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T 2001 % 2002 £ 51 (] Dacron THERMUK ) — 3. MTARNARXTEIGKHEBEAR,
Bt Dacron P& 2 F KT K G DR L& R RIg 58, PR SO AR 2 Hiik L A HE 1.
N T AEAR SR U 1 BE RE TR Le T SR E N B B ST S TAE R 2%, SUMEB R, B kel
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o AP PrAR BB RO AR IR S #RIL T Darron 2015 . HITE BT R A TS 2

http://daltonprogram.org/.

* DarroN FFA R FUHOR A R RSB FE R . B0 f BE R ARG Y .

1.

FOCMBEG, A oy TR = EROR S BIA R RS HIRE . KA LI
THICIE AR T XA AL, Davron F2 PP I 4 K 0 WO ST A AR AT XX 2R
THOLITT Ao R HAMSER R B 728 0E (PN —E R B, =8P HHELS), BR
DarroN FJNAITEEFRESR, (HARAIFAER, @By,

. DALTON F2/F 1T & A 151k E BT °HF, DFT, MP2, 4 4%, LA MCSCF. B4R

DarToN 2 ft—%E bt MCSCF 27l 538 = 112 2% 77k, W NEVPT2, GASCI, RASCI,
{H R X T VAT R TFRACR LIS RIETNRE B, ARG S M MRS E.
SopFax 2K ) L, @A A R

. RTBOEIHAE: Darton K% & HieHUER & (SOC) X ML T BRI A, 2 SOC

XFRER M. XE M T HBRMITTRAE R, [ERIIET F T a R R MR A4,
., MAEMHT 24 B RRPUESAAEBORR G IE L. TR RHERLEE L
NIA=ip s o

- RTESLMAL: Dacron s BA MM 54 HF, DFT (AR

%), MCSCF, LLEHE& A d) MP2, CCS, CC2, CCSD, 1 CCSD(T). &
VAT DL OB B A S AR A
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SR (B =, ZHTRR, WREZFAMBUE, %4 R R, HiEss
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F£—Z DaLTON BNIB1T

LR & MR 5 R 4T A SRR

#!/bin/bash
export PATH=/home/UserID/DALTON-2015/build:$PATH
export DALTON_TMPDIR=/tmp/UserID/DALTON

dalton -mb 120 -noarch test

P f BRSO P IR, SRS ORAFDN run.sho

1. 5B—ATERIXE— Bourne Shell JHIA, FEEZFHH bash FKHAT .
2. B/ 4TH8E T DALTON AJPUTREF IR, T EZ K.

3. HEEATIR E Wl H SRR AE, T 2200, WR DacroN Z234AE TARR |, T2 m R H i
HREE N EAS BB . 8 ALT/imp 8/scratch B Z

4. JJ5—17, -mb 120 FIR{EM 120 MB WAF. -noarch F/RitEAHRE, AN s o
&G PR G U —RAAR], BEGIR, mmEXY T RRE, XA CHEESRR
Ko ATCOIH B Pe It (G, G SRE S 3T 5 1 25 05 7 25 (R I I SR 3 R 1) 38T
THIRTHE., B 7 2 M 2 Molden B SCAFREAT BoR, BRI H. test Ronfg AT
K test.dal GBATARR AT A, HAEE 7ok, B4, HRINEAERER.

A _EBAIAS IR i — 473 w] LS R T 3K

dalton -mb 120 -noarch test hf

XEZH Inf, Fon TERAMBEAREGER B )G NN ifmol GBAT 4 HAGEH By
JE4), MAE test.dal TABEXEEE, L THHEIE. FP AT BMEE A . ERER,
£S5 R 2 N ERTHE R (PHInBUERSIIR, aem), AR MDA RS £E
A, T RREE RN, SRR AT, WAL, R AT ST R N2 )
THHI.



O run.sh & TE AT ATSCAF IR, i) LIz 4T Dacton T 5

chmod +x run.sh

./run.sh

IR R A KBS A T AT S5, UL ETE S G187, EFERME TS P T, x4
DactoN THEAES WAL IE. MR ARG L TSI RS, #aescHliXMIiGe, & 05EEE
N IANXFE Hnohup:

nohup ./run.sh &

HZHHEEHI S, W Dacron {8 H MR “The first calculation with Dalton” /M.
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FT_EF . .mol X: HF 95F

LLF & HF 20T W.mol S hfmols BN 0.95 Ao /ERMNK, 7EIXBAEH T aug-cc-pvVDZ
B, JEARRHEE XM . EXHEENA VIZ HsEESRAAEA.

ATOMBASIS

HF molecule
test calculation

Atomtypes=2 Angstrom

Charge=1.0 Atoms=1 Basis=aug-cc-pvdz
H 0.0000000000 0.0000000000 -0.5000000000
Charge=9.0 Atoms=1 Basis=aug-cc-pvdz
F 0.0000000000 0.0000000000 0.4500000000

1. % 1 fTATOMBASIS ¥/~ )5 K F ATOMBASIS % AK& R o X FE 27T LLRAS [B i R 748 &
ANFEFFA, i H S E ECP. He i AR A H INTGRL ChJ A F 5& SR FE o BRI 4 A
THESHERAR, BT Gaussian F2J7 1 R BEIRGEN; ANSZRE ECP 24D, DL ABASIS (X
LR EFHE E — P AR, (AR CEF BCP JE4H; sS4 Z JpEAbR, AR E).

2. 552 34T RAUESE, ATUAMERETAT, HEAAREEY 72 51,

3. B AATHRNHF - FESWMIEREFRA Y, PRI Ao 701 BTl g N S 7E1X — 1T 48
B, IXBEATHEGME 0. 70 TN FRYEH RN M EIX — T4 8, H A% X Dacron {8 H TR
“Specifying symmetry by generators” #B4);. X B A T8 E 71 FIORFRYE, W AR R T .
H T Dacron R AEACBERT DURHEE, B2 HF 20 B mb DUREE Coyo

4. F54TE X T Hitz (Charge=1.0) NI KHMIEA (Basis=aug-cc-pvdz). Atoms=1 3%
AN A A RREEN AR T .

5.8 6 AT X T ANA TR E MR WEREE 4 17THAtoms > 1, NI NITIEEZE L ATE R T
bR ATERITCRAT S P ARG S, AR, Rt AR, BRI S R T
R HEEH 5 47 ICharge=, JGR BT H ICRAT S5 AR/ .

WE: TR T IR T4, BT = SRS . AZAE TR BLSIRIE . 180 Co, XIFRIERT O3
a5, RA—RITR, WA PRE TR,




o

4. %27 QUEE.mol X HF 431

6. 5 7. 8ATHEIPAT IRl T AR T

it Gaussian —KREF R E T Re ) A AXRBEFARZEEMELE? HELE, Al
ZEEAEVHEITER S, Wl dal AR ME. BT Dacron FEHARIHR HRE AR,
2 G N IHATEGHHIRZ EE, B 1.

UNRAE .mol SCAFHE ] ECP 340, 2 W55 1.4/M15,

B Z AR SEAIEA U, W Dacron f# H F M “Molecule input format” —Fi.
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3.1 XNHRMESARTLYRR

DarroN A AEANEER DR s, ROMRIARIERE P LUBCR 5 5 o X+ HF 201, e R DUR &
#EFE Coyo DALTON IR TP BRI BIA T ARSI S, 1 Dacton {3 0 e i e it 1
Tl W LA o L SIX 645 B AT DAFE DALToN it SCAF— R AR X RRPESS r 2020 . il dn,
HF 731 1% 1 -

The following elements were found: X Y

SYMGRP: Point group information

Q Full point group is: C(oo,v)
¢ Represented as: C2v
@ * The irrep name for each symmetry: 1: A1 2: B1 3: B2 4: A2

5 UATRARDTH 2 DNPRAERTG. 5 717 5%R HE 20 T SRR Cove 58 8 AT R THRIEAE A
Coy KiltFe BJG—ATRMY, Oy AUNMATLERR, R SIKICN A1, Bl, B2, M A2. Afk
W FVELE e T =8 L 2.

