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This mechanism of the decomposition of the monohydrate
is confirmed when the loss in mass is compared with that
expected from theory (TGA curve in Fig. 1e) (Eqns. 3 and
4). According to Eqns. (3) and (4), the volatile products
lost in the first and second stages correspond to 23.0 wt. %
and 75.7 wt. % respectively, whereas the corresponding
figures from the TGA curve (Fig. 1¢) are 30.0 wt. % and
75.4 wt. % respectively.

When heated, lithium tetrachloroiodate decomposes
according to the equation:

LilClL-4H,0 = LiC1-4H,0 +- 1Cls. . . (5)

followed by dehydration of the lithium chloride hydrate.
Loss of iodine trichloride begins at 27°C and is complete
at 105°C; it corresponds to a loss in mass of 64.9 wt. % on
the TGA curve (Fig. 1f)—theoretical according to Eqn. (5)
is 67.0 wt.%. The decomposition of LiICl,.4H,0, unlike
that of the other tetrachloroiodates, does not pass through
a stage involving the formation of the dichloroiodate, since
the latter is unstable in the solid state. The two stages in
the thermal decomposition of LiICl,.4H,0 are fairly dis-
tinctly separated, as is indicated by the fact that the DTGA
curve (Fig, 1f) returns to its initial position. = Determina-
tion of the water with the Karl Fischer reagent in the
intermediate and final products of the decomposition of
lithium tetrachloroiodate confirmed results from the
derivatographic method.

SUMMARY

The mechanism of the thermal decomposition of lithium,
potassium, ammonium, rubidium, and caesium tetra-
chloroiodates has been studied by derivatographic, X-ray
diffraction, and chemical analyses. Ammonium, rubid-
ium, and caesium tetrachloriodates decompose when
heated with the formation of an intermediate product—the
anhydrous dichloroiodate. When heated, potassium tetra-
chloroiodate monohydrate forms KICl,.H,O, which then de-
composes to KCl, IC1, and H,0. When heated, lithium
tetrachloroiodate decomposes to iodine trichloride and
hydrated lithium chloride.
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INTERACTION OF HYDRATED NIOBIUM
PENTOXIDE WITH HYDROFLUORIC ACID

A.K.Babko, B.I.Nabivanets,
and V.V.Lukachina

Relatively little work has been done on the fluoro-com-
plexes of niobium in solutions. The studies on the solubil-
ity and hydrolysis in the system hydrofluoric acid—niobium
pentafluoride—water established! that in the presence of a
considerable excess of fluoride the complex H,NbOF; is
formed. It has been shown? by investigating the solubility
in the system K,NbF,-HF-H,0 that in the presence of the
solid phase the compounds K,NbOF,, K,NbF,, or KNbF, are
formed, depending on the concentration of hydrofluoric
acid, The existence of the last compound in acetonitrile
solution was established by infrared spectroscopy?. In the
above experiments a considerable excess of fluoride rela-
tive to niobium was present and there were moderately acid
solutions in which the pH was determined by the free hydro-
fluoric acid. Presumably, however, when freshly precipi-
tated niobium hydroxide and hydrofluoric acid react, a
number of compounds consisting of products in which the
OH groups of the hydroxide are replaced by fluoride ions,
will be formed, depending on the excess of the hydrofluoric
acid and the acidity.
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Here we have attempted to investigate the first stages of
the interaction between Nb(OH),T and hydrofluoric acid at
low fluoride concentrations over a wide range of acidities.
To do this, we had to develop a sensitive method for the
determination of low fluoride concentrations in the pres-
ence of niobium. The technique was based on the decolo-
risation of the ternary complex niobium-~catechol-ethyl-
enediaminetetra-acetic acid by fluoride. With a number
of details omitted, the technique was as follows.

