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ELECTRICAL CONDUCTIVITY OF CaSO, IN AQUEOUS SOLUTION
UNDER HIGH PRESSURE

The electrical conductivity of aqueous solutions of 2-2 electrolytes, CaSO,
and MgSO,, has been measured within the ranges, 15~40°C, 1~1,200kg/cm?
and 10-3~10-4a1. The plots of 4 vs C¥? under high pressure show Kohlraush’s
linear relation in this concentration range. The equivalent conductance at in-
finite dilution 4° has a maximum against pressure. The pressure at this maxi-
mum point has been found to be higher than that of the minimum viscosity of
water at each temperature. The hydration numbers of Ca?*, Mg?* and SO42~ ions
calculated by the Robinson-Stokes method are little changed by pressure and/or
temperature. The dissociation constants of Ca2+-S0,2- and Mg?*-50,2- ion-pairs i
are increased by pressure and decreased by temperature. The thermodynamic 3
parameters, 4G°, 4V°, 4H° and 45, are calculated from the coefficients of pres-
sure and temperature of the dissociation constants. The closest approach dis- |
tances of the ion-pairs are also estimated by using the theoretical equation of
Fuoss. These ion-pairs would be solvent-separated ones, containing some water l
molecules between the cation and anion, and approach contact ones, liberating
the water molecules with increasing temperature.
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|
\
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Introduction ‘

From the measurements of the conductances of electrolytes, the information on the behaviors of ‘
both free ions and ion-pair is obtained. The limiting equivalent conductance A°, which is specific to the )
individual ions, is an important quantity to study the ion-solvent interaction. In order to know the
effect of pressure on the solvation of ions, we have determined the values of A° of 2-2 electrolytes
under high pressure.

The dissociation constants of the ion-pairs have been obtained under high pressure for many
electrolytes in water. Many of them increase as pressure increases 17, but some decrease or remain
constant 2, The molecular structures of the ion-pairs in aqueous solution have been examined with many
different techniques 3.4), which has suggested that the association of divalent metal sulphates would
take place through two or more interposed water molecules. However, the effect of pressure on the
structure of the ion-pair was elucidated only in the case of [Co(NHj,),** SO42- 8,
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In this paper, the pressure and temperature effects on hydration numbers of free ions and the
structures of the ion-pairs of the 2-2 electrolytes, CaSO, and MgSO;, in water have been examined
up to 1,200kg/cm? at the temperatures of 15, 25 and 40°C.

Experimental

The conductivity cell used for high pressures was a syringe-type cell of glass and platinum, as
shown in Fig. 1 {(a). The oil pressure in the pressure vessel was transmitted to the sample solution by
the glass piston of the syringe. The platinum electrodes in the cell were lightly coated with platinum
black to avoid polarization. The cell constant Keei; was determined by aqueous KC! solution of
1025 ®, The pressure-generating apparatus is shown in Fig. | (b). The Bourdon-type gauge was cali-
brated with a free piston-type gauge. The resistance R was measured by the Yanagimoto MY-7-type

a.c. bridge.
Fig.1 Experimental apparatus
(a) High pressure conductivity cell (b) Pressure-generating apparatus
1: Glass piston 1: Bourdon-type pressure gauge
2: Glass cylinder 2: Hand pump
3: Leading wire 3: High pressure vessel
4: Platinum electrode 4: High pressure conductivity cell
5: Araldite 5: Leading wire
6: Teflon capsule 6: Paraffin oil bath
7: Sample solution

The conductivity water was repeatedly distilled and in equilibrium with air. The 1,000 10~%M
stock solutions of CaSO, and MgSO, were prepared from the analytical grade reagents. The solutions
in the concentration range of 10-*~10"3M were prepared by diluting the stock solutions with the
conductivity water. The concentrations of these dilute solutions at high pressure were corrected with

the volume of water at the corresponding pressure calculated by the Tait equation 7,

6) G.C. Benson and A. R. Gordon, J. Chem. Plys., 13, 473 (1945)
7) H.S.Harned and B. B, Owen, “The Physical Chemistry of Electrolytic Solutions™, Reinhold, New

York (1958)
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ym -y B+P
=C1 .
76 %85 (1)
where B and C are the characteristic parameters of water.
The specific conductivity of the solution « is defined by Eq. (2),

=t g
By subtracting from & the specific conductivity of water £° (at 25°C, 1.19x 10 %ohm~'cm™? at 1atm
and 1.94 X 10~¢ohm~'cm~?! at 1,200 kg/cm?), the equivalent conductance A is obtained by Eq. (3),

A=1000(E—IC°) . (3)

where C is the corrected equivalent concentration.

