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QAT I TR - T AR SR R B A
J5HL Y Eppink %5 1012 R I3 B FEOFE AT
JEEAA S ik RE A o T R B RAT IR TR -
TS AR TR S etk 2R 0 R >R AR 2R 4 DA SO
RG-S, VEWSCHR [13]. BT AR EHE R
VA RS SCIFER LA 1.0 x 10° Pa Y23
RS H Kk I (Paker, General valve) M N\ IR
IR E SR, BE— AN 1 mm B~
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P EFHEMENE FERRERETH
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J6BE (PS) ARk >k H PS B2 5 H CCD AHML
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Hamamatsu) 183, 75 5 3456 MR v 1) 12 1k
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P A S A E RS RGN PP e N AR ) 4
(DG535, Stanford Research Systems) il

1 (MTRE) =3 (WK 267 nm) #7742
i3, w NI, 2w N 5D, 3w N=R0E

Fig. 1. (color online) The method for generation of the
third harmonic (267 nm) for the UV radiation. Here,
w is the fundamental, and 2w is the second harmonic
generation, and 3w stands for the third harmonic gen-

eration.
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29245 wl. SIS AR SR O S B AR R E A R
i o AR Ik b K R 4. H UK R AR % 8
fi4 K B 24000 20 fs 1 78 Bk PEOR (BT O8), P
Fr i ThE N 450 mW, TAESIR A 76 MHz. F16
B B I, BN WEBK K R TBOR RGETBOK, AT ]
Jik v i B 9 1.0 mJ [ REB O Bk, Rkl 5E BN
35 fs, TAESR A1 kHz, H03K N800 nm fI %
AR . SIS AR BT B S AR AR A (BN
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Jefik b 423t BBO @ik 7= A 54, Hdo K
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functional theory, DFT) £ B3LYP/6-311G+-+(d,
p) K BRI AR TS AT IR ARG TE
A ) 78 TD-B3LYP/6-311G++(d, p) /KF Lk
THEAS 3B T O S RO REAE IR 92

4 R 53k
4.1 HBEAEBENS FHRE

fif 5 Al I R AL SR A T kA FRL S i T AR
KSZBLH. 7£ B3LYP/6-311G++(d, p) /K F_Exf 3
A FEIEATHA, 201R3] T HRESMETE
(A E R AL, 2528 Cop 47 1 mBEXTAR, JEASAIES T
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1 C—C AR INMETS. 554 R B0 B i
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£ EHFL B AT 111.02° A2 4 LB f5 (1) 107.24°. @it
THRIE R IF A Br FIAS C 57 [FIFE—/NFii L,

IXAERB AT A AR R EAAL.
E = —5624.0011941 Hartree E’'= —5623.5968758 Hartree

9 9
(b) Ionic state

2 (MTIR M) B RSB DGR IR L ke s T
A (a) B TEMEEMT (b)
Fig. 2. (color online) The optimized geometry of

(a) Ground state

ground state and ionic state of CoF4Brs.
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P3G 5 5 R 1 2206 1 R R R S L 2 A
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W FEALUN T iR B ORI B RE AR B
T CoFyBry; BREHAR T41, B RME AR BT
e, B U v B R Sy CoFy Brt, 58 B Fr gy
CoFy, 58 =51 iy CFoBrT; MLAME K — Lk
WISE TS, W Brt B 1A

Iy s AT AR 21 DU g IR L BEAE 267 nm
KM ESMES TEEMS I HER. -, Pk
P R IR B S A ) = AN 32 B B A
CoFyBrt, CoF ), CFoBrt, Xt = A = Fiie A
S IO P g 8 LB DU AR 9 2 b o T B R B AR
B, %, CoFyBrt B 75 Sk, RWIZH
TR A A A DY IR R 2 o e T ) i R A,
2T C—Br B 247 Br Bt 317 A2 1,
2 AN CoFyBry —CoFyBri+Br. =, CoFf
BSF o2 B TP A C—Br 88 W24 1 42 i A Br H B

B A, G CoFyBry —CoF +2Br. £
V4, CFoBrt B 172 BT C—C B Wi A2 i, %o o
(I 2B IE N CoFyBry —CFyBrt+CFyBr. 511,
J 1 B R B RS 7 CoFy Bry A727E, KAT B ] 5
W b CoF4Bry WX R ¥ AT (8] 24 16.67 ps, BEH
WA EI I B T CoF 4 Bry &b T 77 i £ /0 1£ 16.67 s
DLERIRRER.
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Fig. 3. Time of flight mass spectra of photodissocia-
tion and photoionization of C2F4Brg under UV radi-

ation at 266 nm.

