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Konstantin E. Germand and Massoud Fattahie 

 

Abstract. Technetium is the workhorse of the radiopharmaceutical imaging agents; it is also an important byproduct of the 

nuclear industry. Studies of the chemistry of Tc in strong acids are relevant to nuclear applications, environmental 

remediation and fundamental chemistry. Nitric acid is used at the industrial level for spent fuel reprocessing while H2SO4 

and HClO4 are used at the laboratory scale for Tc separation from Mo or U. During reprocessing activities, radiolysis 

products from nitric acid (e.g., H2O2) and from organics extracting agents (e.g., alcohols) are formed and these might 

interact with Tc(VII). An understanding of Tc(VII) chemistry in the presence of H2O2 and/or organics in acidic solution is 

important to predict its behavior in separation processes. Concerning environmental remediation, sulfur has been 

proposed to immobilize Tc as Tc2S7. Technetium heptasulfide can be obtained from the reaction of Tc(VII) with H2S gas in 

acidic solutions. A better understanding of Tc2S7 formation could give information to predict its formation and behavior in 

the environment. Under oxidizing conditions, the aqueous chemistry of Tc(VII) is dominated by TcO4
-. In high acid 

concentration, pertechnetic acid can be formed and control the reactivity of Tc. Speciation data on Tc(VII) in concentrated 

acids are still parse, and the structure and reactivity of pertechnetic acid are unknown. Here, the speciation of Tc(VII) in 

sulfuric, nitric and perchloric acids and its reactivity with H2O2, methanol and H2S is reviewed. Experimental results and 

density functional calculations show the formation of TcO3(OH)(H2O)2 in concentrated H2SO4 and HClO4. In 12 M-13 M 

H2SO4, Tc(V) species and Tc(IV) polymeric species were respectively detected in the presence of methanol and H2S. Finally, 

peroxo pertechnetic acid was identified in nitric and sulfuric acid in the presence of H2O2. 

 

 

1. Introduction 

Technetium is the lightest radioelement; its two isotopes of 

interest are 99Tc (t1/2 = 2.1x105 y, βmax = 294 keV) and 99mTc 

(t1/2 = 6 h, γ = 140 keV).1 The versatile chemistry of Tc and the 

optimal nuclear properties of 99mTc, make this isotope the 

workhorse of radiopharmaceutical applications.2 The isotope 
99Tc is an important fission product of the nuclear industry 

(yield ~ 6% from 235U); one metric ton of spent fuel contains 

~850 g of 99Tc in its elemental form.3 The isotope 99Tc is also 

present in large quantity in radioactive wastes which are stored 

in underground tanks at the Hanford site (estimated 1310 ± 220 

kg of 99Tc contained in tanks).4 

Studying the speciation and reactivity of Tc in acidic media is 

relevant to nuclear application (i.e., aqueous separation and 

waste form development) and environmental remediation. On 

the fundamental side, it will allow for a better understanding of 

the redox properties of Group 7 transition metals. 

For nuclear application, studies in acidic media will give us the 

ability to predict the behavior of Tc in separation processes 

where concentrated acids are used. In some reprocessing 

schemes, Tc would be separated from the spent fuel and 

disposed of in a durable waste form.5 In a typical reprocessing 

scenario, the spent fuel would be dissolved in concentrated 

nitric acid, Tc(0) would be oxidized to Tc(VII) and separated 

from the other elements by liquid-liquid extraction using an 

extracting agent , e.g., tributylphosphate (TBP, C12H27O4P) in 

an organic solvent such as dodecane or kerozene.6 At the 

laboratory scale, the separation of Tc from irradiated Mo or U 

involves the dissolution of the target followed by distillation in 

H2SO4 or HClO4.
7, 8 Those experiments indicated that the Tc 
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species formed in H2SO4 and/or HClO4 was volatile. Under 

oxidizing conditions and in the pH range 1-14, the aqueous 

chemistry of Tc(VII) is dominated by the pertechnetate anion, 

TcO4
-. In high acid concentration, TcO4

- can be protonated and 

pertechnetic acid can be formed.9 Speciation data on Tc(VII) in 

concentrated acids are still sparse, and the structure of 

pertechnetic acid is unknown.  

