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Fig. 1. Potential energy curves of the A-S states of ICI™ mo-

lecular ion.
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Table 1.  Electronic configuration and vertical ex-
citation energies of ICI" molecular ion at R,.

A-S 3 R, WIE A SRR /% T/em'!
X1 76%80%90%100%110%3 14 w*5m3(91) 0
76%80%90%100%110'31*4~45m2(77)
4 —_
> 76280%90%100%110'31*4 3573 (20) 18885.3
76%80%90%100%110%3 #4735 (87)
2
2 76°80290%100'110'3w*4~*573(6) 23660.8
76%80%90%100%110'31'4~5m2(67)
2 5
A 70°80°90°100%1 10'3n'dn5m(20) 200490
125+ 706%80%90%100%110'31'475m2(59) 93700.8

76280%90%100%110'31*4 353 (34)
225+ 76%80%90%100'116%3 #4754 (94)  33963.0
1A 70%80%90%100%110'31'47%513(99)  35589.7
22A 76%80%90%100%110'31#4=%5m3(96)  43617.4
(
(

3E+ 70%80%90%100%110'31'4=%5m3(95)  44332.0
706%80%90%100%110'31*4 w3513 (67)

32%- 76%80%90%100'110231#47*5m2(22)  52169.3

75%80%90%100%110'3n*4n!5m3(9)

76%80%90%100%11023 14 w*5m! (48)

70%80290%100%11623m*4m3572(48)
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5w BRiE Ml 100—110 BRIE. 2201 1 18] 18 B 8 B 2R
we FPPHAZBIEE R, T4 33 5100 259 cm ! Fl
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A 5 Akt B 58 IR, AR, ML 2 38 ] DLZ 3K,
TE B R X P, 2211 /3211 A1 225+ /3251 DMs f
LA KA T B EA. ST A AR — I
% & 3451 T 2211 /3200 Al 225+ /325 A AR GAN
S A R

K 3(a) FFm iy 220045 (S24R) Al 320 4 (K
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thek. Hp, con-A A 70280290%100211023 743572,
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F2 IO TFET A-S BRI
Table 2. Spectroscopic constants of the A-S states of ICIT molecular ion.
A-ST T./em ! Dy/eV B./em! we/cm ! R,/A
e AL 0 2.50 0.1221 432 2.24
S 0 2.52
ES'S 18218 0.27 0.0915 259 2.59
2211 T 19551
Higo) 14352 207 2.78
12A AL 17516 0.35 0.0737 109 2.89
DY AL 13617 0.83 0.0889 218 2.63
1A AL 17183 0.39 0.0670 138 3.03
125+ AR3C 18015 0.28 0.0654 153 3.05
- AL 22122 0.80 0.0628 526 3.14
S 22420
22A AL 24768 0.52 0.0696 171 2.97
225+ AL 25192 0.47 0.0687 164 2.99
325 AL 25241 0.46 0.0630 181 3.13

HE: SCHR[33]; DICHk[12]; ¢ STk [16].
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Fig. 2. Dipole moments curves of the A-S states of ICI* molecular ion: (a) Dipole moment of the doublet state; (b) dipole moment of

the quartet state.
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Fig. 3. The R-dependent weights (c?) of the electronic configurations of 22II/3%II (a) and 223%/32X* (b) states.
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Fig. 4. An amplified view of crossing region with the corresponding vibrational levels.
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. Variation curves of spin-orbit coupling matrix elements of 22II, 1A states (a) and 22A, 3%II states (b) with internuclear dis-
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7722, 13950 F1 14771 cm !, 5520045 B B 1 254
3 61 ¢cm 1(6.91%), 15 cm (0.23%), 186 cm !
(2.62%), 76 cm! (1.04%), 247 cm! (3.10%),
223 cm™ (1.62%) 1 161 cm™ (1.10%). L4k, Cl
(*P39)-C1(*Py j5) 1Y SOC BFRLHFEERN 821 cm' Y,
X5 882 em !SI I £ 45 W) &l B4, SOC
BN FE ICIH o F B 1 19 21 4> A-S 8 BF 2L AL
424 QA& N TIEMWAT UL, MRS FRIE Q = 1/2,
Q=3/2,Q=5/2H Q= 7/2H1 PECs 4 % 40
K 6(a), (d) fn. JETFHISTHE R Q&K HEE

