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Gaussian
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(1) P.K.Nayak and N. Periasamy, Organic Electronics ,10 (2009), 532-535
(2) P.K.Nayak and N. Periasamy, Organic Electronics ,10 (2009), 1396-1400
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B3LYP/6-31G(d,p)
Chk
B3LYP/TZV Geom=Check Polar CPHFreg=Read
1 0.000

MS
a,3=(0.5291772)3 =0.148185

iso

B3LYP/TZV Geom=Check Volume SCF=Tight

Volume 4
Molar volume = 1219.410 bohr**3/mol (108.819 cm**3/mol)
M3

1219.41 x 0.148185 = 180.7 M3
Volume

Volume p

EPS), (RSOLV) (DENSITY)
4 1+2K =
K1 2P diso EPS=—— RSOLV = aeiV0|um683 DENSITY =1/ Volume
V. 1- K clp -
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B3LYP/6-311+G(d,p) Geom=Check SCF=Tight SCRF=(PCM,Read)

1 Naphtalene
EPS=2.80
RSOLV=3.52
DENSITY=0.005464

Gaussian03

RADII=UFF
SURFACE=VDW

EPS=2.80
RSOLV=3.52
DENSITY=0.005464

PCM H,0
EPSINF  H,O

EPSINF
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E2
UB3LYP/6-311+G(d,p) Geom=Check SCF=Tight SCRF=(PCM, Read)
=1 =2
SCRF

E3
UB3LYP/6-311+G(d,p) Geom=Check SCF=Tight SCRF=(PCM, Read)
=-1 =2
SCRF

IP=E2-E1, EA=E1-E3 (P EA

Naphtalene
E1=-385.9913554, E2=-385.74633, E3 =-386.027087 au
IP=0.24572 au = 6.69 eV, EA=0.03573 au =0.972 eV (1au=27.2114eV)

IP=7.96 eV, EA=-0.307eV
8.13 -0.19

IP EA P+ P-
IP( IP( -P* EA( EA( P-
P+=1.27,P =1.28 eV
PR P3 1.5~1.7eV

N. Sato, K. Seki, and H. Inokuchi, J. Chem. Soc. Faraday Trans.2,(1981),77,1621-1633
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Marcus
k, = [4; ;]9{4:?1&3?}_“'5 exp(— Ak, T)
/=1 +1,
A
A0
MD)
TOF time of

flight)
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vertical ionization

neutral molecule cation geometry
geometry

B3LYP/6-31G(d,p)
B3LYP/6-31G(d,p) E,
UB3LYP/6-31G(d,p) E,
UB3LYP/6-31G(d,p)
UB3LYP/6-31G(d,p) E,
B3LYP/6-31G(d,p) E,

}\1:E2'E3, }\2’: E4'E1 )\ :1}( é

K. Sakanoue,Midori Motoda, Manabu Sugimoto and Shigeyoshi
J. Phys. Chem. A. vol.103 (1999), 5551-5556
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neutral molecule anion geometry

geometry ;

E2' 4

T L g

B3LYP/6-31G(d,p)
B3LYP/6-31G(d,p) E,
UB3LYP/6-31G(d,p) E,

UB3LYP/6-31G(d,p)
UB3LYP/6-31G(d,p) E,
B3LYP/6-31G(d,p) E,

)\1:E2'E3, )\2,: E4-El )\ :l%( é
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Lemaur et al. J. Am. Chem. Soc.126 (2004) 3271-3279

T. Sato et al. Chem. Phys. Let. 458 (2008)152-156
Electron-vibration interaction in carrier transport material:
Vibronic couplingdensity analysis in TPD

A

(1) BCP has a | arger reorganization energy”. 0

H. Gao et al., J. Phys. Chem. A., 112 (2008) 9097-9103

(2) “An Extremely Small Reorgani zation Energ
Dyad"”

0.23 0.11ev=5.3 2.5 kcal/mol
H. Imahori et al., J. Phys. Chem. A., 105 (2001) 1750-1756
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10a-7C-10 Marcus BHIZ& 5 TPD, CBP DREMEMRH

Analyses of Marcus-type charge-transports in TPD and CBP crystals

BALH, RARI, RABHEVA— WEBHR', BARE ERES, Bo-8 RIR
Inst. Chem. Research, Kyoto Univ.', Grad. School Eng,, Kyoto Univ.2, Fukui Inst. Fundamental Chem., Kyoto Univ.

