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Table1 Summary of initial uptake coefficients HrNO, and NO, onm neral oxides

/K
NO, a-A L0, 4.2x10°3 9 3x 107 ° 298 [ 19]
NO, a-A L0, 9 Ix10°° 298 [ 20]
NO, ¥-A L0, 2x10"4 2x 1078 298 [ 17]
NO, ¥-A L0, 2 1x10°* 2 0x10°8 298 [ 19]
NO, Y-A L0, 2 0x 1078 298 [ 20]
NO, a-Fe,04 L. 2x1073 7x 1077 298 [ 17]
NO, a-Fe,05 5.1x10°3 Q 7x 10°¢ 298 [ 19]
NO, a-Fe,0, 7 7x10°6 298 [ 20]
NO, Y-Fe,0, 4 0% 1076 298 [ 20]
NO, TD, 4x10"* 1x 1077 298 [ 17]
NO, TD, 13x107 298 [ 20]
NO, M g0 1L 2x 1073 208 [ 20]
NO, CL 2 2x 1073 298 [ 20]
NO, China loess 2 1x10°° 298 [ 20]
NO, Saharan sand 1 2x10°° 298 [ 20]
NO, m ineral dust (19%0 4)x107* (6.2%3 4) x1077 299 [21]
N,05 CaCO;, (33%1.0)x 1072 298 [ 22]
N,O5 Saharan dust (800 3)x 1072 298 [ 23]
N,O; Saharan dust (902 6)x 1072 298 [ 22]
N,O5 A rimna TestDust (64%19)x 1072 298 [ 22]
N,O4 nature L. m esione (1130 3)x 10?2 298 [ 22]
HNO, SD, (29%02) x1073 295 [3 24]
HNO, a-AL0, (9.7%0 5) x10°° 295 [3 24]
HNO, a-A L0, (13%3. 3) x 1072 298 [ 25]
HNO, a-Fe,0,4 (53%03) x1073 295 [3 24]
HNO, a-Fe,0, (L5%10) x10°° 297 [ 26]
HNO, a-Fe,0, (29%1 0) x10°3 220 [ 26]
HNO, cd (6. 1£0 3) x1073 295 [3 24]
HNO, M g0 (3 7%0 2) x10°* 295 [3 24]
HNO, CaCO, L 4x10°° 298 [ 19]
HNO, CaCo, (18F4 5)x 1072 298 [ 25]
HNO, CaCo, (2%1) x10°3 296 [ 27]
HNO CaMg( €O, ), (512) x10°4 296 [27]
HNO, Saharan du st (11 £3)x10-2 298 [ 25]
HNO, Saharan sand (20X0 1) x107° 295 [3 24]
HNO, Gobi dust (52%0 3) x10°3 295 [3 24]
HNO, Arizona dust (6%1.5)x 10?2 298 [ 25]
NO, N,Os HNO:. HNO; R
, S, HNO; ALO; FeO;
32
TO, ( Sahara dust) , ! J; (
25 32
MO CaO MgD; CaCOs) , =
—
Ca0+ HNO;  Ca(NOs), +H,0 (10)
el
Mg+ HNO; Mg(NO;),+ H,0 (11)
e
CaCO; + 2HNO; Ca(NO; )2+ CO, + H,0 ( 12)
-
M 03+ 2HN02 M N03 2+ C02+ Hzo 13
g
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. N,Os  KBr By,
N,Os+ KBt BiNO,+ KNO; (19)
BNO, + KBr_ Bn+ KNO, (20)
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Bn 03 Br .
N,Os 2 [10]. 2, N,0s
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HNO; ,
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Table2 Sunmary of uptake coefficients forNO, and NO, on sea salts
K
NO, NaCl <10x10"* Yo 300 [37]
NO, synthetic sea sal (1020 5)% 1078 L 298 [ 38]
N,O, NaCl (302 9)x107* Yo 298 [ 38]
N,O0, synthetic sea salt (09%0 5)x10°* Yon 298 [ 38]
N,0, NaCl (1320 6)x 104 Yin 298 [35 36]
N,0, NaCl (40%16)x107* Yon 298 [35 36]
N,05 NaCl (50%20)x10* Yois 298 [ 39]
N,05 NaCl (29%17)x 1073 Yol 296 [ 40]
N,05 wet synthetic sea salt (3420 8)x 10?2 Yol 296 [ 40]
N,05 dry smhetic sea sal (58%6 6)x 1073 Yo 296 [ 40]
N,05 KBr (402 0)x 1073 Yol 298 [ 39]
N,O05 NaCl <25x107° Yoo 300 [ 41]
N,O5 NaCl (39%13)x 10?2 Yo 263 [ 42]
N,O; NaCl (1420 8)x 10?2 Yo 278 [ 42]
N,O5 NaCl ( ) <10x10"* Yo 296 [ 43]
N,O, NaCl( 1h) 45%x10°4 Yiu 296 [ 43]
N,05 NaCl ( ) <10x10* Y 223 [ 43]
N,05 Imot L~ ' NaCl (18%0.3)x 1072 Yol 262—278 [ 44]
N,Oj5 NaCl (3F1)x 1074 Yol 295 [ 45]
N,05 KBr (25%1)x10°3 Yo 295 [ 45]
HNO, NaCl (28%0.3)x 1072 Yol 300 [ 46]
HNO, NaCl (20%1.0)x 1072 Yol 298 [ 39]
HNO, NaCl (L4%0 6)x 10?2 Yobs ss 298 [ 47]
HNO, NaCl (23%1L9)x 1073 . ini 298 [ 48]
HNO 4 NaCl (13%04)x102 Yo 296 [ 43]
HNO 4 NaCl (8%*3)x 1073 Yim 223 [ 43]
HNO, 7 NaCl (2420 6)x10°° Yin 296 [ 43]
HNO, synthetic sea sak (35—80)x 1072 Yom i 298 [ 49]
HNO 4 syntetic sea sak (15—35)x10°° ¥ ohs s 298 [ 49]
HNO, MgCl 6H,0 0.48%0 40 Yos i 298 [ 49]
HNO, MgCl 6H,0 0.37%0 27 Yibg s 298 [ 49]
HNO, N aBr (28%0 5)x10°3 Yy s 296 [ 50]
HNO, NaCl 8x1075—1 5x1073 Y b s 298%+3 [ 51]
HNO, NaClpH=0. 3, 7. 2 >02 Yol 300 [ 37]
HNO, NaCl (L3%0.6)x 1073 Yon 300 [ 52]
HNO, N4 1 (3920 8)x 1072 Yin 300 [ 53]
HNO, NaCl(70 m) 0.50 £ 0. 20 Yol 300 [ 54]
Yot HR P H 3 ¥abg st 3 Yobs inf 3 ¥ inf
I P
Amm ann Y s NO, HONO
, L 1 , , NO, HONO N )
HONO N ( ),
HONO . R 5—155s HONO
L0x10" - NO, Yy 33x107"
1 0x10%  +s 1 1x10 % NO, HONO

