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CH20H + O2 reaction rate constant measured by detecting H02 
from photofragment emission 

w. c. Wang, Masako Suto, and L. C. Lee 
Department of Electrical and Computer Engineering, San Diego State University, San Diego, 
California 92182 

(Received 21 March 1984; accepted 6 June 1984) 

The H02 radical was produced in a flow tube by the CI + CH30H-HCI + CH20H and 
CH20H + 02-H?2.+ CH20 reactions. H02 was detected by the OH(A 2l;+ _X2ll) 
photofragment emiSSIOn produced by photodissociative excitation of HO in the vacuum 
ultraviolet region. Using this detection method, the rate constant for the CH20H and O2 reaction 
was measured to be (1.4 ± 0.4) X 10- 12 cm3/s. 

I. INTRODUCTION 

The hydroperoxyl radical H02 is an important interme­
diate in atmospheric chemistry. I The detection of H02 and 
the determination of its reaction rates with other atmospher­
ic species are difficult, because its steady-state concentration 
in various media is always low. In the last two decades, the 
H02 radical has been extensively studied by various tech­
niques, such as absorption,2-6 emission, 7 laser magnetic reso­
nance (LMR),8 and photofragmentation.9-11 

In our laboratory, we recently extended the photofrag­
ment technique I I to detect H02 from the OH(A 2l; + -X 2 ll) 
emission. H02 was produced by a three-body reaction: 
H + O2 + M-H02 + M. When H02 was excited by the Xe 
resonance line at 147 nm, an emission band in the 310 ± 10 
nm region was observed, which was attributed to the 
OH(A 2l;+ _X2ll) system. 

In this experiment H02 is produced by the following 
reactions 12. 13: 

CH30H + CI-CH20H + HCI(k l = 6.3X 1O- ll cm3/s),(1) 

CH20H + 02-H02 + CH20(k2 = 2~~X 10- 12 cm3/s), 
(2) 

where k2 was measured by Radford 13 using LMR technique. 
His value is 40 times larger than that reported previously. 14 

The 1983 NASA data evaluation panell5 indicated that 
the effect of wall loss of CH20H in Radford's measurement 
could have introduced a large error. A further measurement 
for this rate constant is desirable. CH20H is a possible inter­
mediate species in the tropospheric methane oxidation cy­
cle,16 its reaction rate constant is thus of interest. 

Here we measure k2 by monitoring H02 by its 
OH(A 2l;+ _X2ll) photofragment emission. This experi­
ment demonstrates that the present technique is useful for 
the measurement of H02 kinetics. 

II. EXPERIMENTAL 

The experimental setup is shown in Fig. 1. Chlorine 
atoms were produced by a microwave discharge of a trace of 
Cl2 in 1-3 Torr of He. The power of the microwave discharge 
(Opthos Instruments) was set at 30 W. Oxygen was added 
downstream, and methanol (CH30H) was fed through a mo­
vable injector of 0.63 cm o.d. with radial perforation at the 

end. Surrounding the injector was a flow tube which had a 
length of 30 cm and an inner diameter of 1.24 cm. Both the 
flow tube and the movable injector were coated with halo­
carbon wax. The linear flow velocity in the flow tube was 
about 1050 cm/s and the reaction time ranged from a few ms 
to about 20 ms, depending on the position of the injector. O2 
could enter the gas cell either near the microwave discharge 
or near the gas cell. The flow rate was measured by a mass 
flow meter (Matheson model 8160). 

The excitation light source was a sealed Xe resonance 
lamp with a MgF2 window. The light source intensity was 
monitored by a CsI photodiode (Hamamatsu R 1187). A gas 
mixture of 1 % CH4 in Ar at atmospheric pressure was 
flowed through between the Xe lamp and the gas cell in or­
der to block the 129.5 nm line and to transmit the 147 nm 
line. The optical path for the gas filter is 3 cm. The photoab­
sorption cross sections ofCH4 are 1.8x 10- 17 cm2 at 129.5 
nml7 and about 10-20 cm2 at 147 nm. 18 The 129.5 nm line 
will be absorbed completely, while the 147 nm line is hardly 
attenuated « 1 %). In fact, when the gas mixture was re­
placed by N2 to let both lines through, the OH(A-X) emis­
sion intensity did not increase significantly, in contrast to 
our previous experiment II in which the OH emission intensi­
ty increased by a factor of 2-6. This result indicates that the 
current H02 production method does not produce a signifi­
cant amount of H20. Because of its negligible concentration, 
H20 will not produce a sufficient OH(A-X) emission to in­
terfer the signal from H02. Therefore, the H02 in the cur-
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FIG. 1. Schematic diagram of the experimental setup. 
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rent system can be detected by the light source of wavelength 
shorter than the threshold (137 nm)19 for photodissociating 
H20intoOH(A) + H. We have tried the Kr 123.6 nm line for 
detecting H02 in this experiment, and found the results be­
ing consistent with that of the Xe 147 nm line. 

