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ABSTRACT

Casting technique was employed for preparation of polyether sulfon (PES)
films with and without various mass fractions of azo dye. Dependence of
certain physical propertieswascorrelated withfillinglevel (FL). Itisobserved
that upon increasing the azo dye concentrations, FTIR spectrum shows
obvious changes in intensity and position of some bands. These results
manifested the conclusion about the specific interaction in polymer matrices
and hence the occurrence of complexation. UV-Vis. data indicate the
presence of awell defined n-n* transition associated with the formation of
conjugated electronic structure and the decrease in the optical energy gap
was correlated to increase of the degree of disorder and overlap in the
localized states. X-ray diffraction pattern (XRD) reveals the amorphous
nature of the pristine and dye-doped polymer and shows the random
distribution of the filler within the polymeric matrix. Scanning electron
micrograph (SEM) suggests the dependence of morphological structure on
dye concentration. © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION

Polymeric materia shaveattracted considerable at-
tention dueto their stunning growth of interesting po-
tential applications. Among such materia s Polyether
Sulfone (PES) whichisapreferred materia becauseit
isarelatively new high temperature amorphousengi-
neering thermoplasticwithexcelent thermd stability and
oxidativestability™™. Duetoitsoptimum insulating prop-
erties, PEShas gpplicationsin thed ectronics, automo-
bilesindustries, medical sector, food sector and aircraft
cabing?. Polyethersulfone (PES) isfinding extensveuse
ineectronicsduetoitsexcellent dielectric property. In

fact, PESisnow rapidly becomingthemateria of choice
for membrane preparation of hollow fiberg®4, stable
substrate for the deposition and thermal processing of
semiconductor thinfilmg®, sensorsapplicationd?, etc.
Moreover, PESiscommercidly available, rdatively in-
expensveand exhibitsahigh glasstrangtion tempera-
ture (Tg ~503K).

Azo dyescongtituteamgor part of al commerica
dyesempolyed inawiderangeinthetextile, leather,
pharmaceuticd, plagtics, paintsandfood industries. The
color of theazo dyesisdetermined by theazo bond (-
N=N-) whichisthe most active bond in the dye mol-
ecule and their associated chromospheres and
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auxochomes. Additiondly, Azo dyeshavepotentid ap-
plicationsinthefabrication of devicesfor optica switch-
ing™, holograohic recording grating®, and integrating
circuitg¥, etc. Theworking principle of these devices,
either reversible or permanent, hingeonthepolariza-
tion—dependent refractive index and absorption induced
by the photoi smerization of azo dyes, which enables
the encoding of different kindsof macroscopic anisotro-
pieswithall optica techniques.

In recent years dye doped polymershave attracted
the attention of materia sresearches, becausethe opti-
cd and electricd propertiescan bemodified to aspeci-
fication requirement by doping process.

Theam of the present work isto prepare and char-
acterize azo-dye doped thermoplastic polymer and to
examinetheir structural and optica properties.

MATERIALSAND METHODS

Materials

Polyethersulfone (PES) granular wasobtained from
General Electric Company (Victrex 4100P), 5-(4-
Antipyrinylazo)-4 phenyl-2-aminothiazol azo dye
(Chemistry Dept., Mansoura Univ.) scheme 1,
(DEM SO, 99.5%) wasused asasolvent for film prepa:
ration. All thechemica productswereused without any
further purification. The studied doped-PESfilmswith
different ratio (x wt%) of azo-dyewhere, x =0, 0.05,
0.1,0.5, 1.0and 2.0 were prepared by casting method.
Dimethylsulfoxide (DEM SO) was used asacommon
solvent for both polymer and azo-dyeto ensure homo-
geneity of the prepared samples. The solution of azo-
dyewas added to the dissol ved polymer at asuitable
viscosity. Themixturewas cast to aglassdish and kept
inadry atmosphereat 323 K for complete evapora-
tion and remova of any sol vent traces. Different thick-
ness of the same sampleswere prepared to besuitable
for different measurementsand the obtai ned filmswas
intherange of ~30-120 pum.

