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A time-resolved probe beam deflection (PBD) technique was employed to study the energy relaxation 
dynamics of photofragments produced by photodissociation of CH3I at 266 nm. Under 500 torr argon 
environment, experimental PBD transients revealed two energy relaxation processes; a fast relaxation process 
occurring within an acoustic transit time (less than 0.2 “s in this study) and a slow relaxation process with the 
relaxation time in several tens of “s. The fast energy relaxation of which signal intensity depended linearly on 
the excitation laser power was assigned to translational-to-translational energy transfer from the 
photofragments to the medium. As for the slow process, the signal intensity depended on square of the 
excitation laser power, and the relaxation time decreased as the photofragment concentration increased. Based 
on experimental findings and reaction rate constants reported previously, the slow process was assigned to 
methyl radical recombination reaction. In order to determine the rate constant for methyl radical recombination 
reaction, a theoretical equation of the PBD transient for a radical recombination reaction was derived and used 
to fit the experimental results. By comparing the experimental PBD curves with the calculated ones, the rate 
constant for methyl recombination is determined to be 3.3(±1.0) x 106s-1torr-1 at 295 ± 2 K in 500 torr Ar.
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Introduction

Photodissociation dynamics of methyl iodide (CH3I) has 
been investigated extensively through many experimental1-10 
and theoretical11-15 works. As a result, methyl iodide has 
become one of prototypical systems for studying photo
dissociation dynamics of polyatomic molecules.16-20 The 
information on the photodissociation dynamics of methyl 
iodide is useful not only for understanding molecular 
potentials and geometry but also for various applications 
such as laser generation,21 laser-induced chemistry,22,23 and 
atmospheric photochemistry.24,25 After the photodissociation 
of CH3I, the resulting photofragments undergo numerous 
and complicated reactions including excess energy transfers 
and methyl radical recombination.26-28 The methyl radical 
recombination reaction is of special importance since the 
reaction is a termination step in pyrolysis and combustion.29 
Consequently, the chemical kinetics of methyl radical 
recombination reaction is critical for elucidating flame 
propagation and ignition processes. In addition, the methyl 
radical recombination reaction has been served as a standard 
reaction in steady-state competitive techniques30 in which 
the rate constants for reactions including methyl radicals are 
explored.

Time-resolved photothermal spectroscopy technique is 
known to be very sensitive and versatile for studying 
photophysical and photochemical processes in solution and 

solid.31-33 One of advantages of employing photothermal 
technique is that the technique can be applied to the system 
in which optical detection is not feasible, since the technique 
measures the changes in refractive index induced by the heat 
released from energy relaxation processes. Consequently, it 
has been applied to numerous processes with a great 
success.34-40 In solution, triplet state reactions of organic 
molecules34-36 and lifetimes of photolysis intermediates37 
were studied by means of probe beam deflection method 
(PBD). Energy transfer and vibrational relaxation in gas 
phase were measured extensively by thermal lensing (TL)38-41 
and PBD42 techniques. In addition, the PBD technique was 
employed to monitor a gas phase chemical equilibrium and 
condensation reaction.43

Despite the versatility of this technique, only a few studies 
on energy relaxation dynamics of photofragments utilizing 
photothermal spectroscopy have been reported.44-47 In the 
photothermal investigation of radical reactions,44,45 composite 
rate constants for chain propagation reactions and chain 
termination reactions were obtained. In general, the reactions 
between photofragments are complicated due to their high 
reactivity, and therefore, acquiring detailed information 
about individual process by following the energy relaxation 
is often formidable. Hence, kinetics on methyl radical 
recombination reaction has been investigated mostly by 
monitoring the methyl radical absorption at 216 nm.27,48,49

In the present study, we have investigated the energy 
relaxation dynamics of CH3I photodissociated at 266 nm by 
utilizing a probe beam deflection technique. We found that 
there are two, fast and slow, relaxation processes for the 
photofragments. The fast process is assigned to translational- 
to-translational energy transfer of the photofragments to the 
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medium. And the slow one is determined to be mainly due to 
the methyl radical recombination reaction at the experimental 
condition employed in this study; 0.4~1 torr CH3I photo
dissociated with 266 nm laser under 500 torr argon. The 
excess energy partitioning of CH3I photofragments was 
compared with the reported values measured by photofrag
ment translational spectroscopy (PTS) method.50 It was found 
that methyl radical recombination reaction rate constants 
obtained by fitting the slow relaxation process are in excellent 
agreement with the values reported previously.27,48,49,51

Experimental Section

Methyl iodide (99%, Aldrich Chemical) was used without 
further purification. Oxygen free argon was prepared by 
passing high purity argon (99.9999%, Dongjin Jonghab Gas) 
through an oxygen scrubber (J&W Scientific, Model 600
1011). All experiments were carried out at room temper
ature.

