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ABSTRACT

In the present work, thelinear optical properties of Novolac: Epoxy films(10 zm thicknesses) have been calculated
depending on the absorbance and transmittance spectra at wavelength range (300-900 nm). The linear optical
parameter include calculation (refractive index n, absorption coefficient& , extraction coefficient k.Real and

imaginary part of dielectric&, , £, and optical and electrical conductivity oqp, 6e). The surface, volume energy loss

function and electronic interband transition strength have been calculated depending on dielectric constant of the
bland. The values of direct and indirect energy gap have been found using Tucc procedure ,equalsto [( C1 (2.295
ev), C2 (2.408 ev) , C3 (2.655 ev) and C4 ( 3.792 ev)], and[ C1 (1.95 ev), C2 (2.025ev) , C3 (2.06 ev) and C4 (
3.553 ev)] respectively. In addition to that, ithave be foundal so that the type of electronic transmission isindirect.

Keyword:, Optical properties;refractive index;Optical Energgp;Novolac; interband transition strength, surface
and volume energy loss

INTRODUCTION

Recently, the search for optical properties in@dascause of their applications in integrated spgiech as optical
modulation, optical information, and optical datarage [1]. The optical behavior of a material idized to
determine its optical constants. Films are ide&lcBpens for reflectance and transmittance,thergfimeaccurate
determination of the optical constants is extremiaiportant [2].The study of optical absorption, tradarly
absorption edge has proved to be very useful fariétion of the electronic structure of the matstilt is possible
to determine indirect and direct transition ocawgriin band gap by optical absorption spectra [3.Tdate
transmittance can be analyzed to determine optioalktants such as refractive index, absorption xinated
dielectric constant.The refractive index is onetled fundamental properties of a material, becatise ¢losely
related to the electronic polarizability of ionsdathe local field inside the material. The evaluatmf refractive
indices of optical materials is considerable imaoce for applications in integrated optics devimgsh as switches
fillers and modulators, etc., where the refractnaex of a material is the key parameter for dedesign [4].

Polymers are attractive materials due to their dalssication process and low cost [5-7] therefor@ngresearchers
deals with investigation of new types of polymerenils. In thisresearch epoxy is the diglycidyiestof bisphenol
—A (DGEBA) and Novolacare choosingdue to its exasllproperties. The epoxy (DGEBA) is a commonlyduse
composite material precursor and has many excgilemerties, such as high electricalresistanced gnechanical
properties which high workability under variou®gessing conditions. However, sinceDGEBA degradesdyeat
high temperatures, the use of additives to impiteemalstabilization and flame retardantproperisean area of
great interest.[8]

we can classified the Novolacto two types of plheesins: resold and Novolac. The first one is bgsized under
basic pH conditions withexcess formaldehyde, aedsttitond is carried out at acidic pH (with an exaggphenol).

1731
Scholars Research Library



Mohammed F. AL-Mudhaffer et al Arch. Appl. Sci. Res., 2012, 4 (4):1731-1740

They are widely used in industry because of theénaical resistance, electrical insulation, and disi@nal stability

[9].

The interaction of the photons with the materialutes in excitation of electrons into unoccupie@rgly levels in

the conduction band as well as collective excitatib valence electrons. Interband transitionsioaig from the
excitation of electrons in the valence band to gngtate in the conduction band, so thesecan bdifidenas

transition in a band structure model [10]. The &t@n of the electrons valence band can be distihgd between
collective plasma oscillations and single electir@arband transition.The latter depend on critfwaiht in the band
structure [11]. The is two regions for electronieryy loss function. The first region is the higkd energy region
(>1eV), analysis of the first (10 eV) of spectréeatthe ionization edge can give information abthet oxidation

state. The second region is the low energy lossel#¢)l which can provide information about compositiand

electronic structure [10]. The energy loss functiesults from dielectric constant of the materiaithin the range
of validity of the dielectric theory [12-14].

This paper reports the results of linear opticabperties of Novolac film of thickness (10um) in the
wavelengthrange (300-900 nm).

MATERIALS AND METHODS

2- Experimental

Preparation Material

Ethanol form Fluke Co., Novolac and Epoxy from pbgkmeasurements, IR spectra were recorded on BQ6k
IR spectrophotometer using nojul in the range (4600 cm') Absorption spectra are recorded using
Reflactophotometer CE-3000 in the wavelength rgdB86-900 nm).

The Novolac (A)(0.1 mol,10.7 gm ) dissolved in Etbh(100 mol ) is added to Epoxy (DGEBA) (B),(M.wt
=626.77) with deferent volume ratio ( 1:1,1:2,1:3he mixture is stirred for one hour at room terapare to
produce polymer blend (Epoxy: Novolac)(c).