#3 ICHHTET Q SHMELR
Table 3.  Dissociation relationships of 2 states of ICI™ molecular ion.
T A (I 4Cl) 0% PeRjom'

A S

It (*Pg,)+CI(*Puys) 7/2,5/2(2), 3/2(3), 1/2(4) 0 0

It (*Pgy) +CI(*Puy 5) 5/2, 3/2(2), 1/2(2) 821 882

I+(*Pgy)+C1(2Pug ) 3/2,1/2 6433 6448

I (*Pgy)+ClI(*Puy/s) 5/2, 3/2(2), 1/2(3) 6901 7087

I (*Pgy)+CI(*Puy ) 1/2 7254 7330

I (*Pgy)+CI(*Puy ) 3/2,1/2(2) 7722 7969

I*('Dg,)+C1(*Puy ) 7/2,5/2(2), 3/2(3), 1/2(4) 13950 13727

I+('Dgy)+Cl(*Puy ) 5/2,3/2(2), 1/2(2) 14771 14610

VE: 9 3CHR[34].
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(a) 4 (b) 4
I+ ('Dy2) + CI(2Py1 2) I+ (1Dg2) + C1(*Pu1/2)
T+(1Dg2) + Cl(2Pysy2) 1('Dga) +ClCPusy2)
3 3F
. , T5(3Py1)+C1(Py1 o) . I+ (3P 1) +C1(?Py1/2)
P ngg ;18}@5 u1/ 2; 7 I+ (3Pg1) + C1(2Pyy3/2)
g 1P +OICPLs | B 1 (P) +C1CPusy2)
< 92 7 1 (3Pg2) +CI(?Pui 2) <+ 92 T+ (3Py2) +C1(2Py12)
= I+(3Py2) +C1(°Py3.2) S 14(3P ) 4 C1(P o 2)
e e
= 1/2(111) e 3/2(111)
=gt =gt 3/2(11)
1/2(I1)
X211, /s
A oLV XMy o 9T
2 3 4 5 6 7 8 9 10 2 3 4 5 6 7 8 9 10
HilEgE R/A HilEgE R/A
(c) 4 (d) 4
K?JID;&H'CMZPM/?) 7/2(11)
3t [ ('Dga) +C1CPusy2) 3t I+('Dy2) + CICPa2)
—~ I+ (3Pg1) + C1(*Pu3z/2) o
| |
é I+ (3Pg2) + C1(*Pu1/2) é
L 2 L 2
& I+ (3Pg2) + CL(*Pus/2) < I+ (3Pg2) + C1(2Poa)2)
]]ﬁ 5/2(1) g ]ﬂﬁ 22 3/2
# #
1t 1
obVXme o 9T obVXme oo 9T
2 3 4 5 6 7 8 9 10 2 3 4 5 6 7 8 9 10
HilEgE R/A B R/A
B 6 ICIr+&Fi QaHaeihsk
Fig. 6. Potential energy curves of the €2 states of ICI" molecular ion.
F 4 ICHHFETF Q BEDGIEHEL
Table 4. Spectroscopic constants of €2 states of ICI* molecular ion.
(97 T./cm! Dy/eV B,/cm* w,/em™ R./JA R AL FEEHIA-SHLSY /%
AL 0 2.31 0.1216 419 2.250
X211 S 390 X211 (98.1)
i S 429 2.240+0.01 '
Hige) 311 2.470
AL 4501 1.75 0.1217 426 2.248
X211 Jesa 1080 X211 (97.7)
" S 4670416 437 2.22440.001 '
Hiigo 5424 314 2.460
1/2(11) AL 14808 0.50 0.0864 244 2.666 142~ (79.7) 125+ (12.5)
, 122~ (38.3) 1'%F (25.7)
1/2(TI1 17191 21 . . ‘
/2(I1I) ES'S 719 0 0.0656 78 3.063 01 (10.8) 1211 (5.8)
3/2(11) AL 15202 0.44 0.0831 156 1.518 14%~ (80.7) 1S+ (6.7)
AL 16795 0.21 0.0649 107 3.003 1A (58.3) 12A (34.8)

3/2(11I)
[

T I 3CHR[6]; P SCHR[12]; 9SCHR[16]; DSCRR[33).

ek, N HIBUE R Jr ks 1R el Q 250635

B, XA IER 4. 12 SOC aME’J%HHT BS XL
BESLBAS Q25 X0 o Al X200, PUTEZS 11543

R4S QA 1/2(10) 1 3/2(T0), 1/2(11)-3/2(10)

[ A Jie-$LaE

B34k 394 cm !

