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Abgract The n-C;Hie SO, gas phase photochemical reaction catdyzed heterogeneoudy on ZnO particles was
dudied by uing the home-made ZnO narpparticles and commercial ZnO particles. The degradation or
production trendsdf reactants n-C;H;s and SO, and the main gas product 3- heptarone were invedigated by their
quartitative andyss usng GC/ MS and GC methods. The dfects of O, and H,O gases on the heterogeneous
catalyds in mC;His SO, gas phase photochemica reaction on ZnO particles were d 0 primarily discussed , and
the reactive pheromena were dnply described. The results show that the ZnO particles have congderable
catalytic dfectson n-G;His S0, gas phase photochemica reaction regardess of the exigence of O, , but the
cataytic activity with O, is higher than that without O,. This indicates that the catalytic dfects of ZnO may
meinly result from the produced active oxygen ecies (O 7) , at the same time the photo-induced hole (h™)
oould d <0 directly induce oxidation reaction. The photocataytic activity of ZnO nanoparticlesis higher than that
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of commercid ZnO particles athough the activity decreases as the calcination tenperature increases. Under the
ocondition of dmulated athogphere, the ZnO nanoparticles have drong dfects on -G Hie S0, gas phase
photochemica reaction, greatly pronoting the degradation of n-C;Hys and SO, , which shows that the dfects of
ZnO naroparticles in the amogphere on the hydrocarbon SO, gas phase photochemica reaction can not be
ignored.  In addition, mechanisams of the heterogeneous catdyss in m-C;Hi SO, gas phase photochemical

reaction was d 9 discussed.
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Tablel The dfectsdf ZnO nanoparticles cadcined a 320

the condition of modd amogphere

and commercia ZnO on the n-G;Hig- S0, gas phase photochemicd reaction on

Irradiation - G, His concentration (c/ co) S0, concertration (c/ co)
time/ h
0 1 1 1 1 1 1
0.5 0. 895 0.793 0.621 0.861 0.751 0.575
1 0.836 0.641 0.448 0.716 0.549 0.424
1.5 0.771 0.551 0.339 0. 667 0.424 0.281
2 0. 717 0.479 0.270 0.533 0.342 0.184
2.5 0.619 0.441 0.193 0.416 0.284 0.114
3 0.554 0. 363 0.149 0. 351 0.241 0. 059
D mrCGHg OrH0; 1 mGHig OrHO-Zn0 (commercid) ;1 mGHyg SO HO-ZnO (naroparticle) .



2108 Vol. 60, 2002

[16] [18]
C/Hgg SO CH;3(CH5)sCH3 + 3802 —

CH;CH,CHCH,CH,CH,CH; + HSO,-

-OH, ,
el : CH3CH,CHCH,CH,CH,CH; + HSO,- —>
' CH3CH2?HCH2CH2CH2CH3 + SO
20 %, OH
2%, AU | OH
Zn0 20 mGhHe CH;CH,CHCH,CH,CH,CH; + 2°s0, —
D, ,
CH;CH,CHCH,CH,CH,CH; + 2HSO,:
mCGHe . 1% 3% I
, 0, . 720 . g
- Bl
‘832
- 2 iy O I
' (i) - *%0;
Qc/MS mrCGHe -0, Zn0O- 20 + N e 4 h*
n'C7H16‘832'02 1 3
: i
R o +
mCrHis (g) = nCrHis (ads.)
[2.,3,7,20,21] 70 -0, 4
' : 0, (9 =0 (ads.)
HO (g) HH,0 (ads.) ( )
D+ N (240 330m) 1D, O, (ads.) + e —-0; (ads.)
0, + N (340 400 nm) -390, O, (ads.) + h* 520" ( )
'+ 0, S, D, O, (ads.) —-20
'+ D, -3+ D O+e -O
30,+ 0, -+ 0 O +h" -0~
3D, + 0 - D, OH (suf.) + h* - -OH
D +0 - HO (ads.) + h™ --OH + H* ( )
(iv) , (1)
3332 [21,24 ] : .
59, + RH - R + HD,- D+ 0" - D
0D,+ 0" D,
20, ; . RH + O _ROH"
0, C—H , RH + -OH - - RHOH
CH, —H 410 K/ nol , —CH—H RH + h* - -RH"
401 K/ mol | (v) ( )
9, nC;His mCGHe+ O - CrHisOH
, mGHgeg+ -OH - - G/ H160OH
—CH— : D, : mrCGHe+ h™ - - GrHi
390, + O - GHuO( ) + HO
, . : Zn0 , o,

’0,,0" Gt , S0, :



