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#1 CH3l 5T LHBET CHsIt, CH3I?t (B S L AHERE R
Table 1. The number of imaginary vibrational frequencies and the corresponding energies for isomers of
neutral CH3I, CH3IT cation, and CH3I2* dication.

N? State EDFT/a.u. ECCSD(T)/a.u. ZPE/a.u. Esoc/a.u. EDFT/eV ECCSD(T)/eV E/eV El/e\/ EQ/GV

CH3l (1) o 'A; —51.355 —51.199  0.0365052 —0.0011601 0 0 0 0 0
CH3It (2) 0 2A” —50.993 —50.843  0.0265100 —0.012646  9.62 9.67 9.09 9.59  9.40
CH3I?t  (3a) 0 'A’ —50.330 —50.179  0.0288950 —0.0037011  27.81 27.76 27.69 27.55 27.49
(3b) 0 3Ay —50.376 —50.224  0.0331023 —0.0012480  26.57 26.53 26.56 26.44 26.44

CHoI?t-H (4a) 2 'A’ —50.311 —50.169  0.0300636 —0.0037409  28.34 28.02 28.25 27.85 27.78
(4b) 1 BA"”  —50.362 —50.220  0.0269019 —0.0035239  27.02 26.64 26.75 26.38 26.32
CIt-Ho-HT (5) 1 A’ —50.144 —49.980  0.0140579 —0.000404  32.95 33.17 32.34 32.56 32.58
CHoI?t-H (6) 1 B3A” —50.283 —50.108  0.0230530 —0.0023813  29.07 29.68 28.79 29.31 29.28
CHf-H-I* (7)) 1 'A —50.330 —50.163  0.0284649 —0.0035622  27.82 28.20 27.68 27.98 27.92
CHoIH?+ (8a) 0 A’ —50.388 —50.237  0.0306714 —0.0002385  26.22 26.17 26.15 26.01 26.04
(8b) 0 BA” —50.374 —50.151  0.0249702 —0.0008858  26.61 28.50 26.38 28.20 28.21

CH2IT-HT (92) 1 A’ —50.291 —50.124  0.0240577 —0.0014509  28.86 29.24 28.59 28.90 28.89
(9b) 1 BA”  —50.275 —50.109  0.0228715 —0.0020110  29.39 29.65 29.02 29.28 29.25

HCI?>T-Hp (10a) 1 'A’ —50.290 —50.150  0.0221726 —0.0000005  28.90 28.65 28.60 28.26 28.29
(10b) 1 3A”  —-50.294 —50.151  0.0233992 —0.0000337  28.86 28.52 28.50 28.16 28.19

HCIt-Hf (11) 1 3A” —50.282 —50.126  0.0266944 —0.0035631  29.11 29.19 28.93 28.92 28.86
CH3I?t  (12a) 2 'A’ —50.302 —50.151  0.0235246 —0.0344762  28.57 28.52 28.30 28.17 27.26
(12b) 2 3A”  —50.237 —50.078  0.0252735 —0.0004948  30.42 30.51 30.12 30.20 30.22

CH3I%2t  (13a) 2 'A; —50.311 —50.163  0.0252896 —0.0044700 28.32 28.19 28.11 27.88 27.79
(13b) 3 3A”  —50.279 —50.121  0.0235470 —0.0051847  29.28 29.34 28.93 28.99 28.88

CH3I2t (14) 2 '»t  —50.201 —50.148 0.0223465 —0.0001295  28.86 28.59 28.55 28.21 28.23
CHf-HI* (15) 1 'A’ —50.293 —50.149 0.023589 —0.0000147  28.90 28.57 28.57 28.22 28.25
(16a) 2 A’ —50.256 —50.175  0.0232927 —0.0000419  29.83 27.85 29.56 27.49 27.52

(16b) 1 3A”  —50.299 —50.141  0.0249097 —0.0079532  28.73 28.80 28.42 28.48 28.30

