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Quantum efficiencies for the production of electronically excited iodine atoms I(5p''P, ~z)

following laser photolysis of I, near 5000 Af
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The production of electronically excited iodine atoms is observed by time-resolved atomic absorption

spectroscopy following the dissociation of molecular iodine excited by a tunable dye laser to the
3B Ilo+ state above and below the thermochemical dissociation limit. The quantum eAiciency is

independent of excitation wavelength above the dissociation limit. Substantial yields of I(5'P„,) are
found for excitation as much as 4.5kT below the dissociation limit.

The irradiation of mixtures of hydrocarbons and
iodine vapor at wavelengths in the banded region
of the I,(B'll,+ X'Z,+) system below the thermo-
chemical dissociation limit can result in the pro-
duction of excited iodine atoms which may react
with the hydrocarbons to form alkyl iodides. '
It has been proposed that the appearance of
I(5 P,~,) following excitation below the dissociation
limit of the I,(B'll,+) state is a consequence of the
formation of a molecular complex IM,

I (B'ilo+) +M- IM + I(5 'P, y2),

and an excited atom. The process of "collisional
release"' was found experimentally to proceed
with a similar quantum yield, i.e., number of
I(5'P, y, ) formed per photon absorbed, when M
=He or Xe. This observation is not in agreement
with the expectation' that He would be much less
efficient than Xe or other gases, because the
attractive interaction of He with atomic iodine
should be comparatively weak. Using trajectory
calculations leads to a similar conclusion. ' The
fact that other collision partners M= C,H„H„N„
Ar, and CO, gave similar results led Broadbent
and Callear' to conclude that the energy available
in all of the degrees of freedom of the I,(B'll,+)

+ M collision complex contributes efficiently to
surmounting of the dissociational barrier.

This paper reports the observation of the time
development of the appearance and disappearance
of I(52P,g, ) atoms following the excitation of
I,('&,') molecules with a short monochromatic
light pulse at selected wavelengths between 4700
and 5250 A. As expected, the quantum yield for
the production of excited atoms is constant for
excitation wavelengths shorter than 4995 A cor-
responding to the thermochemical dissociation
energy. At longer wavelengths our results, like
those reported previously, ' show substantial
quantum yields for photon energies several kT
below the thermochemical threshold. In the pres-
ent experiments, however, no additional gas was
present in our system and any collisional processes
must involve I, species only.

Figure 1 shows a block diagram of the experi-
ment. The molecular I, was contained in a cell
having a rectangular section 1X 1~ 7 cm. Two
opposite sides were externally coated with alumi-
num to form a pair of parallel mirrors. The laser
light was introduced at an angle to establish a
series of multiple reflections between the mirrors,
resulting in relatively uniform absorption of the

DIGITAL
VOLTMETER

TRANSIENT NS 575
DIGITIZER AVERAGER

HOTOMULTIPLIER
PULSE RATE- 20 pps I

PULSE LENGTH- IOnanosec.
6X —O. l A

IODINE
LAMP

RE MOVABLE
MIRROR MIRRORED

PULSED DYE,~ TRleeER &P $ 2I CELL

L ASER PM'~
P

) EPPLEY
THERMO- VAC U V

MONOCHROMATOR

!M IC ROVOLT-
METER

FIG. 1. Block diagram
of the experimental appa-
ratus.
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laser radiation by I, along the cell length. The
presence of excited iodine atoms was detected by
monitoring the absorption of atomic line emission
transmitted through the cell from a microwave-
excited electrodeless discharge lamp containing
0.030 Torr iodine and 1 Torr argon. A Ncpherson
model 225 monochromator selected the line at
2062 A, corresponding to the I(6*P,g2 5 P, /2)
transition, which was monitored to provide a
direct measurement of I(5'P, y, ) population as a
function of time following the laser pulse.

The experiment was carried out at room tem-
perature. Sufficient I(5'P, g, ) was produced with
each laser pulse to produce an absorption at
2062 A on the order of several percent. The very
large photon statistic noise present on the photo-
multiplier output was of the same order of mag-
nitude as the absorption signal. At each wave-
length approximately 10' pulses were recorded
using a Biomation model 8100 transient digitizer
and were digitally transferred for accumulation
of the waveform in a Northern Scientific model
575 signal averager. Figures 2(a)-2(d) show the
I(5'P, g, ) population as a function of time following
the 10-nsec laser pulse for excitation at 4950
and at 5100 A. In Figs. 2(a) and 2(b) the display
reps'esents a total time of 20 gsec. The removal
of I(5'P, ~,) is predominantly due to collision with

I, molecules, ' diffusion being negligible at the I,
pressure used. A later paper will report our
determination of a second-order quenching rate
constant for this process which we find to be
substantially faster than previously reported. '~
Figures 2(c) and 2(d) show an expanded display

(total time =2 psec) of the leading edges of
Figs. 2(a) and 2(b). Individual sampling points.
are spaced by 10 nsec. As the Hamamatsu type
R106UH photomultiplier which was employed was
sensitive to visible light, a small amount of laser
radiation scattered into the monochromator is
seen in the initial channels as a negative signal.

The response time of our system was measured
by observing this scattered laser light through
the monochromator. It was determined that the
display required no more than two sample points
in going from 10 to 90% of the maximum laser
pulse amplitude and this sets a lower limit on
signal rise times which can be measured. The
significance of the delay to reach maximum atomic
absorption is discussed below.

