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Literature data for the volumeiric properties of sodium chloride solutions to concentrations
of 5.5 molal have been compiled and critically evaluated. A semi-empirical equation of the
same type found to be effective in describing the thermal properties of NaCl solutions has been
used to reproduce the volumetric data from 0 °C to 300 °C and 1 bar to 1000 bar. Tables of
values are given for the specific volume, expansivity, and compressibility. Equations also are
given for calculating the pressure dependence of the free energy, enthalpy, and heat capacity.
These equations can be combined with a treatment of thermal properties to form a complete
equarion of siate for sodium chloride solutions.
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1. Introduction

Sodium chloride is the major electrolyte in most natural
waters and geothermal fluids. Therefore, an accurate descrip-
tion of the properties of aqueous sodium chloride solutions is the
first step in developing a model to represent these systems at
high temperatures and pressures, While the volumetric proper-
ties of NaCl solutions are of interest in their own right for many
research, industrial, and engineering design applications, they
are also important because they give the pressure dependence of
the free energy, enthalpy, and heat capacity. Equations which
are effective in describing the thermal properties of sodium
chloride solutions have been used to reproduce the volumetric
data. This choice makes it possible to combine the fitting equa-
tions for thermal and volumetric properties to form a complete
equation of state for sodium chloride solutions.

The parametric fit of NaCl solution volumetric properties
presented here differs from other descriptions found in the lit-
erature {1-3}' in three important aspects. First, known values of
the Debye-Hiickel slopes for the apparent molal volume have
been included in the fitting equations. Previous descriptions
have commeonly ignored the theoretical constraint of a Debye-
Hiickel term. Secondly, every attempt has been made to repro-

'Figures in brackets indicate literature references at the end of this paper.
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duce the data to its experimental accuracy and to assure that the
derived values for expansivity and compressibility are reason-
able aud vary smoothly with temperature, pressure, and mola-
lity. Third, the recent volumetric data of Franck and Hilbert [4]
at high temperatures provide a much more accurate data base in
that region. Although of lesser importance, new measurements
from this laboratory [5] improve the accuracy at high concentra-
tion in the range from 75 °C to 200 °C.

2. Review of Pitzer's Equations

The excess Gibbs free energy, G ™, of a system is the dif-
ference between the Gibbs energy of the real system and that of
an1deal system under the same conditions. In a solution contain-
ing 1, moles of solvent and z, moles of solute,

G =n,CT 4 nyG ¥ o)
where G * is the partial molal excess Gibbs energy of compo-

nent ;. For a completely dissociated electrolyte dissolved in n,
moles of water, the osmotic and activity coefficients are given by

1000 aG =
o-1= - (F ) @
vmM RT\ dny, /rrn
and
1 GE* )
] v = e— 3
" * ’VRT( anz TPy ( )

where m is the molality of the solute, v is the total number of ions
formed from the dissociation of the salt, M, is the molecular
weight of water, R is the gas constant, and T is the temperature
in Kelvins.

The paramstric equativi used by Pitzer [6] fur the excess
Gibbs energy of a binary electrolyte solution containing 1 kg of
solvent is

1000¢ ¥X 47 .
_—_n,MWRT =4, (T)ln(l +b1"2)+2m‘vax{ ok
2 (l) "2
+ ’BZW}X [1_(1+a11/2)e—a1 ‘]]
a
+ mP vy v P 2C fix - )

The corresponding equations for the osmotic and activity coeffi-
cients are

11/2
— 1= —|zyzy |4, ———
¢ |MX|¢J1+b];/2
2 (B0 + B e ")
vy v )3/2
mt=2X e, (5)
v
and
i’ 2
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2 Iy
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where the electrolyte MX contains v and vy ions of charge zy
and zy , and v = vy + V. [ is the ionic strength

2
I=§zm‘-z,—,
i

and 4, is the Debye-Hiickel slope for the osmotic coefficient for
which values are given by Bradley and Pitzer [7]:

4 1(2'N'N0dw )1/2( e’z )3/2
*~ 3\ 1000 DkT)

where d,, is the density and D the dielectric constant of pure
water.

