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The results of the SCF-LCAO-MO calculations for the electronic structure of carbazole and 
trinitrofluorenone are reported. Comparison is made with previous computations and with 
experimental data. A qualitative calculation tends to explain satisfactorily the first electro-absorption 
peak in amorphous films of polyvinylcarbazole and trinitrofluorenone on the basis of a complete 
charge transfer model. The singlet-triplet splitting predicted for carbazole also compares favorably 
with the experimental results. 
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1. Introduction 

The SCF-LCAO-MO approximation has been used in the study of the 
electronic structure of carbazole (C12NH9; hereafter denoted as CZ) and of 
2:4:7 trinitro-9-fluorenone (C13N3OTHs; hereafter denoted as TNF). A pre- 
viously described computer program [1], called I'BMOL-5, has been used for 
the computations here reported. The basis set which describes the one-electron 
functions is a gaussian set of contracted type [2]. The CZ and TNF mole- 
cules have been studied in the SCF-X~-SW approximation recently [3] and the 
CZ molecule has been investigated before using semiempirical techniques [-4, 5]. 
The main approximations of the present work are neglect of electron correlation 
and truncation of the basis set to a minimal basis set: the atoms are described 
with 2 gaussians for the ls orbitals, 2 gaussians for the 2s orbitals, and 2 gaussians 
for the 2px, 2py and 2pz orbitals. Comparison with previous computations [3-5] 
and with experimental data are reported. It is noted that the CZ and TNF com- 
pounds are of interest because of the important role they play in the IBM 
photocopier [6]. 

Table 1 lists the molecular geometry used in computing CZ and is compiled 
from X-ray data [7]. This molecule belongs to the C2v symmetry group and 
we have chosen the principal axis of symmetry as the y axis. The other axis in the 
molecular plane is the x axis, and the axis perpendicular to the molecular plane 
is the z axis. A schematic structure of the carbazole molecule is shown in Fig. 1 
along with bond lengths (in •) and bond angles (in degrees). 

Table 2 displays the molecular geometry used in computing TNF. This 
molecule belongs to the C S symmetry group and is placed in the x - y  plane. 
X-ray data on TNF was not available at the time these calculations were ini- 
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Table 1. Molecular geometry for the carbazole molecule" 

Center x y 

c(21) 

C(22) 

C(23) 

C(24) 

C(25) 

C(26) 

C(27) 

C(28) 

C(29) 

c(30) 

c(31) 
C(32) 

H(21) 

H(22) 

H(23) 

H(24) 

H(25) 

H(26) 

H(27) 

H(28) 

H(29) 

N(01) 

--4.685950 

-6.464800 

-5.748530 

-3.210620 

3.210620 

5.748530 

6.464800 

4.685950 

-2.155100 

-1.378970 

1.378970 

2.155100 

-5.226620 

-8. 264660 

-7.180840 

-2. 759140 

2. 759140 

7.180840 

8.264660 

5.226620 

0.0 

0.0 

-3.210440 

-1.296160 

1.229020 

1.890100 

1.890100 

1.229020 

-1.296160 

-3.210440 

-2.522830 

0.0 

0.0 

-2.522830 

-4.807780 

-1.698480 

2.641460 

3.507090 

3.507090 

2.641460 

-1.698480 

-4.807780 

-5.893910 

-4.081590 

Distances are given in atomic units; the value of the Z coordinate is zero. 

H(24) E I ~  H(25) 
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/ . . . . .  ~lo, \ 
H(211 0.964 H128) 

H(29) 
Fig. 1. The structure of the carbazole molecule. Numbers assigned to the atoms are indicated in 
parentheses. Bond lengths in A are shown on the left and bond angles on the right side of the drawing. 
The Y-axis is chosen along the axis of rotational symmetry, the X-axis in the plane of the molecule 

and the Z-axis out of the plane of the molecule 
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Table 2. Molecular geometry for the 2,4,7-trinitro-9 fluorenone molecule a 
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Center x y 

c(o1) 
c(o2) 
c(o3) 

c(o4) 
c(o5) 
c(o6) 
c(o7) 

c(o8) 
c(o9) 
C(lO) 

c(11) 

c(12) 

c(13) 
H(01) 

