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First investigation of polyoxoniobate and
polyoxotantalate aqueous speciation by
capillary zone electrophoresis

Gauthier J-P. Deblonde,**" Nathalie Delaunay,“ Dahye Lee,® Alexandre
Chagnes,® Gérard Cote® and Pierre Gareil“®

Aqueous solutions of hexaniobate (Hbesolgx'S, 0 < x < 3) and hexatantalate ions (HxTasolgx'S, 0<X<3)
have been probed by capillary zone electrophoresis (CE) for the first time. Taking advantage of the UV
properties of HxTasolgx'8 and Hbesolgx'B, the detection of Nb(V) and Ta(V) could be performed without
using toxic or expensive chelating reagents as reported in CE methods previously developed for Nb and
Ta samples. The effective electrophoretic mobilities of the hexaniobate and hexatantalate ions were
measured as a function of pH in Li*, Na" and K*-based alkaline media at 25 °C. Although HxTasolgx'8 and
HbeGOJQX'8 have almost identical electronic and structural features, they were easily separated in a wide
pH range (9 to 13) using standard bare-fused silica capillary. The separation of Nb and Ta was
accomplished in 5 minutes, which affords a promising method for the analytical support of industrial
processes. The striking difference observed in the mobilities of HxTaGOJQX'8 and HbeGOJQX'8 also led to

new insights regarding the ion-association behavior of these highly charged species.

Introduction

Niobium (Nb; Z = 41) and tantalum (Ta; Z = 73) are two group
V metals that are used in several industries around the world.
The primary use of niobium is the production of ferroniobium
alloys but Nb is also a critical raw material for the manufacture
of electronic components, superconducting magnets, catalysts,
medical implants, commemorative coins etc.'”?3 Tantalum is
more expensive than niobium but it is a key element for
catalyst, electronic and high temperature alloy industries. The
two valuable elements are generally found together in the
natural ores and their almost identical chemical properties
render their separation very arduous. The conventional
separation processes for Nb and Ta require strongly complexing
agent, like fluoride ions**°. Due to environmental impact and
health risks that fluoride reagents exhibit, new strategies are
being developed to recover and purify Nb and Ta. In this
regard, alkaline processes have recently caught growing
attention owing to the high solubility of Nb and Ta in aqueous
solutions of NaOH or KOH and thanks to the lower
environmental impact of the alkaline reagents than the fluoride
ones.

In aqueous solution Nb and Ta only exhibit the degree of
oxidation +V. The thermodynamically stable species that
Nb(V) and Ta(V) form in alkaline solutions are the hexaniobate
(H,NbgO1o*8, 0 < x < 3) and hexatantalate (H,TacOo*%, 0 < x <
3) ions, respectively.”® These ions dominate the solution
chemistry of Nb and Ta at pH higher than ~9.'° The structure
of these hexameric ions has been widely studied in solutions
and in the solid-state. The MO;% framework, also called
Lindqvist ion, consists of a super octahedron of 6 edge-sharing
octahedra MOg. The M¢O;o% cluster has 3 different types of
oxygen with one central atom pe-O inside an MgO octahedra,
six terminal oxygens n=0O and twelve bridging oxygens p,-O
(Figure 1).

Even if the molar mass of TazO,o* is about 60% higher than the
one of NbgO;o> (1390 vs. 861 g.mol'l), the two Lindqvist ions
have almost the same size owing to the lanthanide contraction.
The different metal-oxygen bond lengths found in the alkali
salts AgMO;9,nH,O (A =Li, Na, K, Rb, Cs ; M =Nb, Ta; 0 <
n < 24.5) had been reported by Anderson et al.'’, Balogh et al.'?
and Abramov et al.'* and are summarized in Figure 1.
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Nb: 1.975—1.994 A
Ta: 1.975-1.992A -M,-O

(1.79-2.09 A)*

Nb: 2.355—-2.379A
Ta: 2.353-2.380A
(2.29-2.44 A)*

He-O

Figure 1. Representation of the MgO15" ion (Red spheres: oxygen ; Blue spheres:
niobium or tantalum) containing 1 central oxygen (pe-O), 6 terminal oxygens
(n=0) and 12 bridging oxygens (u,-0O). The corresponding metal-oxygen bond
lengths in the solid-state reported by Anderson et al.™ and Balogh et al.”? are
indicated. *: Tantalum-oxygen bond lengths reported by Abramov et al.™.

