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A fast flash photolysis kinetic spectrophotometer capable of measuring rates of up to 105 s~1
is described. The rates of hydrogen abstraction from H,, CH,,, C,Hg, and CsH; by OH radicals
at 295 + 2 K, have been measured in the gas phase by hydroxyl resonance absorption spectro-
photometry. The influence of secondary reactions on the measured rates and the derivation of
the absolute rate constants is discussed in detail.

The absolute rate constants in units of cm® mol~!s~! were found to be: ku, =349 +
0.16 x 10°, keu, = 392 + 0.16 x 107, ke,ng = 1.59 + 0.10 x 10**, and ke, = 1217
0.63 x 1011

R. P. OVEREND, G. PARASKEVOPOULOS et R. J. CVETANOVIC. Can. J. Chem. 53, 3374 (1975).

Nous décrivons un spectrophotométre & photolyse-€clair et a cinétique rapide capable de
mesurer des vitesses de réaction de ’ordre de 10° s~ . Les vitesses d’abstraction des atomes
d’hydrogéne de H,, CH,, C,H; et CsHj par des radicaux OH, a 295 + 2 K ont été mesurées
en phase gazeuse par spectrophotométrie d’absorption de résonance du radical hydroxyle.
L’influence de réactions secondaires sur les vitesses mesurées et ’obtention des constantes de
vitesse absolues sont discutées en détail.

Nous avons trouvé que les constantes de vitesse absolues en unités de cm® mol~! s -1 sont:
ku, = 3.49 + 0.16 x 107, ken, = 3.92 + 0.16 x 10° ke, = 1.59 + 0.10 x 10“etkCH =

12417 + 0.63 x 101,

Introduction

Hydroxyl radicals have long been recognized
as being a chain carrier in the oxidative com-
bustion of hydrogen and hydrocarbons; they
also play an important role in the chemistry of
the upper and lower atmosphere where they act
as an oxidant. There is, therefore, a need for
accurate values of the rate parameters of the re-
actions of OH with hydrogen, hydrocarbons,
and atmospheric gases for use in numerical
modelling of the above processes. Such reactions
have been widely studied by various experi-
mental techniques. However, data from earlier
studies using flame, shock tube, and flow system
experiments showed large discrepancies in the
reported values of the kinetic parameters. More
recently direct techniques have been developed,
using spectroscopic, e.s.r., and resonance fluo-
rescence detection of OH, which have improved
the accuracy and precision of the data, so that
at present the rate constants of some of the re-
actions (e.g., H,, CH,) are established within
a 207, range. The data for OH reactions have
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been reviewed by Drysdale and Lloyd (1) and
Wilson (2), and it appears that further work is
necessary, in particular using direct determina-
tions.

In the present paper we describe a fast flash
photolysis apparatus coupled with time re-
solved resonance absorption detection of OH.
Signal averaging is employed to improve the sig-
nal-to-noise ratio. The apparatus is capable of
measuring first order rates of up to 10° s™%, thus
enabling a more complete range of experimental
conditions to be examined than hitherto.

We have in progress an extensive program of
study on both abstraction and addition re-
actions of OH radicals in the gas phase. In this
paper, the first of a series, we describe in detail
the method used and report the rate constants of
abstraction of hydrogen from H,, CH,, C,H,,
and C;Hg at room temperature. The reaction of
OH + H, is much studied and serves as a stan-
dard against which we compare our technique.
We have also examined the effect of secondary
radical reactions on the rate measurements by
numerical simulation, and established the con-
ditions for which such an effect is negligible.
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Fic. 1. Block diagram of the apparatus. L, lenses; P.M., photomultiplier; C/V converter, current-to-voltage

converter; A/D converter, analog-to-digital converter.

Experimental

The apparatus consists of a fast flash photolysis system
coupled with a spectrophotometric detection system. The
block diagram of the experimental arrangement is given
in Fig. 1. The flash lamp and reaction vessel are a low
inductance coaxial assembly based in part on the design
concepts of Furumoto and Ceccon (3). The 30cm
length flash discharge is in an annulus 1 mm deep around
the 25 mm diameter reaction vessel. The electrodes are
polished stainless-steel knife-edged rings. The flash lamp
is discharged by lowering the pressure of dry air within
the annulus. A range of energies from 100-600 J is ob-
tained by charging either a 1.5 uF or a 5.1 uF capacitor
to the appropriate voltage (10-16 kV). With the smaller
capacitor the flash peaks at 650 ns and has a decay (1/e)
time of 850 ns.