The concentration of niobium in the test solution was
determined photometrically from its reaction with Xylenol
Orange* after the removal of fluoride by evaporation with
sulphuric acid. Then an amount of the test solution, such
that after dilution to 25 ml the concentration of niobium in
it was 1 X 104 M, was treated with the calculated amount
of standard potassium niobate solution, and with 5 ml of
1 X 10-2 M solution of disodium ethylenediaminetetra-ace-
tate. To this phenolphthalein was added, and then 1 M
potassium hydroxide solution, dropwise, until the appear-
ance of a pink colour. The mixture was boiled for 20-30 s,
It was cooled, treated dropwise with 1 M sulphuric acid
solution until the disappearance of the colour of the indi-
cator, and then with 2.5 ml of 1 M catechol solution and
2.5 ml of a buffer solution at pH approx. 2.5 (9.45 g of
monochloroacetic acid and 2.80 g of potassium hydroxide
dissolved in 100 ml of water); it was finally diluted with
water to 25 ml. After 30 min, the optical density of the
solution was measured with an FEKN-57 photoelectric
colorimeter provided with a No. 3 filter (A max = 453 nm), a
cuvette with an optical pathlength of 20 mm being used.
Water served as the reference solution. The concentra-
tion of fluoride in the test solution was found from the cali-
bration curve shown in Fig. 1.

We investigated the effect of the pH on the solubility of
freshly precipitated niobium hydroxide in the presence of
various amounts of hydrofluoric acid in excess.

Alkaline 0.1 M solution of potassium niobate was placed
in a series of flasks (5 ml in each) and 1 N nitric acid was
added until the pH was approx. 5 (according to indicator
paper); niobium hydroxide was then precipitated. The
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Fig.1. Calibration curve for the determina-
tion of the concentration of fluoride:
CNb =1X 107 M; [EDTA]=2x107% M;
[catechol] = 0.1 M; pH 25; I=2cm; Aeff=
453 nm,

—_—

6 T fo tl:is formula we emphasise the presence in niobium hydrox-
© of OH” groups; however, it is possible that the formula

NDO(OH); is more corvect, but this is unimportant in further dis-
cussion,

precipitate was treated with nitric acid, to ensure a definite
acidity of the solution, and various amounts of hydrofluoric
acid. Potassium nitrate was added to solutions with

[H*] < 0.5 N to set up an ionic strength of 0.5. The volume
was adjusted to 100 ml with water and the solutions were
allowed to stand for 2-3 weeks, with periodic shaking, to
attain equilibrium. The acidity of the equilibrium solutions
was checked potentiometrically with the quinhydrone elec-
trode (pH > 0) and by titration with alkali (for pH  0).
After the attainment of equilibrium, the precipitates were
separated by centrifugation at 10000 rev min~!for 1 h,
after which the solutions did not show the Tyndall effect.
The concentration of niobium in the equilibrium solutions
was determined photometrically by reaction with Xylenol
Orange? after the removal of hydrofluoric acid by evapora-
tion with sulphuric acid. The total concentration of fluor-
ide was determined as described above. The results

(Fig. 2) reveal a complex dependence of the solubility on the
pH. We postulated that this dependence is due to the fact
that at pH < 0 and pH > 0 deposits of different composition
dissolve. To confirm this hypothesis, we further investi-
gated the effect of fluoride concentration on the composition
of the solid phases at different pH values.

Composition of the Deposits and Their Solubility

The experiments were similar to those described above.
The results (Table 1) show that the interaction of Nb(OH;)
with fluoride results in partial precipitation of the former;
in 8 N nitric acid the composition of the deposit corres-
ponds to the ratio F:Nb = 2:1, while in the range [H*] =
1,0~0.1 N it corresponds to the ratio F:Nb =1:1, At
pH > 2 (these results are not included in the Table) the
F :Nb ratio in the precipitate increases with the amount of
fluoride added; probably under these conditions niobium
penta-, hexa-, and hepta-fluorides, which have been des-
cribed?, are formed. The results confirm our hypothesis
concerning the reason for the complex variation of the solu-
bility with the pH (Fig. 2).

A precipitate of Nb(OH),F, is formed in 3 N nitric acid
and also probably in more acid solutions, in the range of

Np» 107 M

Fig.2. Variation of the solubility of
freshly precipitated Nb(OH); with the
pH and the amount of fluoride added;
the numerals against the curves
denote the ratio of the total amount of
added fluoride (in moles) to the total
amount of niobium (in moles).
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TABLE 1, Determination of the composition of the solid phases in the dissolution of hydrated niobium pentoxide
in hydrofluoric acid [total concentration of niobium (solution together with precipitate) =5 X 1073

g-atom litre™; temperature 18°C].

pH 0-2 the precipitate is Nb(OH),F}, and, on further in-
crease of the pH, precipitates with a higher fluorine con-
tent are formed (we did not investigate in greater detail
this acidity range), The complex variation of the solubil-
ity with the pH is due to the dissolution of precipitates of
various compositions in media of different acidity and, as
will be shown below, the chemistry of their dissolution is
also different.

