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Abstract

Technetium-99 is a high yield (~6% fission yield) fission product and long-lived (2.13x10°
year half-life) component of nuclear waste that will be disposed of in a geological repository.
Some *’Tc has been released into the environment due to nuclear fuel and weapon production
activities at sites such as Hanford, WA. Strongly complexing ligands such as ethylenediamine-
N,N,N’,N -tetraacetic acid (EDTA) are known to increase Tc(IV) solubility and mobility in
environmental systems and an accurate quantification of the complexation of Tc(IV) with EDTA
is important for predicting its behavior in a geological repository. A liquid-liquid extraction
system utilizing 0.2 M TOPO in dodecane was used to measure the stability constants of
Tc(IV)-EDTA in 0.50 m NaNOs; at variable temperatures (14.0+0.1, 25.0+0.1, and
32.0+0.1°C). The acid dpendence of the apparent stability constants in the pCurange of
2.00-2.70 indicated the formation of TcO(EDTA)*" (log Bio1 = 17.9 £ 0.3, 25.0£0.1°C) and a

protonated complex TcO(H)(EDTA)  (log f111=20.5+0.1, 25.0+0.1°C). The associated
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thermodynamic ~ parameters  ArGio1 =—101.7 £ 0.4 kJ'mol™!,  AcHio1 =—47 £+ 9 kJ-mol !,
ArS101 =179 £ 36 J'mol "K', A:Gi11=-117.2+ 0.3 kI'mol™!, AcHii1=-23+5kJmol!, and
AcSi11 =315+ 63 J'mol K™! (0.50 m NaNO3, 25.0+£0.1°C) were determined by van’t Hoff
analysis. The formation of each Tc(IV)-EDTA complex is exothermic and present favorable

entropy terms.
1 Introduction

Technetium-99 is a fission product, primarily generated via anthropogenic means. It has a
high fission yield of approximately 6% from the thermal neutron induced fission of U and *°Pu
and a radiological half-life of 2.13x10° years [1]. Environmental releases of **Tc have been
estimated at ~100 TBq from atmospheric nuclear weapons tests and ~1000 TBq from nuclear
reprocessing activities; an additional ~15,000 TBq is currently kept in interim storage at sites such
as Hanford, WA awaiting disposal in a geological repository [2, 3]. The large inventory of **Tc
coupled with its half-life makes understanding the long-term behavior of Tc in the environment of
paramount concern when accessing repository performance and predicting **Tc migration and

cleanup strategies at contaminated sites.

The chemistry of Tc is strongly influenced by its oxidation state, where the I, ITI, IV, V and
VII oxidation states are accessible [3-6]. However, conditions in the environment generally limit
Tc to the IV and VII oxidation states [3]. Under oxic conditions, Tc is present in the VII oxidation
state as the pertechnetate anion (TcO4). Tc(VII) has high water solubility and exhibits weak
interactions with mineral surfaces and organic matter due to its anionic nature, and therefore is
highly mobile in environment [7]. The IV oxidation state is stabilized under anoxic and/or
reducing conditions, forming amorphous hydrous oxides and readily hydrolyzed oxocations:
TcO2:xH20@m), TcO*, TcO(OH)*, TcO(OH):’, TcO(OH)3™, etc. [6, 7]. These species have
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diminished solubility (controlled by the oxide) compared to Tc(VII) and sorb to mineral surfaces,
hence Tc(IV) is generally considered to display limited mobility in the environment [3, 6, 7].
However, it is well-known that strongly complexing ligands such as ethylenediamine-N,N,N’,N -
tetraacetic acid (EDTA) can complex Tc(IV) species, increasing its solubility and consequently its
environmental mobility via ligand assisted dissolution [7-11]. Various chemical processes used
during plutonium production have introduced substantial quantities of complexing agents—citrate,
gluconate, oxalate, EDTA, etc.—to nuclear wastes stored at sites such as Hanford, WA [2, 4, 12-
15]. Therefore, knowledge of the complexation of Tc(IV) with these ligands is important for
understanding Tc(IV) chemistry in stored nuclear wastes and the potential impact these ligands

have on Tc(IV) behavior in the environment.

