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1. Given p, = —iha what is the commutator [p,, X]?

(A) i (B) -ih (C) iip, (D) —ifp, (E) None of the above

2. The normalized wave function for a particle in a one-dimensional box is w, (x)=~/2/L sm(m‘rx /L),

where L is the length of the box. What is the probability that the particle will lie between x =0 and
x=L/4 ifthe particle isin the n= 2 excited state?

Y] \F B) — (C) — (D) (E) None of the above

3, How many IR act1ve modes are there in the carbon dioxide (CO2) molecule? -
AIB®LIO2D3E4

4. 'Which one of the following statements is incorrect?
(A) The zero point energy is lower for a He atom in a box than for an electron. (B) The wave function of a
system must satisfy the time-independent Schrdinger equation. {C) Molecules with 2 longer 7z-conjugated
system tend to absorb photons with higher energies. (D) If we measure the observable 4 when the
system’s wavefunction is not an eigenfunction of A, we still get an outcome that is an eigenvalue of 4.
(E) The P2 eigenfunctions are degenerate except for / =0,

. Conmder carbon atom in the configuration [He]2322p This carbon configuration contains three terms:
3P, 'D, 'S. The number of states that belong to the °P term is?

(A) 15 (B) 9(C) 5 (D) 3 (E) None of the above
6. The O-H stretching frequency of an alcohol is 3400 cm”, What would be the frequency of the same mode
when the hyd.rogen s changed to deutenum"

wh

7. 2.00 mol of a monatomic ideal gas is expanded adiabatically and reversibly from a volume of 20.0 L to a
volume of 60.0 L. Suppose the system is initially at a temperatwre of T=310 K, what is the final temperature
of the gas?

(A) 50K (B) 100K (C) 150K (D) 200X (E) 250K

8. Ethanol’ s enthalpy of vaporization is 38.7 kJ mol” at its normal boiling point, 78°C. Assume that the vapor
is an ideal gas and neglect the volume of liquid relative to that of the vapor. What is A Ses when 1.00 mol’
ethanol is vaporized reversibly at 78°C and 1 atm? (The gas constant R=8.314 JK 'mal™).

(A) 110X (B) 11 TK' (C) 496 TK* (D) 49.6 TK' (B) None of the above -

Z
9. The van der Waals equation of state is [P + a%] (V —nb)=rnRT. What is the coefficient 5 related to?

{A) Strength of intermolecnlar interactions (B) Density of gas (C) Tempcrature (D} Excluded volume of the
molecule (B) None of the above

10. A thermodynamic engine operates reversibly between two temperature reservoirs, absorbing heat from the

" high-temperature bath at 500 K and discharging heat to the low-temperature bath at 300 K. What is the
thermodynamic efficiency of the engine?
(A) 50% (B} 40% (C) 30% (D) 20% (E) 10%

11. The Joule - Thomson coefficient of an ideal gas system is?
@YVIC, B)V/IC, (C) 0 (D) VMR (F) None of the above

12. Which of the following is a plot of the natural logarithin of the vapor pressure of water versus inverse
temperature?
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(BE) None of the above
A&

A 1700 em” (B) 2400 cm” (C) 3400 em™ (D) 4800 em”! (B None of thie above f T T T e
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13. Consider a particle with mass min a one-dimensional harmonic potential, V(x)=%icc2.

(A) (2 marks) Give the time-independent Schridinger equation for this system
(B) (2 marks) Show that the wave function w(x)= Ne ™ is a solution to the Schrodinger equation (e and

N are constants).
(C) (3 marks) Calculate the constant & and the energy of the quantum state represented by this wave function.

14. Heat capacities at constant pressure (C,,) and constant volume (C,) are related to each other by the
thermodynamic identity:

or- o (), +#](%)

(A) (5 marks) Give a proof of this equation
(B) (2 marks} Calculate C, —C, for a system containing 1 mol of ideal gas.

