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Methyl Iodide Photodissociation at 193 nm: The I(2P1/2) Quantum Yield
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Methyl iodide photolysis at 193 nm has been studied through probing the I(2P1/2-2P3/2) transition in the atomic
iodine photofragment using diode laser spectroscopy. The I(2P1/2) quantum yield has been determined through
two different diode laser techniques and then compared. Frequency-modulated diode laser based absorption
spectroscopy was used to extract nascent Doppler lineshapes from which an I(2P1/2) quantum yield of unity
is inferred. However when diode laser gain/absorption measurements were made, an I(2P1/2) quantum yield
of 0.68 ( 0.04 was found. The reason for this discrepancy is shown to lie in the diode laser gain/absorption
method. Molecular iodine is found to be formed during the experiment via atomic iodine recombination and
then in turn dissociates to produce both I(2P1/2) and I(2P3/2), thus distorting the returned quantum yield. This
conclusion is supported both by the reduction of the I(2P1/2) quantum yield with number of photolysis laser
shots when measured using this technique and by the presence of fluoresence which is shown to have excited-
state lifetimes and quenching rates that are consistent with those previously measured for the D and D′ states
of molecular iodine.

Introduction

The photolysis of alkyl iodides and their fluorinated coun-
terparts provide benchmark systems upon which theory and
experiments can be constructed.1–7 There have been numerous
studies concerned with exciting these species within the UV A
band centered around 260 nm; these have included kinetic
measurements, quantum yield determination of the electronically
excited iodine atoms produced, through to full quantum state
resolved studies extracting excited-state lifetimes and fragment
angular distributions.8–13 A wide and varied selection of
techniques have been employed including laser-induced fluo-
rescence (LIF),14,15 resonant multiphoton ionization with time-
of-flight detection (REMPI TOF),16,17 velocity map ion imag-
ing,18 diode laser gain spectroscopy,1,3 and photofragment
translational spectroscopy.19 Measurements within the second
UV absorption band, known as the B band, involving excitation
to higher-lying predissociative Rydberg states, are significantly
less abundant, and work within this band has largely centered
upon photolysis of methyl iodide and determining the excited-
state lifetimes and their vibronic state dependence. The methyl
photofragment has been the predominant focus of most of this
work and has been probed though femtosecond photoionization
spectroscopy20,21 and REMPI-TOF.22–25 and resonance Raman
spectroscopy.26,27 Emission studies28 and some theoretical
studies29,30 have also been carried out on the photodissociation
dynamics. Of particular relevance to this work is the discrepancy
reported for the quantum yield for the production of I(2P1/2)
from the photolysis of methyl iodide at 193 nm. Hess et al.23

directly probed the atomic iodine photofragment using diode
laser gain vs absorption methods to determine the I(2P1/2)

(hereafter I*) quantum yield, which was found to be 0.70 (
0.04. However, Van Veen et al.31 and Continetti et al.22 report
unity quantum yields; though unlike Hess et al., in both these
cases the values were inferred from TOF measurements that
directly detected the CH3 fragment. Van Veen et al. also
determined the angular anisotropy, �, of the photofragments
from the 193 nm photolysis of methyl iodide to be -0.72 (
0.1. It is worth noting there have been no REMPI/TOF or ion
imaging studies reporting directly probing the I(2P3/2) (hereafter
I) and I* photofragments that would provide a convenient and
reliable alternative test of the I* quantum yield.

The B band of methyl iodide covers the wavelength region
from 190 to 205 nm and is comprised of transitions resulting
from the excitation of a nonbonding 5pπ electron situated purely
on the I atom to a 6s molecular Rydberg orbital.32 The remaining
three 5pπ electrons exhibit strong spin-orbit coupling resulting
in the ionic core comprising of 2Π3/2(2E3/2) and 2Π1/2(2E1/2) states
when in C3V symmetry. These states then couple with the
Rydberg electron to give several bound states, two of which,
∆(E) and Π(E) arise from the 2Π3/2(2E3/2) ionic core state, while
states (Σ+, Σ-) (A1, A2) and Π(E) are due to the 2Π1/2(2E1/2)
ionic core state. The B band is comprised of excitation to the
first two of these states, ∆(E) and Π(E), while the (Σ+, Σ-)
(A1, A2) and Π(E) states collectively contribute to the C band.
It has previously been seen that the perpendicular transitions to
the Π(E) states dominate in both bands.32 Curve crossing
between these states and those of the A band result in
predissociation, resulting in exit channels leading to CH3(2A2′′ )
+ I(2P1/2) and CH3(2A2′′ ) + I(2P3/2) photofragments. At wave-
lengths between 140 and 170 nm C-H scission has previously
been found to be the primary dissociation channel,33 whereas
literature on the VUV photodissociation at 121.6 nm reports
two competing processes:34,35 first a direct C-H scission and

