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ABSTRACT

Transparent films of poly (vinyl alcohol)/hydroxypropyl cellulose (PVA/
HPC) blend with different concentrationswere prepared by using solution-
cast technique. Variationsin the group coordination in the IR region were
followed. The effects of HPC concentrations on the optical characteriza-
tions of the films have been done by analyzing the absorbance, transmit-
tance and reflectance spectrain the spectral region 200-2500 nm. The study
has been extended to include the changesin the optical parametersinclud-
ing the band tail width and band gap energies for the samples. Moreover,
the extinction coefficient (k) has been calcul ated for the investigated films.
Asobtained by the FTIR and NIR results, theincrease in the concentration
of HPC with PVA changed the chemical bonds and hence changed the
molecular configuration of PVA. The results indicate that the optical band
gap was derived from Tauc’s extrapolation and decreases with the HPC
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INTRODUCTION

Theterm “biomaterial”” has been defined as “a non-
viablematerial used in amedical deviceintended to
interact with biological systems”. The categories of
material sthat are used asbiomaterialsinclude metals,
ceramics, carbons, glasses, modified natural
biomol ecules, synthetic polymersand composites con-
sgting of variouscombinationsof thesematerid types®.

Thephyscd propertiesof polymersmay beaffected
by doping; thecertain structural, optical, mechanical,
€l ectrical and magnetic propertiesof the salected poly-
mer can be controllably modified owingto thetype of
the doping, concentration, and theway inwhichit pen-

etrates and interacts with the chains of the polymer.
Detailed studiesof doped polymer with different dopant
concentrations allow the possibility of choiceof the
desired properties?.

PVA isunique among polymers (chemical com-
poundsmade up of large, multiple-unit molecules) in
that it isnot built up in polymerization reactionsfrom
single-unit precursor mol eculesknown asmonomers.
Instead, PVA ismade by dissolving another polymer,
polyvinyl acetate (PVAC), in anacohol such asmetha
nol and treating it with an akaline catalyst such as so-
dium hydroxide. Theresulting hydrolysis, or “alcoholy-
§s,” reaction removes the acetate groups from the PVAc
moleculeswithout disrupting their long-chain structure.
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Thechemicd structureof theresulting vinyl cohol re-
peating unitsis?: (-[-CH,-CHOH-] -). Whenthere-
actionisallowed to proceed to completion, the prod-
uctishighly solubleinwater andinsolublein practicaly
all organic solvents. Incompleteremova of the acetate
groups yields resins less soluble in water and more
solublein certain organic liquids. The physical and
chemical propertiesof PVA dependto agreat extent
onitsmethod of preparation.

Poly (vinyl acohaol) (PVA), a colorless, water-
solublesyntheticresin employed principdly inthetrest-
ing of textilesand paper. PVA isused in sizing agents
that give greater strength to textile yarnsand make pa-
per more resistant to oils and greases. It is also em-
ployed asacomponent of adhesivesand emulsifiers, as
awater-solubleprotectivefilm, and asastarting mate-
rial for the preparation of other resins,

PVA was sdl ected asthehydrogd component based
onitsfavorablewater-soluble, desirable physicochemi-
cd propertiesanditsbiocompatibility™. Furthermore,
chemicaly crossinked PVA hydrogel hasbeengaining
increasing attention inthefield of biomedics®.

A graft copolymer isatypeof branched copolymer
with theside chain being different and separate from
themain chain. Asinthe case of the graft copolymer,
the copolymer formed usually combinesthe properties
of both polymerswhich formsthe copolymert.

Theama gamation of polymer and pharmaceutical
sciencesled to theintroduction of polymer inthedesign
and development of drug delivery systems. Polysac-
charidesfabricated into hydrophilic matricesremain
popular biomaterials for controlled-rel ease dosage
forms and the most abundant naturally occurring
biopolymer iscellulose; so hdroxypropylmethyl cellu-
lose, hydroxypropyl cdllulose, microcrystdlinecdlulose
and hydroxyethyl cellul ose can be used for production
of timecontrolled ddivery systems. Targeting of drugs
tothecolonfollowing oral administration hasaso been
accomplished by using polysaccharides such as
hydroxypropy! cellulosein hydrated form(.

Hydroxypropyl cellulose (HPC) belongs to the
group of cellul ose etherswhich has been used aready
for ayear by paper of conservatorsasglue and sizing
material. Themateria issolubleinwater aswell asin
polar organic solvents (makesit possibleto combine
agueous and non agqueous conservation methods)t®.
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HPC isused as atopical ophthalmic protectant and
[ubricant!®; asafood additive; athickener and asan
emulsion stabilizer with E number E463. In pharma:
ceutica sHPC used asadisintegrantsand abinder for
the wet granul ation method of making tabletg%,

In the present study, atrail will be carried out to
produce the best product of poly (vinyl acohol)/
hydroxypropy! cellulose blend and also to overcome
the defectsof theindividua homopolymers. FTIR tech-
niqueswere employed to characterizeand reved the
miscibility map and the structure properties of such
blending system. Furthermore, the present work con-
cerned with theinvestigation of the effect of different
concentrationsof HPC ontheoptica propertiesof poly
(vinyl dcohal) films, by performingUV/VISNIR andy-
siswhich givesan evidencefor understanding energy
band diagram and opticd parameterswhichisreatively
affected by processing conditions.

EXPERIMENTAL

Materialsand samplepreparation

Poly (vinyl acohol) (PVA) granuleswithmolecular
weight of 125 kg/mole was supplied from El-Nasr
Company, Cairo, Egypt. Hydroxypropyl cellulose
(HPC; Pharmacoat 606) with molecular weight of 95
kg/molewas supplied by Shin Etsu Chemical Co., To-
kyo, Japan.