15: {6 marks) The kinetics of enzyme catalysis can be sammarized by the following scheme:

k
E + §S—= ES

k_y

ky
ES—> E+ P

where E denotes the enzyme, S is the substrate, and Pis the product. Use the steady-state approximation to
derive the rate law for the product generation (this is the famous Michaelis - Menten equation).

io;};kﬁ
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Analytical Chemistry (50%)

1. Write down the English full names of the following abbreviations used in Analytical Chemistry: (i) SCE, (i) EDTA, (iii)
ICP, (iv) CCD, (v) HPLC, (vi) ESCA, (vii) AAS, {viil) WDXRF {8%)

2. {a} Discuss the purpose of use of the (i) auxliary complexing agent and {ii) auxiliary reducing agent in chemical
analysis. {b) Name two chemicals for each of the agents stated in (a). {6%)

3. Describe the speciroscopic process involved in (a) uvivis spectrometry, (b) atomic fluorescence spectrometry, (c)
Auger electron spectroscopy. ) {6%)

4, Show your calculation to obtain the equivalence point in (i) Ert for the fitration of 50.0 ml., 0.0100 M Fe2* (E®re3+re2+(1
M H2804) = 0.68 V) with 0.0100 M Ce?* (E°cet+ices+(1 M H2504) = 1.44 V), both dissolved in 1 M sulfuric acid solution; (i)
pCa for the complexiometric titration of 50.0 mL, 0.0500 M Ca{NQs)2 with 8,100 M EDTA (K, ca£ora = 5.0 x 10™%), both
buffered at pH10 (o, p1o = 0.35). (7%)

5. The air sample collected from an industiial city was analyzed based on a well-developed analysis method fo contain
41.13 pg/m? p-dichlorobenzene (pDCB). Analysis of the pDCB concentration {cyoes) in the sample using a newly
developed molecular absorption spectrometry (with the pathlength of the sample cell of 10.0 cm and the pDCB molar
absorptivity of 2.30 x 104 Limol-cm) gave the following data: cpoce (in pgfm3) = 41.02, 40.80, 42.02, 41.11,41.07. By
pacling data from several analyses, it was established that s — o = 0.15 pg/m3. {a) Treat the data stafistically fo shaw if
the data indicate the presence of a systematic error at the 90% confidence level? (b) Quantitative molecular absorption
spectrometry is based on Beer's law. Calculate the transmittance of the samplé that corresponds fo the mean value of
the data.

Table - Critical Values for @  {Canfidence Levelsifor; EYalieBh et otiseats
Q r2Varlous Valies.of 2% Degrees of
s e bomjenm ~ " Frecdoni ‘80% 90% 95% 9% 999% - -
Number of Confidence Leveal Level, % 2 1 308 631 127 637 637
i 50 0.67 2 189 292 430 992 316
0, -, B
Obsorvations 90% 96% 98% 68 1.00 3 164 235 318 584 129
3 054 095 095 80 128 4 153 213 278 460 86l
4 0.76 085 093 90 1.64 5 148 202 257 403 687
5 081 073 082 95 1.96 6 144 194 245 371 596
g 3“5;? . 33‘; gg; 954 2,00 7 142 190 236 350 5.4i
5 047 0E4 063 99 2,58 8 140 186 231 336 504
9 044 081 060 997 3.00 9 138 1.83 226 325 478
10 041 048 057 99.9 3.29 10 137 181 223 317 459

8. (a) Explain how one can estimate the pH of microscapic vesicles in living cells by infusing an indicator {Hin) into the
vesicles and measuring the quotient [In]/Hin] from the spectrum of the indicator inside the vesicles. (b) List at least two
main experimental factors that will affect the accuracy of the pH value estimated above. Explain, (4%}

7. (a) Describe the molacular property (in less than 5 words each) Category Charscterizedby Typical Sowrces
which change associated with a molecular vibration gives (i} infrared

absorption and (i) Raman Scattering, respectively. (b) Discuss in Gl sk Lilled readautesotufion
detall why Raman spectroscopy is superior to IR spectroscopy for (i) Heat detector Johason ncise
analyzing organosuifur compounds, {if) in-vivo study of

biomolecules/biomaterials. {c) Suggest one approach with which a Dark current and amplifier aoise
peak detected In a spectrometer using a laser as the excitation Cisell s =kVTEFT Photon desector shol noise
source can be distinguished as due to Raman scattering or o .
fluorescence. (d) Among three sources {cases) of uncertainties in Coselll &r=hT ol postlioning uncertaiatics
transmittance measurements {shown on the right), which source Sowre ficker

limits the Raman spectroscopy resolution most but has the minimum :

effect on the IR spectroscopy resolution? Explain. {11%)




