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ABSTRACT 
 
Poly(vinylidene fluoride) [PVDF] is a semicrystalline homopolymer and some of its fluorinated copolymer has 
demonstrated to have sensitiveness to high doses of ionizing radiation. We have recently proposed a 
semicrystalline fluorinated PVDF copolymer, the poly(vinylidene-trifluorethylene) [P(VDF-TrFE], as a 
candidate for measuring larger dose ranges. In fact, in these copolymers the optical absorption peak at 274 nm 
has been used to measure gamma doses ranging from 1.0 to 100.0 kGy and the melting latent heat, collected by 
differential scanning calorimetry (DSC), have been used to measure gamma doses from 1.0 to 1,000.0 kGy. In 
this paper, the infrared stretching vibration of radio-induced in-chain unsaturations (CH=CF) in P(VDF-TrFE) 
copolymers has been considered as an alternative tool for high dose dosimetric purposes. FTIR spectroscopic 
data revealed two optical absorption bands at 1754 cm-1 and 1854 cm-1 whose intensities are unambiguously 
related to gamma delivered doses ranging from 100.0 kGy to 1,000.0 kGy. Fading was evaluated one month 
after irradiation. The results indicate that the sample dose evaluation should be performed in the first two hours 
after being exposed to the radiation beam. The radio-induced formation of unsaturations was also investigated 
by ultraviolet and visible spectroscopy, which has confirmed the gradual increase of conjugated C=C bonds with 
the absorbed dose. Our results indicate that quantitative analysis of FTIR absorption bands is a useful tool to 
perform a product end-point dosimetry in radiation processing facilities that use high gamma dose irradiation. 
 

1. INTRODUCTION 
 
Dosimeters can be classified based on the nature of changes induced by radiation: physical or 
chemical dosimeters. Nowadays, several semi-crystalline or amorphous organic polymers are 
used as chemical dosimeters. They are based on the generation of free radicals produced by 
the deposition of energy radiation in these materials [1-2]. Examples of solid phase chemical 
dosimeters are Poly(methyl methacrylate) (PMMA), Poly(vinyl butyral) (PVB) and 
Poly(vinyl chloride) (PVC) [1].The use of dosimetric systems based on polymers has several 
advantages such as atomic composition, which can be closer to the material of interest for the 
radiation processing industry, among others [3].  
 
Poly(vinylidene fluoride) [PVDF] is a semicrystalline homopolymer and some of its 
fluorinated copolymer has demonstrated to have sensitiveness to high doses of ionizing 
radiation [4, 5]. We have recently proposed a semicrystalline fluorinated PVDF copolymer, 
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the poly(vinylidene-trifluorethylene) [P(VDF-TrFE], as a candidate for measuring larger dose 
ranges. In fact, in these copolymers the optical absorption peak at 274 nm has been used to 
measure gamma doses ranging from 1.0 to 100.0 kGy [6] and the melting latent heat 
collected by differential scanning calorimetry (DSC) have been used to measure gamma 
doses from 1.0 to 1,000.0 kGy [7]. 
 
PVDF is worldwide known by its good chemical, mechanical and electromechanical 
properties. Its polymeric chain is composed by the repetition of CH2-CF2 monomers [8]. On 
the other hand, the P(VDF-TrFE)) copolymer is obtained with the random introduction of 
fluorinated CHF-CF2 monomers in the PVDF main chain. It shows ferroelectricity for TrFE 
contents ranging from 18 to 63 mol%. Melt-crystallized PVDF and also its copolymers 
present randomly oriented crystallites surrounded by an amorphous matrix [9, 10].  
 
In this work, we will report the results of our investigation about the behavior of the far and 
middle infrared vibrational absorption bands of gamma irradiated P(VDF-TrFE)) copolymers. 
The goal of this work is to undertake an analysis of the relation between the FTIR absorption 
intensities of radio-induced C=C and C=O bonds and the delivered doses in the 100.0 to 
1,000.0 kGy interval. The radio-induced formation of unsaturations will be also investigated 
by ultraviolet and visible (UV-Vis) spectroscopy. 

 
2 - MATERIALS AND METHODS 

 
P(VDF-TrFE) copolymer resins with 50% of TrFE contents were supplied by ATOCHEM 
(France). The film samples were produced by melting at 200oC under 300 bar, and 
subsequent air-cooling to room temperature. This process produced transparent films of c.a. 
170 μm. The samples were irradiated with a Co-60 source at constant dose rate (12 kGy/h), 
with doses ranging from 100.0 to 1000,0 kGy. The FTIR spectra, were collected with 32 
scans each at a BOMEM 100 spectrometer, for wavenumbers ranging from 200 to 4000 cm-1. 
Optical absorption measurements were taken in a Shimadzu UV-240 PC spectrometer at 
wavelengths ranging from 190 to 900 nm. 
 