Two 50 cm long, 25 mm diameter reaction vessels were
used, both made of Suprasil quartz. The first vessel was a
simple tube; the second was a double wall tube in which
the reaction mixture occupied the 10 mm diameter inner
tube and could be surrounded by a suitable optical
shield placed in the outer tube.

The OH concentration in the vessel is monitored by
following the time resolved attenuation of the OH reson-
ance radiation (42X+ - X°II) produced by a 2.45 GHz
microwave discharge in a low pressure (~1 Torr) Ar/
H,O mixture (~ 5%, H,O). The resonance lamp is similar
to that described by Carrington and Broida (4). After
each flash attenuation of either the Q3 or Q;* rotational
lines of the (0,0) band is followed by means of a 1 m
Czerny-Turner spectrophotometer (Jarrell-Ash) and a
S-5 photo cathode photomultiplier. The spectrometer has
a resolution of 0.87 nm/mm and is operated at a band
pass of 0.05-0.2 nm.

The photomultiplier voltage divider is wired for fast
pulse response and high peak-current capability. The
dynode voltage supply is a well regulated high current
supply. Together these ensure fast recovery (~5-10 us)

after the flash. To further protect the electronics after the
photomultiplier from the flash pulse, two high speed sig-
nal diodes were wired across the load resistor in the cur-
rent-to-voltage converter.

The signal is then passed to a variable low pass elec-
tronic filter which has a 4 pole Bessel response. The cut-
off frequency of the filter was set at >2 x rate to be
measured in the experiment; this provides adequate
filtering of high frequency noise with a tolerable distor-
tion of the rise to maximum OH absorption. The filtered
signal is then accumulated by the fast analog-to-digital
(A/D) converter and signal averager combination. Signal
averaging techniques are required on account of the low
intensity of the resonance lamp and the large electronic
instrument bandwidth required to measure rates of
10° s—1. The signal-to-noise (S/N) ratio of the system is
10 at 1 MHz and 30 at 100 kHz. With signal averaging
the S/N ratio improves to 100 with less than 64 flashes.

The main source of OH radicals was the photolysis of
water vapor mixed with the reactant and, in a few experi-
ments with H; and CH,, the photolysis of N,O followed
by the reactions:

N,O + Av > N, + O('D)
O('D) + H, —» H + OH
O('D) + CH, - CH; + OH

The results with both sources of OH radicals were the
same within the experimental error.

The gases were handled in a conventional mercury-
free vacuum line provided with a Cellows gauge and an
oil manometer. The experimental procedure was to pre-
pare an accurately measured mixture made up from the
hydroxyl source, the reactant, and the diluent gas (He).
The mixture was mixed with a magnetic stirrer before
transfer to the reaction vessel, where it was flashed the
required number of times to achieve a satisfactory S/N
ratio.
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The materials were of the highest available purity and
in all cases except H, and He were subjected to degas-
sing and bulb-to-bulb distillation in vacuo before use.

Results

Experiments with varying low water vapor
pressures and a constant flash energy showed the
expected logarithmic dependence of the maxi-
mum OH absorption on the pressure of water,
i.e., In I/l = KPy,,, for absorptions of up to
~40%. The absorption decreased by about 407
when the total pressure in the vessel increased
from 100 to 760 Torr; this was attributed to
pressure broadening of the rotational line.
Trainor and von Rosenberg (5) have discussed
in detail the effect of pressure on absorption. In
our experiments, in which we measure relative
absorption with time, there should be no effect
of pressure broadening on the measured rates.
In the majority of our experiments the pressure
of H,0 was such that the maximum absorption
of OH was less than 10%,. Using the formula of
Kaufman and co-workers (6) and their suggested
value of 8 x 10™* for the oscillator strength of
the hydroxyl 42X — X1 transition we calculate
that 259 absorption in 30 cm path length cor-
responds to a concentration of [OH] ~ 1.3 x
10~1% mol cm 3. In our experiments the average
initial absorption of OH was ~7-12% corres-
ponding to an average concentration of ~3.3-
5.8 x 107 mol cm™3.

At the wavelengths used >160nm the
OH(X?II) is formed without vibrational or ro-
tational excitation (such excited OH, if present,
might relax thereby producing an apparent de-
crease in the measured rates). The absence of OH
with vibrational and rotational excitation has
been shown experimentally by Welge and
Stuhl (7) who found that throughout the 186-
140 nm continuum the energy of the photons, in
excess of that required to break the H—OH
bond appears mainly as translational energy of
the H and OH fragments, i.e. they found that the
intensity of the v’ = 1 bands was only a few
percent of the (0,0) band, and that the rotational
distribution of OH(X?II) was practically the
room temperature equilibrium distribution.