Results and Consideration

Pressure dependence of A
The plots of . against C1/2 have Kohlrausch’s linear relation at each pressure and temperature, as

shown in Fig. 2. The limiting equivalent conductance A° is determined by the extrapolation of the
A~CW/2 curve to zero concentration. Table 1 shows the values of 4 and .1° obtained at each concent-

ration. temperature and pressure. The pressure dependence of . is shown in Fig. 3. where an up-
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arrow, { indicates the maximum point of 4. The maximum of A shifts to a higher pressure as the
concentration increases. The pressure dependence of A° at each temperature is shown in Fig. 4. The

Table 1 Aand A% (2-1.cm?-equiv-?)

(a) Agueous solution of CaSO, (15°C)

M 1.000 | 2,000 | 3.000 | 4000 | 5000 | 6.000 | 8000 | 1000 |

1atm 1050 | 1021 | 1003 | 987 | 971 | 955 | 929 | 902 | 1104

200 kg/cm? 107.1 | 1039 | 1022 | 1004 | 992 | ors | o951 | 924 | 1118

400 108.3 | 1055 | 103.6 | 1022 | 1008 | 990 | 965 | 937 | 1132

600 100.5 | 1059 | 1042 | 1027 | 1005 | 1000 | 97.6 | 949 | 1138

800 109.9 | 106.6 | 1049 | 1037 | 1022 | 1005 | 994 | 957 | 1140
1,000 1104 | 107.1 | 1054 | 1042 | 102.8 | 101.0 | 99.1 | 961 | 114.4
2.000 1110 | 1075 | 1059 | 1045 | 1034 | 1015 | 99.6 | 966 | 1146

(b) Aqueous solution of CaSO; (25°C)

w 1.000 | 1.500 | 2.000 | 3.000 | 4.000 | 5.000 | 6.000 | 7.000 | 8.000 | 1000 | 4*
Pressure
L atm 1331 | 1308 | 120.5 | 127.3 | 1249 ] 1229 | 1209 | 119.5 | 1181 | 115.3 | 1407
200kg/cm? | 134.5 | 1325 | 1308 | 1286 | 126.1 | 1240 | 122.2| 1209 | 1193 | 1162 | 142.1
400 135.2 | 1334 | 1317 | 1293 | 1263 | 125.3 | 123.5 | 1221 ] 1200 | 117.4 | 1427
600 135.8 | 1338 | 132.2 | 1300 | 127.8 | 126.1 | 124.3 | 1230 1206 | 1186 | 1430
800 136.1 | 133.5 | 1327 | 1306 | 1285 | 1269 | 1250 | 1236 | 122.1 | 119.4 | 143.2
1,000 136.3 | 133.5 | 132.9 | 1309 | 1237 | 127.0 | 1254 | 1242 | 1227 | 1201 | 14209
1,200 1364 | 1334 | 1329 | 1310 | 1201 | 122.3 | 125.5 | 124.3 | 1220 | 1201 | 1426

(c) Aqueous solution of CaS0,7(40°C)

PN 1500 | 2000 | 2500 | 3000 | 4000 | 5000 | A

1 atm 1784 | 17641 1738 | 1719 | 1681 165.2 | 1946

200 kg/cm? 1797 | 1775 | 1756 | 1735 | 1698 | 1669 | 1956

400 179.7 1780 | 1760 | 1735 1706 | 1672 | 1958

600 1799 | 1782 | 1762 | 1741 1710 | 1679 | 1958

800 1708 | 1782 | 1763 | 17422 1713 | 1680 | 1956

1,000 1795 | 1781 | 1762 | 1742 | 1713 | 1681 195.3

1,200 1702 | 17729 | w59 | 1740 | 1717 | 1681 | 1944

(d) Aqueous solution of MgS0, (25°C)
:M x 108 :

Pressure T ——____| 2.000 2.500 3.000 3.500 4.000 5.000 A
1atm 123.5 1215 120.7 119.2 | 118.0 116.5 133.1

200 kg/cm? 124.8 123.4 122.2 121.2 120.4 118.5 134.4

400 125.3 124.6 123.3 122.3 121.4 118.8 135.0

600 126.2 125.3 1239 123.2 122.1 119.6 135.8

800 126.5 135.6 124.1 123.4 122.4 120.1 136.0

1,000 126.8 126.1 124.3 123.6 122.6 120.3 136.0

1,200 126.9 125.8 124.7 124.0 122.5 1204 136.0
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pressure of the maximum A°, P(.1°) shifts to a lower pressure as temperature increases, and P(A°) of
CaSO; is lower than that of MgSO. at 25°C.

