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AB3TRACT

The interaction between triethylenetetraaminehexancetic
acid {TTHA) end tetra and heravalent uranium is ihvestigated.
Evidence is given Tor the formation of e stable eand soluble 1:1 -
tetravalent uranium chelate. Ao insoluble 2:1 chelate between
uranyl icns smd TTHA i1a forred between pH 2 and 4. Also iwo ao~‘;, :
luble 1:1 and 2:1 chelates are formed. Stability constants (log kj;g.
of the eoluble complexes were calculated to be 15 and 11.8 res;

pectively.

INTACIUCTION

Compler formatinn betwegen tetra and hexavalent'uraniﬁm anq'
TTHA has been studied by some workers.1*? However, the éomposiﬁidn-
and the etability of the formed complexes were ndt définitely dé—

terained, The protable formatian of several uranyl-TTHA chelates
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with different compositions, in the pH range 2-5 was previously
reported? Other studieaf at low pH, showed that uranyl ions react
with TTHA fo form only a mononuclear chelate, whoae stability va-
riesd with the pH and the concentration of the chelsting agent. In
view of the contradictions in the published Qats cn the uranyl-TTHA
chelates, 2 detailed quantitative study of the equilibria involved
in the interaction of tetra and hexavalent uraniun ions with TTHA,

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

pregent work. :

- EXPERIMENTAL AND CALCULATIONS
' " K11 chemicals used were Analar grede, Tetravalent yranium
wag freshly prepared by reducing uranyl ions with nascent hydrogen
ga3 using erthochloroplatinic acid as a catalyst.5 The chelate
golutions were prepared by mixing solutions cf uranyl ions and TTHA
in acidic medium, then adjusting the pH of the mixtures by addingL
carhonate-free sodium hydroxide solution.

pﬂaﬁéasurementa wers made using s Pye Unicam Model 292 pH-
meter. Spectrophotometric studies;were carried out with the aid of
a ﬁeckman DU-spectrophotumeteE,using 1 cm quartz cellas,

Formation constants of the chelates were evaluated,ﬁ.and

- aecordingly, the atabllity copatants (log K) were then calculatsd.T'B

~
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RESULTS AND DISCU3SION
I. Chelation of Tetravalent Uranium (U{17}): - r

1.1. absorption apectra of (U{IV)+TTHA} mixture as a function
of pR: -

The aboorption spectrum of 8xI0™2H U(IV) and 3.2x107 1M TTHA
aixture ab pH = 1 is identical with that of free U(IV) ions, with.
absorption maxima at 458, 532, 618 and 645 nn? In the‘pH'fang;. .
2.2 - 9.5 the spectrum exhibits characteriatic maxima st 464, -
538, 622 and 650 nn (Fig.l). This shows that a ﬁ(I?)-TTHA complex
{5 formed momentarily within the pd range 2.2 - 9.5, Between pl 2
and 4 the spectra of the mixture did not change for a long peribd.
ef ter preparation. However, el pH 24,5 the U(IV)-TTHA conmplex

changed gradually with time to T(VI}-~TTHA.

1.2. Determination of the compasition 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 [0(1V)] / [TTHAJratio was varied between 1,00 / 0.25 and 1/,
The pH of the mixture was r@mtalned at 2,2, and the abgofbanqy"m_ .

was measured at 650 nm.

- .
Y

I.2.b) The continuous variation method:

pifferent concentrations of U(IV) and TTHAZWere:mixed?th'j

» i

gether such that the total concentration was alwayﬁ i,GxiO*zﬁ.: ;'- p

A1l the solutions were mdjusted at pH 2.2 end the opt;c&l"aeniﬁty  

measurements were made at 650 nm. T,



Poth o < abams moross maied fa the formation of I:l

i

chelate, a2z can '« res~ “ws= Tice, 2 a) and 2 b), The value of
the ntakili*s ~s=z*+- 27 the complex (log K) vas calculated to

re 2,7,

oLl

II., Thelztism of Hexavalent Uranium (T(VI)):
Z.1. Arcorpition spectra of (U(VI)+TTHA) mixture as e function
of pH:

%M uranyl ions in 0.2N HCl

. The absorption spectra of 8x107
T;nd that of {(U(VI)=TTHA) mixturee at different pH values are gliven
in Fip, 3. It was found that at pH=1.5 the spectrum of t}e mi-
xture iz similar to that of free uranyl ioms, In the pH range
P=3 a yellow precipitate is formrd indiceting the formation of an
insoluble compound. Between pH 3.5 and 8 a soluble complex is for—
med ae indicated by the increage In the absorbance with ineressing

pH. At pH >8 the absorbance decreages with increasing pH end

uranyl hydroxide is precipitated,

II.2. Determination of the compasition of the chelate:

II1,72.a) The mole ratio methed:
The absorption gnectra of mixtures composed of 8x10-2N
U{VI) and various TTHA concentrations ranging from 8:{10_3 to

BxlO_lﬁ at different pH values are given in Fir,4, An insoluble
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20 1 1L complex is formed at a pH range 2-3.5. A soluble 2U : 1L
complex is observed at 420 nm in the pH range 4.3 —5.5..BetWeen
pH 5.5 and 8 a part of uranyl ions was precipitated indicating
that the above mentioned complex does not exist at this pH renge.
Aﬁother goluble 1:1 complex is observed betwéen pH 4.5 ahd 8. At

pH = 8,5, howeVer; the uranyl ions undergo hydrolysis ylelding .

the hydroxide,

Pl

IT.2.b) The continuous variation method:

The total concentration of (U(VI)-TTHA) solution mixtures

2M and the pH of each solution was adjusted'

was kept at 1.6x107
et 4.5. The optical measurementa were recorded at 420 nm, {rom
which the formaiion of two U(VI)~TTHA complexes of mole ratios
121 and 2:1 could be concluded. This is in accordance with the
results cbtained from the mole ratio methad.

The values of the stabiliiy constants (log K) were found

to be 15.0 and 11.8 for the iwe complexes respectively.

The competition between tﬁe oxygen of the uranyl group and
the chelate 1igand way be a factor which decreases the siebility
of the formed complex.g Similar instahility of uranium complexes
was also observed with other ligands such as citrates,lo aminesl1

* and other polyaminopolycarboxylic acids.l.2
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FIGURES

1. Effect of pl on the absorption spectra of (U{IV)}+TTHA)
XreS  rg(1v)) = ex1072,  [rTaad = 3.2xr0” s
1) pH = 2.2, 2) pH =5.5, 3 pH =17.5, 4) pH = 9.5

and 5) U{IV) only.

2.a) Variation of the abcorhance at €50 nm with the ﬁole ratio
[W(rv)]/ [TTHA] at off 2.2, [u(Iv)]= ex10” %,
2,b) Variation of the absorbance zt 650 nm for (U(TIV}~TTHA) wi

tures with mole fraction at pH 2.2, total concentration of
the miztures 1.6x10" 2.

3. Effect of pH on the abscrotion gpectra of {U(VI)+T"Ha)

mxtresi Tu(vy] = sar~d,  [Tregs 32007l

I
]
i

5.5, 4} pH
7.5, 8) pH

3.5, 2) pE 6.0,

6.5, &) pH

4.5, 3) pH
?.0, T} pH

1) pH
S5} pH
9) pH

8.0,

n
]
1
]

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

4. Veriation of the absorbance at 420 nm with the nolar ratio
of hexavalent uraniua to TTHA; [U(VIJ}= 8x10™2m,

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