CIt-HI (17a) 1 'A’ -50.293 —50.149  0.0235941 —0.0000147  28.9 28.57 28.52 28.22 28.25
(17b) 1 3A”  —50.195 —50.038  0.0217146 —0.0004031  31.57 31.59 31.17 31.19 31.20

3.2 CH3I** BFHAEAFM=1FES
3.2.1 CH3I*" —1t+CHJ +H

SEI6 |, Kaziannist 258 P70¥ 35 psOt 1 5
CH3l 7y T A HAE F, 78 i 3% o W I £ CHE AT

ts(4a)

BT AERERE T, JFE W T AR EE:
CHI*™ R A AR R B AL il CHY /T, 3RATT v ST
FC 1 CHaI*+ 251 ) e 1 5 F 25 M = S 25 1) 4G A
T R R BRI AR B R, AR R 4 PR B 9 e
A3 AR AN OB s

ts
HiI2 T (1A HY + 17 ('D)——CHS + H+I1T('D 1
ts(4b) ts
2+(3 + 4 7+(3 + +(3 9
CHI* (*A2) (3b) S0 CH + 17 (°P) 5 CHY + H4 T7(°P), (2)
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Fig. 1. The optimized geometries for the neutral CH3I molecule, CH3It cation, and CH3I?* dication including 4
isomers and 20 transition states of CH3I?>* (bond length: A; bond angle: (°)).
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N 0.3 eV (1 34 &2 st CH3 12+ 8] CHY + 1H(!D)
) AR 25 (A B R, b R B — AN
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Energy diagram for CHsI2+ — CHj + I+ — CH3+1++H

K2 CH3l*t — CHI+ It —CHJ + It +H B 56

Fig. 2. The potential energy surfaces for the CH3I?T — CH;Jr It HCH;+ IT+H dissociation process.

20 H OB A RE R B = E
CHaI** (3Ay) 1 & T & /N b («H—C—H
W oK2.9°, ZH—C—IJ% /N3.4°), W] ith ¥ 2 Fa
E 4 M (3b); AT R (4b) (Reu =
1.090 A, Re_ 1 = 2797 A, ZH-C—H = 119.5°,
ZH—C—1 = 94.1°) SEL CH3I*+ 3| CHY +1T7(3P)
AR e, R AR R 0.1 VIR, 5
RESHERS (1) XFM, ZESHEE D 4
i B R R R 2 — AN RE T 2, Bl AE B2 2 eV.
BE— 20 Hh, CHY Sl I 451, e 48 S0 I = 1R i 5
CHJ +H+IH(3P), B (2) K.

g5 L RTIR, AR = E A CHS 2 FT i F 2 g
AR, RS ST, KEE S EE T
M E, 25, TWoE8ERPES, SEHBE
AR A B TR AR AT L, B R R B 38 N T
RERLFE, BERE R A LR T IREY; H— D, =
AR AR 25 1) PG AT T 3 LR BS RE, mT L (1) A0 (2) =X
TS A S R FE A T 48 R UK TR B R AR,
HA T B s e B TSl B S S
(1) T AEE N 28.89 eV, =HZE (2) X FHEE &/
REH N 27.60 eV. TA1THE K g & B H 5 Dujardin
45 28] I 15 CHaI2t — CH +1T(3P) T e

093101-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 66, No. 9 (2017) 093101

(28.5£0.5) eV #ilT, 552508 (27.0£0.3) eV 7]

FrE T

3.2.2 CH3** —CI*('St)+Hy+HT /HCI*
+H+H/CIt(®S")+Hy +H/CHy +H+
I('D)

Pl PR 5% 1 45 T B P O oth TR B AR E 1 B R
M=BHTEE SRERFRN RS, HikE—
R SRR B A BN R R . 256 B3 AR
(A e A ae i, (3) R T A2 s E My
T (3a) WKL) 5 eV fefE, i —MAEREN 32.58 eV
() 3V 45 9 (ts5) (Re—m, = 3.308 A, Rc m, =
1.620 A, Rc n, = 2328 A, R 1 = 1.905 A,
/H,—C—H, = 90.0°, ZH,—C—1 = 150.6°), X
A PECERIE, B R CIT (IS +Hy+HT =14
fE B LR M T = EARNRRE N E T (3b), H
RS S R ESE T (3a) R BB 2 5.