The solution method!*+¢ was used to obtain film
samples. Thismethod depends on thedissol ution, sepa
rately, thewe ghted amountsof thepoly (vinyl alcohol)
(PVA) granules and hydroxypropyl cellulose (HPC)
powder in doubledistilled water. Completedissolution
was obtained using amagnetic stirrer ina50 °C water
bath. To preparethinfilmsof thehomopolymers (PVA
and HPC) and the blend of their samples (PVA/HPC)
with different weight percentages 100/0, 90/10, 75/25,
50/50, 25/75 and 0/100 wt/wt%, the solutions were
mixed together at 50 °C with amagnetic stirrer. Thin
filmsof appropriate thickness (about 0.01 cm) were
cast onto stainlesssteel Petri dishes (10 cm diameter).
Theprepared filmswerekept at room temperature (ca.
25°C) for 7 daysuntil the solvent completely evapo-
rated and then kept in des ccators containing fused cal-
cium chloride to avoid moisture. The sampleswere
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measured at room temperature (about 25 °C) assolid
films(dabs) of dimensions1x4cm.

Fourier transforminfrared (FTIR) spectr oscopy

TheFourier transforminfrared absorption (FTIR)
spectraof the samplesunder investigationswere per-
formed over therange 4000-400 cm* using a Bruker
Vector 22 Spectrophotometer (Germany) with accu-
racy better than +1%.

UV/VIS/NIR spectroscopic measurements

Themeasurementsintheultraviolet regionfrom 200
t0400 nm, visibleregionfrom 400to 700 nmand NIR
region from 900 to 2500 nm for pure PVA, HPC and
PVA/HPC blended sampleswere carried out using a
Shimadzu (UV/VIS/NIR) Double Beam Spectropho-
tometer with stlandard illuminant C (1174.83) and hasa
seria number B44360512, Model VV-530 and band
width 2.0 nm coverstherange 200-2500 nm with ac-
curacy +0.05%.

RESULTSAND DISCUSSIONS

Fourier transforminfrared (FTIR) spectral analy-
Sis

Itiswel known that IR spectroscopy can be used
to detect the existence of specificinteractionin poly-
mer and blends and al so reflects the specific groups
which arefoundinall components. Moreover, FTIR
spectroscopy haslong been recognized asapowerful
tool for eucidation of structural information. Thepos-
tion, intensity, and shape of vibrationa bandsare ussful
inclarifying conformationa and environmenta changes
of polymersat the molecular level™.

Figure 1 showsthe FTIR absorbance spectrafor
PVA/HPC blended sampl esasfunctionsof wavenumber
intherange4000-600 cnr?. Thechemica assignments
were cons dered and areshownin TABLE 1. The spec-
trum of PVA seemsto be consistent with that previ-
ously reported in theliteratures*®1%, Amorphous and
crystalline phases show partly resolved absorptionin
the 1150-1000 cmtregion. Thechemica assignments
for PVA, HPC and their blended samples were con-
Sdered andaredsoillustrated in TABLE 1.

It is clear from the figure and the table for PVA
(curve @) that arelatively broad and intense v (OH)
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Figurel: Variationsin FTIR spectraof PVA/HPC blended
samples: (a) 100/0, (b) 90/10, (c) 75/25, (d) 50/50, (€) 25/75
and (f) 0/200 (wt/wt%).

absorption stretching band i s observed between 3515
3154 cmt indicating the presence of apolymeric asso-
ciation of the free hydroxyl group and bonded OH
stretching vibration°24, Thisbroad and intense band
usually occursalong with sharp lessintense “mono-
meric” and “dimeric” OH absorption. Also, two dis-
tinct absorption bands occurring at 2936 and 2918 cmr
*result fromantisymmetricv_(CH,) and symmetricv_
(CH,) stretching vibrations, respectively.

Thebandsat 1712 and 1567 cm* of the carbonyl
group are due to absorption of the residual acetate
group®. Theband at 1712 cm*wasassigned to “free’
unassociated and to associ ated hydrogen-bonded car-
bonyl group inthe sample?Y, Theband at 1659 cn?
was attributed to the absorption of H,0%. The sym-
metric bending modev_(CH,) isfound at 1430 cm™.
In addition, the bands at 1376 and 1240 cm* result
from rocking methyl groups (CH,) or wagging vibra-
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TABLE 1 : Positions and assignments of the most absor ption bands of PVA/HPC blended samples

Wavenumber (cm™)

PVA/HPC blended sample (wt/wt%) Assignments

100/0 90/10 75/25 50/50 25/75 0/100
3515- 3490- 3543- 3178 3523- 3544- 3516-  Hydrogen bonded and hydroxyl O-H
3154 3188 3282 3160 3348  group
2936 2933 2942 2937 2935 2971  CH; or CHjs stretching vibration
2918 2911 2925 - - 2911  C- H dretching vibration

- - shzoi?ger sh%)i?ger m%)?]?ger 2894 C-H stretching vibration
1712 1711 1712 1711 1709 1716  Carbonyl group C=0 stretching
1660 1654 1651 1653 1653 1646  Water absorption and C=0 stretching
1567 1566 1567 - - - Carbonyl group C=0 stretching
1430 1422 1421 1415 1420 1456 _%E; < bending and

- - - - - 1413 Bending vibration mode of CH,
1376 1376 1375 1375 1375 1374  -CH, wagging
1331 1330 1327 1328 1330 1327  C-H and O-H bending
1240 1216 - 1283 1234 1272  O-H bending and C-H wagging
1140 1139 1124 1138 1140 1134  C-O stretching vibration
1096 1093 1089 1074 1099 1090  C-O stretching vibration

- - 1031 - - 1040  C-O stretching vibration
919 920 926 926 921 949 _Cégﬁ%fé’lzirgg“ on and
851 850 849 847 850 844 Skeletal and -CH, rocking
607 617 617 611 617 617 O-H Twisting

tionsof CH,and CH, respectively. The band at about
1331 cm* isassigned to mixedv_(CH and OH) bend-
ing modesand isattributed to the associated a cohols.

