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The quantity T'i2 here called the reduced activity coefficient is related to ~i1z the mean

activity coefficient of a strong electrolyte 12 as follows:

T19 = yiel/%1%2

where z; and z2 are the charge numbers on the ions. The value of I'1o for electrolyte 12 in
an aqueous solution containing the three ions 1, 2, and 3, such as Na*, Cl—, and Ba*,

is to be calculated as follows:

log T'12 = log I'°12 + Y2(X3) log (I'°32/T°12)

Here T'°35 and I'°12 are for the indicated electrolytes, namely NaCl and BaCla in this example,
ot the total ionic strength of the mixture. The term X3 represents the fraction mzzs2/(m1z12 -+
m3z32) in which m represents the molality of the indicated ion. Fair success is usually attained

with this equation in predicting v, even at high electrolyte concentrations.

Similar equations are proposed for aqueous solutions containing four or more ions.

Values of v, the mean activity coefficient of an indi-
vidual strong electrolyte in an aqueous solution of two
or more strong electrolytes, are required in calculating the
ionic reaetion equilibria in aqueous solutions. Of particu-
lar interest are y values in relatively concentrated solu-
tions (brines, waste streams, etc.) such as are encountered
in industrial chemistry, in hydrometallurgy, in electro-
chemistry, in biochemical systems and the like. Experi-
mental data on y in mixed systems are difficult to ob-
tain and relatively few direct measurements have been
published. The object here is to consider a method for
approximating the values of such activity coefficients,
applicable in all concentrations of mixed aqueous solu-
tions at 25°C.

In the systems under discussions, the cations are
designated by the subscripts 1, 3, 5, 7, etc., while the
anions are 2, 4, 6, 8, etc., with corresponding ion molali-
ties being my, my, ms, etc,, and ion charges being z1, za,
z3, etc. The mean activity coeflicient of any single electro-
lyte 12 in solution is designated at y°is, while its mean
activity coefficient in a “mixed’ solution containing more
than one anion and one cation is y;5. The total ionic
strength pr of solutions, regardless of the number of dis-
solved electrolytes, is then Y% (m;z,2 + mgze2 + myzs® +

..). Similarly, in ionic strength units, the cationic
strength pe is % (miz:2 + Mmazs® + mszs2 + ...), while
the anionic strength p, is % (mazg2 + Maze® + mezed +
...). Obviously, p. and p, are equal only when all ion
charges are of equal magnitude. By definition, the total
ionic strength is ur, where pr = p. + po

In ionic strength units, the fraction of the cations present
represented by cation 1 is Xy, where

X, = 1/2<m1z12/#c)

Page 294 March, 1972

Similarly, the fraction of the anions present represented by
anion 2 is Y, where

Yy = 1/2(mgze?/ pa)

In any solution containing a single electrolyte, X; and Y,
are unity.

For mixed systems, these definitions are conveniently
illustrated with a solution containing 1 g.-mole Na,SOy
and 1 g.-mole AICl; in 1000 g. water. The ions Na*, SO4~,
Al**++ and Cl~ are arbitrarily designated as 1, 2, 3, and
4 respectively; consequently, the molalities my, ms, mg
and my are respectively 2, 1, 1, and 3, while the cor-
responding z values are 1, 2, 3, and 1. In ionic strength
units, pe is 1/2(2-12 4+ 1-32) or 5.5, pe is 1/2(1-22 +
3:12) or 3.5, hence ur is (5.5 + 3.5) or 9. In these units,
the ion fractions are as follows: Xy is 1/2(2-12)/5.5 or
0.18; Xz is 1/2(1-32)/5.5 or 0.82; Y, is 1/2(1-22)/3.5 or
0.57; and Y4 is 1/2(3:12) /3.5 or 0.43. It is clear that the
mixed solution just discussed could have been prepared in
many other ways, as by dissolving 2 g.-moles of NaCl,
1/3 g.-mole of AICl; and 1/3 g.-mole of Al (SOy)3 in 1000
g. of water, or by dissolving 1 g.-mole NaCl, 1/6 g.-mole
of Al;(SO,)s, 2/3 g.-moles of AlCl3 and 1/2 g.-mole of
NaySO, in 1000 g. of water, ete. The values of m, g, X and
Y for the individual jons are of course independent of how
this solution is prepared.

