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2. R=18.314 J K mol! = 0.082 atm L K'! mol!

(—)FEM 12 - HAS5 40 £ 605 > Rfelda o
(1) The pressure on a block of copper at a temperature of 300 K is increased isothermally and reversibly
from 1 to 1000 bar. Assume that o, X and density are constant and equal to 5x103 K1, 9x10'2 m*/N,
and 9x10° kg/m?, respectively. Calculate the work done (in I) on the copper per kilogram.
(A)S (B)I2 (O)8 (D)2 (B)I5
(2) Calculate the change of entropy (in I/K) on the copper per kilogram in Problem 1.
(A)-145 (B)-056 (C)-072 (D)-032 (E)-1.85
(3) Apply L’Hopital’s rule to the Clapeyron equation either respect to P or T to obtain the second-order
phase transition temperature.
(A)VAC, A/Ax  (BYA@)(VAC,Ax) (C)V(AKY(AC,Ac) (D)AC, Ax/[V(Aa)?]
(E)AC, AR/[V(Ac)]
(4) A container is divided into two compartments. One contains 2.0 mole H3 at 2.0 atm and 25 °C;
the other contains 2.0 mole N at 3.0 atm and 25 °C. Calculate the Gibbs free energy of mixing
(in 596R) when the partition of the container is removed. Assume that the gases are perfect.
(A)n(1.56)  (B)In(0.45) (O)In(0.66)  (D)In(2.20)  (E)In(0.24)
(5) Consider the reaction
A+B = P (rate constant: forward ki, backward k.1)
, where [A]o= [Blo. A temperature jump experiment is performed where the relaxation time constant is
measured to be 5.0x10, resulting an equilibrium where Keg= 1.0 with [P]eq= 0.25 M. Derive an
expression of relaxation time.
(A)ki([Alea+ [Blea)-k1[Plea]’  (B)ka([Aleg+ [Ble) -kt (C)ku([Aleg+ [Beq) + k]!
O)k1([Aleg+ BlekifPlal’  EB)Ki([Aleg + [Bleg) - k]
(6) Calculate k.; (in 10° s") in Problem 5.
(A)1.0  (B)1.S (C)08 (D22 (E)2.5
(7) Consider the reaction A — P with rate equation d[P]/dt = k[A]". Calculate the half-life.
(A)2™/(n-1)k[A]o™! (B)2"'-1)/(n-DK[AL™  (Ck2™1)/(n-1)[A)""
D)2™'-1)/(-DK[AL"  (B)2™'-1)/(@)K[A)™
(8) Thereaction 2 F»0 (g) — 2Fa(g) + Ox(g) is believed to follow the mechanism:

(1) 2F0 — F+O0OF+F0 rate constant ki
(2) F+F:0 — F+OF rate constant ka
(3) 20F — Oy +2F rate constant ks
(@A 2F+F0 — Fp+F0 rate constant ks

Use the steady state approximation to obtain the expression of [F].
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(A)[F201/k)'"?  (B)(ka[F201k3)'  (C)(ki[F20)/ka)*?  (D)ka[F20]"/ks  (E)(kr)[F20)/(k3)'
(9) The mechanism in Problem (8) can be shown to be consistent with the experimental rate law

—d[F20)/dt = ki [F20] + ko [F20]°. What is ky?
@A kiks)'?  B)olaks)'?  (OkiZkiks  O)ka(kike)'?  (E)(io/ke)™

(10) The schrodinger equation for a particle of mass m moving in a ring of radius r in the xy-plane with
zero potential energy is —(h’/8n°T)d>w($)/d¢? = Ew(4), were I = mr2. What's the normalization constant
of the wavefunction?

(A B)e2my™? ©)en! D2t (B

(11) Calculate the expectation value of the angular momentum in Problem 10 represented by the operator
(b/2ri)d/d¢ if the quantum number is equal to 47
(A)h/8n (B) (Wn)*  (Cw2r  (D)(W2n)?  (E)2h/n

(12) How many of the following molecules (Hz, HCI, COz, H20, CH3CHs, N2, CHs, CH5Cl) may show
infrared absorption spectra?
Aay¢  ®B5 (©6 D)7 (B8

(Z)FE83HE3 M 2404 ERHHH8R - R HEER&H -

(1) Consider a system of particle in a cubic box at certain temperature Ti, where the energy level is given
by E;= n’h?/(8ma®). Work is done on this system adiabatically and reversibly so that the length of box,
a, is reduced to 2 of its original length.

(a)Calculate the final temperature.

(6 %)
(b)What’s the effect on the molecular partition function? (5 %)
(c)What’s the effect on the occupations of the energy levels? (5 %)

(2) The number of configurations available to a polymer network can be shown to be
W =Cexp[-a(L:’+ L+ L,9)]
» Where C and a are constant, and Ly, Ly, Lz are extension ratios in the x, y, and z directions. For an ideal
rubber, dW = -fdl and dV= 0 in the stretching process. Let L, = Ly, and L,=Vl, = A, where | and 1, are
initial and final sample length. .
(a)Derive the entropy of the system as a function of ., (8 %)

(b)Use the relation f=-T(8s/al)r to derive the expression of the restoring force f as a function of
AandT. (6 %)

(3) Suppose the ground vibrational state of a molecule is modelled by using the particle in a box
wavefunction yo= (2/1)"? sin(mx/L) for 0 < x < L and 0 elsewhere. Calculate the Frank-Condon factor

for a transition to a vibrational state described by V= (2/L)"? sin[(n(x-L/2)/L] for L/2 < x < 3L/2 and
0 elsewhere. (10 %)




