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Fig.1 Mass spectra of CH,Br irradiated at a laser intensity of 6 x 10" W/cm’ with laser
polarization parallel to the TOF axis
(A) CH,Br; (B) CH,B?* (m=0,1,2); (C) CH,Br* (m=1,2).
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Fig.2 Mass spectra of CH,Br irradiated at a laser intensity of 6 x 10" W/cm’ with laser

polarization perpendicular to the TOF axis
(A) CH;Br; (B) CH,B** (m=0,1,2); (C) CH,Br* (m=1,2).
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Fig.4 Mass spectra of typical fragment ion peaks fitted by a sum of Gaussian distributions with the identified (p,q)
(A) H*; (B) H 5 (C) C*%; (D) C*; (E) CH*; (F) CHy 5 (G) CHy 5 (H) Br¥; (1) B*; (J) Br*.
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KER=9.65 x 10 "Ai’¢*F*/8M (1)
K, FONSIIEFRIFIRIE, SRR 168 Vem, ¢ HIEER BT AIRME, M HIER BT 1R
R, Ac S [R)—fif A Y 1] A S A R RR A B AR B TR ) RATI RN 2 (ns) . P BTG SRR
TR KER $85 T4 1. SO0, T H' ok AR Z WM B iE (57K 71 i
RS, BB PR AN RERRAT T 1Y ok 3 2 B el ) 1 e, TR KER B9 KRB 10
eV; [k, T H BF HAARHEKRMN KER B9 eV, HTAEFHA R KER Fgha~rE, a5k
W EGEE. LA (p, ¢) KFRPIAMEMEIE CH, B ——CH”" +Br'* (n=p+q).

Table 1 Measured kinetic energy release( KER) of CH, Br in the intense laser field(6.0 x 10" W/cm’)

determined by the Gaussian function fit of the mass spectrum and assigned dissociated channels

and the valid distance between the two point charges R, ,

(r,q) . . KPRev . R, ,/nm
C%*  Cc* CH* CHY CH; ™B#/8Br Br*/%Br?* ™Br+®Br* H™Br/H®Br* CHBr** CH,Br** Total "'
(1,0) 0.41 0. 48
0.36 0.42
0.25 0. 30
(0,1) 0.1/0.1 0. 61
(1,1) 2.9 3.3 0.44
3.0 3.5 0. 41
3.3 4.2 0.34
4.0 0.77/0.76 4.8 0. 30
(1,2) 5.4 6.2 0. 46
5.9 6.9 0.42
6.6 7.8 0.37
7.0 1.5/1.5 8.3 0.35
(2,2) 5.7 2.4 16 0.36
(2,3) 12 2.8/2.8 19 0. 46
(1,1)’ 0. 65/0. 65 4.4 0.33
(0,1)’ 0. 058/0. 057 0.39
0. 005 0. 46
(2,0)’ 0.004  0.38
0.09 8.4
(2,1)’ 0.09 8.5 0.34
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(m=1,2,3)1 KER FEJE T m /b mii R, X —F5CHEBR T CH,Y (m <3) B TR A CHy 4
A E L. OISR AE, CH (m =1, 2, 3) il KER W B SR T80 m B9 i/, &3
FIf R RE T CHY I CH, 4393 E CHBr* Fl CH,Br ' UG T 85, Wi (4) M(5) i, i
CHBr* #il CH,Br* & H 2X(2) iR 1A,

CH,Br* — H + CH,Br* — H + CHBr" (2)
CH,Br" — CH; + Br (3)
CH,Br" —— CH, + Br (4)
CHBr* — CH"' + Br (5)

PR 1R fRESEIE , CHY (m=1, 2, 3) H C—Br #EWi AL . MR 4R sh m~F T H A3 5 CH,Br ",
CH,Br* F1 CHBr* (1, 0) fi# Bl iE iY.5 KER 435924 0. 30, 0.42 F10.48 eV. BEHIX 3 FEF() C—Br
SRR AN, SERERH SR TR R, 184 (H) sP 7Rk A (0, 1) @3B Br A1™ Br* #) KER 2y
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0.1 eV.
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Fig.5 Mass spectra of CH, ”Br’* and CH, * Br’* peaks fitted by a sum of Gaussian distributions
(A) CH®B?**; (B) CH,™Br**; (C) CH*Br** (including CH;”Br** ); (D) CH,* Br?*.
K 5(B)FI(D) s CH,Br* 5% 2 2H KER AU IE. TS5 H KER 43524 0. 004 10. 09 eV. J
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(8.3 eV). XULBHFECHEKERT H 55 CH, B [RIAA R far i 25 /T CHY 5 B " 19, CHBY " W RER A
WF 24N .
( 1) CH,Br*" 8 CH,Br’* " (Y4 2% H, S
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SCES AR R T HY R H,, (EJEE A HEH KER, HEEBEIEMTH KER 4G yE. Fit, CHB?*
JIEoKe [ B A B T T A TCTE R A

Xt RUREF43F, B L BB AL I Sy i v o B 1 RO e R A e I S A% BB R,

KER(p,q) = (14.4pq)/R, (14)
K, p, g WIECHEIEA G TR PR AT, KER(p,q) WECHRIERE (p,q) (E KER. H it
BRI TR e e SRR, T R, AR R ARG AE PR CHR ME I S PR i A 5 amp B BT, i e 7 274
C—Br S, X IR BE i P CHRNE AR BHEIE (p, o), ARCUMIER] R, BB IR (15) At

R, = 14.4p¢/KER(p,q) (15)

IR TR R PEIRTT AR, 50 o8 22O M KT D) & A 7 [) — 14 568 Hh 2645 &5 Ha
I BEANIR], 7278 H e (0 B CABRRE S, A8 i RS R B p, g RAR OB KM K. HBr ™ A= iUl 38 19 A
OB AR A T2 B CHY A B B9 (1, 1) 38 A4z i CH, Rl Br* B4 45 Ha i [ 15 22 ).