The general complexation of a metal ion (M) with a ligand (L) can be expressed by the

chemical equilibrium:

mM™ + hH' + xL* 2 M, H, L, (1)
with a stability constant:
B [M’n Hh Lxmn+h—xz]
mhx P Y N (2)
[M™ T [H ] [L7]

where negative values of /4 indicate hydroxo species. The stability constant is proportional to the

change in free energy for the complexation reaction (ArGmix) by the relationship:

Ar(;mhx = —RTll’lﬁmhx (3)
where R is the gas constant and 7' is the absolute temperature. Additionally, the reaction enthalpy
and entropy, AcHmnx and ArSmax respectively, are also related to the stability constant through the

linear form of the van’t Hoff equation:
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RT R )

1nﬂmhx -

The combination of these thermodynamic parameters helps describe the metal-ligand
complexation equilibrium, as it is a tool to quantitatively predict chemical speciation and solubility.
Previous studies have reported the complexation and dissolution of Tc(IV) with EDTA in NaCl
media. Gu et al. reported that the addition of 2.5 mM EDTA increases Tc(IV) solubility from
~10-* M to ~4x10-” M at pH 6 over the course of 12 days and that EDTA stabilized Tc(IV) against
re-oxidation [7]. Boggs et al. determined the stability constants for Tc(IV)-EDTA complexes at
varying ionic strengths of NaCl, calculated the constants at zero ionic strength (Smnx°), and used
the data to model the solubility of Tc(IV) in the presence of EDTA [10]. Experiments at pH 6.5
identified a 1:0:1 Tc(IV)-EDTA complex, TcO(EDTA)> (log B101°=20.0 £ 0.4), as well as a
protonated complex, TcO(H)(EDTA) (logfi111°=25.3+£0.5), at pH4.5. Nuclear wastes
typically contain nitrate while the studies by Boggs et al. were performed in NaCl, warranting the
evaluation of Tc(IV)-EDTA complexation in nitrate media. Furthermore, the temperature
dependence of the stability constants and the reaction enthalpies and entropies have not been
reported. This work reports the investigation of Tc(IV)-EDTA complexation in 0.50 m NaNOs at
14.0+0.1, 25.0+ 0.1, and 32.0 £ 0.1°C. A liquid-liquid extraction system was used to identify
the Tc(IV)-EDTA complexes and quantify their stability constants at the various temperatures;
values for AcGmnx, AtHmix, and AwSmix, associated with the complexation of Tc(IV) with EDTA,

were calculated using the linear form of the van’t Hoff equation.
2 Experimental

2.1 Reagents
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The chemicals and materials used were of reagent grade. Efforts were taken to minimize
the amount of dissolved oxygen in solutions which can oxidize Tc(IV). Aqueous solutions were
prepared with distilled, deionized water (Millipore Synergy, 18.2 MQ-cm™') which was degassed
by boiling for 30 min followed by cooling under a nitrogen blanket, or by sparging with nitrogen
for 30 min. Stock solutions were stored under a nitrogen blanket; we purged oxygen from the
headspace of sample containers and vials before transferring them inside an inert, nitrogen
atmosphere glovebox. All sample manipulation and liquid-liquid extraction experiments were
performed in the inert atmosphere glovebox. A weighted amount of NaNOs3 (99.7%, ACS certified,
Fisher) was dissolved in a known mass of water to produce 0.50 m NaNQOs. Potassium hydrogen
phthalate (KHP) (99+%, Acros Organics) and the disodium, dihydrate salt of EDTA
(Na2H2EDTA-2H20) (99%, Fisher) were dried in an oven at 110°C for 1 hr and then cooled in a
desiccator. A 1.00x107> M EDTA stock solution in 0.50 m NaNO3 was produced using the dried
reagent. Carbonate free NaOH solutions were prepared by dissolving NaOH (pellets, >97.0%,
ACS certified, Fisher) in water to reach a 50 wt% NaOH stock, from which carbonate was allowed
to precipitate overnight. This stock was diluted to the desired concentration with 0.50 m NaNO3
and standardized by titrations of KHP to a phenolphthalein endpoint with a Metrohm 876 Dosimat
Plus. Nitric acid (68.0-70.0%, ACS Grade, EMD Millipore) was diluted in 0.50 m NaNO3 and
standardized against standardized NaOH. Tri-n-octylphosphine oxide (TOPO) (99%, Acros
Organics) was dissolved in dodecane (Acros Organics) with gentle heating to obtain a

concentration of 0.2 M TOPO.
2.2 Preparation of Tc(IV)

