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The radiolysis with gamma radiation of telluric acid, in solid polycrystalline state, was performed, at room 
temperature. The EPR spectra, recorded after radiolysis allowed the identification of three paramagnetic centers: 

- - -
4 3 2Te O , Te O and Te O& & & . A mechanism is suggested for the formation, by irradiation, of these species. The 

kinetic study showed that the -
3Te O&  species disappeared following a 1.5 order kinetics, while the -

2Te O&  species, 
after a first order one. The electron spin densities in the orbitals of the oxygen and tellurium atoms were calculated. 

INTRODUCTION 

The research of ionized radiations action on inorganic compounds, in solid state, is determined by the 
necessity of radiolytic processes mechanism understanding. The radiolysis products yields of solids are 
smaller than those gases and liquids, because the crystalline lattice constituents have a very small mobility 
and therefore the ions and radicals resulted from radiolysis process remain trapped in crystalline lattice and 
can not react with other constituents of the system.   

Generally, the radiochemical stability of inorganic compounds depends on the type of crystalline lattice 
and on the respective molecule nature. 

In the literature there are only three papers regarding the EPR studies of irradiated γ-tellur 
oxycompounds. Constantinescu1 has recorded the EPR spectra of the paramagnetic centers formed in the 
irradiation of polycrystalline γ-K2TeO4 and γ-Na2TeO4, –

3TeO&  and –
2TeO&  radicals. Subsequently, Baran2 and 

Rakitina3 have studied the effects produced by irradiation in TeO2 monocrystals, they found vacancies 
resulted from the oxygen removed. These vacancies may trap electrons generating radicals. The aim of the 
present paper is the EPR study of the behaviors of irradiated H2TeO4.2H2O, in order to get information 
regarding the nature, spectral properties and the kinetics of the thermal recombination of the paramagnetic 
centers.  

Atkins4 has studied the radicals of alkaline seleniates by means of EPR spectroscopy. They have 
identified the following radicals: 4 3 2SeO , SeO , SeO .− − −& & &  Similarly, for irradiated 2–

4TeO  oxyanions, the 
following oxyradicals are formed: – – –

4 3 2TeO , TeO , TeO& & &  which are isoelectronic with those of selenium. 
The radiolysis of the inorganic salts reported in the literature,5-8 leads to the conclusion that more 

radicalic species are formed during irradiation of an oxyanion, their concentration and thermal stability are 
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higher as lower is the oxidation state of the chemical element. This behavior has been established for 
cromium9 and selenium10 oxyanions. One may, therefore, conclude that –

2TeO&  species will have a higher 
thermal stability than –

4TeO& . 

EXPERIMENTAL 

The polycrystalline samples of H2TeO4.H2O (Analar) have been irradiated with gamma rays at the room temperature by using 
a 137Cs source having 3,3.1013 Bq activity and a dose rate of 4,2.102 Gy/h. The EPR spectra were recorded at room temperature with 
an EPR spectrometer ART5 (IFIN Măgurele), operating in the X band with high frequency modulation of 100 kHz. In order to 
determine the g value has been used Mn2+ ion in CaO matrix, as a standard.  

RESULTS AND DISCUSSION 

The EPR spectra for the γ-irradiated of the polycrystalline H2TeO4.2H2O at the room temperature are 
illustrated in Figure 1, curve a. 

 

 
Fig. 1 – a) EPR spectrum for γ irradiated at room temperature H2TeO4.2H2O with 2.104 Gy; b) EPR spectrum of the sample 

isothermally heated at 500 C; c) EPR spectrum of (b) sample at 1200 C 

The EPR spectra recorded, for the irradiated sample gradually heated show a nonuniform variation of 
its components, suggesting the existence of several paramagnetic species, as may be seen in Figures 1 curves 
b and c. 

The EPR spectrum recorded at the room temperature actually represents a superposition of the 
spectrum of those three species previously mentioned, where –

2TeO&  is predominant. The EPR spectrum for 
the sample irradiated with 3.104 Gy (Figure 2 curve a) contains the component I ascribed to –

3TeO&  radical-
ion since it disappears when the sample is heated for 20 minutes at 125 0C. Component II which remains 
when the spectrum shape is unchanged is assumed to be –

2TeO&  species. 
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Fig. 2 – a) EPR spectrum for the sample irradiated with 3.104 Gy; a′) The same spectrum 10 times augmented; b)The spectrum of 

sample heated for 20 minutes at 1250 C; b′) The same spectrum 10 times augmented. 

