Introduction of Statistical
Thermodynamic Calculations



ldeal Diatomic Gases

* Potential energy from Schrodinger equation

— Must be approximated for more complicated molecules
(all atoms larger than H)

— Born-Oppenheimer approximation: atomic nuclei assumed to be fixed

— Dy and v: from experimental data

— u,(r) similar to van der Waals interaction \
curve, but much deeper (~100 kcal/mol, ° }
bond energy) \ 'jz Oy |
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Degrees of Freedom

* Consider molecule in a volume V
* Variables

— Translation: x, y, z; Rotation: U, ¢, Vibration: r
— 6 degrees of freedom (might be reduced)
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Partition Functions

* Transition & electron

— Only ground state matters for most cases
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— One of the exceptions: NO (> 15K), 2"9 energy level considered
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Partition Functions

* Vibration (Determined by the potential energy)

* Motion of a 1-D harmonic oscillator , ,,_ p, +%f(,.i,,, 2 where f = (u)

dr?

o @ hete 7 = 1 — 1 and 1 — M2 ) I
uE = —fa where t =r —r. and pu = ———r = V= Y
* Energy states & Thermodynamic functions:
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Partition Functions

* Rotation

P Thermodynamic functions:
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Thermodynamic Functions

Magnitude of energy: Overall thermodynamic functions:
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Unexcited: Ae > kT O=>T Only the vibrational part
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Example:
Edmonton to Vancouver

Calgary

Vancouver,
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Transition States

B): determine the path of migration

Nudged Elastic Bands (NE

* Climbing-Image (CI-NEB): find the maximum (saddle point)



Transition States

* Energy calculation through partition functions

— Imaginary frequency: one and only one (similar to spring)
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— Example: O, adsorption on W (see supplementary info page 26)
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Thank you



