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Pure and doped PMMA films with NiCl, have been deposited by using casting method. Optical
measurements were studied by UV- VIS technique in the wavelength ranges (200-800)nm. The optical
properties and dispersion parameters of films have been studied as a function of doping concentration
of NiCl,. Changes in direct optical energy band gap of films were confirmed after doping, the optical
energy gap decreased from 3.29eV for the pure PMMA to 1.90eV after increasing the doping
concentration of NiCl, to 0.4%, These result were inversely with the Urbach tails where increased
from 278 to 702 meV. The changes in optical properties and dispersion parameters were investigated.
An increase in the doping concentration causes an increase in the reflectance, absorption coefficient
and in the average oscillator strength from 1.73 to 4.29 eV. The transmittance, single-oscillator energy,
static refractive index, static dielectric constant, moments of the imaginary part of the optical spectrum,
average oscillator position and average oscillator strength were decreases with increasing NiCl,
content.
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1. INTRODUCTION

As a polymeric material, Poly(methyl methacrylate) PMMA, has attracted particular interest for
its high chemical resistance, advantageous optical properties, simple synthesis, and low cost. These
characteristics make it suitable as a host material for multiple valance metal ions and showed a strong
dependence of donor—acceptor mechanism between the metal ion and the polymer matrix [1]. PMMA
has attracted great attention due to its unique properties such as, excellent mechanical properties [2],
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thermal capability and electrical performance [3], low optical absorption, simple synthesis and low
cost [4], high transparency in the visible region, low refractive index [5], possible to use in nonlinear
optics [6].

These characteristics create many potentially commercial applications, like, photonic of
nanotechnology [7], as an optical diffuser in a liquid crystal display backlighting unit (BLU) [8],
humidity sensing after surface modification of PMMA by argon/oxygen plasma processing [9], as a
gas sensors [10], optical device such as optical lenses and polymer optical fiber [11], PMMA is also
widely used in consumer products [12].

Many attempts have studied the optical, structural and other properties of PMMA films doped
with multiple valance metal ions such as methylene blue and methyl red, Al,O3;, MnCl,, I/KI, CuCl,
ZnSe, CdS, MnCl,, MgBr,, CrFs, FeCls, etc [13-18]. These researches showed a strong dependence of
donor—acceptor mechanism between the metal ion and the polymer matrix. Also, these studies showed
changes in the properties like crystallinity, structural and optical behavior of the polymer due to
doping. The nickel chloride NiCl, was synthesized and chosen as a dopant for its excellent solubility in
PMMA. In this paper, the effect of NiCl, on the optical properties and dispersion parameters of
PMMA was studied as a function of NiCl, concentration in order to be use in the optical devices, for
this purpose.

2. EXPERIMENTAL DETAILS

Films of poly (methyl methacrylate) PMMA doped with different weight concentration of
nickel chloride (NiCl,) salt (0.1, 0.2, 0.3, 0.4)% have been prepared by the dispersed polymer and
NiCl; dissolve in 100 ml chloroform with stirring the solution, using a magnetic stirrer for about (30
min) at room temperature for complete dissolving. Different polymer solutions (volumetric solutions)
were casted as a layer, dried at room temperature for 24 hours. Layer thickness were measured using
(indicating micrometer 0.25 pm), all layers found to be in the range of (20 * 1)um, these layers were
clear, transparent, free from any noticeable defect and showing light bluish color.

Optical Transmittance, Reflectance and Absorbance were recorded in the wavelength range
(200-800)nm using computerized UV-visible spectrophotometer (Shimadzu UV-1601 PC). Optical
transmittance, reflectance and absorbance were reported in order to study the effect of doping on the
parameters under investigation.

3. RESULTS AND DISCUSSION

The optical absorption measurements were carried out in the UV/VIS region (200-800)nm for
pure and doped PMMA films with different concentrations of NiCl,. The transmittance (T) of all films
recorded in the applied wavelength (A) range is shown in Figure (1). It is clear from this figure that
transmittance spectra for all films increased with increasing wavelength. Increasing the NiCl, content
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of the films decreases transmittance for all wavelength range. This means that there is some absorption
in that wavelength range.
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Figure 1. The variation of transmittance with wavelength for pure and doped PMMA films.

Figure (2) shows the optical reflectance (R) spectra for pure and doped PMMA films. The
reflectance has been found by using the relationship:

R+T+A=1 ................ (D)

Where A represent the absorbance. The overall reflectance of the films increases as the doping
concentration with NiCl; increases. Also, it is seen that the reflectance for the doped films is limited
only by the surface reflectance of about 20% in the visible region.
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Figure 2. The variation of reflectance with wavelength for pure and doped PMMA films.
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The optical properties of films by means of optical absorption in the UV-Vis region of (200—
800)nm have been investigated. The absorption coefficient (o) could be calculated by using the
following relation [19]:

0=2303 A/t oreeiieeeen, )

Where t is the film thickness. Figure (3) Shows the dependence of the absorption coefficient (o)
on the wavelength. The absorption coefficient decreases with increasing the wavelength. Also it can be
observed from the figure that the absorption coefficient increases with increasing the doping contents
of NiCl; to 0.4%, this increasing can be attributed to the existence of more electronic transitions from
higher vibration levels of the ground state to higher sublevels of the first excited singlet state [20].
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Figure 3. Variation of Absorption coefficient with wavelength for pure and doped PMMA films.