The stretching band at 1140 cmt isknown to be
the crystallization-sensitiveband of PVA andistaken
asameasureof thedegreeof crystdlinity. Itisbelieved
that thisband arisesfrom thesymmetricv (C-C) stretch-
ing moderelated to theregular repetition of thetrans-
configuration of thezigzag chaininacrystdlineregion.
Inaddition, itisinferred that the 1140 cm* band might
be dueto akind of absorption mechanismrelated to
the presence of the oxygen atom. The band at about
1096 cm?isassigned to v (C-O) stretching vibration
of ether group. The band at 919 cm? is related to
syndiotactic structureand isassigned to thev, (CH.,)
rocking vibration. Thebandsat 851 cm* isassignedto
-CH, rocking vibration and at 607 cm'* due to O-H
twisting®.

From the obtained resultsfor PVA/HPC blended
samplesshowninFigureland TABLE 1, itisclear

that:

» Theabsorbance band observed at 3515-3154 cmr
twhichisdueto the presence of hydrogen bonded
O-H groupin pure PVA samplebecomes narrower
by adding different concentrations of HPC.

» Thestrong band at 2936 cm™* associated with C-
H stretching vibration of pure PVA showslittleshifts
initspositionand decreaseinitsintensity by add-
ing different concentrations of HPC.

o Theband at 1712 cnrtassociated with carbonyl
group (C=0) of pure PVA showslittleshiftsinits
position and intensity by adding of different con-
centrations of HPC.

e Theband at 1659 cm™ associated with water ab-

sorption and C=0 stretching shows shift initspo-
sition and itsintensity decreaseswith increasing
HPC concentration.

» Theband at 1567 cm* associated with carbonyl

group C=0 showslittleshiftinitsposition and de-
creaseinitsintensity by increasing HPC concen-
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Figure?2: Variation in band intensitiesfor some chemical

groups of PVA/HPC blended samplesasfunctionsof HPC

concentration at: (a) 2942-2932 cm?, (b) 1331-1327 cm, (¢)

1144-1134 cmtand (d) 949-919 cm?
tration (10 and 25wt% HPC), then disappeared
completely for 50/50 and 25/75 wt/wt% PVA/HPC
blended samples.

e Theband at 1430 cn* associated with O-H bend-
ingand CH, CH, deformation shows shift initspo-
stionand decreaseinitsintensity by adding differ-
ent concentrationsof HPC.

» Thebandsat 1376 and 1331 cm™ associated with
CH, wagging and C-H or O-H bending show un-
remarkableshiftinther postionsandintensitiesby
adding of HPC concentration.

» Thebandsat 1140, 1096 and 851 cm* associated
with C-O stretching vibration, skeletal and CH,
rocking, respectively show nearly unremarkable shift
intheir positions.

By followingthe FTIR spectra, itiseasly assgned
the observed strong band as OH-stretching vibration.
Thevariationof thisband intensity withincreas ng HPC
contents may have allowed usto specify astrong or

weak interaction between HPC ions and the O-H
stretching groups belonging to different chains in
PVA415 The presence of hydrogen-bonded struc-
turesin somepolymerscould beinferred at oncefrom
the presence of thebond form of the hydrogen stretch-
ing mode. Thus, in PVA, the OH band at 3514-3154
cnt showed that the molecular chainsformed hydro-
gen bonds. The FTIR spectrashownin Figure 1 were
compl etely absorbed in the OH-stretching for al the
samples. Moreover, O-H groupsare polar groups, and
theaccessibility for polar groupsisof great importance
inpolymer modification (especidly infabrication). The
position andthebonding of thesegroupsareinfluenced
by crystdlinity and crystd modification. Furthermore,
theincreasein absorbance of carbonyl groupsindicates
decreaseintheir growth, which may suggest that they
are converted into volatile compounds?Y. A decrease
in carbonyl groups can be rel ated to enhancement of
somemechanica propertiesof thepolymers. Theshape
of the carbonyl band at 1712 cm* indicated achange
inthebalance of free and associated carbonyl groups
intheblends. The hydroxyl and carbonyl stretching vi-
bration bandsare affected by hydrogen bonding inter-
actionsand aremost anenableto quantitativeandysis.

Theheights of the peaksof theassigned groupsat
their wavenumbers shown in the spectraweretaken to
represent thevariation inthegroup band intengitiesfor
different HPC concentrations (Figure 2). A clear de-
viation was observed in the absorption bands of the
PVA/HPC copolymerswhen compared with that de-
tected for pure PVA. Any increase or decrease means
achangeinthemolecular configuration of the polymer.

