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ABSTRACT

Separation of Lanthanide lons with Klaui. TRINITY GRANGER, VICTORIA HENRY,
and STANLEY LATESKY (University of the Virgin Islands, 2 John Brewer’s Bay, St.
Thomas VI 00802) GREGG LUMETTA (Pacific North West National Laboratory,
Richland WA 99352)

Separation and pre-concentration of the desired analyte is often a critical step in many
radioanalytical methods. Current procedures for separating and concentrating analytes
for detection are complex, and can be both expensive and time consuming. Therefore,
the purpose of this research is to develop an alternative method of separating lanthanide
ions through the use of an extraction chromatography resin containing a Klaui ligand salt.
This research is a continuation of a concerted effort to develop new methods of detecting
small concentrations of radionuclides and lanthanides using Kl&ui ligands. The Kl&ui
ligands, CsMesCo(OP(OR),)s  (R=Me, Et, n-Pr) (Lor), have unique affinity for
lanthanide and actinide ions in the presence of competing metal ions. The use of 1 wt%
NaLor (R=Et or n-Pr) adsorbed onto resin support has been shown to extract lanthanide
ions from aqueous nitric acid solutions of different concentrations. In order to further
evaluate the utility of these materials in radiochemical separation, the selectivity of the
resins for the different lanthanide ions was examined by measuring the distribution
coefficients (Kq) for a series of lanthanides over a range of solution conditions. Based on
prior research with actinide ions, it was hypothesized that the lanthanide ions would bond
strongly with the Kldui ligands. The success of this research is important, because it will
assist in expanding and improving current automated radiochemical methods, which will

decrease the cost of developing and implementing radiochemical methods. To date, Kq



values have been determined for Eu*®, Nd** and Pr*3 under varying nitric acid (HNO3)
concentration, using a resin consisting of 1.0 wt% NaLopr on Amberlite XAD-7HP. The
dependence of the K4 values for Eu*® has also been examined as a function of the ligand-
to-europium ratio and the nitrate concentration. Decreasing Ky values were obtained
upon increasing the nitric acid concentration, indicating protonation of the ligand, which
competes with binding of the lanthanide ions. As expected, increasing the Klaui ligand-
to-europium ratio results in increasing Ky, but no conclusions could be made from these
data regarding stoichiometry of the complex formed on the resin. No dependence of the
Kg on the nitrate concentration was observed, supporting the notion that the HNO3
dependence is dominated by the presence of the acidic hydronium ion (as opposed to the
nitrate ion). Future work will involve the determination of the Ky values for the
remainder of the lanthanide series to further assess the potential of the Kl&ui ligand for

intra-group lanthanide separations.



INTRODUCTION

Separation and pre-concentration of a desired analyte is often a critical step in
many radioanalytical methods. Traditional wet radiochemical separation methods such
as precipitation, ion exchange, and liquid-liquid extraction are time consuming and labor
intensive. Recent advances in separations technology such as extraction chromatography
offer the possibility to automate radiochemical separations, which would lead to greater
efficiency and throughput in performing analyses for radioactive isotopes. The purpose
of this research is to explore the use of Klaui ligands, CsMesCo(OP(OR),)s” (R=Me, Et, i-
Pr, n-Pr) (Lor), in separating lanthanide ions from bulk matrix components (e.g., Al, Ca,
Fe, etc.) and from one another. For this purpose the Klaui ligand was deployed as an
extraction chromatography resin containing 1.0 wt% NaLop, Sorbed onto Amberlite
XAD-7HP. In previous research, this resin had been investigated for use in the
separation of actinide ions. Hence, it is hypothesized that the ligand will have similar
affinity for the trivalent lanthanide ions. This work was initiated to determine the relative
affinity of the Kladi ligand resin for the lanthanide ions across the lanthanide series to
assess the utility of the resin for separating these ions from one another, which is a
generally a difficult task.

The experiments performed involved determining the batch distribution
coefficients for lanthanide ions as the nitric acid concentration was varied, as the ligand-
to-metal ratio was varied, or as the nitrate concentration was varied. Distribution
coefficients are a quantitative expression of how much of the metal ion is absorbed onto
the resin at equilibrium, and thus can be used to assess the potential of the resin in

separating the metal ion of interest. Gamma spectroscopy and inductively coupled



plasma optical emission spectroscopy was used to track the distribution of the lanthanide
ions between the liquid and resin phases. Gamma spectroscopy was used for solutions
traced with the radioactive isotope *°Eu. The data were obtained in terms of the number
of gamma emission events observed per minute (counts per minute). The count rates
measured before and after contact with the resin were used to determine the distribution
coefficients for Eu. Inductively coupled plasma optical emission spectroscopy, on the
other hand, is a process that uses light that atoms in the plasma emit. The light emitted
has different wavelengths unique to each element, which can be used to quantify how

much of the element is present in solution.

MATERIALS AND METHODS

Nitric acid solutions of the various lanthanum nitrate salts were contacted with
either the blank resin (Amberlite XAD-7HP) or the Kl&ui ligand resin. The three
lanthanum ion salts used were Eu*®, Nd**and Pr*3. Solutions of different concentrations
of nitric acid (e.g. 0.1, 0.5, 1.0, 2.5, and 5.0 molar) were prepared by diluting a 10 molar
stock solution with deionized water. Normally, 50 mg of the blank resin or the Kl&ui
resin was used; however, in one experiment when the concentration of nitric acid
remained constant, the resin varied from approximately 20, 50, 100, 150, 200, and 250
mg.