The incorporation of dopants into polymeric materials often reveals the formation of band
tailing in the band gap. The tail of the absorption edge is exponential, indicating the presence of
localized states in the energy band gap (Eg). The amount of tailing can be predicted to a first
approximation by plotting the absorption edge data in terms of an equation originally given by Urbach
[21]. The absorption edge gives a measure of the energy band gap and the exponential dependence of
the absorption coefficient, in the exponential edge region Urbach rule is expressed as [22,23]:

a=a’exp(hv/Ey) .o, 3)

Where a° is a constant, hv is a photon energy, Ey is the Urbach energy, which characterizes the
slope of the exponential edge. Figure (4) shows Urbach plots of the films. The value of Ey was
obtained from the inverse of the slope of Ina with hv and is given in Table (1). The dopants change the
width of the localized states in the optical band. Ey values change inversely with the optical band gap.
The Urbach energy values of PMMA, PMMA:NICI; 0.1%, PMMA:NICI, 0.2% PMMA:NICl, 0.3%
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and PMMA:NICI, 0.4% films were calculated to be 278, , 323, 421, 565 and 702 meV respectively.
The increase of Ey suggests that the atomic structural disorder of PMMA films increase by NiCl,
doping. So, this increase leads to a redistribution of states, from band to tail. As a result, both a
decrease in the optical gap and a widening of the Urbach tail are taken place.
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Figure 4. Ino versus photon energy for pure and doped PMMA films.

The refractive index (n) dispersion plays an important role in optical communication and
designing of the optical devices. Therefore, it is important to determine dispersion parameters of the
films. The dispersion parameters of the films were evaluated according to the single-effective-
oscillator model using the following relation [24, 25]:

n%-1=[Eq Eo/ Eo™— (h0)?] ..ecooooi...n. (4)

The physical meaning of the single-oscillator energy E, is that it simulates all the electronic
excitation involved and Eq4 is the dispersion energy related to the average strength of the optical
transitions [26], which is a measure of the intensity of the inter band optical. This model describes the
dielectric response for transitions below the optical gap. (n>-1)"' vs. (hv)® plots for the films was
plotted as shown in Figure (5). E, and Eg4 values were determined from the slope, (EoEq) ' and intercept
(Eo/Eq), on the vertical axis and are given in Table (1). E, values decreased with the dopants as the
optical band gap decrease because the depending on it where the energy band gap is calculated from
Eo. According to the single-oscillator model, the single oscillator parameters E, and Eq are related to
the imaginary part of the complex dielectric constant, The static refractive index n(o) evaluated from
equation (4) then the value of static dielectric constant &, was calculated. The dielectric constant were
observe a decrease with increasing NiCl, content. The dielectric constant relates to the permittivity of
the material. The permittivity expresses the ability of a material to polarise in response to an applied
field. It is the ratio of the permittivity of the dielectric to the permittivity of a vacuum [27].

The moments of the imaginary part of the optical spectrum M_; and M_3 moments can be
derived from the following relations [28]:



Int. J. Electrochem. Sci., Vol. 10, 2015 1560

The values obtained for the dispersion parameters E,, Eq, Eg, n(0), €., M-1 and M3 are listed
in Table (1). All these parameters changes with the dopants.

For the definition of the dependence of the refractive index on the light wavelength, the single-
term Sellmeier relation can be used [24]:

N*(W) = 1=Sehe?/ 1= MM ooeeeeein, (7)

Where A, is the average oscillator position and S, is the average oscillator strength. The
parameters S, and X in equation (7) can be obtained experimentally by plotting (n* — 1) * against A
as shown in Figure (6), the slope of the resulting straight line gives 1/ S,, and the infinite-wavelength
intercept gives 1/ S, Ao>. The results shows a decrease in the band gap which may be attributed to the
presence of unstructured defects, that increase the density of localized states and cause a widening in
the Urbach tail and consequently decrease the energy gap.

Table 1. The optical parameters

Pure 278 658 329 173 1128 0.0779 212 1.45 8.35 106.04
PMMAV/NICI; (0.1%) 323 522 261 188 0.777 0.0381 1.77 1.33 1.71 751.79
PMMAV/NICI; (0.2%) 421 517 258 269 0515 0.0189 151 1.23 3.43 563.55
PMMAV/NICI; (0.3%) 565 452 226 351 0.363 0.136 1.36 1.16 4.79 572.84
PMMAV/NICI; (0.4%) 702 380 190 429 0264 0.0061 126 1.12 1.06 353.92
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Figure 5. Variation in (n2 —1) " as a function of (hu)2 for pure and doped PMMA films.
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Figure 6. Variation in (n* — 1) ~* as a function of (1) for pure and doped PMMA films.