Measurements were made as a function of ex-
citation wavelength of the relative yield of I(5'P,),)
atoms per photon absorbed by .he I, which leads
to the production of a B'0,+ molecule. It was
necessary to correct for the fact that experiments
of this kind using absorption techniques require a
modified form of Beer's law, '

I 8-e(CS)"

to describe the intensity of radiation transmitted
through a sample of length I, containing species
density C and with an atomic extinction coefficient

The quantity y accounts for self-reversal in
the iodine lamp and is an empirically determined
parameter. ' By varying the concentration of
iodine atoms using different laser powers it was
found that for the particular lamp used in this
study~

FIG. 2. I* population
after 10-nsec laser pulse:
(a), (c) 4950-A excitation;
Q), (d) 5100-A, excitation.
Scattered laser~ light ap-
pears as a negative signal
in first few channels. The
channel spacing is 10 nsec.

(c)
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y =0.89 ~0.07,
and subsequent data analysis employs this value.

For each excitation wavelength A., the quantity

I2(B'llo+) + I, - I, + I(5'P, g, ) (2)

I Xe(B —X)P i,~,

which represents the required relative efficiency,
was calculated. In this expression I, is the atomic
emission lamp signal in the absence of the laser
pulse, I is the transmitted signal at maximum
absorption, I'j, , is the average laser power at
20pulses/sec, and e(B-X) is the extinction coeffi-
cient for this system as determined by Telling-
huisen. ' The data are plotted in Fig. 3, normalized
to the mean of the values determined for wave-
lengths below 5000 A, where the quantum yield of
I(5'P, g, ) is indeed 1. The experimental data, the
extinction coefficients, and the results are shown
in Table I. As would be expected, the quantum
efficiency remains constant for excitation above
the dissociation limit. Since only I,(B II,+)
molecules are responsible for the appearance of
I(5'P, g, ) atoms, the data support the wavelength
dependence of e(B-X) determined by Telling-
huisen' for ~& 5000 A.

Also plotted in Fig. 3 are the results obtained
with Xe as the collision partner reported in Ref.
1 corrected for the more recent values of the
extinction coefficient used here. Although it is
difficult to compare the results of experiments
carried out using such different techniques, it
would appear that a major fraction of the observed
collisional release in the presence of inert gases
may indeed be due to the process

as opposed to reaction (1). Such a view is in agree-
ment with the suggested stability of the I, complex
as obtained from iodine atom recombination data. '
Furthermore, the participation of process (2)
reconciles the observation' of efficient production
of I(5'P, g,) from I,(B'lI,+) as the result of colli-
sions with He atoms with the theoretical predic-
tion that such collisions lead primarily to vibra-
tional relaxation of the highly excited molecule. '
Measurements at greatly reduced I, densities and
high inert gas pressures wi11. permit direct ob-
servation of release processes such as (1).

Although the temporal resolution of the signal-
averaging apparatus is not sufficient to permit
detailed observation of the rising portion of the
I(5'P, g, ) absorption, it is clear from Fig. 2(d)
that photolysis below the 4995-A dissociation
limit results in a rise time to the maximum ex-
cited atom population of approximately 100 nsec.
Such a time scale is consistent with a reactive
cross section for process (2) that is much larger
than that measured for the corresponding decay
of I,(B—X) fluorescence excited at similar wave-
lengths. ' As those fluorescence measurements
were made over time scales relatively long com-
pared to the rise time of the absorption signal
described here and without sufficient spectral
resolution to exclude fluorescence from lower-
lying vibrational levels of the B'll,+ state, it is
difficult to accurately compare the results so
obtained with our measurements. It should be
noted, however, that very large cross sections
have also been noted in collisional processes
leading to dissociation of D,CO following excita-
tion of vibronically excited states. '

The I(5'P, ~,) absorption signal resulting from
laser excitation above the dissociation limit
displays a rapid initial rise followed by a slower

TABLE I. Quantum yield for the production of I &&&2
atoms.

I.O —0
0 00

Excitation
wavelength

4700
4750
4800
4850
4900
4950
5000
5050
5100
5150
5200
5250

91
124
157
209
261
318
375
449
523
557
591
635

1.06 0.93
(0.68)b 1.02
1.01 0.86
1.00 0.98
0.95 1.14
0.98 1.07
0.90 1.04
0.73 0.87
0.38 0.43
0.16 0.20
0.09 0.12
0.06 0.05

0.99
1.02
0.93
0.99
1.05
1.02
0.97
0.80
0.41
0.18
0.11
0.05
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Excluded from calculations.

FIG. 3. Quantum yield P(A,) as a function of exciting
wavelength: 0, this work; 6, Xe data of Ref. 1.



D. H. BUHDE, H. A. Mc FAHLANE, AND J. H. WIESENFELD

build up to the maximum. This behavior would
be expected from an ensemble of excited molecules
with a distribution of rotational energies which
would give rise to a rotational barrier to dissocia-
tion. ' As expected, the fraction of the maximum
concentration produced in the rapid initial dissocia-
tion increases as the energy of the actinic photons
increases.

Collisional inverse predissociation via II„
-'lI,+ -'P, y, +'I', y, as suggested in Ref. 2 seems
to be an unlikely route for the production of
l(5'P, g, ) atoms. Under the conditions of the

present experiment 1, molecules in the repulsive
'fl„state are certainly being produced but will
dissociate to give two l(5'P, y, ) atoms in a time
very much shorter than that required for a colli-
sion to occur.

Time-dependent studies on the ground-state
iodine atom are beiQg uQdertaken to explore the
details of the known predissociation" of the
B'Qo+ state due to a crossing of its potential
cur ve by the 'Q„state. For this experiment it
will be necessary to use longer excitation wave-
lengths than those employed in this work.

~Support for this research was obtained from the National
Science Foundation through the Materials Science Cen-
ter, Cornell University.
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