A detailed experimental setup for monitoring probe beam 
deflection was described previously,46 and therefore only a 
brief description will be given here. Figure 1 depicts 
experimental optical set-up. The pump beam was a 266 nm 
pulsed laser (~5 ns pulse width and ~9 mm beam diameter) 
that was the 4th harmonic of a Q-switched Nd:YAG laser 
(Spectra Physics, GCR-150). Typical pulse eneigy of the 
pump beam was 300 卩J/pulse to avoid multi-photon 
absorption processes. The probe beam was a 632.8 nm CW 
He-Ne laser (Uniphase Model 1125P) with ~1 mm beam 
diameter and 5 mW output power. At the center of the 
sample cell that was omitted for simplicity in Figure 1, the 
focused probe beam crossed the excitation pump beam at 
right angle and along the long axis of the line focus of the 
pump beam. A typical Gaussian beam radius of the pump 
beam along the z-axis at the crossing point, W0 was 70±5 
/Im , and a distance between the center of two beams, Z0 was 
40±5 /Im. Sample gas pressure was measured with two 
capacitance manometers (MKS Model 122AA-00010AD 
and 122AA-01000AD). The probe beam deflection signal 
monitored by a bicell photodiode detector was amplified, 
and then recorded by using a digital oscilloscope (LeCroy

Figure 1. Experimental probe beam deflection (PBD) setup for the 
time-resolved photothermal spectroscopy study.

Figure 2. PBD transients for CH3I and Ar mixtures at various total 
pressures. The partial pressure of CH3I was 0.40 torr and the total 
pressures (in torr) are indicated with curves. The excitation laser 
pulse energy was 150 Jpulse.

Model 9350A).
Experimental PBD transients of CH3I photofragments 

under various Ar pressures are depicted in Figure 2. Mainly 
two processes govern the shape of the PBD transient: a heat 
releasing process and a thermal diffusion process. The 
former process affects the early rising part of the PBD 
curves while the latter process controls the late decaying 
part. As the argon pressure decreases the PBD curve decays 
faster since the thermal diffusivity increases. When the 
thermal decay is too fast, it becomes unfeasible to obtain 
detailed information about heat releasing processes since the 
thermal decay dominates over heat releasing. If the thermal 
diffusion is too slow, the PBD curves become flat and lose 
their detailed features. As shown in Figure 2, when the argon 
pressure was 100 torr or 300 torr, the PBD transients were 
dominated by thermal decay indicating the thermal decay 
was too fast. At 700 torr argon pressure, not only the signal 
intensity of the PBD curve diminished due to increased heat 
capacity of the medium but also the curve became flat. In 
order to keep the thermal decay slow enough as well as 
keeping the signal intensity and detailed features, 500 torr 
argon was chosen as a medium for the experiments.

Results and Discussion

A. Experimental PBD transients of CH3I photodissociated 
at 266 nm. Figure 3 아lows the PBD transients of CH3I 
photodissociated at 266 nm as a function of excitation laser 
powers. It is noted that not only the signal intensity increases 
as the excitation laser power increases, but also a significant 
change in the shape of the curves is observed. This 
dependence on the excitation laser power indicates strongly 
that the energy relaxation process(es) is not a first order 
process in terms of the photofragments. If the relaxation 
process is a first order process or else it consists of more than 
one first order process, the shape of the curves must be 
identical regardless of the excitation laser power since the



320 Bull. Korean Chem. Soc. 2003, Vol. 24, No. 3 Myungcoo Suh et al.

.
그

_r
05u
 으
 s  C

一CQd

Figure 3. PBD transients for CH3I and Ar mixture at various 
excitation laser powers. The excitation laser powers are 104, 141, 
164, 197, 227, 274, and 302 卩J/pulse from the bottom. CH3I 
pressure was 0.40 torr and total pressure was adjusted to 500 torr 
with Ar. The solid lines represent the best fit based on Eq. (1).

curve shape only depends on the relaxation time that is 
constant. We also observed a similar change in the shape of 
the PBD transient when the CH3I concentration was varied 
from 0.4 torr to 1.0 torr (data not shown).