The solubilities of Nb(OH),F, and Nb(OH),F cannot be
determined directly, since in the absence of an excess of
fluoride they are hydrolysed. Therefore, we determined
their solubility by the graphical extrapolation previously
used for the oxalato-complexes of tantalum?®  Using the
data of Table 1, we constructed a logarithmic plot of the
total concentration of niobium in the solutions in equilibri=-
um with the deposits (cyp) against the ratio F,q4/Nbaaa for
cunog = 3 N and pH 1 (Fa¢a and Nbaga are the total amounts
of fluoride and niobium in moles)§.

The relations obtained were extrapolated to Faaa/Nbadq
corresponding to the composition of the deposit at the given
acidity of the medium. Thus curve 1 in Fig.3 was extra-
polated to 1g (Faqa/Nbaaa) = 0.3, since in 3 N nitric acid the
sparingly soluble compound with F :Nb = 2 is formed.
Curve 2 in Fig.3 was extrapolated to 1g (F,aa/Nbaaa) = 0,
which corresponds to the formation at pH 1 of the sparingly
soluble compound with F:Nb = 1.

The results (Fig.3) show that the solubility of Nb(OH),F
is about 0.6 X 10-5 mole litre~! (pH 1.0) and that of
Nb(OH),F, is about 1.5 X 10-5 mole litre~! (3 N HNO,).
Under the same conditions in the absence of fluoride the
solubility of Nb(OH), is somewhat higher, amounting to
1.4 X 10~5 mole litre-? (pH 1.0) and 2.3 X 10-% mole litre-!
(3 N HNO,).¢ Although the solubilities of Nb(OH),F and

1 Addition experiments established that at pH 1.8 the interaction
between Nb(OH); and hydrofluoric acid (in the presence of nitric acid
and potassium nitrate) takes place without change in the acidity of
the medium. This suggests the reaction Nb(OH); + HF = Nb(OH),F +
HyO; a compound of the type Nb(OH);.KF does not form, since this
would result in a lowering of the pH, which does not in fact happen.

§ Using results in Table 1 we initially plotted the function ¢np =
f{(Fau/Nbggq), which is shown in Fig.4, In the graphical deter-
mination of the solubilities of Nb(OH),F and Nb(OH)3F, we used only
those sections of the curves in Fig.4 along which ¢np increases con-
tinuously with F q4/Nbdd.
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3 N HNO, { N HNO, 0,5 N HNO, vH 1,0 | PH 2,0
B | | (Dol x 0 |HE] X 10°) o (INB] X 10t [[HED X 90 52 [Ng] < 20° [ < 10%| 2 | TNed X 00N THF] x 107 2 Tngl x 108 [HF X 10°| 2
\L_:"E; .3 g g soln. soln. o .&: soln. soln. 2 §' soln. soln. & § soin. soln. o5 soin. soln. o
0 — 0.23 — — 0,14 — — 0,14 —_ — 0.14 - - 0.14 - —
1.00 0.20 6.47 0,96 [0 1,26 1,10 |0 0.28 0.41 |0.12 0,16 - - = —_ —
1.60 0.32 6.20 1.70 |0 1,70 1,70 |0 0,31 0.64 | 0.19 0,19 = — -_ -_ —
2.60 | 0.50 5,45 2.66 |0 0.92 1.56 | 0,19 0.77 0.72 | 0,36 0.22 0.24 |0,45 0.14 - —
400 0.80 4.20 2,30 |0.97 0.17 0.40 | 0.72 0.16 0.60 | 0,68 0.7] 0,75 | 0,65 1.02 1.12 | 0,59
6.00 1.20 2,84 1.56 | 0,95 0,24 0.70 | 1,06 0.58 0.67 |1.08 1.95 1.70 | 0,90 3.30 2,40 | 0,77
10,00 | 2.00 3,52 1.83 | 1.7 1,94 4,80 | 1,04 2.50 4.37 |1.18 7.55 5.50 | 1,06 7.72 .40 | 1.33
16.00 3.20 10.0 6.60 |2.37 4,00 12.1 0.8l 5,55 10,5 1,23 | 18,9 13,00 (0,97 | 28.00 13.00 | 1,36
25.00 5.00 30 4 21.00 | 2.00 10,2 21.0 1.00 1.1 20.6 1.13 | 42.00 24.0 1.25 | complete dissolution of
40.00 8.00 43 0 38.5 2.14 | 80.0 38.1 0.95 | 31.6 38.2 0.98 | complete disnolution of precipitatg
precipitate