A stock solution of Tc(IV) was prepared by reducing Tc(VII) with sodium dithionite

(Na2S204) following a previously reported procedure [3, 8, 11]. Specifically, a small aliquot
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(100-400 pL) 0of 0.29 M NH4TcO4 (Oak Ridge National Laboratory) was added to 1-2 mL 0of 0.2 M
NaxS204 (J. T. Baker). This solution was adjusted to ca. pH 12 with NaOH, leading to the
formation of a black precipitate of TcO2. The precipitation was allowed to proceed for at least
72 hr and then the suspension centrifuged and the supernatant discarded. The precipitate was
washed three times with 0.01 M Na2S204 and a small portion added to 3 mL of 2 M HNOs in a
microcentrifuge vial which also contained 0.02 M hydrazine (hydrazine monohydrochloride,
H>NNH2-HCl, 98+%, Sigma-Aldrich) to maintain the tetravalent oxidation state. The precipitate
was allowed to dissolve for 1-2 weeks, forming a faint brown supernatant solution above the
precipitate. The amount of dissolved Tc in the stock was quantified by liquid scintillation counting
(Beckman LS 6500) and was typically on the order of 107 M Tc. The tetravalent oxidation state
was verified by a liquid-liquid extraction procedure using iodonitrotetrazolium chloride (INT)
(95%, Sigma-Aldrich) in chloroform (99.9%, ACS certified, Fisher) which separates anionic

IVO2+

TcV"O4~ from cationic Tc as described previously [10, 16].

2.3 Measurement of pCyx

A Fisher Scientific Accument AB15 Basic pH meter equipped with a Mettler-Toledo
LE422 combination pH electrode was used to measure the hydrogen ion concentration
(pCu = —log [H']) of each sample. The electrode was calibrated daily to provide the relationship
between electrode potential (E£) and pCu at 0.50 m NaNOs3 ionic strength. Calibration solutions of
107! to 107* M HNOs (pCu =1 to 4) in 0.50 m NaNOs were standardized against standardized
NaOH. The electrode potential of the calibration solutions were measured in mV and plotted
against the pCu of the standardized HNOs to give a linear calibration curve of £ vs. pCu at 0.50 m

NaNO:s ionic strength. The slopes of these calibration curves were within 1% of the Nernstian
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value throughout this work. The electrode potential of the liquid-liquid extraction samples were

measured and converted to pCu using the calibration curve.
2.4 Liquid-Liquid Extraction

Liquid-liquid extraction experiments were performed in triplicate for each data point. The
organic phase (2 mL) consisted of 0.2 M TOPO in dodecane. The aqueous phase (2 mL) contained
0.50 m NaNOs, varied concentration of EDTA (0 to 7.00x10—> M), and 0.02 M hydrazine to
maintain Tc in the tetravalent oxidation state. A 10 pL spike of the Tc(IV) stock was added to
reach ~3000 cpm'mL~! **T¢(IV) in the aqueous phase and the pCu adjusted between 2.00-2.70
using 0.50 M HNO3 or 0.50 M NaOH. The organic phase and aqueous phase were contacted in
6 mL screw top glass vials, sealed shut with Parafilm, laid down on their side, duct taped to the
shaking tray, and completely submerged in temperature-controlled water of a Grant OLS26 Aqua
Pro shaking water bath. The water bath was equipped with a stainless steel lid and heat exchange
coil interfaced with a Brinkmann RM6 Lauda refrigerated water circulator, which allowed
experiments to be performed above and below ambient temperature. The bath water was
thermostated at the desired temperature (14.0 £ 0.1, 25.0 £ 0.1, or 32.0£0.1°C). Preliminary
experiments indicated that at least 6 hr of shaking was required for samples to reach thermal and
extraction equilibrium at all the temperatures studied; in practice samples were allowed to shake
overnight (>12 hr). After mixing, the phases were separated by centrifuging at 4000 rpm for 1 min
and the amount of **Tc in each phase quantified by homogenizing 1 mL aliquots from each phase
with 5 mL of liquid scintillation cocktail (Ecoscint, National Diagnostics); the samples were
counted on a liquid scintillation counter (Beckman LS 6500) for 30 min or until a 1% in the 2o