* To whom correspondence should be addressed. E-mail: ritchie@
physchem.ox.ac.uk. Phone: +44 1865 285723. Fax: +44 1865 275410.

J. Phys. Chem. A 2008, 112, 4531–4536 4531

10.1021/jp710799k CCC: $40.75  2008 American Chemical Society
Published on Web 04/25/2008



second a two-step dissociation via either a stepwise dissociation
of the internally excited methyl fragment or dissociation through
a highly excited CH3I intermediate. Continetti et al. found that
this C-H scission channel contributed 3% of the total CH3I
dissociation at 193 nm.22

Previously we have studied the 266-nm photolysis of CF3I
and C2F5I using the time-resolved frequency modulated (FM)
absorption technique, determining the nascent speed distribution
and translational anisotropy parameter of the atomic iodine
fragment.1 In both these cases it is well established that the I*
quantum yield is very close to unity, and as such the signals
could be treated as pure gain. We now turn our attention to a
system where there are conflicting reports of the quantum yield.
A nonunity I* quantum yield would result in signals that are
linear combinations of absorption and gain from the I and I*
states. If this is the case the FM absorption technique employed,
which is sensitive to the speed of both iodine fragments, can
be used to resolve the contributions from I and I*. If there is
no internal excitation of the methyl cofragment the ground-
state iodine will be traveling at 800 ms-1 as compared to excited-
state iodine at 700 ms-1; as such the Doppler profile of the I
will be 122 MHz wider than that of the I* Doppler profile.
Furthermore the I and I* signals are absorption and gain in
nature, respectively, and as such when coupled with differing
widths, the high Doppler resolution afforded by the nascent FM
technique enables resolution of the two speed components.

Experimental Section

The set up used for the transient studies with FM absorption
spectroscopy is similar to that employed in our previous work.1

The photofragments are generated from room-temperature
flowing samples of methyl iodide (Aldrich, 99.5% purity) at
pressures of ≈40 mTorr, using 193 nm radiation from an ArF
Excimer laser (Lamda Physik COMPex 205) operating at 10
Hz, which is linearly polarized using a Rochon polarizer, with
a pulse energy of 16 mJ prior to entering the reaction cell. The
signal from a photodiode monitoring a partial reflection was
used as a trigger for the data acquisition sequence.

The iodine photofragments were probed with hyperfine level,
sub-Doppler resolution on the I*-I transition at 1315 nm using
a distributed feedback (DFB) InGaAsP diode laser (Mitsubishi
ML776H11F) with a bandwidth of ∼10 MHz. The near-IR
radiation was focused through an electro-optic modulator (EOM)
(Quantum Technology inc., 3500-P) to which a modulation
frequency of 402 MHz was applied and then recollimated prior
to passing through the reaction cell. Two Fabry-Perot etalons
(Melles Griot 13SAE048) were used to control and monitor the
spectral output of the probe laser. The laser was locked to a
fixed etalon via a feedback circuit, with a second etalon
operating in its scanning mode used to monitor the laser’s
spectral output.