PNR=R

(4)—(6) AFR T BEEFCH = HA M
ot B T R AR A R A R ) AR, T AR =
RS YRR, B 3 E 4, 7E (4)—(6)
o = E AR T 454 (3b) TR BRI B AN 413 eV
[ BE &, 20t i I 45 M (ts6) (Ren, = 3.224 A,
Rc m, = 1.095 A, Rc g, = 1.095 A, Re_;
1.966 A, /I—C—H, 118.9°, /H3—C—1 =
125.2°), A= 4B % FR iR & A B CHL I ATH i
ZJG, BiAhE 2—3 eV R nl it — 4l CHo 12T K2R
C—1, C—H Wi, HApxtRi (6) iy C—T Wi H
Tof XL FR A S P D RE R AR MARE R, (3)—(6) 30
TR A =R 35 AW Re I R, T B ARSI
AR GE A B TR BRI 45 eV REEA T K
A BB R R S H AR (3) AUE
32,58 eV, (4), (5) F1(6) 2\ =AM 58 K 2E i M
430N 32.56 Fl131.26 eV.

ts(b
CH312+(1A’)(3a)%CI+(1E+) +Hy + H, (3)
CH 12+(3A2)(3b)@01{212+ +H—S _HCP* 4 H4 H (4)
8 28.79 32.56 ’
24 (3 ts(6) 24 ts +(3y+ +
24 (3 ts(6) 2+ ts + +1
CH;3I*" (°A3)(3Db) 7% 79CH21 + H31 26CH2 +H+I7(°D). (6)
34 1 32.52
(32.58) 3191
33| (5) (3229'.‘;) (256]  (3276)
sl 018 [32.78]
32.34 31.83 HCI**+H+H
31}
(32.56) (31.65) \\ 29.53
29.17 28.47
5 30 [ A" (28.94) 27.69 (32381 (29.20) [31.26]
L 29| [28.89] = (27.55) 6 [29.18] CI'CsY) + Hy+ H
S 27.69 (27481 [ [ 3879 o
g 281 ; ; ‘ CHEH e
& [ M@ 2931 \27.22 :
27 L [27.60] [29.28] 23825 (27.76)
2824 [27.41]
26 26.56 ’ CH;*’I‘(ID)*H
sl (26.44)
[26.44]
2r CH, CI*('Zh) + H + H,
23
Energy diagram for CH3I2+ — CH,I2++H
B3 CHzI?t »CIT(1SH)+Ho+HT SR Bl A2 3 68
Fig. 3. The potential energy surfaces for the CH3I12t —CI*+(1x+)+Ho4Ht dissociation process.
3.2.3 CH3l**—CIT+Hy+H*Y/ HCIP+H+HY B 7 H5E 454 (3a) Ml (3b) 2925 A 45K (13a)

Bl AR (7)—(8) 2 #ifi & CH3I*T—CIT+Ho+
HT /HCTT+H+H* fif 85 72 A G RE /. CHBI2H

A1 (13b), A= peke e B 45449 (8a) A1 (8b), HikidfEsk
JFNRIR T R R, CH F—A H ##

093101-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 66, No. 9 (2017) 093101