In the early development of Nb and Ta chemistry in alkaline
media, HXN]:)()OIQX—8 and HxTaﬁolgx_S
various

ions were studied by
Raman spectroscopy”,
More recently the
hexaniobate and hexatantalate speciation had been probed by
ESI-MS', Small-Angle X-ray Scattering (SAXS)'S, UV
spectrophotometry'® and both solution and solid-state NMR?.

techniques, including

centrifugation'> and potentiometry'.

Surprisingly, H,NbsO,*® and H,Taz0;,*"® ions have never been
investigated by capillary electrophoresis (CE).

More generally, only a handful of studies have probed Nb(V)
and Ta(V) solutions by CE*""****** and these studies were all
performed in acidic media. The results obtained by Timerbaev
et al.*! with ceramic samples showed that Nb(V) and Ta(V) can
be separated by capillary electrophoresis when they are
complexed by Arsenazo-III at pH 7. Nonetheless, this ligand is
known to be highly toxic and the migration times for Nb and Ta
complexes were higher than 40 min. Later, Liu et al.** used 4-
(2-pyridylazo)resorcinol (PAR) as a chromophoric chelating
reagent, which enables the detection of metal complexes (V, Nb
and Ta) by UV spectrophotometry at 540 nm. Moreover, the
method requires the addition of an excess of tartaric acid in
order to prevent the hydrolysis of the metal ions which were
stabilized as ternary complexes with PAR and tartaric acid at
pH 6.5. Nonetheless, the analytical method developed by Liu et
al.?? allows the separation of vanadium, niobium and tantalum
within 10 min. In the second method published by the same
group®, the authors used a-hydroxyisobutyric acid (HIBA) for
complexing Nb and Ta at pH 2.5 and a chemiluminescence
detection using luminol and H,O,. In this case the separation of
Nb and Ta was accomplished within 7 min. The same year,
Vachirapatama et al.** also investigated the separation of Nb
and Ta by CE using PAR derivatives. In their method the best
separation was obtained with the M-PAR-citrate system (M =
Nb, Ta) at pH 6 and the separation of Nb and Ta was
accomplished in 11 min. The four studies published on the CE
analysis of Nb and Ta samples were focused on the separation
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Nb: 1.770—1.804 A
O - Ta: 1.799-1.817A
(1.74-2.00A)*

and quantification of niobium and tantalum. As highlighted by
this brief literature review, the previously developed methods
require strongly complexing and/or chromophoric ligands due
to the poor stability and silent spectral properties of Nb(V) and
Ta(V) in acidic media.

We recently revisited the UV-visible properties of the
hexaniobate and hexatantalate ions and showed that NbgO ;o>
has a strong absorbance band centered at ~240 nm and TagO o>
absorbs below 240 nm." Since Nb and Ta only form the
hexameric ions in aqueous solutions at pH higher than ~9, we
took advantage of this feature to investigate the speciation of
Nb and Ta in alkaline solutions by CE coupled with a direct UV
detection. Therefore, the present paper presents the first study
on the hexaniobate and hexatantalate ions performed by CE.