Characterization techniques

X-ray diffraction (XRD) scanswere obtained us-
ing PANalytical X‘Pert PRO XRD system using Cu
K radiation (where, . = 1.540 A, the tube operated
at 30 kV, the Bragg’s angle (26) in the range of (5-
80°). Fourier Transform Infrared (FTIR) measurements

were carried out using single beam Fourier transform-
infrared spectrometer (NicoletiS10, USA) at roomtem-
peratureinthe spectra rangefrom 4000-400 cnt. UV/
vis. absorption spectrawere measured in the wave-
length region of 222-800 nm using spectrophotometer
(V-570UV/VISINIR, JASCO, Japan). Scanning elec-
tron micrograph of the studied sampleswas performed
using SEM Model (Quanta250 FEG, FEI Company,
Netherlands), operating voltage at 30KV accelerating
voltage. Surface of the sampleswere coated with 3.5
nm layer of gold to minimize sample charging effects
dueto the el ectron beam.

RESULTSAND DISCUSSION

Fourier transforminfrared analysis

Fourier transforminfrared (FTIR) spectroscopy
wasemployed toidentify thedifferent structura groups
in the polymer matrices and to retrace the structural
changesresult fromintroducing dopant materia. Fig-
urel showsFTIR absorption spectraof virgin PESand
samplesthat doped with variouslevels of azo-dye at
room temperaturein the region 4000400 cm™. The
spectraof dl samplesarequitesmilar andalittleobvi-
ous change wasrecognized. FTIR absorption bands
positionsand the assignmentsof all prepared samples
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Figurel: Infrared spectraof PESfilmsfilled with various
massfractionsof azo dye
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TABLE 1: FTIR band position and their assgnmentsfor the
prepar ed samples

Band position

1 Band assignment Ref.
(cm™)
Broad intermolecular
3600-3309 hydrogen bonded,-OH 10-14
stretching
3122-3033 Aroma_nc C-H) asymmetric 14-16
stretching
Moderately weak S-H
2441 stretching 15
1997-1690 Overtone-combination 15.16
bands
1578,1484, o .
1400 The C=C ring stretching 15,16
1306 Sulfone group,0=5=0 19,20
asymmetric stretching
1245 Aromatic _ether ( A_r-O-A r 19.20
asymmetric stretching
Sulfone group,0=S=0
1158 symmetric stretching 19,20
1109 S=0 stretching 15
1078 C-O-C stretching 15,19,21
1015,989 In-plane C-H bending 15
913 Out- of- plane C-H bending 15
846 C-C stretching 15
707 C-S 10
571 SO, Scissoring 15,16
516 Weak S-S stretching 15

arelistedinTABLE 1.

From the spectraof al prepared samples, abroad
band at 3309-3600 cm*isassociated with the stretch-
ing vibration peak of hydroxyl group (OH) of water
molecules® which were trapped in the prepared
samples pores*Y and may be dueto theintermolecular
or intramolecul ar type of hydrogen bonding™? of the
samples. Since, themethod of preparation may indeed
result in the presence of entrapped water*3. Thisbe-
havior wasal so observed by Belfer and colleaguesfor
PES membranewherethewater moleculeswerediffi-
cult to beremoved completel yi*, despitethefact that
all the prepared samples were kept in an oven for 4
daysat 70 °C.

Aromatic C-H asymmetric stretching vibration oc-
cursintherange 3122 - 3033 cm whichitsintensity
decreaseswithincreasingfiller concentration. Theband
at about 2441 cmtisassigned to weak S-H stretch-
ing™ which shiftsto lower wavenumbersat high con-
centrations of azo dye. Inthe 1997 -1690 cm*region,

= Fyl] Peper

aseriesof weak combination and overtone bands ap-
pears and the pattern of the overtonebandsreflectsthe
substitution pattern of the benzenering*>9,

Skeletd vibrations, representing C=C sretching vi-
bration of benzenering occursintheregion 1578-1400
cm* indi catestheformation of small conjugated poly-
ene sequences, which are presumably responsiblefor
thecolor of thefillers-trested PES. The changeswhich
appear inthisband for different FLspoint to the possi-
bility of azo dyeto beattached toaC=C group inthe
sidechain of the PES molecule. Theband at 1109 cmr
refersto S=O srtretching®. Itisremarkabl ethat, the
present double bonds segmentsare considered as suit-
ablesitesfor polaronsand/or bipolaronsto beinthe
polymeric matrix7:18),

Theasymmetric stretch of thearomatic ether group
(Ar-O-Ar) appears at 1245 cm™. The band at 1306
cn refersto O=S=0 asymmetric srtretching of the
sulfone group*¥. The band at 1158 cm* refers to
0=S=0 symmetric srtretching of the sulfone group'.
The absorption band dueto the symmetric stretching of
C-O-C appearsintheregion 1078 cm(24,

C-H inthe planedeformation vibration appearsat
1015, 989cmr*while Out-of-planearomatic C-H bend-
ing (monosubgtituted benzenering) appearsat 913 cn
19, L ow-frequency bandsare of littleusein determin-
ing thenatureof ring subgtitution sncetheseabsorption
patternsresult from theinteraction of O=S=0 and C-
H out-of -planefrequencies. Theintensty of the bands
also decreaseswithincreasing the Fls of filler. Inthe
pristine PES, SO, scissoring isobserved at 571 cnmv
11920 Thereisan obvious decreasein theintensity of
thisband at high dopant levels, namey (W=2.0wt %).

