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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,
SnPcCl2, in the powder form result in a
monoclinic unit cell with lattice parameters:
a = 20.816 Å, b = 9.487 Å, c= 14.142 Å and
βο = 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 SnPcCl2 thin films of different
thicknesses showed a single peak around
2θ = 26.5° ± 0.2°, which indicate a preferential
orientation in the (503) plane.

3. The mean crystallite size of SnPcCl2 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 SnPcCl2 films at 623 K for 2h
led to increase in the crystalline degree of the
films. Also, the mean crystallite size of SnPcCl2
increases with the heat treatment process.

5. Transmission electron microscope, TEM, of
SnPcCl2 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 SnPcCl2 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 SnPcCl2 has polycrystalline
nature .

6. Scanning electron microscope, SEM, showed
smooth growth in the morphology of SnPcCl2
films which improved by the annealing process.

7. The similarity of the FTIR spectra of the powder
and thin film forms of SnPcCl2 indicates that the
SnPcCl2 has thermal and chemical stability by
either thermal evaporation or by annealing
process.

8. The optical properties of SnPcCl2 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
SnPcCl2 films.

9. The absorption spectra of SnPcCl2 show two
absorption bands of the phthalocyanine
molecule, the Soret B band and the Q- band
which show its characteristic splitting to Qx and
Qy. Some of the important spectral parameters
such as electronic dipole strength (q2) and
oscillator strength () 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 λ > 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 SnPcCl2 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 SnPcCl2 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, E1 and E2.

15.E1 is related to the intrinsic conduction. The
obtained values of E1 decrease with the increase
in the film thickness, with a mean value of
0.8 eV. E2 is associated to the impurity
conduction and is about 0.1 eV.

16.The values of E1 and E2 were found to be 1.08
eV and 0.1 eV, respectively after annealing
process for SnPcCl2 thin films.

17.The AC conductivity measured for bulk SnPcCl2
in the form of compressed disc in the frequency
range 42 Hz  5106 Hz. At range of frequency
(42103 Hz), s was less than unity and decreases
with increasing temperature. At range of
frequency (21035106 Hz), s was found 1.09
and is temperature independent. The dominant
mechanism is correlated barrier hopping
mechanism (CBH).

18.The temperature dependence of σac (ω) 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, ε1, and dielectric loss, ε2,
decrease with increasing frequency and increase
with increasing temperature.

20.The results of Cole-Cole diagram reveal that the
optical dielectric constant, ε∞, was found to
increase with increasing temperature. The
temperature dependence of τ 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 SnPcCl2 sandwiched
between two ohmic electrodes, Au/SnPcCl2/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 , Nt, Po and po for the Au/SnPcCl2/Au
device were determined.

22.The dark current density-voltage (J-V)
characteristics of SnPcCl2/GaP, SnPcCl2/GaAs
and SnPcCl2/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, Vd, decreases with the
increase in temperature while the carrier
concentration, N, increases with the increase in
temperature.

24.The illuminated J-V curves for SnPcCl2/GaP
heterojunction showed photovoltaic
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characteristics with short-circuit current density
(Jsc) of 1.73×10-4 mAcm-2, open-circuit voltage
(Voc) of 94 mV, fill factor (FF) of 0.31.
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 العربي الملخص

زدؽ اُؿا٣ٝخ ُِزوعّ ٝ اُزطٞؼ اُزٌُ٘ٞٞخ٢  رؼع أشجبٙ أُٞطلاد اُؼض٣ٞخ 

ُٝوع رؿا٣ع الاٛزٔبّ ثبقزطعاّ الأؿش٤خ .اُػ١ ٣شٜعٙ اُؼبُْ ك٢ ا٥ٝٗخ الأض٤ؽح 

اُؽه٤وخ ٖٓ أشجبٙ أُٞطلاد اُؼض٣ٞخ ك٢ ًث٤ؽ ٖٓ اُزطج٤وبد أُزٔثِخ ك٢ 

 light" الأخٜؿح اُضٞئ٤خ ٝ الاٌُزؽ٤ٗٝخ ٓثَ اُٞطلاد اُث٘بئ٤خ اُجبػثخ ُِضٞء 

emitted diodes " اُزؽاٗؿقزٞؼاد غاد اُزؤث٤ؽ أُدب٠ُ ٝ "field effect 

transistors  " ًٝػُي اقزطعآٜب ك٢ رظ٤٘غ اُطلا٣ب اُشٔك٤خ .

