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Partition coefficient (D) values of trace amounts of Na*, K*, Rb*, Cs*, TI*
and Ag* have been determined during isothermal crystallization of
NiSO,* (NH,),S0,-6H,0 at 20 and 25 °C. These values are affected by size of
ionic radii as well as solubilities of the corresponding double salts. It was possible
to estimate D values for most of the microcomponents from solubilities of their

double salts. Some of them are in good agreement with experimental ones.

Cocrystallization and coprecipitation of microcom-
ponents is very important in analytical chemistry, as well
as in many other fields of chemistry. Cocrystallization is
one of the major factors which influence the effectiveness
of crystallization as a purification process. One of the
indicators of this effectiveness is the distribution (cocrys-
tallization) coefficient of each microcomponent, D.
Knowledge of the greatest possible number of such
coefficients allows one to predict the applicatibility of
crystallization for the removal definite microcomponents
from a given substance. However, the literature data
concerning the subject in question are not ample. Hence,
it seems resonable to determine the dependence of distri-
bution coefficients on various physicochemical and
crystal-chemical factors (such as ionic charges and radii,
similarity of crystal structure and unit cell dimensions,
ability to form solid solutions as well as solubilities of
corresponding salts), which would allow one to predict
value of coefficients D for various crystallization systems
which have not been investigated so far.

As shown by (among others) investigations on the
cocrystallization of microcomponents with selected sul-
fates,!* the effect of the said factors on the coefficients
D is different for various crystallization systems, and
very often these influences ovelap. The selection of
NiSO, - (NH,),S0, - 6H,0, which belongs to a group of
double salts NiSO,M',SO,:6H,0 (where M! {K*,
Rb*, Cs*, T1*}) of a very similar structure, allows one
to eliminate the influence of this factor on the coefficients
D and to define their dependence on ionic radius and
solubility.

Cocrystallization of microamounts of M* ions with
NiSO, - (NH,),S0O, - 6H,O has not been investigated yet.
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Experimental

Reagents and solutions. These compared the following:
nickel(II) and ammonium sulfate hexahydrate, p.a.,
additionally purified by crystallization twice; solutions of
Na!, K', Rb', Cs' and TI' sulfates and Ag' nitrate of
respective concentrations: ammonia solution (14 M) was
obtained by saturating distilled water with ammonia gas;
sodium versenate p.a. (POCh, Gliwice) — 0.1 M water
solution; murexide ind. (POCh, Gliwice).

Apparatus. An atomic absorption spectrometer (model
3300, Perkin Elmer) was used.

Analytical methods. Nickel(Il) was determined by com-
plexometric titration with sodium versenate in ammoni-
acal solution in the presence of murexide.® Micro-
components were determined by means of direct atomic
absorption spectrometry (K*, Na*, Ag* and TI*) or
flame emission (Rb* and Cs*) from solutions containing
1.00 g (or less) of NiSO,-(NH,),S0,-6H,0 in 25 ml
Absorbances of the samples and sets of standards, whose
concentrations of double salt were the same as in the
samples, were measured under the same conditions.

Method of determining coefficients D and A. After crystal-
lization the crystals were separated from the mother
solution by means of filtration through a Biichner funnel
with a sintered glass disk, weighed, washed with saturated
purified NiSO,-(NH,),SO,:6H,O solution and dis-
solved in water. From the nickel(II) content in both
solutions the degree of NiSO, - (NH,),SO,*6H,0 crys-
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tallization, o, was found from the following formula:

Mygs
o=—

My + My,
where: my, is the mass of the macrocomponent

[NiSO,*(NH,),S0O,-6H,0] in the solid phase; my is
the mass of the macrocomponent in the crystal; my,, is
the mass of the macrocomponent in the mother solution;

Ck_ Cr

s =M 00—

my is the mass of the crystal; C, is the percentage of the
macrocomponent in the crystal; (100 — C,) is the crystal
humidity (percent); C, is the percentage of the macro-
component in the mother solution.

Based on the results of nickel(IT) determinations the
volumes of the samples necessary to determine the micro-
components were calculated. The concentration was
equal to 1.00 g (or less) of NiSO,-(NH,),S0,-6H,0
in 25 ml.

Relative concentrations of microcomponents [ppm in
relation to NiSO, (NH,),SO,:6H,0] in the mother
solution («;) and in the washed crystal (uy) determined
by direct atomic absorption or flame emission permitted
calculation of the homogeneous distribution coefficient,
D (Henderson—Kracek, Khlopin), and heterogeneous
distribution coefficient, A (Doerner-Hoskins), from the
following relations:

D = ay/a;

1 ) oD
8 CaD+1-—ua

h= log(1 — o)

Conditions of crystallization.

