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Copper phthallocyanine (CuPc) solution was prepared from copper 

phthallocyanine powder dissolved in chloroform at a concentration of (0.15 g/l) 

and irradiated with two different sources :beta nuclear rays plus(Na-22) with a 

source of energy (0.544 Mev) and minus beta ray  (Sr-90) with energy  source 

(0.546 Mev) . 

The optical properties were measured before and after irradiation and it was 

found that the absorbance and reflectance decrease with the increase of the 

irradiation time and the transmittance and the optical energy gap with indirect 

transmission increase. The optical constants such as the absorption coefficient, 

refractive index, extinction coefficient , real and imaginary dielectric constant 

and optical conductivity were also calculated before and after irradiation. 

CuPc solutions with concentrations (0.1, 0.15, 0.2 g/l) were also prepared and 

irradiated with plus beta nuclear rays (Na-22) and minus beta sources (Sr-90). 

The optical properties were measured before and after irradiation and it was 

found that the absorbance  and reflectance increased with increasing Irradiating 

time, transmittance decrease, and optical energy gap with indirect transmission. 

Optical constants such as absorption coefficient, refractive index, extinction 

coefficient, real and imaginary dielectric constant and optical conductivity were 

calculated before and after irradiation. 

CuPc thin films of constant thickness and room temperature were prepared using 

(Spin Coating) technique on a glass substrate with thickness (197, 214) nm 

using the Ellipsometry technique , then these films were irradiated with two 

different sources of plus and minus beta rays . 

Summary 



 

CuPc powder was diagnosed by  Fourier Transform Infrared (FTIR) then 

chemical bonds were determined, The absorbance , transmittance and 

reflectance were test by UV- Visible. 

UV-Vis assays showed that CuPc  thin films have decreased in absorbance and 

reflectance , increase in transmittance, and optical direct energy band gap, 

optical constants such as absorption coefficient, reflection coefficient, extinction 

coefficient, and fluorescence spectra were calculated.  

The structural properties of CuPc powder and thin films were tested  by X-ray 

diffraction and average crystal size was determined before and after irradiation, 

The X-ray diffraction results showed that the CuPc powder is polycrystalline, 

triclinic system and average crystal size increased with the increase in 

irradiating time  

Atomic force microscopy (AFM) was used to investigate the surface 

morphology of copper phthalocyanine thin films, and it was showed that grain 

size and roughness decreased with increasing irradiating  time for both beta-ray 

sources. 
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1.1 Introduction 

Phthalocyanine and its metal complexes have been known in1907. The metal-free 

phthalocyanine was first discovered by Braun and Tchernia [1]. Copper 

Phthalocyanine is an organic semiconductor widely used as an optoelectronics 

devices as thin films[1][2]. Thin-film technologies are being developed as a means 

to substantially reduce the cost of electronic systems. Thin film modules are 

expected to be cheaper to manufacture owing to their reduced material costs [3], 

[4] Recently, metal phthalocyanine (MPc) complexes have been used in light 

emitting diodes (LEDs) [5–7], device for limiting light optically,  gas sensors[8– 

10], biosensors, photovoltaic cells, photodynamic treatment, and semiconductor 

materials. In bio sensing, a copper phthalocyanine  chemoresistor was utilised as a 

transducer [11]–[13] ,digital cameras[14][15], mobile phones, and personal 

computers, because of their versatility, architectural flexibility, nontoxicity, and 

simplicity of processing [16]. There are several potential areas in photodynamic 

therapy (PDT) which involves the use of phthalocyanine derivatives as 

photosensitizers to treat various diseases, such as psoriasis and cancer 

[17][18][19][20]  Colorful phthalocyanines can withstand a wide range of chemical 

and thermal conditions without losing their quality [21].  
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1.2 Organic Semiconductors 

Semiconductors are significantly used in modern electrical devices. For the most 

part, they may be separated into inorganic and organic semiconductors. Despite the 

widespread usage of inorganic semiconductors like germanium and silicon in 

electronics, organic semiconductors are likely to take their place in the near future. 

The following Table(1.1) offers a comparison between the properties of an a 

conventional semiconductor (Germanium) and an organic semiconductor. 

Table 1.1: A Contrast of comparing the Electrical Properties of the Inorganic 

Semiconductor Germanium with those of the Organic Semiconductor Gallium 

Arsenide [5] 

Properties Inorganic Organic 

Mobility(𝒄𝒎𝟐/sec) 3900 0.02 

Carrier concentration(𝒄𝒎−𝟑) 2.5×1013 8×107 

density (gm/𝒄𝒎𝟑) - 1012-1014 

Resistivity (ohm.cm) 43 1014 

Band gap (eV) 0.67 3.02 

 

More research is being done on organic semiconductors as a potential replacement 

for some inorganic semiconductors. Organic semiconductors are organic 

compounds that show the characteristics of semiconductors. Most organic 

semiconductors are composed mostly of carbon and hydrogen atoms [22]. The 

molecules in an organic crystal are held together by weak Van der Waals 

interactions, which result in low melting points and electronic conductivities. The 

sensitivity of organic molecules to physical and chemical changes encouraged the 

usage of the organic semiconductors for bio-sensing applications [23]. The use of 
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organic thin film interfaces in organic based solar cell architectures can 

significantly increase the occurrence of fast charge transfer rate at the interfaces 

and hence achieve higher quantum efficiency. Organic semiconductors owe their 

semiconducting properties due to presence of conjugated double bonds in their 

molecular structure[24]. Carbon atoms, forming conjugated double bonds, are sp
2
 

hybridized and give rise to both σ- and π-bonds, whose energy levels are split into 

occupied bonding orbitals with a lower energy and unoccupied anti-bonding 

orbitals of higher energy [25] 

Conjugated double bonds, which are present in the molecular structure of organic 

semiconductors, are responsible for the molecules' ability to behave as 

semiconductors [26]. 

1.3 Phthalocyaninces  ,MPc , Pcs  

        Phthalocyanines are a type of very stable organic semiconductors that have 

garnered a lot of interest due to the fact that they are quite inexpensive and have a 

minimal risk of poisoning [27][28]. It has a vivid blue-green hue. Phthalocyanines 

are attracting a lot of interest because of their potential usage in organic electronic 

devices as an active layer[29]. The first phthalocyanine was produced accidentally 

in 1907[30]. The word phthalocyanine comes from a combination of two Greek 

terms that specify exactly the properties of The color of this material. This is 

cyanide and naphtha, often known as rock oil (dark blue)[31]. The blue dye has 

been known for many years. Pcs are porphyrin derivatives with high symmetry, 

planarity and electron de-localization, with four nitrogen atoms at the meso 

positions of the aromatic rings attached to the pyrrolerings in coplanar 

position[32]. The term 'Phthalocyanine' was first used by L instead to describe this 

particular class of compounds. Phthalocyanines are aromatic hydrocarbons 

exhibiting semiconducting properties, which come under the class of organic 
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semiconductors[33]. They are known as phthalocyanins, or phthalocyanins. It was 

first synthesised by Braun and Tcherniac, and subsequent research has focused on 

the unique properties of phthalocyanine [34]. It is anticipated that their commercial 

usage in the production of semiconductor devices would have substantial 

repercussions throughout this decade due to the fact that they are projected to have 

these implications[35] 

The phthalocyanine (H2Pc) that does not include any metals (C8H4N2) 4H2 has the 

chemical formula C32H18N8 Aza nitrogen atoms join together four identical 

isoindole units, and in the centre there are two hydrogen atoms linked together[36]. 

The phthalocyanine polymers are becoming one of the most researched of all 

organic functional materials and have lately gained a great amount of attention 

owing to the fact that they are both thermally and chemically stable[37] 

 

Metal-Free Phthalocyanine                       The Mineral Phthalocyanine 

  Figure (1.1): Structure of mineral and non-mineral phthalocyanine at the  molecular 

level [38] 
 

One of the most promising organic semiconductors for use in solar cells, 

nonlinear optics, electro-catalysis, and other photo-electronic devices is metal 

phthalocyanine (MPc) [39]. cancer photodynamic therapy (PDT) 
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photosensitizers are also known to have potential such that they can absorb far-

red light, which has stronger tissue penetration qualities, as well as 

photosensitize singlet oxygen to a suitable degree. For the most part, metal 

phthalocyanine (MPc) films that are vacuum-sublimed are p-type 

semiconductors[40] 

 

Figure (1.2):  Typical function of phthalocyanine derivatives [41] 
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1.4 Copper Phthalocyanine  
Copper phthalocyanine (C32H 16 N8 Cu) belongs to a group of compounds that are 

the simplest its molecules are the hydrogen molecule (H2), which occupies the 

central position. Other types of  Phthalocyanins in the presence of transition metals 

other than copper, such as Fe, Co, Ni, Zn, and Mg[42]. Figure (1-3) depicts the 

copper-substituted phthalocyanine structure. 

 

Figure(1.3):Diagramming the copper phthalocyanine's molecular framework (CuPc)[43] 

          

Copper phthalocyanine is capable of forming crystalline structures; meaning that it 

is possible to define a unit cell. Several unit cells have been discovered for 

phthalocyanines with the most common phases labeled as α- and β-phase. The unit 

cell can have multiple copper phthalocyanine molecules that form the basis of the 

crystal structure so that it includes hundreds of atoms[44]. The basis of an 

inorganic crystal is the smallest physical unit of the system and is defined as the 

smallest set of atoms which can be transposed linearly determined by a set of 
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vectors such that the crystalline pattern can be produced [45] Typically, the basis 

of inorganic crystals is composed of a relatively small set of atoms.  

        Copper-phthalocyanine (CuPc) is one of four macrocyclic compounds in the 

CuPc family, each containing four isoindole units linked by four nitrogen atoms 

and containing an ion of copper II. There are several electrical properties emitted 

by the metal at the molecule's centre. The conductivities of these molecules range 

from (10
12

- 10
-14 

s/m) for all of them. CuPc has an optical gap of and a molecular 

weight of 576.08 g/mol (1.7 ev) Around (3500 C)[43] , it's a reasonably stable 

molecule that begins to evaporate. Some polymorphic phases have been found, two 

of which are known as and respectively  

        Organic crystalline solids, such as copper phthalocyanine, have a basis 

composed of multiple molecules which includes hundreds of atoms. Copper 

phthalocyanine, a non-polymeric organic system, has a basis with which the 

molecules are bonded together by Van der Waals forces[46] 

Table(1.2) :Properties of CuPc blue pigment 

 



Chapter one                                                                      General introduction 

 
8 

 

In most pigment-consuming industries, it is used to create blue hues because of its 

strong general resistance to organic solvents [47]. (Cu-Pc) is an organic 

semiconductor with a positive charge. Furthermore, this material is very stable 

both thermally and chemically. One of the most significant colourants, it has 

exceptional features such as light fastness, resistance to alkalis and acids with 

tinting power [48]. 

      There are many remarkable properties of copper phthalocyanine (CuPc), which 

was produced as the first derivative[49]. Insoluble in conventional solvents and 

polymer melts because CuPc is nonpolar, polycyclic, and planar. In contrast, the 

solubility of concentrated acids is affected. CuPc may be employed in high-

temperature procedures because of its strong thermal stability (it sublimes at -550 

C)[50]. 

