Study of radiation induced variation in structural and Optical properties of Polyallyl diglycol carbonate Polymer
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Abstract: Polyallyl diglycol carbonate (PADC) is a well-known Solid State Nuclear Track Detector (SSNTD). We have investigated structural modifications and optical properties of alpha irradiated PADC at different interval of times from 5min to 360min. Structural modifications are investigated from Scanning Electron microscopic (SEM) images and X-ray diffraction (XRD) patterns. Optical study is carried out from absorption and fluorescence spectra.  XRD patterns confirm amorphous nature of the material but its diffracted intensities increase with increasing exposure time. SEM images show generation of nano size particles at the surface after 120 min exposure with alpha irradiation and the size increases with further exposure of the radiations. Absorption spectra show abrupt increase in absorption in UV range and slight variations are observed with further increase of exposure time. Increase in intensities of emission peaks are observed with alpha irradiation. Optical band gaps at different exposure are estimated using Tauc’s plot
 Keywords- Nanoparticles, alpha irradiation, band gap, photo Luminescence 
1. Introduction
Polyallyl diglycol carbonate (PADC) is very much known polymer for heavy charged particle detection. The reason for the popularity is the unique way of detecting only alpha radiation among mixture of alpha, beta and gamma radiations [1].  Scientist have been working for several years to optimize formulation of PADC for the best response and most accurate methodology to compute track length in alpha irradiated samples from various parameters of etched alpha tracks  [2-4]. The response of alpha radiations on polymers leads to several changes in their properties due to the induced chain scissions and crosslinking. These induced modifications and degradations in the polymers successfully identify the alpha radiation in samples or in environment [5, 6]. The polymer degradation induced by radiation is a prompt way to simulate the aging of polymeric materials and to study their radiation stability or change in chemical and physical properties in view of their industrial applications. At the same time, radiation effects on polymers are of particular interest to science and technology. There have been many applications in modern engineering [7, 8]. 

These polymer detectors which are commonly known as Solid State Nuclear Track Detectors (SSNTDs) have found various applications in different fields [9]. Henshaw in 1982, has shown that this property of polymers have wide application in medicine and technology [10]. Matiullah et al in 1990, have described application of the polymers (SSNTD) as personnel neutron dosimeter and spectrometer in the neutron energy range of 0.1 MeV to 19 MeV [11]. Moreover, the successful use of SSNTDs have been reported as detecting devices for neutrons, radon  and heavy ions in many papers [12–21] since the discovery of track measuring technique of  PADC [22].

In the present study we have investigated structural and optical properties of alpha irradiated PADC samples at various time scales. This study may be useful for different industrial applications in environment and radiations detection.

2. Experimental details 
Polyallyl diglycol carbonate (C12H18O7) sheets of thickness 500 μm, density 1.32gm/cm3 manufactured by per shore ltd, England were used in this study. The irradiations were carried out by alpha (Am 241) at room temperature for different time periods. Morphology of the samples is investigated using XRD pattern and SEM micrographs. X-ray diffraction (XRD) was measured using a Panalytical X’pert instrument equipped with a Cu tube source with X-ray wavelength is (λ= 1.5406 Å). SEM micrographs are taken with JSM-6380 LA machine from JEOL. It has resolution 3.0 NM (30kV, WD8mm, SEI).

Photo Luminescence was carried out using JASCO spectrofluorometer model FP-820 and absorption was carried out with JASCO UV – Visible spectrophotometer Model V-670. We have used eleven samples in this study. These samples were divided in to two groups as given in table.1. Group-I samples are irradiated in minutes and group-2 are irradiated in hours.
Table-1: Sample labels and irradiation times.

	Sample Labels
	Irradiation Time

	Group-1
	

	J0
	0 min

	j1
	5 min alpha

	j2
	10 min alpha

	j3
	20 min alpha

	j4
	30 min alpha

	J5
	50 min alpha

	Group-2
	

	j6
	60 min alpha

	j7
	120 min alpha

	j8
	180 min alpha

	j9
	240 min alpha

	j10
	300 min alpha

	j11
	360 min alpha


3. Results and Discussions

a. Morphology

SEM micrograms of reference sample (j0) and alpha irradiated (j5, j7, j11) are shown in fig.1.
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Fig.1: a). j0-without irradiation. b). j5-irradiated for 50 min c). j7- irradiated for 120 min. d). j11- irradiated for 360 min.
 We can see nano sized spot in fig 1(c). SEM micrograms reveal that at little time there is no structural change on the surface of the samples but at 120 min exposure some nano particles started appearing and with continue exposure number of particles on the surface increased with little increase in size of the particles (fig 1.d). Generation of nano particles on surface with alpha radiation exposure might be due to chain scission during the process. Alpha radiations can ionize the polymer which can produce chain scission and also produce thermal effects. These processes help in generating nano particles [23, 24, 25]. With further exposure of alpha radiation, continuous heating agglomerate the nano particles resulting in increase of nano sized particles. This effect can be seen in fig 1.d after long exposure of alpha radiations [26].