The OH(A 21:+ -+X2ll) photofragment emission was 
detected by a cooled photomultiplier tube (PMT, EMI 
9558QB) with an optical filter at 310 ± 10 nm. The PMT 
output signal was processed by an ORTEC pulse counting 
system. 

The gas mixtures of 1 % Cl2 in He and 5.2% O2 in He 
(supplied by Matheson) were used without purification. The 
O2 concentration has been checked by measuring its absorp­
tion at 147 nm whose absorption cross section is known.20 

The methanol (supplied by Fisher, purity >99.9%) vapor 
was carried by He into gas cell. The concentration of metha­
nol was determined from the ratio of the methanol vapor 
pressure (120 Torr at room temperature) to the pressure of 
carrier gas. The gas pressure was measured by a Baratron 
manometer (MKS Instruments). 

III. RESULTS AND DISCUSSION 

A. Emission from photofragment of HOz 
When H02 is irradiated by the Xe resonance line at 147 

nm, it photodissociates, II 

H02 + hv-OH*(A 21:+) + Oep), (3) 

the OH*(A 21: +) emits around 310 nm. The H02 concentra­
tion is monitored by observing the OH(A 21: + -+X 2 ll) emis­
sion intensity. 

The emission produced from the UV photoexcitation of 
the reactants and products of reactions (1) and (2) was inves­
tigated. A background emission from the scattered light of 
the Xe lamp and from the excitation of CH30H (- 30 
counts/mTorr s) and Cl2 (-1 countlmTorr s) by the 147 nm 
line was observed. The OH(A-+X) emission was obtained by 
subtracting the background signal from the intensity ob­
served. A chemiluminescence was observed when O2 was 
added at a high flow velocity (> 1800 cm/s) and a short reac­
tion distance. The chemiluminescence was probably caused 
by the reactions of O2 with some excited species produced in 
the microwave discharge. This chemiluminescence is mini­
mized by slowing down the flow velocity and increasing the 
reaction distance. For the loss rate measurement of CH20H, 
where the short reaction distance was required in some 
cases, the chemiluminescence intensity was obtained by 
turning off the Xe lamp and was subtracted from the total 
emission. 

The emission intensities observed at various methanol 
pressures are shown in Fig. 2, where the pressures of Cl2, O2, 

and He were fixed at 13 mTorr, 20 mTorr, and 1.5 Torr, 
respectively. The reaction distance inside the flow tube was 
fixed at 9 cm, which is typical for most measurements unless 
specified. The emission intensity increases with increasing 
[CH30H] at low pressure and reaches a plateau at pressures 
higher than 6 mTorr. The signal level at the high [CH30H] 
corresponds toa [HOz) ofabout4X 1011 cm-3 in the gas cell 
and about 1013 cm -3 in the flow tube as compared with the 
H + O2 + M system. II Since the CH20H is the only expect-
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FIG. 2. The OH(A--+X) emission intensity as a function of the CH30H pres-
sure. The C12• O2• and He pressures are 13 mTorr. 20 mTorr, and 1.5 Torr. 
respectively. 

ed product for the Cl and CH30H reaction, 12 every Cl will be 
converted into H02 if the loss is neglected. The initial [Cl] 
may thus be nearly equal to 1013 cm-3. The emission was 
observed at a [CH30H] as low as 0.4 mTorr as shown in Fig. 
2. This result indicates that [Cl] is not higher than 0.4 mTorr, 
because for the case of [CI] > [CH30H], H02 will be de­
stroyed by the excess Cl (k = 4 X 10- 11 cm3 IsiS) that de­
creases the emission signal greatly. 

The dependence of the OH(A 21: + -+X 2 ll) emission in­
tensity on the Cl2 pressure is shown in Fig. 3, where 
[CH30H] is 9 mTorr, [02] is 20 mTorr, and [He] is 1.5 Torr. 
The highest [Cl] or [H02] estimated from the emission inten­
sity is about 1013 cm -3 in the flow tube. The [Cl] increases 
with increasing [CI2] at low [CI2] and then reaches a plateau 
at high [CI2]. 