H(03) 

H(O5) 

H(06) 

H(o8) 

N(02) 

N(04) 

N(07) 

o(13) 
o(21) 
0(22) 

0 (41) 

0(42) 

0 (71) 

0(72) 

-4. 733600 

-6.495700 

-5. 705500 

-3.153300 

3.153300 

5.705500 

6.495700 

4.733600 

-2.181300 

-i. 391200 

i. 391200 

2.181300 

0.0 

-5. 347500 

-7.074600 

2.539400 

7.074600 

5. 347500 

-9.066300 

-2.357400 

9. 066300 

0.0 

-9. 754100 

-10.600200 

-3.891300 

-0.135700 

9.754100 

i0.600200 

-3.052000 

-1.122300 

1.368600 

1.929700 

1.929700 

1.368600 

-1.122300 

-3.052000 

-2.490900 

0.0 

0.0 

-2.490900 

-4.029700 

-4.987400 

2.867900 

3.865100 

2.867900 

-4.987400 

-1.687500 

4.438500 

-1.687500 

-6.417300 

-3.855800 

-0.007600 

6.118400 

4.927000 

-3.855800 

-0.007600 

a Distances are given in atomic units; the value of the Z-coordinate is zero. 

tiated, but are available now [8]. We have not recomputed our results because 
the calculated energy level is insensitive to small errors in atomic positions. A 
schematic structure of the TNF molecule is shown in Fig. 2. 

In Table 3 we report the orbital exponents for the Gaussian functions and 
their symmetry type (s, p~, py, p=) for C, H, N, O. We used 148 Gaussians for CZ 
and 240 for TNF. The orbital exponents were optimized for the separated atoms. 
In Table 4 the 148 Gaussians for carbazole are contracted to 74 using the ex- 
pansion coefficients obtained from the computations of the separated atoms. In 
Table 5 the contracted Gaussians are collected into symmetry-adapted functions 
which transform as the irreducible representations of the Czv symmetry group. 
In Table 6 the 240 Gaussians for TNF  are contracted to 120 using the ex- 
pansion coefficients obtained from the computations of the separated atoms. 
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0(41) 
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1,21~N (04)L~.~. 0(42) 
,.21 H(o5) 

/1.40-- ~ H(06) H(03) 
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Fig. 2. The trinitrofluorenone (TNF) molecule. Numbers assigned to the atoms are indicated in 
parentheses. Bond lengths in ,zi and bond angles chosen for the calculation are also shown. The 

molecule was placed in the X - Y  plane 

Table 3. Orbital exponents for various elements in carbazole and TNF in the uncontracted gaussian set 

Orbital 
Element 

C 

C 

C 

C 

C 

C 

H 

H 

N 

N 

N 

N 

N 

N 

0 

0 

0 

0 

0 

0 

Type 

s 

s 

s 

s 

x,y,z 

x,y,z 

s 

s 

s 

s 

s 

s 

x,y~z 

x~y~z 

s 

s 

s 

s 

x~y~z 

x,y,z 

Exponents 

49. 625 

7.177 

0.522 

0.173 

1.560 

0.280 

1.333 

0.201 

68.597 

9.983 

O. 750 

O. 240 

2.338 

0.415 

88.127 

12. 851 

0.753 

O. 269 

3.175 

0.547 
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Table 4. Contracted gaussian set for carbazole 
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AI,B 2 

A 2 , B I 

C o n t r a c t e d  Gaussian Type Center 

YI = 0.244156~ 1 + 0.799063~ 2 s;is C(21) 

Y2 = 0.398814~ 3 + 0.677527~ 4 s;2s C(21) 

73 = 0.339894~ 5 + 0.803535~ 6 x;2Px C(21) 

74 = 0.339894a 7 + 0.803535~8a y;2py C(21) 

y49 = 0.274350~97 + 0.821276~98 b s;is H(21) 

