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Effect of Revisions of Debye—Huckel Limiting Law Coefficients on
the Thermodynamic Parameters for Strong-Electrolyte Solutions

Donald G. Archer

Electrolyte Data Center, National Institute of Standards and Technology, Gaithersburg, Maryland 20899

In order to treat properly the thermodynamics of mixed
aqueous electrolytes, parameters obtalned from the binary
systems must have all been calculated with the same
Debye-Hiickel limiting law slope. Improvements in
experiment and correlation of experimental dletectric
constant and PVT measurements cause subsequent
changes in calculated values of Debye—Hiickel limiting law
slopes. A method is described for the adjustment of
lon-interaction parameters, resuiting from differences in
the Debye-Hiickel limiting law coefficlents. This method,
for many equations, obviates the need for refitting the
entire data base with the new Debye—Hiickel coefficients.
Illustration of the method is provided for the conversion of
ion-interaction parameters obtalned with an earlier
dielectric constant equation to values obtalned with a
recently formulated dielectric constant equation.

Introduction

At high dilution, the concentration dependence of thermody-
namic properties of aqueous electrolyte solutions approaches
values that, in principle, can be calculated from the Debye-
Hicket limiting law. Thus, the Debye-Hiickel limiting behavior
is usually included in empirical or semiempirical equations used
to represent the experimentally determined concentration de-
pendence of thermodynamic properties of aqueous electrolyte
solutions. However, Debye-Hiickel limiting law coefficients also
require both experimentally determined values and represent-
ations of experimentally determined values for their caiculation.
These experimental values include fundamental constants (k,
N, e, etc.) and the density and dielectric constant of the solvent.
The fundamental constants are now well enough known so that
the small revisions that occur from time to time do not make
significant changes in the Debye-Hiickel coefficients. On the
other hand, the dielectric constant and density of water, as well
as their derivatives with respect to temperature and pressure,
are not as well-known. Therefore, as improvements are made
in experimental results for the properties of water and their
representations, experimentally significant changes of the De-
bye-Hiickel limiting law values are simultaneously made.

In the past, equations that represented experimental deter-
minations of dielectric constant for a region of temperature from
the 0.1-MPa freezing temperature of water to temperatures in
excess of the critical temperature were generally not of suffi-
cient accuracy to give the most accurate values of Debye-
Hiickel limiting law coefficients in the temperature regimes
where the most accurate experimental resuits existed. Equa-
tions that spanned smaller regions of temperature gave more
accurate values of Debye-Hiickel limiting law slopes in those
regions but were not applicable over the entire range of tem-
perature that is now experimentaily accessible to enthalpy of
dilution, heat capacity, and density measurements. This obvi-
ously produced a quandary for those attempting to represent
these measurements. A recent representation of the dielectric
constant of water has ameliorated this difficulty (7).

Revisions of Debye-Huckel limiting law coefficients would not
seem to be of importance if one’s attention is constrained to
only individual binary electrolyte + water systems and if no
attempt to transport the individual binary system results to any
other system or theory is to be made. In other words, the
equations fitted to the original experimental resuits give ade-
quate representations of the results, regardless of smalil dif-
ferences in the Debye-Hiickel coefficients. However, it is often
necessary to include the virial coefficients, or ion-interaction
parameters, obtained from the representations for the binary
electrolyte + water systems in calculations for mixed aqueous
electrolyte solutions. This results in the obvious question: If
different values for the properties of water were used in the
different representations of the binary systems, then how does
one use the so-obtained parameters in the calculations for the
mixture?

The task of refitting to the experimental results for the
aqueous electrolytes in order to obtain the revised empirical
parameters, as well as thermodynamic consistency, is a task
both tremendous and horrific. The present work will show that,
for many cases, an alternative method makes refitting the ex-
perimental results unnecessary. What is actually desired is a
method to obtain the revised coefficients without refitting to all
of the experimental results. Such a method is described and
demonstrated here.

The present method is applicable for most equations that are
linear in their parameters as well as for some equations that
are not. It is not meant for chemical-equilibrium model repre-
sentations of experimental results for very dilute solutions. For
the present demonstration, Pitzer’s (2) ion-interaction equation
is used. This choice was made because of widespread use of
this equation, as well as the development of a large data base
of ion-interaction coefficients based on this equation. The
demonstration explores the differences caused in these ion-in-
teraction parameters resulting from a change of Debye-Huckel
coefficients, for example, the difference of those calculated
from the dielectric constant equation of Bradiey and Pitzer (3)
and the equation of state of Haar et al. (4) from those calcu-
lated from a more recent dielectric constant equation (7) and
the equation of state for water (5). The difference of the De-
bye-Huckel limiting law coefficient for the osmotic coefficient
calculated from these two sets of equations is shown in Figure
1.

