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Part I. Physical Chemistry (50%)
There is gne answer to every problem. Each is worth 2%.
1. Which statement is incorrect?

o'Y _10°%

a v = Av) is the classical wave equation.

(2) o - ( )i q
621;1 4m?

(b) —- o +—~y =0 is the classical wave equation for the standing waves.
X

2 -
() [— —?——VZ + VJ\P = ihaa—lf is the time-dependent Schridinger equation.
m
(d) the function of ¢"*™", where k = 27“ and o = 27v, satisfies the classical wave equation.

2. Given a free particle in a box, which of the following conditions is incorrect?
(a) Shifting the box in space will change the wavefunction.

(b) The precise position of the particle is unpredictable.

(c) If the size of the box is infinite, the energy of the particle is not quantiied.
(d) Shifting the box in space will change the energy of the particle.

(e) The energy of the particle depends on the shape of the box.

3. Which of the following functions is acceptable (well-behaved) as quantum mechanical
wavefunction over the indicated intervals.

(a) (O ©) (b) sinx,(-w,0) (c) e™¥,(~,®) (d) X ,(—o0,00)

4. Which statement about the 1ntegral J'g Agdx is true, where A isa Hermltlan operator and g is
©oall -
its eigenfunction.

(a) It must be zero (b) It must be a real number (c) It is equal to J. gA gdx. (d) It is equal to
all

A j g*gdx.
all

5. A wavefunction y(x) = sinkx is defined in the region —% <x< -E
Which of the following wavefunctions is nof orthogonal to y(x) ?

(@)1 (B)sinkx (¢) coskx (d) cos2kx  (e) sin2kx

"|6- Which of the following statements is true for a given set of harmonic oscillator wavefunctions

corresponding to the same potential }?
(a) The ground-state energy is called zero-point energy and its value is zero. (b) The number of]
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nodes at each energy level is equal to v-1, where v is the vibration quantum number. (c) The
wavefunctions must have zero amplitude beyond the classical turning points. (d)

Jw,w,dx =0,y 2" (e) The wavefunctions involve Gaussian-type functions and thus are all even

—00

functions.

7. Which one of the following systems has the greatest degeneracy?
(a) Rigid rotator, J=3 (b) Particle in a one-dimensional box, =10 (c) Harmonic oscillator, v=10

(d) Hydrogen atom, n=3 (e) All the above are singly degenerate.

8. Which of the following about the spherical harmonics Y, _,'" is incorrect?

(a) The number of angular nodes in ¥;” is L. (b) The complex ¥;" give non-zero eigenvalues of L,

(c) Yy is a constant everywhere in space (d) Y/" serves as eigenfunctions for L. (e)

1/2
Yl0 = (%J cosO correlates with all p, orbitals.
T

9. Which statement about H-atom is incorrect?
(a) Spherical polar coordinates are the natural choice for H-atom Schridinger equation because
the potential term is spherically symmetric. (b) H-atom Schrédinger equation can be solved by

separation of variables where R(r) and ®(6) are linked through /(/ +1) while ®(0) and O() are
linked through m?. (c) The operator for the z-component of angular momentum has the simplest
form in spherical polar coordinates as opposed to the x- and y-components. (d) The rules for

allowed angular momentum magnitudes and orientations are shared by the rigid rotor and the H-
atom. (e) By changing the variable sin 0 into x, the ® differential equation can be recognized as

being the associated Legendre equation.

10. Which is the correct Hamiltonian for the He atom?

52 52 2 2 2

() > \ vi- c ¢ ¢
m, 2m, 4me, 1 4me  r, 4ne 1,
hZ h2 2 2 2

b) S Vit Vit S
m, 2m, dng,r; 4me,r, 4me r,

52 52 2 2 2
© [/ V24 h v 2e + 2¢" e
2m, 2m, dng,r; d4me,r, 4mne,r,




'[16. Which statement about the compressibility factor Z is incorrect?
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2m, 2m, 4ne,ry 4dme,r, 4me,n 4ne,r, 4me,r,

11. Which of the following is not a possible value of S° for a pure substance?
(2) -31.0 J K mole™ (b) 85.0 J K* mole? (c) 1.856R (d) All of these are possible. (e) None of]

these is possible.

12. For which of the following standard enthalpies of formation is not zero AH f°(25"C) ?

(a) Na(s) (b) Nz(g) (C) Iz(g) (d) C(s, graphite) (e) none of these

13. In an adiabatic expansion of an ideal gas, which of the following is always true?
(a) The work done by the gas is equal to the decrease in the internal energy of the gas.
(b) The work done by the gas is equal to the heat absorbed by the gas.

(c) The temperature of the gas will rise.

(d) The temperature of the gas will remain the same.

(e) No work is done by the gas to the surroundings.

14. For which statement about the Joule-Thomson (J-T) experiment is not true?

(a) J-T expansion is an isenthalpic process (AH =0).
or) . .

(b) | | is called the J-T coefficient 1.
OP )y

(¢) Any gas will be cooled by J-T expansion.
(d) For ideal gases x;r =0

15. Using one of the Maxwell relations and the ideal-gas equation of state, determine (%) =?
T

(a) % (b) nR (¢) ; (d) 0 (e) None of these.