ARV 2>, I EERTE AR DR SRS B DUR fUREZ TR XS B2k & o 25 WL Dacton {4
FMP) “Treatment of higher symmetries” #75r. HEIEAIRIEAE, 2 050K [1] B3R 58 (JRFERE
BES &M TR RIRR) IR 59 (KIE 0T RS S TR RIS R ), PURSCHR [2] i
A REM
[1] G. Herzberg, Molecular Spectra and Molecular Structure, Vol. III, Van Nostrand, New York, 1966.
[2] S. L. Altmann and P. Herzig, Point Group Theory Tables, Clarendon Press, Oxford, 1994.

X HF ZRH AR ORI 0T, WERDTHISL T 2 TR, Cooy 5 Cap ZIBIHIRT RS
RUR3AFIR:
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.6. 3% 5 HF 2 HUIE RO FR A G I EoE

K 3.1 Coy 5 Cop ZIHIMIXRNIR R (2 70T

Coov Ca, Al Bl B2 A2
»t Al 1 0 0 0
»- A2 0o 0 o0 1
II B1+ B2 o 1 1 0
A Al + A2 1 0 0 1
) Bl + B2 0O 1 1 0
r Al + A2 1 0 0 1
(HEED (B

3.2 HF 99 FHIE

TE Coy 1 Cyo,, HEY, HF B S PUERN HUE IR 3 2F17R:
% 3.2: HF 5

JATHIE | Cxo Cy, al bl b2 a2

H 1s ot al 1 0 0 0

F 1s ot al 1 0 0 0
2s ot al 1 0O 0 0
2p ot +m al + b1 + b2 1 1 1 0

fEJ5 s 8 HF 70 THUE SR g, K3.222 2.
R BN AL (PR PUIER AN RO BREEEE . P 25, TR T T 14

e
Orbital specifications

e Abelian symmetry species A11 | 1 2 3 4

¢ | A1 B1 B2 A2
o= | oos coo oo oo

e Occupied SCF orbitals 5 | 3 1 1 0

@ Secondary orbitals 27 | 13 6 6 2

@ Total number of orbitals 32 | 16 7 7 2

© Number of basis functions 32 | 16 7 7 2

MBS —4T (EREBIECE —47) WLESR], XAHEILE 16 > AL $uE, 70 Bl #uE, 74 B2



3.3 HF WM TS 7.

BUE, 24 A2BE. BLAN, W 6 4TI AT LUE BIBUE 5 PR K.

3.3 HF HIINEBETE

EREPENS, BAVEUE HF 2 7RI E 7S, BEARENES XIS, B R
BRI A BYSt (W RD8YEERIE), LA ZERORZ SILAI 23St (R B GERIE) . IXTL
MNERBRER LB

ENERGY (eV)

O
-
-
-

2
R(R)
K 3.1 A A T4 . RIE: T. H. Dunning, JCP, 65, 3854 (1976).

DartoN FE/F 5 T HUSTHEBMA S, SH5E (BD) SERESE AN . RIER3.1,
PN BREBURES LA BIST 1E Oy, BB R 521 1 1 0 Q&S XISt AMEFEEN). A=
HFAEMmTHAL 1 1 0. RANERBERIT, RS T BLE B2 A58 R HBL
HERFFRTFA I &\ -, NTHEHENE, FARTETELPN D03, Wi,
HHE1 10081 01 0XEEEMATLLT .
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NE  O)E.dal STH: KHKIT

\nixr
Jdiy

RN THRIRERAS (Sys n=1,2,---) FRERL (S)) KIERIE—HE Darron 1k
MRAFERARZIS . BOLRDTHR=ZEHRE (T n=1,2,---) B S, KiK. A AICHEAR
BEHTL ] (Jablonski Diagram) ER NS/ R AR S1/Ty B So ERIE, XREAXTH.

DarroN 25 A AN RETH B B O A — IR BRI Y 5 o IX e T V2 KA A T e iy S B
W, EIEPR AL, B AR N A BIEOR S R . BT IR R 2 BB AR e =
PRSI RE O RBEGERIED), PRIt B =R S A R — IR, HRARRTHERR
B, HUFERDCBRIEBRIE MR R aEEE, S NS hE,

FE: EBANES
FEARSTEESUER T, . dal NS T ISR H 0T LA B N RT A 544

4.1 TDDFT (PROPERTIES &)

7£ DFT #1 TDDFT &, FrfA 1z s #6K H B3LYP,

SFEE . XA E Gaussian 12FE M AT B3LYP!

DALTON X T AT GaussiaN F2/7 11 B3LYP € X. # 1% Gaussian ] B3LYP 2 i, %
1 B3LYPg.

FHPROPERTIES f¥t ] TDDFT {15 ER, BAWT.

**DALTON INPUT

.RUN PROPERTIES

*xWAVE FUNCTIONS

.DFT

B3LYP

*SCF INPUT

.DOUBLY OCCUPIED
3110




AN A W N =

4.1 TDDFT (PROPERTIES &) .9.

*x*PROPERTIES
.EXCITA
*EXCITA
.DIPSTR
.PRINT
5
.NEXCIT
1110
*xEND OF DALTON INPUT

1. 5 7. 84T E I HF  FREESIHE T HiE, XNR320TUAR: H Is KE—NHETS F 2p,
fERRTE NS, Ja#A80, BIIER & — 5 s =ATH N, #1582 HF o7& AnT e
TR IIHUE 5 HEE. Dacron — B IHHL T REIERE RS HUE 585, 5 LIXmaT RN
THgIH—, FEARDLFTER.

2. %5 12 17 .DIPSTR KB Fn v EHAEWIR T2 f (oscillator-strength). BRIAATHE . H
BT HE TS W Dacton T3 .

3.0 55 130 14 AT BUE RO ASH MFTEN S0 . Zhmih kit CRE 745 MfEER, 2405
N 5o WRAROBRIEMAH GRZMAT, BINAHTENG LT

4. % 15, 16 TRCE R T8 BARMR 3.3,

AR R A 2O, RE AR R TR MO RE) AT DAFE S SO 45 R 21

@ Sym. Mode Frequency Oscillator-strength
@ ex. st. No. (eV) velocity length
@ = m
@ 1 1 13.094385 0.1354 0.1403
2 1 9.178838 0.0322 0.0341
3 1 9.178838 0.0322 0.0341

EAERATE T TERA R LFor, A BT AR EM e T, FURTHIE f. “Frequency”
KB R, LR R S P T, RUREIE 0 IR TR P, i
WHES . ERASIIRT IR0 T4, BT S80I FEEERL 2, 4TIk
P AT AT AR, SRR T 1 .
B TIRTIRAE, LR AT R Ay, AN
3 d
T2 1)

4.1)
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.10.

B 4% BIEdal STHE: TORBRE

HP ) d ARORSKIEIE . TTSEWADI, FIFER 2, a4 THH fio FABIRT 98
thogesfe b 1 2, WEFRTRHRE. #A, FRIOUFRER B EHORSHIF L. 2 &= 1wk

JeAF e AR At
IR ROERIE UL AT T, HERBERET U B (2 8RO -
Index(r,s) r s (r s) operator (s r) operator (r s) scaled (s r) scaled
27 3(1) 4(1) -0.6824784488 -0.0083024493 -0.9651702784 -0.0117414364
40 17(2) 18(2) 0.1253179364 -0.0039693243 0.1772263253 -0.0056134723
46 24(3) 25(3) 0.1253179364 -0.0039693243 0.1772263253 -0.0056134723

LS5 1 PRBRERS 5. BT T RUNIBRIERSI, S5 A2 IELEN .