FITR 7 BB, R)E, KRRk
fift 85, 77 4 CH3I2t —CHoIT+H™T; CHoIT # —
R, AR EM = ESHFRE HET
a5 A AE B CTT +Ho+H T MTHCTH+H+HT, %5t f2
Gy AR (7) R (8) 3. HI AR RN, BOE A =
AR B (7) 20 BRI B A 28.89 eV, AN T B IR U A
AhRE R, = E AWM ()R H N 29.25 eV,
OB U A A i B 40 1.5 eV. Dujardin 2% 8 7F
X} CHsI 4 7 #E AT # PIPICO 52 36 0 U 15 % M
CH3l4+hv —CH3I?t —CH,IT + H* [ {H it &
N (31.0 £0.5) eV, HE 40K, X F LGRS
AR BE R BRI = E S CHIP 37, H A

1575 i CH I -+ H 10 B AR e 2 BB 2 25 (9b)
THEMAER, }29.25 eV, SR MH P9 ) R IR+
k.

28.93
(28.99)
30 29.17 27.69 [28.88]
1A/ (28.94) o (27.55) (13b)
[28.89] RS e :
. a
281 2769 VO
A2 (27.62) T 27 88).
27.60 (3b) [ 2788):
5 [27.60] [27.79] )
S o6l 26.59 h
~
5 (26.44)
b [26.44]
=}
5|
24
22
CH;I2*
20

2638 [ ...
(28.20) [/
28211/

CH,IH2*

CH3I**T(*A')(3a) 2(7 79)CH TH*T (*A')(8a)
ts(9a)
HoIT(*A') + HT I +H, +HT,
5880 U2 CA)+ 2692C tH2
(7)
243 ts(13b) 243
CH3I*t (A5)(3D) Y CH,IH?t (3A4)(8D)
ts(9b) ts
HoIT(CA") + HT H-+HT.
29.25C 20T (CAT) + 27.69 tHt
(8)
29.02
(29.28)
[29.25]
(9b) 27.84

(27.71)

27691 640

(26.81)
[26.79]

HCI*+H*+H

"25.44
(26.39)
[26.43]
21.57 ; CI*+ H*+ H,
(2137)
[21.36] - ;
CH,I* + H*

Energy diagram for CH3I?* — CHoI+t+H*

4 CH3I?+ —CIt+Ho+HT/ HCTHHHA+HT M A fE

Fig. 4. The potential energy surfaces for the CH3I1?+ —CIt+Ho+H*/ HCIT4H+HT dissociation process.
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Table 2. The exothermal two-body dissociation chan-

nels and corresponding dissociative fragments.
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Table 3. The exothermal three-body dissociation

channels and corresponding dissociative fragments.

AR T W/ eV i BT fift G iR 1
CH3I2+(1A")  28.89  CHJ4+H4IT(!D) (1)
CIt+Ho+HT (7)
CHJ +H+It (D) (14)
CH3I2+(3A2)  27.6  CHS+H+I(3P) (2)

4 #

A SCNF CH3 T2 B ) fift 9 38 T8 R 4T 1 7 55
Mortr. A3 3] 1 CH3I, CHsI'T Al CH3I? T (2
SE G5 ) R B e RS B T LT AG B O 2 T A Y
®,OUPERE . RS SR RS i
BRI, CH3I?H AN =HA3A,. X CHI2F
07 1 Fof 88 A A2 5 R AN 15 Fb = i AR 8 ok FR AT
TV M A IS X T CHIPY & 5, AT
MNHE B A LG5 e B R S A A B R
SRy i S =0 S A U i S 1 D VA
LB RE AL, AN T EEA AR RE B B AT R AR ) AR
B RS CHI2H (LAY) f# 25 4 il CHY +17 (D),
HCIt+HF, CIt(1X*)+Hg (YA;), CHoI*+H* I
CHZ +HI*(2A,), =HA& CHI2+ (3A,) [fif 2 7=k
CHF +17(3P), 1% L5 e AR 25 I B A i S5 P4
UL B 5 S R G CHY, HY, T B 7 (07T B

