Trade Science Ine.

ISSN : 0974 - 7494 Volume 7 I ssue 2

Nano Science and Nano Technology

A Tndéian Yournal

—= FUl| Peper

NSNTAIJ, 7(2), 2013 [60-65]

Macrostructure and optical study of PMMA/TIO,
nanoparticles composites

Osiris W.Guirguis'*, Mohamed S.Melegy?, Nabawia A.El-Zaher?
Biophysics Department, Faculty of Science, Cairo University, Giza, (EGYPT)
ZTextileM etrology L ab, National Ingtitutefor Sandards, Giza, (EGYPT)
E-mail: osiris_wgr @yahoo.com
Received: 8" May, 2012 ; Accepted: 10" September, 2012

ABSTRACT

Polymer nanocomposites have elicited extensive research efforts due to
their potential to exhibit spectacular properties. I n the present work, mixtures
of four different concentrations (2.5, 5, 7.5, and 10 wt%) of titanium oxide
(TiO,) nanoparticles with poly (methyl methacrylate) (PMMA) were
prepared. Fourier transform infrared spectroscopy (FTIR) and optical
analysiswere employed to characterize and reveal the miscibility map and

KEYWORDS

Poly (methyl methacrylate);
Titaniumoxide
nanoparticles;

FTIR;
Tristimulus values,
Color parameters.

the relationship of the structure properties. From the obtained results, it is
clear that the TiO, nanoparticles have a great effect on improving the
performance properties of PMMA greatly depends on the concentration
of nanoparticles. Moreover, the organic parts are attached with the
inorganic parts in the PMMA/TiO, nanoparticles composites.
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INTRODUCTION

Polymer nanocompositeshavedicited extensvere-
search effortsdueto their potentia to exhibit spectacu-
lar properties. They haveimmense potential and are
befitting materialsto serveasanideal and futuristical-
ternativefor varied applications. Polymer—inorganic
oxide nanoparticle compositeshave attracted consid-
erableattentioninthefield of material sciencebecause
they exhibit enhanced materia propertiesascompared
to pure polymers. The presence of inorganic oxide
nanoparticle fillers in polymers can alter the
thermomechanical, optical, electrical, and magnetic
propertiesof thepolymers¥. Nanoparticles(NPs) have
an enabling rolein variousbranches of nanotechnol ogy

dueto their capability of being abridge between bulk
materia sand atomic or molecular structures. Recently,
composite materialsmade of polymersand NPs, such
asinorganic, metal, semiconductor, carbon black, and
magnetic nanomateriashaveattracted great attention
because of thestabilizing effects of the polymer matrix
ontheNPsand relative easinessand flexibility of engi-
neering this class of materials with advanced
functionalitieg?.

Poly (methyl methacrylate) (PMMA) isoneof the
best organic optical materialswhichisvery suitable
fornumerousimaging and nonimaging microd ectronic
gpplications, including asaphotores stancefor direct-
writee-beams, X-raysand deep UV microlithograpic
process and hasbeen widely used to makeavariety of
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optical devices, suchasopticd lenseseither inthepure
or doped state™9. PMMA has been used in skeletal
surgery for morethan 40 years asameans of securing
prostheticimplantsand morerecently isused asade-
livery agent for loca high-dose antibioticsto treat soft
tissue and osseous infectiong'. Moreover, since
PMMA is anondegradabl e biopolymer, it has been
extremdy utilized for antibiotic ddivery sysem purposes
for thetreatment of osteomyditis™. Also, PMMA isa
widely used support medium for theembedding of in-
tact, undecal cified bone*?. Itshardnessmakesit idedl
for cacified tissue sectioning and subsequent histol ogi-
ca examination™,

Titaniumoxide(TiO,) nanoparticle(that is, species
composed of titanium and oxygen) representsan im-
portant materia that isused widely in photocataysis,
sensor technology, optical coatings, adsorbents, pro-
duction of paper, plastics, cosmetics, paintsand pig-
ments. It hasbeen used in purification of polluted air
and wastewaters'. Nano-TiO, isnot inert and is a
UV light attenuator; therefore, it findsapplicationsasa
catalyst andasaUV light attenuator asopposedto a
visiblelight attenuator®s. Nano-TiO, isused asaUV
stabilizer or blocker in products other than sunscreens,
such asplastic products and textiles. Nano-TiO, pro-
tectsboth thematrix and the materia behind the matrix
from degradation dueto UV light!*®l. Chen et al.[* re-
ported intheir study the synthesisand characterization
of trialkoxysilane-capped poly (methyl methacrylate)-
titaniahybrid opticd thinfilms. Theeffect of shapeand
surface chemistry of TiO, colloidal nanocrystalsonthe
organic vapor absorption capacity of TiO,/PMMA com-
positeisstudied by Convertino et a .[*8,