During reprocessing activities, due to the presence of 

radionuclides in solution, radiolysis products could form, 

interact with Tc(VII) and affect the process. Previous studies 

have shown that hydrogen peroxide was detected after the alpha 

irradiation of nitric acid while butanol was one of the radiolytic 

degradation products of TBP.10, 11 The understanding of the 

Tc(VII) chemistry in the presence of H2O2 and/or organics in 

acidic solution is important to predict its behavior in the nuclear 

fuel cycle. In the presence of hydrogen peroxide, peroxo- 

complexes could form and change the behavior of Tc(VII). 

Currently, Tc(VII) peroxo-complexes are unknown and only 

Tc(VI) nitrido peroxo complexes have been reported.12 The 

redox chemistry of Tc(VII) in the presence of organics is poorly 

studied; for example, the nature of the reaction of Tc(VII) with 

primary alcohols is unknown, while it has been well studied for 

Mn(VII).13 

Concerning environmental remediation, sulfur has been 

proposed to immobilize Tc in the environment in the form of 

Tc2S7.
14 Amorphous Tc2S7 can be obtained via the reaction of 

Tc(VII) with hydrogen sulfide gas in acidic solutions (HCl or 

H2SO4).
8 In the presence of H2S, the mechanisms of formation 

of Tc2S7 are unknown and the exact structure and composition 

of Tc2S7 are still unclear.15 The understanding of Tc2S7 

formation could provide information to better understand the 

nature of this solid and predict its behavior in the environment. 

During the past seven years, we have investigated the 

speciation of Tc(VII) in sulfuric, nitric and perchloric acids and 

studied its reactivity with H2O2, methanol and H2S. Using a 

combined experimental/theoretical approach, we have 

characterized the structure of pertechnetic acid, identified new 

Tc(V) and Tc(IV) complexes coordinated to sulfate/bisulfate 

ligands and a series of Tc(VII) peroxo-complexes. The 

formation mechanism of those complexes, as well as their 

structures and speciation in solution is reviewed here. 

 

2. Speciation of Tc(VII) in H2SO4, HClO4 and HNO3 

The speciation of Tc(VII) was studied after the dissolution of 

KTcO4 or NH4TcO4 in H2SO4, HNO3 and HClO4 at various 

concentrations (1-18 M for H2SO4, 1-13.7 M HClO4, 1-15.8 M 

HNO3).
16, 17 After dissolution of the salt, a yellow color was 

observed for H2SO4> 8 M and for HClO4> 10 M while for 

HNO3, all the solutions remained clear. The speciation of Tc 

was initially investigated by 99Tc-NMR spectroscopy. The 

representation of the 99Tc chemical shift vs. TcO4
- in the 

various acids is presented in Figure 1. In HNO3, the 99Tc-NMR 

chemical shift monotonically decreased as the acid 

concentration increased (0 ppm in 2 M HNO3 to -12.8 ppm in 

15.6 M). The shift and the narrow line-width (Figure S1, Table 

S1) of the spectrum were consistent with the presence of TcO4
-. 

In 2 - 8 M HClO4 and 2-6 M H2SO4, the 99Tc-NMR spectra 

were identical to those in HNO3 and consistent with the 

presence of TcO4
-. A shift occurred for ~ 9 M HClO4, the 

spectra broadened and a plateau was observed above 11.6 M 

HClO4. In H2SO4, the shift occurred about 8 M, the spectra 

broadened and a plateau was observed at ~12 M. The peak 

broadening could be due to formation of a lower symmetry 

species or faster ligand kinetic exchange. In order to determine 

if the broadening is due to exchange, low temperature NMR 

measurements would need to be performed. In 13.7 M HClO4, 

the linewidth of the 99Tc spectra (20 ppm) is narrower than the 

one in 18 M H2SO4 (90 ppm) (Figure S1). This phenomenon is 

due to the high viscosity of sulfuric acid.  