Electrolytes are often characterized by their ion charges,
in that a salt like NaCl or KBr is a 1:1 electrolyte, CaCl,
is a 2:1 electrolyte, CuSO, is a 2:2 electrolyte, etc. For any
electrolyte, it has been found useful (5) to designate the
“reduced” activity coeflicient, namely (yip!/®%), as Ty
in a “pure” solution and Typ in a “mixed” solution. For a
1:1 electrolyte, v is identical with T, and y° with I'°, but
these equalities obviously do not hold for electrolytes con-
taining ions having charges greater than unity.
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I’ IN PURE SYSTEMS

In this development it will become evident that to
predict y for a strong electrolyte in a mixed solution of
any given ionic strength, it is necessary to know the value
of T° or of y° for this same electrolyte in a pure solution
of the same total ionic strength and the same temperature.
Sometimes the only experimental I'® or y° values available
are at ionic strengths other than that of interest, in which
case extrapolation is undertaken with the aid of Figure 1.
This extrapolation is based on the finding (5) that curves
of I'° versus p for most strong electrolytes fall fairly well
into the curve family of Figures 1 and 2, with only one
known point required to locate a curve. Thus experimental
values of T° for Pb(NQO;), are 0.50 and 0.31 at jonic
strengths of 1.0 and 6.0 respectively (6). Locating the
point where p is unity and I° is 0.5 on Figure 1 and
following the curve thus identified to where p is 6, T° is
found to be 0.29, or within 10% of the experimental value.
To establish a value for T° in the supersaturated region,
it is merely necessary to follow this same curve out to the
desired ionic strength. In general, errors in extrapolation
become greater as extrapolation from low p values to values
in excess of 10 is undertaken. To minimize such errors, the
range of u involved in an extrapolation should be kept as
small as possible.

Often, no known values for I'° or y° are available at
any concentration for the strong electrolyte under study.
In this event, methods of prediction for T'° outlined else-
where (5), or in later paragraphs of this paper may be
useful.

T IN MIXTURES

The limited direct experimental measurements available
in the literature on activity coefficients in mixed solutions
are reviewed and methods of correlations are discussed by
Hala et al. (2) as well as by Harned and Robinson (4).
Most of these studies involve solutions of two electrolytes
having a common jon, such as HCI and NaCl. These solu-
tions are usually made by adding py, ionic strength units
of electrolyte 12 and pu3s ionic strength units of electrolyte
32 to 1000 g. of water, in such proportions that the total
ionic strength ur, namely (uip + p32), is constant at some
value. In such systems, Harned showed that as a first ap-
proximation at a constant total ionic strength, experimen-
tal data on y can be correlated as follows:

(1)
logyse = logy®ss — apaa/ur (2)

Here « is constant at any fixed value of ur, but can vary
with pr, while ¥°;; and y°3, are the activity coefficients
for the pure electrolytes at ur.

A second possible source of activity coefficient values in
mixed solutions is from solubility product calculations in
saturated solutions. That is, the solubility product of any
1:1 electrolyte 12 in its pure saturated solution is
(v°19m°12)%, where my, is the molality and y°y; is its cor-
responding activity coefficient determined experimentally
or by estimation (5). The solubility product of 12 in a
mixed system saturated with 12 is +2;, {mym;), where
my and m; are the ion molalities. Equating these two solu-
bility product expressions and rearranging

logyis = logy®1s + apse/pr

yig = ¥°12M° 12
12 = =1
(mymg)t/2

Thus a pure saturated solution of KNO; is 3.79 molal, for
which y° is 0.24 (6). In a solution saturated with both

(8)
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KNO; and NaNO; the respective molalities of these two
salts are 4.65 and 11.8, hence with ions K*, NO;~ and
Na* designated as 1, 2, and 3, m; is 4.65 and m, is
(4.65 + 11.8) or 16.45. Substituting into Equation (3),
the value of ygno; based upon solubility products is
(3.79 X 0.24)/(4.65 X 16.45)1/2 or 0.122. Since this
solution happens also to be saturated with NaNOs, its ac-
tivity coefficient can be determined in an analogous way.

A similar calculation using solubility data usuaily cannot
be carried out to test the success in predicting y for elec-
trolytes containing jons with z values greater than unity.
That is, the solubility product relation of Equation (3)
applies only when the electrolyte involved exists as a pure
solid, containing no water of crystallization. Unfortunately,
solid salts whose ions carry more than a single charge are
almost invariably hydrated when in contact with their
saturated solutions. Thus Equation (3) applies primarily
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Fig. 1. Generalized plot of the reduced activity coefficient T’ versus
ionic strength 4 over the ionic strength range of 1.0 to 20.
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Fig. 2. Generalized plot of T' versus u over the ionic strength range
of 0.1 to 2.0. This graph supplements the information on Figure 1.
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to 1:1 salts, since most of these as solids do not contain
water of hydration. Similarly, Equation (3) cannot be used
for testing when the solid electrolyte exists in solid solu-
tion or as a double salt.

