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1. Now we have a heat engine that operates in the following cycle(Note: every step

is reversible):
State (a) to state (b} is an isothermal process.
State (b) to state (¢) is an adiabatic process.
State (¢} to state (d) is an isothermal process.
State (d) to state (a) is an isochoric process
If this engine operates on one mole ideal gas and P,=4 atm, V,=2 liter, Py=2 atm,
V=4 liter, Pg= 2 atm, V=2 liter, please answer the following questions

(1) What are the values of P, V. and the two temperatures of the two isothermal
curves? (4 points)

(1) Please write down the values of AE(change of energy), q (heat), w (work) of each
step(a)->(b), (b)—(c) ,(c)—{d) (d)—(a) (Here, we define AE = q - w).(12 points)

(1ii) Based upon the above, please show that AS(Entropy) of the whole cycle is zero.
(2 Points).

2. Liquid helium boils at about 4K and liquid hydrogen boils at about 20K.  What

15 the efficiency of a reversible engine operating between heat reservoirs at these

temperatures? (2 points)

3. A unimeolecular gas reaction is proposed as -

A+AeA+A (rate constant 1s k; for the forward and ts k .y for the reverse)
A"3B+C (rate constant is Ky)

The species A" is in excited state, present in low concentration.  If the steady
state approximation is applied here, please show that the mechanism predicts
first-order kinetics at higher A concentration and second-order kinetics at lower A
concentration. (5 points)

4. In the far-IR spectrun of HBr, there is a series of lines having a separation of
16.94cm™, Please calculate the moment of inertia and bond lengih of HBr. (5
points)

5. For a particle in a one-dimensional box (length = L), please show that
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(Hint: ¥, = J—%sm(-@%{] } (10 points).

6. Please write down the electronic configuration and the ground electronic state
term symbol of Li (lithium) (4 points)

7. Please write down the molecular orbital (MO} energy diagrams of N, and O; (6
points)

AN

Foe



CHAYA Ej?%jt%/\ﬂ*ﬁ‘%fﬁ FE LIRS ARREE

Fir] cRHmEA Fow  BE ik~ w ¥ £ 2 H BT

AN LR -1

1. Describe briefly the principle of Fourier Transform IR (FT-IR) Spectroscopy and
what are the advaniages of FT-IR spectroscopy compared with a Dispersive
instrument? {10 points)

2.  What are the principle, advantages and limitations of each of the foiiowi'ng
detectors used in gas chromatography: (a) thermal conduetivity (b) atom emission
(c) electron capture and (d) flame ionization detectors. (10 points)

3. Try to define the following terms: (10 points)
(a) Coherent radiation
(b) photeelectric effect
(¢} fluorescence

(d) phosphorescence «

4, From the standpoint of Boltzmann distribution explain why increasing flame
temperatire enhance the sensitivity of AES more than it does to AAS. (10 points)

5. In oxidation/reduction titration, why the change in Eqyqm in the equivalence point
region is controlled by the difference between E° equctant and E®pxjaanr. How
does this difference relate to K. (equilibrium constant)? (10 points)
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