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Abstract: The metal ions separation by chromatographic techniques, using dialkyldithiophosphoric
acids (HDADTP) as extracting agents is presented in this paper. The mechanism of extraction
chromatography is briefly described. The separation mechanism of metal ions by TLC using
HDADTP is a complex process based on adsorption-desorption, cation exchange and extraction,
the later ones being dominantly. The nature of organic mobile phase containing HDADTP plays a
decisive role in extraction chromatography of metal ions, especially for lanthanides and actinides.
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Introduction

In the last years, the trace metal ions determination has received particular
attention due to a strong environmental impact. Many studies are devoted to the
separation and identification of metal ions in particular samples. Uranium and thorium,
natural occurring actinide elements, are found at trace level in the environment or
associated with other ions in different complex matrices, monazite sands, geological
materials and fission products. Many methods have been proposed for the separation of
these elements including ion exchange, liquid-liquid extraction and chromatography and
any combination of them have been popularly applied to the selective separation of
radionuclides or metal impurities from radioactive materials [1]. Out of these methods,
chromatographic separation is more suitable due to their simplicity in handing the
radioactive materials and heavy metals. In particular, separation techniques based on
extraction chromatography, which combines the selectivity of organic compounds in
solvent extraction with the multistage feature of chromatographic process have been
extensively applied in the analysis of radioactive materials [2-4, 5].

The closed column extraction chromatography and thin layer extraction
chromatography, too, is used for metal ions separation using various complexing agents.
In this paper are presented some cases when the metal ions are separated using
dithiophosphoric acids (HDADTP) as complexing agents.

Mechanism of separation

The extraction chromatography is based on partition mechanism, combined with
another mechanism, depending on extractant type: cationic exchange, anionic exchange,
solvatation and synergic systems [4]. The derivatives used in extraction chromatography
could be: chelating (derivatives of thiophosphoric acids, B-diketones etc) or nonchelating
(derivatives of organophosphoric acids, carboxylic acids etc) cations exchangers, neutral
compounds, anions exchangers or mixture of these. The cation exchangers with chelating
effect are most used from these.
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In the case of chelating cations exchangers, the extraction process develops in two
stages: the formation of extractable species in organic phase and partition of these into those
phases (Eg.(1) and Eq.(2)).

ML +nHA, —— MA, o, +NHZ )

MAn,org Mph,aq (2)

where HA — acid extractant.

The most used cations exchanger are HDADTP, especially for hard metals and rare
earths separation.

Dithiophosphoric acids used in extraction chromatography

a) Dimethyldithiophosphoric acid was used for separation and quantitative
determination of Bi(lll), Cu(ll) and Pd(Il) by high performance liquid chromatography
(HPLC) [6, 7]. In this goal was used a Licrosorb Si (250%4 mm), 5y, column impregnated
with dimethyldithiophosphoric acid. The mobile phase was a chloroform + acetonitrile +
1,2-dichlorethane (25:70:5, v/v) mixture with a 0.8 mL / min flow rate. The detection was
performed at 295 nm. The detection limit for these cations was 0.1-0.2 ng / injection [7].

b) Diethyldithiophosphoric acid (HDEDTP) impregnated on columns with C18
chemically modified silica gel was used for metals separation from water and biological
samples [8-14]. The mobile phase used for uranium, silver, tellurium and gold separation
from water and biological samples was methanol. The detection limit of uranium and
tellurium was very low: 0.05, and 2.24 pg / mL respectively [9]. The water samples were
acidified with HNO3 at 0.14M for preconcentration and quantitative determination of
mercury from sea water. The detection limit was 5 pg/mL [10]. In the case of hard metals
preconcentration (Cu, As, Se, Cd, Pb) it was obtained a concentration factor between 5 - 61;
the detection limit of Bi was 0.43 pg / mL and 33 pg/mL for Cu [11].

The lead complexed with HDEDTP was fixed on mini-column with C18 silica gel,
and on active coal. The ethanol was the mobile phase. The best results were obtained on
C18 chemically modified silica gel, the detection limit being 0.3 ng / mL for silica gel, and
3 ng / mL for active coal [12]. The column with active coal impregnated with HDEDTP
was used with success for gold, silver and palladium determination from aluminum and
manganese salts, too. The mobile phase used was a 2M ammonia solution in acetone. The
recovery percent of these metals was higher than 95% [13, 14].

