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ABSTRACT KEYWORDS
Optical propertiesof crystal violet doped polymethyl methacrylate (PMMA) Crystal violet;
films were studied. Absorption and transmission spectra were measured Dye doped PMMA polymer
from UV-Visible spectrophotometer. Reflection spectrawas cal culated for films;
al samples. CV- PMMA samples were prepared by casting method. CV Optical constants;
solution was 0.5x10-*mol/liter, and different amount of thissolutionas(2, 5, Energy gap;
10, 15, 25, 35, and 40) ml were added to get CV- PMMA films. Energy band Microstructure behavior;
gap was calculated for CV dye equal to 2eV and for PMMA 5eV and calcu- FTIR spectrum.

lated for all CV-PMMA filmswhich about (1.92- 1.98)eV. Also, all optical
constants (absorption coefficient, extinction coefficient, refractive index,
real and imaginary dielectric constant) were measured for all samples. Mor-
phology behavior and FTIR spectrum and X-ray diffraction wereillustrated
and compared with other researchers. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

In recent years, one of the most important and
useful laser dyeiscrystd violet that havereceived much
attention in physical chemistry from both fundamental
and applied researches¥. Also, crystal violet is a
triphenyltmethanedye. Itisantimicrobial, mutagenic,
and used to prevent fungal growthin poultry feed2,
It isused as a bacteriostatic agent in medical solu-
tion®7, so this property benefit to treat skin infection
by staphylococcus aurous”®. Crystal violet isone of
the dyesthat altersin many studies concerning mo-
lecular structures®9, eectronic state, so that thereare
many applicationsfor itinthesensorg'?, light emitting
diodeg*+2,

The optical properties of this dye can be easily
tuned by controlling contents of different concentra-
tions of dye solution and different weight of poly-

mers®¥, Severa effortsto devel op components based
on solid —state matrices with embedded dye are con-
centrated in pure polymers, thethermoplastic PMMA
iscons dered asone of themost efficient dye matrices
with excellent optical properties¥. Oneof very im-
portant applicationsin polymer film doped dye; it used
in humidity measurement and control inindustry and
other fieldsrequire an accurate and reproducible de-
termination of thewater vapor concentration in moist
airtl,

In present work, we aim to synthesisthe optical
constants such asrefractiveindex, extinction coeffi-
cient, real and imaginary part of dielectric constant and
ca cul ate energy band gap for crystal violet doped poly
(methylmethacrylate) filmsin different doping retio of
CV solution. Also, the microstructure and FTIR spec-
trumwere studied for al filmsand show the effect of
change of doping ratio of CV solutiononit.
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EXPERIMENTAL WORK

Thehost materia isahard and rigid polymer with
outstanding clarity and good outdoor weathering™.
Polymer present someimportant advantages asthey
usually show good compatibility with organic dyesand
excdlent optica homogeneity!*¥. Thenpolymer PMMA
will obvioudy inducestructura absorption changesand
good transparency and good solubility with thisdye.
Crystal violet (CV) or called methyl violet (2B), has
chemicd formulaC,,H,,N,HCl with molecular weight
M, =393.95gm/mol!*". Both dye and polymer are
soluble by the solvent chloroform (CHCI,).

The dye solutionwith concentration 0.5x10*mol/
liter isprepared according to the method mentionedin
ref. (8, The dye doped polymer filmsare prepared by
casting method. Certain amounts of polymer PMMA
powder (0.5gm) weredissolved in (10ml) of solvent
chloroform. Then, different ratio of dyesolution (2, 5,
10, 15, 25, 35, 40)ml were added to polymer solution
and mixed very well. Themixture pouredin glass petri
dishwith (10cm) diameter and left to dry for 24hr at
room temperature about (25 C) to get homogeneous
films. Thethicknessof filmswasmeasured by digita
micrometer and it about (0.55)mm.

Theabsorption, transmission spectraof dye solu-
tion and dye doped polymer filmswere achieved by
the UV-Visible spectrophotometer type (Cary 100
Conc, UV-Visible, Spectrophotometer Varian,
EL04113001).

Themicrostructure behavior was achieved by op-
tical microscopetype (Bel Etady Photonics) withdigita
camera(X10). FTIR spectrawere performed by FTIR
spectrophotometer type (Shimadzu- 8400). Also, X-
ray diffractionwasbetakenfor all samples.

