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Abstract. Saccharose, as table sugar, has been considered as a promising dosimetric organic material for EPR 
and UV readings because of the free radicals produced due to irradiation with X and gamma rays. Nevertheless, 
most studies with this system have been carried out at room temperature. We studied the EPR/UV response to 
gamma rays for this dosimetric system at low temperature (77 K) in order to investigate if a dependence of 
irradiation temperature exists. Dose effect, fading characteristics and dose coefficient have been also studied. 
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1. Introduction  

 
For several years the saccharose has been regarded as a very promising system in the field of solid-
state dosimetry. The gamma irradiation generates free radicals, stable and detectable by electron 
paramagnetic resonance (EPR) or by UV spectroscopy of an aqueous solution. 
High energy irradiation generates free radicals in the organic matter some of which are trapped in the 
solid matrix; others recombine to give new species with different properties, as color, for example. 
Upon dissolution of the solid materials, all free radicals recombine or interact with other species 
present in the solution. These effects are use for dosimetric purposes in the solid state/EPR dosimetry, 
Yordanov [1].   
 
This system has been proposed as an emergency dosimeter for any person exposed to a nuclear or 
radiation accident. A useful physical method for evaluating the dose in personal belongings or 
household goods including foods due to the free radicals created by radiation is the electron 
paramagnetic resonance (EPR). Some conditions that satisfy the use of a free radical dosimeter are: be 
an easy sample to prepare without the effect of creating free radicals, a minimum detectable dose, 
linearity range, minimal fading and no background EPR signal of free radicals before irradiation, 
Nakajima [2].  
Measurements of free radical densities in sugar by electron paramagnetic resonance (EPR) constitute a 
useful method for determining the dose received in the case of accidental irradiation because this 
material retains its radiation history, Da Costa [3]. Change in some of its optical properties, have also 
been reported, Flores [4] and most recently electrical conductivity of an aqueous solutions of gamma-
irradiated solid table sugar were investigated for high-dose dosimetric purposes, Marzougui [5].   
However, all of these studies have been carried out at room temperature (293 K to 298 K).  
This paper describes the results when the irradiation process with gamma rays takes place at a 
temperature below room temperature, in order to know whether there is any effect on the response of 
the system. Our study was based on: 1) the UV spectra of aqueous solutions of gamma-irradiated solid 
sugar table cubes at 267 nm and 2) the EPR spectra for gamma-irradiated solid samples.  
 
_______________________ 
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2. Experimental 

Samples   
The samples of saccharose were purchased as a commercial product in the form of table sugar cubes in 
a local market in Mexico City and were used without any purification in its original paper pack. After 
irradiation, samples were kept away from light before being analyzed. 
 
Irradiation 
Irradiation was performed with a 60-cobalt Gammabeam 651 PT facility with a nominal activity of 
2.96x1012 kBq in February 2007. The absorbed doses were between 1 and 18 kGy at a fix position 
with a dose rate of 99 Gy/min. Some samples were irradiated at room temperature (293 K) and others 
at liquid nitrogen temperature (77 K) inside a Dewar flask. Dose rate was determined with the ferrous 
ammonium sulfate-cupric sulfate dosimeter. 
 
UV measurements 
The UV analysis were made by spectrophotometer at 267 nm of an aqueous solution 10% weight at 
room temperature with a quartz cell of 1 cm length in a Varian model Cary-Win 100 
spectrophotometer at 22±1ºC.   
 
EPR measurements 
The EPR analysis was carried out at Instituto de Química-UNAM with 30±0.1 mg of the sample, in a 
quartz tube at room temperature with a JEOL JES-TE300 spectrometer operating at X-Band fashions 
at 100 kHz modulation frequency and a cylindrical cavity in the mode TE011. The external calibration 
of the magnetic field was made with a precision gauss meter, JEOL ES-FC5. The spectrometer 
settings for all spectra were with a center field of 335.0 mT. All samples, irradiated and non-irradiated 
were stored for 48 hours at room temperature prior to EPR analysis in order to avoid any interference 
in reading due to the presence of species that are formed but whose stability is very short. 
 
 
3. Results and discussion  

Physical aspect of the samples 
The saccharose is a very stable dosimetric system after irradiation. From a physical point of view, the 
color of the samples changes according to the increases in the absorbed dose becoming darker. Figure 
1 shows this physical aspect.  

 

 
 

Fig. 1. Physical aspect for saccharose as table sugar cubes, irradiated at 77 K. 
From top to botton: 0, 4.8, 7.1, 10.7 and 17.8 kGy  
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Response to dose irradiation  
The response to dose irradiation for an aqueous solution prepared with irradiated saccharose is shown 
on figure 2 in terms of optical density versus absorbed dose at two different temperatures. The optical 
density vs. absorbed dose response was linear for both temperatures but with a different slope.  
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Fig.2. Response of an aqueous dissolution of irradiated saccharose.  
Solid samples were irradiated at 293 K (♦) and 77 K (■).  

 
 

Stability of the signals 
Time stability of the irradiation-induced radicals in the samples is an important factor to consider for 
dosimetric purposes. A study of the stability of the EPR signals in long term was performed to observe 
the decay or fading of the signal for about two months.  
 
An aqueous solution prepared with irradiated sucrose, stored at room temperature and protected from 
light, gradually increased the value of the optical density, possibly as a result of a set of reactions that 
take place in the dissolution. The concentration of free radicals formed remained constant even after 
fifteen days. Figure 3 shows the post-irradiation response. 
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Fig. 3. Response post-irradiation for a solution of saccharose irradiated                                                                           

at two different temperatures: ♦ 293 K and  ■ 77 K. 
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Figure 4 shows the EPR spectra for samples irradiated at 77 K at different absorbed doses. No signal is 

observed when the material is not exposed to gamma radiation. 

 

 
 

Fig. 4. EPR signals for saccharose irradiated at 77 K. 

 

 

Optical density as a function of the absorbed dose is shown on table 1. The dose coefficient is 

approximately 0.015 

 

Table 1. Optical density as a function of the absorbed dose for an 
 aqueous solution of saccharose irradiated at 77 K 

Sample Dose in kGy Optical density (O.D.) O.D./dose 
1 2.4 0.03 0.013 
2 4.8 0.07 0.015 
3 7.1 0.13 0.018 
4 10.7 0.16 0.015 
5 14.2 0.23 0.016 
6 17.8 0.27 0.015 

                                                 

 
Other results observed for a solution of irradiated saccharose are:  
a) a change in optical rotation  
b) decrease in pH  
c) the relation optical density/ dose is a constant  
d) EPR signal that originally existed in the solid form, disappears when it is analyzed in aqueous 
solution due perhaps to a recombination or reaction of free radicals produced. 
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4. Conclusions 
 
We have studied the response under irradiation of solid saccharose at low temperature. When the 
irradiation takes place at low temperature (77 K), the concentration of radicals formed is minor, 
compared with the concentration of radicals formed at a higher temperature (293 K), according to 
signal strength obtained by EPR and according to the optical density obtained from the aqueous 
solution. We conclude there is a dependency or effect of irradiation temperature in the response for 
this dosimetric system and can be used for irradiation processes taking place at low temperature. 
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