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5. Canonical Statistics

5.1 Statistical thermodynamics
- preparations

P =1/kgT (5.1)
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Inx!'~ xInx—x (Stirling's approximation) (5.3)

for an ensemble of N indistinguishable particles:
Q=qV/N! (5.4a)
INQ~N(Ing—InN +1) (5.4b)
Q: ensemble partition function, q: molecular partition function

(Thermodynamic functions)
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- (A.1)~(A.20) in handout-5

[Exercise-5] Calculate the ideal-gas entropy of the following gases at 298 K and 1 bar and compare them
with experimental values.
- atomic weights (most abundant isotopes) [amu] - C:12.0 0:16.0 Ar:40.0
kg = 0.6950 cm™ K™

B/cm™ hv/cm™ "Sexp / R
(1) Ar 18.62
(2) co 1.92 2140 23.77
(3) O (3Zg‘) 1.44 1560 24.67
(answer)
translation: (A.2b) at 298 K, 1 bar  — MSyans / R = 1.5 In(m / amu) + 13.091
rotation: (A.5) at 298 K — ™S, t/R=1+1In(207.1/ oB)
vibration: (A.8) with x =hv/207.1
electronic: (A.20) — only for O,
"S/R trans rot  (trans+rot) elec  (trans+rot+elec) vib (total)

(1)Ar  18.624
(2)CO  18.089  5.681 (23.770) 0.000;; (23.770)
(3)0, 18289 5275 (23.564) 1.099 (24.663) 0.004s;  (24.668)

- — used for checking quantum chemical calculations
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Problem-5.1
Calculate the ideal-gas entropy (S) and isovolume heat capacity (Cy) of CO, at 298 K and 1 bar.
- Vibrational frequencies [cm™] (degeneracy): 1333, 667(2), 2349
-1(C-0)=1.162 A

5.2 Transition state theory (TST)
(Equilibrium constant)

[Tt Tl Qi

K, = prod “J _ 1 lprod : exp[— AE J (5.8)
Hreacci Hreach kBT

(TST rate constant)

k :EQ—ioexp(_ EJ (5.9)

h Hreac Qi kBT
Problem-5.2
Calculate the rate constant for reaction OCP) + H, — OH + H at 500 and 1500 K.
- atomic weights (most abundant isotopes) [amu] - H:1.0 0:16.0

-Hz:B=59.3cm™, hv=4162cm™

- transition state (*IT): r(H-H) = 0.893 A, r(O-H) = 1.212 A
vibrational frequencies [cm™]: 1738, 839, 562

- Eo=51.9 kI mol™

- ks = 0.6950 cm™ K™

ks /h=2.084x10"" K s
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