32 % F10W WO e Vol. 32, No. 10
2013 4 10 A ENVIRONMENTAL CHEMISTRY October 2013

DOI:10.7524/j. issn. 0254-6108. 2013. 10. 001

RETRESRELFZRNMILF

g™ REE BRAE HEHR H I

(I BREERFE BT TS e PRIERE 5 S PP Al [ R T A 5000 %, Jbat, 100012)

W OE MR B R - LD I R G SE T R S R (0,) IS BIHLTR] , 9256 rh S0 LK v Sk
TREE I 15 K FHE 5] 240 K, I HIZLAMGIE S i MRS S i 252581 S5 R AW 2 TIN5 0, B i A~ i
F R AR —H PR A AL (POZ) FIK R B (SOZ) , HELB A5 R /R T POZ 94218 29150 K
W54 SOZ Az BN I NI, A T bR BN IR 5 O, N 24 Criegee ML HEAT. POZ HYLTAMREAE I i ié
000 [ AFFRAAEIREI AT CO IR , 23 BITE 637 em "' F1974 em ™", SOZ 7E 1115 cm ~" (LT HMFAE Y4 Ky
COC R FRMZEIRSN. 4 B3LYP/6-311 + +G (2 d, 2 p) KB RN S 0, &0 H Al {k——POZ FlI
SOZ MR AL A2 O (5 =0 00 =X, e b Al 134345 3 04 AT IR S A e 5 S 3 48 AT AR g (1 X5 i
KR SrrrLLsh, BRI, O, M.

BERM AR E 0, 09 RN Tl 1A s RN 254k A W p3Emt . mArske, B R TG qe ka3
H 28 ™5, AT S O, A R B B 32 BT TR IR R e B Wi J2 A A 1 Tk i 4
RHEANPI(VOCs) , T RERTE, Uik e b MRAEHEBOR 58 10 5 056 0 L a-TR I B-TR M S s Je ik A%
TZ L CHIR, ifLhZE A T S HE 208 P S ke e AR Z D)k Bl v] S350 0, 9 A 1K,
AR O3 SR PGH I IV, 25 XX L 2 KA 247 A T IR RS2 IR . — 7 T, 8 5 0, SO A B
OH A" JOH [ M F&Je KA i B A Ak, HE I 5 | R — i 5 B KAk . 55— 7 I, i
5 0, S Al AR L IR HUSIE RS (SOA) M SOA {4 BUEF-5 BU4R S o a | B DL R e A A e 45—
RINKAMEE M. FELPRRAP, TR TR, IS O, s il U4 AH s, AT DA &
ARSI T B ARSI AR SO, PRI TG 18 2 7 5 SR AH A S AR P I 93 32 R A 4 R ARk EE 2

EA R RI NGS5 048G Criegee HLEI"'. 15, 3 A£ MU P A 9 58 LW (POZ) .
IRIT , POZ 2 1 1 NIRILSEAL Y (WFRN Criegee H HIEE) 12 DRFEAL B, 57, Criegee H[E] {4
A B Wik — L 2 A IR B ALY (SOZ) . N5 O, W B AILEI N F

O

o / 0—0
SN t )]
g o ﬁ h
CH;— CH=——CH, + 0 — S + — + H,C CHCH;
3 - | C Tl '
HC CHCH, H/ \“ HCCH; Ny
POZ cl SOz

O, MR T35 o 25 5 AR T B AIARHR (6—10 K) AEPEIRBE , JE A58 S 3 v v P A A 2 i I
o7 3 P v TRLAS AT 2o T Y e i Bt Bt , ELAS 55 ) B A A0 o & A O, DA TR T o, AT 214 M L
TRUEATREIN ) e, Hull 2560 — 53 TR B £ R U & 0F 98 TS 0, YR, WS T
POZ VIS =i T POZ 2468 PR AR 2 Hull YA 2 I A BB /K 77 K, 38 3 38 i A By
TR R R, DR 5 A MER. 25, Andrews 257 AL TR B8 RS0 T NG 5 0,1
N, BRI AL O, 3 ITTARTE 80 K 1Y Xe LT, MBS WELEE] T POZ il SOZ.