5—7

’ N02

HONO
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NO, + Redy.  HNO, + OX . (23)
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Fig 1 The temporal concentraton pwofik for nitrogen contamning species i the absence and presence of soot
particks n a flav reactor( 22C, lam, RH = 50%, [NO,]=3 0x 10" molecules an™” (enriched w ih
"NO,), soot concentratbrr 2x 10° particles an™?, dimeter 70 i, S/A=3x 10 *em™ ")
NO, S 3 —80% ,
. HONO ; NO;, , HONO
, NO, . Arens '
3 R RH R,H NO,
HONO, R:H NO, NO,, RONO, RONO ,
(H,0) &,
NO»* S( 8) + RiH (s)———5(s) + HNO,+ R, ( s) (24)
NO» S( s) + RoH ( s)%S( s) + HNO»+ R ( 5) (25)
NO» S( s) + RsH ( S)mS( s) + NO,R3H( ) (26)
S(s) , NO»* S( 5) NO,, R .
, NO, (1779 an” '), R—O—NO ( 1653 an” ', 1281
an”') R—N—NO,(1565 an ') RNO, (1531 an ', 1323 an” ') CO3 (1413 am ') ool
C=0 * OH .
NO, 3 3 , NO,
7 Stadler ' NO, s R
NO, . Price ¥
i , NO,
HONO'"". NO, 3 9x 10" —3 0x10” molecules an”’ , NO,
5x107—5%x 10" , 3 ,
,  HONO 48% —61%. s , NO,
, HONO e
HNO; NO,, NO, HONO' "
HNO; —N0, —=HNO, (27)

HNO; . 1616 an” ' HONO ,
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,  HNOs
HONO NO, NO
HONO
3

L 5x10"” molecule an”’

Q% Q3 1%.