Experimental

Reagents. All stock solutions were prepared with Ultra-Pure
water delivered by a Direct-Q3 UV system (Millipore,
Molsheim, France). Na;PO4 (> 99%), Na,HPO, (> 99%), NaCl
> 99.5%), dimethylformamide (99.9 %), 2-
(cyclohexylamino)ethanesulfonic acid (CHES, > 99%), 3-
(cyclohexylamino)-1-propanesulfonic acid (CAPS, > 99%)
were purchased from Sigma Aldrich and used without further
purification. KCI (> 99.5%, Prolabo Normapur), LiOH,H,O (>
98%, Alfa Aesar), LiCl (> 99%, Fluka) were used as received.
NaOH solutions were prepared from standardized solutions
(Prolabo Normadose). KOH solutions were prepared from a
concentrated and CO,-free KOH stock solution obtained from
Alfa Aesar (Selectipur®).

Na;HNbgO,9,15H,0 and NagTa0;9,24.5H,0 were synthesized
as previously reported.'®?* Stock solutions of Nb(V) and Ta(V)
were prepared by dissolution of Na;HNbgO,9,15H,0 and
NagTag0,9,24.5H,0 in deionized water, respectively, and
filtered at 0.25 pum with a syringe filter (Minisart® RC25,
Sartorius) before CE experiments.

Materials. All CE experiments were carried out with an
Agilent Technologies 7100 CE system (Massy, France)

This journal is © The Royal Society of Chemistry 2015
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equipped with a diode array detector (deuterium lamp) set at
240 nm for Nb and 214 nm for Ta (bandwidth of 2 nm,
reference wavelength at 340 nm with a bandwidth of 40 nm).
Separations were performed in a 35 cm (effective length: 8.5
cm) x 50 um id fused-silica capillary tube (Photonlines, Marly-
le-Roi, France). A personal computer using HP 3D
ChemsStation controlled the HP 7100 CE instrument and
allowed data analysis. New capillaries were activated by
flushes under approximately 1 bar with 1 M NaOH, then 0.1 M
NaOH and water (10 min each). Every day, the capillary was
flushed under 1 bar for 10 min with 0.1 M NaOH followed by
the desired background electrolyte (BGE) for 10 min. All the
stock solutions were filtered using 0.20 pm syringe filters
(Ministart®, Sartorius) before preparing the samples used for
CE analysis. The BGE were prepared less than 24 h before their
injection in the CE system. Nb and Ta stock solutions were
stored at 4 °C and renewed every week. The samples were
hydrodynamically injected at the anodic end (10 mbar, 3 s).
Next, a voltage of 10 kV was applied at the injection end. The
CE cartridge was thermostated at 25 °C. Before each
experiment, the capillary was flushed with the BGE for 10 min.
At the end of the day, the capillary was flushed with Ultra-Pure
water for 15 min. pH measurements were performed with a 827
pH-lab (Metrohm) pH-meter and low alkaline error combined
electrode (Unitrode, Metrohm). The pH-meter was calibrated
with NIST standards at pH 4.00, 7.00 and 10.00.

Data treatment. The effective electrophoretic mobility values
of the compounds of interest were calculated as follow:

L *Lerr 1 1
Herf = Hobs — Heof ZWTQ* E_teof) @))
Where . and po,s are the effective and observed

electrophoretic mobilities (cm” V' s7), respectively. peor is the
electroosmotic flow mobility, calculated with the peak of
dimethylformamide (DMF). L, is the total capillary lengths
(35 cm). L is the distance between the capillary inlet and the
detection window (8.5 cm). V is the applied voltage (V). tys is
the measured migration time of the compound of interest (s)
and t.r is the migration time of the neutral marker (s), here
DMF.

Results and discussion

So far, only four studies have been published on the capillary
electrophoresis analysis of niobium and tantalum ?'2%32*
These studies were all performed in acidic and highly chelating
media where the hexaniobate and hexatantalate ions do not
exist. Moreover, the authors had to use a chemiluminescence
detection or a metallochromic ligand to overcome the lack of
absorbance of Nb(V) and Ta(V) in acidic media.