2013 4E 1 A 17 B YHs.

* E R ARBEERLETUE (21277132) ; BRI A 35 AT RHI L 55201309046 ) ; R 515 Y il E R SR G SR = &
I5 (11KO3ESPCP) ¥ 1.

s 5 HIHIEK RN, E-mail ; chenjh@ craes. org. cn



1828 I 55 1k % 32 4

P 2 B fR] B AN KT R 2, W28 P N T ik — A0 98 Ko T e A 18 S . A o8 AR IR 3
BB AR RN ES 0,89 [y, [RIHEXE Hull B9 8RR 38 BRSSO TR AR BRI 15 K 218 T = 3]
240 K, 7ETHiR A 2 R AR B 02T AT AG I 2 1y 235 S

1 SIS

1.1 LR ARG GBS

ARG BT IR IR I T A s FR 40 SE o A B 1 A TR vk B AR SOk oA TR B R B
BAFATR . e, bR RS S AR A S B 0,435 Ar 3% 1:100 Y HL B FCRGIR &K,
Jo S A S8 4T R ( H A Kofloe 23], 5 :2450-T-SS ) 218 Hb P O, AYTR &M IR A % P A
Bk (B 3t B R 15 K ¥k NELZS R 10 77 Pa. 4643 3 h IGDLBYS , FH ELAS L HL21 4
A (P2 Bruker 23w, 145 .80 v) FHlAE OGS, 2E DTS S Z R NS SO0 s HIRE
PRGNSR Rt R R R S T, TR R 1 Kemin ™', & 10 K 385k 1 IRZ05ME

.

— -aﬁh g L)

— IR —
i | |
KRR EG 3k 1/16 peek 4F £ 1/4 teflon 4F 5 L S EAIER
B 1 R bR B LA R St
Fig.1 The system of matrix isolation FTIR

1.2 )

PR (=99.9% ) , Ar (=99.9992% ) ,0,"T( =99.996% ) , O, H1 Fil 3C T ik 77 vE e B g af | o
RSN T S Al AR R R A A — R, A AR BRI A AR R T
K Ja RN ¥ VR4 J7 i B A2 A 1 B0 AR Al i [ S R 4

2 R 51He

2.1 15 K 390 K 3 BB s 45 SR A

SEHHTE SE AR S OB as FOGIER (ILIE 2) |, 528 (s I BE 0t E , & LT IE 5 0, 2]
15 K 1Y CsI @ B b, P2 7 — R 50 Wi | 4 5I4E 637 684 717 827 841 867 953 974 1095 1115,
113712101325 ,1348 . 1375 ,1395 . 1401 1714 cm ™" S840 (ARG T SCH AT, B 1 Has Sz I g 4t 45 3]
FRICH PEKS) , RUIRRE LI, NS 0, M AR EH(10. 1 x10 ™™ mL-molecule s ™") FEHT
¥ (10 " mL-molecule ~"+s ") FITEALBE (E,/R = 1878 K) B — F A AT B e SLUT AU 9= A B O Wl
U, U Coleman 45" BT AR B Y TIRAE , 3% 22 B LS 56 R 40 iR Sk 3 504 Sk oK i 2 18] A A% 5 0F AR 1
Gy , ASRENE T L IR B 2 07 49 1) i et S A% 388 5 | S B8O o [ AR 4, B i B0k A, AN il ax JF
VA R B 2N 74 A B i T 2 T ok T A A R A 0 B A IR A S T R R o R R
A, AT 9531095 1115 1137 em ™' SR A WICIREE 90 K I ffcsis i T i85 . 52 1o 490 TR s ) B A DA £ R AN
A5 T O, 7E 1039 em ~ " Ab IR IS IA LTI 90 K #RISAT WS E , T RERE A TE 1043 om ™' A B fic g
WPl R O & R 5T 4
2.2 100 K %] 160 K I 2 i BB 52 0 25 S 5

