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Abstract

Electrical and structural properties of the (anthracene and phenanthrene
)compounds dissolved in non-polar solvent (cyclohexane )were measured
and study in concentration [10*M].

The study showed of electrical properties of anthracene and
phenanthrene that the both compounds are semiconductors and electrical
conductivity of phenanthrene is higher than anthracene.

As well as, the study showed structure (anthracene and phenanthrene )thin
films were analyzed by (XRD ). For anthracene, X-ray diffraction
spectrum appears two sharp peaks and three small peaks, while
phenanthrene shows X-ray diffraction spectrum appears two sharp peaks
and four small peaks . It means that the thin films of (anthracene and
phenanthrene) is polycrystalline in nature structure.
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1. Introduction
This study concentrate the aromatic molecules , because these molecules

Important in industry .

The aromatic materials are organic compounds which have rings groups
in their structure. The benzene ring is the simplest types of aromatic
compounds consisting of six carbon atoms and six hydrogen atoms. In the
aromatic series, benzene is recognized as the origin compound . [ 1]

Isomers are compounds that have the same molecular formula but are
structurally different. Therefore, isomers contain the same number of atoms
per element, but the atomic order is different. Although there is a molecular
formula same, the physical properties of each molecule may vary .
Isomerism is the process by which one molecule is converted into another
molecule with similar atoms. This may occur automatically or by a reaction
may be required to achieve this effect. Example of isomeric aromatic
compounds such as (anthracene , phenanthrene). [2]

In previous studies for the (anthracene and phenanthrene)
compounds such as in(1963),J.Trotter, study structural properties of
phenanthrene. He found phenanthrene structure is multi-crystalline
(Polycrystalline)and structure(monoclinic)[ 3]. In (1964) , S. Matsumoto
and T. Tsukada, electrical properties of (anthracene and phenanthrene)
were studied. They found that although anthracene is an isomer of
phenanthrene, but the electrical properties of the two compounds are
different [ 4]. In(2013) , Hongya wu and Ji zhou ,they were studied
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structural properties of anthacene . They found structure was multi-

crystalline (Polycrystalline) and structure (monoclinic). [5].

2. Experimental Part:
2.1 Materials

The anthracene (AN) and phenanthrene (PH) compounds dissolved in
the solvent (cyclohexane). (AN, PH) prepared with concentration  [10
’M], at room temperature. (AN) purchased from Sigma-Aldrich company
and ( PH) purchased from british drug houses company in England. These

are of the polycyclic aromatic hydrocarbons and also considered an
organic semiconductors.

Anthracene Phenanthrene
CisH1p Ci4H1p

Figure (1): chemical composition of compounds

2.2 Preparation of solutions:

Solutions were prepared using the following relationship: [6]

W= e (1)
1000

where:

W: the weight of material in gm.
M.W: molecular weight gm/mol.
[M]: molar concentration (mol/L)

V: the volume of solvent used to dissolve the material in ml.
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The prepared solutions were diluted according to the following
equation: [6]

MV = [MIoV e eneeeeeeeneeeeeeeeeeeeeeeeeeeeeeeeeeeeeen 2)

where:

[M];: primary concentration
[M]: new concentration
V;: the volume before dilution

V,: the volume after dilution.

2.3 Thin Films Preparation

Anthracene and phenanthrene thin films was deposited on quartz
substrates , each of (2x2.5cm?) area, were used as substrates. Thin films of
(anthracene and phenanthrene ) were prepared using drop-casting method .
In this method , a solution with a suitable concentration is prepared by
dissolving several milligrams of anthracene and phenanthrene in the
cyclohexane solvent. Several drops of it were transported by piptte on a
substrate of clean good quartz. It is necessary to place the substrate
horizontally to ensure the spread of the thin layer of solution on the entire
surface of the substrate and then cover the substrate to reduce the rate of
evaporation and to obtain the thickness of thin and crystalline models
homogeneous and must avoid any material that can melt in the solvent,
because it melts any other substance that affects the purity of the made.
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Figure(2): drop-casting method dropping of solution and spontaneous solvent
evaporation.

2.4 Thin Films Examination

After the thin films deposition is to choose the best thin films prepared
from terms of homogeneity and their surfaces are smooth. They are free of
stains and carrots (thin films-free places) and the absence of cracks of the
thin films. Is to know the homogeneity of the thin films by optical
microscope.

2.5 The Films Thickness Measurements:

1.The Weight Method:

Thickness is one of the most important thin film parameters since it
largely determines the properties of the film .This method is an
approximated used to obtain the thickness of the thin films.