Now. in the case of the dissociation of the symmetrical electrolyte (z,=!z_|) into its free ions,
the specific conductivity of the electrolyte, » - £°, is given by Eq. (4),

103~ £")=2Ci A=CaX4;. (4)

where C; and 4; are the equivalent concentration and equivalent conductance of i-ion, respectively and
« the degree of dissaciation. From Eqgs. (3) and (4),

A=a3li, (5)

that is, the equivalent conductance is proportional to the degree of dissociation and the sum of the
ionic conductances. Therefore, the shift of P(1), the pressure of the maximum {, to a higher pressure
with the increase of the concentration is ascribed to the fact that the pressure coefficient of « is more
effective for A in the lower dilute solution than in the higher.
The pressure dependence of A° would be explained qualitatively by Stokes’ law,
ro=lulef (6)
6riy

where 2°;, z; and r, are the limiting ionic equivalent conductance of i-ion, its ionic valence and its
Stokes radius, respectively, and F the Faraday constant, e the electronic charge, and " the viscosity
of water. The viscosity of water has a minimum against pressure at lower temperatures, because the
structure of water would be broken down by pressure. The minimum point disappears at about
36°C 8~10), above which the viscosity increases monotonously with increasing pressure. The pressures
at the minimum %°, P(»") are 950kg/cm? at 15°C and 600kg/cm? at 25°C 11, When the hydrated ion
with the constant effective radius migrates in a continuous medium whose viscosity is »° under pres-
sure, P(A°) should be equal to P(3°) according to Eq. (6). As shown in Fig. 4, this is not the case;
P(A°) is higher than P(3") at each temperature. The maximum point of A° is found even at 40°C,
where the viscosity of water increases monotonously with increasing pressure. These discrepancies
would be explained from the view point of the decrease in the radius of the hydrated ion by pressure
according to the Robinson-Stokes method1?), though there have been other standpoints of the local
viscosity in the vicinity of the ion!3® and of the effect of dielectric relaxation on ionic motion 2.14.15),

Hydration numbers of the free ions

8) L. Hauser, Ann, Phys., 5, 597 (1901)
9) E.M. Stanley and R. C. Batten, J. Phys. Chem., 73, 1187 (1969)
10) K.E. Bett and J. B. Cappi, Nature, 207, 620 (1965)
11) J.B. Cappi, Ph. D. Thesis, London University (1964)
12) M. Nakahara, K. Shimizu and J. Osugi, This Journal, 40, 1 (1970)
13) R.L.Kay and D.F. Evans, J. Pkys. Chem., 70, 2325 (1966)
14) R. Zwanzig, J. Chem. Phys., 38, 1603 (1963)
15) R. Fernandez-Prini and G. Atkinson, J. Phys. Chem., 75, 239 (1971)
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The Robinson-Stokes method 16 has been applied to calculate the hydration number of Ca?*,
Mg?* and SO,*~ ions under high pressure as follows 12)

dim=A'pyup . (7)

where #°;p) is the limiting transference number of i-ion at pressure P. It is assumed that £°;;;y=4#;(1).
The values of the cationic transference number are as follows,

t%(m=l°+c1>=x/‘+:3. 0.427 at 15°C
0426 25°Cp Ca?+ (8)
0419  40°C

0.399  25°C Mg

where A°(;) were cited from the literatures 16.19). From Egs. (6) and (7), the Stokes radius r; is obtained.
Introducing the correction factor fr-s for r;, the effective radius of hydrated ion r, is obtained. The
volume of the hydration sheath in the neighborhood of the ion is

VA=%7[ (rd—r?), (9)

where r. is the crystal radius of {-ion. Then the hydration number is given by the equation,

LY
Vw’

