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ABSTRACT  
In the field of communication, optical fiber has a vital role in transmitting light between two ends of the fiber. Optical fiber is made of three 

layers core, cladding and outer jacket. The significant property of optical fiber is that, the refractive index of core must be greater than the 

cladding. Mostly silicon is used as the core material in the making of optical fiber. Here, we are replacing silicon by PMMA which has good 

refractive index than silicon. Doping of different polymers of high refractive index possess greater optical properties. In this project, core is 

made by doping of two different polymers by the method of spin coating. Two samples are made and its optical characterization is done by 

FTIR analysis, which indicates the various optical properties of the sample. XRD has also been done for the sample to know its crystalline 

structure. Optical properties of two different samples have been compared for better results. The characterization of the sample is done at 

the wavelength of 600-850 nm in which it is used for small distance communication. 

 

INTRODUCTION 
 

Polymer composites have steadily gained growing importance during the past decade. Optical properties 

constitute one of the convenient and sensitive for studying the polymer structure. They are affected not 

only by the structure and nature of the dopant but also by the doping procedure. Optical properties of 

polyvinylchloride (PVC) and polymethyl methacrylate (PMMA) have been investigated [1]. These transparent 

conductors have found major applications in a variety of active and passive electronic and opto-electronic 

devices ranging from aircraft window heaters to charge coupled imagining devices. [2]The composition of 

organic polymer plays a vital role in the making of optical fibers.[3] Here, by using different ratio of 

Polyvinylchloride [4] (PVC) and PMMA, the resulting optical properties vary each other. And from these 

samples the best composition has been taken and analyzed for the best outcome of fibers.  

 

What are polymers 
 

Polymers are very large molecules that are made up of thousands - even millions - of atoms that are 

bonded together in a repeating pattern. The structure of a polymer is easily visualized by imagining a 

chain. The chain has many links that are connected together. In the same way the atoms within the 

polymer are bonded to each other to form links in the polymer chain. 

 

The molecular links in the polymer chain are called repeat units that are formed from one or more 

molecules called monomers. The structure of the repeat unit can vary widely and depends on the raw 

materials that make up the polymer. For example, polyethylene, the polymer used to make a wide variety 

of plastic bags and containers, has a very simple repeat unit, two carbons that are bonded to one another 

to form a single link. 

 

Polymer properties 
 

Since many polymers are made of long, flexible chains, they become easily tangled, much like a bowl of 

cooked spaghetti. The disordered tangling of the polymer chains create what is known as an amorphous 

structure. Amorphous polymers are typically transparent and much easier to melt to make materials like 

kitchen cling film. Polymer chains do not always form amorphous arrangements. Under proper conditions, 

such as stretching, the polymer chains can line up side by side to form orderly, crystalline arrangements. 

Crystalline arrangements in polymers can also be achieved through slow cooling, where individual polymer 

chains fold over on themselves. 

 

[5]Polymers can also be used to create huge 3-dimensional networks. These networks are made through 

the reaction of monomers with more than two possible sites for the polymerization to occur. The multiple 

reaction sites allow for the different chains to connect with each other to form cross-linked chains. The 

result of the cross-linked chains is a 3-dimensional solid that is essentially one huge molecule. 

 
Requirement analysis 
 

It determines the requirements of a composition and analyze on it and resource requirement, which is 

required for successful outcome. The product requirement includes the materials required to blend the 

organic polymers and to analyze the optical properties. As shown in [Fig.1,2 and 3] 

 
Materials required 
 

• PVC 

• PMMA 
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• THF 

 

 
 

Fig. 1: PMMA   Fig. 2: THF 
…………………………………………………………………………………………………. 

 
 

Fig. 3: PVC 

…………………………………………………………………………………………………. 

 
Working principle 
 

Two samples with different composition have been prepared for analyzing the optical properties of the 

polymers. 