Method

In the process of fitting an equation that incudes a Debye-
Hiickel limiting law term to experimental results, It is often (and
usually implicitly) assumed that an adequate representation of
the experimental results does not reuire that the Debye-Hlckel
coefficient be absolutely accurate. In other words, the as-
sumption exists that the same set of experimental results can
be fitted equally well, and within its uncertainty, with a small
range of values of the Debye-Hickel parameter. This as-
sumption recognizes that small errors in the Debye-Hiickel
coefficient are compensated by the values of the adjustable
parameters. Two least-squares-fitted ion-interaction equations
for the electrolyte (MX) + water system, each of which contains
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Table I. Values of 684y, 884x and 8C §x for Different Types of Electrolytes®

ay/ a3%x/ 5BMx/ 88%x/ 3Cx/ I/
type (kg mol™)/2 (kg mol™) (kg mol™) (kg mol™) (kg mol™) (mol kg™)

1-1 2.0 0.1167 -5.611 x 107 10.2
1=2,:2=1 2.0 0.3363 14.99 -1.741 x 1072 30.2
1-2, 2-1* 1.4 0.2451 ~1.028 X 1072 30.2
3-1,1-3 2.0 0.8988 39.98 -7.583 x 1078 30.2
4-1, 1-4 2.0 1.868 83.30 -0.2280 30.2
5-1, 1-5 2.0 3.363 149.9 -0.5507 30.2
6-1, 1-6 2.0 5.493 2449 -1.149 30.2
2-2¢ 14 0.8801 26.23 606.3 -7.025 X 1073 30.2

“[ is the maximum molality of the fitted range of molality. ®Holmes and Mesmer (6) found a better fit to aqueous alkali-metal sulfate
results, using a; = 1.4 (kg mol™")¥/2 °Representation of the aqueous 2-2 metal sulfate data requires the inclusion of §3%y exp(~a,/'/?) in eqs
1 and 2 [a, = 12 (kg mol™)V/2 for 298.15 K; for these cases ; = 1.4 (kg mol™)'/2] (7). The addition of consequential terms to eqs 3-7 is

straightforward.

a different Debye—Huckel coefficient, may be written. For each
experimental osmotic coefficient these two equations are:

b - 1= —|zyz ABTV2 /(1 + bI'2) + 2muwy[BoE +

Bz expl-ay 3] /v + 2mA w2 Gl /v + € (1)
and
¢ - 1= —|zyzyASTV2 /(1 + bIV?) + 2muywy[B% +

Bk expl-a,1"3)] /v + 2m2 vy ) 2Chi /v + € (2)

where ¢ is the experimentally determined osmotic coefficient
and A§, A} refer to the two different Debye-Hiickel limiting law
slopes for osmotic coefficient. The least-squares determined
estimates of the parameters of eqs 1 and 2 are .Bf,,‘f, 18, ‘*’,('B
and 332, B, C&", respectively. The difference between the
fitted equation and each experimental vaiue is denoted either
¢® or . In general, if the difference in A, is not too large, both
equations can be fitted to the experimental results within their
experimental uncertainty. For each experimental observation,
eq 2 can be subtracted from eq 1 and the difference rear-
ranged, yielding

|zmzxl 2 /(1 4 bIM?) = 2muywy 685y +
0Bk expl—a; 13 /v + 2m2(vywy)¥26CE, /v + 6¢ (3)

where
3Bx = (Buix - BRx) /A, (4)
0B = (Bux — Brix) /0A 4 (5)
0Cix = (Gl — G 0A (6)
de = (8 - %) /A, (7
0A, = A3 - A} (8)

The quantity de is related to the difference between the residuals
from the least-squares fitted eqs 1 and 2 for each data point.
The coefficients 63y, 081y, and 6C %y are independent of tem-
perature and pressure. They are dependent on the electrolyte’s
charge type but not its identity.

For an isothermal, isobaric set of experimental results, the
right-hand side of eq 3 can be viewed simply as a truncated
series representation of the set of |zyz 4| "2/(1 + bI"?), which
correspond to the experimental concentrations. If the series
coefficients for the right-hand side of eq 3 are available, then
a simple recipe for the desired correction of the ion-interaction
parameters is at hand.

