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ABSTRACT

Thin films of (PHHP) were investigated for gammaradiation samples were fabricated using cast réthThin
films of (PHHP) were exposed to Cs-137 gamma —diation source at a dose rate 0.5 Gy/min at room
temperature. Absorption spectra for(PHHP) films eveecorder and values of the optical propertiesnérgy gap,
interband transition ((real and imaginary)) strehgand surface energy loss function SELF and volengzgy loss
function VELF and optical constant ( n, k ))for in@mdiation and gamma- irradiated samples were cddted. It
was found that the optical absorption spectral ritisttion is sensitive to the radiation influencethé wave length
350 nm.
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INTRODUCTION

In recent year, the azo dye has become an atteadtie to its optical properties. It has been agpinedivers
applications such as the polarized photo inducésbaopy[1]. The polymers with different opticalgperties have
been attracted much attentions due to their agmitain sensors[2], light- emitting diodes[3-5hdaothers[6,7].

In the irradiation of polymers, it is the ratio @fss linking to chain scission which determines kind and extent
of changes take place. Although many reactionsrodating the irradiation of polymers (eg. crosiing , chain
scission , formation of unsaturation).lonizatiowliedion is not absorbed selectively like ultraviollstead , the
absorption of gamma rays is a function of electiensity in the path of the radiation after a randasnstrikes an
atom . However, the energy transfer occurs, freé@ti@n many form and subsequent reactions likelation and
chain reactions, may proceed in the same manredtexsuv light irradiation .[8,9]

High energy radiations, such as gamma rays chahgsiqal properties of the material, the changessarongly
depend on the internal structure of the absorbédtances , it is believed that radiation causegtsiral defects
called color centers or oxygen vacancies leadirted density change on the exposure to gammgléyd |.

This paper reports the results of some optical gntgs of (PHHP) film with  ( 6@m) thickness in the wavelength
(300-900pmand the effect of gamma rays on these properties.

MATERIALS AND METHODS

2-1 Synthesis of azo dye polymer compound

The azo dyes compound of (poly (6,6'-(2-hydrox§@siydroxyphenyl) -1,3-phenylene) bis (methylené&(2

ethylphenol) ) PHHP prepares using the Fox meth{ii?] (0.545g ,0.005 mole) of aniline was dissolve@ ml of

Cone. HCI and then (10 ml ) of dionized water wadd . The solution was then cooled to 5°C in an-ibath and
maintained at this temperature . Sodium nitrit@§@) solution in water (5 ml) was then added dreewi Stirring
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was continued to produce diazonium salt at the semeerature . The diazonium solution was addetigrowise
to the coupling component solution prepared by mgxdf novolac (0.545g, 0.005 mole) in ethanol érattio
(2:3) with sodium hydroxide (2 gm) dissolves kDQ ml) of water. During the procedure. The pH ealas
maintained with 9 — 10 , and the temperature at.5F@e mixture was stirred for 30 min, and thenghkvalue was
decreased to ~ 6. The mixture was left overnighhe precipitated crude dyes were collected byatilbn , and
washed with water , ethanol and acetone .

The structure and some physical properties of §es dompounds of (poly (6,6'-(2-hydroxy-5-(3-hydyplkenyl) -
1,3-phenylene) bis (methylene) bis(2-ethylphendHHP were given in Fig.(1).
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Fig.(1) The chemical structure of the azo dye cqmounds (poly (6,6'-(2-hydroxy-5-(3-hydroxyphenyl)-13-phenylene) bis (methylene)
bis(2-ethylphenol) ) PHHP

2-2 Preparation of the thin Film

A thin film of azo dye-polymer compound PHHP waspgared on glass substrate that has dimension (2.4 )
using solvent casting method. The thickness of PHilif kept around (60um). The thickness of the fimas
measured by digital micrometers. Finally, the films heated at 8 for 1hr to evaporate the of solvent used.

2-3 Gamma irradiation

(PHHP) thin film were irradiation with Cs — 137 gamna- source with the activity of the source an exp@sate 0.5
Gy/min. The optical absorption spectra were rectnaging a. spectrophotomer Mark (). It is suggblirom ().
Which is measure for the interval wavelength fr@0Q 900)nm During gamma —ray radiation 3 mm thick plexglas
was used with sample in order to attain electreqjgilibrium [13].

RESULTS AND DISCUSSION

The optical properties of material are importarg, they provide information on the electric banductires,
localized states and types of optical transitions.

Typical optical absorption spectra plots againstelength of (PHHP) thin films of irradiation at (K ) are shown

in fig. (2). From this it is evident that opticddsorption spectral distribution is sensitive to thdiation influence at
the wavelength 358m, it is believed that ionizing radiation causesictural defets ( called color center ) leading
their density change on the exposure to gammadiatian[14].

