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Extractants for rare earth metals

The separation of trivalent rare earth metals is perhaps the most serious challenge associated
with a closed fuel cycle. The choice of ligand as extractant, which must be selective and efficient
in conditions of high radiation environment, plays an important role. In this review there are the
main examples of extractants for f-elements used in the present 10-20 years.
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3KCTpaFEHTI:I Ana peaKko3eMesibHbIX MeTa/lyioB

PazpeneHvie TpexBaleHTHbIX pPeOKO3EMesbHbIX METAIOB, BO3MOXHO, SB/ISIETCS CaMbIM Ce-
Pbe3HbIM BbI30BOM, CBA3aHHBIM C 3aMKHYTBIM TOMMMBHBLIM LMKIOM. BaxHyo ponb vrpaet Bribop
JMraHfa B KauecTBe 3KCTpareHTa, KOTopbli JOMMKEH ObiTb CENEKTUBHBIM W HAZEXHBIM B YCTIOBHSIX
MOBBILIEHHO paauauuv cpedbl. B jaHHoM 0630pe npyBefeHbl OCHOBHLIE MPYMEPbI 3KCTPareHToB

I015 f~3aNeMeHTOB, NpUMeHsILWLMXCS B nocnegHun 10-20 ner.

KnioueBble cnoBa: pepko3emenbHble MeTanbl; hocopopraHmyeckme CoefuHeHUs; KpayHa-
¢hpbl; NoJaHAbI; KanvKcapeHbl; aMUAbl AUMMKONEBON KUCOThI.

Introduction

In recent decades the rare earth
metals (REM) are required for creating of
advanced materials and technologies us-
ing catalysts, alloys, magnets, optics and
lasers, rechargeable hydride batteries,
electronics, efficient lighting, conversion
to wind and solar energy, bio-analysis and
modeling [1].

The main method of extraction of rare
earth metals in the world is mineral pro-
cessing [2]. However, scientists had devel-
oped ways to obtain rare earth metals from
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secondary raw materials, for example,
from defective fluorescent lights [3], worn
out hard drives of computers [4], etc.

The extraction of rare earth metals
from mineral raw materials is produced
by leaching with nitric, sulfuric or hydro-
chloric acids or by direct chlorination, the
resulting phase from the leaching of rare
earth metals is separated by extraction
[5]. Regardless of the type of raw material
from which rare earth metals were got,
the actual problem today is the search of
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the most effective extractants for separa-
tion of rare earth metals.

Analysis of literature data showed that
the following well known and thoroughly
described in the literature complexing
agents such as crown-ethers, azacrown-

esters, calixarenes, Schift bases, porphy-
rins, phthalocyanines and tributylphos-
phates and tetraoctyldiglycolamides
(TODGA) can be used as extractants for
rare earth metals cations.

Crown ethers as extractants of rare earth metals cations

The first representatives of the crown
ethers class were described by Pederson in
1967 [6]. Since then, chemists had synthe-
sized many new compounds with similar
to crown-ethers structure and properties,
for example, azacrown-esters, open chain
crown-ethers (podands). Many applica-
tions of crown ethers were based on their
ability to form complexes with cations of
different metals. The extraction properties
of the crown ethers towards the rare earth
metals were discovered during the de-
velopment of new methods of extraction
of radioactive elements from radioactive
waste, which contained a significant num-
ber of ions of the lanthanides [7].

E Riahi and M. Bagherzadeh [8] in-
vestigated and described the extraction
of some lanthanides (III): La**, Ce®, Pr*,
Eu**, Er** by derivatives of 18-crown-6-
ether 1-4 in the presence of trichloroacet-
ic acid in acidic solutions in the system of
DMSO/water [8]. It was established that
the efficiency of cations extraction by
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compounds 1-4 increases in the following
order: 1>2 >3 > 4. This is understandable
from the point of view of the rigidity of
the molecule structure, which cyclohexyl
and aromatic fragments attach to the mol-
ecules of the crown ethers.

S. V. Demin and colleagues conducted
the series of studies on the extraction of
alkyl derivatives by crown ethers 5 and 6
from acidic solutions in the system chlo-
roform/water [9]. It is shown that extrac-
tion of cations of rare earth metals by
dicyclohexano-18-crown-6-ether 2 and
its alkyl derivatives in the presence of
trichloroacetic acid is more effective than
with nitric or acetic acids. The value of the
recovery factor for the cerium cation was
much higher than for the yttrium cation.
Such regularity was observed for all de-
rivatives of the compounds 5 and 6. The
ratio of the metal cation : crown ether in
all complexes is 1:1.

Simplified technology of extraction of
metal cations provides its implementa-
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R = H, tertbutyl or isooctyl

tion in the system solid phase-liquid. So
during multi-step synthesis [10] the solid
phase polymer 11-13 was obtained by
polymerization of the monomer 10. The
number of units of crown ether n could
vary from two to four.

The experimental data obtained by J.
Rey and employees, when carrying out ex-
traction of lanthanides in acetonitrile and
water, showed that compounds 12 and 13
are capable of extracting cations of lantha-
nides in acetonitrile to a lesser extent than
compound 14. It is the best extractant for
cation La’* in acetonitrile and in water,
in comparison with the other lanthanide
cations. It should be noted that the com-
pounds 12 and 13 in contrast to the 14 are
not able to bind the cations of the lantha-
nides in the aquatic environment.

Modified diazacrown-esters can be
used along with crown ethers as extract-
ants of rare earth metals. For example, the
extraction activity of compound 15 in rela-
tion to the lanthanides in the presence of
1-butyl-3-methylimidazole[(triflorometh
yl)sulfonyl]imide is modified as follows:
first, it decreases for a range of metals from
La to Ho and then it increases with increas-
ing atomic number of the element [11].

Thus, crown ethers are a class of ex-
tractants with variable selectivity in rela-
tion to extractable cations. The required
level of selectivity of the crown ether is
achieved by changing of the number of
links of the glycol chain and introducing

of a variety of substituents to its structure.
Crown-ethers show the greatest efficiency
under the extraction of lanthanides from
solutions of trichloroacetic, acetic and ni-

tric acids.
T/K

oy

O}
10

(0]
CH,OH 0
Cl
—_—
2 EGN, CIHLCl,
Y
C

n=1(7),2(8),3(9)

L
e

L

O

n 1 2 3
number 12 13 14
(O (0]

/_(N AN
Ph,P PPh,
A u
(@] O O O
_/

15

99



Podands as extractants for cations of rare earth metals

The open chain crown ethers or po-
dands are considering as analogues of
complexing crown ethers. Sour phos-
phoryl-containing podands 16, 18, 19
were described in 1989 as complexing
agents for alkali metals [12]. Compound
17 and its analogues with R = tert-butyl
has been proposed as a reagent for the
selective extraction of Th(IV) from solu-
tions of nitric acid [13, 14].

The extraction of rare earth metals cat-
ions from solutions of nitric, hydrochlo-
ric and perchloric acids by acidic phos-
phoryl-containing podands 16-19 was
described by Turanov A.V. and employees
[15]. They found that the efficiency of ex-
traction of rare earth metals cations (from
La(III) to Lu(III)) from 0.01 M solution
of nitric acid with 0.01 M solution of the
extractant in dichloroethane increases in
the order of 18 < 16 < 17 < 19 moreover
with the increase of concentration of ni-
tric acid the extraction efficiency is re-
duced. Neutral phosphoryl-containing
compounds 20-22 slightly extracted rare
earth metals cations under these condi-
tions. The authors also note the change of
the extraction ability of the compounds
22 in used acids solutions with a concen-
tration of 0.01 M in the following order
HCI < HNO, < HCIO,.

