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Fig. 1. (color online) Time of flight mass spectrum
of photodissociation and photoionization of Freon 113

induced by femtosecond laser pulse at 800 nm.
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Fig. 2. (color onmline) Velocity map images of (a)
C2F3ClY, (b) CFCLY, and (c) CF2Clt fragments from
the photodissociation of Freon 113 at 800 nm (the ar-
row indicates the polarization direction of the laser

pulses).
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Fig. 3. The velocity distributions of (a) CoF3ClJ,
(b) CFCL, and (c) CF2Clt fragments from the photodis-
sociation of Freon 113 at 800 nm. The circles represent the

experimental results and the solid lines show the best fits.
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Table 1. Velocities, transnational kinetic energy and anisotropy parameter S of the fragment frag-

ments in the photodissociation of Freon 113.

B+ fRE =4 V/m-s’l E¢/eV B8 x/ T
Cl 249 0.022 0.39 46% 54%

CoF3Clf
Cl 490 0.084 0.56 52% 48%
CFCl} CF2Cl 517 0.084 —0.09 — —
CF2CIt CFCly 515 0.071 —0.01 — —

4.3 BEZZERBIRITE

ST U R O OF BFLI3M BB BN
11.99 eV 331, —A800 nm J: T (I BE &} 1.55 eV,
DRI 28 /0 55 BRI 8 AN T REA FL B, 8 M6 T
RETE N 12.40 eV, HAUN LB HEH 0.41 eV, —
AR AE 5| S F B 5 PO R, IR B 2 10+
WA e Bk & 1 1) SO S R PR . N
TR AR B U A SR % V2 R FE S
73 Ml #E BBLYP /6-311G++(d, p) f1 TD-B3LYP /6-
311G++(d, p) KT E X5 B3 F113 B 1 R 2
AR ASHAT TR, 15 2 5 7 B8R /\
MRS RERME B SRR, k2 /5. K
H Do ARER B THE&, M D; (1 = 1—8) AREH i M

F2 IMHABINETAREEE

Table 2. The calculated information for ionic states of
Freon 113.

ETA #ﬁéé& R E/}%‘% S 595844

/v wEf JiTH E5t

Do 11.24 — 8 11.99 6%

D 12.16  0.0023 8 —

Dy 12.39  0.0003 8 —

D3 12.63  0.0127 9 —

Dy 13.05  0.0042 9 —

Ds 13.62  0.0255 9 —

D¢ 14.32  0.0899 10 —

D7 14.52  0.0028 10 —

Dsg 15.33  0.0191 10 —

M2 g R L, T RAE Do BE S S
ISAE ZERAE T /N, 2958 6%, IXUEB T BATUH S =
FERERRPE. B F UK ASAE B S5 b R I SCHk i
T, FTATE OB EIS T T B TR\
BMRERRBER, 8iRRIES, 85, 56, H8

RS IR 5 BB, 10 55 4h 4 NN, IX R AR
3, %5, 26, S IMABMBRIEMEF R, 1M 575+
AN BRIEME RN, AR R 2 Fros it a8 ], 7284
HTFAERT, 2 F 0] AERIE 2 Do, Dy MDDy &5, 5K
I AR MR BHAR B T, BRI B G I 40 7 A K A i
5, s TR 8 AN 6T Ja BRI 3 N ERARAS Do,
Dy f Dy WAL TR, BT S T AS D,
F Dy Ji5 BT BEXS AN [F] $5 BT & A8 HE 735 AR 5, 1T
X8 TS Do AR MR AL, — KT 2
A R A A B A0 2 e RS 51 ke ). St i i o
TR A5 B REA B T IR [R] 9 14.7 s, RIG A ES1E
FA S5 BRI 25 0 I (8] 208 14.7 ps. %0 (8] K F
B Y TR B0 A 5 R BT [R) RURE, DAL b B AR B 75
HL B8 S5 77 AR IR AE AR IR 88 1) 3% b R AR Mg IR B
fil BRI REY. FHATTH IR g R W, R & F113
WUR 27 RAEMBEREN=A EE@EIEHH W
AN H A KA C—C R W R 5] 10, i B 1
F B A FE R A AR C—C #EnT Re g th T
B MIRN AR 5 RN, B EE TFEED &
[ IEPRBh, KILC—C BEUT AL 45 418 30 (1 4% hy
1255 em ™!, #RIVIFIEIR K, ZIRsh 5 T3l C—C
BEIWTEL. FEOME T 10N TAER T, 20 7T
DABRIE 10 i T8, mOR RETE 5 T 5l HE R 4
RETHD ) PR HE PR A 2, 5o R SIe 6 o W% ) C—C 4
] A