The thermal behavior of the paramagnetic –
3TeO&  and –

2TeO&  centers has been followed with 
isocronous reaction coordinate. To this purpose, the irradiated sample has been gradually heated for 10 
minutes for temperatures comprised within the room temperature and the temperature for which the complete 
vanishing of the radicals is observed. For all these stages, the EPR spectra were recorded.  

The isochrones plotted in Figure 3 may be interpreted, as follows: the intensity of the line for (curve a) 
radical becomes higher up to 450C due to its formation from –

4TeO&  radical which has lower concentration 
and thermal stability as well. 

 

 
Fig. 3 – Isocronous variation of line intensity for –

3TeO&  (a) and –
2TeO&  centers (b). 
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Similarly with –
4SeO&  formed by 2–

4SeO  radiolysis, the EPR spectrum of –
4TeO&  species formed by 

2–
4TeO  radiolysis4, is masked by the overlapping of the spectra of other two –

3TeO&  and –
2TeO&  species of 

high concentration.  
As may be seen in Figure 3 (curve 3a) at 500C (under the mentioned experimental conditions), linear 

disappearing of the –
3TeO&  species with the temperature ending at 1150C. The curve representing the 

concentration of –
2TeO&  radical (3b) shows higher signal values within 50–1150C, simultaneously with the 

disappearing of –
3TeO&  centers, which proves its transformation into –

2TeO& . At 1150C, only –
2TeO&  species, 

with high thermal stability, is present in the sample, its concentration is lowering with the temperature 
increase, until the disappearing of this species at 1400C. 

The accumulation of radicals with the integral irradiation dose (Figure 4) gave information about the 
nature and the concentration of the formed radicalic species, as well as about the mechanism of the radiolysis 
process. 

 

 
Fig. 4 – Accumulation of radicals versus integral irradiation dose for –

3TeO&  (a) and –
2TeO&  (b)  centers. 

The shape of curve 4a shows that for samples irradiated with doses lower than 104 Gy the –
3TeO&  

concentration is 4-7 times higher than that of –
2TeO&  centers. For higher irradiation doses the concentration 

ratio is reversed. This observation undoubtedly proves that during the irradiation of TeO4
2- at the room 

temperature, two radicalic species are formed, and partially –
3TeO&  is the precursor of –

2TeO& , according to 
the process:   –

3TeO&  γ→ –
2TeO&  

The isothermal variation of EPR line intensities for –
2TeO&  (Figure 5 curve a) and –

3TeO&  (Figure 5 
curve b) has been studied for a sample irradiated with 105 Gy dose.  

The curve shape confirms the conclusion suggested by Figures 3 and 4, and namely lowering  the 
heating time of the signal intensity of –

3TeO&  (5 curve b) is accompanied by the increasing of signal intensity 
of –

2TeO&  (curve a) species. This fact proves the possibility of partial transformation of –
3TeO&  into –

2TeO&  
radicals. This phenomenon is evident also from the isothermal variation of the –

3TeO&  concentration at low 
temperature where the process is slower. Thus, at 50 0 C (Figure 6) one observes a 15–20 % increase of 

–
3TeO&  concentration due to the formation of –

4TeO&  centers, such transformation was found also11 in the case 
of K2SO4 and K2SeO4. 
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Fig. 5 – Variation of EPR line intensities for –

2TeO&  (a) and –
3TeO&  (b) function of heating time at 900 C. 

 

 
Fig. 6 – Isothermal variation of EPR signal of –

3TeO&  species at 500 C. 

A kinetic study has been performed on the kinetics of thermal disappearance of –
3TeO&  and –

2TeO&  
radicals within the temperature range indicated on the reaction isochrone. The working temperatures have 
been chosen in order to fulfill two conditions: first the reaction yield is over 80%, and second the 
recombination process takes place not so fast, in order to reduce the experimental errors. 
 To be mention that a plateau characterizes all isotherms for larger heating times. It is higher is lower in 
the heating temperature. The appearance of a plateau proves the existence of radicals for each temperature, 
which are strongly trapped. These radicals are relatively stable, because the thermal energy received from 
external source is lower than the energy necessary of their remove from crystalline network. 
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By temperature increase, the vibration energy of the particles in the crystalline network will be 
consequently increased, accompanied by the weakening of binding forces maintaining the trapped radicals. 
For –

3TeO&  radical, the plot of 1/√Is (Is is the corresponding EPR signal intensity) versus the heating time 
under the isothermal condition, one obtains straight lines proving the disappearance of this radical. The 
kinetics of this process is 1.5 order. Figure 7 illustrates this fact.  

 

 
Fig. 7 – Variation of 1/√Is versus heating time at 1000 C. 

From the slopes of the plotted straight lines for different temperatures, the rate constants have been 
calculated. They are summarized in Table 1. 

