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(1). Calculate AS for cooling 2.0 mol of an ideal monatomic gas from 27°C to 327°C at constant volume.
(2). What are the criteria for a spontaneous chemical reaction at all temperature?
(3). Givenareaction: HA—>H'+A™ Ka=1x 1073 at 25°C ; What is AG® at 25°C?
(4). The reaction: 2A + B — C has the following proposed mechanism.
Step 1: A+B == D (fast equilibrium)
Step 2: D+B—E (very slow)
Step 3: E+A—>C+B fast

What should be the rate law of formation of C?

(5). For a chemical reaction with rate constant of 50 Mls™, please calculate the half-life (t12) at initial

concentration of 0.2 M. .

(6). For a particle in a cubic box (Lx= Ly = L), how many degenerate energy levels have energy equal to
14 h%/8 mL??

(7). Using the following data reactions:

AR’ (kJ)
Ha(g) + Cla(g) — 2HCl(g) a
Ha(g) — 2H(g) b
Cla(g) - 2Cl(g) c

Please use the a, b, ¢ values to give the energy of an H-CI bond.

(8). Which of the following molecules or ions are paramagnetic? (EEA4E57)
0, O B> C, Na ) CN-
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1. (a).Please give the phenomenological equation for energy flux. (3 %)
(b). Derive an equation for calculating the thermodynamic force of a concentration
gradient. (4 %)
(c). Please calculate the dc/ot values of a concentration gradient of ¢ = cox. (3 %)

2. Consider the formation and decay of an excited singlet state:

Adsorption: S + hv; ——»S* Vabs = labs

Fluorescence: S* ——> S +hvs ve= ke [S*]

Internal conversion: S*———— S vic = kic [S*]

Intersystem crossing: S¥ ——» T* visc = kisc [S*]

Quenching: S* +Q—> S+Q; v=kq[Q][S*], Q:quencher

How to use the intensities of fluorescence (If) in the presence of the quencher at different concentration
and fluorescence (If%) in the absence of quencher to obtain the quenching rate constant kq.
(to is known and 1o = 1/(k¢ + kic + kisc)) (10 %)

3. (a) When two electrons in an atom occupy an orbital (), please write down the total wavefunction for the

. two electrons. Why the electrons must be paired? (4 %)
(). Is py = p, an allowed electric dipole transition in a molecule with Cay symmetry? (6 %)

Cov E G, 6,(xz) o,

(2mm) s

A ] 1 1 1 z 57
Ay 1 1 -1 -1 R, xy

B; 1 -1 1 -1 x, R, Xz

B, 1 —1 -1 1 v, Ry vz

4. (a). The energy separation between my = +%2 and my = -4 states of spin—/2 nuclei (I ='2) ina
magnetic field Bois yhB,. Please prove the absorption intensity is proportional to M (5 %)

(b). It is known that the local magnetic field is

—yhpg (1 — 3 cos 26)my
47R3

Bioe =

Please use this equation to explain why the NMR signal of the molecules in solid state is very broad. How
to reduce the linewidths of the solid-state NMR spectrum? (5 %)
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5. (a). What is Gibbs-Duhem equation? (3 %)
(b). Give an equation to explain the relation between A.G and chemical potentials of reactants and products.
(2%) . .

(c). At constant pressure and temperature, prove the —vFE = A:G. (F: Faraday constant, 5 %)

6. (a). Please derive the Phase rule: F=C —P + 2; and calculate the number of the intensive variables in a
system with two components in a solid-liquid phase. (6 %)
(b). Draw the C, vs. Temperature diagrams to explain the first- and second-order phase transitions. (4 %)




