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Abstract-—— The kinetics of the reaction of dissolved 5(1V) with H.O, was studied on 59 precipitation
samples collccted in Southwestern China, during the period of June 1988 to October 1989, from
which the oxidation rates of the reaction were measured. The extent of reaction was followed by con-
tinuous amperometric measurement of the concentrations of the reagents. The (wo systems (i. e.
rainwater and purified water) have been studied with the same methodology under identical reaction
conditions (e. g. reapent concentrations, ionic strength and temperature). The kinetics was studied in
no buffer solutions. The effect of formaldehyde on the reaction has also been studied, including kine-
tic studies in laboratory and model calculations, and it is indicated that formaldehyde with typical
atmespheric concentration exerts no influence on the reaction of dissolved S{IV} with H,0,. In addi-
tion, the activation energy of the reaction was also measured in purified water as reaction medium
for temperature range 0—-50 C  at pH 4.0,
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1 Introduction

Acid rain is one of the important environmental issue which is the focus of world
attention today. One important pathway to form acid rain is the oxidation of
atmospheric SO, in agueous phase to form sulfuric acid. According to laboratory kine-
tic studies and atmospheric concentration measurements hydrogen peroxide has been
postulated to be the key atmospheric oxidant for dissolved sulfur (IV) at pH values
less than 5 (Lee, 1986). The overall reaction for this oxidation may be written as

k(l)
SAV)+H,0; (aq) ———— §(vI), (1)

* This study was supported by the National Natural Science Foundation of China.
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where S(IV) represents the totality of dissolved S$(IV) species (i. e. SO,(aq) +HSO,” +

S0.>"). The rate of reaction {1) is the first order with respect to each of the
reagents, HO, and S(IV), i. e.

—d[H,0,}/dt=k* [H,0,] [SAV)], (2)

where k™ is the apparent second-order rate constant.
In order to evaluate the contribution of this reaction to the acidification of

precipitation, we have studied the kinetics of the reaction and the effect of
formaldehyde on the reaction.

2 -Experimental section

2.1 Material and apparatus

Principal material included:
2.1.1 (1) Horseradish peroxidase, 250 unit/mg enzyme; (2) P-hydroxyphenylacetic acid
(PHOPAAY); (3) Tris-(hydroxymethyl) aminomethane (TRIS), reagent grade; (4) 30%
hydrogen peroxide, reagent grade; (5) Deionized water made by Institute of
Semiconductor, Chinese Academy of Sciences (conductivity <1x107%),

Principal apparatus: amperometric instrument (self-made).

In which (1), (2) and (3) three materials were used in H,O, analysis.
2.1.2 Reagent apparatus

Fig. 1 is the schematic diagram of the experimental set up. Major part included
thermostat, amperometric instrument which
was used to follow the extent of reaction
and recorder instrument which recorded sig-

5 nals.
3 I The glass reaction vessel(volume 50ml)
was equipped with a water jacket for
! 2 o temperature control, constant temperature
(within 25+0.1 T ) was maintained by a
[I] bath circulator. The reaction solution was

continuously stirred by a magnetic stirrer.

Fig. 1 Schematic diagram of the experimental set up
1. Thermostat 2. Reaction vessel
3. PL-Ag electrode 4, Stivrer

5. Ampcecrometric device 6. Stripchart recorder



No. 3 Kinetics of hydrogen peroxidesulfur (IV) reaction--- 353

2.1.3 Solution concentration
2.1.3.1 Standard H,O, solution

The standard H,O, solution was available by diluting 30% hydrogen peroxide seve-
ral times. The standard H,O, stock solution of 1% concentration was made up for
future use, to which 5—107° mol/L Na,SnO, was added; the decomposition rate of
H,O, in this solution was less than 0.13% per month. The standard H,O, stock solu-
tion wus titrated by potassium permanganate (KMnQO,) which was titrated by
Na,(C,0,. Standard H,O, solution used as the kinetic experiments was made up from
the standard H,O, stock solution every day.
2.1.3.2 NaHSQ, solution

The content of NaHSOQ, in reagent was titrated by iodine method. The solution of
NaHSO, used as the kinetic experiments must be made up every day.
2.1.4 Experimental procedures

The procedures of the kinetic experiment involved the [ollowing steps:

Precipitation samples collected were analysed for pH and hydrogen peroxide
concentration.

Fresh working solutions of 500umol/L H.O, and 500umol/L. NaHSO, were pre-
pared before conducting kinetics experiments.