50



Riyadh Ch. Abul-Halil et al

Before
(HRH 3 — == After

A art.unit]
[} [} [} [}
i m Fe] ~

o
w

o
8]

0.1

——n— =

D 1 1 S P r
300 400 500 GO0 700 Goo a00
A ()

Fig.(2): The spectrum absorbance (A) as a function the wavelengthi() of
PHHP film before and after irradiation .
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Fig.(3): The spectrum transmittance(T) as a functia the wavelength %) of
PHHP film before and after irradiation .
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Fig.(4): The Reflectance (R) as a function the walength (1) of PHHP film
before and after irradiation .
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Fig. (3) shows the variation of transmittance witiivelength for fig.(3) before and after irradiatidmansmittance
after irradiation film is higher than that beforeadiated,

Theuv- visiblediffused reflectance spectra of ( PHHP ) as atfanof wavelength are shown in fig.(4)

The energy band gaps of this films were calculatgd the help of the absorption spectra. To deteata of the
energy band gapx(zv)l/z is plotted versus ( photon energy ) using theticeid15,16] :

ahv = B(hv — EJP*)" (1)

where B is the characteristic parameter (independémhoton energy ) for respective transitions ameersely
proportional to amorphousity hv denotes photon energyE‘;”"t band gap energy and r is the number which

characterizes the transition process, and is ttieally equal to 1/2, 2, 3/2 or 3 for direct alled @ > 10*cm ™)
indirect allowed, direct forbidden and indirectd@den transition, respectively [17].

We obtained energy gap before irradiatilé’;j’?d = 1.9944 eV and after irradiatiorE;"d = 2.0856 eV in general
optical band gaps increase with irradiation as shimifig.(5).
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Fig.(5) Dependence ofahv)1/? on the photon energy for PHHP film before and ar
irradiation .

The refractive index of the films was calculatecthy following equation [18]:
(1+r'72)
(1-r'/2)

)

Fig.(6) shows the spectral dependence of refradtidex ). It is clear from the figure that refractive inde
decrease after irradiation which can be attribuiedchange in the film structure and in the chemioahd
distribution.
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Fig.(6): The refractive index f) as a function the wavelengthi) of PHHP film
before and after irradiation .

The extinction coefficient (k) can be obtainedhfrthe relation [19]:

(=
4
(3

Whereuo : is absorption coefficient . from fig. (7) onencaotice that The extinction coefficient (k) deseafter
irradiation.
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Fig.(7): The extinction coefficient (k)as a functin the wavelength ) of PHHP
film before and after irradiation .

The variation ofe; as a function of photon energiv is shown in fig. (8)this increase of real pafrtdeelectric
constant §; = n? — k?) after irradiation can be cross linking [20].

Fig.(9) shown the relationship between imaginarst pé dielectric constant, = 2nk after irradiation imaginary

part of dielectric constar, increase becausgmainly depend an (k) values which are related efuériation of
absorption spectra [21].
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Fig.(8): The real part(&,) of the dielectric constantas a function of
photon energy @v)of PHHP film before and after irradiation .

Fig.(9): The imaginary part (g,) of the dielectricconstant as a function
of photon energy hv)of PHHP film before and after irradiation .

From the real and imaginary parts of the dieleatdastant the complex interband transition strefig#j can be
calculated as :
Jev =Jev1 w2 =

m3 an? (hv)?
e2h? 2

(62 +ig) “4)

wherem,, is the mass of the electrdnjs Plank's constant , e is the charge of eledrafihv) is the photon energy
. The real part of interband transition strenfth is proportional to the imaginary part of the dagtes function . the
imaginary part of interband transition strength, is proportional to the real part of the dielecfiiiectione For

2 2
computational convenience we take the prefac@z—f) in Eg.(4) , whose value in cgs units 8289 x
107% g cm™3eV 2 , therefore, th¢., calculated from is Eq.(4) is shown in the Figs)(@od (11).
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Fig.(10): The real part(J.,) as a function of photon energyKv)of
PHHP film before and after irradiation .

Fig.(11): The imaginary part (J.,,) as a function of photon energy
(hv)of PHHP film before and after irradiation .

In these figs. Illustrated Interband transitioreststh J.,, as a function of the photon enerlyy]. It increases with
increasing photon energy and this denotes thatritigability of electronic transition makes increasth increasing

photon energy. These Figures also show that threrbabd transition strength,grows significantly when the
photon energy is higher than 2.5eV . This means nf@st of the high absorption happens which in@eabke

excitation of the electrons and moving it from tladence band to the conduction band.