Two reaction cells were used for this investigation, allowing
use of the 3 experimental geometries illustrated in Figure 1.
Geometries 1 and 2 utilize a simple glass photolysis cell, with
a volume of 2 × 10-3 m3, with the pump and probe beams
arranged collinearly, while in geometry 3, the probe laser was
multipassed across the pump beam path. The polarization of
the probe beam was also rotated using a half-waveplate (B. Halle
700-2500 nm) giving full control over the angles θ and �, as
defined by Dixon.36

After exiting the reaction cell, the near-IR radiation was
focused through an optical bandpass filter centered at 1315 nm
(fwhm ) 2 nm, Thorlabs) onto a fast InGaAs photodiode (1
GHz, New Focus). The detected signals were amplified (Minicir-

cuits ZFL-500LN) and then demodulated with reference to the
RF signal applied to the EOM in an RF demodulator circuit
(Pulsar). The resulting In-phase (I) and Quadrature (Q) signals
were filtered using two 39 MHz inline filters (Minicircuits
SLBP-39) and recorded simultaneously using a Digital Storage
Oscilliscope (DSO) (Tektronix TDS380).37

Results

Time-Resolved FM Doppler Absorption Measurements.
To extract the nascent speed distribution, I* quantum yield, and
the translational anisotropy parameter, the nascent pure FM
absorption profile must be extracted. The method by which this
is achieved is the same as that in our previous work.1 First, a
numerical integration over a series of time intervals with limits
separated by 100 ns of the recorded I and Q signals was
performed for a single diode laser frequency. The laser
frequency detuning was calibrated from the monitor etalon
signals where the separation of the sideband from the carrier
frequency is equal to the modulation frequency. The frequency
scale is then combined with the result from the integration to
give I and Q signals at given times post photolysis. At later
times (3.9-4 µs post photolysis) thermalization of the I and I*
levels is sufficient to model the absorption profile with a
Gaussian line shape. Through the Kramer-Kronig relations the
associated dispersion line shape can therefore be determined,
thus enabling the I and Q signals, which are linear combinations
of absorption and dispersion related by the FM phase angle, θ,
to be modeled. The late time I and Q signals can therefore be
simultaneously fit in order to determine θ, in order to isolate
the pure FM absorption signal. The nascent signals are then
taken as those for 0 to 100 ns post photolysis.

The analysis of the Doppler-resolved transient lineshapes is
based upon that of Hall and Wu.39 By use of this description a
linear combination of area normalized signals from the geom-
etries shown in Figure 1 (denoted D1, D2 , and D3, respectively)
can be constructed to produce a Doppler profile that is solely
dependent upon the speed distribution, D1 + D2 + 1.21D3. The
isotropic Doppler profile is a sum of two components, one
resulting from I atom absorption and the other gain from I*.
This isotropic profile is therefore described by the sum of two
isotropic Doppler profiles of opposite sign

Diso )wDI* - (1-w)DI (1)

where w is the fraction of iodine atoms that are in the I* state.
The I and I* Doppler profiles have different speed distributions,
each of which is fitted to the following function40

Figure 1. The three experimental geometries employed in the Doppler-
resolved FM absorption experiments.
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P(ET))Eavail[ fT
a(1- fT)b] (2)

where fT is the fraction of available energy in translation and a
and b are dimensionless parameters that can be varied.

The isotropic composite profile and returned fit are shown in
Figure 2 as open circles and a solid line, respectively, with a
returned fraction of I* of 1.0 ( 0.15. The mean speed of the nascent
I* fragment was found to be 650 ms-1, corresponding to 91% of
the available energy being partitioned into translation. The I*
quantum yield previously determined via the gain vs absorption
method of 0.70 ( 0.0423 would suggest a component of the
composite isotropic signal from I and the majority from I*. As
discussed earlier, any component of the signal resulting from I
would have a broader Doppler width due to the extra available
kinetic energy; it would also be opposite in sign to that arising
from I* as it is absorption in nature. Thus the I channel would be
expected to manifest itself as “wings” on the isotropic Doppler
profile. The dotted line in Figure 2 shows a simulated isotropic
Doppler profile with an I* quantum yield of 0.70. While the wings
are clearly visible on the simulation they are not evident in the
experimental data. In principle, I fragments moving at a similar
velocity to I* could be produced in conjunction with CH3 with
significant vibrational excitation. However, studies of the methyl
fragment suggest that this is not the case.21,22,31 Our data therefore
suggests that the quantum yield of I* is essentially unity within
the noise limits of our FM measurements, contrary to the conclu-
sions from the gain vs absorption measurement.