VS R B, R BT CH (1) KER BEEUR 740 m 35 i Bl 16 A ¢, X e faf
B CH,Br* 26T Bl IE , KER B m MR/NME A X F 2B mr s+ CH, B (n>1) MIES
PRE, KER B m (080NN, 762 AR R g AR AR 5% R 22 506~ fidf 20 308 0 R R Sl =2 1 CHL;
() KER 4B SR A8 m AW/, XT3 BF s, #0H CH, W R 19 5025 i Bk iR inixt
T B, B FIE]TBE CH, B (m <3) BT, 3 HAEZL T Bl &4 T S50 b 556 40
RS, AlIAh CH, AT e £ 2k [ REAE 7 I SUS 1Y B B iR CHY R i B . P e bk
R T ARE & AR 2T B EiE , A B G EEE ; C—Br MK A H R
e, [FIBT ARG 2 0N, X T 26T HES, C—Br BEEERE R I/IN S 807 B 1 - B Tl e . i
XFFPECHERKE, C—Br SR K 2 ECA R BRI K, IRRAIK T G KE ) KER.

3 4

158 T IR B e e aR O b i B R S 1 AT R B T T RS ShRE R (KER ). HIZ
T B AR CRRIEARRE T L0085 . S BeAEsm g h i SC IR 25 RARXT LL R 3. (1) ZEM RO
Y, WU e e B A S B s R R O 10 R ok B (2) BRI e Bk R AR AE R A
FI =4 CH, Br " F1 CH, Br?*, X TR g, WA R 2 bl i, c—1 e Wit (3) Fisf?
FE HPBr* F H¥ Br* |, X ZEMUF e Fe B R B SR AE s (4) 15 HF Jot PR T A B 0 10 A 400 . i i) B B
WA LA R AR BB TR A, T TR R g L [ B LA AS B e SR AR AR A (5) CH (m =0, 1,
2) A R IE ] B SR AR, FEARER A CHY MR BA, Tk [ S B B T 1 B s
WX AR EER Y. 5 URFHE, Br PR aieN, IR P25 NZf 7 i R4 i 1
W, C—Br iR T C—1 8. NIIESREOCIIERT, Br EEFRRENSET T IEE . b TEF
BB, HSGRR IR T A B AG5ER L C—H BN, RO IER Y c—1 B e e, B
CH; , #&J5 CH; FZ A0 Es H, AR CH, AT CH ™ 5 i TR 192 B R8N, C—Br 8 Lk C—1
K, FEREOCHIERT , IRBGEN) C—H 87— JLRE T C—Br BEWTZY, A i A PR E T, 7
Wi C—Br 8B AE R CHY (m =0, 1, 2). HTEZRFHFERS PR EBBENE LM, LT4
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Ionization and Dissociation of Methyl Bromide in Intense Laser Field

YANG Zheng', LIU Hong-Tao', TANG Zi-Chao>, GAO Zhen"'*
(1. State Key Laboratory of Molecular Reaction Dynamics, Institute of Chemistry,
Chinese Academy of Sciences, Beijing 100190, China;
2. State Key Laboratory of Molecular Reaction Dynamics, Dalian Institute of Chemical Physics,
Chinese Academy of Sciences, Dalian 116023, China)

Abstract lonization-dissociation of methyl bromide in intense laser field was studied using home-built reflec-
tion time-of-flight mass spectrometer. Based on the relative high resolution of the RTOF-MS(M/AM >2000) ,
the Kinetic Energy Release (KER) of the fragment ions was measured. Multiphoton dissociation and Coulomb
explosion mechanisms were used to explain the experimental results. Comparing with the result of methyl io-
dide in intense laser field, some differences are observed: (1) at the same laser field intensity, the highest

+

charged fragment ion of methyl bromide was Br’" | lower than I°* of methyl iodide; (2) the dehydrogenation
channel was observed in the multiphoton dissociation or Coulomb explosion of methyl bromide, but was not ob-
served in the case of methyl iodide; (3) HBr* was observed, but there was no similar channel in the case of
methyl iodide; (4) for methyl bromide, the valid charge distance of Coulomb explosion increases with the
product of p and ¢; while in the case of methyl iodide, the distance remained almost the same; (5) the produ-
cing channel of CH! (m =0, 1, 2) is different from the ionization-dissociation of methyl iodide in which the
stepwise dissociation of CH," was thought to be the main channel, CH  (m =0, 1, 2) of methyl bromide are
mainly from the products of the direct dissociation of the dehydrogenated parent ions instead of the stepwise
dissociation of CH;' .

Keywords Time-of-flight mass spectrometry; Intense laser field; Coulomb explosion; Multiphoton dissocia-
tion
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