Compound sensors [51], catalysis [52][53], optical plates, xerography [54], 

non-directional optics [55], photovoltaic cells, and photo sensitizer for 

photodynamic therapy are just a few of the many uses for copper phthalocyanine 

blue[56]. Because of its utility in mechanical supplies, such as the capacity to 

structure, the very stable metal intricacy with metal cation, and the force brightness 

and perfection of colours, copper phthalocyanine amalgam is being examined by a 

large  scientists. 
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1.5 Literature Survey  

In (2010) , Priyanka. S  et al . [57] measured Various MPcs thin films, including 

CuPc, have different optical characteristics. The relationship between refractive 

index (n), extinction coefficient (k), real and imaginary parts of the complex 

dielectric constant, and reflectivity (R) and energy (E) was addressed, and it was 

found that these values fluctuate significantly with E. The biggest energy gap (Eg) 

was found in CoPc and MnPc with 3.25 eV, while the lowest Eg was found in 

CuPc with 2.71 eV. 

 

In (2012) , Sawanta S. Mali   et al. [58] studied Copper phthalocyanine (CuPc) 

thin films of various thicknesses were produced on glass substrates . Grazing angle 

XRD diffraction was used to investigate structural characteristics. The metastable 

and stable polymorphic variants are the most common. Both variants have the 

same inter planar distance (3.4 A°). The angles of the molecules in regard to the 

vertical axis of the column are 26.50 for the α -form and 2500 for the β -form, 

respectively, while the lattice parameters are a = 23.9 and b = 3.8 A °for the α-form 

and a = 19.4 and b = 4.79 A° for the β -form. X-ray measurements were also 

performed on CuPc thin films with diameters of 27, 45, and 85 nm. Fourier 

transform infrared spectroscopy was used to investigate vibrations (FT-IR).  

 

In(2013) , Jaehyun  .L   et al .[59]  Zinc (Zn), copper (Cu), and cobalt (Co) were 

used to create new phthalocyanine (Pc) derivatives with an alkyl group in the 

ligand .UV-Visible (UV-Vis) spectroscopy and photoluminescence (PL) 

spectroscopy were used to explore the optical properties of the new phthalocyanine 

derivatives with a different core metal. 2H, Co, Cu, and Zn complexes had 

maximal UV-Vis values of 708 nm, 677 nm, 686 nm, and 684 nm, respectively. 
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In (2015), Ali H. Jalaukhan [60] studied Thin films of Copper Phthalocyanine 

(CuPc) with thicknesses of around 200 nm were formed on glass substrates using 

the thermal evaporation method at 303
0
 K and 403

0
 K substrate temperatures (Ts) 

and pressures more than 10
-5

 mbar. The effect of substrate temperature on several 

physical properties of CuPc thin films, such as optical qualities in the visible range, 

was the focus of this research. Optical characterization was performed at room 

temperature utilizing absorption spectra in the 200-900 nm band at normal 

incidence. Absorption and extinction coefficients vary with wavelength and they 

increase with increasing of substrate temperature. Refractive index in the range 

325 – 425 nm increase with increasing substrate temperature. Increase in substrate 

temperature indicating better crystallinity of films deposited at higher substrate 

temperature. It is found that the optical band gap decreases from 3.29 eV for the 

film deposited at 303 ᵒK to 3.23 eV for film deposited at 403 ᵒK. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

In (2016) , Haneen A. hussien[61]  studied phthalocyanines  thin films with the 

same thicknesses (100) nm were formed on glass at room temperature . The 

moidoactive sources Co-60 average energy(1.24 Mev) and Am-241 energy 

irradiated a Pc thin film with gamma rays ( 60keV). The Pc thin films have a direct 

energy gap (Eg) for all samples, according to UV-vis spectra. Also determined 

were optical constants including absorption coefficient, refractive index, extinction 

coefficient, and dielectric constant. The traps inside the energy gap play a vital role 

and have an effect on optical behavior, the average crystal size(354.22nm) was 

estimated by XRD while the roughness (1.0324nm) was determined by AFM (Co-

60,1.25Mev). However, for low energy Gamma rays, the average crystal size of Pc 

thin films (405.525nm) was estimated by XRD  and the roughness (0.9144nm) was 

determined by AFM (Am-241,60Kev) 



Chapter one                                                                      General introduction 

 
11 

 

In (2016), Ashok .D  et al . [62] studied Copper phthalocyanine powder is made in 

the lab using a chemical technique that involves phthalic unhydride and urea. UV-

Visible characterisation spectra are studied using spin coated Copper 

phthalocyanine films. UV-Vis spectra are used to calculate the energy band gap. 

The current findings demonstrate that the films before and after annealing have a 

direct allowable energy gap of 2.6 eV. The Soret band, which is a feature of metal 

phthalocyanines, is used to compute these values. For pristine film, the energy gap 

is projected to be 1.6 eV, whereas for annealed film, it is estimated to be 1.7 eV. 

 

 In (2017),Divya K. Nair et al .[63]  used Copper phthalocyanine is produced and 

studied as a source material for γ-radiation dosimetry. Up to a certain point, the 

optical characteristics of copper phthalocyanine showed a linear response to γ-

radiation. Both active channels have a thickness of around 200nm. XRD analysis 

revealed that both phthalocyanines are of β -form. Regarding the topological study, 

it provides that CuPc is crystalline in nature whereas ZnPc is amorphous in nature. 

From optical characterization, it is investigated that maximum absorption is at Q 

band (690nm) for both the films. Also activation energy is calibrated as 1.95eV for 

copper phthalocyanine whereas for ZnPc, it is found as 1.3eV. It is proposed that a 

linear relationship of absorbance for the various radiations can make ZnPc and 

CuPc a potential candidate for radiation dosimeter. 

The presence of a diffraction peak at 6.70° in the CuPc spectra corresponds to the 

(100) diffraction of β-form crystal at the stable crystal form. The diffraction peak's 

lattice spacing is found to be 12.7A
0
, indicating that the distance between the 

planes of the copper atom in the subsequent layer is 12.7A
0
.The crystallite size 

obtained for a sample was around 42-52nm. 
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In (2018) , Sahar. N Rashid et al. [64] studied, Thin films were coated on glass 

substrates using the (Spin Coating) technique in a convection oven at (600°C) for 

one hour, and then subjected to beta radiation for various durations of time (15, 30, 

45, 60, 75, and 90 minutes). To explore the influence of beta radiation on created 

thin films, the optical characteristics of thin films were tested before and after 

irradiation. The thin films' optical tests revealed that they have generally high 

transmittance, while their absorbance and reflectance decrease as the irradiation 

time increases. The results showed that extending the length of beta irradiation 

increased the energy gap values of these thin films. The optical constants were 

decreased, including refractive index, extinction coefficient, dielectric constant, 

and imaginary dielectric constant 

 

In (2020),[Mohamed H. Eisa] [65] studied thin films, in which a Sr-90 

radioisotope beta radiation was delivered for varied durations to the thin films. 

Furthermore, the optical absorption and transmission were studied using the UV–

Visible technique before and after irradiation for 24, 72 and 120 h .The energy 

band gap (Eg) has a range of 2.51 to 3.41 eV, depending on the action of beta 

radiation. Absorption coefficients increased after irradiation  and showed the 

highest value at 4 eV, after irradiation for 120 h, whereas optical band gaps 

decreased before irradiation is 3.41eV and after irradiation is 3.20eV, 2.77eV and 

2.51eV for 24, 72 and 120 h, respectively. 

 

In (2021), Reem R. Mohammed et al [55] studied Copper Phthalocyanine CuPc 

thin films of 150, 300, and 450 nm thickness. The optical absorption spectra of 

CuPc thin films reveal two bands of absorption, one in the visible range at roughly 

635 nm, known as Q-band, and the other in the ultra-violet region at 330 nm, 

known as B-band. CuPc thin films exhibit a straight band gap of roughly (1.81 and 
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3.14) eV. Fourier transform infrared spectroscopy was used to carry out the 

vibrational studies (FT-IR) 

 

In (2021),Laith .S  et al [66]  On soda glass substrates, thin films of copper 

phthalocyanine CuPC with various thicknesses (200,215,235,255 nanometers) 

were produced. The film was thermally treated (vacuum-annealed) with different 

annealing temperatures (300,373,473K
0
) in order to evaluate the effect of the 

annealing temperature on the optical properties of this film, which has a thickness 

of 255 nm. As the thickness of the thin film increases, the value of the optical band 

gap decreases. Furthermore, at annealing temperatures of 300 and 373 K, the 

optical bandgap lowers and increases (473 K
0
). The absorbance and extinction 

coefficients change with wavelength, increasing with thin film thickness and 

annealing temperature (300,373 K) and decreasing with wavelength (473 K). The 

optical band gap shrinks as the thickness of the films thickens and as the annealing 

temperature rises 

 

1.6 Aim of the Work   

1) Study  the effect of nuclear Beta rays  on the optical properties of copper 

Phthalocyanine (CuPc) Solutions and Thin Films  

2) Distinguishing irradiation with plus and minus beta rays on CuPc material   

3) Control in energy band gap of (CuPc) Thin films by using Beta  irradiation 
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2.1 Introduction 

 This chapter concentrate on the theoretical details  about measurements 

technology of the thin films such as optical , surface morphology, structural 

properties 

2.2 Beta ray  

          Electrons emitted from the nucleus of  a decaying atom are known as beta 

particles. Beta particles can penetrate the dead skin layer and cause burns, even 

if they can be blocked by a thin sheet of aluminum.[67] 

Beta decay is a form of radioactive decay in which β- or β+ particles are 

emitted.  

 Beta-radiation is unstable nucleus that may attain a more stable configuration 

by emitting a β-particle. In this process a neutron in the nucleus is transformed 

into a proton and an electron.[68]  

The β-particle emission can be  written: 

𝑀𝑍
𝐴 → 𝐷𝑍+1

𝐴 + 𝛽 + 𝜈 

M= original (parent) atom  ,D = new (daughter) atom, β= beta particle 

ѵ= neutrino,  

Neutrinos and antineutrinos  are neutral particles with a zero or very small mass. 

energy spectrum of β- radiation is continuous 

2.2.1 Beta Minus Decay(β-) 

An energetic electron makes up beta-minus (β) radiation. It is more ionizing 

than alpha, but not as much as gamma. A few centimeters of plastic or a few 

millimeters of metal can suppress beta rays from radioactive decay. When a 

neutron decays into a proton in a nucleus, the beta particle and an antineutrino 

are released. Natural beta radiation is significantly less energetic and penetrating 

          (2.1) 
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than beta radiation from linear particle accelerators. It is occasionally used to 

treat superficial cancers with radiation.[69] 

 When the neutron to proton ratio is too high, a neutron "transforms" into a 

proton and electron, with the electron being ejected from the nucleus. The 

ejected electron is called a “beta minus particle” or just "beta particle" The 

generalized atomic equation for beta decay is as follows: [69] 

𝑛 = 𝑝 + 𝑒− + ѵ̅  

e=beta particle (electron) , ѵ̅ = anti neutrino 

2.2.1.1  Radioactive Strontium (Sr-90) 

Radioactive strontium-90 is formed by uranium and plutonium fission. The 

splitting up of the nucleus of a radionuclide into smaller pieces is known as 

fission[70]. Large quantities of radioactive strontium-90 were generated 

during atmospheric nuclear weapons testing. The eventual result of each Sr-

90 decay is two betas. Because the daughter product, Y-90, has a much 

shorter half-life than the parent, Sr-90, These two beta decays are thought to 

be in secular equilibrium and occur at the same time. Sr-90 decays into Y-90 

when it produces a beta particle with a maximum energy of 0.546 MeV and 

an average energy of 0.18 MeV. After Y-90 undergoes beta decay, 

zirconium-90 is produced, with a beta energy of 2.28 MeV and an average 

beta energy of 0.92 MeV as shown in Figure (2.1) [71] 

 (2.2) 
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Figure (2.1): Scheme of Sr-90 decay[72] 

 

2.2.2  Positron/Beta Plus Decay(β+) 

The emission of positrons, the antiparticle form of electrons, is known as beta-

plus (+) radiation. When a positron slows down to the same speed as electrons in 

a material, it will destroy an electron, generating two 511 keV gamma rays in 

the process.  