ٝازعح ٖٓ " Phthalocyanines"  ٝرؼزجؽ ػبئِخ ٓؽًجبد اُل٤ثبُٞق٤ب٤ٖٗ

ز٤ث رز٤ٔؿ ٛػٙ أُؽًجبد  ثبُؼع٣ع ٖٓ . أْٛ أُؽًجبد اُٞاػعح ُٜػٙ اُظ٘بػبد

اُطظبئض ا٤ُٔٔؿح ٝاُز٢ رزٔثَ ك٢ اُثجبد اُسؽاؼ١ ٝ ا٤ٔ٤ٌُبئ٢ اُػ١ ٣ٌٜٔ٘ب 

ٖٓ اُز٣ٌٖٞ ػ٠ِ ٤ٛئٚ أؿش٤خ ؼه٤وخ إ٢ُ خبٗت كؼب٤ُزٜب اُضٞئ٤خ، ُػا ك٢ٜ رعضَ 

ٝ ُزسك٤ٖ أظاء ٛػٙ . ك٢ ًث٤ؽ ٖٓ اُزطج٤وبد اُلٞرٞاٌُزؽ٤ٗٝخ ٝ اُلُٞزضٞئ٤خ 

الأخٜؿح ٣دت اُزؼؽف ػ٠ِ اُؼع٣ع ٖٓ أُؼِٞٓبد ػٖ اُطظبئض اُل٤ؿ٣بئ٤خ 

اُطظبئض اُل٤ؿ٣بئ٤خ  ُػا رٜعف ٛػٙ اُؽقبُخ إ٠ُ ظؼاقخ ثؼض. ُٜػٙ أُؽًجبد

لأزع ٓؽًجبد اُل٤ثبُٞق٤ب٤ٖٗ ٝ ٛٞ هظع٣ؽ ك٤ثبُٞق٤ب٤ٖٗ ث٘بئ٢ اٌُِٞؼ٣ع                                              

"Tin Phthalocyanine Dichloride ."  ٝرز٘بٍٝ ٛػٙ اُعؼاقخ

اُطظبئض اُزؽ٤ًج٤خ ٝ اُطظبئض اُضٞئ٤خ ٝاُطظبئض اٌُٜؽث٤خ لأؿش٤خ 

ًٝػُي ظؼاقخ ضظبئض . ؼه٤وخ ٓ٘ٚ ٝ ًػُي ك٢ طٞؼح أهؽاص ٓضـٞطخ

ُِٞطلاد أُزـب٣ؽح ٖٓ هظع٣ؽ ك٤ثبُٞق٤ب٤ٖٗ ث٘بئ٢ اٌُِٞؼ٣ع  (اُدٜع- اُز٤بؼ)

أُؽقت ػ٠ِ ػعح أٗٞاع ٓطزِلخ ٖٓ ثِٞؼاد أزبظ٣خ شجٚ ٓٞطِخ ٖٓ ٓٞاظ ؿ٤ؽ 

:- ٝث٘بء ػ٠ِ غُي رٔذ اُططٞاد اُزب٤ُخ ُٜػٙ اُعؼاقخ. ػض٣ٞخ 
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  ٖرسض٤ؽ ٓدٔٞػخ ٖٓ الأؿش٤خ اُؽه٤وخ ٖٓ هظع٣ؽ ك٤ثبُٞق٤ب٤ٗ

