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I on-polar molecule collisions have been an area of 
interest both theoretically1-3 and experimentally.2-4 

In Langevin's ion-induced dipole theory5 of ion-non-
polar molecule collisions, it is assumed that both the 
ion and molecule are point particles. The locked di­
pole approximation2,3 and the trajectory calculations1 

of ion-polar molecule collisions are based on the same 
assumptions. The recently developed average dipole 
orientation (ADO) theory6'7 for ion-polar molecule 
collisions also includes these assumptions. Rate con­
stants predicted by ADO theory are in good agreement 
with experimental results of some selected ion-dipole 
systems.6-8'9 A recent report from this laboratory7 

has also demonstrated that the point particle ADO 
theory provides a workable model for some selected 
ion-dipole collisions when the size of the ion is less 
than a few angstroms in radius. 

In this paper, the ADO theory will be used as a di­
agnostic tool to investigate the importance of molecu­
lar size and structure on the magnitude of capture rate 
constants. Proton transfer rate constants from CH5

+ 

to a number of alkyl chlorides have been measured ex­
perimentally (reaction 1) where R represents CH3, 

CH5
+ + R-Cl — > • R-ClH+ + CH1 (1) 
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C2H5, n-C3H7, /-C3H7, H-C4H9, /-C4H9, T-C4H9, W-C5H11, 
and J-C5H11. This group of compounds was chosen 
because they have similar dipole moments but differ­
ent molecular sizes and configurations. 

Results 

Experiments were performed at ca. 3000K on an icr 
spectrometer which has been discussed in detail else­
where.10'11 Rate constants were measured by the 
same techniques described previously.8 The absolute 
accuracy of experimental rate constants is estimated to 
be better than ±15%. The relative values are con­
siderably more accurate, ca. ± 3 % . Table I sum­
marizes the thermal energy proton transfer rate con­
stants obtained experimentally and from the ADO 
theory.6'7 Rate constants calculated from the Lange­
vin theory and locked dipole approximations are in­
cluded for comparison. The last column is the ratio of 
experimental to ADO theoretical rate constants. The 
polarizabilities, a, and dipole moments, /XD, of the alkyl 
chlorides are listed in Table II. (The uncertainty in a 
is ca. ± 1 0 % and that of juD is ca. ± 5 % . This un­
certainty leads to a theoretical uncertainty in the rate 
constant of ca. ±5%.) 

Discussion 

Theoretical ADO rate constants are in good agree­
ment with experimental values within the theoretical 
and experimental uncertainty. Both the Langevin 
zero dipole and the locked dipole models are in marked 
disagreement with experiment. The experiment/ADO 
ratios are near unity suggesting that every capture col­
lision leads to reaction. An important observation is 
that this ratio remains approximately constant despite 
the substantial change of the physical size and structure 
of the molecules. Since polarizability is a measure of 
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Table I. Proton Transfer Rate Constants (X 109 cm3 molecule -1 

sec-1) from CH 5
+ to Alkyl Chlorides at 3000K 

Table II. Polarizabilities and Dipole Moments of Alkyl Chlorides 

CH3Cl 
C2H5Cl 
/J-C3H7Cl 
CH3CHCH3 

) 
Cl 

H-C4H9Cl 
CH3CH2CHCH3 

I Cl 
CH3 
1 

C H 3 - C - C H 3 

I I 
Cl 

K-CoHuCl 

Experi­
ment0 

2.60 
3.02 
3.11 

3.10 

3.20 

3.14 

3.28 

3.29 

ADO6 

2.41 
2.66 
2.78 

2.85 

2.86 

2.85 

2.90 

3.03 

Lange-
vin« 

1.40 
1.61 
1.80 

1.80 

1.93 

1.93 

1.93 

2.08 

Locked" 
dipole 

6.21 
6.74 
6.83 

7.13 

6.90 

6.88 

7.09 

7.26 

Exptl/ 
ADO 

1.08 
1.13 
1.12 

1.09 

1.12 

1.10 

1.13 

1.09 
CH3 

I 
C H 3 C H 2 - C - C H 3 3.29 3.03 2.08 7.26 1.09 

I 
Cl 

" The absolute uncertainty of these numbers is estimated to be 
within ± 1 5 % . The relative values are believed to be accurate to 
within ± 3 % , however, and for this reason the results are quoted to 
two decimal places. b Uncertainties in a of ca. 10% and ^D of ca. 
5% result in an uncertainty in k of ca. 5%. The relative values of 
these numbers is much more accurate, however. « Reference 5. 
k = 2Trq(alv.)'/>. " k = (2 TT?//X'/-)[<*'A + mdHrkT)'/*]. 

Substrate 

CH3Cl 
C2H5Cl 
K-C3H7Cl 
CH3CHCH3 

I 
Cl 

K-C4H9Cl 
CHgCHjCHCHg 

I 
Cl 

CH3 

! 
C H 3 - C - C H 3 

I 
Cl 

K-C5HnCl 
CH3 I 

CH3CH2—C—CH 3 
I 

Cl 

a X 10" cm3 

45.6» (44.5)« 
64.0° (62.3)« 
82.4» (80.3)« 

82.4* (80.3)« 
98.1« 

98.1« 

98.1« 

116.0« 

116.0« 

MD, D 

87" 
05" 
05" 

17" 
05" 

2.04" 

2.13" 

2.1C 

2.16« 
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the molecular size and the molecules being studied have 
similar dipole moments but different polarizabilities, the 
results in Table I indicate that the effect of molecular 
size on the rate constants is accounted for quantitatively 
by the molecular polarizability. In addition, it appears 
that the rate constant is not sensitive to the physical 
dimension and geometry of the molecules for this set of 
reactions. In no case has a steric effect been observed 
for simple proton transfer reactions of this type. 

Calculations of the capture rate constants were also 
performed using ADO theory modified to include an 
actual separation of the positive and negative poles of 
the dipole. This was accomplished by replacing the 
point charge-point dipole potential with that given in 
eq 2 and proceeding as before.6 In (2), rx and r2 are 

FD = -q(nDll)lri + ?(MD/7)/r2 (2) 

the distances from the ion to the negative and positive 
poles of the dipole, respectively, and / is the dipole 

separation. Only negligible change in the theoretical 
rate constant is obtained when / is increased from zero 
to several angstroms. These calculations suggest the 
point dipole approximation in the ADO theory is ade­
quate for prediction of capture collision rate constants. 

Combining the previous paper on the effects of ion 
size and the present work, it seems that ion-dipole 
capture rate constants are relatively insensitive to the 
physical dimension or configuration of either the ionic 
or neutral particles. From the limited number of sys­
tems experimentally studied,6-9 it appears that the point 
particle ADO theory predicts quite accurate capture 
rate constants for ion-polar molecule reactions where 
particle radii are less than several angstroms. 
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