[ T T T T T

0 0z o4 06 04
19 (Fadd/Nbadd)

Fig.3. Graphical determination of the
solubilities of Nb(OH)3Fy and Nb(OH),F:
1) 3 N HNO3; 2) pH 1.0; the arrows

indicate the solubility of Nb(OH); in the
absence of fluoride.

Nb(OH),F, obtained are only approximate due to the possible
error in the extrapolation, they nevertheless show that in
our system there is a conversion of the more soluble
Nb(OH), solid phase into less soluble deposits containing
fluoride ions.

The Composition and Chemistry of the Formation of Soluble
Fluoride Complexes

Fig. 4 shows the dependence of the concentration of
niobium in the solutions in equilibrium with the deposits on
the Faga/Nbagq ratio for various acidities of the medium.
The solubility curves have maxima at F,gq/Nbyas < 1.
Under these conditions (Table 1) the solid is niobium hydr-
oxide. The maxima on the solubility curves are probably
due to the fact that in the absence of an excess of fluoride
the polymeric niobium species containing fluoride ions are
dissolved. With increase in the total amount of fluoride,
the solid hydroxide is converted into sparingly soluble
fluoride compounds; this causes first a breakdown of the
polymers and a decrease of the solubility and then an in-
crease due to the formation of soluble fluoride complexes.

To determine the composition of the soluble complexes,
we subjected the ascending branches of the curve in Fig. 4
to a mathematical treatment based on the principle of the
equilibrium displacement method. The dissolution of
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Fig.4. Effect of an excess of fluoride on the solubility of
the fluoride compounds of niobium for different acidities of
the medium:

1) 3 N HNOg; 2) 1 N HNOg; 3) 0.5 N HNO;; 4) pH 1.0;
5) pH 2.0;  overall concentration of niobium (solution to-
gether with precipitate) 5 x 107 M.

Nb(OH),F, and Nb(OH),F after the concentration of fluoride
has been increased can be represented by the mechanism{

NbF; - nF 2 NbF, , . (3NHNOs) 1)
1
NbF - nF 2 NBF, | ,

¢ (PHO—2) @)

When the concentration of niobium (cny,) appreciably exceeds
the intrinsic solubilities of Nb(OH),F, and Nb(OH),F, the
equilibrium constants for reactions (1) and (2) can be re-
presented by a formula of the form

eq={;‘l]:’ @)

where [F] is the concentration of non-complexed fluoride.

Table 2 presents the values of cyp and of the overall
concentrations cyp in solutions in equilibrium with the
deposits for various F,q4/Nbse ratios and various acidities
of the solutions, It is evident that ¢y, is comparable with
the overall concentration of hydrofluoric acid in the solu-
tion: therefore, to determine » in Eqn. (3), one cannot use
the usual logarithmic method, assuming that [F] = cyg.
We calculated K.y for various values of » taking into
account the fractions of fluoride bound to niobium; it was
found that K.q remains constant only for # = 1 when cp
and ¢yr are varied. The data required for the calculation
are presented in Table 2. Using these data, lgcyp was

qutted against lg[HF]; the slopes of the lines in Fig,5 are
unity.

. Thus in this range of acidities and fluoride concentra-
tions the deposits are dissolved by the addition of one
fluoride ion, and complexes with the compositions Nb: F =
1:3 (3N HNO,) and Nb:F = 1:2 (pH 0-2) are formed in
solution,

To elucidate the chemistry of the formation of soluble
fluoride complexes, we determined their charges by elec-
tf‘odialysis and ion-exchange chromatography. The solu-
tions in equilibrium with the precipitates were used in
the electrodialysis experiments the solutions in which

' In the presence of an excess of fluoride polymeric forms of
niobium do not form 7,