PROPOSED RELATIONS

Brgnsted (1) proposed that the value of the mean activ-
ity coefficient for electrolyte 12 in a mixed solution de-
pends primarily upon the interaction between cation 1
and each anion present, namely ions 2, 4, 8, etc., and on
the interaction between anion 2 and each cation present,
namely cations 1, 3, 5, etc. As a first approximation the
interaction of ions with like charge is small and can be
neglected. To extend this reasoning, assume:

1. The energy of interaction between cation 1 and the
anions present is measured by Fy, where F is defined as

Fy= % (Y, logl'°1s + Y4 logr®is + Y logl®ss + .. )
(4)
Al T° are at the total ionic strengths of the mixture.

2. The energy of interaction between anion 2 and the
cations present is Fy, where

Fy = Y% (X1 logI‘°12 + X3 10gI‘°32 + X; 10gI‘°52 —+ .. )
(3)

where the I'° values are again taken at the total ionic
strengths of the mixture.

3. The mean activity coefficients of 12 in the mixture is
then related to F; and F, as follows:

logI‘12:F1+F2 (6)

Thus substitution of Equations (4) and (5) into Equation
(8) leads directly to values of the reduced activity co-
efficient Ty, in mixed solutions.

Similar relations are presented below for calculating
activitys coefficients of electrolytes formed by other possi-
ble combinations of ions. Thus in a system containing ions
3, 4, 5 and 6 in addition to ions 1 and 2:

F3 = 1/2(Y2 IOg F°32 + Y4 log I‘°34 + Ye log F°36 + .. )

(7)

F4: l/g(Xl log F°14+X3 IOg I‘°34+X5 lOg F°54+ ...)
(8)

F5 = 1/2(Y2 IOg F°52 -+ Y4 log I‘°54 + YG IOg F°55 -+ .. )
(9)

Fe = 1 (X1 IOg I‘°16 + X3 IOg I‘°36 + X5 log Foss + .. )
(10)

Using the convention of numbering the cation first, the re-
duced activity coeflicients for various ion combinations
then are of the form:

log T'ys = F3 + F, (11)
log I's4 = F5 + F4 (12)
log Ty =F, + Fy (13)
log Tsy = F5 + F3, etc. (14)

The extensions of these equations to systems containing
more than six ions is obvious. The equations proposed
above are presumed to apply to saturated as well as un-
saturated solutions. For saturated solutions, unlike Equa-
tion (3), they apply regardless of what forms may be
taken by the solid phases. That is, these solid phases may
be unhydrated or hydrated salts, double salts, solid solu-
tions, etc.

Errors to be expected in using these equations are indi-
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cated by comparing calculated values of the activity coeffi-
cient with corresponding experimental values for various
systems. In the typical cases now discussed, solubility data
on pure and mixed solutions are from Seidell-Linke (7),
while experimental values for activity coefficients are from
the appendices of Harned and Owen (3) and from Robinson
and Stokes (6). It is often necessary to estimate y° and
I'° values for pure supersaturated solutions, which is done

by extrapolating known values of I'° using Figure 1. All
examples presented here involve aqueous solutions at 25°C.

THREE ION SYSTEMS

Two cations and one anion. Only the three ions, 1, 2, and
3 are present when dissolving electrolytes 12 and 32 in
water. Obviously, Equations (6) and (11) apply here,
with all terms other than those involving X;, Y,, and Xj
in Equations (4), (5), and (7) being zero. Substituting
Equations (4), (5), and (7) into Equations (6) and (11):

log Tys = % (X, log T° + Y5 log T°10 + X3 log T'°5)
(15)

log I'sp = 1% (X; log T°1 + Y3 log T°33 + X3 log T°52)
(16)

In this system, Y, is unity and X; equals (1 — X3), hence
the above equations become

log T = IOg F°12 -+ 05X3 log(I‘°32/I‘°12) (17)
log T3 = IOg F°32 — 0.5X1 log(I‘°32/I‘°12) (18)

These equations, in which log Iy is linear in X; and
log T3, is linear in Xj, have the following characteristics:

1. The slopes of these equations are both numerically
equal to log®3»/T° s, but are of opposite sign.

2. The obvious requirement that I' must become equal
to I'° in pure solution is satisfied, in that log Ty equals
log 1°15 when X is unity and Xj is zero, and log I'sy equals
log °3, when X is zero and Xj is unity.