A total of sixteen experiments were executed under varying conditions in order to
find out which method separated the lanthanide ions most efficiently. The solutions that
contained Eu*® were executed slightly differently from those that contained Nd**and Pr*®

in that the solutions were spiked with the radioactive tracer *°Eu. The solutions were



contacted with the resin by mixing on a reciprocating shaker set on the oscillating mode
for at least 20 hours. Samples of the solutions were taken before and after contact with
the resin and analyzed by either gamma spectroscopy (for *°°Eu) or ICP-OES (for Nd and
C,-C,

Pr). The Kq values were calculated using the equation K, =

X i , Where C;
; M

represents the initial concentration of the lanthanide ion solution, C; the final
concentration after contact with the resin, V represents the volume of the solution placed
in the gamma counter, and M represents the mass of the resin. As mentioned in the

introduction, the Kq values are a quantitative measure for the amount of ion absorbed.

RESULTS
The relative affinity of the XAD-7HP resin containing 1% NaLop; for Pr*3, Nd*3, and
Eu*® was examined by measuring the batch distribution coefficients (Kg) for each of the
ions as a function of nitric acid concentration. Table 1 and Figure 1 present the data from
this experiment. No sorption of Pr*3, Nd*3, and Eu*® was detected for the blank XAD-
THP resin. According to the data collected in Table 1, as the nitric acid concentration
increased the Kq values decreased, refer to Figure 1. The results are consistent with the
results for Eu*® previously measured at PNNL (Table 2), giving confidence in the
experimental techniques use in this work.

Tablel: Log Kq vs. [HNOs] for Pr*®, Nd*3, and Eu*

[HNOs]  Log Kgq of Nd*? Log Ky of Pr*3 Log Ky of Eu*?
0.1 2.97 2.52 4,29

0.25 2.45 2.12

0.50 1.61 1.67 2.18

0.75 1.32 1.17

1.00 0.91 0.76 1.40



Figure 1: Log Kg vs. [HNO3] for Pr*3, Nd*3, and Eu™
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Table 2. Varying Concentrations of [HNO3] vs. Eu* K, (previously measured at PNNL)

[HNOs] Eu log Kad
0.1 4.26
0.15 3.66
0.2 3.40
0.3 2.86
0.4 2.45
0.6 2.02
0.8 1.63
1.0 1.32

The second part of our experiment (Table 3) shows the dependence of the Eu*® K4
on the amount of resin used. Varying the amount of resin was done to provide an
indication of the influence of the Klaui ligand-to-europium molar ratio on the Eu*® K.
Table 3 and Figure 2 present the results of that experiment (L:M represents the ligand to

metal ratio between the lanthanide metal and Klaui ligand). Although there are large



experimental uncertainties in the data, there is a general trend of increase Eu K4 with

increasing ligand-to-europium molar ratio.

Table 3: Variation of the Eu™ Ky With Respect to Amount of Resin

Note: The empty spaces in the table mean that there was not any test run on that sample at that particular
concentration.

L:M | Samplel | Sample2 | Sample3 | Ky(average) | Standard | Log | Log(standard
Kq(mL/g) | Kg(mL/g) | Kg(mL/g) Deviation | (Kgy) | deviation)
0.5 132.0 230.0 51.3 138 69| 2.1 1.8
1 349.0 289.0 319 42| 25 1.6
2 503.0 413.0 458 64| 2.7 1.8
3 1577.0 598.0 79.0 751 692 | 2.9 2.8
4 877.0 703.0 790 123 | 2.9 2.1
5 1051.0 934.0 992 83| 3.0 1.9
Figure 2: Binding of Eu*®ions as a Function L:M
3.1 -
y =0.1223x + 2.4202
3 R =08329 7,
29
28
g + |ogkd
o 2T .
O ——Linear {logkd)
-
26
25 +
24
23 . . . . .
0 1 3 4 5 &
L:M (X:1)




Discussion and Conclusion
The Klaui resin has a strong affinity for lanthanide and actinide ions, especially at

low nitric acid concentrations. Based on the data collected, one can conclude that this
affinity can be useful in separation procedures. Our data shows that varying the acid
concentrations and the amount of resin present in each batch of XAD-7HP resin and 1%

NaLop, for Pr'®, Nd*3, and Eu** can affect the distribution coefficient (Kg).

In our first experiment the acid was varied in three separate batches of the resin
and a metal. Each batch contained a different metal. The praseodymium batch had the
lowest K4 verses [HNO3] concentrations. At lower concentrations Nd** was binding
noticeably more to the Klaui ligand than the praseodymium (111), and the Eu* binding
with the Kl4ui ligand was the strongest of the three metals. Eu* was only tested with
three concentrations of nitric acid here, but previously a more extensive data set was
obtained (Table 2). Past research tells us that not much binding occurs above 1 molar
and our data on Nd*® and Pr*® shows that it is true. This occurs because the ligand
becomes protonated at the high HNO3 concentrations. The Kl&ui anion, acting as a weak
base, exhibits little or no binding at high acid concentrations due to the equilibrium
protonation of the "Lopr anion forming HLop;. The neutral HLop, is unable to bind metal

ions.

Our second experiment dealt only with the metal Eu*®and its dependence on the
amount of resin used. Figure 2 shows that the Eu*® logKgq value is directly proportional to
the ligand to metal ratio. As the amount of resin used increased the Ky value increased;

therefore, the more ligand added to the metal, the more the lanthanide ions will bind.
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This research can assist in expanding and improving current automated
radiochemical methods. Future work will involve the determination of the K4 values for
the remainder of the lanthanide series and experimenting to find out if the influence of

electrons plays a role in the K4 value.
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