From theinfrared spectra, it can benoticed that the
doping with azo dye causes some observable changes
in the spectrum of PESin therange1000-400 cm™. It
inducesdight changesintheintengitiesof someabsorp-
tion bandswhich indicatethat thedopant iscomplexed
with thepolymer matrix?2,

The absorption band at about 846 cm* is attrib-
uted to C-C stretching™! and that at about 913 cmrtis
assigned to C-H bending®®, exhibitschangesinitsin-
tensity behavior with azo-dyecontent. The apparently
changesintheintensty of thispesk with azo dyemeans
that this pesk issendtiveto sometypeof defects, which
may be head-to-head [ (h-to-h)] and tail to- tail [(t-to-
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t)] polymer chain defects?). The h-to-h defects are
found to be suitable sitefor polaronsand/or bipolarons
inthe PES matrix!®. C-S stretching vibration at 707
cm isalso observed® while, the absorption region
516 cm'* correspondstoweak S-S stretching™.

Fromthe IR spectra, it is observed that upon in-
creasing thefiller azo dye concentrations, someof the
peaks are shifted, some bandsincreased and some of
them decreased with respect to the pure PES. These
results manifested the conclusion about thespecificin-
teractionin polymer matricesand hencethe occurrence
of complexation.

Ultraviolet and visbleanalysis

Ultraviolet—visible (UV—Vis.) spectroscopy is an
important tool for investigation asit givesanideaabout
thevalue of optical band gap energy (Eg). Theabsorp-
tion of light energy by polymeric materialsin UV and
visbleregionsinvolvespromotion of eectronsine, =,
and n orbital from the ground state to higher energy
states which are described by molecular orbital g2,
Doping the polymersleads to the formation of new
defectsand new charge states.

Theresultsof absorption studieswith UV/Vis. spec-
trophotometer in thewave ength range of 228-800 nm
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Figure2: UV/Vis spectraof purePES, pureazodyeand PES
filled with different concentrationsof azo

carried out onvirginandfilled sasmplesareillustratedin
Figure2.

Theoptical asorption spectrumof thevirginsample
shows an absorption edgewhich hasasharp decrease
withincreasing wavel ength upto~313 nm, followed by
plateau region. The observed spectraare character-
ized by the main absorption edge for al curvesthat
shifted towardshigher wavd engthwithincreasethefiller
content. These shiftsof the spectraindicate the com-
plexation between thefiller and the polymer, and may
also bedueto changein crystdlinity, whichreflectsthe
variationintheoptical energy gap, dueto adding the
filler??, It isevident that optical absorption increases
withincreasing filler content and thisabsorption shifts
from UV/Vis. towards the visible region for filled
samples. Theincreasein absorption may beattributed
to theformation of aconjugated system of bondsdue
to bond cleavage and reconstruction(?Y.

Small band at about 235 nmin UV spectraiscon-
sidered duetothetransitionn— =" for polymer?d, The
absorption band (shoulder) of pure PES at about 274
nm may be attributed to the t— =" transition which
comesfrom unsaturated bonds, mainly (C=C and/or
S=0) in polymeric macromol ecul €2 which observed
in FT-IR spectra. It isobserved that the spectrum of
pure azo dye dissolved in DM SO (Common solvents
for the studied system) has absorption peak at 390 nm.
For PESfilmsfilled with different amount of azo dye,
the spectracontain absorption peak at about 462 nm.
It is reasonabl e to assign the observed bands to the
n— 7 and n— 7" transition of chromophoric groups.
TheFL dependenceof theintengty of theband at about
462 nmisshowninFigure3. Theintengity of thisband
increasesastheazo dye content increases, wheretheir
positionsaredightly changed.

Figure 3 providesan evidencefor incorporation of
azo dyeinto PES matrix. Theseresults manifested the
conclusion about the specificinteractionin PES ma-
trixesand hencethe occurrence of complexation.