We here took advantage of the absorbance properties of the
hexameric ions, HNbgOo*® and H,Tas0,,*®, that Nb(V) and
Ta(V) naturally form in alkaline solutions.'” Therefore, the

This journal is © The Royal Society of Chemistry 2015
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detection and stabilization of Nb and Ta can be accomplished
without using complexing or chromophoric agents. The
absorbance spectra of the solutions of hexaniobate and
hexatantalate ions are given in Figure 2. The UV spectra
obtained through the detection window of the capillary by the
CE system (inner diameter of the capillary of 50 pm) are in
fairly good agreement with the recently reported UV properties
of HNbgO;~ and Tas0;s> measured with a classical
centimeter-size UV cell."
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Figure 2: Absorbance spectra of a 0.50 mM solution of Na;HNbgO;9,15H,0
(orange line) and NagTag019,24.5H,0 (purple line) measured with the CE
apparatus. pH = 12, | = 75 mM (NaCl/NaOH). Internal diameter of the capillary:
50 um. T =25 °C.

The main difference between the UV spectra of HNbgO,o'~ and
TagO,,* is that hexaniobate ions exhibit an absorbance band
centered at 240 nm whereas the absorbance of the hexatantalate
ions is very low at this wavelength. Hence, the CE analysis of
Nb and Ta in alkaline media also affords the selective detection
of niobium in samples contaminated with tantalum.

The electropherograms of Ta and Nb solutions at pH 11.7 (I =
50 mM) are given in Figure 3. Surprisingly, even if the
polyoxoanions NbgO;o® and TagO,o> have an almost identical
geometry (Figure 1), their migration times are significantly
different.  This the capillary
electrophoresis techniques for separating Nb(V) and Ta(V)

underlines potential  of
under alkaline conditions. Moreover, the analysis time obtained
with our experimental setting is shorter than those obtained
whereas the CE
conditions have not been optimized yet. This means that Nb

with the previously reported methods,
and Ta can be easily separated by capillary zone electrophoresis

involving classical bare-fused silica capillary and without using
any toxic or expensive additives in the background electrolyte.

RSC Adv., 2015, 00, 1-3 | 3
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Figure 3 : Typical electropherograms of a 0.25 mM solution of NagTagO14,24.5H,0
(top) and a solution of 0.25 mM of Na;HNbgO19,15H,0 (bottom). CE conditions:
bare-fused silica capillary, 50 um ID x 35 cm (detection at 8.5 cm). BGE:
LiOH/LiCl, pH = 11.7, | = 50 mM. Hydrodynamic injection at the anodic end: 3s,
10 mbar. Applied voltage: 10 kV at the injection end. Temperature: 25 °C.
Detection: UV at 214 nm. Concentration of DMF: 0.1% (v/v).

The separation of Nb and Ta was also confirmed by co-
injecting the two metals. The analytical conditions of the two
metals and the limit of detection of the method were not
optimized in the present paper. The quantitation limits of this
non-optimized method are 0.115 mM for HXTa()Ong'g(aq) ions
and 0.093 mM for HXNb()Ong_g(aq) ions. For comparison, the
usual concentrations found in industrials processes are higher
than 0.09 mM for hexatantalate ions and higher than 1.8 mM
for hexaniobate ions. The optimization of the method will be
discussed in detail in a future study. Nonetheless, the results
depicted in Figure 3 show that capillary electrophoresis of Nb
and Ta, in their hexameric form, could be a powerful tool for
the separation and quantification of the two valuable metals.
Moreover, as mentioned in the introduction, several industrial
processes are being developed in alkaline media for the
recovery of Nb and Ta and, as a consequence, capillary
electrophoresis could be very helpful for the development and
analytical support of such processes.