The process of extraction of cations of
rare earth metals are affected by both: the
nature of the used acids and the nature
of the organic solvents. For example, the
efficiency of extraction of Eu (III) with a
solution of podand 23e in various or-
ganic solvents was increased in the next
row of the solvents chloroform < 2-ethyl-
hexanol < toluene < methylene chloride
< dichlorobenzene < dichloromethane <
nitrobenzene, it is due to the specific sol-
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vation of the podand molecules by solvent
(chloroform or aliphatic alcohol) and the
formation of hydrogen bonds, for exam-
ple, P=0eee HCCI3 or P=0eeeHORI.

The nature of the organic solvent also
affects to the selectivity of extraction.
Turnov and staff discovered that under
increasing the solvated ability of organic
solvent for the system with extractant 24e
the selectivity of extraction of cations of
rare earth metals increases in the follow-
ing order: toluene <chloroform <meth-
ylene chloride. Perhaps this is due to the
fact that the complexes of heavy rare earth
metals cations solvated by organic sol-
vents to a greater extent. During the ex-
traction of cations by the compound 24e
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with the use of polar solvent, the extrac-
tion efficiency increases with increasing of
the atomic number of rare earth element
in the periodic table. For toluene (a less
polar solvent), the extraction efficiency is
increased only for a number of elements
from lanthanum to europium, then it was
fallen from terbium to lutetium.

The selectivity of the extraction may
depend on the number of oxygen atoms
m in the polyester chain of podands. The
increase m in podands 24a-d from one to
three reduced the efficiency and selectiv-
ity of extraction of lanthanides. Increas-
ing m to four led a slight decrease of ex-
traction efficiency for lanthanum, for the
rest rare earth elements the extraction ef-
ficiency increases, which leads to higher
selectivity of extraction by podand 24d.
For podands 23a-f with the number m to
6 atoms the non-linear increase in extrac-
tion efficiency of lanthanides and its sharp
decrease in the event of a connection with
the compound 23f (m = 7) were observed.
Selectivity of extraction is changed in the
same direction for the extraction of rare
earth metals cations by podans 23a-f [16].

Based on the podand with open poly-
ester chains 25, similarly as in the case of
crown-ether 7-9, it is possible to obtain
a polymer 26-28 for the extraction of
cations of rare earth metals in the system
solid phase-liquid [10]. However, unlike
the crown esther-containing polymers,
polymers containing podands are able to
more effective extraction of lanthanides
in water. The increase of extraction efhi-
ciency of lanthanides both in water and in
acetonitrile has been observed in a num-
ber of polymers 26<27<28.
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In summary above, it is worth noting
that the most effective extractants for rare
earth metals are phosphoryl-containing
podands, the selectivity of which may de-
pend on the number of oxygen atoms in
the polyester chain of the podand as well
as the nature of organic solvent.
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Extraction of rare earth metals cations by modified calix[n]arenes

With the development of the nuclear-
power industry the question about the
elimination and reprocessing of nuclear
waste arose acutely. The separation of ac-
tinides from lanthanides is an important
step before the implementation of the
transmutation technology of actinides
transformation. Therefore, for extrac-
tion of radioactive elements from nuclear
waste a number of selective extractants,
for example, monodentate organophos-
phorus extractants (trioctylphosphine,
TOFO) [17] were tested. However, they
showed low efficiency and insufficient se-
lectivity. Therefore, the idea of joining of
phosphoryl group on the hard platform
of calixarene arose to take advantage of
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described [19, 20], as well as some calix-
arenes with their phosphine oxides at the
lower rim [21, 22].

M. Karavan and colleagues examined
complexing properties of phosphonate
derivatives of calix[n]arenes 29-36 in re-
lation to some actinides and lanthanides
[23]. Analysis of experimental data of
the cations extraction from nitric acid
solution in m-nitrobenzotrifluoride (m-
NBTF) showed that the efficiency of ex-
traction by calixarenes with phosphinic
substituents in the upper rim of 29b and
of 29d for cations "?Eu exceeds it for
21 Am. However, increasing of the concen-
tration of nitric acid in the solution leads
to a decrease in the values of extraction
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synergistically effect for increasing the ef-
ficiency and selectivity of extraction [18].
Previously it has already been well studied
and calixarene derivatives containing car-
bamoylmetylphosphin oxides in different OR, OR, 2

positions of the calixarene fragments were
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ratio for compounds 29e; for 29b there is
a gradual increase of the coefficient up to
0.9 M HNO,, which is then followed by
a sharp decrease.

From a number of calixarenes with
phosphine substituents at the lower rim
32a, 32b, 33a and 34a, p-tertbutylcalix[5]
arene 33a has the highest extraction effi-
ciency for *! Am and *?Eu.

Among calixarenes with phosphonate
substituents in the upper rim 35a-e has
the maximum value of the extraction co-
efficient of europium and americium. The
coeflicients of extraction of *'Am and
32Eu were determined radiometrically us-
ing y-radiation of the corresponding iso-
topes [23].

Another example of the synthesis of
selective extractants based on calix[4]
arene to separate actinides from lantha-
nides has been described by Ansari and
employees [24, 25]. They received the
series of pyrazine-substituted calixarenes
37-39 and examined their efficiency for
the extraction of the cation Eu** from an
aqueous solution of nitric acid.

According to research data the effi-
ciency of extraction of cations of europi-
um by compounds 37-39 can be displayed
in the following sequence: 37<<38<39.
These results can be explained by the in-
fluence of the nature of the substituent of
pirazine fragment in compounds 37-39.
The researchers also found that the ratio
between the compounds 37-39 and cation
Eu* in the formed complexes is 1:1.

However, according to H. Huang and
employees, the presence of the phospho-
rus atom in the structure of the extract-
ant molecule does not allow to fully burn
it, turning into accumulated solid waste
[26]. The best extractants, in this case, are
compounds only consisting of the atoms
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C, H, O and N, which will turn into gase-
ous products after disposal. The promising
easily synthesized compounds for extrac-
tion of actinides from acid solutions were
considered to fit «principle CHON» -
diglycolamides (DGA) [27]. But due to
their low selectivity DGA may not be used
for the separation of actinides and lantha-
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4041

nides. The introduction of diglycolamide
to the molecule of calix[4]arene is a way
to obtain promising compounds 43 for
separation of actinides and lanthanides,
which Huang and staff chose.

The synthesis of calix[4]arene-BDGA
43 was carried out in accordance with
a scheme where the compounds 40 and
42 were obtained by previously described
methods [28, 29]. The study of the extrac-
tion of Am(III) and Eu(III) from the so-
lution of nitric acid by the compound 43
was conducted using 95% kerosene/5%
n-octanol as diluent. The results showed
that the value of the extraction factor for
Am(III) and Eu(IIl) increases with in-
creasing concentration of nitric acid in
the range from 0.5-5.0 mol/L. Ligand 43
showed higher selectivity for Eu(III) than
for Am(III) with separation factor SF i

1)/

soan 11 the range 4.5-7.3, that indicates its

Diglycolamides are extractants

38
S
4 CHCL; EgN
NH,
4243

effectiveness in separation of cations of
the lanthanides and actinides [30].

Thus, modified calixarenes occupy
one of leading positions among highly ef-
ficient and selective extractants of cations
of rare earth metals.

for separation of actinides and lanthanides

Diglycolamides and their derivatives,
which are promising extractants for the
extraction of the lower actinides from so-
lutions of nitric acid, have been described
by H. Stephan and colleagues in 1991
[31]. The presence of ether oxygen be-
tween the two amide groups in the DGA
increases the extraction of lower actinides
due to the active education of tridentate
complexes.  N,N,N',N'-Tetraoctyldigly-
colamide (TODGA) 44g and N,N,N',N'-
Tetra-2-ethylhexyldiglycolamide (TEH-
DGA) 44j [32, 33] were considered as the
most promising extractants for the lower
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actinides among diglycolamides. It is due
to the influence of the nature of the alkyl
substituents of diglycolamide.

