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Fig. 1. The optimized geometry of ground state (a)
and ionic state (b) of C2Cly.

(b) Ionic state
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Fig. 2. Time of flight mass spectrum of photodissociation and photoionization of CoCly

induced by femtosecond laser pulse at 800 nm.
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Fig. 3.
C2ClY and (b) C2Clf fragments from the photodis-

sociation of C2Cly at 800 nm (the arrow indicates the

(color online) Velocity map images of (a)

polarization direction of the laser pulses).
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Fig. 4. (color online) The kinetic energy distributions
of (a) CQCI;’ and (b) CQCI; from the photodissoci-
ation of C2Cly at 800 nm. The circles represent the
experimental results and the solid lines show the best
fits.
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WA B A5 B, IR AR LB SO 1
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FE— € WA BEREAT SR AR I3, AT 45 2L A
A AT 1(9), W RH (1) NEMERERDE
A ) 1 BE 43 AT 1(6), W AR B & ) ek 28
,fa [21]:

I(0) = (41) " [1 + BP2(cos b)], (2)

o, 1(0) AL o3 A 0 0w ik 75 1 5 ' fig
TR S B2 R SR A1 Po(cos 0) 9 B ik 2
Wi BN R TES B, BUEA T 28 —1 216,
73 AR RLPTR R BRI DL, Herb B = 2 R4 ATIRIE,

VU Z ) 2 A i e I BhRE B, BT BIRE By AR R RIS ) 1 25 8

Kinetic energy of fragments, transnational kinetic energy of photodissociation and anisotropy

parameter 3 of the fragments in the photodissociation of CoCly.

&
=

WRET fR S A B e W Bk E/eV 531 VEIAE By JeV B X/, XL
kB 0.03 0.14 0.46 49% 51%
CoClf Cl
e 0.09 0.42 0.52 51% 49%
kB 0.07 0.16 0.41 47% 53%
CoClY 2C1 ‘
e 0.21 0.49 0.66 55% 45%
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IR BE S 40 0~ PAT B Lo 49%, fim T HEE
BRIE L) (51%); T g s 20 40 1 P AT R B o
51%, Fim T H AR HERIT L) (49%). 1HESRIH
A C—CE [R] B 2 A= A 25 0 B A g 5 20 43 1) °F
ATRRIE LU R 47 %, WA T3 B ERAE Ee ] (53%);
MK AR5 B FAT BE LL oA 55%, W i T H 2
BT LB (45%). &0k d 95 /i 18 1) Lo g

WL, XU C—CLE MRS 2 AT BRI AN
e BT LU AR 2. s REZE 73 7 AR AR BEZH 73 AH
L, FTRE R & 2 ile— AN 7 SR A AN [ Y e
BH DA

4.4 FEZREBLHE

LG I DU 2 R B 340 12,34 eV 0] —
A~ 800 nm Y& F HIRE BN 1.55 eV, K &8 /b 75
8 AN F A REM LS. S AR TREE N 12.40 eV,
WAVAY EE B 3 H 0.05 eV, — AR M 51 S i 2 5
PR B, R 2 2 s TR RERIA B T
() R A 5| R AR . O T R SR
BMLEE, AR SCR % 27 bR BEG 43 B E B3LYP /6-
311G++(d,p) M1 TD-B3LYP/6-311G+-+(d,p) /KF
VUSRI RS RN R AT T AR
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Table 2. The calculated information for ionic states of CoCly, including energy level and oscillator strength

for the ionic excited states.

ETA RSV IR f OCTE ETE BEEE eV BRI f OtTH BETE BEEE/eV BRI f Ot TH

Do 9.12 — 8 Dsg 13.49
D1 11.09 0 8 Dg 14.12
D> 12.03 0 8 Dio 14.77
D3 12.08 0 9 D11 14.88
Dy 12.32 0 9 D12 14.92
Ds 12.34 0.0667 9 D13 14.93
Dg 12.37 0.0002 9 Dig 15.09
D~ 13.10 0.0413 9 Dis 15.13

0.2572 9 D16 15.15 0.0247 10
0 10 D17 15.17 0.0003 10
0 10 Disg 15.34 0.0002 10
0 10 Dio 15.38 0 10
0 10 D2o 15.44 0 10
0 10 Doy 15.84 0.0008 11
0 10 D22 15.93 0.0966 11
0 10 Das 15.95 0 11