 ٗبٗٞٓزؽ ثزو٤٘خ 615-70ث٘بئ٢ اٌُِٞؼ٣ع ثكٔي ٣زؽاٝذ ٓب ث٤ٖ 

10اُزجط٤ؽ اُسؽاؼ١ ك٢ خٞ ٓلؽؽ ٣ظَ إ٢ُ 
-4

ثبقٌبٍ ٝ ثٔؼعٍ 

 ٗبٗٞٓزؽ ك٢ اُثب٤ٗخ ٓغ الاززلبظ ثعؼخخ زؽاؼح 2.5رجط٤ؽ ػ٘ع 

 .زٞآَ الأؿش٤خ ػ٘ع ظؼخخ زؽاؼح اُـؽكخ أث٘بء ػ٤ِٔخ اُزجط٤ؽ

 َٓرْ رؽق٤ت الأؿش٤خ قبثوخ اُػًؽ ػ٠ِ أٗٞاع ٓطزِلخ ٖٓ اُسٞا :

ز٤ث اقزطعّ اُؿخبج ًسٞآَ ُعؼاقخ اُطظبئض اُزؽ٤ًج٤خ ٝ 

اٌُٜؽث٤خ ٝ اقزطعٓذ زٞآَ ٖٓ اٌُٞاؼرؿ ُعؼاقخ اُطظبئض 

اُضٞئ٤خ ث٤٘ٔب اقزطعٓذ ثِٞؼاد أزبظ٣خ  ٖٓ ٓٞاظ ؿ٤ؽ ػض٣ٞخ 

كٞقل٤ع  اُدب٤ُّٞ ٝ ؾؼ٤ٗص اُدب٤ُّٞ ٝ كٞقل٤ع :- ٝاُز٢ رزٔثَ ك٠ 

ُزسض٤ؽ ٝطلاد ث٘بئ٤خ (n-type)اٗع٣ّٞ غٝاد أُٞط٤ِخ اُكبُجخ 

اُجِٞؼاد أُطزِلخ  /ٓزـب٣ؽح ٖٓ هظع٣ؽ ك٤ثبُٞق٤ب٤ٖٗ ث٘بئ٢ اٌُِٞؼ٣ع

 (اُدٜع- اُكؼخ )ٝ ضظبئض  (اُدٜع- اُز٤بؼ )ٝ ظؼاقخ ضظبئض 

 . ُٜػٙ اُٞطلاد ٝ ًػا اُطظبئض اُلُٞزضٞئ٤خ

  رسض٤ؽ الأهؽاص أُضـٞطخ ٖٓ هظع٣ؽ ك٤ثبُٞق٤ب٤ٖٗ ث٘بئ٢

اٌُِٞؼ٣ع ػ٠ِ ٤ٛئخ قبٗعٝرش ث٤ٖ اٌُزؽٝظ٣ٖ ا٤٤ٖٓٝ ٖٓ اُػٛت 

ٝهع رْ اُسظٍٞ ػ٠ِ . ٝغُي ػٖ طؽ٣ن ًجف أُكسٞم ٓ٘ٚ

1.110هؽص ثوطؽ  
-2

0.7110ٓزؽ ٝثكٔي 
-3

 . ٓزؽ

  ظؼاقخ اُزؽ٤ًت اُجِٞؼ١ ُوظع٣ؽ ك٤ثبُٞق٤ب٤ٖٗ ث٘بئ٢ اٌُِٞؼ٣ع ك٢

زبُز٤ٚ ًٔكسٞم ٝ ًؤؿش٤خ ؼه٤وخ ثبقزطعاّ رو٤٘بد ز٤ٞظ الأشؼخ 

اُك٤٘٤خ ٝ رو٤٘خ أُدٜؽ الاٌُزؽ٢ٗٝ اُ٘بكػ ٝ أُبقر ٝ ز٤ٞظ 

الاٌُزؽٝٗبد ًٝػُي ثؤط٤بف الآزظبص ُلأشؼخ رسذ اُسٔؽاء 

ٝ هع أٝضسذ ٗٔبغج اُس٤ٞظ ثبلأشؼخ اُك٤٘٤خ . ثزس٣ٞلاد كٞؼ٤٣ؽ

 ٖٓ اُ٘ظبّ αإٔ اُزؽ٤ًت اُجِٞؼ١ ُِٔكسٞم ٣٘ز٢ٔ إ٢ُ اُطٞؼ 
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 a=20.816: اُجِٞؼ١ أزبظٟ ا٤َُٔ ثثٞاثذ شج٤ٌخ ثِٞؼ٣خ

