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Abstract  

This study is to characterize the optical properties of PVA doped copper acetate salt. Thin 

films of PVA doped with copper acetate were prepared using solution casting method. The optical 

absorption spectra of synthesized thin films were recorded at room temperature over a wavelength 

range of ۱۹۰-۱۱00 nm using UV-VIS double beam spectrometer. From the spectral data the optical 

constants such as energy band gap (both allowed and forbidden), Urbach’s energy, refractive index 

and extinction coefficient were determined. The variation of energy band gap on doping is explained 

on the basis of incorporation of charge transfer complexes by the dopant. The optical studies have 

led to a variety of interesting thin film optical phenomenon, which have thrown considerable light on 

the band structure of solids and phonic states. 
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  بشكل غشاء رقیق والمطعم بملح خلات النحاس PVAلبولیمر  فجوة الطاقةتحدید 
  زینب سعود الھمود  عقیل شاكر طحیور،    ، احمد نعمة محمد

ahmednamah@mu.edu.iq  ،@gmail.com2000akeelShaker   ،@yahoo.com1alameerat 

 المثنى –العراق  –الفیزیاء  قسم –العلوم  كلیة–المثنى  جامعة

  الخلاصة

المطعم بملح خلات النحاس. حضرت الاغشیة الرقیقة بطریقة  PVAالخواص البصریة لبولیمر ھذه دراسة لخصائص 

جھاز  نانومتر بواسطة ۱۱۰۰الى  ۱۹۰الصب. وتم قیاس اطیاف الامتصاص لھذه الاغشیة بدرجة حرارة الغرفة وبطول موجي من 

امل ة اورباخ ومعللانتقالات المباشرة المسموحة والممنوعة وطاقثم حسبت منھا الثوابت البصریة مثل طاقة الفجوة قیاس المطیافیة 

 نة المنتقلةفي فجواة الطاقة البصریة وضح اساسیات الاندماج لمركبات الشح الذي ظھر ر ومعامل الاخماد. ان الاختلافساالانك

التي  بصریة للاغشیة الرقیقةدراسة خواص الامتصاص ادت الى مجموعة مختلفة ومشوقة من الظواھر الوان بواسطة التطعیم. 

  القت الضوء على البنیة التركیبیة للمواد الصلبة وحالة الصوت.
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1. Introduction 

The study of materials as thin films is one of the most suitable means to know many of their physical 

and chemical properties, which are difficult to obtain in their natural materials [Ali, (1996), Reggiani 

et al. (1997)]. So the thin films technology is one of the most important technologies that contributed 

to the development and study of semiconductors and gave a clear idea of many physical properties 

and chemical properties [Najem,(2016)].  

The solid material becomes thin film when it is prepared as the thin layers by physical methods or 

chemical or electrochemical reactions and because it have small thickness and easy configuration, so 

it is deposited on other materials used as sedimentation bases. The base type depends on the nature of 

use and study such as glass, quartz, silicon and aluminum [Saeed (2009)]. 

Thin films are importance of use in large fields such as optics for the manufacture of normal mirrors, 

high reflectivity, electromagnetic radiation detectors, integrated circuit manufacturing, resistors, 

capacitors and thin connections, they also contributed to the development in the field of digital 

computing and space research and in the manufacture of solar cells [Umaidi, (2011)]. 

Polymers are known to be insulating materials, but this fact has changed after the discovery by 

Heeger, MacDiarmid, and Shirakawa, who have developed the possibility of transforming polymers 

into electrical conductor via doped it with chlorination, bromine or iodine will make it highly 

conductive. This discovery offers promising prospects for the application of this phenomenon in 

various fields of science and technology [Al-Taa'y, (2014)]. 

Poly (vinyl alcohol) (PVA) is one of the most important polymeric materials as it has 

manyapplications in industry and is of relatively low cost [Krumova et al. (2000)]. 

copper acetate salt Cu2(CH3COO)4 is a chemical compound characterized by high thermal and 

electrical conductivity which is very absorbent to moisture and uses copper acetate salt in the 

manufacture of oil paints and pigments and is also used in the preparation of antifungals in addition 

to being used as an incentive in some organic industries [Mohamed, (2015)]. 