Y58 = 0"242693ai15 + 0"794066ei16 s;is N(01) 

Y59 = 0"411884ei17 + 0"669260ai18 s;2s N(01) 

760 = 0"344259~ii 9 + 0"801400=120 x;2Px N(01) 

Y61 = 0"344259~121 + 0"801400~122 y;2py N(01) 

Y62 = 0"339894=123 + 0"803535~124 e z;2pz C(21) 

Y74 = 0"344259~i47 + 0"801400~148 z;2pz N(01) 

" ~5, 76, 7v, 78 [centered on C(22)], 79, 710, ?al, 712, [centered on C(23)] .... 745,746,747, ])48 [centered 
on C(32)] are not reported since there i~ a one-to-one correspondence between these and 71, ?-,, ?3, 74. 
~o, Ysl, 7~, Y~ 3, 7~4, ?~, ?5~, 757 [centered on//(22), H(23), H[24), H(25), H~26), H(27), H~28), H(29), 
respectively] are not reported since there is a one-to-one correspondence between these and 7~9. 
763, 764 ..... 773 [centered on C(22), C(23) ..... C(32), respectively] are not reported since there is a 
one-to-one correspondence between those and 76z. 

N o  further symmetry-adapted  combinat ions  can be formed because these func- 
tions already t ransform according to the irreducible representations of the Cs 
symmetry  group.  

2. Results and Discussion 

It is convenient  to discuss the results for carbazole (CZ) and trinitro- 
f luorenone ( ' [NF) in separate subsections. 

A. The Carbazole Molecule  

The calculated total energy and the orbital energies are given in Table 7. 
The orbital energies are also shown in Fig. 3 labeled according to the various 
irreducible representations of the Cz,  symmetry  g r o u p  In the ground state there 
are 20 molecular  orbitals occupied in A~ representation, 17 in B2 representa- 
tion, 4 in B 1 representation, and 3 in A2 representation. There are 74 cr electrons 
and 14re electrons. The rc electron configurat ion in g round  state is: 

2 2 2 lb I 1a2 2b~ 3b~ 2a~ 3a~ 4b~. The la  I - 7 a l ,  lb  z - 6 b  2 are core orbitals which re- 
present the Is electrons for the nitrogen and for the ca rbon  atoms. The re- 
maining o- molecular  orbitals are generally delocalized. 

The calculation predicts 4 occupied 7r orbitals in B 1 representation and 3 in 
A z representation. This is because the 2p~ orbital of the nitrogen a tom is per- 
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Table 5. Syrnmetry-adaptedfunctionsfor carbazole (unnormalized) 

A 1 B 2 B I A 2 

(o) (o9 (r) Or) 

