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Supplementary Note 1. Theoretical investigations of the CH,OO + HCHO reaction.

The transition states and intermediates of the reaction CH,OO + HCHO have been studied based on
various quantum-chemical calculations.! Long et al. investigated the reaction kinetics between
CH200 and other atmospheric species including HCHO by applying the W3X-L//CCSD(T)-
F12a/cc-pVDZ-F12 method and indicated that the rate coefficient of the reaction CH,O0O + HCHO
has a strong negative temperature dependence in the range 250—350 K.! Aplincourt et al. employed
the CCSD(T)/6-311G(d,p) and the B3LYP/6-31G(d,p) method to study the formation mechnism of
products of the reaction CH,OO + HCHO.? Elakiya et al. performed the calculation on the kinetics
and products for the reaction between CH,OO and HCHO with the M06-2X/6-311++G(d,p)
method.’ We intergrated results of these three reports to present the enthalpy profiles of the reaction
CH>00 + HCHO, as shown in Supplementary Fig. 1. Both Long ef al. and Aplincourt et al. proposed
the formation of secondary ozonides (SOZ). The energies of C1, TS1 and SOZ (secondary ozonide)
were predicted to be —6.30 (—5.8), —5.31 (—4.6) and —49.54 (—49.0) kcal mol !, respectively, relative
to CHOO + HCHO); here the values are taken from Long ef al.! and those in parentheses are from
Aplincourt et al.> According to the calculations by Aplincourt ef al., the SOZ can further evolve to
a biradical by homolytic cleavage of the O-O bond via TS2. The biradical then undergoes hydrogen
transfer and isomerizes to hydroxymethylformate (HMF) (—127.5 kcal mol !).2 With an enthalpy of
activation of 21.8 kcal mol ™!, the HMF can undergo the H-migration via TS4 (—105.7 kcal mol ') to
form a complex C2 (—126.3 kcal mol '), and then directly dissociates into HCOOH and HCHO
(—118.3 kcal mol ™). In contrast to Long et al. and Aplincourt et al., Elakiya et al. predicted two
possible pathways to form HCOOH + HCHO (—67.83 kcal mol ') and CO + H>O + HCHO (—63.81
kcal mol ™) via TS5 (56.91 kcal mol ') and TS6 (3.07 kcal mol ), respectively.’ Because of the large
enthalpy difference between the SOZ and the TS5, Elakiya et al. concluded that the formation of
products HCOOH + HCHO is unfavourable and the dominant product channel is the formation of
CO + H,0 + HCHO.?
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Supplementary Figure 1. Enthalpy profiles (AH) of the reaction between CH,OO and HCHO.
Energies and the notations of the intermediates are taken from the work of Long et al.! (purple),
Aplincourt et al.? (blue) and Elakiya et al.® (red). (a) The values from Long et al. (purple) were
calculated by the W3X-L//CCSD(T)-F12a/cc-pVDZ-F12 method at 0 K, relative to the reactants.
The values in parentheses from Aplincourt et al. (blue) were calculated at 0 K, relative to the
reactants, by CCSD(T)/6-311G(d,p), and those in brackets were given as calculated by B3LYP/6-
31G(d,p). (b) Enthalpies from Elakiya et al. (red) were calculated by the M06-2X/6-311++G(d,p)
method at 298 K, relative to the SOZ.
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Supplementary Figure 2. Schematic of the experimental setup. (a) An overview of the entire
experimental system for reaction kinetics and product studies. The mid-infrared dual-comb
spectrometers are designed with switchable dual-comb and continuous-wave (cw) operation modes.
A Herriott cell is constructed by using a pair of 2-inch concave gold mirrors with a 25-mm-diameter
center hole and a 4-mm-diameter off-axis hole. A double-layer glass tube as the main body of the
cell can be temperature controlled by a liquid circulator. The Herriott cell is designed to allow 63
passes of the infrared beam. The center hole is used for passage of the 248-nm photolysis beam. The
distance between the two mirrors is 655 mm and the total path length of infrared beam is estimated
to be 41.8 m. The overlapping path between infrared and photolysis beams is estimated to be 13.4
m. (b) Schematic diagram of the experiments with cw source for kinetic measurements. (c)
Schematic diagram of the experiments with dual-comb sources for determination of branching yields
of reaction products. Here, DAQ : data-acquisition board, LED : light-emitting diode, PD :
photodiode, UVS : ultraviolet spectrometer, LWP : longwave pass filter, and MCT : HgCdTe detector.
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Supplementary Figure 3. Obtained time traces of CH>OO (open circles) and kinetic model fitted