After 15 ml rainwater sample was transferred into the reaction cell, 0.15 ml
lmol/L KCIl solution was added to adjust the ionic strength to yield [KCij=0.01
mol/L. Then Pt-Ag‘clectrode pair was placed in the reaction cell and allowed solution
to equilibrate for 5~ 10 minutes.

The “sensitivity” and “zero” controls of the amperometric device were adjusted to
yield optimal sensitivity and baseline stability.

For samples that already contained 4 pmol/L or more of total peroxide, no addi-
tional H,0, was used. For samples containing less than 4 umol/L of peroxide, enough
H,0, was addcd to thc solution to give a total peroxide concentration of 4
pumol/L.

A known volume of dilute NaHSO, solution (5X107* mol/L}) was added to
initiate the reaction. ‘

Kinetic studies of Reaction (1) were conducted with purified water as control ex-
periments, in which HCI and KCl were employed to adjust solution pH and ionic
strength. Initial concentrations of H,0, and NaHSO, used were 4.0umol/L each. The
rate constants of Reaction (1) were determined for pH range 3.1-5.2 at p=1x10""

mol/L. The activation energy of Reaction (1) was determined for temperature range
0—-507C at u=1x%x10"? mol/L.
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2.1.5 Kinetic measurement and reaction kinetics of H,O, with S(IV)

The kinetics of Reaction(l) was studied
by following the disappearance of H.O,in
a reaction mixture as a function of time,
using the amperometric instrument. The re-
sponse time of the instrument varies with
ionic strength, in order to ensure that the
measurement of reaction kinetics was not
affected by the instrument r sponse time,
the ionic strength of the samples was ad-
justed to 0.0lmol/L. by addition of KCl.

Fig. 2 s a typical trace of H,0,8

, ) , L , (IV) kinetic run, as monitored by the
0 40 &0 120:. 160 200 240 280 apperometric device.

The integrated rate laws for a se-

Fig. 2 A typical trace of H,0,-8 (IV) kinetic run, cond-order kinetics are for [H202]¢[S(IV)],]

as monitored by the amperometric device.
Reaction conditions: [H,0,},=[S(IV)],=
4x10 * mol/L, pH=391 and t=250%0.1T

\ SAV)L, [HO0] _ .
[H,0],-5av), ™ [H0), savy ~ " )
and for [H,0.], = [S(IV)],.
U S —— )
H0] oL Cv

where the subscript 0 denotes :=0. In order to determine k®, the left-hand function
was plotied as a function of r. A straight line should result and the slope is equiva-
lent to k'". Degending on the reaction condition, the data points calculated from the
primary signal according to either Eq. (3) or Eq. (4) were analysed using the least
squares method. Fig. 3 gives typical plots of the amperometric signal and [H,0.]" as
a function of time. The curve shows the time dependence of the total signal
accompanying the reaction. The individual points represent calculaled values of the

function, i. e, [HO,]™" or In([5 (IV)},[H,0,],/[H,0,},[S(IV)]). The solid straight line is
the regression line showing the best fit.
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Fig. 3 The amperometric signal and [H,(,]”" as a function of time
The curve (left ordinate) represents the amperometric signal
decay accompanying the reaction; the straight line (right
ordinance) is the best fit to Equation (4} of the data points

3 Results and discussion

3.1 The pH dependence of rate constant
3.1.1 Purified water study

The rate constants k£ as a function of pH determined for Reaction (1) in
purified water at 4=1%10"? mol/L and t=25.0%0.1 € with [H,0,},=[S OAV}],=
4pmol/L are shown in Fig. 4. The linear regression relation logk® = (8.05+0.03) —
(1.006 +0.006) pH: which cover the pH range 3.07—5.18, showed that it can be fitted
to a straight line with a slope of —1, consistent with a specific acidcatalyzed reaction
of H;O: and H5O,". Such a pH dependence allows Eq. (2) to be rewritten as

_dHO0]

- =k% [H7] [H,0,] [SAV)), ©)

from which the pH-independent third-order rate constant k@ (=k @/ [H*]) was
determined to be (1.06 +0.05) X 10* (mol/L) 'S~
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Fig. 4 The pH dependence of the second-erder rate  Fig. § The second-order rate constants for S{1V)

constant of Reaction (1), determined by oxidation by H,0, at different pH
using purified water; p=0.0lmol/L and
£=25.0%017C

Fig. 5 shows the second order rate constants for the oxidation of S(IV) by H,0,
measured in our laboratory. This line is plotted along with lines of Kunen et al.
{Kunen, 1983), Martainand et a! (Martainand, 1981) and FPenkett et al. (Penkett,
1979). The data from the three authors above had been corrected to 25 (o by Kunen
et al. with the Arehenius equation and the activation energy of 30.39 kJ. mol™'
given by Penkett er al.

