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1. Which of the following is known as the Schrédinger equation
(A) E=hv BYE=m?  (C)i=hip ® Ay =Ep (B) —Lv=E
2. Which of the following is NOT a correct consequence of the Heisenberg uncertainty principle: (A) The
shorter the lifetime of an excited state of an atom, the less accurately can its energy be measured.
(B) An electron in an atom cannot be described by a well-defined orbit.
(C) A harmonic oscillator possesses a zero-point energy..
(D) Measurement of one variable in an atomic system can affect subsequent measurements of other
variables.
(E) The momentum of an electron cannot be measured exactly.
3. Which of the following is NOT a solution of the differential equation 3 (x) + F23(x) = 0
(A) exp(—ikx) B) exp(—kx)  (C) sinkx (D) coskx (E) sin(kx—a) (a = constant)
4. The energy levels of the linear harmonic oscillator are
(A) n-fold degenerate (B) (n+2)-fold degenerate (C) (2n+1)-fold degenerate
(D) n?-fold degenerate (E) all nondegenerate
5. The Lennard-Jones potential for the interaction of two atoms has the form of

a 12 o 6
v@=v((z) -]
The value of R. is given by s
(A) o (B) ¢12 —¢° (C) 2V (D) Voldo® (E) (1-¢772)
6.  Which of the following electronic transitions is (or are) allowed in Os.
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The existence of spontaneous endothermic reactions provides an illustration of the role of G. Please answer the
following questions 7 and 8:

7. What is the value of AH for the system?

(A) AH> 0 (B) AH=0 (C) AH<0 (D) AH<0 (E) AH#0
8. What is the value of AG for the system?
(AAG>0 . (B)AH=0 (C)AG<0 (D) AG <0 (E) AG# 0

9. The van’t Hoff equation relates the slope for a plot of the equilibrium constant as a function of
temperature. Its expression has the form of

(A) InK = 222 B) (F:27) =~ (©) &,H'(T) = AH'(T) + [72 8,6, dT

RT ar T . T2
. AGO dink _ AH
D) K = RT (E) dt ~ RTZ2
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10. (13 pts) On the Beer-Lambert law, A = £b C, please answer the following questions:
{a) What are the name for individual terms?
(b) Indicate which term(s) are function of the frequency or wavelength?
(c) The value of ¢represents another form of the transition dipole moment in spectroscopy. Please write
the quantum mechanical expression for the transition dipole moment and clearly define each term in it.
(d) The value of the transition dipole moment determines the probability of a transition between two
energy states and forms the basis of “selection rule”. There are two different kinds of selection rules,
namely “gross selection rule” and “specific selection rule”. Please give clear descriptions for these two
selection rules. Also, use a diatomic molecule as an example to give the answers for both selection
rules in its IR absorption spectroscopy.
11. (7 pts) On the fluorescence spectroscopy of a chromophore in solution, a typical absorption and
fluorescence spectra are shown in the following figure.

Intensity, |

Wavelength, 4

A is the absorption spectrum and B is the fluorescence spectrum of the same molecule. Please fill the
following blanks for the marks shown in the above ﬁgure
(a) (1) indicates a transition of
(b) The spacing between two adjacent fine structures in A, such as (2), represents the ;
(c) The spacing between two adjacent fine structures in B, such as (3), represents the ;
(d) The relative intensities of the fine structures found in both A and B are governed mainly by the
. Please write down its quantum mechanical expression:
(Hint: You need to give clear definitions for the major terms)
12. (4 pts) Consider a particle in a 1-dimensional box in which a particle of mass m is confined to a finite
region of space between two impenetrable walls. The potential energy is zero inside the box but rises
abruptly to infinity at the walls at x=0 and x=L. Its wavefunctions are

P (x) = Csin E) n=12,...
2

The constant C can be determined via normalization to give €2 = 7

Calculate the probability that the particle will be found in the middle third of the box: L/3 <x <2L/3. From
the general formula for arbitrary », find the limiting value as # — .

13. (8 pts) The variation in the partial pressure of azomethane with time in its decomposition reaction
CH,N,CH,(g) — CH,CH,(g) + N,(g)

was monitored at 600 K, with the results given below:

tfs 0 1000 2000 3000 4000
pfPa 10.9 7.63 5.32 3.71 2.59

Assuming that we already know its reaction follows either first-order or second-order kinetics, please
present your verifications to prove its reaction order in terms of the associated integrated rate laws and the
half-lives. (Note: Please do not attempt to calculate the above data. Also, you need to show your derivation
in detail for the necessary equations.)
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1. Report results of the following calculations to the correct number of significance figures.

