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Abstract: 
       Optical properties and surface morphology of pure and doped Polystyrene films with different divalent 

metals of Zn, Cu and Sn and one concentration percentage have been studied. Measurements of UV-Vis 

spectrophotometer and AFM spectroscopy were determined. The absorbance, transmittance and reflectance 

spectrums were used to study different optical parameters such as absorption coefficient, refractive index, 

extinction coefficient and energy gap in the wavelengths rang 200-800nm. These parameters have increased 

in the presence of the metals. The change in the calculated values of energy gaps with doping metals content 

has been investigated in terms of PS matrix structural modification. The value of optical energy gap was 

found decreasing from 4.5eV of pure PS to reach 4.45, 4.38 and 4.32eV for Zn, Cu and Sn respectively. 

Measurement by AFM spectroscopy was done for two and three dimensional topographic images. From 

figures, the data of roughness average were 7.29, 7.31, 3.37 and 6.73nm for samples (Blank, Zn, Cu and Sn) 

respectively. 
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Introduction: 

The electronic components majority in 

microelectronic circuits is passive and raise above 

80% of the surface area for printed wired. The 

overall performance of the heterogeneous system 

was affect by the dispersion of an electrically 

conductive phase within an insulating polymer 

matrix. It was reported that if the scattered metallic 

particle is in suitable quantity, semiconductive or a 

conductive composite is generated. Good properties 

of these systems make them technologically 

important and competitive to other alternate 

materials which lead to their cost-effectiveness. 

Conductive polymer composites are major for 

applications referring to electromagnetic 

interference (EMI) shielding, radio frequency 

interference (RFI) shielding, and electrostatic 

dissipation of charges (ESD). Composites can be 

realized as materials that contain two or more 

physically and chemically various phases separated 

via a distinct interface (1,2). 
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A certain group polymer distinguished via 

the monomer unit molecular weight to investigate 

the reactions in the polymers solid state of few 

modules have been proposed. One such modal treats 

a polymer as a total of just rigid tubes caught to 

each other in nearly parallel bundles of forces 

emerge from particle-particle potential. The 

polymers structure has been regarding to inner 

pressure and the same study has been expanded to 

polystyrene solutions. The Gruneissen parameter, 

bulk modules and specific heat are good properties 

of polystyrene have also been reported. Polystyrene 

is amorphous polymer with bulky side groups. 

General properties of PS are rigid, hard and 

transparent at room temperature and glass like 

thermoplastic material which can be soften and 

distort under heat. It is soluble in aromatic 

hydrocarbon solvents, cyclohexane and chlorinated 

hydrocarbons (3).  

Thin films Optical attributive gives 

indication about some significant physical 

properties, such as band structure, band gap energy 

and role of defects. The envelop method has been 

advanced for transmittance measurements to 

determine the extinction coefficient, absorption 

coefficient and refractive index (1).    

The optical properties study may provide 

information about absorbance, transmittance and 
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reflectance of industrial polymeric films. Many 

studies have been conducted in this direction used 

polystyrene to develop these characteristics (4-7). 

The main aim of this work is to successfully prepare 

polymer and investigate the optical properties of 

pure and doped polystyrene films with different 

metals. 

 

Materials and Methods: 
Synthesis of Complexes   

4-amino-5-(pyridyl)-4H-1,2,4- triazole-3-

thiol complex additive was synthesized based on 

literature (Scheme 1 and Table 1) by Haddad et al. 

(8). 

 

 
 

Scheme 1. The suggest structure of 

complexes (where M
2+

= Cu, Zn and Sn). 

 
Table 1. The names of ligand (L) and its 

complexes (M-L2). 
Code Name 

L 4-amino-5-(pyridin-4-yl)-4H-1,2,4-triazole-3-

thiol 

ZnL2 bis[4-amino-5-(pyridin-4-yl)-4H-1,2,4-

triazole-3-thiol] zinc(II). Cl2 

CuL2 bis[4-amino-5-(pyridin-4-yl)-4H -1,2,4-

triazole-3-thiol] copper(II) .Cl2 

SnL2 bis[4-amino-5-(pyridin-4-yl)-4H-1,2,4-

triazole-3-thiol] tin(II) . Cl2 

 

     By computerized UV-visible spectrophotometer 

(shimadzu UV-1601 PC), the absorbance and 

optical transmittance were registered in wavelength 

range (200-800) nm. In order to observe the effect 

of doping on the parameters under realization, 

optical transmittance and absorbance were 

calculate, in which absorption A, transmission T, 

absorption coefficient α, refractive index n, 

extinction coefficient k, and energy gap Eg. Atomic 

force microscopy (AFM) images were listed using a 

Veeco instrument (Veeco Instruments Inc., 

Plainview, New York, NY, USA). 

 

PS Films Preparation 

The PVC films (Thickness = (0.6±0.1|) nm) 

were intended at room temperature using casting 

technique. Additives b, c and d were added to PS at 

0.5% concentration by weight in chloroform. 