The speed distribution returned from fitting the composite
isotropic profile can then be used to find the translational
anisotropy parameter, �, as detailed in previous work.4 A value
of -0.71 ( 0.09 was found, which is in excellent agreement
with the value of -0.72 ( 0.1 found by Van Veen et al.31 This
value is consistent with the excitation at 193 nm proceeding
via a perpendicular transition as assigned by Mulliken and
Teller,32 where the deviation from the limiting value of -1 can
be attributed to parent rotation post excitation but prior to
dissociation. This effect can be quantified using eq 3 derived
by Busch and Wilson, based upon the rotation of the parent
molecule during dissociation of an excited bound state41

�) 2{[P2(R)+ψ2 - 3ψ sinR cosR] ⁄ (1+ 4ψ2)}P2(�0)

(3)

Here ψ is the angle of rotation of the molecule during the

lifetime of the bound excited state, R the angle of rotation of
the molecule during the lifetime of the dissociative state, and
�0 the limiting value of the translational anisotropy of the
dissociation. The lifetime of the initially excited Π(E) bound
state is 0.15 ps,31 while the rotational period of methyl iodide
is 3.3 ps,31 giving ψ to be 0.29 rad. The lifetime of the (E,1)
dissociative state to which the Π(E) state is coupled is 0.07
ps,42 and therefore assuming the same rotational lifetime, R is
0.13 rad. Thus the result of this calculation yields a value of �
) -0.76, in close agreement with the measured value.

Overall the results returned from the transient FM absorption
data strongly suggest the I* quantum yield is 1.0 in agreement
with Van Veen et al.31 but in disagreement with Hess et al.23

Discussion

Discrepancies in the Quantum Yield. To confirm the near
unity quantum yield returned from the transient FM absorption
results further experiments to determine the I* quantum yield
were carried out. Diode laser gain vs absorption measurements
on the iodine photofragment were made in a similar manner to
those previously carried out by Hess et al.23

The experimental setup used for these diode laser gain vs
absorption measurements employs geometry 1, as shown in
Figure 1. After the reaction cell, the unmodulated 1315 nm diode
laser radiation is focused onto a fast photodiode (Thorlabs
DET210). The probe laser is tuned to the center of the I*(F )
4) – I(F ) 3) transition and then stepped off and on the transition
10 times, averaging the signal for 10 photolysis shots in each
case. The off-resonance signals are taken as the background
and are subtracted from the on-resonance traces. In this case a
static gas sample consisting of 2 Torr of CH3I, 1.7 Torr of O2,
and 40 Torr of Ar is used. Molecular oxygen is an efficient
electronic quencher of I* due to a near resonant electronic
transfer between the spin-orbit states of iodine and the
O2(3Σg

-)and O2(1∆g) states, while Ar is used to ensure that both
I and I* are translationally thermalizd so that the I and I*
absorption and gain profiles have the same line shape.

A typical gain vs absorption signal, representative of those
taken in the course of these experiments is shown in Figure 3.
The initial and net gain signal, denoted Si, is proportional to
the population difference of the I and I* atoms initially produced.
Over time the gain component decreases as the I* is electroni-
cally quenched to I, and thus the absorption signal increases
with time. Sf is the value of the signal at long times (t > 30
µs); the signal at this point is purely absorption and as such is

Figure 2. The composite isotropic Doppler profile for the nascent
iodine photofragment (open circles). The fit from which the speed
distribution is extracted is shown as a solid line; the fraction of I* is
found to be 1.0 ( 0.15. The dotted line shows a simulation of the
isotropic profile with a quantum yield for formation of I* of 0.70.

Figure 3. A typical diode laser gain vs absorption signal taken with
a static gas mixture of 2 Torr CH3I, 1.7 Torr O2, and 43 Torr Ar. The
initial and maximum gain signal is denoted Si, and the final signal, at
which point all I* initially produced has been quenched to I, is labelled
Sf. The data returns an I* quantum yield of 0.68 ( 0.04.
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proportional to the total number of I and I* atoms initially
produced in the dissociation. The I* quantum yield is simply
given by38

Φ) 1
3[Si

Sf
+ 1] (4)

The extracted values of Si and Sf give a quantum yield of
0.68 ( 0.04 after 10 photolysis shots, which is in agreement
with the value of 0.70 ( 0.04 found by Hess et al. using the
same laser gain vs absorption method outlined above, with a
similar number of averages.23 Our experiments were carried out
with a static sample at a total pressure of ∼45 Torr. There were
two noteworthy observations made in the course of carrying
out this experiment. First a blue-green fluorescence was observed
in the cell; second the quantum yield was found to vary with
the number of shots over which the signal was averaged.