In our previous photothermal deflection spectroscopy 
study of CF3I,46 we have shown that experimental PBD 
transients of CF3I at various excitation laser powers were 
completely indistinguishable. Only the signal intensity 
depended linearly on the excitation laser power at the given 
experimental arrangement. It was concluded for the case of 
CF3I that relaxation processes involved in the time domain 
we used were translational-to-translational (T-T), and vibra
tional to translational (V-T) energy transfers from photo
fragments to argon. The differences in excitation energy 
dependence on PBD curves between CH3I and CF3I systems 
support the presence of a process(es) that is higher than first 
order reaction with respect to photofragments.

In order to investigate the nature of energy releasing 
processes that take place after the photodissociation of CH3I 
at 266 nm, we have attempted to fit the experimental PBD 
transients with a theoretical PBD curve that is derived by 
assuming the heat releasing processes can be described by 
two first order energy relaxation processes.43 The time
dependent PBD signal, 0 can be described with two relaxation 
times, T1 and 佐，if two heat releasing processes are well 
separated in time, i.e., one process relaxes much faster than 
the other:46

0( t, Z )=
1 dn (-8 aEQZQlf) [1 - r1exp( —f )-(1 - r1)exp (-t/句)]------------------------------------------------------
ndT npCp (w0 + 8Dt )3/2

x expf 쓰—) . (1)
I w2 + 8Dt丿
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Figure 4. The amount of total released heat observed in PBD 
transient, A0, as a function of excitation laser powers. A0 is equal to 
(1/n、)(dn/dT)((-8aEQzlf)/npCp) in Eq. (1). Open squares and 
circles represent the amount of heat contributed from the fast heat 
releasing process (A0r1) and from the slow heat releasing process 
(A0r2), respectively. The solid lines are the linear fitting results for 
log-log plots. r1 and r2 values were obtained by assuming that the 
observed PBD curves consist of two first order heat releasing 
processes (see text for details). CH3I pressure was 0.40 torr and the 
total pressure was adjusted to 500 torr with Ar.

T1 and n are the relaxation time of the fast process and its 
fractional contribution, respectively, while T2 and n are the 
ones for the slow process. D is the thermal diffusivity of the 
medium, E0 is the pump beam energy, and a is the optical 
absorption coefficient. n is the refractive index, p is the 
density, and Cp is the specific heat at constant pressure. l is 
the interaction length between the pump and the probe 
lasers, Z0 is the separation between the centers of pump and 
probe lasers, and W0 is an apparent beam waist for a 
Gaussian-shaped pump beam. f denotes a fractional ratio of 
excess energy with respect to the total excitation photon 
energy hv. For T1, we used 0.2 ^s that is the instrumental 
response time since the actual T1 is shorter than the instru
ment response. For a detailed explanation of the equation 
given above, please refer to the previous report.46

We found that the experimental PBD transients can be 
fitted relatively well with Eq. (1) in the experimental 
condition we used, i.e. up to 1.0 torr CH3I and 150 卩。/pulse 
excitation laser power (see Figure 3). When the excitation 
laser power and/or CH3I concentration is higher, we starts to 
observe significant deviation of the experimental PBD 
curves from the theoretical prediction (data not shown). 
Nevertheless, n, and T2 values obtained by fitting with Eq. 
(1) are useful for deducing the nature of the reactions taking 
place following the photodissociation of CH3I. As the 
excitation laser power or CH3I concentration increases, r2 

value increases while 佐 value decreases. In Figure 4, the 
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amount of heat released by fast and slow processes, /cri and 
/寸2, respectively, are depicted with respect to the excitation 
laser power. Note that a striking difference between the 
slopes in the log-log plot was observed. The slope for the 
log-log plot of /cri and excitation laser eneigy is 1.1 ± 0.1 
while the slope for /寸2 and excitation energy is 2.0 士 0.1. 
This difference in the slope indicates that the fast and the 
slow processes observed are quite different in terms of the 
excitation laser power dependence, and in turn the number of 
active radicals involved in the process. From the observed 
slopes, 1.1 and 2.0, it is concluded that a single radical 
participates in the fast heat releasing process while two 
radicals are involved in the slow heat releasing process.

