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The quantitative understanding of the rate constant of ClO+ HO, - HOCI

+ 0, is essential for the understanding of the effect of HOCI. 5
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Approximately two times different!!

These large discrepancies in laboratory measurements are caused by

the difficulty of the radical (CIO) — radical (HO,) reaction in larboratory
3
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FIRS-2 and MKIV observation (Kovalenko et al., 2007) Two k(T) supported from
The ory r| Stratospheric observations

the difficulty of the radical (ClO) — radica| aré different!!
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The “Purity” means that only CIO + HO, - HOCI + O, reaction modifies
the concentration of ClIO and HOCI, and no competitive reaction exists.
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“Purity” of CIO + HO, > HOCI + O, reaction

The “Purity” means that only CIO + HO, - HOCI + O, reaction modifies
the concentration of ClO and HOCI, and no competitive reaction exists.

“Is there the pure CIO + HO, - HOCI + O, reaction period in actual
atmosphere? “ Model calculation of Cly partitioning (HCI omitted)

C0 4 HOCl=const. ~ “mmmm)

40-
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There is possibility to exist the “pure” reaction period
during nighttime in lower mesosphere 4
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Diurnal variation of ClO, HO,, and HOCI

by SMILES observations

SMILES is the only instrument to reveal the observation of the diurnal
variation of CIO, HO,, and HOCI simultaneously by its high-sensitivity.

1.5 T !

Data condition

Latitude : 20°S - 40°S
Height :0.28 hPa (58 km)
Period :Feb. - Apr., 2010
Temperature : 245.0+ 1.3 (10) K
Data product :

SMILES NICT level-2 product v2.1.5
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Small dots : Raw observation data
Large dots : bin of 3.75 minutes
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Method of evaluation of the “pure”

reaction period from SMILES observation

In the “pure” CIO + HO, - HOCI + O, reaction period
ClO + HOCI = comst.

d[Cl0] d[HOCI]
=0 (1
ot 0 (1)
Necessary condition in actual atmosphere

Consistency between two rate constants, HOCI production and CIO loss

Rate constant of HOCI production, k, Rate constant of CIO loss, k,’
d|HOCI d|ClO0 ,
[ o I k,[CIO][HO2] (2) [ = I —k,'[C10][HO2] (3)

Ak = |k, - k| =0

U

d[clo] , d[HoCl) _ . . :
= — = = O is fulfilled. .
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Calculation of the rate constant

of HOCI production, k,

[
[HOCIZ

[HOCIca°

m+1

= Y,
= [HOCIT"
K1 obs obs
+ = ((CIO°THO, 1Y)
+(CIOIE, [HO,I%, )

m+1 m+1

b b
X(Tc1 = T

([HOCI]‘;?'C—[HOCI]?an)z

2
HOCI
()

Start time = LT20:00

Local Timejf h ]

End time = LT04:00

7



[ Introduction | Analysis | Results and Discussions | Conclusion |
Calculation of the rate constant

of HOCI production, k,
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Y, and k, are optimized to minimize y.
We calculated each time interval. 7
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of HOCI production, k,

Rate constant of HOCI production, k;
d[HOCI]
dt

= k4[C10][HO2]

Calculation function
[HOCIJZ® = ¥,
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Time dependence of the rate constant

of CIO loss, k,’
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Time dependence of the difference

of two rate constants, k; and k,’

Difference between k; and k;’

Ak= Ikl_kl’ I 4.5
4.0
3.5 ié
Rate constant of HOCI production, k; — 1o é’
MO _ 4. [ci0](HO2 : :
= = Iy [C10][HO2]
2 2.0 E
15 %
— 1.0 %
0.5
2375 9 20 21 22 23 0 1 0.0
Rate constant of CIO loss, k,’ r Start tm;;[%];@]] d[HOI)
d[CIO]
= —kq = =+ =0
dt k. [CIO][HOZ] Ak =0 at at
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Determination of the “pure”

CIO + HO, - HOCI + O, reaction period

Time dependence of Ak = |k, — k" |

a
(N]

Data condition

20 21 Latitude : 20°S - 40°S
g1 Height :0.28hPa (58 km)
Pl 3.0 .:E Period : Feb. - Apr., 2010
[ 25 1 Temperature : 245.04+ 1.3 (1c) K
% 20 Data products : NICT v2.1.5
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CIO + HO, - HOCI + O, reaction period

Time dependence of Ak = |k, — k" |

42 4.5
| Data condition

4.0 Latitude : 20°S - 40°S
' Height :0.28 hPa (58 km)

> 9 =1 Period :Feb.-Apr, 2010

26 5. | Temperature : 245.0 + 1.3 (10) K
_ Data products : NICTv2.1.5

3.4

3.2 0"

*| We determined that there was “pure” reaction period.

