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The solubilities of tetraalkylammonium diaminctetraisothiocyanatochromates(Ill) in water and water—
methanol solutions were measured at 25 °C as function of ionic strength. The results have been used to
evaluate the activity coefficients of the saturating salts. For tetra-1-butylammonium salt the Gibbs free
energy of transfer has been determined, and with the use of known ionic transfer function of tetra-
butylammonium ion, basecd on TATB assumption, the Gibbs free energy of transfer of Reineckate anion
has been obtained.

Tetraalkylammonium Reineckates, i.e. R;N[Cr(NH,),(NCS),] (R = CH3, C,H;, 1-C3H,,
and 1-C,Hy) are only sparingly soluble in water and in water-methanol solvent mixtu-
res. The anion [Cr(NH;),(NCS),]” strongly absorbs in near ultraviolet region because
of the NCS-intraligand transition. These properties enable to use solubility measure-
ments of examined salts as a simple and accurate method of determining of activity
coefficients. The investigated compounds belong to the class of kinetically inert
complexcs!, nevertheless, their kinetic stability is rather limited with regard to the
aquation and/or base hydrolysis of Reincckate anion? . This instability was the main
reason that a special experimental procedure has been used in the present investigation.
The above-mentioned compounds dissociate in a solution as uni-univalent electrolytes,
so the absence of specific interaction effects can be assumed.

It seemed to be interesting to measure a sequence of quaternary ammonium salts with
the large complex anion. The aim of the measurements in water—methanol mixed
solvents was to gain the experimental data for the evaluation of Gibbs free energy of
transfer from water to these media.

EXPERIMENTAL

Tetraalkylammoniumdiaminetetraisothiocyanatochromates(IIT) have been prepared by precipitation of the
saturated solution of NH,[Cr(NH;);(NCS),] (Reinecke salt, USB Bruxelles, r. g.) with the solutions of
tetraalkylammonium bromides (Lachema, Brno).

For (CH3)4N[Cr(NH;3),(NCS),] (392.4) calculated: 24.46% C, 4.61% H, 24.98% N; found: 23.92% C,
4.60% H, 25.1% N.
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For (C,Hs)4N[Cr(NH;),(NCS),] (448.5) calculated: 32.11% C, 5.83% H, 21.86% N; found: 31.77% C,
5.88% H, 22.10% N.

For (1-C3H7)4N[Cr(NH,),(NCS),} (504.6) calculated: 38.05% C, 6.79% H, 19.43% N; found: 38.10% C,
7.00% H, 19.81% N.

For (1-C4Hy) N[Cr(NH;)(NCS),] (560.63) calculated: 42.81% C, 7.55% H, 17.49% N; found: 42.61% C,
7.65% H, 17.34% N.

Reinecke salt (Merck, r. g.) bas been used for measurements of the extinction coefficients. Its value at
33 000 cm™! (303 nm) is 16 640 = 525 kg mol~! cm™ in water, the same value within the experimental
error was found in the water—-methanol mixtures. All the other chemicals used were products of analytical
purity (Lachema, Brno). Double distilled water was used throughout.

Measuring procedure. An excess of solid sample was added to an approx. 25 ml of solvent in a stoppe-
red bottle and plunged into the water bath of an ultrasound generator (UC 005, Tesla Vrable, Czechoslo-
vakia), with the output of 45 W at 38 kHz frequency. The duration of ultrasonic agitation, necessary for
preparation of a saturated solution, was ascertained experimentally. The evaluation of the concentration
dependence of the saturating salt on the duration of ultrasonic operation showed that no further changes
took place after 360 s of agitation for all measured salts in all investigated media. After attainment of
equilibrium between the solid phase and its saturated solution, the system were still equilibrated in an
ultrathermostat (20 min at 25 = 0.05 °C), then filtered through a sintered glass and diluted, if necessary.
The absorbance of solutions was measured by means of a spectrophotometer SPECORD UV-VIS (Carl
Zeiss, Jena). This procedure was controlled occasionaly by measurements of the concentration of saturating
salts in the mixtures stirred 2 — 3 h in a Jacketted vessel, thermostatted at 25 °C. The results were the same
as in the ultrasound experiments, however, the Reinecke anion began to decompose after 3 h of stirring. With
regard to this fact, the ultrasonic agitation was prefered.