In this paper, the synthesis of PVA doped with copper acetate thin films using casting method was 

reported and an investigation is undertaken on the optical properties of these films, with a focus on 

concentration effects on the values of energy gap, the Urbach’s energy and refractive index of the 

films. 

 

2. Experimental Part  

Thin films of PVA doped with Cu2(CH3COO)4were prepared by dissolved 0.674gm of PVA in 20ml 

of distilled water, where the mixture was placed in a water bath, then the solution stirred for 2–3 



 جامعة ذي قار - مجلة كلیة التربیة للعلوم الصرفة
  ٢٠١٨، حᗫᖂران ٢، العدد ٨المجلد 

Website: jceps.utq.edu.iq                                                                                Email: jceps@eps.utq.edu.iq 
 

  
   

١٦ 

hours, anddissolved 0.2gm of Cu2(CH3COO)4salt in 10ml of distilled water, than stirring for 30 

minutes. The polymer solution was mixed with Cu2(CH3COO)4salt solution by proportions (5:1, 5:2, 

5:3, and 5:4)ml and then cast onto class substrate and evaporated slowly at room temperature for 24 

hours to dry. 

Thin films thickness was measured using the optical interferometer method employing He-Ne laser 

0.632μm, and found to (0.247, 0.247, 0.237 and 0.224)μm respectively for all samples. 

The absorbance spectra were recorded using UV-VIS double beam spectrometer in the wavelength 

optical a range 190-900 nm, the measurements were carried out at room temperature. 

Absorption coefficient (α)calculatedusing equation (1) [Han et al. (2008)]: 

 

2.303A
t

 
 

(1) 

 

The energy band gaps of direct allowed and forbidden transitions of these films were calculated with 

the help of the absorption spectra. To determinate the energy band gap, (αhυ)2, (αhυ)2/3are plotted 

versus (photon energy) using the relation (2) [Yadav et al. (2007)]. 

( )r
gh B h E     (2) 

whereEg : the band-gap energy. 

h : blank constant. 

B: constant  

υ: frequency. 

 

The absorption coefficient near the band edge for noncrystalline materials shows an exponential 

dependence on the photon energy which follows the Urbach’s formula (3) [El-Badry et al. (2009)]: 
 uh Eoe    (3) 

Where αo is a constant 

Eu is Urbach’s energy  

The Extinction Coefficient k is directly proportional to the absorption coefficient as see in relation 

(4)[Baker and Dyer (1993)]: 

 

4
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(4) 
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The refractive index (n) can be determined from the reflectance (R) using the relation (5) [Ashour et 

al. (2006)]: 

 

2
2

1 4
1 (1 )

R Rn k
R R

        
(5) 

 

 

3. Result and dissection 

The absorption spectra of PVA doped with different volume ratio ofCu2(CH3COO)4thin films are 

shown in Figure (1). 

 
Figure 1. Absorbance versus wavelength(nm) forPVA doped with different volume ratio 

ofCu2(CH3COO)4 

The absorption peaks located of the prepared samples could see at about (708, 702, 698 and 

696)nm corresponding to the (5:1, 5:2, 5:3, 5:4)ml respectively. These peaks have light blue shift 

with the increase of salt concentration. It is found the absorbance increasing with add salt that 

behavior as in figure (1), which means the salt enhancement the PVA polymer thin films absorbance, 

this attributed that when adding salt to PVA  solutions these molecules fills the vacancies between 

polymer chains. 

The relation of absorption coefficient as a function of incident photon energyfor PVA doped with 

Cu2(CH3COO)4thin films isshown in figure (2) 
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Figure 2. Absorption coefficient versus the photon energy forPVA doped with different 

volume ratio ofCu2(CH3COO)4 

 

Figure(2) shows the value of absorption coefficient (α ˂ 104 cm-1) which leads to increasing the 

probability of occurrence direct transitions. From the same figure one could notice an increasing in 

absorption coefficient when added Cu2(CH3COO)4. This is due to the formation of localized levels 

near the edge of connection that means this increasing could be attributed to the changes in the 

particle size distribution function of formed thin films. 

The optical band gaps were evaluated from (αhυ)2  and (αhυ)2/3vs (photon energy) plots as shown 

infigures. (3,4) and the allowed and forbidden direct transition energies were determined by 

extrapolating the linear portion of the curves to zero absorption and listed in table (1). 

