BTHEETE

(1) BT HERE

FEEGE TSR E T - KRBT EEEETE TR (electronic ground state) 571
AYMEE > (HARE DI RO B s 7T (MR Y S DR ~ Jesttt s > BT
FAAFRRHETERIZ AR - — RIS » BT ReH TR B B EL AL REAR AR & - F
FIRRANT © (a) AR R AE RIS » vl DUEHIRVEL R T ALLE S LR HRE (b)
BERRRA PR IEIRZ(E > YR S b2 N e A A RIRBEE RE A —6 - T ELET
ZHEARRHIRE BIEE T (o) B S RMIEE T A A K —ix > HELERERAYE
BIATEEIR R » A B — A EEEUSTEA (d) HATE IR B L R R TTA KR
H o HE R BT ARRRATERGT » A —E BRI HYSEEREAYET R - BEZRAILE - ERREITE AR
JEF EAYRREE - B REHIIR BT AR AR 2 B A AR P MR Ry /48R
R R R R A G BLRTS DA H AT s 4 o8 P S Fe B e U 7%

fieke T8 5RE G » 1£ Born-Oppenheimer (& AT AEPEEAEI BB S e T

Hamiltonian 7 eigenvalues Ei eigenfunctions :

Heje =Ko + Ve T Vee 1)
H e Yn,ele = En,ele Yn,ele

—RRATEREE TR E A58 n =0 (ground state) HYR% - HEHFTAMM S @ FrfE 2
H TR — RN Bl A AR FERZ v DI R AR (R R ER T T 2 &)
AT RS AR AT IRIEETE R AT DU A S EE AN B B B B R — Ee A PR ] -
LIS RRHRZ PR BV RIS RE Sy orthogonal » BEER AT A A [EIRE E YR eR BT LA
7 _Fy orthogonal « [F]IF » HAIERER bR —E% @ K REWVA Ry antisymmetric > H 4 &
total spin squared S? [ eigenfunction - JZEHE 5 —(EEFEE B E FEEZE AR ENETH
Jig multiplicity (25+1) 5 BEZRTEERE P RHE 3 (OF 2 & @) M E 71/ NV FEbE
singlet » K& & 8EEFHY/ N TEB/2 doublet » TR REFHYREE R B2 multiplicity
HIBA (AN A —E AL -

(1) JEFHY term symbols BLEIEERE

[T FBR AU - PRI B0 L2 1Y eigenfunctions

2 2
L™ Waom = LIL+ DA™ W a10m (2)



EOR 0 MBI EE B S? 1Y eigenfunctions
72 2
L” Watom =SS+ DI wasom 3)

Rt H—EsERRE A HEER L, S - & L=0,1,2,3, ... FF5rplHEE angular
momentum state £ S, P, D, F, ... states & ; ‘& S=0, 1/2, 1, 3/2 B4 HFEE spin
multiplicity £ singlet, doublet, triplet, quartet 5§ o FrR757E (term symbol) #HE Bk

term symbol = 25+ 7

Hrf J £ total angular momentum quantum number » {HA i@ E £ E(LETE T »

spin-orbital (SO) interaction f£ (1) FH &l » RILHEHAYREE L J(EIERE - S2FEA]
BRI ENFEFEG> 0 SO AYRUESFEE 1 keal/mol DN (HEELG A& J
{EAY term symbol EHEREREAY degeneracy 2 (2L + 1) x (2S+ 1) » FLANEREREFHYELRE
& (2522p?) 3P > H degeneracy = 3 x 3 =9 o 5| £ {WhR 7 TS5 REAH ST B RRATAE

=,

Fo—. BRI FHYRE RS

State Energy (eV)
2522p? 3p 0.00
2522p? ID 1.26
2522p? IS 2.68
2s12p3 35S 4.18
2522p13sl IS 7.48

FEREEE TAHAEATHFERY term symbols fEEMIEFZ 55 H Hund’s Rule Y - (HER S
SFREAY multiplicity [ L {HEERE SEHIRANLIH —EHIRRA] -

