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The electrical conductivity of poly Schiff bases obtained from benzidine-3,3'-dicarboxylic acid (BDC) 
with diacetyl diphenyl ether (DDE) and Glyoxal (G LY) is explained with the help of Pariser-Parr-Pople 
calculation. The effect of functional groups on the conduction has also been elucidated. 
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INTRODUCTION 

Since the discovery of conductivity of TCNQ and its 
various adducts~- 3, there has been widespread interest in 
polymeric organic conductors to displace conventional 
metals and inorganic materials in various applications 3'4. 
A wealth of experimental data 5'6 has been accumulated 
for these organic conductors and a number of theories 
have been proposed to explain the properties of these 
materials, although no single simple mechanism can 
account for electronic conductivity in different organic 
conductors. There have been attempts made with different 
types of quantum mechanical approximations 7-11, mo- 
stly band structure calculations. 

In search of a simple model which is simple to 
comprehend and can explain the electrical conductivity of 
conjugated organic polymers, a few polySchiff bases were 
chosen as the model compounds. Electrical conductivity 
of polySchiff bases has been a subject of active interest for 
its many practical applications 3 and Russian workers 12 
have noted the effect of structure on their electrical 
conductivity. Moreover, recent syntheses and characteri- 
zations of a new series of polySchiff bases obtained from 
benzidine-3,3'-dicarboxylic acid (BDC) with diacetyl di- 
phenyl ether (DDE) and glyoxal (GLY) respectively, have 
been reported from this laboratory 13. All these new 
compounds have extended conjugated chain. 

The extent of delocalization of x electrons has a 
significant role in the stabilization of the conjugated 
system and thus in controlling the energy of the n- 
molecular orbitals of such systems 14.16. Of the occupied 
and unoccupied x-molecular orbitals, the frontier or- 
bitals, i.e. the highest occupied molecular orbital 
(HOMO) and the lowest unoccupied orbital (LUMO) are 
the most important ones for a variety of chemical 
reactions ~ 5 and electronic transitions (z--,n* etc.) 16. The 
difference of energy (AE) between HOMO and LUMO 
should, thus, approximately measure the ease of move- 
ment of electrons in the conjugated molecules. In other 
words AE may be connected in some way to the electrical 
conductivity in conjugated systems. 

As the calculation for a complete polymer chain is 
practically impossible, each of these polymers is thought 

of as consisting of three blocks which are the repeating 
unit and the two end fragments, each block contributing 
in its own way to the total electrical conductivity. With 
this background it is thought appropriate to perform n-  
MO calculation for each fragment of some polySchiff 
bases employing the Pariser-Parr-Pople (ppp)lTa8 me- 
thod which has been known to be quite effective in 
explaining the x-electronic property of conjugated sys- 
tems. Here we report the preliminary findings on our 
attempts to corelate the electrical conductivity to the 
energy difference between HOMO and LUMO as dis- 
cussed earlier. 

METHOD OF CALCULATION 

The usual PPP method without configuration interaction 
has been employed. The Fock matrix elements within the 
framework of PPP method are 17'1s 

F,,,= U~,+O.5Pj,~,v~,~+ ~ (Pw-Z~)T,v 
;,4~ta 

Fur = fitly -- O. 5 P ~,v];t,v 

U~ is the appropriate valence orbital ionization energy, 
7,~ the corresponding one--centre electron repulsion 
integral and Z~ the core charge. The values of U, and 7~ 
are taken from the literature 19. The two centre repulsion 
integral ~'~v is calculated from the Nishimoto-Mataga 
expression 2°. The resonance integral (fluv) are transferred 
from related molecules. Typical values are: 
flo:,ing)=-2.40, flo:=--l.5, flc(ring)N=--l.8, f lc=o=-2.5,  
flc=N = - 2.40, flcl=-.,~- - 3.0. 

The effect of hyperconjugation of the - C H  3 group is 
taken into account by treating - H  3 as a pseudo atom 2~. 
The secular equation is solved in the usual way 22 and 
interaction continued until self consistency in the bond 
order matrix is obtained. 

The bond lengths and angles are transferred from 
comparable molecules 23'24. Whenever necessary reson- 
ance integrals are corrected for non planarity in the 
appropriate way z2. Wherever two phenyl rings are di- 
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rectly connected, the angle between the plane of the rings 
are taken to be the same as in biphenyl molecule. 

RESULTS AND DISCUSSION 

The present investigation is based on the premise that 
these conducting conjugated polymers may be thought of 
as built from three conducting blocks; the repeating unit 
and the two end units which are plugged to the block 
consisting of repeating units at appropriate places; so that 
the electrical conductivity of polymer will be in some way 
connected to the conductivity of these blocks. 

The condensation of BDC with GLX at high tempera- 
ture forms a high conducting polymer (Poly I). The 
repeating unit is: 

(I) R=COOH 

while the end units are: 

(II) R = COOH 

and 

.I&_&,=, 
(III) R = COOH 

Replacement of -COOH by -OCH, does not ap- 
preciably change, the difference in energy (AE) between A- 
HOMO and z-LUMO for units I and III. A difference, 
however, does exist for unit II; for the (R = OCH,) type the 
energy difference between K-HOMO and A-LUMO is 
5.04 eV while for (R = )COOH) variety, it is 6.56 eV. This is 
a significant variation. And so, in polymers (R = 
COOH/OCHJ having slightly different molecular wei- 
ghts, the end unit corresponding to II, may have the 
deciding role in the electrical conduction. Accordingly, one 
would expect the polymer of the -OCH, variety to be a 
better electrical conductor than the polymer from BDC 
(R=COOH) and GLX. 