It is shown in Fig. 5 that the slopes of lines except that of Penkett et al. are
approximately equal to — 1. The rate constants of Martin and Damschen are slightly
lower, which obtained by using extension method because their pH range was from 0
to 3, which was lower than the cloud water pH. The slope of Penkett et al. line was
less than —1, inconsistent with HE mechanism (John, 1985). Because Penkett et al
studied the kinetics in acetic acid buffer solution, their rate constants might be
incredible. The kinetics of this work and Kunen et al. were studied in no buffer solu-
tion, and pH ranges were both within cloud water pH range (this work was
3.07~5.18, the latter was 4.0- 5.8), therefore, our rate constants along with the re-
sults of Kunen ¢t al. might be more credible within cloud water pH range. It is
shown in Fig. 5 that our linear very near to the one of Kumen et al., the third order
rate constant of the latter k® = (3.03£0.81)> 107 (mol/L} S~' (22 C ) was also near
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to k¥=9.03x10" (mol/L)™?S™' (25 C) when corrected by activation energy of 28.82
kJ.mol™ measured in our laboratory.

3.1.2 Rainwater study

The second-order rate constants k as a function of pH for rainwater samples
are shown in Fig. 6 from 59 samples, which cover the pH range 3.69—5.63, also
showed a strong pH dependence, with a slope approximately —1, a linear regression
using the least square method yield the relation, log k*’=(7.83 £0.09)—(0.953 £ 0.020)
pH (n=59, r=-0.988). The uncertainties indicated here are standard deviation. A single-
parameter equation is suggested to the pH dependence for acid-catalyzed reactions.

Log k®=logk™—pH, (6)

i. e., the slope is fixed to —1 and the intercept is logk”’ Fitting the second-order
rate constants k® determined in rainwater data set to Fq. (6) yield log k™ =
(8.04£0.07) or k®=(1.10£0.19) X 10* (mol/L) ?S"', the best fit being represented by
the dotted line (Fig. 6). The uncertainty given for logk® is the square root of the
variance about the best fit to Eq. (6),
it should be noted that the rainwater

data exhibited a significant scatter com- %7 ' ' ' ' '
pared to that of purified water, that is
+17.3% vers s £4.7%; the avcrage rate 43
constant determined in rainwater is 4%
higher than that of purified water at the 39
same¢ pH range and ionic strength in our
laboratory; the difference of average value

is small compared to the scatter exhibited
by the data. 31

35r

foghk(2)

Because the average rate constant deter-

mined in rainwaler samples is identical to 27 i
that determined in purified water within 23 ' \ . | A\
the experimental error, the small positive bi- 16 40 44 4% 51 56 6D
as observed on the kinetics of this reaction P

is not expected to e¢xert an appreciable ef-

fect on atmospheric SO, oxidation. The Fig. 6 Second-order rate constant of H,0,S(IV)

reaction
rate constants for H,0,8(IV) reaction, de- p=0.0Imol/L, t=25.0£11¢ .

termined in purified water, used in model The solid line and the dotted line
calculations is therefore justiﬁcd. represent measurements of Reaction (1)

in purified water and in rainwaler
respectively
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3.2 The activation energy of H,0,-8(IV) reaction

The third-<order rate constants k @

8.5 . : : : determined for H,0,S(IV) reaction in puri-
fied water at ¢=0.01 mol/L and pH=4.0
. with [H,0,],=[S(IV)],=4 umol/L are shown
83k 4 in Fig. 7 as a function of temperature.
\ The relation between k¢’ and tem-
23 h perature is
21} -
- \\ logk® =logd — —2« L (M
N 2303R T
791 * .
3 where E, is the apparent activation energy
\\ of Reaction (1), R is universal gas con-
,r ) | | % | stant 8.314 J. mol"!. K.
3.1 32 31-131" ]0’k3"'4 35 36 The linear intercept and slope was log

A=13.1 and

—1.505 respectively, from
which the activation energy E ,=28.82 kJ.
mol™' was obtained.

