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ABSTRACT

The proposal in this study was to eval uate the optical properties of differ-
ent biopolymers films before and after irradiation with fast neutrons. The
materials used were: poly(vinyl alcohol) (PVA) and bovine serum albumin
(BSA). PVA/BSA blends were prepared by casting technique. The effects
of different BSA concentrations (2.5-15 wt%) on the optical properties by
near infrared and transmittance in the spectral region 400-2500 nm of the
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PVA/BSA filmswere studied before and after irradiation with fast neutrons
of fluence 1 x 107 n/cn?. Transmittance spectrawere used for the determina-
tion of the optical constants. The results indicate that variation in the
optical band gap was derived from Tauc’s extrapolation with the BSA con-
tents. Theresults obtained by the effect of different weight percent of BSA
were compared with that detected by the effect of fast neutron.
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INTRODUCTION

The categories of materials that are used as
biomaterid sincludemetas, ceramics, carbons, glasses,
modified natura biomolecules, synthetic polymersand
compositescons gting of variouscombinationsof these
materid types!. Detaled studiesof doped polymer with
different dopant concentrationsalow the possibility of
choice of thedesired properties??.

PVA isawater-soluble poly-hydrogel polymer, one
of thefew linear, no halogenated ali phatic polymers.
PVA hasatwo dimensiond hydrogen-bonded network
sheet structure. The physical and chemical properties
of PVA dependto agreat extent onitsmethod of prepa-

ration®. Poly(vinyl dcohol) isusedin surgical devices,
sutures, hybrididet transplantation, implantation, blend
membrane®, insynthetic cartilagein recongtructivejoint
surgery!®, asanew type of soft contact lensdevel oped
from PVA hydrogel prepared by low temperaturecrys-
tallization technique, as sheets to make bags for
premeasured soap, for washing machines, or to make
longer bags used in hospital 8. PVA was selected in
the present study, asthe hydrogel component based on
itsfavorablewater-soluble, desirable phys cochemica
properties and its biocompatibility®. Furthermore,
chemicaly crosdinked PVA hydrogel hasbeen gaining
increasing attentionin thefie d of biomedicd?.
Bovineserumabumin (BSA) ischeap and plen-
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tiful, owed to thefact that it isanatura byproduct of
the cattleindustry*Y, Thismakesitideal in vaccine
production, medical research, and food additives. BSA
isessentiadly aplasmaprotein that can beused to grow
cells, test the proteins of other cells, and be added to
avariety of food products. BSA isquite stable, which
makesit ideal for scientific measures. BSA isoften
used inrestriction digest to stabilize some of theen-
zymes during the digestion of DNA for study. Itis
ideal for determining the quantity of other proteins
present. Thesedays, BSA isjust aslikelytobeina
lab asakitchen. It can be used to test DNA structure
aswell as supplement various mesat products. Stable
and safe, bovine serum abumin can help measurethe
quantitiesof other proteins, servingasamodd to begin
the comparison.

Previousinvestigationsreported theintermol ecular
interactionsbetween bovineserumabuminand certain
water-soluble polymers at varioustemperatures? and
thereleaseof modd proteinswith net-pogtive (histone)
and net-negative charge (BSA) from various scaffol d-
ing surfacesand from encapsul ated microspheresinthe
presence of ions, proteins, and cell g3,

In the present study, atrail will becarried out to
producethe best product of PVA/BSA blends. Varia-
tionsinthegroup coordinationinthe near-infrared re-
gionwerefollowed. Theeffectsof BSA concentrations
ontheoptica propertiesof the PVA filmswere studied
by performing VIS/NIR analysisbefore and after irra-
diagtionwithfast neutronsof fluence 1 x 10" n/crm?, which
givean evidencefor understanding energy band dia-
gramand optica parameterswhichisrelatively affected
by processing conditions. The study hasbeen also ex-
tended to cd cul atetheextinction coefficient (K) for the
investigated films.

EXPERIMENTAL

Materialsand samplepreparation

Poly(vinyl dcohoal) (PVA) granuleswith molecular
weight of 125 kg/mole was supplied from El-Nasr
Company, Cairo, Egypt. Theviscosity of 4% aqueous
solution of thepolymer at 20°C rangesfrom4.5t05.4
cP. Theresidud poly(vinyl acetate) takesthevaueof O
to 3%, the ash has maximum vaueas 0.75%. Bovine
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serum dbuminwassupplied by Biomark, Indiaand the
componentisnormaly freefromimpurities(min. 98.5%)
hasHelicd structure.