Table 1 

Kinetic parameters of thermal annealing of –
3TeO&  and –

2TeO&  radicals 

                                           A - kinetics of 1,5 order 

          T(K)       1/T ( K-1)          k. 105       lg k + 5  

          358 

          363 

          368 

          373  

          2.79 

          2.75     

          2.71 

          2.68 

         2.83 

         4.88 

        10.66 

        15.77 

        0.45 

        0.68 

        1.02 

        1.19 

                                                    B – kinetics of 1 order                                

T(K)     1/T K-1      k.105     lgk+5 

     393 

     398 

     403      

     2.54 

      2.51 

      2.48           

      59.5 

      83.33 

      125    

       1.77 

        1.92 

         2.01 

 
From the plotting lg k versus 1/T, the activation energy has been estimated as 129, 5 ± 4, 5 kJ/mol. The 

thermal disappearance of –
2TeO&  species shows a first order kinetics. Figure 8 illustrates this fact for 1200 C. 
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Fig. 8 – Variation of lg Is versus heating time at 1200 C. 

The values of the rate constants are summarized in Table 1. Using Arrhenius type formula, the 
activation energy has been found as being equal to 74,9±3 kJ/mol. For those samples irradiated with higher 
doses (105–106 Gy), previously heated, after the total disappearance of –

3TeO&  centers, only –
2TeO&  centers 

remains. In this case a hyperfine structure of EPR signals is observed. 
The EPR spectrum of such a sample recorded for maximum sensitivity is illustrated in Figures 2b and 

2b’. 
It consists of an intense central line and two satellites noted with A located on both sides of the central 

line. This central line belongs to –
2TeO&  species arising from the interaction of unpaired electron with nucleus 

Te isotopes with nuclear spin I=0 having 93% natural abundance. The lateral components belong to the same 
radical and they are due to the unpaired electron interaction with the magnetic moment of  125Te isotope, 
having 7% natural abundance and nuclear spin I=1/2. The ratio of the hyperfine doublet intensity and the 
intensity of the central signal is approximately the same as the ratio of the natural abundance of the 
mentioned Te isotopes.    

The values for g tensor are g= 2,0029 and g⊥=2,0055. The spectral data12 allow the calculation of spin 
densities on Te and O atoms. 

The experimental data for the isotropic part of the hyperfine coupling is equal to Aiso= 63,77 G. Using 
this value and the constant of hyperfine coupling (Fermi contact term13) for a 100% electron occupation of 
Te 5s orbital, A0 = 12500 G, the spin density for 5s orbital for Te atom in –

2TeO&  radical is equal to  
C5s= 0,005. 

The anysotropic part of the hyperfine coupling calculated from experimental data is A= 77G and  
A⊥= 57 G. Using the theoretical value13 of the hyperfine interaction of an electron in 5p Te orbital, B0 = 376 G, 
the obtained spin density is Cnpx= 0,0175 and Cnpz= 0,018 with these values, the total spin density for the 
oxygen p orbitals are 0,96, that is 0,48 for each oxygen atom. These calculations emphasize the fact that the 
charge density is 96% localized on the orbitals of the oxygen atoms, explaining the low value of hyperfine 
splitting. It is worth to mention that for –

2SeO&  radical, isoelectronic with –
2TeO&  the spin density on oxygen 

atoms is much lower14, of about 50 %. With Cp and Cs coefficients for p and s orbitals. The hybridization 
ratio is Λ2 = Cp/Cs= 7,1. Using Coulson's formula15 Φ = 2arccos(λ2 + 2)- 1/2 the bond angle between oxygen 
atoms is calculated to be about 1400. 
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It must be noticed that the EPR spectra of samples irradiated with higher doses, at high magnetic field   
(g = 1,957), a wide signal (∆Hpp ≅26 G) with low intensity is detected. The spectral features as well as the 
information reported in the literature16, suggests assigning a radical of –

2O&  type. 

RADIOLYSIS MECHANISM 

The EPR identification of the radicals formed by   gamma-irradiation at the room temperature of 
polycrystalline H2TeO4.2H2O allows to establish the following radiolysis mechanism. 

The primary process has a general character for any oxyanions. It consists of expelling of one electron 
from the initial anion 2–

4TeO& -, with formation of –
4TeO&  in ground or excited state. The excited species is 

unstable and then decompose to –
4TeO&  and –

2TeO&  ion-radicals, experimentally identified. At the same time, 
the breaking of the chemical bonds takes place accompanied by oxygen elimination also (2,3). 

2-
TeO4

TeO4
-.