 

 
Figure 3. Relationship between (αhν)2 and the photon energy forPVA doped with 

different volume ratio ofCu2(CH3COO)4 
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Figure 4. Relationship between (αhν)2/3 and the photon energy forPVA doped with 

different volume ratio ofCu2(CH3COO)4 

The origin ofthe Urbach’s energy (Eu) is considered as thermal vibrations in the lattice [Migahed and 

Zidan(2006)].Figure 5 show the logarithm of the absorption coefficient as a function of the photon 

energy for PVA doped with different volume ratio ofCu2(CH3COO)4thin films. The values of the 

Urbach’s energy (Eu) were calculated by taking the reciprocal of the slopes of the linear portion in 

the lower photon energy region of these curves and listed in table (1). 

 

Figure 5. Relationship between (lnα) and the photon energy forPVA doped with 

different volume ratio ofCu2(CH3COO)4 

Table1.the values of energy gap and Urbach’s energy for PVA doped with different 

volume ratio ofCu2(CH3COO)4 

Samples 

The energy band gaps 
Urbach’s energy 

(eV) 
Allowed electronic 

transitions (Eg) eV 

Forbidden electronic 

transitions (Eg) eV 

(5:1)ml 2.85 2.55 293.37 

(5:2) ml 2.85 2.59 356.39 

(5:3) ml 2.37 1.37 714.61 

(5:4) ml 2.16 1.02 995.69 
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From table (1)one can see that the values of energy gap are decrease with the increasing of the 

weight percentage of the added (Copper acetate). This is attributed to the creation of onsite levels in 

the energy gap, the transition in this case is conducted in two stages that involve the transition of 

electron from the valence band to the local levels and to the conduction band as a result of increasing 

the added weight percentage. This behavior is attributed to the fact that composites are of 

heterogeneous type (i.e. the electronic conduction depends on added impurities) this is agree 

with[Abdallh et al. (2013)]. 

The decrease in the Urbach’s energy in case of PVA doped with Cu2(CH3COO)4 may be due to the 

decrease in the crystalline nature of the polymer as shown in table (1) this agree with [Zaki, (2008)]. 

Extinction coefficient (k) is calculated by using equation (4). The change of the extinction coefficient 

for PVA doped with Cu2(CH3COO)4films with different concentrations as a function of the photon 

energy is shown in figure (6).  

 
Figure 6. Extinctioncoefficient versus photon energy forPVA doped with different 

volume ratio ofCu2(CH3COO)4 

 

It can be noticed that the extinction coefficient has lowering values at low concentration, but it 

increases with increasing the molar percentage of the added (Copper acetate). This is attributed to 

increased absorption coefficient with increased percentage of added (Copper acetate). 

The refractive index (n) is calculated from equation (5). Figure (7) which shows the change of 

refractive index for PVA doped with Cu2(CH3COO)4  films with different molar of (Copper acetate) 

salts as a function of the photon energy.  
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Figure 7.Refractive index versus photon energy forPVA doped with different volume 

ratio ofCu2(CH3COO)4 

 

From figure (7) the refractive index decreases with increasing the weight percentage of the added 

(Copper acetate). The reason for this result is decrease of the number of free electrons this is agreed 

with [Alwash. (2010)]. 

 

4. Conclusion  

In this study the polymer thin films of PVA doped Copper acetate are synthesized using Solution 

casting technique. 

Prepared thin films have high values of absorption coefficient for the wavelength, it is increased 

when add copper acetate.  Absorption and extinction coefficients of PVA thin films increase as film 

doped with copper acetate. The direct allowed energy gap of PVA doped copper acetate thin films 

were (2.85–2.16 eV), and forbidden energy gap was (2.55–1.02 eV). This means the copper acetate 

decreasing the energy gap of PVA.The Urbach’s energy increases with the increase of copper acetate 

consternation. From enhancements for, absorption and electronic transitions for optical properties of 

PVA thin films prepared can be using it as benefactor of solar cells after adding copper acetate. 

 

5. Acknowledgment 

We thank Dr. JaferFahdelOdah, Department of Physics, College of Science, Muthanna University for 

comments that greatly improved the manuscript. 