Deter mination of optical energy gap (Eg)

Theoptical absorption method can beused for the
investigation of theopticaly induced trangtionsand can
provideinformation about the bond structureand en-
ergy gep incrystdlineand non-crystalline material §*9.

Thestudy of optica absorption givesinformation
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Figure3: FL dependence of absor ption peaksat 462 nm.

about the band structure of organic compound. Semi-
conductorsaregenerally classified into two types: (i)
direct band gap and (ii) indirect band gap. In direct
band gap, thetop of the valence band and the bottom
of conduction band both lie at the same zero crystal
momentum (wavevector). If the bottom of conduction
band does not correspond to zero crystal momentum,
thenitiscalledindirect band gap. Inindirect band gap
materia stransition from vaenceto conduction band
should awaysbeassociated with aphonon of theright
magnitude of crystal momentumt®Y. Davis and
Shalliday™ reported that near the fundamental band
edge, both direct and indirect transtionsoccur and can
be observed by plotting (ahv )¥?and (ahv)? asafunc-
tion of photon energy (hv). Theanalysisof Thutupalli
and Tomlin® isbased on thefollowing relations:
(nahv)?=c, (hv-E_,) 1)
(nahv)*?=c,(hv-E;) 2
Where hv is the photon energy, Ey the direct band
gap, E;, theindirect band gap, n, integer, ¢, c,, con-
stantsand o isthe absorption coefficient.

Theabsorption coefficient (o) can be determined
asafunction of frequency using theformula®#:
0=2.303x(A/d) ©)
WhereA istheabsorbance and disthethicknessof the
sampleunder investigation.

By plotting (ahv)Y2 versus photon energy (hv), each
linear portion indicatesaband energy gap E it iswill
be noticed that the curves are characterized by the pres-

= Fyl] Peper

enceof an exponentialy decay tail at low energy™™.

From thelinear partsof these curvesasshownin
Figure (4.a-g), the E, valuesof thefilmswere calcu-
lated and aregiven in TABLE 2. The absorption edge
shiftsthe higher wavel engthswith increasing azo dye
content. This suggests that the optical band gap de-
creaseswith azo dye content asshowninFigure®6. Itis
clear that E ; decreasesasW increases. Thisindicates
that theazo dyefiller significantly influenceoptical en-
ergy gap.

TABLE 2: Absorption edge(kg), optical energy gap (Eg) and
refractiveindex (n) for prepared samples.

'g‘;g Absor ption Eq (8V) n
(Wt%) edge(Ag) (NM)  Eg  Eg  Narex  Minciret
0.00 328.94 397 378 2176 2214
0.05 330.03 396 376 2178 2218
0.10 330.03 398 377 2174 2220
0.25 335.57 394 371 2182 2228
0.50 340.72 392 366 2182 2239
1.00 353.61 384 349 2201 2276
2.00 364.96 382 342 2206 2292

Theexperimentd datahave been obtaned for equa
tion (1). Thisbehaviour indicated that thetransitions
aredirect allowed transitions. So, we plot (athv)? ver-
sus photon energy (hv) in order to determinethe opti-
cal band gap energies (Egd) by drawing the extrapol a-
tion of thelinear region of the curveto the hv-axisas
showninFigure (5.a-g) Theband gap energies (E gd)
obtained inthepresent work aregivenin TABLE (2).

The values of direct band gap and indirect band
gap areshowed in Figure 6.

It isclear from Figure 6 that the direct band gap
and indirect band gap va ues showed adecrease with
increasethefiller concentrations. Thisdecreaseindi-
catesthat there are charge transfer complexes arose
between the polymer and filler and may be attributed
to the formation of defectsin the polymeric matrix.
These defects produce thelocalized statesin the opti-
cal band gap. These overlapsareresponsiblefor de-
creasing energy band gap when filler concentrationis
increased in the polymer matrix™. In other words, the
decreaseintheoptica gap resultsinanincreaseinthe
degree of disorder inthefilms. Theseresultsare sup-
ported by the data obtained from XRD studiesin the
present work.
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Figure6: TheFL dependenceof both thedirect and indir ect
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TABLE 3: Peak postion, peak intensity and areaunder the
amor phouspeak A for both pure PESand PESfilled with
azodye

Azo dye Peak Peak Area At
(Wt%) Position (20)  Intensity (cm?)
0.00 17.11 263 6.75
0.05 17.86 290 7.01
0.10 17.85 212 3.96
0.25 17.45 286 8.32
0.50 18.00 554 26.31
1.00 17.70 571 28.85
2.00 16.76 210 4.23

The shift in absorption edge was correlated with
the optical band gap E,asTABL E.3, given by;
E,=hc/, (4
WherehisPlanck congtant and cistheve ocity of light.
Thewavelength’, isdetermined by Tauic’s expression®
from theintersection with the abscissaof theplot of (¥
2I)) versus (/L) wheree istheoptica absorbance and
A isthe wavelength. The absorption edge movesto-
wardshigher wavelengths.