Asshown by the FTIR results, it wasclear that an
increaseintheconcentration of HPC changed thechemi-
ca bondsand hence changed themol ecular configura:
tion of PVA whichisshown by the pronounced varia-
tionintheintengty of absorbancebandsand little shifts
in band positions. The changeinintensity and disap-
pearance of some spectral bands associated with in-
frared active groups of the polymer (PVA and HPC)
may be attributed to thefact that inthe polymeric ma
terialsthat contain two or more components, there-
sulting spectrumisgpproximatey thesum of therecom-
ponents. In addition, the changeinthe spectra postion
of somebands of PVA after the additions of different
HPC concentrations may be attributed to some of the
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monomer unitsof PVA are sensitiveto their environ-
ment. Also, thefrequency shiftsof thebandsdueto the
HPC for the samplesof theblendsimply that thereisa
specificinteraction between HPC and PVA, Shifts
in bands positionsin the spectraof the copolymer are
observed as opposed to homopolymers??,

Itisknown that thetype of bonding in the network
structure playsadominant roleindeciding therigidity
of the structureand al so associated with the changein
cross-linkage and coordination of the polymer net-
work!,

Thestretching force constant (F) in Newton and
thelocal bond lengthin nmwerea so cal culated from
thefollowing equations

F=[2rcv]2p 1)
Wherecisthe speed of light, v is the frequency in Hz
and p is the reduced mass given by:
n=[(Z/N).(Z/NII/[(Z/N,)+(ZIN,)] 2
WhereN istheAvogadro’s number, Z_and Z, arethe
atomic number of the atomsrespectively which form
the bond. In case of double bond, equation (2) isdi-
vided by 2. Therefore, the bond length isgiven byl
Bond length ={(X_X,)*/ [(F-30)/(5.28 . O)]}2* ©)
Where X_and X, arethe electronegativity of the at-
oms, respectively, which shareinthebondlength, Ois
thebond order (for singlebond O = 1, whilefor double
bond O =2) and Fisthestretching force.

TABLE 2 showsthestretching forceand the bond
length for the effective band frequenciesof O-H, C-H,
C=0 and CH, of PVA/HPC blended samples. It is
noticed that there are changesin both stretching force
and bond length. The presence of hydrogen in bonded
structuresin some polymers can beinferred at once
from the presence of the bond-form of the hydrogen
stretchingmode. Itisclear fromthetablein caculation
of bond length that(?4;

» Hydroxyl O-H group decreased asthe concentra-
tionincreaseswhichindicated thet increaseindas-
ticmoduli.

o C=Odretchinggroup bond lengthincreasesasthe
concentration increaseswhich meansthat theelas-
tic moduli decreasesby increasing the concentra-
tion.

e C-H bending group remainsthe same by increas-
ing theconcentration.
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For-CH, rocking group thebond |ength decreased
asthe concentrationincreased which indicated that
increaseindasticmoduli.

Near infrared (NIR) spectral analyses

The absorbance spectraand the assignmentsof the
most important absorbance bandsin the near infrared
region (900-2500 nm) for PVA/HPC blended samples
areshowninFigure3. TABLE 3illustratesthevaria-
tion of the peak positionwhile TABLE 4 representsthe
changein the area of each peak, the band width and
the absorbance values of some bands aswell asthe
bond vibration and structure for PVA/HPC blended
TABLE 2: Thegretchingforceand thebond length for PVA/
HPC blended samples

Blend sample

Reducing Stretching Bond

PVA/HPC Wa\Egrr#lr;]ber mass force  length
(wt/wt% ) (kg) (N) (nm)
Hydroxyl (O-H) group
100/0 3334 1.57x10 6205  0.119
90/10 3340 1.57x10% 6225  0.118
75/25 3361 157x10% 63036 0.117
50/50 3403 157x10% 64634 0.115
25/75 3352 157x10% 62728 0.118
0/100 3432 157x10% 65748 0.114
C=0 gretching group
100/0 1660 1.14x10%® 55606 0.218
90/10 1654 1.14x10%® 55264 0.2197
75/25 1651 1.14x10%® 55019  0.220
50/50 1653 1.14x10%® 55142  0.220
25/75 1653 1.14x10%® 55168 0.2199
0/100 1646 1.14x10%® 54721 0221
C-H bending group
100/0 1430 1.54< 10%  111.97 0.380
90/10 1422 1.54< 10% 11065 0.384
75/25 1421 1.54< 10% 11046 0.385
50/50 1415 1.54< 10  109.63 0.383
25/75 1420 1.54< 10% 11042 0.385
0/100 1413 1.54< 10% 10921  0.389
Skeletal and -CH, rocking group
100/0 919 1.54x 107 9249  0.456
90/10 920 154x 107 9274  0.454
75/25 926 154x 10 9393  0.449
50/50 926 154x 10 93.87  0.449
25/75 921 154x 107 9286  0.454
0/100 949 154x 10 9864  0.428
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PVA/HPC blended sampl esthat!®':

Absorbance (A.U.)

Fa .

Figure3: Variation in NIR spectra of PVA/HPC blended
samples: (a) 100/0, (b) 90/10, (c) 75/25, (d) 50/50, (€) 25/75

1500.0

2000.0

Wavelength (num)

and (f) 0/200 (wt/wt%)
TABLE 3: Positionsand assignmentsof themost NI R absor ption bands of PVA/HPC blended samples

2500.0

L]

Thebandsat 2410 nm for pure PVA and at 2472
nmfor pureHPC aredisgppeared ind| doped con-
centrations.

Theband at 2352 nm appeared only in pure PVA
and 10 wt% HPC and then shifted towards|ower
wavdength (2345 nm) withincreasingtheHPC con-
centration.

Disappearance of band at 2200 nm for pure PVA
and at 2197 nmfor pure HPC.

