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Abstract AC electrical conductivity measurements

were carried out in the temperature range 290–473 K

over the frequency range 0.1–20 kHz of vacuum

deposited Ortho-hydroxy acetophenone azine films. It

was found that the ac electrical conductivity increases

with frequency according to the relation rac(x) = A xs.

The values of the dielectric constant, �e, slightly

changed in higher frequencies irrespective of temper-

ature change, whereas its value increases in higher

temperature with the decrease in frequency. Also, the

dielectric loss, e¢¢, and tan d, has been found to increase

with raise in temperature and decrease in frequency.

The obtained experimental data has been analyzed

with reference to various theoretical models. The

analysis shows that the correlated barrier hopping

(CBH) model is the most appropriate mechanism for

the ac electrical conduction in these films.

1 Introduction

In the past few years many of the new organic

semiconducting materials have been studied [1–3] by

both chemists and physists. The electron system of

these compounds is considered to be delocalized to

some extent from which arises the semiconducting

properties [4]. The great interest in these materials

encourages using them in many applications, such as

power engineering, microelectronics and laser materi-

als. Studies concerning the electrical conductivity of

organic and inorganic semiconductors are of excessive

importance. The organic semiconductors led the first

workers to attempt to use these materials in the fields

of radio electronics in which inorganic semiconductors

have found such wide applications [5]. Substituted

aromatic azines like ortho-hydroxy acetophenone

azine have thermal and photochemical isomeration

about C=N bonds or rotation about N—N bond [6].

The electron system of compounds such as ortho-

hydroxy acetophenone azine is considered to be

delocalized to some extent from which arises the

semiconducting properties [7, 8].

The aim of the present work is to study the ac

electrical conductivity, rac, and determine the dielec-

tric constant, �e, dielectric loss, e¢¢, and tand, as a

function of both temperature and frequency of ortho-

hydroxy acetophenone azine films. The ac electrical

conductivity of the above films were measured as a

function of frequency and temperature with a view to

understand its conduction behaviour.

2 Experimental

Bulk material synthesis of ortho-hydroxy acetophe-

none azine [6] was prepared from analar grade (BDH)

starting materials in a stoichiometric ratio of 2:1 of

aromatic aldehyde and hydrazine monohydrate. Thin
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films were prepared by deposition of the bulk material

onto precleaned glass substrates held at room temper-

ature (300 K) by thermal evaporation at controlled

conditions, using a high vacuum coating unit (Edwards

E 306A). In the thermal evaporation technique with a

single source, the evaporator (molybdenum boat) was

charged with ortho-hydroxy acetophenone azine in

granulated form in vacuum 10–5 Torr. In the initial

stage of deposition, a shutter was used and the boat

was then gradually heated until the material started to

evaporate at the desired deposition rate. On removing

the shutter, molecules leaving the source as vapor were

deposited on the substrate surface held at room

temperature. The deposition rate was kept nearly

constant during the evaporation process at ~5 nm/

s.The film thickness was determined (� 200 nm) using

quartz crystal thickness monitor (FTM5) and also

interfermetrically.

The films for ac electrical conductivity measure-

ments were prepared in the form of rectangular plates

and coated with silver as coplanar electrodes. Figure 1

shows X-ray diffraction patterns for these films as a

bulk and as-deposited films, revealed a single-phase

ortho-hydroxy acetophenone azine of the monoclinic

system [6]. The pattern corresponds to a single-phase

ortho-hydroxy acetophenone azine films of the mono-

clinic system with preferred orientation, where the

(020) reflecting plane is the predominant plane as

shown in Table 1. The following table, as such, is the

direct result of Fig. 1.

The cell used for the electrical measurements

consists of a silica tube surrounded by nickel chrome

wire as a heater. A chromelalumel thermocouple type

K was used for temperature determination. A metallic

shield to eliminate noise surrounded the cell. A

PM6304 programmable automatic RCL (Philips)

meter was used for measurements. Before the mea-

surements, the ohmic behavior was ascertained from

the linear behavior of voltage–current curves. The ac

electrical conductivity, rac, dielectric constant, �e,
dielectric loss, e¢¢, and tand, were measured in the

frequency range 0.1–20 kHz at temperature from 290

to 400 K.

3 Results and discussion

AC electrical conductivity of a single phase of ortho-

hydroxy acetophenone azine films has been measured.

The variations of ac electrical conductivity, rac, with

Fig. 1 X-ray diffraction
patterns of ortho-hydroxy
acetophenone azine (a) bulk
material (b) as-deposited
films [6]

Table 1 X-ray crystallographic analysis ortho-hydroxy acetoph-
enone azine powder and thin film [6]

Powder form
(2h) (Experimental)

(2h)
(calcul.)

hkl Thin film
form (2h)
(Experimental)

6.745 9.732 (100) –
12.684 12.691 (020) 12.685
13.893 13.888 (–101) –
14.905 14.914 (210) –
17.625 17.927 (–301) –

– 17.668 (011) –
22.555 22.556 (–401) –
25.275 25.315 (031) –
26.465 26.442 (140) –

– 27.923 (410) –
– 27.986 (–202) –

27.995 27.996 (330) –
29.185 29.186 (–141) –

– 31.703 (–422) –
32.176 31.723 (–502) –
33.945 33.938 (012) –

– 38.667 (032) –
– 38.681 (151) –

38.705 38.728 (060) –
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frequency at several temperatures for films are shown

in Fig. 2. It is clear from this figure that rac(x)

increases with frequency at different temperatures

according to the equation [9, 10].

racðxÞ ¼ Axs ð1Þ

where A is a constant independent of the frequency, x
is the measuring frequency and s is the frequency

exponent. The exponent s changes from a value of

s < 1 to 1 < s < 2 for two different frequency regions.