520 38R R AR BRI AT B A i 5 TE . 55 P IEUE R Co BERIAN AT LRI G

5, ZWR3IANZ.2. FESHIIES R DFT #7 FHE R S

DacroN fiiH FUE g 5 A AR A%, T EE HARE . HF 5 DFT fii H (HUE R E RN AT 4
TR Y5 1, AERIE R4, BUEIZIRA T L ROR 7 &S dm s, BT
A RERNFTZ AN N o XS REER3. 2145 B @ 5. 28 40 MEKIEL7(2) 18(2) HIWHLE S
TEICHIBR 16 > AL BUE, TRMAERMNE A Bl SUBTERZE A B1 JuE. XFEEt
A LURI DFT % H A IE X i ok . 28lHh, 26 46 NERIE24(3) 25(3) HMHLES R 5 7K &
kR 16 > A1+ 74 Bl =23 40, KRN FE A B2 Pudkit 3% 4 B2 Hlul

F 4R o BRENE T, HP TR ER R 25 0.5,

4. 5 6 FIETH 4 5k LR T V2, HUTHET g RITMTTER, PO MR Z 1.0 341

TETHS S DTERET
5. 55, THIAHE.

KL D411,

4.1.1 =FHESHIEN

i 2 X B AT 7

“HBRASKHAL R . DacroN ¥ TDDFT H i 2 0 240 5 8 A = SR & o JF i .

**DALTON INPUT
.RUN PROPERTIES
*xWAVE FUNCTIONS
.DFT

B3LYP

MEZ X TR AR — A L

AR T RO A THE T



o 0 9 N R WD =

42 TDDFT (RESPONS #il) 1.

*SCF INPUT

.DOUBLY OCCUPIED
3110

**xPROPERTIES

.EXCITA

*EXCITA

.TRIPLE

.NEXCIT
1110

*x*END OF DALTON INPUT

AT P ESHMAZAZ . L TRIPLE SRR R IFE=ES . BT =882PEE KTt
G, 7B DIPSTR KA
AL RIS G AE 41175 .

4.2 TDDFT (RESPONS =)

DaLroN ) RESPONS #E B 1] UL f# TDDFT 5 .

;£Z: RESPONS 5 PROPERTIES &3#9[X 3l

PROPERTIES 58 AT £ P e S AT — 26 5 [ TH 55 RESPONS AU — b, B 1 2tk
N, JESZRFAELRPEMIN. . A, ANt B 7 v AR — AV LAt . P
%) S B ] R HH SO A A% AT 2 AN R T

TDDFT 15 BB AR AL T

**DALTON INPUT

.RUN RESPONS

*xWAVE FUNCTIONS

.DFT

B3LYP

*SCF INPUT

.DOUBLY OCCUPIED
3110

*x*RESPONS

*LINEAR

.SINGLE RESIDUE

.DIPLEN

.PRINT




Kol R ) Y L Y S

2. B4 QIR dal XM RIGHRIT
4
.ROOTS
1110

*xEND OF DALTON INPUT

1. AZE 9 1T IH4A,

7& RESPONS R R )5 N o

2. 5 10 TR B N R LA B TN
3. %5 11 47/ .SINGLE RESIDUE Jofdial R it HiM A A .

4. 55 12 171 .DIPLEN R8I RN 1B AR IR 758 F f. HERIEHEAFZ N Dacron {4 HF

i

5. 5% 13y 14T BOEBCRGSHR AT RIS . Ehai 7RI (AT IEE, 2405

K 4.

6. %15, 16 TR B T3, BARMENZE33T.

ot OR AE 2

HEE4 1952800, 45 R 52 e 1E ReE R GRS 4.117 .

4.2.1 Z=EFHATSHIEN

= EEASHEATT . 554.177 % PROPERTIES f—#f, B Fl— & ¥ & A /ERESPONS
L8 e R e A2 A e = A

*x*DALTON INPUT

.RUN RESPONS

*x*WAVE FUNCTIONS

.DFT

B3LYP

*SCF INPUT

.DOUBLY OCCUPIED
3110

**xRESPONS

. TRPFLG

*LINEAR

.SINGLE RESIDUE

.PRINT

4

.ROOTS




4.3 fii ] Tamm-Dancoff JT{LL#) TDDFT (RESPONS #&Ht) .13,

16 1110
17 | **xEND OF DALTON INPUT

ik TRPFLG @R FoR it = HA . mT = HESFIES TSN, 75 L H . DIPLEN 4
AL R R4 .

4.3 {¥F Tamm-Dancoff JT{{{\#) TDDFT (RESPONS 1Z1k)

RESPONS # LA ¥ £F Tamm-Dancoff #T/8L (TDA). Tamm-Dancoff Tl ) TDDFT R 757
54277 ) *+«RESPONS 4172 J5, *LINEAR 172 Hiffi N —47 <455 . TDA.
EE SEPISELYCE Y R IR TP

4.3.1 =EHESHMA

TDDFT(TDA) W] Ut =E& . S WPESKHA, PLERE42.1/M .
ARG R A GEAESA117

4.4 TDHF

RESPONS H1 PROPERTIES #&3#5 7] LAt TDHF 115 . TDHF 5 TDDFT % A\ 214,
41427 Y DFT FIB3LYP X HATEA . HF . B AAAS ,
A LE R R SR 4. 1175 .

Pl
Eil

4.4.1 =EHESHEAN

TDHF A Uit =E A, S WE4. 1180542107,
AL R BG40,

4.5 CIS

RESPONS fRELIA AT LI CIS #H5, st /2 TDA T80 F ) TDHF. FRESKFANLT:

*x*DALTON INPUT
.RUN RESPONS
*xWAVE FUNCTIONS
.HF

*SCF INPUT

[ N S




¥4 QI dal CAE:

FORRE

.DOUBLY OCCUPIED
3110
**xRESPONS
.TDA
*LINEAR
.SINGLE RESIDUE
.DIPLEN
.PRINT
4
.ROOTS
1110
*xEND OF DALTON INPUT

WA LRSS 9 4THY . TDA 5 Al CIS.
AR RS 4. 1175,

4.5.1 Z=EHATSHIEN

CIS ] LM R =8 . ZHHEESHAN, U421/,
BRAG R AR 4.117

4.6 MCTDHF(CASSCF) (PROPERTIES #&#t)

A BT 12 25°F3) MCSCF 720 58U A F , Dacron f# | MCSCF iH L BANSEE,
T 2 e B BEAS (2 A HIBENUAH AT MCRPA ; t25k /&2 MCTDHF) 3753 &K &  MCTDHF
b % &P MCSCF ik LW a2, B TRA TR, HE2mTAHBERBE K, M
FH ¥t R 52 B

FHPROPERTIES fHti#E /T CASSCF £y $.E 2 MCTDHF vHH Ff A\ Qi

*x*DALTON INPUT
.RUN PROPERTIES
*x*WAVE FUNCTIONS
.HF

.MP2

.MCSCF

*SCF INPUT
.DOUBLY OCCUPIED

O 0 N N W ke W N =

—_ =
- o

3110
*CONFIGURATION INPUT
.INACTIVE




4.6

MCTDHF(CASSCF) (PROPERTIES )

1000
.ELECTRONS
8
.CAS SPACE
3110
. SYMMET
1
.SPIN MULT
1
*x*PROPERTIES
.EXCITA
*EXCITA
.DIPSTR
.PRINT
5
.NEXCIT
1110
*x*END OF DALTON INPUT

1. % 5. 6 {748 EALE HF ZJ5 W XAT MP2 1 MCSCF 4. MCSCF 2 B fft] MP2 s 4x =
MP2 5l HARBE, FT MCSCF [RIGEAEI . AN MP2 sDIRASZ A1), e hl 2 Xt T
HF XMW R4 Rt it S (], MRARA BE . (H&X T H0E L & 2= 1 m X B ik
%, MCSCF 155 H MP2 HAREUIE, AR AT LS 2 IER I EUEHET, 8 S X EUIE fif s 3
RO, XK TR R, A4 HE HIARH0E W SCE .

