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ABATRACT
The interaction between triethylenetetraaminehexaacetic

acid {TTHA) and tetra and heravalent uranium is invegtigated,
Evidence is given Tor the formation of e stable and soluble 1:1 .
tetravalent uraniuz chelate. An insoluble 2:1 chelate between
uranyl ieng nnd TTHA ia forred between pH 2 and 4, Also iwe so~':, :
luble 1:1 and 2:1 chelates are forzed. Stability constants (log k),ﬁ.
ol the eocluble comoplexee were calculated to be 15 and 11.8 res-

rectively,

INTACIUCTION

Compler formatinn between tetra and hexavalent uranium and
TTHA has been studied by some workers.1'? However, the éompositidn
and the estability of the formed complexes were ndt définitely dé—

terrined, The protahle formation of several uranyl-TTHA chelates
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with different compositions, in the pH range 7-5 was previously
reported? Other studiesf at lov pH, showed that uranyl ions react
with TTHA to form only a mononuclear chelate, whose stability va-
rieg with the pH and the concentration of the chelating agent. In
view of the contradictions in the published Qats cn the uranyl-TTHA
chelates, a2 detailed quantitative study of the equilibria involved
in the interaction of tetra and hexavalent uraniut ions with TTHA,

over a wide range of pH and TTHA concentrations,is undertaken in the

preaent work. ’

EXPERIMENTAL AND CALCULATIONS
' = iil'éhemicals used were Analar grede., Tetravalent uraniug
wag freshly prepared by reducing uranyl ions with nascent hydrogen
gaa using orthochloroplatinic acid as = catalyst.5 The chelate
solutione were prepared by mixing solutions c¢f uranyl ions and TTHA
in acidic medium, then adjusting the pH of the mixtures by adding;
carhonate-free sodium hydroxide solution.
pﬂaieasurementﬂ werg made using e Pye Unicam Model 292 pH-
meter. Spectrophotometric studies were carried out with the aid of
a Beckman DU-spectrophotometeg,using 1 ce. queartz cella,

Formation constants of the cheletes were evaluated,6 and

accordingly, the atability cornatants (log K) were then calculated.7’B

~
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RESULTS AND DISCUSSION
I. Chelation of Tetravalent Uranium (o(17)): g r

1.1. absorption spectra of (U{IV)+TTHA)} mixture as a function
of pf: ’

The absorption spectrum of 8x1072H T(IV) and 3.2x107TM TTHA

mixture at pH = 1 is identical with that of free U{IV) ioms, with.

absorpéion paxima at 458, 532, 618 and 645 wn? In the‘pH'fang; .
2.2 - 9.5 the spectrum exhibits charactsristic mexima at 464,

538, 622 and 650 nn (Fig.l). This shows that a U(IV)~TTEA complex

i formed momentarily within the pH range 2.2 - 9.5. Betwveen pR 2

and 4 the spectra of the mixture did mot change for a long period

af ter preparation. However, el pH 24,5 the U(IV)-TTHA complex

changed gradually with time to T(VI)~TTHA.

1.2. Detervination of the ccupasition of the formed chelate:

T.2.a) The mole ratio method:

2

The concentration of U{IV) was kept constant at 8x10° M and .

the [U(1V)] / [FTHAJratio was varied between 1,00 / 0.25 and 1/4,

-
The pH of the mixture was ramtained at 2,2, and the absorbance \

was measured at 6§50 no.

I.2.b) The continuous variation method:

T -
S

Different concentrations of U(IV) and TTHA were mixed-ﬁq; 5

gether such that the total concentration was always i,éxlO*ZH:: ; .-

A1l the solutions were sdjueted at pH 2.2 ond the optical deni sty

measurements were made at 650 no. C



St vy the formation of 1:1

Both o =78 avsvs meros s '
chelate, a2z can '« e~ “ws= Tisg, 2 a) and 2 b)., The value of
the ota*ili*s ~xv2*+-- 27 the complex (log XK) vas calculated to

te ?"-F’ [

II, Thelztism of Hexavalent Uranium (U(VI)):

4

IZ.1. Arsorption specira of (U(VI)+TTHA) mixture as a function
of pH:

. The absorption spectra of 8x10_2M uranyl ions in 0.2N HCl

*;nd that of (U(VI)=TTHA) mixturee at different pH values are glven
in Fig. 3. It was found that at pH=1.5 the spectrum of t}e ni-
xture iz similar to that of free uranyl ioms, In the pH range
?-3 a yellow precipitate is formrd indicating the formetion of an
insoluble compound. Between pH 3,5 and 8 a soluble complex is for—
med ae indicated by the increase In the absorbance with increasing
pH. At pH >8 the absorbazce decreages with increasing pH and

uranyl hydroxide is precipitated.

I1.2, Determination of the composition of the chelate:

II,7.a) The mole ratio methend:

2

The absorpticn spectra of mixtures composed of 8x10™ N

U{VI) and various TTHA concentrations ranging from 8x10_3 to

Bxlo'lﬁ at different pH values are given in Fir,4, An insoluble
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20 : 1L complex i3 formed at a pH range 2-3.5. A soluble 2U : 1L
complex is observed at 420 nm in the pH range 4.5 -5,5, Between
pH 5.5 and 8 a part of uranyl ions vas precipitated indicating
that the above mentioned complex doesg not exist at this pE renge.
Another soluble 1:1 complex is observed between pH 4.5 and 8. At

TH = 8,5, however, the uranyl ions undergo hydrolysis ylelding

the hydroxide,

.

II.2.b) The continuous variation method:

The total concentration of (U(VI)-TTHA) solution mixturés
was kept at 1.6x107% and the pH of eeach solution was adjusted
gt 4.5. The optical measurementa were recorded at 420 nm, f{rom
which the formation of two U(VI)~TTHA complexes of mole ratios
121 and 2:1 could he concluded. This is in accordance with the
results ocbtained from the mole ratio methsad.

The values of the stability coastants {log K) were found

to be 15.0 and 11.8 for the two complexes respeciively.

The competition between the oxygen of the uranyl group and

the chelate 1igand way be a factor which decreases the stebility
9

of the formed complex.” Similar instability of uranium complexes

vas also observed with other 1ligande such as citrahea,lo aminesl1

* and other polyaminopolycarboxylic acids.l,2
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FIGURES

1, Effect of pH on the abeorption spectra of (U{IV)+TTHA)
mXOIE [g(1v)) = ex107%, (rrms] = 3.2x10"lu;
1) pH = 2.2, 2) pH =5.5, 3) pH = 7.5, 4) pH = 9,5

and 5) U{IV) only,

2.a) Variation of the abcorhance at €50 nm with the mole ratic
[u(rv)]/ [TTHa] at pf 2.2, [e(Iv)]= 8x10™ %,
2.,b) Veriation of the absorbarce a2t 650 nm for (U(IV}-TTHA) mi

tures vitih nole fraction at pH 2.2, total concentration of
the mixztures 1.6x170" 21,

3. Effect of pH on the absocrantion spectra of (U(VI)+T"HA)
mrturesi  Rigvn)] = exr~,  [rruf= 3.2x007

5.5, 4} pH

7.5, 8) pH = 8.0,

i

3.5, 2) pE = 4.5, 3) pH 6.0,
6,5, €) pH 7.0, T) pH

9.5 end 10) U(VI} only in O.2N HCl.

1) pH
S) pH
9) pH

4, Verlation of the absorbance at 2420 na with the molar ratio
of hexavalent uraniua to TTHA; [U(V1]}= 8x10™2,

A) pA = 3.5, B) pi =4.5, C) pH = 5.5 and D) pE = 7.5.
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