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Rate Constant for the Reaction of OH Radicals with Dichloromethane
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The rate constant for the reaction of @, with OH was measured by the flash photolysis resonance
fluorescence technique over the temperature range-270 K to give the following Arrhenius expression:

kocm = (2.61°03 x 10712 exp{ —(944 + 29)/T} cm® molecule® s7%, where the uncertainties represent 95%
confidence limits associated with the statistical fitting procedure and include the contribution for the expanded
uncertainties in the individual rate constant. Based on this new value, the results of recent relative studies of
the OH reactions with CHG+CFCL, CH.CIBr, CH;Br,, and CHFCI have been reanalyzed.

Introduction We thus derived a rate constant value that lies between the
) ) ) ) results of the direct and relative studies.
Dichloromethane (CkCl, or DCM) is a minor atmospheric Because of the unsatisfactory agreement among the previous
chlorine sourcé:? The nonuniform distribution of DCM over  gy,dies, we decided to conduct careful measurements of the rate
the globe, with a significantly higher concentrafidrin the constant for the reaction between hydroxyl radicals and dichlo-

Northern hemisphere suggests its predominantly industrial romethane, using the flash photolysigsonance fluorescence

origin. Du_e to the Qistinct s_easonal signature in i_ts t_rop_ospheric technique. Results of the study are presented in this paper.
concentration and its relatively short atmospheric lifetimé (

year), DCM has shown promise as an atmospheric tracer for Experimental Sectior??
both the determination of the global tropospheric OH concentra-  Detailed description of the apparatus and the experimental
tion as well as for long-range transport of tropospheric air methods employed in the studies of the present work are given
masses. The estimated global decomposition rate of DCM in  elsewheré®!! Therefore, only a brief overview is given here.
the atmosphere based on measurements of its atmospheric The principal component of the flash photolysis/resonance
concentratiof* is about 50% higher than its estimated rate of fluorescence (FP/RF) apparatus is a Pyrex reactor (of ap-
global productiort. The measured distribution of DCM in both  proximately 50 criinternal volume) thermostated via a fluid
the Northern and Southern hemisphere (over the North andcirculated through its outer jacket. The reaction was studied
South Atlantic} also disagrees with the results of calculations in argon carrier gas (99.9995% purity) at a total pressure of
based on production and emission dratllowever, much better ~ 13.33 kPa (100.0 Torr). Dry argon, argon bubbled through
coincidence was show for tetrachloroethene (C&FCCly), water thermostated at 276 K, and DCM (2.00% and 4.00%
an industrial compound with a comparable atmospheric lifetime. volume fraction in argon) were premixed and flowed through
Therefore, the combination of field measurements and global the reactor at a total flow rate of G:3.4 cn? s STP (298.15
production data for DCM might indicate either an additional K and 1.013x 1C° Pa). The concentrations of the gases in the
source of DCM or an error in global removal rate calculations. reactor were determined by measuring the mass flow rates and
The key chemical process governing the loss of DCM from the the total pressure using an MKS Baratron manometer. Flow
atmosphere is its reaction with hydroxyl radicals in the rates of both argon and the®/Ar mixture were measured using
troposphere: calibrated Tylan mass flow meters, whereas that of the DCM/
Ar mixture was determined by direct measurements of the rate
CH.CI, + OH— H,0 + CHCI, of pressure change in a calibrated volume. Hydroxyl radicals
were produced by the pulsed photolysis-@lHz repetition rate)
of H,O (introduced via the 276 K D/Ar bubbler) using a
gxenon flash lamp focused into the reactor. The radicals were
then monitored by their resonance fluorescence near 308 nm,

. . . excited by a microwave-discharge resonance lamp (280 Pa or
There have been 10 studies of the reaction of OH with DCM , 4 Torr of a ca. 2% volume fraction of,8 in ultrahigh-purity

over the last 20 years. The majority of the rate constants from helium) focused into the reactor center. The resonance fluo-

absolute measurements are a factor of 2 higher than the valuegegpence signal was recorded on a computer-based multichannel
derived from recent relative rate measureméritdn a recent scaler (channel width 10@s) as a summation of 1565 000
paper? we calculated the OH- DCM rate constant based on consecutive flashes. The radical decay signal at each reactant

the results of our absolute measurements of the rate constanf : . :
. . . oncentration ([DCM]) was analyzed as described by Orkin et
for the reaction of OH with CLCIBr and the ratio of the OH al.* to obtain the first-order decay rate due to the reaction under

rate constants for C}¥IBr and DCM obtained by DeMore. study (FBém)- The concentration of CiCl, in the bulb with

manometrically prepared mixtures was verified by UV absorp-
* Corresponding author. Also associated with the Institute of Energy tion measurements from 195 to 210 nm. The spectra of pure

Problems of Chemical Physics, Russian Academy of Sciences, Moscow, . . ’ .