 When the neutron to proton ratio is too low, a proton transforms into a neutron 

and a positron (beta plus particle), and the positron is ejected from the atom. 

A positron is an electron antiparticle with the same rest mass as an electron but 

the opposite electric charge sign. 

The positron has an elementary particle that does not enter into the formation of 

ordinary matter and is not found free, nor in the nucleus of an atom and a 

neutron, the anti-electron particle or the anti-electron. It corresponds to the 

electron in all valid physical properties, except for the electric charge. The load 

of the positron carries a positive electrical charge equal to the charge of the 

electron, but unlike the electron it carries a negative electrical charge. In the 
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event of a positron collision with an electron, the annihilation of an electron-

positron occurs, which means that they are transformed into two gamma rays. A 

body that converts to energy and appears in the form of two electromagnetic 

waves of the same frequency[73][74] 

𝑝 → 𝑛 + 𝑒+ + 𝜈              (2.3) 

 

2.2.2.1 Radioactive Sodium (Na 22) 
 
Na22 is a man-made isotope with a 2.6-year half-life. Its nuclide is produced 

by cosmic rays by spalling out argon, which is a component of the 

atmosphere (with a ratio of 0.93). It decays into stable neon-22 by generating 

a positron (β + decay). With a β + branching ratio of roughly 90 percent, Na22 

decays to Ne-22* the excited state. After 3.7 ps, a γ- photon with a mass of 

1274 keV emits, bringing Ne22 to its ground state. This photon arrives shortly 

after the positron emission, allowing it to be used to track the positron's birth. 

Because the β -decay reaction is a two-particle event, the positrons emitted 

by Na 22have a wide energy range, ranging from virtually zero to 545 keV 

[75], A simplest scheme of Na-22 decay shown in Fig. (2.2)  

Figure (2.2): shows scheme of Na-22 decay 
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2.3 Optical Properties 

Organic semiconductors are more suitable as a significant material in the fields 

of electronics and optoelectronics. Because of its optical uses in the field of 

organic light-emitting devices (OLEDs), phthalocyanines have gotten a lot of 

attention recently.[76]  

for use with flat-panel displays One of the generality direct approaches to delve 

into the band structure of organic semiconductors is to analyze optical 

characteristics. Spectroscopic studies of metal-substituted phthalocyanines 

reveal important details regarding their electronic processes. Charge transfer 

transitions between the central metal ion and the phthalocyanine ligand reveal an 

electronic overlap between the centrally substituted metal ion and the 

phthalocyanine ring, indicating substantial interaction between the two 

electronic systems. Between 300 and 1000 nm, charge transfer transitions 

account for a large fraction of the measured spectra.[77] 

2.3.1 FT-IR Emission 

  The wavelength and intensity of an object are measured using infrared 

spectroscopy. Infrared spectra, bending, turning, and vibrational motions of 

atoms in a molecule all twist. Two types of molecular vibrations can be used to 

characterize all of the motions. A stretch is one sort of vibration that causes a 

change in bond length. A stretch is a rhythmic movement along the atoms' line 

of contact.[78] .A bend, the second form of vibration, causes a change in bond 

angle. Stretches can be symmetrical or asymmetrical in nature. Bending can take 

place in the molecule's plane or out of it, as seen in Figure (2.3) . The intensity 

of light striking the detector is measured as a function of mirror position, then 

Fourier-transformed to give an intensity vs. mirror position diagram wave 

number is shown in figure (2.4). 
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Figure (2.3): Oscillations observed in diatomic molecules[79] 
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Figure (2.4): Schematic Representation of FT-IR Spectrometer[80] 

 

2.3.2  Optical Properties of Semiconductors 

               Optical properties are significant because they give a useful method for 

identifying materials and are responsible for certain of their properties.  The new 

occurrences and their implications for the photophysics of organic 

semiconductor materials packed in a solid, as well as molecular interaction. 

Except that the electronic and vibrational transitions occur at longer 

wavelengths, the absorption spectra is comparable to that of solitary molecules. 

The weak Van-Der-Waals forces that hold organic molecules together are the 

source of these optical features. [50]  The most essential absorption process is 

fundamental absorption, which includes electrons transitioning from the valence 

to the conduction band [81] The absorption coefficient is between 105 and 

10
6
cm

-1
. The band edge in semiconductors is caused by a rapid decline in the 

absorption coefficient on the high-energy side of the absorption band. 
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Absorption is a phenomenon of basic relevance because of its connection to the 

dynamics of the medium's electrons and ions under the impact of 

electromagnetic radiation. One of the advantages of organic semiconductor 

materials is their high absorption coefficient in the visible region of the 

electromagnetic spectrum, because this high absorption coefficient means that 

only a thin film is required to absorb the majority of incident light, which is an 

appealing feature for applications because it requires less material to 

manufacture them[82] 

The frequency dependence of the absorption can be used to calculate the 

material's energy gap [18]. When the photon energy (hv) is equal to or greater 

than the energy gap (Eg), the photon can interact with a valence electron, 

elevating it into the C.B. and forming an electron–hole pair. The incident 

photon's maximal wavelength (λm) that forms the electron–hole pair is specified 

as[83] : 

 
(eV)E

1240

E

hc
nmλ

gg


                         

Where λ is the wavelength of the incident radiation, h blank constant ,c light 

velocity in vacuum . The intensity of the photon flux decreases exponentially 

with distance through the semiconductor according to the Lampert equation[84] 

  I = I₀e−αt                                                 (2.5) 

Where  is the absorption coefficient I and I are the incident and the 

transmitted photon intensity respectively which is defined as the relative number 

of the photons absorbed per unit distance of semiconductor, and t is the 

thickness of the material[85]  . 

There are two types of the optical transitions, as illustrated in Fig.(2.5) and we 

will discuss them below: 

 

(2.4) 
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2.3.2.1 Direct Transitions 
 
When the incident photon's energy surpasses the material's band gap energy 

(Eg), one electron is stimulated from the valence band to the conduction band. 

Direct transitions include only photons, while indirect transitions involve both 

photons and phonons. 

Figure (2.5a) shows a direct optical transition near the basic absorption edge of a 

semiconductor  

At k = 0, the valence band maximum and the conduction band minimum emerge 

in the Brillouin zone at the same time. A vertical transition (also known as a 

direct transition) from the valence band's top state to the conduction band's k = 0 

state includes the smallest energy difference and hence corresponds to the 

absorption edge. 

The optical band gap can be determined using Tauc relation [86]    

αhѵ = B(hѵ ± Eg) 
r
                                                  (2.6) 

where h is Planck's constant, ѵ is frequency, B is constant which depends on the 

type of material while r depends on the type of transitions. The direct transition 

can be divided into allowed and forbidden transition[87] 

  

2.3.2.1.1 Allowed Direct Transition 
 
The transition which happens between the top of the valence band and bottom of 

the conduction band when the change in the wave vector equals zero Δk = 0. In 

this form of transition, the exponential value r in Equation (2.6) becomes 1/2 

[87]. 
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2.3.2.1.2 Forbidden Direct Transition 
 
The forbidden direct transition happens between states of the same wave vector, 

but the wave vector does not equals zero. In this transition type, the exponential 

value r in Equation (2.6) becomes 3/2[87]  

2.3.2.2 Indirect Transitions 
 

In indirect transition there is a large momentum difference between the 

points to which the transition takes place in valence and conduction bands, this 

means that the conduction band minima are not at the same value of  K as the 

valence band maxima, then, assistance of a phonon is necessary to conserve the 

momentum, therefore :[88] 

pg EEhν                                                             (2.7) 

Where Ep is the energy of an absorbed or emitted phonon. For an allowed 

indirect transition, the transition occurs from the top of the valence band to the 

bottom of the conduction band as shown in Figure.(2.5c)  

While, the forbidden indirect transitions occur from any point near the top of 

V.B. to any point other than the bottom of the C.B., as shown in figure.(2-5d) 

[89]  

Experimentally it is possible to differentiate between direct and indirect 

processes by the level of the absorption coefficient ();  takes values from 10
4
 

to 10
5
 cm

-1
 for direct transitions and 10 to 10

3
 cm

-1
 for indirect transitions at the 

absorption edge[89]  
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Figure (2.5)The Optical Transition (a) Allowed Direct Transition(b) The Forbidden 

Direct Transition ; (c) Allowed Indirect transition (d) The Forbidden Indirect 

Transition[90] 

 

2.4 Optical Constants 

Optical parameters are extremely essential since they characterize the optical 

behavior of materials. The absorbance  and reflectance  data can be used to 

calculate the optical constants of( CuPc) phthalocyanine thin films[91]. The 

material's absorption coefficient (α) is a significant function of photon energy 

and band gap energy, is given by [87] 

α = 2.303   
A

t
                                                                (2.8) 

Where A is the absorbance and t is the sample thickness 

Optical constants included refractive index (n), extinction coefficient (k), and 

real (εr) and imaginary parts (εi) of dielectric constant. 

The extinction coefficient represents the attenuation of incident photon energy 

on the material for a unit thickness, and the absorbance processes are the 
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primary cause of this attenuation[92], which is connected to the exponential 

decay of the wave as it passes through the medium, is defined as the following 

[93]   

4π

αλ
k 

 

The complex refractive index (N) is defined as[94]  

N= n-iK                                                                        (2.10)   

and it is related to the velocity of propagation in matter (v) and light velocity in 

space (c), as shown below:  

N=c/v                                                                             (2.11)   

The refractive index value can be calculated from the following equation [95]                                 

n = √
4R

(1−R)2
− K2 + 

1+R

1−R
 

Where R is the reflectance, and can be expressed by the relation[93]: 

   
22

22

k1)(n

k1)(n
R




                                              (2.13) 

The real and imaginary part of dielectric constant can be calculated by using the 

following equations[96] 

ir

2 εε iik)(n                                                             (2.14) 

Where 

 
22

r knε                      (2.15) 

And  

2nkεi                                                                             (2.16) 

The optical conductivity is calculated using the following equation: 

σop=
αnc

4π
                                                                         (2.17)  

Where c is the speed of light.  

                                                                                                                                                   

 (2.12) 

  (2.9) 
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2.5    Photoluminescence Spectrum 

The direct electron transition from the lower vibrational of singlet excited state 

to lower energy level is called ”fluorescence” as shown in Figure(2.6) 

 Once a molecule is excited by absorption of a photon,it can return to the ground 

state with emission of fluorescence[97]. It involves using a beam of light,  that 

excites the electrons in molecules of certain compounds and causes them to emit 

light; A complementary technique is absorption spectroscopy. 