 
Preparation of the samples 
Composition-1 
 

In the first sample, 0.5gm of PMMA [6] is dissolved in 10ml of Tetrahydrofuran (THF) and 1.00gm of PVC is 

dissolved in 15ml of THF. These solutions are heated separately in stirring hot plate until a clear solution is 

obtained. Then both the solutions are mixed in 50ml beaker. This final solution is then heated and stirred 

in the stirring hot plate until the solution becomes semi-fluid as like gel form. A cleansed glass slide is 

taken for coating the gel like solution on it. It cannot be coated directly. So, a spin coater equipment is 

being used to coat this. In this equipment, a glass slide is kept in the center which will rotate to 1000 to 

2000 (revolutions per minute). When the motor is switched ON, the semi-fluid substance is then poured on 

the glass slide. Due to this fast rotation, that semi-fluid substance spreads uniformly on the glass slide. 

Then the glass slide is taken out from that equipment and dried for half an hour .And the sample is 

covered by a butter paper to maintain its purity. Optical characterization is done for this sample know its 

effective optical properties.              

 
Fig. 4: Thin film of sample-1 

…………………………………………………………………………………………………. 
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Composition-2 
  

As shown in  the [Fig .4].The next sample is prepared by taking 0.5gm of PMMA is dissolved in 10ml of 

Tetrahydrofuran (THF) and 2.00gm of PVC is dissolved in 15ml of THF. These solutions are heated 

separately in stirring hot plate until a clear solution is obtained. Then both the solutions are mixed in 50ml 

beaker. This final solution is then heated and stirred in the stirring hot plate until the solution becomes 

semi-fluid as like gel form. A cleansed glass slide is taken for coating the gel like solution on it. It cannot be 

coated directly. So, a spin coater equipment is being used to coat this. In this equipment, a glass slide is 

kept in the center which will rotate to 1000 to 2000 RPM (revolutions per minute). When the motor is 

switched ON, the semi-fluid substance is then poured on the glass slide. Due to this fast rotation, that 

semi-fluid substance spreads uniformly on the glass slide. Then the glass slide is taken out from that 

equipment and dried for half an hour .And the sample is covered by a butter paper to maintain its purity. 

Optical characterization is done for this sample to know its effective optical properties.     

 
 

Fig. 4: Thin film of sample-2 

…………………………………………………………………………………………………. 
 

Characterization of the samples 
 

As shown in the [Table 1]. The dried sample is then examined in FTIR Spectrometer. Four optical properties 

such as   refractive index, Reflectivity, absorption and velocity of light has been characterized for the 

wavelength range of 600-850 nm. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: FTIR Spectrometer 

…………………………………………………………………………………………………. 

 
As shown in the [Fig .5]. Fourier Transform Infrared Spectroscopy (FTIR) identifies chemical bonds in a 

molecule by producing an infrared absorption spectrum [7]. This confers a significant advantage over a 

dispersive spectrometer which measures intensity over a narrow range of wavelengths at a time. It 

examines plastics, polymers, paints etc….,[8] 

 

RESULTS AND ANALYSIS 
 

This chapter shows the final output scenario of the project. 

 

Optical characterization of PMMA and PVC 

Table 1: Values of PMMA and PVC 

PROPERTY PMMA PVC 

REFRACTIVE INDEX 1.4905 1.54 

REFLECTIVITY 0.0387 0.457 

ABSORPTION 83.13 cm-1 286.12 cm-1 
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Refractive index of PMMA and PVC 
 

 
Fig. 6: Refractive index of PMMA.    Fig. 7:  Refractive index of PVC. 

…………………………………………………………………………………………………. 
     

Reflectivity  of  PMMA  and PVC 

 
Fig. 8:  Reflectivity of PMMA .    Fig. 9: Reflectivity of PVC. 

…………………………………………………………………………………………………. 

 
Ratios of sample 

Table 2: Quantity of samples 
 

 

 

 

 
 
 
 
 
 
 
 
Characterization of pmma and pvc blends by ftir  
  
Analysis 
 

As shown in the [Fig .6, 7, 8 and 9] FT-IR spectroscopy has long been recognized as a powerful tool for 

elucidation of structural information.[9] The position, intensity, and shape of vibrational bands are useful 

in clarifying conformational and environmental changes of polymers at the molecular level. This analysis 

VELOCITY OF LIGHT 55.965 kmps 54.147 kmps 

TRANSMITTANCE 6.514e-184 7.8498e-184 

SCATTERING EFFECT 3.56A2/amu 6.96A2/amu 

Material Sample 1 Sample 2 

PMMA+THF 0.50gm+10ml 0.50gm+10ml 

PVC+THF 1.00gm+15ml 2.00gm+15ml 
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depicts the graph of refractive index, reflectivity, absorption and transmittance [8] which are some of the 

optical properties of fibers. As shown in the [Table 2]. 