Ma and Adams [15] analyzing the influence of carbon atoms chain length from
HDADTP on Cd, Cu and Pb extraction, have observed that the extraction by column
chromatography decrease with increasing of the number of carbon atoms. Thus, the best
extracting agent was HDEDTP, in the case of di(n-hexyl)dithiophosphoric acid the
extraction being very weak. However, it was observed that in the presence of masking
agents like as oxalate or citrate radical, the extraction not decrease such drastic with the
chain length.

¢) Hodisan and coworkers [16, 17] have used di(iso-propyl)dithiophosphoric acid
(HDiPrDTP) as complexing agent for UO,(1l) and Th(IV) separation from Ag(l), Pb(ll),
Zn(I1), Co(11), Ni(I1), Fe(111), Al(1IT), Zr(IV) and were obtained good results. Silica gel 60
F254 plates were used as stationary phase and the mixture of o-xylene + methyl-ethyl-
ketone (MEK)+N,N-dimethylformamide (DMF) (16:2:1, v/v) with 0.02-0.1M HDIiPrDTP
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was the mobile phase. The spots visualizing was performed with Arsenzo | aqueous solution
or at 254 nm in UV light. After separation it was observed that the retention factors of the
studied metal ions increase with concentration of HDiPrDTP and it is constant after 0.07M
HDIPrDTP. In this case it was suppose that the metal ions have formed a complex with
HDIPrDTP (M(iPrDTP)n (n = 1-4)). The best separation was obtained at 0.05M HDiPrDTP
and the detection limit was 1.21 pg / pL for uranium and 1.26 pg / pL for thorium [16, 17].

d) Dibutyldithiophosphoric acid (HDBDTP).The thin layer chromatography
(TLC) behavior on silica gel H of U(VI), Th(IV), lanthanides(l11), Co(I1), Ni(ll), Cu(ll)
using di(n-butyl)- (HDBDTP) (Figure 1) and di(iso-butyl)dithiophosphoric acids
(HDIiBDTP) as complexing agents in organic mobile phase was investigated. Choosing
appropriate conditions concerning mixture of organic solvents and concentration of
complexing agent, the separation of U(VI) — Th(IV) and Co(Il) — Ni(ll) — Cu(ll) systems
was obtained.
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Fig. 1. The influence of HDBDTP concentration on chromatographic behavior of U(VI), Th(IV),
La(l11), Ce(11), Pr(111), Sm(111), Gd(111), Er(111), Co(Il), Ni(Il) and Cu(ll). Stationary phase: silica
gel H; Mobile phase: o,m,p-xylene — MEK — DMF (16 + 2 + 1, v/v)

The results obtained show that dithiophosphate anion play a decisive role in the
migration of metal ions investigated. The branching chain improves significantly RF values
for lanthanides(111) (Figure 2b). The presence of electron donor solvents in the mobile phase
increases the retention factors especially for U(VI), Th(IV) and lanthanides(I11). The effect
is explained by increasing the solubility of the metal chelate with dithiophosphoric anion in
organic mobile phase due to a solvation process. Using HDIBDTP in electron donor
solvents, the separation of light lanthanides from heavy lanthanides and separation of Pr(I11)
— Sm(I1), Sm(111) — Gd(I11) and Gd(lI1) — Er(l11) pairs can be achieved (Figure 2b) [18].
TLC separation of U(VI), Th(IV), Ln(I11) (La(lI1), Ce(I11), Pr(l1), Sm(I11), Gd(l11), Er(111)),
Co(Il), Ni(ll) and Cu(ll) have been studied using tributylphosphate (TBP) and
trioctylphosphine oxide (TOPO) besides (HDBDTP) in mobile phase. The results obtained
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showed that a greater enhancement of the retention factor of U(VI1), Th(1V) and Ln(Ill) is
realized with mixture of HDBDTP and TOPO (Figure 3) and a synergic effect is suggested.
An improvement of the resolution is achieved especially for Ln(l1l) separation from each
other [19]. Di(sec-butyl)dithiophosphoric acid was used by Ma and Adams [20] for zinc
separation in the iron presence, at pH = 3. 0.1M citrate solution was used for iron masking.
The zinc extractability increase with the chain length of carbon atoms from extractant and
with chain branching.