Fig.(1): Shows the chemical structure of (A)and.(B)

CH,4 OH CH,4
/C-H—CH;— ( (}—(_‘HZJ; CH;(U(_-HE— CH\—/CH;

CH CH
(4] ? ? 0

(A) - Epoxy (DGEBA)

OH OH OH

(B)-Novolac

CH,

Fig. 1.Chemical structures of (A) - epoxy (DGEBA)(B) —Novolac [15].

The film of Novolac: Epoxy is prepared using spiating method using speed 2500 r/min and we oasglass (2
cm x2 cm) size , the film is heated at (&) for one hr. In order to determine optical prdjgsra measurement of
the spectral absorption (A) and transmittance (€)dmne.

IR Spectra
The IR Spectra of Novolac and epoxy compounds @cerded as liquid and the spectra data of the pisdare
gathered in Fig. (2 ) and Table (1) .

The Novolac compound exhibited intense IR absonpdibaround (3550-2900) cfirdue tov(OH) . The presence of
OH- groups involved in intramolecular hydrogen biogdfor compound give the (OH) as a shallow, very broad
band extending.

Within the (3550-2900) crit. Compounds containing OH groups displays band$kt90-1150) crit v(OH). The
stretching vibrations of the aromatic C-H groupgeginedium to weak bands within the (3090-3020 ) ov(OH)
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but the display because of the interaction with kids .The (C=C) gives band at 1610*ctithe CH aliphatic
gives bounds at 1480 ¢has shown in fig.(2-a ) . The epoxy compound ex&ibintense IR absorption at around
(3500- 3430) cm® , 3070 crit, 2970 cnif, 1600 crit and 1475 ci due tov(OH) , v(C-H) aromatic y(C-H)
aliphatic , (C=C) aromatic and (C-H) aliphatic resfively as shown in fig.(2-b). Fig. (2-c,d,e) (kyoand
novolac)asat deferent volume ratio(1:1,1:2,1:3pldys the bands which confirm physical blendingarhpounds.
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Fig.(2) IR spectra of (a) epoxy ,(b) novolac, (ci) and (c ) epoxy and novolac for the volume ratid(1, 1:2, 1:3)respectively.
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Table (1) : IR spectra data for novolacepoxy ( c)

Materials OH CH(aromatic)| CH(aliphatic) | C=C
Novolac (3550-2900) 3080 2980 1620
Epoxy 3500 3090 2950 1610

Epoxy and novolac(1:1) 3500-3300 3080 2970 1600
Epoxy and novolac(1:2) 3480-3250 3080 2970 1600
Epoxy and novolac(1:3) 3520-3140 3080 2970 1600

RESULTS AND DISCUSSION

The absorption coefficient has been obtained directly from the absorpticecsp using Beer-Lambert lowa
=2.303(A/d) [16] where (A) is the absorbance andigdhe thickness of the film. Fig. 3 shows (& #tbsorbance,
(b) the transmittance (T) , (c)the ReflectanceéR)a function of wavelength, and (d) absorptiorffmient (o) as a

function of photon energy.
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Fig. 3. (a) the absorbance, (b) the transmittance§ ,(c) the Reflectance(R), as a function of walength. (d) absorption coeﬁicien(a')

as a function of photon energy for the volume ratio
C1: 1 Epoxy : 1 Novolac ~ C2: 2 Epoxy : 1 Novata
C3: 3 Epoxy : 1 Novolac C4: Epoxy Pure

The theory of reflectivity of light has been usex dalculate the value of refractive index (n) andinetion
coefficient k . The value of n and k has been dated using the following equations[17].

k=all4n 1)
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And

_(n-1?+k?
R= (n+1)% +k? @)

Wherel is the wavelength.

Fig. 4 shows(a)extinction coefficient (k),and(b)fiRetive index (n),as a function of wavelength.
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Fig. 4 (a) extinction coefficient (k),(b) Refractie index , as a function of wavelength.for the voluratio

C1: 1 Epoxy : 1 Novolac  C2: 2 Epoxy : 1 Novata
C3: 3 Epoxy : 1 Novolac C4: Epoxy Pure

Fig.3 (a) represents the absorbance curve ofNovBlagxy film as a function of wavelength and it @iwnoted that
the greatest value of the absorption occurs atidreelength range 300-350 nm and then graduallyedses to
reach, in the wavelength range for the volume rédib,C2,C3,C4), (700-900, 650-900, 600-900, 350}900,The
edge of the absorption occurs at wavelength 560Trima.optical transmittanceand Reflectancespecirthe range
of (300-900 nm) wavelength for the Novolac: Epodkmis depicted in Fig. 3 (b).The optical transmigsidata are
employed to obtain various parameters which coelg im having a better understanding of the opftiediavior of
the Novolac: Epoxy film.