Band a 1945 nm shifted toward lower wavelengths
by increasing HPC concentration up to 50 wt% (at
about 1930 nm) asthe pure HPC sample.
Theband at 1898 nm for pureHPC shifted toward
higher wavelengths by doping HPC with PVA.
Theband at 1780 nm for pure PVA disappeared
by doping HPCin all doped concentrations.
Theband at 1764 nmfor pureHPC shifted toward
lower values of wavel engths by adding HPC with
different concentrations and appeared at around
1752 nm.

Thebandsat 1724 nm for pure PVA and at 1732
nm for pure HPC disappeared and observed at
about 1713 nm by doping PVA with different con-
centrationsof HPC.

From TABLE 4 of PVA/HPC blended samples, it

Wavelength (nm)

PVA/HPC blended sample (wt/wt%) Assignment Chemical Structure
100/0 90/10 75/25 50/50 25/75 0/100
C-H stretching + _
2410 — — — — 2472 C-C stretching = CH group
2355 2352 @ @— S S ——  C-H deformation-second overtone HC=CHCH,
CH, sym. Str. +
_ — 2345 2341 234 — CH, deformation
C-H stretching +
2308 2304 2305 2304 2305 2304 C-H deformation CH, or CH3
C-H stretching +
2208 — — — — 2197 C = O stretching - CHO
2168 2133 2145 2134 2130 2140 =C-H stretching + C=0 stretching - CHO
O-H stretching +
2099 2082 2100 2085 2083 2080 O-H deformation ROH
O-H stretching +
1945 1945 1945 — 1946 1930 O-H deformation H,O
—— 1908 1906 1898 1871 1898 C=O str. Secondary overtone -(OH)
1815 1810 1830 1820 1818 1820 O-H stretching + 2(C-0O) stretching Celulose
1780 — _— _— _— —  C-H stretching first overtone Cdlulose
1752 1753 — 1751 1751 1764 C-H stretching first overtone CH,
1724 1713 1713 1714 1713 1732 C- H dretching firgt overtone CH; or CH,

Au Tudian Yourual




MSAIJ, 9(1) 2013

Osiris W.Guirguis and Manal T.H.Moselhey 15

= Fyl] Peper

TABLE 4: Variation of the peak position, thearea under thepeak and theband width for PVA/HPC blended samples

Blend sample Area under Band

PV A/HPC Peak Position thepeak  width (nm) Absorbance Assignment Chemical structure
For 2310 nm
100/0 2308 5119 0.4 0.4477
90/10 2304 2,039 0.4 0.3865 .
75125 2305 4.157 05 o535 Criraching CH or CH;
50/50 2304 3211 0.4 0.4454
25/50 2305 4.307 0.4 0.6370
0/100 2304 5.423 0.4 0.4365
For 2133 nm
100/0 2168 1.148 04 0.3387
90/10 2133 2.957 0.15 0.3827 .
75/25 2145 3.156 07 04510 e -CHO
50/50 2134 2.530 0.17 0.3650
25/50 2130 5.248 16 0.5493
0/100 2140 3.264 0.4 0.0069
For 2090 nm
100/0 2099 10.787 0.9 0.3972
90/10 2082 2,911 0.7 0.3568 .
75125 2100 3572 0.7 odgrg I Sreching+ ROH
50/50 2085 3.196 0.7 0.3852
25/50 2083 4.374 0.7 0.5802
0/100 2080 2.399 0.8 0.2936
For 1940 nm
100/0 1945 4.367 0.7 0.3464
90/10 1945 3.409 0.3 0.3304 .
75/25 1945 5.608 0.8 04607 o Sraching + H,0
50/50 — 2211 0.3 0.3749
25/50 1946 7.502 0.8 0.5547
0/100 1930 3.366 0.4 0.3182
isclear that: areas of the PVA/HPC copolymers when compared

» Atthepeak position 2310 nmof CH, or CH, group
that: thebehavior isafluctuation behavior and when
the area decreases the intensity of the peak de-
creasesand viceversa.

e Atthepesk position 2133 nm for -CHO group: as
the concentration of HPC increases the areaiin-
creases and so theintensity of the peak increases.

e Atthepeak position 2090 nm for ROH group: the
area under the peak sharply decreased with in-
creas ng the concentration of HPC toward the pure
HPCvaue.

* Atthepesk positions 1940 nmfor H,O group: the
behavior isafluctuated behavior.

Moreover, thevariationintheintensity of the peaks
meansthat there are changed inthemolecul ar configu-
ration as the dopant concentration changed. A clear
variation wasobserved in the peak positions, and peak

with that shown for the homopolymerssamples. In ad-
dition, itisnoticed that stronglocd interaction between
HPC and other groups belonging to different chainsin
PVA will takeplaceat the expense of theintermolecu-
lar interaction betweenthesechains. Thisisinturncan
bedirectly correlated with variationsinthe mechanical
behavior of the polymert?

