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The history of the separation of the rare earth elements is closely related to the
development of jom exchange chromatography. Separation on cation exchange resins
by elutiom with the aid of complexing agents'—3 was fully investigated by several
auwthors and has already become a standard method of identification and isolation for
pure lanthamides and actinides®*. The behaviour of rare earths on anion exchange
resims has umtil mow beem little investigated, probably because of the weak tendency
of these metals to form complexes with inorganic ligands. Lanthanides are not ab-
sorbed by stromgly basic anion exchange resin from solutions in HCI3, or from solutions
in HINO, and H,SOj;, over a whole range of concentrations. Only a rather weak
sorption was observed from solutions of such salts as sulphites?, sulphates, thio-
sulphates, nitrites and nitrates®, and thiocyanates®. Rare earth elements form strong
m;mmm»]]exes mmmsirllw' of mog:nﬁrvp (‘hﬂfD‘P with several nrg'\nu‘ ]nran'lc This fact opens

up the possibility of separating Ia.ntha.mdes on anion e.xchange resins. As is known,
in citrate solutions of pH r.8-2.1 the sequence of elution from the anion exchange
resim im citrate form is in concordance with the order of increasing atomic number1911,
A simnflar sequemce: has been obtained in the case of elution of lanthanides with o.r3 M
citric acid fromn Dowex-r anion: exchange resin in the form of disodium ethylenedi-
aminetetraacetate (Na,H,¥)'2. When using a Na,H,Y solution adjusted to pH 11.7
amd Dowex-T resim (pretreated with the same solution) HIGGINS AND BALDWIN!S,
however, ascertained that yttrium is eluted before europium, as in the case of elution
from catiom exchange resims.

En earlier work™ it was found that when Na,H,Y solution in acetate buffer of
PH 3.6 and Amberlite IRA-400 anion exchange resin pretreated with the same
solutiom were used, cerium was separated from promethium, cerium appearing first
im the elmate. Am attempt was made to explain this sequence of elution from the point
of view of the stability constants of the rare earth complexes with ethylenediamine-

tetraacetic acid (H,Y), which—asis known1®—increase monotonically from lanthanum
to Inteciom. Further investigations® carried out as static equilibrations as well as

" Part.. I, see ref, 16,
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RARE EARTH SEPARATION ‘ON ANION EXCHANGE RESINS. TI. o)

column experiments have corroborated the fact that im this system the distrbumtiom
coefficients of the lanthanides of the cerium group increase as the atomic mumbers
increase: La << Ce << Pm < Eu. Yet, the separation factor (the ratio of the disttriltwm-
tion coefficients of two elements) has proved to be almost independent of the pH

value (Fig. 1). This indicates that .an agent other than the differemces betweem the
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Fig. 1. Distribution coefficients of some lanthanides as :a function of the pH of tixe solmtiomn.
Solution : o.02 M Na,H,Y, 0.02 M CH;COONa, x M CHCOOH. Amion esadhamge mesim:: Ammiixerdlitte
IR A-4oo pretrcatcd with the abovc-memrtncmedl solution, Fmom mef 20,

stability constants of complexes plays the main role. Moreower, fior the yittriumm
group, it has been found'? that in these conditions the afffimity to tihe ion eschamge
resin increases in the order Yb < Y < Ho < Th, i.e. according to the decrease of tihe
atomic number. The differences between the walues of the distribution coefficiemnt

observed were unexpectedly great. Work has been undertalken im order to characterize

PRSP | b MU—

more quy the behaviour of the rare earth group clements im m-aLn!.m _2)1 @Y. TSI,
The results of the preliminary experiments have been published im a letter to the
editor of Chemia Analitycznas.