The influence of alkyl substituents and
the nature of diluent on the extraction of
lanthanides and actinides by diglycola-
mides 44a-1 was studied by Y. Sasaki and
colleagues [34]. They found that com-
pounds with the branched alkyl chain and
asymmetric alkyl-phenyl amide groups
have the relatively low coefficient of ex-
traction of the cations than glycolamides
with a linear hydrocarbon substituents.
An extraction study of the lanthanides by



THDGA, TODGA, TDdDGA, TEHGDA
and DMDPDGA was conducted in six
solvents (nitrobenzene, dichloroethane,
octanol, chloroform, toluene, dodecane)
using 0.04-0.1 M diglycolamide and 1M
nitric acid solution. In every case except
of THDGA in toluene, DMDPDGA in
chloroform and toluene and TEGDGA
in 6 diluents there was a gradual increase
in the coefficient of extraction of lantha-
nides in increasing order of their atomic
number from La to Ho, then the value of
the coefficient decreases for cations Er-
Lu. It is also worth noting that TODGA
or TDADGA dissolved in nitrobenzene,
octanol and dodecane have separation
factor SF(Lu/La) more 100 than confirms
the use of these diglycolamides for the
selective separation of lanthanides. The
extraction of lanthanides into chloroform
or toluene showed a low value of not only
recovery ratio, but also the separation fac-
tor SF (Ln/La).

Thus, an important condition affecting
the extraction efficiency of lanthanides by
diglycolamides is the nature of the alkyl
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/N c\ /c N
R 0 R,
44
R, R, Tert-methyl TMDGA 44a
Tert-ethyl TEDGA 44b
Tert-propyl TPDGA 44c
Tert-butyl TBDGA 44d
Tert-amyl TADGA 44e
Tert-hexyl THDGA 44f
Tert-octyl TODGA 44g
Tert-decyl TDDGA 44h
Tert-dodecyl TDADGA 44i
Tert-2-ethylhexyl | TEHDGA 44j

N,N'-dimethyl-
N,N'-diphenyl DMDPDGA 44k
Tert-phenyl TPDGA 441

substituents of diglycolamide and used
diluent.

Extraction of lanthanides by organophosphorous extractants

Since the tributyl phosphate TBP and
triphenylphosphineoxide TPPO are the
objects for study of extractive activity in
relation to the rare earth metals cations. E.
Jorjani and colleagues [35] examined the
effectiveness of cations extraction of yttri-
um, lanthanum, cerium and neodymium
by tributyl phosphate which are the main
components of the waste of processing of
iron ore.

Studies have shown that using differ-
ent concentrations of solution of TBP in
kerosene (from 0.73 to 3.65 moll!), an
increase in the rate of extraction factor to

TBP concentration of 3.65 mol-1" was ob-
served [36].

In the study of extraction of rare earth
metals cations by organophosphorus ex-
tractants, researchers pay attention to the
synergetic effect. Synergistic extraction of
trivalent lanthanides is of great interest
due to the high efficiency of cations ex-
traction by chelating agent in the presence
of the neutral donor. Many of studied
liquid-phase extraction processes, which
have a synergistic character, were made
using monodentate compounds (for ex-
ample, trioctylphosphine oxide, TOPO
and P-diketones). Umetani and Freiser
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studied the mixed ligand-chelate extrac-
tion of lanthanides with 1-phenyl-3-me-
thyl-4-(trifluoroacetyl)-5-pyrazolones
and some phosphine oxides [37].

The extraction of lanthanides with the
mixture of picrolonic acid 45 with various
neutral organophosphorus donors have
been studied by A. Ali and staff [38]. In
one of their works they have published
research data of synergistic extraction
of Eu(IIl) from mixture of cations of di-

Conclusion

Organophosphorous extractants has
gained its popularity due to relatively
simple synthetic methods and low cost.
For selectivity, they are largely inferior to
crown-ethers and calixarenes. However,
the ability of organophosphorous com-
pounds to synergistic extraction of cati-
ons causes for further study [42].
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valent transition metals using dissolved
mixture of picrolonic acid and TOPO,
TPPO and TBP [39] in chloroform. The
extracted particles were characterized as
Eu(PA)3¢2TOPO, Eu(PA)3¢2TPPO and
Eu(PA)3sTBP [40]. The most effective
extracting mixture for europium was the
mixture of picrolonic acid and TOPO, the
mixture of PA and TPO is less effective. A
mixture of PA and TBP [41]4 showed the
least ability to extraction of europium.

Today the most promising extractants
for rare earth metals are crown-ethers,
calixarenes, podands, diglycolamides and
organophosphorous compounds [43, 44].
Modification (including the association)
of their structures enables to obtain wide
range of extractants which can selectively
bind cations of rare earth metals.
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B mocnenHue fecATUIETHS PeNKO3e-
MenbHble MeTamnbl (P3M) craHoBATCA
HeOOXOVMMBIMM [IJIsI CO3LAHNUS YCOBEp-
[IEHCTBOBAHHBIX MaTEPHATIOB I TEXHOTIO-
TUIl C UCIIONb30BaHMEM KaTalIn3aTOPOB,
CITABOB, MarHUTOB, ONTUKI U JTa3€POB,
nepesapspDKaeMbIX TUAPUIHBIX aKKyMy-
JISITOPOB, 9MEKTPOHMKN, SKOHOMUYHOTO
OCBeIleHNsT, KOHBEPCUM BETPSIHOI U COTI-
HEYHOI! 9Hepruu, OMoaHaIn3a U MOJIEN-
poBanus [1].

OCHOBHBIM cr10co6om mo6bryn P3M
B Mupe sBISETCS MepepaboTKa MUHe-
panbHOrO ChIpbs [2]. OfHAKO yUeHBIMU
paspaboransl ciocobsl nonydenus P3IM
13 BTOPUYHOTO CHIPbs, HATPUMED, U3
BBIIIEAINNX 13 CTPOSI PIyOpecIieHTHBIX
paMi [3], mpuirenmMX B HETOZHOCTD
JKECTKUX INCKOB KOMIIBIOTEPOB [4] U T. 1.

VI3BeveHme peKO3eMENbHBIX METATI-
JIOB 3 MUHEPAIbHOTO ChIPbsI MPOU3BO-

In russian

IAT BbILe/a4MBaHMEM a30THOI, CepHOI
VIV CONAHOM KMC/IOTaMM VIV IIPAMBIM
XJIOpUpOBaHMeM, ONTyYeHHbIE B Pe3y/lb-
Tare BbllenauyBaHuA P3M pasgendior
akcTpakument [5]. HesaBucumo ot Bmpma
CBIpPbS, U3 KOTOpPOro nonydaior P3M, ax-
Tya/IbHOIL IIPO0/IEMOII Ha CErORHAIIHNI
IeHb sIBJISIETCS TOUCK Hambonee addex-
TUBHBIX 3KCTPAreHTOB ISl pas/ieneHMst
P3M.

AHanus MUTepaTypHBIX JAHHBIX II0-
Ka3aJI, YTO B Ka4eCTBe 9KCTPAreHTOB IS
KaTioHOB P3M MoOryT OBITb MCIIOIb3O-
BaHBI CJIefyIOlIMe XOPOLIO M3BECTHBIE
M [IOCTAaTOYHO IOAPOOHO OIMCAHHbIE
B JIATEpaType KOMILIEKCOOOpa3oBareny,
TaK1e Kak KpayH-9¢upbl, a3akpayH-a¢u-
pbl, KamukcapeHsl, ocHoBauus 1lndda,
nopdupuusl, ¢TanOLMAHNHDL, TPUOY-
i ochaTsl U TETPAOKTUIUTINKONbA-
vupsl (TODGA).

