
Lawrence Berkeley National Laboratory
Recent Work

Title
A FOUR-CENTER, CONCERTED, BIMOLECULAR REACTION: ICl*(A3n ) + H2 HC1 + HI

Permalink
https://escholarship.org/uc/item/6wz2n83p

Author
Harris, Stephen J.

Publication Date
1977-04-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/6wz2n83p
https://escholarship.org
http://www.cdlib.org/


.. 

-
·• 

u .) .J . ' I ,. . 
Submitted to J·ournal of the American 
Chemical Society 

/ 
J J 

LBL-6223 l 
Preprint C:. 

A FOUR-CENTER, CONCERTED, BIMOLECULAR 
REACTION: IC1*(A3II1 ) + Hz - HC1 +HI 

Stephen J. Harris 

April15, 1977 

Prepared for the U. S. Energy Research and 
Development Administration under Contract W -7405-ENG -48 

For Reference 

Not to be taken from this room 

t"' 
t:P 
t"' 
I 
0' 
N 

t'\ N 
• VJ --



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
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A Four-Center, Concerted, Bimolecular Reaction: LBL #6ZZ3 

ICl*(A3rr 1) +Hz+ HCl +HI 

ABSTRACT 

The rate of the laser-induced reaction ICl*(A3rr 1) + Hz 

* + HI + HCl has been measured as a function of ICl vibrational 

* -1 energy. The rate constant for ICl (v' = 15), lZOO ern or 

6 kT below the dissociation limit, is k1 = (9.0 ± .8) x l0- 14 

cm3 molecule-l sec- 1 , corresponding to an activation energy 

of less than 5.5 kcal/rnole. It is demonstrated conclusively 

that radicals (e.g. Cl atoms) are not important in these 

* reactions. It is suggested that the reactivity of ICl is due 

to the change in sign of the dipole moment in the A state, 

to 1-Cl+. 

Communication submitted to the Journal of the American 

Chemical Society by Stephen J. Harris 
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A Four-Center, Concerted, Bimolecular Reaction: 

ICl*(A3rr 1) + H2 + HCl +HI 

Sir: 

The rate of the laser-induced chemical reaction 

ICl*(A3rr
1

) + Hz +HI + HCl 

* 

{1) 

has been measured as a function of ICl vibrational energy. 

Like the Iz + Hz and Clz + Hz systems, there is no dark reac- · 

tion. The reaction appears similar to I;(I 1 r~) + Hz~l- 3 Other 

4 examples are reported which invalve electronic excitation of Iz. 

· ICl (- 5 or 9 torr), prepared from Iz and Clz, 5 ' 6 and 

Hz (10 - 600 torr) are photolyzed for about 90 minutes in a 
,I 

1 m quartz reaction cell by a Chro~,ti~ CMX-4 flashla~p-pumped 

dye laser (~v ~ 0.3 cm; 1). A calibrated thermopile monitors 
,. I I . 

the laser powet. Approximately .601 absorption of the laser 

light is measured at I 35c1 A-X bandheads. (Excitation of band

heads avoids hot bands.) 

After photolysis, HCl is distilled from the reactants. 

Care is taken to eliminate the Clz which is necessarily present. 5 

HCl pressure is measured with a Validyne capacitance manometer. 

Mass spectra confirm that the product is HCl. HI and ICl 

react to form HCl and Iz; thus, two molecules of HCl are formed 

in each reaction. 

* ICl is removed by reaction (1) and by quenching: 

* ICl + ICl + ICl + ICl (Z) 

* ICl + H2 + ICl + Hz (3) 
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The quantum yield for reaction is 

_ (HCl produced)/2 
~ - photons absorbed 

* 

(4) 

A Stern~Volmer plot of ICl fluorescence lifetime vs ~ 2 
-11 3 -1 -1 pressure gives (k1 + k 3) = 1.5 x 10 em· molecule sec ·; 

. similarly, Steinfeld7 has measured k 2 = 2.3 x 10-lO cm3 molc-

-1 -1 cule sec ; both are nearly independent of wavelength. k1 

is determined from the quantum yield, Fig. 1. The solid curve 

is a least-square fit to the data using Eq. (4). Note tha~ a 

two-parameter curve is fit with a single free parameter. The 

result, k1 = (9.0 ± .8) x l0-14 cm3 molecule-l sec- 1 (90% con

fidence limits), corresponds to 9000 gas kinetic collisions. 

Assuming that the pre-exponential factor does not exceed the 

gas kinetic collision frequency, the activation energy is less 

than 5.5 kcal/mole. The reaction rate is quite large; the 

quantum yield is low beca~se the quenching rate is even larger. 

* A single vibrational level if ICl is excited initially, 

but vibrationally inelastic collisions spread the population 

distribution so that reaction may occur from other levels. The 

extent of this spread, which is limited by quenching, can be 

* 3 estimated by comparison with the analogous H2-I 2 (B rr 0 ,v'=l5) 

system. 8 Here, V-T events occur with a cross section of about 

1/6 gas kinetic. This is expected to be an u~per limit to the 

* V-T rate in ICl -H 2 , 

greater than that in 

* 

* since the energy level spacing in ICl is 

* 12 . The result is that about 75% .of the 

· ICl which reacts does so from within 3 vibrational levels of 

., 



I 

the originally excited level. Figure 2 shows the quantum 

yield (proportional to k 1) as a function of the excitation 

enetgy. About 600 crn- 1 (3 kT) of vibrational energy increases 

the rate constant by a factor of 9 e. 

Halogen atoms, formed from' sufficiently energetic 

* collisions of ICl , could conceivably be contributing to the 

measured quantum yields. The dissociation probability, however, 

should decrease by about 1/e for each 200 crn-l (kT) of vibra-

10 tiona! energy, dashed line in Fig. 2. I atoms formed simply 

recombine, and Cl atoms are mostly scavenged by the fast reac

tion Cl + · ICl + c1 2 + I: 11 when I,Cl is excited 1400 ern -l above 

dis~ociation there is a low quantum yield of HCl (Fig. 2), 

implying that for excitation well bclo:w dissociation, radical 
I . 

I 

reactions are not important. Finally, a quenching gas may be 
I 

the system. ~xpqri~ents ~ith ICl:H2 :Ar 6f 1:25:110, 
I 

added to 

1:19:95, 1:1~:69, and 1:9:41 at A = 616.8 nrn (v' = 15) give 

quantum yields in very good agreement with those predicted 

* from the measured quenching rate constant for ICl by Ar, 

(4.9 ± .5) x l0- 12 crn3 rnolecule-l sec-l (dashed line in Fig. 1). 

These results prove conclusively that radicals are not important, 

* ' 3 since Ar should not inhibit their reactions, and that ICl (A rr 1) 

is the reactive species. 

* The reactivity of ICl may be due to the fact that the 

d . 1 t h. . . . 12 I- Cl+ 1po e rnornen c anges s1gn upon exc1tat1on to . The 

positive Cl atom, with its partially filled valence shell, 

might be expected to be very reactive. Experiments are in pro-

gress to learn more about the reactivity of this molecule. 

-. 
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Figure 1. Solid points are data without Ar, PICl = 8.9 

torr; the solid line is a fit to these points. The dashed line 

is the E_!edicted yield with PA /PH 
. r 2 = 4.75; open circles arc 

corresponding data. Here, PICl = 4.9 torr except for lowest 

pressure point, where PICl = 8.9 torr. ~ = 616.8 nm, exciting 

1200 cm-l below dissociation. 

Figure 2. Quantum yield vs excitation energy. PICl = 8.9 

torr. 
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