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ABSTRACT

Filmsof Poly (vinyl alcohol) (PVA)/ Poly (vinyl pyrrolidone) (PVP) polyblend
filled of MnCl, were prepared by using the casting technique. The
amorphous feature of thefilled polymer was depicted using XRD. Thearea
under the peak and peak intensity was found to decreases with increasing
MnCl, concentration dueto the interaction between the polymer blend and
MnCl,; this indicates decreasing in the degree of crystallinity in the
polymeric matrix. Fourier transform infrared spectroscopy display significant
structural changes within the polymeric matrix indicating a complexation
between the pristine polymer and the filler. UV-Vis. optical absorption
spectrum indicates a variation in both intensity and optical energy gap
with different amount of filler. Both values of direct and indirect energy
gaps are calculated and discussed. Obtai ned data shows adefect formation
which increases filler content and supported by both XRD and UV-Vis.
Data. Scanning electron microscopy (SEM) shows a homogenous
distribution of the filler within the polymeric matrix and in the filled films
with different concentrations of MnCl, appear alarge granulesand granule
groups randomly distribution on the surface this indicates that these
granules may be are of MnClL., © 2013 Trade Sciencelnc. - INDIA
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INTRODUCTION

Polymer materialsare of present interest because,
incombinationwith suitablemetal salts, they givema
trix which isuseful for the development of advanced
high-energy el ectrochemica devices, e.g. batteries, fud
cells, eectrochemica display devices, and photo el ec-
trochemical cells. Themain advantages of polymeric
matrix aretheir good mechanical properties, ease of

fabricationintothinfilmsof desirablesize™. Polyvinyl
alcohal (PVA) hasdifferent interna structures, which
may be considered asamorphous or semicrystalline.
The semicrystalline structure of PVA showed anim-
portant featurerather than of anorphousone. Thisis
because semicrystaline PVA leadsto theformation of
both crystalineand amorphousregions. Moreover, PVA
isasonontoxic, potential material havinghigh dielec-
tric strength, good charge storage capacity and dopant
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dependent electrical and optica properties?. Polyvinyl
pyrrolidone (PV P) deservesspecid attention amongthe
conjugated polymers because of itsgood environmen-
tal stability, easy processability, moderatedectrica con-
ductivity, and rich physicsin chargetransport mecha-
nism. Thelocal modification of thechemicd structure
inducesdrastic changesin ectronic properties®. PVP/
PVA interactions have been described in many papers
because of interesting properties of theresulting blend,
which combinesthefeatures of both polymers®. The
blending of different polymersor inorganic particleswith
polymersrepresentsastrategic routeto improve the
performance of amaterial, alow realization of novel
compositesystemsthat enhancethe performanceof the
parent polymerts,

PVP/PVA blendismainly appliedinmedicineasa
skin dressing component and €l ectrochemica asmem-
branes®. Filler additiveswereadded to polymer or poly-
mer blend to improve and modify itsproperties. Tran-
sition metals haveinfluenceon thestructural, optical,
morphological of polymer blend. And little systematic
investigations have been carried out inthisfield, espe-
cidly onthe particulate composite systems. MnCl. is
used in polymersfor avariety of reasons: cost reduc-
tion, improved processing, density control, optical ef-
fect, therma conductivity, control of thermal expansion,
electrical properties, etc. Both PVPand PVA arewa
ter-solubleand misciblein dl proportions. Thestruc-
tural, optical, and eectrical propertiesof blendscanbe
suitably modified by the addition of thefillersdepend-
ingontheir reactivity with thehost matrix™. Inthe present
work, PVA/PV P(50/50) blend filled with different con-
centrations of MnCl, have been prepared by casting
method, and was study influence of MnCl, asfiller on
thephysica properties.

MATERIAL AND EXPERIMENTAL WORK

Materials

Polyvinyl dcohol (PVA) of molecular weight 14000
and polyvinyl pyrrolidone (PV P) of molecular weight
40,000 gm/mol supplied by Merck, Germany, were
used as abasic polymeric materials. MnCl,, supplied
by Hayashi pure chemical industries, Ltd. Japan were
provided in powder state and used without further pu-
rification.

