uads (pe Azala
A A dls
s ) and

Ljpuatledl) diliuhs

Ladio Al
($Ld) astal) A alaal) slacy A8al) of ) 9383 Aa o o J guaall
Alldall (he

i (e @@@ﬂ/M;M/MMM/wJM/

9/ pudif
eladl) daaa gaaa L)
L4 daaa gladl 2
X G alla 3 )
Gaajll e adba S 30

)
o (e daala Ay il IS ol jl) il
V..%

Ain Shams University
Faculty of Education
Physics Department



Study of Some Physical Properties of
an Organic Compound and its
Photovoltaic Applications

THESIS SUBMITED
For
The Degree of Doctor of Philosophy of Teacher's
Preparation in Science (Physics)

By
Hend Al Mohammed Ali

Assistant lecturer in Physics department
Faculty of Education, Ain Shams University

Supervisors

Prof. Dr. M.M. El-Nahass

Asst. Prof. Dr. A.M. Farid

Asst. Prof. Dr. H.H. Amer
Asst. Prof. Dr. K.F. Abd-El Rahman

To
Physics Department
Faculty of Education
Ain Shams University

2009



Acknowledgement

Before all and above all, thanks to Allah by the grace of
whom the progress and finishing this research was possible.

I want to thank all people who contributed and helped
me to make this research work possible.

Firstly, I wish to express my deepest thanks to Prof.
Dr. M.M. El-Nahass for his brilliant scientific ideas,
supervision, encouragement and support during this thesis.
Also, for the fruitful discussions in the field of organic
materials.

I am also introducing my great thanks to Asst. Prof. Dr.
A.M. Farid for her support, guidance, fruitful comments
and kind help through this work.

I would like to thank Asst. Prof. Dr. H.H.Amer for his
valuable help and fruitful remarks through this work.

My deepest and gratitude thanks to Asst. Prof. Dr. K.
F. Abd-El Rahaman for his valuable remarks, support and
suggestions, which are inscribed in this work.

I am also pleased to express my deep thanks to Prof.
Dr. Suzan M. Salah, the head of physics department.

My thanks are extended to my colleagues in the Thin
Film laboratory. I would like also to thank my colleagues in
physics department for kind help.



uads (pe Azala
A Al Ayl
£l 5l anid
Jlsird dada

aslall d alaall dlac Y Aauddl) of ) ¢S5 sdgalal) da sl

(2l gl £l 38)
o 3l 34l i) anidl
A ) A0S and
e e tdnalall
Y4414 . GJ';I\S\ A

Y~~Q:CJA\3_L»



uadi (e daala
A Al 4l
s 5dl) andd
o/ j ¢S ‘UL«J

3§ s S el Al i) ailadll (mey Al 52 Akl Ol gie

(20 sl Ly 38)a slall 3 alaall lacy daulill o) 53S0 2 A al) Al

Q58 yiall
o el I BAST el slypd Sl alall smans mgana/.al
9 2SIV doigll — dslusdd) sl )l Sl ale o g3la /gl

L EnYl L pST g gyl Bl dxa
o8 Amalr ) LS el szl Sl qua gl gl (gagp g9/ mgl

Ludad) b ald

Gl A &l 33yl 58
Yeed/

daalal) (pulas 438 40 AN pulas 4380 4

Yeudo/ Yeolf /



Approval

Degree: Doctor of Philosophy of Teacher’s Preparation in
Science (Physics)

Title: Study of some physical properties of an organic
compound and its photovoltaic applications.

Candidate: Hend Ali Mohammed Ali
Supervisory committee

Prof. Dr. Mahamoud Mohammed El-Nahass
Professor of Physics, Faculty of Education
Ain Shams University

Asst. Prof. Dr. Ashgan Mohammed Farid
Assistant Professor of Physics, Faculty of Education
Ain Shams University

Asst. Prof. Dr. Hatem Hassan Amer
Assistant Professor of Physics, Electronic Engineering,
National Centre for Radiation Research & Technology

Atomic energy Astrology

Asst. Prof. Dr. Karm Fathy Abel-El-Rahman
Assistant Professor of Physics, Faculty of Education
Ain Shams University
Approved
Cairo, Egypt
Date: ..../..../2009

Prof. Dr. Suzan M. Salah
Head of Physics Department
Faculty of Education
Ain Shams University



Acknowledgement

Before all and above all, thanks to Allah by the grace of
whom the progress and finishing this research was possible.

I want to thank all people who contributed and helped
me to make this research work possible.

Firstly, I wish to express my deepest thanks to Prof.
Dr. M.M. El-Nahass for his brilliant scientific ideas,
supervision, encouragement and support during this thesis.
Also, for the fruitful discussions in the field of organic
materials.

[ am also introducing my great thanks to Asst. Prof. Dr.
A.M. Farid for her support, guidance, fruitful comments
and kind help through this work.

I would like to thank Asst. Prof. Dr. H.H.Amer for his
valuable help and fruitful remarks through this work.

My deepest and gratitude thanks to Asst. Prof. Dr. K.
F. Abd-El Rahaman for his valuable remarks, support and
suggestions, which are inscribed in this work.

I am also pleased to express my deep thanks to Prof. Dr.
Suzan M. Salah, the head of physics department.

My thanks are extended to my colleagues in the Thin
Film laboratory. I would like also to thank my colleagues in
physics department for kind help.



Conclusions

Conclusions

From the present work, the following conclusions can
be obtained:

1. Careful evaluation of X-ray diffraction patterns
(XRD) data of tin phthalocyanine dichloride,
SnPcCl,, in the powder form result in a
monoclinic unit cell with lattice parameters:
a=20816 A, b=9487 A, c=14.142 A and
Bo = 97.9°. These results obtained by using
CRYSFIR COMPUTER program. The values of
Miller indices, hkl, and d spacing were
determined by using CHECKCELL program.