4.3 C2F4Br+ E,‘]%_%EEEEJ?A%

S R B T R R SR G A RT3
AR BE P8 5 AT I L AR, 13 3] CoF 4 Brt B
MR AR, 1% CoFyBr B 7 LA B, N
BT AR @ BT C—Br# M.
BT R B 4 s,

B4 (MTIRE) IR IR 2k 7RI 266 nm £ 61
JEREBL A ) T BT CoFy Brt Ml AR (B
17 i Sk B I WA 75 7))

Fig. 4. (color online) Velocity map image of CoF4Brt
fragment from the photodissociation of C2F4Brg at
266 nm (the arrow indicates the polarization direction

of the laser pulses).
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R B T CoFyBrt Xt N 7* 4 @ B
(CoFyBry —CoF,Brt+Br) K N4 7= Br H H 3,
DRI I 1F =2 3 ) B0 AR KA RAZ I BRI, 98
) B Al IR SL AU IR T e IROK BH 6 T & A2 C—Bre
) BT 22 T AR i Br B R, T R 1R AT
I 5 BT R SR = i Og 3 1 77 A2 ™
FeA. R Basex B4 119, 3@ i Abel #2447 e %ok
4 W IR BE SR OIEAT = 4R A, X A
30 AT AR50 i vT LA B R B 4 A, a3k T ]
PATHEASENZIE B & T HIBhRE E 70 An, a5 s,
B 5 rp [ AR SR B e, R ah B s 2 i IR Ay
A e it 2R UL 1), $O0E 45 R AE B R s 2R
. HILES R AT, #F R CoFyBrt B 11 =4~
e 0 M 2R AR B Hb AL G, T L, #%  CoFyBrt 55
FHI = AR BT = FhAS 6] R B, T
W, BN B IR = AN T 4 I R = = (2 bRl
JHIE T, JEIE I ALETE 1.

N e e oy
=~ (e} oo o
T T T T T

Intensity/arb. units
o
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T

.0 O 0 0O
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SRR A S CoFyBrt A BB
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Fig. 5. (color online) The kinetic energy distributions
of C2F4Br™ from the photodissociation of CoF4Brs at
266 nm. The circles represent the experimental results
and the solid lines indicate the best fits.

HRE R EFRFahaeE, BN RO
RE B 5l LA R T A SRR, B CoF 4 Bre T
W1 i AR B A S S AR R - CoFy Br ™ A Br
HiE, ATHETFARES, XBEE X CFBrt A
WA A, RIESIESFIEEI maVa = mp:Va,, BT
W EAT B A B0 Br AR 5 ] AT B8N i
ODHFBhEE. INETERER A TR Va, 53IEA A
HIZNRE B, BET0 A LA B A CoF 4 Bro 77 Tl 55
S V-3l BE R

B = %(mA )

Br

A
’1)2

— MEA. (1)
mpr

[ Stk 7 A3 356 9 A (B CoF 4 Bt (30
E A HEAT A, ST A B0 77 A AR R ot R
7 PO A B T BB By AR EN B E B
U (8 £ I 5 300 8, et B b b6 DA B A
B O T B AE B, HOWEAE, 03 1 5.

F1 VUG IR LB R R ORE A CoFyBrT HIZhEE E,

Yo N B9 I IE B RE By AR A SRR 2 B 11 S

Table 1.

transnational kinetic energy of the corresponding pho-

Kinetic energy of fragment CoF4Brt,

todissociation channel and anisotropy parameter g of

the fragments.

CoFyBrt #ifit #iE-Fahhe

WIE T EJev BV X// XL
I 0.005 0.016 0.1 3% 63%
II 0.016 0.052 0.8 60% 40%
II1 0.042 0.139 1.4 80% 20%

1P ZE R, KM R R, 54
SEHG R I R R B SR AN AR L. BEARORBA A2 B A
76, RS MRS T [ B A5 By, AR AL
KM RIS mAR O, R AE K & m R e 5644 T,
WIS BT AR, AN RIS B AE B 7 1 ) fif g i
TE5E IO W DS 2R S = B A FE A s B, XA
BATRAN RGN F RIS UV SR A 2 AL
BT EERIBIEE R

TE— € A BE AT IR AR5y, A5 2GR
I 1(0), H (2) XA MR CoF4Brt Y
FRESYAT, TR B 25 M s p E 17

I(0) = (4m) " [1 + BPy(cos b)), (2)
X T(0) NAE AR 0 NG ImE T W 5 A
FE B I £ Po(cos @) N N Bhik B £ Wik, g
EAE R RS (BUEA T 280 —1 2 [[), BEXT
JSE S FPAR BRAE B0, Forbr B/, % BTSSP AT BRIE (FFALE
N 2), By BT 263 B EKGE RFAEE N —1). @
WAGOUN, HTAAESRRI A X, g BUETEHE AN
T —1f22z08, Bl -1 < 8 < 2. RubATAT LLIA
ik DL A Aok TE BT AT BT R EE B ERAE B o
Bl e x ) RPPATERIE P 5 R EE, x o T ELER
TR B .