Thanks to their relatively fast migration time, the mobility of
HXNb()Ong'S(aq) ions was determined in several buffers in the pH
range ~9 to ~13 (Figure 4). Indeed, the hexaniobate ions can be
triply, doubly, simply protonated or fully deprotonated in
aqueous solutions at pH higher than 9, hence, the mobility of
these multiprotic species was expected to be strongly pH-
dependent, as the electrophoretic mobility of an ion depends on
radius ratio. The
protonation constants of HXNbGOw"'g(aq) ions have been
previously 216 or UV
spectrophotometry'® but only at high ionic strength (I > 1 M).
The previously reported values have been compiled
elsewhere.'” The reported pKa’s (I = 3 M, T = 25 °C) for the
couples H;NbgO,o> / HyNbgO,o%, H,NbgO ;% / HNbsO,o" and
HNbO1o”" / NbsO,o" are 9.37 (£ 0.03), 10.6 (+ 0.5) and 13.6
(£ 0.2), respectively.

its charge to solvated hydrodynamic

determined by  potentiometry
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Figure 4 : Effective mobility measured for Hbeaolgx's(aq, ions as a function of pH
in Na* media at I = 50 mM and T = 25 °C. [NbgO1slotal = 0.25 mM. BGE: CHES 40
mM + NaCl/NaOH (green circles); CAPS 40 mM + NaCl/NaOH (orange squares);
NaCl/NaOH (purple triangles); NasPO4/Na,HPO, (red squares). Other conditions:
see Figure 3. The error bars correspond to standard deviation obtained from
triplicate injection of the same sample.

We here expected to determine the protonation constants of
Hbe6019x'8(aq) ions by CE since this technique allows to work
at low ionic strength and since CE has already proven its
efficiency for such a purpose.’® As shown in Figure 4, the
evolution of p.(Nb) with pH is not trivial.

While increasing the pH from 9.5 to 11 (at constant ionic
strength), the absolute value of the effective mobility of
Hbe6019x'8(aq) decreases from 46 to 44 x 10 ¢cm? s' V. This
was not expected taking into consideration a potential
deprotonation of HXNb()Ong_S(aq), which should lead to an
increase in the ionic charge of the species and thus in the
electrophoretic mobility. On the contrary, while increasing the
pH from 11 to 12.5, an increase of the absolute value of the
effective mobility of HXNb()OwX's(aq) from 44 to 47 x 107 cm? s~
"'v! is observed. Such a behavior is generally observed when
association takes place between the species of interest and the
counter-ions present The
formation of ion-pairs between the multiply charged ion
NbgO;o® and alkaline ions (K*, Rb*, Cs*) has been observed
experimentally by Antonio et al.'® in highly concentrated

in the background electrolyte.

hydroxide solutions. Indeed, the formation of the contact ion-
pairs [KIO(Nb6OI9)]2+: [Ks(NbsO19)], [Rbg(NbO,9)] and
[Csg(NbgO19)] in 3M KOH, RbOH or CsOH was demonstrated
based on Small-Angle X-ray Scattering experiments. We also
recently reported'® that the concentration and nature of the
alkali ions in the background electrolyte influences the acid-
base properties of the couple HNbgO1o'~ / NbgO,o>. The results
obtained in the present study clearly suggest that the
hexaniobate ions HXNb()Ong_g(aq) are associated to Na' ions even
iie. 50 mM of Na'

Moreover, the electropherograms obtained for solutions of

when low concentrations are used,

Hbe6019x'8(aq) in Na'-containing media confirm that the
detected ions are anionic. This means that HXNb6019X_8(aq) ions
are not fully neutralized by the surrounding Na* compared to
what was observed by Antonio et al.'® in highly alkaline media.

This journal is © The Royal Society of Chemistry 2015
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The strong influence of the alkaline ion concentration on the
mobility of the hexaniobate ions was confirmed by measuring
the mobility in phosphate buffer, where the Na* concentration
was decreased to 30 mM (compared to 50 mM in other buffers)
while the ionic strength was maintained to 50 mM (Figure 4).
The absolute value of the effective mobility of HXNbﬁolg"’g(aq)
increases from ~47 to ~52 x 107 cm? s V' when decreasing
the Na" concentration from 50 to 30 mM at constant pH and
ionic  strength. these observations, the
protonation/deprotonation of HXNbGwa'g(aq) ions should be

