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The absolute rate cbnstant for the reaction C1 + HQCO  HCl + HCO

T

has been degerﬁ}n&ﬁmby the flash-photolysis-resonance fluorescence method .
to‘Be 7.5 + Uu (“6) x 10 -1l 013 mc:lec:ule"isec—1 at Bgﬁkwagﬁ to have

a negligible temperaturu dupendenca. This rate which is more than 2000
times faster than the rate of €1 + CH& iﬁﬁicates that formaldehyde

(H €0) will compete significantly with methane (CHA) for the conversion
of active chlorine in, the btratObphcpe to the 1ndut1ve Lgaerv01r HCL.
'Cﬁlor%ne will thus be ? less efficient destrover ﬁﬂistrgtqspherlg ozone
than ﬂrev1ouslx;bgi%fvéd Ambient stratospheriﬁ ozone will depend less
on the ambient chloranu amount and the prcdlcted response to chlorine
perturbaticns will be lessened. One-dimensional eddy-d%ffusion photo-
chemical model calculations indicate a factor of 1.1 less sensitivity to
-~ chlorine than recently reported. For a steady-state CFM releasggaftlg75

rates (750,000 tons/year) the cventual ozone den}etiﬁn is noﬁ‘calculated

to be 14%. . ' e

$ -~ _ - ‘.



‘those of Niki indicate that o value of %7.5?x l()"11 cm3 moleculculsec

H. Niki (personal communication) has recently megﬁured the rate
i ‘\\‘ il

. - . A .
constant of Cl atoms with formaldchyde (H,€0) relative to that of Gl
atoms with ethnnc CCVHY). Sinee the rate constant for the ethane reac-

tion is well charngtcrlzcd by direct methods (Manning and kur)lo 1977),
I‘
Niki's inferred room temperature dlue for the reaction

s Cl + H,CO + HC1 + HGO (1)

-% -]

is kl = 7.8 + 0.6 (2¢) x IDhll,‘c,m3 molecule = sec & at T=298K. TFurther-

more, by comparison with Cl + c2n6, reaction (1) should have a nogligi-

ble temperature dependence. .
The specific purpese of this letter is to: (a) report on a direct
measurement of the rate of reaction (1); (b) confirm, alse through

direct mensurement, that (1) has negligible temperature dependence;

and (c¢) show that stratospheric model calculations including (1) yield

" significantly lower sensitivity to chlorine perturbations.

" The kinetic experiments were performed as;described previously

]
E

{Nhytouk et nlﬁ, 1977 and Lee et al., 19771_ay the flash-photolysis-

B . il

resonnnceufluQrubcence method. The results: of 42 experiments at T=298K give
, 4 L=l 3 U S SR .

ki = 7.5+ 0,9 (2@) x 1o cm” molecule © sec T, To date’a partial

btudy at T = °00h oL 15 experiments gives a prc11m1nnry value of kl =

7.8 % 1.2 [”ﬁ) X lO cm mo}ecule.lwsec l. To within the experimental

uncertainty these results indicate no evidence for a tewmperature depen-

dence. Thus, tor stratospheric model calculations these results plus

-1

independent of tempevature is appropriaste,
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Implications for Stratospheric Chéﬁistry

The role of (1) is’%é remave catalytically ﬁctive chlorine (C1 + C10)
to the temporary inactive reservoir HCl. The primary reactions by
which this transformation is accomplished in present stratospheric

models are

Cl + CH, - HC1 + CH, - (2a)
Cl + Ho, > HCL + 0, (2b)
which have recommended rate constants of 7.3 x 10712 o~1260/T (3 151 ecute™?

secfl and 3 x 107! en® molecule™ sec™t respectively (see Hudson,

1977). At T = 250K, appropriate to ~40 km in the stratosphere where
o \

2a_is.4.? x 107 % en® molecute™?

ozone is most sensitive to chlorine, k

sec"l or almost 2000 times slower than kl while kzb i3 about a factor of

I

4

2 slﬁwer. Thus H2C0 concentrations of the order of 10"3 of the CH
concentration will have a significant effect on the chlorine chemiétry

of the stratosphere. Since CH, concentrations in the 40 km Tegion ave a
few tenths of a part per million by volume (ppmv) (Ehhalt et al(, 1972,