EXPERIMENTAL
The zon e:wkange resin
The strongly basic anion exchange resin Amberlite IRA-400 of the —Ttymemxe—dﬁvimyll—

benzene type, possessing functional groups of the —N+(CHy),; type, was wsed. The
exchange capacity of the strongly basic groups (Z,) and the total exchamge capacity

(Z¢) had been determined previously?® and had beem fiound to be 370 and 3.76
mequiv./g of the dry resin [Cl—] respectively. These data show that the Amberlite
IRA-400 used here contained only a very small admixture of the weakly basic groups

and could be regarded as monofunctional. At first the fon exchamge mesim, im its

chloride form, was dried in the air, ground in a ball-mill, sieved amd fractiomated
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to a particle size of z < 0.07 mm {(—=200 mesh). From this fraction a suspension in
distilled water was prepared in a big beaker. Four fractions were collected according
to the time of settling: within o0 — 8, 8 — 15, 15 — 30 and 30 — 60 min. This last
fraction was used for all the experiments. In order to eliminate possible impurities,
the ion exchange resin was treated successively with excess of 1 N HCI, 1 N NaOH,
1 N HCl, washed with deionized water and transformed to the [H,Y2~] form by
passing 0.2 M of Na,H.Y solution until no Cl— ions could be detected in the effluent.
The density of the dry ion exchange resin (4;) was determined by the pycnometric
method (with benzene); it amounted to 1.21 g of the dry resin [H,Y2~] per ml. The
bed density (d;) was determined by measuring the volume of the bed formed in a
gradunated cylinder from a known weight of the dry ion exchange resin after it had
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[H,Y2-] per ml of the bed.

Reagents

Disodium ethylenediaminetetraacetate was prepared from commercial Na ,H,Y - 2H,0
by purifying it with the aid of the BLAEDEL AXD KXI1GHT method?®. A stock 0.2 M
solution was prepared by dissolving 37.21 g of pure Na,H,Y -2H,O in 500 ml of
deionized water. Solutions of other concentrations were prepared from the stock
solution by dilution. All the other reagents were of Analytical Grade. The pH values
of the Na,H,Y solutions were within the range 4.55 — 4.70.

Radioactive tracers

The following radioactive tracers were used:

WCs (T'1, = 30 y), #*Na (15.0 h), Y (65 h), 14°La (40 h), 2#Ce (285 d), 12Pr
(19.2 h), *"Pm (2.6 y), ¥¥%-13Eu (12.2 ¥), ¥Gd (18.0 h), ¥Tb (73.5 d), **¥Ho (27.3 h),
10Tm (127 d), 19.1%5YDb (33 d; 4.2 d) and ¥ Lu (7.0 d).

The radioactive tracers: 137Cs, MCe, M7Pm and 152,3Eu were supplied by
Soyuzchim-export, Soviet Union. The others were prepared by irradiating the
appropriate oxides of spectral purity (Johnson, Matthey ‘“‘Specpure’) with neutrons
in the Polish reactor “EWA”’. '

A P?arﬂhzc

Lo 22 oV

The column was made of a glass tube 2.2 mm in diameter, of which the lower end was
thinner; a piece of polyvethylene pipe was attached to this end. The ion exchange
resin bed was supported by a glass-wool plug which extended exactly to the upper
edge of the thinner part of the column. At the top the column was widened to facilitate
introduction.of the mixture to be separated. The height of the jon exchange resin bed
was altered according to actual needs. The scheme of the drop collector is shown in
Fig. 2.The top of the column (K) was connected by a rubber pipe to a burette (E)
containing the eluant. The eluant was supplied to the column under a pressure approx-
imately equal to thé difference between the levels of mercury in the separating fun-
nels (W) and (R). The drops leaving the column were collected on an impregnated
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Paper bhand (P) seit in motiem Ty mezamns of 2. smalll elkctnic: motiorn,, and! which: moewved!
wiith @ constamt spead off 2z cm/mim.* The drops wene tibem antiomaticallyr dried! by
Passing under imfira-med kamops ({L)).. :
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Pracedrrve

