e

CEY T Y A pmes %

&
e

-
= m |

(TEXY

Mgy EHR g

A 1. FHKAFEEE I RAARARE
2. BRI HIAE RS R E T

3.

R=8.31 J/K mol
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Explain the following terms: (209%)

(a} intensive property  (b) tunnelling effect  (c) Joule-Thomson effect
(d) heat {e) first order phase transition (£} triple point
(g) Heisenberg uncertainty principle (h) phase rule

{i) standard states of real gases (j) colligative property

Give van der Waals equation and explain it. (5%)
What kinds of energies should be included in internal energy? (5%)

Justify thal the change in enthalpy is equal to the heat supplied at constant

. pressure to a system. (5%)

Helmhoitz energy A=U-TS is sometimes catled “the maximum work function™.
Explain it (hint: using Clausius inequality dS 2 do/T). (8%)

Calculate the entropy change of a sample of n mole perfect gas when it expands
isothesmally and reversibly from a volume V, to a volume V. {5%)

{a) Write down the Schradinger equation for a particle with a mass of m moving
in a potential well of V. (2%) (b) What is the wavefunction ﬁ_c}r the
particle at V=0, (2%)

The vapor pressure of ketone carvone (M=150.2 g/mel), a component of oil of
spearmini, is as follows:
BfC 574 1004 1330 1573 2085 22735

pfTor 100 100 400 100 400 760
What are (a) the normal boiling point  (2%) and (b) the enthalpy of
vaporization of carvon? (6%)
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9) The standard Gibbs energy of reaction for the decomposition
HO(g) ---> Hyg) + 1/204g}
is 118.08 kJ/mol at 2300 K. -
(a) What is the equilibrium constant (5%)
(b) what is the degree of dissociation of H,0 at 2300 K and 1 bar (the degree of
the dissociation of H,0 is small). (5%)

1) Describe the process of phosphorescence. (5%)
11} Using steady-state approximation to derive the rate law for the = 1{%)

decomposition of N;O;, 2N,04g) ---> 4 NOJg) + Oufg)
on the basis of the following mechanism

N,O; --> NO, + NO, k,
NG, + NO, --> N0, k’,
NO, + NO; -—> NO,+0,+NO ky
NO + NO; -—> 3NO, k.

12) Give energy expressions for the vibrational and rotational motions of a
diatomic molecule and for the P, 2, and R branches. (10%)

13) Qy=wy, p=wap,. What is the expectation value of Q for Cap,+Coy,
(¥, y, are normalized and they are orthogonal) (5%)
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