Fig. 7 The temperature dependence of the third-
order rate constant of Reaction (1), de-
termined in purified water; p=0.01mol/L

and pH=4.0 Therefore, the effect of temperature on

H,0,S(IV) reaction can be represented by the following formula when pH=4.0.

1 1

log k®=kpexp[— = (7~ 5gg ), (mol/L)™*87, 8)

where k,® represents the third-order rate constant at temperature T (KJ) k,, ©
represents the third-order rate constant at temperature 298 (K), k,, @ =1.02x10°
(mol/L)~*§~", determined in our laboratory.

Penkett et al. measured the activation energy of Reaction (1) in early time. Their
results under different pH are E,=230.39 kJ. mol™* when pH=4.6 and E =38.58 kJ.
mol ' when pH=6.6. It is obtained by using extension method that when pH=4.0
E,=27.48 kJ. mol™', which is 4.6% lower than that of our work. Because the

correlation of log k® with pH obtained through early work of Penkett et al. is
inconsistent with HE mechanism, the activation energy measured in our laboratory
might be more credible.
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3.3 Effect of formaldehyde on H,0,S(IV) reaction rate

Formaldehyde, an important atmospheric species both as a primary pollutant and
a photochemical reaction product, has been found to be present in the gas phase as
well as in precipitation. The concentration of forinaldehiyde in hydrometers was up to
2 mg/L (corresponding to 67umol/L; Yusuf, 1984), with a volume-weighted average
concentration of approximately 6 umoi/L (Lee, 1986). Formaldehyde can react with
S(V) in aqueous solution to form adduct hydroxymethanesulfonic acid (abbreviated
to HIMSA); this adduct is stable with respect to oxidation by hydrogen peroxide and
decomposes extremely slowly to HCHO and S(IV) (Kok, 1986). In order to clarify the
relation between formaldehyde and H,0,S(IV) reaction, we conducted the experimental
kinctics studies and model calculations about the effect of formaldehyde on H,D,S(IV)
reaction.
3.3.1 Kinetic studies in laboratory

Experimental procedures were identical to those in purified water, with a differ-
ence that hydrogen peroxide and formaldehyde were added to the reaction cell before
NaHSQO, was added ta initiate the reaction. The results of linear regression of
logk®.pH were listed in Table 1, including the results obtained in purified water;
the third-order rate constants are listed in Table 2.

Table 1 The linear regression results of logk*’-pH determined in
formaldebyde solution and purified water respectively

[HCHO], Expression formulae Correlation
pmol/L coefficience
0 logk!™ = (8.052 0.03) - (1.006 * 0.006)pH —0.9995
20 logk™ = (8,05 0.03) — (1.008 £ 0.006)pH ~0.9997
60 logk'® = (8.03 % 0.04)— (1.001£ 0.010)pH -0.9992

Table 2 The third-order rate constants determined in formaldehyde
solution and purified water respectively

[HCHO], gmol/L E* (mol/L) 2 » &7 logh™
a {1.06£0.05) x 10° 8.02%0.02
20 (1.0540.04)x 10° ) 8.02£0.02

60 (1.05£0.06) x 10° 8.02£0.03
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Here it should be pointed out that the rate constants under three conditions were
completely identical within the experimental error, the scatiers in rate constants were
equal, which at least sugpgests that effect of formaldehyde on Reaction (1) can not be
observed for the concentration of formaldehyde range 0—60 umol/L.

For comparison, we try to calculate the rate of H,0,8(IV) Reaction (§), in which

k®=1.06%10° (mol/L) *S™' (determined in our laboratory), and the rate of S(IV)-
HCHO reaction

_ 4 jsav)

at =k, [HCHO] [S(IV)], )

the values of k s corresponding to different pH are listed in Table 3.

Table 3 The k, values under different pH

pH 2 3 4 5
k; 0.308 1.21 1.94 12.6
Ref. a b

Note: a: Boyee, 1984; b: Kok, 1986

The results of the reaction rates calculation with respect to Equation (5) and (9)
are listed in Table 4.

