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Reaction mechanism and vibrational spectroscopy of OH-initiated

isoprene photooxidation
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Abstract: Fourier transform infrared spectroscopy (FTIR) was used to measure the spectroscopic information
of isoprene. Using Gaussian 03 program under density functional theory (DFT), the reaction mechanism
of OH™ isoprene adducts were studies with abinitio methods at the BSLYP/6-31G(d,p) level of theory for
optimized geomethies and frequency calculations. Results show that the experimental results agreed well
with the theoretical values. The pathways involved in the reaction between OH™ and isoprene were found

and the methods to block this key reaction pathway in principle were discussed.
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SR B3P S SOETERA FiS S — A RS R T, FAR—MFAZH S, B, i
BRI M5 OH H W ZEBNR TR TR AL R i G E AL S LA F B AR A0k
FLLHME B A OGS OB T 7 e SRR N W LLSMERE, F45 6% EZ KR B3LYP Jik
1 6-31G (d,p) ZEAX OH H i A7 L M AL BT T BT RO, AR e AT R
M AR T R AE S5

2 HEI:

FIABEZ B L~IB3LYP/6-31G(d p) og
Jruk O7 WM RIE 1 hghE bk, S ES, A’H\/l o<: < ®
YIREAT T M ELAL FIAR R 5. Nguyen 55 18 3 N Ml o o
FEFRH, 7E BSLYP 359, {3 fI KR4, 55 )\/ on L
A B A COSD(T) Jr i P I )\f o) P
24, S TR EINERR R RE R (E, I B3LYP/6- o )\OH/OH
311++G(2df,2pd) J7 k4 FIR A El A, SRS, ER 1v< v v
PRI T R B BT A P LS S AR AT on © Nl -
(IRC), RilE T3 WA, P2 KR, Fif L o
R HEAE Gaussian 0319 F& % L 52, Fig.1 Schematic diagram for isoprene OH

oxidation reaction

3 LRARE LI

S i TR 52 IR 0 (99%) R ardrel, TaH RE Alfa Aesar AH], SERHTARI B AT#E—L 5240,
NO (99.9%) SR KL, W6 B, AR BR @ R B BR 1 0 21 V. 1R 94 ¥y FF v R o
E-YCER
RRACEATR R A HEERARITY, BERSOTREEBEERA R 1O | R
K, M ZE M e AR b R AR P AR 3R MR A, W IARAROR 850 L, RIEFRLAA 3.5 m?, R
B2k 41 m™! | HEHLRREQRE A FED: AR, SR RS E R RSN Y
B RS, BLT R, BB DFU (Balston, Model: 8833-11, USA) =l IE AR THE = UEA
AR, MAEEEMSECHIZR, FAMERESESIE 5 ppm R CHEBENEHEEEN. BRI
R F RN NO TERC & WECH] 80 ppm HYIAHER FTERAT 20 ppm ) NO, BRI HI Z VR ENTRANEFIE
N, BEEWFEAEANFEEZRLE—PRRUE. FENMNHNREEGUE, 7T 4 RBGCTHEER. ik
KKTF 300 nm FIEIE ST, SEANER H BRCHR T A E H i 2 (OH)2, R #n T
CH30NO + hv(> 300 nm) — CH30 - +NO - , (1)
CH;0 - +05 — HCHO + HO, - , 2)
HO, - +NO- — OH - +NO; - | (3)

i 5 4 7E OH- H M 3 FRANEMR L 1h . &5, A 5 L/min B/NEHS TR R IE B9 <k
MEEE AP, RS, SR H A Balston DFU Grade BX Bl B S I B B
BRTF 0.01 pm B IEBHORL GLIEHE K 99.99%), S5 THB FEIRE N 1 pt/em® . BJaf —HH
B AR SN B AT R LTSN TR AT

FTIR S B L d 564 ZLAMGIE I {3 A 36 Je i 1A% A 7] (Nicolet Instrument Co. U.S.A ) 4
F7H9 MAGNA-TR 750 ZU{d BT ST . (LAS AT LAY B 0 6136 EE R 400 ~ 4000 em ™", f i 439
ZIRF] 0.1 e, PEHEOFEE K 0.01 cm ', R EEH 0.1581 ~ 3.1647 cm /s |
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BEFNGREEEWTHE, MELESEERIREANE, BT 1 SHET, #id#E
A R T, BARMEMIE 3 i f] B3LYP/6-31G(d,p) JriktiAbiy OH- 5 I I 0 A S i 7 4y # 2
Isomerl 7.