The was measured the weight of the quartz substrate before film
deposition and after the film deposited over the quartz substrate. The
difference(Am) in weight represented the weight of the film. The thickness
can be obtained using the mass law:-

Where O is the density of the material used, (d) is the area of substrate for

the film.
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2.6 D.C Electrical Conductivity Measurements:

It continuous electrical conductivity has measured after the deposition
of aluminum poles on the thin films, and then changing of thin film
resistance with temperature by using the electrical circuit as shown in
figure (3).

The sample was put in an oven heat (GRIFFIN INCUBATOR). After
connecting the poles of aluminum deposited on the thin film with wires
connect to the ends of device (Keithly 616 Digital Electrometer) to measure
changes in resistance thin film with temperature change.

That are measured through wired thermal double , and are recorded
resistant thin film for every (10°) from room temperature (20°C) to a
temperature (120 °C).

electrical conductivity (o4c) is calculated from relation [7]:
e VL R I = PR RPN (4)

Where:

p, : Resistivity (Q.cm).

Re: Thin film resistance.

b : Width electrode (cm).

L : The distance between the electrodes of aluminum (cm).
t : Thin film thickness (cm)

Thin film Base

Figure (3) :Electrical circuit used to measure the electrical continuing
conductivity [7].
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2.7 X-ray Diffraction (XRD) Measurements:

The crystalline structure for any material can be known by studying the
phase of (XRD) for that material, when a beam of (XRD) from mono
wavelength falling on film surface, will show peaks on limited angels for
each material because of reflected of Bragg diffraction on parallel
crystalline surface. XRD device is of type ( LabX XRD 6000
SHIMADZU XR — Diffractometer ) made in Japan .

3. Results and Discussions:
3.1 D.C Electrical Conductivity

The conductivity of the film depends upon several factors such as the
preparation technique, the temperature and the measurement conditions.
The electrical conductivity o4, for ( anthracene and phenanthrene )films
had been measured at a temperature range (20-120 °c) from the reciprocal
values of the resistivity (p ). The resistivity (p ) was calculated from
equation (4). The calculated values of o4, and the resistivity (p ) of
(anthracene and phenanthrene )films are given in table (1).

Table (1) : Electrical conductivity 64. and resistivity (p ) at room temperature .

compound T °c R Q p Q.cm | 6(Q.cm)?
50 8.15*10° | 20.78*10° 0.4*10°
Anthracene 70 1.08510° | 5.04*10° | 01*10°
50 7.35%10° 27.56*10° 0.5%10°

Phenanthrene
70 3.84*10° 14.4*10° 0.6*10°

It has been noticed in general in all films from data in table (1) , that
the resistivity (p) decreases as the temperature degree increases, as well as ,
can observe that the temperature degree increase will lead reduce
resistance. Also ,when the conductivity increases the resistance will
reduce and the values of conductivity increases with increasing
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temperature . The increasing temperature degree leads to increase the
number of pairs electron-hole, i.e the increasing conductivity and this is
the general characteristics of semiconductor . This is agreement with[8] .
Also ,it is observed the electrical conductivity of phenanthrene is higher
than anthracene.

3.2 Structural properties:

The structure of (anthracene and phenanthrene )films were analyzed
by a LabX XRD 6000 SHIMADZU XR - Diffractometer with Cu Ka
radiation of (voltage 40 kV, current 30 mA, scanning speed = 8°/min),

diffraction pattern was obtained with 20 starting from 10° to 60°.
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Figure (4) XRD anthracene

In deposited anthracene thin films, figure (4) represented the X-ray
diffraction spectrum of anthracene is possess two sharp and three small

peaks. It means that the film is polycrystalline in nature structure.

The results shows of examination X-ray (XRD) the nature of the crystal
structure of thin films anthracene on the substrate of quartz. They have
structure multi-crystalline (Polycrystalline) and structure (monoclinic) .
This is agreement with [ 5].
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Figure (5) XRD phenanthrene

Also, deposited phenanthrene thin films ,the X—ray diffraction spectrum
of phenanthrene was shows in figure( 5), possess two sharp and four small
peaks. It means that the film is polycrystalline in nature structure.

The results of examination X-ray (XRD) shows the nature of the crystal
structure of thin films phenanthrene on the substrate of quartz. They have
structure multi-crystalline (Polycrystalline) and structure (monoclinic).
This is agreement with [9].

4. Conclusion:

1. A study showed of electrical properties of the two compounds
(anthracene and phenethrene) are semiconductors and although
anthracene is an isomer of phenanthrene, but the electrical properties of the
two compounds are different.

2. The crystal structure of thin films (anthracene and phenanthrene) on the
substrate of quartz. They have structure multi- crystalline (Polycrystalline)
and structure (monoclinic) and anthracene have two sharp peaks and three

small peaks, while phenanthrene have two sharp and four small peaks.
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