count rate error was achieved.
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3 Results and Discussion

The complexation of Tc(IV) with EDTA can be described by the following equilibrium:

TcO™" + hH' +xEDTA* = TcO(H),(EDTA )*"* (5)

with an associated stability constant:

_ [TcO(H),(EDTA )*""*]
[TcO* J[H']'[EDTA*T

(6)

1hx

The distribution of Tc(IV) between the organic and aqueous phase is quantified by the distribution

ratio, D:

L 7
2oy, @

where X[Tc(IV)]org) and Z[Tc(IV)]aq) are the analytical concentrations of Tc(IV) in the organic
and aqueous phases respectively, and were determined radiometrically by measuring the count rate
of ®Tc in each phase. The change of the distribution ratio with varied concentration of free EDTA,

[EDTA®*-], at a specific pCh is described by:

1 1 app

— = — + X E 4_X
D D, 2 DO[DTA] (8)

where Do is the distribution ratio in the absence of EDTA and ™ is an apparent stability constant

defined as:

Z': +
ﬂ;tpp - jh P — [H ]h )
(1 + Zi:hﬂl_ho [H ] )

where f1-r0 are the hydrolysis constants for Tc(IV) (Table 1). The apparent stability constant is

interpreted as a conditional/effective formation constant for the complexation of Tc(IV) with
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EDTA at a specific pCu. Plots of 1/D vs. [EDTA*] at a fixed pCu yield curves with y-intercepts

equal to 1/Do and coefficients proportional to ﬂi PP The concentration of free EDTA was calculated

using the data found in Table 1, and an example of these curves are shown in Figure 1. The data
followed a linear trend, i.e. x =1 (Eq. 8), which indicated the formation of 1:1 Tc(IV)-EDTA
complexes. The 1:1 stoichiometry was observed at all the pCu and temperatures studied in this
work. The distribution data at each pCu and temperature was fit according to Eq. 8 using an error
weighted linear least squares fit, and f*P determined from the slopes of the resulting lines; this
data is presented in Figure 2 on a logarithmic scale for visual clarity. Weighting factors equal to
202 obtained from triplicate experiments were applied to each data point in the data fitting. The
apparent constants at each temperature and pCh are listed in Table 2 and were found to vary with
both temperature and pCu. The value of f* was observed to increase with increasing hydrogen
ion concentration, suggesting the formation of protonated complexes of the form MHL. In
Figure 3, the apparent stability constants were corrected for the hydrolysis of Tc(IV), plotted as a

function of hydrogen ion concentration, and found to fit the relationship [17]:

ﬁa‘“’(l +Zﬂ1_ho[H+]"“> = Bor + By [H] (10)
i=h

where fio01 and Si11 are the stability constants corresponding to the formation of the complexes
TcO(EDTA)*" and TcO(H)(EDTA) respectively. These stability constants were determined from

the y-intercept and slope described in Eq. 10 at each temperature and are tabulated in Table 3.