093101-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 9 (2017) 093101

FEA I

g th 7 FAlE T (B0 1Y) B R RE

MW, PRSI IE. R, AT

TILRPER =

UHL RS A AN 75 EEAR AN e B ) = 4K

ffE B IEIE, XS IEIE S A ST R VA
B AN TE TS £ LREERTHE S, BATK

BLDFT 1 CCSD(T) 5 H B 5. 54

R EASRA

I 25, A EE R DU E TR R8T
BEAT B, BATATH 545 AR R B = HA 5 3
RE I _E PO A B A R B LR R 22 e 1

Sk

(1]

2]

(3]

Cheng L 2007 Ph. D. Dissertation (Harbin: Harbin In-
stitute of Technology) (in Chinese) [f£[F 2007 #1247
WS (MR IR L)

Li R, Yan B, Zhao S T, Guo Q Q, Lian K'Y, Tian C J,
Pan S F 2008 Acta Phys. Sin. 57 4130 (in Chinese) [Z¥
T, EUK, B, FRECHE, RV, HAEE, W% SFET 2008 4
4R 57 4130)

Liu H T, Yang Z, Gao Z J 2007 J. Chem. Phys. 126
044316

Goss S P, Mcgilvery D C, Morrison J D, Smith d L 1981
J. Chem. Phys. 75 757

Schneider W, Thiel W 1989 Chem. Phys. Lett. 157 367
Continetti R E, Balko B A, Lee Y T 1988 J. Chem.
Phys. 89 3383

Mintz D M, Baer T 1976 J. Chem. Phys. 65 2407

Lee M, Kima M S 2007 J. Chem. Phys. 127 124313
Sparks R K, Shobotake K, Carlson LL R, Lee Y T 1981
J. Chem. Phys. 75 3838

Zhong D, Cheng P Y, Zewail A H 1996 J. Chem. Phys.
105 7864

Imre D, KinseY J L, Sinha A, Krenos J 1988 J. Phys.
Chem. 89 6667

Sundberg R L, Imre D, Hale M O, Kinsey J L, Coalson
R D 1986 J. Phys. Chem. 90 5001

Johnson B R, Kittrell C, Kelly P B, KinseY J L 1996 J.
Phys. Chem. 100 7743

Amatatsu Y, Yabushita S, Morokuma K 1996 J. Chem.
Phys. 104 9783

Lehr L, Weinkauf R, Schlag E W 2001 Int. J. Mass.
Spectrom. 206 191

Walter K, Weinkauf R, Boesl U, Schlag E W 1988 J.
Chem. Phys. 89 1914

(17]

[20]
21]

(22]

[26]

093101-10

Sharma P, Vatsa R K, Rajasekhar B N, Das N C, Ghanty
T K, Kulshreshtha S K 2005 Rapid Commun. Mass.
Spectrom 19 1522

Zhang B L, Wang X Y, Lou N Q, Zhang B 2001 J. Spec.
Acta Part A 57 1759

Chupka W A, Colson S D, Seaver M S, Wooddard A M
1983 Chem. Phys. Lett. 95 171

Shapiro M, Bersohn R 1980 J. Chem. Phys. 73 3810
Karlsson L, Jadmy R, Mattson L, Chau F T, Siegbahn
K 1977 Phys. Scripta 16 225

Landolt H, Bornstein R, Fischer H, Madelung O,
Deuschle G 1987 Landolt-Bornstein: Numerical Data
and Functional Relationships in Science and Technol-
ogy (Vol. 17) (Berlin Heidelberg: Springer-Verlag)
Ragle J L, Stenhouse I A, Frost D C, Mcdowell C A 1970
J. Chem. Phys. 53 178

Randic M, Trinajstic N 1992 J. Chem. Edu. 69 701
Griffiths W J, Harris F M, Parry D E 1990 J. Chem.
Soc. Faraday Trans. 86 2801