Woateriolsy Science  mmm——

Pureblend of PVA/ PV P (50/50) with and without
filler of MnCl, were prepared by the casting method
technique. Water was used to dissolvethe polymeric
matrix andfiller of MnCl, with congtant tirringat 50°C
to completedissolution. Themixturewasstirred for four
hoursuntil acomplete dissolution of polymeric matrix
and metal halide achieved and asuitable viscous solu-
tionisformed. Thefina viscoussolution were poured
onto cleaned Petri dishesand driedinan oven at 50°C
for 5 daysto removethe solvent traces. After drying,
the films were peeled from Petri dishes and kept in
vacuum desiccators until use. Cal cul ated masses of
PVA/PVPandfiller massfractions (0.0, 5, 10, 20, 25
and 30 wt %) of MnCl,, were prepared accordingto :

¥ 100

W,
W (wit%%) — ——

Wy Wy
Wherew, and W, represent theweightsof thefiller and
polymer, respectively.

Characterization techniques

X-ray diffraction (XRD) scanswere obtained us-
ing PANalytical X‘Pert PRO XRD system using Cu
Ko radiation (where, & = 1.540 A, the tube operated
at 30kV, the Bragg’s angle (20) intherange of 10-60
degree. Fourier Transform Infrared (FTIR) measure-
mentswerecarried out using Singlebeam Fourier trans-
form-infrared spectrometer (Nicolet iS10, USA) at
room temperaturein the spectral rangefrom 4000-400
cnt, UV/Vis. absorption spectrawere measuredinthe
wavel ength region of 200-800 nm usi ng spectropho-
tometer (V-570 UV/VISNIR, JASCO, Japan) to study
the changein structures of the samplesdueto theaddi-
tion of thefiller and their optica properties. Themor-
phol ogy of thefilmswas characterized by scanning elec-
tron microscopy using (Quanta FEG 250), operating
at 200V-30kV accelerating voltage magnification 14x
up to 5000x. Surfacesof the sampleswere coated with
athinlayer of gold (3.5 nm) by the vacuum evapora-
tion techniqueto minimize samplecharging effectsdue
to thee ectron beam.

RESULTSAND DISCUSSIONS

X-ray diffraction analysis (XRD)
Figure 1 showsthe X -ray diffraction scansof pure
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PVA/PVPblend and theblendfilled with different con-
centrationsof MnCl, asfiller. The observed spectraex-
hibit an amorphousfeature and shows broad band at
about 26 = 20°. The area under the peak and peak
intengity wasfound to decreaseswithincreasngMnCl,
concentration dueto theinteraction between the poly-
mer blend and MnCl ,asshow inFigure2. Thisimplies
adecreaseinthedegreeof crystallinity and causesan
increaseintheamorphousregionsthisindicated that an
intermol ecular hydrogen bonding interaction occurred

—== Pyl Paper

between the blend and MnCl,; thisrevea sthe semic-
rystalline nature of the blend that containscrystalline
and amorphousstructure®. Thisbehavior demonstrates
that complexation between thefiller and polymer blend
took placein theamorphousregions. Also the change
of thepeakspositioninthefilled samplesthisindicates
the compl exation between the polymers blend and
MnCl,, andthat thefiller significantly influenceof the
degreeof crystdlinity and produce moredefectsinthe
polymeric matrix.

X=130

H=25

Intensity {arb.units)

T
10 15 20 25 30 35

40 45 60

18 (degree)
Figurel: X-ray diffraction scansof PVA/PVPblend with different massfractionsof MnCl, %.

Ta

20 - DEoa —
50 4

40 -

Area [rm:}

20 —

0= T T T T T T
o 5 10

15

20

Concentraion of filler (wit%a)
Figure?2: Relation between filler concentration (wt %) ver suspeek ar ea and the X-ray diffraction scansfor thecrysalline
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TABLE 1: FTIR peak assignment of pure and filled of