curves (solid lines). The data correspond to experiment 1-6 listed in Supplementary Table 1. The

derived first-order rate coefficients as a function of [HCHO]o are shown in Supplementary Fig. 4

and are compared to the value obtained by using single exponential fit.
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Supplementary Figure 4. Comparison of plots of kobs vs. [HCHO]o derived by kinetic model fit and
single-exponential fit. The fitted slopes corresponding to the second-order rate constants
kcr200+HCHO are consistent within the errors, indicating the reaction kinetics were measured under
pseudo-first order conditions. The intercept obtained by fitting the data derived using single-
exponential fit represents the loss rate of CH,OO by the CH>OO self-reaction and reactions of

CH>00 with other species generated in the reaction system.
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Supplementary Figure 5. Difference absorbance spectra of HCOOH. The dual-comb spectra were
measured using the dual-comb spectrometer with different spectral sampling spacings of 181, 210,
and 288 MHz at 12.48—-12.54 ms after laser photolysis of a flowing mixture of CH2Ilo/HCHO/O2/N>
(0.016/0.123/14.9/0.04 Torr, Pt = 15.1 Torr, 296 K). The simulated spectrum of HCOOH is taken
from the HITRAN database* with the parameters: Lesr = 1340 cm, Pr = 15.1 Torr, T = 296 K, and
[HCOOH] = 1.06x10" molecule cm™>. Here, the data correspond to the experiment 1 listed in
Supplementary Table 3.
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Supplementary Figure 6. Difference absorbance spectra of CO. The dual-comb spectra were
measured using the dual-comb spectrometer with different spectral sampling spacings of 181, 210,
and 288 MHz at 12.48—-12.54 ms after laser photolysis of a flowing mixture of CH2Ilo/HCHO/O2/N>
(0.016/0.123/14.9/0.04 Torr, Pt = 15.1 Torr, 296 K). The simulated spectrum of CO is taken from
the HITRAN database* with the parameters: Lesr = 1340 cm, Pt = 15.1 Torr, T =296 K, and [CO] =
2.90x10"* molecule cm>. Here, the data correspond to the experiment 1 listed in Supplementary
Table 3.
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Supplementary Figure 7. Temporal concentration profiles of HCOOH. The black square represents
measured temporal profile with a time resolution of 12 ps. The red solid line represents simulation
profile using the kinetic model shown in Supplementary Table 2. Here, [CH200]o = 3.71x10"3
molecule cm >, [HCHO]o = 4.0x10'> molecule cm >, Pr = 15.1 Torr, and T = 296 K. Here, the data
correspond to the experiment 1 listed in Supplementary Table 3.
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Supplementary Figure 8. Temporal concentration profiles of CO. (a) The concentration profile of
CO was measured after 248-nm laser photolysis of the flowing mixture of CH2I/HCHO/O2/N>
(0.016/0.123/14.9/0.04 Torr, Pt = 15.1 Torr, 296 K). (b) The concentration profile of CO was
measured after 248-nm laser photolysis of the flowing mixture of CH2l/SO2/02/N2
(0.016/0.014/14.9/0.04 Torr, Pt = 15.0 Torr, 296 K). (c¢) The concentration profile of CO was
measured after 248-nm laser photolysis of the flowing mixture of CH21>/02/N2 (0.016/14.9/0.04 Torr,
Pr = 15.0 Torr, 296 K). (d) The concentration profile of CO was measured after 248-nm laser
photolysis of the flowing mixture of HCHO/O2/N> (0.123/14.9/0.04 Torr, Pt = 15.0 Torr, 296 K). (e)
The corrected concentration profile of CO represents the net production of CO by the reaction
CH200 + HCHO. (f) The concentration profile simulated using the kinetic model shown in
Supplementary Table 2. Here, the data correspond to the experiment 1 listed in Supplementary Table
3.
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Supplementary Figure 9. Relative oxidation rates of HCHO by OH and CH>00, as a function of
altitudes. The ratio of oxidation rates is derived by kucno+cr200 x [CH200] / kon+ncho x [OH]. The
concentration of OH, [OH], and the rate constants of the reaction OH + HCHO, kon-+HcHo, at various
altitudes are listed in Supplementary Table 6 and the rate constants of CH2OO + HCHO, kucho+ch200,

are calculated from the Arrhenius equation derived in this work.
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Supplementary Table 1. Summary of experimental conditions and obtained rate coefficients kobs.