ATl the experiments were camiied et at toom temperatune:. The: columm was; filled!
witth don esdhamge mesim, washed wiitth soome millilfitres off the: elwant, andl them the:
lewmel of tthe FHeuid was adjmsted to tihe upper levell off tihe bedl. The: mikture: of nradio~
active tracer was ewvgporated to doymess im & smalll glhss or quantiz. crucible.. Then
the amount of Ma,H,Y solution was added thatt i theoneticallly necessany to form
complexes wiith @l the lamtiramiifes (@m e assunmptiom thatt complexes: ane: formed!
wiith tihe mnole mattio m:m), wffter wihicih e solutiom was agaim evaporated te dryness..
"The contents of tie cmdiblle were disslved in go 421 of the elwantt, and! 3 4l of this:
salution was applied to tive top of e collmmm. The hntfamide: contientt: of the: “load’”
did mot exoesd @3 % of tihe totall exdiange capacity of tihe resim bedl.. By applying:
a slight owenpressure, e “load”™ wees madie to poss dowm the: columm. The: finst drop
was «ollected @as Drop No. @. Tihe wallls @f the collmmm wene: nimsed! twice: e thrice:
wiiith smalll pertions (xo-2x0 ) of tie ellyomtt. Tie collimmm was; filled up with the eluant,,
connedted to the burette and the presume regulhted so thatt the: nate: off fow was:
@.7—T mmll{or?fmim. A\t tive mmemment wihem eme: of the: fistt dnops: appeared,, thelevell in

™ Dhe iitlea off applicattion cf cndiinramy tempuenatiine: necondiar ass av drop teceiver was:devisdd! by
Dr, M. Waup ((piiiveatte informeuttiian).
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the burette and the time were noted. By making a similar note at the end of the experi-
ment the volume of the drop and the exact flow rate could be calculated. The dried
drops were numbered, cut out from the band by means. of a pattern and placed in
standard plexiglass holders. The activity was measured with the aid of an end-window

uEigei‘uuuuCi‘ counter. The elements corr c:punulug to par ticular maxima of the elu-
tion curve were identified by determining 7" 154 and the maximum energy of # particles
or by comparison with" elution curves obtained under similar conditions for single
elements.

RESULTS AND DISCUSSION

Distribution coefficients and the charge of complex ions
If the ion, whose ion exchange is being investigated, is present in trace amounts
the exchange isotherm is as a rule linear. Then, on the basis of the elution curves
obtained in conditions of complete equilibrium between the ion exchange resin and
the solution, the distribution coefficients of the substances being separated can be
calculated with the aid of the plate theory?? 2!, The weight distribution coefficient
(the amount of the substance per gram of the dry ion exchange resin divided by the
amount of the substance per millilitre of the solution) is given by the equation:
' Umax — (U, 14

max n(l o + V) (1)

A =

where Umax = volume of the effluent when the concentration of the substance
reaches its maximum

Uo = dead volume of the column (the amount of the solution between the
' lower level of the resin bed and the outlet of the column)

|4 = free volume of the resin bed

m = mass of the dry ion exchange resin in the column (in g).

The free volume V" is?® the volume occupied by the liquid phase in the resin bed
and can be calculated from the equation: :

v=7:(1 -———Z—: ()
where V; = volu ‘ .‘-.e of -he resin d (in ml) | .
A = dens1ty of the bed (g ram of dry resin per millilitre of the bed)
- dy den51ty of the dry resin (gram of dry resin per millilitre).

If we assume that only one species of complex ions (X¢~) is present in the solu-
tion and that the ion exchange resin is completely saturated with A¢— jons, then the
ehchange reaction can be expressed by the following equation: ' ' -

' ‘ a}s."’-' + vRaA = aRvX -+ vA“-
The ehpressmn for the stab111ty constant 1S then

[Rv}&]a [Aa—]v yaI{vx y’l)Aa—
.[Xv—]a [RuA]‘D vaaA y{lX'b\- »

K= (3)
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Activity coefficients in the resin phase are difficult to compute; their ratio, however,

should be an approximately constant value under given conditions, so that they can

be grouped together with the stability constant. Activity coefficients in dilute solu-
tions are nearly equal to unity so that:

' ~ [RpX]e [Aa—]® 7'Ra

[X?—j@ [RaA1° . ° [K 'yava]

If the concentration in a solution is expressed as mole per litre and the concentration
in the ion exchange resin phase as mole per litre of the bed then: '

[ReXT

xe1
is the volume distribution coefficient (the amount of the substance per ml of the bed
divided by the amount of the substance per ml of the solution). It is easy to see that
[RgqA] = constant in view of the fact that the X*— ion is present in trace amounts: By
re-grouping and differentiating equation (4) the expression: :

' dlgbh v

digtas] ~  a | (5)

(4)

»

is obtained, and from this the charge of the investigated complex ion can: be deter-
mined. . ‘ '