The variation of the Tc(IV)-EDTA complex stability constants with temperature were used
to determine the other thermodynamic parameters describing the complexation reactions. The
ArGmix was calculated using Eq. 3. Plots of the natural logarithm of the stability constant vs. 1/T

allowed for the calculation of ArHmix from the slope and ArSmax from the y-intercept of the resulting
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lines as described by Eq. 4 These linear forms of van’t Hoff plots are shown in Figure 4 for the
TcO(EDTA)?*” and TcO(H)(EDTA)™ complexes identified in this work. Values for AcH1o01, A 111,
A:S101, and AsS111 are presented in Table 3. The positive slopes in Figure 4 indicate that the
complexation  reactions are  exothermic  with  AHi01 =—47 =9 kJ-mol™! and
AcHii1=-23 £ 5kJ'mol™!. The less negative (and slightly less favorable relatively) enthalpy
observed for the 1:1:1 complex is attributed to a decrease in EDTA denticity; one of the EDTA
carboxylate groups is likely no longer directly coordinated to the Tc(I'V) center after the complex
is protonated, decreasing the net bond strength of the complex. The Tc(IV)-EDTA complexes also
display favorable entropy terms of A:S101 = 179 £ 36 J'mol 1K ™! and
A:S111 =315+ 63 J'mol 'K™!. The larger and more favorable entropy change of the 1:1:1:
complex is explained following similar reasoning as described above: a carboxylate group that is
not complexed to the Tc(IV) center when protonated would have more vibrational and rotational

degrees of freedom, resulting in increased system disorder.

The stability constant for the TcO(EDTA)?>" complex measured in 0.5 M NaCl and
25 £+ 1°C reported by Boggs et al. (log fi01=17.1 £0.4) [10] is in agreement with our value
measured in 0.50 m NaNOs and 25.0 £ 0.1°C (log 101 =17.9 = 0.3) considering the differing
background medium. The identity of background electrolyte exhibits a greater influence on the
formation of the TcO(H)(EDTA)™ complex however, with a larger value of log f111 =22.1 £ 0.5
in 0.5 M NacCl and that our value of log £111 =20.5£0.1 in 0.50 m NaNOs. Comparisons of
Tc(IV) with V(IV) are of some benefit as free V(IV) also forms an oxocation, VO?**, with similar
coordination chemistry as TcO?*". The thermodynamic data for V(IV)-EDTA complexes are
likewise presented in Table 3. Analogous 1:0:1 and 1:1:1 V(IV)-EDTA complexes have been

identified with log fi01 = 18.7 £ 0.2 (0.1 M KNO3, 25°C) and log £111 = 21.7 (0.1 M ionic strength,

10
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20°C) [18, 19]. The stability constants and the associated A:Gmix of the complexes indicate that
the binding strength of EDTA with Tc(IV) is weaker than with V(IV), which is consistent with
prior observations [10, 15, 20]. Additionally, the 1:0:1 V(IV)-EDTA complex displays more
positive ArH101 and ArSi01 values than the 1:0:1 Tc(IV)-EDTA complex. The ionic radii of Tc(IV)
and V(IV) are 0.645 A and 0.58 A respectively; the higher charge density of V(IV) compared to

Tc(IV) is a likely explanation for the difference of complexation strength with EDTA [21].

Speciation models of Tc(IV)-EDTA were constructed at 14.0, 25.0, and 32.0°C using the
thermodynamic data in Table 3 with [Tc(IV)]=10°M and [EDTAJwa =10*M. Tc(IV)
hydrolysis constants are only available at 25°C, however compared to the much stronger
complexation of Tc(IV) by EDTA - Tc(IV)-EDTA stability constants are greater than the Tc(IV)
hydrolysis constants by almost 20 orders of magnitude - to a first approximation, the variation of
the Tc(IV)-EDTA stability constants would exhibit a greater influence on Tc(IV)-EDTA
speciation than variation of Tc(IV) hydrolysis constants at varied temperatures. A pCu range of 1
to 4 was covered in the speciation diagrams since the thermodynamic data was determined in pCu
2.00-2.70. The first hydrolyzed Tc(IV) species, TcO(OH)" is the dominant Tc(IV) species below
pCu 2, followed by the formation of the protonated TcO(H)(EDTA)~ complex. This complex
represents almost 50% of Tc(IV) at pCu 2.5 and 14.0°C but is diminished at higher temperatures.
The TcO(EDTA)?* complex dominates at pCx > 3. The exothermic nature of the Tc(IV)-EDTA
complexes implies that the complexes becomes weaker with an increasing temperature.
Hydrolysis reactions of Tc(IV) display more competition as the overall Tc(IV)-EDTA
complexation strength becomes weaker, and as a result the pCu at which the Tc(IV)-EDTA

complexes form are slightly shifted to higher, more basic pCu with increasing temperature.

