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Abstract

The impacts of gamma-beams and He-Ne laser of optical properties for CR-39 track indicator
were studied. Twenty locations separated into five gatherings. In the first-place aggregate, one
finder un- irradiated (control). Second gathering, five indicators irradiated to 60Co gamma source
with various dosages 300, 500, 800, 1200 and 1600 kGy (y). Third gathering, 5 identifiers
illuminated with gamma beam with various dosages 300, 500, 800, 1200 and 1600 kGy afterward
presented to 15 min of He-Ne laser at 10 mW control (y +laser). Fourth gathering, nine indicators
were presented to various force 1, 5 and 10 mW of He-Ne laser at various circumstances 5, 10 and
15 min (laser). The optical properties were considered with bright unmistakable UV-visible and
FTIR spectroscopic. In addition, the optical vitality band cavity and carbons number was computed
at various gamma measurements and diverse time's introduction of He-Ne laser. The outcomes for
second, third, fourth and fifth gatherings demonstrate expanding in the absorbance with expanding
in the time presentation of He-Ne laser and gamma dose. The FTIR spectrum indicate moving in the
groups of CR-39 track indicator presented to gamma beam, laser and (y +laser), for gamma beam
demonstrate expanding in the absorbance at 300 kGy and unsymmetrical diminishing of absorbance
at 500-1600 kGy, and for CR-39 identifier presented to (y +laser), the impacts demonstrate
unsymmetrical diminishing in the force absorbance with increment in the gamma measurements, at
laser impacts indicate expanding in the absorbance A, with expanding in the time introduction of
He-Ne laser at various forces. [DOI: 10.22401/JNUS.20.3.12]
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Introduction fissure [3, 11-13].In our work, we have

Along chain courses of polymers CR-39¢ concentrated the consequences of He-Ne
act particularly as opposed to other laser and gamma-pillar's irradiated by
comprehended materials and claim wonderful measuring the optical properties of CR-39
properties in view of that are comprehensively locators, wusing UV-visible and FTIR
used as a piece of various sensible and spectroscopic  frameworks. The monomer
mechanical applications [1-7]. It is striking structure of CR-39 polymer is as demonstrated
that molecule society adjusts the polymer in Fig.(2).

frame work by chain scission, cross-
interfacing, free radical alternative, protruding
holding pair [6, 7]. The results are accountable
for the movements in fundamental, optic,

0]

CH,-CH,-0-C-0-CH,-CH=CH,

electrical, and mechanical properties of the lit o
up polymeric materials, which may allow
tailoring the properties of the polymers as CH,-CH,-0-C-0-CH,-CH=CH,
indicated by essentials [7-11].

The centrality of polymers in light radiating (0]
diodes, creation of optical sensors, anti- Fig.(1) The monomer molecular structure of
reflective coatings, consolidated optics for CR-39 detectors.

correspondence and banner taking care of
particular duplicated channels etc., requires
the requirements for focus the effects of
implantation on the optical properties of
polymers for instance, consumption and band

The enhancements made on the
maintenance and of lit and control tests was
reviewed by UV-visible and FTIR
spectroscopes. This survey is not quite
recently getting information concerning the
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communication associated with He-Ne laser
and gamma-pillars with CR-39, additionally to
consider the common sense of improving their
properties, increasing their execution in
several fields, that we focus the effects of
gamma bar and He-Ne laser with the UV-
visible spectrum and FTIR spectrum of CR-39
track discoverer as the spectroscopic audits. In
like manner, we analyzed the acts of optical
band opening imperativeness with growing
gamma dosage and presentation time of He-Ne
laser. The synchronous nearness of circuitous
and direct band fissure such as in CR-39
discoverer and the amount of carbon dioxide
particles N in a pack are further more
discovered.

Experimental Details

The indicators specimens of CR-39 with
size 1.5x1.5cm? were cut to 250 pum thick
sheets, the CR-39 sheets are made of per shore
jumbling LTD organization, England. Twenty
locators partitioned into five gatherings.