The fast relaxation process is easily ascribed to translational- 
to-translational energy transfer between the photofragments 
and argon (see discussion given in Ref. 46 for CF3I). Possible 
reactions for the slow process are vibrational to translational 
energy transfer from methyl radical to argon, methyl 
recombination reaction to produce ethane, and I* quenching 
by methyl iodide or methyl radicals. From the reported 
reaction rate constants27,48,49 and experimental findings, the 
most plausible reaction for the slow process is methyl radical 
recombination reaction (vide infra). The excess energy 
partitioning of the photofragments after the photodissoci
ation of CH3I at 266 nm is reported as 34.66: 0.922: 16.3 in 
kcal/mol (66.8 : 1.8 : 31.4 in percentile) for <E> : <Eint> : 
<Ee>.50 Here, <Et>, <Ent> and <Ee> denote average trans
lational, internal (vibrational and rotational), and electronic 
energies partitioned into the photofragments upon photo
dissociation, respectively. Therefore, vibrational to translational 
energy transfer should be negligible since the vibrational and 
rotational energies of the photofragments are only 1.8% of 
the total excess energy. I* quenching by methyl iodide should 
not alter the shape of PBD curves at different excitation laser 
energies since this process involves single radical compo
nent, I*. In addition, I* quenching rate constant by methyl 
iodide is reported28 to be 7.0 x 103 s-1torr-1 which results in 
hundreds of microseconds as a relaxation time in this 
experimental condition. On the contrary, I* quenching by 
methyl radicals involves two radical components. However, 
the estimated relaxation time with the reaction rate constant 
2.2 x 105 s-1torr_1,28 falls in milliseconds time scale even in 
the presence of possible maximum methyl radical concent
ration (~4 x 10-3 torr). Consequently, the contribution from 
I* quenching by either methyl iodide or methyl radical 
cannot be observed in the time range (up to 150 俸)we used 
in the present study.

Since r1 value corresponds to the contribution from the 
fast translational to translational energy transfer, it is worth 
to compare r1 value with the energy partitioning, 66.8 : 1.8 : 
31.4 in percentile for <Et> : <Emi> : <Ee>, obtained by photo
fragment translational spectroscopy.50 As we mentioned 
earlier, r value decreases as excitation laser power increases. 
The largest r1 value observed is 80 士 5% at 0.4 torr CH3I. On 
the contrary, the largest r1 value estimated from PTS result is 
97% assuming that the contributions from Ee and other 
chemical reactions are negligible. This substantial discrepancy

Figure 5. Variation of the slow heat releasing relaxation times with 
respect to excitation laser power. The relaxation times were 
obtained by fitting the observed PBD curves with two first order 
heat releasing processes. CH3I pressure was 1.0 torr and the total 
pressure was adjusted to 500 torr with Ar.

in the ri value indicates that additional contributions to slow 
heat releasing process other than vibrational to translational 
energy transfer from methyl radical to medium exist even in 
the lowest CH3I pressure employed in the present study.

Estimated T2 value decreases as the excitation laser power 
increases. Figure 5 shows the log-log relationship between 
the excitation laser energy and the first order relaxation time 
for the slow process, T2, that is in several tens of 3. Note that 
log-log slope between excitation laser power and 1T2 is 
close to 1 suggesting that the slow process is a 2nd order 
reaction with respect to photofragments. This finding is 
consistent with the result observed in Figure 4 where the 
heat released from the slow process depends on the square of 
the excitation laser power. When the laser power is higher 
than 〜150 ^J/pulse, 1T2 value deviates from the unit slope as 
shown in Figure 5. At this high radical concentration, Eq. (1) 
fails to fit the PBD transient as mentioned before. Therefore, 
in order to investigate the kinetics of the photofragments by 
using PBD transients, a new theoretical equation for PBD 
signal describing this 2nd order reaction becomes necessary.