No. 12 :Zn0 G Hie O, 2109
, OH- , 13 Qare, R.; Herre, B. J. Photochem. Phatobid. A 1991,
, 60 , 235.
14 Jing,L. Q.; Xu,Z L.; an, X.J.; Shang,J. ; Ca, W.
M. Apd. Surf. Sd. 2001, 180, 308.
References _ P
15 Jing, L.-Q.; Zheng, Y.-G ; Xu, Z-L.; Dong, F.-X;
. ) an, X.-J.; Ca, W.-M.; Xu, Y.-K. Chem. J. Chin.
Srith, P. P. ; Sicer, L. P. Chemosphere 1975, 3, 131. ) o
Univ. 2001, 22(11) , 1885 (in Chinese) .
Du, Y.-G; Zha, X.-M.; Qo, H.-C.; Xu, Z-L. (
Chem. J. Chin. Univ. 1991, 12(11) , 1499 (in Chines) . ' ’ ’ ' ’ ‘
( , , 2001, 22(11) , 1885.)
' ’ ' ' 16 Jing,L.-Q.; Xu, Z-L. ; Du, Y.-G. ; Qn, X.-J. ; Wang,
L1991, 12(11) , 1499.) ", L.-Q _ o
L.; Zou, X.-Q.; Shan, H.-Y.; Ca, W.-M. Chem. J.
3 Du, Y.-G ; Zhang, Y.; Xu, Z-L.; Qo, H.-C. Chem. ) ) . .
i i Chin. Univ. 2002, 23(5) , 871 (in Chinese) .
J. Chin. Univ. 1993, 14(8) , 1127 (in Chine) . (
, , , 2002, 23(5) , 871.)
1993, 14(8) , 1127.)
) . ) 17 Sang,J.; Xu, Z-L.; Du, Y.-G ; Qo, H.-C. Chem.
4  Chemidry Depatment o Harbin Ingitute of Techrology, ) ) . .
) ) J. Chin. Univ. 2000, 21(8) , 1299 (in Chinese) .
General Chemistry, Harbin Inditute of Techrology Press, (
Harbin, 1992, p. 310 (in Chinese) . ’ ’ ’ ’ '
( 2000, 21(8) , 1299.)
' ' 18 Jing,L.-Q.; Sun, X.-J.; Xu, Z-L.; Ca, W.-M. ; Du,
, , 1992, p. 310.) ) . )
) Y.-G. Chin. J. Catal. 2002, 23(1) , 37 (in Chines) .
5 Xu,Z L.; Shang,J.; Du, Y. G ; Liu, C. M. Mater. (
Si. Eng. , B 1999, 56, 211. ’ ’ ’ ’ ’
, 2002, 23(1) , 37.)
6 Zhang, L.-D.; Mou, J.-M. Nanomaterials and Nano ) ) )
i B ] ] 19 Tang, X.-Y. Atmosphere Emironment Chemistry, Higher
structures, Stience Press, Beijng, 2001, p. 16. (in Chinese) . ) ) )
( Education Press, Beijing, 1990, p. 124 (in Chinese) .
, 2001, p. 16.)
. ) 1990, p. 124.)
7 Xu, Z-L.;Du, Y.-G ; Liu, C.-M. ; Kang, C.-L. ; Xie, .
20 Du, Y.-G; Qpb, H.-C.; Liaow, Z-H.; Xu, Z-L.
Z.-L. Aca Sdentiarum Naturalium Universitatis Jilinensis, . .
] ) Chongging Environ. Sd. 1995, 17(6) , 11 (in Chinese) .
1998, 67 (in Chines) . (
( ’ ' ' ’ ' 1995, 17(6) , 11.)
, 1998, 67.) .
) 21 Xu, Z-L.; Sang, J.; Liu, C.-M. ; Du, Y.-G ; Wang,
8 Hdfmann, M. R.; Martin, S. T.; Bahnemann, D. W. ) )
L.: Qo, H.-C. Chem. J. Chin Univ. 1999, 20(9) , 1455
Chem. Rev. 1995, 95(1) , 69. . .
) (in Chines) .
9 Mara,A. J.; Yeung, K. L.; Lee, C. Y.; Lee, T.-Y. (
J. Catal. 2000, 192, 185. ' ’ ' ' ' '
10 Li,W.-H.; Hao, Y.-Z. ; Qiao, X.-B. ; Zhang, L. ; Y: - 1999, 20(9) , 1455.)
i,W.-H.; Ho, Y.-Z. ; Qeao, X.-B. ; Lo , .
) g 22 Litter, M. I. Apd. Catal., B 1999, 23, 89.
M.-Z.; Ca , S.-M. Ada Phys.-Chim. Sin. 1999, 15(10) ,
) ) 23 Xu, Z-L.;Wang,L.; Zhou, X.-Q. ; Shan, H.-Y. ; Qo,
905 (in Chinese) . !
( H.-C. ; Du, Y.-G. J. Chin. Mass Spec. Soc. 1998, 20(3,
' ' ' ' ' ' 4) , 143 (in Chinese) .
, 1999, 15(10) , 905.) (
11 Vogd , R. ; Hoyer, P. ; Weller, H. J. Phys. Chem. 1994, ' ' ' ' ’ ’
o 4 ¥ 1998, 20(3 4) , 143.)
98(12) , 3183.
24 Badoock, C. C.; Sdetottom, H. W.; Cdvert, J. G ;
12 Guvea, C. A. K. ; Wypych, F. ; Moraes, S. G. ; Duran,

N. ; Perdta Zanora, P. Chemasphere 2000, 40, 427.

Makarov, P. Z. J. Am. Chem. Soc. 1971, 93(13) , 3115.

(A0204251 LI,L. T.; DONG,L. J.)