In order to obtain these coefficients, it was assumed that a
linear least-squares procedure could be used to approximate
the values of 6035y, 68ux. and 6CHy. Values of 68%, 81k
and 6Cy, were determined for several different valence-type
electrolytes in the following manner. For each type of elec-
trolyte, a column of evenly spaced I"? values (increment =

A'E) //AOA

1o00( At

Figure 1. Percentage difference in Debye-Huckel limiting law coef-
ficient for osmotic coefficient calculated from the equations of Bradley
and Pitzer (3) and Haar et al. (4), A%, and that calculated from the
equations of Archer and Wang (7) and ?—ﬁll (5), A g, against temperature
and pressure and for the liquid phase.

0.05 mol'2 kg~""?) was generated. The vaiues of 634y, 5w
and 0C}, were then obtained from a linear least-squares fit to
this column of values. The least-squares-estimated values of
03%. 8B, and 6C 5y and the range of ionic strength that was
used in the least-squares process are given in Table 1. Ad-
justment of the ion-interaction parameters, for a change in the
Debye-Hlickel coefficient, 6A¢, is accomplished by applying
eqgs 4-6 and the values in Table 1.

An example of the results of such a conversion is as follows.
For NaCl(aq) for 573.15 K and 100 MPa, Pitzer et al. (8) cal-
culated a value of A, of 0.7256 kg"? mol "' from the equations
of Bradley and Pitzer (3) and Haar et al. (4). For this tem-
perature and pressure, they list values of By, fux. and Chy as
0.0542 kg mol™', 0.5192 kg mol™", and —1.00 X 10~ kg? mol™2.
The value of A, calculated from the more recent dielectric
constant equation (7) and equation of state for water (5) is
0.7366. Applying eqs 4-6 and the parameters of Table T gives
revised values of 3%y, B, and CHy of 0.0556 kg mol™', 0.5487
kg mol™', and -1.06 X 1072 kg? mol2. The difference in os-
motic coefficient calculated with the two sets of parameters is
less than £0.0003 for molalities from 0.25 to 10.0 mol kg™
for molalities from 0.01 to 0.1 mol kg", the difference in ¢ is
slightly smaller than £0.001. These differences are within the
uncertainty of the calculated osmotic coefficient (8).

It is clear that the ¢ of eq 3 do not form a normal distribu-
tion; i.e. the de are not a random error. Two consequences of
this fact are (1) confidence intervals and probability tests for the
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parameters of Table I are not valid and (2) either €* or €?, or
both, possess a component that is not normally distributed. This
non normally distributed component of ¢ arises from the small
error in Debye-Hiickel coefficient and is often much smaller
than the other sources of imprecision and inaccuracy of the
experiment and/or the model bias in the fitted function (other
than the Debye-Hucke! portion). Also, it is observed that as
A, approaches zero, so must both ¢ — ¢* and ée.

The adjusted parameters will not be identical with those
calculated from repeating the least-squares fitting to the com-
plete data base with the new A, value. However, the difference
will be reasonably small compared to the change in the value.
The small difference occurs because the distribution of ex-
perimental results, as a function of ionic strength, is not the
same as that used in the generation of Table 1.

The method described above can also be applied to equa-
tions that were fitted to apparent molar properties, e.g. C, .,
V,, and H,. As an example, the analogue of eq 3 is con-
structed for the V,, equation given by Rogers and Pitzer (9).
Their equation for the apparent molar volume of solution, V,,
was

Vo = V,° + vzyzylAh(I) +
2u\pxRT(MByy + vz um?Ciy) (9)
where
h(I)y=In(1+ bI”z)/2b (10)

Byx = (38 %x/9p)r +
20084/ 0p)1 - (1 + ay I3 expl-a, I V3] /(o 1) (11)

Clx = (0Ch/0p)r/ (222X (12)
Proceeding as for eq 3, eqs 13-19 are obtained.