 

Figure (2.6) Representation of the energy transfer involved in the process of fluorescence 

(Jablonski diagram) [98] 

 

Fluorescence in MPc is usually short lived, of the order 10
-8

 s. Pc fluorescence 

emission spectra are at longer wavelengths than the absorption spectra .Minimal 

rearrangement of the atomic coordinates of standard Pcs on photo excitation 

results in small Stokes shifts[99] . The fluorescence lifetimes of MPcs are 

usually of the order of a few nanoseconds.  As a result of the lower energy 

emitted photon, Pc fluorescence emission spectra are at longer wavelengths than 
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the absorption spectra figure (2.7), where the difference in spectral position is 

known as the Stokes shift. Minimal rearrangement of the atomic coordinates of 

normal Pcs on photoexcitation results in small Stokes shifts . Two general types 

of instruments exist: filter fluorometers that use filters to isolate the incident 

light and fluorescent light and spectrofluorometers that use a diffraction grating 

monochromators to isolate the incident light and fluorescent ligh[100] Both 

types use the following scheme  the light from an excitation source passes 

through a filter or monochromator, and strikes the sample. A proportion of the 

incident light is absorbed by the sample, and some of the molecules in the 

sample fluoresce. The fluorescent light is emitted in all directions. Some of this 

fluorescent light passes through a second filter or  monochromator and reaches a 

detector, which is usually placed at 90° to the incident light beam to minimize 

the risk of transmitted or reflected incident light reaching the detector [101] 

 

Figure (2.7): Typical (a) absorption and (b) fluorescence emission 

spectra of a symmetrical D4h type MPc [102] 

In fluorescence spectra recombination processes are observed with emission 

energies less than Eg. These processes include exciton recombination and 
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indirect transitions, which involve the trapping of electrons (or holes) by 

impurities Depending on the duration of the emission can distinguish 

photoluminescence in solids in which electronic states of solids are excited by 

light of particular energy and the excitation energy is released as light.[103] 

The fluorescence life times of MPcs are usually of the order of a few 

nanoseconds (10
-9

 s) [104] 

 

2.6 Structural Properties  

2.6.1  X-ray Diffraction 

X-ray diffraction, is a non-destructive rapid analytical technique used to 

characterize different materials. It is used for phase identification of a crystalline 

material and can provide information on the unit cell dimensions, crystal 

structure, orientation and average crystal size. It provides the researchers with a 

fast and very reliable tool to determine the material composition; however, it 

does not provide the qualitative compositional data as obtained from Scanning 

beam electroscopy.[105] X-rays can also be defined as electromagnetic waves 

that lie between gamma rays and ultraviolet rays 

It has a relatively large energy and has a specific wavelength within the range 

(1.0 - 100)A
0
, and the boundaries of the interatomic distance lie between its 

atoms, and that knowledge of the prevailing direction and the main crystal 

phases for the growth of the membranes under the preparatory conditions by the 

presence of characteristic peaks with crystalline directions 

and Bragg diffraction angles (Angles Bragg) and it appears in the study the type 

of X-ray diffraction by Projection of a monochromatic X-ray beam, which has 

an angle (θ) on The levels of the membrane prepared in the laboratory as shown 

in Figure (2.7) [106] 



Chapter two                                                               Theoretical part 

 
29 

 

 The pattern of the X-rays diffracted is mathematically related to the structural 

arrangement of the atoms causing the scattering. The intensity of the diffracted 

beam also depends on the arrangement of the atoms in the repeated motif called 

unit cell . When an X-ray beam hits the sample and is Diffracted, the distance 

between the planes of the atoms can be measured using the Braggs law which 

states that[107]  

nλ=2dsinθ                                              (2.18) 

where n is the order of the Diffracted beam, d is the distance between the 

adjacent planes of the atoms and θ is the angle of incidence of the X-ray beam. 

The Diffraction pattern is a plot of Intensity versus 2θ  

 

Figure (2.8): Reflection of X-ray beam of wavelength λ from a   particular set of atomic 

planes separated by equal distances d. θ is the complement of the angle of incidence[105] 

 

The intensity of the reflected beam has sharp peaks in the corresponding 

directions . They are called Bragg peaks. The Bragg peak can be found by 

varying the angle 2θ of the detector. This is the Bragg condition for 

diffraction[107]. 
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The average crystal size of the films was studied form defractogram peaks using 

the Scherrer formula [108]]. 

𝐷 =
𝑘𝜆

(𝐹𝑊𝐻𝑀)𝑐𝑜𝑠𝜃
                                                                         (2.19)                                                                                                  

Where D. is average crystal the size, k is a constant, (FWHM) is the Full Width 

at Half Maximum.,β angle and lattice parameters (a), (b) and (c) for monoclinic 

crystal  can be  calculated from X-ray d-spacing’s according to equations:  

                    (2.20)  

sin(𝜃) =
𝜆2

4𝑆𝑖𝑛2(𝛽)
(

ℎ2

𝑎2
+

𝐾2𝑆𝑖𝑛2(𝛽)

𝑏2
+

𝑙2

𝑐2
+

2ℎ𝑙 cos(𝛽)

𝑎𝑐
)                (2.21) 

Where h, k, and l refer to the Miller indices of individual reflections and β is the 

angle between a and c. 

 

2.7 Surface Morphology   

          Surface morphology and micro structural features control physical 

properties like the gas sensitivity, response recovery time, stability, 

reproducibility, and other sensing characteristics of thin films. Surface structure, 

polymorphic form and phase transition influence behaviors of the 

phthalocyanines . 

 

2.7.1 Atomic Force Microscopy (AFM)  

          The atomic force microscope (AFM) (also known as the scanning force 

microscope – SFM) is a type of scanning probe microscopy that has been shown 

to have resolution on the order of a nanometer. An atomic force microscope can 

image features as fine as a carbon atom (0.25 nm) and as vast as the cross 

section of a human hair (80 m), allowing researchers to investigate sample 
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surface topography and morphology in unprecedented detail[109].  The scanning 

tunneling microscope (STM), created by Gerd Binnig and Heinrich Rohrer in 

the early 1980s, was a direct forerunner of the AFM. In 1986, they were 

awarded the Nobel Prize in Physics for this achievement. However, the STM 

had one important drawback: it could only be used with conducting 

specimens.[110] The first AFM was able to distinguish lateral features as small 

as 300 microns. However, after the introduction of microcantilevers, new 

modified Nano tips, and new optical beam deflection methods to assess tip 

movement and twist, significant progress in the AFM method application began. 

As a result of Alexander and colleagues' good work, the beam–bounce approach 

is now widely employed. [111]. Micro cantilevers and novel tips (the top of the 

tip can be produced from tens to hundreds of atoms) are commonly made of 

silicon or silicon nitride.. The Scheme of AFM device is shown in figure.(2.9).  

 

Figure (2.9): Scheme of AFM Device [49] 
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3.1 Introduction 
 This chapter covers the materials and devices used in the study, as well as 

the thin-film deposition and thickness measurement techniques. 

Optical qualities such as transmittance (T), absorbance (A), and structural 

properties such as XRD, AFM, FT-IR devices, and fluorescence are tested and 

measured using devices like XRD, AFM, FT-IR devices, and fluorescence. A  

schematic  illustrating of the experimental work is shown in Fig (3-1). 

 

Figure (3.1) : Schematic diagram for the experimental work 
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3.2   Solutions Preparation 

The solutions of CuPc molecules with a concentration of 0.15 gm/L was prepared 

using chloroform as a solvent.it was irradiated in  pluse beta ray source  in collage 

of science university of Karbala Na-22 (RE 402) and minis beta ray source Sr – 

90(UB863) in  time periods ( 1  , 2 , 3 days ) , concentrations of (0.1,0.2,0.15) g/L 

was prepared  then they were irradiated in  pluse beta ray source Na-22 (RE 402) 

and minis beta ray source Sr-90(UB863) in constant time period (5 days)  then the 

optical  properties  and energy band gap  were measured before and after 

irradiation.   

3.3  Preparation of  blue CuPc Thin Films 

The CuPc used as an active material, that obtained from VOXCO company, 

China. was prepared as thin films were  made on a glass substrate by spin coating 

deposition of thickness (197, 214 nm) at room temperature. Spin coating is a 

method of covering flat objects with a thin layer of homogenous coatings. A 

small amount of coating material is usually placed in the center of the substrate 

and whirled gently or not at all. Using centrifugal force, the substrate is spun up 

to 1000 times per minute to disseminate the coating material. A spin coater, often 

known as a spinner, is a spin coating machine.[1] Figure (3.2) depicts the 

molecular structure of the CuPc employed as an active material, which was 

received from the VOXCO film (blue CuPc)  
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Figure (3.2) Represent The Spin Coating Method 

 

3.4 Beta Particle Sources  

The beta irradiation was carried out using two types of beta source ( Na-

22)(RE402) (Sr-90)(UB863) GSA GLOBAL company in university of Karbala 

college of science where the solution was irradiated at varied durations (0, 1, 2, 

and 3 day ) for each concentration. Fig. (3.3) shows   the beta source used for 

irradiation Table (3.1 ) shows Beta Source Isotopes 

 

Figure (3.3)   The Beta Sources 
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Table (3.1): Beta Source Isotopes 

 

3.5 Thickness Measurements 

In the university of Babylon College of women science,the thickness of the 

produced thin film was measured using Ellipsometry HOLMARC company  India  

as shown in Fig.(3.4)  using a diode laser with an output power of (5mW) and a 

wavelength of (532 nm). It's a useful optical technique for estimating the 

thickness and surface density of reflective materials' across layers. Ellipsometers 

employ polarized light to examine a multi-layer or single-layer thin film material 

on a substrate non-invasively. It can also investigate the substrate's bulk. Single 

wavelength ellipsometers are typically employed for simple systems like a single 

layer non-absorbing material, although they are limited to only giving two 

parameters. There are two different variations of the approach that provide 

additional information. The ellipsometry technique is best for determining the 

thickness of a thin layer produced on glass using the spin coating method. [112] 
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Figure (3.4 ) : Typical Configuration of Ellipsometer [113]  

 

3.6 Optical Measurements 

3.6.1 UV-Vis Measurements 

 CuPc thin films optical characteristics Using a UV/Vis (1900I) 

spectrophotometer (Shimadzu Company) Japanese made spectrophotometer, the 

time of beta ray irradiation by two beta ray  sources Na-22and Sr-90 deposited at 

RT. these spectrometers contain two light sources: Deuterium and Tungsten lamp 

in the wavelength range 300-800 nm and 190–1100nm. The optical energy band 

gap, fundamental optical edge, and optical constants are determined. 
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Figure (3.5 ) : UV-Vis Spectrophotometer 

 

3.6.2 Photoluminescence Measurements  

      Photoluminescence measurements (Fluoro Mate Fs-2 spectrometer ) 

registered by  single beam spectrometer for CuPc thin films deposited with same 

thicknesses at RT. To show the role of traps PL measurements  have  been done at 

exciting wavelength 320 nm.  



     Chapter Three                             Experimental Procedure&Measurements 
 

 
40 

 

 

Figure (3.6 ) : Photoluminescence Spectrometer[114] 

 

 3.7 Structural Measurements  

3.7.1 FT-IR Measurements 

Shimadzu double-beam FTIR spectrometer recorded Fourier-transformed infrared 

spectra of CuPc powder after grinding with potassium bromide (KBr)  
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Figure (3.7 ) : FTIR Spectrophotometer[115] 

3.7.2 X–Ray Diffraction 

The structures of CuPc Powder and films were investigated using an X–ray 

diffractometer system (Shimadzu – XRD6000, Shimadzu Company /Japan) ,The 

intensity is calculated as a function of 2ϴ. The radiation source was Cu (K) with a 

wavelength of λ=1.5405 nm, a current of (30 m Amp), and a voltage of (40 kV). 

