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Abstract Vinyl radical was generated by photolysing methyl vinyl ketone at 193 nm, then was photodissociated by
another tunable laser in the 21180~21320 cm™ range. The dissociated H atom fragments were ionized and detected by
resonance-enhanced multiphoton ionization (REMPI) processes. The ro-vibrational action spectra of the A" el
XA’ ("'=0) of vinyl radical were recorded by monitoring the H* ion intensity with dissociation laser wavelength. The
corresponding analyses were obtained with the aid of quantum chemical calculations and spectroscopic simulations,
vibrational bands and main rotational transitions were definitely assigned. Additionally, the predissociative lifetime
was derived from the simulated linewidth, and its dependence on the vibrational mode and rotational quantum number

was discussed. The in-plane dissociation mechanism of the A A" state predicted by theoretical studies was confirmed.
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Ro-vibrational Analysis of the A 24" Electronic State of the Vinyl Radical
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15 2 BB 19 20 FEPR S B A5 B (LA iR sl A
SRR ), DT 52 HARTHA 247X A" BRAT B4R 56Ol
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AT fift.
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ATHF RN (TOF) BT HEAY, ¥ UL SCHk[17-18].
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Ar(HRE 20 1%)TR-AGR4MEIE 5424 0.5 mm (7 ik
PRSI A SRR L2 %=, £ T 2.5 em 4% skim-
mer fEH G A EE, HEN T TOF 5| A H 7]
PR SO P S DX R R B R S S A A
A3 1x107 Pa A1 2x107 Pa.

ArF #E5r Ti45%(193 nm, GAM Laser Inc.)% 1 m
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— L, SEPL SR T L B ) (1+1)REMPI((resonance-
enhanced multiphoton ionization) i FEHEM (VLA 1 B
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Fig.1 (1+1') REMPI spectra of H atom dissociated
from vinyl radical
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Fig.2 The experimental and simulated spectra of the
A 2A7( v 6 3=1)«X A’ (»”=0) transition of vinyl
radical at jet-cooled condition
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Table 1 Calculated vibrational frequencies and symmetry of the A and X states of vinyl

6-311+G"
Vibration mode Sym.
B3LYP HF MP2 CAS(7,7) CIS
XA’ Vo, 0.p bend 916.8 959.4 1042.6 920.5 - A"
Vg, torsion 808.0 885.4 966.5 841.0 - A"
v, i.p bend 718.4 820.8 751.3 796.8 - A’
v, C—C stretch 1648.4 1401.0 1852.9 1607.9 - A’
vs, CH, rock 1057.8 1184.4 1099.1 11559 - A’
v,, CH, scissors 1401.3 1622.6 1440.7 1420.5 - A’
v, « H C—H stretch 3233.7 3393.9 3302.3 3390.6 - A’
v,, C—H sym. stretch 3039.4 3242.7 3134.8 3056.8 - A’
v,, C—H asym. stretch 3137.6 3339.3 3239.3 3305.5 - A’
AA” Vo, 0.p bend 850.0 805.6 911.9 883.9 838.4 A"
Vg, torsion 1142.3 1015.1 1208.0 1301.2 1570.0 A"
v, i.p bend 949.7 1011.7 967.6 963.6 1005.9 A’
v, C—C stretch 1191.5 1256.0 1239.4 1156.8 2153.6 A’
vs, CH, rock 1290.5 1378.1 1318.4 1356.9 1350.7 A’
v,, CH, scissors 1531.7 1642.7 1565.6 1581.8 1658.0 A’
v;, « H C—H stretch 2944.8 3154.8 3029.8 31249 32429 A’
v,, C—H sym. stretch 3018.8 3239.1 3119.6 2992.3 3130.5 A’
v,, C—H asym. stretch 31409 33459 32454 3340.1 3311.6 A’

ZTE 1%L, XA B T et s L .
JiFA A2 SR 2 TE Gaussian 2003 274212
R HoH, viA) wiA) Flvy (A IR ST R
FEA, T H AR T 15307 7 45 H 0 238 /NI,
AR, 33X 5 A AR R Sl A1 23R A 42 58 BRAR s s U AR
PUHPRAR KA RIXE. DK itk DAZZRA 25 FE IR S
XA A8 52 M, R S AN (] 8 BRAE X B 4 S Ok
T B 45 58 AN ).