The solution method™+ %% was used to obtain film
samples. Thismethod depends on thedissol ution, sepa
rately, theweighted amountsof PVA granulesand BSA
powder indoubledistilled water. To preparethinfilms
of theblend of PVA and BSA with different weight per-
centages 100/0, 97.5/2.5, 95/5, 92.5/7.5, 90/10, 87.5/
12.5 and 85/15 wt/wt%, the solutionswere mixed to-
gether at 50 °C with amagnetic stirrer. Thin films of
appropriate thickness (about 0.01 cm) were cast onto
stainlessstedl Petri dishes (10 cmdiameter). The pre-
pared filmswerekept at room temperature (about 25
°C) for 7 daysuntil the solvent completely evaporated
and then kept in desi ccators containing fused calcium
chloridetoavoid moisture. Thesamplesweremeasured
at room temperature as solid films (slabs) of dimen-
sons1x4cm.

The prepare thin films of the blend of PVA and
BSA wereirradiated with fission neutronswith mean
energy of approximately 4.2 MeV from Americium-
Beryllium (***Am-Be) neutron source of activity 5 Ci
(185 GBQ) and with emissionrate 0.87 x 10’ n/s at
the Physi cs Department, Faculty of Science, Al-Azhar
University, Cairo, Egypt. During irradiation the pre-
pared sampleswerefixed in positionsthat neutrons
wereincident approximately normal. Theirradiation
temperature was adjusted to be about 25 °C. Thefilms
were exposed to neutron fluence 1 x 10’ n/cm?. The
neutron fluence were measured using a calibrated
TLD-700 Thermoluminescence detector at theloca-
tion of thesample.

VI S/NIR spectroscopic measur ements

Themeasurementsinthevisibleregionfrom400to
700 nmand NIR region from 900 to 2500 nmfor PVA/
BSA blendsbeforeand after irradiation with fast neu-
tronswerecarried out usingaShimadzu (UV/VISINIR)
Double Beam Spectrophotometer with standard
illuminant C (1174.83), hasasarid number B44360512,
Model V-530 and band width 2.0 nm coverstherange
200-2500 nmwith accuracy +0.05%.

Optical and color parameters
The absorption coefficient (o) of the present mate-
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rialsstrongly depends on optical transmission, reflec-
tion and thicknessof filmwhichisevduated usingthe
relation617;

o= (1d)—!n (1-R)¥T )
WhereT isthetransmittance and d isthe thickness of
thesampleincm (thereflectance, Risneglected inthis
cdculation). Theoptica energy gep (Eg) of thethinfilms
has been determined from absorption coefficient data
asafunction of photon energy (hv ineV). Accordingto
the generally accepted model proposed by Tauc for
higher val ues of absorption coefficient wherethe ab-
sorptionisassociated withinterband transitions, it yields
the power part which obeysthe Tauc!*¥ and Mott and
Davis® rdeionsas:

ahv=B(hv-E)" 2
Where B isthe dope of the Tauc edge called the band
tall parameter and nisthetypeof electronictransition
responsiblefor absorption, being 0.5for direct trans -
tionand 2for indirect one. Inthelow absorptionregion
the absorption coefficient (o)) shows an exponential
dependence on photon energy (hv) and obeys the
Urbach rel ation';

a=a,exp (hv/E) 3)
Where o, is aconstant and E, isthe Urbach energy,
interpreted asthewidth of thetailsof locaized statesin
the band gap. The absorption edge (E ), theband tail
(E), thedirect energy gap (E ) and theindirect energy
gap (E, ) werea so calculated from the graphs of: a
versushy, tn o versus hv, (ohv)? versushy and (ahv)¥?
versushv, respectively.

Theextinction coefficient (K) isimportant param-
eterscharacterizing photonic materials. Vaue of K can
be cal cul ated from transmission and refl ection spectra
usingtherdation*":

K = oM4n 4
Where) is the wavelength and o is the absorption co-
efficient. Thedecreasein theextinction coefficient with
anincreaseinwave ength showsthat thefraction of light
lost dueto scattering.

Thecolor parameters. reldivetrisimulusvaues(x,,
y, and z), the brightness (L), the color constants (A)
and (B), thewhitenessindex (W), theyellownessindex
(Ye) and the calculation col or differences (total color
difference, AE, thedifferencein chroma, AC andthe
differencein color hue, AH) are estimated using the CIE
relations asreported previoudy52021,