3 – RESULTS AND DISCUSSIONS 
 
Piezoelectric properties of P(VDF-TrFE) copolymers can be highly enhanced after 0.5MGy 
of electrons or gamma irradiation. The piezoelectric coefficients can be improved also by 
low-energy (UV) irradiation. It seems that there is a linear correlation between the UV 
exposure and the number of radiation-induced double bonds, especially the formation of C=C 
conjugated bonds [4-5]. This suspect has lead us to radiation gamma effects on the copolymer 
structure, in order to check for unambiguous relationships between the amount of gamma 
exposure and any parameter that could be easily measured by an experimental technique. The 
first results were concerned to the radio-induction of C=C conjugated bonds, revealing a 
linear fitting among the absorption peaks at 223nm and 274nm and the delivered doses 
ranging from 0.1 and 100.0 kGy [6]. A subsequent investigation about the amount of latent 
heat (LM) necessary to perform the melting transition of the P(VDF-TrFE) crystalline portion  
revealed an unambiguous relation between LM x Absorbed Dose, for doses ranging from 1.0 
kGy and 1.0 MGy [7]. This study has proved that LM can be used to evaluate doses for a 
period of one year after sample irradiation.        
The next step on this enterprise is to look for the possibility of using the intensity of FTIR 
absorption bands for dosimetric purposes. This powerful technique provides valuable 
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information about the appearing or vanishing of chemical bonds after the irradiation process.     
For this purpose we performed the FTIR analysis after irradiation with 100.0, 250.0, 500.0, 
750.0 and 1,000.0 kGy of gamma doses. No tests were repeated at lower doses, i.e. below 
100 kGy, because they have already been performed and reported in previous studies [6]. In 
this range, when irradiated with doses between 1.0 and 100.0 kGy, it was not possible to 
relate any absorbance peak with the applied dose. In Figure 1 a) and b) we show the results 
obtained irradiating the copolymer with doses higher than 100 kGy. 
 

 
 

a) 
 

 
 

b) 
 

 
Figure 1. a) FTIR transmission spectra for P(VDF-
TrFE) samples ranging from 1500 to 4000 cm-1 
irradiated with gamma doses ranging from 100 to 
1.000 kGy  and b) FTIR transmission spectra 
samples ranging from 1500 to 1900 cm-1 for best 
viewing of the absorption bands. 
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In Figure 1(a) it is shown the 1500–4000 cm-1 ranging IR transmission spectra for samples 
irradiated with doses ranging from 100.0 to 1,000.0 kGy. Figure 1(b) shows the absorption 
bands between 1500 and 1900 cm-1 in more detail. One can see that there is a significant 
increase in absorption related to the radiation dose. The band at 1715 cm-1 can be assigned to 
the stretching modes of conjugated carbon-carbon double bonds (dienes) with a fluorine 
substituent, such as -CH = CF-CH = CF-, formed as a result of dehydrofluorination. The band 
at 1754 cm-1 can be assigned to stretching of isolated carbon-carbon double bonds (-CH=CF-) 
group. Although the absorption band at 1715 cm-1 increase for increasing doses, its behavior 
seems to be derived by the increase at her neighbor band at 1754 cm-1. Thus, in principle, this 
band is not appropriated for dosimetric purposes. The band at 1852 cm-1 can be assigned to 
carbonyl stretching vibration of fluorine containing groups mainly on the film surface [11]. In 
order to see if any of these absorptions could be used for dosimetric purposes, we plot the 
graphic of the absorption intensities versus applied doses. As it can be seen in Figure 2, there 
is a linear behavior for the absorption bands at 1715, 1754 and 1854 cm-1. 
 

 
Figure 2. a) Plot of the absorption intensities 
measured at 1715, 1754 and 1854 cm-1 versus the 
delivered gamma dose. 

 
Data from Figure 2 demonstrate the potential of this technique as an alternative tool for 
measuring absorbed doses. The fading analysis has shown that this linearity is not 
maintained over a month. We note that this kind of limitation is very common in most of 
the high dose dosimetry systems commercially available. Optical absorption 
measurements collected by UV-VIS analysis has confirmed the radio-induced formation 
of unsaturations. These can be observed in Figure 3, which shows an increase in 
absorption at wavelengths 223 and 274 nm, respectively, associated to the formation of 
C = C conjugated doublets and triplets [12].  
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Figure 3. Optical absorption spectra of P(VDF-
TrFE) copolymer exposed to 100.0, 250.0, 500.0, 
750.0 and 1,000.0 kGy of gamma irradiation. 

 
 
 

 
4 – CONCLUSIONS  

 
The effect of high gamma doses in P(VDF-TrFE) copolymers has been investigated using 
FTIR and UV-VIS techniques. FTIR spectroscopic data revealed two optical absorption 
bands at 1754 cm-1 and 1854 cm-1 whose intensities are unambiguously related to gamma 
delivered dose ranging from 100.0 kGy to 1,000.0 kGy. Because of their linear behavior with 
dose, these bands, associated to the stretching modes of conjugated carbon-carbon double 
bonds, such as -CH = CF-CH = CF- and to carbonyl stretching vibration of fluorine 
containing groups mainly on the film surface, respectively, can be explored for dosimetric 
purposes. 
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