(a) Z= % (b) Z is temperature and pressure dependent. (c) Z is equal to one for ideal gases. (d)
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When Z >1, the real gas is more difficult to be compressed than the ideal gas. (e) For real gases, Z|

can be expressed by using virial expansion.

17. Which of the following is true?

(2) An increase of pressure always leads to a boiling point elevation for all substances.

(b) An increase of pressure always leads to a melting point depression for all substances.

(¢) The slope of the solid-liquid coexistence curve in the P-T phase diagram is positive if the solid is
less dense than the liquid.

(d) In the P-V phase diagram, the solid-liquid coexistence region is broader than the gas-liquid

coexistence region.

18. Which of the following is not true?

(a) At phase equilibrium, a substance that occurs in two phases will have the same concentration in
both phases.

(b) For a single component substance at a fixed value of pressure, the change of slopes in the plot of|

the chemical potential versus temperature across different phases represents the variation of the

(¢) 4.G is the change of Gibbs energy for a reaction and A,G=-RTInK,+RTInQ where 0

represents the reaction quotient.
(d) The mixing of reactants and products results in a minimum in the plot of the Gibbs energy

against the extent of reaction. This minimum corresponds to the equilibrium position.

19. The unit of the rate constant must be
(a) dm® mol 5!

(b) dm™ mol s

(c) s?

(d) equivalent to the pre-exponential factor
(e) a value of no dimension

20. Which of the following kinetic piots is noi a straight line theoreticaiiy?
(a) [A] as a function of ¢ for a reaction zero order in A.

(b) 1/[A] as a function of f for a reaction second order in A.

(©)In [A} as a function of ¢ for a reaction first order in A.

(d) [A]"* as a function of £ for a reaction 1/2 order in A.

(e) All the above is linear.

21. Which of the following statements is true concerning the Arrhenius relation between the rate
constant, Kk, the activation energy E,, and the temperature?

(a) A plot of Ink vs. T is a straight line with slope E,/R.

(b) A plot of Ink vs. InT is a straight line with slope E,/R.
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(¢) A plot of Ink vs. InT is a straight line with slope -E,/R.
(d) A plot of Ink vs. 1/T is a straight line with slope -E,/R.
(e) A plot of Ink vs. 1/T is a straight line with intercept E,/R.

22. The gaseous isomerization reaction, CH;NC — CH;CN, displays first-order kinetics, namely
rate = k[CH3;NC]. Measurements at 500K show that the concentration of the reactant has declined
to 75% of its initial value after 440 s. How much time will be required for the concentration of]
CH3NC to drop to 25% of its initial value?

(a) 440 s (b) 880 s (c) 1320s (d) 1680s (e)2120s"

23. Consider a reversible reaction A=B with a forward rate constant k r and a
backward rate constant k. If the initial concentration of A is [4], and the initial concentration of]
Bis zero, then the equilibrium concentration of Bis

(a)—[A]o (b) [A]o ()k 7. Al (d)k k
R stk

[4], () (ky—k;)[A],.

24. For a reversible reaction A5 Y+Z, the rate constants k, (forward) and k_; (reverse) can be
obtained by the T-jump relaxation method. Suppose x, is the concentration of Y and Z at

equilibrium. The relaxation time 1 =

1 1 1 1

a b c d
@) ki+k_ ®) 2k;x, +k_, © 2k_x, +k, @ 4k x, +k_q

25. The decomposition of gaseous N,O (laughing gas) in the presence of Cl, at high temperature is
thought to follow the mechanism,

Cly(g) = 2 Cl(g)

N20(g) + Cl(g) = Na(g) + ClO(g)

2 ClO(g) = Cla(g) + O2(g) '

In the net overall reaction, the second step occurs twice for each occurrence of the first and third
steps. :

(a) The net overall reaction is N,O + C10— N, + O, + CL

(b) CI1O is the only intermediate involved in the mechanism.

(¢) The mechanism is purely imaginary, and cannot be experimentally proved.

(d) Knowledge of the rate law can imply one and only one mechanism.

(e) Cl, is a catalyst.
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Part II. 3#{E&2 (50%)

26. Define the following terms

(a) standard addition calibration method

(b) effective bandwidth of a filter

(c) Doppler broadening of spectral line profile

(d) Stokes shift in Raman Spectroscopy

(e) tandem-in-time mass spectrometer

(f) isocratic and gradient elution in liquid chromatography

(5% each, 30% total)

27. Describe the preparation of 100 mL of 1.00 M HCI from a concentrated solution that has a specific gravity

of 1.18 and is 37 wt% HCl (36.5 g/mol). (5%)

28. (a) Find the pH of a solution preparcd oy dmouxvm;, 12.43 g 01 f Tris KHU\,Hz)3CNHz, 121.135 g/mOU plUb
4.67 g of Tris hydrochloride [(HOCH:):CNHs'CI, 157.596 g/mol] in 1.00 L of water. pKrs - ua = 8.072 (5%)

(b) If we add 12.0 mL of 1.00 M HCI to the solution in (a), what will be the new pH. (4%, 9% total)

29. A solution contains 35.3 pg/mL Cr (51.996 g/mol). The Cr is present only as dichromate (Cr207") in 1.0 M

HzSOx. The transmittance of this solution was 76.2% at 440 nm in a 1-cm pathlength cell. What is the molar

absorptivity of dichromate at 440 nm? (6%)