 

Sample-1 
 

As shown in the[ Fig. 10,11,12] ,0.5gm of PMMA and 10ml of THF+ 1.00gm of PVC and 15 ml of THF 

 
Step 1:  Refractive index 
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Fig. 10: Refractive index of sample -1. 

…………………………………………………………………………………………………. 

 
Step 2: Reflectivity 

600 650 700 750 800 850 900

0.042

0.044

0.046

0.048

0.050

0.052

0.054

0.056

0.058

0.060

R
e

fl
e

c
ta

n
c
e

wavelength (nm)

 Reflectance

 
Fig. 11: Reflectivity graph of sample 1. 

…………………………………………………………………………………………………. 

 

Step 3: Absorption 

600 650 700 750 800 850 900

50

100

150

200

250

300

A
b

s
o

rp
tio

n

wavelength (nm)

 Absorption

 
Fig. 12: Absorption of sample 1.  

…………………………………………………………………………………………………. 

 
 
 



ISSUE: Engineering and Technolohy 

www.iioab.org    | Giridharan  and Shankar 2018 | IIOABJ | Vol. 9 | S1 | 18-25 | 

 

23 

 
Step 4: Transmittance 
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Fig. 13: Transmittance of sample 1. 

…………………………………………………………………………………………………. 

 

Table 3: Values of PMMA, PVC and SAMPLE-1(0.5gm of PMMA and 10ml of THF  +  1.00gm of 

PVC and 15 ml of THF) 

 
 
 
 
 
 
 
 
 
Sample-2 
 

0.5gm of PMMA and 10ml of THF + 2.00gm of PVC and 15 ml of THF 

 
Step 1: Refractive index 
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Fig. 14:  Refractive index of sample -2. 

…………………………………………………………………………………………………. 

 
STEP 2: Reflectivity 

PROPERTY PMMA PVC SAMPLE-1 

REFRACTIVE INDEX 1.4905 1.53 1.542 

REFLECTIVITY 0.0389 0.0434 0.0589 

ABSORPTION 83.13 cm-1 286.12 cm-1 280.12 cm-1 

TRANSMITTANCE 6.514e-184 7.8498e-184 9.00e-184 
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Fig. 15: Reflectivity graph of sample 2. 

…………………………………………………………………………………………………. 

 
Step 3:  Absorption 
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Fig. 16:  Absorption of sample 1. 

 …………………………………………………………………………………………………. 

 
Step 4: Transmittance 
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Fig. 17: Transmittance of sample 2. 

…………………………………………………………………………………………………. 

 

Table 4: Values of PMMA, PVC and SAMPLE-1(0.5gm of PMMA and 10ml of THF  +  2.00gm of 

PVC and 15 ml of THF) 
 

 

 

 

 

 

 

 

 

The above [Table 3 and 4] clearly depicts that the doping of two organic polymers, PMMA and PVC have 

proved to be good material in the making of optical fibers. The doping is done in correct composition and it 

is kept in stirring hot plate to form a semi-fluid like substance .After getting a thin film from this, it is then 

PROPERTY PMMA PVC SAMPLE-1 SAMPLE-2 

REFRACTIVE INDEX 1.4905 1.53 1.542 1.562 

REFLECTIVITY 0.0389 0.0434 0.0589 0.0699 

ABSORPTION 83.13 cm-1 286.12 cm-1 280.12 cm-1 284.1 cm-1 

TRANSMITTANCE 6.514e-184 7.8498e-184 9.00e-184 10.89e-184 
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characterized by FTIR Spectrometer for getting the optical properties. [10] The two samples have been 

doped in different composition and the characterization is done. By analyzing the sample 1 in FTIR, the 

refractive index of the  material is slightly higher than the refractive index of the [11] individual polymers 

.So, it can be suited as a very good core   material for the making of optical fibers . As shown in the [Fig. 

13, 14 ,15 ,16 and 17] The other parameters reflectivity and transmittance also has high value, when 

compared to the individual polymer values. It shows that light travels efficiently with low loss of data. 