The alternative source of hydroxyl radicals
(i.e., N;O + hv - O(*D) + N,,0('D) + H, —
OH* + H) produced results in agreement with
those from the photolysis of water. Thus, al-
though the O(*D) + H, reaction has been shown
to produce vibrationally excited OH* (8), the ex-
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FiG. 2. Example of computer plots of (4) normalized
[OH], and (B) In [OH] against time for OH + H,. The
conditions of the experiment were: H, = 21.36 Torr,
H,0 = 2.68 Torr, He = 499.3 Torr, time = 5us per
channel.

cited species have evidently relaxed by the time
our measurements commence.

In our experiments the concentration of the
second reactant was always made much greater
than the initial OH concentration. Under these
conditions the reaction is pseudo-first order.

The digital data recorded on the paper tape
consist of values of AI = I, — I at various time
intervals and were processed on an off-line IBM
360 computer. The data were smoothed using a
nine-point quadratic approximation suggested
by Savitzky and Golay (9). The OH concentra-
tion, [OH] = In (Jy/I), expressed in normalized
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Fic. 3. Plot of pseudo-first order rate constant, k’
against the H, concentration for the reaction OH +
Hz g Hzo -+ H.
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Fi1G. 4. Plot of pseudo-first order rate constant, k',
against the CH, concentration for the reaction OH +
CH, — H,0 + CHas.

units (i.e. as fraction of the concentration at
maximum absorption), as well as In [OH] =
In (In (Z,/I)) were plotted against time. Such plots
are shown in Fig. 2. The latter plots (pseudo-
first order plots) were linear over 2-5 half-lives
depending on the conditions.

The pseudo-first order rate constant for the
OH decay k’, was obtained from the slopes of
the linear plots. The data had sometimes super-
imposed on them a sporadic spike noise which
occurred in only one direction, as will be illus-
trated in the next section. The effect was easily
filtered out by eye and the slope drawn by hand.

4.0~

30 H§ {%

C3Hg CONCENTRATION x 10° (mol cm™)

Fig. 6. Plot of pseudo-first order rate constant, k',
against the CsHg concentration for the reaction OH +
C3Hs b d H20 + C3H7.

The pseudo-first order rate constant k' obtained
over a range of reactant [RH] concentrations is
related to the bimolecular rate constant k by the
equation k' = o + k[RH]. Plots of &’ against
[RH] are shown in Figs. 3-6, for RH = H,,
CH,, C,Hg;, and C;Hg, respectively. The bi-
molecular rate constants, k, were evaluated from
the slope of these plots. The slopes were obtained
from least square fits of the equation k' = o +
k[RH] to the points with weights of 1/c* where
o is the error in k' evaluated separately as des-
cribed below. The least square values of the bi-
molecular rate constants and the standard de-
viation of the fit are listed in Table 1.

The total pressure in the experiments with all
four reactants was varied between 40 and 760
Torr. The measured rate constants were found
to be independent of the total pressure.

The effect of accumulation of reaction prod-
ucts (e.g. C,Hg in the reaction CH, + OH —
CH; + H,0) on the measured rates was con-
sidered. The reaction mixture in a representative
experiment was irradiated repeatedly and the
data collected in consecutive batches of four
flashes. Comparison of the signal for the first 4
and last 4 in 32 flashes showed no significant dif-
ference. A simple calculation shows that in the

LI TasLe 1. Bimolecular rate constants of the
|ok §$§ reaction OH + RH — H,O + R at 295 + 2K
/@6{& Reactant Number of
5 RH (em3 mol~! s~1) experiments
i 1 ] 1
) 50 100 150 200 250 5
CoHg CONCENTRATION x 10% (mol cmi 3) glil 33'329 :_t g'}: : }89 2(2,
4 . T U,
FiG. 5. Plot of pseudo-first order rate constant, k’, C.Hs 1.5 + 0.1, x 10!t 42
against the C,Hg concentration for the reaction OH + C,Hs 12.1; + 0.65 x 10? 59

CZHG - HzO + C2H5.
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as number of half-lives. (The graph shows the unidirec-
tional noise and the error oy,,4, €xpressed as uncertainty
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case of CH, the effect of accumulation of C,H
from recombination of CHj; radicals will not
perturb the measurements. (It is calculated that
after 32 flashes the ratio of the rate of OH with
the accumulated C,H, and with CH, is about
5 x 1072.) In the case of propane the calculation
shows that the accumulation of products could
possibly affect the measurements. The test des-
cribed above was carried out more frequently
with propane and the total number of flashes was
kept at a minimum.