*Tomonori Yamada', Furitsu Suzuki', Tohru Sato“, Kazuyoshi Tanakaz, Hironori KajiI

E-mail: yamada.for.kyotoulab@gmail.com

[FUBIZ: HFETOEFBEIL, A% EL ZBFOMKMEL BT 2 L TEET_EEERERO—
AThb, KFRTIE, Marcus B K-S\ T, TPD B LU CBP OBF/EF|I= R NV F—BLUH
GUAT7—HRRHEL, ThbOFRERMBEFECOVTERLL,

®EB: B7{LFHEICLY, TPD LN CBP NERFI= XNV X —RHE L, 12, TPD 2L ¥

(N2 CBP DEERICBIT ATRTOME A FILML, TV A7 7—HBpkitR LI, Bohk
G Marcus BEaIC S %, 300K ICRITAEL - BEFBEBEEEHE R, ULOHE
BT, WERE(LIL DFT, ZhLUMIFLHE Hickel IEIZ L VT2 T,

#B: ® 1o, TPDAFRICKET S 36@E Y OBE A FORTIZOWTEHE L, 300K TOE
LB L OEFBBEEERETT, TRTOPT, 7, 8, 27, BEORTILH L TKERELY
BHEEENBONTVA 2 EBbhd, TNLDORTIL, RO atiihR~Oik i AH LR
BRALTEY . ZOMAA~OEVELBENTESND, —F, BFBBICHL T, Bl
FIZ RV E—RAENZ LIMRAT I VA7 7 — RS, BFBHEEERIT, ELB
B AT 2K VWL SN, ORI, EHEMICTIEHA2, TPD DE
FREBHBEN D L AFRTHOTHA, YLD TPD AT 24ERE R CBP LRV T,
FILL BEREOEFBBEEEENGON:, X, YRRXTHTFETHA,

1. . 8.1
molecular-pair number

6 21 26 31 ¥

Fig. 1. Hole- and electron-transfer rate constants at
300 K for 36 molecular pairs in the orthorhombic
polymorph of TPD.
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T1,S0

T1,T1

A

380,T1

S0,S0

http://classic.chem.msu.su/
gran/gamess/index.html
Sanya

T, S
S Opt)
Opt B3LYP/6-31G(d,p) opt
B3LYP/6-31+G(d,p)
ZEP
Freq

Tl
Opt :UB3LYP/6-31G(d,p) opt
UB3LYP/6-31+G(d,p)

A E = EB(T)-E(SS)
E(T,T) T, T
E(S0.S0) So So

ZEP

ZEP AE=ETJES,S,) + AZEP
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ANZ27FIF .

B T, Sy
T T, A E(T,,Ty)
T1T1 UB3LYP
’ T So E(So 1)
c B3LYP =1
A E = B (T)-E(S,,Ty)
o ZEP A E = E(T+ZEP(T,,T))-E(S,.T,)
50,80 C SO
http://classic.chem.msu.su/ SO (80150
gran/gamess/index.html
S
o So T E(T1,So)
AE = Ey(SSE(T,,S)
ZEP(S,,Sy)
ZEP Freq)
6-311+G(d,p) Opt Freq
6-31+G(d,p)

Opt 6-31G(d,p
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C
Hartree-Fock  TDHF)
TDDFT)
TDDFT
So
B3LYP/6-31G(d,p) Opt =1
So TDDFT
S, Chk
#P B3LYP/TZV Geom=Check TD=(Triplets,Nstates=3) Pop=regular SCF=Tight
=1

TD=(Triplets,Nstates=3)
So—-Ty Sp—-T,y Sp-Ts
Nstates

TZV

D ZEP
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Benzene

A
3.88

Naphthalene 2.72

Antracene

1.81

2Me-Antracene 1.81
3.35 3.29 3.19

Carbazole

DFT
Gaussian

CCSD(T)

A

B C

3.31 3.80
230 2.73
1.50 1.80
1.46 1.83

C

CCSD(T)

obs.
3.66
2.64

1.85

1.81

3.04

obs

R. S. Becker, ,2, THEORY
INTERPRETATION OF

FLUORESENCE

AND PHOSPHORESCENCE!,

John Wiley&Sons,Inc. 1969.

DFT

CCSD T)

EL A

SAC-CI

AN
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uv)

So Molecule
%Chk=Molecule.chk
#P B3LYP/6-31G(d,p) Opt SCF=(Tight, MaxCyc=100) Pop=regular,

=1, Molecule.chk

So TDDFT
--Link1--
%Chk=Molecule.chk
#P B3LYP/TZV Geom=Check TD=(Singlets,Nstates=3) SCF=Tight POP=Regular
=1
Sy—S;, Su—S, Sy—Ss eV
uv Amax
Sy— S,
Amax HOMO-LUMO
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uv
uv
Molecule
--Link1--
%Chk=Molecule.chk
%MEM= Opt

#P B3LYP/TZV Geom=Check TD=(Singlets,Nstates=3) SCRF=(PCM,Solvent=CHCL3)
SCF=Tight POP=Regular

Solvent
SCRF=(PCM,Solvent=CHCL3)
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GAMESS

$DATA

BASIS.LIB
Ti2Cl9anion.inp
$BASIS EXTFIL=1 GBASIS=SBK631 $END
GBASIS=
SBK631 M Ti, Ni, Fe, Cu, O, H, C\N, F, Pt, CI
SBKJC H-CI 6-
31G(d,p) BASIS.LIB
GAMESS BASIS.LIB
BASIS.LIB
BASIS.LIB
SBK631
BASIS.LIB