117829. CHxCI; and of the mixture with the same partial pressure of

® Abstract published irAdvance ACS Abstract€ctober 15, 1997. CH,CI, were recorded to be identical within less than 0.5%.

Thus, an understanding of the atmospheric budget of DCM
and its utility as an atmospheric tracer depends on the degre
of accuracy to which this rate constant is known.
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Figure 1. Dependence of the observed rate constant for the reaction Figure 2. Plot of all first-order decay rates vs DCM concentration
of OH with DCM on flash energy obtained in our experiment3 at measured in the course of our studyTat= 298 K at flash energy of
298 K. ca. 0.3 J. Solid line is the linear least-squares fit to all points, and dashed

lines are its 95% confidence intervals.
Uncertainties due to systematic effects in our measurements ) .
can be associated with such procedures as the absolute calibr%é&é%nlbﬁﬁﬁdcgﬂk%??ts Measured for the Reaction

tion of the MKS Baratron manometers (which measure the

pressures in the reaction cell and in the bulb), the calibrationof ‘;%%“féig;?f deter:r?’{ir?;tions
the temperature measurements in the reaction cell, and the decay. P,

rate measurements. The calibration of the manometers were 277 0.86+ 0.07 (0.08 3
verified to have a relative expanded uncertainty of approximately %gg i éoli 8'8‘2; gggg; g

0.5%. The expanded uncertainty of the temperature measure- 370 202+ 0.05 (0:06)) 4

ments in the reaction cell was around 0.2 K. The decay rate o )
measurements were evaluated to have a relative expanded @ Uncertainties expressed are the (95% confidence level) components
. - due to random effects only as derived from the statistical fitting
0,

uncerta_lnt_y of less than 4(0' Relatl_ve expanded standard procedure? Numbers in parentheses are the total expanded uncertainties
uncertainties due to systematic effects in the reactant concentrazyiging from both instrumental and statistical effects.

tions in both the bulb mixture and the reaction cell were
calculated using the root-sum-of-squares combination to yield
0.7% uncertainty in the bulb concentration and 0.9% in the .
reaction cell. The relative expanded uncertainty (i.e. 95% was found to be about 6 times less for £} than observed

confidence level) due to all systematic effects was then fOF CHCIBr. This finding is consistent with the lower
calculated to be 4.2%. absorption cross section of GEl, in the UV region®8

The sample of dichloromethane (J. T. Baker, Inc.) used in  Figure 2 shows the results of our measurement®=at298
this study was analyzed using GC and GC/MS techniques. TheK as an example of the total reproducibility of our rate constant
main impurity found was 0.029% (mole fraction) of cyclohex- measurements. The data in this figure were taken over a period
ane, which is used as a preservative in the original sample. of about 3 months, and no one measurement was rejected.
Preparative GC purification allowed us to decrease the total The values okoew reported in this work were measured over

abundance of impurities to less than 0.0005%. the temperature range of 27370 K, at the lowest flash energy
of about 0.3 J and then slightly corrected (less than 1%) using
_ the observed dependence WS, on flash energy. The
Rate constant measurements were complicated by the phoyesyitant values dfpcu are presented in Table 1 and Figure 3.

tolysis of CHCl, by the Xe flash lamp, as in our previous stfdy  Tpe following Arrhenius expression flipew was derived based
of CH,CIBr. Hence, experiments were performed at the lowest . ¢ results:

possible flash energy (corresponding to an electrical energy of

approximately 0.3 J) to minimize the effect of @&, photof- 03

ragmentation. Additional experiments, carried out at flash Koem(T) = (2-61—o:3b X

energies ranging from 0.3 to 11 J, showed a clear dependence 1012 exp{ —(944+ 29)M} cm® molecule st