2. WA 10 25 20 17/ MCSCF f%iN -

(a) % 11, 12 AT4R € MCSCF HIXU SRR ARETEPE, — Bt he

HEENKEF Is 1 MO, HIEHAT L3 2153,

(b) 55 13, 14 41748E€ MCSCF B3GR 7M. HF —3% 10 M7, FIBRIRIETEUE &4
12 ANETF, R 8 4.
(c) %5 15 1748 MCSCF (255 )y CASSCF, "B MiE M B N —17E L. XBEENK
H F 2s2p +H Is 1 MO, (H¥E%0nT LRI 275 3.
(d) 217, 18 ATIRE R TAMALER. REETEAANFEE RN FH%EBFES

ALY R IR H R 1. Xt Dacron FIERVARE, FIHX T LIAE,
(e) B 19, 20 TR EH TSN BEIRL HZ . DacroN BRAZ 1, RLXPATA IAE,

3. H4&m% NF TDDFET % AL, WE4.175.

AL R R4,

BlE. X




EE NS I S}

.16.

B4 FE Q. dal A WGERITE

4.6.1

F MCTDHF(CASSCF) i1 =H AR S IHE B ER M HAZLL, A ++«PROPERTIES

ZEHARTSHIEA

B

FPROPERTIES #itkiE4T CASSCF ¢ = #E A MCTDHF i+ & H AW T

.HF

.MCSCF

*SCF INPUT

.DOUBLY OCCUPIED
3110

*CONFIGURATION INPUT

**DALTON INPUT
.RUN PROPERTIES
*xWAVE FUNCTIONS

.INACTIVE

8

1000
.ELECTRONS

.CAS SPACE

1

1

3110
. SYMMET

.SPIN MULT

*x*PROPERTIES

.EXCITA

*EXCITA

5

.TRIPLE
.PRINT

.NEXCIT

1110

*x*END OF DALTON INPUT

AR B FHA117 .

4.6.2 MCTDHF FRESHAMNNESETS

%7 CASSCF 2% 4b, Darton ) MCSCF iR A] LLXT S A (3E&) i RASSCF KA 1)1t
B, NP IR A E], RASSCF A] L RAEHL CISD. CISDT. MR-CISD 45, {HEZiHHE &R
AR T AR L I MR T AR



4.6

MCTDHF(CASSCF) (PROPERTIES #iHt)

& 2R BUG!

15 B RASSCF #%4)L CISD. MR-CISD, RESPONS F& 3t [ B 55 i A5 1 5 2315 B4R (1 45
B, REH,

N & — 1 H RASSCF #4l CISD 2% 7%, Hif it PROPERTIES #ibtf) MCTDHF 15 =H#E 4

IIER

**DALTON INPUT
.RUN PROPERTIES
*xWAVE FUNCTIONS
.HF
.MCSCF
*SCF INPUT
.DOUBLY OCCUPIED
3110
*CONFIGURATION INPUT
.INACTIVE
1000
.ELECTRONS
8
.RAS1 SPACE
2110
.RAS2 SPACE
0000
.RAS3 SPACE
13 6 6 2
.RAS1 HOLES
0 2
.RAS3 ELECTRONS
0 2
. SYMMET
1
.SPIN MULT
1
*x*PROPERTIES
.EXCITA
*EXCITA
.TRIPLE
.NEXCIT
1100




34
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.18, a4 E B8 dal SCAFE: DEGERIT

*x*END OF DALTON INPUT

T CASSCF 2% 451 .CAS SPACE M A #A By LTSS 14 & 23 47

1. %5 14, 15 47: . INACTIVE Z #M4i S PasiE, BIXG N F 252p ) MO N RAS1 F-2%[] .
ZN3K3.2.

2. 16+ 17478 X RAS2 F2%0]. AN TR S CI, FIRFFAND.

3. %5 18, 19 17 X RAS3 T[], MNEHHHIE (S IWE3I2WHHIER) 1Bk . INACTIVE,
.RAS1 SPACE. .RAS2 SPACEJLiEZ )5, & FHIHLEM AN RAS3 43,

4. 520, 21 17 X RAST 70 R H 5 . T CISD, mZ kM E TN RAS2
RAS3, [Att RAS1 F25 A 2 SN B /NS 0, B 26

5. 5522, 23 175 X RAS3 FA R B A 20« X CISD, HwZ I KM/~ H T3 RAS3,
It RAS3 FZ[E TN /Me 0, R 2.

WA, 7E55 33 47, AT WETHERE, SHSRTE T N, SE33NTEH.

BE AL

TR B EE R A 117 . AT LA 3, 52 MCTDHF B3R FTRE , R A5 145 5 9 AN CASSCF
2% 5] MCTDHF 1% /b . R ASHEFF H Dacron ) RASSCF #ifblm 2% C1 kiR . i
BN FEATFEORAS, FEERPONAIMBEES, 755 HRNETT S K.

4.7 MCTDHF(CASSCF) (RESPONS #&3t)

FIRESPONS #1347 CASSCF 2% 3 . 85 & MCTDHF B AT -

**DALTON INPUT
.RUN RESPONS
*xWAVE FUNCTIONS
.HF
.MCSCF
*SCF INPUT
.DOUBLY OCCUPIED
3110
*CONFIGURATION INPUT
.INACTIVE
1000
.ELECTRONS




4.7

MCTDHF(CASSCF) (RESPONS #iH)

8
.CAS SPACE
3110
. SYMMET
1
.SPIN MULT
1
**xRESPONS
*LINEAR
.SINGLE RESIDUE
.DIPLEN
.PRINT
4
.ROOTS
1110
*xEND OF DALTON INPUT

FZ54.675 MCTDHF(CASSCF) I HMIANZEAZ, WHEA6TUH, HSHH427,

A LE R RSB 4. 1175 .

471 Z=FHESHIEAN

Fl MCTDHF(CASSCF) 15 = #EA N 51T R HEE A RLL
FHRESPONS #iifi /T CASSCF 4¢jj] —E & MCTDHF tHE MM AW T -

**DALTON INPUT
.RUN RESPONS
*xWAVE FUNCTIONS
.HF
.MCSCF
*SCF INPUT
.DOUBLY OCCUPIED
3110
*CONFIGURATION INPUT
.INACTIVE
1000
.ELECTRONS
8
.CAS SPACE
3110
. SYMMET
1




ol = Y L Y S

[ —
=]

.20 . a4 E B8 dal SCAFE: DEGERIT

.SPIN MULT

1
*0PTIMIZATION
.DETERM
*x*RESPONS
. TRPFLG
*LINEAR
.SINGLE RESIDUE
.PRINT
4
.ROOTS

1110
*xEND OF DALTON INPUT

i B E R A2 5 204 21 4T 4 T FHRESPONS A3t MCTDHF 5 =54, MCSCF ZFH&1HH
IONIXPRAT L 75 B, RNFE MCSCF 3 R i #2 v, AR AT ZI, M AEERA R
HAELSREL (CSF). iX/M*0PTIMIZATION 72 545/ «0PTIMIZE ook, AERE. FEMN Y
FE++DALTON INPUT #5437 Yo

AL R R4,

4.8 SOPPA 7575 (PROPERTIES &)

AU HF. DFT. MCSCF WUR A THH AR5 T REHLA ATl (RPA). X BLAE H Akt A%
FEEFFILAL (SOPPA) &Lk RPA B i 2 1 771k BARIHRIES % Ciik, #1in A. B. Trofimov, G.
Stelter, and J. Schirmer, JCP, 117, 6402 (2002).

