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ABSTRACT

When polymeric materials are irradiated by ionizing radiation, the effects are roughly divided into two types,
degradation (chain scission) and chain link (crosslinking). These effects are normally identified by spectroscopic
analysis in the UV-Vis and Infrared region. Recently, the intensities of optical absorption in the ultraviolet-
visible region (273 nm) due to radio-induction of conjugated C = C bonds in P(VDF-TrFE) copolymers have
been successfully used for high dose gamma dosimetry, for doses ranging from 0.1 to 200 kGy. In this context,
there is now an interest to conduct a similar systematic investigation of another fluorinated copolymer of PVDF,
the poly(fluorovinylidene-co-hexafluoropropylene) [P(VDF-HFP)], not only in the UV-VIS region but also in
the near and mid-infrared region. The copolymer used was obtained by randomly adding 10% molar of [CF2-
CF-CF3] monomers in the [CH2-CF2]n main chain of PVDF homopolymer.

Preliminary results have shown that the irradiated copolymer has characteristic absorption bands originated by
irradiation in the FTIR spectrum. It was found that the 1852 cm-1 band, associated with C = O bonds, have a
linear correlation with the absorbed dose for doses ranging from 10 to 750 kGy. The absorption band at 1729
cm-1, associated to chain oxidation (C = O), has shown a similar behavior and can be used to measure doses
from 100 to 1000 kGy. These results indicate that the FTIR absorption bands of gamma irradiated P (VDF-HFP)
have great potential to be used in high dose dosimetry, without the addition of dyes.

1. INTRODUCTION

Understanding and controlling the changes induced by radiation in the polymer structure has
taken a lot of scientific efforts in the last decades. Some radio-induced changes can render to
polymers application in a lot of fields such as electromechanical sensors and actuators.
Polymer based radiation detectors have been used to monitor industrial irradiation process for
more than sixty years [1]. However, most of the dosimetric systems which have polymers as
the sensing element uses some previously added dye, which will result in an optical
absorption unambiguously related to the radiation exposure [2][3][4].

Recently, a semicrystalline fluorinated PVDF copolymer, the poly(vinylidene-
trifluorethylene) [P(VDF-TrFE)], has been proposed as a candidate for measuring larger dose
ranges [5]. In fact, in these copolymers, the optical absorption peaks at 223 and 274 nm have
been used to measure gamma doses ranging from 0.1 to 200.0 kGy, without the need of any
dye. The radio-induction of conjugated C = C bonds are responsible for the optical absorption
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peaks in the ultraviolet spectral range. In this context, there is an interest to conduct a
systematic investigation of another fluorinated copolymer of PVDF, the
poly(fluorovinylidene-co-hexafluoropropylene) P(VDF-HFP), looking for similar behavior.

P(VDF-HFP]  copolymers have fluorinated monomers [-CF2-CF-CF3-] randomly added to
the [-CH2-CF2-] main chain of PVDF homopolymer [6]. In this case, the [-CF3-] molecular
bonds are branched to the main chain. There is an increasing interest about the effect of high
gamma radiation dose on the P(VDF-HFP] copolymer, once it could enhance some of their
already known interesting properties. In fact (PVDF-HFP) has good properties like
compatibility with human tissues, good mechanical and chemical properties, it is acid-
resistant and inert. As the PVDF homopolymers, for low contents of HFP monomers, they
also exhibit a paraelectric-to-ferroelectric phase transition, from a nonpolar to a polar
configuration, when submitted to high electric fields, which gives them additional
eletromechanical applications [7].

In this work we will explore both the formation of conjugated C = C and the oxidation chain
(C = O) for increasing high gamma doses from 1.0 to 3000 kGy. To evaluate the radio-
induced changes we will use UV-Vis and FTIR spectroscopy, trying to associate the behavior
of the absorption peak intensities with the delivered gamma doses.

2. EXPERIMENTAL

The (PVDF-HFP) copolymers resins with 10% of HFP contents were supplied by ATOCHEM
(France). The polymeric film samples were produced by melting at 200 °C under 300 bar, and
subsequent air-cooling to room temperature. This process produced transparent films of about

m. The samples were irradiated with a Co-60 source at constant dose rate (12 kGy/h),
with doses ranging from 100 kGy to 3000.0 kGy. The FTIR spectra, collected with 32 scans
each, were measured at a BOMEM 100 spectrometer for wavenumbers ranging from 200 to
4000 cm-1. The UV-Vis data were acquired using Shimadzu UV-240 PC, in the range from
190 to 900 nm. All measurements were taken immediately after the irradiation process.

3. RESULTS AND DISCUSSION

UV-Vis spectroscopy is commonly used to investigate the presence of C=C conjugated bonds
in carbon compounds. For instances, in gamma irradiated copolymers of PVDF, the optical
absorption bands at 196 nm, 223 nm and 274 nm have been associated to singlet, doublet and
triplet of conjugated C=C bonds, respectively. Actually, a linear relation between the
absorption intensities at 223nm and 274 nm and the increasing gamma doses irradiation has
been reported [5].