(10)

where Vw is the average volume of one water molecule in the hydration sheath and was assumed to
be equal to that of the bulk water at each pressure. These numerical values of 1°;, fr-s, 7. and % are
listed in Table 2, As shown in Table 2, the hydration numbers of Ca2*, Mg** and SO,%- ions are in-
variant within the experimental error as temperature increases. Also, the hydration numbers of these
ions are little changed by pressure as in the case of [Co(NH;)sJ** and SO%~ ions!?). This is not in
agreement with Horne’s opinion of the dehydration of ions by pressure!®,

Dissociation of the ion-pairs
The ion-pairs of Ca?*-S0,%- and Mg?*-S0,2~ would be in equilibrium with their free ions,

M2+.80- — M?*+S0,%-, (11)
m(l - ) ma mo

where M?* represents the metal ion and m is the stoichiometric molar concentration. Then the dis-
sociation constant K in the system of Eq. (11) is defined as follows,

—_ma® fifs
NN 42

16) R. A. Robinson and R. H. Stokes, “Electrolyte Solutions”, Butterworths Scientific Publications,
London (1965)

17) A.G. Keenan, H. C. Mcleod and A. R. Gordon, J. Chem. Phys., 13, 466 (1965)

18) R. A.Horne, “Advances in High Pressure Research”, Vol. 2, Chap. 3, ed. by R. S. Bradley, Academic
Press, London (1969)
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Table 2 2%, fr-s, re, & and Vi
(a) CaSOy4 (15°C)

] Ca?* r.=0.99A SO2- re=273A .
Pressure < Vw (A%)
o fzxs r(A) o fas  r(A)

1 atm 471 136 409 9.4 633 162 363 38 30.0
200kg/em? | 477  1.36 409 9.5 641 162 363 39 298
400 483  1.36 408 9.3 649 162  3.61 38 29.5
600 486 136 408 9.6 65.2 162 3.6 38 29.3
800 487 136 408 97 653 1.62 363 4.0 29.0

1,000 488 136 408 97 656  1.62  3.61 39 28.8
1,200 489 137 408 938 65.7 1.62 360 39 28.6

(b) CaSO, (25°C)

[ Ca?* S0z~ L.
Pressure = 5 Fw(A3)
O fas (A o fas  r(d) h

1atm 50.0 135 410 95 | 808 161 364 39 30.0
200kg/em? | 605 135 4.00 9.5 | 816 161  3.62 3.8 29.8
400 609 136 411 9.7 | 819 162 363 39 29.5
600 609 136 411 96 | 821 162 363 39 29.3
800 61.0 136  4.09 9.7 | 822 162 363 40 29.0

1,000 609 137 411 100 | 820 162 3.6l 39 28.8
1,200 60.7 1.37 411 100 | 8L9  1.63 362 40 28.6

(¢) CaSO, (40°C)

p Ca2* $02- Ve A9
ressure ¢ Sr-s Te (A) h AP Sres te (A) h W

latm | 815 L35 413 97 | 1131 163 360 3.7 30.0
200kg/em? | 820 136 412 97 | 1136 164 359 37 29.7
400 820 136 4.1 97 | 1138 164 358 3.6 29.5
600 820 136 409 96 | 1138 164 356 3.5 29.3
800 820 1.37 408 9.6 | 1136  1.65  3.55 35 29.1

1,000 81.8 137 407 96 | 1135 1.66 355 35 28.9
1,200 | 8LS 138 407 97 | 1129 166 354 35 28.7

(d) MgS0, (25°C)

Mg r.=0.65A S0~ .
Pressure o JA—— P o A P Vw (A%)

1 atm $31 125 431 1.1 | 800 160 366 40 300
200kg/em? | 536 125 430 1.1 | 808 160  3.65 4.0 29.8
400 539 126 432 114 | 811 160 365 4.0 29.5
600 542 126 430 113 | 816 161 365 40 29.3
300 543 126 428 113 | 8L7 161 364 40 29.0

1,000 543 127 431 116 | 8L7 162 365 41 28.8
1,200 543 127 429 115 | 8L7 162 363 40 28.6
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where f3, f: and fy are the activity coefficients of M?*, SO,2~ and M?+.S0*-, respectively. In the
dilute solution, the activity coefficients, f; and f;, are calculated from the Debye-Hiickel limiting
equation 7,

21.291 X 108
(TR

where I is the ional concentration Em(zﬁ, D the dielectric constant of water and T the absolute