DaLtoN [ SOPPA Y =FHEREZJ: MP2, CC2, Al CCSD. AW

SOPPA(MP2):

**DALTON INPUT

.RUN PROPERTIES

**WAVE FUNCTIONS

.HF

.MP2

*SCF INPUT

.DOUBLY OCCUPIED
3110

*MP2 INPUT

.MP2 FROZEN
0000




4.8 SOPPA Jji% (PROPERTIES &)

*x*PROPERTIES
.SOPPA
.EXCITA
*EXCITA
.DIPSTR
.PRINT
5
.NEXCIT
1110
*x*END OF DALTON INPUT

SOPPA(CC2):

*x*DALTON INPUT
.RUN PROPERTIES
*x*WAVE FUNCTIONS
.HF
.CC
*SCF INPUT
.DOUBLY OCCUPIED
3110
*CC INPUT
.SOPPA2
.FROIMP
0 00O
0000
**xPROPERTIES
. SOPPA (CCSD)
.EXCITA
*EXCITA
.DIPSTR
.PRINT
5
.NEXCIT
1110
*x*END OF DALTON INPUT

SOPPA(CCSD):

**DALTON INPUT
.RUN PROPERTIES
*xWAVE FUNCTIONS




.22,

it <5

o 4 F

G dal SCHF: DIGERIE

.HF
HCE
*SCF INPUT
.DOUBLY OCCUPIED
3110
*CC INPUT
.SOPPA (CCSD)
.FROIMP
0000
0000
**PROPERTIES
.SOPPA(CCSD)
.EXCITA
*EXCITA
.DIPSTR
.PRINT
5
.NEXCIT
1110

*xEND OF DALTON INPUT

X B r NSU#RE, K124 PROPERTIES A5 H 1) SOPPA ANfeitHEE =8 A, 1 HiH ik,
AR . I RESPONS #ibfi SOPPA 115, H#iHKEEF, WEH4.977.
AL R R4

4.9 SOPPA 73}

(RESPONS #=3)

Fl RESPONS #5417 SOPPA(MP2) H 88 A iHH I AN R -

**DALTON INPUT

.RUN RESPONSE

*xWAVE FUNCTIONS

.HF

.MP2

*SCF INPUT

.DOUBLY OCCUPIED
3110

*MP2 INPUT

.MP2 FROZEN
0000

**RESPONSE




4.9 SOPPA J7i7% (RESPONS fRHk) .23,

. SOPPA
*LINEAR
.SINGLE RESIDUE
.DIPLEN
.PRINT
4
.ROOTS
1110
*xEND OF DALTON INPUT

1. 589 2 11 1T4RE 1 MP2 BREEHUIE . TR &5 818 H AT AN B A T SOPPA K =H ATH5,
NTH, =SS RAATHN, KEANRESEPE. AREPUEHEZ Dacton FIENIE,
DR IX = AT AT A8

2. 58 13 4717 . S0PPA FKIniEAT MP2 2 7] SOPPA 1%,
3. *LINEAR #B4r IEI AR 54 25 AHE], 1% B AN AR .

SOPPA(CC2) R EATFE AL T :

**DALTON INPUT
.RUN RESPONSE
**WAVE FUNCTIONS
.HF
.CC
*SCF INPUT
.DOUBLY OCCUPIED
3110
*CC INPUT
. SOPPA2
.FROIMP
0000
0000
**RESPONSE
.SOPPA(CCSD)
*LINEAR
.SINGLE RESIDUE
.DIPLEN
.PRINT
4
.ROOTS




22
23

[ N - S T

o

.24, 4= QIR dal SR DEEERIT

1110
*x*END OF DALTON INPUT

5 SOPPA(MP2) [ N5 :

1. 25947, HxCC INPUT % # SOPPA(MP2) f+xMP2 INPUT, J5[Hi4#i A .SOPPA2 F/nfif CC2 it
H . i SOPPA(CC2) iHE (IR, .SOPPA2 ANRE'S fCC2.

2. %5 1147, J.FROIMP % #: SOPPA(MP2) [¥J.MP2 FROZEN, HR2IE4HENEE. (HA)G
TEWAT, B ATRRGE RIS PIE, B oATRRNAES N REENIE. T8, =&
Mg REAA LM, XEARSHE.

=

C

3. % 1547, H.SopPPA(CCSD) # 4t SOPPA(MP2) [1].SOPPA.

SOPPA(CCSD) HLE AT FHF AW

**DALTON INPUT
.RUN RESPONSE
**WAVE FUNCTIONS
.HF
.CC
*SCF INPUT
.DOUBLY OCCUPIED
3110
*CC INPUT
.SOPPA(CCSD)
.FROIMP
0000
0000
**RESPONSE
.SOPPA(CCSD)
*LINEAR
.SINGLE RESIDUE
.DIPLEN
.PRINT
4
.ROOTS
1110
**END OF DALTON INPUT

5 SOPPA(CC2) M NN, 55 10 47 548814 . SOPPA (CCSD) # it SOPPA(CC2) . SOPPA2. [A]
F£, .SOPPA(CCSD) ANRES fCCSD.
EE AP ISELTCE Y RN P



Nl R ) L Y S

410 CC-LRT Jji& .25,

4.9.1 =EHATSHIEN

SEBERSNEANS DI PREEOR ST AL, 7 E/E*+«RESPONSE 1T 5 *LINEAR 1T [8]
f#i \ .TRPFLG, Jf-fH%: .DIPLEN.
AL B R G4 117 .

410 CC-LRT 757

MaiE (CCH B [ D 28 e B /772 CC-LRT. CC-LRT 5 CFour. Q-CHem 25F2
FF i) EOM-CC 7k SOk B2 M R, B SR A RA—FE. B CC-LRT BFEH
+ JUEERT I 569%, CC-LRT izZiz tt EOM-CC i FE k.

ANETFHJLTA R /7%, CC-LRT A PAFRN tFRE P ESM ZEEA. DU EERA.

*x*DALTON INPUT
.RUN WAVE FUNCTIONS
**xWAVE FUNCTIONS
.HF
.CC
*SCF INPUT
.DOUBLY OCCUPIED
3110
*CC INPUT
.CCS
.CC2
.CCSD
.CC3
.FROIMP
1000
0000
*CCEXCI
.NCCEXC
1100
1100
*xEND OF DALTON INPUT

MEE 9 79TR, & CC BB AL 7).
L5510 2] 13 47, MRUCGE LT LR S AR, IR Ee R AT DLTH R R B A = O S . 1E
SKBRR A, AR S B R S AT BL T

2. 14 B 16 17, EHELERSPIEMEHE. TR EE, XBEIF Is XN MO %
g, 2 W3K3.2,



e e Y S N S

.26. 945 Q. dal O RGBT

305517 3 20 47, & LEHEMMRS. B 19 7RERES, B 20 THREZES, 21
B33, WRATHERER, 20 AT AT BUMER; AR AR =EL, 19 T RESKAD
SO 0. XHE Iy 7HamE, IERE THF D03, 205337,

IR B PO AR BUR T om R, R EMIERES 20 1T =HA, SONBLUTR AT

*CCLRSD
.DIPOLE

EHFEIRETREREN T, BESM=ESRES TR, SRR,

ARG R A 4.117 .

WRAEBHEFHRKE CREFAHD), T PR FESE RGP RIRTF T
FEIET

S e S S === e e e S e e S e e === e e e e e S5 == E
| symmetry| orbital index | Excitation Numbers | Amplitude |
|  Index | a b i o NAI NBJ | NAIBJ | |
IS SE S S S S S S S S S S S S S = S S S S SSS SS S SSSSSS SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS=5
[ 1 2 | 1 1 | 13 | | 0.844754 |
| 1 2 | 2 1 | 14 | | -0.410630 |
1 2 | 3 1 | 15 | | -0.223942 |
et e Tt e L e +
[ 2111 | 6 5 2 2 | 12 18 | 471 | -0.076485 |
[ 2111 | 3 6 1 2 | 19 | 489 | -0.074989 |
[ 2111 | 6 6 1 2 | 19 | 492 | -0.054739 |
[ 1121 | 3 5 1 2 | 15 18 | 474 | -0.047888 |
l1121 ] 12 5 1 2 | 24 18 | 483 | -0.089836 |
l41311] 2 5 1 2| 27 18 | 486 | -0.061125 |
e S == o e o e e o S e = = == ==L oo o S e e S S S S === ==="===oSoooCTy

b EARER R ORI RARS, TR R R T BURRT RS . {5 CCS-LRT 115
B RAG T 5. RA RGP RASHIE T, FHRBET 1.0 SR IR T
IR RN (< 0.1), B, UHHXANERS ST SHEEN L B FBEAEIN, CC-LRT #Hig
CaNEH, FHX MRS SRS,

FEXCER TTRRR NS LT, ARG Rk B30, S Em B T ASEERX B, RIBH
— B B UK 5 AR BT PE A T L3RR, 55 802 B UK S R OB da 5 UK
AT SR YUER S . EE: BPUEEENA AR R P Mg S, JEHEPCLHRR T SR
1. X5 RPA 1 SOPPA i+ & H R MEIE R 5 T E AR (Flhn, EXTREE4.177 1) TDDFT
HED,

BN 747, J& 1 AR TFAATTAER 2 (BD) M5 1 MUE, BEIIATLER1 (AD
2R 3 AN EFUE . T HF 20 FA 3/ AL GIEPUE (Z053.2797), BIIXASEEIEXT R 6



ol = Y B Y S

410 CC-LRT Jji& .27,

Al HlLiE.