1w, A 419 cm!

IS SOC R, RATHSIES X1

, HEaEEG2E R 390 ecm ! 1 29 em !

(7.42%)0. Ft Yencha 45 2 I B9 w, fH 429 cm !
U/ 10 em 1(2.33%). FATITHEA X2113/2 ¥ R, M
2.250 A5 szuG 4k
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XF 22 B A PR G S50 2.470 ADS i 25 4 BN W B
A5/ X T X gy, w, il wez, FITHEEE R 50500
426 cm ' A1 2.13 em™!, 5 Yencha 5% 12 52 5 {H
437 cm ' F12.08 cm ! AUHHZE 11 em ™t (2.52%)
0.05 cm '(2.40%). A1 B 1Y X2H1/2 1 R, M
2.248 A, (UL S B 2551 (2.224 + 0.001) A2 i
0.024 A(1.08%), 52 A ERIE45 3 2.460 A9 A
Mo, IRZEA BN IR AL . AT R XL -
XMy H) F E-BUIE 70 24H N 4501 em !, L5
Y9 fH 4680 cm ' Fl (4670 4+ 16) cm !/ 179 cm!
(3.82%)133 1169 cm ! (3.62%)12.

54l A-S & VS ML, THE 1/2(10) A1 3/2
(I0) fY T, 4353875 1191 1 1585 cm ', % J& SOC
SBLAYREIR, 1457, (1/2(10) B w, fEM 218 cm!
ARAEE] 244 em T R T 26 em Y 1455, (3/2(10))
(1) we (HAEHR 156 cm !, J/N T 62 em L. FHETTHAAS £
(¥ 1/2(11) A1 3/2(11) B Dy 4351k 0.50 1 0.44 eV,
B /NT4lE A-S S 1S 453 0.83 eV. 2,
FIEF| T, 1 Dy B2, n IR SOC 2L
X Franck-Condon X 383 & 2 19 PECs JE{R F1fi#
BIRE Dy HA .

3.4 ICI*Hr FEFHIKITMER

& Franck-Condon J& ¥ , Franck-Condon
7] LR v - BRIE G IS B9 B 4r A . 78
MRCI K b+ 5 7 H BRI 4 (transition

(a)
0.12

0.08 -

0.06 R

BRI AR /a.u.

0.04

0.02

ok \

2.0 22 24 26 28 3.0 32 34
Wikl R/A

12A-X211

dipole moments, TDMs), 8] T IC1*5rF & 119
WA, THE LAY 225+ X200, 325+ X200, 12A-X2I1
H1 22A-X2T1 i TDMs W& 7(a) Fizs. FfE A RNEE
HY 3G K, 22A-XT BRAE /9 TDM & i ik /)y, 12A-
X201 ) BRAT M £R 26 A% IR 2.00—2.50 A [1] 3%
Wk, ZJE RN, ZERZIRIEE 2.90 Akh B —
AR 0.018 a.u Ay I 16 . 229+ X21T & 325+
X201 FERZ A 2.50—2.75 AAbBRAE ih £k A= T 28
A, X I Y AR [R]OR: B F, 285 22 ] 1) e £ 22 S
BGFTE F 7(b) ST 1/2(10)-X210, 5, 1/2(100)-
X5 H 3/2(II0)-X2T15 5 £ TDMs Hi£k. WA 7
T, MK )3 K T Franck-Condon X (T,
FiA TDMs #fIT T2, 1/2(11) 21 A-S B
157(79.7%), 3/2(111) FEH A-S g2 11A(58.3%)
A1 12A(34.8%), 1/2(111) FE ) A-S A& T
Y ENN A ZES. ARYE B R EKE R
D], R - U A ARV R, T PO A A A A
1RBRATE, FrLL 1/2(10) 2530 B2 F- i 4% 18] BB B 3 1)
TDM e HAl 1/2(TI0) 2581 3/2(111) 75 5| HE 25 A IR
SENIVE

I LEVEL F2/7 P9 R/13 1 225 +-X211, 3%%+-
XL, 12A-X2M, 22A-X2T AL 1/2(11)-X2T0, 5, 1/2
(II1)- X113, 3/2(III)-XII5 5 BR LAY Franck-Con-
don HF, MHOCHITTEZE RN 5 BTy, BEE R
REZR v/ v/ B WIS R, IR A BRI AR A 1Y
Franck-Condon KT FEZ HIHE K.

