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Earth Nit*ilotris.cetate Compiexee with an Equivalent Amount nf Base*
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Abstract--The formation constants of the RChOH species,
formed by interaction of individual rare-earth nitrilotri-
acetate species and KOH at 25*C and an ionic strength of

0.1, have been deteimined by the potentiometric method.

1. e., computed from the pH values of equilibrium mixtures
containing varying proportions of rare-earth complex and
bass. The relationship of these constants to the ion-exchange

separation of hare earths at high pH has been discussed.
Introduction

From the pH buffering properties end the solubility of rare-earth
nitrilotriacetate (NTA) complexes in base, aa well as from the results
of s previous investigation of the reaction of rare-earth HEDTA complexes
with base,” it has been assumed tentatively that very sparingly soluble

neutral RCh species combine with an equivalent amount of base to form
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complex species of the type RChOH*. Thai is.

RChOH*
RChOH *RCh*OH-

RCh ¢« OH’= RChOH" j K

where R** and Ch *denote the rare-earth cation and the nilrilotri-
acetate (NTA) anion, respectively. Available data are in good agree-
ment with this association mechanism.

At a fixed ionic strength an apparent formation constant, based
on concentrations, can be defined as follows:

(RChOH*) VRCh * VOH*
KRChOH x(RCh) |OH”] * YRChOH" KRChOH *

Such constants are valuable in predicting what separations may be achieved
when Unary rare-earth mixtures are eluted down cation-exchange systems
with NTA under alkaline conditions. Consequently, it was decided to
study these apparent formation constants as a function of the atomic num-

ber of the central rare-earth ion.
Experimental

Preparation of the Reagents. - All the rare-earth nitrilotriacetates,
except the yttrium compound, were supplied by Dr. S. C. Levy, formerly
of this laboratory. 3 The complexes were recrystallised by the following
method. The complex compound was combined with distilled water and
heated as a minimum amount of alkali was added, dr >p by drop, until
dissolution was complete. The solution was then filtered, acidified to a

pH betvaen 5 and 6 by addition of HC1, and heated. The neutral 1:1



rare-earth NTA complex immediately reprecipitated and vai filtered
off and dried in the air. After aeveral days weighed specimens were
assayed for rare-earth content by ashing to *t 900*C and weighing.

The yttrium complex species was prepared by the direct reaction
of yttrium chloride with an equivalent amount of trisodium nitrtlotri-
acetate. The precipitate of yttrium nitrilotriacetate was then purified
by several recrystallisations of the type described above and assayed
for rare-earth content.

A 0. 002M stock solution of each rare-earth chelate (except La,
Ce, 9m, and Eu chelates) was prepared by dissolving the required amount
of solid chelate in boiling conductivity water. In the cases of the La, Ce,
Sm, and Eu chelates, 0. 0002M solutions were prepared, due to the low
solubility and slow rate of dissolution of these compounds. Each solution
was standardised by determining the equivalent rare-earth oxide content
by the usual gravimetric procedure, i.e., precipitation as the oxalate
followed by thermal decomposition to the oxide at 900*C.

A 0. 01M solution of carbonate-free KOH was prepared by the
method of Powell and Hiller* and was standardised against HCd (HEDTA)
by the method of Powell, Frits, and Jaxm s.*

A IjM solution of KNO” was prepared by dissolving a mole of KNO”
in conductivity water in a 1-liter volumetric flask.

Experimental Procedure. -Fifty ml of RCh stock solution and ten
ml of 1M KNO} solution were introduced into each of ten calibrated 150-ml volu-
metric flasks. Varying amounts (one to ten ml generally and one tenth

to one ml in the cases of La, Ce, 5m, and Eu) of 0. 01M KOH were added
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to each flask. The solution* were next diluted so that they were 0. 1M
with respect to KNO” and 0. 001M with respect to total rare-earth
specie* (0.0001M in the case of La, Co, Sm, and £u) and were allowed
to equilibrate in a 25* water bath for 100 hr. Then the pH of each solu-
tion was read by means of a Beckman Zeromatic pH meter standardised
against pH-7 buffer. From the pH values of the various solutions and
the mean activity coefficient of the hydroxyl ion at 25* and ionic strength
0.1, the concentration of the hydroxyl ion was computed and used as the
basis for calculation KRChOH from material balances and equation 2.
That is, K'RChOH was redefined as

KI'F{ChOH

{1.00xI0"3 - <OHt)V IOH"]} (OHI

where (OH”) represents the concentration of hydroxyl ion that would have

resulted from the amount of h*te added, had no association occurred.

are average values, each computed from seven random points taken from
the plot of pH vs. milliliters of base added between the limits a *0. 25
and a * 0,05 (a is the ratio of moles of base added to moles of RCh orig-
inally prdsent). The data were treated statistically so that the limits

given in Table 1define the interval of 90% confidence.



Table !
formation constants of the monohydroxo

rare-earth chelates

t »25%, p *0.1 (KNO3)

rare earth —_
N — log ICRCbOH
La 57 5.09 *.11
Ce* Si mm
Pr 59 1.72 *.05
Nd 60 5.06 *05
Pm 61 .
om 62 6.59 *05
om 63 6.04 *08
Gd 64 6.54 *05
Tb 65 6.67 *05
foy 66 6.04 *.10
Ho 67 6.66 *09
BT 60 _ 6.56 *05
Tm 69 | 6.24 *11
Yb 70 6.29 *12
Lu 7i 6.30 *10
Y 39 6.39 *04

aTh« KAChOH da** for cerium drifted upward one log unit between

a*0.2Sand a * 0.85. Apparently cerium (IIl) tend* to be oxidised to

cerium (IV) ae base ia added to cbelate solution*.



Th« value of log "chOH i# r#1*ti" y

kneodymium but rises steadily thersaltsr to a maximum of 4. S4
turn. A sharp drop occurs at gadolinium and is followed by a
rise in stability through dysprosium. After dysprosium tbs stability
declines gradually to a relatively constant level again for the last three
elements, thulium, ytterbium, and lutetium.
A comparison of the behavior of R(NTA) chelates with that of
R(HEDTA) chelates in the presence of bnee (Figure 1) reveals that the

affinity of the R(NTA) species for the hydroxyl ion is greater than the

affinity of the corresponding R(HEDTA) compound for OH~ in every case.

Although the ratio of * A<KNTAK>H KR(HEDTA)OH im about 270 ** th#

case of R equal to lanthanum, it is only 15 when R equals lutetium.

The behavior of rare earths in ion-exchange systems in the
presence of NTA is complicated by the tendency of R(NTA) species to
associate with additional NTA anion to form R(NTA)2 species, the

constants of which can be expressed as follows:
iIRCkj3- |
K * ie*kj fciimi *
It can be ascerta' *ed by means of Figure 2 that ii of the order of
102 times the magnitude of Consequently, in situations where
excess NTA anion is available, RCh”3’ species form in preference to
RChOH" species. That is why, when rare earths are eluted with 0. 026M

NTA eluant, even at pH 9, the ratio of total NTA to R in the eluate never
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(HEDTA)

Lo Ce Pr Nd Pm Sm Eu
57 58 59 60 61 62 63
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ELEMENT

if. 1. A compar.ion of the venous primary stability
constants observed in the rare-earth NTA system
as well as logical combinations at these constants.
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Fig. t.

Fig. 2.

A comparison of ths stability constants of tha complexes
formed between rare-earth NTA and rare-earth HEDTA
and the hydroxyl ion.

A comparison of the varioas primary stability constants
observed in the rare-earth NTA system, as well as logical

combinations of these constants.