M2 i A5 BEA] L, A Do BEZR S AT
NARIE (525018 9.34 eV PO 22 RIHEH /N, R ZE UYL
299 2%, XUEM T ik A B R e M. BT
WOR A B Sem ok Wik aE, 304 1 # ik
THETE TR 23N TR SRAE L, 4
BRI D5, Dy, Dg, Dig Al Dog iX FAN UK ST
PRoR K, MHARNOEE IEFEIELT0, X x
T VS SO T 5 1)1 TN EOR A B IRAE
REZRARK, T HARPAEME AR /D, ER ] Lo
AL g, ARIER 2 Prosit B AR, £ TR 9

TG, 73 F Rl LAERIE 2] Ds, D7 FlDg . # C
BRARIE, CoCly 9 H B35 52 56 R0l 12.48 &V [12]]
CoCly [ H B35 52 56 308y 14.76 eV 121 R gk 4
TAEMIL 9 T 5 BRIE 2 D, Al Dg A I #RRE R A=
A C—ClLE IR = 4 Co Ol , (HIE HEARE K
WA C—CLEE I 2 1M 77 4 Co LY. AR 1T 5K
B, 7RI 106 F R, A RRIAE] CoCLY B
TR B, A RSP AR SL6 E g FIfK CoCly
BT TR0 6T E, FERIEEI D6 &,
TR TG R EBGE S D6 45, MR AT RE
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Abstract

The ozone layer which absorbs harmful solar UV radiation is an essential umbrella for human beings. However,
a large number of exhausts of chlorine compounds including freon released by people in the atmosphere pose a great
threat to the ozone layer. Freon dissociates into the product of chlorine radicals induced by UV sunlight radiation,
which are found to be the main culprit for the destruction of atmospheric ozone. In this paper, time-of-flight mass
spectrometry and velocity map imaging technique are coupled for investigating the multiphoton dissociation dynamics
of Freon 1110 (C2Cly, Tetrachloroethylene) induced by ultrafast short laser pulse on a femtosecond time scale at 800
nm. Fragments mass spectra of CoCly are measured by time-of-flight mass spectrometry. Together with the parent ion
CgClI, two dominant fragment ions CgClg' and CgCl; are discovered in the multi-photon ionization and dissociation
process in the experiment. By analyzing the above mass spectra, two corresponding photodissociation mechanisms are
discussed and listed as follows: 1) CoClf —CoClf +Cl with single C—Cl1 bond breaking and direct production of Cl
radical; 2) CoCl] —C2Cl +2Cl with double C—Cl bonds breaking and production of two Cl radicals. Also, ion images
of these two observed fragment ions C>Clj and C2Clj are measured by velocity map imaging apparatus. The kinetic
energy distributions of these two fragment ions are determined from the measured velocity map images. The kinetic
energy distributions of both CgClgL and CQCIQ+ can be well fitted by two Gaussion distributions. It indicates that both
fragments C2ClJ and C2Cli are from two production channels. The peak energies for each channel are fitted. More
detailed photodissociation dynamics is obtained by analyzing the angular distribution of the generated fragment ions.
The anisotropy parameter 3 values are measured to be 0.46 (low energy channel) and 0.52 (high energy channel) for the
fragment C2Cl}, and 0.41 (low energy channel) and 0.66 (high energy channel) for the fragment C2ClJ, respectively.
The ratios between parallel transition and perpendicular transition are determined for all the observed channels for
producing fragments CoCl7 and C2ClJ. In addition, density functional theory calculations at a high-precision level are
also performed on photodissociation dynamics for further analysis and discussion. The optimized geometries of ground
state and ionic state of C2Cls are obtained and compared with density functional theory calculation at the level of
B3LYP/6-311G++(d,p). The different structures of the ground and ionic states are given and discussed. The calculated
information about ionic states of C2Cly, including energy level and oscillator strength for the ionic excited states, is also

given for analyzing the photodissociation dynamics of the C2Cly ions.

Keywords: freon, photodissociation, time-of-flight mass spectra, velocity map imaging
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