،  اٗدكزؽّٝ c = 14.142،  اٗدكزؽّٝ b = 9.487، اٗدكزؽّٝ

97.9=○ٝهع رْ رؼ٤ٖ ٛػٙ اُثٞاثذ ثبقزطعاّ                                .  ظؼخخ

 "CRYSFIR computer program "  ثْ رْ زكبة ٓؼبٓلاد

ٝهع  ".CHECKCELL program"ثبقزطعاّ  " hkl " ٤ِِٓؽ 

أٝضسذ ٗٔبغج اُس٤ٞظ ثبلأشؼخ اُك٤٘٤خ ُلأؿش٤خ اُؽه٤وخ إٔ 

اُزؽ٤ًت اُجِٞؼ١ ُٜب أزبظٟ ا٤َُٔ ك٢  اردبٙ ٓلضَ ُلإٗٔبء ك٢ 

ًٔب رْ ظؼاقخ رؤث٤ؽ قٔي الأؿش٤خ ػ٠ِ ًَ ٖٓ .(503)أُكزٟٞ 

اُسدْ اُسج٤ج٢ ُِجِٞؼاد ٝ ًثبكخ الإٗطلاػبد ٝ الاٗلؼبلاد 

ٝهع . ُلأؿش٤خ اُؽه٤وخ ٖٓ هظع٣ؽ ك٤ثبُٞق٤ب٤ٖٗ ث٘بئ٢ اٌُِٞؼ٣ع

أظٜؽد اُ٘زبئح رؿا٣ع اُسدْ اُسج٤ج٢ ُِجِٞؼاد ٝٗوض ًلا ٖٓ 

ًٔب رْ . ًثبكخ الاٗطلاع ٝ الاٗلؼبلاد ٓغ ؾ٣بظح قٔي الأؿش٤خ 

ًِلٖ 623 أ٣ضب  ظؼاقخ رؤث٤ؽ ػ٤ِٔخ اُزِع٣ٖ ػ٘ع ظؼخخ زؽاؼح 

 ٗبٗٞٓزؽ كؤٝضسذ  373ُٔعح قبػز٤ٖ لأزعٟ الأؿش٤خ ثكٔي 

اُ٘زبئح رؿا٣ع اُسدْ اُسج٤ج٢ ُِجِٞؼاد ٝٗوض ًلا ٖٓ ًثبكخ 

 .الاٗطلاع ٝ الاٗلؼبلاد ثؼع ػ٤ِٔخ اُزِع٣ٖ 

  ٝهع أظٜؽد ظؼاقخ أُدٜؽ الاٌُزؽ٢ٗٝ اُ٘بكػ إٔ الأؿش٤خ اُؽه٤وخ

أُسضؽح ػ٘ع ظؼخخ زؽاؼح اُـؽكخ رزٌٕٞ ٖٓ خك٤ٔبد طـ٤ؽح  

 " " nanoparticlesٗبٗٞٓزؽ  20 ظائؽ٣خ اُشٌَ ٣جِؾ زدٜٔب 

ٝرزسٍٞ ٛػٙ اُدك٤ٔبد اُظـ٤ؽح ٖٓ ظائؽ٣خ اُشٌَ إ٠ُ خك٤ٔبد 

 ٗبٗٞٓزؽ ثؼع رِع٣ٖ  100طـ٤ؽح هض٤ج٤خ اُشٌَ ٣جِؾ زدٜٔب

ًٔب أٝضسذ .  ًِلٖ ُٔعح قبػز523ٖ٤الأؿش٤خ ػ٘ع ظؼخخ زؽاؼح 

. رو٤٘خ ز٤ٞظ الاٌُزؽٝٗبد رسكٖ اُشٌَ اُجِٞؼ١ ثؼع رِع٣ٖ الأؿش٤خ