Based on

seen as an exchange between proton(s) and alkali ion(s) rather
than a simple protonation/deprotonation process. The
stoichiometry of the ion-pairs formed between H,NbsOo*® and
Na' ions are still unknown but might be strongly dependent on
pH and excess of alkali ions. As a consequence, the previously
reported protonation constants, determined in concentrated
media®'%1216:1927.28  ghoyld apparent
protonation constants rather than thermodynamic constants.

also be viewed as

Similar measurements were performed with hexatantalate ions
H,TasO lgx’g(aq) (Figure S1). As expected, the effective mobility
of hexatantalate ions follows a trend very similar to the one of
hexaniobate ions. Association between Na® and H,TasOo**
ions seems also to take place even when a low concentration of
Na' is used and, as a consequence, the protonation constants of
H,Tas0;*® could not be determined by CE. Nonetheless, it has
to be underlined that, in the pH range investigated, the absolute
value of the effective mobility of hexatantalate ions is always
lower than that of hexaniobate ions. Such a difference was
unexpected given the structural and electronic similarities
between H, Tag0,6"® and H,NbgO,,** ions (Figure 1).

These results mean that hexatantalate ions are less mobile that
the hexaniobate ions. While looking at the bare-ions, TagO0>
and NbgO*, their identical charge and almost identical
geometry would give a very similar charge density i.e. a very
similar migration velocity. The striking difference between the
effective mobilities of HNbsO lgx’g(aq) and H,TasO lgx’g(aq) could
be explained by (i) a difference in the protonation state of the
hexameric ions and thus a difference in their effective charges
or (ii) the formation of solvated ion-pairs [Nay(HxMﬁolg)]”y'8
(M = Nb, Ta) with different hydrodynamic radii.

Regarding the difference in the protonation state, while the
reported values for the pKa’s of HXNbGwa'g(aq) are consistent
with each other'®, there is a huge discrepancy among the
reported values for H,TagO lgx’g(aq) (0 < x < 3). For example the
published pKa of the couple HTagOo / TagO o ranges from
11.5 to 13.9 and the one of H,TagO % / HTagO9 ranges from
9.310 12.0 (at T=25°C and I =3 M KC1)!*'?% 50 it is hard to
establish a reliable predominance diagram for HXTaﬁOlg"’g(aq).
Nonetheless, it has to be underlined that protonated alkali
hexaniobate salts can be isolated whereas only non-protonated
alkali salts have been isolated for hexatantalate.”>*° This
suggests that the hexaniobate ions are easier to protonate than
the hexatantalate ions. Under these considerations, the effective
charge would be lower for the hexaniobate than the

This journal is © The Royal Society of Chemistry 2015
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hexatantalate ions and therefore HXNbGwa'g(aq) should be less
electrophoretically mobile than H,TasO lgx’g(aq), which is not in
accordance with the obtained results.

We also measured the effective mobility of HXNbGwa’S(aq) and
HxTaﬁoqu-g(aq) ions as a function of the ionic strength at pH 12.
The evolution of the effective mobility with the ionic strength is
usually used to compare the effective charges of ions.>' In the
case HXNbﬁolg"'g(aq) and HxTaﬁolg"’g(aq) ions, the influence of
the ionic strength on the electrophoretic mobility is very similar
(Figure 5). This suggests that the striking difference in the
mobilities of HXNbGwa'g(aq) and H,TasO lgx'g(aq) is not due to a
difference in their effective charges. This also suggests that
HXNbGwa'g(aq) and HxTaﬁoqu-g(aq) might have the same
protonation state at pH 12, i.e. fully deprotonated or mono-
protonated taking into account the various pKa values
published for H,Tag0o** and H,NbO,o*5."

I (mM)
0 10 20 30 40 50 60
~ 1 eTa
§-4o§-Nb
T § .
2 5 f }
] i
50 7 ; t i
S ] § §
= 55 ;
% ]
2 60 3 i
-65 7

Figure 5: Effective mobility measured for HxTasolgx-s(aq) (purple circles) and
Hbeaolgx'B(aq, (orange squares) as a function of the ionic strength. BGE:
NaOH/NaCH3COO. pH = 12. T = 25 °C. CE conditions: see Figure 4.