3. When a solution of electrolyte 32 contains only a
trace of 12 for a given value of wur, that is, X; is zero
while Y, and Y; are both unity, Equation (15) becomes:

Ty = (I°gp " T°32) % (19)
Similarly, for a trace of 32 in 12, from Equation (16)
Tt = (1 * Tgp) % (20)
Thus, for a given ur, I'p* and T's,' are equal hence
(y12t) Vo = (ygg!") V/2s (21)

It is interesting to note that Equation (21) is in agree-
ment with the equation developed by Harned and Robin-
son (4) using a different line of reasoning. Calculated
values of yqo'" and ys,!" from Equations (19) and (20)
are compared with experimental values in the upper part
of Table 1. Inspection indicates that in general errors of
not over 10% are encountered in predicting yuc™ and
vnact®” in various three-ion systems with chloride as the
common anion. Agreement, however, is poor for AlCl; and
LaCl; in their trace solutions in aqueous HCL

4, For mixtures of two 1:1 salts, X3 obviously equals
pas/ (p1z + psg); consequently, Equation (17) becomes
similar to Equation (1) and Equation (18) becomes simi-
lar to Equation (2). It follows that the slope o« in the
Harned equation equals Y2log(y°ss/y°12). In a mixture
of two electrolytes having unlike charges, such as when
both a 1:1 and a 2:1 salt are present, X; is obviously no
longer identical with pss/ (p12 + pes). For such systems,
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success in correlating experimental data using Equation
(17) is nevertheless reasonable, as indicated by the fol-
lowing few paragraphs.

Equations (15) through (21) deal with three-ion sys-
tems having a common anion. An analogous set of equa-
tions can be written for three ion systems involving ions
1, 2 and 4, with ion 1 as the common cation. Examples
here are mixtures of NaCl with NaClO;, with NaySOy, etc.
The errors to be expected can again be judged from the
data presented in the bottom half of Table 1.

A further test of these relations involves comparing
values for y in saturated solutions calculated by Equation
(3) from solubility products, with values of y calculated
by Equation (17):

1. By Equation (17): A solution 5.27 molal in Ca(NOj3),
and 5.3 molal in NaNOjs is saturated with NaNO; but not
Ca(NOjs),. The ionic strength of the anions in this solu-
tion is % (5.3 X 12 + 2 X 5.27 X 12) or 7.9. The ionic
strength of the cations is %(5.3 X 12 + 5.27 X 2%) or
13.2; the total ionic strength is (7.92 + 13.2) or 21.1.
Tonic strengths at which experimental activity coefficient
data are available are 18 for Ca(NOj3), where I'° is 0.77,
and 6 for NaNOj, where I'° is 0.37. Using Figure 1 to
extrapolate to a ur of 21.1, T° is 0.85 for Ca(NOj3), and
0.25 for NaNO;. The value of Xca++ in this solution is
(5.27 x 22)/(2 X 13.2) or 0.8. Substituting into Equation
(17), T and y for NaNOj are found to be 0.40.

2. The ionic strength of a pure saturated solution of
NaNOQOj; at 25°C. is 10.8, where y° by Figure 1 for NaNOy
is found to be 0.32. Substituting into Equation (3), y
for NaNOj; in the mixed solution described above is
(0.32 x 10.8)/[(5.3)(5.3 + 2 X 5.27)1% or 0.38. This
is within 10¢% of the value calculated above from Equation
(17).

Using the procedure just illustrated, solubility data have
been used to test the extent to which the equations pro-
posed here can be used to predict y values of 1:1 elec-
trolytes in saturated mixed solutions of high as well as
lower ionic strength. In most cases, at ionic strengths from
perhaps 10 to 30, agreement between predicted values and

those based upon solubility product calculations lies within
259%, with an average error of about 15%. Errors are gen-
erally smaller at lower total ionic strengths. When the
proper solubility data are available, it is suggested cal-
culated values from Equation (17), etc,, on a given sys-
tem be tested by comparing results with those calculated
from Equation (3).

