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Abstract

In this research, study the effect of thickness on the optical properties for polymer poly(methyl
methacrylate),that the films were prepared by spin coating method. Some of optical properties of poly(methyl
methacrylate)film have studied, which includes (energy gap , absorbance spectrum, transmittance spectrum,
reflectance ,extinction coefficient, refractive index, absorption coefficient, imaginary and real dielectric constant)
,this study shows that having different properties due to the difference in thickness .The measurements were taken
for different thickness (206,116,87,66,47 nm ) and different number of rotation (1000,2000,3000,4000,5000 rpm
Jrespectively.
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Introduction

In recent year Poly (methyl methacrylate) PMMA has significant attention due to its good tensile strength ,
not expensive, and high rigidity, solidity, diaphanous,in the visible spectrum optical lossis low, glass temperature
is low, insulation properties was good and thermal constancy dependent on sense of touch. The PMMA is a
photovoltaic packaging material that has a good transmission mostly in the region where for solar cells the spectral
response is higher and the diffusion coefficient is low (1). Poly methyl methacylatc(PMMA) used in medical
applications and have been broadly used due to optical properties decisive about its wide applications and
attractive physical(2).PMMA is one of the good organic optical materials also has It is widely used for making a
variety of optical devices, such as optical lenses . The refractive index is known to change in ultraviolet light, both
in pure and doped conditions, which provide a means of manufacturing structures, such as grid barriers or
waveguides(3).Today these materials play a significant role in many areas of daily life on account of their unique
advantages over traditional materials. Poly- (methacrylate) general is the polymers of methacrylate esters where it
isthe most commonly used among them where is one of the earliest known and most famous polymers, with the
chemical formula (CsHgO,) , .It is naturally colorless and a transparent polymer with owned density(1.15-1.19
glem®).

Available in the market in both pellet (granules) and paper form under the names Plexiglas, Altuglas,

Acrylite, Perspex, Acryplast, Plazcryl,Lucite etc. It is usually called simply acrylic oracrylic glass (4)

Journal of University of Babylon for Pure and Applied Sciences (JUBAS) by University of Babylon is licened under a Creative
Commons Attribution 4.0 International License. 2018.

169


mailto:67@gmail.com
mailto:bmohammed.shinen@yahoo.com
mailto:67@gmail.com
mailto:bmohammed.shinen@yahoo.com

Journal of University of Babylon for Pure and Applied Sciences,VVol.(27), No.(4): 2019

Experimental part

Preparation of Membrane
Spin Coating method

A film is prepared by depositing a material on a glass sheet after washing, and a sedimentation process is
performed using a spin coating method(5-7).Spin coating is efficient and a versatile technique in the preparation of
membranes. It is an attractive method for obtaining a very wide range of powders and thin film materials for
various and many industrial applications. Polymer films were prepared using this technique. Spin coating opens
the possibility to control film morphology well.

Select the spin coating method based on the user's accessibility at work and the equipment and
equipment available in the laboratory(8).The properties and quality of the films depend heavily on the process
parameters. A spin coating system, (model V T C-100), this system is present in the laboratory of the department
of general science, college of basic education, university of babylon, Used to prepare thin films. The system
consists of several parts arranged so that they can be used to make different films on different layers . In this
system the thickness of the prepared films can be controlled by increasing or decreasing the rotation speed of the
system, where the increasing of the speed rotation of the system the thickness of the films are decreasing and vice
versa. Also the homogeneity of the prepared films depends on the speed of rotation and on the balance and stability
of the system, Fig.(1) shows the spin coating system.

Figure. (1): Spin coating system with its control.

Optical measurements

Optical measurement Method is done by using the method of Lambda (LIMF- 10) system, the measurement
system is easy to set up and use. It is suitable for both the manufacturing line and desktop measure with the ability
to connect to your microscope to reduce the spot size or to dismantle for sole spectroscopic use. (Figure 2) show
the optical measurement system used in our research, this instrument is present in the laboratory of the department
of general science, college of basic education, university of Babylon.
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Figure(2): Optical thin film measurement system.

Calculations and Results

Absorbance Spectra

From the figure (3) it can shown that the absorbance measurements of polymer poly(methyl methacrylate)thin
film, were plotted against wavelength in the range of (295-1095) nm. From the figure it is noticed that the
absorption value of a polymer poly(methyl methacrylate) is almost nearly(0.151,0.152,0.183,0.199 and
0.247)respectively for (1000,2000,3000,4000 and 5000 rpm) and strong absorption clear at295nm. This is
consistent with the researcher(9, 10).
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Figure (3). variation of absorption spectra of polymer(PMMA)thin filmwith wavelength .