—log fi=1 e, (13)

4
temperature, and the activity coefficient of M**.S0,%-, f; is assumed to be unity. Using the Onsager
theoretical equation? for the equivalent ionic conductance in the right of Eq. (5), we obtain

A=a(L -4V ma), (14)

where S is the function of D, 3" and A°. The values of & in Eq. (14) is solved by means of successive
approximation. The dielectric constant of water at pressure P, D(P) is determined from the Owen-
Brinkley equation 19,

D B+pP
= D logg ==
1-pm 4PV log gy (15)
where 4 and B are characteristic parameters of water. The viscosity data are graphically interpolated
values from the measurements of Cappi V. The dissociation constant K thus determined from Egs.
(12), (13) and (14) at each pressure and temperature are listed in Table 3.
The dissociation constant increases with increasing pressure at each temperature. When the dis-

sociation constant of the ion-pair, Ca®*-SO,*~ is compared with that of the ion-pair, Mg®*-S0,%~ at

Table 3 Dissociation constants of the jon-pair

Pressure CaS0, (15°C) CaS0, (25°C) CaS0, (40°C) MgSO, (25°C)
1atm 6.0x10~3 4.9x 1073 3.1x1073 5.8x10"3
5.3x1073(18°C® 4.9x%x107ID) 4.1 x10739) 4.4%x1073¢)
3.4x1073) 6.2 10730
200 kg/cm? 7.1x 103 5.0x 1073 3.3x1073 6.7 x 1072
400 7.7x10"3 5.3%x 1073 3.4x10°3 74x%x1073
600 8.1x10-3 5.8x1073 3.5x 1073 7.5x10°3
800 9.9 x 103 6.3x 1073 3.7x1073 7.7x1073
1,000 1.0x 10~2 7.3%x1073 3.8x10°3 8.1x10°3
1,200 1.2x 1072 8.0x10"3 4.1x 1073 8.7%x10°3
a) from conductivity 2 b) from solubility 3 ¢) from solubility 2
d) from solubility %) e) from e.m.f,2 f) from conductivity 3

19) B.B.Owen and S. R. Brinkley, Phys. Rev., 64, 32 (1943)

20) K.W. Kunttz and R. M. Fuoss, J. Phys. Chem., 67, 914 (1962)
21) C.W. Davies, Trans. Faraday Soc., 23, 351 (1927)

22) R.P. Bell and J. H. George, ibid., 49, 619 (1953)

23) A.W. Gardner and E. Gluekauf, ibid., 66, 108] (1970)

24) H. W, Jones and C. B. Monk, ibid., 48, 929 (1952)

25) H.S. Dunsmore and J. C. James, J. Chem. Soc., 1951, 2925
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25°C, the former is smaller at each pressure. It was observed by Kuntz and Fuoss 20 that in NaCl,

KCl and RbCI solutions, the larger the crystal radius of a cation

constant. Figs. 5 and 6 show the variation of log K with pressure and temperature, respectively. From

is, the smaller the dissociation :

these plots, the thermodynamic parameters concerning the dissociation of the ion-pair (Eq. (11)) were

calculated from the following relations,

4G°=—RTInK,

(a In K) _ 4

9P J+ RT’

(16)
(17

(18)

(19)

6(1/T) R
< JdH — 4G°
45 = .
T
2.000
2.000
<
0
2
- e
3.500W .
0 200 400 600 800 1000 1200
P, kg/cm?
Fig.5 logKusP 3.500}

O: CaS0,. 15°C, ®: CaSO,. 25°C
w: CaSO,, 40°C, @: MgSO,, 25°C

/

@:
-
O:
X:

310 3.20 3.30 3.40 3.50
1/T x 102, deg™!
Fig. 6 logKwvs)/T
latm, O: 200kg/cm?
400kg/cm?, M. 600kg/cm?
800kg/cm?, I: 1,000kg/cm?
1,200kg/cm?

