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Investigating the effects of Gamma exposure on the
microstructural, optical and track properties of the Pre
and Post alpha irradiated PM-355
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In the present investigations, structural and optical variations in PM-355 solid state nuclear track detector are studied at
different doses, 20, 40, 60, 80 and 100 kGy of gamma radiation. Effects of gamma radiation on pre and pose alpha
irradiated samples of P-355 at the same dose are also studied. Structural and surface variations are studied using XRD
patterns and micrographs of scanning microscope. Optical properties are investigated using UV-Vis spectrograph and
spectrofluorometer from JASCO. It has been observed that the absorbance of PM-355 material increases with increasing
gamma dose and saturated at 60 kGy. Moreover, the variation in the structure and optical properties saturate at 60 kGy of

gamma rays. It is also concluded that PM-355 can be good candidate for gamma dosimetry up to 60 kGy radiation.
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1. Introduction

PM-355 is a solid state nuclear detector (SSNDT).
The chemical composition for PM-355, PM-500 and CR-
39 SSNTD detectors are identical: Cj,Hi50;
(polycarbonate of allyldiglycol). The difference among
these detectors is the fabrication process’. These detectors
have many applications. Their application in detection of
heavy charged particles and investigation in their
structural modification have extensively been reported®”’.
Among these, PM-355 is excellent in detection of light
ions including protons, deuterons, He and C-ions. Due to
this property PM-355 is the most appropriate choice for
detection application in plasma and typically in laser
induced plasma experiments® °. Their applications in cold
fusion, alpha particle and proton detection, neutron
dosimetery and radon measurements etc. are reported'®*?,

When heavy charge particles enter in to detector they
ionize the detector. The ionization may be very extensive
depending on the energy, charge and mass of the ionizing
particle and the properties of the detector. The ionizations
dissociate the molecules and a series of new chemical
processes create free chemical radicals and other chemical
species. Cross-linking and chain scission reactions occur
between molecules of the detector. During this process if
cross-linking reaction is larger than the chain scission, the
detector would become hardened, otherwise softening
occurs in the detector’®?®. In the present research we have
investigated the effects of gamma exposure on the
microstructural, optical and track properties of the Pre and
Post alpha irradiated PM-355. The results are useful for
the radiation dosimetry.

2. Experimental details

Fifteen samples of PM-355 were used in the present
experiment. The samples were divided into three sets .The
first set, Set-1 was exposed to gamma beam only with
different doses 20, 40, 60, 80 and 100 kGy from Co®
source. The second set, Set-2 was first exposed with
Gamma source at same doses as Set-1 and then irradiated
with alpha for five seconds at a distance of 2cm with Am-
241 source (Gamma+alpha). This source emits 5.49 MeV
energy alpha radiations. The irradiation process in third
set, Set-3 was reversed (alpha+ Gamma) under the same
conditions, that is, first all samples were irradiated with
alpha at constant dose and then irradiated with gamma, 20,
40, 60, 80 and 100 kGy.

The absorbance spectra of PM-355 were measured
with JASCO V-670 UV/Vis Spectrophotometer in the
wavelength range of 200-800 nm at room temperature.
whereas the fluorescence spectra of PM-355 SSNTDs
were obtained with JASCO FP-8200 Spectrofluorometer at
room temperature at the excitation wavelength of 250 nm.
After obtaining the absorbance spectra the samples of Set-
2 and Set-3 were etched under same conditions in 6.25N
of NaOH solution at a temperature at 70 °C for 3 hrs in
order to visualize the tracks. After etching the tracks
diameter was measured by an optical microscope (Ziess,
Garmany) at a magnification of 400X. The phase
crystallinity and structural analysis of the reference and
irradiated PM-355 polymers was analyzed by X-ray
diffraction patterns using X’pert PRO (PAN analytical)
with Cu-K, source radiation of wavelength of 1.54 A at
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room temperature. The surface morphology before and
after irradiation of the PM-355 polymer were analyzed
using a Field Effect Scanning Electron Microscope (JEOL
FESEM).

3. Results and discussions

Fig. 1 shows the XRD spectra of reference, only
gamma exposed and Alpha plus gamma chemically etched
PM-355 samples in the range of 26 between 10 to 80°. A
large bump distributed peak at an angle of 20 =21.04° is
observed for reference sample and shifted to 20.36° for
gamma irradiated sample and 20.29° for Alpha plus
gamma chemically-etched PM-355, which indicate the
amorphous nature of the PM-355 polymer. The shifting of
the peak position is due to the stress produced in the
material because of ionization process during gamma
irradiation. Moreover, the figure shows that the full width
at half maximum (FWHM) of this peak become narrower
after gamma irradiation and after chemical etching of the
PM-355 the FWHM further decreased, which indicate that
the crystallite size increased after the gamma irradiation.
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Fig. 1. XRD spectra of reference, gamma irradiated and
irradiated plus chemically etched PM-355 SSNTD.

