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The complex formation curve of the

acetate 1 and glycolate® systems of the

uranyl ion bengs very clearly towards
n = 3. The third complex of these systems

- thus seems to be the uiper limit of the
complex formation, and this may be due to
several reasons.

The third complex may be a coordinat-
ively saturated one, with every ligand
occhying ¢ither one of three or two of
six places of coordination available around
the uranyl ion. Or the complex may in
fact be unsaturated, the admission of
further ligands to the remaining places of
coordination being impossible for space
reasons. If the places of coordination
around the uranyl ion are really more than
three, as postulated in the last cases, then
this must be evident in relation to a small
ligand of strong complex forming tendency,
especially if the ligand has no possibility

- to form chelates. The fluoride ion seems to
be fit for this test. It is the smallest anion
existing and gives certainly strong com-
plexes with the uranyl ion, as seen from
some rather rough investigations 3-% previ-

_ ously performed. .

A determination of the fluoride syste:
will also furnish further information about
the mutual strength of the halogenide
systems of different cations. In this re-
spect, the cations hitherto investigated
may be divided into two distinct groups.
The first of these is characterized by strong
fluoride complexes whilst the complexes
of the other halogenides are much weaker,
with their strength decreasing in the order
ClI"—Br —J-. Cations belonging to this

group are *® H+, Fe*+, In*+, Zré+, very
robably also °-1L,¢ Ut+, Put+, and Zn+.
?n certain cases, ¢. 9. Ht and Fe*+, the
heavier halogenides are even almost non-
complex in spite of a strong fluoride com-
Flemty. The second group has very weak
luoride camplexes while those of the other
halogenides are strong, their strength in.
ing in the order CI"—Br~—J~. In this
grou +, Cd*+ and probably also Hg*+
are g)und 136, A common feature of the
groups is however that there is always a
difference in order of magnitude between
the complexity of the fluorides on one hand
and that of the heavier halogenides on the
other.

The determination of the free ligand con-
centration [A] is a convenient method for
the investigation of the strongly complex
fluoride system. This may be done by
measuring [H+] of fluoride buffers of
known composition, if the constantes of the
hydronium fluoride system are known for
the present medium (I = 1 C by means of
NaClO,; temperature 20° C). At first these
constants are therefore determined, which
is ormed by measuring [H+} of fluo-
ri buffers free from uranyl salt. All
measurements of [H+] and [H+]’ are per-
formed by means of quinhydrone electro-
des. The buffers are mixed by titrating
known amounts of solutions of sodium
fluoride, perchloric acid, sodium perchlo-
rate and, if wanted, uranyl perchlorate
direct down in the electrode vessel. The
vessel is made from methacrylate plastic
(plexiglas, lucite), as is also the tips of the
burettes, the stems of the electrodes and all
other things which may come into contact
with the acid fluoride solution. This plas-
tic is completely resistent to hydrofluoric
acid, it is also transparent and easily wor-
ked. Even the ‘‘neutral” solution of so-
dium fluoride cannot be kept in a glass
burette more than some hours before dis-
solving perceptible amounts of alkali out of
the glass. The stock solution is therefore
stored in polythene bottles.

The determination of the hydrogen
fluoride system from measurements of the
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concentration of the free central ion [Ht]
is performed according to Fronaeus .
Four series of the total acid concentra-
tions Oy = 5, 10, 15 and 25 mC are carried
out, with the total ligand concentration
C, increasing up to =335 mC in every
series. It is shown that only the two
mononuclear complexes HA ard HA,
exist within this range of concentration
their constants

d,=[HA}/[H+][A]and é, = [HA,][H+][A]
are
3, = 870 £ 30 C-,5,= 3300 + 300 C*

With 4, and 6, known, [A] of solutions
containing uranyl may be calculated, and
hence 7, the ligand number of UO}+ (=M).
It must then be presumed that HA, does
not participate in the complex formation,
but the truth of this presumption is un-
equivocally proved by the fact that the
complex formation functions computed for
different Oy, t. e. different [H+], are iden-
tical. If HA, would be perceptibly invol-
ved in the complex formation, the forma-
tion function must be dependent of [H+].
Nor is this funetion dependent of the total
uranyl concentration Cp which proves
that no polynuclear complexes exist within
the renge of Cy measured (< 25 mC).

The highest [A] cannot be calculated
with the stated values of d, and d; which
are determined as means over the whole
range of [A] measured. Evidently the
values are modified by the change of me-
dium associated with the exchange of
‘perchlorate for fluoride. These high [A]
are therefore computed from the difference
E 4 between the quinhydrone potentials of
& buffer free from uranyl and a buffer of
the same C4 containing uranyl, analogous
to the method employed e. g. for the ace-
tate system 1. Owing to the simultaneous
existence of HA and HA,, the calculation
of [A] must however in the present case be
performed by & series of successive approx-
imations.

The formation function found bends
clearly towards n = 4. Then the upper
limit of the complex series is UO,F}, at
least if [A] < 300 mC. The first four
mononuclear complexes may thus exist.
Their constants are calculated via the func-
tion n / [A], which is integrated with the
lower limit [A], = 0.04 mC, ¢f.* The func-
tions X thus obtained give:
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B,=(3.90.3)-104C1 b, =39000 C*
Br—(8.610.8)-10°C-* b, —2200 C* b, /b, =18
 —(3.11£0.4)-101C- b, =360 C-t by/by—6
Be—=(7.0£1.5)-101C¢ b,—23 C! byfb,=16

At the moderate concentrations here
used, the uranyl fluoride system is compo-
sed of solely the first four mononuclear
complexes, the fourth one constituting a
limiting complex. Especially the second
and fourth complexes show a rather weak
tendency to be formed from their prede-
cessors, as seen from the remarcably high
values of b,/b,+,. This seems to be a com-
mon feature of strong fluoride systems 4,
Table 1, whereas e. g. the uranyl acetate
system displays quite the opposite be-
haviour.

Evidently the uranyl ion is able to eoor-
dinate more than three ligands, e. g. in the
case of fluoride four. The real number of
places of coordination seems however
rather hard to decide from the formulas
of those limiting complexes which have
hitherto been proved.
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