RESULTSAND DISCUSSIONS

Near infrared (NIR) spectral analysisof PVA/BSA
blends

Thetransmittance spectraand the assignments of
the most important bandsin thenear infrared region
900-2500 nm for PVA/BSA blended samplesbefore
(a) and after (b) irradiation withfast neutronsfluence 1
x 10" n/em?, respectively, areshownin Figurel. TABLE
lillustratesthevariation of the peak positionsaswell
asthebond vibration and chemica structurefor PVA/
BSA blended samplesbeforeand after irradiation with
fast neutron?, Itisclear fromFigureland TABLE 1
for PVA/BSA blended samplesthat adight variation
has been observed in the transmission bands. In addi-
tion, itisnoticed that stronglocal interaction between
albumin and other groupsto different chainsin PVA
will take placeat the expense of theintermolecular in-
teraction between these chaing?!. Thisin turn can be
directly correlated with variationsin the mechanical
behavior of the polymer(2+2,
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Figurel: Variationin NIR spectraof PVA/BSA blendsbe-
fore(a) and after (b) irradiation with fast neutronsfluence 1
x 107 n/lcm?

Visibleanalysis

The study of optical transmission spectraprovides
essential informati on about the band structureand the

Au Tudian Yourual



MSAIJ, 8(9) 2012 Nabawia A.Abdel Zaher and Osiris W.Guirguis 373

—== Pyl Paper

energy gapincrystalineand non-crystdlinematerials.  tions. Hence, thestudy of optical propertiesinthevis-
Anaysisof thetransmission spectraintheenergy part  ible region can help in abetter understanding of the
(1.77-3.1eV) givesinformation about atomic vibra-  optical materia constants?2",

TABLE 1: Positionsand chemical assignmentsof themost NI R absor ption bandsfor PVA/BSA blendsbeforeand after
irradiation with fast neutronsfluence 1 x 10" n/cm?

Wavelength (nm) Assignments and chemical structure
Beforeirradiation  After irradiation Bond vibration Chemical Structure
2481 2488 C-H stretching + C-C dretching = CH group

CH, symmetri c stretching +

2349 2348 _CH, defromation HC=CHCH,
2307 2304 C-H stretching + C-H deformation CH; or CH;
2180 2182 2x amide | + amidelll Proten
2114 2110 N-H symmetric stretching + amide Il CONH_2, CONHR
2085 2099 O-H gretching + O-H deformation ROH, Sucrose
1980 1985 N-H assymmeric stretching + amidel | Proten

C=0 streching overtone CO,R
1948 1950 o-H stretching + O-H deformation H20
1815 1802 O-H dretching + 2(C-O) dretching Cellulose
1708 1702 O-H stretch?ng ﬂrst overtone (intermole. H-bond) Glucose

N-H gretching first overtone CONH:
1481 1491 C-H stretching first overtone CH,
1360 1366 2x C- H gretching + C-H deformati on CH;

Figure 2 showsthetransmission spectraof PVA/  that the spectrumfor pure PVA ishigher thanthosefor
BSA blendsinthewavelength range400-700nmbe-  PVA/BSA blend compositionsinal wavelength range.
fore(a) and after (b) irradiationwithfast neutronsfluence  The decreasein the transmission val ues of the blend
1x 10" n/lecm?, respectively. Itisclear fromthefigure  sampleswithincreasing the concentration of BSA up
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Figure2: Thetransmission spectraof PVA/HPM C blendsbefore(a) and after (b) irradiation with fast neutronsfluence 1 x
107 n/cm?: (4) 100/0, (m) 97.5/2.5, (®) 95/5, (x) 92.5/7.5, (*) 90/10, (A) 87.5/12.5 and (+) 85/15 (wt/wt%)
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to 15 wt% aswell asby irradiation with fast neutrons
may be attributed to the fact that increasing the con-
centration of BSA and/or irradiation with fast neutron
decreasesthetransparency of the samplewhich may
be dueto that thereisachangein themolecular con-
figuration which|eadsto the formation of new color
Ca’]terém, 15,28] .

Optical parametersof PVA/BSA blends

Thetotal transmission spectral response (i.e., the
absorption coefficient, o) for PVA/BSA blendswere
cdculated inthevisiblewavelength rangefrom 400to
700 nm and in the photon energy range 1.77-3.10 eV.
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Figure 3 shows the rel ation between the absorption
coefficient (o)) asafunction of wavelengthinthevisible
rangefor PVA/BSA blended samplesbefore (a) and
after (b) irradiationwith fast neutronsfluence 1 x 107/
cn?, respectively. Itisclear fromfigures3aand 3bthat
the absorption coefficient (o) increases gradualy with
increasing BSA content aswell aswith fast neutron
fluence. Theincreasein a with the increase in the BSA
content and/or neutron irradiation may beattributed to
the change of themolecular configuration whichindi-
catesto theformation of new color centersas previ-
ously mentioned and reported*+1,
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Figure3: Theabsor ption coefficient (o)) of PVA/BSA blendsasa function of wavelengthsin thevisiblerangebefore(a) and
after (b) irradiation with fast neutronsfluence 1 x 107 n/cm?; (4) 100/0, (w) 97.5/2.5, (®) 95/5, (x) 92.5/7.5, (*) 90/10, (A)