The leading terms in Eqs. {5) and (6) are Debye-Hiickel
terms describing long range electrostatic interactions. The pa-
rameters b and a have fixed values of 1.2 {kg/mol)!/? and 2.0
(kg/mol)'/?, respectively, for all 1 — 1 electrolytes. They are
assumed to be temperature and pressure independent. The ad-
justable paramcters 2k, Bk, and C§x account for short-
range interactions between ions and for indirect forces arising
from the solvent. C £, depends on triple ion interactions and is
important only at high concentrations.

Equations (5), (6), and their temperature derivatives have
been used successfully [8] to describe the activity and thermal
properties of aqueous sodium chloride solutions over a wide
rauge of temperature. Use of the appropriate pressure deriva-
tives of these equations to describe volumetric properties will
make it easy to combine the volumetric results with those for the
activity and thermal properties to form an equation of state for
sodium chloride solutions.

The total volume of the solution, ¥, is given by the pressure
derivative of the total Gibbs energy of the solution,

V= (.‘?ﬁ) . )
OP/r
The definition of the excess Gibbs energy is
G=n,G +n,G3 + G + npvRT (lnm — 1), ®)
so that the pressure derivative becomes
So = , [0G “")
V=nmnV]+nV, + ( . S
Yy T 27 ar /, ©)
The apparent molal volume is defined as
V73
py = ———, (10)
n2

so that from eq (9),
o 136%™
=7+ —( ) . 11)
by 2 w ap /)y {
Here V3 is the partial molal volume of the solute at infinite

dilutivn. Substitution of vy (4} v ey (11) yields the parametric
form of the equation for the apparent molal volume.

b, =V + vizyzldph ()

+ 2y v RT [mB Yk F mAvyzu)C Nix ] (12)
with the shorthand equations
Ay =1In(l +&1'2)/2b 13)
Bux) =B + 2B [} — (L +al e~V
(14)
Cux = Cux /2]zyzx |'? (15)

and
B ux () = (@Bux ([ )/3P)y (16)
Clx = (Cyux /0P)y. 17)
Also
Ay = —4ART{(3A4,/3P),. {18}

3. Review and Evaluation of Literature Data

The litcraturc sources of volume and density dats used in
the fit of NaCl solution volumetric properties are listed in table
1, along with estimates of the precision of the data. These data
sets have been chosen from a literature search of the references
listed in Potter’s bibliography [9] and other sources, on the basis
of their precision and their coverage of a wide range of tempera-
ture, pressure, or molality. Estimates for the precision of the
data were taken as stated by the original invcstigator or as onc in
the last decimal place of the reported data.

Data reported as a difference in the density or volume of
solution versus that of water (references [10]-[14], [17], and
[18]) were used in that form. The high pressure data of Chen,
Emmet, and Millero [16] were reported as a difference in density
between the solution at the experimental pressure and at one
atmosphere, so that actual valucs of the density at high pros-
sures were calculated using a fit of the one-atmosphere literature
data as a baseline. The data of Gibson and Loeffler [15] were
obtained experimentally as expansivities at one atmosphere and
compressibilities at constant temperature. Since the data at
25 °C and one atmosphere used as the reference for their mea-
surements agreed to within their experimental error with more
recent data, their data were used without correction. The litera-
ture data at high temperatures (references [4], [5}, and [20]-
[24]) also were used without correction.