5 % #®

AR SR RAT I 1) Joi 5 AR 45 45 1 3 K
BRI T WA F F113 4> 776800 nm K FP i
P1A L (R ENIOE B A SN kA U]
I RAT I R R, X AR B A B I & AN
BEAT T VR ARS8, 193] T R I 2 A A
fiE: 55—, BRAR T ERRIN 2 2 B 4 2, 5
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Wi A C—CLE I, 25 =, PR 94T C—F it
KW SRV, B0 e B R R T RE R A 5
T, TIRBTAIRCL B R R A =S R RN
FIR B HLEL S 5 ;1) CoF3Cly — CoF3CI5 +Cl;
2) CoF3Cl — CFCI + CFyCl; 3) CoF3Clf —
CF,CIt +CFCly. HH B 3 & BRI & 5
g5 V-3 RE 2 A R A o A o3 A, ORI T HLER 1) X
B2 ft) C—C1 8 F I 2447 P AN G IE, I 06 7R 3 A
B, TIHLEE 2) A0 3) % 82 C—C Wy ZEHR X 3 5
—IEIE, R AR S WO mIRTC G, L TR
) eI = BV AP E LI vy o N N 1]
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Abstract

The ozone layer which absorbs harmful solar UV radiation is an essential umbrella for human. However, a large
number of exhausts of Freon released by human activity into the atmosphere pose a great threat to the ozone layer.
The UV sunlight radiation induced Freon dissociation produces chlorine radicals, which are found to be the main culprit
for destroying the atmospheric ozone. In this paper, multiphoton ionization and dissociation dynamics of Freon-113
(CF2CICFClsz) induced by femtosecond laser pulse are studied by time-of-flight mass spectrometry coupled with velocity
map imaging technique. Fragment mass spectra of Freon-113 are measured by time-of-flight mass spectrometry. No
parent ions are discovered in the time-of-flight mass spectra, and all the detected ions are from the fragmentation
induced by the laser pulse. Daughter ions CFClJ, CF2ClT, CoF3ClJ are found to be the three major fragmentation
ions in the multi-photon ionization and dissociation. Several photodissociation channels are discussed and concluded by
further analysis and calibration (via the ratio of mass to charge) of the measured time-of-flight mass spectra. Three main
photodissociation mechanisms are found as follows: 1) CQFgCI; — CgFgCl}'—l—Cl with breaking C—Cl bond and directly
producing the Cl radical; 2) CngClgr — CFCl;r—FCFQCl with breaking the C—C; 3) C2F3C1§ — CF»ClT+CFCl, with
breaking the C—C bond. Ion images of the three main fragments CgFgCl;, CFCI;‘ and CF2ClT are measured by the
velocity map imaging setup. The speed distributions of these three fragment ions are obtained from the velocity map
imaging. The speed distribution of CoF3ClJ with breaking C—Cl bond can be fitted by two Gaussian distributions while
the speed distributions of both CFC1} and CF2ClT with breaking the C—C bond can be well fitted by one Gaussian
distribution. The different fittings reflect different production channels. The detailed photodissociation dynamics is
obtained by analyzing the kinetic energy distribution and angular distribution of the fragment ions. Additionally,
density functional theory calculations on high-precision level are also performed on photodissociation dynamics for
further analysis and discussion. An in-depth understanding of dissociation dynamics of freon can provide theoretical
reference and experimental basis for further controlling the dissociation process that can do destruction to the ozone

layer.

Keywords: freon, photodissociation, time-of-flight mass spectra, ozone depletion
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