Temp. Pr  [CH,00]p® [HCHO]o¢ Kobs ¢

Set  Expt.
/K / Torr /1024 /10144 /10° s7!
1 1 296 13.3 7.4 9.0 8.44
2 296 13.3 7.4 53 7.14
3 296 13.3 7.4 3.4 5.77
4 296 13.3 7.4 1.8 4.17
5 296 13.3 7.4 20.4 11.06
6 296 13.3 7.4 12.5 7.70
7 296 13.3 7.4 17.6 5.11
8 296 13.3 7.4 143 3.47
9 296 13.3 7.4 10.8 2.80
10 296 13.3 7.4 73 2.30
11 296 13.3 7.4 23.7 9.67
12 296 13.3 7.4 16.0 6.29
2 13 296 6.4 8.6 7.2 3.87
14 296 6.4 8.6 9.6 4.91
15 296 6.4 8.6 11.6 5.61
16 296 6.4 8.6 14.4 6.92
17 296 6.4 8.6 18.7 8.45
18 296 6.4 8.6 22.7 9.97
19 296 6.4 8.6 27.1 11.95
20 296 6.4 8.6 30.9 13.50
21 296 6.4 8.6 223 9.96
22 296 6.4 8.6 183 8.47
23 296 6.4 8.6 13.7 6.43
24 296 6.4 8.6 9.4 4.84
25 296 6.4 8.6 4.7 2.92
26 296 6.4 8.6 2.5 2.15
27 296 6.4 8.6 27.1 11.90
28 296 6.4 8.6 30.7 13.42
29 296 6.4 8.6 34.5 14.86
330 296 56.0 7.0 9.4 5.85
31 296 56.0 7.0 10.8 6.22
32 296 56.0 7.0 13.1 7.25
33 296 56.0 7.0 8.3 5.28
34 296 56.0 7.0 7.0 4.90
35 296 56.0 7.0 5.6 4.10
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8.87
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11.59
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188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225

276.3
276.3
276.3
276.3
283.2
283.2
283.2
283.2
283.2
283.2
283.2
283.2
304
304
304
304
304
304
304
304
313.3
313.3
313.3
313.3
313.3
313.3
313.3
313.3
324
324
324
324
324
324
324
324
335.5
335.5

20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4
20.4

5.8
5.8
5.8
5.8
5.5
5.5
5.5
5.5
5.5
5.5
5.5
5.5
52
52
52
52
52
52
52
52
4.6
4.6
4.6
4.6
4.6
4.6
4.6
4.6
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.5
4.5

4.3
6.3
10.0
15.2
18.4
17.2
12.3
8.1
3.9
5.8
9.1
14.0
17.8
16.7
11.5
7.6
3.7
5.5
8.8
13.1
16.9
15.3
11.2
7.6
3.7
5.6
8.6
12.9
16.5
15.2
10.9
7.2
3.5
52
8.3
12.4
18.8
15.1

3.88
4.69
6.87
9.44
10.40
9.76
7.62
5.74
3.56
4.52
6.11
8.65
8.31
8.02
6.02
4.49
2.84
3.50
4.64
6.27
6.96
6.56
5.09
3.80
2.54
3.09
4.10
5.70
6.67
5.95
4.80
3.59
2.30
2.77
3.70
4.93
6.25
5.46
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226 335.5 20.4 4.5 10.7 4.15

227 335.5 20.4 4.5 7.2 3.03
228 335.5 20.4 4.5 3.6 2.17
229 335.5 20.4 4.5 52 2.76
230 335.5 20.4 4.5 8.2 3.50
231 335.5 20.4 4.5 12.1 4.82

“in unit of molecule cm™>,

®The [CH200]p can be determined by fitting the CH,OO time traces measured in the experiments
in the absence of HCHO with the kinetic model.®

¢ The mixing ratio of the gaseous HCHO in the bath gas O,/N, before injection into the reactor was
determined using UV absorption spectra and the absorption cross section of HCHO in region
350-358 nm.” The [HCHO]y in the reactor was estimated by the ratio of its flow rate to the total
flow rate and the total pressure. Considering the errors of spectral fitting (3 %), UV absorption
cross section of HCHO at 350-358 nm (2 %), the flow rates (2 %), temperature (1 %), and pressure
(1 %), an overall uncertainty of [HCHO], was estimated the to be 4.4 %.