KpayH-3¢mpbl kak 3kcTpareHTbl KatTuoHos P3M

B 1967 rony Ilemepconom 6Opimu omm-
CaHBl IepBble IPENCTABUTENM Kracca
KpayH-2¢upoB [6]. C Tex nop XMMuKamm
OBITIO CMHTE3MPOBAHO MHOXKECTBO HO-
BBIX COEIVHEHNT, 0OTafaIOIIX CXOXKIM
¢ KpayH-adupamy CTpOeHMeM U CBOVICT-
Bamu. Hampumep, azakpayH-a¢upsl, o1-
KPBITOLICIIHbIE KPayH-3(UPBI (TOZAH/bI).
BO/MBIIMHCTBO CIIOCOOOB NPVMEHEHS
KpayH-9¢MPOB OCHOBAHO HA UX CIIOCOO-
HOCTM 06pa3oBBIBATh KOMITIEKCHI C KaTH-
OHAMU PA3NTUYHBIX METAJUIOB. JKCTPaK-
LJIOHHBIE CBOJICTBA KpayH-3upoB IO
oTHoUIeHNI0 K P3M 651N 0OHapy>KeHbI
pyu paspaboTKax HOBBIX CIIOCOOOB IKC-
TPAKLUM PafyIOaKTUBHbIX 97IEMEHTOB U3
PanMoOaKTUBHBIX OTXOfOB, KOTOpbIe CO-

IepyKamy 3HAYUTENTbHOE KOMNYECTBO MO-
HOB JIAaHTaHUMOB [7].

E Riahi n M. Bagherzadeh [8] nccre-
TOBAIK 1 OMMCATN SKCTPAKIINIO HEKOTO-
poix nmantanupos (III): La**, Ce*, Pr*,
Eu*, Er’** mnpousBopHbiMu 18-kxpayH-
6-a¢upa a-J B IPUCYTCTBUU TPUXIOPYK-
CYCHOJl KUC/IOTBI B KUC/IBIX pacTBOpaXx,
B cucteme JIMCO/Boma. YcTaHOB/IEHO,
4970 3P PEeKTUBHOCTD IKCTPAKLMUM KaTK-
OHOB coelVHeHnAMN 1-4 yBenm4mBaeTcs
B crefytoleM nopsake: 1 >2 >3 > 4. 910
OOBSICHUMO C TOYKM 3PEHMUsT KECTKOCTH
CTPYKTYPBI MOJIEKY/IbI, KOTOPYIO IIpujia-
I0T MOJIEKY/IaM KpayH-3(pVPOB LMK/IOTeK-
CUJIbHBIE U apOoMaTiyecKyie (pparMeHThI.
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S. V. Demin u xosuteru mpoBenu pAf,
UCCNIENOBAHNII SKCTPAKIUYU aJIKIINPO-
BaHHBIMJ IIPOM3BOJHBIMM KpayH-3¢u-
POB 5 1 6 13 KUCIIBIX paCTBOPOB B CHCTe-
Me xnopodopm/Boga [9]. Tlokaszano, uyro
9KCTPaKLMA KaTMOHOB PeKO3eMeIbHbIX
METa//IOB  INLIMK/IOreKcaHo-18-KkpayH-
6-3¢upoM 2 U €ero ajKUIMpPOBAHHBIMU
IIPOM3BOJHBIMM B TIPUCYTCTBUM TPUX-
JIOPYKCYCHOI KMCIIOTBI ABJAeTCA Oosee
3¢ (PexTUBHOI, YeM C UCIIONb30BaHMEM
A30THOI WM YKCYCHOJ KMC/IOT. 3Hade-
HIe K03 }uiMeHTa WU3BIEYEHUs /It
KaTMOHA LEpMsA HaMHOIO IIPEBBIIIAJIO
TaKOBOE JIJIfl KaTMoHa UTTpusA. Takas 3a-
KOHOMEPHOCTD OblIa 3aMetdeHa A7si BCeX
IIPOM3BOMHBIX coemyHeHnit 5 u 6. Coor-
HOIIIeH/e KaTUOH MeTaJlla C KpayH-a¢u-
POM BO BCeX KOMILIEKCAaX paBHO 1:1.

VipoujenHas TEXHONOTMA 3SKCTpaK-
MM KaTMOHOB METa/JIOB IpPeNyCcMaTpu-
BaeT €€ IPOBEJIEeHNE B CUCTEME TBepfad
¢asa-xuaxocts. Tak B Xofe MHOTOCTa-
muitHoro cuHTe3a [10] yranoch mony4nTsb
tBeppodasupiit nomumep 11-13 mpu mo-

oL 0
bj&

nmuMepusauuy MoHoMepa 10. Konmyect-
BO 3BeHbeB KpayH-aupa n MOXeT Ba-
PbUPOBATHCA OT JIBYX JJO YETHIPEX.
OKCIlepMMEeHTAIbHble IaHHBIE, II0-
nydeHHble J. Rey u coTpygHukamm npu
NIpOBENEHNM SKCTPAKI MM TAHTAaHOUJIOB B
alleTOHUTpPUJIE U BOJie, II0KA3aJI, YTO CO-
enuHenusa 12 u 13 crocoOHbI U3BIEKATh
KaTVMOHBI ITAHTAaHOUJIOB B AlleTOHUTPUJIE
B MEHbIIIeN CTeNleHN, ueM coefiluHeHme 14.
OHO ABAETCA HAWIYYIIMM 3KCTpPAreH-
TOM 17151 KatuoHa La®* kax B aljeToHUTpM-
jie, TaK U B BOJie, B CPAaBHEHUM C OCTa/lb-
HBIMM KaTMOHaMM JTaHTaHOUIOB. CTOUT
OTMETUTh, UTO coenuHeHus 12 n 13, B
oTnuuuie ot 14, He CIIOCOOHBI CBA3BIBATH
KaTJMOHBI TAHTAaHONJIOB B BOZIHOIJI Cpefie.
Hapsapy c kpayH-adupamn B KadecTBe
aKcTpareHToB P3M MOryT OBITH MCIIO/b-
30BaHbl MOIMMUIMPOBAHHBIE AMa3aKpa-
yH-a¢upsl. Hanpumep, skcTpakuyoHHas
AKTUBHOCTb coequHeHMs1 15 1o OTHO-
LIEHMIO K JIAHTAaHOMUJaM B IIPUCYTCTBUM
1-6yTnn-3-metunumupgason6uc|(rpndro
PMeTII)CYNTbGOHMI]|IMALA M3MEeHAeTCA

T, Aok

oS

R =H, TperOyTHI NN N300KTILT
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ClepyoIM 06pa3oM: CHavasIa MOHIDKa-
eTcs B psafe Metautos ot La mo Ho, a 3a-
TeM IOBBIIIAETCS C YBEIMYEHUEM aTOM-
HOTO HOMepa 97eMeHTa [11].

Takum 06pasoM, KpayH-adupbl mpef-
CTaB/SIIOT CO0OIT KTacC 9KCTPATEHTOB C
BapbJPYeMOJl CEeNeKTUBHOCTPIO IO OT-
HOIIEHVIO K 9KCTPArupyeMbIM KaTHOHAM.
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o,

8]
11
n 1 2 3
HOMeEp 12 13 14
TpebyeMblit ypOBeHb CENEKTUBHOCTU

KpayH-3¢Mpa [OCTUTAETCA M3MEHeHMEM
KO/MMYEeCTBA 3BEHbEB IIMKOMBHOM Lienn
U BBeleHVMeM PasHOOOpasHBIX 3aMeCTH-
Te/meil B ero CTpyKTypy. Hambonbiryio
3¢ (PeKTUBHOCTb KpayH-3pUpBl IPOSB-
JISTIOT IPY 9KCTPAKLMY TAHTAaHOMIOB U3
PacTBOPOB TPUXIOPYKCYCHOI, YKCYCHOI
¥ Q30THOJT KVCIIOT.