4 Conclusion
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The thermodynamic parameters for the complexation of Tc(IV) with EDTA were
determined in 0.50 m NaNO3 and variable temperatures using a liquid-liquid extraction method.
The variation of the apparent stability constants in the pCu range of 2.00-2.70 identified the
formation of two Tc(IV)-EDTA complexes: TcO(EDTA)?>™ (log Bio1 = 17.9 £ 0.3, 25.0 £ 0.1°C)
and the protonated complex TCO(HEDTA) (log 111 =20.5 £0.1,25.0 £ 0.1°C). Linear forms of
van’t Hoff and complex stability constants at 14.0 = 0.1, 25.0 £ 0.1, and 32.0 = 0.1°C allowed for
the calculation of the complexation reaction enthalpies and entropies. Both Tc(IV)-EDTA, 1:0:1
and 1:1:1 complexes were exothermic and favorable in regards to entropy. The stability constants
for TCOEDTA?" are similar in 0.5 M NaCl and 0.50 m NaNO3, while a larger difference was
observed for the TCO(H)(EDTA)™ complex between the different background electrolytes. Similar
V(IV)-EDTA complexes have also been reported, where the V(IV)-EDTA complexes are stronger
than analogous Tc(IV)-EDTA complexes. The thermodynamic data was used to produce the
speciation diagrams for Tc(IV)-EDTA at 14.0, 25.0, and 32.0°C. A change in Tc(IV)-EDTA
speciation with temperature was observed in the speciation models; an important consideration for

predicting Tc(IV) behavior environmentally-relevant systems.
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314
315
316
317

Table 1: Selected data for the hydrolysis of Tc(IV) and protonation reactions of EDTA.

Reaction log 8 AH (kJ'mol ™) Ref.
TcO* + H20 = TcO(OH)" + H' 0.01? [3]
TcO?" + 2H20 = TcO(OH),? + 2H" —4.00? [22]
TcO* + 3H20 = TcO(OH)s™ + 3H" —14.89° [22]
H"+ EDTA* = HEDTA® 10.09 + 0.03° -19.8 £ 0.5 [23]
2H" + EDTA* = H2EDTA?" 16.02 + 0.04° —35.0 + 0.6 [23]
3H"+ EDTA* = H3EDTA™ 18.49 + 0.04° —27.9+0.8° [23]
4H" + EDTA* = H4EDTA® 20.39 + 0.06° —26 + 22 [23]
5H*+ EDTA* = HsEDTA" 21.70 £ 0.07° —24¢ [23][19]
6H" + EDTA* = HeEDTA?*" 21.58 +0.07° —23¢ [23][19]

4Zero ionic strength
®Ref. [23] 0.509 m NaNOs3
‘Ref. [19], 0.1 M Na" salt

15



318  Table 2: Apparent stability constants for Tc(IV)-EDTA complexation in 0.50 m NaNO3 and varied
319  temperature. Reported errors in pCu and log P are 2¢ from triplicate experiments.

14.0£0.1°C 25.0+0.1°C 32.0+0.1°C
pCn log /PP pCn log /PP pCu log /PP
2.04 £0.02 18.8£0.1 1.98+0.02 1848+0.04 2.00+0.02 16.1+0.1
2.29 £0.05 18.0£0.3 2.17+£0.03 18.2+0.1 2.22+0.03 15.7+0.1
2.62 +0.02 17.2+0.1 2.65+005 17.12+0.06 2.63+0.04 14.98 +0.09

320
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321  Table 3: Thermodynamic parameters for the complexation of Tc(IV) and V(IV) with EDTA. Errors reported for the thermodynamic data are 20
322 from triplicate experiments.