[ 76-77)

Table3 Sunmary of uptake coefficients forNO_ on carbonaceous partic ks

, HNO;

NO, (6.4%2 0) x10°2 , [ 70]
NO, (3416 x10* 295 K, [ 66]
NO, (L5x05 %108 760 Tory RHK 1% [ 69]
NO, (24 %06 x108 760 Torr RHS 1% [ 69]
-3 __ - 6

NO, 10 6 1006 ) ’ (71]

2 1006—10"8( )
NO, <4x1078 294K, < Q01 PaH,0 [ 72]
NO, —10-4 [ 73]
NO, / —10-¢ : 10Bmolecules an-2 [ 74]
NO, / < 108 : 10%molecules an =2 [ 74]

-2
NO, 10770 ) , [ 64]
33x1074( )
NO, (34%16x107 / 295 K, [ 66]
NO, —10-7 : 8x0B molecules an-?2 [ 68]
NO, 5% 10" 6— 1% 10°° 760 Torr 2—40 pph, 4% —8® RH [ 65]
NO, (50%20) x10°° 298 K, , [75]
NO, (29 12 x10° 298 K, , [ 75]
NO, (40*16x10° 240—350 K , [ 75]
2
. 2
,  NOCICNO, BNO, B HCI
, NO,
HONQ,
L2
SO, H,S DMS CS, OCS
4 H, S0, ,
H,S0,
4 [ 8-79]
Tabk 4 Concentratbn andmam source of sulfir contain species n the amosphere
( .
ga')

. :()()5—0.11~lglr11_3
H,S 12
2 . 0 0076—0 076 g m™> 4010

S + 12 €S,
0CS 500750 ppty 2x 10 cs,
Cs, 15— 200 pptv — ;

. -3
DMS : 27200 ngm 39 102
2ng m™
50, 1— 150 ppbv 90x 10'2 H,S
L 21
SO, H,S04 )
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[5 80-83]. , g)z
, S0, S0, 14 , SO,
Goodnan ' SO, ALO; Mg .
. a-A 1 0; (28) —( 30) , MO
(31) —(32) Lo,
0 (lattic) + S0, SO3 (a) (28)
OH (a)+ S0, H0; (a) (29)
20H™ (a)+ SO, 05 (a)+H,0 (30)
MO+ SO,~ M gS0; (31)
M 550 5 650, (32)
0 S0, M O 05 ; A10; S0,
, 03 NOZ [ 85 88]. [ 86-87]
, 0 S0, S0;” ,
, : aFe05> ¥Fe0; > Fe0, > B-FEOOH > a-FeOOH.
Usher 'V S0, Cd0s :
CaCO;(s) + S02(g) Ca80s( s) + CO, (g) (33)
, 0; . Preszler Prince " Baltusaitis
[91]
S0, + H,0 <H,90; (34)
H,80; <H" +H; (35)
H' +Cd0; —Ca’ + HCO; (36)
HCO; +H" €0, +H,0 (37)
,H 0 CaS0s
,Li ™ DRIFTS 0; H,0 S0, Ca0; , H,0
SO, SOy , 0 S0;
Ullerstam '™ DR IFTS S0, , S0,
S0;, (0;  NO) SO3 , Adans
. 90, 5 .
SO,
( Carbonyl Su Ifide, OCS) e 0CS
, , 0CS . Chen "™  He
Lot (in sitw DRIFTS W hite cell) , 0CS A}0;
SO, FeO; Cd MnO, Fe0;/NaCl :He 2
0CS HSCO; ; HSCO;
H,0 H,S CO, HSO;; H, S
, S S0, HYO; /8037 05 . , (Knudsen cell)
0CS (6. 6 0CS
(8 00x10"molecules g ') (1000—3000 Tg a '),
0CS Q 08—Q 24 Tg OCS* a ; Q 05
TgOCS a . 0CS Q13) Q 9Tga |



