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Abstract

The equivalent conductivities A of dilute aqueous solutions were measured at 25°C for Cs, K
and Na salts of [Cr(ox)3]

3" and Rn(C6H5.n)SO4" in order to study the interactions between these cations
and anions, where ox is 1,2-ethandioato ion (oxalato ion), R is methyl or isopropyl group and n is the
number of alkyl group. The equivalent conductivities at infinite dilution A° and the concentration
dependence of A, -dA/dI1/2 were determined, where I is the ionic strength. Assuming that the deviation
of -dAJdl112 from the theoretical concentration dependence of A is due to the formation of
]vr[Cr(ox)3]3" the ion association constant K^ was calculated. The values of K ^ are 46.5 and 55.0
for Cs, K and Na salts of [Cr(ox)3]

3" respectively. This tendency was explained in terms of the
interaction between [Cr(ox)3]

3' and solvent water. On the other hand, Rn(C6H5.n)SO4' are not
associated with Cs, K and Na ions. However the solubility of Cs salt of (C3H7)3(C6H2)SO4' is much
smaller than Na salt. This suggests that 2,4,6-(C3H7)3(C6H2)SO4' is useful for the analysis of Cs+ by
the precipitation titration.

1. INTRODUCTION

Cesium-137 is one of the fission products of uranium-235 and has a long half life.
Radioactive cesium could pose a serious hazard to human beings for a long period of time if released
into the environment. In order to decrease any effect in the environment on human beings, it is
important to remove it from the environment. However, the removal of the Cs ion is very difficult
because the Cs ion, which is large and has a small charge density, interacts weakly with many
substances, including water molecules, that reagents are not readily available for the separation of the
Cs ion.

It is well known that ferrocyanide i.e., hexacyanoferrate(II) compounds and ammonium
molybdophosphates have strong affinities to cesium because they have large crystal lattices which are
adequate to large ions such as Cs and Fe [1,2]. After the Chernobyl accident, the ferrocyanide
compounds were used for the removal of radioactive cesium from milk and the human body.
However, since these inorganic compounds are in the form of fine powder, it is difficult to handle
them in aqueous system and to recover Cs from them. In order to improve the weak points, several
attempts such as deposits on inactive supports have been tried, although without essential
improvement. It is noted that the recovery method of Cs from ferrocyanide compounds by the
oxidation of ferrocyanide compounds was found recently [3]. Also known are sodium salts of large
organic anions such as tetraphenylborate ion, (C6H5)4B" from the precipitation of Cs salt. This
reaction was applied to the separation of Cs [4].

Recently several researchers developed the preparation method of the fibers which have some
functional groups such as ion exchange groups [5]. This technique can be available to the removal of
Cs if the functional group which has a strong affinity to the Cs ion is found. Then it is useful to study
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the interaction between the Cs ion and anions in order to find new removal materials of the Cs ion
from water.

It is known that an ion in water is surrounded by three regions whose water structure are
different: (1) a region where solvent water molecules are firmly oriented toward the ion by the strong
coulombic force (structure making region), (2) a region where the water structure is more random
than normal water and (3) a region of normal water. On the other hand, a non polar solute which is
hydrophobic increases the hydrogen bond network around itself and orders the water structure in
different style from the ion. Moreover it has been found out in metal complexes that the solvent water
molecules invade the space between ligands and contract to the coordination atoms of metal complex
ions [6], These suggest that the water structure around the ion is affected by the hydrophobic groups
near the ion. Then it is interesting to study the effect of the substituted groups near ion on the
interaction between Cs ion and anion. In this paper, the interactions between Cs ion and anions were
studied by the conductivity measurements of aqueous dilute solutions.

2. EXPERIMENTAL ASPECTS

Materials:
K3[Cr(ox)3] was prepared by the method in the literature, where ox is 1,2-ethanedioato (oxalato)
ion.[7] Na3[Cr(ox)3] and Cs3[Cr(ox)3] were prepared by using Na2Cr04 and Cs2Cr04 made from Cr2O4

in a similar manner to the preparation of K3[Cr(ox)3]. p-toluene sulfonic acid, 2,4,6-trimetyl benzene
sulfonic acid and 2,4,6-isopropyl benzene sulfonyl chloride were reagent grade commercial products
(Tokyo Kasei Co., Tokyo). Sodium, potassium and cesium p-toluene sulfonate (MBS) and 2,4,6-
trimetyl benzene sulfonate (TMBS) were prepared by mixing the corresponding metal carbonate and
acid. MBS and TMBS were crystallized from water. Sodium, potassium and cesium 2,4,6-
triisopropyl benzene sulfonate (TPBS) was prepared by the following method; 2,4,6-triisopropyl
benzene sulfonyl chloride was changed to sulfonyl ester by the reflux in ethanol for 8 hours and then
ethanol was evaporated. This ester was changed to the acid by the hydrolysis in hot water. The
obtained acid solution was mixed with sodium, potassium and cesium carbonate, respectively.