ESTIMATING I'° IN PURE SYSTEMS

In the absence of direct measurements, values of ¥° and
° for an electrolyte 32 can be estimated by Equations (3)
and (17), given suitable solubility data for a 1:1 electro-
lyte like NaCl or KNO; in mixed solution with electrolyte
32. To illustrate, the value of I'°3, will be estimated for
Ca(NO3), in a solution known to be saturated with NaNOj3
(6.1 molal) and 3.40 molal in Ca(NOs),. Since in a pure
saturated solution, NaNQ; is 10.8 molal, with y° and I'°
values of 0.32, then in the mixed solution by Equation (3):

yxaxos = 10.8 X 0.32/[(6.1) (6.1 + 2 X 3.40)]% = 0.39

The total ionic strength of this mixed solution is 16.3, at
which I'°¢, for NaNOj; is 0.29 while X for Ca* * is 0.69.
Substituting these values into Equation (17), T° for
electrolyte 32 is found to be about 0.69, versus an experi-
mental value (3) of 0.735.

FOUR ION SYSTEMS

Two types of four-ion systems exist: those containing
two cations and two anions, and those containing three
cations and one anion, or one cation and three anions.

Two cations and two anions. These solutions are made
by dissolving electrolytes 12 and 34 in water after which
32 or 34 may or may not be added. In all cases, four dif-
ferent ion pairs are identifiable, namely 12, 32, 34, and 14,
respectively involving Equations (6), (11), (12), and
(13). Remembering that both (X; 4+ Xj) and (Y, + Y,)
equal unity, then by combining Equations (4), (5), and

TasLE 1. EXPERIMENTAL VERSUS PREDICTED VALUES OF ¢/

Cl— as Common Anion

12 32

Mmr Y12
HCl LiCl 2 1.009
HCl NaCl 2 1.009
HCl KCl 2 1.009
HCl CsCl 2 1.009
HCI CaCly 0.3 0.588
NaCl MgClp 3 0.714
NaCl CaCly 6 0.965
NaCl SrCl, 3 0.714
HCl AlCl; 3 1.318
HCl AlCl 12 7.25
HCI LaCls 1 0.809
HCl ThCl4 3 1.318
Na* as Common Cation
12 14 My Y12°

NaCl NagSOy4 6 0.985
NaCl NagSO,4 1 0.655
NaCl NaAcetate 3 0.714
NaCl NaNOj3 6 0.985
NaCl NaClOg 6 0.985

¢ Primarily from (3) and (86).
®® Calculated from Equations (19) and (20).
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Y12t Ya2!”
v39° exptl.” cale.*® exptl.” calc.**
0.921 0.986 0.96 —_ 0.96
0.668 0.878 0.82 — 0.82
0.573 0.781 0.76 — 0.76
0.496 0.641 0.71 — 0.71
0.326 0.578 0.58 0.334 0.34
0.569 0.77 0.73 0.636 0.54
0.79 0.935 0.93 — 0.86
0.465 0.705 0.70 0.536 0.49
0.33 0.85 0.95 0.45 0.87
3.37 3.96 3.30 —_— —
0.282 0.655 0.73 0.256 0.38
0.14 0.895 0.90 —_ 0.65
Y12t" T14!"
v14° exptl.* cale.®® exptl.” cale.**
0.154 0.62 0.62 —_ 0.39
0.31 0.60 0.60 —_ 0.36
0.99 0.833 0.84 —_ 0.84
0.37 0.61 0.60 — 0.60
0.675 0.815 0.82 — 0.82
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(8) and rearranging
logI‘lg = logl“’lg + 15 Xg(logI‘°32 — 10gF°12>
+ % Yy (logr°s — logr®,)  (22)

As an illustration, consider the solution containing the ions
Na*, Cl~, NH,*, and SO,=, respectively designated as
1, 2, 3, and 4, with molalities of 5.04, 7.76, 5.18, and 1.23.
Under these conditions, the solution is known to be satu-
rated with NaCl, NH,Cl] and Na,SO,-10 H,0. As discussed
earlier, Equation (3) may be applied without modification
to NaCl and NH4CI but not to NaySO,-10 HyO. A pure
saturated solution of NaCl is 6.14 molar, with values for
v° and T° of unity, consequently in the mixed solution
by Equation (3):

vynact = 6.14 X 1/(5.04 X 7.76) % = 0.98

Alternatively, ynaci may be calculated from Equation {22).
At the total ionic strength of this solution of 11.5, T'° values
are found to be 1.75 for NaCl, by extrapolation using
Figure 1, 0.56 for NH4Cl, and 0.36 tor Na,SO4. By Equa-
tion (22), I and y for NaCl in this mixture are 0.97, which
is in good agreement with the results of Equation (3):

Since this solution is also saturated with NH,CI, calcu-
lations similar to those just presented for the activity co-
efficient of NaCl can be repeated for NH,Cl. The values
of y for NH4Cl are found to be 0.67 by Equation (3) and
0.64 by Equation (22), which again represents fair agree-
ment.