Establishing  the effect of degree of NiSO,-
(NH,),S0,+-6H,0 crystallization on the distribution
coefficients, D, of Na*, K*, Rb*, Cs*, TI* and Ag™*
when crystallizing at 25°C. Nickel(II) and ammonium
sulfate solution [26.7% of NiSO,-(NH,),SO,6H,0]
saturated at 75°C was poured into 16 beakers. After
addition of different amounts of water [to obtain the
preset degrees of crystallization (a)], the resulting solu-
tions were cooled to temperatures close to 25 °C (except
for solutions for which the highest o-values had been
obtained, where the crystallization started at higher
temperature), and then placed in beakers with a water
jacket, after which, having been covered with a watch
glass, they were stirred with a magnetic stirrer (ca.
300 rpm) at 25+1°C over 6 h. The results obtained are
presented in Table 1 and in Fig. 1.

Determination of equilibrium distribution coefficients, D,
of the microcomponents (Na*, K*, Rb*, Cs* and TI*)
at 20+ 1°C. In order to determine the equilibrium distri-
bution coefficients the method of long-time stirring of
crushed crystals in saturated solution was applied.® It
was assumed that the equilibrium could be reached
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starting either from coefficients exceeding the equilibrium
coefficients (D,.,) or from coefficients lower than the
equilibrium ones (D.;,). When selecting values D2,
and D, the highest and the lowest values of D obtained
during crystallization of NiSO,+(NH,),SO,:6H,0 at
25°C (series 1) were taken into cosideration. The experi-
ments were carried out in the following way: Crushed,
contaminated NiSO,-(NH,),SO,-6H,0 crystals (¢ <
0.1 mm) were introduced into several beakers together
with saturated purified nickel(Il) and ammonium sulfate
solution. Crushed crystals of purified NiSO,-
(NH,4),S0,-6H,0 (¢ <0.1 mm) and contaminated sat-
urated solution of nickel(II) and ammonium sulfate were
introduced to some other beakers. The beakers, covered
with watch glasses, were placed in a closed room in a
water bath. Their contents were stirred for ca. 410 h with
magnetic stirrers. Fluctuations of temperature, which
facilitated recrystallization of NiSO,*(NH,),S0,-
6H,0 and helped attain equilibrium and homogeneous
partition of the microcomponents in the crystal, were
read every 12 h. The mean temperature was 20+1°C.
The results are presented in Table 2.

Results and discussion

Cocrystallization of M " ions is effected in a diverse way.
Distribution coefficients of some of them (K*, Rb™, TI*
and Ag"') are higher than 1, which means that they
undergo concentration in crystals, and the other micro-
components (with D<1) enrich in the mother solution.
Dependences D=f(a) and A=f(a) presented in Fig. 1
show that the distribution of TI* and K* during the
crystallization of NiSO,-(NH,),SO, - 6H,O0 is approxi-
mately homogeneous (D= const.) over the whole range
of a investigated. In the case of the remaining microcom-
ponents their coefficients A depend on o to a smaller
degree than D (particularly for Rb*, whose coefficient
Agp decreases very slightly with increasing o) (Fig. 1).

The distribution coefficients of some ions M* {Na™,
K*, Rb*, Cs*, TI*} for two series (Dg,, and DZ;.) do
not differ from each other considerably, which means
that the equilibrium condition was reached for them,
and average values for both series are equilibrium values
(Table 2). Average distribution coefficients obtained for
different degrees of crystallization at 25 °C are very close
to equilibrium coefficients at 20 °C (in the case of Cs*
and K7) or higher than D, (in the case of Rb*, TI*
and Na™).

The dependence of cocrystallization coefficients D of
the microcomponents M* with NiSO,-(NH,),SO,*
6H,0 on the ionic radius is presented in Fig. 2. The said
dependence has a regular run: coefficients D increase
monotonically from Na™, achieving the highest values
for Rb* and TI*, whose ionic radii are closest to the
macrocomponent (NH,*) radius, and then decrease with
a further increase of ionic radius (for Cs™).

Distribution coefficients, D, of the microcomponents
M™ decrease monotonically with increasing solubility of
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Fig. 1. Effect of degree of crystallization, a, on the distribution coefficients, D, and A of microcomponents M* during the

crystallization of NiSO4-(NH,),S0,-6H,0 at 25°C. ap is the initial concentration of M*

NiSO,* (NH4),S0, - 6H,0).

the corresponding double salts (Fig. 3), and the curve
D=f(s) has a hyperbolic shape. The diagram of this
dependency presented in a logarithmic system (Fig. 4)
has a linear run, with a high coefficient of linear correla-
tion (r,,).