B. Theoretical calculation of PBD transients for a 2nd 
order radical reaction. We derived a theoretical PBD 
transient equation for a 2nd order radical reaction to study 
methyl radical recombination included in the slow heat 
releasing process. In a crossed-beam setup, when a weakly 
absorbing sample is exposed to a short excitation pulse, the 
temperature rise due to a pulsed heat source is described by52

T(z, t) = J： dtzj-^ dz,G(z',z,t- t八)Q(Z,t) 

where Green's function G is

G (z' ,z ,t -1') ^-----j-------------------------------^------------------------^--^^ -
2 J nD (t -1,)

(2)

(3)
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The heat source term Q for a 2nd order reaction of a type

R + R —2승 R + q is

Q(z',t') = k2q[N(z',t')/(N(z',t')2k21' + 1 )]2 . (4)

Here, q is the heat released per reaction and NQ', t) is the 
concentration of the excited molecules given by,

N (z，, t，) = *冲 [-《竺 兰"1 

시n：hvlJw0 + 8 Dmt'
(5)

Dm is the molecular diffusivity, k2 is the bimolecular rate 
constant defined by d[R]/dt = -2k2[R]2, and hv is the 
excitation photon energy. By substituting Eq. (5) into (4), the 
heat source term Q for a 2nd order reaction is obtained as

0 20 40 60 80 100
Timers

B

Q (z z/) = k2 q

exp [-2 z' 2/( w0 + 8 Dmt)]
C2-------- / 2 -----
Jw0 + 8Dmt‘ 

— 

,exp[-2z，2/(w0 + 8Dmt')L 八] 2 C2-------------- / --------k21 + 1
Jw0 + 8 Dmt'

2

(6)

j2aEg
where c2 = —-----, and k2 = 2nd order rate constant.

」까I 이
The time/dependent probe beam deflection in z/direction 

0 (z, t) is given by:

_ 1 dn「8 dT , _ 1 dndT i 
赋z ,t) = n/dT J-8 dzdx =姦T? (7)

where n is the refractive index. We calculated the simulated 
PBD curves, 0(z,t), based on Eqs. (2) and (7) by use of a 
numerical integration routine.

In Figure 6, the effects of the 2nd order rate constant and 
probe beam radius on PBD transients are depicted. It is 
clearly demonstrated in Figure 6(A) that the increase in rate 
constant, k2, shifts the PBD curve to early time and narrows 
the width of the curve. As the apparent probe beam radius, 
w0, increases the PBD curves broaden without shifting the 
peak time. As expected from the Eq. (6), the effect of C2 is 
similar to the effect of k2 on the shape of the PBD curve (data 
not shown).

C. Methyl radical recombination rate. In order to deter
mine the rate constant for methyl radical recombination 
reaction, we first estimated the contribution from the slow 
heat/releasing process by subtracting the contribution from 
the fast heat/releasing reaction in the experimental PBD 
transients. Figure 7 shows the subtraction to obtain the PBD 
curve for the slow heat-releasing process. Simulated fast 
processes (dashed lines) were used for the subtraction, and 
subtraction factors were obtained by fitting the experimental 
PBD curves with Eq. (1). The slow heat/releasing processes 
at various excitation laser powers that are obtained by the 
subtraction are shown as dots in Figure 8 with calculated 
curves in solid lines. It should be noted that the intensity of

0 20 40 60 80 100
Timers

Figure 6. Theoretical PBD curves calculated for various 2nd order 
bimolecular rate constants, k2 (A) and for various probe beam radii, 
wo (B). C2 and zo values were set to 3.5 x 10-7 torrm and 40 pm, 
respectively. The bimolecular rate constants, k2 are 1 x 107, 2 x 107, 
and 4 x 107 s-1torr-1 from the left, and W0 value is set to 80 pm (A). 
W0 values are 50, 60, 70, 80 pm from the top, and k2 is set to 3 x 107 
s-1torr-1 (B). All curves are normalized for ease of comparison.

0 20 40 60 80 100 120 140
Time,卩s

Figure 7. Estimating the PBD transient from the slow heat 
releasing process. PBD curves for the slow heat releasing process 
were obtained by subtracting the simulated fast heat releasing 
process (dashed line) from the experimental PBD curves. 
Subtraction factors were determined by fitting the experimental 
curves with Eq. (1).
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Figure 8. PBD transients for the slow heat releasing processes in 
CH3I and Ar mixtures at various excitation laser powers. The 
excitation powers (in pJ/pulse) are indicated with the curves. The 
solid lines represent the calculated best fit from Eq. (7) by 
assuming that the slow heat releasing process is the methyl radical 
recombination reaction (see text for details). For the calculation, wo 
and zo values are set to 70 pm and 40 pm, respectively. c2 values are 
calculated based on Eq. (6) at given excitation powers. The 
corresponding c2 (in torr • m) and k2 (in s-1torr-1) values are 2.18 x 
10-6, 3.0 x 106; 1.51 x IO-6, 3.3 x 106; 1.10 x IO-6, 3.0 x 106; and 
4.81 x 10-7,3.7 x 106 from the top, respectively. CH3I pressure was 
1.0 torr and total pressure was adjusted to 500 torr with Ar.