The fundamental absorption edge follows an expaalelaw above the exponential tail, the absorptioefficient
has been reported to obey the following equatiod[@B

ahv=B(hv-E,)" (3)

Where B is constantv is photon energy, , 5 optical Band gap and n is an exponent, whichlmassumed to

have values of 1/2,3/2,2 and 3 depending on ther@aif electronic transition responsible for thsarption. n=1/2
for allowed direct transition, n=3/2 for forbiddeirect transition,n=2 for indirect allowed transiti and n=3 for
forbidden indirect transition. The direct and irdir energy gap is calculated by plohy )°° and @hv )* as a
function to photon energy ¢hfor the film as shown in fig. (5).

Eg And Eg‘d values are obtained byapwlating the linear portion of the plots to impt the photon energy
axis (Fig. 5) The calculated values qfEe given in Table 2.
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Fig. 5 plot (a) @hv )*5,(b) (ehv )* as a function to photon energy (¥).for the volume ratio

C1:1 Epoxy:1Novolac C2
C3: 3 Epoxy : 1 Novolac

: 2 Epoxy : 1 Novata
C4: Epoxy Pure

Fig. (6) show the variation of real and imaginaigiectric constant fo Novolac:Epoxy film . The cplex dielectric
constant is a fundamental material property .tla part of it is associated with the term of howah it will slow
down the speed of light in the material and thegimary part gives that how a dielectric absorb gnérom electric
field due to dipole motion. The real and imaginpayt of the dielectric constant was determinedgisire relation

[20].
£ =n*-k*
g =2nk

(4)
()

Where ¢ and gare the real and imaginarispd the dielectric constant respectively.
r i
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Fig.(6) Plot (a)real part 51 and (b) imaginary part 6'2 of the dielectric constant as a function of phonoenergy for the

volaume ratio
C1: 1 Epoxy : 1 Novolac

C3: 3 Epoxy : 1 Novolac

C2: 2 Epoxy : 1 Novata
C4: EpgxPure
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The dielectric grow gradually with the photon energhich is reached to the highest value when thergnis

greater than for (C1 (2.2 ev),C2(2.3 ev),C3(3.1a@w C4(3.5 ev)) , In addition, the value of thal [mart is greater
than the value of the imaginary part and this iatlis that the material in response to light fallamgany of its
response to visual and clear.The variation of aptaonductivitys,, and electric conductivitgeas a function to
photon energy (9 are show in the Fig. (7) and they are determimgdg the relations [20]

Oy =ancl4arm 9)
O, =210y a (10)

where c is the velocity of light.
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Fig.(7) Plot (a)optical conductivityO’Opt and(b) electrical conductivity O'e of the dielectric constant as a function of phonoenergy for

the volume ratio
C1:1 Epoxy : 1 Novolac  C2: 2 Epoxy : 1 Novata
C3: 3 Epoxy : 1 Novolac C4: Epoxy Pure

It can be noted from Fig.(7-a)that the optical asctivity increases with the photon energyand tHeie/af optical
about 16°for all the volume ratio,this shows the opticalp@sse of the material that led to be the movemént o
electrons through the material and in Fig.(7-b)that electrical conductivity decreases with thetphenergy and
the value of optical about 34nd the optical and electrical conductivity havensamage by increasing photon
energy and optical conductivity higher than eleetri

In general, the realand imaginary parts of the edigic increaseswith increasing of photon enerdys t
behaviorleads to increased extinction and eleattaamsfers through the material from valence bamdteduction

band. The random electronictransfers makes eldctemilisions elastic andinelastic lead to increttse dielectric

constant.

The interband transition strength,, is accounts for the dipole selection rules for the

Transitions [21]. va is proportional to the probability that a trangitiof an electron between the filled valence

band and the empty conduction band with transiénargy takes place and relates to complex dietectrnstant
(€)by [22]

2 7T2 2
. m<4 E .
Jov =Jovt tildeyv2 :—2h2 - (62 +igy)  (6)
e

Whered,,, J,are the real and imaginary part of interband ttésistrength, m: mass of the electron, E is the

photon energy, e charge of the electron &ndlank constantJ , (E)
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is proportional to the transition probability aridhas units of. g .cthFor computational convenience, we take the
2 12
411
prefactor %) in Eq. (6), whose value in8.289x4@ .e V2as unity is token JCV calculated from Eq. (6) is
€

shown in the Fig. ( 8).
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Fig.(8) Plot (a) real part of JCV and (b) imaginary part of JCV as a function of photon energy forthe volume ratio.