The emission intensity vs O2 pressure for a methanol 
pressure of9.5 mTorr is shown in Fig. 4, where the Cl2 par­
tial pressure is 13 mTorr and the He pressure is about 1.5 
Torr. The emission intensity increases with increasing O2 

partial pressure at low [021 and reaches a plateau at high 
[02], The emission intensity decreases at [021> 30 mTorr, 
which is partly due to the attenuation of the 147 nm light by 
O2 absorption, which will be further discussed later. The 
dependence of the emission intensity on [021 is used to derive 
the reaction rate constant k2 as described below. 

B. Rate equations 

For a first order approximation, the rate equations for 
the reactions (1) and (2) can be written as 
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FIG. 3. The OH(A--+X) emission intensity as a function of the Cl2 pressure. 
The CH30H. 02' and He pressures are 9 mTorr, 20 mTorr. and I.S Torr. 
respectively. The [Cl] at [CI2] = 13 mTorr is about 1013 cm-3 • 
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FIG. 4. The OH(A-+X] emission intensity as a function of the O2 pressure. 
The He, CI2, and CH30H are 1.5 Torr, 13 mTorr, and 9.5 mTorr, respec­
tively. The solid line is fit by the numerical solutions ofEqs. (4aH4d) with 
k2= 1.4 X 10- 12 cm3/s and kL = 185s- l

• 

~[CH30H] = - kdCH30H][Cl], 
dt 

~[Cl] = - kdCH30H][Cl], 
dt 

d 
-[CH20H] =k l [CH30H][Cl] 
dt 

(4a) 

(4b) 

where kL and kw are the loss rates of CH20H and H02, 
respectively. The loss mechanism of CH20H could be the 
destruction caused by the wall or its chemical reaction with 
other species in the flow tube. The loss rate ofH02 by walls is 
about 7 s -I, as estimated from the data II that [H02] de­
creases by a factor of 2 in a residence time of lOOms. 

When [CH30H] > [Cl] , as is true for most cases, 
[CH30H] can be assumed constant. The [H02] can then be 
obtained from solving Eqs. (4b)-(4d) analytically, 

[Cl]o 
[H02 ] = 1 + k

L
/k

2
[02] 

[ 
e - (k,(O,l + kdt ] 

X 1- , (5) 
1 - (k2[02] + kL )/kdCH30H] 

where [Cl]ois the initial value of [Cl] , andkwt<1 is assumed. 
If(k2[02] + kL )t> 1, which could be satisfied by typical 

experimental conditions, then Eq. (5) is approximated by 

[H02] _ [Cl]o = [H02]max , (6) 
1 + k L /k2 [02] 1 + k L /k2[02] 

where [H02]max is measured at high [Oz]. The k2 value is 
determined as 

k2-kL /[02]1/2' (7) 

where [02]1/2 is the O2 concentration at [H02]! 
[H02]max = 1/2. 

The [02]1/2 is obtained from the dependence of the 
emission intensity on the [02] as shown in Fig. 4. Thus, k2 
will be determined if k L is known. The k L values measured 
at various Cl2 and CH30H pressures are described below. 

C. CHaOH 1088 rate 

The loss rate ofCH20H in the flow tube kL is measured 
by a slight modification of the experimental arrangement. 
The O2 inlet near the microwave discharge is closed and a 
few mTorr of O2 is fed through the inlet near the gas cell (see 
Fig. 1). Since the pumping speed is high, it is not likely that 
O2 could diffuse back into the flow tube, so O2 reacts with 
CH20H only in the gas cell. Meanwhile CH20H suffering its 
loss inside the flow tube will decay as 
[CH20H] = [CH20H]oe - kLtbefore it reaches the gas cell, 
where t is the reaction time inside the flow tube. Once the 
CH20H enters the gas cell, it will react with O2 to form H02. 
The [CH20H] is thus equal to [HOz], which can be moni­
tored from the OH(A 2~+ -+X2ll) emission intensity. The 
kL value can be determined from the plots ofln([CH20H]/ 
[CH20H]o) vs t, where the reaction time is varied by moving 
the position of the CH30H injector. 

Two examples of the k L measurements are shown in 
Figs. 5(a) and 5(b) where [CI2] = 13 mTorr and 
[CH30H] = 4.7 and 9.5 mTorr, respectively. Thedistancez 
was measured from the end of the injector to the end of the 
flow tube. Using the flow velocity of 1050 cm/s, kL was 
determined to be 185 S-I for both cases in Fig. 5. 

The dependence of kL on [CH30H] is investigated as 
shown in Fig. 6. The data are taken at the Cl2 pressure of 13 
mTorr, which yields a [Cl] of about 1013 cm-3. It should be 
noted that the signal level decreases with decreasing 
[CH30H], so it is not practical to measure kL at very low 
[CH30H]. When [CH30H] is smaller than 1.5 mTorr, kL 
increases with decreasing [CH30H]. This increase may be 
caused by the destruction of CH20H by Cl, which becomes 
prominent when the [CH30H] is low. 