of the observed rate constarh@lfM) on flash energy (Figure

1), indicating additional ph_otochemlstry. From this figure, one where the uncertainties represent 95% confidence limits associ-
can see that results obtained at the lowest flash energy were . . e .
not really affected by additional photochemistry. Values of ated .W'th the statistical fitting procedure and !ngludg the
obs contribution for the expanded standard uncertainties in the
Kocw (298) were also measured at the flash energy of 3.3 J individual rate constant

using various flash repetition rates. No dependence of the '

observed rate constant on variations of flash repetition rate by ~ For the purpose of atmospheric modeling, the region below
a factor of 4 was discernible. This indicates that additional room temperature is of the greatest interest. The above
photochemistry is due to reactions with radicals formed in the expression for the rate constant and uncertainties can be
reaction volume rather than with stable products accumulating rewritten in the manner chosen by the NASA Panel for Data
in the reactor, as was also shown for £LiBr.2 The depen- Evaluation® as we have described previously:

dence of the observed rate constkd,, on the flash energy

Results and Discussion
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° Tis work are the results of our analysis of data from the original papers
O [12] H d DeMore / HFC-152a (1994 inti i i
® 1121 Mo ond DeMore/ HFC-181 (1599). and the stated uncertainties reflect confidence intervals of
A 28] Taylor efal (1993) Arrhenius fitting only. One previous absolute study resulted
¥ [27] Taylor et al (1989) . e
B [26] Kiopffer eral (1586) in the rate constant within 10% of the present vdRieThe
O D D g (18D other absolute measurements gave rate constants-88%
T r T v {24] P et al (1976) -
4 & 117 Howard and Evexson (1976) greater than that reported here at room temperature. We
A O (23] Coxeral (1976) compared the other rate constants reported in those publications
3t “ with the presently recommended valfiasd found no system-

atic trends. Hsu and DeMdiealso determinedpcm using a
relative rate technique. Their values (using two different
reference compounds) are about 1526% lower than the
present result. There are no apparent errors in our measure-
ments, either systematic or random, that can account for such
differences.

More recently, CHCI, was used as a referedaeactant for
the relative determination of the rate constants for reactions of
OH with CHCL—CF,CI (HCFC-122), CHCIBr, CHzBr,, and
CH,FCI. For each of the first three, only a single absolute rate
constant measurement is available. Using the valuksgx
obtained in the present work, we recalculated the absolute rate
constants from the ratios. The results of this recalculation are
given in Table 3. There is an excellent coincidence between

-1 -1

kpcyy €m” molecule™ s

3

R e S a—

25 3.0 35 ' results of the absolute and relative determinations for the
reactions of OH with CHGHCFR,CI and CHCIBr (within 5%
1000/ T, K’ over the temperature range from 277 to 370 K). The,&EH

Figure 3. Arrhenius plot of all measurettocy Values over the rate constant recalculated as indicated agrees well with absolute

temperature range from 270 to 400 K and the least-squares fit to our measurement results of refs 14, 15, and 16 while being
data (solid line) with its statistical 95% confidence intervals (dashed approximately 25% less than that of ref 17 over the temperature

lines). range from 277 to 370 K and 15% higher than the room-
K 1 temperature result of ref 18. The rate constant derived for CH
kpem(T) = 1.10 % 10_13exp[—944{?—2—94} Br, is approximately 30% higher than the absolute value
N - reported by Mellouki et al? and about 25% higher than the
cm” molecule ” s rate constant measured relative to GH(CHz),CO at room
K 1 temperatur@® Thus, with exception of CiBr,, the rate
f(T) = 0.05 ex;%29‘? - EJ} constants recalculated from the results of relative measurements

are in reasonably good agreement with the published results of
where f(T) is the uncertainty factor in the rate constant at absolute measurements.
temperatureT. Here 0.05 corresponds to the root-sum-of-

squares combination of the expanded uncertaintidgs=at298 Atmospheric Implications
K arising from the instrumental (4.2%) and statistical effects
(2%). The residence time of DCM in the atmosphere can be

The results from previous studies of the reaction between estimated by a simple scaling procedure using methyl chloro-
OH and DCM are listed in Table 2. All of the parameters given form (MC) as a referencé:

