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The determination of the sucessive stability constants ofnl
trato complexes of thorium has been investigated by solvent-extraction
methods. Using thenoyl-trifluoro-acetone as extracting agent from
0.5 lonic strength nitrate media Pay and Stoughtonl found the wvalue
4,73 for the first nitrate complex of thorium. Zebrosky, Alter and
Heuman? using the same solvent at Ho= 597 have found the constants

2,83 for Th(N03)*? and 1.l1 for Ta(Noz)'Z,

V. V. Fomin and B.PMalorova® investigated the distribution
of trace amounts of thorium between H.N03 solution at M =2 and varying
concentrations of tri-butyl-phosphate in benzene., These authors have
found the constants of Th(NOE)i"x for x = 1 to lj equal respectively to
6-0.5, 1321, 10 L 0,5, and 5.5 £ 0,5, Further studies?  have

% This werk was supported by the Censelho Nacienal de Pesquisgas.
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shown that these values for the stability copstants remain valld at
high concentrations of thorium nitrate, suggesting that in such condif
ions thorium forms only moncnuclear complexes with the nitrate ligand.,

The knowledge of the stability constants of the negatively
charged complexes of thorium, which has not been possible to derive
from the solvent-extrsction data, appears to be of interest. Several
properties of thorium in concentrated pitrate solutions, such as the
formation of Hzgh(ﬂes)é eompounds, the extraction with oxigenated or-
ganic solvents>, the migration in the electric fleld, and the anion-
=gxchange béhavion16’7 are appa?ently influenced by the presence of

complexes of negative charge.

A rigorous treatment of the sorption by anion-exchange re =
sins of metal anion complexes from agqueous solutions has been recent-
ly develloped by Marcus and Coryellsﬂg’lo. On this basis these auth-
ors derived a method for the evaluation of stability constants which
is particularly suitable for the determination of constants of the

species formed in the neighborhood of the neutral complex,

DISCUSSION AND RESULIS

The gdsorption of thorium by Dowex-1, 8% DVB, 50-1€0 meshin
the nitrate form was investigated with thorium 234 (betas, gama, 2.1
days period), This isotope was separated from large amounts .of uran-
'{um with Dowez-l columns in 8 M HC1 solutionlt, Further purification
was made by adsorbing Th 234 in a small Dowex-l column from 7 M HNO;

solution followed by elution with water. All measurements were made
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in a scintillation counter,

We shall assume the following mechanism for the adsorption.
of thorium in nitrate media by the anicn-exchange resin. The neutral
complex Th(ﬂ03)h is transfered from the aqueous solution to the resin

phase |
Tth (5010 ) (-_-—_-——_) Thlh (reSC ) (1)

followed by the reaction with the resin ligands

Thi, (res.) + LRL = B, Thlg (2)

where L stands for the nitrate ligand, The number of resin ligands was
cheoesen in order to form the coordinatively saturated complex in the
resin phase., As has been shown by Katzin and all%a"the coordination

number of Th*a is in general 8.

From (1) and (2) we can write for the thermodynamic equili-

brium equation of the adsorption process

1 .
Ep = “Ethm_th ° ?‘mh ° ‘i% (3
or
Kp = [-thh58]° X‘RhThLB * ®Th, ° agh (D

where brackets represent concentrations and ¥ the corresponding activ.

ity coefficients.
The distribution coefficient D is given by

[y
(4] « [mc?] + fonsg?] + ...

b= (5)
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The sum in the denominator extends to all specles presentin

aqueous solution,
| From (4) and (5) we obtain

- + - . Tesoe
tal,  *mp,

| We shall now define the formations of a complex by relating
it to the neutral eamplex

— i
Thi, < :r_th_i + 1L (7

The index 1 gives the charge of the complex,
The thermodynamic equllibrium econstant for (7) is

' 1 =1
= >% a a > a ( 8)
S Ik 4 L Thi,
which gives 1
[ThL _ '
.__.Jhi_ j%‘ﬁalt a;i (9)
“Tnl,

Introducing €9) in (6) ﬁe get

-1
D =K, .0 ThLa o aII?:I. . (Zﬁi s ‘f.i) (10)

We shall now make the following assumptions:
1) The activity of nitrate in solution is given by
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ap, = [L] . % (14N03) (11)

where [L] is the concentration of nitrate ion in the aqueous phase amd
P LiNO3 the corresponding mean ionic activity coefficient of IiNO..

2) The activity of the nitrate ion in the resin phase is given byl3

-1/2 . Eﬂ}ea/a (12)

apy, = a; o [F]R B
where a; 1s the activity in the aqueous phase according to (11),[IJR
and [I4]; the concentrations of nitrate and lithium respectively in
the resin phase, The reference state for the activity app, 1s taked

arbitrarely as agL for a; = 1.

Relation (12) can be derived from Donnan equilibrium of the
electrolyte between the aqueoﬁs solution and the resin phasel30

3) The activity coefficients‘XEﬂghLB and X;_are independent of the
value of aj. The justification for these assumptions are given in

Marcus and Coryell papers.