Evaluation of Error

The method of estimation of the error, o, of
the individual values of pseudo-first order rate
constant, k', has been described in detail in
Appendix I of ref. 10, and will be outlined only
briefly here. As mentioned above the slope
A In [OHJ/At¢ of the graph of the decay curve of
In [OH] against time expressed as number of
half-lives and shown in Fig. 7 was drawn by hand.
Figure 7 shows also the previously mentioned
sporadic unidirectionial noise. The error in the
slope can be determined from the two extremes
of the line

k' = A(In [OH])/At = In (4y/A,)/At
where A, = absorbance at t = 0, 4, = absorb-
anceat f = t,and At =t — 1, or

R, = At x k' =1n(4,/4,)

where R; is defined as rate function. By deter-
mining or assessing the experimental precisions
at each stage of the measurement of the quan-
tities on the graph of In 4, against ¢ and using

the propagation of error equation we obtain (10)
0,42 = exp (—1.4n)[c,° + (0.6934,0,)]

where n = the number of half-lives over which
the straight line in Fig. 7 fits the experimental
line; o, was estimated from the experimental
plots. Graphs of fractional error oy /R; at con-
stant n’s against 4, are shown in Fig. 8. It may
be seen from the graphs that the fractional error,
i.e., precision of the pseudo-first order rate con-
stant, k', is ~3% for high 4, and good straight
lines of several half-lives. On the other hand a
low A, and low » combine to give very poor
precision. The errors in k’ are shown as error
bars of length 1o in Figs. 3-6.

The time base of the ADC/signal averager was
calibrated with an accurate frequency standard.
The accuracy is about 1 part in 10*. The measure-
ment of pressures and concentrations was con-
sidered to be both accurate and precise to about
1%,. Under these conditions the contribution of
these sources to the overall error in the bi-
molecular rate constant k (evaluated from the
slope of the plot of k' against concentration,
[RH]) is negligible in comparison to that of
spectrophotometry. The overall precisions of
the bimolecular rate constants in Table 1 are
10-15%, at one standard deviation. The accuracy
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Fic. 8. Graphs of fractional error ok, /R; at constant
n against initial absorbance, 4o, for various values of n.
(The graphs illustrate the variation of the fractional error
with 4, and with the number of half-lives n.)
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Fi1G. 9. Effect of the initial OH concentration on the
dependence of the k,’(apparent)/k,’ ratio on k,’ (i.e. on
the RH concentration) at constant k.. (The curves were
calculated for k, = Z (collision frequency) and initial
[OH] in molcm=3: (4), 5 x 10~1°; (B),107!9; (C),5 x
10~11; and (D), 2 x 10-11)

was estimated to be in the region +5%; this
value was estimated from the influence of the
flash period, electronic bandwidth, system
linearity, and A/D converter resolution on the
measured rates.

Discussion

The following reactions were considered for
the discussion and interpretation of our experi-
mental results

H,O + v—> OH + H

(11 OH + RH - H,0 + R
2] OH + R — Products
[3] OH+OH+ M- H;0;, + M
[4] OH+H+ M- H,O0+M
[5] OH + OH - H,0 + O

where RH = H,, CH,, C,H;, and C;H,. We
will examine first if (and to what extent) side re-
actions of OH affect our results and then we will
compare them with other results in the literature.

Effect of Radical-Radical Reactions of OH

The effect of the radical-radical reactions of
OH, reactions 2, 3, 4, and 5, was tested by a
numerical simulation model in which the dif-
ferential equations describing the system were
integrated numerically for the following initial
conditions: (1) Since [RH] is present in large
excess over OH, reaction 1 was taken as a first
order reaction of the form —~d[OH]/dt =
k,'[OH] where k;" = k,[RH], and k,’ was
varied in the model over a range 10 to 10° s~ 1.
(2) The rate of reaction 2 was taken initially to

be the collisional rate. (3) Other rate constants
were taken from the reviews of Drysdale and
Lloyd (1) and Wilson (2). (4) The initial concen-
tration of OH radicals was taken to be that esti-
mated earlier using the value of 0.8 x 10~3 for
the oscillator strength of OH.