Ackerman, et al., 1977), H,CO concentratlons of only“a few tenths of a

2
part‘per billion by volume (ppbv) would be significant. At 40 km this

corresponds to about 2 x 107 molecules cm"s. The H200 concentration has

neKér been measured in the stratosphere but several model calculations

|

have yielded concentrations well within the above significant range.
‘\. ]

Using values of some key parameters from the Goddard Space Flight
Center one-dimensiénal-steady—state photocheﬁical model the effect of
reaction (1) on the chlorine cycle can be demonstrated by some simple

" algebraic manipulations, These estimates will then be compared with a
5 {jj
complete numerical model calculation. !

I
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Formaldehyde is likely te-be formed in_a one-to-one ‘correspondence

P
3
RS

with every molecule of methane that is oxidized (see e.g. Levy, 19J23
. At

Crutzen, 1973; Wofsy etQal.,'1973). Thus, its production rate can be
i

L
estimated by knowing the methane destruction rate. Thgﬂggminant methane
—
destruction reactions in the stratosphere are /
Cl + CH, - HC1 + CH, € - (2a)
i OH + CH4 - CH3 + H20 (3 ~
| “olp) + cu4 + CHy + OH (4)
where kg = 2.3 x 10712 ¢ 1710/T em® molecule™ sec™! and kyo= 1.3 x 1071
c:3 molecule ~ sec 1. At 40 ki the volume methane destruction rate
o \\_,—-—-—" ‘
and henCﬂ the for?aldehyde productlon rate is k2 [C1] [CH4] + k3 [OH]
[GH4} + k4[O-D].{CH4] which is approximately (3 x 10 -417 x 10 -4,
1.7 x 10725 x 1072 + 2 x 10%-1.3 x 107192 x101% or 1600 molecules

en”3 sec'l at «40 km. Formaldehyde is destroyed in the stratosphere by

—

4 major processes; reaction (;ﬁjplus
A

3 hv + H,C0 + Products . (5)
“ OH + H=CO > H20 + HCO e
0 + H,CO -+ OH + HCO (7)
At 40 T, Jg 1073 c'l, kg v 1x 10 11 03 molecule™d sec™!, =
k, v 6 X 1074 en® molec:ule'1 sec ™k and 'k, = 7.5‘x 1071 ep® molecule™?

- . . s . -3
sec 1. ApprGX1mate diurnal average concentrations in molecules c¢m ~ at
)

40 km are [OH] 1.7 x 107 [0]'" 7.5 x 108 andg[Cl] =3 X 10°7 Thus
thé loss frequencies for thesu*redctlons are: )
T omyax 10° x 7.5 x 107 v 2,3 x 107

(8) . . 1 x 10'5
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) 1.7x10" x1x10 A 17 x 10

) 7.5 x 10° x 6 x 107% ~ 4.5 x 1075
The total loss frequency is about 25 x 10'5ﬁyie1ding & formaldehyde

concentration of about 1600/ (25 x 10"5) 6.4 x 10%m01ecules om™>.

This is somewhat smaller than' would have been obtained ignoring reaction
e el
A '

(1) and represents a smaller feedback on the<direct effect on chlorine

chemistry. This concentration is about 1/2000 of CH4 and reaction (1)
can thus be expected to compete effectively with reactions (2).

The effect on the ratio of active chlorine to Hleéan now be 5

examined. The loss frequency of Cl atoms for reaction (2a) is 2 x 1010.

