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TE C, R R , HE S 0C10 ~ (R AE 58 FI = F B TS A LA RS BORRE S T2 1.
F 1 HAT LA, 78 CASSCF Fil CASPT2 #Ig7/K-F- K, OCIO - S 2'A, A&, AR EK
SEA AN 0. 1572 nm 1111, 66°, 5 NH,CIO, fhf& " s {5 0. 157nm F1110. 5° LA KOG %
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Table 1 Calculated spectroscopic constants for the electronic states of OCIO ~ anion *

State Theory AE/eV Expt.
r,/nm 0/(°) @ /em™' w,/em™'  CASSCF CASPT2 r,/nm 0./(°) ;/cm ™!
14, 0.1572 111.66  786.11 402. 63 0. 0000 0. 0000 0.1563(2)®1, 112 2181 774 +250%
0.15714 110. 54

1’4, 0.1977 95.22  284.22 167.27 3.1919 2. 6667

14,  0.1790 92.65  399.69  304.22 3.9729 3.0177

1°B,  0.1489 110.82  902.62  512.55 3. 1865 3. 4803

1'B,  0.1488 110.93  916.33  514.55 3.2572 3.5755

1°A,  0.1479 117.39  927.58  460. 68 4. 0980 4.0245

1'B, 0.1632 84.93  720.65  375.45 4.7348 5.4395

# The CASSCF and the CASPT2 energies are —609. 3042 and —610. 1395 Hartree for l'A, state, respectively.

MWE 1 ATUES, SESIUHWESERI, 1'B,, 1°B, fl 1°A, B FARNEK S E. LRESYS
U'B, M UB, P20 EZAR A B FHEAA P, XA A F2UE RSB FHEA T 36, > 11, 1
BT RRIT RS, B T2 0 0 4 b, e, PN IESS 20 THUIE , 72 A B SS # 7 ZLREAR /N, A
F1ATLVEW, U'B, M1 B, AL RIAIGEE o Ea. Beoh, MRIER 1 R ER, 114, f1
1'B, PSR SIS LA Frim. 1°A, #1'A, B FEFEREH T 36, —6b, [ HEFERT 5]
EAY. MWBLEPER ATA, 30, 2 FHUEAT EJE o7 [, M 6b, 4> FHUERE o I8, RmifE 1°4,
1'A, BFZS0) C1—O SN, R TR S 5000 5 3 b, Al a, PRI o XERRME D 20 F3E
B = A AR K R RE 024, B 1°A, A1 1A, BTSN K A s KM AE Ak, BATT R B4 -
SHFX S ESMRE R R, WIRATATHRE AR AT LI 1°4, SRS A
2.2 MRS

T SEAE CASSCF B /KT, /45T 0CI0 [ LA MR UMM R, JLS (X°B,) I B ZAHE
B HLF-HEA A (core ) 6a4b27a2b78a7 1a35633b) 5 1A FNEE A 4374 0. 1477 nm F1 116. 10°, 552
ISFIDIRT RIS g R —3 ARIGFEMC LA R | W Franck-Condon JRFRTTEE OCI0 H Hi 3 A9 3 5
Wi, ELARZE ST 2.

I A EE AR MS-CASPT2 J5 ik RS AR A (8 2 Fe A HUARAE. XTFHABERE (), ()
M) MIEBRER FIRERMN RS, IR, AR BEEET, A5 MkS, 258
1’A,, 1°B,, 1A, 2°B, f12°A, T4, HaMEMRME HELRED IR 2. 748, 2.838, 4.574, 5. 116
5,777 eV. WRIGEBSEEEEE W, £ C, PR TBET A,«—A,, B«—B, 5k, Iifi MERE#R 2 i
(). PRI AT AT, 12 B, F12°B, MEGER RIS, BAEMBGE PR/, 174, BFENH
KHEH 2.748 eV, HEIMBISITIRE 3. 66 eV MR, XIEH TETHA BARRASR, A IEL
28 AR RIS LAY, ERH B AR SERN X TR BE R T . BNk S, 2°B,, 3%4,,
3’B, 3%A,, 3°B,, 5°A, 8°A, FI8%A, WL EsT 310 7.067, 7. 186, 7.358, 7.695, 7.831, 8.017, 8.541
9.918 eV. XFF 2°B,, 3°B,, 3°A, M 3°B, &5, SESHE BN (), () M) BIERERK, X
R TEMRA DR EMAEE. 3°4, BRI BN 2L, BT — 4 F B0 FIRITAE
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Table 2 The CASSCF and MS-CASPT2 excitation energies(eV) for the absorption spectrum of OCIO radical,
with ANO-type basis set + 1s1p1d( Rydberg Functions)

State® Character AE(CASSCF) AE(MS-CASPT2) Eg,, State®  Character AE(CASSCF) AE(MS-CASPT2) Ep,,
1°B, Groundstate 824, 13.317 8. 541

124, 5.399 2.748 524, 3b,—3d, 8.449 8.835 8. 920¢
1B, 5.127 2.838 528, 3b,—3d, 7.962 8. 852

124, 5.298 4.574 4’B, 3b,—3d,, 9. 105 8.922

22B, 6.035 5.116 528, 5b,—dp, 12. 191 8.977

224, 10. 751 5.777 924, la,—4p, 10. 365 9. 007

224, 3b,—4s 6.487 6.756 6.780b¢|| 6°4, 3b,—3d, 8.746 9.211

22B, 9.853 7. 067 6°B, 5b,—5p, 13. 162 9.393

324, 15.576 7. 186 6°B, 3b,—5p, 8. 661 9. 668 9. 0834
3°B, 9.478 7.358 7?4, 3b,—5p, 9.543 9. 894