The simulation results showed for measured
pseudo-first order rate constants larger than 5 x
10®s™! a negligible influence of radical-radical
reactions other than reaction 2, i.e. the influence
of reactions 3, 4, and 5 was negligible. The plots
of In [OH] against ¢t were curved only in the time
region below 5 x 10®s™! showing a second
order contribution from reactions 3 and 4.
Similarly plots of k,” against concentration in
this time region (very low reactant pressures)
were not entirely linear for H,, and the effect be-
came more pronounced for the C,-C; hydro-
carbons. In view of this result and in order to
speed the numerical calculations a simplified
scheme consisting only of reactions 1 and 2 was
modelled over the experimental range. In this
model a series of values of k£, and k, were used
as input to calculate concentrations of OH at
various time intervals. It was found that the
scheme nearly always produced linear plots of
the In [OH] against time. From these plots ap-
parent pseudo-first order rate constants, k,’(ap-
parent), were obtained. The simple model re-
sults plotted as a ratio, k,'(apparent)/k,’,
against k,’, (i.e. against the RH concentration),
are shown in Figs. 9 and 10. Figure 9 shows the
influence on the ratio of the initial concentra-
tion of OH at constant k£, = Z (Z = collision
frequency) and Fig. 10 shows the influence of &,

k, lapparent}/ k

20 €0 80

i 4 40
k, 10 (s™")

Fic. 10. FEffect of the value of k. on the dependence
of the k’(apparent)/k,’ ratio on k1 (i.e. on the RH con-
centration) at constant initial OH concentration of 5 x
10~ mol em~3. (The curves were calculated for &, ex-

pressed as fraction of the collision frequency Z, (4),
ky = Z; (B), k2 = Z/3; (C), k2 = Z]10.)
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Fic. 11. Dependence of k,’(apparent) on k, (i.e. on
the RH concentration) at different initial OH concentra-
tions and constant k; = 7. (The lines were calculated for
k; = Z and initial OH concentration in mol cm~3;
(A), 5 x 10-1°; (B), 10-1°; (C), 5 x 10~1%; (D), 2 x
10-11)

on the ratio at a constant initial concentration of
[OH] = 5 x 107** mol cm 3. Thus, the simple
model indicates that at high measured rates and
low initial concentrations of OH the ratio is
close to unity, i.e. the measured rates will not be
appreciably affected by reaction 2. On the other
hand at low overall rates and high initial OH
concentrations the model predicts an apparent
rate increase by almost a factor of two, i.e. the
plot of the pseudo-first order rate vs. concen-
tration is still linear but the slope is almost twice
the true bimolecular rate, since the radical R can
be considered to be in a steady state. This is il-
lustrated in Fig. 11, where k,’(apparent) is plot-
ted against k,’, for k, = Z and at various values
of the initial OH concentration. It may be seen
in Fig. 11 that for OH concentrations of 2-5 x
10" molecm™3 and rates larger than 5-10 x
10° s™* the lines are almost parallel to the 45°
line, i.e., for these conditions the measured
slopes are not affected. Subsequent experiments
with propane verified this behavior. The general
behavior of the series H, to C;Hg suggests that
the rate of reaction of the smaller radicals with
OH, i.e., k, may be appreciably smaller than
that of the propyl radical. The combination of
low measured rates and high initial OH con-
centration, is probably the reason that the rates
of OH with CH, and C,H¢ obtained by Horne

and Norrish (11) are almost a factor of two
larger than the currently accepted values.

Similar considerations apply to the measure-
ment of OH rate constants by the resonance fluo-
rescence technique, where the bimolecular rate
constant is obtained from plots of k,’ vs. the con-
centration of RH. A single simulation was made
using typical experimental conditions of this
technique (12, 13) (i.e. initial [OH] = 5 x 10713
mol cm™* and k;’ = 25-300s™'). The simula-
tion indicated that k,’(apparent)/k,’ assumes
values close to 2 for low k;’, but decreases with
increasing k,’ and approaches 1 at high k,’.

