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Tc-DTPA sediments formed in technetium – hydrazine – DTPA – nitric acid solutions
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Abstract:

Some ideas having been generated in Tc-radiopharmaceuticals for the stabilization of reduced Tc species were considered prospective for the reduced Tc complex formation, thus keeping technetium away from the participation in harmful catalytic activity during the U-Pu partitioning step in PUREX reprocessing of the spent nuclear fuel with the increased burn-up. Surprisingly the complex formed by reduced Tc and one of the best known hydrophilic ligand as diethylenetriaminepentaacetate (DTPA) was found to be responsible for some sedimentation [1]. The real sediments from this stage were separated and studied in [1]. These sediments behavior was investigated by simulated solution and sediments studies having been carried out in this work. Simulated Tc-DTPA precipitates were isolated from Tc-N2H5NO3-DTPA-HNO3 solution both shortly on the formation and after long-therm storage texts in mother solution. Reaction kinetics studies gave evidence for the important difference in the rates of the Tc reduction with hydrazine and its further precipitation from nitric acid solutions. These sediments were studied by chemical analyses, XRD, IR, Raman and UV-VIS, EXAFS and ESR spectroscopy. The Tc-DTPA ratio was found to be 1:1, the compound is paramagnetic. Possible structures of the Tc-DTPA complexes formed are proposed. 
Introduction
The complexes of technetium with polyaminocarboxilic ligands (NTA, EDTA, DTPA etc.) are extremely soluble in water solutions and are used for more then 40 years. Some of them are readily formed on the reduction of pertechnetate with Sn(II) or hydrazine. For one of the best chelating agent - DTPA [2] considerable great efforts made for structure determination remain unsuccessful till these day because no crystals were grown. The most comprehensive work in this field was presented by K. Linder [3] who have used numerous physical and chemical methods for its investigation and had finally prepared a close analogue of DTPA complex – Ba2[(TCTA)Tc(-O)2Tc(TCTA)](CIO4).9H20 [4]. Some ideas generated in Tc-radiopharmaceuticals for the stabilization of reduced Tc species were tested at Russian RT-1 facility for the reprocessing of the modern spent nuclear fuel with increased burn-up (up to 50GW*day/t). The necessity of such attempts is due to harmful catalytic activity of Tc and Pd at the second step of U-Pu partitioning in PUREX process. The main advance achieved by DTPA addition was a complete inhibition of the catalytic effect of reduced Tc and Pd. Nevertheless, formation of the third phase presents serious problems. The real sediments from this stage were separated and studied in [1]. In the current work we investigated the simulated Tc-DTPA precipitates isolated from Tc-N2H5NO3-DTPA-HNO3 typical PUREX solutions.

Experimental 

Synthesis of the Tc-DTPA complex compound: since the principal aim was to simulate the Tc-DTPA precipitate formed in [1] and to characterize it, the solution compositions were selected based on nitric acid and the concentrations of the components varied within the frames of those used for U/Pu separations (see Table 1). To exclude the catalytic Tc action the
	Table 1. Components concentrations in the initial solutions

Solution
[Tc], M
[DTPA], M
[N2H5], M
[HNO3], M
Total volum,ml
1

9.70·10-3
0.0146

0.248

1.46

1030
2

4.00·10-3
0.0064

0.22

0.64

1.18

3

1.75·10-3
0.0043

0.97

2.57

175.0

4

1.46·10-3
0.0446

0.91

1.34

1120.0

5

1.75·10-3
0.036

0.96

1.30

1505.0

6

0.88·10-3
0.133

0.226

1.33

1.13

7
0.26·10-3
0.052

0.22

1.43

1.16


	temperature was kept at 25oC. This is far from the conditions typically used for radiopharmaceutical preparations [2-6]. Tc was determined by -scint. Counting at Beckman 6500; C,H,N – at CHN-analyser (Carlo Erba). IR spectra were taken at Specord M80, 


UV-Vis at  with  Cary 50, ESR - with Brucker ESP 300, EXAFS  - at  STM KCSR. 

Results and Discussion.

Tc(VII) reduction with N2H5+ in HNO3 proceeded rather slowly and the reaction could be divided in several stages. Kinetics was studied at 1.2 ml aliquots of the same solutions.
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	As the Tc main peaks were masked with HNO3 absorbance, the evolution of kinetics was followed by the shoulder at 400 nm (Fig.1). The initial induction period increased from 5 to 40 min when lower Tc and DTPA concentrations were employed. The intermediate steady state observed for 10 min only for the A and B while it takes 70 min for the most diluted solution. The kinetic parameters could not be deduced as several spectro- indistinguishable species were present.