In the s < 1 region, rac(x) depends on temperature,

while, in the 1 < s < 2 region, however rac(x) is

nearly independent of temperature [10]. A feature

common to all amorphous semiconductors (and some

other disordered systems) is a frequency-dependent

electrical conductivity that increases linearly with

frequency. The origin of this seemingly universal

behavior continues to be controversial. The phenom-

enon has variously been ascribed to relaxation caused

by the motion of the electrons, or atoms, hopping or

tunneling between equilibrium sites [11]. Figure 2

illustrates the variation of ac electrical conductivity

with frequency has the same behavior for all different

temperatures, due to rac(x) for amorphous semicon-

ductors almost invariably increases monotonically with

increasing frequency, and moreover is usually only

weakly dependent on temperature. Values of exponent

s have been calculated from the plots of ln rac(x)

versus ln x as shown in Fig. 2, for all different

temperatures. Figure 3 shows, s values are found to

decrease with increasing temperature. The observed

behavior of s for ortho-hydroxy acetophenone azine

films suggests that the dominant conduction mecha-

nisms is correlated barrier hopping(CBH) [12]. The

temperature dependence of rac(x) at frequency 1 kHz

is shown in Fig. 4, as observed rac(x) increases with

increasing temperature. From Fig. 4 it is clear that two

regions of conductivity processes are obtained with two

different activation energies are 0.028 eV and 0.18 eV,

respectively. From a closer look at Fig. 4 it is proposed

that there exists two pathways of conduction following

the low and high temperature regions. The conduction

mechanism in this case includes two types of electronic

transitions within the molecule. The first conducting

process which occurs at low temperature and the

second conducting process which occurs at high tem-

perature. In this way one may consider that the

perturbation groups (NO2) behave like impurities in

the parent molecule of benzald-azine which at the

same time is responsible for the so-called extrinsic

conduction [4] or hopping conduction, respectively into

localized states near band edges [13] and intrinsic

conduction.
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Fig. 2 Frequency dependence of the ac electrical conductivity at
different temperatures for ortho-hydroxy acetophenone azine
films
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Fig. 4 Temperature dependence of ac electrical conductivity for
ortho-hydroxy acetophenone azine films
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The dielectric constants �e and e¢¢ are real function of

the frequency, x, and they are related at any given

frequency according to [14]

�e ¼ n2 � k2 and e00 ¼ 2nk

where n is the refractive index and k is the extinction

coefficient, respectively. The dependence of dielectric

constant, �e, on temperature in the frequency range 0.1–

20 kHz has been studied and the obtained results are

shown in Fig. 5. It is clear from the results that �e and e¢¢
increase irregular with temperature and regularly

decrease with frequency. The same behavior of e¢¢
was obtained at different temperature and frequency.

The temperature dependence of e¢¢ is shown in Fig. 6a,

indicating the increase of e¢¢ with increasing tempera-

ture. Figure 6a shows the variation of dielectric loss, e¢¢,
with temperature could be explained by assuming that

the film under investigation exists in the form of

molecular dipoles. As the temperature rises the dipoles

slowly become activated and attain freedom of rotation

[15]. The main contribution to the dielectric loss in the
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Fig. 6 (a)Temperature
dependence of dielectric loss,
e¢¢, for ortho-hydroxy
acetophenone azine films.
(b) Frequency dependence of
dielectric constant, e¢¢, at
different temperatures for
ortho-hydroxy acetophenone
azine films
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Fig. 5 Temperature dependence of dielectric constant, �e, for
ortho-hydroxy acetophenone azine films
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high frequency region may be due to the electronic

polarization as shown in Fig. 6b. The increase in the

dielectric loss, e¢¢, when the frequency was lowered and

the temperature was raised could be attributed to the

interfacial polarization caused by space charge and

macroscopic field distortion. Figure 7a shows variation

of tand ( e00=�e) as a function of temperature at different

frequencies. It is observed that tan d increases with

increasing temperature, but the values of, tan d, is

decreased with increasing frequency as shown in

Fig. 7b. Due to the migration of charge carriers which

is the main source of tan d at low frequency. While at

higher frequencies, the carrier vibrations may be the

only source of tan d which decays with increasing

frequency [16]. The strong temperature dependence of

dielectric constant, �e, dielectric loss, e¢¢, and tan d, can

be understood on the basis of the presence of dipoles in

the sample, which become activated and have freedom

to rotate at higher temperatures [17].

4 Conclusions

Single phase ortho-hydroxy acetophenone azine films

monoclinic system were prepared by thermal evapora-

tion technique. The ac electrical conductivity, dielec-

tric constant, �e, dielectric loss, e¢¢, and tan d were

measured in the present work. These films were found

to be frequency and temperature dependent. The

results showing the temperature-dependent of s values

can be explained on the basis of the analysis shows that

the dominant conductivity mechanism is correlated

barrier hopping (CBH) between localized states and

presence dipoles which activated and have freedom to

rotate at higher temperature.
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