XRD patterns of j0 (un-irradiated), j7 (120 min) and j11(360 min) alpha irradiated samples  in the range of 2θ between 10 to 55˚ are depicted in Fig.2. Large and wide peaks at an angle of 2θ ≈ 20.8˚ are observed, which confirms the amorphous nature of the PADC samples. Due to amorphous nature of this material, the changes in the X-ray diffraction (XRD) spectra are expected to be small. Moreover, the figure shows after alpha irradiation the intensity of the peaks increased due to improvement in crystallinity and the peaks are slightly shifted toward higher angles because of stress produced by alpha irradiation. 

[image: image3]
Fig.2: XRD pattern of radiated and non-radiated samples
b. Optical Properties

UV-Vis absorption spectra were recorded to investigate the effects of radiations on the optical properties of PADC. The absorption of all samples of group-1 and group-2 are shown in figs 3.(a) and fig 3(b) respectively.
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Fig.3: Absorption Spectra of Irradiated PADC (a) j1 to j5 and (b) j6 to j11.
From the fig.3a and fig.3b we can observe that absorbance increased with alpha exposure on the first sample and then there was no big change with further exposure of alpha radiation. In case of long time exposure some small peaks are observed in fig 3b.These are due to defects induced in the sample by long time alpha exposure.
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Fig.4: Photo Luminescence spectra of alpha irradiated PADC samples.

The effect of alpha radiation induced defects in PADC samples can also be observed from Photo Luminescence (PL) spectra which is depicted in fig 4. The PL spectra were recorded between 330 nm to 550 nm at the excitation wavelength of 300 nm. The variation in peaks intensity and shift in wavelength due to alpha radiation induced defects in the PADC samples are given in table 1. Table 1 and fig 4 demonstrate that the behavior of variation in intensities and wavelength shifts in two PL peaks due to alpha irradiation are not identical. Intensity of peak 1 at 330.5 nm increased 3 times from its original (reference sample) value just after 5 min exposure and with further exposure up to 30 min exposure the increase in intensities is almost negligible. It means that in the in 5 min exposure the material has maximum modification around 330.5 nm which might be the effect of chain session due to ionization of heavy charged alpha radiations. In long term, from 60 min to 360 min exposure the values of intensity of the peak decreased. In case of second Peak at 489 nm which is in visible range, there is no big change in the intensity. It means in visible range there is a little change in the electronic orbits which in turn is less damaging to the material.
Table 1: The optical parameters for the fluorescence samples are tabulated in table 


	Sample
	Alpha Irradiation (min)
	Peak 1
	Peak 2

	
	
	Wavelength

(nm)
	Intensity
	wavelength
	Intensity

	J0
	reference
	330.5
	51.072
	489
	239

	J1
	5
	357
	151.081
	488.5
	396.279

	J2
	10
	358
	128.122
	490.5
	358.462

	J3
	20
	360
	113.312
	489
	330.081

	J4
	30
	360
	153.24
	491
	412.356

	J5
	40
	357.5
	114.7926
	488.5
	320.6739

	J6
	60
	360
	124.542
	490
	347.827

	J7
	120
	355.5
	91.28103
	488.5
	266.9011

	J8
	180
	361.5
	47.33578
	489
	121.2872

	J9
	240
	363
	102.287
	487
	277.0827

	J10
	300
	359
	110.9313
	489.5
	261.6429

	J11
	360
	358.5
	208.8814
	490
	529.21


Optical properties and their experimental measurements represent one of the most important scientific endeavors in the fields of materials research. The optical band gap is a basic property of optical materials. The optical band energy Eg is obtained from direct allowed transitions using  following Tauc equation.

                       (αh)2 =   A(h – Eg)

Where h is the energy of the photon, α is the absorption coefficient of the material, which can be obtained by the relation α = 2.303 A /t. A is the absorbance and t is the thickness of the material.  A tauc’s plot shows the quantity h on the abscissa and the quantity (αh)2 on the ordinate. The graph is used for the estimation of band gap energy by extrapolating the linear portion towards x-axis. Estimation of band gap of sample j2 is shown in fig 5 and the plot of variation in Eg for all irradiated samples as a function of radiation exposure time is plotted in fig 6.
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 Fig 5: Tauc plot for band gap estimation
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Fig. 6: The Graph of   Band gap energy Eg as a function of Radiation   exposure time
This graph shows that the Eg varies between 5.4 eV 5.6 eV with time exposure. This variation attributes to cross session and crosslinking in the material due to ionization and thermal effects induced by radiation [27].
4. Conclusion

Optical and structural modification of Polyallyl diglycol carbonate with alpha radiations from 5 min to 360 min is presented. SEM images demonstrate that at 120 min alpha radiation exposure time nano size particles appeared at surface and with further exposure the particles got agglomerated due to thermal effect. PL spectra reveal variations in emission peaks with alpha exposure. Variations in optical band gaps are also observed with alpha exposure.  
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