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Mechanism

A+ + B → AB+ capture

AB+ → products

if fast: capture controlled

AB+ → C+ + D   kf(E,J)

AB+ → A+ + B   kb(E,J)

complex-forming bimolecular

if complex long-lived:

statistical unimolecular rate theory;

capture and kb(E,j) are linked

by microscopic reversibility



unimolecular rate theory:

rigid transition states:

RRKM theory

loose transition states:

VTST, SACM, SSACM

potential needs to be known

to some extent

rate ≤ capture rate



Ion-polar capture rate theory

Theory complete for closed-shell polar

(polarizable, quadrupolar, …) neutral

Rates in simple analytical form from

T = 0 (ultralow) to low (0.1 – 100 K)

to high temperatures

for linear, symmetric and asymmetric top molecules

theories often unnecessarily complicated

and inaccurate: use the right one !
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classical limit:

Su-Chesnavich equation

k/kLangevin    ≈ 0.4767 x + 0.62                       for x > 2

                  ≈  (x + 0.509)2/10.526 + 0.9754  for x < 2

with x = µD/(2αkT)1/2

ion-dipole, ion-quadrupole, dipole-dipole, valence-atom + linear,
valence-linear + linear

Maergoiz, Nikitin, Troe, Ushakov (1996 – 2002)



Capture HCl + H3
+ (L = 0)

Markovic  1989



Dubernet, Gargaud, and McCarroll   1992







C+ + OH capture

Troe   1987



0 50 100 150 200 250 300

0

5

10

15

20

 

 

kca
p

 
/ 
1
0-9

 

cm
3

m
o
le

cu
le-1

s-1

T
 
/
 
K



0 50 100 150 200 250 300

0

5

10

15

20

 

 

kca
p

 
/ 
kL

T
 
/
 
K



0 50 100 150 200 250 300

0

5

10

15

20

 

 

kca
p

 
/ 
1
0-9

 

cm
3

m
o
le

cu
le-1

s-1

T
 
/
 
K



0 50 100 150 200 250 300

0

5

10

15

20

 

 

kca
p

(j
,!

) 
/ 
1

0-9
 

cm
3

m
o

le
cu

le-1

s-1

T
 
/
 
K