BEE IR P Th i  EEITPARIC S PR S ARSI R A T AR AN R A S AL, G 3 T AROBIX.
637 .684 717 974 cm ™" ZEREHYWLIIE M 100 K B 140 K Z218 TR, A 150 K FF 44 W) He sk T 1. 5 1 6] i
841 867,953 1095 1115 1137 1395 1403 cm ™" 25 Ab R W AR- A28 B W i 04 M 150 K TP IG P IH . 3



10 ¥ MRS AIRIE T TN S5 R & b2 s ML 1829

ANEB I I BT — S W | 43 SIAE 17001720 1732 em ~' &84k, MR 95 T A5 v SR 7
Wi (1) A2 AL 3 4 AE 637 1684 717 (827 974 em ™ AEAb e RS | JRTE 150 K PR T e (14 W S U6 43
B IS O, I g [alA POZ, TiiKE o5 b — 41 7F 678 \825 841 867,886,953 1040 ,1095 1115 1137 ,
13301395 1403 cm ™" SEAb ] B 5 A9 IR SO0 23 e 25 T D4R SOZ. 3304 T AR Jig i i 86 SO 8 28] 7y 51 36 IR
% B RAA S N e A G POZ, 24 150 K BF POZ 241, Bk #% 4k Sk SOZ. ¥k 3k [X 3, 1700 1720,
1732 em " AEALW SO | D) K 1496 em ™ AbIge ) 1 56 I B 0 H AR BT AR 7 —— R (BN T R
EEA LA, W T S — BE R AR S 5 SOZ 114 T AL s A T 8 T JIG 7 4 .

0.7+ (b) FHEEH :1800—4000 cm™!

0.7¢ (a) $ilEH :600—1800 cm ™!
0.6F
0.5
£ 044 |
%R )
=03 “
I — I R A...,.,j_/‘-.
02+ J S
01— ?
1 1 1 1 1 1
1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 600 4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800

¥ fom™! L fom™!

B2 15 %90 K {EHEN O, 571 R 45
Wk 1 215 K B 0,25 RS 2k 2 15 K BT 42s 3G 8] 2R 3-8 4330 7E 15,50 ,60 .70 80 #1190 K B 4% 5 O,
S5 FAEE. P1 P2 P3 P4 Fl P5 433 KSR A POZ 78 637 684 717 827 1 974 em ~' AL AWML UTIE s HRiN S1.S2.S3
S4 S5 .86 .87 F1 S8 43I g 2 i Hh El4A SOZ 7E 841 867 953 1040 1095 (1115 1137 F1 1395 em ~' 4bAY W i

Fig.2 Infrared spectra of propene reaction with ozone as temperature rise from 15 to 90 K
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Fig.3 Infrared spectra of propene reaction with ozone as temperature rise from 100 to 160 K
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Fig.4 [Infrared spectra of propene reaction with ozone as temperature rise from 170—240 K
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Reaction mechanism of ozone and propene at low temperatures

CHEN Jianhua™ DENG Jianguo GENG Chunmei YANG Xiaolu YANG Wen
(State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese research academy of environmental sciences,

Beijing, 100012, China)

ABSTRACT

The ozonolysis mechanism of propene was investigated using a home-made matrix isolation system
combined with Quantum Chemistry Calculation. The Temperature Programmed Technique was used to detect
and identify the reaction intermediates. The results showed that the POZ and SOZ intermediates were
successfully detected. More importantly the results unambiguously revealed the overall process of the
generation of POZ and subsequentl conversion into SOZ at 150 K, which strongly supported Criegee
mechanism. The IR characteristic peak of POZ was found at 637 ecm ™' and 974 em ™', for OO0 anti-stretching
vibration and CO sys-stretching vibration, respectively. The characteristic peak of SOZ was at 1115 e¢m ™" for
COC anti-strengthen vibration. The structures of POZ and SOZ were optimized by B3LYP/6-311 + + G (2d,
2p) and possessed O-envelop and O—O half hair conformation, respectively. The calculated vibrational
frequencies are in good agreement with vibrational frequencies obtained in our experiments.

Keywords: FT-IR, matrix isolation, ozone, propene.