AG AH AS

Reaction Medium T(°C) log S (kJ-mol ™) (kImol™)  (Jmol K™ Ref.
TcO*" + EDTA* = TcO(EDTA)* 0.50 m NaNO;  14.0=0.1 18.3+0.6 -101+3 p.w.

0.50 m NaNO; ~ 25.0+0.1 179+£0.3 -101.7+0.4 —47+9 179+36  p.w.

0.50 m NaNO;  32.0+0.1 17.6 £0.6 -103+4 p.w.

0.5 M NaCl 25+1 17.1£0.4 —98+2 [10]

TcO* + H" + EDTA* = TcO(HEDTA) 0.50 m NaNO;  14.0=0.1 20.9+0.3 —-115£2 p.w.

0.50 m NaNO;  25.0=0.1 20.5+0.1 —117.2+0.3 2345 315+£63  p.w.

0.50 m NaNO; ~ 32.0+0.1 204+0.2 —-119+1 p.w.

0.5 M NaCl 25+ 1 22.1+0.5 -126+3 [10]

VO* + EDTA* = VO(EDTA)* 0.1 M KNO3 25 18702 —106.7+0.5 -10.5+0.5 326+3 [18]

VO*" + H'+ EDTA* = VO(HEDTA) 0.1 M 20 21.7 —124 [19]

323  “p.w.: present work
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Figure 1: Representative distribution data from the extraction of ~3000 cpm-mL ™! *T¢(IV) in a
system containing 0.02 M hydrazine and varied EDTA in 0.50 m NaNO3s and 0.2 M TOPO in
dodecane at (m) 25.0 £ 0.1°C, pCu = 2.65 = 0.05 and (@) 32.0 £ 0.1°C, pCu = 2.63 £ 0.04. Errors
are 20 from replicates.

18



330

331
332
333
334
335

336

E B 140101°C
1.:: pC, 2.04 +0.02
_ ® 140+01°C
0.9+ PGy 2.29 + 0.05
0.8 —— ¢ 140+01°C
2 pC, 2.62 £ 0.02
0.7 __ B 250+0.1°C
0.6 E pC, 1.98 +0.02
Q. @ 250:01°C
= : pC, 2.17 £0.03
0.5 E & 250+01°C
F pC, 2.65 +0.05
- E 320:0.1°C
0.4 C pC, 2.00 + 0.02
r @ 320:01°C
[ PGy, 2.22 +0.03
0.3 T ¢ 32010.1°C
[ 1 1 1 1 1 11 1 I 1 1 1 1 1 11 1 I 1 1 1 1 1 111 pCH 2'63 t 004
10-18 10-17 10-16 10-15

[EDTA*] (M)

Figure2: 1/D vs. [EDTA*] at variable temperatures and pCu from the extraction of
~3000 cpm'mL™" ®Tc(IV) in a system containing 0.02 M hydrazine and varied EDTA in 0.50 m
NaNOs and 0.2 M TOPO in dodecane. A logarithmic scale is used so all data is visible on the
same graph. Data points are averaged experimental data (triplicates) and solid lines are the error
weighted linear fits using Eq. 8. Error bars are 2¢ from replicates.
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Figure 3: Variation of the hydrolysis corrected, apparent stability constants for Tc(IV)-EDTA
complexation with [H'] in 0.50 m NaNO3 and variable temperature. Error bars represent 2.
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341

342  Figure 4: Linear form of van’t Hoff plots of Inf vs. 1/T for the identified Tc(IV)-EDTA
343  complexes. Dashed lines represent 95% confidence bands from the regression analysis.
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Figure 5: Speciation diagrams for Tc(IV)-EDTA with model conditions of 107° M Tc(IV) and 10™* M EDT A at (a) 14.0 = 0.1°C,
(b) 25.0 £ 0.1°C, and (¢) 32.0 + 0.1°C. The Tc(IV) hydrolysis constants and EDTA protonation constants are presented in Table 1, and

(b)

TcO(OH)*

TcO(EDTA)*"

TcO(HEDTA)"

the Tc(IV)-EDTA stability constants (0.50 m NaNOs) are listed in Table 3.
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