105

0CS OCS #OH
(0110 Tga H'"™ | 0CS 0CS . Chen
Lo , FeO0;, NaCl co 0CS
5 0,
Tabk 5 Summary of initial uptake coefficients Hr SO, on different particles
K
A2} 0, (25703)@10°° 296 [ 85]
AN 05 (16705 @10™* 298 [ 89]
MO (2670.2)@10™* 296 [ 85]
MgO (51205 @10* 298 [ 89]
Ti0, (1070 2)@10™* 298 [ 89]
CL0; (14207) @107* 298 [ 89]
A2F e,0, (70?20.2)@107® 298 [ 89]
A2Fe,0, 0 84@10°° 5.38@10 [ 87]
C2Fe O, 58@10°° 3.28@10° 1 [ 87]
A2F O OH 041@10°° 0.68@10™ 1 [ 87]
Fe;0, 3 08@10-5 2 13@10-10 [ 87]
B2F OOH 0 34@10°3 1. 34@10° 1 [ 87]
S0, <1@1077 298 [ 89]
CL0, 2@1077 [92]
China bess (32 1)@10°° 298 [ 89]
M ieral dust (13203) @103 (467203)@10°° 299 [ 21]
HSO3 (s)+HCO5(s) (©
[O]
OH OH
0CS(ads) —2 . Hscos(s) ® L s@Cose)
a-AlLO, or HO(g) ,
MgO 101 [O] [O]
Ca0 Ca0  k=——>8 -=— 80, —> HS03(s)/SO3 (s) — SO (s)
a-Fe,05 a-Fey051
ZnO ZnO i
MS
2 0CS
Fig 2 Reactionmechanisn for OCS on mneral oxides
122
Gebel % S0, Nl MgCh 6,0 \
7 , 0, 100Y 107 S0,
. [ 104]
Laskin NaCl OH Cl NaOH,
s $2 s ’
S0, JLi '™ N« 1 (CaCO;, A1Os,
TD, MgCl 6,0, M, ), 05 SO, 07 ,
L23
70 , Novakov [1062110] 0, . N ovakov
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SOZ?
106 1112115
190, Novak ov l . 0,
111
s M SD
1112112
S0, L 0, : S0,
[ 116]
6 300 K OCS
Tabk 6 Uptake coefficients and adsoipton capacities of OCS on d ifferent oxides at 300 K
SBM'/ Clm ini /Cu'u £
(m% g 1) (BET) ) (mo lecule# g_l ) (molecule# m™ 2)
Cin 4 83@1077
M O 14. 59 2 88 4. 62@10'® 3 17@10Y
. 1. 68 @107
Cin 4 95@1077
A2A } 04 12. 00 6. 97 2.93@10'® 2 44@10"7
¢y 7. 10 @107 8
Cin 6 33@1077
C 6. 08 77 8 23 1. 48 @107 2 43@10'6
. 7. 69 @10
Cin 3 30@10°¢
A2Fe,05 2 74 . 0 - 8 27@10" 3 02@10”
Cin 7 80@1077
Zn0 2.75 . 0 - 3 49@107 1 27@10"
51, 4. 80 C 0 - 0 -
T10, 2 74 C.. 0 - 0 -
Cin 2 49@1077
4. 54 472 -
. 528 @107 8
Cn 3 84@1077
- - 8. 00@10 -
Cu 2.86 @107 8
S
7 0,
Table7 Summ ary of uptake coefficients Hr SO, on salt
K
Cy < l1@10* NC 1 298
Cu < 5@10* MgC J 6H,0 298
C. < 8@I0°° 298
C, 9@1072 298
, OCS 0CS ; 0, ,
2
, 0; NO,
L3
L 31
30 . 9% 20) 25 km , 10%
9% )
) . 7% ,
7
HO, "
[117]
Os+*% y O +0, (38)