To begin with gathering, one indicator
un-illuminated (control). Second gathering,
five identifiers illuminated to ®®Co gamma (y)
source with various measurements 300,500,
800, 1200 and 1600 kGy. Third gathering,
5 locators illuminated with gamma beam with
various measurements 300, 500, 800, 1200 and
1600 kGy and after that presented to 15 min of
He-Ne laser at 10 mW control (y+laser).
Fourth gathering, nine locators were presented
to various forces 1,5 and 10 mW of He-Ne
laser at various circumstances 5, 10 and
15 min.

The UV-visible spectrum investigations of
both control and illuminated examples were
studied using Shimadzu UV-1601PC UV-
obvious, Japan. In wavelength scope of
200nm-800nm, all the retention spectrum
were recorded, Kkeeping control as the
reference. FTIR-spectroscopy utilized as a part
of this review was FTIR show from Bruker
organization, Germany. The wave number
extend utilized as a part of this review was in
the mid-infrared 400- 4000 cm™.

Results and Discussion
1. UV-visible spectrum analysis:

Fig.(2) to Fig.(6) demonstrate the
UV-visible spectrum of control and irradiated
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CR-39 detectors with various dosages of
gamma-beams, He-Ne laser and gamma-+ laser
independently. From these optical spectrum,
plainly the control test has a sharp reducing in
assimilation with broadening wave length up
to certain esteem, trailed by a level area in
the UV-visible range. The optical spectrum
of all illustrations demonstrate moving in
the ingestion edge towards much longer
than wavelength with expanding doses. This
conduct is by and large deciphered as brought
on by the development of expanded frames of
conjugate bonds, i.e. conceivable development
of carbon bunches or possibly absconds.

The assimilation groupings in the
researched opportunity of wavelengths are
related to the m—n* electronic moves [14-18].

This kind of moves happens in the
unsaturated focuses of the particles, electronic
in mixes containing two-fold or triple bonds
furthermore in aromatics. The fermentation of
the m electron requires littler vitality and
consequently, move of this sort of happens at
longer wavelengths.

2
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Fig.(2): UV-visible spectrum of CR-39
detector un-irradiated (control) and
irradiated with gamma ray for doses 300,
500, 800, 1200 and 1600 kGy and wavelength
range from 330 nm to 500 nm.
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Fig.(3): UV-visible spectrum of CR-39
detector un-irradiated (control) and
irradiated with gamma ray for doses 300,
500, 800, 1200 and 1600 kGy and exposed at
15 min of He-Ni laser of 10 mW power,
wavelength range from 330 nm to 530 nm.
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Fig.(4): UV-visible spectrum of CR-39
detector control and different exposure time
of He-Ne laser 5, 10, 15 min at power 1 mW,

wavelength range from 300 nm to 500 nm.
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Fig.(5): UV-visible spectrum of CR-39
detector control and different exposure time
of laser 5, 10, 15 min at power 5 mW,
wavelength range from 300 nm to 500 nm.
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Fig.(6): UV-visible spectrum of CR- 39
detector control with different exposure time
of He-Ne laser 5, 10, 15 min at power 10 mW,

wavelength range from 300 nm to 500 nm.

2. Optical band gap energy

The optical ingestion system can provide
data about the group of structure and vitality
crevice in crystalline and non-crystalline
materials [18]. The optical hole Eg of the
CR-39 identifiers, could be found by Tauc's
connection [19]:

B (h-Eg)"

athv) = —

where o is the ingestion coefficient that
would is the vitality of the episode photons,
such as is the estimation of the optical band
crevice vitality between the lounged band and
the valence band, and n is the whole number,
which shows the electronic move, whether it is
the immediate or round about amid the
preservation procedure in the K-space.
Exceptionally, n is 1/2, 3/2,2 and 3 for direct
permitted, organize illegal backhanded
permitted and round about prohibited moves,
individually.