Q) FETHSBENEE

o E R R P R R BE AR 04 CIS DLK. TD-DFT - [HLEAFT/ M4BT 574
&S a] 8 Y 45 HYs T & - Configuration Interaction Singles (CIS) 7545 & CI 75720y —
FERGE] - HEFEAHEY HF JFeEY single-excitation configuration:

Yers,n = coPur + ¢, P 4)

FERIE ground state > HIFULgL[olZ] HF ey - EETEAVE excited states B >
MBS 2

(¥, [¥y)=0 (5)

5, in general



(¥ |W;)=0, if E; # E, (6)

(&) AR o

CIS J AP LIBE R BRI HAY HF 7574  HEP K REE &5 > CIS
A TE T H ST HY static correlation energy  FHY CIS J7/AIFFEfHE - HEE(LiTHEERX
bR T FEATHIRE B VM RT DAFS-E] analytical gradients £ 42 hessians » 75 ¥ 5+ R SEREAVAE
IR R - 2807 > CIS Ji A A LR B EGLE: - R EENERAEH SR dynamic
correlation energy {F15-2&FFTA TEMIH A RERE EAH B EREEHHEE =1(4Y 1eV) »

H453FARTE conformations 7 IR ERE B DL S FERY BE R TRt A 2R 7T 56 -

FEREHE charge-transfer states Bt & HIR A S THAVAE 2 BIREFE 434 - 241 > CIS {h2 H
ATE TR AR S FHVEERE - REER - BLEE R i IV JT7AZ — o Rl CIS A&
ENERENIRE —FEREOFRRE MP2 J57A0 CIS(D) Hamth n] A/ TEE B RE =T E

{EHCERTE G R ANFERERE ) HF 2 MP2 2RATBHEE -

7 2 P LT basis sets 5T GETAIVUESEEREAVEER > 15830 LA
TRARHVE B A o158 n=2 BFEHAVEER - CEMEEER 13.6eV % 0.75=10.2
eV) EEUR T HFSKEN T AR BT R M T R RRHVE R BB Re e MRy
WA RASGRERE - fhid i/ N e B 2 bR IR S RE R LR BV i T (nodal
planes) Kz fiEav(diffuse)fE > NIMEZIEF BELAVETR o (HO AR 2 SRR Ay
SREST THYET R bR A G884 - M BEEIEEM d-aug-ce-pVTZ basis set 1 > 2
2,3, 4 {EHEERENAE B2 [ aug-cc-pVTZ basis set B2y AERE > i8N Ry — B
RREEHIET] 2p! TR - /£ d-aug (Y basisset PEIEHNT —4AFE diffuse 1Y p
orbitals » AT AERAE IERERNIAAL 2P Bz LR - BRHSZEE Y spin-orbital coupling » n =2
IFHY 25 B¢ 2p REFENIGA 58 2AH[E » B term symbol 735y 2S 12, 2Py, 2P3p B LiE
= (EREFERYFZEE/ VR 0.4 em™1 (<0.0001 eV) 2=/ INPREHRIATERRS o R E— g = 7
A BT E R R M8 1l R 5 8. spin-orbital X > ZAMAE B F-AYETEH > spin-orbital
coupling FIREIEH B » LLARREREHS 11 2Py p B 2P3)) REFEEREA 094 eV 3
2 H BR%5T5 spin-orbital coupling FLVHECSIEEBRFTTSHY spin-orbital BEEAIAEIFT
FER > A REME BRI -

R LLCIS AR Z @R T VU S RAYHEE RERE & (eV)

Basis Set Ist Excited | 2nd Excited | 3rd Excited | 4th Excited

6-31G** 26.1 58.0 58.0 58.0
6-31++G** 10.4 30.4 58.0 58.0
6-311G** 14.3 21.2 21.2 21.2




6-311++G** 10.4 18.5 39.6 39.6
aug-cc-pVTZ 10.2 11.2 11.2 11.2
aug-cc-pVQZ 10.2 10.9 10.9 10.9
d-aug-cc-pVTZ 10.2 10.2 10.2 10.2