e) Dipentyldithiophosphoric acid (HDPDTP). HDPDTP was used for transitional
and rare earth separation [21, 22]. In the case of Ni(ll), Co(ll) and Mn(ll) separation was
observed an increasing extractability with length of alkyl chain from extractant. It was
obtained a quantitative extraction at pH = 3 for alkyl groups higher than butyl. These three
ions were selectively extracted from a mixture with Cd(I1), Cu(ll), Pb(Il), Fe(ll1) at the high
concentration of HDPDTP. This method was used for trace extraction of Ni(ll) from salt
water samples (sea water and estuary water), obtaining good results [21].

f) Di(2-ethylhexyl)dithiophosphoric acid (HDEHDTP) is the dithiophosphoric
derivative most used as extractant. In the most cases, this extractant is impregnated on
various polymeric resins (chemically bonded or physically adsorbed), like as poly(4-
vinylpyridine) and poly(N-dimethylacrylamide) [23, 24].
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Fig. 2. The influence of HDIBDTP concentration on chromatographic behavior of a) Th(1V), U(VI),
Co(l1), Ni(11), Cu(l1); b) Th(1V), U(VI), La(lll), Ce(lI1), Pr(l1), Sm(111), Gd(111), Er(l11). Stationary
phase: silica gel H; Mobile phase: o,m,p-xylene — MEK — DMF (16+2+1, v/v)
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Fig. 3. The chromatographic behavior of Th(IV) and Ln(l1l). Stationary phase: silica gel H; mobile
phase: o,m,p-xylene — EMK — DMF (16+2+1, v/v); extractants: TOPO + HDBDTP
(CHDBDTP = 0.04 M)

The solvents impregnated resins (SIR) were used for identification and separation of
metallic ions from aqueous solutions by Flett as far back as in 1977. These combine the SIR
advantages with the specifics properties of extractants, obtaining high distribution ratios and
a good selectivity with a simple equipment [25]. In Warshawsky [26] vision, the SIR consist
in a liquid complexing agent homogeneous dispersed in a solid polymeric medium. The
impregnation agent must present a strong affinity for matrix.

The following conditions must be fulfilling for efficiently SIR: i) the extractant must
to be a liquid or must to remove him in the liquid phase by adding a diluents; ii) the
extractant and diluent to be more less soluble in aqueous phase; iii) the polymeric support
must to be porous; iv) the method used for impregnation to not destroy the extractant or
polymer properties [26].

Impregnated resins with HDEHDTP [27, 28] were used as stationary phases for
selective extraction of hard metals from relative concentrated solutions or for recuperation
of these metals from residual waters, the separation process basing on ionic exchange. The
impregnated resins with HDEHDTP have proved a good selectivity at Cd(l1), Pb(ll) and
Zn(1l) separation [27]. The same type of stationary phase was used for purification of waters
polluted with Cd, Pb and Cu, establishing that 1kg ions exchange resin can treat 1 m3
residual water polluted with 200 pug Cd / L water. This concentration is specific for metal
ion in surface water. The concentration of these three metals in water was decreased a 100
times, from 1mg/I to less than 0.001mg / L [28].

Resins impregnated with HDEHDTP were used for extraction of Cu, Pb, Zn, Cd, Ni
from aqueous solutions, too [26, 29-32], and it was succeeded to separate Pb(ll) from Zn(11)
and Pb(Il) from Ni(ll). It was observed an arrange of hard metals in HDEHDTP
extractability order from acid aqueous solutions, like follows: Ag(l) > Hg(ll) > Bi(lll)
>Cu(I1) > Pb(I1) > As(111) > Cd(11) > In(I11) > Fe(111) > Ni(ll) > Zn(11) [26]. After separation,
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the metal ions were extracted from ligand matrix by washing with mineral acids, the ligand
turning in mass of the polymeric support. Thus, the extraction of Cu(ll) like CuClx(HA)s
and CuCIX(HA)s complexes (HA = HDEHDTP, X = inorganic anion) it was performed
[30].
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Fig. 4. The curves concentration — volume obtaining at the elution of Cu(ll) and Al(l11):
a) 0.1 Mand 1.1 M H2S04, b) 0.2 M HDEHDTP and 1.1 M H2SO4