(FTIR) PVA/PVP
A Fourier transform infrared spectrumwasem- ~ _ ;Lb;agoafjn_l) Band assignment References
ployedfor structural characterization of PVA/PVPblend 3380 O-H stretching 89,10
fl!mSW|thoutandW|th dlfferent. concentrati ons.of' MnCL, 2050 CH, asymmetric stretching 0 11
Figure3 shows FT-IR z?bsorptlon spectrgexhl bit bands 1740 C=0 stretching 8 12
characteristic of siretching and bending vibrationsof the 1620 C=C stretching 10, 13
films. From the spectra, we observed broad band at 1463 O-H bending 8 1
about 3380 cm? isassigned to O-H stretching vibra- 1440 C=C pyridinering 8 14
tion of hydroxyl group whichisthemost characteristic 1377 C-H bending 10
band of alcoholg%19. The band corresponding to me- 1295 C-O stretching 14,15
thylenegroup (CH,) asymmetric stretching vibration 1094 C-O stretching 9,11
occursat about 2950 crr®1, The band absorption at 840 C-C stretching 8,9
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Figure3: FT-IR of PVA/PVPblend and blend with different massfractionsof MnCl,%.
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Figure4: FT-IR spectrum of pureMnCl, and blend (PVA/PVP)
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about 1740 cmr® C=0 stretching was observed(®12,
and a sothispeck occur shift to 1685 cm with add the
filler; thissuggestsacompl exion between the polymer
andthefiller. And the band at 1620 cm* C=C stretch-
ing hasconfirmedthesemicrystdlinenatureof theblends
(1013 The appearanceat 1463 cm*, which assigned to
O-H bending®™, the band at about 1440 cm'? corre-
spondsto C=C pyridinering®, and occurs decrease
intheintensity of peak with increasethefiller. And the
band absorption at about 1377 cm* was assigned to
C-H bending!’?, Thevibrationa band at about 1295
cm! correspondsto C-O stretching of acetyl groups
present onthe PVA backbond'#%5), All previously men-
tioned results confirm the occurrence of complexation
between the polymer blend and MnCl,. Detailed as-
sgnmentswere presentedin TABLE 1.

UV-Vis. Optical studies(UV-Vis))

UV-Vis. spectra in the wavelength range of 200—
800 nm at room temperature of the PVA/PV Pfilled
with various concentration of MnCl... Thechangesin
the transmitted radiation can decide thetypes of pos-
sibleélectron transitions. From Figure 5 we can ob-
served spectraare characterized by the main absorp-

= Fyl] Peper

tion edge around 233 nmfor all curvesthat shifted to-
wardslonger wavelengthswith increasing MnCl,, con-
tent. These shiftsindicate the complexation between
thefiller and the polymer blend and may bea so attrib-
uted to changein crystdlinity duetofiller adding!617.
Theabsorption bands aredueto el ectronictransition
from the ground statesto excited states. During such
trangitioninamolecule, e ectronsare promoted from
the highest occupied molecular orbita (HOMO) tothe
lowest unoccupied molecular orbital (LUMO)™8.,

Figure 5. shows absorption edge at 233 nm and
are assigned to localized © — ©t* transitiong®%14.19
which comesfromunsaturated bonds, mainly; carbonyl
groups (C=0 and/or C=C)®24 whichisresponsible
for electrica conductionin thesampleswhich observed
in FT-IR at about 1740 cm™ and 1620 cm'™,

Deter mination of optical energy gap (EQ)

Thestudy of optica absorption givesinformation
about the band structure of organic compound. Inthe
absorption processan el ectronisexcited from alower
to higher energy state by absorbing aphoton of known
energy. The changesin thetransmitted radiation can
decide the types of possible electron transitions.
Fundamental absorption refers to band-to-band or
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Figure5: UV/Vis. spectraof pure PVA/PVPblend and theblend filled with different concentrationsof M nCl, wt%
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excitingtrangition. Thefundamentd absorption shows
asuddenrisein absorption, known as absorption edge,
which can be used to determinethe optical band gap
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with content filler in PVA/PVPblend films.

Content of Degree of Optical Energy gap (eV)
MnCl, (wt %) Crystallinity % Direct Indirect
0.0 3.50 5.34 5.29
5.0 3.15 3.24 5.17
10 291 5.23 5.16
20 2.83 5.31 5.19
25 2.79 5.26 5.15
30 271 5.26 5.13
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Theanalysisof Thutpalli and Tomlin?d isbased on
thefollowingreaions.