By contrast, the formation of solvated ion-pairs with different
hydrodynamic radii could explain the lower electrophoretic
mobility (in absolute value) observed for hexatantalate ions
compared to hexaniobate. Indeed, Fullmer et al** recently
observed, from SAXS experiments, that the ion-pairs formed
between TagO,o" and K, Rb" or Cs* differ from the ion-pairs
between NbgOs* and K, Rb" or Cs'. The authors reported
that, in presence of excess of alkali ions, contact ion-pairing
dominates for NbsOo® whereas solvent-separated or solvent-
shared ion-pairing dominates for TagO.o". The presence of
water molecules between the hexatantalate core (TagOo%) and
alkali ions renders the alkali-hexatantalate ion-pairs bigger than
their hexaniobate counterparts. This is in accordance with the
lower effective mobility (in absolute value) measured for
HxTaﬁoqu-g(aq) ions in the present studies.

The effective mobility of HXNbGOlg"’S(aq) and HXTaGwa'g(aq)
was also measured in presence of lithium and potassium ions
(Figure S2). The behavior of hexatantalate and hexaniobate
ions was similar to what was observed in Na-based media. The
protonation constants of the polyoxoanions cannot be derived

RSC Adv., 2015, 00, 1-3 | 5
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from the electrophoretic measurements due to association with
the alkali ions. It has to be noted than the absolute values of the
effective mobilities of HXNb()OwX's(aq) and HXTa6019X_8(aq) are
slightly higher in presence of potassium ions than with lithium
or sodium ions. This is in accordance with the decrease of
hydrated radius of the alkali ions with the atomic number, i.e.
lighter alkali ions give larger ion-pairs.**** The increase in the
size of the hexaniobate-alkali ion-pairs when the atomic
number of the alkali ion decreases was also noted by Antonio et
al.'!® with hexaniobate ions and K, Rb* and Cs”.

Finally, we noted that the effect of the nature of the alkali ion
on the electrophoretic mobility is more important for
HXT36019X'8(aq) than for HXNb6019X_8(aq). This might be, partly,
due the formation of contact ion-pairs for hexaniobate and
solvent-shared and solvent-separated ion-pairs in the case of
hexatantalate. This difference can be used for obtaining a better
separation between the two group V metals. As depicted in
Figure S3, the best separation between HXT36019X'8(aq) and
Hbe6019x'8(aq) is observed in lithium media. This is in
agreement with the fact that lithium has the highest hydrated
radius among the alkali ions and, as a consequence, Li+(aq) is the
best influencing the size of the alkali-
hexametalate aggregates. This will be further
investigated in a future work for developing new analytical

candidate for
feature

procedures for the separation and quantification of Nb(V) and
Ta(V).

Conclusion

For the first time, alkaline solutions of Nb(V) and Ta(V) have
been probed by capillary electrophoresis. Nb and Ta could be
detected by UV in direct mode thanks to the formation of
Hbe6019x'8(aq) and HXTa6019X_8(aq) (0 < x < 3) which avoids the
use of toxic reagents as reported in previously developed
methods. The effective mobilities of HXNb()Ong_g(aq) and
HXT36019X'8(aq) have been determined as a function of pH in Li",
Na" and K'-based media at 25 °C. Regardless the background
electrolyte used for the separation, the hexaniobate ions are
always more electrophoretically mobile than their tantalum
analogues. This surprising difference is thought to be due to the
formation of contact ion-pairs in the case of HXNb6019X_8(aq) and
solvent-shared or solvent-separated ion-pairs in the case of
H,Tac0 19" (aq)- the
separation and the validation of an analytical procedure by CE

Optimization  of niobium-tantalum

will be at the centre of our future works.
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