The 99Tc-NMR chemical shift of Tc(VII) species is a function 

of the coordination environment of the Tc atom and can vary 

between 0 and 430 ppm.18 The shift of the yellow species 

measured in 12 M H2SO4 (290 ppm) and in 13.7 M HClO4 (230 

ppm) were consistent with the presence of a species with a 

TcO3
+ core.18e To better understand the molecular structure of 

the yellow species, Extended X-ray Absorption Fine Structure 

spectroscopy (EXAFS) measurements were performed on 

solutions of KTcO4 in 12 M H2SO4 and 11.6 M HClO4. The 

model used to fit the EXAFS spectrum was based on the 

structure of Re2O7(H2O)2.
19 In H2SO4, EXAFS results indicated 

the presence of 3 Tc=O groups at 1.70 Å, one Tc-O at 2.07 Å 

and one Tc-O at 2.23 Å. Similar results (Figure S2, Table S2) 

were obtained in 11.6 M HClO4.  Overall, the EXAFS results 

were consistent with the stoichiometry TcO3(OH)(H2O)2. The 

structure of TcO3(OH)(H2O)2 was studied by Density 

Functional Theory (DFT) methods. The computed equilibrium 

geometry of TcO3(OH)(H2O)2 closely matched the structural 

parameters found by EXAFS spectroscopy (Figure 2). 

The speciation of Tc(VII) in HClO4 and HNO3 was further 

studied by UV-visible spectroscopy. In HClO4, the 

transformation from TcO4
- to TcO3(OH)(H2O)2 (Figure 2) is 

characterized by an isobestic point at 325 nm and the spectra in 

13.7 M HClO4 exhibits three bands (λmax = 337, 279 and 246 

nm).  

The spectra of TcO3(OH)(H2O)2 in HClO4 compare well with 

the one in 12 M H2SO4 which exhibits a band at 241 nm (5511 

M-1.cm-1), a shoulder at 279 nm (1800 M-1.cm-1) and a band at 

335 nm (275 M-1.cm-1). The spectra of TcO3(OH)(H2O)2 differ 

from that of TcO4
- which only exhibits bands at 244 and 288 

nm. Theoretical studies (Figure S3 and Table S3) indicate that 

the band at 335 nm in TcO3(OH)(H2O)2 is due to a combination 

of LMCT (O → Tc) one-electron transitions:  

HOMO-1�LUMO+2 and HOMO�LUMO+1.16  

 

3. Reactivity of Tc(VII) with H2O2 

The reactivity of Tc(VII) with H2O2 was studied in HNO3
20 and 

in H2SO4
21. Solutions of KTcO4 in HNO3 (3 M-12 M)/H2O2 

(0.1 M and 4.25 M) were prepared. UV-visible measurements 

have shown that for HNO3 ≥ 7 M and H2O2 = 4.25 M, Tc(VII) 

reacted immediately and red solutions were obtained, while no 

reaction occurred for H2O2 = 0.1 M.  

The red solutions were highly unstable and rapidly decomposed 

by release of oxygen. The UV-visible spectra of the solution in 

7 M to 12 M HNO3 exhibit a single band (Figure 3) centered at 
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500 nm which was attributed to a Tc(VII) peroxo-complex. The 

intensity of the band increased with the nitric acid 

concentration. The decrease of water activity when moving 

from 3 M to 12 M HNO3 was probably responsible for the 

peroxidation of TcO4
- in high acid concentration.22 

 

The high instability of the red Tc solutions precluded an 

analysis by EXAFS and 99Tc NMR spectroscopy; the nature of 

the species was further investigated by theoretical methods.  
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Figure 1. Representation of the 
99

Tc-NMR chemical shift vs. TcO4
-
 as a function of the 

acid concentration (M) of the solutions obtained after dissolution of KTcO4 or NH4TcO4 

in: HNO3 (1, orange), in HClO4 (2, green) and in H2SO4 (3, blue).  

 

By analogy with Mo23 and Re24, Tc(VII) peroxo species 

(Tc(O2)4
-, TcO(O2)3

-, TcO3(O2)
-, TcO(O2)2(H2O)(OH) and 

TcO2(O2)(H2O)2(OH)) were initially proposed, their structure, 

stability and UV-visible spectra were studied by DFT and Time 

Dependent-DFT (TD-DFT). Among those species, calculations 

predicted the TcO(O2)2(H2O)(OH) and TcO3(O2)
- complexes to 

have the highest chemical stability, while the calculated 

spectrum of TcO(O2)2(H2O)(OH) compares well with the 

experimental one (Figure S4). It was proposed that 

TcO(O2)2(H2O)(OH) was the peroxidation product of Tc(VII) 

in HNO3. The computed equilibrium geometry of 

TcO(O2)2(H2O)(OH) exhibits a distorted pentagonal 

bipyramidal geometry. In the complex, the peroxo and the 

hydroxyl ligands form an approximate pentagon with the oxo 

and water ligands in apical positions (Figure 3).  