Inthe present work, PMMA ismixed with differ-
ent concentrations (2.5, 5, 7.5, and 10 wt%) of TiO,
nanoparticles. Fourier Transform infrared spectroscopy
(FTIR) and optical analysesare employed to charac-
terizeandtoreved therdationship of thestructure prop-
ertiesof PMMA.

EXPERIMENTAL

Materialsand samplepreparation

Poly (methyl methacrylate) powder of chemica for-
mula[CH,C (CH,)(CO,CH,)-] withaveragemolecular
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weight of 320,000 and melting point > 150 °C was
suppliedfromAlfaAesar, GmbH & Co., UK. Titanium
(1) oxide, mixtureof rutileand anatase, nanopowde,
<100 nm (BET), 99.5% trace metalsBasis was sup-
plied from Sigma-Aldrich, China

The PMMA powder is mixed with TiO,
nanoparticlespowder for four different concentrations
(2.5,5, 7.5and 10 wt%). The starting materialswere
grounded usngaPhillipsPW 4018/00 MiniMill for 15
minuteswith arotating speed of 3400 rpomtoforma
homogenousmixture.

Fourier transforminfrared (FTIR)

The FTIR transmittance spectra of the prepared
mixtures over therange 4000-500 cm! was obtained
using potassium bromide pellet technique*®. The pdl-
letswere prepared by mixing 1 mgof powdered sample
with 100mg of dried potassium bromidepowder. Mixing
was carried out using a pestle and agate mortar. The
mixturewasthen pressedin aspecid dieat apressure
of 10,000 poundsper squareinchtoyieldapellet. The
FTIR spectraof the prepared pelletswerethen recorded
at roomtemperature by using Perkin-Elmer FTIR Spec-
trophotometer Modd 1650 TX inthewavenumber range
from 4000 to 500 cmrt with aresolution of 4 cm.

Visible spectroscopic measurements

Themeasurementsinthevisibleregionfrom400to
700 nm for PMMA/TIO, were carried out using a
Shimadzu (V1S) Double Beam Spectrophotometer with
standardilluminant C (1174.83) Modd V-530and band
width 2.0 nm coverstherange 200-2500 nm with ac-
curacy £0.05%. The color properties were analyzed
using the CIE Colorimetric System, CIE 1931 2-de-
gree Standard Obsarver2U, Thetristimulusreflectance
vaues(x,y andz), therelativebrightness(L), thecolor
condtants ‘a’ and ‘b’, the whiteness index (W), the color
difference (AE), the chroma (C) and the hue (H) are
calculated usingthe CIE relaionsprevioudy reported?!,

RESULTSAND DISCUSSION

Fourier transforminfrared (FTIR) spectral analy-
ses

FTIR spectroscopy haslong been recognized asa
powerful tool for eucidation of sructurd information.
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Theposition, intensity, and shape of vibrational bands
areusgful inclarifying conformationa and environmen-
tal changesof polymersat themolecular level®,

The FTIR transmission spectraof PMMA, TiO,
nanoparticlesand their mixturesin thefrequency range
4000-500 cm* areshown in Figure 1. The chemical
assignmentsfor PMMA, TiO, and their compositesare
considered and arealsoillustrated in TABLE 1. The
FTIR spectrum of PMMA indicatesthedetailsof func-
tiona groupspresentinthesyntheszed PMMA andis
comparableto that of earlier reportg?+29l,

Fromthefigureand theTABLE, itisnoticed that,

Pure PNMIMA

PNVIMA + 2.5 wt% T10,

PNMA + 5 wt%e T10;

