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Temperature dependence of the electrical
conductivity in 4, 4/
bis(2-thenylideneamino)biphenyl

and 4, 4’ bis(thenyldiphenyl-
phosphinylmethyleneamino)biphenyl
compounds
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Correlation of the molecular structure and utilizing measurements of the electrical
conductivity, activation energy of conduction of 4, 4’ bis(2-thenylideneamino)biphenyl (SB)
and 4, 4 bis(thenyl-diphenylphosphinylmethyleneamino)biphenyl (OPSB) compounds have
been carried out. The results of the activation energies, obtained from the electrical
conductivity measurements, as well as the energy gaps calculated from ultraviolet (u.v.)
and visible spectra in the solid state indicate that the investigated compounds behave like
semiconducting materials. The delocalized w-electrons in addition to the lone pairs of
electrons on the nitrogen atoms of the two compounds as well as the donor effect of
diphenylphosphinyl groups of OPSB compound were considered as the main sources
participating in the conduction processes. © 1999 Kluwer Academic Publishers

1. Introduction l I ‘ ]
In the last decades great attention has been devottl l =N |
to relating the chemical structure of inorganic and or- S B N=CH">S
ganic compounds to their electrical properties [1-5].

Attempts to investigate the electrical conductivity as I

well as the dielectric constants of a number of im-
portant classes of compounds involve the azomethin
linkage ¢C=N-), the oximes XC=N-OH), the hy-
drazones XC=NNH,), and the azines>C=N), and

8chem¢ Chemical structure of 4, bis(2-thenylideneamino)biphenyl.

(SB) (schemé) was prepared and purified as follows: A

) . . mixture of 2-thiophene carboxaldehyde (22 g, 0.2 M)
relating these properties to the chemical structure, |4 penzidine (19.4 g, 0.1 M) were heated in about
have been carried out [1.' 6].' AS the_electron SY$100 ml ethanol till boiling. The residue was cooled and
tem .Of these compounds 1S highly conjugated and $he product was recrystallized from ethanol giving a
con5|dereq to be _delocahzeq, to some extent, the ellow crystalline compound. On the other hand, the
show semiconducting properties. In the present papey 4 bis(thenyldiphenylphosphinylmethyleneamino)

4, 4 bis(2-thenylideneamino)biphenyl “Schiff base” |.. )
(SB) and 4, 4 bis(thenyldiphenylphosphinylmethyl- biphenyl (OPSB) (schemlg) was prepared as follows:

eneamino)biphenyl “organo-phosphorus Schiff base”

(OPSB) with azomethine linkage were chosen and ai
attempt is made to investigate the dependencies of tr“ | | I\ \ I
electrical conductivityq), infrared, ultraviolet and vis- S C=N N=C|,

ible absorption spectra of these compounds on thei |
chemical constitution. Also, the diphenylphosphinyl P P
groups contributions in enhancement of the semicon
ducting properties of Schiff base have been reported.
I

2. Experimental procedure
The chemicals used in this paper were of either Aldrichschemel Chemical structure of 4,’is(thenyldiphenylphosphinyl-
or BDH quality. 4, 4bis(2-thenylideneamino)biphenyl methyleneamino)biphenyl.
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A solution of diphenyl chlorophosphine was added to3. Results and discussion

a well-stirred solution of the equimolar amount of 4, 4 The electrical conductivity of Schiff base compound
bis(2-thenylideneamino)biphenyl in the presence of tri(SB) and organophosphorus Schiff base (OPSB), as
ethylamine as a base in 100 ml dry dioxane. After comwell as the thermal activation energies are given in
plete addition, the reaction mixture was heated undeTable Il. The results show that the investigated com-
reflux for 3 h. The solid formed, (triethylaminehydro- pounds can be conventionally considered as semi-
chloride) was filtered off and the filtrate was evaporatecconductors [8]. As expected, according to the solid
in vacuum giving 4, 4bis(thenyldiphenylphosphinyl- state theory, a plot of Inr (o = conductivity) ver-
methyleneamino)biphenyl which was recrystallizedsus ¥ T, Figs 2 and 3 of the investigated compounds
from DMF as a crystalline compound. The preparedyielded straight lines over the given temperature ranges
compounds (SB) and (OPSB) were checked by thirand obeys the Arrhenius dependence equatios:
layer chromatography (TLC) and identified by elemen-oy exg=®KT) whereoy is a constantE is the con-