4The kobs obtained by fitting of CH,OO traces with single exponential function.
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Supplementary Table 2. Kinetic model and rate coefficients employed for product analysis.

Reaction Rate coefficient ¢ Ref.
kia® CH,00 + HCHO — HCOOH (v=0) + HCHO  yucoon X o X kcH200+HCHO d
ki ®  CH200 + HCHO — HCOOH” (v> 0) + HCHO yHcooH X (1— o) X kcH200+HCHO d
ki ”  CH200 + HCHO — CO (v=0) + HO + HCHO  yco x B X kcn200+HCHO d
kiy®  CH,00 + HCHO — CO* (v>0) + H2O + HCHO yco x (1— B) x kcm200+HcHO d
kic®  CH>00 + HCHO — other products (1— yncoon— yco) x kcmoo+ncuo  d
k»  CH200 + CH200 —2HCHO + 0 8.0x107"! 6
ks CH00+1 25 product ks = {4.4x107% [M]x6.7x10"'1} 6
/{4.4x107% [M]+6.7x107'1}
ks CH>OO0 + HCOOH (v = 0) — products 1.5x107" x exp(4.9 k] mole/RT) 8
ks CH,00 + HCOOH” (v > 0) — products 1.5x107'"! x exp(4.9 k] mole/RT) 8
ke HCOOH* (v > 0) — HCOOH (v = 0) ky fitted © d
k7 CO* (v>0) — CO (v=0) ks fitted ¢ d

@ Rate coefficient in cm® molecule™ s7!, unless specified, [M] in molecule cm™.
b ka+ ke + ko + ki + kic = kemzoo+cHo-

¢ Rate coefficient in s~.

4 The values obtained in this work.
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Supplementary Table 3. Summary of experimental conditions, fitting parameters, and branching
yields of HCOOH and CO.

Temp. Pr [CH200]o [HCHOJo yucoon? yco? « B ka ks

BXPLY K Tor /108%¢ /101 /st s
1 296 151 371 4.0 043 057 060 045 130 300
2> 296 283 356 3.6 047 053 060 050 130 300
3 296 461 3.73 34 050 050 060 050 130 300
4 296 597 372 3.7 052 045 060 050 130 300
5 283 147 385 2.9 037 063 060 045 125 280
6 283 274 3.0 2.6 043 057 060 045 125 280
7 283 441 383 2.4 052 048 060 045 125 280
8 283 594 382 2.9 054 042 060 045 125 280
9 313 145 326 2.6 040 060 060 050 150 400
10 313 270 321 2.4 043 057 060 050 150 400
11 313 433 332 22 046 054 060 050 150 400
12 313 591 336 2.6 047 053 060 050 150 400

¢ Bach experiment set was also performed by replacing HCHO to SO». The [SO2]o of ~4x10' molecule cm= was used
in the experiments. In addition, the CO formed from the photodissociation of HCHO by 248-nm photolysis beam was
also determined in each experiment set.

?in unit of molecule cm™.

¢The concentration of CH,OO includes [CH,OO (v = 0)] and [CH,00 (v > 0)]. In the CH>I + O; reaction system, the
initial concentration of the I atom of ~8x10'3 molecule cm™ was estimated in the reaction system.

4The yucoon and yco represent the branching ratios for the HCOOH + HCHO and CO + H,O + HCHO product channels,
respectively, in the CH,OO + HCHO reaction.
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Supplementary Table 4. The concentrations of H>O, (H20)2, and HCHO at various altitudes.