4 . 9.4 x 107% sec™! while that for (2b) is 3.2 x 10’ 3 x.10"11

-1 6

4.7 x 10~

9.6 x° 1074sec
=11

For reaction (1) the loss frequency is 6.4 x 10

= 4.8 x 1079 sec™!. Thus ignoring reaction (1),

X 7?5 x 10
[C1 + C10]/[HCL] is proportional to 1/(19 x 10™%) while inclusion of (1)
gives [Cl + C10]/[HC1] proportional £6 l/(23.é X 10”4J a decrease of a
factor of 1425, The corresponding decfeasadin [€10]/[C1X] is a factor
of 1,13, This approxlmate analysis is borﬂe out by the complete model
calculatlonsawhlch inciude methane oxidation chemlstry u51ng the Goddurd
Space Flight Center 1D - Steady-state model. The calculations show 3
r ;
a)decrease in the predicted steady-state CFi effect on th; ozone column
by a factor.of 1.12, i.e. from 15.9% to 14.06.h"

Figure IJShows results froii the model for column ozone changes
(above ground level) due to injectioné of chlorine by CFM's as a function

—

of the asymptotic value of the added CIX. The model behaves in essen-

FC B e
‘tially the same fashion with or without the inclusion of reaction (1)

except that the sensitivity to added C1X is reduced by an amounf,depending

- ~on the value of the reactlon rate All ofnihese deductions depend on

\

o
o
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the aceuracy with which formaldehyde concentrutidns‘can heréaiculatedl
Sensitivity studies {Butler, 1978) can be used to caleulaté the uncer-
tainty bounds due to the imprecision in the measurement of the known
atmosphoric processes upon which formaldehyde concentrations depend.
Figure 2 shows resultant 2o bounds on HéCO concentration where most of

the uncertainty comes from the production and destruction processes for
- ' Iy

. - '

H2C0 and the reactions whieh determlne\DH goncentrations. Because of

the dependence on the very uncertain HO_ chemistry, significhut uncer-
‘f i

tainties are found to exist in H,C0, about a factor of 3 on either side.
dy
Thus the impact of reaction (1) on the sensitivity of a stratospheric

‘moidel to C1X perturbations may be cither greater or lesser than shown

above.

bDiscussion and Conclusion

The most important implicmt{QgJo{ﬁ?he fast rate for (1) is the
‘ j v
~ reduction in model predictions of cﬁ}pﬁ%ne peﬁiurbﬂtions of strato-

) ! 7

ﬁspheric“ozone. Sincerﬁnlina and Rowlnnd.(lgﬁgl first pointed out the
/i - - _
ﬁ potential effect of contimved chlorofluoromethane (CEM) relsase, numﬁrous
i E o

S . .
studies have been made-including a National Research Council Panel (HRC,

1976) and a NASA workshop (Hudson, -1577). The standard measure of the
magnitude of the effect that has developed is thé medel-predicted global -
v - [ 7 T

average column ozone change when the 1973 release rates {or 1975 which

~7 are about the same) are continued indefinitely. This number has fluctu-

i
Vet

W
i - .
0 ated with new eross section measurements, reaction rate measurements

. . . o -
and model improvemsmts but has generally remained within the bounds of

7% to 16%. Before the NAS report the steady-state ozone change.was
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Egﬁégally agreed to be around 13%. The inclusion of chlorine nifrate

5

(soc Rowland et al., 1976) in FEE NAS report reduced the number_ to
around 7%. Just before the ﬁggﬁf;epOrt, Howard and Evenson (1977)
reported a much faster rate for NO + HO, - N02 + OH which along with
many other minor changes raised the predicted ozone depletion to as high
as 16% in many models. The inclusion of reaction (1) in our model is -
now found to redyce this number from 16% down to about 14%, If uncer-

tainties are resolved such that H2C0 concentrations are significantly

* larger than presently calculated, then a larger reduction in the CFM

perturbation will be deduced. Measurement 6f the Strafosphéric concen-
tration of H,CO would contribute significantly to the resdlution of this
uncertainty.

Other relatively—stable members of the hydrocarbon oxidation chains

should also be examined for their reaction with Cl atoms and their

- o I
possible reduction in the gensigivity of column ozone to ClX injections.
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Figure Capljions t}
‘.E .

1. Column ozone change due to steady-state injection of stratospheric

©1X as’a function of the ssymptotic value of C1X added, Curves shown

include results neglecting reaction (1) as well as inclusion -of reaction
B . )

(1) at its measured value and at a larger and a smallex value. §

. . T
2. Calculated formaldehyde concentration versus altitude indicating

20 uncertainties derived from semsitivity studies.
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