The disagreement in the I* quantum yield found not only in
the literature but also within the experiments presented here
must be a manifestation of an experimental effect within one
of the two setups employed. It is proposed that a competing
process is occurring in the reaction cell during the gain vs
absorption measurements, which we recall were carried out
under static conditions, and it is this process that is responsible
for the conflicting results. We have previously noted that during
the diode laser gain vs absorption measurements a blue-green
fluorescence was observed in the cell; we now consider the
origin of this fluorescence.

A reasonable hypothesis is that molecular iodine is formed
via iodine atom recombination, which then in turn absorbs 193
nm radiation, redissociating to give both I and I*. Iodine atom
recombination proceeds efficiently in the static gas mixture with
the argon acting as a third body thus producing significant
amounts of molecular iodine.43,45 Molecular iodine has a large
absorption cross section, ∼1.7 × 10-17 cm2, in the region of
180-200 nm,46 which results, for 193 nm radiation, in excitation
to the V ) 149 vibrational level of the D(1Σu

+) state. This state
can then undergo fluorescence at 193 nm, vibrational relaxation
followed by fluorescence at 325 nm, or collisional relaxation
to the D′(3Π2g) state, as illustrated in Figure 4.47,48 The D′ state
can likewise undergo quenching processes and emit fluorescence
between 340 and 510 nm. The discrepancy in the quantum yield
findings may then be explained if the laser gain vs absorption
method not only measures the I* quantum yield from the CH3I
dissociation but also that from molecular iodine dissociation.
In this case the I* quantum yield would be expected to change
with successive laser shot number as the concentration of

molecular iodine increases during an experiment; conversely if
the atomic iodine is produced solely from methyl iodide, the
quantum yield should remain constant. The first of these cases
fits with our previous observation that the quantum yield varied
with number of photolysis shots over which the signal was
recorded.

The laser gain vs absorption measurements were therefore
repeated, recording the signal after each successive dissociation
laser pulse. These signals were fitted and the quantum yield
extracted. As shown in Figure 5, the quantum yield decays with
shot number and can be attributed to the increasing molecular
iodine concentration in the static sample over the course of the
experiments, which dissociates to give both I and I* thus
changing the quantum yield. We note that the quantum yield
on the first photolysis shot in Figure 5 is not unity; this is the
case as, for the static conditions employed, there is always some
residual molecular iodine stuck to the wall of the reaction cell
which contributes to the signal even on the first photolysis shot.

To further confirm the presence of molecular iodine the
fluorescence signals were investigated. The time-resolved emis-
sion was measured directly using a photodiode (Thorlabs
DET210) for static samples comprising of 200 mTorr of methyl
iodide and either oxygen or argon at pressures between 0 and
100 Torr. The fluorescence signals were modeled using the
literature values for the radiative lifetimes of the D and D′ states,
15.5 ns48 and 9.5 ns,49 respectively, and the collisional relaxation
rate coefficients,50 convolved with the temporal pulse shape of
our 193 nm laser. Figure 6 shows an example of the comparison
between a simulated signal and that recorded in the experiments.
There can be seen to be good agreement, consistent with I2 being
present in the gas mixture. The time-resolved fluorescence
signals are dominated by the 25 ns photolysis pulse due to the
short radiative lifetimes of the D and D′ states, with the rate of
decay of the fluorescence relatively insensitive to the Ar or O2

pressure and their respective quenching rate constants.
The fluorescence intensity was found to decrease with

increasing O2 pressure but increase with Ar pressure. Oxygen
efficiently collisionally quenches the D state to the D′ state,
and likewise the D′ state to nonradiative states.50 Thus as the
pressure of molecular oxygen increases, the rate at which
population is removed to nonradiative states increases, and in
turn a decrease in the fluorescence intensity is seen. Argon,
however, efficiently quenches the D state to the D′ state but
unlike O2 is a significantly less efficient quencher of the D′
state.50 Thus the relatively high rate of transfer into, coupled