Figure 1(a) shows the spectra of samples of P(VDF-HFP) irradiated with gamma doses
ranging from 1.0 to 100 kGy. We can observe that there were absorption bands at 196, 223
and 274nm. An increase in the 196 nm absorption band intensities is observed for doses
ranging from 1.0 to 10 kGy. For higher doses this absorption band is saturated, with a
considerable decrease at 100 kGy. We remark that this saturation effects may be associated to
fact that the formation of a new singlet conjugated bond in the copolymer structure could not
be possible above 10 kGy. It is interesting to note that a singlet is formed by the presence of
two neighbor carbon double bonds (-C=C-C=C-). A repetition of two singlet bonds produces
a doublet (-C=C-C=C-C=C-C=C-) and so on. Thus it is expected that, during the irradiation
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process, after the production of many singlet bonds in the main chain, there will be a moment
where a new radio-induced C=C bond will produce a doublet or triplet, and no more a singlet.
Accordingly, for higher doses there may be a saturation of the doublet and triplet bonds.
Figure 1 (a) shows a plot of the absorbance at 223nm as function of dose. One can say that
there is a relation between dose and absorption but it is not linear. Thus, we conclude that the
absorption bands originated by the radio-induction of C=C conjugated bonds are not
appropriated to be used for dosimetric purposes at this dose range.

Figure 1 - (a) UV-Vis spectrum of Irradiated
P (VDF-HFP) samples;(b) plot of absorbed
dose versus absorption intensity at 223nm.

(b)

b)
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We may now explore the UV-Vis spectra for doses above 100 kGy. Figure 2 shows the UV-
Vis spectra for a wider dose range, from 100 to 3,000 kGy. One can see that the formation of
singlet (196 nm) and doublet (223 nm) bonds saturates quickly when using higher doses. The
absorption band located at 274 nm seems to saturate for gamma doses higher than 1000 kGy,
as shown in Figure 2 (b).  The behavior of absorption bands at 196nm and 223 nm with the
delivered doses are also shown in this figure. We see that it is possible to observe an
unambiguous relation between optical absorbance and the delivered dose for both 223 mn
and 274 nm, for dose ranges between 100-1,500 kGy and 100-1,000 kGy, respectively.

Figure 2 - (a) UV-Vis spectrum of samples of
P (VDF-HFP) irradiated with high doses;
(b) Variation of the intensities of the bands in the
samples of the copolymer P (VDF-HFP) in doses
from 100 to 3000 kGy.

(a)

(b)
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It is clear from Figure 2(b) that these are not linear fittings and also that the dose interval
onstruct this relation is very large. However, the main

problem with these spectra is that the individual absorption peaks are not easy to identify,
leading to large variations in the determination of the maximum peak value. Thus, in view of
the above comments, we also conclude that this experimental technique is not appropriated to
perform gamma dosimetry with P(VDF-HFP) copolymers, for doses ranging from 100 to
3,000 kGy.

Let us now investigate the same irradiated samples with FTIR spectrograms. Analyzing the
absorption bands of the irradiated samples with doses between 1 and 100kGy, we can clearly
see that there is an absorption band that increases as the gamma doses increase. This band is
centered on the wave number 1852 cm-1, as shown in Figure 3.This absorption band is
attributed to stretching of C = O bond [8][9]. This chain oxidation is an expected finding once
the samples were irradiated in the presence of air.  It is believed that it is a process occurring
mainly in the film surface.

A more detailed analysis lead us to note that the intensity of the 1852 cm-1 band  increases as
we increase the value of the absorbed dose, showing a linear relationship between the
radiation dose received and the intensity of the absorption band, as can be seen in the inset of
Figure 3.

Figure 3 - FTIR spectrum of samples of
P (VDF-HFP) irradiated with doses between 1 and
100kGy.

After irradiating the copolymer samples with doses between 100 and 3000 kGy, and
comparing the virgin sample curve with the irradiated ones, it was possible see the appearing
of increasing absorption peaks around 1850cm-1 and 1729 cm-1,  as  shown  in  Figure  4  (a).
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Both absorption bands at this region may be due to formation C=O chemical bonds [8]. The
peak centered in 1852 cm-1 starts the saturation process for doses higher than 750 kGy. On
the other hand, the band located at 1729 cm-1 appears to saturate only above of 2750 kGy.

Figure 4 - (a) FTIR spectrum of samples of
P (VDF-HFP) irradiated with doses between 100
and 3000kGy; (b) Absorption values for bands
centered in 1852 and 1729 cm-1.

(a)

(b)
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Figure 4 (b) shows the plot of the absorbance intensities at these wavenumber, measured
directly in the spectrogram, as a function of the delivered dose. It is very clear that it is
possible to drawn a linear relationship between 100 and 1,000 kGy (see the eyes line guide)
that can be used for dosimetric purposes. The continuous variation of the optical absorbance
between these two dose values is 1.7. For the 1852 cm-1 the difference is smaller.

We note that the measurable dose range of P(VDF-HFP) samples is considerable, with the
advantage that there is no need of adding dyes in the polymer matrix.

3. CONCLUSIONS

The effects of high gamma doses in the P(VDF-HFP)90/10 copolymer were investigated using
UV-Vis and FTIR techniques. FTIR spectroscopic data revealed two radio-induced optical
absorption bands at 1852 cm-1 and 1729 cm-1. Both bands are associated with the formation
of C=O bonds. The band centered at 1729 cm-1 shows a linear relationship between absorbed
dose and absorption intensity in the FTIR spectrum in a wide dose interval, ranging from 1.0
to 1,000 kGy. The results indicate that P(VDF-HFP)90/10 copolymer is a good candidate to be
explored for dosimetric purposes.
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