RESULTS AND DISCUSSION

The solubilities S of investigated tetraalkylammoniwm Reineckes in aqueous solutions
of sodium perchlorate are reported in Table I. It can be seen from the table that for all
measured saturating salts the dependence of the logarithm of solubility on ionic
strength according to the relationship (1) gives a straight line with the experimental
slope C, which includes the charge product and the Debye-Hiickel constant.

log (S/Sg) = CVI/(1+vT) 1))

The numerical values of the experimental slopes C for tetramethyl-, tetraethyl-, tetra-
1-propyl-, and tetra-1-butylammonium Reineckates are 0.575 + 0.018, 0.653 = 0.062,
0.592 = 0.026, and 0.678 + 0.047, respectively. With the aid of Eq. (Z) the measured
solubilities can be extrapolated to zero-ionic strength. Using these extrapolated values,
So, the mean activity coefficients y, have been evaluated according to

Y. = SO/S' (2)

The solubilities of (1-C,Hg),N[Cr(NH;),(NCS),] were also measured in the solu-
tions of NaNO;, KClI and K,SO, as supporting electrolytes. The results of these measu-
rements are reported in Table II. For all these electrolytes the dependence
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logS=f {VI/(1+VI)} was linear and enabled the extrapolation to zero-ionic strength,
the extrapolated value of solubility being Sp = (2.069 % 0.032) . 105 mol kg™ in all
cases. On the other hand, however, from the experimental values in Tables I and II
three straight lines can be constructed in the coordinates -logy, vs VI/(1 +VI) with
different slopes (Fig. 1). These slopes are 0.622 = 0.034 for NaClO, and NaNO;,
respectively, 0.387 x 0.021 for KCI, and 0.256 = 0.009 for K,SO,. The theoretical
value for the saturating salt as uni-univalent electrolyte, A z,z_ (A being the Debye—

TaBLE ]
Solubility S (mol kg'l) of different tetraalkylammonium Reineckates in aqueous solutions of NaClO,4 of
various molality m (mol kg'i) at 298.1 K

mN.Clo‘ S. 105 MN.c,o‘ S. 105
Tetramethylammonium® Tclraethylammoniumb
0 7.139 = 0.09 0 13.00 = 0.06
0.0020 7.572 = 0.090 0.0030 13.57 = 0.05
0.0050 7.811 = 0.030 0.0050 14.27 = 0.06
0.0100 8.089 = 0.144 0.0100 14.57 2 0.15
0.0201 8.377 £ 0.030 0.0201 15.37=0.28
0.0403 8.936 « 0.361 - -
Tetrapropylammonium® Tetrabutylammoniumd
0 22.56 £ 0.42 0 2.080 = 0.044
0.0050 2470 = 0.72 0.0100 2.289 = 0.083
0.0100 25.18 = 0.99 0.0201 2.404 = 0.089
0.0201 25.93 = 0.90 0.0403 2.662 = 0.049
0.0352 27.49 = 0.15 0.0606 2.706 = 0.010
0.0504 28.70 = 1.05 0.1016 2.971 = 0.040

All extrapolated values in mol kg™': ¢ So = (7.102 = 0.026) . 1075 ® 5y = (12.73 = 0.14) . 1075 ° S, =
(22.20 = 0.18) . 107% 95, = (2.069 = 0.032) . 107

TaBLE II
" Solubility S (mol kg™!) of (C4Hg),N[CH(NH;),(NCS),] in solutions of different supporting electrolytes of
various molality m (mol kg'l) at 298.1 K

mgao S. 105 mN.No3 S. 105 ngso‘ S. 105

0.0100 2.278 £ 0.042 0.0100 2.314 = 0.066 0.0050 2.241 = 0.060
0.0201 2.338 + 0.030 0.0201 2.422 £ 0.036 0.0100 2.320 = 0.015
0.1002 2.572 + 0.012 0.0140 2.596 = 0.006 0.0201 2.419 = 0.002
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Hiickel constant), is 0.5115 at 25 °C. The experimental value most similar to the theo-
retical one, is that for NaClO, and NaNO;. The observed differences can be explained
using the idea on the effect of supporting electrolytes on the cluster structure of water.
Both NaClO, and NaNOj are structure breakers®*, i.e. they increase the number of free
H,0 molecules. The larger the number of water molecules available to act as solvent,
the larger the increase in solubility’. This interpretation is strcssed by the fact that
NaClO,, which is the most powerful structure breaker shows the highest value of the
experimental slope. KCl and K,SO, in contrast with NaClO, enhance the cluster
structure of water. However, the differences between theoretical and experimental
slopes arc too large in these solutions, that the explanation, based exclusively on the
cffect of these salts on cluster structure of water, seems to be improbable.

