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R =8.3145JK ! mol!
1 amu =1.660539040 x 10727 kg
h=6.626%x10*Js

(&

1. (14%) The v = 0 — 1 vibrational band of ICl occurs at 382 cm™!. Approximating this molecular
vibration as a harmonic oscillator, answer following questions: (Atomic weights of I and Cl are 126.9
amu and 35.5 amu, respectively.)

(a) Calculate the zero point vibrational energy. (4%)

(b) Calculate the force constant of ICI. (4%)

(c) Calculate the ratio of the v= 0 and v = 2 populations at 200°C. (4%)

(d) Is the rotational constant, B, of IC] at v =1 the same as that at v = 0? And explain why? (B = #*/(2),
where [ is moment inertia) (2%)

2. (15%) A reactant molecule S can be converted into its product P by an enzyme molecule E,

kl kz
E+B«= BEs == P+E
k—l k__z

where ki1, k-1, k» and k- are rate coefficients. The initial concentrations of E and S are [E]o and [S]o,
respectively. The initial concentrations of P and ES are zero.

(a) Write the rate expressions for [S], [E], [ES] and [P]. (Example: d[S]/dt = ?) (4%)

(b) Prove [E] + [ES] = [E]o. (4%)

(c) Assuming the steady-state approximation for ES, express [ES] in terms of [S], [P], [E]o and above rate
coefficients. (4%)

(d) Continued from (c), prove that d[S]/dt and d[P]/dt is proportional to [E]o. (3%)

3. (15%) Consider the dissociation reaction H2O(g) — Ha(g) + 0.502(g), the values of its standard
reaction Gibbs energy (A;G°) are +135 kJ/mol at 2000 K and +118 kJ/mol at 2300K.. Please answer
following questions:

(a) Calculate the equilibrium constants at 2000 K and 2300 K. (5%)

(b) Calculate the reaction enthalpy of this reaction. (5%) _

(c) Calculate the mole fraction of Ha, after the dissociation reaction of H2O at 2300 K and 1 bar finishes.
(5%)

4. (6%) Light incident on the surface of a metal causes electrons to be ejected. Answer following
questions:

(a) Does the kinetic energy of ejected electrons depend on the frequency or intensity of light? And
explain why? (2%)

(b) Does the number of electrons depend on the frequency or intensity of light? And explain why? (2%)
(c) The minimal energy required to remove an electron from a material is called work function. For
elements Be, Mg and Ca, which one has the smallest work function? And which one has the largest work
function? (2%)
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5. (11%) (a) Define: Buffer solution, describe its feature, significance and also possible application. (3%)
(b) Define buffer capacity, use one equation to express the term and explain the meaning for each
parameter. (3%) ‘

(c) Describe how you can prepare a buffer solution (1L) with a pH value of 4.5 from 0.9 M of acetic acid
with sodium acetate. The K, of the acetic acid is 1.75 x 107, (5%)

6. (9%) Define the 3 different quantification methods in Analytical Chemistry that is listed below.
Describe their principles in details and also give example of applications for how to use these
quantification methods? Please also compare their advantages and limitations?

(a) External standard method (3%)

(b) Internal standard method (3%)

(c) Standard addition method (3%)

7. (10%) Calculate the molar solubility of Ba(103)2 in an aqueous solution while it is in the presence of
0.03 M of Ba(NO3); in the solution. Kgp = 1.57 x 107

8. (10%) To date, there are many types of mass spectrometric instruments (mass analyzers) that have
been developed. Please define the listed mass spectrometers below and also draw their instrumental
designs, describe their working principles and also discuss their advantages and limitations for each type.
(a) lon trap (2%)

(b) Time of flight (2%)

(c¢) Quadrupole (2%)

(d) Sector (2%)

(e) FTMS (Fourier Transform Mass Spectrometer) (2%)

9. (10%) In Analytical Chemistry, there are many terms that are significant. Please define all the
following terms and also give detailed explanation for how to use these terms? Also, their significance
must be explained.

(a) LOD (Limit of detection) (2%)

(b) Resolution (2%)

(c) Standard Deviation (please also write down the equation for this term and give meaning for each
parameter in the equation (2%)

(d) Linear dynamic range (2%)

(e) CV(coefficient of variation) (2%)
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