TABLE 2: Summary of All Measurements of kpem? below T = 425 K33

A x 1012 kocu(298) x 1013
(cm® moleculel s™1) E/R+ AE/R(K) (cm®*molecule*s™?) reference
0.94 Coxetal., 197&
1.554 0.30 (T = 296 K) Howard and Evenson, 1976
1.45+0.20 Perry etal.., 1976
427+ 0.63 1094+ 161 1.09+ 0.10 Davis et al., 1978
47%% 987+ 84° 1.71+ 0.09 Jeong and Kaufman, 1982
6.810 1117 1.60° Nielsen et al.., 1984
1.0 Klopffer et al.., 1986°
2,91’}80 829+ 13% 1.794+ 0.1% Taylor et al., 1989
5,5fi-gc 1073+ 143 151+ 0.14 Tayloret al, 1993°
. 981 0.82 Hsu and DeMore, 1992
3.® 1057 0.92 Hsu and DeMore, 1992
2.61°9% 944+ 65 1.10+0.05 this work, 1997

a All values and uncertainties are derived from the data presented in original papers and reflect only statiytscalt{@ing in Arrhenius plots.
For the present work the expanded uncertainties, iB/R, andk(298) include uncertainty components due to both statistical and systematic effects.
b The result of a relative determination has been recalculated using the presently recommended rate constant for the reference reaction between OH
and CH. The reported uncertainty is stated to be a factor 6f&rhenius parameters are derived from the data b8lew425 K. ¢ The uncertainties
are not reported in the original papé@The reference compound and uncertainty analysis are not reported for this relative measufdresutits
of relative technique measurements with S €HF, (HFC-152a) and CH—CH,F (HFC-161) as reference compounds. Because the uncertainties
were not presented in the original paper, they should be associated mainly with uncertainties of the rate constants for the OH reactions with
reference compounds.
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TABLE 3: Summary of Rate Constants for Reactions of OH with Haloalkanes Measured by Absolute Techniques and Those

Determined Relatively to CH,CI, (See Text)

A x 102 k(298) x 1013
molecule (cm® moleculet s74) E/R+ AE/R(K) (cm® molecule? s71) reference

CHCL—CFCI 1,13_*8&13 9184+ 52 0.52+ 0.02 Orkin and Khamaganév
(HCFC-122) 1.31 952 103 0.54+ 0.03 DeMoré/this worlé
CH.CIBr 4,01’3:; 1069+ 79 1.12+ 0.04 Orkin et al. (DF/EPR)
(H-1011) 26708 930+ 65 1.15+0.02 Orkin et al. (FP/RF)

2.17 869+ 110 1.184+ 0.05 DeMoré/this worlé
CH,FCI 0.37+ 0.06 Howard and Evens&h
(HCFC-31) 2_8&? 1259+ 150 0.41+ 0.03 Watson et df

5,03;5 14324+ 270 0.41+ 0.05 Handwerk and Zelln&

0.45+ 0.07 Paraskevopoulos et'l.

2.0 g:zg 1088+ 100 0.53+ 0.04 Jeong and Kaufméah

2.1 1161+ 57 0.43+0.01 DeMoré/this worlé
CH.Br, 1.91°97¢ 840+ 100 1.14+ 0.13 Mellouki et al?
(H-1002) 1.2+0.3 Orlando et af°

2.19 799+ 93 1.50+ 0.05 DeMoré/this worlé

a Ratios of the OH reaction rate constant with the compound to that wiCGlabtained by DeMorehave been combined with the absolute
value ofkpcm measured in this work. The quoted uncertainties are 95% confidence intervals associated with the relative rate me&sungments
and do not include the uncertainty in the rate constant of the reference reaction.

OH _ kwc(277) OH

= = 0.44 years
Tpem kDCM(277)TMC y

wherergg,, andrye= 5.7 years are the atmospheric lifetimes

of DCM and methyl chloroform, respectively, due to reactions
with hydroxyl radicals in the troposphere, akistm(277), kmc-
(277)= 6.69x 10~ cm® molecule* s™* are the rate constafits
for the reactions of OH with these substanced at 277 K.
Our measurements have resulted in valuekdes that are
20%—-30% lower than previously accepted for atmospheric
budget estimation3®> Meantime, a recent analysis of the
atmospheric concentration trend of methyl chloroféirhas
resulted in a shorter calculated lifetime for methyl chloroform
than used in the DCM budget analysis. Thus, the resulting
correction in the DCM atmospheric lifetime is only about 10%,

and the discrepancy between estimated and measured DCM

Administration. Although the manuscript has undergone an EPA
policy review, it does not necessarily reflect the views of or
imply an official endorsement by the Agency. We would like
to thank Dr. Thomas Buckley (NIST) for his helpful technical
support in some of the experimental measurements.
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