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Abstract— Photoluminescence phenomenon of ion induced 

Polyethylene naphthalate (PEN) was analyzed. Silver ion 

beam was used to analyze the modifications induced by swift 

heavy ions as a function of ion fluence, ranging from 3x1011 

to 3x1012 ions/cm2. Blue shift is observed in PL behavior. 
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I. INTRODUCTION 

The energy of swift heavy ion is lost by interacting with target 

nuclei (nuclear stopping) and by interaction with target 

electrons (electronic stopping). The electronic stopping 

process, which contributes to the scissoring of original bonds, 

production of radicals and excited atoms, is more eminent in 

case of polymers. Cross linking and rearrangement of bonds 

occur at higher ion fluences. All these processes are 

responsible for the modifications in structural, optical, 

thermal and chemical properties of the polymer due to 

introduction of defects in the polymer [1]. The aim of the 

present investigation is to study the alterations in structural 

properties of PEN films caused by silver (120 MeV) ion 

irradiation with the help of Photoluminescence (PL). 

II. EXPERIMENTAL DETAILS 

The specimens of Polyethylene naphthalate (PEN) in the 

form of flat polished thin films (25m) were procured from 

Good Fellow Ltd. (England). These films were used as-

received form without any further treatment in the size of 1 

cm x 1 cm. The samples were mounted on the sliding ladder 

and irradiated with silver (120 MeV) ion beams using 15 UD 

pelletron facility for the general purpose scattering chamber 

(GPSC) under vacuum of ~10-6 Torr at Inter-University 

Accelerator Center, New Delhi.  

The ion range, electronic energy loss and nuclear 

energy loss of characterize silver (120 MeV) ions in PEN 

polymer is ~5.49 (μm), 965.5 (eV/Å), 2.353 E+01 eV/Å 

respectively [2]. The ion beam fluence was varied from 3 x 

1011 to 3 x 1012 ions cm-2. In order to expose the whole target 

area, the beam was scanned in the x-y plane. The beam 

current was kept low to suppress thermal decomposition and 

was monitored intermittently with a Faraday cup. Flouromax-

3 (Jobin-Yvon, Edison, NJ, USA) equipped with a 

photomultiplier tube and a xenon lamp was used for (PL) 

analysis of samples at 300K. Doses for the given fluence and 

different studied ion types were calculated using the formula 

[3] as given below. 
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Table 1: Electronic, Nuclear Energy Loss and Ion Range of 

Polymer 

Polymer 
Ion Fluence  

(ions/cm2) 

Silver 

(120 MeV) (kGy) 

PEN 

Pristine 0.00 

3 x1011 3411.78 

3 x1012 34117.87 

Table 2: Doses for Given Fluence and Ion Type of Studied 

Polymer 

III. RESULTS AND DISCUSSION 

A. PL Analysis 

Fig. 1 shows PL spectra of pristine and irradiated samples of 

Polyethylene Naphthalate (PEN) with different fluences of 

silver ions. The samples were excited at wavelength λ =350 

nm. A distinguished peak was observed at 448 nm for pristine 

sample. The spectra shown by samples irradiated silver ions 

have intensity quite smaller than the pristine ones, which 

show that after irradiation the luminescent centers such as 

impurities, defects have vanished [4].  The repositioning of 

peaks in PL spectra of irradiated Polyethylene naphthalate 

(PEN) samples is observed towards the lower end of 

wavelength (448nm-413nm) i.e. towards higher energies 

which is due to compressive stress and is known as blue shift. 

This may be due to the reason that with irradiation, there is 

increase in defects concentrations in polymers [5]. At higher 

fluences the intensity again decreases, which is due to 

degradation of sample with irradiation. 

 
Fig. 1: PL spectra of Polyethylene Naphthalate samples 

irradiated with different fluences of (a) lithium (b) carbon 

and (c) nickel ions. 
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IV. CONCLUSION 

The irradiated samples of Polyethylene naphthalate (PEN) 

shows a shifting of peaks towards the lower end of 

wavelength (448nm-413nm) i.e. towards higher energies due 

to compressive stress. 
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