Deter mination of ther efractiveindex

Inopticstherefractiveindex n of asubstanceisa
dimens onless number that describeshow light, or any
other radiation, propagatesthrough that medium. Poly-
merswith sulfonemoietiesexhibit nvauesabove 1.72,
depending on the degree of molecular packing®?. The
refractiveindex (n) wasexamined by equation (5) de-
rived by Dimitrovt*,

n?+2

=
20

©)

Where E, isthe direct and indirect band gap of the
polymer sampl e, estimated by ultraviolet (UV) absorp-
tion edge analysisof samples. Thevauesof therefrac-
tiveindex which areca culated from direct and indirect
band gap are showed in TABLE (3) and Figure7.

230 - [ W Incase Eoi
e — < 1
4 ®—In case Egd e
2.28 - i
2.26
= 2.24 = /
222 g /
]
B—————
2.20 o /.——___
-
2.18 .
0
T T T T T T y
0.0 0.5 1.0 1.5 2.0

Azo dye (wt%)

Figure7: TheFL dependenceof both therefractiveindex for
pureandfilled polymer.

Itisclear that therefractiveindex of polymersin-
creased withincreassethefiller concentrations. Thisin-
creaseindicatesthat there aredecreasesinthethemo-
lar polarizability and to increasing the number of free
electronsinteractingwith light!®, Therefractiveindex
changessuggest thegpplicability of PESTfilmsfilled with
azo dyefor optical devices.

X-ray diffraction analysis

The polymer studied hereisacomplex polymer
widely usedin e ectronicsand sensorsapplicationsfall-
inginthecategory of polymeric materia sthat consist of
crystalline and amorphousregionsin different propor-
tions. XRD measurements have been carried out for
priginesampleand samplesfilled withvariousfillinglev-
elsof azo dyeto observe changesin structureand ex-
aminethecrysdlinity.

It is worth quoting that Blackadder and
Ghavamikid® reported on theproblem of defining PES
crystallinity. No evidence of X-ray crystallinity was
foundinany of thetested PES samples. They concluded
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that PESisundoubtedly crystalline on the evidence of
outward appearances. Themain aim of thismeasure-
ment isto check crystallization of PESfilmswith and
without filler. It must be pointed out that crystallinity of
polymersisoneof thefactorsdetermining their trans-
port prties*Y.

Figure (8) showsthe XRD patternfor virgin and
azo dyefilled PESfilmswithvariousmassfractionsW
namely (W= 0.05, 0.1, 0.25, 0.5, 1.0, and 2.0 wt %).
Thediffraction pattern of virgin PESindicatesthat this
polymer ismainly amorphousin natureand showsone
prominent X-ray peak at 20 = 17.11°4041, A com-
parisonintermsof peak position, peak intensity and
the areaunder the amorphous peak A have been car-
ried out and summarizedin TABLE (3).

The present X-ray scansrevesaled avery significant
changeintheamorphous peak position dueto the azo
dyefilling. These apparent changesin band position,
especialy at high concentrations of azo dye 2 (wt%),
point out that azo dye usedin thisstudy seemedto alter

wt % of azo dye

2.00

1.00

Intensity (a.u)

0.50

1 T T 1 1

5 10 15 20 25 30 35 «

20 (degree)

Figure8: The X-ray diffraction scansfor varioudly filled
and unfilled PESwith azodye.
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weskly the averageintersegmenta spacing of polymer
chains (i.e. thisimplies that the lattice parameters
changed significantly)®“Y.