HDEHDTP impregnated on resins was used by Muraviev, too, for separation of zinc
from cadmium [31]. This has compared the results with those obtained with di(2-
ethylhexyl)phosphoric acid (HDEHP) and di(3-propylphenyl)dithiophosphoric acid
(HDPPDTP) impregnated on resins. The best results were obtained with HDEHDTP —
SIR.Oleinikova and coworkers [32] have used HDEHDTP like mobile phase for column
separation of Al(lI1), Cu(ll) and Zn(1l). The results were compared with those obtained
using H>SO4, and HDEHP as eluents. This has combined the ionic exchange separation
techniques with solvent extraction and has demonstrated the efficiency of this method. It
was observed from the graphic ¢ = f(v) (¢ — metal ions concentration, v — volume of used
acid) that the metal ions are not completely separation using water impregnated polyacrylic
resin as stationary phase, and 0.1 — 1.1M H,SQO,4 as mobile phase. Using 0.2M HDEHDTP
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in heptane as mobile phase and than a 1.1M H,SO4 solution it was observed the selective
separation of Cu(ll) (Figure 4).

Adding 0.2M HDEHP in the elution system it was find that the 0.2M HDEHDTP
solution have selectively extracted of Cu(ll), and 1.1M H2SO4 have selectively extracted
of AI(I11) with high purity. Zn(1l) was completely extracted in the organic eluent [32].

The results of this study show that HDEHDTP have a high affinity for Cu(ll),
achieving quantitative extraction of these metal ions.

Separation of U(VI) and Th(IV) from some rare earths by TLC has been studied
using silica gel H and silica gel H impregnated with ammonium nitrate as the stationary
phase. The solvent mixture methyl-ethyl-ketone + tetrahydrofuran (6:3, v/v) containing
HDEHDTP was used as the mobile phase. When silica gel H impregnated with 2.5 M
NH4NO3 was used as stationary phase, the resolution was much improved and the separation
of rare earths from each other was also achieved [33, 34].

The dithiophosphoric acids were used as masking agents of copper at bismuth
extraction from various ores [35].

g) The di(n-octyl)dithiophosphoric acid (HDODTP) was used in the same system
like HDBDTP, HDPDTP, HDEHDTP, and the results were not semnificated [36].

h) The dithiophosphoric acids with cyclic substituents are used as extractants, too.
The metal ions form less stable complexes with these ligands than that formed with acyclic
substituent and can be used as selective reactive [37].

Conclusions

The increasing of extraction efficiency was obtained by combination of ionic
exchange with liquid-liquid extraction in a single process. Thus, the extraction
chromatography could be applied for nonferrous and hard metals separation from waste
waters and for removing the ionic contaminants from diluted solutions.

The separation mechanism of metal ions by TLC using HDADTP is a complex
process based on adsorption-desorption, cation exchange and extraction, the later ones been
dominantly. The nature of organic mobile phase containing HDADTP plays a decisive role
in extraction chromatography of metal ions, especially for lanthanides and actinides. In the
presence of HDADTP appear an ionic exchange process between metal cation and hydrogen
ion from HDADTP, in this process is formed a neuter chelating complex with
dithiophosphat anion, M(DADTP)n. The compound solubility in organic solvent influence
the distribution of metal cations in the mobile phase, and the increasing the retention factors
of those cations.

HDEHDTP is the most used HDADTP, using silica gel and silica gel impregnated
with 2.5 M NH.NOs as stationary phase.

The increasing of alkyl chain length guide to the decreasing of the retention factors
of UO(I1) and Th(IV) and an increasing of lanthanides retention factors.

The chain branching promotes just the lanthanides migration, that in the systems
with HDADTP with linear chain generally remain at start.
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