% Transmittance

PMMA + 7.5 wt% Ti0,

PNMIVIA + 10 wt% T10,

Puwre TiO; nanoparticles

4000 2500 2000 1500 1000

3500 3000
Figure 1 : Variations in FTIR spectra of PMMA/TIO,
nanopar ticlescomposites

the PMMA spectrum exhibits broad band near 3445
cm* dueto the OH-stretching vibrations of freeand
hydrogen-bonded hydroxyl groups(most probably due
to the humidity absorbed by the KBr during the prepa-
ration of thepellets). Also, theband intheregion 1632
cmtismost probably dueto thehumidity absorbed by
the KBr during the preparation of the pellets(i.e., O-H
group). Absorptionthat arisesfrom C-H stretching of
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the methyl groups occursin theregion of 3020-2840
cmr?, which contain two distinct peaks at 3012 and
2964 cm resulting from asymmetrical and symmetri-
cd stretchingmodesof C-H bondinginthemethyl group,
respectively. Also, thedistinct band appeared at 2855
cm* arisesfromthe C-H bond vibration of the methyl
group. The peak intheregion 1750-1730 cnr repre-
sents C=0 doubl e bond stretching vibration of thedi-
phatic esters, wasused to characterize the existence of
PMMA in the blend. The band at 1632 cm* corre-
spondsto the C=0 stretching ester group, also, it may
appear from deformativewater moleculeswhichisprob-
ably dueto water absorption during the compaction of
the powder specimenswith KBr. The asymmetrical
bending vibration (6, CH,) of methyl groupisidenti-
fied near 1450 cm™. Thebandsat 1286 cm isassoci-
ated with C-O stretching vibration. The band at 755
cmr? corresponds to out-of-plane C-H bending. The
band at 1147 cmtisattributed to asymmetric vibration
of C-C groups. Theband at 991 cm* arisesfrom the
diphatic-CH, group. The bandsat 847 cm™* isassigned
to-CH, rocking vibration group.

AlsofromFigurel, itisshownthat the FTIR spec-
traof PMMA/TiO, nanoparticlescompositesindicate
thedetailsof functiona groups present in correlation
withthepurePMMA spectrum. The heightsof thepegks
of theassigned groupsat their wavenumbersshownin
the spectraweretaken to represent thevariationinthe
group band intensitiesfor different TiO, concentrations.
A clear deviation was observed in thetransmittance
bands of the PMM A/TiO, compositeswhen compared
with that detected for pure PMMA. Theincrease and/
or decreasein theintensity mean that thereisachange
inthemolecular configuration of thepolymer network.

Asshown by the FTIR results, anincreasein the
concentration of TiO, nanoparticleschanged the chemi-
ca bondsand hence changed themol ecular configura
tionof PMMA whichisshown by the pronounced varia-
tionintheintensty of transmittance bandsand shiftsin
band positions. The changeinintensity of some spec-
tral bands associated with infrared active groups of
PMMA and TiO, may be attributed to thefact that in
themateria sthat contain two or more components, the
resulting spectrumisgpproximately thesumof their com-
ponents. In addition, the changeinthe spectral position
of somebandsof PMMA after theadditionsof differ-
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ent TiO, nanoparticles concentrations may be attrib-
uted to someof themonomer unitsof PMMA are sen-
gtiveto their environment. Furthermore, the hydroxyl
and carbonyl stretching vibration bands are affected by
hydrogen bondinginteractionsand aremost amenable
toquantitativeanayss.

Visiblespectroscopic analysis

Fromthevaluesof reflectance (figureisnot shown
for smplicity data), thetristimulusreflectancevaues(y)
arecalculated and plotted asafunction of wavelength
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(400-700 nm) and showninFigure2for PMMA/TIO,
nonoparticlescomposites. It isobserved fromthefig-
urethat, thebehaviorsof y for thecompositesaresmilar
and no changein peak position (550 nm) isdetected. It
is also observed that y value increases at TiO,
nanoparticles concentration increases up to 10 wt%
towardsthevalueof the pure TiO, nanoparticles. Fig-
ures 3 and 4 show thevariations of thetristimulusre-
flectancevaues(x and z, respectively) withwavel ength
intherange400-700 nmfor PMMA/TIO, nonoparticles
composites. Itisclear that the behaviorsof thesamples

TABLE 1: Positionsand assgnmentsof the most bands of PM M A/TiO, nanopar ticlescomposites

Wavenumber (cm™)