0;+0 , 0, +0, (39)
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02 y * o4 02 (40)
118 . 119
s LSy , Hanisch  Cow byl J
— 4 — 6 120
10 10 , & Dentener "
2
[121]
8 0,
Tabk 8 Summary of uptake coefficients for O; on meral dust
K
A2 L0, 25 Lm (147?03 @0* 7. 6@10" 296 [122]
A2 1,05 1 Lm (97 Q3 @o* 296 [ 122]
AN L0, (127?04 @0* [123]
A2Fe, 04 (207 Q3) @0 22@10°3 296 [122]
SD, (637?009 @03 296 [122]
S0, (57 1) @10°? [123]
(37 1) @0 296 [122]
China bess (277?08 @0 296 [122]
Saharan sand (67 2 @10°° L1@10°° 296 [122]
132
C1 Bn )
[ 1242126]
. 2
. 127
9 Ien ; , 223) 305K
. [ 128]
223K, .Mochida
_5 .
, NaBg 10 7 ( caonmercial
. -3
natural sea salt) ('synthetic sea salis) , 10 ,
. 126
. Hirokawa '™ N aBr Bp, NaBr
124
N« 1 Bn , . Oum '™ ,
[ 129] 3+
C b Sadanaga Fe NaCl (Fe/Na
=5 _ 2
Q1% ), < 10 3 5@10 Ch; Bn
Ch
9 0,
Table9 Summary ofuptake coeffients for O; on salts
/K
Co (13?2 03)@10°° N 1 235 29 [ 127]
C,. <1@10* Ne«] H=172 300 [37]
Cops 1002) 1073 .10 100 Lm 300 [ 128]
Cos (97 7 46)@107’ , 10 100 Lm 300 [ 128]
Cops < @10°° NaBy NaCl KC1  , 10) 100 Lm 300 [ 128]
Cops 1@107? MgBr, 300 [ 128]
Cops (637 30) @104 CaBy 300 [ 128]
Coe (367 1.0)@10° 2 N&£L VFeCL (1wt ), 10 100 Lm 298 [ 129]
Cpe (33?7 L2)@1072 NLVFCL (0 1wfo ), 10) 100 Lm 298 [ 129]
Cops (137?08 @103 NL VFe0; (1wt ), 10 100 Lm 298 [ 129]
Cops (32?2 1L 1)@10°2 FeCl( 1wt ), 10 100 Lm 298 [ 129]
133
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, 0; . Stephens
[ 130] cC 107 1077 , CO
cO, . fein " , ,
1 4@10 ", 6 1 @10 ° Fendel '""
. 3.9 @10
molecul# an ~ 2 2 @10 moleculd an , 33@0° 2 1@l10 Rogashk i e
s Stephens , 4min
(L0707 @0 °
10—3 107 8 [132]
10@0° 20@10°
[1331‘ LaIy [ 134] @ 1075 )
NO)c ] 2 NO’(
’[135] '
0, €0, CO HzOl 1362137|7
[ 1382139] LZ‘I [135 14@142]
s . Kamm
[ 135]
(S90) , (4) 8) @10* #am ',
107 Stephens[ 130 , ,
, . 3
, CO  CO, . SSO ,
. (1SS ):
(1) SS+ 05y SSO+ 0, (41)
(2) SSO + 03, SS+ 20, (42)
SSO + 03, SSc+ CO,+ 0, (43)
SSOy SSc+ CO (44)
(3) SOy SS, (45)
(4 (46)

3 [135]

Fig 3 Schan atic representation of a soot surface show ing lkely adsoption sites
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Lu [ 43]
, (D3 band) (D4 band) (fullw de at halfmaxiun, FWHM)
(D1band) (D2 band) (G band) ,
L. 4 VOCs
[ 4] ’
VOCS D
( 1. 33 @10 *Pa)
s 2
( )s
) . CarlosXuellar '
10 SO, , AZ'e0; AALO;
) . SD, (1501 an”'
1724an” 2825 an ; 1390 an ' 1452 an ' 1470 an” ' 2852 an ' 3006 an )
B D) SD2 .
AZ e0; AA 10O, . COO0)
CH;COO0) CH; CO)
10
Table 10 Summ ary of uptake coefficients ©rVOC s onm nemal ox des
voc
A2Fe,0, (L9? 03)@l0 3 (197 Q3) @o* (L12?05) @10 * [ 144]
A2A1, 04 (27 1) @03 (L0? Q7 @o* (7.7 7 0.3)@10°° [ 144]
Si0, (247 04)@10°* (47?2 @l0°° (267 09)@1077 [ 144]
A2A L, 0, (20 65) @08 [ 145]
CA L0, (L2 17 @08 [ 145]
el DR IFTS AALO; CAL0; TiD, AAL0;  TD, A2ALO,
SO, . >
DR IFTS 1Q 10 , DRIFTS
3 . . DRIFTS