F=HNH LA CIS i ARt B AR F B R(KHY Singlet JHE5HEFE R > 2 (EREREREEE
F 1sl2s! DRz 1s12p! AYEET4HAE » &2 L{E A 1 > [NIEA 2L+1 =3 {§ degenerate

states o DL aug-cc-pVTZ FELJEpHENTY input file #0171 :

#CIS (D,NStates=4) /aug-cc-pVTZ

He excited states

01
He

IR % output file tf EERFVEGN - 550K = PHYGEFHEME -

Excited State 1: Singlet-A1lG 21.5564 eV 57.52 nm £=0.0000
<S**2>=0.000
1 -> 2 0.70602

This state for optimization and/or second-order correction.
Copying the excited state density for this state as the 1-particle RhoCI density.

Excited State 2: Singlet-T1U 26.1366 eV 47.44 nm £=0.3763
<S**2>=0.000

1 -> 3 -0.35879

1 -> 4 0.60887

E I o o o

CIS (D) Correction to the CiSingles state 1

khkkkkhkhkkkhkhkkkhkhkhkhkhkhhkhkhhkhkkhhkhkhhkhkhkkhkhkhkhkkhkhhhkhkhkhkhkhhkhkhhkhkhkkhhkhkkhhkhkkhkhkkhkkkkk,kk***

CIS (D) Total : -0.161762113137E-01 E(CIS(D))= -2.11879626643
CIS(D) Exc. E: 0.776007974689 a.u. 21.11625 eV 58.71506 nm

khkkkkhkhkkkhkhkkkhkhkhkkhkhkhhkhkhhkhkhkkhhkhkhhkhkkhkhkhkkhkhkkhkhhkhkhhhkhkhkhkhkhkhkhkhkkhhkhkkhkkkkhkhkkhkkkkk,kk*,**

CIS (D) Correction to the CiSingles state 2

R R SRR SRR SR EEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEES]

CIS (D) Total : -0.186312945236E-01 E(CIS(D))= -1.95293434364
CIS(D) Exc. E: 0.941869897484 a.u. 25.62958 eV 48.37542 nm

TR =M EEE AR E TS AR diffuse functions » & #\\*%Hﬁﬁﬂjﬁﬁﬁﬁlﬁ
BN Ay T (EEEE N ER - EE T EAE T EEE T Bt R

4



6-311++G(d,p) T AEE diffuse p functions, FTLATEETE 1P RHILE AR KAVRRZE - (i
FA#E 261 diffuse function 0] DU{F 45 T ST EHER{E - CIS(D) Bt & A diffuse functions 1y
RN AR RE R N T4V 0.5 eV o [ T 24 - SHREERAVAEER 7] DL
2T 0.1eV fifi - (HEZETHE He B mHUBEERE - AR @Eﬁﬁ%%{l diffuse functions °

B EERE A= s-s transition, FfLAE UV forbidden: 25 {F¥=4FEE s-p transition,

AILAE UV el EEE] -

R=. LLCIS K CIS(D)J5 /AT S Z 2R T {E(KHY Singlet FFREREE (V)

IS (1s12sh) IP (1s12pl)
Basis Set CIS CIS(D) CIS CIS(D)
6-311G(d,p) 37.5 37.4 51.5 51.7
6-311++G(d,p) 22.7 22.1 51.5 51.7
aug-cc-pVDZ 224 21.8 28.1 27.7
aug-cc-pVTZ 21.6 21.1 26.1 25.6
d-aug-cc-pVDZ 21.1 20.6 21.8 21.3
d-aug-cc-pVTZ 21.2 20.7 21.9 21.5
Expt. 20.6 21.2