(b)
0.12}

| 1/2(111)-X2M05,
3 /
0.06 f

BRIE R /a.u.

0.04

3/2(111)-X2I13 5
% 1/2(I1)-X>2ITy

ok . . : )
20 22 24 26 28 3.0 32 34

il R/A

Bl 7 ICI o1 B 1 BRIT A A A i 22

Fig. 7. Transition dipole moments curves of ICI* molecular ion.
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#*5 IO & FEER Frank-Condon HF

Table 5. Frank-Condon factors for the transition of ICI™ molecular ion.

v'=0 v'=1 V=2 v'=3 V=4
12A- X211
V=0 AL 1.888x10°17 8.612x10 16 1.956x10 14 2.919x10 18 3.193x10 12
V=1 AL 3.271x10°16 1.436x10 14 3.138x10°13 4.501x10 12 4.724x10 11
V=2 AL 2.958x107% 1.252x10°13 2.635x10 12 3.635x1071! 3.662x10710
22A- X211
v = AR 4.361x10°% 5.255x10°% 2.996x102 1.085x 102! 2.796x 102
V=1 'S 1.373x10°% 1.547x10 2% 8.325x10 22 2.864x10°% 7.046x1019
V=2 AR 2.081x102 2.230x10 22 1.149x10 20 3.797x1071 8.989x 10718
223+ X201
V=0 AL 5.553x 1027 5.602x10°% 2.715x10°2 8.439x10 2 1.889%1020
V=1 AL 2.304x10 % 2.065x10 % 9.017x10 2 2.559x10 20 5.290x10 1
325X 201
V=0 AR3L 4.161x10 2.943%10°16 1.010x10 14 22161013 3.456x10 12
V=1 AL 4.071x10"7 2.814x10°15 9.431x10 4 2.019x10 12 3.067x10 1
V=2 AL 2.033x10°16 1.374x10 14 4.503x10 13 9.412x10 12 1.394x1010
1/2(11)- X?TI3
V=0 AR3L 1.226x10°9 3.102x10 8 3.870x10°7 3.155%10°¢ 1.872x10°%
V=1 AL 1.923x10°8 4.431x10°7 4.996x10 3.649%10°° 1.921x10+4
V=2 AL 1.679x10°7 3.501x10 3.541x10°? 2.206x10* 1.060x10°3
1/2(110)- X *I1
V=0 AR3L 1.314x10 22 9.703x10 2! 3.517x10°19 8.368x10 18 1.457x10°16
V=1 AL 5.532x10 2 3.879x10°19 1.346x1017 3.083x 1016 5.184x10 1
V=2 AL 2.944x10°20 1.987x 1018 6.647x10°17 1.468x 1013 2.379x10 1
3/2(100)- X I,
V=0 AR3L 1.106x10 22 5.929%x10 2! 1.542x1019 2.607x10 18 3.216x10 17
v =1 AR3L 3.736x10 2 1.836x10°1 4.435%10°18 7.052x1017 8.256x 10 16

#6 ICIHFBTFIES 4o

Table 6. Radiative lifetimes of ICI™ molecular ion.

o R /s
v =0 v =1 v =2
12A-X21I AL 5.69%10°3 4.92x1073 4.40x1073
22A- X1 AL 5.83%107° 6.18x10° 6.99%10°
2251+ X201 AR3C 2.91x10°° 3.28x10
322 X200 AL 1.58x107% 1.66x10°% 1.83x10°%
1/2(11)- X 115 5 AL 3.73x10°2 3.42x102 3.09x102
1/2(I11)- X 115 5 AR 1.38x10°2 5.43x10°3 7.61x10°3
3/2(110)- X1 A3 3.28x10°2 2.06x102
H & HES i A E Al " P 845 Z [8] 1) Franck-Condon A, TDM
(A BV an WEBGE I, AR, (B cm 1)
” EIRIBER v 5 v BIRE R ] R, R RE B RK
= 5 3 HPR shRE R SR 5 5w, (DL s BT Al LLGHE
6474 age TDM[* > " sy (AE, ) \ o ‘
vee SN (1) AR 6 AR T 225X, 320t
4.936 x 10°

= (1) X201, 12A-X211, 22A-X20T il 1/2(T0)-X2Ty5, 1/2(I10)-
TOMEY o (A L e
v X2y, 3/2(I0L)-X20L, 5 BRIEARAS 19 50 55 75 4.