—v|zpzyh(I) = 6V ,° + 20wxmRT [6(389x/p)r +
28008 s /P)[1 - (1 + i I"?) exp(-a,1"3)] /(a 2] +
m?, Y2, 2RT 5(3Ck./Ip); + e (13)

where
6Vy° = (V28 - V,°A) /04, (14)
8(88 %/ 0p)r = RT[(6BVR/Ip)r ~ (3B%/dp)sl /A,  (15)
8(88 wx/9p)r = RT[(8B X/ 0p)r - (883 /dp)7) /0A,  (16)
B(0C f/p)r = RT(C {2/ 8p)r - (9C it /9p);1 /0A,

(7
be = (B = ¢*)/0A, (18)
A, = AB_ AA (19)

V, is related to the difference in density between solution, p,
and solvent, p,,. This relation is such that the error in V, is as
follows: (1) A molality-independent error in density behaves as
1/m. Additionally, there is an error in determination of the
molality or concentration of a solution. This error in molality
determination can be a larger reiative error than the error in
density determination, for large concentrations, and thus cannot
be neglected. Both of these errors require appropriate
weighting in the conversion procedure. (2) A small percentage
error in the value for the density of solvent creates an ap-
proximately corresponding percentage error in V,,. This per-
centage error in V,, will almost always be smaller than the other
sources of error in V,,, and its representation. Thus, this small
percentage error, which arises due to the use of different
equations of state, is neglected in the procedure for V,. The
values of 6V, °, 6(9 Bux/0p )7, 8(3 Bux/dp )7, and 8(C G/ Ip)+
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Figure 2. Weighted residual, [V, (obsd) - Vs (calcd)} /e V. against the
square root of molality: (a) calculated from a fit to the experimental
results using A, = 1.827 cm® kg'? mol~¥'%; (b) calculated from a fit
to the experimental results using A, = 2.1 cm?® kg"? mol¥%; (c)
calculated by adjusting the ion-interaction parameters from the fit for
b, by means of the case A parameters of Table II, and combining
these ion-interaction 3parameters with the Debye—-Hlickel contribution
with A, = 1.827 cm® kg'? mot~¥2; (d) calculated as that as in ¢ with
the exception that the case B parameters of Table 11 were used rather
than the case A parameters.
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Table II. Values of 3V,°, §(38%x/3p) 8(08kx/0P) 1, and 8(3C $1x/dp)r for a 2-1, 1-2 Electrolyte, Obtained with Different
Values of ¢’and MW

8Vy°/ 8(38%x/9pP) 1/ 8(36Mx/9P)7/ 8(aCx/9p) 1/ I/

case® (cm? mol™) (kg mol™! bar™) (kg mol™! bar™) (kg? mol™? bar™) (mol kg
A -0.153 -0.094 -4.06 5.67 X 107 30.2
B —0.447 —0.101 -3.48 6.35 x 107 30.2

Case A corresponds to values of ¢’and MW equal to 60 g? cm™ mol™ and 95 g mol™, respectively. Case B corresponds to values of ¢’ and
MW equal to 250 g2 cm™ mol™ and 391.1 g mol™!, respectively.

Table III. Values of 5V,°, 5(38%x/9p) 1 8(38yx/9P )1 and 8(3C $4x/3p )7 for Different Types of Electrolytes

8V4°/ 8(88%ux/9p) 7/ 8(3BMx/9p) 1/ 8(dCtx/9p)r/ Iy
type (cm?® mol™?) (kg mol™ bar™) (kg mol™! bar™) (kg? mol2 bar™) (mol kg™)
1-1¢ -0.2150 -0.031 23 —0.6393 1.6433 x 1078 10.2
1-2, 2-1b —0.3398 —0.09912 -3.6900 6.2154 x 1078 30.2
1-2, 2-1¢ —0.9157 —0.068 26 -1.7219 3.2886 % 1072 30.2

3¢’ =100 g2 cm™ mol™!, MW = 165.4 g mol™, a; = 2.0 (kg mol')V/2 ®¢’= 130 g cm™ mol™, MW = 200 g mol™, &; = 2.0 (kg mol™)¥/2, c¢’
= 130 g? em™ mol™!, MW = 200 g mol™, «; = 1.4 (kg mol1)¥/2,

Table IV. Effect of Adjustment Procedure on C°,/°

(6A./R)/ AC®,,/ BASC®,,/ |AC,, - 8A5C°, 4/ ¢C, (0.2 m)/
T/K (kg/mol)1/2 R R R R
298.15 -0.408 0.070 0.088 0.018 0.18
340.0 0.046 -0.005 -0.010 0.005 0.72
450.0 1.050 -0.148 -0.226 0.078 0.96
550.0 0.265 -0.041 -0.057 0.016 1.80
575.0 4.490 -0.687 -0.966 0.279 2.98
600.0 24.906 -3.816 -5.355 1.539 3.85

2 Results for 17.9 MPa (13).

were obtained by using the same procedure as described for
eqgs 3-8, with the exception that a nonunity weighting factor
was assigned to each calculated value of -v|zyz4h(I).