 

In H2SO4, the reaction of Tc(VII) with H2O2 led to the 

observation of two species: a blue species for H2SO4 ≥ 9 M and 

H2O2 = 0.17 M and a red species for H2SO4 = 6 M and H2O2 ≥ 

2.12 M.  

UV-visible measurements (Figure 4) have shown that the 

formation of the blue species was accompanied by the 

appearance of bands in the region 500-800 nm. The UV-visible 

spectra in 9 M H2SO4 exhibit bands at 275, 520 and 610 nm; 

the spectra in 13 M and 18 M H2SO4 exhibit two bands, 

respectively, at 520 and 610 nm and at 520 and 650 nm. These 

results were consistent with the one previously obtained from 

the reaction TcO2 with H2O2 in H2SO4, where it was shown that 

blue complexes with bands centered at 500 nm and 650 nm 

were observed for H2SO4 ≥ 12 M and H2O2 = 0.25 M.25 The 

experimental UV-visible spectrum of the blue species was 

compared to the theoretical spectra (Figure S5) of the Tc(VII) 

peroxo species previously calculated (i.e., Tc(O2)4
-, TcO(O2)3

-, 

TcO3(O2)
-, and TcO2(O2)(H2O)2(OH)). 

The calculated spectra of Tc(O2)4
- and TcO3(O2)

- did not 

exhibit bands in the region 500-700 nm and are not consistent 

with the experimental spectra and this precludes their presence  
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Figure 2. UV-visible spectra of the solutions obtained after dissolution of NH4TcO4 in: 1) 

8 M, 2) 9.3 M, 3) 10.4 M and 4) 13.7 M HClO4. Insert - optimized DFT structure of 

TcO3(OH)(H2O)2. Distance (Å) found by DFT: Tc=O = 1.74, 1.74, 1.72, Tc-H2O = 2.31 and 

Tc-OH = 2.02. Color of ligand and atoms: Tc in black, OH- in dark blue, H2O in light blue 

and O2- in red. 

in solution. The experimental spectrum was more consistent 

with those calculated for TcO2(O2)(H2O)2(OH) and/or 

TcO(O2)3
-. This method has already been used on TcO4

- and 

provided accurate results.26 

In 6 M H2SO4, the UV-visible spectra of the red species was 

identical to the one obtained from the reaction of TcO4
- with 

H2O2 in HNO3 and consistent with the presence of 

TcO(O2)2(H2O)(OH).  

The reaction between Tc(VII) and H2O2 in sulfuric acid was 

studied by 99Tc-NMR spectroscopy. In 6.5 M H2SO4/4.9 M 

H2O2, the 99Tc-NMR spectra of the red solution (Figure S6 and 

Figure S7) exhibits a broad signal centered at + 5.5 ppm which 

was consistent with the presence of Tc(VII) species with a 

lower symmetry than TcO4
-. These results confirm that the 

peroxidation of TcO4
- in 6.5 M H2SO4/4.9 M H2O2 solutions is 

accompanied by a change of symmetry of the molecule. 

 

 

4. Reactivity of Tc(VII) with MeOH  

The reactivity of Tc(VII) with MeOH was studied in H2SO4
27 

and HNO3. Solutions (1 mL) of NH4TcO4 in 6 M and 13 M 

H2SO4 were prepared and methanol (20 µL) was added to the 

solution. In 6 M H2SO4, no reaction was observed while in 13 

M H2SO4, the solution turned green. Similar reaction in 6 M 

and 9 M HNO3 did not yield the green species. 

In H2SO4, the green solution (Figure 5) exhibited bands at 190 

nm (εmax = 8540 M-1. cm-1), 255 nm (εmax = 5060 M-1. cm-1), 

and 695 nm (εmax = 33 M-1. cm-1). Cerium titrations were 
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performed on the green species and the results indicated an 

average oxidation state of 4.93(10), consistent with the 

presence of Tc(V). The green species was analyzed by 99Tc 

NMR. The absence of NMR signals in the region 0-800 ppm 

and the fact that reduced paramagnetic species do not exhibit a 

signal in this region indicates the absence of Tc(+7) in solution. 