BASIS.LIB
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BASIS.LIB

SBK631
Ti SBK631 Ni SBK631 H SBK631 CI SBK631

$BASIS EXTFIL=1 GBASIS=SBK631 $END GBASIS=

GAMESS-US Format
https://bse.pnl.gov/bse/portal

GAMESS OK

Cl SBK631

N31 6

D 1
0.750000  1.000000

N31 6 6-31G 6-31G(d)
Cl SBK631 6-31G(d) 6-31G*
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ECP
SBKJC LANL2DZ Effective Core Potential (ECP)
ECP
ECP ECP ECP
SBKJC

TI-ECPGEN 10 2
R d-ul potential ~ -----

-3.6658100 1 11.2097100
3 - s-ul potential =~ -----

3.8806700 0 1.6117200
172.2505100 2  4.0096000
-155.0835600 2 3.6640600
2 - p-ul potential ~ -----
4.0443300 0 31.6778200
53.0004800 2  7.4579300

6-31G(d,p) ECP ECP

CI-ECP NONE

NONE OK
CI-ECP NONE
CI-ECP
CI-ECP
CI-ECP

M
NONE
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$ECP
ECP ECP
2
$DATA
ECP
ECP
ECP

Nicomplex-C2.inp

Ti-ECP GEN
Ti2Cl9anion.inp

$DATA

$ECP

C-ECP NONE H-ECP NONE

GMESS
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$DATA
PtCl4anion.inp $END

CL 17. -2.289999 0.00000 0.000000
DzV

$END
CL

-2.289999 0.00000 0.000000 X,Y,Z
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CHz'CHz' C'C
CH,CH, TV

%MEM=50MW
#p B3LYP/6-31G(D,P) OPT POP=REGULAR

TV Polyethylene 2011/10/06
2.51479M C-C=1.54
a2 C-C-C=109.47 0,1
Tv C 0 1.25744 0.88907 0.00000

C 0 0.00000 0.00000 0.00000
H 0 1.25737 1.50101 -0.86523
H 0 1.25737 1.50101 0.86523
H 0 -0.00006 -0.61193 0.86523
H 0 -0.00006 -0.61193 -0.86523
50MW TV O 2.54179 0.00000 0.00000

Keyword PBC

Y%MEM
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Lengths of translation vectors:  2.567639
Rc.c =1.533659 R ,=1.099614

HOMO-LUMO

Alpha occ. eigenvalues -- -0.31549 -0.31539 -0.27546
Alpha virt. eigenvalues -- 0.08832 0.10812 0.11754 0.18168 0.20664

0.08832-(-0.27546) =0.36378 au = 9.899 eV
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C 0 0.000000 0.000000 0.00000
C O 0.000000 1.429118 0.00000
TV 0 2.475315 0.000000 0.00000
TV 0 -1.219952 2.133447 0.00000

C-C 1.429118M

TV 1

C-C=1.429118

V.0 2.475315 0.000000 0.000000
TV 0 -1.237653 2.143677 0.000000
2

job

-------------------- ATTENTION-----nmmmmmmmmmmme
Total charge is not ZERO ---  -0.000000000134
-------------------- ATTENTION-----mmmemmmmmmmmev
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B1,N2,N3,B4
B6

N2,B1

N5,

2 Gaussian

a=B1-N3 = 1.46754, b=B1-N2=1.46774 M

TV
X
2ac0s30=2.541854
TV 2.541854, 0.000000, 0.000000

(2) TV Z
Z
2b + 2asin30 =4.40302
TV 0.000000, 0.00000, 4.40302

a b

30
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R

C18H4

% R

C10H2



N

AB
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Y

C20H4

L.,

C-C=1.54

0,1

CO 1.333679
CO 1.333679
C 0 0.000001
C 0 0.000000
CO0 -1.333678
C 0 0.000000
CO0 2.667357
C 0 0.000000
CO0 -1.333678
CO0 -1.333681
CO0 -2.667360
C0O 1.333679
CO0 2.667359
CO0 4.001037
CO0 -2.667361
CO 1.333678
CO0 2.667356
CO0 4.001037
HO 2.667356
CO 5.334715
HO 5.334714
HO -1.333678
C 0 -4.001040
HO -4.001047

-2.310007
-0.770002
-3.080008
-4.620015
-5.390017
0.000000
0.000001
1.540004
-0.770001
-2.310007
-3.080008
2.310004
1.540004
2.310004
-4.620013
3.850014
4.620015
3.850016
5.680018
4.620018
5.680018
-6.450014
-5.390013
-6.449996

-0.00000
-0.00000
-0.00000
-0.00000
-0.00000
0.00000
-0.00000
0.00000
-0.00000
-0.00000
-0.00000
0.00000
0.00000
0.00000
-0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00000
-0.00000
0.00000

TV 0 5.337165 0.000000 0.00000
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Roald Hoffman

SOLIDS and SURFACE
A Chemist®s View of Bonding

in Extended Structures



