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ABSTRACT 
 
In this work we have prepared nanocomposites made by mixing Poli(vinilidene fluoride) [PVDF]  and graphene 
oxide nanosheets (GO) aiming to find dosimetric properties for applications in high dose dosimetry.     
Graphene Oxides (GO) nanosheets were synthesized by the Hummers method, using graphite supplied by 
Aldrich as the starting material. Nanocomposites were produced by mixing solved PDVF in DMAc with GO 
dispersed in an aqueous solution by sonication. The samples were irradiated with a Co-60 source at constant 
dose rate (12 kGy/h), with doses ranging from 50 to 1,000 kGy. The UV-Vis and spectrophotometry have been 
used to monitor the appearing of C=C conjugated bonds and radio-oxidation of carbon (C=O). The PVDF/OG 
nanocomposites prepared with 1.88 at.% of OG presented the best dosimetric properties. In this material, UV-
Vis spectrometry has revealed that the absorbance intensities at 250 nm can be used for high dosimetry purposes 
for gamma doses ranging from 100 to 750 kGy. In this range, it is possible to observe a linear relationship 
between Abs & Dose.   
 
 
 

1. INTRODUCTION 
 
Poli(vinilidene fluoride) [PVDF] is a linear semi-crystalline homopolymer well known by its 
good chemical, mechanical and electromechanical properties. Its polymeric chain is 
composed by the repetition of CH2-CF2 monomers. One of the four possible crystalline 
phase of PVDF, namely phase II or β-phase, shows ferroelectricity, making this homopolymer 
very attractive for technological applications [1,2].  
Recently, PVDF and some of its fluorinated copolymers, i.e. PVDF(TrFE) and P(VDF-HFP) 
copolymers, have been reported to shown good dosimetric properties for doses ranging from 
1.0 to 1,000 kGy, using relationships between dose and the absorbance intensities in the UV-
Vis and FTIR spectrometry and also the Latent Heat measured by Differential Scanning 
Calorimetry [3-5]. In this fluorinated polymers, the radio-induction of C=C and C=O 
chemical bonds is behind of the mechanisms the transform the unirradiated polymer into a 
dosimetric polymer. 
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 In this work, we have investigated the possibility of preparing nanocomposites of PVDF 
with graphene oxide (GO), through the radio-induction of molecular bonds between the 
polymeric material and the carbon nanostructures. The investigation aims to obtain a new 
material that could exhibit the excellent properties of graphene sheets. Also, it could have 
good dosimetric properties, based on the recent discovery about the unambiguous relationship 
between the optical absorbance, measured in the ultraviolet and infrared spectral region, and 
the delivered dose, due to radio-induction of C=C and C=O chemical bonds in PVDF, for 
high gamma doses. 
 
 

2. MATERIALS AND METHODS 
 

Graphene Oxides (GO) nanosheets were synthesized by the Hummers method, using 
graphite supplied by Aldrich as the starting material. Nanocomposites were produced by 
mixing solved PDVF in DMAc with GO dispersed in an aqueous solution by sonication. 
Samples were irradiated in Gamma Irradiation Laboratory (LIG) of CDTN using a Co-60 
source at constant dose rate (3.5 kGy/h), for doses ranging from 50 to 1,000 kGy. Optical 
transmission measurements were taken in a Shimadzu UV-2401 PC spectrometer, for 
wavelengths ranging from 190 to 900 nm. Two samples were prepared: A pure PVDF by 
casting in DMAc and PVDF/OG with different OG concentrations of 1.88 % wt. 
 
 
 

3. RESULTS AND DISCUSSION 
 
 
The samples of PVDF/OG nanocomposites with an amount of 1.88% % wt. of graphene 
oxide   were irradiated with gamma doses of 50, 100, 250, 500, 750 and 1,000 kGy. In Fig. 1 
we show our UV-VIS spectra taken until 2 hours after the irradiation. The spectrum for 
pristine PVDF irradiated with 50 kGy is also shown, for comparison purposes. We remark 
that there is an increasing absorbance peak centered at 250 nm, for increased doses. We 
remark that for pristine PVDF irradiated at same conditions, it is reported that the absorption 
peaks of conjugated C=C bonds appear at 195 nm, 223 nm and 274 nm [Ref. 3]. These peaks 
correspond to the radio-induction of singlet, duplet and triplet of C=C bonds, respectively, 
and they are not observed in Figure 1. On the other hand, the reported absorption peak for 
unirradiated graphene oxide is centered at 230 nm [6]. 