This method, which was given by KRaus axD NELsSON?, has also been applied
repeatedly by other authors?2.
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Fig. 3. Distribution coefficients of the lanthanides in the system: Amberlite IRA-400 (I-IgY‘-‘-) -
: Na.HLY aq. ‘
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A plot of 1g A4 vs.1g [A2—] should be a straight line with a slope equal to:

a

As can be seen in Fig. 3, for all the lanthanides the relation between lg 4 and lg
[H,Y?2-] is linear with a slope equal to 0.50 4 0.0r. For europium the absolute value
of the slope is slightly greater and amounts to —o0.58. Hence it follows that with
Na,H,Y at pH 4.55-—4.70 all the lanthanides form only one kind of complex ion
with the same charge equal to —x. They are evidently ions of the LnY— type, which
is in agreement with the results of the spectrophotometric and potentiometric in-
vestigations carried out by MOELLER et aZ.23, 24,

Selectzmty

The exchange affinity of the ion to the ion exchange resin depends in the first place on
its charge and on the radius of the hydrated ion. In the system anion exchange resin—
solution of metal ions - reagent forming complexes of negative charge with the
ions, differences between the distribution coefficients can in principle be expected in
three cases:

(a) When certain metals form complex ions of different charge.

(b) When under given conditions the position of the equilibrium between a free
metallic ion and a complex ion (dissociation of the complex) is different for different
components of the mixture.

(c) When metallic ions form complexes of équal charge but of different degrees of
hydration. :

Under the conditions prevailing in the present work (pH = 4.55-4.70) prac-
tically 100 9% of every lanthanide exists in the form of a complex ion. Moreover—as
shown above—all the lanthanides form complex ions of the same charge: —TI.

Differences observed between the distribution coefficients would indicate greatly
differing degrees of hydration of complex ions LnY—.

In Fig. 4 the logarithms of the distribution coefficients of the lanthanides (in
0.01 M Na,H,Y) are plotted as a function of the atomic number.

We quote for comparison the relative values of the distribution coefficients ob-
tained on elution of lanthanides from the Dowex-50 X12 cation exchange resin with
oc-hydroxylsobutync acid at 87°3, and the solub1]1t1es of complex salts NaLn¥Y given
by MARSH?2

The behav10ur of the lanthanides in the system Amberlite IRA-400-Na,H,Y aq.
is rather unusual.

- The distribution coeﬁic1ents of the cerium group increase according to the in-
crease of the atomic number, and for theyttrium group they decrease in the same di-
rection. Thus there is no monotonical relation between the distribution coefficient and
the atomic number or the ionic radius respectively, which is the case in the separation
of lanthanides on cation emchange resins. It is interesting to note the dlstlnct correla-
tion between the values of the distribution coefficients and the solublhty of the salts of

J. Chrowmatog., 7 (1962) 98-111
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the Me(I) LnY type (Me(I)—alkali -metal). According to MaRsH?25, the solubility. of
such salts first diminishes and then increases according to the increase of the atomic
number, in the order: La > Ce > Pr> Nd >Sm < Gd < Dy < ¥ < Er < Yb,
with a minimum in the vicinity of Sm-Eu (see Fig. 4). The cation of Amberhte

Y AQ\, ‘ J ' .VFASNaLnY‘
103 ' ' 103"

]

Distribution coefficient
ot\)
Sblubi!ity_of the -.complex salt, NaLnY

10"

B (TR N | : .
56 58‘ 80 62 84 66 68 70 72
B Atomic number z '

I‘1g 4. Some properties of the lanthanides as a function of the atomic number. —0—0—0O—
Distribution coefficients in the system: Amberlite TRA-300  (H;¥Y?") — o.01 M Na,H,Y aq.
-0O- —-0O- -0~ Relative distribution coefficients (Gd taken as standa.rd), in the system Dowe\
50 \I” - oc-hydroxylsobutync acid aq. at 87°. From ref.3, — A — ~ A — A—— Solubxhty of the

complex salts NaLn¥. From ref.2s. .