X1 = Y1 + 729 

X 2 = 7 2  + 7 3 0  

X3 ffi 73 - 731 

X4 ~ 74 + Y32 

x5 =75  +u 
X6 ~ T 6 + 726 

X7 = 77 - 727 

X8 = Y8 + 728 

X9 = 7 9  + Y21 

XI0 = Yl0 + 722 

Xll = 711 -- T23 

XI2 = ~12 + Y24 

• ~ 713 + 717 

XI4 ffi 714 + 718 

XI5 = 715 - 719 

X16 = 716 + 720 

XI7 = 733 + 745 

XI8 = 734 + 746 

)(19 " "735 - 747 

X20 = Y36 +748 

X21 = 737 + 741 

X22 = 738 + 742 

X23 = 739 - ~43 

X2.,4 = Y~O + 744 

X25 = 749 + Y56 

X26 = 750 + 755 

X27 = Y51 + 754 

X28 = ~52 + T53 

:X29 = 757 

X3o = u 
X31 = 759 

X32 ffi 761 

X33 =TI - Y29 

X34 = T 2 - 9"30 

X35 = ~3 + 731 

x36 = 74 - 73z 
X37 = 75 - 7 2 5  

X38 = 76 - ~26 
X39 = T 7 + 7 2 7  

;<4o = 7 8  - 728 
X4z = 79 - ~ 2 1  

X42 = 710 - 722 

X43 = ~II +723 

X44 = ~ i2  -3"24 

x45 = v13 - v17 
X46 = T14 - T18 

X47 = 715 +719 

X48 = 716 - 720 

X49 = 733 - 745 

X5o = T34 -746 

X51 = 735 + Y47 

X52 = Y36 - 748 

x53 = ~37 - 741 
X54 = 738 - 742 

X55 = ~39 + 7 4 3  

X56 = u - 7~4 

• =749 - ~56 

X58 = 750 - "(55 

x59 = 75i - T54 
X6o  = v 5 2  - 7 5 3  

x61 : 76o 

X62 = 762 + Y69 

X63 = 763 + 768 

X64 = 764 + 767 

X65 = 7"65 + 766 

X66 = T70 + T73 

X67 = T71 + 772 

X68 ~ 774 

l X69 ~ 762 - T69 

X70 = T63 - 768 

X71 = T64 - Y67 

X72 = 765 - T66 

X73 ~ 770 - 773 

X74 = 771 - 772 

mitted in B 1 representation but not in A z. The general electronic structure pre- 
dicted here is similar to the one found in the SCF-Xe method [3]. The main 
difference is that the levels are compressed closely in the latter approach [3]. 

The gross population of charges on the individual atoms is reported in 
Table 8. The electronic configuration for the separated atoms is 

C: ls 2 2s 2 2p~ 2p~, 

N:  ls 2 2s 2 2 t 2p~ 2p~, 

H: ls 1 , 



Electronic Structure of Carbazole and Trinitrofluorenone 

Table 6. Contracted gaussian set for TNF 
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Contracted Gausslan Type Center 

~i = 0.244156 a I + 0.799063 e2 

~2 = 0.398814 ~3 + 0.677527 ~4 

T3 = 0.339894 a 5 + 0.803535 a6 

Y4 = 0.339894 ~7 + 0.803535 e8a 

s;ls C(Ol) 

s;2s C(01) 

x;2Px C(01) 

y;2py C(01) 

Y53 = 0.274350 ~i05 + 0.821276 ~i06 b s;is H(01) 

A ! 

(~) 

Y58 = 0.242693 all 5 + 0.794066 ell6 s;is N(02) 

Y59 = 0.411884 all7 + 0.669260 ~i18 s;2s N(02) 

Y60 = 0.344259 ell9 + 0.801400 el20 x;2Px N(02) 

Y61 = 0.344259 s121 + 0.801400 ~122 c y;2py N(02) 

Y70 = 0.249186 ~139 + 0.806631 el40 s;is 0(13) 

Y71 = 0.643571 a141 + 0.429845 a142 s;2s 0(13) 

Y72 = 0.351888 e143 + 0.799187 ~144 x;2Px 0(13) 

d 
Y73 = 0.351888 e145 + 0.799187 e146 y;2py 0(13) 

= e z;2p z C(01) ~98 0.339894 ~195 + 0.803535 ~196 

f 
YIII= 0.344259 e221 + 0.801400 ~222 z;2Pz N(02) 

g 
YII4 = 0.351888 ~227 + 0.799187 ~228 z;2pz O(13) 

A" 

(~) 

a ?5, ?6' ?7, 78 [centered on C(02)], 79, 710, 711, 712 [centered on C(03)] . . . . .  74-9, ?50, 751, 752 
[centered on C(13)] are not reported since there is a one-to-one correspondence between these and 
71' 72' 73' 74" 

b 754, ?55, ?56, ?57 [centered on H(03), H(05), H(06), H(08), respectively] are not reported since there 
is a one-to-one correspondence between these and ?53. 

e 762, 763, 764, 765 [centered on N(04)], 766, 767,768, 769 [centered on N(07)] are not reported since 
there is a one-to-one correspondence between these and ?s8, ?59, 76o, 761. 