Fig.2 Configuration of the transition state for the addition reaction of isoprene with hydroxyl radical

(Bond length: A, Bond angle: degree)

isomer 1 isomer 2

Fig.3 Optimized geometries of OH-isoprene products at B3LYP/6-31G(d,p) level of theory
(Bond length: A, Bond angle: degree)



%6 NEZE RRMES OH B hER VALK HIR DG 661

BT 2 SO0 IR T L R A 15 OH [H i Akt § isoprenc+OH1

165.72

BB JE AR E MR AE, EEE B A TR
WIRERL LD, 4 87.72 kJ-mol~, NIEI 4 ATLAE H, M
) TR T RETLAR 73.9 kJ-mol ™ MRES,
HIAKEF K.

OH A WA BN C k3l 3 ST L, &
B T, O H i 2= ] LA IR R 4 S HRIEF,
WALEE D IR TV S RE 2 HLB/h. T
B IV A4~ grdk B e sk s+ )L ER —F | L,
K 179.5°C, FEZH HHF EXR R ZmE D, BHH Fig.4 Potential energy surface of isoprene
E&# 150.94 kJ-mol ! , hydroxyl radical addition reaction

ME 3 FLLEH, OH BB AR IEF o (R 5 — IR 5300 7 I I i B R S X 25+
FEMLER. R, BTSSRI B R OH M BN AR SRS RS C-C Bk
fE:  OH HmE| 1 SiRJEFHMALE S 1, 2 SHRIEFE MK LR M E T 0.01618 nm, REHE
IT G e 25 B[] C-O BEAYEERS, RIVHMNERA o FFOAE; 74 T 12 SRRAERKWIE N T 0.01541 nm;
OH ¥ inZE| 3 5/ 4 SEIF B, S 3, 4 SHRE T[4 3 I 0.01549 nm HT 0.01550 nm, X [F#£E
B, ZHTFEEN OEEBIFRMN C-0 i, RIHERY o FF1E.

OH R InE| 2 5H 3 SERALEIE R =, 2,3 5k E C-C BEREK W R I Mkl I 09 21 4351
¥ 0.0049 nm F1 0.0058 nm ., W= 11 # 3, 4 B> 7] C=C BURRY4EK (0.1332 nm), PL & 7=4 III 51 1,2
Bk 4K (0.1336 nm) 57N S FRAN A EREEK (43514 0.13397 nm 1 0.1344 nm) £3E. X
—IG R TR I AR C=C BURHIERFFIE G R, FIEFULEA =9 11 F IT AR R BT
AL T Rk S OH B b M Esm i AL e

=gy 1A I RR R, 74 TH IV 9§ 2, 3 SR T 8K 4 54 0.13976 nm 1 0.13979 nm,
X SAr AN A R B, RO B A TTERARAE. T EH=4 1 3,4 SRR BRER AR Y 5
£ (0.1382 nm), 4 IV 51 1, 2 SHRIAIBRERAGEA S (0.1385 nm) F LK M/ FrHA MK ERK
—8, MR 2, 3 SRR ETOAESE. 79 LA IV # I 8RRV OH AL S A ik 5 T8 AL
BT A BN R S R = AN RSBk S IR LR 25 vy o OBl e Y, TSR B PO b R 1E, B T AR R
TR, #5779 TA IV WY TR 10 ENfRE. MHREEELDE T LIE S, OH M® 15
TRALE AL E] 4 SRALE M- WTRE, ME 2 SERALE L 3 SERALE M W ERE, 7 WHET R
== AR R B R,

£ 1 HEREEZRTET RSN S Y W SRR, & OV M AEMTELRERTESR 1
Sy, SEE M ES SRR R4 B SO ROV BERIEARRE 1T . NRFELLE L, R
7 1, 4 SERALAYFR IR B4 A 39.609 keal /mol il 36.075 keal/mol fRERE, T 2,3 SARALAYE
FANAL RS A 20.965 keal /mol F1 22.9 keal/mol HYRERE, I 1,4 SEROLAZRFINAI N EH 5K
&, YRERE. FAERIMFTLUES, A=Y T8 ER=Y 1 A=Y I 3 ER =Y IV #RE 5 RR
mHRER, HHAESRAE.