B=x,/8/,+x1BL, (3)
X/ +xL=1 (4)
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R R R TH 1. AR C—Br ik
ZUHE P CoF g Br AR 5538 18 0] B f) fe (% A = 4 oy
T4 ) S PE S 80 B 2 0, BIAR B2 4% 1) [ 4, 3
i HA T30 T B A AT RE S 1SR T 1 ) e R4
TI0T 87 1) i 5 38 3 11 2% 1) e M 2 30 8 0.8, “TAT
BRAT LU AT H 60%, 5 T H 3 L ERAE LR AR (40%); T
151 e B 2H 2 TLUKT 0L P A 25380 1 % 1) S PE S 30N
1.4, “FAT BRI e 9 80%, e 3 B BKE EL A A
20%. A EGIX =ANEIE A] WL, e a2 4 T ) & 1
SAESHURK, &R R, %08 o ]
REAZHEF AR _F I PUs AR 5. it A 4 A S5
A DA LA = A T 38 1) 5 30 6 IO 2 3 3 1T K
T TE 1T, 1@ TE 1K T iE1E 1

TESRIG M &, JATARM & CoF ] F1 CFoBrt
BT A AR, TR N B A 5 3K P A T
7R A B A TS VA T REAAR RS 7 1 BB AR . X
T C—Br#rIWrz, B CoFyBrt &1 1r=4, SLi

RIUAE =AANFIEIE, A BE A1 )% 18 S 1 2
HOkE, mige B4 TN & R IES R, %[
Sk foe o, 1l 208 IE A R REE HET S RE T
PRI RS, R ERA R 7 (1 LR .

4.4 BEZREBILHE

SO R DY W L kO RN
11.1 eVl — 4266 nm e T K AL & N 4.65 eV,
DR o 22 /0 % R 3 AN T A Be gk B gL 34K
TRERE N13.95 eV, LLH AR 2.85 eV. N T
2B R R S L, AR SR B % R R S
5 WIAE BSLYP/6-311G++(d, p) M1 TD-B3LYP/6-
311G++(d, p) FEAHKF EXF PR R L5 & 7
RS ABR SR AT, BEE RS
FVRT A 7S AN UK AS B BE 9 SR B 1 iR 5
sERMEF 20 H. HPDREEFES, MD,
(n = 1-—26) R n MK,

K2 WHEAINETSRAER

Table 2. The calculated information for ionic states of CoF4Bra, including energy level and oscillator strength

for the ionic excited states.

TS ﬁgﬁe‘jﬁ BRI [ OLTH BTE ﬁagi‘\“fﬁ BRI £ LT BT A ﬁw‘jﬁ HRIEE £ LT R
Dy 11.01 — 3 Dg 15.45 0.0001 4 Disg 16.82 0.0082 4
Dy 11.03 0 3 Diog 15.47 0 4 Dig 17.24 0 4
Do 11.17 0 3 Di1 15.93 0 4 Dog 17.47 0 4
Ds 12.02 0.0636 3 Do 15.94 0 4 Doy 17.50 0.0021 4
Dy 12.21 0 3 Dis 16.02 0 4 Doo 17.63 0 4
Ds 13.59 0 3 D14 16.12 0.0017 4 Das 17.87 0 4
Dg 14.50 0 4 Dis 16.55 0 4 Doy 17.97 0 4
D~ 14.62 0.0059 4 Dig 16.68 0 4 Dos 18.02 0.3689 4
Dg 14.92 0.0001 4 D17 16.74 0 4 Dag 18.05 0 4

M 2 FR SRS ST WL, AR B B — e S
BRI EAE Do N 11.01 eV, ZiFH A SR A
B 2o 48 B 11.1 eV U9 ZERIHER N, tH3EE S
SO I AR /N T 1%, X AIE WA AS SR P IR 557 1%
IS EE RS o T VU9 R Lk R
1B TR A B AR WSRO, FRA e i 21
E T E TR 26N BT SRAE R, K