a 774, 775, 776, 777 [centered on O(21)] . . . . .  794, 795, ?96, ?97 [centered on 0(72)] are not reported 
since there is a one-to-one correspondence between these and 770, 771, ?72, 773. 

e 799, 7100 . . . . .  7110 [centered on C(02), C(03) . . . . .  C(13), respectively] are not reported since there 
is a one-to-one correspondence between these and 798. 

r 7112, 7113 [centered on N(04), N(07), respectively] are not reported since there is a one-to-one 
correspondence between these and ? 111. 

g 7115, 7116 . . . . .  T120 [centered on 0(20,  0(22) . . . . .  O(72), respectively] are not reported since there 
is a one-to-one correspondence between these and 7114- 

and  for the a toms  in ca rbazo le  is 
N :  iS T M  2S 1'43 zpa  x "~ 1.12 2_1.23pay zp~" 1.69 , 

C :  1s T M  2s 1"04 2 -1"~ " 1 o6 zp~; _1.o3 p~x 2p~ , 

H "  I s  0'77 . 

It is also wor th  no t ing  tha t  the n i t rogen  a t o m  has an excess negat ive  charge. 
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T a b l e  7. T o t a l  e n e r g y  a a n d  o rb i t a l  energies  (in a t o m i c  uni ts)  

c 2 

c 3 

c 4 

~5 

-z 6 

~7 

~8 

~9 

A1 B 2 B 1 A 2 

(~) (~) (~) (7) 

= -15.154346 

ffi -11.050204 

= -ii.028821 

= -11.023996 

~i = -11.053484 

~2 = -11.030911 

~3 = -11.025506 

~4 = -11.004840 

el = -0.649873 

~2 = -0.519070 

e3 = -0.451183 

e 4 = -0.343790 

e I = -0.562055 

~2 = -0.412985 

e 3 = -0.355872 

= -11.004423 r 

= -10.988484 r 

= -10.982244 c 7 

= - 1.334883 r 

= - 1.190820 e 9 

= -11.004019 

= -10.984267 

= - 1.207052 

= - 1.084820 

= - 1.047194 

~i0 = - 1.117079 

Eli = - 1.049841 

~12 = - 0.942818 

~13 = - 0.869417 

~14 = - 0.796583 

~15 = - 0.744428 

~16 = - 0.702234 

~17 = - 0.665578 

~18 = - 0.639813 

~19 = - 0.567950 

~20 = - 0.537785 

El0 = - 0.883004 

~ii = - 0.856079 

= - 0.762571 
12 

el3 = - 0.695757 

El4 = - 0.655647 

c15 = - 0.648252 

~16 = - 0.573969 

el7 = - 0.542882 

T o t a l  e n e r g y  = - 498 .1267646 a.u.  

The lowest ionization potential for carbazole obtained by taking the dif- 
ference of the total energies for the molecule and the positive ion was found to 
be 8.6 eV. If one used Koopmans' theorem instead which ignores relaxation effects 
the value was 9.4 eV. Our calculated value of 8.6 eV is in good agreement with 
an experimental value [7] of 7.6 eV. An SCF-Xa calculation [3] predicts about 
17eV; this unrealistic result is due to the muffin-tin approximation in their 
calculation. The dipole moment in Debyes, p = (0.0, - 1.66, 0.0) with IP[ = 1.66. 

An approximate understanding of the optical spectrum of carbazole can be 
obtained by carrying out spin-polarized calculations for the excited states. Four 
principal peaks in the photoabsorption spectrum of carbazole in ethanol have 
been observed [10] and Emolaev [11] has identified the lowest triplet in fluor- 
escence spectrum. Our calculated values along with these experimental results 
and earlier [3-5] theoretical results are presented in Table 9. For the Hartree- 
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-20,0 