Observing the close dependency between distribution
coefficients D of these microcomponents and solubilities,
a determination of the values of these coefficients was
attempted based on known solubility values of
NiSO, - (NH,),80,°6H,0 (syu,) and NiSO,-M',SO,*
6H,0 (spq)) [s(mol/1000 g of solution],”*® using the fol-
lowing dependency introduced by Hill e al.® (assuming
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{(lppm] in relation to

that the activity coefficients of the NH,* ion and of a
respective M* ion in the solid phase are equal):

log Dy = 1.25(log sny, — log sma))

The values D calculated and determined in this paper
are presented in Table 3. As indicated by the results,
many D values calculated and determined experimentally
are in good agreement. Relatively the greatest differences
between calculated and determined D values are observed
for the Na™* ion. It may be due to the fact that sod-
ium sulfate with nickel(II) sulfate forms the double salt
Na,SO,-NiSO,+4H,0, which has a different struc-
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ionic radii - ry.[A]

Fig. 2. Effect of ionic radii of microcomponents ry+ (accord-
ing to Shannon and Prewitt)'® on their distribution coeffi-
cients, D, during crystallization of NiSO,+(NH,),S0,*6H,0
at 20°C.

0 0.5 1 1.5
solubility of double salit
s [mole/1000g of solution]

Fig. 3. Effect of solubility of double salt on distribution coeffi-
cient, D, of the correspondimg microcomponent M~ during
the crystallization of NiSO,4 - (NH,4),S0,-6H,0 at 20°C.

log D = f(log s)

-1.5 -1 -0.5 0 0.5
logs

Fig. 4. Dependence: log D=f(logs) for crystallization of
NiSO,-(NH,4),S0O, - 6H,0 at 20°C.
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Table 3. Comparison of determined and calculated coeffi-
cients, D, of M* microcomponents cocrystallization with
NISOZ * (NH4)ZSO4' 6H20 at 20°C.

D
Microcomponent Calculated Determined
Na 0.115 0.022+0.006
K 1.3 1.17+£0.07
Rb 2.1 2.6+0.2
Cs 0.54 0.55+0.05
Tl 5.2 5.2+0.3

ture from the remaining double salts of the
M'.,S0,-NiSO,:6H,0 type, and the assumption of
equality of activity coefficients of Na* and NH," ions
in the solid phase is not justified.

Conclusions

The distribution coefficients D of the microcomponents
M™* during the crystallization of (NH,),SO,NiSO,-
6H,0 are influenced by the ionic radii of the microcom-
ponents. The maximum values of D occurs for the values
Fmicr MOSt close to ryacr-

Distribution coefficients D of the microcomponents
M* during the crystallization of (NH,),SO,"
NiSO, - 6H,O0 evidently depend on the solubility of the
respective salts. The said coefficients decrease with
increasing solubility [s(mol/1000 g of solution] of the
corresponding salt of the microcomponent. The diagrams
in the system log D=f(log s) has linear character, with
the coefficient of linear correlation r,, close to —1.

An estimation of the value of distribution coefficients
D for these microcomponents is possible based on the
solubilities of double salts of the macrocomponent and
microcomponents. The D values calculated in this way
are in many cases in good agreement with the experi-
mental values.

References

1. Smolik, M. and Zototajkin, M. Pol. J. Chem. 67 (1993) 383.
2. Smolik, M. and Lipowska, B. Ind. J. Chem. A 34 (1995) 230.
3. Smolik, M. and Lipowska, B. Pol J Appl Chem. I
(1995) 143.
4. Smolik, M., Zototajkin, M. and Kluczka, J. Pol. J. Chem.
69 (1995) 1322.
5. Welcher, W. J. The Analytical Uses of EDTA. Van Nostrand,
New Jersey, 1958. pp. 234.
6. Khlopin, V. G. Izbr. tr. Moskva, Izd. AN SSSR 1957,
Vol. 1, pp.173.
7. Seidel, A. and Linke, W. F. Solubilities of Inorganic and
Metal Organic Compounds. Van Nostrand, New York 1958.
8. Broul, M., Nyvit, J. and Sohnel, O. Solubility in an Inorganic
Two-Component System. Academia, Prague 1981.
9. Hill, A. E., Durham, G. S. and Ricci, J. E. J. Am. Chem.
Soc. 62 (1940) 2723.
10. Shannon, R. D. and Prewitt, Ch. T. Acta Crystallogr., Sect.
B 25 (1969) 925.

Received November 4, 1997.