4.10.1 CIS(D)-LRT #1 CCSDR(3)-LRT

CIS(D)-LRT Al CCSDR(3)-LRT X%} CIS 5% CCSD ) 5. B i & AR A R, 7531 v 200 1 8
KEE, BEARETHHERE TREM=EL. CIS(D) 1 CCSDR(3) H5<8 17 43 il /& .cc(2) F1.CCR(3).
WA

**DALTON INPUT
.RUN WAVE FUNCTIONS
*xWAVE FUNCTIONS
.HF
.CC
*SCF INPUT
.DOUBLY OCCUPIED
3110
*CC INPUT
.CC(2)
.CCR(3)
.FROIMP
1000
0000
*CCEXCI
.NCCEXC
1100
*x*END OF DALTON INPUT

CIS(D)-LRT 75 B 5347 CIS 3%, H52F5r E CIS # &4y CCS-LRT ( & MR E AR H 0D,
DAL e Y SCPE R 2[RI T B CCS-LRT Uk B CCSDR(3)-LRT [H]i#] Bl CCSD-LRT UK B -

A R REEAEEA 117, W LAIE S, CCSDR(3)-LRT 5 CC3-LRT 45 L (HAZRTE T
THE B .

JFE: 12F BUG!

WREBEH LA, CIS(D)-LRT 182551 BIYT BUREE (U8 0.02 eV) . B
AR T IR A AT LIRS R S B 5.

4.10.2 Cholesky 53fi# CC-LRT

CCS-LRT Fl1 CC2-LRT #] PA%5 4 Cholesky 7 H R THH R E S KA RE (AEETHHEIRT 50
FEAZEAR) . XX KO TARRAT ARG E, HEX HF XFER/N D TS . 1F R,



BwWN

.28, a4 E B8 dal SCAFE: DEGERIT

BNSCAF IR, A HT RGN (4 O SR AR TR/ Cholesky 73 fif AT 23K 1, 1K BAME RS

*x*DALTON INPUT
.RUN WAVE
.CHOLES
*x INTEGRALS
.DIPLEN
*x CHOLESKY
.REDUCE
.SPANDI
1.0d-3
. THRCOM
1.0D-8
*x*WAVE FUNCTIONS
.HF
.CC
*SCF INPUT
.DOUBLY OCCUPIED
3110
*CC INPUT
.CCS
.CC2
.FROIMP
1000
0000
*CHOCC2
. CHOMO
*CCEXCI
.CHEXDI
.DV4DIS
.NCCEXC
1100
*x*END OF DALTON INPUT

A GE R R ELE 4117 . ATLAE R, I Cholesky 7R Jo, 5 RF M S5 AL J LT A0
RAGFE .
411 ZHERWE2ZE

KEFA BT ERREEBMALR (T,) MIRTIREE (f) 455 T%4.11.
YENXTHR, 38 MoLpro F2/F 34T T CASSCE(8,5), CASSCF(8,9) F1 U4 MR-CISD+Q(8,5),



411 SRHES

.29.

MR-CISD+Q(8,9) 115, i/ T AR FIEEAMEK . (8,5) Fon 8 MHT (HE 5 MG MO, Xf M
F 2s2p + H Is. (8,9) 801 756 F 3s3p MG HE MO. X8 rh, WoRA SHE —RIBLAT
BITIESRAR, AR DaLTON S REIE 1 35 25 4 Mk i 8

R AL JFINE S E BB REANR T 0m

WARES T,?x%) | T,CH0)  T,(B':t) | T,('O) | f(B'ST)  fOID* | iHEEA
eV eV eV eV
TDDFT 11.82 8.74 13.09 9.18 0.140 | 0.068 | [4.1,4.2]
TDDFT(TDA) 11.94 8.76 13.12 9.19 0.150  0.070  [4.3]
TDHF 1223 | 10.50 1493 | 11.33 0.190 = 0.058  [4.4]
CIS=TDHF(TDA) 1279 | 10.65 1498 | 11.40 0.198  0.058 [4.5]
MCTDHF(CASSCF) 13.01 = 10.58 1474 11.07 0.218 | 0.050 | [4.6,4.7]
MCTDHF(CISD) 12.96 9.96 1445 1045 0.183  0.070 [4.6.2]
SOPPA(MP2) 12.25 8.78 13.40 9.17 0.163  0.069 [4.8,4.9]
SOPPA(CC2) 12.28 8.80 13.42 9.18 0.159  0.067 [4.8,4.9]
SOPPA(CCSD) 12.28 8.79 13.42 9.18 0.154 | 0.063 | [4.8,4.9]
CCS-LRT 1279 | 10.65 1498 11.40 0.190  0.059  [4.10]
CC2-LRT 12.65 9.17 13.77 9.54 0.167  0.079  [4.10]
CCSD-LRT 12.81 9.56 14.11 9.99 0.174 = 0.072 | [4.10]
CC3-LRT 12.92 9.68 1421 10.10 0.179 = 0.072 | [4.10]
CIS(D)-LRT? 13.62 9.43 [4.10.1]
CCSDR(3)-LRT 1419 10.08 [4.10.1]
Chol-CCS-LRT 1498 | 11.40 [4.10.2]
Chol-CC2-LRT 13.77 9.54 [4.10.2]
CASSCE(8,5) 10.60 7.31 13.13 7.70 0.388 = 0.014 | MoLPRO
CASSCF(8,9) 12.82 9.45 14.40 9.89 0.238 ' 0.036 MoLPrO
MR-CISD+Q(8,5) 13.10 9.87 1440 | 10.26 0.235  0.060 | MoLPRO
MR-CISD+Q(8,9) 12.92 9.70 1416 = 10.13 0.197  0.069 | MoLPRO

o R ERI, S REA1T U,
b R1ZH BUG, WEE4.10.1/N 5 R




FRE Q)iE.dal X BT

DacroN it R 2, el —RM BB 75 (HF/DFT/MCSCF) 1527 2 12
RS, BN ORAIF 2t RPA 7% (52 TDHF, TDDFT, i MCTDHF) 43| =& #H A
(1% R o SR )5 FIRESPONS AWk, @I — v 7 H 8 575 31 = 8 30K 78 10 RS AR AR RN R 75
LWL EE . EIFEPRAHE =ZEHRER SOC feEn#.

FE: 2R BUG!

TDDFT(TDA) A1 TDHF(TDA) (EJ CIS) el i &5 45 A nl @, AZER . TDA K
B

RO B B S (SOC) . MU TFRIY. SOC SR TFRUS I FARRFERT, T
X SOC M TTMRTT i 2236 30%, AL S HBAIBL 20, Datron S = Fh SOC BUMIHH 517
i

1 THE AR SOC #. Xy X Fh vk, Hi2l T SOC X H FFr it &k
WRERS, TEH T KK ZRH)HE . 7L Douglas-Kroll 4= HL F bR ARG 45 & . A%
£F ECP (FEFFHAKE).,

2 JE Pl CAMFD), A5 SOC B (i Bt 7 o XA 7 ik ELER — RG22, i L
W FER AR/, RHEFERI 7% . 7 LAY Douglas-Kroll 4x HL-F-Fr S AN 1025 &8 H . AMFI J7
IRFFEASCRE BCP (REFPIFAMR AL, BEANXTBE IR AT B IR 25 IR L8 5 LS 1
OB BT E A FUW U co-pVnZ. ANO B 1) 4 B R4 B 40 U7 s 5 2
EEAE R 1MH K Pople JE41. def2 SRS L R AL S JR T HUBEBCA X MK &R, AMFI
JNEAT e FEAIRG R, HRAEHIEE | Fel NI 3 Morik.