The error in V,,, €V, resuiting from an absolute error in
density determination and a relative error in molality determi-
nation can be expressed as

(eV,)2 = (em)21000¢’ [(0°pgm )™ - (p2m)7"] -
MWc’/p 2 + (ep)?[-1000/(mp2) - MW /p2]2 (20)
where
ps = p° + c'm (21)

and where p° is the density of the solvent, m is the stoichio-
metric molality, MW is the solute molecular weight, em is the
error in molality determination, ¢p is the error in density de-
termination, ¢’is a constant that approximates the slope of the
empirical density-molality relationship, and p, is an approxi-
mation of the solution density. Equations 20 and 21 are not
exact, but they do give a reasonable approximation of the un-
certainty in V,, due to measurement errors. The appearance
of ¢’in eq 20 and 21 implies the possibility that a conversion
process based on equations of the form of egs. 13-19 might
not be sufficiently general as to be useful.

It is demonstrated here that the choice of ¢’, within rea-
sonable values, does not greatly affect the choice of conversion
parameters. Table II gives values of 6V, °, (9 Bon/dp)r, 8-
(0 Bix/Ip), and 8(ACG/Ip); calculated for a 2-1 or 1-2
electrolyte with the values ¢’ and MW of 60 g% cm™ mol"' and
95.0 g mol"' and of 250 g% cm™2 mol"' and 391.1 g mot™".
These values approximately correspond to MgCl, and Bal, for
298.15 K and 0.1 MPa and thus represent a partial range of the
possible values for 2-1 electrolytes. The values of ¢p and em
assumed for eqs 20 and 21 were 10 X 10 gecm=2and 1 X
10~3m, respectively. Figure 2 shows the weighted residuals,
[V¢ (obsd) - V, (calcd)]/€V,, calculated from fitting eqs 9-12
to the 298.15 K experimental results for MgCl, of Lo Surdo et
al. (10) and Chen et al. (77) by using a value of A, = 1.827
cm® kg2 mol~*2 and a value of A, = 2.1 cm?® kg2 mol-%/2,
Also shown in Figure 2 are values of the weighted residuals

calculated from a conversion of the ion-interaction parameters,
which had been obtained with A, = 2.1 cm® kg2 mol-%2, using
both sets of conversion parameters given in Table 11. (The
value of A, = 2.1 cm® kg"2 mol/2 is approximately the value
recommended by Beyers and Staples (72). This value is not
very accurate. It was chosen for this example because it
provides one of the largest 64, for 298.15 K, producible with
values found in the current literature.) The high degree of ac-
curacy and precision of the experimental p - p,,, combined with
this large difference in A, makes this example a fairly stren-
uous test of both the effect of weighting factors and the con-
version process.

It can be seen from Figure 2 that either set of parameters
can adjust the virial coefficients, for this fairly large difference
in A,, such that both adjusted ion-interaction equations can
reproduce the results within experimental error. Thus, the ad-
justment parameters are not greatly dependent on the exact
value of ¢’ and MW in egs 20 and 21. Table 1II gives values
appropriate for conversion of V,, results for 1-1, 2-1, and 1-2
electrolytes.

An example of a conversion is as follows. Rogers and Pitzer
gave a value of A2, for 573.15 K and 8.6 MPa, of 98.73 cm®
kg'”2 mol~'2, The value of A% calculated from the more recent
equations (7, 5) is 107.08 cm® kg"’? mol=2. For 573.15 K and
8.6 MPa, Rogers and Pitzer gave the values —95.68 cm® mol™’,
~5.167 X 1075 kg mol~" bar~!, 0.0 kg mol~" bar"", and 3.17 X
107 kg2 mot-2 bar~" for V,,°, (3 Bux/9p)r. (3 Bux/dp);, and
(acax/ap),, respectively. Applying the correction procedure
gives the values -97.47 cm® mol~', -5.714 X 10~ kg mol™"
bar?, -1.120 X 10~ kg mol-" bar", and 3.46 X 1078 kg? mol?
bar~* for V,,°, (3 Bux/9p)r. (8 Bux/9p)r. and (8C{x/dp)r, re-
spectively. For molalities from 0.25 to 10 mol kg™', the max-
imum difference for p - p,, calculated from the two sets of
parameters was approximately 0.04% (this difference occurs
for molalities of about 0.5 mol kg™"). This small difference is
well within the estimated uncertainty of the equation (9).