With a speed of 2cm.min-1, the scanning angle 2θ was changed between (5–60) 

degrees. Using Bragg's law Eq.(2.17), Average crystal size was computed from 

the interpleader distance d(hkl) for different planes 
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Figure (3.8) : Schematic illustration of X-ray diffraction instrument[116] 

 

3.8 Measurements of Surface Morphology 

3.8. 1 Measurements with an Atomic Force Microscope 

The model TT-2 AFM workshop company in the United States performed surface 

morphological measurements for CuPc thin films with varying irradiating times 

of beta ray irradiated with energy Na -22 average energy 0.544 MeV and energy 

0.546 MeV Sr-90. Roughness and diameter of grains were acquired 

computerized, also 2D and 3D images for all studied samples were get.  
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Figure (3.9 ) :  AFM Device[117]
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4.1 Introduction 

This chapter contain the results and the analysis of the experimental 

measurements of the CuPc thin films with various irradiation time of Beta  

ray irradiation (Na-22)(RE 402) average energy 0.544Mev. and (Sr –

90)(UB863) energy (0.546Mev)  the optical, structural, surface morphology 

properties  of CuPc thin films prepared by Spin coating method which tested  

4.2 FT-IR Transmittance Spectra 

           The FT-IR spectrum for CuPc Powder is measured at room 

temperature as shown in Figure ( 4.1) FT-IR for CuPc  powder  shows the 

bond bending represented by the range (400-2000) cm
-1

,while the bond 

stretching represented by the range (2000-4000) cm
-1

. There is weak peak in 

the range (400-800) cm
-1 

which indicate the presence of (metal-Nitrogen) 

bond vibration. At (894) cm
-1

 have been assigned for (copper – Nitrogen)  

peak , At(1165) cm
-1

 is for  bond of C-N, peak (1496) cm
-1

 for C=N and the 

peak (1620) cm
-1

 indicates C=C bond,  peaks at 3047 indicates Alkene =C-H 

bond and 2862 cm
-1

 for alkan -C-H stretching , the range (2121-2245)cm-1 

indicates Benzene ring band. This result agreements with reference [48] 
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Figure (4.1 ) :FT-IR Spectra of CuPc  Powder  

 

4.3 Optical properties of CuPc  

4.3.1  Effect of irradiation time on Optical properties of CuPc 

Solutions Irradiated by Beta ray  

The results appeared for  β-phase CuPc solutions when irradiated with plus 

and minus beta rays for several periods of time, as follows: 

The results of  UV-Vis  for Beta rays with concentration( 0.15) g/l are shown 

in  Figs.(4.2a, 4.3a) which illustrate the absorbance spectra in the wavelength 

range (300-1100) nm. It can be seen that there are two bands for CuPc 

solutions. The first one is named as B-band (Soret) and appeared in the UV 

range in the region (300-400 nm) while the second one is obtained in the 

visible region and called Q-band with wavelength range (600-1100 nm) This 

suggests that the spectrum range is from (π- π
*
) orbital's transition .The 
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increasing of the irradiating time leads to decrease the absorption of the 

solution since the rays broke at the bonds and the molecules lost their identity. 

The measurements are taken irradiating times (0,1,2, and 3 day) with Beta ray 

for concentration (0.15 g/l) the absorbance is higher at the non irradiated 

sample and decreased with increasing irradiation time (1 ,2 , and3) day as 

shown in Figs. (4.2b,4.3b) 

 

λ=600 nm 

 

a 

 

 

b 

  

Figure(4.2) : a. Absorbance spectra with CuPc solutions concentration (0.15)g/l for β+ 

Irradiated samples in period time . b. The Maximum Absorption vs. the Irradiating time 

for β+ CuPc solutions at 600nm 
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λ=600 nm  

 

a 

 

 

b 

 

Figure(4.3) : a. Absorbance spectra with CuPc solutions concentration (0.15)g/l for β-

Irradiated samples in period time. b. The Maximum Absorption vs. the Irradiating time 

for β- CuPc solutions at 600nm 

The reflectance spectra with the solution concentration (0.15) g/l irradiated by  

Plus and minus Beta ray, simply it is shown that the reflectance spectra is 

higher in B band. The maximum reflectance appears at the highest non 

irradiated sample and decrease with increasing irradiation times (1 ,2 , and3 

day) at wavelength (600) nm  as shown in Figs. (4.4a ,4.5a). The maximum 

reflectance spectra against the irradiation time. Obviously, the reflectance is 

higher at irradiation time (0 day )  for non-irradiated samples and decreases 

with increasing the irradiation time this behavior is similar to the absorbance 

behavior shown in Fig. (4.4b, 4.5b) 
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λ =600 nm 

 

a 

 

 

b 

Figure (4.4) : a. Reflectance spectra with CuPc solutions concentration (0.15)g/l for 

β+Irradiated samples in period time . b. The Maximum Reflection vs. the Irradiating 

time for β+ CuPc solutions at 600nm 

λ=600nm 

 

a 

 

 

b 

Figure (4.5) : a. Reflectance spectra with CuPc solutions concentration (0.15)g/l for 

Irradiated samples in period time .  b. The Maximum Reflection vs. the Irradiating time 

for β- CuPc solutions at 600nm 
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The transmittance spectra of the solution concentration (0.15) g/l irradiated by 

Beta rays, simply it is shown in Figs. (4.6a,4.7a) the transmittance spectra is 

higher in Q band which increase with increasing wavelength from(700-1100 

)nm. the maximum transmittance spectra against the irradiation time(0,1,2 and 

3 day ). Obviously, the transmittance  increases with increasing the irradiation 

time as shown in Figs. (4.6b to 4.7b) 

 

λ=600nm 

 

a 

 

 

b 

 

Figure (4.6) : a. Transmittance spectra with CuPc solutions concentration (0.15)g/l for 

β+Irradiated samples in period time . b. The Maximum  Transmittance vs. the 

Irradiating time for β+ CuPc solutions at 600nm 
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λ=600nm 

 

a 

 

 

 

b 

 

Figure (4.7) : a. Transmittance spectra with CuPc solutions concentration (0.15)g/l for β-

irradiated samples in period time .  b. The Maximum  Transmittance vs. the Irradiating 

time for β-CuPc solutions at 600nm 

 

The indirect energy band gap calculated from the equation (2.6) using  Tauc 

method, the Figs. (4.8a , 4.9a) the tangent line intersect the energy axis with 

Eg values , the broken molecules lead to low absorbance and minimum defect 

in material  as shown in Figs .(4.8b,4.9b) 
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λ=600nm 

 

a 

 

 

b 

Figure (4.8) :  a. Determined indirect energy band  gap CuPc solutions concentration 

(0.15)g/l for  β+ Irradiated samples  in period times. b. The Maximum indirect energy 

band  gap  vs. irradiating time for β+CuPc solutions at 600 nm 

λ=600 

 

a 

 

 

 

b 

Figure (4.9) : a. Determined indirect energy band  gap CuPc solutions concentration 

(0.15)g/l for  β- Irradiated samples in period times. b. The Maximum indirect energy 

band  gap  vs. irradiating time for β-CuPc solutions at 600 nm 
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Optical parameters for solution concentration (0.15) g/l was irradiated by 

Plus, minis Beta ray  as the Linear Absorption Coefficient (α) decreases due 

to a decrease in absorbance, since (α)  less than 10
-4

 is indirect, The extinction 

coefficient (K) decreases due to the decrease in the number of dye molecules, 

and thus the attenuation of rays decreases, The refractive index (n) depends 

mainly on the reflectance , and the reflectance  decreased with the increase in 

the irradiating  time, The Real dielectric constant(εr); The dielectric of a 

substance decreases due to a decrease in the concentration of the substance 

upon its dissolution, The imaginary dielectric constant(εimg) represents the 

loss in the electric field and its decrease is due to the decrease in the electric 

field stored in the insulating material  and optical conductivity (σ) ; The 

decrease in the optical conductivity values is due to the decrease of its two 

main terms in the equation (𝜎 =
𝛼𝑛𝑐

4𝜋
 ) the refractive index and the absorption 

coefficient with an increase in the irradiation time as shown in Tables(4.1, 

4.2)  

Table (4. 1):Optical Constants of CuPc Solution irradiated byβ
+ 

- ray  

 

at λ= 600 nm 

 

irradiating time 

          (day) 

 

   α *10
4
 

    (cm
-1

) 

 

    (K) 

 

    (n) 

 

(εReal) 

 

   (εIm.) 

 

  Eg 

  (eV) 

 

σ optical  

(s
-1

) 

 

0 

 

    0.223 

 

 1.067E-06 

 

    2.305 

 

   5.316 

 

 4.921E-06 

 

  1.9 

 

  1.230 

 

1 

 

     0.194 

 

 9.290E-07 

 

     2.206 

 

   4.870 

 

  4.100E-06 

 

   2 

 

  0.102 

 

2 

 

      0.192 

 

 9.183E-07 

 

      2.189 

 

   4.793 

 

  4.020E-06 

 

  2.1 

 

  0.100 

 

3 

 

      0.177 

 

 8.475E-07 

 

       2.125 

 

   4.517 

 

 3.602E-06 

 

  2.2 

 

` 0.090 



Chapter four                                                                                  Results and Discussion 
  

 
53 

 

Table( 4.2): Optical Constants of CuPc Solution irradiated byβ
- 
- ray 

 

4.3.2 Concentrations Effect on the Optical Properties for Cupc 

Solution Irradiated by Beta ray  

The results of  UV-Vis  for Beta rays irradiated CuPc solution with 

concentrations(0.1, 0.15,0.2) g/l are shown in  Figs. (4.10a , 4.11a) are 

examined .The absorbance spectra in the wavelength range (250-1100) nm. It 

can be seen that there are two bands  for  CuPc solutions. The first one is 

named as B-band (Soret) and appeared in the UV range in the region (300-500 

nm) while the second one is obtained in the visible region and called Q-band 

with wavelength range (600-1100 nm). 

The increasing of the irradiation time leads to increase the absorption of the 

solution obeying Beer Lambert law eq (2.5),The measurements are taken for 

irradiating times (5 day) with Beta ray with concentrations(0.1 ,0.15 ,0.2g/l), 

the absorbance is higher at the highest concentration sample (0.2 g/l)and 

decreased with decreasing the concentration. as shown in Figs. (4.10b , 4.11b) 

 

at λ= 600 nm  

 

irradiating time    

(day) 

 

α *10
4 

(cm
-1

) 

 

   (K)  

 

   (n) 

 

 (εReal) 

 

   (εIm.) 