tal analysis Tablel. Infrared spectral analyses Fig. lduction energy gap, and is the Boltzmann constant
were carried out at 28 0.1°C using a Shimadzu IR [9]. Figs 2 and 3 show different straight lines associ-
440. u.v. and visible absorption spectra were recordedted with different activation energies indicating the
using a Perkin-Elmer lambda 3B. The d.c. electricalsimultaneous existence of intrinsic and extrinsic con-
conductivity was measured at different temperaturegluctivity [10]. The data of electrical conductivity and
from room temperature up to near the melting point ofthermal activation energy are consistent with those
each sample in the ohmic region by using the potenef the other aromatic Schiff bases, e.g. benzylidene—
tial probe method [7]. The samples were prepared aaniline (AE=2.88 eV, ¢(100°C)1.3x 1072 Q1
compressed disks at4 t cm 2, diameter 10 mm and cm1) and salicylidene—aniline{E = 3.28,0(100°C)
thickness 1-2 mm, coated with silver paste (BDH) and2.7x 107! @' cm™!) [11]. These results, which
checked for good contact. link the conductivity of Schiff base compounds with

TABLE | Chemical Analysis and melting points of the Schiff base (SB) and the organo-phosphorus Schiff base (OPSB)

Solvent used for

Compound Colour crystallization m.pC Chemical Analysis
% Calculated % Found
C H N P C H N P
SB Yellow Ethanol 148 71.0 43 7.5 - 71.1 4.6 7.1 -
OPSB Pale Yellow DMF 218 73.7 5.7 3.7 8.6 74.1 5.4 4.1 8.3
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Figure 1 Infrared spectra of (a) 4, éis(2-thenylideneamino)biphenyl and (b) 4 p#s(thenyldiphenylphosphinylmethyleneamino)biphenyl.
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TABLE Il Values of the electrical conductivity § and the Activation Energies, B

Applied Ta(K) Olow x 1079 Ohigh X 1078

Voltage —_— 22 = at303 K at373K
Compound V) I I Low (eV) High (eV) Q~tem™) (@ tem?t)
SB 10 348 358 0.026 0.049 0.48 0.057

20 347 - 0.023 0.036 0.38 0.046

70 333 353 0.006 0.042 0.43 0.047
OPSB 10 351 - 0.06 0.57 23 1.00

20 340 - 0.14 0.68 1.3 1.57

70 347 - 0.09 1.02 0.85 1.64

T2is the transition temperature.
E,b, Eﬁ are the activation energies at the low and high temperatures, respectively.
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Figure 2 The relation between m and 1T of 4, 4 bis(2-theny-
lideneamino)biphenyl at 10 V (O), 20 i) and 70 V Q).
concepts used in classic organic chemistry, give som
. . . . . 1-0r
idea of the importance of the chemical constitution for *" . . .

conduction process in the investigated compounds. Th 20 ° Lxi000K” *
higher conductivity of the Schiff base schenmg (of T

the order 10° Q~* Cm_l) compared to those of the Figure 3 The relation between I and 1T of 4, 4 bis(thenyldi-
published Schiff bases (of the order®and 102  phenylphosphinyimethyleneamino)bipheny! at 10 V (O), 2 &nd

Q1 cm™! respectively) [11], and ordinary materials 70V (3).

such as naphthalene and anthracene (of the order of

10720 -t ecm™1) [12), is attributed to the high conju- particularly at the second regime of conduction at high
gation that increases the declocalize@lectrons par- temperature range (Fig. 2). The resulting conductivities
ticipating in the conduction process. Infrared spectrabf OPSB (schemd ) are higher than those of SB, see
studies Fig. 1 indicate unsaturatee-® bonds in con-  Table Il. This increase is attributed to the donor effect
jugation with G=C bonds of both benzene and thio- of the diphenylphosphinyl groups on the Schiff base
phene rings at 1620, 1565 cmand 1600, 1575 cmt  (SB) skeleton where it decreases the ionization energy
for both SB and OPSB, respectively. This lowers theof the lone pair of electrons on the nitrogen atoms to
energy gap between the valence state and the next adome extent thus facilitating the liberation the electrons
lowed energy state and could interpret the relativelyparticipating in the conduction processes. Also, thisin-
high conductivity of SB and OPSB. On the other hand,crease can be understood if it is assumed that the inter-
the conductivity of the SB is attributed to the ioni- action of the phosphorus orbitals with the butadiene-
zation energy of the lone pair electrons on the nitro-like 7-MOs of the thiophen systems gives rise to the
gen atoms which contribute in the conduction procesgormation of new orbitals which are delocalized over
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