TABLE 2. Calculation of the equilibrium constants.
3N HNO,; [ND(OH),F1= 1.5 x 107 M [ 0.5N HNO,: [Nb (OH),F] = DH {;[NDb (OH),F] =
=06x10"M =0.6x10"M
. . | are| K eNp. | eppp. |[HF) e Keqa ¢Nb. | ¢CHF. |[HF] *¢ Kgaa
]| (TR o | e TR e | | T e S
20| — | — | — | — |0.25| 4.40| 3.90| 1.87 | 0.65 | 5.t0] 4 20/ 3.48
2.5 | 0.55 | 2.80| 1.16/(1.34)| 0.38 | 7.00| 6.24| 1.97 | 1,05 | B.EO| 7.40| 4,22
3,0 |0.87 | 5.00 2.39{'4.12°| 0.51 | 9.40| 8.38| 1.97 | 1.60 | 11.5 | & 30} 3,42
3.5 | 1.30 | 9.00| 5,10/ 5.90 (0,65 [ 11.9 | 10.6 | 1,96 | 2,85 | 15.0 | 103 | 2,63
4,0 [ 1,90 |12.7 | 7.00/5.53 | 0.79 | 14,6 | 12.9 | 1.96 | 3.07 [ 18.0 | 1179 | 2,43
4.5 | 240 | 17.5 [ 103 | 6.45 | 0.94 | 17,0 | 15.1 | 1,93 | 3.70 [ 22,0 | 146 | 2 a7
5.0 |3.002.0]12,06,00)|1.11 | 20.6|18.4 | 1.98 4,20 |23,5| 151 | 2,16
6.0 | 3,65 290180740 | 1.80 306 |27.0|1.80| — | — | = =
7.0 |4.10 | 34.5]22.2|8.10| 2.50 | 33.0 [28.0|1.80| — | — | — | —
80 |430|385|256|(8.99) 3.6 3823912l | — | — | — | —
mean Keq, = (6.2+1.6)-10- mean Kggy = (23%0.6)-10-4

* [HF] = cyF — 3¢Nb.
¥k [HF] =cyr — 2CNb.

-WC“

2 -1g(HF)

Fig.5. The effect of the concentration
of hydrofluoric acid on the dissolution
of Nb(OH)3F, (line 1) and Nb(OH),F
(line 2):

1) 3N HNO;; 2) 0.5 N HNO;,.

the concentrations of nitric and hydrofluoric acids were
equal to those in the test solution were placed in the side
chambers of the apparatus. The results (Table 3) show
that an electrically neutral complex forms in 3 N HNO,; and
an anionic complex in the pH range 0-2, In accordance
with the composition of the complexes, their formation can
be represented by the reactions

Nb (OH)sF; -+ HF % Nb (OH), F; + H;0 (3N HNOy), @)
}
Nb (OH)4F + HF = Nb (OH)(F; + H* (PHO—2) . (5)
1

Table 2 presents the results of the calculation of the
equilibrium constants for reactions (4) and (5). In the cal-
culation account was taken of the fact that [Nb(OH),F,] =
const. = 1,5 X 10-5 M and [Nb(OH),F] = const. ~ 0.6 X
10-5 M, and the concentration of the soluble fluoride com-~
plex is almost equal to the concentration of niobium (cyp)

in the solutions in equilibrium with the deposit. The
following values were obtained:
{Nb (OH)sF:]-[HF]
Kog1 = ——a——=. =2 (6. / —5 — 3.
o INb (OH)FF] (62 1.6Vx10°  (p=3.0),
_ DO P {HE. (2.3 & 0.8)x10-% (p = 0.5) .

°0* = INb(OH) Far1-[HH]

Using the equilibrium constants K.q2 and the dissociation
constants of hydrofluoric acid (6.8 X 10-¢), we calculated
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TABLE 3. Electrodialysis and absorption of niobium by an anion
exchanger* influoride solutions (0.1 g of Dowex 1X2,
10 ml of solution),
Eloctrodialysis, [ = 160 mA >
°
o s Nb cHEr e Nb found, 10° rnonl: l %’%: 5
L1 -3 =2 contra .-
0% M | 1070 M ! dura:lnn, ‘1°'h°'-mu|\r!c expt. (no 'é_%s.ﬁ
o y'e currant o g i o
89| 9.1| 6.8 not
3 N HNO, 2.0 1.3 9.0 300 95| 92| 9.4 absorbed
9.0 9.1| 9.0
8.9 | 11.1 8.7 12.0
1 N HNOg 0.7 1.6 10 300 9.1 [10.5| 9.1 10.3
8.7|10.9| 8.6 12.1
73|13.0| 7.2 22.5
0.5 N HNOs 0.8 1.5 13 240 7.0|11.8) 7.1 23.0
7.1 12.2| 7.5 21.0
24.0
0.1 N HNO, 3.0 1.8 - — |- — 21.0
pH1 22.5
25.0
pH2 2.8 1.6 - — =] == —

