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— ~ Quantum part:
1.(A) (6 4)Write down the 2py, 2py and 2pz orbitals from the following Tables

Angular wavefunctions:

Y _
2D G—m _P" (cos@)e™, where

Y’m(g"b)z\/ 4r (+m) '

Pl(cos@) =1 P°(cosf)=cosd P'(cosf)=sind P '(cosd)=-0.5P(cos®)

Radial wavefunctions

ZY"* 1 (2" ' 1 (7))
RO =7 = e—p/2 RO =___(_) 27— e—p/Z Rl - (_) -pl2
1 (P) (a) , (P) Jila 2-p) 2(P) Bila) **
where p=22r
na,

(B) (2 %")Why use px and py orbitals instead of p; and p_; orbitals?
(C) (6 %)Show that these three orbitals are orthogonal

el
sin“ 6

2
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2. (A) ( 6 % )Which of the following molecules may show a pure rotational microwave or
vibrational infrared absorptioh spectra (a) H, (b) CCly, (c) CH,F>

(B) ( 4 #%")Classify each of the following molecules as a spherical, symmetrical, linear or

asymmetric rotors (a) CO, (b) CH30H (c) benzene (d) methane. ( 4 %-)How many normal

modes of vibration for these molecules?

3. (A) (4 »)Derive the force constant expression for an oscillator modeled by Morse potential.

[Morse potential: V(R) = hcDe{1 -exp(-a(R—Re))}2 ]
(B) (4 %#-)From (A), the Morse oscillator has a finite number of bound states. Find an expression

for the maximum value of the vibrational quantum number.

— » Thermodynamics part:
[Notations H: enthalpy, U: internal energy, S: entropy, S_sur: entropy of surroundings, S_total=S+

S_sur, A: Helmholtz free energy, G: Gibbs free energy, p: pressure, T: temperature, V: volume, Vp:
molar volume, n: number of moles, R: ideal gas constant, q: heat, w: work, Cym: molar heat
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capacity at constant volume, C, ,: molar heat capacity at constant pressure, rev: reversible]
1.(Bi&ER 5 4, Choose the best answer.) In thermodynamics, AG (G denotes the Gibbs free

energy) represents:

(A). maximum additional (non-expansion) work at constant T and V.

(B). maximum additional (non-expansion) work at constant T and P.

(C). maximum additional (non-expansion) work at constant V and P.

(D). maximum heat at constant T and V.

(E). maximum heat at constant T and P.

(F). maximum heat at constant V and P.

(G). work at constant T and V.

(H). work at constant T and P.

(D). work at constant V and P.

(J). maximum work at constant T and V.

(K). maximum work at constant T and P.

(L). maximum work at constant V and P.

(M). minimum work at constant T and V.

(N). minimum work at constant T and P.

(O). minimum work at constant V and P.

(P). heat at constant temperature(T) and volume (V).

(Q). heat at constant T and pressure (P).

(R). heat at constant V and P.

(S). maximum work at constant T.

(T). maximum work at constant P.

(U). maximum work at constant V.

2. (£ 5 4,Choose the best answer) The temperature dependence of molar internal energy of
an ideal gas can be expressed by Up(T)=Un(0)+f(T) where Up(0) is the molar internal energy at
T=0. For a nonlinear polyatomic ideal gas, considering translation and rotation only, the f(T) can
be approximately expressed in classical limit by
(A) RT/2 (B) 2RT/2 (C) 3RT/2 (D) 4RT/2 (E) 5RT/2 (F) 6RT/2 (G) 7RT/2 (H) 8RT/2 (I) 9RT/2
() RT/3 (K) 2RT/3 (L) 4RT/3 (M) 5RT/3 (N) 7RT/3 (O) 8RT/3 (P) 5RT (Q) 6RT (R) 7RT
(S) 8RT (T) 9RT.

3. (Bi#£# 5 %): The van’t Hoff equation is d(In K)/dT=
(A) -AU/(RT?) (B) A (U-TS)/ (RT?) (C) AU/(RT? (D) -A (U-TS)/ (RT?) (E)-AH/(RT?
(F) A (H-TS)/(RT?) (G) AH/(RT?) (H)-A (H-TS)/(RT? (I)-AA/RT?) (J) A (A-TS)/(RT?)
(K) AA/RT?) (L) -A (A-TS)/ (RT?) (M) -AG/(RT?) (N) A (G-TS)/ (RT?) (0) AG/(RT?)
(P) -A (G-TS)/(RT?).
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4. ($:EA 5 %°): For a van der Waals gas, (8S/0V)1= ?[ a and b are van der Waals coefficients]
(A)3R/(Vm-b) (B)2R/(Vim-a) (C) R/(Vi-b) (D) (RVmtb)/(2pVim-RT) (E)RVit2b)/(2pV-RT)
(FYRVn+3b)/(2pVu-RT) (GYRVy+4b)/(2pVm-RT) (H) (RVutb)/(2pVm-2RT) (I) R/p (J) 2R/p
(K) R/(2p) (L) 3R/p (M) R/(3p) (N)4R/p (O)R/(4p) (P) a+bR (Q) a-bR (R) a-2bR.

5.(EA S 4,2 ¥ 4 44 | ) For an ideal gas undergoing an adiabatic reversible change from
(Vi, pi» Ti) to (V, p, Tr), where i and f denote initial and final states, respectively, which ones of

the following are correct? [c=Cyn/R, y=Cpm/Cvm]
(A)VTi=V{T¢ (B) VT°=constant (C) p;V;=psV¢ (D)Entropy change is zero. (E) V,T{*=V/T¥.

6. CARA S o, 2H 4 4% 4 | ): Clapeyron equation is an equation describing slopes of phase
boundaries. Its mathematical form is usually expressed as dp/dT =Aansition X/Atransition Y Where X
and Y are thermodynamical quantities which are needed to be identified. What is X? X=(6A)

What is Y? Y=(6B).

= ~ Dynamics part:

1. ( 8 #°)The rate of the reaction, A — B, can be expressed as 51:[;%] =k[A]".

(A) Derive the integrated rate equation for this reaction.
(B) Derive the half-life for this reaction in terms of £ and [A].

2. (10 %-)Derive the rate law for the decomposition of ozone in the reaction, 203 — 3Oy, on
the basis of the following proposed mechanism:
1. 03 = 0,+0 ki
2. 0,+0 — O 9}
3. 0+03 = 0:+0y ks

3. (6 #)The figure displayed on the right represents the

trajectory of a reaction of two diatomic molecules, % 1000

which illustrates the relative distances between %

the atoms. g’ 500

(A) Write the chemical equation for this reaction. § VA S

(B) Estimate the lifetime of the transition complex. £ 0

(C) Does this trajectory provide the information t/ps

of activation energy? If yes, what is the activation energy of reaction?

4. (10 4)The pre-exponential factor 4 for a gas-phase reaction, A+ A —> Ay, is 4.0x10° M's™!
and its activation energy is 65.4 kJ/mol. Calculate the Gibbs energy of activation for this reaction

at 300 K.