Mopanabl KakK 3KCTpareHTbl Ana katuoHos P3M

B xauecTBe KOMIITEKCOOOPA3yIOLINX
aHAJIOTOB KpayH-2(pMpoB paccMaTpuBa-
10T OTKPBITO-L[eITHbIe KpayH-3(QUPbI WK
nopanyel. Kucnple docdopun-copeprxa-
e nogaHgsl 16, 18, 19 6bu11 onyca”sl
B 1989 rony xax KoMIIeKcooOpasoBare-
M oA 1enodHbsix Metawios [12]. Co-
envHenue 17 u ero ananoru ¢ R, = Tper-
OyTun ObIIO HPEeIIOKeHO KaK peareHT

o/>/
0 0

n

0 0
R P// \\P
1 N A

/ H H \
C,Hs0 N & OC,H;

16, n=1, Ri=H: 17. n=1. Ri=C>Hs. 18, n=2, Ri=H

Ry

ns cenextuBHOI akcTpakumu Th(IV) us
PacTBOPOB a30THOIT KUCTIOTHI [13, 14].
IKcTpakya KarnoHoB P3M m3 pac-
TBOPOB a30THOI, COJIAHOM U XJIOPHOI
KUCTIOT KUCABIMU  (ochopuii-copepka-
oMM nogaHgamu 16-19 6puta ommcaHa

P P
OH -
HO™ be,H,

19
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A.B. TypanoBbIM 1 coTpypgHukamu [15].
Vimu ycraHOB/IeHO, 4TO 9(pPeKTUBHOCTD
akcTpakuuy KatronoB P3M ot La(III) go
Lu(IIT) n3 0,01 M pacTBOpa a30THOI Ku-
cnotel ¢ 0,01 M pacTBOpOM 3KCTpareHTa
B IUX/IOP3TaHe YBEINYMBAETCA B IOPA]-
ke 18 < 16 < 17 < 19, npuyem npu MnoBbl-
IIeHN KOHIEHTPALIUY a30THO KVIC/IOTBI
9 (PeKTUBHOCTb 9KCTPAKILUY CHIKAET-
cs1. Hevitpanbuble dochopun-comepska-
mue coeauHeHmnsa 20-22 He3HAYUTETbHO
aKcTparmpoBanmyu Katuonol P3M 1pu
9TUX yC/IOBUAX. TakxKe aBTOPBI OTMEYai0T
U3MeHeHMe KCTPAKIMOHHOI CIIOCOOHO-
ctn coepnHenu I B uconb3yembIx pac-
TBOPAX KUC/IOT C KoHLleHTpanuei 0,01 M
B cnefyromem nopsanke HCI < HNO, <
<HCIO,.

Ha mpomecc aKkcTpakumy KaTHOHOB
P3M BiuseT Kak IpUpPOJia UCHIONIb3YeMbIX
KUC/IOT, TaK ¥ IPUPONA OPraHMYeCKUX
pactBoputeneit. Hanpumep, npum axc-
tpakuyu Eu(IIl) pactBopom mopanpma Ile
B pa3/IMYHBIX OPraHMYECKUX PacTBOPU-
Te/LIX Habmofanoch yBemdenne sddex-
tuBHOCTH 9KcTpakuuu Eu (III) B cneny-
IolleM PARY pacTBOpUTeNeil: XI0pohopM
< 2-3TUITEKCAHON < TOMYON < MeTWIEH-
XJI0pUf, < JUXIOPOEH30/T < JAMXIOpPITaH
< HUTPOOEH307I, YTO OOBICHIETCS Clie-
nuQUYeckoil  conmbBaTalell  MOJIEKYII
HoflaHfia pacTBOpuTenieM (XI0podopM
win amudaTnaecKnii cupTt) u o6paso-
BaHJeM BOJOPOIHBIX cBsA3eil. Hanpumep,
P = Oeee HCCL, mmn P = Osee HOR [16].
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20. n=1, Ry=H: 21. n=1. Ri=C2Hs: 22, n=2. RiI=H
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[Tpupopa opraHM4eckoro pacTBOpU-
TeNsl TAaKXKe BIVMsIET U Ha CEMeKTUBHOCTh
9KCTpaKuMu. TypaHOBBIM U COTPYIHMKA-
MU OOHApy>KEHO, YTO IIPU YBeINYEHUN
CONMBBATUPYIOLIENl CIIOCOOHOCTH Opra-
HUYECKOTO PAaCTBOPUTENS I CUCTEMBI
C OKCTpareHToM 24p yBelIMYMBaeTcs
CeNIeKTUBHOCTD 9KCTPAKLMM KATVOHOB
P3M B crnepmymomeM mopspke: TOTYoONl <
< xnopodopMm < MeTuneH xmopus. Bos-
MOYXHO, 3TO CBSI3aHO C Te€M, YTO KOM-
IUTEKCHl  KaTMOHOB  TsDKenbix  P3M
COTIbBAaTMPOBAHBl OpPraHMYEeCKVMM pac-
TBOpPUTESIMU B OombIieil crenern. [Ipu
9KCTpaKLMM KaTVMOHOB COeVHEeHMeM 247,
C IpMMeHeH)eM IOISAPHOTO pacTBOPUTe-
7151 9 PeKTMBHOCTD IKCTPALIUN YBEIUIN-
BaeTCA C yBe/IM4eHNeM aTOMHOTO HOMepa
P3 sneMeHTa B mepuopnIecKoit Tabmuiie.
[na Tonyona (MeHee IIO/LAPHOTO PacTBO-
putens) 9(pQPeKTUBHOCTD 3SKCTPAKLUU
MIOBBILIAETCA TOJBKO /IS psAfia 97eMeH-
TOB OT JIAHTaHa /10 eBPOINs, 3aTeM IIOHU-
YKAETCs OT TepOust 1O TIOTELN.

Ce/eKTMBHOCTD 9KCTPAKLIMM MOXKET
3aBUCETh M OT KOIMYECTBA aTOMOB KM-
cropoga m B nonnaUpHOI L MofiaH-
JIOB. YBe/IM4yeHue m B MofaHax 24a-24r
OT OJHOTO [0 TpeX IOHIKaeT 3ddek-
TUBHOCTD U CeJIeKTMBHOCTD SKCTPAKIIVN
JTAHTAHOWUMIOB. YBeNIUYEHNE M [0 YeThbI-
pex BBI3bIBaeT HE3HAUMUTE/IbHOE IIOHU-
eHne 9P PEeKTUBHOCTY IKCTPAKINHN JIJIs
JIAaHTaHa, /I OCTa/AbHBIX P3 ameMeHTOB
3¢} PEeKTUBHOCTD 9KCTPAKLUY YBEIUUM-
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24a-d, R =Ph,n=1-4; 24e, R =p-tolyl, n =1, 24f. R=0OEt. n = 3.



BaeTCs, YTO MPUBOAUT K IIOBBIIIECHNIO
CETIEKTUBHOCTM SKCTPAKIUU IOJAHIOM
24r. [Ins nogangoB 23a-233K ¢ Konmde-
CTBOM #1 JIO IECTV aTOMOB Ha6/TIOfaeTCsI
He/IVMHeJHOe YBe/IMYeHMe SKCTPaKTUB-
HOVT 3¢ (DeKTUBHOCTM JTAHTAHOUJIOB U ee
pesKoe IOHIDKEHMe B CIIydae C COoefiHe-
HueM 23K (m = 7). CeleKTUBHOCTD 9KC-
TPaKLUY MeHseTCsl B aHAJIOTMYHOM Ha-
MpaB/IeHNM TIPU SKCTPAKIMM KATHOHOB
P3M nopangamu 23a-23:k [15].