Table 1. Literature data for NaCl vcliumeiric properties

Temperature Pressure Molality Estimated Standard deviation

Range Range Range Precision of fit (ppm)
Reference °c) (bar) (molal) (ppm) I 11
10 0- 55 1.01 .01-1.0 1 25 32
1 50 1,01 .0C5-1.0 z 18 19
12 5 1.01 .05-3.5 1 53 79
13 ) 25 1.01 .03-3.7 1 10 6
14 1.5-45 1.01 .93-3.0 2 50 54
15 25-85 1-1000 1. -5.7 10 35 LN
1] 0-50 1-1000 .1-2.0 30 €8 99
17 15-45 1.01 .06-5.9 1 20 50
18 C-35 1.01 JC1-1.5 1 20 30
19 0-20 1.C1 4. -5.0 1Cc0 105 127
20 75-200 20. .1-1.0 50 175
5 75-200 20. .05-4.0 200 170
L 100-300 100-1001 J02=5.7 1000 ar¢
21 200-300 saturation .2-5.7 1000 (6673)‘d
ZZ,Zé 100-175  saturatiom 1-3.6 100 (1719)°
24 100-350 98-981 .35-5.4 1000 13,0009
overall standard deviation of fit 60 ppm 300 ppm

2 Data from references [21]-[24] were deweighted in the final fit of
the volumetric propertict. They hawa been omitted from the calenlarion af
the standard deviation of fit.
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Figure 1. Comparison of data of Hilbert {4}, and Zarembo and Federov [24]. The
plotted values are for (3¢/37T ), ,, X 10° (cm® g=' K1) at 5.5 molal,
calculated from the volumetric data as the finite difference overa 50 K
interval. Values from Gibson and Loeffler [15]} are taken directly from
their tables.

In the high temperature region the major data set is that of
Hilbert [4]. This set was chosen over that of Zarembo and Fe-
derov [24] since it was judged to be more precise, and it is in
considerably better agreement with the low temperature data in
the region of overlap. This is illustrated in figure 1, where the
low temperature data of Gibson and Loeffler [15] and the high
temperature data of Hilbert and of Zarembo and Federov are
compared. One should also note from table 1 that there is a large
difference between the precision of the data below and above
85°C.

Accurate volumetric properties for pure water are also nec-
essary, since they will enter directly into the fitting equations
(sec. 4.1). The recent steam tables of Haar, Gallagher, and Kell
[25] have been used because they emphasize reproduction of the
volumetric properties of liquid water to within experimental ac-
curacy. It is important that these same values for the volumetric
properties of water be used in reproducing the volumetric prop-
erties of sodium chloride solutions.

Clarke and Glew [26] have recently presented a correlation
of the dielectric constant of water and of Debye-Hiickel param-
eters to 150 °C at saturation pressure. Since we wish to nse a
single equation for the dielectric constant, valid at high pres-
sures and to 300 °C, we have retained the Bradley and Pitzer
formulation [7]. Debye-Hiickel slopes have been calculated us-
ing this equation and the volumetric properties of pure water
given by Haar, et of. [25].

4, Calculations
4.1. Derivation of the Volumetric Fitting Equation

Equation {12) gives the dependence of the apparent molal
volume of the solution on V2 and the pressure derivatives of
O, BU, and C¢y. This form of the equation can be used
directly to determine 7’3, 8 4ix » and C }ix from aleast squares fit
of experimental data. However, preliminary analysis of the volu-
metric data over the wide range of temperature considered in
this study indicated that this was not the best form of the equa-
tion to use at high temperatures. ¥V displays a complex behav-
jor with considerable curvature at lower temperatures foilowed
by a rapid decrease as 7' increases; it drops to almost — 100
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em?® mol ™! at 300 °C, compared to a value of + 18 cm® mol ™!
at 25 °C. 73 is a measuré of the effect of the solute on solvent
properties, so that the rapid change in 73 can be related to
changes in the properties of pure water and to increased interac-
tion between solute and solvent. One physical explanation for
the large negative values of ¥ is that addition of salt to pure
water at high temperatures results in a “condensation” of water
molecules around the solute ions. In effect, as the temperature
increases, the ion-dipole interactions between solute ions and
water become progressively stronger than the dipole-dipole and
hydrogen bonding interactions between water molecules, caus-
ing the water molecules to collapse around the solute ions. This
explanation is further supported by examination of values for
the heat of solution, which become large and negative at high
temperatures. Essentially these are a measure of the heat liber-
ated when water in a rather open structure condenses around the
added solute ions.