42B, 3b,—4p, 6. 631 7. 663 7.6180|| 8%4, 13. 608 9.918

4%4, 5by,—ds 11.396 7. 693 1024,  la,—5p, 16. 196 10. 906

324, 8. 171 7. 695 924, 10. 493 10. 476

32B, 9.423 7.831 7°B, 11. 064 11.222

424, 3b,—4p, 7.638 7.962 7.907%<|| 1174, 14. 389 11.973

5%4, 15.774 8.017 1024, 12. 139 12.076

6%4, 5b,—5s 12.324 8.231 828, 13.244 12. 136

7%4A, 3b,—3d,, 10. 109 8. 444 8.583¢ || 7°B, 12.713 12.204

a. The character and ordering of the states are those obtained with the MS-CASPT2 method. The energy unit is as in eV; b. the experimental

values were taken from ref. [ 1]; c. the experimental values were taken from ref. [12].

£ OCIO 2 F i, 2% Cl R LRSS EE T, FIXFs, p R n=4, MXT d 75
n=3. I 5 S FH0E 36, BIAH N HL A AR I G BRI ST AE — M B . fE CASSCF il MS-
CASPT2 BB /KT, SR BLAEOR SR 224, , AHR T 3b,—4s BRE, HISEREN 6.756 V. 55255
HAH 11716.780 eV —5. 4°B, Fl 4°A, BT3B T 36, —4p,, 3b, —dp, WIERIE (5 FAL T 5z F
1), Hi & RET. 663, 7.962 eV 555G E{E 7. 618, 7. 907 eV +434iL. XM F 3b,—5p, , 3b,—
Sp BRIEHY HAELRA S50 6°B, FIT°A, A, HAFHURRES 31 9. 668 F19. 894 eV. Xf T 3b,—3d
FYNERAEAL T 8. 44—9.21 eV Z [0, 435X R T 7°4, (3b,—3d,,) , 5°A, (3b,—3d,), 5°B, (3b,—
3d,), 5°B,(3b,—3d,,) 1 6’4, (3b, —3d,._.), HAHIR % 8N 8. 444, 8.835, 8.852, 8.922 Fil
9.211 eV.

1E_ ARV, SEH P O Tl B IR AR AYFE A2, Flesch %'/ 1A N 8.583 eV (7°4, ) i
AR IR NI AN 36, —4d, (EEFRATIRIE C1 R A 358 F 508 0 1) T Marston %5 (U35 IA 35, —3d.
XTT8.920 eV A AALYER , Flesch 51K 36, —5p MERIT, SR TMIHHE L MS-CASPT2 J7 k4 s th i s+ 43
i, FATSHF Marston 55 36, —3d BYFEIA. SR SLEG Th A #E— 2045 th 36, —3d HARERIT B —A4> 3d
AR IIE , £ MS-CASPT2 /K T, 3b,—3d.,, 3b,—3d, LI 3b,—3d, Wik fedb TRiFIRA, 55K
B 8. 920 eV T s 3b,—3d,._FUBUKRER 9. 211 eV, AU G IHG(EAHZE 0.3 eV, 1Heh, Xf
W2 La, F15b, BT, FERATTHEZER P B2 T 2 A4 A BAERSEGE. X 56, BT 502 4°4,
(5b,—4s) , 6°A,(5b,—5s), 5*B,(5b,—4p,) Fl 6’ B, (3b,—5p, ) BKiT, H & HE4> 9k 7. 693, 8.231,
8.977 F19.393eV. Xf la, L4302 9°A, (1a,—4p, ) FI 10°A, (1a,—5p, ) BRIE, HIHUZREST A 9. 007
F110.906 eV.
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Accurate Prediction of Excited Energy of Rydberg States of
OCIO and Ab Initio Investigation of Excited States of
OCIO Anion with a Low Energy

WEI Zi-Zhang' , LI Bu-Tong', PAN Qing-Jiang’, ZHANG Hong-Xing' "
(1. State Key Laboratory of Theoretical and Computational Chemisiry, Institute of Theoretical Chemistry,
Jilin University, Changchun 130023 ;
2. School of Chemistry and Materials Science, Heilongjiang University, Haerbin 150080, China)

Abstract By using the complete active space self-consistent field (CASSCF) method with large atomic natu-
ral orbital (ANO-L) basis set, seven electronic states of the OCIO ™ anion were calculated. The optimized ge-
ometry of the ground state with ANO basis set agrees better with the experimental and previous theoretical val-
ues. Furthermore, the stable geometries of three singlet and three triplet excited states were obtained. Taking
the further correlation effects into account, the second-order perturbation ( CASPT2) calculations were carried
out for the energetic calibration. Furthermore, the Rydberg states of the OCIO radical were investigated by u-
sing multiconfigurational CASPT2 ( MS-CASPT2) theory under the basis set of ANO-L functions augmented
with an adapted 1s1pld Rydberg functions that have specially been built for this study. Ten electronic excited
states were found for the transition from 35, electron into the Rydberg orbitals. The 3b,—ns and 3b,—np series
agreed excellent with the experimental values, and the assignment of 3b,—3d series supported the results of
Marston. Meanwhile, two and four Rydberg states were computed for the transition of 1a, and 5b, electron, re-
spectively.

Keywords OCIO; Complete active space self-consistent field ( CASSCF ); Second-oder perturbation
(CASPT2) ; Excited state; Rydberg state
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