87.5/12.5and (+) 85/15 (wt/wt%)

Thefundamenta absorption edgeisoneof themost
important features of the absorption and transmission
gpectraof crystdlineand amorphous materids. Thein-
creased absorption near the edgeis caused by thetran-
sition of electronsfrom the valence band to the con-
duction band®. Figure4 illustratesthe pl ot of absorp-
tion coefficient against photon energy (1.77-3.10eV)
for PVA/BSA blend samplesbefore (a) and after (b)
irradiation with fast neutronsfluence 1 x 10" n/cm? re-
spectively. Itisclear that theabsorption coefficient va-
uesincreaseswith increas ng photon energy and exhib-
itsasteep rise near the absorption edge and astraight
linerelationshipisobservedinthehigh a-region. The
intercept of extrapolation to zero absorption (i.e., o=
0) with photon energy axiswastaken asthe value of

Wotoioly Science  mm—

absorption edge (E ) and theva uesobtained arelisted
iNTABLE 2. Itisclear that the val ues of the absorption
edge (E,) for BSA dopent concentration and fast neu-
tronirradiation are higher than that for pure PVA. This
may reflect theinduced changesin the number of avail-
ablefina statesaccording to theblend composition.
Inamorphousasin crystaline materia ssomeuse-
ful information can be deduced from absorption edge.
For many amorphous materia san exponentia depen-
dence of absorption coefficient on photon energy is
found to obey anempirica relation dueto Urbach equa-
tion4, Figure 5 showstherdation between—!n a and
hv for PVA/BSA blended samplesinthevisiblerange
before (a) and after (b) irradiation with fast neutrons,
respectively. Thestraight linesobtained suggest thet the
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absorptionfollowsthequadratic relation for interband
transitionsand the Urbach ruleis obeyed™. Theval-
uesof band tail energy (E,) can be deduced fromthe
dopesof thestraight linesand arelistedin TABLE 2.
Thevauesof E, increasewithincreasing BSA concen-
tration upto 7.5wt% aswell aswithfast neutronirra-

200
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diation and then decrease and show fluctuation vaues
upto 15wt% BSA but still higher than thevauesof the
pure PVA. Thetail statesare generated dueto disor-
der in the system and these variations may be dueto
thevariaionintheinterna fieldsassociated with struc-
turedisorder inthe system(*,

-1)
pa— — [e— [
. [ =) (== —_
=) (=1 L= =]

120

Absorption coefficient {can
=
(=]

Photon energy (¢V)

Figure4: Theabsor ption coefficient (o) of PVA/BSA blendsasafunction of photon energy (hv) in thevisiblerangebefore
() and after (b) irradiation with fast neutronsfluence 1 x 10" n/cm? (4) 100/0, (w) 97.5/2.5, (®) 95/5, (x) 92.5/7.5, (*) 90/10,

(A) 87.5/12.5and (+) 85/15 (Wt/wt%)
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Figure5: Urbach law plotsfor PVA/BSA blendsasafunction of photon ener gy (hv) in thevisiblerangebefore(a) and after
(b) irradiation with fast neutronsfluence 1 x 107 n/cm?; (4) 100/0, (w) 97.5/2.5, (®) 95/5, (x) 92.5/7.5, (*) 90/10, (A) 87.5/

12.5and (+) 85/15 (wt/wt%)

Figure 6 showsthe dependenceof (ahv)? on hv for
PVA/BSA blended samplesbefore (a) and after (b) ir-

radiation with fast neutronsfluence 1 x 10’ n/cm?, re-
spectively. Fromthefigure, thealowed direct energy

— Pt icly Science
ﬂaVMnW



376

Optical studies of poly(vinyl alcohol) and bovine serum albumin

MSAIJ, 8(9) 2012

Full Poper =

gap (E,) isdetermined by extrapol ating thelinear parts
of the curvesto zero absorption and thevalues of E,
arelistedinTABLE 2. Itisclear fromthetablethat, the
vauesE, incressesnearly gradudly withincrees ng BSA

350000
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-

(ahv)”

200000

150000
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20000

0 1 1 3 4
Photon energy (eV)

concentration up to 7.5 wt% aswell asby irradiation
with fast neutron and then decrease and show fluctua-
tionvauesupto 15wt% BSA but till higher thanthe
vauesof thepure PVA.
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Figure6: Thevariation of (ahv)? of PVA/BSA blendsasa function of photon ener gy (hv) in thevisiblerangebefore (a) and
after (b) irradiation with fast neutronsfluence 1 x 107 n/cm?: () 100/0, (w) 97.5/2.5, () 95/5, (x) 92.5/7.5, (*) 90/10, (A) 87.5/