The green species was studied by EXAFS spectroscopy. The 

model used to fit the EXAFS spectrum was based on the 

structure of K4[MoO2(SO4)3].
28  
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Figure 3. UV-visible spectra of the Tc(VII) solution in HNO3/H2O2. [H2O2] = 4.25 M, [Tc] = 

0.26 mM. Spectra in: 1) 7 M HNO3, 2) 8 M HNO3, 3) 9 M HNO3 and 4) 12 M HNO3. 

Optimized DFT structure TcO(O2)2(H2O)(OH). Distance (Å) found by DFT: Tc-OH = 1.918, 

Tc-H2O = 2.396, Tc=O = 1.684, Tc-Oa(Ob) = 1.961 Å), Tc-Ob(Oa) =, 1.970 and Oa-Ob = 

1.500. Color of ligand and atoms: Tc in black, OH- in dark blue, H2O in light blue, O2- in 

red and O- in violet. 

The results of the adjustment indicate the environment of the 

absorbing atom to be constituted by 1.0(2) O atoms at 1.65 Å, 

4.4(9) O atoms at 2.07 Å, 0.5(1) S atoms at 2.89 Å and 1.9(4) S 

atoms at 3.30 Å. The EXAFS results (Figure S8, Table S4) 

were consistent with the presence of octahedral complexes with 

the [Tc=O]3+ core coordinated to sulfates in both bidendate and 

monodentate modes. Based on the EXAFS results, complexes 

with the stoichiometry TcO(HSO4)2(H2O)2(OH) and/or 

TcO(HSO4)3OH-
 were proposed. It cannot be excluded that the 

green solution was a mixture of those complexes. Those 

complexes are the first Tc oxo-sulfate species characterized to 

date. Theoretical calculations confirmed the stability of the 

proposed complexes. The optimized structure of 

TcO(HSO4)3OH- is presented in Figure 5. In those complexes, 

the distances found by DFT were in good agreement with the 

EXAFS results.  

After the reaction of Tc(VII) with MeOH, spectroscopic 

measurement indicated the presence of formic acid (see SI). It 

was concluded that in 13 M H2SO4, TcO3(OH)(H2O)2 was 

reduced to TcO(HSO4)3OH- and MeOH was oxidized to formic 

acid. The behavior of Tc(VII) was also studied under alpha-

irradiation in 13 M or 18 M H2SO4.
29 Alpha-irradiations (E = 

68 MeV, 132.9 kGy) were performed on Tc(VII) solution at the 

Arronax cyclotron (Nantes, France). After irradiation, green 

solutions with UV-visible and EXAFS spectra similar to the 

one of TcO(HSO4)3(H2O)2 and/or TcO(HSO4)3(H2O)(OH)- 

were obtained. Further, UV-visible experiments have shown 

that SO2 was detected in solution after the irradiation of 

concentrated sulfuric acid. It was proposed that Tc(VII) was 

reduced by the SO2 gas formed during the radiolysis of H2SO4.  
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Figure 4. UV-visible spectra of Tc(VII) in H2SO4/H2O2 solution. [Tc] = 0.17 mM, [H2O2] = 

0.17 M. Spectra in: 9 M H2SO4 (1, red), 13 M H2SO4 (2, blue) and 18 M H2SO4 (3, purple) 

5. Reactivity of Tc(VII) with H2S  

The reactivity of Tc(VII) with H2S was studied in 12 M 

H2SO4.
30 The KTcO4 salt was dissolved in 12 M H2SO4 and the 

solution was purged with H2S gas. During the reaction, the 

yellow solution rapidly turned brown and a black precipitate 

(Tc2S7) was observed. At the end of the reaction, the suspension 

was centrifuged, and a black precipitate and a brown supernate 

were obtained and analyzed. EXAFS analysis of the black 

precipitate indicated that the local structure around the Tc atom 

was similar to the one previously found for Tc2S7.
15 

The supernate was analyzed by UV-visible and EXAFS 

spectroscopy. The UV-visible spectrum of the supernate 

(Figure 6) exhibited bands at 255 nm, 320 nm and a shoulder at 

505 nm. Interestingly, the dissolution of black precipitate 

(Tc2S7) in 12 M H2SO4 led to a similar spectrum which 

suggests that the oxidation state of Tc in the supernate and in 

the precipitate might be identical. 