4.2 OH BHELSRK KR MIREICERE SEE

{i 4% BEVZ B B3LYP/6-31G(d,p) J7 ¥Rt 5 50 0 2 2 0 AU B A A I LR = AT T R
H, BRIRITEME 2 P, NRPATUEL, FRPERAF R, RRAILE A EIZE SRR T 19 AKX
M. R 2 BFLUE PO FOIN-E i R iR SRR R T AR L.
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Table 1 BEZRFETEBINSZE—H -OH R EE

Species  B3lyp/6-31g(d,p) ZPVE  6-311++G(3df,3pd) RRifE [/ WEALAE B (cm™)
(Hartree) (Hartree) (Hartree) Ey(Hartree) (kcal/mol)
Isoprene —195.322 0.114 —195.384 —195.209
OH —75.728 0.008 —75.766 —75.720
Isomerl —271.120 0.128 —271.215 —270.992 —39.609
IsomerIl —271.088 0.126 —271.184 —270.962 —20.965
TS21 —271.059 0.125 —270.934 —3.304 —266.417
IsomerIII —271.092 0.127 —271.187 —270.965 —22.900
IsomerIlV —271.113 0.127 —271.209 —270.986 —36.075
TS34 —271.058 0.125 —270.933 —2.922 —250.510
Table 2 B3LYP/6-31G(d,p) ZEITEEINF KRBT E I IRATEFT <6
Species Frequencies (cm™') ZPE ( kcal/mol)
OH 3696 5.28
3249, 3242, 3168, 3157, 3150, 3133, 3092, 3039, 1720, 1679, 1516,1495
Isoprene 1471, 1443, 1423, 1339, 1332, 1095, 1076, 1035, 1015, 968,930, 923 71.39
796, 789, 645, 535, 429, 408, 278, 206, 164
Isomerl 3798, 3262, 3171, 3133, 3132, 3092, 3049, 3014, 3000,1542, 1514, 1508 80.53
1503, 1469, 1428, 1411, 1390, 1349, 1255, 1238,1190, 1061, 1040, 1031
993, 979, 933, 786, 782, 605, 550, 459,392, 341, 292, 277, 191, 101, 70
3789, 3263,3244, 3164, 3153, 3144, 3140, 3119, 3061, 1727, 1513, 1505
IsomerlI 1472,1460, 1418, 1372, 1326, 1249, 1156, 1121, 1038, 1032, 971, 948 78.91
943, 871, 743, 703, 576, 496, 432, 395, 334, 311, 291, 275, 259,95, 85
3803, 3270, 3233, 3158, 3151, 3135, 3106,3044, 2982, 1725, 1511, 1490
IsomerIIl 1463, 1462, 1419, 1376, 1350, 1310,1230, 1112, 1087, 1074, 1022, 983 79.53
924, 907, 783, 740, 600, 562,522, 439, 364, 327, 277, 235, 211, 175, 72
3832,3255, 3190, 3160, 3132, 3089, 3036, 2925, 2919, 1536, 1521, 1511
TsomerIV 1499, 1481, 1432, 1414, 1385, 1285, 1247, 1236, 1102, 1083, 1060,1023 79.75

996, 979, 855, 781, 669, 568, 529, 478, 454, 348, 266, 184,183, 123, 19

& 5 At HEARIH % OH- RN NE WL MR E . WE 5 FRILLEH, 74 17 1031 cm ™!
AERIRATRYC, =4 11 7€ 1121 em ™! ACEESRMC, 7249 TI 76 1112 cm ™' AVHESRIIK, =4 IV
T 1083 cm™! AbHRMREIBUL, {3 GaussView 4.1.2 A FIMME L INEWRshzhE, 4558 BRAZ C-0 #
gEiRsh. F AT LSRR AR A Y C-O M4 IRINITZEAE 1030 ~ 1121 cm ™! JEEK, X—
WA ] 5 MR R T C-O BRI e 4 3 X B (FZEAE 1000 ~ 1300 e ™) IR, 1T HARA TR L E]
FRmEH RIS e RIS ERE.

B 6 4 H T HRATR ALK T EBRNFIR A SRR Y =Y i A g g s 18, I E ]
PUE H7E 2900 ~ 3200 cm ™! JEFE A SR, & O-H iR, & OH 54T Wi C=0, N0, %
TR TP EEE. 2290 ~ 2390 cm ™" ZbARMRWCIE R CO, HYRFIETR ML, 7E 1320 ~ 1440 cm™" AbECHE
BRI B (C-O-H) S HiiRsh, 7E 563 cm~' 4B E] T -OH WY AMS MIARSh, XIERI RN =4
BOLE RBAIMAFETE, T ELAE 3000 cm—t DA _E R MK 3000 et FEITASE WU, EEAAL AP AR B RR
SALEY. FE 1600 ~ 1650 cm ™ AbF R, XUEHYCEATY FH AEMEN (-C=C-C=0) 7 19, &
1050 ~ 1300 cm~" JEE I A EGRIIRYL, 4 C-O M M4EIRS), hTH. &R, KB X AR,
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