 

  Eg  

  (eV) 

 

σ optical  

(s
-1

) 

 

0 

 

 0.223 

 

1.067E-06 

 

  2.305 

 

   5.316 

 

4.921E-06 

 

   1.9 

 

0.123 

  

1 

 

  0.214 

 

1.026E-06 

 

  2.285 

 

   5.222 

 

4.690E-06 

 

     2 

 

0.117 

 

2 

 

 0.183 

 

8.756E-07 

 

 2.151 

 

    4.628 

 

3.767E-06 

 

    2.1 

 

0.094 

 

3 

 

 0.168 

 

8.027E-07 

 

 2.082 

 

     4.336 

 

3.343E-06 

 

   2.2 

 

0.083 
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λ=600 nm 

 

a 

 

   

b 

Figure(4.10):  a. Absorbance  spectra with CuPc solutions concentrations (0.1 

,0.15,0.2)g/l for β+Irradiated samples in (5 day) . b. The Maximum  Absorbance  vs. the 

concentrations  for β+ CuPc solutions at 600nm 

λ=600 nm 

 

a 

 

 

b 

Figure(4.11): a. Absorbance  spectra with CuPc solutions concentrations (0.1 

,0.15,0.2)g/l for β-Irradiated samples in (5 day) .  b. The Maximum  Absorbance  vs. the 

Concentrations  for β- CuPc solutions at 600nm 
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The reflectance spectra when varying the solution concentration (0.1, 0.15, 0.2) 

g/l, simply it is shown that the reflectance spectra is higher in B band as shown 

in Figs. (4.12a ,4.13a). Obviously, the reflectance is higher at the highest 

concentration sample(0.2g/l)and decreases with decreasing the concentration 

for the samples this behavior is like absorbance behavior shown in Figs. (4.12b 

, 4.13b) 

 

λ=600 nm 

 

a 

 

 

b 

 

Figure(4.12) : a. Reflectance  spectra with CuPc solutions concentrations (0.1 

,0.15,0.2)g/l for β+Irradiated samples in (5 day)  .  b. The Maximum  Reflectance  vs. the 

concentrations  for β+ CuPc solutions at 600nm 
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λ=600 nm 

 

a 

 

 

b 

 

Figure(4.13) : a. Reflectance  spectra with CuPc solutions concentrations (0.1 

,0.15,0.2)g/l for β-Irradiated samples in (5 day) .  b. The Maximum  Absorbance  vs. the 

concentrations  for β- CuPc solutions at 600nm 

 

The transmittance spectra are measured for the solution concentrations (0.1 

,0.15 ,0.2 ) g/l was irradiated by Beta rays , simply it is shown in Figs. (4.14a, 

4.15a)   that the transmittance spectra is higher in concentration (0.1 g/l) and 

decrease with increasing the concentration(0.15 ,0.2 g/l).Obviously, the 

transmittance  decreases with increasing the concentration as shown in Figs. 

(4.14b to 4.15b) 
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λ=600 nm 

 

a 

 

 

b 

Figure(4.14): a. Transmittance spectra with CuPc solutions concentrations (0.1 

,0.15,0.2)g/l for β+Irradiated samples in (5 day)  .  b. The Maximum  Transmittance vs. 

the concentrations  for β+ CuPc solutions at 600nm 

λ=600 nm 

  

a 

 

 

b 

Figure (4.15): a. Transmittance spectra with CuPc solutions concentrations (0.1 

,0.15,0.2)g/l for β-Irradiated samples in (5day) . b. The Maximum  Transmittance vs. the 

concentrations  for β- CuPc solutions at 600nm 
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The indirect energy band gap calculated from the equation (2.6) using  Tauc 

method ,the Figs. (4.16a , 4.17a) shows the tangent line intersect the energy 

axis with Eg values , increasing the number of molecules or increasing the ratio 

of the substance to the solution, ,which increases the number of local levels in 

the energy gap caused by the crystal defects as shown in Figs .(4.16b,4.17b) 

λ=600nm 

 

a 

 

 

b 

 

Figure (4.16): a. Determined indirect energy band  gap for  β+ ray CuPc solution with 

Concentrations (0.1,0.15,0.2) g/l. b. The Maximum indirect energy band gap 

vs.Concentrations at 600nm 
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λ=600 nm 

 

a 

 

 

b 

 

Figure (4.17): a. Determined indirect energy band  gap for  β- ray CuPc solution with 

Concentrations(0.1,0.15,0.2)g/l .  b. The Maximum indirect energy band gap 

vs.Concentrations at 600nm 

 

Optical parameters for CuPc solutions with concentration (0.15) g/l was 

irradiated by Plus and minus Beta ray  as the Linear Absorption Coefficient (α) 

decreases due to a decrease in absorbance, since (α)  less than 10
-4

, it is 

indirect. The extinction coefficient (K) increases due to the increase in the 

number of  molecules, and thus the attenuation of rays increases. The refractive 

index (n) depends mainly on the reflectance . The reflectance  increased with 

the increase in the irradiating  time. The Real dielectric constant(εr),The 

dielectric of a substance increases due to a decrease in the concentration of the 

substance upon its dissolution. The imaginary dielectric constant(εimg) 

represents the loss in the electric field and its increase is due to the increase in 

the electric field stored in the insulating material  and optical conductivity (σ) , 

The increase in the optical conductivity values is due to the increase of its two 
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main terms in the equation (𝜎 =
𝛼𝑛𝑐

4𝜋
 ) the refractive index and the absorption 

coefficient with an increase in the irradiation time as shown in Tables(4.3,4.4)  

Table(4.3):Optical Constants for different Concentrations β+ CuPc 

Solutions 

Table(4.4):Optical Constants for different Concentrations β- CuPc 

Solutions 

 

  at    λ= 600 nm  

 

Concentrations  

(g/L) 

  

 

 α *10
4
 

  (cm
-1

) 

 

     (K) 

 

  (n) 

 

(ε Real) 

 

   (ε Im.) 

 

  Eg 

 (eV) 

 

 

  σ optical  

     (s
-1

) 

 

0.1 

 

    0.096 

 

  4.613 E-07 

 

 1.68 

 

 2.84 

 

 1.556E-06 

 

     2 

 

    0.038 

 

0.15 

 

    0.123 

 

 5.891E-07 

 

 1.85 

 

 3.43 

 

 2.182E-06 

 

    1.9 

 

    0.054 

 

0.2 

 

     0.22 

 

 1.059E-06 

 

 2.30 

 

 5.29 

 

 4.875E-06 

 

    1.7 

 

    0.121 

 

at    λ= 600 nm 

 

Concentrations 

 (g/l)  

 

  α *10
4 

  (cm
-1

) 

 

     (K) 

 

    (n) 

 

 (εReal) 

  

     (εIm.) 

 

   Eg 

  (eV) 

 

σ optical 

    (s
-1

) 

 

0.1 

 

     0.136 

 

   6.505E-07 

 

    1.92 

 

   3.687 

 

  2.498E-06 

 

      2 

 

     0.062 

 

0.15 

 

     0.152 

 

   7.287E-07 

 

     2.00 

 

    4.038 

 

  2.928E-06 

 

     1.9 

 

      0.073 

 

0.2 

 

      0.269 

 

  1.287E-06 

 

     2.43 

 

    5.921 

 

  6.263E-06 

 

      1.7 

 

       0.156 
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4.3.3  Effect of irradiation time on Optical properties for CuPc 

Thin Films Irradiated by Beta ray 

The absorbance spectra for the wavelength range (300-1100 nm) are shown in 

Figures (4.18 a) to (4.21 a) for the UV-Vis results of CuPc thin films 

irradiated by Beta rays with a thickness of (197,214) nm. Increasing the 

duration of irradiation decreases the absorption of the solution in which the 

rays have broken the bonds and the molecules have lost their identity. As seen 

in Figs (4.18 b to 4.21 b). This result conforms with reference [65] 

λ =600nm 

 

a 

 

 

b 

 

Figure(4.18): a.Absorbance spectra for β+ Cupc thin film with thickness (197) nm in 

period times . b. The   Maximum Absorbance vs. irradating time  for β+ Cupc thin film 

at 600 nm 
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λ=600 nm 

 

a 

 

 

b 

Figure(4.19): a.Absorbance spectra for β- Cupc thin film with thickness (197) nm in 

period times . b. The  Maximum Absorbance vs. irradating time  for β- Cupc thin film at 

600 nm 

λ=600nm 

 

a 

 

 

b 

Figure(4.20): a.Absorbance spectra for β+ Cupc thin film with thickness (214) nm in 

period times .  b. The  Maximum Absorbance vs. irradating time  for β+ Cupc thin film 

at 600 nm 

A
b

so
rb

an
ce
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λ=600 nm 

 

a 

 

 

                            b 

Figure(4.21): a. Absorbance spectra for β- Cupc thin film with thickness (214) nm in 

period times . b. The   Maximum Absorbance vs. irradating time  for β- Cupc thin film 

at 600 nm 

Plus, minis Beta ray irradiation of the reflectance spectra with the thin films' 

thickness (197,214) nm simply demonstrates that the reflectance spectra is 

greater in the B band. As can be shown in Figs. 1 and 2, the maximum 

reflectance occurs at the greatest un radiated sample and decreases with 

increasing irradiation periods throughout a period of seven, fourteen, and 

twenty-one days at a wavelength of (600) nm (4.22a to 4.25a). The spectrum 

of maximum reflectance as a function of exposure time. As can be seen in 

Fig. 1, similar to the absorbance behaviour and discussion, the reflectance of 

unirradiated samples is highest at the beginning of the irradiation period (0 

days) and falls as the irradiation period progresses (4.22b to 4.25b). The 

findings are consistent with the references [65] 
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λ=600nm 

 

a 

 

 

b 

Figure(4.22): a.Reflectance spectra for β+ Cupc thin film with thickness (197) nm in 

period times . b. The   Maximum Reflectance vs. irradating time  for β+ Cupc thin film at 

600 nm 

λ=600 nm 

 

a 

 

 

b 

Figure(4.23): a.Reflectance spectra for β- Cupc thin film with thickness (197) nm in 

period times . b. The   Maximum Reflectance vs. irradating time  for β- Cupc thin film  

at 600 nm 
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λ=600nm 

 

a 

 

 

b 

Figure(4.24): a.Reflectance spectra for β+ Cupc thin film with thickness (214) nm in 

period times . b. The   Maximum Reflectance vs. irradating time  for β+ Cupc thin film 

at 600 nm 

λ=600nm 

 

a 

 

 

b 

Figure(4.25): a.Reflectance spectra for β+ Cupc thin film with thickness (214) nm in 

period times . b. The   Maximum Reflectance vs. irradating time  for β+ Cupc thin film at 

600 nm 
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Figures (4.26 a)–(4.29 a) indicate that the transmittance spectra is greater in 

the wavelength range(350-1100) nm, owing to the transmittance as opposed 

to absorbance, when the thin films of thickness (197,214)nm were irradiated 

by Beta rays. transmission spectra at their peak versus exposure time (0, 7 ,14 

and 21 day ). Figures (4.26 b) through (4.29 b) clearly demonstrate that when 

irradiation duration is extended, transmittance improves. The findings are 

consistent with the reference[65] 

 

λ=600nm 

 

a 

 

   

b 

    

 Figure(4.26): a.Transmittance  spectra for β+ Cupc thin film with thickness (197) nm in 

period times . b. The   Maximum Transmittance vs. irradating time  for β+ Cupc thin film 

at 600 nm 
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λ=600nm 

 

a 

 

 

b 

Figure (4.27): a.Transmittance  spectra for β- Cupc thin film with thickness (197) nm in 

period times . b. The Maximum Transmittance vs. irradating time  for β- Cupc thin film 

at 600 nm 

λ=600 nm 

 

a 

 