Carbazole 
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(a) (~) 0d 

~ 4  3 
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/ 1 7  2 
I - - 1 6  

7 15 
1 

~-14 
~13  
12 

- - " ~  10 

/ 9  

- -  1 - 6  

Fig. 3. The calculated ground state energy eigenvalues of carbazole labeled according to the various 
irreducible representations of the C2v symmetry group, a orbitals belong to the A 1 and B2 repre- 

sentations, and ~ orbitals belong to the A 2 and B 1 representations 

Table 8. Carbazole gross population analysis 

Center is 2s 2Px 2py 2pz Total 

C(21) 1.96 1.07 1.03 1.17 i.I0 6.33 
C(22) 1.96 1.09 1.15 1.04 0.98 6.22 
C(23) 1.96 1.08 1.06 1.06 1.03 6.19 
C(24) 1.96 1.08 1.06 1.18 1.01 6.29 
C(25) 1.96 1.08 1.06 1.18 1/01 6.29 
C(26) 1.96 1.08 1.06 1.06 1.03 6.19 
C(27) 1.96 1.08 1.15 1.04 0.98 6.21 
C(28) 1.96 1.07 1.03 1.17 i.i0 6.33 
C(29) 1.96 1.00 0.95 0.95 0.97 5.83 
C(30) 1.96 1.00 1.01 1.00 1.06 6.03 
C(31) 1.96 1.00 1.01 1.00 1,06 6.03 
C(32) 1.96 1.00 0.95 0.95 0.97 5.83 
H(21) 0.76 . . . .  0.76 
H(22) 0.77 . . . .  0.77 
H(23) 0.79 . . . .  0.79 
H(24) 0.76 - - 0.76 
H(25) 0.76 - - - 0.76 
H(26) 0.79 . . . .  0.79 
H(27) 0.77 . . . .  0.77 
H(28) 0.76 . . . .  0.76 
H(29) 0.64 . . . .  0.64 
N(01) 1.96 1.42 1.12 1.23 1.69 7.43 

Total 32.28 14.05 13.64 14.03 14.00 88.00 
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Fock calculations being reported here we have presented the Koopmans' 
theorem values and also the results of a fully self-consistent field calculation. As 
expected, the relaxation effects lower the excitation energy. The interesting point 
is that the ordering of the transitions 1A 1 (3a 2 ~ 4a2) and 1B 2 (4bl ~4a2) is inter- 
changed upon including relaxation effects. Our calculations predict four peaks 
in the photoabsorption spectrum lying in the range 5.22 eV-6 .88  eV. These 
results are in good agreement with Mataga et al. [4] but as a rule give higher 
values than the experimentally observed ones. An important reason for this 
discrepancy is the use of a minimal basis set. Predicted singlet-triplet splitting 
of 0.41 eV compares favorably with the experimental value [11] of 0.65 eV'. 

A comparison of our results with the SCF-Xc~-scattered wave calculations 
is carried out in Table 6. Since the latter method gives a weighted average of 
singlet-triplet excitation energy, we have calculated the same for the Hartree- 
Fock calculations including orbital relaxation. Both calculations predict the same 
ordering but the values differ by about a factor of two. 

B. The Trinitrofluorenone Molecule 

It is important to investigate this molecule because it is a well known 
photosensitizer [6]. A mixture of TNF with poly-n-vinylcarbazole (PVK) shows 
[-12] an absorption band extended over the whole visible region, whereas the 
individual components absorb only in the ultra-violet region. This is believed 
[9, 12] to be due to the formation of a charge transfer complex with the carbazole 
group of PVK as donor molecule and TNF as acceptor. Since we have described 
the electronic structure of CZ above, it should be possible for us to make some 
remarks about the complex after discussing the TNF molecule. 

The calculated total energy and the orbital energies for TNF are listed in 
Table 10. The orbital energies are also shown in Fig. 4 labeled according to the 
two irreducible representations of the C s symmetry group. In the ground state 
there are 67 molecular orbitals occupied in A' representation and 13 in A" re- 
presentation. , There are 134o- electrons and 267r electrons. The l a ' - 2 3 a '  are 
core orbitals which represent the ls electrons for the oxygen, nitrogen and 
carbon atoms. The lone pair state on the oxygen atom attached to the carbon 
atom in the five membered ring is the orbital 62a' and is not the highest 
occupied orbital in a" symmetry contrary to the prediction in the SCF-Xa 
method. The highest occupied orbital 67a' and 13a" are both concentrated on 
O(71) and 0(72) (see Fig. 2). Since the highest occupied 7r orbtial lies above the 
o- orbital, the first optical excitation is predicted to be a 7r--+rc*. The lowest 
transition in the SCF-Xa method is predicted to be an n~rc* transition. Un- 
fortunately there is no experimental data available at the present time which 
would resolve this issue. 