Itisclear that A increasesasW increases, until FL
1.0 wt % and then decreasesindicating that thefiller
significantly influencethedegree of crystalinity“?. At
1.0 wt % FL, theintensity of diffraction peak has a
maximum valueimplying the more organized distribu-
tion of theazo dyefiller inthe polymeric matrix. With
increasing the content of azo dyeand at 2.0wt % FL,
thereisadramatic decreasein theintensity of thedif-
fraction peak and the main amorphous peaks became
broad and a significant decreaseinitsintensity was
observed indicating that the distribution of theazo dye
filler in the polymeric matrix became random. This
behaviour demonstratesthat complexation between the
filler and the polymerstook place in the amorphous
regiong*d,

Scanning electr on micr oscopy (sem)

Morphology of the studied sampleswasinvesti-
gated with SEM to providefurther information about
thestructural modificationsof PESfilmsduetofilling
with azo dye. Scanning el ectron micrograph (SEM)
suggeststhe dependence of morphologica structureon
FL. Figure(9.a-g) showsthe SEM micrograph of the
surfaceof pureandfilled filmswith different concentra:
tions of azo dye at magnification 50,000 times. Figure
(9.8) shows pure polymer morphology whichistrans-
parent and isshown to bein auniform morphology re-
vealing arather smooth surface. Figure (9.b) shows
some pitsof different sizes between the PES and azo
dyeinterface, which accompanied by poresof different
gzerandomly distributioninamediumasshowninFg-
ure(9.c). Thiscan beattributed to the partial compat-
ibility between the polymer and thefiller.

By increasing the concentration of theadditivesto
0.5 wt %, granulesof randomly distribution accompa:
nied with adegree of roughnessin amedium that ap-
peared to be pure PES asshownin Figure (9.€). The
grown oneswereof different Szesandirregular shapes,
uniformly distributed intheamorphous matrix, indicat-
ing the occurrence of ahomogeneousgrowth mecha
nism, whichisa so observedin Figure (9.).

On the other hand, the micrograph of W = 1.0 wt
% asshowninFigure (9.f), thefiller begin accumulate
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Figure9: Scanning electron micrograph with and without filling by azo dye.

at the surface which increased and more apparent at Theseresultsshowed theformation of acrystdline

W=2.0wt %, asin Figure (9.9). phase, when PESwasfilled with azo dye, that increased
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with anincreasing W value of azo dye. Theseresults
confirmed thefindingsof XRD inthiswork. Thisindi-
cates segregation of thefiller inthehost matrix and this
may be confirmed by theinteraction and complexation
between filler and polymer.

CONCLUSION

Casting technique was employed for preparation
of pristineand filled polyether sulfon (PES) filmswith
various massfractionsof azo dye. Dependence of cer-
tain physica propertieswascorreated withfillinglevel
(FL). Fromthe FTIR spectra, it isobserved that upon
increasing thefiller azo dye concentrations, someof the
peaks are shifted, some bandsincreased and some of
them decreased with respect to thepure PES. Itisre-
markablethat the present double bonds segmentsare
considered as suitable sites for polarons and/or
bipolarons. These results manifested the conclusion
about the specificinteraction in polymer matricesand
hencethe occurrence of complexation. UV/Vis. analy-
sisshowed that the spectraof thefilled PESfilmsex-
hibit ashift of sharp absorption edge towardslonger
wavedength. Theshift of theabsorption edgeinthefilled
PESreflectsthevariaionintheoptica energy ggp, which
arisesduetothevariationincrysdlinity withinthepoly-
mer matrix. Results of theoptical measurementsindi-
cated the presence of awell-defined 1 — 7” transition
which comesfromunsaturated bonds, mainly; C=Cand/
or S=0O, whichisresponsiblefor eectrical conduction
inthesamples. Also, it isobserved that thereischarge
transfer complexesaroseinsdethe prepared samples.
The spectraof filled films showed anew band at about
462 nm assigned to the chromophoric group of azo
dye. Theintengty of thisbandincreasewithincreasing
thefillinglevel. The appearance of thisband confirms
the occurrence of compl exation between thefiller and
the host polymer.

The optical eneygy gap E, was decreased by al-
most 10% at the highest concentrati on of azo dye 2.00
wit%. Therefractiveindex (n) increased withincreasing
thefillinglevel of azo dye. Thechangeof nisacriterion
of structurechange. Therefractiveindex changes sug-
gest theapplicability of PESfilmsfilled with azo dyefor
optica devices. X-ray scansreved ed avery significant
changeinthehalo position dueto theazo dyefilling. It

= Fyl] Peper

wasobserved that thefillerssignificantly influencethe
degreeof crystallinity. SEM results showstheforma:
tion of acrystdlinephasewhichincreaseswithincreass-
ingfiller content, indicatessegregetion of thefillerinthe
host matrix, theseresultsconfirm thefindingsof XRD
and optical measurements.
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