HE He A _(HEAMN Ll —FFE FAHRE HEEREETAY triplet states » FIUFIHI LA
HF 7 EEHRYEE—(E triplet state DL CIS J57AE HAYES ([ triplet state [A £ CIS
AL HF R REEFEREVREE AR - (RIS —1{H triplet state 75 R triplet
ground state » GfEAELL CIS ZREHE - HAGHY Gaussian F2R A CIS(D) i He
triplet state 515 > AIgE RN A HA _(HE T HEAN|E#IE - KL double excitation H7E
& FHYREE - RVUBIREER] d-aug basis sets .5 singlet — &G ELECIFAVAS S
HEEA 1 eV AR > i3S Bl 3P REE 2 A ] LIS ERERITEHIH 2K - 4
A CCSD(T)/d-aug-ce-pVTZ AR LUKE 3S B 1S AyMHE R EMEHERE] 0.1 eV DAA -
EiFEfEE diffuse functions HYSRFIRE SRAEMZ 170 AV REEREE T R L2 A 5/
BE - RURET 2 0 FV RS REE N B 38 1Y valence orbitals FTf&RKHY

antibonding molecular orbitals °



R, LUHF M1 CIS JiERT e Z 2R T (i (A7 Triplet FEEREREE (V)

38 (1s12sl) | 3P (1sl2pl)
Basis Set HF CIS
6-311++G(d,p) 19.4 43.8
aug-cc-pVDZ 19.2 24.6
aug-cc-pVTZ 18.8 23.1
d-aug-cc-pVDZ 18.7 19.9
d-aug-cc-pVTZ 18.7 20.0
Expt. 19.8 21.0

HIY CIS J5AME A RES 28 T R4 ie AR REFE A - — el n] e EEm U704
AT PR RS B RAYE time-dependent DFT (TD-DFT) J57ALUK. equation
of motion CCSD (EOM-CCSD) 757 - 5l J77AHVE w615 i 424 - (H 05238 i
TFERITHEARE DFT DUk CCSD Hgmfit et RS REHVIE M - ZL 7 A H T 6
ERRAVEEEREE Y G A RN - SEHERGE 026V £ 0 BRI EEERE
(PLANEREERE T3 2 Rydberg states)s— SRR IEE Y excited states 22 A AR
AISERVRHUSSEREE . TD-DFT Ji7AHMNEHERARCR A 5 K1S analytical gradients
AR R TR R RIS R 7% BEEEE AR HIER SRRy
REeHE o RIERR 7450 - BEE > RORUUESL - BERRe RS HARYHE A ZoK S

-

sPREZE TR RRHEILEG RN - FrAlEERE N EUE degenerate 1Y
TEo4l CN, O % NG F A fm Y ETEME & ground state RS degeneracy [ >
— A A GRS B REE T B IR - S A P e — (B R S Ay
Be JFFHMEERE - RAVIMPA=FET AT RN Z —(E singlet JFERE » R/ 7 H 1
triplet JHEERE » EMAFFIZEM “50-507 HYFE S FEIEFETHE singlet B triplet AYALZERE
TD-DFT &Y input file 40T :

#TD (NStates=10,50-50) B3LYP/6-311+G(d)
Be singlet&triplet excited states with 50-50 keyword

01
Be



FEMITERBEANERR singlet BYEN o RO FSAEITEA ] BN E HE
AEEHT 1P BER > RRAELI(E 0.1-04 eV > CIS(D) HERRIAIEF 4T - ZAMEA 1S SEEFS
{#F 6-311G(d,p) basis set & F{ R4S FAIS R TS - A F 1S AiA/E valence
excited state > ZE L F| BT HEE S| 3s #fidek o RHLEEEE(HE A diffuse functions ; CIS(D) &
B diffuse functions AYALERERE AT LAZEE] 0.2 eV DIANHYAERERE - TD-B3LYP J7ik¥%
5 (BB R TEDAIET S 749 0.6 eV o F/XH triplet HYETRAIRLIVEE -
valence excited state %= o] DI A diffuse functions > {H ¥} “above valence” excited &
FERA B AN IRGRZERA ZyfE R 2 eVe Triplet sHEIVERELLEIA CISHYERAZAZES] 1eV
CIS(D) Y5724 0.3-0.4 ¢V » TD-B3LYP 4HEAfLET 0.6eV o

FH. DL CIS, CIS(D), TD-B3LYP 753% (50-50) 5 Be [T —{HG{&HY Singlet J 5%
FERERE(eV)