2. XRD patterns of SnPcCl, thin films of different
thicknesses showed a single peak around
20 = 26.5° + 0.2°, which indicate a preferential
orientation in the ( 503) plane.

3. The mean crystallite size of SnPcCl, increases
with the increase in the film thickness. The
dislocation density and the strain decrease with
the increase in the film thickness.

4. Heat treatment for SnPcCl, films at 623 K for 2h
led to increase in the crystalline degree of the
films. Also, the mean crystallite size of SnPcCl,
increases with the heat treatment process.

5. Transmission electron microscope, TEM, of
SnPcCl, thin films showed that the films were
made of homogenous small round nanoparticles
with an average size of 20 nm. The annealing
treatment process for films at 523 k for 2h led to
a growth in the nanoparticles of SnPcCl, with an
average size of 100 nm. Diffraction electron
microscope, DEM, studies revealed that the
annealing process improves the crystalline
degree of the films from the amorphous nature
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for the as-deposited film into pattern which
consists of spotty rings, indicating that the
annealed film of SnPcCl, has polycrystalline
nature .

6. Scanning electron microscope, SEM, showed
smooth growth in the morphology of SnPcCl,
films which improved by the annealing process.

7. The similarity of the FTIR spectra of the powder
and thin film forms of SnPcCl, indicates that the
SnPcCl, has thermal and chemical stability by
either thermal evaporation or by annealing
process.

8. The optical properties of SnPcCl, thin films were
studied using spectrophotometric measurements
of transmittance, T, and reflectance, R, in the
range 200-2500 nm at normal incident for
different film thickness. Also, the absorption
spectra were measured in the UV-VIS region for
SnPcCl, films.

9. The absorption spectra of SnPcCl, show two
absorption bands of the phthalocyanine
molecule, the Soret B band and the Q- band
which show its characteristic splitting to Q, and
Qy. Some of the important spectral parameters
such as electronic dipole strength (q°) and
oscillator strength (f) have been evaluated.

10. The refractive index and absorption index are
independent on the film thickness. The
dispersion curve of (n) shows normal dispersion
at A>1000 nm, in which a single oscillator
model can be applied.

11.The type of electronic transition responsible for
the optical absorption is indirect allowed
transition. The transport and optical energy gap
are 2.72 and 1.42 eV.
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12.Effect of annealing at 623 for 2h and the effect
of irradiation by gamma-rays on the optical
properties For SnPcCl, films showed decreasing
in the values of the determined parameters but
the annealing showed higher decreasing than
showed by the irradiation by gamma-rays.

13.The dark electrical DC was conductivity
measured for SnPcCl, thin films in the
temperature range between 303 and 473 K. It
was found to increase with the increase in the
film thickness.

14.The dependence of the dark electrical DC
conductivity on the temperature showed the
existence of two distinct linear regions with two
activation energies, AE; and AE,.

15.AE, 1is related to the intrinsic conduction. The
obtained values of AE, decrease with the increase
in the film thickness, with a mean value of
0.8 eV. AE, is associated to the impurity
conduction and is about 0.1 eV.

16.The values of AE,; and AE, were found to be 1.08
eV and 0.1 eV, respectively after annealing
process for SnPcCl, thin films.

17.The AC conductivity measured for bulk SnPcCl,
in the form of compressed disc in the frequency
range 42 Hz — 5x10° Hz. At range of frequency
(42-10° Hz), s was less than unity and decreases
with increasing temperature. At range of
frequency (2x10°~5x10° Hz), s was found ~1.09
and 1s temperature independent. The dominant
mechanism is correlated barrier hopping
mechanism (CBH).

18.The temperature dependence of 6. (») showed a
linear increase with increasing temperature. The
ac activation energy tends to decrease with
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increasing frequency. This may indicate that the
ac conductivity is a thermally activated process
from different localized states in the gap.

19.The dielectric constant, €;, and dielectric loss, €5,
decrease with increasing frequency and increase
with increasing temperature.

20.The results of Cole-Cole diagram reveal that the
optical dielectric constant, &, was found to
increase with increasing temperature. The
temperature dependence of t is a thermally
activated process. The activation energy for
relaxation was found to be 0.299 eV.

21.The current density-voltage (J-V) characteristics
for a compressed pellet of SnPcCl, sandwiched
between two ohmic electrodes, Au/SnPcCl,/Au
device, showed ohmic conduction at low voltage
range. At higher voltages SCLC characterized
by an exponential distribution of trapping levels
is the predominant conduction mechanism. The
values of u, Ny, P, and p, for the Au/SnPcCl,/Au
device were determined.

22.The dark current density-voltage (J-V)
characteristics of SnPcCl,/GaP, SnPcCl,/GaAs
and  SnPcCly/InP  hetrojunctions  showed
thermionic emission conduction at relatively low
voltages followed by a space charge limited
conduction (SCLC) mechanism at relatively high
voltages.

23.The capacitance- voltage (C-V) characteristics
indicated that the devices have abrupt nature.
The built-in potential, V4, decreases with the
increase in temperature while the carrier
concentration, N, increases with the increase in

temperature.
24.The illuminated J-V curves for SnPcCl,/GaP
heterojunction showed photovoltaic
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characteristics with short-circuit current density
(Js) of 1.73x10™ mAcm™, open-circuit voltage
(Vo) 0of 94 mV, fill factor (FF) of 0.31.
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