The corresponding n-bond orders in the various units 

Tab/e 1 HOMO and LUMO energies of different conducting units 

Conducting 
unit 

n-energy (eV) AE=EHOMO - ELUMO 

HOMO LUMO (eV) 

I R=COOH 
R=OCH, 

II R=COOH 
R=OCH3 

III R=COOH 
R=OCH3 

IV 
V 

VI 

-9.58 -2.42 

-9.28 -2.01 
-9.67 -3.11 
-9.57 -9.53 
-9.54 -2.31 
-8.72 -1.60 
-9.31 -2.39 
-9.54 -2.31 
-8.13 -3.13 

7.16 
7.27 
6.56 
5.04 
7.23 
7.12 
6.92 
7.23 
5.00 

(I, II and III) for both (R=OCH,/COOH) types do not 
show any appreciable variation. It will, however, be worth 
noting the contribution of various atomic centres to the 
HOMO and LUMO in II, corresponding to R=COOH 
and OCH,. The x-HOMO energy (II) for both OCHs and 
COOH types are almost the same (Table I). In the former 
type the HOMO consists largely of the contributions 
from each of the atomic centres 0, C, =Hs, while the ring 
C-atoms are the dominant contributors for the 
(R=)COOH variety. The LUMO of (R=)OCH, type 
however is N 1.4 eV more stable than that for the 
(R=)COOH variety, and also in the later, the contribution 
from the C* (see II) atomic centre is practically absent, 
while this atom has significant contribution in the former 
(OCHs) type. This is very significant, as amongst various 
possible routes in conduction one may be that, at 
some stage of the electrical conduction the electron from 
HOMO of the block consisting of the repeating units is 
transferred to LUMO of the end unit. It is clear that the 
electron will find it rather difficult to travel to the end unit 
in R=(-COOH) type as the C* atom which is the 
connecting link between the end fragment (II) and the 
repeating unit, does not have any significant contribution 
to the LUMO in II (R=COOH). This also partly explains 
the lesser electrical conduction of polymer (R=COOH) 
(Poly I) compared to R=-OCH,) variety. 

The condensation of BDC with DDE in two different 
solvents DPE* and PPA* gave two polymers of different 
electrical conductivity. Of these polymers, the one with 
higher conductivity will be designated as poly II and the 
other as poly III. The structures of the monomers suggest 
that probably these two polymers have the same repeating 
unit in different numbers. Also, the end units will be the 
same for both. In other words, the molecular weights of 
these will differ. 

The repeating unit for these condensation polymer is 

CH3 CH3 

(IV) 

The energy difference (AE) between HOMO and LUMO 
is 6.92 eV (Table 2). One end unit is 

(VI CH3 

The hyperconjugation effect of CH, was not considered 
in V, as this will not affect AE appreciably, and therefore, 
V was taken to be equivalent ot III. The AE value for this 
unit is 7.22 eV. 

The other end unit (VI) has AE as 5.0 eV. 

@“wc(H 
3 

(VI) 

* DPE = Diphenyl ether. 
* PPA = polyphosphoric acid. 
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Now the condensation polymer (Poly I) of BDC with 
GLX is more conducting (Table 2) than one of the variety 
(Poly III)  obtained from the condensation of BDC with 
D D E  t3. Comparison of the various AE values (Table 1) 
cannot explain this behaviour. It will not be out of place to 
mention here again that, only when the polymers contain 
more or less equal number  of repeating units, the com- 
parison of AE values of repeating unit and end units will 
account for the conductivity. Otherwise, the extent of 
total conjugation in the portion consisting of repeating 
units cannot be compared for different polymers through 
the AE value of just one such unit. In a series of polymers, 
the depth of conjugation in the entire block of repeating 
units will be greater for the one having more such units. It 
will cause a substantial reduction in the difference (AE) 
between H O M O  and L U M O  energies of this block. This 
may explain the better conductivities of poly I and poly II  
over poly IlL It  is unfortunate that these polymers are 
insoluble and their molecular weights therefore could not 
be determined to verify the above conjecture. 

The introduction of an oxygen atom between two phenyl 
rings has been known to increase the electrical con- 
ductivity. This may not be surprising if one considers the 
low AE value corresponding to VI (Table 1). However, 
more detailed investigation is necessary in this direction. 

Tentatively it may be said that with proper con- 
sideration the electrical conductivity of conjugated poly- 
mer can be explained with the help of three conducting 
units, joined at appropriate  places. This type of calcu- 
lation, should be extended to polymers whose molecular 

Table 2 Intrinsic electrical conductivity* of the polymers 

Intrinsic electrical 
Polymer conductivity (ohm -1 cm -1) 

BDC--DDE(DPE) 2.0 x 10 -8  
BDC-DDE(PPA) 6.3 x 10 - l °  
BDC-GLY(100 °) 2.2 x 10 -8  

* Taken from ref. 13 

weights are known, so that some of the conjectures can be 
verified. Calculation of this type with proper empirical 
relation may be of great help to have an idea about 
molecular weights of insoluble conducting polymers. 
Further work in this direction is in progress. 
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