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A‘Four-Center,'Concerted,‘Bimolecular Reactipn; LBL #6223

1c1"(A%1,) + H, > HCI + HI

ABSTRACT -

_ _*
- The rate of the laser-induced reaction IC1 (A3H1) + H2

i . : : % .
~+ HI + HC1 has been measured as a function of ICl vibrational

» * ' -
energy. The rate constant for ICI (v' = 15), 1200 cm 1 or

6 kT below the dissociation limit, is k; = (9.0 * .8) x 10714

3 -1 . . . .
cm” molecule ~ .sec ~, corresponding to an activation energy

- of less than 5.5 kcal/mole. It ié demonstrated conclusively

that radicals (e.g. C1 atoms) are not important in these
reactions. It is suggested that the reactivity of IC1 is due
to the change in sign of the dipole moment in the A state,

to 1°C1t.

Communication submitted to the Journal of the American

" Chenical Society by Stephen J. Harris



‘dye 1aser (Av = 0.3 cm

°li'ght is measured at I

A_Fouf—Center, Concerted, Bimolecular Reaction:

IC1*(A3H1) + H, > HCl + HI

Sir:
~The rate of the laser-induced chemical reactibn

1c1”(a%n) + Hy > HI + HCL - B¢

_ * _
has been measured as a function of ICl1 - vibrational energy.

L1ke ‘the 12‘4 H2 and Cl2 + HZ systems, there is no dark reac-

tlon.‘ The reaction appears similar to I (I ) + H2.1_3' Other

examples are reported which involve electronlc extitation of IZ‘

-IC1 (~ 5 or 9 torr), prepared frdm.I2 and C12,5 6

~and
(10 - 600 torr) are photolyzed for about 90 minutes in a

1m quartz reactlon cell by a Chroﬁatlx CMX-4 flashlamp pumped

: 1). A calibrated thermoplle monitors

. o i ‘i’ o X
the laser power. Approximately 60% absorption of the laser

35Cl A X bandheads. (Excitation of band-
heads avoids hot bands. )

After photolysis, HCl is distilled from the reactants.

Care is taken to eliminate the Cl2 which is necessarily present.

HCl pressure is measured with a Validyne capacitance manometer.

Mass spectra confirm that the product is HCl. HI and IC1

react to form‘HCI‘and Iz; thus, two molecules of HC1l are formed
in each reaction.

*
IC1 1is removed by reactlon (1) and by quenchlng

1c1” + ICl ~ IC1 + ICl - (2)

+ IC1 + H : ' (3)

* -
IC1  + H, 2



The quantum yield for reaction 1is

o = (HC1 prodﬁced)/z _ ky [H,]1 o o
. photons absorbed kZTIC1]+(k1+k3)[H2]~

: * ' o
A Stern-Volmer plot of IC1 fluorescence lifetime vs H2

pressure gives (k, + kz) = 1.5 x 10.—11_cm3 molecule 1 sec—l;

,similarly, Steinfe1d7 has measured.kz = 2.3 x 10—10 cm3 molc-

cule ! secd

; both are nearly independent of~ﬁave1éngth. k1
is determined from the quantum yield, Fig. 1. _Tﬁe sOiid curvé
is}a ieast—square fit to.the data uéing Eq. (4). Note'thaé a
two—parémetervcurVe is fit with a single free parameter. The

14 cm3 molecule 1

result,'kl = (9.0 * ;8) x 10 sec-l(QO%'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 kcél/mole. The reaction rate is quite large; the .

quantum yield is low because the quenching rate is even larger.

A single vibrational level if ICl* is excited‘initially,
but vibrationally inelastic collisions spréad the population
distribution so that reaction may occur from other levels. The
extént of this spread, which is limited by quenching, can be
estimated by comparison with the analogbus HZ—I;(BSHO,V'=15)
systemv.8 Here, V-T events occur with a cross section of about
1/6 gas kinetic. This is exﬁected to be‘an upper limit to the
V-T rate invICI*—HZ, since the énergy level spacing in ICl* is
-greater than that in I;.' The result is that about 75% .of the.

* ‘ ‘ o
-IC1 which reacts does so from within 3 vibrational levels of

o”—
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the originally excited level. Figure 2 shows.the quantum
yield (proportional to kl) as a function of thé excitation
energy. About 600 cm—l(S kT) of vibrational cnergy increases
' the rate constant by a factor of e.9 |

Halogen atoms, formed from‘sufficieﬁtly enérgetic
collisions of'iClk, cohld éonceivéb1y be'contributing to the
measured quantum yields. The dissociation:probability, however,
'should decrease by about 1/e for each‘ZOO cm—1 (kT) of vibra-
~ tional energy;lo dashed iine in Fig. 2. I atoms formed simply
recombine, and Cl atoms are mostly scavenged By’the fast reac-
11

tion C1 + IC1l - Cl2 + I:

dissociation there is a low quantum yield of HC1 (Fig. 2),

when ICl is excited 1400 cm™ 1 above

" implying that for excitation welllbplow dissociation, radical
reactions are not important. Finéfly, a qﬁenching gas may be
added to the s&stem. Experiments with IC1:H,:Ar of 1:25:110,
1:19:95, 1:14f69, and 1:9:41 at’A'% 616.8 nm (v' = 15) give
quantum yiélds in very gqod agreement with those predicted
from the measured quenching.rate constant for ICl*-by Ar;

12 Wl mo_lec:ule“1 sec” 1 (dashed line in Fig. 1).

(4.9 = ..5) x 10
These results prove conclusively that radicals are not important,
since Ar should not inhibit their reactions, and thét ICl*(ASHl)
is the reactive spccies. | |

The reactivity of_ICl* may be due to the fact that the

12 +o 17C1*. The

dipole moment changes sign upon excitation
positive C1 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‘l. Solid points are data without Ar, Prep = 8.9

torr; the solid line is a fit to these points. The dashed line
is the Ezpdicted yield with PAr/PHZ = 4.75; open circles are

IC1
pressure point, where PICl = 8.9 torr. X = 616.8 nm,hexciting

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

1200 em™ 1 below dissociation.

Figure 2. Quantum yield vs excitation energy. PICi = 8.

torr. ' )
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