Electronic absor ption (UV/VIS) analyses

The study of optical absorption spectraprovides
essential information about the band structure and the
energy gap incrystalineand non-crystdline materials.
Anaysisof the absorption spectrainthelower energy
part givesinformation about atomic vibrations, while
the higher energy part of the spectrum gives knowl-
edge about € ectronic statein atoms. Hence, the study
of opticd propertiesintheUV/VISregionscanhelpin
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abetter understanding of the el ectronic structureand
optica materia constants29,

Fgure4 showsthe aosorption spectraof PVA/HPC
blended sampleswith different concentrationsof HPC
(10, 25, 50 and 75 wt%) in thewave ength range 200-
700 nm. Itisclear fromthefigurethat thecurvesare
closed to each other inthevisibleregion (400-700 nm).
Sharp dropsin the absorbance va uesweredetected in

300 —
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100

50

o

T
700

x T
600

400 500
Wavelength (mmn)

Figure 4 : The absorption spectra of PVA/HPC blended
samples: (W) 100/0, (®) 90/10, (A) 75/25, () 50/50, ()
25/75 and (<€) 0/100 (wt/wt%)

T L]
200 300

the UV region (200-400 nm). The spectrum of pure
PVA exhibitsashoulder likeband at 280 nmwhich are
rel ated to high energy absorption. Thisband isassigned
to theexistence of carbonyl groupsassociated with eth-
ylenic unstauration of thetype[-(C=C) -C=0],n=2,
3?9, Thecarbonyl groupsmay arisefrom charge-trans-
fer reactionsduring polymeri zation with acetal dehyde,
ahydrolysisof vinyl acetate or with thedecomposition
productsavinyl acetate-oxygen copolyme.
Thevariationintheabsorbanceva uesof theblended
sampleswith increasing the concentration of HPC may
beattributed to thefact that increasing the dopant con-
centration decreases the transparency of the sample
which may be dueto that thereisachangein the mo-
lecular configuration'™. The spectraare composed of
an amost flat baseline and astep cutoff (big absorp-
tion). The absorbanceval uesfor hompolymers (PVA

and HPC) arelower than thosefor blend compositions
through the wavel ength range 200- 700 nm.

Optical parametersof PVA, HPC and their blends
The absorption coefficient (o)) of the present mate-
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Figure5: Theabsor ption coefficient (a) of PVA/HPC blended
samplesasa function of wavelengthsin the UV range 200-
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0, (®) 90/10, (A) 75/25, (¥) 50/50, (@) 25/75 and (<) O/
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Figure6: Theabsor ption coefficient (o)) of PVA/HPC blend samplesasafunction of photon ener gy (hv) intheUV range3.0-6.5
eV (a) andin thevisiblerange2.0-3.2eV (b): (W) 100/0, (®) 90/10, (4A) 75/25, (w) 50/50, (¢) 25/75 and («) 0/100 (wt/wt%)

rialsstrongly dependson optical transmission (T), re-
flection (R) and thicknessof film (d) whichiseva uated
usingtherelation-%;

a=[In(1-R)/T]2/d 4
WhereT isthetransmittance and d isthe thickness of
thesampleincm (thereflectance, Risneglectedinthis
caculdion).

Thetota absorption spectra response (o) for PVA,
HPC homopolymersand their blendswere cal cul ated
inthe (UV/VIS) wavel ength rangefrom 200to 700 nm
and inthe photon ranges 3.0-6.5eV (UV-region) and
2.0-3.2¢eV (VISregion).

Figure 5 showsthe relation between the absorp-
tion coefficient (o) as a function of wavelength in the
UV range 200-400 nm (a) and inthevisiblerange 400-
700 nm (b) for PVA/HPC blended samples. Itisclear
fromthefiguresthat the absorption coefficient increases

gradudly withincreasing HPC concentration but it de-
creasesat concentration 75wt% HPC. Theincreasein
o with the increase in the HPC concentration up to 50
wit%, whichisthe highest one, may beattributed tothe
change of the molecular configuration which leadsto
the formation of new color centerg'4%1,
Thefundamentd absorption edgeisoneof themost
important features of the absorption spectraof crystal-
lineand amorphous materials. Theincreased absorp-
tion near the edgeis caused by thetransition of elec-
tronsfrom the val ence band to the conduction band.
Figure6illustratesthe plot of absorption coeffi-
cient (o) against photon energy (hv) for PVA/HPC
blended samplesintheranges3.0-6.5eV (a) and 2.0-
3.2eV (b). Itisclear that, the absorption coefficient
(o) increases with increasi ng photon energy and exhib-
itsasteep rise near the absorption edgeand astraight

— Pt icly Science
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TABLES5: Valuesof absorption edge (E), band tail energy  duced changesin the number of availablefinal states
(E,). direct energy gap (E,), andindirect energy gap (E ) for - aecording to the blend composition.

Optical properties of poly (vinyl alcohol)/hydroxypropyl cellulose blends MSAIJ, 9(1) 2013

ind

PVA/HPC blended samples

(@) In UV region (200-400 nm):

The optical energy gap (Eg) of thethin filmshas
been determined from absorption coefficient dataasa

Blended sample — E. = E» = Eq g )  functionof photon energy. Accordingtothegenerally
PVA/HPC (Wi/wt%) (eV) (eV) (V) accepted model proposed by Wood and Tauc'™ for
0/0 500 0.368 5.09 4.25 ) . o
90/10 430 0305 468 350 higher val ues of absorption coefficient wherethe ab-
' ' ' ' sorptionisassociated withinterband trangtions, it yieds
75/25 450 0242 451 3.55 . .
the power part which obeysthe rel ationf3334:
50/50 464 0264 454 3.75 - n
25/75 468 0213 525 359 ahv=B(h-E) ()
0/100 536 0546 5.73 4.82 Where B isthe slope of the Tauc edge called the band

(b) In thevisibleregion (400-700 nm):

Blended sample

tall parameter and nisthetypeof electronictransition
respons blefor absorption, being 0.5 for direct trans -