12.5and (+) 85/15 (wt/wt%)

Figure 7 showsthe variation of (ahv)¥? asafunc-
tion of hv for PVA/BS A blended samples before (a)
and after (b) irradiation with fast neutronsfluence 1 x
107 n/cm?, respectively. From thefigure, theallowed

TABLE 2: Valuesof absor ption edge (E ), band tail energy (E,), direct energy gap (E,), and indirect ener gy gap (E

indirect energy gap (E, ) isdetermined by extrapol at-
ingthelinear partsof the curvesto zero absorption and
the values of E_, arerepresented in TABLE 2. Itis
clear that thevauesof E | for theblend samplesare

) for PVA/

ind

BSA blend samplesbeforeand after irradiation with fast neutronsfluence 1 x 10" n/cm? and their per centage changes

PVABSA blend (wt/wt%) E.(eV) AE&* E,(eV) AE%* Eg(V) AEq%* Eng(e&V) AE 6%
Before irradiation
100/0 0.067 - 0.195 - 2.066 - 0.068 -
97.5/25 1442 2052.24 0.563 188.72 2486 20.32 0.932 1270.59
95/5 1557 2223.88 0.668 242 56 2508 21.39 1.015 1392.65
R.575 1812 2604.48 0.803 311.79 2574 24.59 1.286 1791.18
90/10 1110 1556.72 0.658 23744 2.100 165 0.598 55941
875/12.5 1427 2029.85 0.778 289.97 2475 19.79 0.931 1269.91
85/15 0.755 1026.87 0.584 199.49 2351 13.79 0.468 588.24
Afterirradiation
100/0 0.071 - 0.320 - 2241 - 0.183 -
97.5/25 1514 2032.39 0.709 12156 2497 11.42 1.017 455.74
95/5 1.506 2021.13 0.590 84.38 2506 1183 1.020 457 38
R.575 1.836 2485.92 0.828 158.75 2617 16.78 1.347 636.07
90/10 1102 145211 0.641 100.31 2430 843 0.683 273.22
875/12.5 1.268 1685.92 0.692 116.25 2450 9.33 0.816 345.90
85/15 0.851 1098.59 0.590 84.38 2.359 5.27 0.464 15355

* AE% meansAE %, AE, %, AE %, or AE, %
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increasesnearly gradudly withincreasing BSA concen-
tration upto 7.5wt% aswell asby irradiation with fast
neutron and then decrease and show fluctuation values
upto 15wt% BSA but still higher than thevauesof the
pure PVA. The obtained valuesfor E, , show the de-
pendence on the composition of thesample. It may be
presumed that the variation of them may bedueto the
differencein the changein molecular configurationin-
duced by dopant concentration and/or by irradiation
withfast neutron.

()

0 1 2 3 4
Photon energy (V)

= Fyl] Peper

It wasnoticed that thevariationsinthevauesof E,
E,, E,adE,_, withincreasingtheconcentration of BSA
andfast neutronirradiation may beduetoinduced struc-
tural changesin the system. In another meaning, this
change may arisefrom therandom fluctuations of the
internal fieldsassociated with the structuredisorder in
theamorphousregion of polymer maerid. Furthermore,
it was recognized that dopant playsadominant rolein
morphol ogica and microstructure changesoccurringin
the polymer matrix427,

25

(b)

20

-

15

g
P
>
-
=)
~ 10
///
,// y
LA
PiF il

0 1 2 3 4
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Figure7: Thevariation of (ahv)¥2 of PVA/BSA blendsasa function of photon ener gy (hv) inthevisiblerangebefore (a) and
after (b) irradiation with fast neutronsfluence 1 x 107 n/cm2; (4) 100/0, (w) 97.5/2.5, (®) 95/5, (x) 92.5/7.5, (*) 90/10, (A)

87.5/12.5and (+) 85/15 (wt/wt%)
Extinction coefficient

Theextinction coefficient (K) describesthe prop-
ertiesof themateria tolight of agivenwavel ength and
indicatestheamount of absorptionlosswhentheeec-
tromagnetic wave propagatesthrough thematerid, i.e.
representsthe damping of an EM waveinsidethe ma:
terid. Figure8 showsthevariationin theextinction co-
efficient (K) with wavelength for PVA/BSA blended
samplesbefore (a) and after (b) irradiation with fast
neutronsfluence 1 x 10" n/cm?, respectively. Itisclear
fromthefigurethat similar behavior for dl samplesare
observed and thevaluesof K arefoundtobesmall in
the order 10 throughout the studied wavelengthrange
whichindicatethat the samplesunder investigation are
consdered to beinsulating materia sat room tempera
ture®!, Furthermore, it is also clear that, the blend
sample85/15wt/wt% for PVA/BSA indicatesthehigh-

est value of K through thewhol erange of wavelength
(400-700 nm). Moreover, the values of K for PVA/
BSA blend samples are higher than that of the pure
PVA valueinthewholerange of wavelength. Theval-
uesof K for theirradiated PVA/BSA blend samples
arehigher than that for the unirradiated ones.