RESULTSAND DISCUSSION

(Figures 1 and 2) illustrate the absorption A and
transmittance T spectraof CV-PMMA filmswith dif-
ferent doping ratio of dye solution (2, 5, 10, 15, 25,
35, and 40) ml which measured by UV- spectropho-
tometer. Reflectance R was calculated fromtherela
tion9;
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Figurel: Absorption spectrum of CV-PMMA filmsin dif-
ferent dopingratioof CV solution
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Figure2: Transmittance spectrum of CV- PMMA filmsin

different dopingratioof CV solution

Reflection spectrafor different doping ratio of CV
in CV-PSfilmswasshowninFigure 3.
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Figure3: Reflection spectrum of CV-PMMA filmsin differ-
ent dopingratio of CV solution
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Itisclear that the transmittance Figure 2 declare
reductioninitsvalue; i.e. increase absorbance Figure
1, withincreasngthedopingratio of CV solution. More-
over, T decreasesfrom 1 to 0.07 for 5ml to 40ml dop-
ing ratio, respectively. Thisindicatethat filmsbecome
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more opague or lesstransparent with increasing dop-
ing ratio, thisbehavior reflectsasanincrementinre-
fractiveindex (n) and extinction coefficient (k) values
asaresult of increasing doping ratio (see TABLE 1,
and asshownin (Figures4 and 5), respectively.

TABLE 1: Thevalueof energy band gap

Pure

Pure

Doping ratio of (CV) PMMA cv 2ml 5ml 10ml  15ml 25ml 35ml  40ml

Energy gap of CV-PMMA (eV) 5 192 192 195 196 198 198 196
—v—re2ml | —eepesml | —eaElinl | —edelsl tio ascribesto increase the number of CV molecules
—H¥=—cv=25ml =—8=—cv=35m| =—A—cv=40ml

Wavelength (nm)

Figure4: Refractiveindex of CV-PM M Afilmsfor different

dopingratioof CV solution.
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Figure5: Extinction coefficient of CV-PM M A filmsfor dif-
ferent doping ratio of CV solution
Theseoptical constants; refractiveindex (n) and
the extinction coefficient k were computed from these
relationg®2

n=(1+RY%)/ (1-R"Y?) @)

Ky,=0A/4mn (3
Where o is absorption coefficient, which was calcu-
lated
a=2.303A/ @)
A: wavelength of incident light (innm).

Theincreaseof nvaueswithincreasing dopingra:

into CV-PMMA filmsthat led toincrease absorbance
and makethefilmsmoredensewhichinturn decreases
propagation ve ocity of light through themthat resulting
toincrease (n) values. While, (n) represent theratio of
light vel ocity through vacuum to vel ocity through any
material. Then, the material become more opaqueto
theincident light thustheve ocity of light decreasesand
consequently nand k increases?.

Also, the complex dielectric constant that charac-
terizestheoptical propertiesof thesolid materia can
be calculated asfollowg*24

e=¢g, +ig; )

Thee and ¢ describethereal and imaginary parts of
diel ectric constant, respectively and determined by the
followingrdaions.

g, =n’ —x’ (realpart) (6)

€, =2nk (imaginarypart) (7

Figures6 and 7 show thered andimaginary part of
dielectric constant for CV-PSfilmsand for al doping
ratio of CV solution, respectively. Itisconcluded that
thevariation of ¢ mainly depend onthe val ueof (1v)
becausethesmaler value of (k) comparisonwith (n?),
whilethe (&) mainly depend on (k) valueswhich are
related tothevariation of (a).

Thedetermination of band gap energy (Eg) isoften
necessary to devel op the el ectronic band structure of
filmmaterid. Absorption coefficient (o) isrelaed tothe
energy (E) of theincident photonsby therelationY.

ahv=B (hv-E, ") (8
Where B : constant depended on type of materid; v:
frequency of incident photon; r : exponential constant,

itsva ue depended on type of transition; wherer =1/2
for allowed direct transition; r =3/2 for the forbidden
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direct trangition; r =2 for allowed indirect transition; r
=3for theforbiddenindirect trangtion.

Sothat, the energy gap can beobtained by plotting
(ahv)¥2 versus (hv) inthe high absorption rangefol-
lowed by extrapolating thelinear region of the plotsto
(ahv)¥2=0.

Figure8 showstherd ation between (ahv) 2and pho-
tonenergy for pure PMMA film and ca culatetheen-
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Figure6: Real part of dielectriccongtant of CV-PM M A films
for different dopingratio of CV solution.
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Figure7: Imaginary part of dielectricconsant of CV-PMMA
filmsfor different dopingratio of CV solution

ergy gapto be(Eg:5ev) that issatisfied with theresult
obtained by Svorcik et al®. While, (Figures9-11) il-
lustrated the rel ation between (ahv) > and photon en-
ergy for CV solution, CV-PMM A with different dop-
ing ratio 5ml and 40 ml, respectively. The energy gap
for dl filmswasca culated and mentioned in TABLE 1.
Theenergy gapfor CV solutionis2ev asmatch with
Abbasand Zahrad?!, and decreased for doping with
polymer PMMA to be from 1.92ev to 1.96ev (see
TABLE).