When [CH30H] > 1.5 mTorr, kL is approximately con­
stant of about 185 S-I. Since [Cl] is quickly consumed at 
high [CH30H], it does not contribute significantly to the 
CH20H loss. Instead, the loss is mainly caused by walls. 
This point is further checked by measuring kL at varied ini­
tial [Cl]. The kL values vary less than 10% as [CI2] varied 
from 2 to 13 mTorr at [CH30H] - 5.4 mTorr. The result 
clearly indicates that in the case of high [CH30H] the de-
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FIG. 5. TheOH(A-+X) emission intensity asafunction of the CH30H injec­
tor position. The O2 inlet is near the gas cell. The distance z is. mc:asured 
from the end of injector to the end of flow tube. The flow velOCity IS 1050 
cm/s. The CI2 pressure is 13 mTorr and the pressuresofCH30H are (a) 4.7 
mTorr and (b) 9.5 mTorr. 
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struction of CH20H by CI is negligible as compared with the 
wall loss, namely kL -kwaJI ' The kL values measured are 
reproducible over a long period of time. 

The wall loss rate of about 185 S-I measured in this 
experiment is larger than Radford's measuremene3 of 37 
s -I by a factor of 5. The loss rate depends on the experimen­
tal conditions. According to gas kinetics theory, the wall 
destruction in a cylinder is21 

kL=P(v) 
2r ' 

(8) 

where P is the fraction of wall collisions that destroy 
CH20H, (v) is the mean molecular speed, and r is the radius 
of the flow tube. The flow tube (r = 0.62 cm) used in this 
experiment is smaller than that of Radford (r = 1.5 cm). This 
accounts for the k L value in this experiment being larger by a 
factorof2.4. The (v) values for both experiments were near­
ly the same, because they were both performed at room tem­
perature. Thus, the higher kL value in the current experi­
ment may indicate that the current P value is larger than that 
of Radford's experiment by a factor of about 2. 

D. CH20H + O2 reaction rate constant 

The kL values and the O2 dependencies ofthe emission 
intensity were measured several times. These two measure­
ments were alternatively performed by introducing O2 

through different inlets either near the microwave discharge 
or near the gas cell as shown in Fig. 1. 

For the determination of [02]1/2 from the emission in­
tensity as shown in Fig. 4, a correction for the attenuation of 
the light source intensity by O2 needs to be made. The emis­
sion intensity is given by 

Ie = CIoe- nO"/[H02 ], (9) 

where C is a constant, n is the O2 concentration, 
q = 1.4 X 10- 17 cm2 is the absorption cross section20 of O2 at 
147 nm, and I is the optical path length (15 cm). 

The [02] I /2 is about 4 mTorr as determined from Fig. 4, 
where the [CH30H] of 9.5 mTorr is much larger than the 
[Cl]o of 1013 cm -3, and the [H02] is obtained from the emis­
sion intensity corrected for O2 absorption. Substituting into 
Eq. (7) with kL = 185 s-I, the k2 value obtained is 
1.4 X 10- 12 cm3 Is. The k2 values determined for several runs 
are distributed within 15% of this value. 

To ensure that the approximations made above are ap­
propriate, we have solved Eqs. (4aH4d) numerically using 
k2 = I.4X 10- 12 cm3/s and kL = 185 s-I, whose results are 
shown by the solid curve of Fig. 4. We also fit the data by the 
approximate solution ofEq. (5). The result is very similar to 
the numerical curve. This good agreement indicates that the 
modeling seems to be reasonable. 

The secondary chemical reactions are neglected in the 
above modeling, which requires some justifications. The re­
action rate for the Cl and CH30H reaction is fast, so the time 
period for the complete consumption of CI is very short. 
Thus, for an excess of CH30H, the destruction of secondary 
species (such as CH20H and H02) by CI is not expected to be 
significant. This is evident by the fact that the loss rate kL 
does not depend on [CI] at high [CH30H] (see Fig. 6). The 
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FIG. 6. The loss rate kL of eHzOH as a function of the eH30H pressure. 
The He and elz pressures are 1.5 Torr and 13 mTorr. respectively. 

destruction rate ofH02 by the secondary species is expected 
to be low. CH20H is either lost on the walls or converted to 
H02 by reaction with O2, so it does not have enough concen­
tration to destroy H02 significantly. The rate for H02 self­
reaction is expected to be small, because the [HOJ is not 
larger than 1013 cm-3 in the flow tube. The rate constantlS 

for the H02 self-reaction is 1.7 X 10- 12 cm3 Is, the destruc­
tion rate is thus less than 17 s - I. In a time scale of few ms, 
kw t < 1, so the fraction of H02 destroyed by itself is small. 
This is supported by experimental observations that [H02] 
does not decrease significantly when the reaction distances 
vary from 4 to 18 cm. The secondary chemical reactions are 
therefore negligible in the modeling. 