Table 4 The results of the parallel rates calculation with respects to Equation
(5) and 9) (t=257C ., |H,0,,=IS (IV)}, =4umol/L)

pH
Reaction 2 3 4 5

Rate of rcaction, mol/L. §™'

SAVy+H,0, —a

S(VDy 1.70x107° 1.7T0O% 107¢ 1.70% 1077 1.70x 107"
[HCHO] = 6umol/L
S(IV}y+HCHO 7.39x19°" 2.90% 1)~ 4.65x 107" 32X
(1)/(2)
HMSA 2.3x10° 5.86x 10* 3.66% 10° 56.3
{HCHO] = 60pmol/L
7.39% 107" 2.90% 107" 4.65x107 3.02x10°°
(/)

23x1’ 5.86 % i0° 3.66 % 10° 5.63
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It is evident that the rate of S(IV)-H,O, reaction was far faster than that of S
(IV)-HCHO reaction which suggests that formaldehyde exerts little influence on the 8§
(IV)-H,QO, reaction for the concentrations of formaldehyde range 0— 60 umol/L.

3.3.2 Model calculation

First let us to explain the meanings and units of the following nomenclature:

a: ionization fraction of S(IV) species; p: gas-phase SO, partial pressure, ppb; H':
effective Henry’s Law constant, mol/L. atm™'; L: liquid water content, volume frac-
tion; dp/dt: macroscopic removal rate of SO,, %. h™'; R: universal gas constant, 1.
atm-.. mol/L and .

_ [8O/aq)] _ (H'Y
8av) [H) +k, [H*]+k,k,,

4,

L _Imso,) _ kolH]
TURAVI T EHTAAHFEE,

[SO” 1 Kok
[SAV)]  [H'F+k [H]+k,k,

a,=

The constants being used in the following calculation are listed in Table 5.

Table 5 Henry's Law constants, acid dissociation constants and reaction rate
constants of H,0,, SO, and HCHO (r=257C )

Process Constants Ref.
H,0,g) = H,0, (aq) Hy,,=7.1% 10'mol/L.atm"} a
$0,(g) = SO, aq) Hgg,= 1.26mol/L.atm™" b
50, H,0 (aq) =

H* +HS0, Ka, =1.45 % 10’mol/L
H80,” = H'+80, Ka,=6.31 % 10 °mol/L b
HCHO(g)+H,0 =

CH,(0H), Hyucno=2.97 % 10°’mol/L .atm ™} b
CH,(OH), = HCHO+H,0 Kd=55x10"* b
HCHO +HSO, — '

CH,(OH)50," k,=7.90 % 10%mol/L)"'S ™" b

HCHO +80,'~ — CH,(07)50,"
k,=2.50 % 10"(mel/L) 'S’ b

Notes: a; Martain, 1981; b: QOlson, 1989
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3.4 Formula deduction
The reactions of dissolved S(IV) with H,0, and HCHO were

S{IV)+H,0, {aq)—8(V1), (0

S(IV)+HCHO (aq)——HMSA, (10)

respectively, through which the macroscopic 50, removal rates can be defined as
(Olson, 1989)

dp _ ;3 6x 1o ——d8AV)Ide. L
dt P HyoL/a,+ P /RT

2
(%. b7, (11)

where —d[S(IV))/dt represents the rate of Reaction (1) or Reaction (10).
Macroscopic $SO; removal rates due to the reaction of dissolved S(I1V) with H.O..
The rate of Reaction (1) for the pH range 3—6 is

—d[S{(IV)}/dt=1.06 x 10*{H"][SOV)][H,0,], (12)

where the rate constant adopted was measured in our laboratory.
We can get a pH independent rate at constant SO, pressure, i. e,

~-d[S(IV))/dt=1.54%10""P,, H, P, H., (13)

Fitting Equation (13) and corresponding constants to Equation (11), we get

L

dp/d[=39 x 10?PH101 m

, (%. h7) (14)

Equation (14) is just macroscopic SO, removal rate due to the reaction of dissolved
S(IV) with H,O, at temperature 25 C .

Macroscopic SO, removal rate due to the reaction of dissolved S(IV) with HCHO
to form adduct HMSA.