The gross population of charges on the individual atoms in TNF is given 
in Table 11. All the oxygen atoms on the nitro groups have symmetric charge 
distribution excepting O(41) and 0(42). The atom 0(42) is slightly more negative 
than O(41) because of its close proximity to H(05) which is slightly negative. 
This polarized situation is also responsible for the dipole moment which is 
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Table 10. Total energy" and orbital energies for TNF  (in atomic units) 

A w A "  

((:7) ( ~ )  

E 1 = --20.012597 E 2 = --19.930325 

~3 = -19.909401 e 4 = --19.893832 

e 5 = -19.891225 e 6 ~ -19.870589 

r 7 = -19.868069 E 8 = -15.465658 

E9 = -15.441670 el0 = -15.417493 

Eli = -11.128928 E12 = -11.125345 

El3 = --11.116940 El4 = -11.096640 

El5 = --11.091712 El6 = -11.086552 

~17 = -11.076758 El8 = --11.071784 

El9 = -11.041104 r = --11.028477 

e21 = -11.018345 E22 = --10.987155 

E23 = -10.977747 E24 = -- 1.686934 

E25 = - 1.665605 E26 = -- 1.643196 

~27 = - 1.481837 e28 = -- 1.449369 

E29 = - 1.424364 E30 = -- 1.401988 

E31 = - 1.348884 e32 = -- 1.286646 

E33 = -- 1.236891 E34 = -- 1.208604 

E35 = -- 1.151832 E36 = -- 1.114162 

E37 = - 1.066403 E38 = -- 1.052381 

E39 = - 1.022434 ~40 = -- 1.000753 

E41 = - 0.915346 ~42 = -- 0.900429 

E43 = - 0.872477 E44 = -- 0.843269 

e45 = - 0.836152 e46 = -- 0.808292 

E47 = - 0.796227 s = -- 0.791088 

~49 = - 0.770856 E50 = - 0.758019 

~51 = - 0.748472 E52 = -- 0.720747 

~53 = - 0.696118 ~54 = -- 0.686941 

E55 = -- 0.630190 ~56 = - 0.665399 

e57 = -- 0.647866 E58 = -- 0.633875 

E59 = -- 0.623994 E60 = -- 0.564887 

E61 = - 0.505719 E62 = -- 0.495376 

E63 = - 0.476646 E64 ffi -- 0.458033 

~65 = - 0.448578 E66 = - 0.446890 

E67 = - 0.427426 

e I = --0.8066~4 

E 2 = --0.786039 

E 3 = -0.763650 

E4 = --0.699408 

E 5 = --0.620369 

~6 = --0.582131 

E 7 =--0.513435 

E8 = --0.477789 

E 9 = - 0 . 4 3 8 9 0 9  

~ 1 0  = - 0 . 4 3 1 4 7 7  

~ 1 1  = - 0 . 4 1 8 2 3 5  

c 1 2  = - 0 . 3 9 3 3 2 7  

~13 = --0.373039 

a Total energy - 1147.196830 a.u. 

directed from the origin towards the nitro group consisting of O(41), N(04) and 
0(42). The dipole moment  in Debyes, ! , =  ( -1 .89 ,  0.55, 0.0) with ]/,[ = 1.97. It 
makes angle of 164 ~ with the x-axis. 

