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ELECTRONIC STRUCTURE OF THE SUPERMOLECULES AND SUP- 
UMOLECULES CONSTRUCTED FROM CARBAZOLE AND ACCEPTOR 
MOLECUJXS 

ARVYDAS TAMULIS 
Institute of Theoretical Physics and Astronomy of the 
Lithuanian Academy of  Sciences, A.Golitauto 12, 
Vilnius, 2600, The Republic of Lithuania 

LIUDMILA BAZHAN 
Polytechnik Institute of Nizhnii Novgorod, Nizhnii 
Novgorod, USSR 

Abstract Quantum chemical investigations of the elec- 
tronic structure of the design carbazole (Cz) contai- 
ning supermolecules, supramolecules, single charge 
donor and acceptor molecules were performed in the 
framework of the semiempirical neglect o f  differenti- 
al overlap (MNDO) method. The data obtained show that 
it is a small charge redistribution in Cz-(CH2) - 
1,2,4,5-tetracyanobenzene (TCNB) and Cz: :TCNB. '%hese 
designed derivatives are potential molecular photo- 
diodes. The sequence of the stability of the Cz con- 
taining supramolecules is found. The modeling of the 
photoinduced charge separation in Cz, TCNB, 2,4,7- 
trinitro-9-diciano-fluorene (TN9(CN)2F) and 2,4,5,7- 
tetranitro-9-diciano-fluorene (TeNg(CNl2F) molecules 
was done. 

1. INTRODUCTION 
The investigations of the photogeneration and photosensi- 
bilization in the chaotic carbazolyl containing photocon- 
d~ctorsl-~ and the studies of electron transfer in supermo- 
lecules and supra molecule^^ led us to design And theoreti- 
cal investigation of supermolecules: Cz-C'(or%)-bridge-ac- 
ceptors and supramolecules: Cz:acceptors 5+6. These design 
derivatives can be synthesized and used a s  the molecular 
photo-rectifiers, as the basic elements of the mol.ecul~r 
computers and the other molecular nnnoelectronics devices. 

Quantum chemical calculations of the design Cz con- 
taining supermolecules, supramolecules were performed in 

was o l s o  used for the investigation of monomers: donors, 
acceptors, insulators and its single charge ions. The data 

the framework of MNDO 7 method in this work.The MNDO method 

49 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
52

 1
8 

Fe
br

ua
ry

 2
01

3 



50 A. TAMULIS AND L. BAZHAN 

obtained5’  show t h a t  i o n i z a t i o n  p o t e n t i a l  (IK) of t h e  
e l e c t r o n  donor-Cz i s  - 8.25 e V  and e l e c t r o n  a f f i n i t i e s  
(AK) of t h e  e l e c t r o n  accep to r s :  2,4,7-trinitro-g-fIuore- 
none (TNP), 2,4,5,7-tetranitro-9-fluorenone (TeNP), 
TN9(CNI2F, TeN9(CN)2F, 7,7,8,8/tetracianoquinodimethane 
(TCNQ) a r e :  -2.04, -3.26, -3.09, -3.53, -2.82 eV r e s p e c t i -  
ve ly .  The exper imenta l  values of Cz, TNF and TeNF were 
refered1’2. In  a d d i t i o n a l  t o  t h e s e  d a t a  AK of TCNB was 
obtained:  -2.09 eV. The conformational  s t a t e ,  when t h e  -NO2 
fragment i n  the  f o u r t h  p o s i t i o n  i s  pe rpend icu la r  t o  p l ane  
of the  whole molecule,  i s  more s t a b l e  f o r  TNP and 
TN9(CN)2P- molecules ( t h e  t o t a l  e n e r g i e s  of t h e s e  conforma- 
t i o n a l  s t a t e s  are lower 0.77 e V  and 0.47 e V  r e s p e c t i v e l y ) .  

The a lkanes  a re  i n s u l a t o r s 8 .  The i o n i z a t i o n  poten- 
t i a l  of C2H6 i s  -12.70 e V ,  IK of C3H8 is  -12.41 eV, IEc 
of C51112 i s  -12.07 eV.  

man’s approximation ( t h e  index  K i t  means). 
The va lues  of IK end hK a r e  p re sen ted  by us ing  Koop- 

2 .ELECTRONIC STRUCTURE OF THE SUPERMOLECULE CZ-( CH2 )bc-TCRE 

There were designed and c a l c u l a t e d  Cz c o n t a i n i n g  supermo- 
l e c u l e :  1) carbazole-(CH2 )4-TCNB. There were assumed t h a t  
t h e  a lkane  groups b r idge  most probable  j o i n  wi th  N atom 
i n  Cz and wi th  C atom i n  TCNB r i n g  ( s e e  F ig .1 ) .  A l l  t h e  va- 

There i s  a small charge r e d i s t r i b u t i o n  i n  t h e  ground 
s t a t e  of the supermolecules  c o n s t r u c t e d  of Cz, v a r i o u s  al- 
kane or a lkene  c h a i n s  and TCNB ( s e e  F ig .1)  o r  TNF , TCNQ 
molecules.  The MNDO c a l o u l a t i o n  da ta  obta ined  show t h a t  
i o n i z a t i o n  p o t e n t i a l  of 1 supermolecule i s  -8.29 e V ,  elec- 
t r o n  a f f i n i t y :  -2.10 e V  and d i p o l e  moment d=0.69 Deb. The- 
se  da ta  and d a t a  i n  t h e  r e f e r e n c e s  5 , 6  show t h a t  t h e  donor- 
a c c e p t o r  p r o p e r t i e s  of supermolecules  s l i g h t l y  depend on: 
1) t he  number of a lkane  o r  a lkene  groups i n  t h e  b r idges ,  

l ues  i n  F igures  1 , 2  and 3 must  be m u l t i p l i e d  by 10- 3 . 
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ELECTRONIC STRUCTURE OF THE SUPERMOLECULES 51 

2 )  t h e  presence of'/iT' bonds, and 3 )  t h e  v a r i o u s  conformn- 
t i o n s  i n  the b r idges .  