To further support the assertion that the modeling is 
not seriously affected by the secondary chemical reactions, 
we did measurements at a low [C12] of about 1 mTorr 
([Cl]_1012 cm-3

). The reaction rate constant measured is 
consistent with the value measured at the high [C12] of 13 
mTorr. This strengthens our conclusion that the secondary 
reactions are not important in the modeling. 

At the lower Clz concentration, H02 was detected with 
the Kr resonance lamp at 123.6 nm. This resonance line has a 
higher sensitivity for the H02 detection. However, this line 
can also excite H20 to produce OH(A-..X} emission, so it is 
only applicable when H20 is not present. For the current 
H02 production method, the H20 concentration is not de­
tectable, in contrast to the H + O2 + M system that exists a 
high concentration of H20. II 

For the case of low [CH30H], the secondary chemical 
reactions become important, and modeling requires some 
modifications. Equation (4a) is still valid, but Eq. (4b) needs 
an additional term (- k [CH20H] [CI] to account for the 
destruction of Cl by CH20H. However, this loss process 
may not seriously affect the CI concentration, because 
CH20H is either quickly converted to H02 by O2 or lost on 
the walls. Thus, Eq. (4b) may be approximately valid. The 
loss rate due to the CI destruction of CH20H needs to be 
added to Eq. (4c). However, this additional loss could be 
made up by modifying the kL value as shown in Fig. 6. The 
kw value in Eq. (4d) should include the destruction ofH02 by 
Cl. However, this additional loss rate may not be large, be­
cause [Cl] is almost consumed when H02 is formed. Thus, 
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FIG. 7. The OH(A-+X) emission intensity as a function of the O2 pressure. 
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kw t < 1 still holds and kw is again negligible in the modeling. 
In summary, Eqs. (4aH4d) can be approximately applied for 
the low [CH30H] case except that kL needs to be modified to 
compensate the loss rate due to the destruction ofCH20H by 
Cl. 

We have tested the low [CH30H] case using the data 
shown in Fig. 7, where the O2 dependence of the emission 
intensity was taken at [CH30H] = 1.26 mTorr, [CI2) = 13 
mTorr and [He) = 1.5 Torr. The solid curve of Fig. 7 is the 
numerical solution of Eqs. (4aH4d) with k2 = l.4x 10- 12 

cm3/s and kL = 280 S-I. The numerical solutions show a 
very good fit to our data. The k L value obtained is consistent 
with the measured loss rate shown in Fig. 6. The k2 value is 
consistent with the value obtained for the case of high 
[CH30H). This good agreement further supports that our 
modeling is reasonable. 

The experimental uncertainities are estimated to be 
15% for the [02)1/2' 10% for the kL' and 10% for the flow 
velocity measurements. The flow rate for the He carrier gas 
can be measured as accurately as 2%, but since the actual 
flow velocity ofCH20H is not measure, the uncertainty may 
be larger than this value. The CH20H flow velocity is as­
sumed to be equal to the carrier gas, because the [CH20H] is 
much lower than the carrier gas concentration. The overall 
experimental uncertainty is about 30%. The k2 value is thus 
(1.4 ± 0.4) X 10- 12 cm3/s. The parameters used and ob­
tained from this experiment are summarized in Table I. 

The k2 value obtained here agrees reasonably well with 
Radford's value13 of (2 ~}) X 10- 12 cm3/s, in spite of the 
[CH20H) loss rates measured in these two experiments be­
ing quite different. The current experiment demonstrates 
that this new H02 detection method can be applied for mea­
suring the reaction rate constants ofH02 with various atmo­
spheric species. 

Table I. Values for experimental parameters. 

Parameters 

He carrier gas 
Cl2 partial pressure 
CH30H partial pressure 
Initial Cl concentration (estimated) 
Flow velocity 
Reaction time 

Value 

-1.5 Torr 
1-13 rnTorr 

0.4-9.5 rnTorr 
(O.I-I)X 1013 crn-3 

1050 cm/s 
4-20ms 
185 S-I kL for excess CH30H 

Reaction rate constant for 
CH20H + 02-+H02 + CH20 (1.4 ± 0.4)x 10- 12 crn3/s 
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