The rate of Reaction (10) 1s (Boycc, 1984)

—dISAV))de= kg, k@) i [SIV)|[HCHO], , (15)

K,
K,+1

where [HCHO), = [HCHO] + [CH,(OH),].
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[BAV)]=[S0,(aq)l/a,- Supposing x ppb gaseous SO, dissolved in water, then

HSG‘!
SO:(g)e= > 50,(aq)
(Pyo,—x).107° [SO,(aq)]
For equilibrium
_ 180, @) | .
Ho= 5, -x. 107 10
therefore
SO, (a
v, — 150, G

503

According to material balance x. H,_ 107°={S(IV)], through which we calculated
to get

1
1+aq,

[SAV)]= -107% Hyo Py, . (16)

Supposing y ppb gaseous formaldehyde dissolve in water, then

H*H Q
HCHO (g)+ H,O————CH,(QH), (aq)

(p Heno Y ). 10° ’ [CHz(OH)z]

ke
CH,(OH), (aq)———HCHO (aq)+H,0

[CH,(OH),) [HCHO]

For equilibrinm
[HCHO]=K, [CH (OH),}
[CH,(OH),] = (Pycuo — Y H " ycuo * 1 0’

According to material balance
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[HCHO], =[HCHO] + {CHOH),]=y + 107° - H* .

therefore

k,+1
[HCHO], = —+— -« 107+ PucuoH*ucnor amn
k1+2 HCHOD HCHO!

fitting Equations (16), (17) and constant K, to Equation (15), we get

ka tka

—dISAVdr=2.75 %107 ==—"=% HioPoo. H* wenoPucwo, (18)
o

fitting Equations (18) to (11), we get

L
L+0.0325

Formula (19) is just macroscopic SO, removal rate due to the reaction of dissolved
S(IV) with HCHO to form adduct HMSA.
3.5 Calculation results :

Because clouds and fogs contain the liquid waler contents range 0.01--Iml.m~,
we adopt L=10"° (Iml. m’) and L=10"% (0.01 ml. m*) in our calculations. The
calculation results are listed in Table 6 and Table 7.

dp/dt=2.94 X 10“(k,al+k2a2)1;j_°a— Pocio , (%. h ). (19)

Table 6 Macroscopic SO, removal rates due to the reaction of disselved S(IV) with H,0,
(t=25C N Pmo;=1pph)

Change ratio L

1n-¢ 107%
dp/de, P, h7' 1260 i2
log (dp/dr) 3.08 1.08

log (dp/di)—pH are plotted in Fig. 8.

It should be noted in Fig. 8 that macroscopic removal rates of SO, due to
oxidation by H,O, were far faster than those due to reaction with HCHO to form
HMSA which suggests that formaldehyde with typical atmospheric concentration exerts
no influence on the reaction of dissolved S (IV) with H,O, in the pH range
characteristic of cloud water and precipitation, and within the typical liquid water
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Table 7 Macroscopic SO, removal rates due to the reaction of
dissolved S(IV) with HCHO to form adduct HMSA

(#=25C . Pycyo=10pph)

pH
2 3 4 5 6
dp/dt, P.h!
L

107°  3.60x107° -1.87x107* 1.46% 107 1.35% 107? 0.09
107" 3.60%1077 1.87x 107" 1.47%107° 1.41% 107" 1.32x10°?

Log (de/dt)
107 —4.44 -3.73 - 2.84 -1.87 -1.05
107 —6.44 -5.73 —4.83 —3.85 —2.88
content range of fogs and clouds. 4 . , .

Both kinetic studies in laboratory and [~~~ T T T a T
model calculations demonstrated that the =
S b —
oxidation of S(IV) by H,0O; is sufficiently _. o} b -
faster than complexation of S (IV) with
R o
HCHO, therefore the latter reaction would =
not represent an interference to the former. "
4 Conclusions
-8 1 ' 4

To extent that kinetics in
precipitation is representative of kinetics in
clouds, the results obtained here, i. e., scat-
ter of £17.3% in the H,0,-S(IV) rate with
a positive bias of 4% in precipitation with
respect to the rate in purified water would
imply an equivalent effect on rates in

some

Fig. 8 Solid lines: macroscopic removal rates, dp/di,
of 80, from the atmosphere due to HMSA
formation for two liguid water contents L.
Doted lines: macroscepic removal rates of
80, due to oxidaticn by H,0; (Pycuo=10ppb,
Py0,= 1pPb)

a L=10""b. L=10"%c. L=10"° 4. L=10"°

cloud. Because the rate of oxidation of dissolved S(IV) by H.:O. is very fast, and
this reaction is not a ratelimiting procedure in some processes of the atmospheric
acid formation, the applicatility of the kinetic results obtained with purified water
to model calculations about rain and cloud for the assessment of the contribution of
Reaction (1) to atmospheric 8O, oxidation is therefore considered to be justified, the
small positive bias observed on the kinetics of this reaction is not expected to exert
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an appreciable effect on atmospheric SO, oxidation in precipitation.
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