3 AROZAAILEL, R SOC 787, 2% SOC X7 7. PRJE 258 2 H0x SOC
B PR AT IR, R4 SOC XUHL TR (R o IXFP 5k AR, X SR A R,
W3ZHF ECP. SR AUEN R, M HSEEA S, AT — & A

(a) B& T H. He 24 (EWRIESBHALMEAIR, THHE), EHTHRHAMNSHRR Cl
(NEFAH T Nedo ClLELERTEER ARATIRDELE, ATRES S I 30% A HIRE



o 0 9 N R WD =

5.1 TDDFT K eit 5 .31,

(b) B& 7 H. He 24, BCPHEHAZHR 1 (ANEMASRM UK SdESE, KSEbH
TCERAATRRIE. MWK R CESEMLMITER, BT ECP & T w UM
—, R H A BECP & 7405 Xk —2 (Z L J. Phys. Chem. 99, 12764, 1995;
J. Phys. Chem. A 102, 10430, 1998.), 41 ECP (&> 405 kA —, #0# ECP K
TLERASHA, KR TRARENE G, RZETEmN !

R O A A UL AT 24, 12 DALTON/abacus/herIpro.F H [fJSCALE_CHRG
FIEF, RIGEHYIE. 1] LS % Gamess-US JRICHY solib.src 1 JSETZEFF T 12/%, B HA
A I RAUA 1) 58 2 R0 fi g

5.1 TDDFT B9yt E

VENER — BTSRRI 7, XELH T =MARF SOC B0 KRN X T 20%
AL, SR AT AN ECP JEH PR o

5.1.1 TDDFT WAt RE: FRHE£E SOC 29
435 SOC #4347 TDDFT BGitE s AN .

**DALTON INPUT
.RUN RESPONS
** INTEGRALS
.SPIN-ORBIT
**WAVE FUNCTIONS
.DFT
B3LYP
*SCF INPUT
.DOUBLY OCCUPIED
3110
**RESPONS
*QUADRATIC
. PHOSPHORESENCE
.PRINT
3
.ROOTS
1110
**END OF DALTON INPUT

XA 554.2.1/M151) TDDFT = HAWURK REIIHAREL, A

1. 7855 3. 447, ZESRIFEMMER SOC H.. XHFF 5.



.32, 955 Q. dal 0 BHLEGT

2. K5 7 TRPFLG K. X FBOCTHERINE =EHAGS, HIL L HRE XA K.

3. JEORMI*LINEAR &AM N5 A\ 73 ¥ A «QUADRATIC IR AN (56 12 1) 17 47).
-

(a) %5 13 1T . PHOSPHORESENCE R/~ iHEBEGERIT K FE MR, 43 SOC #. XU
T B THREBDCERIT KR A MAE, WSO . PHOSPY (—MAMEADD .

(b) 5 14, 1517, & ITEIZ . *QUADRATIC FTEI L FIRL S E (R TFAD) MK
Pt 3o WERAROHTERETER, AT AL PT.

(c) 2516+ 1717, H+LINEAR Z&Mmi N ARL, & R = ERURES

fE TDDFT £& 1w B ) 4 4 45 5 (AR 45 *QUADRATIC % & HUFT NG i, X B Al fEA B T-EKE
FRD) 25, BRI NRBETH R . PN 38t B, S R

Phosphorescence electric dipole transition rates
from excited states of symmetry 1 ( Al )

to the ground state of symmetry 1

(H_SO: Full spin-orbit integrals used.)

Phosphorescence transition rate from excited state no. 1
(Triplet->singlet transition, high-temperature limit)
Transition energy: 11.818 eV

or 104.912 nm

Length gauge:

Partial rates (H_S0): X-polarization 10457. Transition moment : 2.441E-03
Length gauge:

Partial rates (H_SO0): Y-polarization 10457. Transition moment : 2.441E-03
Length gauge:

Partial rates (H_S0): Z-polarization 0.0000 Transition moment : 0.00
Phosphorescence - length gauge:

Oscillator strength (/2PI) (H_sS0) 5.492484E-07

Dipole strength [a.u.] (H_s0) 1.191922E-05

Dipole strength E-40 [esu**2 cm**2] 7.700384E-01

Total transition rate (H_S0) 6.971434E+03 s-1

Total phosphorescence lifetime (H_SO0) 1.434425E-04 s
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5.1 TDDFT H# it .33,
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S 124 1347, TED T HETECES IR BECR BERUE SR K .
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5.1.2 TDDFT Wyt E: {FFH AMFI (i
THEAE T aug-ce-pVDZ FE4H 3 &2 AMFI & 264 H AMFILIEA3E T TDDFT B6 it &

FIEINUTR o

**DALTON INPUT

.RUN RESPONS

**x INTEGRALS

.MNF-S0

**WAVE FUNCTIONS

.DFT

B3LYP

*SCF INPUT

.DOUBLY OCCUPIED
3110

**RESPONS

*QUADRATIC

. MNFPHO

.PRINT

3




16
17
18

.34, 955 Q. dal 0 BHLEGT

.ROOTS
1110
*x*END OF DALTON INPUT

HES 1L UNTR AL, B HAIEM:
4 4700 E 3 SOC #H 4y  MNF-S0.
2. FARHE, 5513 47000 .MNFPHO, 15 E ] AMFI 7T A GERT

RUAIZAN T FARAN, 58S 1N EAE, 5 Z A K.
s R R

BRSPS T

Phosphorescence electric dipole transition rates
from excited states of symmetry 1 ( Al )
to the ground state of symmetry 1

(AMFI: Atomic Mean field spin-orbit integrals used.)
Phosphorescence transition rate from excited state no. 1
(Triplet->singlet transition, high-temperature limit)
Transition energy: 11.818 eV

or 104.912 nm

Length gauge / mean field spin-orbit integrals:

Partial rates (AMFI): X-polarization 9716.5 Transition moment : 2.353E-03

Length gauge / mean field spin-orbit integrals:

Partial rates (AMFI): Y-polarization 9716.5 Transition moment : 2.353E-03

Length gauge / mean field spin-orbit integrals:

Partial rates (AMFI): Z-polarization 0.0000 Transition moment : 0.00

Phosphorescence - length gauge / mean field spin-orbit integrals:

Oscillator strength (/2PI) (AMFI) 5.103482E-07
Dipole strength [a.u.] (AMFI) 1.107505E-05
Dipole strength E-40 [esu**2 cm**2] 7.155009E-01
Total transition rate (AMFI) 6.477687TE+03 s-1
Total phosphorescence lifetime (AMFI) 1.543761E-04 s

S5 LN Rl RIE—TITENRBLEH S TR 3.
A G RS A 55,475




5.1 TDDFT K eit 5 .35,

5.1.3 TDDFT Wit E: e FEBFERAGMER

H. F JUREEE KBS CRFRTEE N . A BT #E4T TDDFT #6 i 5f A\
wr,

**xDALTON INPUT
.RUN RESPONS
**WAVE FUNCTIONS
.DFT
B3LYP
*SCF INPUT
.DOUBLY OCCUPIED
3110
**RESPONS
*QUADRATIC
.ECPHOS
.PRINT
3
.ROOTS
1110
**END OF DALTON INPUT

S5 L UNTAEES. 1.2/ RIS AARLL, A A Z L

1. MB&**INTEGRALS B35 T SOC PRI E Yo SOC HiHELFFR 70 1E FH B A I 2= BV A A

2. 55 11 47e0H . ECPHOS, 8% FAT AR AT AL L (1) SOC g R0 T+ BB Gk -

RUONRZAS 7 TARDN, 555 L VNS5 L2/ T AR B, THEE =R A K. 35—
KA Pt BIHER T AR AT

Phosphorescence electric dipole transition rates
from excited states of symmetry 1 ( Al )
to the ground state of symmetry 1

(Effective charge spin-orbit integrals used.)