The local time interval of LT 18:30 - LT 04:00 is the time in which the
reaction ClO + HO, - HOCI + O, purely happens in the Cly chemistry in
the lower mesosphere. 11
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Determination of the rate constant of
ClIO + HO, - HOCI + O, reaction

Probability of k, in the “pure” reaction period
in Ak < 0.1 [ X 10 cm3/molecule s]

0.20 —— .
| | | | £a

0.15

| Average value;

% 0.10 +
& 7.73 [ X 102 cm3/molecule s]
Standard deviation;
0.05F 0.26 [ X 1012 cm3/molecule s]
; k, is obtained to be
000757 1.4 7.6 78 80 8.2 8.4 k1(245|() =7.73 1+ 0.26(10)
Reaction rate constant[ x10~** ¢m?/molecule s ]
[ X 1012 cm3/molecule s]
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Diurnal variation of calculated CIO, HOCI, and

ClO + HOCI by SMILES observations

k,(245K) = 7.73 £ 0.26(1c) [ X 102 cm3/molecule s]
Time interval : LT 18:30 ~ LT 04:00

2.0

1.0 Large dots : bin of 3.75 minutes

0.5 E g o ; : : ; " Mg 4 Solid line: Calculated value

0.5 b i
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15
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Small dots : Raw observation data

Number density [ x10° molecule/cm® ]

HEOO O
Louwouwow
T T T
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Local Time [ h ] 13



Comparison with previous works

Pressure dependence of CIO + HO, - HOCI + O, reaction
Xu et al. (2003) pointed from ab initio calculations;
Clo + HO, - HOCl + 0, (R1)

ClO + HO2 + M > HOOOCI+ M (R2)
reaction intermediate

P =0.28 [hPa] (0.21 [Torr]) Rate constant
T =245.0 [K] [ X 1012 cm3/molecule s]
Xu et al. (2003)
CIO + HO, - HOCI + O, (R1) 7.51
CIO + HO, + M - HOOOCI + M (R2) 0.0021
SMILES k, 7.73 + 0.26(10)

The value of k, from SMILES is consistent with that of from Xu et al. (2003) within 1c.

14
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Summary of k(T)of CIO + HO, - HOCI + O,

reaction with pressure dependence

Pressure condition in laboratory measurements

Laboratory
measurements

Stimpfle et al. (1979)

Nickolaisen et al.
(2000)

P [Torr]

0.8-34
50-700

Knight et al. (2000)

1.1-1.7

Hickson et al. (2007)

1.5

+ ab initio calculations

Xu et al. (2000)
1 Torr

| 400 Torr |

+ SMILES k,
0.21 Torr

Rate constant [ »x10~** cm’/molecule s ]

18 L

.,

(Dot line)

10 ez

16 T NS OO SO

+ JPL2011

Stimpfle et al., 1979

Nickolaisen et al., 2000 |||
Xu et al., 2003 (400 Torr)

Knight et al., 2000
Hickson et al., 2007
Xu et al., 2003 (1 Torr)

-
- ~— .
. - — .
i oy

Low pressure ————__

SMILES k,

-
— = o
- -

(Solid line)

6L ]

220

230

240
Temperature [ K ]

250 260 270
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Summary of k(T)of CIO + HO, - HOCI + O,

reaction with pressure dependence

Pressure condition in laboratory measurements

Laboratory P [Torr] 18_"' — Stilmpfle ot al.,l 1979
measurements | e JPL2011
) — 6L ... L. I-- Nickolaisen etal., 2000 |]
Stimpfle et al. (1979) | 0.8 - 3.4 L;" 0 | Xu et al., 2003 (400 Torr)
Nickolaisenetal. |50-700 | & : \ | — Knightetal, 2000
(2000) £ 14--H-|gh--pres rg .| — Hickson etal., 2007
= H. ™~ § Xu et al., 2003 (1 Torr)
Knight et al. (2000) 1.1-1.7 2k .(.I?Ot Im§e) ™S H SMILES &,
Hickson et al. (2007) | 1.5 = Tl S
E 10 s --"“'::“.‘.*;;,‘_*H‘_‘-_
+ ab initio calculations g Low pre;sure j R S
Xu et al. (2000 E 8
1T ( ) (Solid line) _ | | _
orr
400 Torr | The value of SMILES k; is close to these of H|ckson et al.
TSMILES & (2007) and Xu et al. (2000) of 1Torr at 245K. 270
021 Torr1 The large discrepancies of k(T) might be caused by the
: pressure dependence. 15




Conclusion

- We evaluated the purity of CIO + HO, -> HOCI + O, reaction using
two rate constants, HOCI| production and CIO loss.

- The condition was in the mid-latitude between 20°S and 40°S at a

temperature range 5 of 245 +- 1.4(10) K, in the period from February
to April, 2010.

- We derived from the SMILES dataset that the local time interval of LT
18:30 - LT 04:00 is the time in which the reaction CIO + HO, -> HOCI
+ O, purely happens in the Cly chemistry in the lower mesosphere.

- The rate constant of the reaction, CIO + HO, -> HOCI + O, , is
obtained to be k1 =7.73 +- 0.26(1c)[ X 10*? cm3/molecule s] at 245
K from SMILES observation data.

- The large discrepancies of k(T) might be caused by the pressure
dependence.
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