Three cations and one anion. Such a solution is prepared
by adding electrolytes 12, 32 and 52 such as KCI, CaCl,
and MgCl, to water. Values of T for these ion pairs can be
calculated from Equations (6), (11) and (14). For elec-
trolyte 12, by combining Equations (4), (5), and (6)

logF12

= 1% (X, logr®ys + X3logress + X5 logl®ss + Ya logl®s)
(23)

where Y, is, of course, unity. Analogous equations for T'
can of course be written for electrolytes 32 and 52. An
example here is a solution containing CaCl,, which is in
equilibrium with both solid KCl and solid Carnallite,
namely KMgCl;+6 H,O. This solution is 0.67 molal in
KCl, 2.54 molal in CaCl, and 1.97 molal in MgCl, cor-
responding to a total ionic strength of 14.2. A pure satu-
rated solution of KCl is 4.9 molal, where I'° is 0.59, con-
sequently by Equation (3):

yie1 = 0.59 X 4.9/[0.67(0.67
+ 24197+ 2 x 254)1% = 1.13

Alternatively, at this total ionic strength, 1'° for KCl (by
extrapolation using Figure 1) is 0.65, for CaCl, is 1.9 and
for MgCl, is 3.3. Similarly, X values for K+, Ca*+, and
Mg** are respectively 0.036, 0.544 and 0.42, while Y
for Cl~ is unity. Substituting into Equation (23), y for
KCl is found to be 1.22, which again compares reasonably
with the value found by Equation (3).

FIVE ION SYSTEMS

Only limited solubility data are available on solutions
containing five or more ions. The following relation, de-
veloped by combining Equations (4), (5), and (6) ap-
plies to a five-ion system involving the cations 1 and 3,
and the anions 2, 4, and 6:

loglys = Y2 (X; logl®yp 4+ X3 logl®ss + Y5 logl®;,
+ Y4 logl®sq + Yo logl®ss)  (24)
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An example here is a solution which is 5.4 molal in NaCl,
0.22 molal in XClO4 and 2.4 molal in NaNO; (these salts
being respectively designated as 12, 34, and 16). This
solution is saturated with both NaCl and KClOy4. At this
solution’s total ionic strength of 8.0, I'° values are as fol-
lows: 1.20 for salt 12, 0.63 for salt 32, 0.34 for salt 16
and 0.74 for salt 14. Substituting into Equation (24) and
using the appropriate X and Y values the activity coefficient
v12 is found to be 0.96, which compares with 0.95 found
by solubility product calculations based on Equation (3).

PRECISION

The errors to be expected in predicting y values by the
equations proposed here become larger at higher values
of pr. Further errors are introduced when I'° values are
predicted as discussed earlier and when extrapolating T°
over large ranges of ur by use of Figure 1. The relations
proposed here for estimating activity coefficients for strong
electrolytes should therefore not be used when direct
experimental data are available.

NOTATION

F = interaction term in Equations (4), (5), (7), etc.

m = molality, g.-moles/1,000 g. water

X; =for cation 1, X; = myz%/u,

Y, =for anion 2, Y, = myzy2/y,

z = ion charge; 1 for Na¥, 2 for SO,~~, 3 for Al*++,
ete.

@ = constant, Equations (1) and (2)

% = mean activity coefficient of an electrolyte in a
multicomponent solution

v° = mean activity coeflicient of an electrolyte in a pure
solution

¥ = activity coefficient of an electrolyte present in
trace communications in a multicomponent solu-
tion

T — 71/2122

T° — (,),O)l/z122

pa  =ionic strength of anions, namely 15 (myz? +
mezg? + ...)

e == ionic strength of cations, namely % (mz2 +
mszs? + mszs? + ...)

pr = total jonic strength, namely (pq + pc)

Subscripts

Cations are indicated by 1, 3, 5, etc., anions are indi-
cated by 2, 4, 6, etc. Electrolytes are identified by sub-
scripts such as 34, indicating cation 3 and anion 4.
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