1P (1s22s12pl) IS (1s22s13s1)
Basis Set CIS CIS(D) TD CIS CIS(D) TD
6-311G(d,p) 5.21 5.40 5.00 10.21 10.28 10.23
6-311+G(d,p) 5.06 5.32 4.88 6.32 6.65 6.21
aug-cc-pVTZ 5.08 5.20 4.88 6.20 6.58 6.03
Expt. 5.8 6.78

FKx. LLCIS, CIS(D), TD-B3LYP J57% (50-50) FrfsZ Be JF T (B (KAY Triplet 5%
REREE(eV)

3P (1s22s12ph) 38 (1s22s13s1)
Basis Set CIS CIS(D) TD CIS CIS(D) TD
6-311G(d,p) 1.70 2.33 2.09 7.82 8.43 8.43
6-311+G(d,p) 1.70 2.33 2.09 5.56 6.12 5.83
aug-cc-pVTZ 1.70 2.36 2.10 5.54 6.13 5.73
Expt. 2.73 6.46

(3) EFE T4y FHY term symbols BLEERE

F T T ANEEA RIS - IR BRIl A EE T A B E R eigenfunction ;
B E AR - HOZe B2 LUZ z-component angular moment, L, HY
eigenfunction :



Ly=Mhy,M; =+A

H A By z-component angular moment quantum number ° FA4RESTTREEF] M2 H
BH > KL BR T A =0 BYRERRSL - HAMFA L, WU RREETE doubly degenerate o 37
M E 4357 THY term symbol ELL :

25+ T=%(A=0),TI(A=1),A(A =2), ete.
FEAIER S THVERRE 12, 80 THVERRE 32, MIEBEEREE 1A,

. DL CIS, CIS(D), TD-BLYP J5i: (50-50) iif2 Hy 53 7~ ERSHIMEAAE R
(eV) (H-H §E =y 0.74 A)

b3%(lo,! 16,1 B1¥ (lo,! 16,1
Basis Set CIS CIS(D) TD CIS CIS(D) TD
6-311G(d,p) 10.0 10.5 10.6 13.7 13.6 13.0
aug-cc-pVTZ 9.98 10.5 10.2 12.7 12.8 13.1
Expt. 11.2 13.3

FEFIH =M AR R Hy 701 B RAY S REREE » DL CIS/aug-cc-pVTZ Jj
EsTEHY input file L1F:

$NProcShared=4

gmem=200MW
#CIS (D,NStates=10,50-50) /aug-cc-pVTZ

H2 singlet excited states
01

H

H 1 0.741

¥ 18 ([ valence states > 12 £L 7V AFRINIVENEZE A GE > ¥ b state FVERZZAE 1 eV Aif5 o
¥t B state HYERZZRI/NR 0.6 eV > FEiE( TD-B3LYP YA CIS(D) I -

o

() ZRTI3THIBERE

B T AR — (R B 25 5y F T » 22/ U Al D = T £ = FA S o
B Hy0 53 F (EHR(EY singlet $ESAEAERE - CIS(D)LUK, EOM-CCSD Bz Fi %

RHYAEE LU EL aug-ce-pVTZ AIDUSEIREFHVEER » B7E1E 0.2-0.3 eV > {HE (]
8



6-311G(d,p) #EZZAIGAE 0.3-0.9 V- TD-B3LYP/aug-cc-pVTZ {EiSHEIHRTS il T HEEAE

= 1.2-13eVe

#/\. DL CIS(D), TD-B3LYP, EOM-CCSD J57% (50-50) {52 HyO 43T {EfZ(KHY

singlet JHISEAREREE (V)

1B(1b; = 3s) l4,(1b; > 3py)

Basis Set CIS(D) TD EOMCCSD | CIS(D) TD EOMCCSD
6-311G(d,p) 7.7 8.9 7.9 9.9 10.7 10.0
6-311+G(d,p) 7.9 9.1 8.1 10.1 10.9 10.2
aug-cc-pVTZ 7.2 8.7 7.6 8.9 10.3 9.4

Expt.4 7.4 9.1

aD. Yeager, V. KcKoy, G. A. Segal J. Chem. Phys. 61, 755 (1974)