Spectrophotometric measurements:
the absorption measurements of salt solutions were carried out by the spectrometer (Beckman
DU7400) using a cell of 1 mm light-length path.

Conductivity measurements:
the solutions were prepared by using the conductivity water (1.2X10"6 S cm'1; S, Siemens, is defined
by ohm'1). Conductivities of salt solutions were measured at 25 °C by the conduction meter (Orion
Research Inc. MA. USA, model 140 and Yanagimoto Co.,MY-7) with platinum black electrode
(Metrohm EA240).

3. RESULTS AND DISCUSSION

3.1 Interaction between metal ions and [Cr(ox)3]
3\

Table 1 shows the conductivity data of Na3[Cr(ox)3], K3[Cr(ox)3] and Cs3[Cr(ox)3]. Fig.l
shows the plots of equivalent conductivity A against ionic strength I1/2 which equals to (l/2)S(mzi2),
where m; is ionic concentration and z is the charge of ion, i. The equivalent conductivity at infinite
dilution A0 of M3[Cr(ox)3] were obtained by Onsager's method of extrapolation. A°(M3A) equals to X
°(M+) + X°(A3') and the values of A,°(M+) are 50.1, 73.5 and 77.3 S cm2 mol"1 for Na+, K+and Cs+

respectively, where X°(M+) and X°(A3~) are the limiting ionic equivalent conductivies of alkali metal
ion and [Cr(ox)3] respectively. The values of A0 of M3[Cr(ox)3] gave the consistent value (82.0 + 0.3
S cm2 mor°of X° of [Cr(ox)3].
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The X° is given by 0.0435z/67ttirs on the basis of the Stokes' formula, where r| is the viscosity
of water and rs is the radius of ion. [8] This relation shows that the rs is proportional to the reciprocal
of X°. The rs and X° depend on the size of ion as well as on the interaction between the ion and solvent
water. The X° values of [Fe(CN)6]

3" and [Co(en)3]
3+ are 100.9 and 74.7 S cm2 mol'1 respectively. [9]

On the other hand, the partial molar volumes at infinite dilution of [Cr(ox)3]
3\ [Fe(CN)6]

3",
[Co(en)3]

3+ and [Co(en)3]
3+ are 137, 136 and 118 cm3 mol"1 respectively. These show that the

interactions of these ions whose sizes are similar against solvent water decrease with increasing the ^°
. Thus, the sequence of the interaction between ion and solvent water is as follows:

[Co(en)3]
3+ > [Cr(ox)3f > [Fe(CN)6f.

The relation between A and the concentration was analyzed according to the equation of
Onsager,

A = A°-bI1/2 (1)
where b is the theoretical constant. Fig. 1 shows the plot of A against \m , the broken lines represent
the theoretical line calculated equation 1.

The deviation of A vs lm plots from the theoretical Onsager line is assumed to be due to the
outer-sphere association of [Cr(ox)3]

3' with the cation M+,
M* + [Cr(ox)3]

3" = Ivf [Cr(ox)3]
3-

The degree of dissociation of lvr[Cr(ox)3]3' was determined from the conductivity data
according to the method of Jenkins and Monk, and the formation constants K ^ of the ion association
were calculated at each concentration, assuming that the X° values of M+[Cr(ox)3]

3' equal to 2/3 of
[Cr(ox)3]

3\ [10]

Fig. 2 shows the plot of K ^ against I1/2. The K^ values of Na3[Cr(ox)3] and Cs3[Cr(ox)3]
depend on the salt concentrations. The K ^ at the infinite dilution, K^ 0 was determined by the
extrapolation of K ^ to 0 concentration. The values of K^0 are 56, 46 and 5.0 for Na3[Cr(ox)3],
Cs3[Cr(ox)3] and K3[Cr(ox)3] respectively. The Kass° of K3[Cr(ox)3] is smaller than the K^ 0 of
K3[Fe(CN)6]. [11] Moreover it was observed that the KasS° of Co3[Cr(en)3]X3 tends to decrease as the
radius of halide ion X increase. [12] These suggest that the magnitude of K^ 0 depend on the
combination of cation and anion. However it is necessary to have a more detailed knowledge on the

of other systems in order to find out the reagents which have a strong affinity to the cesium ion.

3.2 Interactions between metal ions and substituted benzenesulfonate ions.

Table 2 shows the values of A.0 substituted benzenesulfonate ions. These values decrease with
increasing the number and chain length of substituent alkyl group. This is explained in terms of the
size of substituted benzenesulfonate ion.

