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Abstract Results of restricted Hartree-Fock(RHF) and density function theory(DFT) calculations are
reported for 2-dicyanovinyl anthracene(2-DCVA) and 9-dicyanovinyl anthracene(9-DCVA) a B3LYP/6-
311+G(d,p)//RHF/6-31G(d,p) level, the equilibrium geometries of 2-DCVA and 9-DCVA have been
optimized and the harmonic vibrationa frequencies have been calculated . The calculating results show that
the ground state of 9- DCVA is higher than that of 2-DCVA in total energy; Having revolved angles between
anthracene and dicyanovinyl from -180.0° to 180.0° their potential energy curves are obtained to find their
equilibrium geometries , The results show that there are two different stable geometries in energy and a
transition geometry for 2-DCVA while there are a stable geometry and two transition geometries for 9-
DCVA, the gtructure of 2-DCVA is more planar than 9-DCVA. At PM3/CIS level, their electronic spectrum
were caculated and the vertical excitation energies and corresponding oscillator strengths from the ground
states to the excited states are obtained. These results are in good agreement with the results obtained from
experiment.
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. ; C(1)-C(2)-C(8)-H(15)
: 2-DCVA(1) C(1)-C(2)-C(8)-H(15) 163.2°, 2DCVA(2) C(1)-C(2)-C(8)-H(15)
®.
1 2-DCVA(2
Fig.1 Structure and atomic number of 2-DCVA(2)
2 2-DCVA(1)
Fig.2 Structure and atomic number of 2-DCVA(1)
1 RHF/6-31G** , 2-DCVA (1), 2DCVA (2>  9DCVA
Tab.1 Equilibrium Geometriesfor Ground state 2-DCVA(1). 2-DCVA(2) and 9-DCVA optimized at RHF/6-31G** level
2-DCVA(2) 2-DCVA(1) 9-DCVA
/nm
C(1)-C(2) 0.1362 0.1360 C(1)-C(2) 0.1349
C(5)-C(9) 0.1344 0.1344 C(18)-N(19) 0.1135
C(3)-C(7) 0.1423 0.1424 C(13)-C(9) 0.1404
C(11)-C(17) 0.1425 0.1426 C(11)-C(8) 0.1439
C(16)-C(23) 0.1347 0.1347 C(9)-C(15) 0.1485
C(19)-N(25) 0.1136 0.1136 C(15)-C(16) 0.1333
C(8)-C(12) 0.1343 0.1342 C(16)-C(17) 0.1445
C(2)-C(8) 0.1460 0.1463 C(16)-C(18) 0.1444
/e
C(1)-C(2)-C(5) 119.0 119.0 C(13)-C(9)-C(11) 121.0
C(2)-C(8)-C(12) 132.2 131.3 C(11)-C(9)-C(15) 121.2
C(12)-C(19)-N(25) 179.2 179.4 C(9)-C(15)-C(16) 126.7
C(3)-C(7)-C(9) 1182 1183 C(15)-C(16)-C(18) 1235
C(17)-C(11)-C(6) 119.2 119.2 C(16)-C(17)-N(20) 179.3

3
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C(1)-C(2)-C(8)-H(15) 0.0 163.2 C(11)-C(9)-C(15)-C(16) 68.7
C(5)-C(2)-C(8)-H(15) 180.0 -153 C(13)-C(9)-C(15)-H(30) 63.8
C(2)-C(8)-C(12)-C(19) 180.0 179.7 C(9)-C(15)-C(16)-C(17) 180.0
C(6)-C(3)-C(1)-C(2) 180.0 -179.9 C(9)-C(15)-C(16)-C(18) 0.9
C(10)-C(7)-C(9)-C(5) 180.0 -179.8 H(30)-C(15)-C(16)-C(18) -177.2
3 RHF/6-31G** 9-DCVA o
1 o 2-DCVA ,
, 9-DCVA C(11)-C(9)-C(15)-C(16)
68.7°, , : 2-DCVA(D) 2-DCVA(2), 9-DCVA.
P N
N(20)