the curves does not depend linearly on excitation laser 
energies. This non-linear behavior is typical for the reactions 
involving two radicals, and is consistent with the finding that 
the amount of heat released from the slow process depends 
on square of the excitation laser power (see Figure 4). It was 
also found that the time for the maximum intensity shifted to 
an earlier time as the excitation laser power increased. This 
shift in maximum position supports that the slow heat
releasing process is methyl radical recombination reaction 
since the same shift is observed with the calculated PBD 
curves for a 2nd order radical reaction.

In Figure 8, the resulting PBD transients for slow heat
releasing processes are compared with the theoretical values, 
饥 calculated by use of Eq. (7). For fitting the experimental 
curves with theoretical ones, we adjusted the rate constant k2 

in Eq. (7) until the best fit was achieved. c2 values were 
calculated for each PBD curve by using c》=JlaE^ 

Jnhvl and the experimental parameters used for each 
measurement. 1.1 x 10-18 cm2 was used for the absorption 

cross section.53 The solid lines represent the best fit at given 
experimental conditions. As shown in Figure 8, there is an 
outstanding agreement between the experimental and the 
theoretical curves. The average k2 value obtained by fitting 
was 3.3 (±1.0) x 106 s"1torr"1.

In Table 1, previously reported k2 values are summarized 
for comparison.27,48,49,51 Most comparable k2 value is 2.3 
(±1.0) x 106 s-1torr-1 that is measured by monitoring the 
methyl radical absorption in 500 torr argon medium at room 
temperature.27 Considering the differences in experimental 
techniques, conditions and errors, our resulting k2 value is 
remarkably similar to the ones reported previously. Our 
resulting k2 value appears to be only slightly larger than the 
k2 values in Table 1. This slight discrepancy is expected 
since we monitored the time-resolved heat release that is not 
completely selective for monitoring reactions of methyl 
radicals. Although the majority of the heat came from the 
methyl recombination reaction, minor contributions from 
other processes cannot be entirely ruled out. Fast vibrational 
to translational energy transfer from methyl radicals to 
medium can surely contribute to k2 value slightly (less than a 
few percent) even at a low methyl radical concentration. The 
contribution from processes other than methyl radical 
recombination becomes more discernible at high radical 
concentrations. As the radical concentration increases, 
experimental PBD curves starts to deviate from the calculat
ed PBD curves based on methyl radical recombination 
reaction (see Figure 8) due to other processes occurring at 
higher radical concentration. Nevertheless, kinetics of the 
2nd order radical recombination reaction is monitored 
successfully by means of probe beam deflection method.

Conclusion

We have shown that the experimental PBD transients of 
CH3I photodissociated at 266 nm can be explained by 
translational to translational energy transfer from photo
fragments to the medium and methyl radical recombination. 
The theoretical PBD equation for a 2nd order bimolecular 
process was derived, and was found to describe the experi
mental PBD curves successfully. We found that the methyl 
radical recombination reaction dominates up to ~3 x 10-4 
torr radical concentration. At higher radical concentrations, 
additional reactions such as I* quenching and other radical 
reactions began to contribute significantly. Methyl radical 
recombination reaction rate constant, k2, was obtained easily 
by fitting the experimental PBD data with theoretical curves. 

Table 1. Methyl radical recombination rate constants

Technique Detection method Temperature
(K)

Pressure
(torr)

Rate constant
(s-1torr-1) References

Laser flash photolysis (193 nm) 216.36 nm radical absorption 298 ± 2 5.4-500, Ar 2.3 x 106 27
Flash photolysis 〜216 nm radical absorption 293 ± 2 100, Ar 1.5 x 106 48
Flash photolysis 216.4 nm radical absorption 293 200, Ar 2.0 x 106 49
Flash photolysis 150.4 nm radical absorption room temp. 500-700, He 3.4 x 106 51
Laser flash photolysis (266 nm) Probe beam deflection 295 ± 2 500, Ar 3.3 x 106 This work
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By carefully choosing experimental parameters, this PBD 
method can be applied successfully to kinetic study of 
various radical reactions in which optical detection is not 
feasible.
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