[ 145]

, , DR IFTS
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[ 45]

Zhao ' 2 AA 10,
. 22
A2A 10, (20?05 @0° (3870 8) @0 °, S0,
((22702 @10’ (11702) @0 )" , 22
AA 10;
VOC , . s
VOC
2
21
_NO. /NOy N &Cl[ﬁ 148] [66 149] [20 150]
&)2 [&]
[21, 93]‘ 0s
[1512152]
1) TEM SO,  Fe0s , Fe, 05
4 AlFe,0, 0, (a b) (¢ d) TEM P
Fig 4 TEM mages of A2k'e,0, nanoparticks before (g b) and after ( ¢ d) exposure b sulfur d bxide
Usher '™ ARM HCOOH  Ca(0; ,
(step) ) ( pit). )
Lu [ 155]
. 3% RH ,NO, C«O0, C «CO0,
( )
. ,Lu M , #OH
Zhang " Lu '
22
( Hygwoscopicity) , ( adsorption)

( absopton)



Goodnan ' HNO; (SD, AALO;
TD, C¥e0; CH M) , HNO; A2A10; TD,
, HNO; Ma ¥ DR IFTS NO,
SDQ, A2A]zO3 TDz ATQO} MgO N ( 502 )
M ¢O , ADAbadleh G rassian' , HNO;
Mg(NO3 ), (237201) @10 ion#t an” > RH 2% \
Mg(NO;).. (497 2)% RH ,
Grassim HNO; C £0; ,
. C3C03 HNO3 H2C03 ) Hzo 5
H, (05 O, , Ca&0;5  HNOs , Ca(NO;),.
CaCO; 104 HNO; (97 2)% RH, 110 HNO; (1372
5% RH"™. Lu '™ NO, 3% RH C 005
Ca(NOs), /C4O; \ Ca(NO;), , C oC0;
Ca(NO;), .Laskn ' , Ca(NO; ),
%% ) 11% RH , .Shi " ESEm
. , 1% ) 9% RH )
Ca(NOs), 1% RH ,
. Zhang ' TDM A
. , 90
RH 1 52 ,Lin ¥
. Abbatt " SOA OH ,
SOA (' hygroscopic paran eter k)  CCN ,
[ 1682169]
23
[60 63 17(2171]
’ [172]
' [ 1732174
? ( ) ’ 9
L7l , Xue (Q 1% )
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ATMOSPHER IC HETEROGENEOUS REA CTIONS AND
THEIR ENVIRONMENTAL EFFECTS

MA Jnzhu LIU Yongchun MA Q ingxin LIU Chang HE Hong

(Research Center for Eco2Env iom ental Science Chmese A cadeny of Sciences Beijng 100085, China)

ABSTRACT

A mospheric particulate matters which play mportant roles n gbbal clin ate and regnal air quality are
one of the most mportant constitutes of amosphere H owever the clinatic and environmental effects of
aimospheric particu late matters (APM ) have larger uncertainties because of their regional characteristics short
lifetme¢ and varbus campositions in amosphere On the other hand hetewgeneous reactions tak ng p lace on
APMs farther amplify these uncertanties because these reactbns can affect not only the balance between the
sources and sinks of trace gases but also the surface camposition, momphology and the relevant hygwscopic
and optical properties of APMs In this paper the research progresses about the mporant amospheric
heterogeneous reactions and their environmental effects were revieved the fiture work related to amospheric
heterogeneous reactions was also proposed

Keywords aimospheric particu late matiers trace gas aimospheric heterogeneous reaction environmental
effect