In Fig. 2 (a, b, ¢ ) we have presented micrographs of
scanning electron microscope (SEM) for reference, only
gamma radiated and alpha plus gamma chemically etched
samples. Fig. 2 (d) depicts alpha track images of the PM-
355 by microscope. It is evident from the Fig. 2 (a) that the
grains of reference PM-355  possess spherical-like
symmetry in range of 100-170nm with small roughness
and after gamma irradiation the spherical grain size
increases with large roughness as shown in Fig. 2 (b).
Thus SEM studies corroborate the XRD findings, where
the crystallite size increases with the gamma irradiation.
Fig. 2 (c) is SEM image of Alpha plus gamma radiated
chemically etched and Fig 2(d) is Microscopic image of
alpha track. The measurements of average diameter of the
tracks at different doses are given in table 1.

lpm  CEREM
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Fig. 2. (@) SEM image of reference (b) SEM image

of only gamma irradiated PM-355 (c) SEM image

of gamma and alpha irradiated + Chemically etched
PM-355 (d) Microscopic image of alpha track.
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Table 1. Optical results of all sets at different gamma dose of PM-355 .

Track
Band Gap PL Peak Intensity
Diameter
(eV) (au)
Gamma
dose (hm)
Sample
Set2 Set 3 Set Set2 Set3 Set
Name (kGy) Sft Set 2 Sgt after after Setl Sgt after after SSEt
Etching | Etching 2 Etching | Etching 2
Ref 0 5.5 5.5 5.5 5.46 5.54 50.3 | 50.3 | 50.3 50.35 50.35 | 5.63 | 5.63
SG1 20 542 | 544 | 547 5.29 5.27 48.0 | 39.3 | 288 136 13958 | 8.75 | 10
SG2 40 523 | 526 |5.27 4.18 4.27 39.3 | 338 | 26.3 158.6 156.93 * *
SG3 60 514 | 516 | 5.19 4 3.81 30.0 | 32,6 | 25.6 162 162.97 * *
SG4 80 512 | 511 | 5.08 3.83 3.65 289 | 311 | 238 | 173.68 164.8 * *
SG5 100 5.06 5 4.96 3.71 3.61 26.6 | 195 | 22.0 184 196 * *
*Irregular shape and very big size track.
Absorbance spectra of gamma irradiation samples as a irradiation with different gamma dose (Set-3) in the range

function of different doze (Set-1), post alpha irradiation of 225-350 nm are depicted in Fig. 3-(a), (b) and (c)
with different gamma doze (Set-2) and pre alpha respectively.
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Fig. 3. Absorption spectra (a) for different gamma dose irradiated (b) for post alpha irradiated with different gamma dose (c)
for pre alpha irradiation with different gamma dose of PM-533 SSNTDs.
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Variation in absorbance as function of gamma dose of
three sets show that absorbance increases with increasing
gamma dose up to 60 KGy and then further increase in the
dose does not increase the absorbance. It means that this is
the saturation point in the structure modification with
further gamma irradiation '°. The exposure of gamma
radiation induced ionizing in the material which in turn
causes the structural defects leading to their density
change . After 60 KGy there is no further ionization in
the material with increasing gamma ray intensity. It is also
observed from fig 3 that absorption edge initially shifted to
the longer wavelength upto 60 KGy and then small shift in
the absorption edge has been noticed with further increase
in dose. It is also due to the saturating in the structural
modification of the samples.

In order to measure track diameters due to alpha
irradiations on set 2 and set 3, the samples were etched in
6.25N NaOH solution at 70 °C for three hrs. After etching
absorbance of these samples in set-2 and set-3 are
measured which are depicted in Fig 4 (a) and (b)
respectively. Trend of absorbance variation in these sets is
same like before etching but the relative absorbance
increases. Comparing the absorbance before and after
etching it is concluded that etching does some changes in
the structure of this material and widens the tracks
diameters.
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Fig. 4. Absorption spectra of (a) set 2 and (b) set 3 after
Etching at 70 °C for 3 hrs.