/'// 

6S I 

FIGURE 1. Charges on the  Atoms i n  the 
supermolecule CZ-(CH~)~-TCNB 

The c a l c u l a t i o n s  da t a  show t h a t  Cz con tn in ing  super- 
molecules cen  be cons idered  as  systems w i t h  i s o l n t e d  e lec-  
t r o n  donor and e l e c t r o n  accep to r  p o r t s .  Therefore  t h e s e  
systems a r e  p o t e n t i a l  moleculm photodiodes,  because we 
can expect  on ly  photoinduced chnrge s e p a r a t i o n .  

ments w i th  2 0  or 22 -CH2 l i n k s  t o  3rd  end 6 t h  carbon atoms 
i n  the  Cz fragment of 1 supermolecule and b u i l d  Longmtiir- 
Blodget t  films. 

We suppose t h a t  i t  i s  p o s s i b l e  t o  ,join f a t t y  a c i d  f rag-  D
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52 A. TAMULIS AND L. BAZHAN 

3 .  THE MODELING OF THE PHOTOINDUCED CHARGE SEPARATION I N  
THE S UPRAMOLE C ULE S 

I.-- --.-_I -l_-”^---ll.l-l__.-I__-- - - ------- 
_I-- 

The supramolecules s e l f  assembly o f  Cz and TCNB ( s e e  
F ig .2)  or Tpjs(CN)gF6, TNF 6 , TeNF 6 , TCNQ 6 molecules were 

inve  s t 5 ga t e d . 
TN9( CN)$?  i n  t h e  supramol.ecules: Cz:  : TCKB, C z :  : TNF, Cz: : 
TeNF, Cz::TN9(CNI2F, and Cz::TCNQ were o r i e n t e d  i n  the 
p a r a l l e l  p l anes ,  The maximum of t h e  n t t r a c t i o n  energy o f  

The molecules Cz, TCNB, TCNQ, TNF, TeNF and 

K ‘  
I 

FIGURE 2 .  Supramolecule Cz::TCNB. The a d d i t i o n a l  e l ec -  
t r o n  ho le  d i s t r i b u t i o n  on khe Cz molecule and a d d i t i o n a l  
e l e c t r o n  distribation on t h e  TCNB molecule.  
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ELECTRONIC STRUCTURE OF THE SUPERMOLECULES 53 

t h e  o r i e n t e d  e l e c t r o s t a t i c  f o r c e s  f o r  t h e  Cz::TCNB supra-  
molecule i s  E=0.535 Pcal/mol when t h e  d i s t a n c e  R=5.251. The 
I f - 8 . 4 4  e V ,  and AK=-2.01 eV f o r  t h i s  complex, d i p o l e  mo- 
ment d=0.97 Deb. The row of t h e  supramolecules s t a b i l i t y  
g iven  from t h e  a t t r a c t i o n  energy c a l c u l a t i o n s  i s  fol lowing:  
Cz: :TeNF >Cz: :TNF >Cz: :TCNB 7Cz:  :TN9(CN)2F 7Cz: :TCNQ. 

It i s  a v e r y  smal l  charge r e d i s t r i b u t i o n  i n  t h e  ground 
s t a t e  of a l l  t h e s e  supramolecules .  Therefore  t h e s e  systems 
are  p o t e n t i a l  molecular  photodiodes.  

The c a l c u l a t i o n s  of p o s i t i v e  charged Cz and n e g a t i v e  
charged a c c e p t o r  molecules were performed. The a d d i t i o n a l  
e l e c t r o n  h o l e  i s  l o c a l i z e d  on t h e  n e g a t i v e  charged Rtoms 
of t he  n e u t r a l  Cz molecule whi le  t h e  a d d i t i o n a l  e l e c t r o n  
i s  l o c a l i z e d  on tlieEC-C=N fragments of  t h e  TCNB molecule 
( s e e  Fig.2)  and on t h e  -C(CN12 and -NO2 f ragments  of  t h e  
TNg(CN),F molecule 
c a l  charge d i s t r i b u t i o n  r eg ions  a r e  p r e s e n t  d u r i n g  t h e  
photoinduced charge s e p a r a t i o n  i n  t h e  Cz c o n t a i n i n g  super-  
molecules and supramolecriles. 

( s e e  Fig.3) .  We expect  t h o t  t h e s e  lo -  

-EB 

N 45 

0 \\ 
- 66 

FIGURE 3. The a d d i t i o n a l  e l e c t r o n  d i s t r i b u t i o n  on t h e  
TN9 ( C N ~  )F  molecule.  
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54 A. TAMULIS AND L. BAZHAN 
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