Optical transmittanceand color differencecalcu-
lationsof PVA/BSA blends

From the values of transmittance (Figure 1), the
tristimulustransmittancevalues (x,,y, and z) areca cu-
lated and pl otted as afunction of wavelength (400-700
nm) and shownin Figures9-11, respectively, for PVA/
BSA blended samplesbefore (a) and after (b) irradia-
tion with fast neutronsfluence 1 x 10" n/cm?, respec-
tively. TABLE 3illustratesthevaluesof X,y and z at
the peak positionsfor PVA/BSA unirradiated andirra-
diated blended samples. It isobserved from thefigures
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Figure8: Variation in theextinction coefficient (K) asafunction of wavelength (1) of PVA/BSA blendsbefore (a) and after
(b) irradiation with fast neutronsfluence 1 x 107 n/cm?; (4) 100/0, (w) 97.5/2.5, (®) 95/5, (x) 92.5/7.5, (*) 90/10, (A) 87.5/

12.5and (+) 85/15 (wt/wt%)

TABLE 3 : Represents the x, y, and z tristimulus
transmittance valuesof PVA/BSA blendsbeforeand after
irradiation with fast neutronsfluence 1 x 10” n/cm? cal culated

fromtransmittancedata

PVA/BSA Ve z,
Blend A=445 A=595 A=560 A=455
(wt/wt%) nm nm nm nm
Beforeirradiation:
100/0 331.91 767.86 838.26 1727.40
97.5/2.5 241.24 646.48 691.72 1271.71
95/5 235.49 650.06 692.12 1241.38
92.5/7.5 151.71 520.83 535.25 799.72
90/10 104.14 376.04  377.59 548.97
87.5/12.5 95.29 383.02 378.98 502.33
85/15 331.91 767.86 838.26 1727.40
After irradiation:
100/0 323.18 767.91 837.37 1703.67
97.5/2.5 216.38 619.99 654.23 1140.66
95/5 202.68 578.73 613.39 1068.43
92.5/7.5 150.41 521.91 536.24 792.91
90/10 101.71 367.89 369.04 536.18
87.5/12.5 89.11 349.03  344.93 469.72
85/15 77.6 292.90 290.80 409.05

andthetablethat, the behaviorsof thetristimulustrans-
mittance vauesfor the samplesaresimilar and almost
no changesin peak positions are detected either with
increasi ng the concentration of BSA or irradiated with
fast neutron fluence of 1 x 10" n/cm?. It is aso ob-
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served that thevaluesof x,, y,and z, decreasesremark-
ably withincreasing the concentration of BSA upto 15
wit% for both the unirradiated and irradiated blended.
Onother hand, dightly variationsinthevauesx,, y,and
z, are detected of the irradiated PVA/BSA blended
samplesin comparison with the unirradiated samples.
Figure 12 shows the percentage changes in the
tristimulustransmittancevaues(x,, y, and z) with the
increasing of concentration of BSA beforeand after
irradiation with fast neutrons of fluence 1 x 107 n/cm?.
TABLE 4 representsthevariationsof color param-
etersca culated from thetransmittance curvesfor PVA/
BSA blendsbeforeand after irradiation with fast neu-
tronsfluenceand their percentage changes. Fromthe
tableitisobserved that:
* Thebrightness(L)
Thebrightness (L) showsremarkabl e decrease of
about 41% for unrradiated samples and about 42%
for irradiated samplesare detected withincreasing
the concentration of BSA upto 15.
» Thecolor constantsA and B
For PVA/BSA unirradiated and irradiated blended
samples, the values of color constant A decreases
withincreasing BSA concentration up to 7.5 wt%
which meansthat thereisanincreasein green com-
ponent instead of red oneand then highly increases
with BSA concentration up to 15 wt% which means
that thereisan increasein red component i nstead of
greenone.
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Figure1l: Variation of thetristimulusvalue (z) with wavelength for PVA/BSA blendsbefore (a) and after (b) irradiation
with fast neutronsfluence 1 x 107 n/cm?: (4) 100/0, (w) 97.5/2.5, (®) 95/5, (x) 92.5/7.5, (*) 90/10, (A) 87.5/12.5and (+) 85/
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TABLE 4: Thevariationsof color parameter sfor PVA/BSA blendsbeforeand after irradiation with fast neutronsfluence 1
x 10" n/ecm?and their per centage changes