Horh, ag JRBUIRPAR, bR BITEREL, g H 12A-XPIT T 1/2(10)- X200, 5 BRI (9 8 55 75 i B
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Pshi TR R, T 1/2(10) -X2I0;)
S f % [8] BE B TR TDM He 3 1/2(I00)-X05 9,
3/ 2(I00)-X2T1, o BRI/ MY £ B 1/2(11) A4RE)

RESAR ST 5o i 1E 1/2(T00) 2580 3/2(T00) Ak,

4 % #

AR Fﬁm** #) MRCI+Q HiEITAE TS
ICIH 3 2 W SR AR B AR R DG 1Y 21 4> A-S
AL *@. HHREPZIET SOC &N Ff-1r i
TR, BiE T 21D A-S A 424 Q B HY
PECs. 7189 PECs 2t |, 8 T Rai A 10%

TR, 5L EE R A B TERE T 28 SN,
225 /325 2201 /3201 251 DMs 2745 2 K T4
Méﬂuﬁkﬁ%éﬁﬂ’r k. B Ee IR R SOC Al

JG, MBH T 2201, 3210, 12A, 22A FARE s 2 ] 42 2
B’J*HE{/EFH. 2201 538 3 12A BAE v = 0 PR3N fiE
9 BT P IR TR, 12A St VA BV = 09k
BIREH R LA TR, 22A 2580 3211 A4l 2411
A I BTE v = 0 IRSI BB PR g . 1
A, AT 225 1-X200, 320 +-X201, 12A-X211, 22A-
X1 1/2(11)-X?M3)9, 1/2(I10)-X?I135, 3/2(111)-
X35 BRATE (9 TDMs, 9 22 5 - 55 K 5 F1 8
il

B4 ¥ R M E WA

STPEAIT T R (9 B0 B T AE AR FERPEL (online) 1
BL2E R AT https://doi.org/10.57760/sciencedb.j00213.
00140 HrilRIZRIL.
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Theoretical study on excited states of ICI™ molecular ion
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Abstract

The electronic structure of the ICIT molecular ion is investigated by using high-level multireference
configuration interaction (MRCI) method. To improve computational accuracy, Davidson corrections, spin-orbit
coupling (SOC), and core-valence electron correlations effects are incorporated into the calculations. The
potential energy curves (PECs) of 21 A-S states associated with the two lowest dissociation limits I7('D,)+Cl
(°P,) and I*(°P,)+CI(*P,) are obtained. The dipole moments (DMs) of the 21 A-S states of ICI* are
systematically studied, and the variations of DMs of the identical symmetry state (225+/32X+ and 2%1/3%1) in
the avoided crossing regions are elucidated by analyzing the dominant electronic configuration. When
considering the SOC effect, the A-S states with the same 2 components may form new avoided crossing point,
making the PECs more complex. With the help of calculated SOC matrix element, the interaction between
crossing states can be elucidated. Spin-orbit coupling matrix elements involving the 22IT, 32II, 12A and 22A
states are calculated. By analyzing potential energy curves of these states and the nearby electronic states, the

possible predissociation channels for 2211, 32I1, 12A and .

22 states are provided. Based on the computed PECs,

the spectroscopic constants of bound A-S and ) states 5201
. . . o 22A 32T 128 4711 I+(!D,) +CI(2P,)
are determined. The comparison of the spectroscopic 3 s .

constants between A-S and (2 states indicates that the 311

241 245 141 I+(3P,) +CI(2P,)

SOC effect has an obvious correction to the spectro-

scopic properties of low-lying states. Finally, the

transition properties between excited states and the

Energy/(10* cm~1!)

ground state are studied. Based on the computed
transition dipole moments and Franck-Condon factors,

radiative lifetimes for the low-lying vibrational levels of

excited states are evaluated. All the data presented in . . . L .
this paper are openly available at https://doi.org/10. Internuclear distance R/A
57760 /sciencedb.j 00213.00140.

Keywords: IC1T, MRCI+ @ method, spectroscopic constants, spin-orbit coupling, radiative lifetimes
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