Yabushita S, Morokuma K 1988 Chem. Phys. Lett. 153
517

Kaziannis S, Siozos P, Kosmidis C 2005 Chem. Phys.
Lett. 401 115

Dujardin G, Hellner L, Winkoun D, Besnard M 1986 J.
Chem. Phys. 105 291

Guo H 1992 J. Chem. Phys. 96 2731

Roth J, Tsitrone E, Loarer T, Philipps V, Brezinsek S,
Loarte A 2008 Plasma Phys. Control. Fusion 50 103001
Locht R, Dehareng D, Hottomann K, Kaziannis H,
Jochims W, Hbaumgartel L. B 2010 J. Phys. B: At. Mol.
Opt. Phys. 43 105101

Li L, Kong X H, Zhang S D, Liu C H, Sun Z Q, Liu J
P, Zhang L F, Qiao G 2007 J. Atom. Mol. Phys 3 443
(in Chinese) [Z5WN, FLEEAN, TR ZR, XI4FHE, FhET, XIH
WAk RTY, Tk 2007 RTS8 TR 3 443]
Griffiths W J, Franck M, Harris, Parry D E 1990 J.
Chem. Soc. Faraday Trans. 86 2801

Ajitha D, Wierzbowska M, Lindh R, Malmqvist P A
2004 J. Chem. Phys. 121 5761

Alekseyev A B, Liebermann H P, Buenker R J,
Yurchenko S N 2007 J. Chem. Phys 126 234102
Adjeddine M, Flament J P, Teichteil C 1987 Chem.
Phys. 118 45

Dunning T H 1989 J. Chem. Phys. 90 1007

Bergner A, Dolg M, Kuechle W, Stoll H, Preuss H 1993
Mol. Phys. 80 1431

Martin J M L, Sundermann A 2001 J. Chem. Phys. 114
3408


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn//CN/abstract/abstract14394.shtml
http://aip.scitation.org/doi/abs/10.1063/1.2424703
http://aip.scitation.org/doi/abs/10.1063/1.2424703
http://dx.doi.org/10.1063/1.442117
http://dx.doi.org/10.1063/1.442117
http://dx.doi.org/10.1016/0009-2614(89)87263-X
http://dx.doi.org/10.1063/1.454949
http://dx.doi.org/10.1063/1.454949
http://dx.doi.org/10.1063/1.433357
http://dx.doi.org/10.1063/1.2778679
http://dx.doi.org/10.1063/1.442538
http://dx.doi.org/10.1063/1.442538
http://dx.doi.org/10.1063/1.472606
http://dx.doi.org/10.1063/1.472606
http://dx.doi.org/10.1063/1.455339
http://dx.doi.org/10.1063/1.455339
http://pubs.acs.org/doi/abs/10.1021/j100412a027
http://dx.doi.org/10.1021/jp953436n
http://dx.doi.org/10.1021/jp953436n
http://dx.doi.org/10.1063/1.471758
http://dx.doi.org/10.1063/1.471758
http://dx.doi.org/10.1016/S1387-3806(00)00315-8
http://dx.doi.org/10.1016/S1387-3806(00)00315-8
http://dx.doi.org/10.1063/1.455088
http://dx.doi.org/10.1063/1.455088
http://dx.doi.org/10.1002/(ISSN)1097-0231
http://dx.doi.org/10.1002/(ISSN)1097-0231
http://dx.doi.org/10.1016/S1386-1425(01)00388-2
http://dx.doi.org/10.1016/S1386-1425(01)00388-2
http://dx.doi.org/10.1016/0009-2614(83)87226-1
http://dx.doi.org/10.1063/1.440611
http://dx.doi.org/10.1088/0031-8949/16/5-6/010
http://dx.doi.org/10.1063/1.1673762
http://dx.doi.org/10.1063/1.1673762
http://dx.doi.org/10.1021/ed069p701
http://dx.doi.org/10.1039/ft9908602801
http://dx.doi.org/10.1039/ft9908602801
http://dx.doi.org/10.1016/0009-2614(88)85253-9
http://dx.doi.org/10.1016/0009-2614(88)85253-9
http://dx.doi.org/10.1016/j.cplett.2004.11.050
http://dx.doi.org/10.1016/j.cplett.2004.11.050
http://www.sciencedirect.com/science/article/pii/0301010486800751
http://www.sciencedirect.com/science/article/pii/0301010486800751
http://dx.doi.org/10.1063/1.462021
http://dx.doi.org/10.1088/0741-3335/50/10/103001
http://dx.doi.org/10.1088/0953-4075/43/10/105101
http://dx.doi.org/10.1088/0953-4075/43/10/105101
http://d.wanfangdata.com.cn/Periodical_yzyfzwlxb200703001.aspx
http://dx.doi.org/10.1039/ft9908602801
http://dx.doi.org/10.1039/ft9908602801
http://dx.doi.org/10.1063/1.1784411
http://dx.doi.org/10.1063/1.2736695
http://dx.doi.org/10.1016/0301-0104(87)85035-8
http://dx.doi.org/10.1016/0301-0104(87)85035-8
http://dx.doi.org/10.1063/1.456153
http://dx.doi.org/10.1080/00268979300103121
http://dx.doi.org/10.1080/00268979300103121
http://dx.doi.org/10.1063/1.1337864
http://dx.doi.org/10.1063/1.1337864