PVA/HPC (Wt/wt%) Es (eV) Eq (eV) tionand 2 for indirect one.
100/0 0.314 2.10 Thed ope of the absorption edge characterizesthe
90/10 0.313 2.06 width of thelocdized stateswhichinturnindicatesthe
75125 0.257 2.04 ordering of thestructure. Inthelow absorption region
50/50 0.263 1.98 the absorption coefficient (o) showsan exponential de-
25175 0.262 2.00 pendence on phonon energy (hv) and obeysthe Urbach
0/100 0.514 2.28
(a) j
i 5§ _
— Lo T
- < |3 | oYY AAAA
= 4 ] 7 v ,
o ""“:l 1 t 4.5+ gn B
: ]
yvevvYY ‘ 1 mpnnenne ¥ 0
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Figure7: Urbach law plotsfor PVA/HPC blended samplesin theUV range (a) and visiblerange (b): (H) 100/0, (®) 90/10,

(A) 75/25, (W) 50/50, (#) 25/75 and (<) 0/100 (Wt/wt%).

linerelationshipisobservedinthehigh a-region only in
the3.0-6.5eV (UV region) (Figure6a). Theintercept
of extrapolation to the straight part to zero absorption
(i.e., a.=0) with photon energy axis was taken asthe
valueof absorption edge (E,). Thevaluesobtained for
E_ arelistedinTABLEDS. Itisclear that the val ues of
theabsorption edge (E ) for theblend samplesarelower
than thosefor PVA and HPC. Thismay reflect thein-

Wotoioly Science  mm—

relationf®4,

a=a,exp (hv/E) (6)

Where o, is aconstant and E, isthe Urbach energy,
interpreted asthewidth of thetail sof localized Satesin
theband gap. Figure 7 showstherel ation between—!n
a and hv for PVA/HPC blended samplesin the UV
range 3.0-6.5eV (a) and visiblerange2.0-3.2¢eV (b).

Thedtraight lines obtained suggest that the absorption
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followsquadratic relationfor interband transitionsand
the Urbach ruleis obeyed®. Thevalues of band tail
energy (E,) can be deduced from the slopes of the
graight linesand arelistedin TABLE 5. Fromthetable,
thevauesof E, decreasewithincreasing HPC concen-
tration. Thetail statesare generated dueto disorder in
the system(®¥, It has been assumed that the amorphous
stateisaperturbed crystaline state. Theformation of
polymer-polymer blendsisknowntoinducetailsinthe
density of statesby perturbing the band edge by ade-
formation potential, coulomb interaction and by form-
ing localized band states®. Thusthe model by Wood
and Tauc™ based on € ectronic transition between lo-
cdized statesintheband edgetails, thedengty of which
isassumedto fal exponentially with energy, isprefer-
able.

Figure 8 showsthevariation of (ahv)? asafunction
of hv for PVA/HPC blended samples. Fromthefigure,
the allowed direct energy gap (E,) isdetermined by
extrapolating thelinear parts of the curvesto zero ab-
sorption and thevaluesof E, arelisted inTABLES. It
isclear fromthetablethat, thevaluesE decreasewith
increasing HPC concentration. In addition, the E val-
uesfor the blended samplesare nearly closed together
intheranges’5.25-5.45eV intheUV regionand 1.98-
2.06eV inthevisibleregion but till lower thanthose of
the purevalues of PVA and HPCin both regions.

Figure9 showsthevariation of (ahv)¥? asafunc-
tion of hv for PVA/HPC blended samples. From the
figures, theallowed indirect energy gap (E, ) isdeter-
mined by extrapolating thelinear partsof thecurvesto
zero absorption and thevauesof E_ are represented
inNTABLESintheUV regiononly. Itisclear that the
valuesof E _, for the blend samplesare nearly closed
together andlieintherange 3.5-3.75 €V and arel ower
than those of both of the pure PVA and HPC samples.

Fromthelinear plotsof (ahv)"? againgt (hv) for these
samplesasshowninfigure3, the optica energy gap has
been determined from theintercepts of extrapolations
to zero with the photon energy axis (ahv)¥?°!1 0 (i.e.,
Tauc extrapolation). From theresultsobtaineditisseen
that anincrease of concentration of HPC inthe system
leadsto adecreasein theoptical band gap.

Theresults obtained of E, and E,_, show the de-
pendence on the composition of thesample. It may be
presumed that the variation may be dueto the differ-

enceinthe number of HPC ionsper unit length avail-
ablefor conductionand, inaddition, thechangeinmo-
lecular configuration induced by dopant concentration.

It wasnoticed that thevariationinthevauesof E,
E,and E,_, withincreasing the concentration of HPC
may be dueto HPC induced structural changesinthe
system. In another meaning, thischange can beattrib-
uted totheeffect of internal potential fluctuation asso-
ciated with the structural disorder™®!. Furthermore, it
was recognized that dopant playsadominant rolein
morphologica and microstructurechangesoccurringin
the polymer matrix(141529,

Extinction coefficient

Theextinction coefficient (K) describesthe prop-
ertiesof thematerid to light of agivenwavel ength and
indicatestheamount of absorptionlosswhen theelec-
tromagnetic wave propagatesthrough thematerid, i.e.
representsthe damping of an EM waveinsidethe ma-
terid. Theextinction coefficient (k) isimportant param-
eterscharacterising photonic materias. Vaueof nand
k can be calculated from transmission and reflection
spectrausing therelation*:

K =oM4r (7

Where is the wavelength and a is the absorption co-
efficient. Thedecreasein theextinction coefficient with
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Figure10: Variation in the extinction coefficient (K) asa
function of wavelength (1) of PVA/HPC blended samples: ()
100/0, (@) 90/10, (A) 75/25, (¥) 50/50, (¢) 25/75 and («)
0/100 (wt/wt%)
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anincreaseinwave ength showsthat thefraction of light
lost dueto scattering. The decreasein K with anin-
creaseinwave ength showsthat thefractionof light lost
dueto scattering.