EOM-CCSD Ay input file #1F :

$NProcShared=4
$mem=4 00MW

#EOMCCSD (NStates=5,Singlet, Triplet) /aug-cc-pVTZ

H20 excited states

1

& O T o

1 R

2 R 1 A
R=0.958
A=104.48

L. BLCIS(D), TD-B3LYP, EOM-CCSD /574 (50-50) A5 CoHy o3 —{El (A 7

HRERER (V)
3B1y 1B3,

Basis Set CIS(D) TD EOMCCSD | CIS(D) TD EOMCCSD
6-311+G(d,p) 45 4.0 4.4 7.7 7.1 7.7
aug-cc-pVTZ 4.6 4.0 4.4 7.3 6.6 7.4

Expt.d 4.6 7.2

aA. J. Merer, R. S. Mulliken Chem. Rev. 69, 639 (1969)




FILFIHLEL CIS(D), TD-B3LYP, EOM-CCSD J57AMT{S.Z CoHy 73T {f (KA RERE
&> BIEER(EMEE CIS(D) K EOM-CCSD J57A#RRe TN SE—( triplet state (Ty)
HIREE » {2 TD Ji7ATRMIL (R (0.6eV) HY Ty BEE @ %5 EH#EH B3LYP £€ SCF 5tH
triplet HYERRRER > TS RIBLERRHVAEBERE 44 eV LRI ERE - SO ICARRE]
—HRRZE spin forbidden MAH—f UV SLEFEZEE] - UV S EAVR(KEEIRER
1By, » REE 172nm > B/NAT] RSER RIVEIMHEE - RO RmEORR - FHl
SR T ANEF A 38 > B3LYP-TD fic & RHYALJER ek Bk 8 S IR RS T IS8 REHY

o =L

HAEE °

F+. LLCIS, CIS(D), TD-B3LYP Higmi&fic 6-311+G(d,p) Z&RNE TS CeHg 7370
B KA singlet JHHREREE (V)

CIS CIS(D) TD Expt.a
By, 6.04 5.30 5.37 4.90
By, 6.18 6.70 6.02 6.20
Eig 6.95 6.77 6.33 6.33
Ay, 7.34 7.30 6.87 6.93
Eq, 7.84 7.37 6.94 6.94
Esy 7.61 7.38 6.91 6.95

aJ. E. Del Bene, J. D. Watts, R. J. Barlett J. Chem. Phys. 106, 6051 (1997)

FAFIH DU ERFENC 6-311+G(d,p) LR HEFTIS 2 benzene 731 VU{E F (KA
singlet JEFREREE (V) HP AT Ay, (m > 3p) Fl By (n > %) HYBEEREE A EREAE
UV etk EERIAY - AEE (@G5~ TD-B3LYP Ky HEr#Y4 i CIS(D) MgAEE CIS
HHEARET > D75 R TRV AR » [Nt TD-B3LYP Eigmie H AR H 1L
bFEiE Lt T HIRBEE RRAY U504 - el EAR a] LR SIHYEEYE /S ¥ EE] triplet
state [E[%] singlet FFHYREOE (T1>Sg) > BEE MRS SO>S1 K > St A LAHAE triplet £
(ST A FEA B IR USSR REHYE T RACAEEE -

[ — 7% 7-Azaindole (7-ADJTT-HYSERE » LLor THUBEEREIEERZRIBE - N E 7-Al —

RE#E s B B iy T PN S HE'E T-iEf%  (excited-state intramolecular proton transfer, ESIPT)
I —{E HLIUE 245 -

10



[B]— 7-Azaindole 43FHY normal form A1 tautomer form %51

UV-VIS Spectrum

60000 — ~0.40
1035
50000 -
1 L0.30
40000 %
025 &,
= 7 &
L2 S
"7 30000 020 =
(=" (5]
& | &
L01s S
° [ij=]
20000 - 2
1 L0.10
10000 |
L 0.05
0- T T ' Lo.oo
s —— LS S R =R S
140 200 20 240 260 280 300

Excitation Energy (nm)

E— 2L TD-B3LYP J57ATHMIZ 7-A1UV Stak
B — 2L B3LYP/6-31+G(d,p) J7/ATHML.Z TAIUV ezt » input file 41T

$NProcShared=4
gmem=500MW
#TD (NStates=20) B3LYP/6-31+G(d,p)

7ATI normal form

01
C,0,-0.6352978807,-0.2258511964,0.
C,0,0.7915213368,-0.2352078529,0.
Cc,0,1.4225517135,1.0169013292,0.
C,0,0.6114920309,2.149715653,0.