The factor B relies on the move possibility
and thought to be regular inside the optical
recurrence run. The conventional strategy for
the confidence of the estimation of Eg includes
plotting (ohv)’? and (ahv)®. In the present
review, the most acceptable fit is gotten by
plotting (¢hv)*? and (ahv)®"as a component of
photon vitality (hv), considering the straight
little of the central compression edge of the
UV-visible spectrum [20].

The absorbance coefficient (o) could
acquire from the accompanying connection:

a=(2.323A)/d



where A is the retention and d is a thickness
of the examples. The carbon is the number per
conjugated length (N) for a direct structure is
given by Robertson connection [21]:

Eg=(2aB) /AN ooveoreeereeeeeeveeeee e (3)

where N is the quantity of carbon particles
per conjugated length, 2f gives the band
structure vitality of a couple of nearby =w
destinations.

The estimation of [ is taken to be ~2.9 eV
as it is connected with m-n* optical move in
the (-C=C-) structure [22].

From the Robertson's connection group
size, can be figured and afterward the
accompanying connection can be utilized to
compute the quantity of carbon iotas per band

Eg=(18.212) /NN ..oovisreeeeierereeeresrenene (4)

Table (1)

The variations of the optical energy band gap
and number of carbon atoms of un-irradiated
CR-39 detectors and irradiated with gamma
rays at different doses. [22]

Gamma
Indirect N

Direct E,

E, (eV eV

Control
300
500
800

1200
1600

Table (2)

The variations of the optical energy band gap
and the number of carbon atoms of CR-39
detectors at different exposure time of He-Ne
laser.

Laser

Indirect Direct
E, (eV) E,(eV)
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Table (3)

The variations of the optical energy band gap
and number of carbon atoms of CR-39
detectors irradiated with gamma ray at

different dose and exposed to 15 min of He-
Ne laser at 10 mW power.

Gamma + laser

P T Dose | Indirect Direct
(mw) | (min) | (kGy) | Eq4eV) Eq(eV)

300 3.35 105 535 |41

500 3.15 119 | 525 | 43

10 15 800 3.05 126 5.2 44

1200 2.9 140 5.1 45

1600 2.8 150 | 5.05 | 46

3. FTIR spectral analysis

Fig.(7) to Fig.(11) show the FTIR spectrum
of control and irradiated CR-39 detectors with
different doses of gamma-rays, He-Ne laser
and gamma + laser, respectively. From these
optical spectrums, shifting in the bands peak
position, it is stated that changes refer to
change in CR-39 detectors configuration and
structure, and on irradiated the detectors with
differences dose of gamma ray. Also, an
increase in absorption with increasing of the
time exposure of laser, it is referring to
infrared laser interactions with CR-39
detectors made thermal effects and lead to
increase in the absorbance due to increase in
the exposure time, that lead to changes in the
structure and configuration of CR-39 detectors
are shown an increase in intensity at 300 kGy,
followed by random decrease in intensity
with increasing dose of gamma radiation to
1600 kGy, was refer to degeneracy gamma
radiation, while is shown a random decrease in
intensity with increasing of dose of gamma ray
to 1600 kGy with expose 15 min of laser at
10 mW power, was refer to degeneracy of
gamma radiation.
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Fig.(7): FTIR spectrum of unexposed and
exposure to different times of He-Ne laser of
CR-39 nuclear track detector, at 1 mW laser

power.
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Fig.(8): FTIR spectrum of unexposed and
exposure to different times of He-Ne laser of
CR-39 nuclear track detector, at 5 mW laser

power.
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Fig.(9): FTIR spectrum of unexposed and
exposure to different times of He-Ne laser of

CR-39 nuclear track detector, at 10 m\W laser
power.
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Fig.(10): FTIR spectrum of un-irradiated
and irradiated of gamma ray of CR-39
nuclear track detector.
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Fig.(11): FTIR spectrum of un-irradiated
and irradiated of gamma ray of CR-39
nuclear track detector and exposed to He-Ne
laser.
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Conclusion

The effect of He-Ne laser and gamma
ray on CR-39 detectors was studied by
using UV-visible and FTIR spectroscopic
techniques. These results show the UV-visible
method is more sensitive than FTIR
spectroscopic and the results that get from
UV-visible are easy to study the analysis that
shows symmetric increase on the absorbance
within increasing on the gamma ray doses or
exposure time of He-Ne laser, while show
unsymmetrical values in the FTIR spectrum.
The results show the decreasing in the optical
band gap energy with increase in the gamma
dose and exposure time of He-Ne laser.