Color PVA/BSA blends (wt/wt%)

parameters 100/0 97.5/2.5 95/5 92.5/7.5 90/10 87.5/12.5 85/15
Beforeirradiation:
L 92.249 83.553 83.600 73.209 61.638 61.592 54.476
AL% - -9.43 -0.38 -20.64 -33.18 -33.23 -40.95
A -0.051 -0.228 -0.365 -0.004 1.140 1.459 1.400
AAY% - -347.06 -615.69 +92.16 +2335.29 +2960.78 +2845.10
B 1.011 6.583 7.785 13.549 12.306 14.664 11.418
AB% - +551.37 +670.03 +1240.16 +1117.21 +1350.45 +1029.38
" -686.112 -589.919 -596.302 -485.456 -347.289 -355.096 -272.953
AW% - +14.02 +13.09 +29.25 +49.38 +48.25 +60.02
Ye 1.917 13.873 16.318 33.045 36.971 44.204 39.264
AYe% - +623.68 +751.23 +1623.79 +1828.59 +2205.89 +1948.20
AE - 10.333 10.991 22.797 32.649 33.596 39.204
AC - 5.575 6.781 12.538 11.358 13.736 10.508
AH 0.016 0.000 0.000 0.000 0.000 0.000
After irradiation:
L 92.134 80.878 78.273 72.713 60.391 58.275 53.572
AL% - -12.22 -15.04 -21.08 -33.45 -36.75 -41.85
A -1.412 -3.705 -3.829 -2.748 -0.848 -0.460 -0.279
AAY% - -162.39 -171.18 -94.62 +39.94 +67.42 +80.24
B 7.505 13.078 12.682 17.169 14.722 15.704 13.748
AB% - +74.26 +68.98 +128.77 +96.16 +109.25 +83.18
" -718.603 -583.736 -546.857 -494.317 -342.573 -323.971 -271.684
AW% - +18.77 +23.90 +31.21 +52.33 +54.92 +62.19
Ye 10.597 25.603 25.439 39.470 42.530 47.559 45.456
AYe% - +141.61 +140.06 +272.46 +301.34 +348.80 +328.95
AE - 12.768 14.992 21.734 32.558 34.851 39.081
AC - 6.026 5.713 9.756 7.239 8.254 6.345
AH 11.256 13.861 19.421 31.743 33.859 38.562
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Thevalues of the color constant B for PVA/BSA
unirradiated and irradiated blended samples in-
creases by increasing the concentration of BSA,
whichindicatesthat thereinanincreasein yellow
component instead of blueone.

Fromthetable, itisclear that, thevariations of the
color constant A and B with fast neutronirradiation
issmaller thanthat of theunirradiated onesby ara-
tio of about 1:10.

» Thewhitenessindex (W)

Whitenessisan attribute by which an object isjudged
to approach the preferred white. Thewhitenessin-
dex (W) showsmeasurable decreasewithincreas-
ing the concentration of BSA for unirradiated and
irradiated PVA/BSA blended samples.

+ Theydlownessindex (Y )

Ydlownessindex can beused whenmeasuring cleer,
non-colorlessliquidsor solidsintransmisson. The
yellowness index (Y ) values for PVA/BSA
unirradiated andirradiated blended samplesincrease
withincreasing BSA concentration up to 15 wt%
and/or by irradiation with fast neutrons. Moreover,
theincreasein yellownessindex with fast neutron
irradiationissmdler than that of theunirradiated ones
by aratio of about 1:6.

» TheobtanedresultsillusratedinTABLE 4 indicate
that increasesin color difference between samples
are occurred by the presence of BSA by different
concentrationswith PVA aswell asirradiationwith
fast neutron.

Theobserved changesinthe color parameterswith
theincreasein the concentration of BSA andirradia
tionwith fast neutron fluence of 1 x 10" n/cm? may be
duetothechangein the physcad bondsand then changes
inthemolecular configuration of PVA aswell asmay be
attributed to theradiation induced changesin the color
centersof theirradiated sampleswhich may lead tofor-
mation of new dopant centers of the polymeric mate-
rial. In addition, the obtained results of the color pa-
rametersare of great importancefor theimprovement
of theoptica propertiesof the PVA.

REFERENCES

[1] S.Dumitriu; ‘Polymeric Biomaterials’, Marcel
Dekker Inc., New York, (1996).