IRA-400 resin is of the —N+(CHj;) 5 type, thus being a quaternary ammonium'base.
Bearing in mind the known analogies between alkali metals and ammonium ions as.
well as their alkyl derivatives, it can be assumed that the trend of solubility altera-
tions of salts of the RN(CHj),LnY and Me(I) LnY types should be similar. It is very
evident that the maximum affinity to the ion exchange resin corresponds to the

minimum solubility. An analogous correlation . between. the- affinity of the ions
Mn“+ Fn.--l- Q« + 'Rn2-l- 1o 1-1\:: e11lmhn atim chanca racinn and tha eahia

1
i'&s N D\—u.yxu—uu.v‘ UCLHA\JAL UADLL“LIS\I AN DAL CLALALG I-AA\.p OWALANAAL

of the sulphates of these metals has been observed by GREGOR AND FREDERICK?S, .

. If, in a series of lanthanides some properties are discussed as a function of the
atomic number then a break at Z = 64 often occurs.:Amongst other properties, this has
been observed for the values of the crystal ionic radii?, the distribution coefficients for-
the extraction with the system. tributyl phosphate-HNO; aq. %8, stab111ty ‘constant
values of complexes with H, Y, 1 2-d1ammocyclohehanetetraacetlc acid'and nitrilotri-

nratin nn1r115 29 nd far +ha macitiane af mavima an tha alatiaon. cnirvae. fram catinn
aciil.acCliG™ aIld I0r tne PositicoIls O Imaxllilia Ol i Ciltlon CUuIves. 1T - Cationl

excha.nge-res1ns4..Thls..has -generally been .brought into relation with- ‘the_. effect of
the half-filled 4f shell of gadolinium. As can be seen in Fig. 4, the break in .the order.
of the distribution coefficients in the system- examined in the:present. work: is-very
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sharp. It occurs, however, at the position of europium, and gadolinium clearly
belongs to the yttrium group. The unusual course of the curve lg A-Z is undoubt-
edly connected with the changes of such properties of the complex ion that are
responsible for the affinity to the anion exchange resin. On the basis of the data

quou:u auove c()ﬁcer-“mng lﬁé Sc‘)niDiuIy of the nfeu) LnY salts it can be assumed that

the interaction between water molecules and the LnY— ion is strongest for the ex-
treme lanthanides, and weakest for the middle members of the series. The most
strongly hydrated jons are at the same time the most weakly absorbed by the ion
exchange resin, which is in agreement with the theory of GREGOR3?, The reason for
the great differences between the degree of hydration of the complex ions is not quite
clear. As is known?® trivalent lanthanides differ only very slightly in their affinity

Y

for the cation ekcnange resins.
Should the LnY— ions have an identical structure for all the rare earths, it could

be expected that their distribution coefficients would be very similar. Yet, these
differences are in fact unexpectedly great (e.g. the distribution coefficients of europium
and lutecium differ from each other by two orders of magnitude). From what has been
said above it may be concluded that the structure of the LnY~— ion may undergo
some changes with respect to the quality of the central ion.

The anion of ethylenediaminetetraacetic acid is a potentially hexadentate
ligand. WHEELWRIGHT ¢¢ al.1® pointed out that when the stability constant values of
LnY~ complexes are plotted as a function of atomic number a break in the curve is
observed at the pos1t1on of gadohmum They have put forward the assumption
that Y%— acts as a hexadentate ligand for light lanthanides (up to and including Gd),
and for the remaining ones as a pentadentate ligand, while the sixth coordination
place is occupied by a water molecule. On the basis of investigations carried out with
the aid of several physicochemical methods and, among others, of investigations of
dehydration of compounds of the Me(I) LnY ‘and ‘HLnY types, and of the inter-
pretation of absorption spectra in the infra-red, MOELLER ¢f a/.2* have come to the
conclusion that in these complexes a free carboxyl group occurs and that the com-
plex anion can be represented by the formula [LnY(H,0)]~. Investigations of the
spectra in the infra-red, however, were carried out only for neodymium and yttrium
compdu'nds A comparison of the data from the literature with: the results of the
present. work has led us to put forward the following hypothesis of the structural
changes of the complex ion and the affinity to the ion exchange resin. : :