11

I

4

I I



Cc,0,-0.7911232212,2.0154052056,0.
C,0,0.0500194257,-2.3664880984,0.
C,0,1.1983756763,-1.6126235588,0.
H,0,2.5055973965,1.1043605296,0.
H,0,1.0484784161,3.1431647318,0.
H,0,-1.4215445388,2.9014388882,0.
H,0,-2.0236125347,-1.8223408154,0.
H,0,-0.0704041158,-3.4402428319,0.
H,0,2.2082014987,-1.9979804727,0.
N,0,-1.4330843302,0.8409384808,0.
N,0,-1.0565777331,-1.5364964016,0.

B (R R T-AL FVRAEAEEE B3LYP/6-31+G(dp) TS E] -
1£ UV QIR P PR ST vertical excitation » S EIFFFELAINY S, {irE
fE 272 nm > SHEERIALL (290 nm) SR TS, HUEE -

TD > CIS J57Ath A AU RERES R (L - AT HZRMT e OERE LR B
F& o UMt 7-ALS; HYSSHEHY input file:

NProcShared=4
$mem=500MW
#TD (NStates=5,Root=1) B3LYP/6-31+G(d,p) OPT

7AI normal form S1 OPT

Root=1 fAFREK GO9 M5 —3Es RemsE R A EEAMEE 73 - HAT CIS J5/AR DI
tH} analytical gradients F{1 hessians » t /25T HE AR AE Al AV EERRLLECA Y T
% e BIRAER RV ERSE > AlSh CIS KIS TS & BAIA OPT(TS, ReadFC) HY
£F5LL TD-DFT HEmst FSERAERE - QIRTAMTHEERERY TS BLERRARER A A
A E S A RS IR L S a8 AFRREE TR T3 20 M -

$NProcShared=4

$chk=7AI-ts S1

Smem=600MW

#B3LYP/6-31+G(d,p) SCF=InCore TD(NStates=5,root=1) Geom=Check
Guess=Check OPT (TS,ReadFC,Noeigentest)

7AT TS to tautomer form on the S1 state

12



L0 B3LYP/6-31+G(d,p) JiiARTHEERE TAL 7318 T8 S iV RE & A1 21:

Bl= 7-Azaindole >FERE(LHY TS 45k

7Al normal form =-379.8880597
7Al tautomer form = -379.8682075
Proton transfer TS =-379.7837093

Tautomer #% normal form FE&E = T 12.5 kcal/mol » [ normal form HHZEHJRE EERE

Fy 65.5 keal/mol » [NJIE THERE S T2 A A REAE o T-RRR L -

[B = 7-Azaindole 73TRRE{LAVERE TS 458

TR —EERE ]

7Al normal form =3.7896 eV -379.8735104 h=-379.73425 h
7Al tautomer form =2.1053 eV -379.8478307 h =-379.77046 h
Proton transfer TS =3.1083 eV -379.7726581 h =-379.65843 h

LLE#AREAE Slstate L TD-B3LYP/6-31+G(d,p) SR ELatRAVGER - FAGEERET
HHE SO HYETEL - £ S1 state tautomer #¢ normal form {74y 22.7 kcal/mol @ [jEE&E[E
B[S 47.6 keal/mol » #EAJTA S HETEE - {HE S state | tautomer ELALHE

normal FASARIE » 5THE LM tautomer FEIEHOCLIAE 2.1 eV (589 nm) 4T - ££ TAI
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T3 TIRK dimer B > BOE TAL 31BN T (AUK - ABRS) DIGSRsE Gl - Al
AREEIEA > (B REE T EE B 5T -
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