Ha ocHoBe mopaHfa C OTKPBITHIMU
oA pUPHBIMY I[eTIoYKaMu 25, aHajo-
TUMYHO, KaK U B CIy4ae ¢ KpayH-a(pupoM
7-9, MOXKHO TIONY4YUTbH Ionumep 26-28
IIS1 9KCTPaKIyy KaTroHoB P3M B cucTe-
Me TBepaas dasa-xuakocts [9]. OpHako,

n 1 2 3
HOMeEp

B OTIMYMe OT KpayH-9(upcopepKalmx
IONIVIMEPOB, IOMVMEpPBI, COAepKallyie
HOIaH/IBI, CIIOCOOHBI K 6oree adhdexTuB-
HOJI 9KCTPaKLUy JTaHTAaHONUJOB B BOJE.
YBenmnuenne 3¢PeKTUBHOCTI IKCTPaK-
LM JTAHTAHOMKOB KaK B BOJe, TaK U
B aLeTOHUTpWIe HAOMIONAeTCs B PSAY
MIONIMMEpPOB 26 < 27 < 28.

Pe3oMupyst BBIILEN3TOKEHHOE, CTOUT
OTMETUTb, 4TO Hambonee 3 eKTUBHbI-
MU 9KcTpareHTamy Aast P3M sBistiorcs
dbocdopun-conepxaie MOJAHAbI, Ce-
JIEKTUBHOCTb KOTOPBIX MOXXET 3aBUCETb
KaK OT KO/IMYEeCTBA aTOMOB KVC/IOPOZA
B IONMAGUPHOIT [[EMOYKE MTOfIAHIA, TaK 1
OT TIPUPOMBI OPTAHUYECKOTO PACTBOPHU-
TeJs.

JkcTpakumsa katmoHos P3M moaucmumpoBanHbiMu kanukc[n]apenamu

C pasBuTMEM aTOMHO-3HepreTHye-
CKOIl OTpacny OCTPO BO3HMK BOIPOC O
JMMKBUJALMU ¥ IlepepaboTKe sA/epHbIX
oTxof0oB. PaspeneHme aKTMHOMAOB OT
JTAHTAHOUMOB ABJAETCA BAKHBIM 3Ta-
IIOM TIepefl OCYILIeCTB/IeHNeM TPaHCMY-
TAIIOHHON TEeXHOJIOTUM IIpeBpalleHNs
akTuHOMAOB. IloaToMy [/1s sKCTpaKLuu
PafinOaKTVBHBIX 3/1eMEHTOB M3 s/lepHBIX
OTXOJOB ObIT MCIIBITAH PSIJ CeIEKTUBHBIX
9KCTPAreHTOB, HAIIpUMep, MOHOJEHTaHT-
Hble Qocdopopranndecke 9KCTpareH-

ol (Tpmoktmndocuuokcun, TODO)
[17]. OpHako OHM HIPOABIAIN HU3KYIO
3¢ PeKTUBHOCTD U HEZOCTATOYHYIO 13-
OuparenbHOCTb. [loaTOMy  BO3HMKIIA
upes mnpucoenuHenns ¢ocdopuabHOI
TPYIIIbI Ha KECTKYIO IIaT(OopMy Kaluk-
capeHa, YTOOBI BOCIIO/Ib30BATbCS CHHEP-
reTu4ecKuM 9(pHeKToM HIst YBeIndeHus
9 PEeKTUBHOCTY M CeNEKTUBHOCTU 9KC-
tpakuyy [18]. Panee yxe ObUIM XOpoO-
IO M3Y4YEHBI U OMMCAHBI MIPOU3BOLHbIE
Ka/IMKCapeHa, cofepxaliye KapOomo-
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miMeTIHOCPUH OKCUABI B PasIMIHBIX
ITIOJIOKEHUAX (bpaI‘MeHTOB Ka/IMKCapeHa
[19, 20] Tak >ke, KaK ¥ HEKOTOpbIE KaJIVK- OR, OR; 2

capeHbl ¢ POCHUHOBBIMM OKCHIAMU IIO
HIDKHeMy 0607y [21, 23].

M. Karavan u COTPYJHUKM U3Yy4MIN
KOMIIJIEKCOOOpasyoliye cBojicTBa ¢oc-
¢dboHAT NPOM3BOIHBIX KaMUKC[n]apeHOB
29-36 10 OTHOUIEHMIO K HEKOTOPBIM aK-
TUHOMAM U JTaHTaHouzaMm [23]. Ananus
9KCIIepYIMEHTA/IbHBIX JaHHBIX 9KCTPaK-
VY KaTMOHOB M3 PacTBOpa a30THO
KUCTIOTBL B M-HUTpOOeH30TpudTOpNe
(m-NBTF) mokasai, uto 3¢ peKTHBHOCTD
9KCTpaKIMM KajukcapeHaMmn ¢ ¢oc-
GUHOBBIMY 3aMeCTUTENIEMY B BepXHEM
obome 296 u 29m 1A KatuoHos “?*Eu
IpeBbllIaeT TakoBylo misd *'Am. OpHa-
KO yBe/l4eH)e KOHIIeHTPAIM a30THO
KICJIOTBI B PACTBOpPE IIPUBOAUT K YMEHb-
IIeHNI0 3HaYeHus1 KoadduumeHra us-
BJIEYEHUA /I coenuHeHus 29e; nnd 296
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Ri1 =R2 = nporun 36a

HaO/MIONAEeTCsI [TOCTEIIEHHOE yBeMNYeHIe
koadpunmenta o 0,9 M HNO,, kotopoe
3aTeM CMEHAETCSH Pe3KUM YMEHbIIeHIEM.

3 pspa xamukcapeHoB ¢ docdu-
HOBBIMM 3aMECTUTEIIMM II0 HIDKHEMY
oboxy 32a, 320, 33a u 34a HanboNbILIE
9KCTPAKIMOHHOI 9PPEeKTNBHOCTDIO JIA
“Am u "?Eu obmagaer n-TpetOyTHIKA-
nukc[5]apen 33a.

Cpenn xanmkcapeHoB ¢ docdonat-
HBIMI 3aMeCTUTE/SIMM B BepXHeM 0007e
35a-351 MakcuMaJIbHBIM 3HaueHMEM KO-
a¢duIMeHTa N3BIeYeHNA JJIA eBPOINA I
amepurys obnazaer 358.

Koaduunents: nssnevenus *! Am u
'2Eu 6bI1M OnpeieNieHbl pafnoMeTpude-



CKVI UCIIOJIb3YS Y-U3JTy4eHUe COOTBETCT-
BYIOILIMX M30TOIOB [22].

Eme opuH mpumep cuHTe3a CceJek-
TUBHBIX 9KCTPareHTOB Ha OCHOBE Ka-
ymmKkc[4]apeHa 1y paspeneHns aKTUHOU-
0B OT JTAaHTAHOUIOB OBUI OnycaH Ansari
u corpysHukamu [24, 25]. Oun nonyuu-
JIM CEPUIO NYPa3NH-3aMelljeHHbIX KaJIVK-
capeHoB 37-39 u uayunm ux s¢pdexTus-
HOCTb JUIA 9KCTpakuym KarmoHa Eu’' m3
BOJHOT'O PacTBOPa a30THOII KVC/IOTBL.