(a)4.591 + 0.2309 + 67.1 =2 (2 %)
(b)1.43/0.026 =? 2 %)
(€)9.23 (0. 03) + 4.21 (£0.02)—3.26 (£0.06)="7? (£7) 3 %)
(d)9.43 (£0.05) x 0.016 (10.01) = ? (+?) (G o)

2. Shown in the following data are the results for the determination of acetaminophen (in milligrams) in ten separate
tablets of a Pain Reliever.
224.3,240.4, 246.3, 2394, 253.1, 245.5, 229.4, 255.5, 235.5, 249.7

(a) Report the mean and standard deviation for these data. (2 4-)

(b) Assuming that X and s” are good approximations for p and o’, and that the population is normally
distributed, what percentages of tablets are expected to contain more than the standard amount of 250 mg
acetaminophen per tablet? (6 %)

3. (a) Calculate the pH of a buffer that is 0.020 M in NH; and 0.030 M in NH,CL (3 4-) [K, (NH,") =5.7x10™]
(b) What is the pH after adding 1.00 mL of 0.10 M NaOH to 0.10 L of buffer solution 3(a)? (3 %4")
(c) What is the pH after adding 1.00 mL of 0.10 M NaOH to 0.10 L of water? (2 4")
(d) Explain the pH difference between the results of 3(b) and 3(c). (2 %-)

4. A compound with molecular mass 292.16 g/mol was dissolved in a 5-mL volumetric flask. A 1.00-mlL aliquot was
withdrawn, placed in a 10-mL volumetric flask, and diluted to the mark. The absorbance at 340 nm was 0.427 in a

1.000-cm cuvet. The molar absorptivity at 340 nm is €34 = 6 130 M em™.
(a) Calculate the concentration of compound in the cuvet. (5 4)
(b) How many milligrams of compound were used to make the 5-mL solution? (5 %)

5. The following data were obtained for four compounds separated on a 20-m capillary column. (& — ]\ 3 %)

Compound Retention time(min) Peak width{min)
Nonretained 1.1 -

A 8.04 0.15

B 8.26 0.15

C 8.43 0.16

D 10.6 0.22

(a) Calculate the retention factor of A, B, C, and D. (b) Calculate the average pia.te.height of the column. (c)
Calculate the number of plates for the column. (d) Calculate the resolution and selectivity factors for B and C.
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TABLE 4~1 Ordinate and area for the normal (Gaussian) error curve, y = {M/w:]_we
7

y Area® | i y Avea | iz y Area

4
0.0 0.398 9 0.0000 | 1.4 0.149 7 04192 | 2.8 0.0079 0.497 4
0.1 03970 00398 | 1.5 01295 04332 | 2.9 0.006 0 0.498 1
0.2 0.391 0 00793 | 1.6 0.1109 04452 | 30 0.004 4 0.498 650
0.3 0381 4 01179 | 17 0.004 1 04554 | 3.1 0.003 3 0.499 032
0.4 0.368 3 01554 | 1.8 0.079 0 04641 | 32 0.002 4 0.499 313
0.3 03521 01915 | 1.9 0.065 6 04713 | 33 0.0017 0.499 517
0.6 03332 02258 | 2.0 0.054 0 04773 | 34 0.001 2 0.499 663
0.7 0.312 3 02580 | 2.1 0.044 0 04821 | 33 0.000 9 0.499 767
08 0.2897 02881 | 22 0.035 5 04861 | 3.6 0.000 6 0.499 841
09 0.266 1 03159 | 23 0.028 3 04893 | 37 0.000 4 0.499 904
10 0.242 0 03413 | 24 0.022 4 04518 | 3.8 0.000 3 0.499 928
1.1 02179 03643 | 25 0.017 5 04938 | 3.9 0.000 2 0.499 952
1.2 0.1942 03849 | 26 0.013 6 04953 | 4.0 0.000 1 0.499 968
13 0171 4 04032 | 2.7 0.0104 04965 | oo 0 0.5

a.z=(x— plo.

b. The area refers to the area between z = G and 7 = the value in the table. Thus the areafromgz=0toz = [4is 04192
The area fromz = ~0.7 10 7 = 0 is the same as fromz = Otoz = 0.7. The areafromz = ~0.5 1wz = +0.3 is

(G191 5 + 0.117 9) = (.309 4. The total area between 7 = ~oc and z = +o0 s unity,



