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Outline

e Motivation

*Tcin glass

*TcO, compounds

*TcOs, TcOg compounds
e Simulations & ongoing work



Technetium - why do we care?
* Tc-99 is problematic radionuclide °
= Half life 213,000 years
= TcO, highly mobile in ground water
= Redox quite different than surrogate Re
* For Hanford mission, Tc-99 is concern

= Hanford site: ~1500 kg (~25,000 Ci) of T,
50-90+% to be immobilized in LAW glass

= Low retention of Tc: Solubility? Volatility?
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Pertechnetate Synthesis

Laboratory

1. NH,TcO,

/

2. Cation
Exchange
Column

——

- Batch sizes 0.5 - 20.0 grams of solid Tc oxides

3. Distillation
&

Crystallization

« Synthesis completed in a specialized hood in the Radiochemical
Processing Laboratory (RPL) at Pacific Northwest National

HTcO,
LTcO,__

NaTcO,
KTcO,

RbTcO,
CsTcO,

/

Na,TcO;
K;TcOs
Na;TcOgq
KsTcOg

V

From M*TcO, and
M*OH or M*,COg



Analysis

« Special tools and techniques had to be developed for
loading & analyzing Tc-99 compounds

e Issues included performing sample loading in
radiological hood and sometimes inside glove bag, all
to prevent dispersibility & interaction with water

« ND ~1200pCi (44.4 MBq)

« NMR ~100 (3.70)
« Raman ~50 (1.85)
« XAS ~43 (1.59)
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TcO, Pertechnetates: Neutron Diffraction
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TcO, Pertechnetates: Tc K-edge XAS
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Intensity (arb. un., normalized)

TcO, Pertechnetates: Raman
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750 MHz (17.6 T)

TcO, Pertechnetates: Tc-99 NMR

“Static” NMR
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TcO, Pertechnetates: “Size matters”
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From Tc-99 NMR, alkali size (# electrons) influences

O in Tc-O bond, thus influencing Tc-99; for NaTcO,:
* Na higher EN than other alkali thus attracts e-
« charge density relatively higher on alkali side of O
» Tc deshielded relative to TcO,
» Larger difference in O-Tc-O bond angles (more
asymmetric) -> larger quadrupolar coupling
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5- and 6-coordinated Tc(VIl) Pertechnetates?

2Li,0 + LiTcO, — Lig TcOq4 (250-450°C) Te(VII)
2Li,CO;4 + LiTcO, — Lis TcO4 + 2CO, (600-650°C) Te(VI)
Li,O + LiTcO, — Li; 1cOs (reaction T unknown)

4Li5TcOq — 2LigIcOg + TCy07(gag) + 4LI,O + 20,44 (>650°C)

LigTcOg — Li, TcOg + Li,O (750°C)

2Na,O + NaTcO, — Na: TcOq (250-450°C)

Na,O + NaTcO, — NazTcOg (250-450°C)

K,O + KTcO, — K;TcOq (250-450°C)

Tc(VI)  TcO, TcO* TcOg>

B. Kanellakopulos, The ternary oxide of 3-to 7-valent technetium with alkalis, Kernforschungszentrum. Inst.
Radiochem., Karlsruhe, Germany, IssueAEC Accession No. 31424, Rept. No. KFK-197 (1964).

Keller, C. and B. Kanellakopulos, "Ternary oxides of tri- to septivalent technetium and alkali metals,” Journal of 13
Inorganic and Nuclear Chemistry, 27(4), 787-95 (1965).



TcO5 and TcO6

* Several synthesis approaches: Very hygroscopic,
difficult to characterize

* Probably impure: Na3, K3, Li5, Na5, K5
* XAS: appear to be different than TcO4

* EPR: some even Tc states due to impurity? radiolysis?

* Raman: LisReOg; successful & matched literature
* NMR: LisTcOg has strange Tc-99 pattern

Compounds are difficult to make in pure state; not very stable so

hard to characterize; crystal structures not generally known
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Current and future work

e Establish DFT methods on TcO,, Tc,0- and
compare to literature & spectroscopy

Electronic Phonon

TC 02 . =
//' DOS DOS

 Calculate KTcO,, NaTcO, and compare cal/exp
Raman, NMR

 Calculate “unknowns” LiTcO, and “HTcO,”

 In parallel, synthesize & characterize ReO5 and
ReO6 compounds to refine methods



Thanks for staying to (almost) the bitter end of MRS 2017!
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