Chloroform was taken away at room temperature by 

evaporation for 24 hrs. The PS films thickness (40 

µm) was constant using a Digital Vernier Caliper 

2610A micrometer (Vogel GmbH, Kevelaer, 

Germany). 

 

Result and Discussion: 
     Figures 1 and 2 show the UV–VIS absorbance 

and transmittance spectra in the region (200-800)nm 

for pure PS and PS containing metals. It is obvious 

from figure 1, that in the visible region all films 

have very low transparent, then absorbance is 

rapidly reduce with rising wavelength. This attitude 

may refer to perfection and stoichiometry of the 

films (8).  The absorption increased with different 

metals of (Zn, Cu and Sn) (b, c and d) respectively 

after doping films, the incident light is absorbed by 

free electrons. Consequently, absorbance is 

increased by the adding of these metals. These 

results are in agreement with Caixia Kan et al., in 

2010 (9).  

 

 
Figure 1. Absorption spectra of (a-d) PS samples. 

a= PS blank, b= PS+ ZnL2, c=PS+CuL2, d= PS+ 

SnL2 

 

        Figure (2) shows the spectra of transmittance 

for polystyrene films (a-d). For all PS films, the 

transmittance was increased with wavelength. After 

adding of metals, the transmittance decreases 

depending on the type of metal added (Zn, Cu and 

Sn) respectively. This result is in agreement with 

reported by earlier studies (10-12). 
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Figure 2. The transmittance spectra of PS films 

(a-d). 

 

The coefficient of absorption α calculated by using 

relation (1) (13, 14) : 

 (1...........)  

Where A = the absorption; t = the thickness of film. 

        Figure 3 present the coefficient absorption as a 

wavelength function, increasing in the wavelength 

for all films (a-d) a decreasing behavior for the 

absorption coefficient has taken place. In contrast, 

the coefficient of absorption increases with 

alteration of doping metals, this increasing may due 

to the difference in concentration of carrier or to the 

presence of more transmissions from higher 

vibration scale of the ground state to higher 

sublevels of the first excited singlet state (15).      

 

 
Figure 3.  Alteration in the coefficient of 

absorption as a wavelength function. 

 

       The index of refractive (n) for the films are 

determined from the reflectance (R). Figure 4 shows 

the variation of refractive index versus wavelength 

for all films before and after doping. It is evident 

from this figure that the refractive index shows 

regular variation with the wavelength (200-270) nm 

for all samples and hence highly occurs refractive 

index in the beyond wavelength. After doping 

impurity materials for samples (b, c and d) of (Zn, 

Cu and Sn) respectively, the refractive index was 

increased. Increasing in refractive index is helpful 

of the polymers in photonics and optics attributed to 

their power to decrease the reflection losses at 

interfaces (16). 

 
Figure 4.  Alteration of n as a wavelength 

function. 
      

     Figure 5 shows the credence of the extinction 

coefficient K on the range of wavelength (200-800) 

nm for pure and doped films. It is clear that K for 

films demonstrates quite increase in the region of 

wavelengths (200-270) nm because the losses in 

incident wave energy. On the other hand, it shows a 

lowering in the extinction coefficient in the 

wavelengths (270-800) nm. This attitude could be 

assigned to the growing coating transmittance 

magnitude for this coating region for films (17).  

      Extinction coefficient increased highly for PS 

films after the doping of impurities because the 

increasing in coefficient of absorption where K 

depending on the absorption coefficient as shown in 

the relation 2 (17, 18). 

𝑘 =
α λ

4 𝜋
  ……….(2) 
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Figure 5.  Alteration of K as a wavelength 

function. 

 

        According to the theory of inter-band 

absorption, the Tauc's relation used to calculate the 

optical band of the films as display in equation (3): 

 

(αhυ)𝑝 = A(hυ– Eg) ………….(3) 

 

      Where: A= constant; h= Planck's constant; υ= 

the frequency of photon; Eg = the optical band gap; 

p = an index which could accept various account 

award to the electronic transition.  

      The empirical data fitted the theoretical Eq (3) 

for different values of p and the best fit was 

obtained for p=2, this behavior direct that the 

transitions are allowed direct transitions. The direct 

allowed band gap was calculated by plotting (αhν)
2
 

as photon energy function E for films (a, b, c, d) are 

shown in Figures (6 to 9) respectively, the diagram 

is a straight line and the Eg value is gained by 

extrapolating the linear part of the diagram to 

intercept the axis of photon energy (19). It is found 

that Eg reduces from (4.5) of pure sample to (4.45, 

4.38 and 4.32) eV for samples (b, c and d) 

respectively. Showing the values of direct allowed 

gap is mentioned in Table (2). By considering the 

differences in mobility gap of the doped polymer, 

one can comprehend the lowering in Eg of PS films 

after adding different metals and stable 

concentration (20). 