ITo manHbIM MCcmenoBaHui, addex-
TUBHOCTD 9KCTPAKLIMU KaTMOHA eBpONNA
coeqvHeHMsIMU  37-39 MOXKHO 0TOOpa-
3UThb B C/IefyIollell II0C/IefoBaTe/IbHO-
ctu: 37 << 38 < 39. Takue pe3ynbTaThl
MO>XHO OOBACHUTD BJIVMSAHMEM IIPUPOJLI
3aMeCTUTeNA NMUPAa3MHOBOTO (parMeHTa
coenuuennii 37-39. ViccnemoBaTensamm
TaKKe YCTaHOBJIEHO, YTO COOTHOIIEHUe
MEXAy coefuHeHMaMu 37-39 u xatuo-
HOoM Eu** B 00pa3soBaBIIMXCSI KOMILIEK-
cax pasHoO 1:1.

Opnaxo, no MHernio H. Huang u co-
TPYHRHUKOB, IpUCYTCTBUE aToMa (ocdo-
pa B CTPYKType MOJIEKY/Ibl 9KCTpareHTa
He II03BOJIAeT IIONIHOCTBIO €ro CKeub,
IpeBpallaAch B  HaKaIUIMBaloLIyecs
TBeppbple OTXofbpl [26]. Hamnyummmmn
9KCTpareHTaM! B TAKOM CJIydae ABJIAIOT-
Csl COeNMHEeHMsdA, COCTOSIUE TOIbKO U3
atomoB C, H, O u N, xotopsle npespa-
TATCA B ra3000pas3Hble IIPOAYKTHI MOCIIE
yrummsanun. [TogxomAmyMm oy «IpuH-
mun CHON» cumTannuch NepCcreKTuB-
HbIe, JIETKO CUHTe3UpyeMble COeVMHEeHNA
VIS 9KCTPAKIVM aKTVHOUMOB U3 PAacTBO-
poB kucnor — puraukonbamuzasl (DGA)
[27]. Ho BcnemcTBMe UX HU3KOI 136mMpa-
tenbHOCTY DGA He MOTyT OBITD MCIIOJIb-
30BaHbI JIA pasfe/ieHnsa aKTUHOUJIOB 1
JTAaHTaHONUTOB. BBefleHNe B MOJIEKyITy Ka-
NMKC[4]apeHa AUIINKOMIbaMIA — CIIOCO0
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IIONTyYEHN IEePCIEKTUBHOIO COeMHe-
HUA 43 1A paspeneHnsa aKTMHOULOB U
JTAHTAHOMIOB, KOTOPHI BeiOpany Huang
U COTPYIOHUKMN.

Cunres xkammkc[4]apen-BDGA 43
OCYILIECTBJIEH B COOTBETCTBMM CO CXe-
MoI1, re coeguHenus 40 u 42 6pUIn 1mo-
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JIy4eHBI 110 paHee OMMCAHHBIM METONM-
KaMm [28, 29].

Wccnenosanne sxcrpakyum Am(III)
u Eu(III) u3 pacTBopa a30THOIT KUCIOTHI
coefuHeHMeM 43 MPOBOAUIOCDH, UCTIOND-
3ys1 95 % KepocuH / 5 % H-OKTaHON Kak

ﬂMrﬂMKOJ‘IbaMMAbI = 3KCTpareHThbl

IWTIOeHT. Pe3ynbraTel IOKa3any, 4YTO
3HaueHMe KoadPuumeHTa W3BIEUEHN
wra Am(IIT) n Eu(Ill) yBenmmumBaercsa ¢
[IOBBIIIEHNEM KOHI[EHTPAlUy a30THOI
KMCIOTHI B MHTepBaje oT 0,5-5,0 Mosb/1.
Jlurang 43 mnposiBun 6o7ee BBICOKYIO
cenekTuBHOCTb 1A Eu(Ill), uyem mia
Am(III) ¢ pakropom paspenenns SF,
paquny B TIPEAIETIAX 4,5-7,3, 4TO CBUMETENb-
CTByeT O ero ap¢QeKTMBHOCTU IpU pas-
Ie/leHUI KaTMOHOB JTAHTAHOWU/OB I aKT-
HoupoB [30].

Takum obpasom, MopubUIPOBaH-
Hble Ka/JIMKCapeHbl 3aHUMAIOT ONHY U3
TAZVAPYIOIUX TO3VLMIA CPefu BBICO-
KO9(Q(GEKTUBHBIX 1 CETIEKTUBHBIX 9KC-
TPAareHTOB KaTMOHOB peIKO3eMeIbHBIX
METaJIIoB.

Ana pa3peneHnua akKTMHOUA 0B U JlaHTaHOUA 0B

JurimkonbaMuabsl M UX IPOU3BOJ-
Hble, SABJANINECS IepPCIeKTUBHBIMMI
9KCTpareHTaMu M U3BJIeYeHMS HU3-
MMX aKTMHUZIOB M3 PacTBOPOB a30THOII
KuCnoTel, 6sutn onucanel H. Stephan u
kojwteramut B 1991 rogy [31]. ITpucytcr-
BUe 9(pUPHOrO KMUC/IOPOfia MEeX/Y AByMsA
amMupgHpiMu rpynnamMu B DGA moBbI-
IIaeT VM3B/IeYeHMe HUBIMINX aKTUHOWUJIOB
BCJIECTBIE AKTUBHOIO 0OpasoBaHNs
TPUAEHTAHTHBIX KOMIUIeKcoB. Kak Hau-
6oJee mepCreKTUBHbIE IKCTPATEHThI /I
HUBIINX aKTVHUOB Cpefy JUIMKO/Iba-
muzioB  paccmarpuBarorcs  N,N,N',N'-
rerpaokTwiapurnukonsamyy — (TOMTA)
44x n N,N,N'N'-reTpa-2-sTmnrexcmn-
purnukonbamuy (TOTITA) 44k [32, 33].
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9TO 0OBACHAETCA BIUAHMEM IPUPOJBI
aJIKM/IbHBIX 3aMECTUTENEN JUITNKO/b-
ammpa.

Bnuanmue ankmiabHBIX 3aMeCTUTENEN
U NPUPOABI JUIIOEHTA Ha 3KCTPAKIINIO
JTaHTaHOU/IOB M aKTUHOUMIOB JUIJINU-
KonmbamuzpamMu 44a-M  OBUIO  M3YYEHO
Y. Sasaki u xommeramu [34]. Vimn ycra-
HOBJIEHO, YTO COEIMHEHMA C Pa3BETB/IEH-
HOJI aZIKMJIbHO LETIbI0 ¥ HECUMMETPIY-
HBIMU a/IKU/I-QeHUIBHBIMU aMMUIHBIMU
IPyNIIAMMA MMEKT CPaBHUTENbHO HU3-
KUt KO3(QQUIVEHT M3B/IeYeHNsA KaTuo-
HOB, Y€M IJIMTO/IbaMU/Ibl C JIMHENHBIMI
YT/IEBOJOPOJHBIMY 3aMecTuTenAmu. Vc-
ClefloBaHMe SKCTPAKLMM JIAHTAHWJIOB
TOOTA, TOATA, THpATA, TOTOTA n