* KU-2 cation-exchange resindoes not absorb niobium from fluor-

ide solutions.

the second stepwise instability constant of the fluoride com~
plex of niobium:

_ [Nb(OH)F]-[F]
* T TINB(OH)WFr]
The value obtained shows that the stability of the fluoride

complexes of niobium is close to the stability of the fluor-
ide complexes of zirconium (K, = 0.48 X 10-7),8

= (1.6 08)x10~7 (n=05) .

The experimental results show that the system Nb(OH),-
HF is very complex; because of the formation of sparingly
soluble fluoride compounds of niobium of different compo-
sitions, it is impossible to apply the solubility method for
a more complete investigation of the compositions and
stabilities of the soluble fluoride complexes. However,
confirmation has been obtained for the initial hypothesis
that a number of fluoride complexes of niobium, which are
products of the addition of fluoride ions to the hydroxo-
cations of niobium of different compositions, may be
formed.

SUMMARY

The first stages of the interaction between freshly pre-
cipitated niobium hydroxide and hydrofluoric acid have been
investigated in the range of acidities of the medium between
3 N HNO, and pH 2 by solubility, electrodialysis, and ion-
exchange chromatographic methods. The formation of the
sparingly soluble compounds Nb(OH),F, and Nb(OH),F (their
solubilities are 1,5 X 1075 and 0,8 X 10~% mole litre=!) has
been established, In the presence of a slight excess of
fluoride, the soluble complexes Nb(OH),F, and Nb(OH),F5
are formed; the corresponding equilibrium constants
have been determined, The instability constant K, =
[Nb(OH),F][F~]/[Nb(OH),F;] = (1.6 + 0.6) X 10~7,
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MIXED INDIUM(II) HEXACYANOFER-
RATES(II)

V.D.Ponomarev and G.G.Semenova

Published data on indium hexacyanoferrates(II) are con-
tradictory!=5. The present paper gives the results of a
study of reaction in In**—M,[Fe(CN);]-H,O systems, where
M = Li, Na, K, Rb, or Cs.

Investigation of the compositions of mixed copper hexa-
cyanoferrates(IT)¢ and uranyl hexacyanoferrates(II)7»®
showed that the potentiometric method is convenient for
finding the composition of mixed hexacyanoferrates(II),
particularly as many hexacyanoferrates(Il) are very readily
peptised and this creates considerable difficulties when
other methods are used.

The redox potentials were determined on an LP-5 poten-
tiometer with a platinum indicator electrode and a saturated
calomel electrode. We used 0.1 M and 0.01 M working
solutions of indium(II) nitrate and alkali metal hexacyano-
ferrates(II) and hexacyanoferrates(Ill). Lithium hexa-
cyanoferrate(Il) solution was prepared from potassium
hexacyanoferrate(Il) with the intermediate formation of
lead hexacyanoferrate(Il)®. Lithium hexacyanoferrate(III)
was prepared by oxidising lithium hexacyanoferrate(II) with
chlorine water. Hexacyanoferrate(ll) in the solutions was
determined by titrating with potassium permanganate in
1 N sulphuric acid. Indium nitrate in the solutions was
determined by precipitating with ammonia; the precipitate
was filtered off, calcined, and weighed®.

To observe how the composition of the precipitate de-
pended on the alkali metal present in the solution, we car-
ried out the potentiometric titration of the original indium
nitrate solution with lithium, sodium, and potassium hexa-
cyanoferrate(Il) solutions, to which, in separate experi-
ments, equivalent quantities of the following reagents were
added: NaCl, KCl, RbCl, or CsCl; KCl, RbCl, or CsCl;
and RbCl or CsCl. Thus twelve titrants were used. The
titration was made with vigorous stirring for definite time
intervals. The experiments were carried out with the
addition of the corresponding hexacyanoferrates(III) to the
hexacyanoferrate(Il) solutions, and also with the addition of
the hexacyanoferrates(IIl) to the indium nitrate solution.

It was found that in the potentiometric titration of indium