3 9-DCVA
Fig.3 Structure and atomic number of 9-DCVA

2.2
(D 1, 2, 8 15 ) RHF/6-31G , -180~
180 , , )
, 2, 2 , (
4), o 1 3 2-DCVA(2),
( D1, 2, 8, 15) -165° 165, , -
796.03516a.u., o 2 2-DCVA (1),
( D1, 2, 8 15 @, 2-DCVA(2) s -796.03558a.u. s
o 4 5 D1, 2, 8, 15) -88°  8&°, , -
796.02797a.u., o ,  Synchronous Tyasit-Guided Quasi-Newton(STQN)
; RHF/6-31G** ; 4 5 B3LY P/6-311+G(d,p)
( 4. 2 1 3 0.0114a.u..
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2 RHF/6-31G ,
Tab.2 The energies are obtained by revolving angles between anthracene and dicyanovinyl at RHF/6-31G level
2-DCVA 9-DCVA
I lau. I lau. I /au. I’ lau.
0 -786.03558 178 -786.03516 0 -786.00512 175 -786.00603
10 -786.03546 -5 -786.03555 20 -786.01353 -5 -786.00709
20 -786.03507 -25 -786.03474 40 -786.02043 -20 -786.01353
50 -786.03183 -55 -786.03108 60 -786.02346 -65 -786.02363
83 -786.02799 -78 -786.02822 65 -786.02363 -90 -786.02320
88 -786.02797 -88 -786.02797 75 -786.02353 -114 -786.02364
93 -786.02818 -98 -786.02859 95 -786.02323 -115 -786.02365
118 -786.03146 -138 -786.03408 110 -786.02359 -116 -786.02364
133 -786.03356 -163 -786.03517 115 -786.02365 -124 -786.02338
163 -786.03517 -168 -786.03518 125 -786.02331 -155 -786.01607
168 -786.03518 -178 -786.03516 145 -786.01967 -175 -786.00603
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Fig.4 The potential energy curve of 2-DCVA
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Tab.3 Some calculated frequencies of 2-DCVA and 9-DCVA at RHF/6-31G** level
femt
2-DCVA(1) 2-DCVA(2) 9DCVA
16.77 178.10 18.54 105.57 30.06 58.77
268.32 387.62 274.83 489.03 253.02 449.37
526.37 677.04 588.33 731.17 616.55 730.97
729.19 837.43 858.42 1020.36 825.96 954.02
862.52 1017.09 1120.08 1287.68 1098.40 1178.96
1110.04 1284.50 1416.17 1591.62 1134.03 1521.57
1418.46 1587.62 1794.86 3343.18 1710.11 2613.71
1789.87 3406.28 3350.58 3426.19 3343.05 3395.44
) 9-DCVA ) 2 6
) RHF/STO-3G ) 1 3 5 7 )
2 6 I s o
23
4 B3LY P/6-311+G(d,p)//RHF/6-31G(d,p)
, , 2-DCVA(1) 2-DCVA(2) -801.6018 au. -801.6029a.u.,
9-DCVA -801.5895a.u., 9-DCVA , 2-DCVA(2) )

» 2-DCVA(2) 2-DCVA(1) 9-DCVA o
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4 RHF/6-31G**  B3LYP/6-311+G(d,p) , 2-DCVA  9-DCVA E. efau.)
Tab.4 Some calculated total energies - frontier obital energies and their gaps e(a.u.) of 2-DCVA and 9-DCVA at RHF/6-31G** and B3LY P/6-
311+G(d,p) level

SOMO HOMO LUMO SUMO © .
RHF/6-31G** 2DCVA(D)  -0.32337 -0.27802 0.01787 0.06891 0.29589 7963608
2DCVA(2)  -0.32463 -0.28071 0.01899 0.06374 0.2097 -796.3616
2-DCVA(4) -0.32317 -0.27577 0.04814 0.06243 0.32391 -796.3539
9DCVA -0.32570 -0.27925 0.03602 0.06789 0.31527 -796.3495
9DCVA(4)  -0.33231 -0.28008 0.00695 0.08599 0.28703 -796.3317
B3lyp/6-11+g** 2-DCVA(1) -0.26651 -0.22837 -0.11759 -0.07710 0.11078 -801.6018
2-DCVA(2) -0.26739 -0.23110 -0.11530 -0.08171 0.1158 -801.6029
2-DCVA(4) -0.26608 -0.22387 -0.10164 -0.08557 0.12223 -801.5915
9DCVA -0.26913 -0.22721 -0.10595 -0.08473 0.12126 -801.5895
9DCVA@4)  -0.27562 -0.23057 -0.12242 -0.06980 0.10815 -801.5796
2-DCVA  9-DCVA p , LUMO HOMO )
e ’ p o ‘Ji i Ki Ik
e HOMO LUMO o B3LY P/6-311+G(d,p)//RHF/6-31G(d,p) y 2-
DCVA(D) Eromo=-0.22837 au., E uo=-0.11759%.u.,
6:011078a.u b 2'DCVA(2) EHOMO:-0'23110 a_U b ELUMO:_
0.11530a.u., e=0.1158a.u., 9-DCVA (Enomo=-0.22721a.u., E, jyo=-0.10595
au., e=0.12126 a.u.) » 2-DCVA(D ) e , e )
) 2-DCVA(D HOMO LUMO
9-DCVA 2-DCVA(2) o
o 9-DCVA, 2-DCVA(1) 2-DCVA(2)
) 9-DCVA. 2-DCVA(1) 2-DCVA(2) )
) ( -801.5895a.u., -801.6018a.u., -801.6029.u.) o
24
PM3/CIS ) ) 2-DCVA  9-DCVA )
5, 5 s 2-DCVA(2). 2-DCVA(1) 9-DCVA
331.54nm. 331.80 nm  261.24nm, 2-DCVA(1) 9-DCVA  2-DCVA(2)
) 23 o 801 )
(7
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5 2-DCVA 9DCVA CIS
Tab.5 Therelationship between CIS configuration | /nm number and the principal lines of electronic spectrain the 2-DCVA and 9-DCVA

2-DCVA(2) 2-DCVA(1) 9DCVA

(22 285.65 277.87 289.21

(4*4) 316.00 238.42 250.85

(8*8) 322.39 321.65 256.31

(12*12) 324.37 324.47 256.64

(16*16) 329.05 329.08 257.79

(20*20) 331.54 331.80 258.72

I /nm(exp.)” 330 260
I Inm(exp.) [7]
) 2-DCVA  9-DCVA ) 2-DCVA )
9-DCVA 1 o )
) 2-DCVA 9-DCVA o
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