H/km Temp.¢ [Hx0]°¢ [(H20)]>¢ [HCHO]’* [HCHO]®/ [HCHO]?®*

1.5 2833 2.58E+17 1.88E+14
2.5 276.8 1.82E+17 1.02E+14
3.5 2703 1.10E+17 4.14E+13
4.5 263.8  6.33E+16 1.54E+13

5.5 2573 3.45E+16 5.29E+12 2.82E+09
6.5 250.8 1.81E+16 1.73E+12 1.91E+09  2.33E+09
7.5 2443 9.17E+15 5.43E+11 1.17E+09 1.17E+09

8.5 237.8 4.46E+15 1.59E+11 1.12E+09  7.53E+08 9.55E+08
9.5 231.3 1.40E+15 1.96E+10 9.20E+08  5.46E+08 6.21E+08
10.5 2248 1.37E+14 239E+08 5.71E+08 3.90E+08  4.61E+08
11.5 2183 1.31E+13 2.75E+06 4.06E+08  2.69E+08 3.18E+08
12.5 218.2 1.65E+12 4.40E+04 3.31E+08 1.84E+08  2.50E+08
13.5 218.2 4.25E+11 291E+03 1.60E+08 1.16E+08 1.85E+08
14.5 218.2 342E+12 1.88E+05 8.68E+07 6.94E+07  9.23E+07
15.5 218.2 5.58E+12 5.01E+05  7.33E+07 4.54E+07  4.27E+07
16.5 218.2 1.31E+13 2.78E+06 4.67E+07 2.97E+07  2.25E+07
17.5 218.2 1.72E+13 4.77E+06  2.30E+07 1.28E+07  4.64E+06
18.5 218.2 2.80E+13 1.26E+07 8.63E+06  5.97E+05 0.00E+00
19.5 218.2 3.49E+13 197E+07  8.69E+06
20.5 218.7 5.21E+13 4.30E+07  1.44E+07
21.5 219.7 8.29E+13 1.05E+08  1.90E+07
22.5 220.7 1.64E+14 3.94E+08 1.67E+07
23.5 221.7  2.53E+14 9.05E+08  1.37E+07
24.5 22277 3.50E+14 1.68E+09 1.27E+07

? The temperatures are calculated based on the International Standard Atmosphere (ISA) model. At 0 km, the
temperature is set to be 293 K. In the troposphere (0—12 km), the temperature decreases in a rate of 6.5 K/km. It then
remains constant in the tropopause (12—20 km). In lower stratosphere (20—47 km), the temperature increases by 1 K

per km.’
b in unit of molecule cm™.
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¢ The concentrations of H,O, [H,QO], are obtained by using the relative humidity measured by Schuyler et al.'” and
the Arden Buck equation: Py(T’)=6.1121xExp((18.678—T°/234.5)(T’/(257.14+T"))), where P4(T’) is the saturation
water vapor pressure in hPa and T’ is the air temperature in °C."!

4 The concentrations of water dimer, [(H20),], are calculated by applying the equilibrium constant for 2 (H,0)g —
(H20)5).2

¢ The concentration of HCHO, [HCHOY], at different altitudes are obtained from the ACE-FTS data, measured at
31°N, 52°E (Iran, 31 June, 2004).>

7 The concentration of HCHO, [HCHO], at different altitudes are obtained from the ACE-FTS data, measured at
37°S, 157°E (South Pacific Ocean, 31 January, 2006).°

¢ The concentration of HCHO, [HCHOJ], at different altitudes are obtained from the ACE-FTS data, measured at
28°N, 160°E (North Pacific Ocean, 2 February, 2020).°
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Supplementary Table 5. Rate constants for the reactions CH.OO + H>O, CH,00 + (H20),, and
CH>00 + HCHO at various altitudes.

H/km Temp.“ Pressure ” kcn200+m20 ¢ 4 kcn200+m20)2 <4 kcr200+HCHO © ¢
1.5 283.3 634.2 3.08E-16 1.11E-11 4.75E-12
2.5 276.8 558.2 2.82E-16 1.55E-11 5.12E-12
3.5 270.3 488.3 2.58E-16 2.21E-11 5.54E-12
4.5 263.8 4243 2.34E-16 3.19E-11 6.02E-12
5.5 257.3 366.1 2.12E-16 4.70E-11 6.57E-12
6.5 250.8 313.5 1.91E-16 7.06E-11 7.20E-12
7.5 244.3 266.2 1.71E-16 1.08E-10 7.93E-12
8.5 237.8 224.1 1.52E-16 1.70E-10 8.78E-12
9.5 231.3 186.8 1.34E-16 2.75E-10 9.77E-12