 

b 

Figure(4.28): a.Transmittance  spectra for β+ Cupc thin film with thickness (214) nm in 

period times . b. The Maximum Transmittance vs. irradating time  for β+ Cupc thin film 

at 600 nm 
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λ=600nm 

 

a 

 

 

b 

 

Figure(4.29): a.Transmittance  spectra for β- Cupc thin film with thickness (214) nm in 

period times . b. The Maximum Transmittance vs. irradating time  for β- Cupc thin film 

at 600 nm 

 

The tangent line in Figs. (4.30 a) to (4.33 a) intersects the energy axis at Eg 

values, indicating that the broken molecules contribute to low absorbance and 

little defect in the material, as predicted by the indirect energy band gap 

obtained from equation (2.6) using the Tauc technique ( 4.30 b to 4.33 b). The 

findings are consistent with the references [118]  
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λ=600nm 

 

a 

 

 

b 

Figure (4.30): a. Determined Direct energy band  gap for  β+ ray CuPc Thin film with 

thickness(197)nm in  period time b. The Maximum Direct energy band gap vs.Irradiating 

time at 600nm 

λ=600 nm 

 

a 

 

 

b 

Figure (4.31): a. Determined Direct energy band  gap for  β- ray CuPc Thin film with 

thickness(197)nm b. The relation between Maximum Direct energy band gap and 

irradiating time at 600nm 
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λ=600nm 

 

a 

 

 

b 

Figure (4.32): a. Determined Direct Energy Band  Gap for  β+ ray CuPc thin film with 

thickness(214)nm b. The Relation between Maximum Direct Energy Band Gap and 

irradiating time at 600nm 

λ=600nm 

 

a 

 

 

b 

Figure (4.33): a. Determined Direct Energy Band  Gap for  β- ray CuPc thin film with 

thickness(214)nm b. The Relation between Maximum Direct Energy Band Gap and 

irradiating time at 600nm 
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Optical parameters for thin films  at thicknesses(197,214)nm  was irradiated 

by Plus, munis Beta ray  as the Linear Absorption Coefficient (α) decreases 

due to a decrease in absorbance, since (α)  less than 10
-4

 is indirect, The 

extinction coefficient (K) decreases due to the decrease in the number of dye 

molecules, and thus the attenuation of rays decreases, The refractive index (n) 

depends mainly on  the reflectance , and the reflectance  decreased with the 

increase in the irradiating  time[118], The Real dielectric constant(εr); The 

dielectric of a substance decreases due to a decrease in the thickness of the 

thin  film on the substance upon its dissolution, The imaginary dielectric 

constant(εimg) represents the loss in the electric field and its decrease is due to 

the decrease in the electric field stored in the insulating material [118] and 

optical conductivity (σ) ; The decrease in the optical conductivity values is 

due to the decrease of its two main terms in the equation(𝜎 =
𝛼𝑛𝑐

4𝜋
 ) the 

refractive index and the absorption coefficient with an increase in the 

irradiation time as shown in Tables(4.5 to 4.8) 

Table(4.5): Optical constants for β+CuPc thin film at thickness 197 nm 

at    λ= 600 nm 

 

irradiating 

time (day)  

 

   α *10
4 

   (cm
-1

) 

 

   (K) 

 

   (n) 

 

 (εReal) 

 

     (εIm.) 

 

Eg 

 (eV) 

 

σ optical  

    (s
-1

) 

 

0 

 

2.178 

 

0.104 

 

   1.794 

 

    3.210 

 

0.373 

 

  1.6 

 

         0.934 

  

6 

 

1.723 

 

0.082 

 

     1.646 

 

     2.703 

 

0.271 

 

  2.7 

 

         0.677 

 

14 

 

1.149 

 

0.054 

 

     1.444 

 

     2.083 

 

0.158 

 

  3.2 

 

          0.396 

 

21 

 

0.696 

 

0.033 

 

     1.257 

 

      1.625 

 

0.084 

 

  3.5 

 

           0.212 
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Table(4.6): Optical constants for β-CuPc thin film at thickness 197 nm 

at    λ= 600 nm 

 

irradiating 

time (day)  

 

α *10
4 

 (cm
-1

) 

 

     (K) 

 

 (n) 

 

 (εReal) 

 

    (εIm.) 

 

Eg  

(eV) 

 

σ optical (s
-1

) 

 

0 

 

   2.175 

 

0.103 

 

    1.793 

 

    3.206 

 

       0.372 

 

  1.6 

 

         0.931 

  

7 

 

   1.419 

 

0.067 

 

    1.541 

 

     2.371 

 

       0.209 

 

  2.5 

 

         0.522 

 

14 

 

    1.034 

 

0.049 

 

     1.402 

 

     1.964 

 

        0.138 

 

  3.1 

 

         0.346 

 

21 

 

     0.724 

 

0.034 

 

      1.286 

 

     1.652 

 

        0.088 

 

  3.5 

 

          0.222 

 

Table(4.7): Optical constants for β+CuPc thin film at thickness 214 nm 

at    λ= 600 nm 

 

irradiating 

time (day)  

 

  α *10
4 

  (cm
-1

) 

 

   (K) 

 

    (n) 

 

 (εReal) 

 

     (εIm.) 

 

Eg  

(eV) 

 

      σ optical 

         (s
-1

) 

 

0 

 

    1.484 

 

    0.070 

 

    1.931 

 

3.726 

 

       0.273 

 

    2.1 

 

         0.684 

  

7 

 

     0.984 

 

     0.047 

 

     1.655 

 

2.739 

 

       0.155 

 

    2.6 

 

          0.389 

 

14 

 

      0.807 

 

     0.038 

 

      1.547 

 

  2.394 

 

       0.119 

 

    3.1 

 

          0.298 

 

21 

 

      0.645 

 

     0.030 

 

      1.445 

 

2.087 

 

       0.089 

 

     3.4 

 

           0.222 
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Table(4.8): Optical constants for β-CuPc thin film at thickness 214 nm 

 

 

4.4 Results of Photoluminescence Spectra for CuPc Thin Films  

The photoluminescence spectrum, also known as the emission spectrum, is 

important because it provides information about the optical energy bandgap, and 

the energy gap value determined using the photoluminescence spectrum is more 

accurate than that computed using the Tauce equation. The photoluminescence 

spectra of CuPc thin films at various irradiation times are shown in Figs. (4.34-

4.36), and the optical energy gap values are presented in Tables (4.9,4.10), and 

they are compared to Eg calculated using the Tauce equation, and all Eg values 

reported by PL spectra are identical to those derived by Tauce equation 

approach for all irradiating times. 

at    λ= 600 nm 

 

irradiating 

time (day)  

 

α *10
4 

 (cm
-1

) 

 

   (K) 

 

    (n) 

 

 (εReal) 

 

    (εIm.) 

 

Eg 

 (eV) 

 

     σ optical  

         (s
-1

) 

 

0 

 

  1.633 

 

    0.078 

 

   2.005 

 

    4.015 

 

       0.313 

 

    2 

 

         0.782 

  

7 

 

  1.197 

 

     0.057 

 

   1.778 

 

    3.160 

 

       0.203 

 

   2.5 

 

          0.508 

 

14 

 

   0.855 

 

      0.040 

 

    1.577 

 

     2.486 

 

        0.128 

 

    3.1 

 

           0.322 

 

21 

 

   0.598 

 

      0.028 

 

     1.414 

 

     1.999 

 

        0.080 

 

    3.4 

 

            0.202 



Chapter four                                                                                  Results and Discussion 
  

 
74 

 

 

Figure (4.34): Photoluminescence Spectra For un Radiation Cupc Thin Films 

 

 

Figure (4.35): Photoluminescence spectra for CuPc thin films at different irradiating 

time of  Beta ray source (β+) 
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Table (4.9): Energy gap obtained by Photoluminescence and Tauce 

method at  different irradiating time  of Beta  ray source (β+) 

 

 

 

 

 

 

 

 

 

 

Figure (4.36): Photoluminescence Spectra for CuPc thin films at different irradiation 

time of  Beta ray source ( β-) 

 

Irradiating Time              

(day) 

 Eg (Tauce) 

        (eV) 

   Eg (PL) 

       (eV) 

Mistake percentage % 

0 2 2.1 0.9 

7 2.6 2.4 1.4 

14 3.1 2.8 1.7 

16 - 3.17 - 

21 3.5 - - 
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Table (4.10) :Energy gap obtained by Photoluminescence and Tauce 

method at irradiating time  Minis beta ray(β-)   

 

4.5 Results of Structural properties and Surface Morphology  

 4.5.1 XRD Results of CuPc 

4.5.1.1 XRD Results of CuPc Powder  

  The X-Ray diffraction spectra for CuPc powder material, were recorded as 

illustrated in Figure (4.37).  The crystal system is triclinic (anorthic),and  

lattice constants (a,b,c), and the lattice angles( α, β,γ )and d  were calculated 

and Compared with  the standard values in the card  (JCPDS :96-210-3884), 

illustrated in Table (4.11).we can see the X-ray diffraction for CuPc powder is 

polycrystlaine , similar data have been also obtained by other researchers. Also, 

the average crystal size was calculated by plotting full width at half maximum 

against inverse of Cos(θ) according to Shirrer  equation (𝐷 =
0.9𝜆

𝛽𝑐𝑜𝑠𝜃
).  as shown 

in figure (4.37)  

. 

Irradiating Time 

(day) 

Eg (Tauce) 

(eV) 

Eg (PL) 

(eV) 

Mistake percentage % 

0 2 2.1 1.2  

6 2.5 2.3 1.5 

14 3.1 2.9 1.6 

21 3.5 3.02 1.9 
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Figure (4.37): The XRD Spectrum for CuPc Powder 

 

Table (4.11) :The Lattices Constants and Crystalline Angle of Cupc 

Powder Parameter  

A (A
0
)= 12.88 α = 96.22

0 

B (A
0
)= 3.76 β= 90.62

0 

C(A
0
)= 12.06 γ= 90.32

0 

 

The structural parameters for CuPc polycrystalline structural powder were 

investigated as shown in Table (4.12). 
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Table (4.12): The structural parameters of CuPc polycrystalline structural  

powder. 

2θ d(nm) I% hkl FHWM D(nm) 

6.688 1.32058 100 100 0.45 17 

9.81 0.90088 21.8 10
-
1 0.47 17 

15.46 0.57267 28.4 201
- 

0.74 10 

21.628 0.41055 9.3 1
-
12 1.27 6 

23.988 0.37067 26.9 010
 

1.56 5 

26.571 0.33519 50.7 0
-
12 0.95 8 

 

4.5.1.2  XRD for CuPc thin films for plus Beta ray (β+) 

X-ray diffraction pattern of CuPc thin films with  different irradiating time of 

β+  shown in the figure (4.16). XRD pattern indicates that all the samples are 

poly crystalline and that it has a β-crystalline phase [4-8].  Well-defined 

diffraction peaks by (100) gives the direction of the preferential orientation as 

deposited film (JCPDS, File No. 11-0744).  