The third stage that could be noted only at high Tc concentration at Fig.1A – partial back oxidation of Tc to Tc(V) (probably containing Tc=O group).

The first sediment was formed on the 4-th day of the experiment. It was membrane (Millipore GS 200 m) filtered, washes with EtOH-H2O (4:1) and dried. The first sediment mass was 7.46 mg. It was finely dispersed and had dark “cacao” color. The same mother solution produced 50 mg more brownish film-like precipitate (II) after 1 year of storage at ambient conditions. 
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	Fig.1. Tc(VII) reduction with N2H5+ in HNO3 - DTPA; Solution (No from Tab.1) : A- No 2, B No  6, C- No7.
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The oxidation of the Tc-DTPA precipitate in 7M HNO3 was very slow and it was possible to characterize the initial dissolution product by its UV-Vis spectrum (Fig.2). The radiometric analyses made after this oxidation has proved the Tc-DTPA ratio 1:1 in the precipitate. According to the ESR the compound was paramagnetic. So at least some part of Tc was present as Tc(IV). The IR spectrum of the precipitate (Fig.3) gave evidence for the presence of strongly coordinated DTPA (characteristic shape in 1350-1650 cm-1 region [9]), some Tc(-O)2Tc groups (715 cm-1), and Tc=O group (840, 936 cm-1). The    precipitates I and II were X-ray amorphous, that being a common case for DTPA complexes. This should be due to the possibility for 5 carboxilate groups in DTPA to coordinate differently with the central Tc atom, thus making impossible to form the crystallographic order structures.  The EXAFS spectra were registered from the solid precipitates (I and II) and the mother solutions. For both solids no pre-peak characteristic of TcO4- was detected in the spectra while in both mother solutions pertechnetate was an important constituent. The FT of EXAFS for solids I and II are shown in the Fig.4. The interatomic distances are fited without shift correction. It is clear that for for I the Tc=O group is relatively  more important while the Tc-Tc interactions at 3-3.5 Å are much stronger in the II. Wavelet transform (WT) recently adapted to EXAFS analysis [10-12] made us possible to visualize the WT modulus in a k-R plot,  providing clear information to interpret the results.The wavelet analysis of the Tc-DTPA EXAFS data were performed using the FORTRAN program HAMA employing Morlet wavelet algorithm [12]. The plot at Fig. 5 shows the wavelet magnitude for the k2-weighted data for the II. The EXAFS parameters for the best fit is tabulated in Table 2. EXAFS spectra unumbiguosly indicate the polynuclear and probably polymer nature of the precipitates with a row of inequivalent Tc-Tc distances. Reminding that O and N are not distinguishable by EXAFS the distance 2.13 Å could by attributed to both. One of the simplest possible structures is shown at Fig. 6. According to typical Tc-O and Tc-N distances alternative coordination with carboxylates is also very possible. It is evident that the Tc –Tc distances of 2.66-2.85 Å indicate formation of technetium metal-metal bond [13]. 

	Table 2. EXAFS parameters for the precipitate II.

 R-factor for this data set = 0.01299

Tc-neighbour

Coord. number

DW-factor    

R, Å

O1

0.4(2)   

0.0033   

1.67(1)
O(N)2

0.9(5)   

0.0033   

2.13(1)
Tc1

0.5(2)   

0.0047   

2.67(1)
Tc1

0.5(2)   

0.0047   

2.85(1)
Tc2

1.6(5)  

0.0047   

3.44(1)
Tc2

0.7(3)  

0.0047   

3.74(1)
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Fig.6. Possible structure of the central

 group in the Tc-DTPA precipitate (II)




Conclusions. 
Simulated Tc-DTPA precipitates were isolated from Tc-N2H5NO3-DTPA-HNO3 solutions and studied by chemical analyses, XRD, IR, Raman and UV-VIS, EXAFS and ESR spectroscopy. The Tc-DTPA ratio was found to be 1:1, the compound was paramagnetic. Possible structures of the formed Tc-DTPA complexes were proposed all including polynuclear structures. 
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Fig.5. EXAFS wavelet magnitude


 for the k2-weighted data for II





Fig.4. EXAFS FT magnitude for the Tc-DTPA precipitates


 I (upper) and II (lower)





Fig.2. UV-Vis spectrum of Tc intermediate dissolution species





Fig.3. IR  spectrum of the


 Tc-DTPA  complex (I).
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