Transmittance Spectra

From the figure (4) it can shown that the transmittance spectra of polymer(PMMA) thin film, were plotted
against wavelength in the range of (295-1095) nm. From this figure it is noticed that transmittance spectra behaves
as an opposite behavior of the absorbance spectra according to the following exponential relationship through the
for both absorption and transmittance which
A:log (1 /T) ...................... (1)

This is consistent with the researcher(9, 10).
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Figure (4). variation of transmittance spectra of polymer(PMMA) thin film with wavelength .
Optical Energy Gap

The optical energy gap for polymer(PMMA) thin films determined by using equation

ahv=B (hv-E;®)"............ Q).

The graph is shown between (ahv)? photon energy (hv) indicates that polymer(PMMA) are direct transition type
semiconductors for the thin films. Figure (5)and Figure (6)shows the relation of ( ahv )? against photon energy,
from a straight line can determine the energy gap allowed directly ., the energy gap value of a polymer (PMMA) is
almost nearly (1.2, 2.59,3,3.04,3.08 eV) respectively for (1000 ,2000 , 3000 , 4000,5000 rpm ), in general the
energy gap values depend on films crystal structure, also the distribution and arrangement of atoms in the crystal
lattice, it is influenced by crystal regularity. the direct band gap results in this research, are in good agreement with
research(11, 12).
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Figure (5). Variation of (ahv)? vs. photon energy(hv) for polymer(PMMA) thin film.
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Figure (6). Variation of (¢hv)’ vs. photon energy(hv) for polymer(PMMA) thin film.
Reflectance Spectra

From figures (7) it is noticed thatvariation of reflectance vs. with photon energy(hv), for polymer(PMMA) thin
film, it can be attributed to the basis of reflectance that depend on the refractive index as the relationship
R=(N-1)2+k¥(n+1)2+k2........ (3) therefore the reflectance behaves is same behavior to the refractive

index. and this is consistent with the researcher (13).
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Figure (7). Variation of reflectance vs. with photon energy(hv), for polymer(PMMA) thin film.
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Refractive Index

Figures (8) show that the change of refractive index (n) , as a function of photon energy(hv)for polymer(PMMA)
thin film, it can be attributed to the basis of refractive index that depend on the reflectance as the relationship :

1+R

2 3
n= [(ﬁ) - (k3 + 1)] LErS (4),note that the most thickness (206) nm has the highest

refraction this is consistent with the researcher's findings(12).
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figure (8). Shows the change of refractive index (n), as a function of photon energy(hv)for
polymer(PMMA) thin film.
Extinction Coefficient

Figure (9) shows the change of extinction coefficient as a function of photon energy(hv)for
polymer(PMMA) thin film(10, 12).
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figure (9) .shows the change of extinction coefficient as a function of photon energy(hv)
polymer(PMMA) thin film.
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Absorption Coefficient

Figures (10) illustrates the change in the values of the change of absorption coefficient (o), as a function of
photon energy(hv)for polymer(PMMA) thin film,(14, 15).Note that behavior ofabsorption coefficient is almost
similar to behavior ofextinction coefficientand so depending on the relationship :
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Figure (10). Shows the change of absorption coefficient (a), as a function of photon energy(hv)
polymer(PMMA) thin film.

Real and imaginary dielectric constant

The imaginary (€1i) and real (€r) dielectric constant polymer(PMMA) thin film system is determined by
using equations (6), (7) respectively. The change of imaginary (€i) and real (€r) parts of dielectric constant
values versus of photon energy(hv).From figures((11) , (12)), it is found that the behavior of er is similar to that of
the refractive index because of the smaller value of k? compared with n while i is mainly depended on the k
values according to equation (7). This behavior is in agreement with the results of (4). From following relationship
can be calculated real and imaginary dielectric constant
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Figure (11). Shoes the change of real dielectric constant, as a function of photon energy )hv) for polymer
(PMMA) thin film
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Figure (12). Shows the change of imaginary dielectric constant, as a function of photon energy(hv)for
polymer(PMMA) thin film.

Conclusions

1- Note that the value of optical measurements have been measured (absorption, refractive index ,reflectance ,real
dielectric constant) behave the same behavior, while the (transmittance , extinction coefficient, absorption
coefficient , imaginary dielectric constant)behave the same behavior due to the impact of thickness.

2- Effect of thickness variation and number of rotation on optical measurements.

3-Note that the value of the energy gap is as high as possible and reaches to (3.08eV )at 5000 rpm with thickness
(47) nm.

4-Note that the highest refraction at the value that the thickness (206) nm .

CONFLICT OF INTERESTS

There are no conflicts of interest.