The XANES spectrum of the supernate exhibits a shift of -7.5 

eV vs TcO4
- which is consistent with the presence of Tc(IV).15b 

The EXAFS results indicate the environment of the Tc atom to 

consist of 1.3(3) O atoms at 1.81 Å, 3.8(8) O atoms at 2.03 Å, 

0.7(1) Sbid atoms at 2.84 Å, 1.1(2) Smono atoms at 3.16 Å and 

0.7(3) Tc atoms at 3.62 Å. The EXAFS results (Figure S9, 

Table S5) are consistent with the presence of a polymeric 

species with the [Tc-O-Tc]6+ core coordinated to: bisulfate 

ligands in monodentate and bidentate modes, water and/or 

hydroxide ligands. Based on the EXAFS results, the complex 

Tc2O(HSO4)4(H2O)2(OH)2 was proposed.  

The DFT studies confirm the stability of 

Tc2O(HSO4)4(H2O)2(OH)2 and the geometrical parameters were 

in good agreement with the experimental ones (Figure 6). In 

order to gain a better understanding of the mechanism of 

formation of Tc2O(HSO4)4(H2O)2(OH)2, the reaction between 

TcO4
- in 12 M H2SO4 and H2S(aq) was followed by UV-visible 

spectroscopy. 
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Solutions of 12 M H2SO4/H2S were added to the Tc(VII) 

solution and color changes from yellow to green and then 

brown were observed. 
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Figure 5. UV-visible spectrum in the region 300-1100 nm of the solution obtained after 

the reaction of TcO3(OH)(H2O)2 with MeOH in 13 M H2SO4. Insert - optimized DFT 

structure of TcO(HSO4)3OH
-
. Distance (Å) found by DFT : Tc=O = 1.69, Tc-OH= 1.89, Tc-

O(Sbid) = 2.25, Tc-O(Smono) = 1.99,Tc---Smono = 3.35, Tc---Sbid = 2.92. Color of atoms: Tc in 

black, O
2-

 in red, S in yellow, OH in light blue. 

UV-visible measurements show that the green solution exhibits 

a low intensity band centered at 700 nm which was consistent 

with the presence of Tc(V) oxo-sulfate complexes (i.e., 

TcO(HSO4)3(OH)-). The formation mechanism of 

Tc2O(HSO4)4(H2O)2(OH)2 from TcO4
-
 in 12 M H2SO4 were 

proposed as follows: 

- Protonation of TcO4
- to TcO3(OH)(H2O)2 

16 

- H2S reduction of TcO3(OH)(H2O)2 to TcO(HSO4)3(OH)- 27 

- H2S reduction of TcO(HSO4)3(OH)- to TcO(HSO4)3(OH)  

-Condensation31 of TcO(HSO4)3(OH) to 

Tc2O(HSO4)4(H2O)2(OH)2  

 

6. Conclusions 

In summary, the speciation of Tc(VII) in HNO3, HClO4 and 

H2SO4 depends on the concentration and strength of the acid. 

Pertechnetic acid forms above 8 M HClO4 and 7 M H2SO4 

while in concentrated HNO3, TcO4
- is still the predominant 

species. In H2SO4 and HClO4, pertechnetic acid is an octahedral 

complex with the formula TcO3(OH)(H2O)2. The volatility of 

Tc in H2SO4 and HClO4 is probably due to the neutral charge of 

TcO3(OH)(H2O)2. The models described here for Tc(VII) in 

strong acids also explains some peculiarities observed in the 

liquid-liquid extraction and the electrochemical behavior of 

Tc.32 

In HNO3 (≥ 7 M), TcO4
- reacts immediately with H2O2 (> 4.25 

M), and red solutions are obtained. UV-visible and theoretical 

studies are consistent with the formation of 

TcO(O2)2(H2O)(OH). In spent fuel reprocessing, the H2O2 

concentration in nitric acid is expected to be well below 4.25 

M10 which implies that TcO(O2)2(H2O)(OH) should not be 

observed. In H2SO4, TcO3(OH)(H2O)2 reacts with methanol, 

H2O2 and H2S. In 13 M H2SO4, TcO3(OH)(H2O)2 is reduced to 

Tc(V) and methanol is oxidized to formic acid; Tc(V) 