Fig. 3, 4 and 5 show the plots of A against I112 for p-toluenesulfonate (MBS), 2,4,6-
trimethylbenzenesulfonate (TMBS) and 2,4,6-isopropylbenzenesulfonate (TPBS) salts. The broken
lines are the Onsager's theoretical lines. Table 3 shows the slopes of A and I1/2 plots, -dA/dl"2 for
alkali and alkaline earth metal salts are smaller than those obtained by Onsager relation. This is
mainly due to MBS, TMBS and TPBS ions whose charges contact with the hydrophobic benzene ring.
On the other hand, the values of -dA/dII/2 for Al (MBS)3 and Al (TMBS)3 are larger than those
obtained by Onsager relation. The deviation of A vs lm plots from the theoretical Onsager line can be
analyzed on the assumption of the formation of A13+(MBS)" and A13+(TMBS)" by the ion association.
The K ^ values of Al3+ and MBS" or TMBS" is appreciably large.
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According to the conductivity measurement, the interaction between Cs+ and TMBS' is weak.
However it was observed that the solubility of CsTPBS is very small. Then the solubilities of
NaTPBS, CsTPBS and Ca(TPBS)2 were determined by the spectrophotometric method. Fig. 6 shows
plots of the optical density (OD) at 225 nm against the concentration for NaTPBS, CsTPBS and
Ca(TPBS)2 solutions. The OD of Ca(TPBS)2 is twice of the OD of NaTPBS and CsTPBS because the
OD at 255 nm is assigned to the transition of benzene 7t-electron. Table 4 shows the solubilities of
NaTPBS, CsTPBS and Ca(TPBS)2. The solubilities of CsTPBS and Ca(TPBS)2 are much smaller than
that of NaTPBS. This is explained in terms of the hydrophobic character of TPBS salts. This paper,
which is the first attempt to examine the properties of TPBS, suggests that TPBS has a bright prospect
of developing the hydrophobic anion reagent for chemical analysis such as precipitation titration.
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TABLE 1. CONDUCTIVITY DATA OF Cs, K AND Na TRIS-OXALATO-CHROMATE (III)
SALTS IN AQUEOUS SOLUTION AT 25 °C

104xm
mol.kg'1

(0)
1.3157
4.0585
7.3003

12.028
24.997
62.885

104xI1/2

(mol.dm-3)"2

i. Conductivity
(0)

2.8096
4.9346
6.6183
8.4950

12.247
19.424

A
S cm2 mol"!

a

of Cesium tris-oxalato-chromate (III)
158.9

152.674
147.115
142.725
137.857
129.043
113.378

.9849
.9677
.9533
.9366
.9156
.8895

47.57
39.21
36.18
34.83
29.93
26.79

ii. Conductivity of Potassium tris-oxalato-chromate (III)
(0) (0) 158.9
1.3996 2.8978 149.683 .9989 3.22
2.9623 4.2158 146.683 .9951 7.46
4.6824 5.3004 144.382 .9944 5.83

21.935 11.472 130.936 .9838 5.64

iii. Conductivity of Sodium tris-oxalato-chromate (III)
(0)
1.5287
4.3189
8.2081
12.804
25.211

(0)
3.0286
5.0905
7.0177
8.7648
12.299

131.8
125.131
120.221
115.280
111.914

105.229

.9835

.9664

.9459

.9469
.9518

45.51
38.82
38.74
27.52

16.16

TABLE 2. LIMITING EQUIVALENT CONDUCTIVITIES OF SOME SUBSTITUTED
BENZENESULFONATE IONS

Ion A7Scm2mor'
C6H5SO3 ' 34.99
p-CH3C6H4SO3" 29.1
2,4,6-(CH3)3C6H2SO3' 21.8
2,4,6-(C3H7)3C6H2SO3- 17.5
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TABLE 3. EQUIVALENT COONDUCTIVITY PER IONIC STRENGHT OF SOME
SUBSTITUTED BENZENESULFONATE SALTS

L.L.
180.7
131.8

179.4
83.4
77.9
129.9

129.0
83.3
76.2

p-CH3C6H4SO3"Ion
Al3+

Sr2+

2,4,6-(CH3)3C6H2SO3-
Al3+

Cs+

Na+

Sr2+

2,4,6-(C3H7)3C6H2SO3-

Ca2+

Cs+

Na+

L.L. according to Onsagar Limiting Law

-dA/dI1/2

326
107.5

348
75.0
72.2
77.0

80.0
56.0
62.0

TABLE 4. SOLUBILITIERS OF Ca,Cs AND Na-TPBS SALTS

mol.kg"1 water
Ca(TPBS)2 0.014
Cs(TPBS) 0.049
Na(TPBS) 0.161
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