We can use this physical picture to suggest a method of
rewriting eq (12). The purpose here is to avoid trying to fit the
temperature dependence of V5 with a parametric equation,
since this equation would necessarily be very complicated.

We begin by assuming that each mole of salt in an electro-
lyte solution is associated with a certain number, Y, of water
moleculee. If , is the number of moles of water in the solution,
and 7, is the number of moles of salt, then the number of moles
of water associated with solute ions is n,} and the number of
unassociated water molecules is (z; — n,Y). From the definition
of the apparent molal volume, the total volume of the solution is

V=nt5 + 0V (19)

Rewriting this equation to consider explicitly the two different
classes of water molecules, one obtains

V=(n,—nY )V +n,(0V + YV5).
The conversion ta molality and basis of 1 kg of water yields
V= (100/M, —mY )W +mlV + Y7?), {20)

where M, is the molecular weight of water. We also prefer to
consider the apparent molal volume at the particular concentra-
tion m;, where m, = 1000/ YM,,, since this property will vary
less drastically with temperature than the infinite dilution prop-
erty. Thus eq (20) is rewritten as

7

—= [97 (my) + YV ]

+( 1000 Y);,o] ) — B (), @n

mM.,

where the term [?V (m} + Y V= "tm/m, is the desired
quantity which varies slowly with temperature, and the next

term depends only on the properties of pure water.

Substitution of the parametric equations for ®F yields

V. / 1000
m . 1
;/:( )i br) {2000 gy ),
1000 + mM, m; \om

+ Vs LR = L] 2 RT [mB lg ()

-m.lg,i,;x(],)—(l—fm/ﬂ;\, W m";)(fiﬁ ]}, (22)
where ¢ is the specific volime of the soltion, v, is the speeific
volume of pure water. A/ i~ the nolecnlar weight of the solute, 7,
is the ionic strengti of the ~olution at . and ¥ (m,) is the total
volume of the solntion continnng | ky of water at concentration
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m,. The total volume of the solution varies monotonically with
temperature, increasing more slowly with temperature the high-
er the concentration. The value of ¥ = 10 was chosen to yield a
concentration, m,; = 5.550825m, conveniently at the upper
concentration limit of the existing data. For aqueous sodium
chloride solutions, values of the other constants in eq (22) are,

M, = 58.4428 gmol ™"
M, =18.01534 gmol™!
v=92 R ==83.1440cm’barmol 'K~

vy =vx =1

7y =z =1

4.2. Temperature and Pressure Dependence of the Fitting
Parameters

The fitting equation (22) gives the concentration depen-
dence of the volumetric data at a single temperature and pres-
sure. In preliminary isothermal, isobaric calculations, it was
found that the pressure dependence of {ix could not be deter-
mined from the volumetric data. Therefore,

3 .
(___am,;() =0 and By =(———‘9'3(°) )
oP /v aP Jr

throughout this study. This situation is not surprising, since
23 &’X is important only at low molalities, where the quality of the
volumetric data is likely to be poorest. Thus B 4% will have no
pressure dependence, whereas @ and C %y will depend both
on temperature and pressure in the final equation of state.

In order to fit of the volumetric data listed in table 1 simul-
taneously, equations deseribing the temperature and pressure
dependence of ¥V (m,), B{x, and C jix are needed. The basic
forms of these equations were determined by examining the
behavior of the parameters obtained in the preliminary isother-
mal, isobaric calculations. The equations were then optimized
by repeated least squares regression of the entire data array to
eliminate redundant parameters. The optimum forms of the
equations are listed below:

Vim)=U, + U,T+ UT? + U,T?
+ (P — Po)lUs + UsT + U, T

+ (P — PUs + Uy T, (23)
Bhx=Uw+ (T—_lflzl7—7) + UnT+ UnT? + @)U‘i—ﬂ
<+ (P—PO)[U15 + (7%2%7) 4 U7+ UsT?
el R
x[Um+ (T—_Uz;—ﬁ + UpT + ngz—jT)] 24
2Chy = Up+ (?3%27) + UpeT + UpyT? + '(gég%ﬂ'

(25)
The factor of 2 is retained in eq (25) to yield the pressure deriva-
tive of the tabulated parameter C §y ; thus
OC §x 1OP Y = 2C }ix -

Here T'is the temperature in kelvins and P is the pressure in bar,
with P, =1.01325 bar. The factors 1/(T—227) and
1/(680 — T) are used for convenience as functions which
change rapidly in the region of 0 °C and 350 °C, respectively.