complexes with stoichiometry TcO(HSO4)2(H2O)2(OH) and/or 

TcO(HSO4)3(OH)- are proposed. In 12 M H2SO4, 

TcO3(OH)(H2O)2 is stepwise reduced by H2S to Tc(V) and 

Tc(IV). The Tc(IV) complex exhibits a [Tc-O-Tc]6+ core 

coordinated to bisulfate ligands, and the stoichiometry 

Tc2O(HSO4)4(H2O)2(OH)2 is proposed. 
 

 
Figure 6. UV-visible spectrum of the solution (dilution 1:1000 in 12 M H2SO4) obtained 

after reaction of Tc(VII) with H2S in 12 M H2SO4. Insert - optimized DFT structure of 

Tc2O(HSO4)4(H2O)2(OH)2. Distance (Å) found by DFT: Tc-O(Tc) = 1.82, Tc-OH = 1.89, Tc-

H2O = 2.20, Tc---Smono = 3.27, Tc---Sbid = 2.83, Tc---Tc = 3.63. Tc-Omono = 2.04, Tc-Obid= 

2.22. Color of atoms: Tc in black, O2- in red, S in yellow, OH in light blue, H2O in blue.  

 This complex is also obtained after dissolution of Tc2S7 in 

H2SO4; those results indicate that if H2S would be used for Tc 

immobilization, the mobility of Tc in the environment might be 

controlled by Tc(IV) species. The reaction between 

TcO3(OH)(H2O)2 and H2O2 leads to several Tc(VII) peroxo 

complexes: in 6 M H2SO4, a red solution (i.e., 

TcO(O2)2(H2O)(OH)) is observed while in 12 M and 18 M 

H2SO4, blue solutions are obtained and TcO2(O2)(H2O)2(OH) 

and/or TcO(O2)3 are proposed.  

Heptavalent Tc is a very reactive species and further work is 

needed to get a better understanding of the breadth of its redox 

chemistry. Future work could focus on the nature and reactivity 

of Tc in concentrated aqueous HTcO4, H2SO4/HCl, HCl, H3PO4 

and triflic acid. The concentration of aqueous pertechnetic acid 

led to the formation of a red species which structure is 

unknown; it has been proposed that the red species could be 

TcO3, Tc2O5 or a polymeric species with the stoichiometry 

[TcVI
4TcVII

16O68].16H2O.33, 34, 35 Previous 99Tc-NMR studies on 

the red species were consistent with the presence of Tc(VII) 

atoms in tetrahedral and octahedral environment but further 

works are needed to solve the mystery of the red species.36 

High valents Tc oxychlorides (TcO3Cl, TcOCl5
-, TOCl4, 

TcOCl3) are still not well studied; the reaction of Tc(VII) in 

strong acids could be a simple route to produce and study those 

species. In concentrated H2SO4, it was shown that Tc(VII) 

reacts with HCl to form a blue solution, the formula TcOCl5
- 

was proposed but no structural data were reported.37 In cold, 

concentrated aqueous HCl, the reduction of TcO4
- leads to 

TcOCl4
-, but the mechanism of this reaction is still unknown. It 

was proposed that TcO3Cl3
2- is initially formed and is further 

reduced to TcOCl4
-.38 TcO3Cl was also reported from the 

reaction of Tc(VII) in H2SO4/HCl followed by extraction in 

CCl4 but its structure is unknown. Technetium oxychlorides can 
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have importance in the nuclear industry where chloride molten 

salts are used (molten salts reactors, pyroprocessing). Those 

oxychlorides could form when oxygen enter molten salts 

containing fission products. Study the chemistry of those 

oxychlorides could be key to understand the performance of the 

salt in molten salts reactors.  In triflic acid, TcO3(OH)(H2O)2 

has been identified39 but is reactivity with H2O2 and organics 

has not been studied. In H3PO4, studies are non existent. 

Finally, future work could focus on the reactivity of 

TcO3(OH)(H2O)2 in sulfuric acid with other organics (e.g., 

alkanes, alkenes, aldehydes, ketones, …). 
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