Introducing the above assumptions in (10) we find

=1 Q \
log D = log (Kr oX‘R&ThLB 9 aRL) + u (lOg aBL° 108 aﬁL) = lOgZB);;aii

(13)
We shall now make
W=l
K, = Kpn o thThLa > 8L, (14)
* 1
pi =ﬁi \6; (15)



msm
and we define a correction function F (a) as

F(a} = log ag; - log agL (16)

Introducing (14), (15) and (16) into (13) we find
.
log D = log K, + 4 F(a) - lcgz Pi azi (17)

The difference log D, = log D - 4 F(a) gives the distribut-
ion coefficients corrected from the invasion effects of the suppert -

ing electrolyte in the resin phases
_ * i
log D, = log D ~ 4F(a) = log xr"lQQE:,pi ar (18)
It is easily calculated that

d log Dy

d log ay b-8 =1 (19)

where B is the mean number of ligands as defined by Bjerrum, and 1 the

mean charge number of the complex specles,

‘ The values of the distribution coefficlents as a functicnof
the LiHOB molarity are given in Table I. This data was obtained in
equilibration experiments (24 hours) with the resin at room temperat-
ure (25° + 3 C), The concentration of the LiHO3 solutions was measur-
ed in a flame photometer, A4ll L1H03 solutions were made 0,07 Kinﬂﬁqg
in order to avold hydrolysis of thorium nitrate, However, even at
these aciditles hydrolytical reactions appear to occur at L1§Q3znmmit»
ies lower than 2 !gﬁb
L ,
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figo 1 shows the values of log D as a function of log aye
The values of log ar where calculated from mean activity coefficlents

15

of LiNQ, taken from Robinson and Stokes™ ™,

3
Fig. 2 shows the variation of the invasion function F{a)with

log aj. This data was obtaiped with Dowex-l, X-8, 50-100 meshk in the
nitrate form with' resin from the same batch used in the equilibration
experiments with thorium, according to the procedure described ‘b;;er
and Helsonlﬁo Details about this data will be published in a next
paper,

Fig. 3 shows the variation of the corrected distribution fime-
tion log D as a function of log aye

In the range of activities investigated the values of 1 =
d log D - + )
= E“TE%E% go from + Q.6 to ~1.8 indicating the presence of ?hLBl ,Ihlw
thgl and Tthasweessive species in solution.

* * * *
Preliminary values of ﬁ"ﬂ'l s Pos Py end 3, constants we-

re derived from the relations
%

hgw&ma, gmlagaL(szimlja)
Pia1
‘ #*
With the values obtained for [J,, and K_ we formed the equaf
ion in three parameters which was solved by curve fitiing method of

8411806 g

L * '
._.i_m%%-s'%+7%i.&+.%&o&2 (20)
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With the values of K.anddﬁia obtained from (20) we solved
the equation '
ﬁ; :
oA R,

By this procedure the following set of values were derived
for the eonstant3° log K, = 1.22; log féﬂ = + 0,22; logﬁ = 0,005 log

#

fAyp=- 0,80 2 0,173 logﬁwa = 1,70 = 0.22.

. With these values the solid curves shown in fig. 1 and (2)
were caleulated from equations (17) and (18) respectively. The fitt-
ing of the experimental points is satisfactory. The data could also
be fitted by a curve log D, = log K, + log (1 + ;L a + jj } 5 a%) which
would mean that no Ih£H93}5 species are present at the lower activity
ragge investigated, waever at low L1E0§ activities the‘hydrolytiQal
reactions of thorium nitrate tend to increase the values of the distrj
bution coefficient, For this reason the value found f°rJ3:1 may be
considered as the ﬁpper 1imit of the assoclation constant,

The comparison between the values of stability constants i
(refered to the meutral complex)calculated from Fomin and Maiorova's

data> and those obtained by anion-exchange is shown in teble 217,

The values obtained for le and ﬁ:?_ show that the formation
of negatively charged complexes of thorium nltrate occur at high con-
centrations of nitrate jon (3 3 M), This is in agreement with the
results of Fomin and Haiorava3 which have shown that the extraction
behaviour of thorium nitrate by TBP until 2.2 M nitrate ion was esseng

ially not influenced by the formatien'of negatively charged complexes.
43 |
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No evidence was found in the range of activities investigat-
¢d for the presence of complexes with charge more negative than -2;al-
though the possible existence of such gpecies at higher activities of
nitrate ion cannot be ruled out uniquely on the basis of the anion-eg

change data.
The overall stability constant for the reaction

+h . =g
Zr + 6 303 ZEQHOB)é

BP*8 and its va-

was lnvestigated by solvent=extraction studies with ¥
lue was found to be J36 = 0.02 at ju = L, From Fomin and Maiorova's
data and the results from the present study we found for the analegous
reaction for Ehfh the valuéqu = 0o1l, This shows an increasing tend-
ency in the stability of the negatlvely charge& nitrato complexes with
increasing ionic radius in goipg from Er*h to'Th%&a The same  trend

was observed with the first nitrato'somplexes of these elgmentslgo_
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TABIE I
Mo, 108D Mg, 10 D
1.55 1,108 4402 2,81
2,00 L.45% 4035 2,91
2.39 1.72§ 5,06 321
2,53 1.83 5420 3.35
289 2,21 ' 6024 3.69%
3440 2.36 6,32 3.67%

8.44 40338

§ « Values with errors larger than 2 0.05 log wmits

TABIE 2

%* 2 75
logf, lgfl,  lgf; e,

Pomin and
Majorovs + 0.26 0.00 =

i
Present work +0.22 0.00 0,80 1,770

(variable L-LEGB)
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