- From the statistical point of view Y4~ is, in principle, for. lanthanum a penta.-
dentate ligand, the sixth coordination place being occupied by a water molecule.
Owing to the presence of a free carboxyl group with hydrophilic properties in the
[LnY(H;O)]~ ion, this ion is strongly hydrated and its ion exchange affinity is small.
According to therise of the atomic number of the lanthanide, the radius of the central .
ion ‘decreases: and the tendency of Y%— to occupy all the six coordination places
be__Comes‘-'prbgréS‘sively greater. Free movements of the free carboxyl group become -
continudlly: more limited, the complex ion becomes less and less hydrated and its
ion-exchange-affinity increases. Optimal conditions for the ““packing”’ of all the func-
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tional groups of the ligand around the central ion appear in europium. With a further
rise of the atomic number and a corresponding decrease of the radius of the central
ion new steric hindrances appear the carboxyl group becomes progresswely more

'

e Tm
1600+%

1400}

counitSIfninldrop

1200}
1000}t v

800}

o 100 500
drops C ,
Fig. 5. Separation of Tm, ¥, Tb, and Eu. Column: 1.63 cm X 0.0375 cm?; Amberhte IRA—4oo
(H,.Y“’") (o < 0.07 mm, settlmg time 30-60 min). Eluant: o.ot M Na.,I-I 2 Y, pH = 4 65 Flow rate:
, "~ 0.94 ml sq cm—1, min -1, _ :

'1'6'001 Tm

1400+

counts/min/drop :
-0

1200} Ho
1000} L
goof

600

400

200

(o8 100 200.- - 200

l‘lg. 6. aeparation of JNa., J.m, no, and Tb. Column: 2. Z2.50 cinm X 0.0375 Ccin=; A
(H,Y?") (8 << 0.07 mm, settling time 30-60 min). Eluant: o.005 M Na, '
A rate: 0.78 ml. sq. cm~—1. min -1,

. free, the hydratlon degree of the complex ion increases and its afﬁmty to the ion

» exchange resin continually decreases. : : : ‘
The position of yttrmm 1s mterestmg As can be seen in Flg 4 the d.15tr1but10n

coefficient for the complex ion of yttrium occupies an intermediate: pla.ce between
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the complexes of holmium and erbium, so that it can be ascribed an ‘*apparent atomic
number”’ of 6714. Yttrium occupies.an identical position within the solubility range
of the NaLnY salts. Unfortunately, reliable data regarding. the radius of the Y3+ ion
as compared to the ion radii of lanthanides are missing. The various values published
in the literature differ widely from each other. The recent complete summary of the

ion radii values of lanthanides® contains no values for yttrium. According t_d earlier

indications?, yttrium occupies the position between dysprosium and holmium.
Elution from the cation exchange resins with organic hydroxyacids showed — ac-
‘cording to several authors!:33%—various positions of yttrium corresponding to the
‘“apparent atomic numbers’’ of 6414, 6514, and 661;. In the order of the stability
constant values of complexes with H,Y, yttrium occupies the place between terbium
and dysprosium?®. In the case of 1,2-diaminocyclohexanetetraacetic aci_d and nitrilo-
triacetic acid, yttrium occupies the places between gadolinium and terbium, and
between europium and gadolinium?® respectively. The change of place of yttrium
seems to indicate that the bonding between lanthanide and the anion of ethylene-
diaminetetraacetic acid is not of fully ionic character. :

Separations
The most’ 1mportant parameter for the separation of two ions with the aid of ion
exchange chromatography is the separation factor, defined as the ratio of their

distribution coefficients (oc2 / »). In Table I the values of the separation factors of
lanthanides (with respect to europium), and the separation factors of the neig h.b ouring
TABLE I

' SEPARATION FACTORS OF THE LANTHANIDES IN '1m: SYSTEM
AMBERLITE IRA-400(H,¥Y*")-Na,H,Y aq.