Absorption spectra is little lesser, which in turn avoids losses. 

 

Then the sample 2 has been analyzed, which in turn shows greater optical properties than the sample 1. 

The above all is calculated for the wavelength range of 600nm to 850 nm for which the frequency range is 

between 499.65THz to 352.69THz. 

 

CONCLUSION 
 

PMMA has found various applications in the optical fibers. In the doping process, PMMA remains constant 

and the PVC is varied by weight(1.00gm, 2.00gm,….).  The thin film samples are optically characterized 

and its various optical properties such as refractive index, reflectivity, absorption and transmittance have 

been analyzed by using FTIR spectrometer. From the above result and discussions, it is recommended that 

PVC is supposed to be a very good material for doping with PMMA .Since PMMA has better optical 

properties; it can be used instead of silica in the optical fiber for better data transmission. In the future 

work, many samples can be made by varying the PVC in weight (gms) with PMMA. Then with the thin film, 

FTIR analysis can be done for all the samples. From this, the best sample can be taken as the core 

material for the fabrication of optical fibers. The wavelength 600-850 nm is considered to be a good range 

and which can be used in various applications of optical fibers.   

CONFLICT OF INTEREST  
The authors declare no conflicts of interest regarding this paper. 

ACKNOWLEDGEMENTS  
None 

 
FINANCIAL DISCLOSURE  
None 

 

REFERENCES  
 

[1] Deshmukh SH, Burghate  DK, Silaskar SN, Chaudhari 

GN, Deshmukh PT. [2006] Optical properties of 

polyaniline doped with PVC-PMMA thin 

filmsDepartment of Electronics,VIT,Pune. 

[2] Ahmed RM. [2009] Optical Study on 

Poly(methylmethacrylate)/Poly(vinyl acetate) Blends 

Physics Department, Faculty of Science, Zagazig 

University, Zagazig 44519, Egypt. 

[3] Salma M Hassan. [2013] Optical Properties of 

Prepared Polyaniline andpolymethylmethacrylate 

blends Baghdad University – College of Science – 

Physics Department, Al-jadiria, Baghdad, 2(9). 

[4] Belsare NG, Wadatkar AS, Joat RV Wasnik TS, 

Raghuwanshi FC, Raulkar KB *Lamdhade G T 

POLYVINYL CHLORIDE –POLYMETHYL METHACRYLATE 

MICRO-COMPOSITE POLYMERS: MISCIBILITY 

Department of Physics, VidyaBharatiMahavidyalaya, 

Amravati (MS)- 444 602 India 

[5] Zheng-Ming Huanga, Zhangb Y-Z, Kotakic M, 

Ramakrishnab cd S. [2003] A review on polymer 

nanofibers by electrospinning and their applications in 

nanocomposites Composites Science and Technology 

63:2223–2253.  

[6] Udeozo i petal. [2013] Preparation and 

characterization of poly (methyl methacrylate) (pmma) 

and poly (vinyl chloride) (pvc) alloys international 

journal of science and technology the experiment, 

13(4): 859-863. 

[7] Baskar S, Pavithra S, Vanitha T. [2015] Optimized 

placement and routing algorithm for ISCAS-85 circuit, 

Electronics and Communication Systems (ICECS), 2nd 

International Conference on 2015/2/26, IEEE, 958-96. 

[8] Baskar S. [2012] error detection and correction 

enhanced decoding of difference set codes for memory 

application, International Journal of Advanced 

Research in Computer and Communication 

Engineering, IJARCCE, 10: 816-820. 

[9] Baskar S. [2014] Error recognition and correction 

enhanced decoding of hybrid codes for memory 

application at Devices, Circuits and Systems (ICDCS), 

2nd IEEE Conference 1-6. 

[10] S Baskar reliability oriented placement and routing 

analysis in design of low  power multiplier  for wireless 

sensor networks at International Journal of Applied 

Engineering Research, 10(44): 31384-31390. 

[11] Baskar S, Sarma Dhulipala VR. [2012] Comparative 

Analysis on Fault Tolerant Techniques for Memory Cells 

in Wireless Sensor Devices, Asian Journal of Research 

in Social Sciences and Humanities 6 (cs1): 519-528. 