It is also noted that eq 9-19, and the parameters of Table
I11, are sufficiently general for application also to H, and C,, ,,
if the differentiations and temperature factors of eqs 13-19 are
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taken into account. Gates et al. (73) fitted two-cubic spiline
surfaces to their experimental C, , for aqueous NaCl. The only
difference in the two fits was that a different formulation for the
dielectric constant of water was used in each. Table IV con-
tains values of the difference in the two sets of Debye-Hiickel
coefficients, A, and the difference in the value of C°, ,,
AC®, 4, for 17.9 MPa, from the two fits. The authors’ estimate
of the experimental accuracy for a determination of C, , for a
0.2 mol kg™' solution, €C, 4, is also given in the table. The table
gives values of 64 6C°, ,, where 6C°, , was taken as -0.215
J K=" mol™" (Table 111), and the difference between AC®, , and
0A6C°, ,. This difference is seen to be significantly smaller
than the uncertainty of the experimental results. This result is
interesting for the following reasons: (1) The form of the De-
bye-Hiickel equation used by Gates et al. was different than
that used in the generation of the values in Table II1. (2) The
form of the non-Debye-Hiickel, excess property contribution
used by Gates et al. was different than that used for Table III.
Although the agreement of the differences in Table 1V is good,
it is recommended that, for equations other than that used in
the generation of Tables I and I1I, the appropriate analogues
of the equations presented here be constructed.

These examples demonstrate that the conversion of some
equations from a basis on a particular set of Debye-Hiickel
coefficients to a different set of Debye-Hickel coefficients,
without refitting to all of the experimental data, is possible.
Because the method is both simple and general, it is not nec-
essary to publish tables of revised parameters for the ion-in-
teraction, or virial coefficient, equations each time that a more
accurate dielectric constant representation appears.

Nomenclature

A,, A, A, Debye-Hickel limiting law coefficients for osmotic
coefficient, apparent molar volume, and apparent molar heat
capacity at constant pressure

b, ion size parameter in Pitzer's ion-interaction equation [(b = 1.2
(mo' kg-—1)-1/2]

B, pressure derivative of By, a paramster in Pitzer's ion-in-
teraction equation

Cx Pressure derivative of Cyy, a parameter in Pitzer's ion-in-
teraction equation

Ct. parameter in Pitzer's ion-interaction equation

Coo lapparent molar heat capacity at constant pressure, J K™’

mol~

C°,,,¢, apparent molar heat capacity at constant pressure for
infinite dilution, J K=* mol™’

c’, slop1e of the approximate density-molality relationship, g cm-2
mol™

e, charge of the electron, C

h(I), function of ionic strength, defined in eq 10

I, ionic strength (mol kg™' basis)

k, Boltzmann's constant, J K™

M, Subscript to denote cation

MW, mass of a formula weight of solute, g mol™’

m, molality, mol kg™’

N, Avogadro’s constant, mol-'

p, pressure, MPa

R, gas constant, 8.3144 J K™! mol™

T, thermodynamic temperature, K

v, . apparent molar volume, cm® moi™'

v, °, apparent molar volume for infinite dilution, cm?® mol™*

X, subscript to denote anion

z;, coefficient of the charge of the ion i

a4, parameter in Pitzer's ion-interaction equation

oy, parameter in Pitzer's ion-interaction equation for bivalent-metal
sulfates

Bux: Bux» parameters in Pitzer's ion-interaction equation

0A,, 0A,, 0A, difference in Debye-Hiicke! limiting law siope from
different sources

0Bmx: OBmx» 0Chx. Adjustment terms for parameter's in Pitzer's
ion-interaction equation, defined in eqs 4-6

(0 B/ P )7, 6(0 Bix/Op )7, HACHL/3p)r, adjustment terms for
parameter’s in Pitzer’s ion-interaction equation, defined in eqs
15-17.

oC*®, .. adjustment term for apparent molar heat capacity at
constant pressure for infinite dilution, J K=' mol-!

dV,°, adjustment term for apparent molar volume at infinite dilution,
cm?® mol”’

¢, difference between a calculated value and an observation

ep, em, assumed uncertainties in the experimental determinations
of density and molality, respectively, g cm™ and mol kg~*

p, density of solution, g cm™

p°, density of solvent, g cm™

P, approximate value of the density of a solution, not to be con-
fused with the experimental density of a solution, p, g cm™

p.» density of water, g cm™2

¢, osmotic coefficient

v, moles of ion i per mole of electrolyte, assuming complete dis-
sociation

[T T,
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