+ e

TeO4
-.( )

.
* TeO3

-.
+ O

.
(1)

(2)
TeO2

-.
+ O2 (3) 

The energetic electrons removed by γ radiation from oxyanion, moves through the lattice for some 
hundreds of Å. They loose the kinetic energy by inelastic collisions, transferring this energy to the 
constituent atoms of the lattice, and finally these electrons become thermalized. In this state there are three 
possibilities: 

The electrons are trapped by the lattice defects even at the room temperature. By heating of the sample, 
the traps are depopulated and the electrons recombine with –

4TeO&  radicals leading to initial anion ( )2–
4TeO& * 

in excited state. The last species decomposes giving paramagnetic entities. 

The thermalized electrons attach to the initial ions forming paramagnetic centers of 3–
4TeO&  type. The 

existence of such species is reported in literature in the radiolysis of Cr17 and W18 oxyanions at 77 K. In the 
present case 3–

4TeO&  unstable at the room temperature, it decomposes by expulsion of an oxygen atom, 
forming the same –

3TeO&  and –
2TeO&  species. 

The third possibility is the capture of the electrons by cations or different impurities existent in the 
sample during the synthesis process.  

As showed, the accumulation curves with irradiation dose (Figure 4), the concentration of –
3TeO&  and 

–
2TeO&  radicals do not increase proportionally with integral dose. This fact proves that besides the formation 

process of radicals, of their disappearance takes place also caused by the γ radiations. Indeed, during the 
irradiation of substance, the unpaired electrons are expulsed from a part of radicals, these becoming 
nonradical species. It has been observed that the substance acquires a gray color for high irradiation doses 
(104–105 Gy). 

In the reflectance UV – VIS spectrum for such a sample, only a broad absorption band is observed due 
to the metallic tellurium. It is formed by successive loose of oxygen from the parent anion under the action 
of γ radiations.  

MECHANISM OF THERMAL DISAPPEARANCE OF THE RADICALS 

In order to explain this process the thermal motions of the particles in the crystalline network must be 
considered, namely their vibrations around the equilibrium positions. The thermal motions exist for all 
temperatures being enhanced with temperature increasing. It has been experimentally proved that each 
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paramagnetic species has a characteristic thermal resistance. For this reason, these species could be identified 
with the increase of temperature. 

The paramagnetic centers produced by irradiation and trapped by the crystalline network possess 
different binding energies depending on their sites and on the neighbour with which they interact. 
Even through each radical occupies in crystalline lattice the same place with the parent ion, their remaining 
oxygen atoms on rearrange their relative positions in space and this way they influence their interaction with 
other atoms of lattice. The different thermal resistance of the radicals may in this way be explained. The 
performed kinetic study allowed to establish the thermal disappearance of the paramagnetic centers formed 
during the 2–

4TeO&  radiolysis, in agreement with the experimental data. 

Te O4
-.

+  e (TeO4
2- )*

TeO4
2-

TeO3
-.

(4)

(5)
 

TeO4
. TeO3

. - + O
.

(6)
TeO2 + O2

. - (7)
-

 

As has been shown, the oxyradical –
3TeO&  disappears according to a 1,5 order process. This supposes 

simultaneous existence of two processes namely of first and second order. 

TeO4
2-

TeO3

. - +TeO3

. -
+ Te+ O2 (8)

TeO2 + TeO3
2-

+1/2 O2
(9)

 

TeO3
-. + e TeO

3
2- (10)

 

O
.

TeO
.

3
- TeO2

. - +  (11) 

The thermal disappearance of –
2TeO&  centers has shown a first order kinetic process, suggesting a 

relatively simple decomposition mechanism with oxygen expulsion. 

TeO2
-.

2Te+ O-.
(O2+ e ) (12) 

CONCLUSIONS 

The present work deals with the study of the radicalic species formed during the irradiation of telluric 
acid, in solid polycrystalline state. Three ion – radicalic species were identified by means of the EPR 
technique: - - -

4 3 2Te O , Te O and Te O& & & . It was observed, by studying the kinetics of the thermal 
disappearance of the radical -

3Te O& , that it fits a fractionary kinetics (1.5), while the disappearance of the 
radical -

2Te O&  follows a first order kinetics. 
 The calculation of the spin density, in the orbitals of the oxygen and tellurium atoms of the -

2Te O&  
radical allowed to conclude that the unpaired electron is localized mostly on the oxygen atoms. This explains 
the small value of the hyperfine splitting, recorded in the EPR spectra. 

–+O    (5) 
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 The mechanism suggested for the thermal recombination of the entities -
2Te O&  and -

3Te O& agrees with 
the experimentally observed kinetic order.  
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