The optical absorption is one of the most important
tools to understand the band gap of materials. The optical
properties of a solid are governed by the interaction
between the solid and the electric field of the
electromagnetic wave. To determine optical band gap UV-
VIS optical absorption study was carried out on samples
after irradiation of samples. The results of optical
measurements carried out at room temperature are shown
in Fig 3 (a), (b), (c) and Fig 4(a),( b) whereas the optical
parameters of these sets are tabulated in Table I. The
absorption co-efficient o was calculated from the
absorbance

o (L) =2.30At"

Where, t is the sample thickness ®. In the crystalline
and amorphous materials, the optical absorption
dependence on the photon energy and it is expressed by
the following relationship & *°.

(ahv)® = A(hv- Eg)"

Where A is an energy independent constant, Eg is the
optical band gap and m is a constant to determine the type
of optical transition (m = 1/2 and 3/2) for direct allowed
and forbidden transitions respectively, m =2 and m = 3 for
indirect allowed and forbidden transitions, respectively.
Thus, a more precise value was obtained from the linear
part of the (ahv)? vs hv as shown in Fig. 5.
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Fig. 5. Calculation of band gap energy.

Variation in Band gap energy with different gamma dose
for three sets before etching and Set-2, Set-3 after etching
is depicted in Fig 6 and 7 respectively. Fig 6 and Fig 7,
show that the band gap decreases as the gamma dose are
increased for all the sets. Gamma Irradiation of PM-355
samples leads to chemical changes in polymer chains, i.e
cross-linking and chain scission, which all lead to
structural modifications and causes variation in optical
properties % 2 %, The inter-particle distance decreased as
dose increase, both factors can decrease the band gap of
the sample material. In the case of without etching the
band gap decrease is almost linear with increasing gamma
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dose (fig 6). With etching the trend is different, decrease in
band gap is very sharp upto 60 k Gy dose and after that the
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The photoluminescence (PL) features of set-1, set-2 E
and set-3 of PM-355 polymer are scarcely studied. The PL
spectra obtained for reference and irradiated samples of
set-1, set-2, and set-3 of PM-355 polymer under excitation ot pa p o p e pa
wavelength of 250 nm are shown in Fig 8(a), (b) and (c) Wavelength (nm )
respectively. PL spectra for three sets showed a decrease ) )
in the broadband intensity as the dose of gamma radiation ‘Fig. 8. PL spectra (a) for different gamma dose
is increased. Results are depicted in Fig. 9 and the peaks irradiated (b) for post alpha irradiation with different

gamma dose (c) for pre alpha irradiation with different

wavelength are shifted randomly. These changes attribute gamma dose of PM-355 SSNTDs.

to the irregular structural change in the samples.
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Fig. 9. Variation of PL intensity as a function of different
gamma dose for PM-355 SSNTDs without etching.
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After etching the photoluminescence spectra of set 2
and set 3 are shown in Fig. 10 (a, b), the PL peak are at the
same position and varies with gamma dose randomly but
the intensity of the peaks trend are increasing with
increasing gamma dose as shown in Fig. 11. This
behavior may be due to gamma irradiation induced defects
and clusters in the PM-355 polymer which serves as non-
radiative centers®. The emission bands in the investigated
range of wavelength are associated to the less energetic
n*-m and w*-n electronic transitions®*. This type of
electron transition occurs in the unsaturated centers of the
molecules, i.e. in compounds containing multiple (double
or triple) bonds, which seems to be more likely process
responsible for both increasing and decreasing in the PL
intensity.
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Fig. 10. Absorption spectra of (a) set 2 and (b) set 3 after Etching at 70 °C for 3 hrs.
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Fig. 11. Variation of PL intensity as a function of different
gamma dose for PM-355 SSNTDs after etching.

Variations in track diameters with gamma dose for
set-2 and set-3 after chemical etching or irradiated samples
are given in Tablel. It is also obvious from the data in
table-1 that in set-2 samples there is very small effect on
Band gap after alpha irradiation.

4. Conclusions

The x-ray diffraction analysis reveals the amorphous
nature of the PM-355 polymer. With gamma irradiance
full width at half maximum reduces and intensity of peak
decreases which indicate that the crystallite size increased
after the gamma irradiation. Etching of the samples does
not show remarkable change with gamma exposure.
Variation in Optical properties is linear up to 60kGy dose
and after this dose the variation is not remarkable.

On the basis of the present study, it is evident that
PM-355 detectors can be used in gamma dosimetery. It
can also be concluded on the basis of this study that UV —
visible spectroscopy technique is reliable, repeatable and
very useful for identification of effects produced in the
structure.
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