INAC 2013, Recife, PE, Brazil. 
 

200 300 400 500 600 700 800 900
0,5

1,0

1,5

2,0

2,5

3,0

3,5

4,0

4,5

 

 

A
bs

or
ba

nc
e 

(a
.u

.)

Wavelength (nm)

 PVDF pristine         50 KGy
 PVDF/OG 1.88%    50 kGy
 PVDF/OG 1.88%  100 kGy
 PVDF/OG 1.88%  250 kGy
 PVDF/OG 1.88%  500 kGy
 PVDF/OG 1.88%  750 kGy
 PVDF/OG 1.88% 1000 kGy

 
Figure 1 - Spectra the samples of PVDF/OG nanocomposites with an amount of 
1.88% % wt. 

 
 
In Figure 2 we show the absorbance intensities at 250 nm plotted against the delivered dose. 
It is clear that there is a linear relationship for doses ranging from 100 to 750 kGy. This linear 
relation can be used to evaluate gamma doses, enabling the PVDF/OG to be used as a 
radiation dosimeter for higher doses. For doses higher than 750 kGy, the absorption intensity 
is no longer fitted to the previous linear relationship. The peak intensity for 1,000 kGy is 
smaller than that for 750 kGy, as it can be seen also in Fig.1. As seen in this Figure, there are 
no other peaks that could be attributed to radio-induction of triplet conjugated bonds, as it is 
the case in P(VDF-TrFE) copolymers with peaks at 274nm [3]. In fact, this is an evidence of 
the interaction of OG with the PVDF main chain and it should be investigated soon.  
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Figure 2 - The absorbance intensities at 250 nm plotted against the delivered 
dose. 

 
We may now discuss about the nature of the radio-induced peak at 250 nm, for all doses. In 
Figure 3 we see the UV-Vis spectra for unirradiated pristine PVDF, the unirradiated 
PVDF/OG (1.88% wt.) and the net absorbance as a function of delivered dose, this last taken 
subtracting the absorbance spectrum for the pristine PVDF from the sample of unirradiated 
PVDF/OG. We note that the singlet and doublet of C=C conjugated bonds give origin to the 
absorption peaks at 195 nm and 223 nm, respectively, observed in the pristine PVDF 
spectrum. The net absorbance spectrum shows a small peak near 220 nm, which is 
corresponding to π-π* transition of aromatic C-C bonds of GO, and a slightly shifted greater 
peak for graphene oxide in 256 nm. This peak, in pure OG is reported to be centered at 230 
nm [6]. Thus, as this peak is not present neither in PVDF nor PVDF/OG individual spectra, 
we may conclude that it is due to the radio-induction of a new chemical bond, which could be 
assigned to the link between the graphene sheets and the PVDF main chains. 
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Figure 3 – UV-Vis spectra for unirradiated pristine PVDF, the 
unirradiated PVDF/OG (1.88% wt.) and the net absorbance, as a 
function of the delivered dose. The last spectrum was taken by 
subtracting the absorbance spectrum for the pristine PVDF from the 
sample of unirradiated PVDF/OG. 

 
 
Finally, one of the most critical problems in high dose dosimetry based on polymeric 
materials is concerned to fading problems, due to the chemical reactions that can last until 
one month after the time of irradiation. We have evaluated the UV-Vis absorbances at our 
samples just one month after the irradiation. As a matter of fact we have detected a mean 
increase of 17% in the absorbance intensities at 250 nm for all doses, indicating that after this 
time, a new calibration curve should be constructed. Fading study as well as storage 
dependence investigation for higher times is now in progress.  
 

 
 
 
 

4. CONCLUSIONS  
 
Nanocomposites of PVDF and graphene oxides were investigated from the point of view of 
applications in high dose dosimetry. The PVDF/OG nanocomposites prepared with 1.88 at.% 
of OG presented the best dosimetric properties. In this material, UV-Vis spectrometry has 
revealed that the absorbance intensities at 250 nm can be used for high dosimetry purposes 
for gamma doses ranging from 100 to 750 kGy. In this range, it is possible to observe a linear 
relationship between Abs & Dose. The absorption peak at 250 nm is discussed in terms of 
being a proof of the link between the OG nanosheets and the PVDF main chain.   
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