PMMA/TiO, composites (wt/wt%) Assignments
100/0 97.5/25 95/5 92.5/7.5 90/10 0/100
3445 3456 3450 3452 3455 3460 Hydrogen bonded and hydroxyl O-H group
3012 3019 3014 3021 3021 - Asymmetrical stretching modes of C-H bonding in the methyl group
2964 2969 2965 2958 2967 - Symmetrical stretching modes of C-H bonding in the methyl group
2855 2858 2868 2862 2862 - C—H bond vibration of the methyl group
1740 1744 1741 1743 1741 - C=0 double bond stretching vibration of the aiphatic esters
1632 1638 1635 1639 1636 1651 C=O dtretching ester group
1450 1455 1446 1456 1455 1456 O-CHj; deformation
1286 1288 1289 1284 1294 - associated with C-O stretching vibration
1147 1156 1156 1150 1152 - Asymmietric stretching vibration of C-C groups
991 994 993 993 989 - aliphatic—CH, group
847 848 847 849 842 - -CH, rocking vibration group
755 757 754 756 750 - Out-of-plane C-H bending
—o-TiO, +— PADMA —-Ti0), +—PADA
1000 ~S MDA = St TiO; —a—PMMA + 10wt TiO; —E-PMMA + 5wt Ti0;  —a—PADMA + 10 wi% Ti0,
1000 -
900 -

Tristimulus reflectance value, vy
¥ ]
=
(=]

500 600
Wavelength (nm)
Figure2: Variation of thetristimulusreflectancevalue(y,)
with wavelength for PMM A/TiO, nanopar ticlesCompos
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Tiistimulusreflectance value, %
(¥ 1]
=
=
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Figure3: Variation of thetristimulusreflectancevalue(x )
with wavelength for PMMA/TiO, nanoparticlescomposites
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Figure4: Variation of thetristimulusreflectancevalue (z,)
with wavelength for PM M A/TiO, nanoparticlescomposites

TABLE2:Thex,y, and z tristimulusreflectance values of
PMMA/TI0, nanoparticlescomposites

PMMA/TIO, —— X — )f’f_ al

tes A= = =,
”a”("mft‘}g‘n%};? 440 500 550 * ;];"140

nm nm nm

100/0 20153 68395 74812 1462.25
97.5/2/5 20403 69455 75874 147481
95/5 30814 71602 782.82 1545.59
92575 30835 72168 787.74 1546.62
90/10 30081 72878 79629 1553.97
0/100 37576 866.15 94623 1884.74

TABLE 3 : The color parameters for PMMA/TIO
nanocompositesand their per centage changes

2

Color PMM A/TiO, nanocomposites (wt/wt %)
parameters 100/0 97.525 95/5 92525 90/10 0/100
L 89.82 9034 9154 9168 9210 9841
AL% - 0.58 191 207 254 -

a -047 -039 -025 -048 -053 -031
A a% - 17.02 4681 -213 -1277 -
b 220 223 137 234 223 156
Ab% - 136 -37.73 6.36 1.36 -
w 654  66.5 733 690 705 891
AW% - 168 1208 550 7.80 -
AE - 1.48 1.01 192 1.06 -
AC - 23 14 2.2 23 -
AH - 999 1033 1021 99.9 -
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aresimilar and show the samepeak positions. TABLE
2illustratesthevauesof x , y and z at the peak posi-
tionsfor PMMA/TiO, nonoparticlescomposites.
TABLE 3representsthevariationsof color param-
etersca culated from thereflectance dataand their per-
centage changesfor PMMA/TiO, nonoparticlescom-
posites. Fromthetableit isobserved that: Therelative
brightness (L) showsan increase withincreasing the
concentration of TiO, nanoparticles. Thevalueof the
color constant (a) increase by increasing the TiO,
nanoparticles concentration up to 5 wt% whichindi-
catesthat, thereisan increase in red component in-
stead of green one. Theva uesof the color constant (b)
decrease by increasing TiO, nanoparticles concentra-
tion up to 5wt% which indicatesthat thereinanin-
creasein blue component instead of yellow oneand
thenreturnto thevalue of pure PMMA a 10wt%TiO,
nanoparticles. Thewhitenessindex (W) showssame
behavior asthecolor constants (aand b). The obtained
resultsindicatethat variationsin color difference be-
tween samples are occurred by the presence of TiO,
nanoparticlesby different concentrationswith PMMA.
The observed changesin the color parameterscal-
culated from thereflectance curveswith theincreasein
the concentration of TiO, nanoparticlesmay bedueto
thechangeinthephysica bondsand then changesinthe
molecular configuration of PMMA asmentioned before
which may |ead to formation of new dopant centers of
thepolymeric materid. In addition, theobtai ned results
of the color parametersareof great importancefor the
improvement of theoptical propertiesof the PMMA.
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