(nchv)® =G (hv-Ey) 6

(naho)* =C,(ho-E;) @)
where, hv isthe photon energy, Ey the direct band
gap, E, the indirect band gap, n, integer, C, C,
constants and o is the absorption coefficient. The
absorption coefficient (o) can be determined as a
function of frequency using theformuld®:
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Name Concentration wt %
S0 0.0
S1 5.0
S2 10
S3 20
S4 25
S5 30

== Fyl] Peper

a(u)=2.303<§ 3)

where, A isthe absorbance and d isthickness of the
sample under investigation. Davis and Shalliday!?*
reported that near the fundamental band edge, both
direct and indirect transitions occur and can be
observed by plotting (ahv)?and (ahv)Y?, respectively,
as a function of energy (hv), where h is Planck’s
constant. Figure 6 and Figure 7 show the plots of

Figure8: SEM micrograph of thesurfaceof: pureblend, 5, 10, 20, 25 an

magnification 5000 times.

0wt % of different concentrationsof MnCl, at
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(ohv)¥?and (athv)? respectively, asafunction of photon
energy (hv), and can be used to calculate its optical
energy gap; theseobtained vauesarelistedin TABLE
2. The nature and width of the band gaps can be
evaluated form both Figure 6 and Figure 7 and
absorption edge va ueswere obtained by extrapolating
thelinear portions. Thevauesof indirect band gap and
direct band gap arelistedin TABLE 2 and showed in
both (Figure 6.a) and (Figure 7.9). It is clear from
TABLE 2 and the Figuresthat theindirect and direct
band gap values showed a decrease with increasing
MnClI, content. Thisdecrease may beattributed to the
formation of defectsin the polymeric matrix and an
increasein thedegree of disorder inthefilms. These
defectsproducethelocaized statesin the optical band
gap. These overlaps are responsible for decreasing
energy band gap when content MnCl, isincreased in
the polymer matrix?®. Theseresultsare supported by
thedataobtained from XRD studies.

Scanning electr on micr oscopy

Morphology of the studied samples was
investigated with SEM to providefurther information
about the structura modificationsof PVA/PVPblend
filmsduetofillingwith MnCl,,. Figure 8 showsthe
SEM micrograph of the surface of pureblend andfilled
films with different concentrations of MnCl, at
magnification 5000 times, and shows pure polymer
morphology whichistransparent and isshown to be
in auniform morphology revealing arather smooth
surface. By increasing the concentration of MnCl,
appear alarge granulesand granule groupsrandomly
distribution on the surface. The grown oneswere of
different sizes and irregular shapes, uniformly
distributed inthe amorphous matrix, and the number
of thegranulesincreaseswith increasing concentration
of MnCl., thisindicates that these granules may be
are of MnCl,, and indicating the occurrence of a
homogeneous growth mechanism. An interesting
pattern isobserved for the case of w=30wt % which
containsan aggregation of filler and ahighly condensed
number of very small granules at the surface, because
accesstothestate of saturation asinfigure8 andthis
confirmed the compl exation between thefiller and the
polymer blend and attributed to the partial compatibility
between the polymer blend and thefiller.

Theseresults confirm measurements of XRD and
UV /Vis. Measurements.

CONCLUSION

Polymer e ectrol ytes based on PVA/PVPblendwith
MnCl, asthefiller a different concentrationswere pre-
pared using asolvent casting technique.

XRD showed broad band which reveal theamor-
phous nature and that there are no new peaks appeared
for MnCl, indicatingthecompl etedissol ution of thefiller
inamorphousregionsof polymer with decreasinginthe
crystdlinity. FT—IR analysis manifested the conclusion
about the specitic interaction in polymer blend and
hencethe complexion and providesaninsight into the
possibleinteractions between MnCl, and the polymers
blend. Theformation of intermolecular interactionsand
complexation between the PVA/PVP and the filler
(MnCl,) was confirmed by XRD, FT-IR, UV-Vis,
Optical absorption edge and optical band gaps (both
direct andindirect) showed adecreasingtrend within-
creased concentration of the MnCl,,. Thesedatasug-
gest that the present e ectrolyte system isaworthy can-
didatefor electrochemica device applications. SEM
showsatransparent, soft and auniform pure PVA/PVP
and it asmooth surface, whileafter adding thefiller to
the polymer by increasing the concentration alarge
granulesand granule groupsrandomly distributionon
thesurface.
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