As the interesting property of T N F  is its ability to accept an excess electron 
we computed electronic affinities by taking the total energy differences between 
the T N F  molecule and the negative ion. For  an excess electron going into a a 
orbital, the value was 3.96 eV and for re orbital it was 2.35 eV. Flurry [13] gives a 
value of 4.32 eV for the lowest electron affinity. 
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Fig. 4. The calculated ground state energy eigenvalues of trinitrofiuorenone labeled according to the 
two irreducible representations of the C~ symmetry group, a orbitals belong to the A' representation, 

and n states belong to the A" representation 

Since CZ and T N F  are rather large systems it is not too practical to do 
a complete self-consistent field calculation for predicting the absorption spectrum 
of the charge transfer complex. An approximate value for the first absorption 
peak can however be predicted from simple electrostatic considerations [13] 
and assuming a complete charge transfer upon illumination. This was done by 
calculating the maximum coulombic  attraction between CZ + and T N F -  which 
we denote by Era. The detailed charge distribution on each ion was obtained 
from the gross population which resulted from a complete SCF calculation for 
each ion. Em was found to be 2.7 eV when the two molecules are very closely 
on top of each other with a separation of about 1.5 A. The absorption peak 
occurs at 

h e )  ~- I . P .  - E . A .  - E r a ,  
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Table t 1. T N F - g r o s s  population analysis 

Center is 2s 2Px 2py 2pz Total 

C(01) 1.96 1.05 0.98 1.13 0.97 6.09 
C(02) 1.96 1.00 0.84 1.04 1.07 5.91 
C(03) 1.96 1.09 1.09 1.09 0.95 6.18 
C(04) 1.96 0.97 1.07 0.84 1.08 5.92 
C(05) 1.96 1.08 1.07 1.25 0.89 6.25 
C(06) 1.96 1.09 1.13 1.06 0.97 6.21 
C(07) 1.96 1.00 0.84 1.06 1.05 5.91 
C(08) 1.96 1.01 1.12 i.Ii 0.96 6.16 
C(09) 1.96 0.95 1.29 1.03 0.96 6.19 
C(10) 1.96 1.06 0.98 0.98 0.97 5.95 
C(II) 1.96 1.07 0.92 0.95 1.07 5.97 
C(12) 1.96 1.02 1.13 1.00 1.02 6.13 
C(13) 1.96 0.93 1.04 0.79 1.01 5.73 
H(01) 0.74 . . . .  0.74 
H(03) 0.71 - - - 0.71 
H(05) 0.70 . . . .  0.70 
H(06) 0 .75  . . . .  0 .75 
H(08) 0.76 - - - 0.76 
N(02) 1.97 1.31 1.16 1.07 1.26 6.77 
N(04) 1.97 1.31 1.06 1.17 1.25 6.76 
N(07) 1.97 1.31 1.17 1.07 1.26 6.78 
0(13) 1.99 1.89 1.89 1.35 1.00 8.12 
0(21) 1.99 1.87 1.83 1.15 1.37 8.21 
0(22) 1.99 1.87 1.52 1.46 1.37 8.21 
0(41) 1.99 1.87 1.54 1.45 1.34 8.19 
0(42) 1.99 1.83 1.10 1.88 1.43 8.23 
0(71) 1.99 1.87 1.84 1.16 1.37 8.23 
0(72) 1.99 1.87 1.52 1.46 1.38 8.22 

Total 48.98 30.32 28.15 26.55 26.00 160.00 

where 1.P. is the ionization potential (=  8.6eV), E.A. the electron affinity 
(=  3.96 eV), and Em-  2.7 eV. This then predicts a photoabsorption peak in the 
neighborhood of 1.9eV. Weiser [12] has observed two peaks in the electro- 
absorption spectrum of amorphous films of polyvinylcarbazole and trinitro- 
fluorenone, one at 2.2 eV and the other at 2.8 eV. This agreement can only 
be taken as an evidence in support of a complete charge transfer model for the 
electr0absorption spectrum. A semi-empirical SCF-MO method within the re- 
electron approximation for computing the electronic structures of charge-trans- 
fer complexes has been proposed in the literature [14] but it is also known [13] 
that a simple electrostatic model like the one we discussed above gives a 
reasonable estimate. 
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