With regard to the fact that both cation and anion of the investigated salts are rela-
tively large ions, the effect of a non-clectrostatic activity coefficient contribution,
which causes positive deviations from the Debye—Hiickel law, can ariseS. It can be scen
from Table I, that the theoretical values of the mean activity cocfficients, evaluated
with the aid of Eq. (3) for aqueous solutions (z,z_ = -1), arc larger than the expe-
rimental oncs for tetramethyl-, tetraethyl-, and tetra-1-propylammonium Reineckates,
on the contrary, for tetra-1-butylammonium salt having largest cation, (Y.)neor < (Ya)exp:

-logy, = Alz, z|VI/(1 +V]) 3

The solubility of (1-C,Hg),N[Cr(NH;),(NCS), has been measured as a function of
sodium perchlorate concentration in the mixture H,O-CH;0H 20 vol.%. The depend-
ence logS = f {VI /(1 + VI)} was lincar with the experimental slope 0.754 = 0.043,
whereas the theorctical slope according to the Eq. () in this solvent mixture with rela-
tive permittivity 71.05 (see ref.”) is 0.592. We see that the experimental slope is shifted

0415
-log %

010

0-05
FiG. 1
Dependence of logarithm of the mean activity coeffi-
cient of (1-C4Hg)yN[Cr(NH;);(NCS),] on the
1 1 function of ionic stength adjusted by: O NaClO,, @
005 015 V71 a7) 025 NaNO;, A KCI, O K,S0,
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to a larger value, similar as in the aqueous solution. The solubility in the pure H,O-
CH;OH mixture is (4.994 = 0.066) . 10~° mol kg1, and the solubility extrapolated to
zero-ionic strength, Sy = (4.983 = 0.069) . 10-5 mol kg~!. These data, together with the
data in Table I for (1-C,Hy),N[Cr(NH;),(NCS),] enable the evaluation of Gibbs free
cnergy of transfer, AGY, of this salt from water to the mixture water-methanol
20 vol.%. According to the basic thermodynamic relationship between Gibbs free
energy of solvation in water and in a mixed solvent, and the solubility products in these
media, K¥ and KM%, the Eq. (4) can be written for AG? in the form

AG? = 2RT In (K¥ix/KY). “

Using the solubilitics in water and in the solvent mixture, S¥, SMi* we obtain for
uni-univalent electrolyte

AG? = 2 RT In {(S¥/sM%) (y¥ /yMin} | &)

where vV, yMi* are the corresponding activity coefficients which can be evaluated from
the above-mentioned data. For the ratio of the activity coefficients in the absence of
supporting electrolytes the value of 0.975 has been obtained, and the Gibbs free energy
of transfer of the mcasured-salt, AG? is -4.47 kJ mol~1. We can scc that the ratio of
activity coefficients in Eq. (5) differs only little from unity. When merely the appro-
ximate values of AG? are required, this difference can be neglected. Under this condi-
tion the valucs of AG?, corresponding to the transfer of (1-C,Hy),N[Cr(NH;),(NCS),]
from water to the other investigated water-methanol mixtures have been evaluated and
are summarized in Table III. Together with AG? the Gibbs free energies of transfer of
[Cr(NH;),(NCS),]" anion, AGR, arc reported. They were obtained combining the
transfer functions of the salt, AGY, with the transfer functions of tetrabutylammonium
cation, AG®, i.e.

AG? = AGS* + AGY . (6)
The transfer functions of AGE* based on TATB assumption® were taken from ref.’.

TasLe I11
Gibbs [ree energies of transfer, AG‘O K mol'l), of (1-C4Hg)4N[Cr(NH;),(NCS),] from water to the water—
methanol mixtures, and the transfer function AGR (kJ mol™) of the Reineckate anion at 298.1 K

Methanol, vol.% AGiJ AG,R
10 -1.99 -0.53
20 -4.47 ~1.33
30 -7.02 =221
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