4. CONCLUSION

The aim of this studying to get of the conductive polymer by adding NiCl, salt to PMMA
polymer, films where prepared by using casting method. Both pure and doped samples were optically
characterized by using UV-VIS technique and the results were systematically presented. The optical
properties reflection and absorption coefficient were increases with increasing NiCl, concentration but
the transmission is decreased. Optical band gap was calculated and found to be decreases with the
increasing of the doping concentration from 3.29 to 1.90 eV of 0.1 to 0.4 wt% respectively, these result
were inversely values with the Urbach tails where increase from 278, to 702 meV. The optical
dispersion parameters were characterized. single—oscillator parameters, static refractive index, static
dielectric constant, moments of the imaginary part of the optical spectrum, average oscillator position
and average oscillator strength were determined where decreases with increasing the doping contents
of NiCl; to 0.4%. It was shown that the average oscillator strength value increase from 1.73 to 4.29 eV
with increasing of doping concentration.

ACKNOWLEDGEMENTS

The authors thank Al-Nahrain University, Baghdad University and Universiti Kebangsaan Malaysia
for the funding (Codes AP-2011 17, DPP-2013-054, UKM-MI-OUP- 2011, AP-2012-017, and DLP
2013-002).

References

1. J. Hongfang, T. Huohong, Z. jingli, X. Jie, Z. Qijin, X. Hui, H. Wenhao, X. Andong, Opt. Lett,
30(2005)774.

2. T.Tsai, C. Lin, G. Guo, and T. Chu, Materials Chemistry and Physics, 108(2008) 382.

3. Y. Li, B. Zhang and X. Pan, Composites Science and Technology, 68(2008)1954.



Int. J. Electrochem. Sci., Vol. 10, 2015 1562

4. V. Prajzler, V. Jerabek, O. Lyutako, I. Huttel, J. Spirkova, V. Machovic, J. Oswald, D.
Chvostostova and J. Zavadil, Act Poly Technica, 48(2008)14.

5. J. E. Klemberg-Sapieha, L. Martinu, N. L. S. Yamasaki and C. W. Lantman Tailoring, Thin Solid
Films, 476(2005)101.

6. P.Poornesh, P. K. Hedge, G. Umesh, M. G. Manjunatha, K. B. Manjunatha and A. A. Adhikari
Optical & laser Technology, 42(2010)230.

7. M. Nakajima, T. Yoshikawa, K. Sogo and Y. Hirai, Micro Electron. Eng, (2006)876.

8. G. Kim, European Polymer Journal, 41(2006)1729.

9. R. V. Dabhade, D. S. Bodas and S. S.Gangal, Sensors Actuators B: Chemical , 98(2004)37.

10. S. Shang, L. Li., X.Yang, Y. Wei, Composites Science and Technology, 69 (2009)1156.

11.J.M. Yu, X.M. Tao, H.Y. Tam and M. S. Demokan, Applied Surface Science, 252(2005) 1283.

12. B.L. Deng, Y.S. Hu, W.Y. Chiu, L.W. Chen, and Y.S. Chiu, Polymer Degradation And Stability,
57(1997)2609.

13. A. H. Ahmad, A. M. Awatif and N. Zeid Abdul-Majied, Engineering and Technology, 25,
(2007)588.

14. O. Krejza, J. Velicka, M. Sedlarikova and J. Vondrak, Journal of Power Sources, 517(2008) 2493.

15. A. Tawans, A. ElI-Khodary, H. M. Zidon and S. I. Bodr, Polymer Testing, 21(2002)381.

16. C. Monika, A. Vazid, and K. Sushil, International Journal of Scientific and Research Publications,
2(2012)2250-3153.

17. H.A.A. Muhammad, S. C. Sami, F. H .Nadir, Diyala Journal for Pure Science, 6(2010)161-169.

18. H.M. Zidan, and M. Abu-Elnader, Physica B, 355(2005)308-317, D0i:10.1016/j.physb.2004.
11.023.

19. A.T.Wasan, A.N. Mohammed, Y. Emad, Yanbu Journal of engineering and science,
8(2014)1435H.

20. A.T.Wasan, A.N. Mohammed and K.R. Tagreed, Baghdad science Journal, 8(2011)543-550.

21. F. Urbach, Phys. Rev, 92(1953)1324.

22.J. Tauc, Plenum Press, New York, 1974.

23. A.T.Wasan, A.N. Mohammed, M.Y.Rahimi, Y. Emad, M.A.Bashar, S.Jumat, S.Nadia and
I.Z.Saiful, International Journal of polymer science, Volume 2014, Article ID
697809(2014)6pages.

24. S.H. Wemple, DiDomenico, J. Appl. Phys, 40(1969)720-734.

25. K.R. Tagreed, Journal of Al-Nahrain University, 16 (2013)164-170.

26. S. H. Wemple, Phys. Rev, B7(1973)3767-3777.

27. A. Zulkifli, polymeric dielectric material, In Tech, 2012.

28. H. E. Atyia, Optoelectron. Adv. M, 8(2006)1359-1366.

© 2015 The Authors. Published by ESG (www.electrochemsci.org). This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/4.0/).



http://www.electrochemsci.org/