TGS G R R, 200 AE . [ iE-FuE
G S B R B UE IE, U ROR B 545 2 1 43
THRISER, LI SOSN8 B
B, SR T BN R 241 Voight £k 7 (Gaussian
2RI Lorentzian 2 & pRE0 Z I T #0 5, o

Gaussian 2k RIS EL Awe 2R IO I ZR 58 [ 8 A2,
Ifii Lorentzian £k B 248 Aw, W S WRTLf% 5 FR 2, 55
R HG W Shii g T RUEBIG LR
FEEMRMASE. RERMLEUEGSBERAT
SpectView F2IFH5E L. eZLEYEREanEl 2 Fiw,
[l R 7 i R 2 4 Hh R0 FE shilRaE. L5640
BAFBNIHRSIIIR, 70F-5% 85 BRI Lorentzian 25 98
Av, T3 2 ¥, 55 B3LYP HEAHAH IR ZE /N T2%.

MHT A SE IR R SNRE Tw R 3.5 K, X 53K
TR 9236 451 T 452 1A A" (v' =0)—X *A’ (v'=0)
PRI A B 1% 40 BT () 45 RV — 30 kA TR
AR B ShEEH, a b F ¢ W53 BI R shig (/=
1.2 il 3), Hik i 55 (0.6 em ™)t /N Fi5Hr 1)

R2 LBEAEMAFINZHEENIRINNE .S FEHMLRE

Table 2 Simulated vibrational frequencies, molecular constants and linewidth of vinyl (unit:cm™)

Energy Frequency A B C Ay,

XA'™® 0.0 7.913 1.083 0.949

AA" 20059.1* 6.173* 0.983* 0.840° 0.7*

v=1 21280.8 1221.7 6.400 0.987 0.842 1.3
B3LYP" 1290.5 6.391 0.982 0.845

v=1 21214.0 1154.9 6.320 1.010 0.862 1.5
B3LYP® 1191.5 6.232 0.984 0.840

ve=l 21205.6 1146.5 6.098 0.980 0.845 0.6
B3LUP” 1142.3 6.092 0.979 0.841

a) from reference [16]; b) present results calculated at B3LYP/6-311+G" level
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MI(v%) i Lorentzian 2% 5 (~1.4 cm™). F A 7H: R B
AIAL, ARRY A RE R FF vl R R ST A 8 ar=
(4mecray)™. XKE, 24 A A A" 5 s DIRSI A
R B A 20 2.0 ps, A A" (v =1) JRENZHITH
B R 4.4 ps, X HA A" (' =0 ) IR 3 25 1 T A7
B ~3 ps" AR L IR sy B UR S
TETAME 8728, v5(CH, rock+ T P 25 1 4% 3h) Flv),
(C—C fhaadic sh) =38 & A AE X FR TR N, 17 5 7
AR B B AR B b, TR LA A" H T 2 PR B 1 1%
FE R T AR 5 B X5 Morokuma 55" i i Y
Bl J12E R A 5 A — B0, C—C {45 Ik 3h ATl Y
25 MRS A ) TA A 12515 RS 11 P 50
e, FEEAE B 2 A

A2 R i 2 R B WO, TR A
TN GAR R . PRI, 504 5 R R 1 3 A 9 5
fik:1) M LA A X 2A RIS FE 5 2) A A" &4
SRR M TR B AR BT PE T A R BT
f)Frank-Condon [HF-, Tfii J5 # W JeiE TA 2A" 52
R BE R R A R, LA S S 2 B R BE
(A B R T TR SR AT BB IE T, &5
Bl RE S A T A B T AR 2, X BRe OG0 1Y) 5 ik
A, W2 IRIEIYA 247 (0 =0) [ f B BF5E HR, T
fif B AR AR T J a4 U, 21210 cm™
AU T 0 55 3 G B M S B R (1] 2 v ¢ WD),
7 FLth 7 B 2 0 % SRR SAF7E . IR A ERF
5% CD,CH A A" (v}, =) B MR, WA i T[]
AL Z N AT LA 5E 4 X 43 FE ok, 1H 2 AR L 211 2518 Ay
SR XA REE IR - CH, 7F 21210 em™ [ffiffv) =
1 (55 ShBE S T SR 1 5%, AHELVE A el s T BRAE
SR

4 45 g

Wi 193 nm J6fE MVK 23 177 A 203 A
HE - CH,, 25 HE, A Kr =458 A= Ui
F Lyman-a VUV #5t(1+1)REMPI H & - C,H, 6
fift g A R &R R R, g sk T 21180~21320 cm™!
T R IEA A" (0] ¢ =1) X 2A’ (V'=0) BRI B R
ik g5 G E AR ADGE LS, T TSR3
RO E, R T I R ST I IS
GBS IR SRR U 2 L vPie T H SRS
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