The derived thermodynamic parameters are given in Table 4. Our value of 4V° in the dissociation of
Mg?*.S0,%- at 25°C, — 7.7 cc/mole, is in good agreement with Fisher's value, —7.3240.4 cc/mole 26),
The negative values of 4V°, 4H° and 45° would be due to the change of hydration number and the

26) F. H, Fisher, J. Phys. Chem., 66, 1607 (1962)
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Table 4 Thermodynamic parameters concerned with the dissociation of the ion-pair

4V" (ml/mole) a7 49| s e
Pressure Tas0, | Cas0, | CaS0;, | Mgso, |keal/mole) (k%la/&l)(:]e) Ca304
(15°C) (25°C) J (40°C) | @) | ©800 | g | (850
latm ' | 7 —47 3.1 —26.2
200 kg/cm? ' —54 3.1 —2853
400 ‘ —5.9 31 —29.5
600 —129 —10.2 r —5.7 -7 —5.8 3.0 —29.5
800 -6.8 3.0 —329
1,000 | -1 29 —335
1.200 1 | 1 —74 2.9 —345

contraction of the hydrated molecules by the electrostriction in the dissociation process. The |4V°] of
the dissociation of Ca**-S0,*~ decreases with increasing temperature as in the case of [Co(NH;)eJ?*-
S0,%~ %), According to Mukerjee??), the volume change ammounts to — 56 cc/mole in the process of
the dissolution of the salt MgSO, into water and perhaps the similar ammount would be expected for
the salt, CaSO,. But the value of [4V7, |- 7.7 cc/mole] obtained in this experiment are far smaller
than the value, {— 56 cc/mole] mentioned above. This would indicate that the ion-pairs, Ca?*.S0,2"
and Mg**.S0,*" are already hydrated to some extent and attract its surrounding water molecules with
electrostrictive force. The |4V of the ion-pair, Ca2*+S0,*" is larger than that of the jon-pair, Mg?+.
SO,2~. It may be due to less hydration of Ca**-S0,%~ than that of Mg?*.S0,%-.

The closest approach distance, a, is obtained by putting the dissociation constant in this experi-
ment into the theoretical equation of Fuoss2),

K=_3000 (_ 24" z_le2) ,

=g P\~ uDkT (20)

where k is the Boltzmann constant and N Avogadro’s number. The results are listed in Table 5. At
40°C the closest approach distance gradually decreases with increasing pressure, but at other tempera-
tures the systematic changes by pressure are not observed. The bulk dielectric constant was used for
the calculation of the closest approach distance. In the vicinity of the ion, the dielectric constant
would be smaller than that of bulk water, as the dipoles of the water molecules in the vicinity of the
ion are oriented by electrostrictive force. Using the effective dielectric constant, the values of the
closest approach distance wolud become larger than those in Table 5. Therefore, the closest approach
distances at 15 and 25°C in aqueous solution would be larger than the sum of the crystal radii cited in
Table 5 and also at 40°C those may be somewhat larger. Hence. the ion-pair may contain some water
molecules between the cation and anion. This is in good agreement with the result by ultrasonic ab-
sorption 4, The closest approach distance of the Ca%*.S0,*- ion-pair is smaller than that of the Mg®*-

SO,%- ion-pair at 25°C at each pressure, in spite of the fact that the former has a larger sum of the

27) P, Mukerjee, J. Phys. Chem., 65, 740 (1960)
28) R. M. Fuoss, J. Am. Chem. Soc., 80, 5059 (1958)
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Table 5 Changes in the closest approach distances by pressure

! a(A)
Pressure -
CaS0, (15°C) CaSQy (25°C) CaS0O, (40°C) |:MgSO, (25°C)
W, P - =

1atm : 4.10 \ 4.02 3.72 ‘ 117
200 kg/em? 4.21 3.95 3.71 4.26
400 4.22 3.97 3.68 4.29
600 4.19 3.95 3,65 4.23
800 4.34 3.97 3.63 4.19
1,000 4.35 4.03 3.60 4.17
1,200 4.42 4,10 3.60 4.19
Sum of the crystal radii 3.72 3.38

crystal radii. This corresponds to the larger value of |4V7| of the Ca?*.SQ,~ ion-pair than that of the
Mg?+.S0,2" ion-pair and to the smaller hydration number of Ca?* than that of Mg?*. These would
mean that the Ca®*-50,%- ion-pair has less number of water molecules between the cation and anion
than the Mg®*-SO,%- ion-pair. The closest approach distance decreases with increasing temperature
in Ca?*.80,%- ion-pair as in the case of [Co(NH;)s]**-S042-. That is, the ion-pair would gradually
approach to contact one with increasing temperature 29.30),
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29) T. Ellingsen and J. Smid, J. Phys. Chem., 73, 2712 (1969)
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