32 % R Acta Phys. Sin. Vol. 66, No. 9 (2017) 093101

Computational study of two-body and three-body
dissociation of CH5I?**

Sun Qi-Xiang"?  Yan Bing?!

1) (Faculty of Information Technology, Jilin Agricultural University, Changchun 130118, China)
2) (Jilin Provincial Key Laboratory of Applied Atomic and Molecular Spectroscopy, Institute of Atomic and Molecular Physics,
Jilin University, Changchun 130012, China)

( Received 31 October 2016; revised manuscript received 1 February 2017 )

Abstract

As one of the simplest alkyl halides, methyl iodide is extensively investigated in the research fields of the pho-
todissociation and photoionization. In the experimental investigations of ionization and dissociation, many molecular
fragments, such as 19" (¢ < 3), CH;f (n < 3), H', etc., are observed in the mass spectrum of CH3I. While the mechanisms
for dissociation and ionization are not completely understood. As the doubly-ionized product, CH3I?>" exhibits different
isomer structures and isomerization reactions. The dissociation channels of different isomers in combination with the
corresponding transition states of CH3I>T are helpful for better understanding the dissociation and ionization dynamics
of CH3l in an intense laser field.

In our present work, the dissociation channels of CH3I?" are investigated by the density functional and couple clus-
ter theory. The geometries and energies corresponding to the local isomers and the transition states of CH3I, CH3I" and
CH3I?" are computed. The first and second ionization energies we measured are in good agreement with experimental
I?* is a triplet one with A, symmetry. Totally
11 two-body and 15 three-body dissociation channels of the CH3I** on both the lowest singlet and the lowest triplet

values. Our computational results show that the ground state of the CHs

potential energy surfaces are computed and analyzed in detail. Our computations indicate that seven two-body dissocia-
tions channels, i.e., six singlet and one triplet ones, are exergonic, in which CH3I*"(*A’) —CHJ +HIT (*A;) is the casiest
process to achieve; four exergonic three-body dissociation channels with three on singlet potential energy surface and one
on triplet potential energy surface are found. The possible mechanisms for producing the dissociative ionized fragments
observed in experiments, CH;, HT, and I, are presented; furthermore, the dissociation channels generating other ions
not observed in experiments, such as H3+ et al, are also given for further experimental study. The detailed information
about dissociation channels and fragments is summarized for further experimental comparisons. In the computations,
we find that the density functional theory and CCSD(T) methods give different energy orders for a few dissociation
potential energy surfaces; and in this work, the analysis and discussion are performed based on the CCSD(T) results.
Our computations indicate that the dissociation channels on singlet and triplet potential energy surface exhibit different

behaviors.

Keywords: density functional theory, transition states, two-body and three-body dissociation, CH3I**
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