 
Table 2. The optical energy gap of pure and 

doped PS films. 
Name PS/metals Eg (eV) 

a PS blank 4.5 

b PS+ZnL2 4.45 

c PS+CuL2  4.38 

d PS+SnL2  4.32 

 

 

 

 
Figure 6.  Alteration of the (αhν)

2
 quantity as a 

photon energy function for PS blank film. 

 

 
Figure 7.  Alteration of the (αhν)

2
 quantity as a 

photon energy function for PS+ZnL2 film. 

 

 
Figure 8.  Alteration of the (αhν)

2
 quantity as a 

photon energy function for PS+CuL2 film. 
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Figure 9.  Alteration of the (αhν)

2
 quantity as a 

photon energy function for PS+SnL2 film. 

 

      Atomic force microscope AFM, a kind of 

scanning force microscopy, was progressing for 

mapping two and three-dimensional topographical 

differences in atomic surfaces with high resolution. 

The usage of this device on polymeric films 

surfaces is particularly appropriate polymer general 

loss of crystallinity due to large difference in the 

surface topography. The surface functionalization 

techniques like corona treatment, grafting and 

plasma processing increasing the roughness of 

surface greatly therefore exactly measured by AFM.  

      AFM is good instrument to gauge the factor of 

roughness, two and three dimensional topographical 

images and pores size of the sample (21-23). This 

study used 2D and 3D topographical images of all 

prepared films over the scanned area 5.0 µm x 5.0 

µm (24,25). The AFM analysis of all samples is 

presented in figures (10-13) for two and three 

dimensional images. From these figures the data of 

roughness average is (7.29, 7.31, 3.37 and 6.73)nm 

for samples (Blank, Zn, Cu and Sn) respectively, 

this result clear PS+CuL2 surface when is smooth, 

but PS  Blank, PS+ ZnL2 and PS + SnL2 surfaces 

are rough. 

 

       
Figure 10. 2D and 3D AFM images of PS film (blank). 

 

 
Figure 11. 2D and 3D AFM images of PS +ZnL2 film. 
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Figure 12. 2D and 3D AFM images of PS+CuL2 film. 

 

 
Figure 13. 2D and 3D AFM images of PS +SnL2 film. 

 

Conclusion: 
           The results of this study signalize that metals 

can effectively dope PS and grow its optical   

properties. The existence of metals leads to increase 

absorption and decrease transmission with different 

type of metals and for one concentration.  The 

absorption coefficient, refractive index, extinction 

coefficient were increased with additive metals 

concentration. The energy gap values exhibit 

depending on type of used metal which decreased 

from 4.5eV of pure PS to (4.45, 4.38 and 4.32) eV 

for (Zn, Cu and Sn) respectively. Measurement 

using the AFM spectroscopy was illuminated for 

two and three dimensional topographic images. 

From results of figures the data of roughness 

average was removed and fixed to be 7.29, 7.31, 

3.37 and 6.73nm for samples (Blank, Zn, Cu and 

Sn) respectively. These results a clear PS+CuL2 

surface which is smooth but PS  Blank, PS+ZnL2 

and PS+SnL2 surfaces are rough. 
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 البولي ستايرين بوجود معقدات ثنائية التكافؤ دراسة مورفولوجيا السطح والتوصيلية الكهربائية لأفلام 
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 الخلاصة :
تمممم تر مممير وقيممماة الفعاليمممة الببمممرية يرمممام البمممولي  مممتايرين النامممي والم ممموف و)لمممك بمفاعلتهممما مممم  رلمممزا  مختلفمممة )الزنمممك 

كممممما ا ممممتخدم  اطيمممما   AFMوالنرمممماة والابممممدير( بتانيممممة البممممت وبتركيممممز معممممين وتممممم ت خيبممممها بتانيممممة ايطيمممما  ايلكترونيممممة و 

مختلفمممة كمعاممممص ايمتباصمممية ومعاممممص اينعكممماة ومعاممممص اي مممماد ور ممموة الطاقمممة ايمتباصمممية والنفا)يمممة واينعكممماة لدرا مممة  وابممم  

 ( نانوميتر.800-200لطول موجي يتراوح بين )

 4.32و  4.38و 4.45للبمممولي  مممتايرين النامممي الممم   4.5التغييمممر رمممي قممميم ر ممموة الطاقمممة للعناصمممر الم ممموبة للبمممولي  مممتايرين تناقبممم  ممممن 

التتممماب  امممما معاممممص ايمتبممماع ومعاممممص اينعكممماة ومعاممممص اي مممماد رامممد ا داد  بوجمممود تلمممك لكمممص ممممن الزنمممك والنرممماة والابمممدير ب

( نممممانومتر يرممممام البممممولي  ممممتايرين الناممممي والم مممموف ممممم  6.73و  3.37, 7.31, 7.29العناصممممر. وكانمممم  قمممميم معممممدل   ممممونة السممممط  )

 رلزا  مختلفة )الزنك والنراة والابدير( عل  التوالي.

 

 ر وة الطاقة, معادا  رلزية , موررولوجي,  واع ببرية, بولي  تايرين. كلمات مفتاحية:ال