Expansivities at temperatures below 25 °C, derived from the
volumetric fit, are fairly sensitive to the value of the low tem-
perature function. For this reason, the value of 227 K was cho-
sen to coincide approximately with the temperature of a thermo-
dynamic singularity for supercooled water reported by Kanno
and Angell [27). Use of the factor 1/(T" — 227) yields expansi-
vity values that are consistent with those derived directly from
the closely spaced volumetric data of Chen, Chen, and Millero
[18] at 1 bar. The choice of the high temperature factor has no
theoretical significance.

5. Discussion
5.1. Low Temperature and Overall Fit

As a result of the large difference in precision of the data
sets, a single, overall fit of the high and low temperature data
cannot do justice to the quality of the low temperature data.
Since we were particularly interested in deriving values for the
expansivity of NaCl solutions, the inaccuracy of an overall fit in
the low temperature region proved troublesome. For this rea-
son, two differens sets of the fitting parameters, U, are presented
in table 2. The first set reproduces the low temperature volumet-

Table 2. Values of fitting parameters
Ser I Set II

U Low Temperature Fit Overall Fit

1 1.0837195 x 107> 1.0249125 x 10%°

2 -2.4749323 x 107% 2.7796679 x 107+

3 1.2442861 x 107> -3.0203919 x 107

4 0. 1.4977178 x 107°

5 ~7.7222249 x 1072 -7.2002329 x 107

6 3.2423439 x 1074 3.1453130 = 1074

7 -5.7917599 x 107/ -5.979599 x 107
8 3.3254437 x 107° -6.6596010 x 10~

o 0. 1.0407621 x 1070
10 -2.1451068 x 107> 5.3699517 x 107>
11 2.2324909 x 107> 2.2020163 x 1073
12 -6.4950599 x 107° -2.6538013 x 107
13 2.4503020 x 10710 8.6255554 x 1070
14 -2.6829310 x 1077
15 1.0033371 x 1077 -1.1173488 % 1077
16 -1.2784026 x 10™° -2.6249802 x 107
17 -4.6468063 x 1070 3.4926500 x 1070
18 5.7054131 % 10713 -8.3571924 x 10713
19 0. 3.0669940 x 107~
20 0. 1.9767979 x 107
21 1.3581172 x 10720 -1.9144105 x 10720
22 0. 3.1387857 x 10°%%
23 0. -9.6461948 x 107
24 -6.8152430 x 107° 2.2902837 x 107>
25 ~2.5382945 x 107" -4.3314252 x 107
26 6.2480692 x 107° -9.0550901 x 10°°
27 -1.0731284 % 1070 §.6926600 x 107 -F
28 0. 5.1904777 x 107"
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ric data with a high degree of precision, and can be used to
obtain values for the volume, expansivity, and compressibility
of NaCl solutions to 85 °C. The second set reproduces the high
temperature data to within the precision level of Hilbert’s data
and also describes the low temperature data to within an uncer-
tainty of -+ 150 ppm. It can be used to obtain volumetric prop-
eriies over the entire temperature range of 0 °C to 300 °C when
this level of precision will suffice. High temperature values for
the expansivity and compressibility can be calculated from this
overall fit. Values for the volume. compressibility. and expansi-
vity at 50 °C calculated from the overall fit parameters agree,
within the uncertainty quoted for that fit, with the values calcu-
lated from the low temperature parameters. Thus 50 °C is the
temperature recommended for changing from one set of param-
eters to the other when properties over a wide range of tempera-
tures are required.