10.5 224.8 154.0 1.18E-16 4.55E-10 1.10E-11

11.5 218.3 125.6 1.02E-16 7.78E-10 1.24E-11

12.5 218.2 107.3 1.02E-16 7.85E-10 1.24E-11

13.5 218.2 91.8 1.02E-16 7.85E-10 1.24E-11

14.5 218.2 78.5 1.02E-16 7.85E-10 1.24E-11

15.5 218.2 67.1 1.02E-16 7.85E-10 1.24E-11

16.5 218.2 57.4 1.02E-16 7.85E-10 1.24E-11

17.5 218.2 49.0 1.02E-16 7.85E-10 1.24E-11

18.5 218.2 41.9 1.02E-16 7.85E-10 1.24E-11

19.5 218.2 35.9 1.02E-16 7.85E-10 1.24E-11

20.5 218.7 30.9 1.03E-16 7.52E-10 1.23E-11

21.5 219.7 26.8 1.06E-16 6.91E-10 1.20E-11

22.5 220.7 233 1.08E-16 6.36E-10 1.18E-11

23.5 221.7 20.3 1.10E-16 5.86E-10 1.16E-11

24.5 222.7 17.7 1.13E-16 5.40E-10 1.14E-11

? The temperatures are calculated based on the International Standard Atmosphere (ISA) model. At 0 km, the
temperature is set to be 293 K. In the troposphere (0—12 km), the temperature decreases in a rate of 6.5 K/km. It then
remains constant in the tropopause (12—20 km). In lower stratosphere (20—47 km), the temperature increases by 1 K

per km.’
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b The pressure at different altitudes are derived by using the barometric formula: P(h) = PoxExp(-gMh/RT), where
Py = 760 Torr, g = 9.80665 m/s?>, M = 0.0289644 kg/mol, R = 8.31432 N-m/(mol-K), h is the altitude in meter (m),
and T is the temperature in Kelvin (K).

¢ in unit of molecule cm™.

4 The bimolecular rate constants of CH,OO + H,O and CH,OO + (H,0); are calculated from the results by Lin et
al ¥

¢ The rate constants between CH,OO and HCHO are calculated from the Arrhenius equation derived in this work.
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Supplementary Table 6. The concentrations of OH and the rate constants of reaction OH + HCHO

at various altitudes.

H/km  Temp.® Pressure [OH] ¢ kon+ucuo © ¢
0 293.0 760.0 3.0E+06 8.56E-12
5 260.5 394.5 1.0E+06 9.07E-12

10 228.0 169.9 5.7E+05 9.76E-12
15 218.2 72.6 4.2E+05 1.00E-11
20 218.2 33.2 3.7E+05 1.00E-11
25 223.2 16.5 6.6E+05 9.89E-12
30 228.2 8.5 1.6E+06 9.76E-12
35 238.6 5.1 3.7E+06 9.51E-12
40 252.6 34 6.8E+06 9.22E-12
45 266.6 2.4 8.5E+06 8.96E-12
50 272.2 1.4 6.8E+06 8.87E-12
55 261.0 0.6 4.6E+06 9.06E-12
60 247.0 0.2 3.2E+06 9.33E-12

? The temperatures are calculated based on the International Standard Atmosphere (ISA) model. At 0 km, the

temperature is set to be 293 K. In the troposphere (0—12 km), the temperature decreases in a rate of 6.5 K/km. It then

remains constant in the tropopause (12—20 km). In lower stratosphere (20—47 km), the temperature increases by 1 K

per km.’

b The pressure at different altitudes are derived by using the barometric formula: P(h) = PoxExp(-gMh/RT), where
Py = 760 Torr, g = 9.80665 m/s?>, M = 0.0289644 kg/mol, R = 8.31432 N-m/(mol-K), h is the altitude in meter (m),

and T is the temperature in Kelvin (K).

¢ in unit of molecule cm™.

4 The concentrations of OH are zonally, latitudinally and annually averaged values derived from the SOCRATES

model.'413

¢The bimolecular rate constants between OH and HCHO are calculated by kon+ucno (T) = 5.4x10712 Exp(135/T) cm®

molecule™ s

~116 where T is the temperature in K.
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