References

[1] Brydson, JA Plastic Materials
(Butterworth-Heinemann, Oxford (1995).

[2] Turos, A. Jagielski, J. Piatkowska, A.
Bielinski, L. Slusarski, D. and N. K. Madi,
Vacuum 70, 201 (2003).

[3] Davenas, J. Boiteux, G. J. M. Bureau, and
D. Broussoux, Appl. Surf. Sci.46, 330
(1990).

[4] Bhattacharya, A. Prog. Polym. Sci. 25,
371 (2000).

[5] Ruck, D. M. Nucl. Instrum. Methods
Phys. Res. B 166-167, 602 (2000).

[6] Lee, Nucl. E. H. Instrum. Methods Phys.
Res. B 151, 29 (1999).

[7] Fink D Fundamentals of lon-Irradiated
Polymers, edited by Springer-Verlag,
Berlin, (2004).

[8] Hong, W H.-J. Woo, H.-W. Choi, Y.-S.
Kim, and G.-D. Kim, Appl. Surf. Sci. 169-
170, 428 (2001).

[9] Hioki,T. S. Noda, M. Sugiura, M. Kaneko,
K. Yamada, and J. Kawamoto, Appl. Phy
43, 30 (1983).

[10] Wang, Y. Q. Giedd R. E, M. G. Moss,
and J. Kaufmann, Nucl. Instrum. Methods
Phys. Res. B 127-128, 710 (1997).

[11] Yap, E McCulloch, D. R. McKenzie, M.
V. Swain, L. S. Wielunski, and R. A.
Clissold, J. Appl. Phys. 83, 3404 (1998).

[12] Rizzatti, M. R. de Araujo M. A., and R.

P. Livi, Surf. Coat. Technol. 70,197
(1995).
[13] Sakamoto, K. M. Iwaki, and K.

Takahashi, J. Mater. Res. 11, 2656 (1996).
[14] T. Phukan, D.Kanjilal, Goswami TD,
Das HL. Radiat Meas; 36, 611 (2003).

[15] Cruzman AM., Carlson JD, Bares JE,
Pronko PP. Nuclinstrum Methods Phys
B;7/8:468 (1985).

[16] Mujahid M., Srivastava DS, Gupta
Shiuli, Avasthi DK. Radiat Phys
Chem.74:118; (2005).

[17] Calcagno L., Compagnini G, Foti G.
Nuclinstrum Methods Phys Res, B; 65:
413 (1992).

[18] Kumar A. and Hazarika, Jayanta,
Chandrani  Nath, “Swift heavy ion
irradiation-induced enhancement in
structural, conformational and electrical
properties of poly Nano fibers”. Radiation

82

Nada F. Tawfiq

Effects and Defects in Solids 169.1: 30-40,
(2014).

[19] Tauc J. In: Ables A, editor. “Optical
properties of solids”, Amsterdam: North-
Holland; (1970).

[20] Zzaki, F.M., Tarek M. Hegazy, and H.
Doaa Taha. “Investigation of the Effect of
a He-Ne Laser on the Optical Properties
through Etched CN-85 and CR-39
Containing  Alpha Tracks”. Chinese
Journal of Physics 52.4: 1364-1375,
(2014).

[21] Robertson J., O’Reilly EP. “Electronic
and atomic structure of amorphous
carbon”, Phys Rev; 35:2946-57, (1987).

[22] Ramola,., RC al. “A comparative study
of the effect of O+ 7ion beam on polyp yen
and CR-39 (DOP) polymers”. Journal of
Physics D: Applied Physics 41.11: 115411,
(2008).