In the OH concentration range of the present
work, the points corresponding to small con-
centrations of RH on the plots of the first order
rate constant vs. RH concentration will indicate
twice the true bimolecular rate constant, but as
the RH concentration increases will gradually
assume the true value. Plots of bimolecular rate
constants against the RH concentration served
to indicate the concentration region in which the
points have a large dependence on RH concen-
tration, and these points were not used in the
evaluation of the slope so that the measured
slopes correspond closely to the true value of the
bimolecular rate constant. As a result the small
intercepts in Figs. 3-6 cannot be ascribed to a
single predominant cause. In the two limiting
cases the intercept should be zero, i.e. when re-

(calculated)

{measured) / k|
- N
[4] (@]
[ I
e
+—e—
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|

. l L |
I'00 10 20 30
OH CONCENTRATION x 102 (mol cm™®)
Fic. 12. Variation of k,’(measured)/k,’(calculated)
with the OH concentration, for k, ’(calculated) of 1.53 x
10°s~! (je. k; = 12.17 x 10'* and [C;Hg] = 1.26 x
102 mol cm™3.)
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TaBLE 2. Comparison of the room temperature rate constants for
the reaction RH + OH — H,0O + R determined by different techniques

k (cm3® mol~'s~1)

Reactant This work Literature values Reference
H, 3.49 + 0.16 x 10° 396 + 1.2 x 10° 2
3.92 + 0.78 x 10° 17
4.28 + 0.64 x 10° 12
4.60 + 0.46 x 10° 18
4.28 + 0.60 x 10° 19
420 + 042 x 10° 20
CH, 3.92 + 0.16 x 10° 6.85 + 4.80 x 10° 2
4.51 + 0.06 x 10° 13
C,Hg 1.59 + 0.10 x 10! 1.61 x 104! 2
1.79 + 0.17 x 10'1* 16
CsHg 12.17 + 0.63 x 10! 6.81 + 0.67 x 10!* 16
510 + 1.0 x 10! 21
13.25 £ 3.6 x 10! 22

*These values are our estimates of the weighted means of the corrected rate constants, at room
temperature, given in Table 11 of ref. 16; the weights w were taken to be equal to 1/02 where o is

the reported error of each rate constant.

action 2 causes no interference, and when the
concentration of the radical R is in steady state.

Examination of Fig. 9 shows that at a low
true rate k,’, for example a rate of 2-3 x
10 s, the dependence of k,’(apparent)/k,’ on
the concentration of [OH] will be very marked.
Figure 12 shows results for propane in this re-
gion. The trend in increasing relative rate with
OH concentration is evident. The large error
bars reflect the difficulty of the measurements at
low OH concentrations (i.e. poor S/N ratios).
The apparent trend of the ratio k,’(measured)/
k,'(calculated) to a value larger than 2 may well
be correct, as the simple model discussed above
may have shortcomings in this concentration/
rate region.

The values of 2-2.5 for the measured to cal--

culated ratio of k,’ led us to consider that photo-
lysis of propane was producing an excessive
initial concentration of radicals. In the case il-
lustrated in Fig. 12 where the concentration of
propane is 1.26 x 107° molcm ™2 and that of
OH is 25-30 x 107*2mol cm~3, the reported
absorption coefficients of propane (14) and water
(15) and the path length suggest that the extent
of propane photolysis and thus the concentra-
tion of radicals formed will be less than 0.001%,
of the total OH produced (i.e. less than 3 x
107 ¢ mol cm™3). This would make a negligible
contribution to the rate in the presence of 1.26 x
10~° mol cm~? of propane.

Comparison of Rate Constant Values

As mentioned in the introduction the reac-
tions of OH with hydrogen and hydrocarbons
have been studied widely by a variety of indirect
and direct techniques. Prominent among the di-
rect studies is the pioneering work of Greiner
(ref. 16 and references therein) who used the
flash photolysis kinetic spectroscopy technique.
The rate constant of the H, reaction, in particu-
lar, is more reliably known and is used to test
our technique. On the other hand there are few
direct determinations of rate constants for the
C,H¢ and C;Hg reactions. The rate constants
determined in this work together with literature
values are given in Table 2. The first entry for
H,, CH,, and C,Hg is the recommended value
from the review of Wilson (2), the second entry
for H, is from the review of Baulch et al. (17).
Both reviews have summarized work up to 1972;
the other entries are values reported after that
date.

Our values for H, and CH, although some-
what lower are, within experimental error, in
reasonable agreement with those in the literature.
The value for C,H, agrees well with both the
recommended value and the value of Greiner
(16). The reported values for C;Hg (16, 21, 22)
differ by over a factor of 2. Qur value agrees well
with the higher value of Gorse and Volman (22),
determined indirectly, relative to the rate con-
stant of the reaction OH + CO.
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