 

 



 جامعة ذي قار - مجلة كلیة التربیة للعلوم الصرفة
  ٢٠١٨، حᗫᖂران ٢، العدد ٨المجلد 

Website: jceps.utq.edu.iq                                                                                Email: jceps@eps.utq.edu.iq 
 

  
   

٢٢ 

6. Reference  

[1]  Sh. M. Ali, (1996). “Theoretical study for the Heterojunction (n-amorphous s/p crystalline 

sillcon”, M.Sc. thesis, Al-Mustansirya University. 

[2]  L Reggiani, E Starikov, P Shiktorov, V Gruzinskis , L Varani, (1997) “Modelling of small-

signal response and electronic noise in semiconductor high-field transport” Semicond. Sci. 

Technol.Vol.12 141–156. 

[3]  S. S. Najem,(2016) “Dopping Effect on Some Optical Properties ofPoly methyl meth acrylate 

(PMMA)” Journal of Kerbala University, Vol.2, 147-158. 

[4]  Nada M. Saeed (2009)“Calculate the values of some physical properties of Se0.3Te0.7 alloy 

prepared at different substrate temperatures” Vol.12,44-51 

[5]  Sufian H. H. Umaidi, (2011) “The study of the impact of irradiation on optical properties of 

membrane SnO2” Indian institute of technology, Tikrit Journal of Pure Science Vol.1, 213-

216. 

[6]  Wasan A. Al-Taa'y, (2014) “Optical Properties of Poly (vinyl alcohol) PVA Films Doped 

with Fe Citrate” Journal of Al-Nahrain University Science, Vol.17, 95-102. 

[7]  M. Krumova, D. Lopaz, R. Benavente, C. Mijangos, J.M. Perena, (2000) “Effect of 

crosslinking on the mechanical and thermal properties of poly(vinyl alcohol)” Polymer, 

Vol.41 9265. 

[8]  A. N. Mohamed, (2015) “Studying the optical properties of thin films prepared from 

polystyrene doped with DCM dye” International Letters of Chemistry, Physics and 

Astronomy,Vol.61 178-183 

[9]  X.Han, R.Liu, W. Chen, Z. Xu,(2008) “Properties of nanocrystalline zinc oxide thin films 

prepared by thermal decomposition of electrodeposited zinc peroxide” Thin Solid 

Films,Vol.516, 4025- 4029. 

[10]  J.B. Yadav, R.K. Puri, V. Puri, (2007) “Improvement in mechanical and optical 

properties of vapour chopped vacuum evaporated PANI/PMMA composite thin film” 

Applied Surface Science, Vol (254) 1382–1388. 

[11]  B. A. El-Badry, M.F. Zaki, A.M. Abdul-Kader, T. M. Hegazy, A. Ahmed 

Morsy(2009) “Ion bombardment of Poly-Allyl-Diglycol-Carbonate (CR-39)”Vacuum, 

Vol.83, 1138–1142 

[12]  A. K. Baker and P. E. Dyer,(1993) “Refractive-index modification of 

polymethylmethacrylate (PMMA) thin films by KrF-laser irradiation”, Journal Applied 

Physics Materials Science and Processing, 57 543-544. 



JJournal of College of Education for Pure Sciences 
Volume 8, Number 2, June 2018 

Website: jceps.utq.edu.iq                                                                                Email: jceps@eps.utq.edu.iq 
 

     
٢٣ 

[13]  A. Ashour, M. A. Kaid, N. Z. El-Sayed and A. A. Ibrahim,(2006) “Physical properties 

of ZnO thin films deposited by spray pyrolysis technique” Applied Surface Science, 252, 

7844-7848. 

[14]  M.D. Migahed, H.M. Zidan, (2006) “Influence of UV-irradiation on the structure and 

optical properties of polycarbonate films” Current Applied Physics, Vol.6, 91–96. 

[15]  M. Abdallh, O. Hamood, E. Yousif, (2013) “Study the Optical properties of Poly 

(vinyl alcohol) Doped Cupper Chloride”, Journal of Al-Nahrain University, Vol.1617-20. 

[16]  M F Zaki, (2008) “Gamma-induced modification on optical band gap of CR-39 

SSNTD” J. Phys. D: Appl. Phys. Vol.41, 175404 (5pp) 

[17]  A. Alwash. (2010) “Studying of the optical properties of poly (vinyl alcohol) Films 

using Aluminum sulphate as additive by measuring allowed direct transition energy gap’’, 

Baghdad science Journal. vol.7, 103-109. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