Figure 10 showsthevariation in the extinction co-
efficient (K) with wavelength of PVA/HPC blended
samples. Itisclear fromthefigurethat smilar behavior
for all samplesare observed and thevaluesof K are
foundtobesmadl intheorder 10+ throughout the stud-
ied wave ength range (200-700 nm) whichindicatethat
the samplesunder investigation are considered to be
insulating materid sat room temperature™l. Inaddition,
the behavior of the absorption coefficient ispreserved
for all samplesnear the absorption edge. Furthermore,
itisalso clear that, the blend samples 50/50 wt/wt%
for PVA/HPC indicate highest valuesof K throughthe
wholerange of wavelength (200-700nm). Moreover,
the values of K for PVA/HPC blended samples are
higher than that of the PVA and HPC homopolymers’
vauesinthewholerange of wavelength.

Optical reflectanceand color differencecalcula-
tionsof PVA/HPC blends

Therelativebrightness(y,), thebrightness(L ), the
color constants (A) and (B), thewhitenessindex (W),
theyellownessindex (Ye), the color difference (AE),
thechroma(AC) and the hue (AH) are estimated using
the CIE relationg 5738,

Fromthevauesof reflectance(figuresarenot shown
for simplicity data). TABLE 6illustratesthe values of
X,y andz at peak positionsfor homopolymersand
PVA/HPC blended samples. Therelaivebrightness(y,)
iscalculated and plotted as afunction of wavelength
(400-700 nm) and shown in Figure 11 for PVA/HPC

TABLEG6: Representsthex ,y and z tristimulusreflectance
values of PVA/HPC blended samples calculated from
reflectancedata

Blended X Vi Z
sample A= A= A= A=
PVA/HPC 446.4 589.3 553.5 453.5
wt/wt% nm nm nm nm
100/0 102 217 248 526
90/10 104 217 248 526
75125 110 233 268 575
50/50 104 217 259 538
25/75 81 167 189 408
0/100 96 202 209 450

= Fyl] Peper

blended samples. It isobserved from thefigure that,
thebehaviorsof y for the samplesare similar and no
changein peak position (555.4 nm) isdetected. Itis
also observed that y increases at HPC concentration
25wit% and then decreaseswithincreasing HPC con-
centration up to 75 wt%.

TABLE 7 representsthe variation of color param-
etersand their percentage changes cal culated from the
reflectance curvesfor PVA/HPC blends. Fromthetable
itisobservedthat:

e Thebrightness(L)

Thebrightness (L) showsunremarkableincrease

withincreasing the concentration of HPC.
» Thecolor constantsA and B

For PVA/HPC blend samples, thevaluesof Ain-

crease by increasing the HPC concentration up to

300 o

550 600 650 700
Waveleng th (nm)

Figure11: Variation of therelative brightnessvalue (y,)

with wavelength for PVA/HPC blended samples: (l) 100/0,

(@) 90/10, (A) 75/25, (¥) 50/50, (®) 25/75 and («) 0/200

(wt/wt%). Theinset indicatesthevariationy, (max) asa

function of HPC concentr ation.

—T T
400 450 500
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75 wt% which meansthat thereisanincreasein
red component instead of green one. Thevauesof
B decreaseby increasing HPC concentration up to
50 wt% whichindicatesthat thereinanincreasein
blue component instead of yellow oneand thenre-
turn to thevalue of pure PVA at 75wt% HPC.

» Thewhitenessindex (W)
The whiteness index (W) shows immeasurable
change with increasing the concentration of either
HPC.

» Theydlownessindex (Y )
Thevaueof yellownessindex (Y ) valuedecreases
sharply at 10 wt% HPC and then decreaseswith

TABLE 7: Theresultsof color parametersand their per-
centage changesfor PVA/HPC blended samplescalculated
fromthereflectance curves

Color PV A/HPC blended samples (wt/wt% )
parameters 100/0 90/10 75/25 50/50 25/75 0/100

L 5.5866 5.5758 5.5830 5.5812 5.5857 5.5848
AL% -0.19 -0.06 -0.10 -0.02 -

A 0.1112 0.0962 0.1052 0.1054 0.0971 0.0987
AA% - 1349 540 522 12.68 -

B 0.1767 0.2134 0.1881 0.1969 0.1742 0.1855
AB% -20.77 -64.52 -11.43 1.41

W 24404 24192 2.4336 2.4292 2.4416 0 2-436
AW % 0.87 0.28 046 005%

Y, 7.0891 8.0814 7.3789 7.6645 6.8109 7.1738
AY % - -14.00 -4.09 8.12 3.92 -
AE - 0.0411 0.0134 0.0216 0.0143

AC 0.0253 0.0068 0.0146 0.0096

AH 0.0494 0.0154 0.0267 0.0173

increasing HPC concentration up to 50 wt% to-
wardstheorigina vaueand thenreturnto opposite
side (-ve value) and increases for 75 wt% HPC
concentration.

» Theobtained resultsindicatethat variationsin color
difference between samples are occurred by the
presence of HPC by different concentrationswith
PVA.

Theobserved changesin the color parameters cal cu-

lated from thereflectance curveswith theincreasein

the concentration of HPC may bedueto thechangein
the physical bonds and then changesin the molecular
configuration of PVA as mentioned beforewhich may
lead to formation of new dopant centers of the poly-
meric material. In addition, the obtained results of the

color parametersare of great importancefor theim-
provement of the optica propertiesof the PVA.
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