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666...   MMMiiicccrrrooocccaaannnooonnniiicccaaalll   SSStttaaatttiiissstttiiicccsss   
 

· Why & where? 
→ molecules about to dissociate have non-Boltzmann energy distribution 

6.1 Microscopic rate constant 
(= microcanonical form of TST) 

 

· microcanonical equilibrium 
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ε t : 1D translational energy on TS* ... from (3.2) 
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· half of TS(E *, εt) passes TS* (length l*) with velocity 
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· microscopic rate constant 
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where W*(E*) is sum of states; ∫
∗
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by taking adiabatic rotation into account; 
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· W(E) and ρ(E) ← direct count algorithm [Stein & Rabinovitch, J. Chem. Phys. 58, 2438 (1973).] 
  

Problem-6.1  ... see handout-6 
  

6.2 Unimolecular reactions 
〈〈RRRRKKMM  ccoonncceepptt〉〉  
· energy distribution g(E) of A is distorted from Boltzmann distribution; 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=

Tk
E

Q
EEF

B
exp)()( ρ

 (6.6) 

∫
∞

=
0

d)()(
E

EEkEgk  (6.7) 

A

E E0
TS*

E*

ρ(E)

ρ*(E*–εt)
εt

A

TS*

distribution

F(E)
g(E)



Reaction Dynamics & Kinetics 2006 – Note-6 (2/2) 

© 2000-2006 by A. Miyoshi, all rights reserved. 

[[HHPPLL  ((HHiigghh--pprreessssuurree  lliimmiitt))]]  g(E) = F(E)  
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Problem-6.2 
Derive eq. (6.8) from (6.7) using (6.6) and (6.5). 

  

[[LLPPLL  ((LLooww--pprreessssuurree  lliimmiitt))  aanndd  FFOO  ((ffaallll--ooffff  rreeggiioonn))]]  g(E) ≠ F(E)  
 

* methods of estimation of g(E) → variations of RRKM theory 

〈〈CCoonnvveennttiioonnaall  RRRRKKMM〉〉  
· deactivation rate constant kd 
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β : weak collision factor (0.1~1) 
· activation rate constant (detailed balancing) 
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· steady-state assumption for [A(E)] → 
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[[HHPPLL]]   → (6.8)  
[[FFOO]]   → numerical integration of (6.7) with (6.12) and (6.5) 
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〈〈MMaasstteerr--eeqquuaattiioonn  RRRRKKMM〉〉  
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kuni : (steady-state) unimolecular reaction rate constant 
P(E, E' ) and P(E', E ) : energy transfer probability 
 from E' to E and E to E' 

· using energy grain → eigenvalue problem 
gMg unik=  (6.14) 

· exponential down model (for E < E' ) 
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· upward transfer → detailed balancing 
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· α ≈ 〈ΔEdown〉 ... independent of A 
            ... dependent on M 
· results do not strongly depend on the energy transfer model (such as eq. 6.15). 
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