Figure 4. A schematic representation of the molecular iodine states
involved following excitation at 193 nm.50

Figure 5. The variation of the quantum yield determined via the diode
laser gain vs absorption method with the number of photolysis (193
nm) laser shots on a static gas sample. Note that the solid line is a
guide to illustrate the decreasing trend.
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with the extremely low level of quenching out of, the D′ state
results in increasing I2 fluorescence with increasing Ar pressure
as population is pooled in the fluorescent D′ state. A further
effect is the catalysis of iodine atom recombination to form
molecular iodine by both oxygen and argon which acts to
increase the rate of I2 production as a function of pressure for
both species leading to increased fluorescence intensity.43,44,51

Argon itself does not absorb at 193 nm; however, the
Schumann-Runge bands of O2(B3Σg

- - X3Σg
-) encompass this

wavelength region. If fluorescent transitions originating from
these bands dominated, the signal intensity would be expected
to increase with pressure of O2, the opposite trend to that
observed. No fluorescence is observed in the absence of CH3I,
and we can therefore discount any contribution to the fluores-
cence from the molecular oxygen present. It is also worth noting,
despite the excess of O2 present, effects resulting from its
absorption of 193 nm radiation will be reduced due to its
relatively small absorption cross section of 2 × 10-21 cm2 52 as
compared to that of 1.7 × 10-17 cm2 46 for I2.

Previous quantum yield measurements made using the laser
gain vs absorption method on alkyl iodides have been made in
the A band region.7 The returned I* quantum yield values for
various compounds in this photolysis band between 240 and
320 nm are in good agreement with those found via other
techniques including those on the alkyl cofragment.5,6 Such
consistency between different techniques may be explained by
the lower I2 absorption cross section, 8.14 × 10-19 cm2

molecule-1 53 at 266 nm, compared to 1.7 × 10-17 cm2

molecule-1 46 at 193 nm. In contrast, the alkyl iodide absorption
cross sections are of the same order in both the A and B
photolysis bands, 9.2 × 10-19 cm2 molecule-1 and 1.2 × 10-18

cm2 molecule-1, respectively,54 and thus the photolysis of
molecular iodine at these longer wavelengths is insignificant
compared to the alkyl iodide photolysis in the first UV photolysis
band.

Conclusion

The quantum yield for the formation of I* from the 193 nm
photolysis of methyl iodide has been investigated using two
techniques, with each method returning a different value. While
the value of 0.68 ( 0.04 returned using the laser gain vs
absorption method is in close agreement with a previous study
by Hess et al.,23 we believe that the true I* quantum yield is
essentially unity, as found using the Doppler-resolved FM

absorption method and in previous studies probing the methyl
fragment directly.22,23 The I* quantum yield has been shown to
decay with laser shot number when measured using the diode
laser gain vs absorption method, providing evidence for an
accumulation of another species formed during the course of
the experiments. Fluorescence was observed under the condi-
tions of the laser gain vs absorption experiments though not in
the Doppler-resolved FM measurements. Investigation of the
fluorescence signals provides evidence for the presence of
molecular iodine. It can therefore be concluded that the diode
laser gain vs absorption technique on the I photofragment is
compromised by the production of molecular iodine, which
subsequently dissociates providing a secondary route for the
production of both I and I*.

The significantly lower pressures of a flowing gas sample
used in the nascent FM experiments result in a very slow iodine
atom recombination rate, allowing little time for any molecular
iodine produced to accumulate in the cell. The nascent FM
profiles can therefore be confidently taken to represent only the
iodine photofragment from methyl iodide photolysis. The near
unity I* quantum yield extracted by this method is in agreement
with that found by previous studies carried out on the methyl
fragment, which would be unaffected by the production of any
molecular iodine. We can therefore confidently extract the
translational anisotropy parameter, �, of I* atoms from the
photolysis of methyl iodide at 193 nm using the Doppler-
resolved FM absorption technique; � was found to be -0.71 (
0.09, and its deviation from its limiting value of -1 can be
quantitatively explained by rotation of the parent molecule post
excitation but prior to dissociation.
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