IMIOITA npoBoauINCch B LIECTU pac-
TBOPUTELAX (HUTPOOEH30I, JUXTOPITaH,
OKTaHOJI, XT0podOpM, TOIYOJI, JOfieKaH),
ucnonbsya 0,04-0,1 M purnmkonpamu-
ma u 1 M pacTBOp a30THOM KMCIOTHL 3a
UCK/IoYeHVeM aKcTparupoBanus TOOTA
B Tonyone, IMI®ITA B xnopodopme n
tonyone 1 TOIJITA B mecTy fumoeHTax
Hab/II0anoCh MOCTeNleHHOe YBeNnYeHue
K09 duLMeHTa U3B/IeYeHNs JTaHTAHMN-
IOB B TOPsAJKe YBeMMYEHN UX aTOMHO-
ro HoMepa oT La no Ho, 3aTem 3HaueHne
K09 duIMeHTa TOHIDKAETCS I KaTho-
HOB Er-Lu. Tax)e CTOUT OTMETUTH, YTO
TOATA wmn TOn[T'A, pacTBOpeHHbBIE B
HUTPOOEH30/Ie, OKTaHO/ME U JOfeKaHe,
umeror ¢axrtop pasgenenna SF(Lu/La)
60mee 100, 4eM TIOATBEPKAAIOT MCIIONb-
30BaHNe 3TUX JUIIMKOTbaMUOB JIJIA ce-
JIEKTMBHOTO pasfiefieHNs JTaHTAaHOUMOB.
OKCTpaKLVsA TaHTAaHOUMIOB B XII0podopM
UM TOMYON TI0Ka3asna He TObKO HMU3KOoe
3Ha4YeHye Kod((uIMeHTa U3BICYEHIs,
Ho 1 ¢axTopa paspenenus SF(Ln/La).
Takum 06pa3oM, BaKHBIM YCIOBHUEM,
BIMAOIVM Ha 3 (PeKTBHOCTDb 9KCTPaK-

R R

oo B, IL
R,/ N Y \R1

O 44 0

R, R, | TeTpamernn TM]ITA 44a
TeTpasTuI TOITA 446
TeTPANIPOINNT TIIATA 448
TeTpalby T TBATA 44r
TeTpaaMII TAJITA 44n
TeTpareKCuI TTATA 44e
TEeTPAOKTUII TOMTA 44
TeTpajeL I TOOTA 443
TeTpafofiel I THnITA 44n
TeTpa-2-atunrekcun | TOTTA 44k
N,N'-numernn- IMIODOTA
N,N'-gudennn 44n
TeTpadeHun TOTA 44m

OUN JTAHTAHOUOOB [OUITTUKO/JIbaMIaaMIU,
SABIIAETCA IPpUPOJAa a/IKMIbHBIX 3aME€CTI -
Tefnell AUTIUKOIbaMIia U MCIIO/Ib3yEMO-
r'o JVIIOCHTA.

JKCTpaKuMa NAHTaHUA0B opraHotocdopHbLIMM IKCTPareHTaMm

Tpubytnndocpar TBO u tpudenn-
dochunokcupy TODO ¢ gaBHUX BpeMeH
ABJAIOTCA 00beKTaMMU JyIA U3YYEeHUA UX
9KCTPAKTMBHOJ aKTMBHOCTY IO OTHO-
IIEHNI0 K KaTVOHaM pefKOo3eMeIbHbIX
Mmertamios [35]. E. Jorjani u corpygunkn
u3yunn 3¢QQeKTMBHOCTb IKCTPAKLVUN
TpubyTundocdharoM KaTMOHOB WUTTPUS,
JIaHTaHa, Lepyus M HeoAyuMa — TJIABHBIX
KOMIIOHEHTOB OTXOJ[OB ITepepaboTKII >Ke-
JIE3HOM PYJBL.

VccnepoBanusa moOKaszami, 4YTO HpU
UCTIONb30BaHUM  Pa3/IMUHBIX KOHIIEH-
Tpaunit pactBopa TH® B kepocuue (ot
0,73 mo 3,65 Momb-1') Habmomanoch

yBenudyeHye 3HaYeHMs KoapduimeH-
Ta U3BJAeYeHMs1 1O KoHueHTpauuyu TBD
3,65 monb-n! [36].

[Ipy usy4eHMy OSKCTPAKLUM KaTu-
onoB P3M opranodochopHbIMU 9KC-
TpareHTaMyu JVCCIEROBATeN  YAEISIOT
BHMMAaHIE CHHEPreTUIecKoMy 3 QeKTy.
CunepreTndeckass 9KCTPakKLUsl Tpex-
BQJICHTHBIX JIAHTAHMMOB IIPECTABIISIET
007bIIOI MHTepec O7arofapsi BBICOKOI
3¢ PEeKTUBHOCTY 9KCTPAKLMY KAaTHOHOB
XeaTUPYIOLUIMM areHTOM B IIPUCYTCT-
BUJ HEJTPaNbHOTO JOHOPa. MHOXeCTBO
M3YYEHHBIX SKMAKO(A3HBIX SKCTpaKIM-
OHHBIX ITIPOLIECCOB, KOTOpbIE MMENU CH-
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HepreTU4ecKMil XapakTep, BBIIOIHEHBI
C JWCIO/Nb30BaHMEM MOHOJEHTAHTHBIX
coenVHeHMil  (Hampumep, TPUOKTWI-
¢docoun oxcnp, TODO u P-AuUKETOHBL).
Umetani u Freiser uayunnm cMenranHyo
JINTaHJI-Xe/aT 9KCTPAKIVIO TAaHTAHUJIOB C
1-penun-3-metnn-4-(TpudToparnerun)-
5-I1pasoNoHOM U HEKOTOPBIMU (PochuH
okcupgamu [37].

OKCTpakIys JIAHTAaHUJOB CMECBIO
NMKPOJIOHOBOM KUCIOThI 45 ¢ pas3nny-
HbIMK  (OchOpOpraHNIecKUMI  Hell-
TpanbHBIMU [OHOpaMM ObTa M3ydeHa
A. Amn u corpypuuxamu [38]. B ogHoi
U3 CBOUX PabOT OHM OIYO/IMKOBA/IN faH-

3axknioueHue

OpranodocopHble  3IKCTpPAreHThI
obpenyt CBOIO MOMY/LIPHOCTD Oraropapst
OTHOCHUTE/IBHO IIPOCTHIM METOZAM IIONTY-
yeHns u pereBusHe. I1o celeKTUBHOCTI
OHJ BO MHOTOM VCTYIAIOT KpayH-3¢u-
pam n xanmkcapeHam. OfHAKO CrIOCO6-
HOCTb OpranodocOpHbIX COeTIHEHMIT K
CUHEPreTIYeCKOil SKCTPAKIINY KaTVOHOB
CTTY>KUT IIPUYNHON [/IsI AaTbHEIIIero ux
usydeHus [42].
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HbIe JVICCIIEIOBAaHUIl CHHEPreTUIeCKOi
akctpakuyy Eu(IIl) n3 cmecu xaTmoHOB
MepeXOHbIX IBYXBAaJIEHTHBIX MeTa/lIOB
C IpUMEHeHNeM PacTBOPEHHOI B XJIOPO-
dbopme cMecu TMKPOTOHOBOI KUCIIOTHI U
TODO, TODPO u ThD [39]. V3Bneuen-
Hbl€ YaCTUIbI OBUIM OXapaKTEPU30BAHBI
kak Eu(PA)3-2TO®O, Eu(PA),2TODO,
u Eu(PA), TB® [40]. Hanbonee spdex-
TUBHOJ SKCTParupymomeil CMecblo i
eBpOmus OKasajaach CMeChb MUKPOJIOHO-
Boit kucnorel u TODO, menee saddex-
tuBHOI - IIK 1 TOPO. HanmeHnbiyro
COCOOHOCTPIO K 9KCTPAKI[MU €BPOMNs
nokasana cMmecb I[IK u TB® [41].

Haubonee mepcreKTUBHBIMU 9KC-
TpareHTamu And P3M Ha cerogHANIHUI
IeHb ABJIAIOTCA KpayH-9(pupbl, Kaamk-
capeHsl, MONAHMBI, AUITIMKONbaMUMBI U
opranodocdopHbie coenuuenns (43, 44].
Momudukanus (B ToM yucie u o6begu-
HeHUe) MX CTPYKTYP HaeT BO3MOXKHOCTD
MOTYYUTb LIIMPOKMII CIEKTP SKCTpareH-
TOB, M30MPATENTBbHO CBSI3bIBAIOIINX KATH-

oHbI P3M.
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