It is also possible to calculate the surfacém (ﬁ) and volume (bulk}- Im (é) energy loss functions (SELF and
VELF) related to the real and imaginary parts ef dielectric constant as [23,24]:

54




Riyadh Ch. Abul-Hail et al Der Pharma Chemica, 2016, 8 (6):49-56

1 _ &2
Surface — Im (E) = Goond) (5)
1 &
Volume — Im (—) =
3 (&1 + &)

The behavior of both surface and volumeenergyfiosstion as a function of photon energy isshowthim Fig.(12)
and Fig.(13). It is clearthat the volume energy Issgreater than surface energy loss at incideoton energies. It
is also clear that the maximum of SELF and VELFrespond to the absorption energy due to the intekba
transition that occurs at [before irradiation ai623eV and after irradiation at 2.7642 eVfor SElaRd [before
irradiation at 2.5205 eV and after irradiation &205 eV for VELF). Roth the energy losses are wiherfastsingle
electrons traverses from valance band tocondubi@mm in the PHPP film. The surface energy losstfandSELF)
and volume energy loss function (VELF) before ifatidn film are higher than that after irradiation.
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Fig.(12): Surface energy loss function (SELF)as afiction of photon Fig.(13): Volume energy loss function(VELF)as a fuction of photon
energy (wv)of PHHP film before and after irradiation . energy (wv)of PHHP film before and after irradiation .

CONCLUSION

From the study of the absorbance as a functionasfelength for un irradiated samples as well as tesrexposed
to gamma — dose, we come out with the followingobasion:-

1-The absorbance increases with increasing absodoadhg — dose.

2-The optical gap energy increases with increasirsgiied gamma — dose.

3-The reflectance, refractive index, extinction cwééint, dielectric constantg, ,e,)and interband transition
strength (read and imaginary) are increases witteasing absorbance gamma — dose.

4-The spectrum transmittance and the surface andneokenergy loss function ( SELF and VELF ) are iases

with increasing absorbance gamma — dose.

REFERENCES

[1]Alaa. Y. Al-Ahmad, Q. M. Ali Hassan, H. A. BadraK. A. HassainOptcis and Laser Technolog012),
44,1450-1455.

[2]Mcquade D.T., Pullen A.E., SwagerT. MChem.Rey (2000,100(7), 2537-2574.

[3]Grazulevicius J.V., Strohriegl P.,Pielichowskj Prog. Polym. Sc(2003, 28(9), 1297-1353.

[4] Akcelrud L.,Prog. Polym. Sci.2003, 28(6), 875-962.

[5] Kim D.Y., Cho H.N.,Kim C. Y. Prog. Polym. Scj(2000, 25(8),1089-1139.

[6]Lo S. C., Burn P.L.Chem. Rey(2007), 107(4), 1097-1116.

[7] Cravino A., Sariciftci N. S.Journal Mater. Chemy2002), 12, 1931-1943.

[8]Gould R., "Irradiation of polymers’Advances in chemistry serjé967), Vol. 66.

[9]Reichmains E. and Donnell H. , " The effect addration on high technology polymers" , Acssymposseries
(1990.

[10]Yzhu R.,(999, 413,297.

[11]Habubi N., Abood Z., Hassuny M., Chiad $urnal of the college of eductidto. 1 ,009,446-449.
[12]3.J.FoxJ. of Chem. S9€1910, P.1339.

55




Riyadh Ch. Abul-Hail et al Der Pharma Chemica, 2016, 8 (6):49-56

[13]J.R.Cameron, N. Santharalingan and G. Kenngrifilo luminescent Dosimetry university of Wiscongiess
(1968.

[14]R. Y.Zhu. Nuclear Instrument and methods in by Research section A: Accelerators. Spectroseter
Detectors and associated Equipmd®98, 431 279-34.

[15]Tauc J., Plenum Press, New Yofl8{79, pp.159.

[16]Mott N. and Davis E.? Edition, University Press, Oxford$79.

[17]1.B. Lucy, J. Beynon, D.N.Water$, Mater. Sci. Lett (1999, 14 515.

[18]SH Deshmukh, DK Burghate, SN Shilashilaskar, GRaudhari and PT Deshmukimdian J. Pure Appl
Phys.,2008,46, 344-8.

[19]A.Goswami, Film Fandamentals, New Age interoadil Pvt. Ltd.,{996 , 442.

[20]Bermany E., " Gamma Radiation effect in someysidal properties of polymer Xanthancellniose",
M.SC.thesis, Babylon UnRQ04).

[21]Maially E., "effect of gamma ray on some physiproperties of polyisobutylenen"M. CS. Thesis,jAab
Uni.(200)).

[22]Loughin S, French R H, DeNoyer L K, Ching W-¥ica Xu Y-N (1996 J.Phys. D: Appl. Phy&l740), 29.

[23]R. H. Ritchie Phys. Rex1957, 106, 874-881.

[24]M.M.EI-Nahass, Z. EI-Gohary, H.S. Solimadpt. Laser Technol(2003,35 ,523.

56