Phosphorescence transition rate from excited state no. 1

(Triplet->singlet transition, high-temperature limit)

Transition energy: 11.818 eV




[C IS )]

.36. W5 QIR dal SR BEEERT

or 104.912 nm

Length gauge / effective charge spin-orbit
(ECS0) : 13292.
/ effective charge spin-orbit
(ECS0): 13292.
/ effective charge spin-orbit
0.0000

integrals:

Partial rates X-polarization Transition moment 2.752E-03

Length gauge integrals:

rates
gauge
rates (ECS0):

Partial Y-polarization Transition moment 2.752E-03

Length integrals:

Partial Z-polarization Transition moment : 0.00
Phosphorescence - length gauge / effective charge spin-orbit integrals:
Oscillator strength (/2PI) (ECS0) 6.981311E-07

(ECS0) .515012E-05

Dipole strength E-40 [esu**2 cm**2] .787698E-01

(ECS0) .861154E+03 s-1

Total phosphorescence lifetime (ECS0) .128521E-04 s

Dipole strength [a.u.]

Total transition rate

= 00 © =

HES LN MEES 12N 2R L. SE—1TFENRBE LR Fa FEMRIA 3.
B A IR AR 555.47

=

3F ECP B4R BB T
§ F ECP Z:4H 1. mol By NS0

ATOMBASIS
HF with ECP

5.1.4 TDDFT Byt E.

phosphorescence test

Atomtypes=2 Angstrom Generators=2 X Y

Charge=1.0 Atoms=1 Basis=aug-cc-pvdz

H 0.0000000000 0.0000000000 -0.5000000000
Charge=9.0 Atoms=1 Basis=stuttgart_rlc_ecp ECP=stuttgart_rlc_ecp
F 0.0000000000 0.0000000000 0.4500000000

X EXFF A Stuttgart RLC ECP 2:4H, ECP HUXHI ANt 7. Darron $2 (¥ ECP J:4H 4k n] BATE
DacroN 1 I F M “Molecule input format” —3&, PANAE basis/ecp data/H 3K E] .
5%~ F W .mol BINCHAALL, HLLFARL:

1. ff ] ECP 415 T, DacroN JovkFIW #R i, W20t P2 4 AT 48 mUBERI X FK
ATt (53 F G5 AR FIRTFREAE ), 40752 WL Dacron {8 F M “ Specifying symmetry
by generators” #i77. X BIBENIE Co, A, BFH 2 MNMEBIT, AnFHIALT z i, AR
TCHNX MY, GIRSEAEAFIAE, A Lef— el it &, bR AW RRTE, e
H LT AR B A ot IR B (S I3 175 % D



~ W

5.2 TDHF et & .37.

2. BB TATHEE F R 7 Hr B ECP LALAH R4 it 5~ FE 4.

H. F o #AEA RO S HCF MG R N . AT 2B AL 3t 47 TDDFT #a i 5 14 A

wr,

**DALTON INPUT
.RUN RESPONS
*xWAVE FUNCTIONS
.DFT
B3LYP
*SCF INPUT
.DOUBLY OCCUPIED
2110
*x*RESPONS
*QUADRATIC
.ECPHOS
.PRINT
3
.ROOTS
1110

*xEND OF DALTON INPUT

H5ES13NHHEAMLIL, REAEZE SITHRTESESH HEIET EB%. BT F Is BT H
ECP X, HIEPUEHE N2 1 1 0.
SO S S 3T, s T IR E SR 3.

ARG R A G547,

5.2 TDHF fy#eit &

TDHF 5 TDDFT f%i AN, X H HZ4AH AMFL AN . HE SOC R4 5 1L 1 N\ 2

WEES 1T,

*x*DALTON INPUT

.RUN RESPONS

*x* INTEGRALS

.MNF-S0

*xWAVE FUNCTIONS

.HF

*SCF INPUT

.DOUBLY OCCUPIED
3110




.38. 5 B dal SO BHGERT

*x*RESPONS
*QUADRATIC
.MNFPHO
.PRINT
3
.ROOTS
1110
*xEND OF DALTON INPUT

BEMESINE TR FRER L or, BtiERETHEMRLL 3.
I A GRS ER5.470
5.3 MCTDHF(CASSCF) Byt 8

MCTDHF(CASSCF) 5 TDHF HI#i AL, X B H 45 H AMFLIZ ARSI . e SOC #i4)
FEIEN S 5271 .

*x*DALTON INPUT
.RUN RESPONS
*x INTEGRALS
.MNF-S0
*xWAVE FUNCTIONS
.HF
.MCSCF
*3CF INPUT
.DOUBLY OCCUPIED
3110
*CONFIGURATION INPUT
.INACTIVE
1000
.ELECTRONS
8
.CAS SPACE
3110
. SYMMET
1
.SPIN MULT
1
*0PTIMI
.DETERM

**xRESPONS
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26
27
28
29
30
31

54 ZERBRS .39,

*QUADRATIC
.MNFPHO
.PRINT
3
.ROOTS
1110
*xEND OF DALTON INPUT

< F*CONFIGURATION INPUT #y A& HIfRERE, S ILEHE4.6 T EE4.7.1/M . BaM 4R 118
RFBERL on, BSLiESTHESRLL 3.
ARG RS RS 5.47 .

54 ZERMELE

AEFATFETEN=ZESEERARE (T,; REERIFEES), RTEE () BB
FFmr (1) HIT#5.4,

YENXHIE, H MoLpro F2 /5347 T CASSCF(8,5), CASSCF(8,9) Al iyt 4E MR-CISD+Q(8,5),
MR-CISD+Q(8,9) 15, {4 H 1 AH [ FI FE A B ; 18 FH Dirac F2FHAT 78T =70 & X2C+AMFI
AL DA K 3 T 58 45 1Y 4> DKS fUAEXTE TDDFT (B3LYP iZ B/ 1148, i AR A BB R4 1,
SOC 73 25 UK R & 1 BT,

'Y 4> & DKS % H DKH2 #XF U4 i aug-cc-pVDZ FE4H .t T REFFHIBR ], X2C+AMFI 5% F R4 1) aug-
cc-pVDZ 24,



.40.

H 5% QlE.dal UM BERIRE

RS EMNETER ZESER
VAR 7,2t | T,CO) | 3R G 1R rCI)Y | HEEA

eV eV x107° x107* | x1073s @ x107%s
TDDFT(Full) 11.82 874 0345 0938 0.048  0.064 [5.1.1]
TDDFT(AMEFI) 11.82 874 0321 0933 0051  0.065 | [5.1.2]
TDDFT(ECSO) 11.82 874 0439 1.183 0038  0.051 | [5.1.3]
TDDFT(ECP) 11.51 870  0.568  1.295 0.031  0.047  [5.1.4]
TDHF(AMFI) 1223 1050 | 2.746 0424 0.006  0.099 [5.2]
MCTDHF(AMFI) 13.01 1058 0.409  0.867  0.033 | 0.048  [5.3]
TDDFT(X2C+AMFI) 11.84 874 0444 1200  0.074  0.050 | DraC
TDDFT(4c-DKS) 11.81 872 0484 1300  0.068  0.046 DIracC
CASSCF(8,5) 10.60 731 0.060 0309  0.680 0279 MoLPRO
CASSCF(8,9) 12.82 945 0.126 0523 0223 0.099 MoLPRO
MR-CISD+Q(8,5) 13.10 987  0.198 0887  0.136  0.053 MoLPRO
MR-CISD+Q(8,9) 12.92 9.70 | 0234 0967  0.118  0.051  MoOLPRO
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