Table (4.13) shows the structure parameters of CuPc films, The full width at 

half maximum (FWHM) of preferential orientation, shows that the FWHM 

are reduced with increasing irradiating time  , which   represents better lattice 

quality ,The average crystal size D of the film which calculated using the 

Scherer eq.(2.18) Crystal angles decrease, the distance between planes 

increases and  crystal size increases with increasing irradiating time at (7,14 

and 21) day ,  thus crystal defects increases.  
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Figure (4.38): XRD Pattern For Cupc Thin Films irradiated  by Beta ray Source (β+)  

at different irradiating time 

Table(4.13): Structure Parameters of CuPc Thin Films Irradiated β+ Ray 

Source   

 

 

 

0 day 7 day - β+ 14 day - β+ 21 day - β+ 

 

2θ 

(deg) 

 

  d 

(nm)  

 

FWHM 

(deg) 

 

D 

(nm) 

 

2θ 

(deg) 

 

  d  

(nm) 

 

FWHM 

(deg) 

 

D 

(nm) 

 

2θ 

(deg) 

 

  d 

(nm) 

 

FWHM 

(deg) 

 

D 

(nm) 

 

2θ 

(deg) 

 

  d 

(nm) 

 

FWHM 

(deg) 

 

D 

(nm) 

 

9.2 

 

0.95 

 

0.74 

 

10 

 

7.4 

 

 1.45 

 

0.73 

 

12 

 

6.6 

 

4.88 

 

0.6 

 

13 

 

5.4 

 

0.99 

 

   0.59 

 

14 
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4.5.1.3 XRD for CuPc thin films for Beta Ray source (β-) 

The XRD pattern for CuPc thin films irradiated by Minus Beta ray source (Sr-

90)  at different irradiating  time (6 ,14 and 21 )days , were recorded and 

structure parameters were calculated as shown in Fig.(4.39) and  the Table 

(4.14). 

 

Figure (4.39): XRD pattern for CuPc thin films irradiated by Minus Beta ray source 

(β-)  at different irradiation time 
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Table (4.14): Structure Parameters of Cupc Thin Films Irradiated β- Ray 

Source   

 

 

4.5.2  Results of Surface Morphology for CuPc Thin Films  

4.5.2.1 Atomic Force Microscope Measurements  

The morphology and surface morphology of CuPc thin films of positive 

and negative beta rays with a thickness of 214 nm were studied using atomic 

force microscopy (AFM), which is characterized by a high analytical power 

of (1.0-0.1) nm and a magnification power of(5*10
2
-10

8
) to examine the 

nature of the surface and its high potential in giving statistical values about 

the rate of grain size and how it is distributed on the surface, as well as the 

degree of surface roughness of the prepared films based on the square root 

mean of the roughness (RMS) ), as well as giving three-dimensional pictures 

of the examination.  

Figures (4.40, 4.42) show the three-dimensional surface topography of CuPc 

thin films at thickness(214 nm)  irradiated with (β+), which was prepared 

with different irradiating times (0, 7, 14and  21) day ,  and(  β-) with 

irradiating time (0, 6, 14and 21) days . 

0 day 6 day – β- 14 day – β- 21 day – β- 

 

2θ 

(deg) 

 

   d 

 (nm)  

 

FWHM 

(deg) 

 

D 

(nm) 

 

2θ 

(deg) 

 

 d  

(nm) 

 

FWHM 

 (deg) 

 

D 

(nm) 

 

2θ 

(deg) 

 

  d 

(nm) 

 

FWHM 

(deg) 

 

D 

(nm) 

 

2θ 

(deg) 

 

  d 

(nm) 

 

FWHM 

(deg) 

 

D 

(nm) 

 

9.2 

 

0.95 

 

0.74 

 

10 

 

6.00 

 

1.47 

 

0.67 

 

11 

 

6.4 

 

1.36 

 

 0.59 

 

13 

 

5.9 

 

1.47 

 

0.58 

 

13 
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Figures (4.41,4.43) show granular distribution diagrams of a surface CuPc 

thin films with a thickness of 214 nm and irradiated with plus  and Minus 

beta rays at different irradiation times), these diagrams show the number of 

grains as a function of their diameters.     

    

 

 

 

 

 

 

 

 

 

 

 

 

 

0 day  

7 day-β+ 
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Figure (4.40) : 2D and 3D AFM images of CuPc  thin films Irradiated by( β
+
) with different 

irradiating  times 

 

 

 

 

 

    

14 day –β+ 

21 day –β+ 
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Figure (4.41 ): show granular distribution diagrams of a surface CuPc thin films with 

a thickness of 214 nm and irradiated with β+ at different irradiating  times 
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Table (4.15) : AFM Measurements for CuPc irradiated with Plus Beta 

ray(β+)   

irradiating time   

(day) 

    Grain size  

         (nm) 

    Roughness 

         (nm) 

     Diameter  

         (nm) 

    RMS 

     (nm) 

0 13.61 11.66 197.7 2.21 

7 10.86 3.873 33.23 2.24 

14 10.06 3.794        35.38 2.59 

21 10.15 1.94 42.02 2.44 

 

 

 

 

 

 

 

 

 

 

 

 

6 day –β- 
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Figure (4.42): 2D and 3D AFM images with different irradiating time for CuPc thin film 

irradiated Beta ray source (β-) 

14 day – β- 

21 day –β- 
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Figure (4.43):  granular distribution diagrams of a surface CuPc thin films with 

a thickness of 214 nm and irradiated with β- at different irradiating times 
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Table (4.16) :AFM Measurements for CuPc irradiated with Minus Beta 

ray(β-)   

irradiating time     

(day) 

   Grain size  

        (nm) 

Roughness 

(nm) 

Diameter  

(nm) 

RMS 

(nm) 

0 13.61 11.66 197.7 2.21 

6 5.21  9.77 270.0 1.34 

14 9.39 3.61 72.87 2.20 

21 8.53 1.87 13.40 1.90 
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5.1 Conclusions  

In this chapter, we present the most important findings from our research as well 

as some recommendations for future research. We get to the following 

conclusion based on the findings of this study: 

1. At all periods of plus and minus beta radiation the molecules break down 

in thin films and solution 

2. The negative electron(β-) and the positive positron(β+), and they both act 

in the same way 

3. The energy gap increased and absorbance reduced for solution and thin 

films for β+β- it is dominant over the optical , electrical and thermal 

properties 

4. The energy gap reduced and increased absorbance all concentrations 

according for Lambert Law 

5. The peaks decrease indicates that the number of crystalline levels with 

coordinates (hkl) has decreased  

6. The roughness and grain size of the surface morphology were reduced  at 

all periods of the radiation 
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5.2   Suggestions for Future Work 

 We suggest the following studies as a future work:  

1. Study of electrical properties of samples of irradiated solutions and films 

with positive and negative beta rays 

2. Study of the optical, structural, and electrical properties of films and 

solutions irradiated with radium 

3. Study of dispersion coefficients for models of films and solutions with 

positive and negative beta rays 

4. Study of linear and linear optical properties of samples of films and 

solutions Irradiated positive and negative beta rays. 
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انين النحاس المذاب في الكلوروفورم ( من مسحوق ثالوسيCuPcنحاس )التم تحضير محلول ثالوسيانين  

بمصدر طاقة  (Na-22الموجبة)   درين مختلفين من الاشعة بيتا النووية مصب( وتم تشعيعه g/l0.15بتركيز )

(Mev0.544) والسالبة   (Sr-90) بمصدر طاقةMev)  (0.546  تم قياس الخواص البصرية قبل وبعد

يتناقصان مع زيادة زمن التشعيع وتزداد النفاذية وفجوة الطاقة  يةوالانعكاس يةوتبين أن الامتصاص التشعيع 

كما تم حساب الثوابت البصرية مثل معامل الامتصاص ، معامل الانكسار ، ذو الانتقال غير مباشر   البصرية

 الحقيقي والخيالي والتوصيلية البصرية قبل وبعد التشعيع . معامل الخمود  وثابت العزل الكهربائي 

-Naالنووية الموجبة ) بيتا وتم شعيعها بالأشعة ) g/l(0.1،0.15,0.2  ( بتراكيز( CuPcمحاليل  حضرت كما

وتبين أن الامتصاص  (. تم قياس الخواص البصرية قبل وبعد التشعيع-90Sr( ومصادر بيتا السالبة )22

كما تم و الانتقال غير مباشر  ذ النفاذية وفجوة الطاقة البصرية قل مع زيادة زمن التشعيع وتيتزايدان والانعكاس 

 حساب الثوابت البصرية مثل معامل الامتصاص ، معامل الانكسار ، معامل الخمود  وثابت العزل الكهربائي 

 الحقيقي والخيالي والتوصيلية البصرية قبل وبعد التشعيع .

ركائز سيب على التر( بقيم سمك ثابته وبدرجات حرارية ثابته بتقنية (CuPcكذلك حضرت أغشية رقيقة 

 بأشعة بيتا باستخدام مصدرين مختلفين من الأشعة  تم تشعيعها  بعد ذلك  (nm197, 214 بسمك )  زجاجية

(Na-22) ( 0.544)ذو معدل  طاقةMevو مصدر (Sr-90 )  ذو طاقه(0.546Mev) . 

وكذلك  (-Visible UV‘فحوص الخواص البصرية تضمنت فحوص طيف الاشعة  فوق البنفسجية والمرئية 

 CuPcتحديد الاواصر الكيميائية لمسحوق ثالوسيانين النحاس  تشخيص المادة و . تم(PL)طيف الفلوره 

 (.FTIRبواسطة جهاز تحويل فورير للأشعة تحت الحمراء  )

الانعكاسية وزيادة في النفاذية   و نقصان في الامتصاصية تمتلك  CuPcان اغشية  UV- Visاظهرت فحوص 

الانتقال المباشر .كذلك  تم حساب الثوابت  البصرية مثل معامل الامتصاص ومعامل رية ذات طاقه بصفجوه و

 طيف الفلوره  لوحظ زيادة قيمة فجوة الطاقة البصرية والانعكاس ومعامل  التهيج 

زجاجية بواسطة حيود الأشعة ركائز وللأغشية المحضرة على  CuPcلمسحوق   ةالخواص التركيبي فحصت

وان معدل ,نظام ثلاثي الميل أظهرت نتائج حيود الأشعة السينية أن  المسحوق متعدد التبلور , (X-ray) السينية

 الحجم البلوري يزداد بزيادة مدة التشعيع. 

 الخلاصــــة
 



 

 

تحديد الحجم  ومن ثم  ولفترات زمنية مختلفة  قبل وبعد التشعيعCuPc) )السطح لأغشية فحص مورفولجية تم   

لنوعين من مصادر الطاقة لأشعة بيتا وكانت   (AFM)القوه الذرية  بمايكروسكوبواسطة   الخشونةو الحبيبي

 بزيادة زمن التشعيع لكل المصدرين اشعة بيتا الموجبة والسالبةتقل قيمتها 

 

 

 

 

 

 

 

 



 

 

 

يمالعالي والبحث العل موزارة التعلي  

بابل امعةج  

قسم الفيزياء العلوم /  ةكلي  

 

 وةالتركيبي لى الخواصع بيتا  التشعيع بجسيمات تأثير
معدن -للأغشية الرقيقة ل ثالوسيانين البصرية  

  
  رسالة مقدمة إلى

جامعة بابل  –كلية العلوم  –قسم الفيزياء  مجلس  

 الفيزياء /علومالوهي جزء من متطلبات نيل درجة الماجستير في 
 

 من قبل 

 رهام خالد كريم كاظم 
 

 ۲۰١٦ /بكالوريوس علوم الفيزياء 

 

 

 فبإشرا

 الاعرجي                                                       محمد عبد الحسين  م. د. عدنان حمود
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