References

1. Shinen MH. Preparation of Nano-thin films of ZnO by Sol — Gel method and applications of solar cells
Hetrojunction. Journal of Natural Sciences Research. 2014;4(1):89-108.

2. Ziad.T. Khodair, Muhammad H. Abdul-, Mustafa H. Saeed - Allah Study of optical properties of (PMMA)
doped by methyl red and methyl blue films. Iragi Journal of Physics (1JP). 2014;12(24):47-51.

3. Rouaramadanl E, Ahmad A. Hasan. Study of the Optical Constants of the PVC/ PMMA Blends.
2013;2(11):240-3.

4. Tuma FA. The Optical Constants of Poly Methyl Methacrylate PMMA Polymer Doped by Alizarin Red Dye.
2016;1(15):13-198.

5. Maan A. Saleh AOMaMHS. Study the Optical Properties of Polyaniline-PEDOT Nano Composite.
International Journal of Multidisciplinary and Current Research. 2018;6:1038-43.

6. Raheem G. Kadhim MHSaMSA. Study the Optical Properties of Polyaniline-Multiwelled Carbon Nanotubes
Nano Composite. Journal of Babylon University/Pure and Applied Sciences. 2017;25(3):1031-42.

7. Khalid Haneen Abass MHSaAFA. Preparation of TiO2 nanolayers via Sol-Gel method and study the
optoelectronic properties as solar cell applications. Journal of Engineering and Applied Sciences
2018;13(22):9631-7.

8. Mohammed Hadi Shinen AKm, S. A. A. AlSaatil, Amjed Mirza Oda, Fouad. Z. Razoogi and Abbas Hussein
Mugheer Preparation nano thin film of Polyaniline/MWCNT and study of their response to some organic matter
fumes. Journal of Engineering and Applied Sciences. 2018;13(22):9618-26.

9. Rouaramadan E, Ahmad A. Hasan. Study of the Optical Constants of the PVC/PMMA Blends. International
Journal of Application or Innovation in Engineering & Management (IJAIEM). 2013;2(11):240-3.

176



Journal of University of Babylon for Pure and Applied Sciences,Vol.(27), No.(4): 2019

10. Tuma FA. The Optical Constants of Poly Methyl Methacrylate PMMA Polymer Doped by Alizarin Red Dye.
American International Journal of Research in Formal, Applied & Natural Sciences. 2016;16:13-8.

11. Bahaa H. Rabee BAA-K. Study of Optical Properties of ( PMMA-CuO ) Nanocomposites. International
Journal of Science and Research 2016;5(4).

12. Hussein Neama Najeeb AAB, Ghaleb Abdul Wahab, Ahmed Kadem Kodeary. Study of the optical properties
of poly (methyl methacrylate) (PMMA) doped with a new diarylethen compound. Academic Research
International. 2014;5(1).

13. Al-Nuaimi FJK. Optical Properties of Laser Dye Rhodamine B Doped Polymethylmethacrylate- Polycarbonate
Films. JOURNAL OF COLLEGE OF EDUCATION. 2016(3):37-46.

14. Wadi HAA. Influence of Gamma Radiation on Some Optical Properties and Urbach Energy of (PMMA-
Doped Red Methyl) Films. Ibn Al-Haitham Jour for Pure & Appl Sci. 2013;26(3):219-24.

15. Rouaramadan E, Ahmad A. Hasan. Study of the Optical Constants of the PVC/

4 ) (PMMA) sadd sl LY 4 padl pal dl) o dland) il 4 )
asally Ul 48, oy B piaaall g

FEK A A el daaa FFULL G0 dada Flpwa SL daa)

Lpales¥! sl o i) o LIS,y Al
Loladl o plall anid , dpssles¥) Ly ill IS , Sl drals ™

Al o gle maid o glell LS, Lpildl] deals
dLaval
55 ol DAl il 3 sl a5 (PMMA ) S gd) 20ieY 2 o) Gl 53l o cland) s Ll 53 Gndl 130 4 3
3503l Jalroy LSy ulSadl) Jalae s Ldlaill 5 dpaliaieV) Caday 28kl 6 5md el Al 40829 23gd 4y puadl Lol sl 4ul 5
il Ll 5 @l 5 clandl G pe (al sl RS U iy Al jall 38 o) L ey LAl ¢ el s paliaia¥] Jalass

.&;‘}ﬂ\‘;‘o(rpmc~~~,ﬁ~~~,\‘~~~,Y~~~,’~~~)J‘J}Aﬂ&)ﬂ}&ﬂ}(‘)&q}ju,iv,"\‘ ,/\V,\\T,YU‘K)

Ayl Gal &) 448 diel, PMMA A clalgl)

177