= Fyl] Peper

[2] Omed GharebAbdullah, Sarkawt Abubakr Hussen;
Variation of Optical Band Gap Width of PVA Films
Doped With Aluminum lodide, Paper Presented at
the International Conference on Manufacturing
Science and Technology (ICMST), KualaLampur,
Malaysia, 26-28 Nov. (2010).

[3] R.V.Kulkarni, B.Sa; J.Bioact.Compat.Pal., 24, 368
(2009).

[4] GJ.Prichard; ‘Poly(Vinyl Alcohol): Basis Principles
and Uses’, Gordon and Breach, New York, (1970).

[5] A.K.Saxena, J.Marler, M.Benvenuto, GH.Willital,
J.PVacanti; Tissue Eng., 5, 525 (1999).

[6] N.A.Peppas, EW.Merril; J.Biomed.Mater.Res.,
11, 423 (1977).

[7] Chandra Mohan Eaga, Jagan Mohan Kandukuri,
Venkatesham Allenki, Madhusudan Rao Yamsani;
Der Pharmacia Lettre, 1, 21 (2009).

[8] M.M.Dumoulin, P.J.Carreau, L.A.Utracki;
Polym.Eng.Sci., 27, 1627 (1987).

[9] J.Zhang, K.Yuan, Y.Wang, S.Zhang, J.Zhang;
J.Bioact.Compat.Pol., 22, 207 (2007).

[10] S.J.Kim, Y.M.Lee, I|.Y.Kim,
React.Funct.Polym., 55, 291 (2003).

[11] HongxiaChen, Youn Sook Kim, Jagbeom L ee, Seok
Ju Yoon, Dong Seob Lim, Heung-Jin Choi,
Kwangnak Koh; Sensors, 7, 2263 (2007).

[12] Serap Kavlak, Ali Giiner; J.Appl.Polym.Sci., 100,
1554 (2006).

[13] M.Lee, T.T.Chen, M.L.lruela-Arispe, B.M.Wu,
J.C.Dunn; Biomaterials, 28, 1862 (2006).

[14] N.A.El-Zaher, W.G.Osiris; J.Appl.Polym.Sci., 96,
1914 (2005).

[15] Osiris W.Guirguis, Manal T.H.Moselhey;
J.Mater.Sci., 46, 5775 (2011).

[16] M.M.Abd EI-Raheem; J.Phys.Condens.Mat., 19,
216209 (2007).

[17] R.Tintu, K.Saurav, K.Sulakshna, V.P.N.Nampoori,
P.Radhakrishnan, Sheemu Thomas; J.Non-Oxide
Glasses, 2, 167 (2010).

[18] D.L.Wood, J.Tauc; Phys.Rev.B, 5, 3144 (1972).

[19] N.F.Mott, E.A.Davis; ‘Electronic Processes in
Non-Crystalline Materials’, Oxford, Clarendon,
(1979).

[20] CIE Recommendation on Colorimetry; CIE Publ.
No. 15.2. Central Bureau of the CIE, Vienna,
(1986).

[21] CIE Recommendation on Uniform Color Spaces;
Color Difference Equations, Psychometric Color
Terms, Suppl. No. 2 of CIE Publ. No. 15 (E-1.3.1),
Paris, (1971); (1978).

S.1.Kim;

— P plericly Science
;4%7%4(44?0%5



382 Optical studies of poly(vinyl alcohol) and bovine serum albumin MSAIJ, 8(9) 2012

Full Poper =
[22] B.G.Oshorne, T.Fearn; ‘Near Infrared Spectros- [26] R.A.Chikwenze, M.N.Nnabuchi; Chalcogenide

copy in Food Analysis’, Longman Scientific and Lett., 7, 389 (2010).

Technical Groups, JohnWiley & Sons, New York, [27] F.H.Abd El-Kader, S.A.Gafer, A.F.Basha,

USA, (1986). S.I.Bannan, M.A.F.Basha; J.Appl.Polym.Sci., 118,
[23] J.GPrichard, H.M.Nelson; J.Phys.Chem., 64, 795 413 (2010).

(1960). [28] A.Miller; ‘Handbook of Optics’, McGraw-Hill,
[24] A.Tager; ‘Physical Chemistry of Polymer’, Mir Pub- New York, USA, 1, (1994).

lishers, Moscow, Russian, (1972). [29] J.I.Pankove; ‘Optical Process in Semiconductors’,
[25] M.A.Khaled, A.F.Basha, M.EI-Oker, H.Abdel- Devers Publication, New York, USA, (1975).

Samad; Indian J.Phys., 63A, 399 (1989).

Watariosy Stience  mm—.
A VMW