Also, themicrostructure behavior of PMMA poly-
mer filmwasdemonstratedin Fgure 11. Homogeneous
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Figure8: Energy band gap of purePMMA film
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Figure9: Energy band gap of CV solution
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Figure10: Ener gy band gap for CV-PM M Awith dopingratio
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structure was shown in these filmsand this behavior
similar to studiesof Dubey et. ., and Al- Kadhemy
et.al [

The X-ray diffraction pattern for purePMMA and
CV-PMMA filmsshow the amorphousstructurefor all

Figurell: Microstructureof purePM MAfiIm

Figure12: Microstructureof CV- PMM A film with doping
ratio

films, thiswill bematchwith work of Savaetd.?1. The
role of crystal violet dye clear to increase the amor-
phousof polymer by increasing theintensity of X-ray
spectrum.

Themostimportance of (FTIR) spectroscopy isto
identify themain characteristics pesksof crystal violet
dye, PMMA, and CV- PMMA with different doping
ratio of CV dye. All (FTIR) spectraaretakenin trans-
mission mode. Figure (14) showsthe FTIR spectrum
of (CV) dyeand compared with chemical formulaof
thisdye, asin Figure 1. There have morethan one peak
obtained inregion of the C—H bending vibrations (900—
600.cn?) can support the presence of an aromatic

== Fy/| Poper

structure. Inregion (1200-1000 cm?), thereisapeak
at 1062 cmirefersto C-H bending vibrations, and a
peak at 1168.90 cm* correspondsto the C-N stretch-
ing vibrations. The benzeneringsvery clear whichis
supportive to the peak at 1583.61 cm? that acts the
C= C dtretching of the benzene ring, and a peak at
2917.14cm* for C-H stretching with asymmetric CH,
group. FTIR spectraof thisdye showsthe presence of
two bands (3219.3and 3093.92cm?) allot to N-H
stretching vibrationsof primary amines®.

TheFTIR spectrum of pure PMMA polymer was
shownin Figure 15 and asacompared with achemical

(@ purePMMA

(b) CV-PMM Awithdopingratio 25ml

Figure13: X-ray of films

formulaof thispolymer asin Figure2. Thetransmisson
bands corresponding to CH,, twisting, wagging and
rocking modes of PMMA are appeared at 989 and
763 cm™. The peaks (1246 and 1274 cm™) correspond
tothe C- O gtretching vibrationsof 6 ester groups. The
characteristic peak at 1386.86 ctisappeared dueto
O-CH, deformation of PMMA. The transimission
around 1435 and 1487cm? characterize the asymmet-
ricbending vibrationsof (C- CH,) and (C- CH,) bonds,
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respectivdy; theC- O stretching vibration of ester group
appears around 1730 cm™, and the,and -CH, asym-
metric stretching at 2951.19 cmrt due. In addation three
bands at 3473.26 cm?, 3551.07 cm?, and 3632.08
cmrefersto aminegroup that isuseful to keepingthe

polymer from humidity. All peaksarecompared with
theresults of other researchg?®, and showed a good
matched with them.

Theeffect of addition (CV) dyeto PMMA poly-
mer on FTIR spectrumisshownin Fgures(16 and 17)
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Figurel4: FTIR spectrum of CV dye
- %3 3
50 — ;‘g a8 ¢ w
T a T B "&
40
20 =
o b g = ]
4000 2500 3000 2500 2000 1750 1500 1250 1000 750 500
0.5 pm O 1/em
Figurel5: FTIR spectrum of PM M A polymer
a0 :\E i: :’
T bl ek =
a(
| \ =
I =
_"I w
x
o e
= 3
20
-CIIJL_)\.) 3500 1750 1500 1250 1000 T50 500
0.5 5 1/cr

Figure16: FTIR spectrum of

5ml CV- PM M A polymer

for different dopingratio (5, and 40 ml), respectively. appearedinal dopingratio, and al other peaksasthe
Thereisonepeak (3010.98) cnr refersto (CV) dye  samefor pure PMMA polymer.
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Figurel17: FTIR spectrum of 40ml CV- PMM A polymer

CONCLUSIONS

Optical propertiesof crystal violet doped polym-
ethyl methacrylate (PMMA) filmswere studied. En-
ergy band gap for CV was 2eV and for PMMA 5eV
and CV-PMMA about (1.92- 1.98) eV. Absorption
coefficient, extinction constant, real and imaginary di-
electric constant, and refractiveindex for all samples
were synthesized. XRD measurements showed the
amorphous structurefor both PMMA and CV-PMMA
films. Microstructurebehavior of PMMA filmwasflat
and CV-PMMA become more homogenous. FTIR
spectraof CV, PMMA, and CV-PMMA films were
illustrated and showed that the effect of dopingratio of
CV solutiondidn’t affect on FTIR spectrum of PMMA.
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