I D3, D7, Dg, Dig Ml Doy X AR S IR
JEECR, T H AR08 FH EH HE T 0, Xt [
VU 58— IR S e RSO T 5 111X AN BOR 3 B R AE
MEAAR K, T HARBGTBERAEH . TRl 34
266 nm KRS T A, 705 AT IBRIE S| D &, 70
TR 44~ 266 nm FJEEAMGT 5, FTEARRIZS| LA b
HANER A (D3, Dy, Dg, Dig A1 Dos).
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5 & W

A SCHH REP O H R 4 G AT I 8] S AN
BT B BRI B R B AL T YR IR Sk
TAE267 nm WP BOGIRMAER TR 2067 o e
R B3 75, B0 R B AR B & AN R R
A7 IS 1) J5T 335 1) 0 S AN bR 8, R I DY 9 IR Sk AE
267 nm WP EOGRESER TR A EER A
T & CoFyBrt, CoFf, CFoBrt. X B =4
X PR o I R e LB R DU S IR 2 ke g T
e E IR IEIE. 6 SR B LB A 1)
C—Br #2248 7= Br B B2 1M 7= A4 (1), 465 2
T: CoFyBry —CoFyBrt+Br; 2) CoFf &7 /2 i
F A C—Br BN 240 4E AN Br B B & M= 4:
[, 123N CoFyBry —CoFf +2Br; 3) CFyBrt
BT T C—C o W 470 28 B, T AR 4K 27 X
N CoF4Bry —CFoBrt+CFoBr. fx F E A
CoFyBr BT A & T C—Br S 5] ik,
[ I £ B Br [ 2 0 77 AR, i i R AR B Tl
AR, 1FENZIE R B 13l e o3 A DL iR B 1)
AIR A RE A, A R I C—Br BEWT L O R T =
AR TE, 8 5T R AR — P A d
B3 7 C—Br#WREE KB HERE. ATHE
1% Bz BB S, 1F B3LYP/6-311G++(d, p) /K
AR DU VR v F BRI S (A B AR AR DL
BT BRSO A I Re J A BSR4, BB
SR LT TR E R, TSI,
BITHE.
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Abstract

The ozone layer which absorbs harmful solar UV radiation is a necessary umbrella for human beings and biosphere.
A large amount of alkyl halide including freon exhausted by human into the atmosphere poses a great threat to the
ozone layer. Freon dissociates into the product of halogen radical, like Br and Cl, induced by UV sunlight radiation,
which is found to be the main culprit for the destruction of atmospheric ozone. In this paper, time-of-flight (TOF)
mass spectrometry and velocity map imaging technique are employed for investigating the multiphoton dissociation
dynamics of Freon F114B2 (C3F4Br;) induced by femtosecond UV radiation at 267 nm. Fragment mass spectra of
C2F4Bry under UV radiation at 266 nm are obtained by TOF mass spectrometry. Three daughter ions CQF4BI‘+7
CoF j and CF.Brtare discovered together with the parent ions C2F4Br;’. And three corresponding photodissociation
mechanisms are concluded as follows: 1) CoF4Br] —CoF4BrT+Br with single C—Br bond breaking and direct produc-
tion of Br radical; 2) CoF4Brj —CoFf +2Br with double C—Br bonds breaking and production of two Br radical; 3)
CzF4BrgL —CF3BrT+CF5Br with C—C bond breaking. Velocity map images of the strongest daughter ion CsF4Brtwith
C—DBr breaking are measured by imaging apparatus. The kinetic energy distribution of CoF4Br™ ions is obtained from
the measured velocity map images. And it can be well fitted by three Gaussian curves which describe normal distribution.
It indicates that the production of the fragment C2F4Brt stems from three different dissociation channels. Additional
photodissociation dynamics is obtained by analyzing the angular distribution of the measured image. The values of
anisotropy parameter 3 are measured to be 0.1 (for the low energy channel), 0.8 (for the middle energy channel) and
1.4 (for the high energy channel) for the fragment CoF4Br™, respectively. The ratios of parallel transition to perpendic-
ular transition are determined for three different channels. In addition, density functional theory calculations are also
performed for further analysis and discussion. The optimized geometries of ground state and ionic state of CoF4Bry are
obtained and compared at the level of BSLYP/6-311G++(d, p). The calculated information about ionic states, including

energy level and oscillator strength for the ionic excited states, are given.

Keywords: Freonl114b2, photodissociation, velocity map imaging, femtosecond ultrafast
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