)Consider a consecutive unimolecular reaction A — B — P, where the rate constants
are k, and ks, respectively. What’s the expression of [B]?
(Note: The solution of df/dx + a(x)f=b(x)is g(x)! [ b(x) g(x) dx + C],

where g(x) = exp( § a(x) dx))

(A)ka[Alo[exp(-Kat)- exp(-kot)]/(kaks) (B)ka[Alo[exp(-kat)- exp(-ket)]/(kp-k)
(C)kaAlo[exp(-kat)- exp(-kut)l/(katks) (D)ko[Alo[exp(-kat}+ exp(-kst)/(ko-k)
(BE)ka[Ao[exp(kat)+ exp(-ket)]/(ka-ks)

(12)What’s the maximum concentration of B in Problem 11 if ky= 2 ka?
(A)23)[Al, (BMAL/S (C)[Al/3 (D)Al/2 (E)Al/4

(I13)How much time is required to reach [Blmax in Problem 11 if ky= k,?
(A)2/k. (BMka (C)lka D)3k (E)2/(3ks)

(14)For a second-order reaction of the form A — n B , with rate constant k, derive the
concentration of B as a function of time.
(A)nkt[AL*/(1+ kt[Ale) (B)n[A]o/[1- exp(-kt)] (C)nkt[A]/(1+ k)
(D)nkt[Alo*/(kt[A]lo-1)  (E)n[A]/[1+ exp(-ki)]
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(1) Consider a system of N molecules with energy levels &,= ng, where n is an integer,

with value 0 ~ 4. '
(a)Derive the expression of mean energy <e>, and evaluate its value as T— co.
(b)Calculate the fraction of molecules at n=4 as T—o. (14 %)

(2) Write down the secular determinant for cyclobutadiene by using Huckel approximation,
~and solve for the roots of the secular equation to obtain the total n-bond energy. What'’s
the delocalization energy? (16 %)