C1: 1 Epoxy :1Novolac C2:2 Epoxy : 1 Novata
C3: 3 Epoxy : 1 Novolac C4: Epoxy Pure

Fig. (8) Shows interband transition strengﬂgv as a function of the photon enefty. It is increases with
increasing of the photon energy and this denotepttebdability of electronic transitions occur incseay with
increasing photon energy. It is noted thht, active up for C1 to 2(ev) , C2 to 2.5 (ev) , CBt¢ev) and C4 to 3.5

(ev) because the bland has large band gab ( Clit#s ev), C2 has (2.025 ev) , C3 has (2.06 ed)@h has (
3.553 ev) )so absorption of more energy to resuttitation and electronic transition from valancentbato
conduction band.

x10" x10"
6 T 9 E
B X2455 —C1
X229 Y: 0.0005167 .
Y.00005747 g e L e &
5 Sem, i 8r |x21 |\ |F2>™ e C3
Nk 2667 Y.00008316 g\, 00007479 memane G4
7\ Y:00005035 O Y
S 2 . X:3955 7h o Y:00007848 A\, e
4+ W K ¥:0.0003712 A
|9 & My 6 W g k% X:3.857
— - — ° * s, Y: 0.0005347
03 3 S
7 >
5 |
2 L
4 L
10 il
0 ‘ ‘ ‘ ‘ ‘ 2
15 2 25 3 35 4 45 15 2 25 3 35 4 45
hv ) (CV) hv s (CV)
(a) (b)
Fig. (9) Plot (a) surface energy loss function SEL&nd (b) volume energy loss function VELF as a furion of photon energy(hV) for the
volume ratio.
C1: 1 Epoxy : 1 Novolac ~ C2: 2 Epoxy : 1 Novata
C3: 3 Epoxy : 1 Novolac C4: Epoxy Pure
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The fundamental optical constants calculated bageekperimental absorption, transition spectrauithes: real and
imaginary parts of dielectric constant which areharacteristic losses of volume (bulkjlm(é‘_l) and surface

-Im@+¢ )_1 , then we surface, volume energy loss functiothleyrelation can be determined[23]

Volume—--Im(e™) = &,(&, +&,)7 @)

Surface - Im(1+ £ ) = g,[(g, +D? +&,°)] (8)

The behavior of both surface and volume energy flasstion as a function of photon energy are itatgtd in the
Fig.(9)(a,b). It is clear that the volume energgslés greater than surface energy loss at inciplesiion energies. It

is also clear that the maximum of SELF and VELFrespond to the absorption energy due to the intekba
transition occurs at (324 nm)(3.8) ev.

Table2. Optical properties

' Value
Quantity C1 c2 C3 ca
ES (eV) 2.295 2.408 2.655 3.792
Eigd (eV) 1.95 2.025 2.06 3.553
SELF 0.0005747| 0.0005167| 0.0005035| 0.0003712
VELF 0.0008316] 0.0007646| 0.0007479| 0.0005347
CONCLUSION

The optical constants and optical band gap of NaoEpoxy film prepared by casting direct methotboglass
substrates have been investigated by optical cteization method. Optical properties such as o#ifra index and
extinction coefficient were determined from trantarice spectrum in the visible regions using emelmethod.
Where calculated the energy gap for direct tramsitind indirect where it's values(C1 (2.295 eV), (@208 eV) ,
C3 (2.655 eV) and (C4 ( 3.792 eV) ) and for theumat ratio ( C1 (1.95 eV), C2 (2.025 eV) , C3 (206 and C4 (
3.553 eV) ).The interband transition strength (BpdXovolac) film found active when the photon eneffor
(C1>2.2 eV, C2>2.4eV, C3 >2.7 eV, C4 > 3.6 eV).IBatirface, volume energy loss function have beeairodd
by depending on real and imaginary parts of diglecbnstant, it has maximum peak at energy ref@ir=2.138
eV, C2=2.275, C3=2.557 eV, C4=3.857 eV ) this leads to single electron excitafioocess that occurs in the
( Epoxy: Novolac) film.From the results thatwe abgal, we find that the materialhas thenew visualeseto light
andthe nature of theelectronictransmissionwasintliré&reaterdielectricvalueoccurs when theenergygeg C1(
2.2-3.7 eV),C2(2.3-3.7 eV),C3(3.1- 3.7 eV) and C&{(3.7 eV)andMaterialhaselectricalconductivityanogeisual.
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