Atomic A P P
Element mc:gber ag:: = A—g: a:; Tz a:; + oz
La 57 0.10, 0.345 . 2.92
Ce 58 o. 30,‘ 0.67, I.49
Pr 59 0.453, 0.745 . 1.34
Nd 60 - 0.604" 0.78; ' D )
Pm 61 © 0.77a, 0.865 . 1.15
Sm . 62 - 0.89," 0.89, I.1I
Eu 63 I.00 I.51 o 0:66,
Gd ° 64 . 0.66, 1.90 0.52¢
Tb 65 . 0.344 2.24 0.444
TMNer AA aTe ¥ T aAe AT
Ly LU C.i0g ) 499 Coig
.Ho.,. 67 = 0080, 1.85° _ 0.540
Er ' 68 . 0.043," . 1.61 '0.644
Tm 69 ©.026g 1.59 ' 0.63,
Yb 70 0.016, . I1.32 0.75g
Lu 7T 0.012,4 S
Y 39 0.047,

T

Y SN
Io—Ls WUAVE \L‘lb ‘l).
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elements are given. Using these data the separatmn f actors of two arbitrary elements

can be computed from the foxmula TR TRy
;me _ “L.r'u' ‘o"ant B : B T % ( :
i Ln'z T TEu 'tu‘ ‘ ’ : P 7,)

As can be seen from Table 1 and Flg 4. the sequence of the elution. of lanthamdes
under given cond1t1on51s Lu, Yb, Tm, Er ==Y, Ho, La, Dy, Ce Tb, Pr Nd Gd, Pm

8. .

s 4 -

< 1200f

E .. . La

; ﬂ ,
=

2

e

100

drops

Fig. 7. Separation of Cs, Yb, Y, La, and Ce. Column: 2 2.85 cm X 0.0375 'cm-" Amberlite IRA-400
(I-I Y"-) (o < o. o7 mm, settlmg time 30-60 min). Eluant o005 M Na,H,Y, pH 4. 70 I‘low
rate: o.79 ml. sq. em~ min—1 - .

»

T >

1400

1200

; c_ounitslm‘lnldrop
0
O
0‘

aoop o S | o o

sdo-'f

400 r ce

e /x e / S

el - 100 300 400 500
. - . . drops 5

Fig. 8. Separation of Yb, Ce, Pm, and Eu. Column; 2.8 cm x o, 0375 cm?; Amberlite IRA-4°°
(I-I 2Y2) (@ < 0.07 mm, settling time 30-60 min). Elua.nt o.02 M Na,H,Y, pH = 4. 67 Flow
rate: 0.85 ml. sq. cm~! min-1, .

|

1. 41 s
Li1c

£ o1 4hig cmtem mavblc les mamnime A€ ~mo alidbiam sxidl dlaa £
1 au i€ Tare earuls py iearis o1 Oli€ eiution Wit tine 1

w

~22 o
xuu

m~7_

«~ Sm, Eu. Separation o
~ method described above would certainly cause considerable difficulty, due to the
fact that the distribution coefficients of Gd, Tb and Dy are within the same range as

‘the distribution coefficients of the cerium group. In practice, however, it is seldom

J. Chromatog., 7 (1962) 98-111
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necessary ‘to deal simultaneously with all the lanthanides. The data given in Table I
indicate very favourable conditions, particularly for. certain: pairs and groups. of
lanthanides to be separated. The values of og? and &% + , for nearly the whole yttrium
group. are higher than the best results, obtained on cation exchange resins. The o
value is also relatively good f01 the Gd-Eu paxr which are generally difficult to
separate In F]gs '5-8 typical elution’ curves obtained ' on relatively very ‘short
‘columns are presented. It should be stressed that—as shown in Figs. 6 and 7—under
these conditions alkali metals are not taken up by the resin (they are eluted with the
first. free volume of the column), and they do not obscure the picture of the separation
of the rare earths, in contrast to the elution from cation exchange resinsl. These in-
vestigations are being continued in order to investigate the influence of the cross-
linking of the ion exchange resin and that of the temperature on the distribution

-coefficients of the lanthanides in this system.
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 SUMMARY

The amon exchange behav1our of the lanthamdes in the system strongly basic anion
exchange resin Amberlite IRA-400 (H,Y,~)-aqueous solution of disodium ethylene-
diaminetetraacetate (Na,H,Y), was 1nvest1gated The distribution coeﬁicients were
found to increase in a. regular manner within the cerium group, reachlng a maximum
at europium, and then to decrease on going to higher atomic numbers. The charge of ,'
the complex ions was shown to be —1 for all the lanthanides and yttrium. A possible
explanation, based on differences in the hydration of the complex ions, is given to -
account for the large differences of the distribution coefficients in the lanthanide
series. The possibility of achieving efficient separations on relatively short columns is
also demonstrated.
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