5.2. Estimation of Uncertainties

The regions of validity and the estimated uncertainties for
the volumetric properties calculated from both sets of param-
eters are summarized in table 3. In general, the volume of NaCl

P. S. Z. ROGERS AND K. S. PITZER

solutions can be repreduced up to 5.5 m, the compressibility to 5
m, and the expansivity to 4 m. However, below 25 °C the mola-
lity range on all properties above 1.01 bar is limited to 2 m
because of a lack of high concentration data at high pressures.

Estimates of the uncertainty in the expansivity and com-
pressibility between 25 °C and 85 °C were made by comparing
the values derived from the volumertric fit equations and the
values tabulated by Gibson and Loeffler [15]. The agreement in
values from these two sources at 25 °C is shown in figures 2 and
3. At high temperatures, estimation of the precision of these
properties becomes more difficult because of the wide and irreg-
ular spacing of Hilbert’s measurements. However, assuming
that the maximum uncertainty in the volume is 4+ 1000 ppm
over a b0 K temperature interval or a 500 bar pressure interval,
the uncertainties in derived values of the expansion and com-
pression are both about + 5%.

The compressibilities derived from the volumetric fit differ
from those of Rowe and Chou [28] by as much as 10%. The
values for the compressibility of pure water used by Rowe and
Chou also differ by as much as 3% from those of Haar, et a! . [25];
however, this difference can not account for the total discrepan-
cy in the compressibilities of sodium chloride solutions.

Table 3. Estimated uncertainty in volumetric properties
Estimated Confidence Limits
Temperature Pressure Concentration Low Temperature High Temperature
Property Range (°C) Range (bar) Range (molal) Fit (1) {Fit (11}
Volume 0 - 25 1.01 0 - 5.5 120 ppm 150 ppm
0 - 25 1 - 1000 0 - 2.0 120 ppm 150 ppm
25 - 85 1 - 1000 0 - 5.5 70 ppm 150 ppm
85 - 300 1 - 1000 0~ 5.5 - 700 ppm
Expansivity 0 - 25 1.01 0 - 4.0 1% (not )
0~ 25 1 - 1000 0-2.0 1% recommended
25 - 85 1 - 1000 0-4.0 1% 5%
85 - 300 1 - 1000 0-4.0 - 5%
Compressibility 0~ 25 1 - 1000 0 - 2.0 .5% (not recommended)
25 - 85 1 - 1000 0-5.0 5% 5%
85 - 300 1 - 1000 0-5.0 - 5%

(;’T")P o125

Coiculated from Volunetric Fit
o  Gibson ond Loeifler

| | I J

20

3.0 4.0

Molglity

Figure 2. Comparison of expansivity values for NaCl solutions at 25 °C. Solid
fines represent values of (3¢/3T),,, X 10* (em® g =" K"} calculated
from the volumetric fit. Points are from the tables of Gibson and
Loeffler [15].
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45

ov °
AN t
(amr‘ at 25°C

~— Calculated from Volumetric Fit
O Gibson and Loeffler

1 | | ] H
o] 1.0 2.0 30 4.0 5.0
Molality

Figure 3. Comparison of comprcssibility valucs for NaCl solutions at 25 °C.
Solid lines represent values of — (3¢/3P);,, X 10° (cm® g~ bar™!)
calculated from the volumetric fit. Points are from the tables of Gib-
son and Loeffler {15].

5.3. Explanation of Tables

The changes with temperature of the parameters
V{my)/m., B 5ix,and C %y are shown in figures 4-6. Values of
the apparent molal volume at infinite dilution also can be ob-
tained from these fitting parameters and the calculated values of
the specific volume; they are shown in figure 7. Values of 0, ,V 3,
B 4y Cyx, - and the Debye-Hiickel slopes are listened at ten
degree intervals in the Appendix table A-1. These can be used
directly in eq (22) to calculate the apparent molal volumes of
sodium chloride solutions. The specific volume of a solution can
be obtained through the identity

m?V + 10000,
= —_
(1000 + mM,)
The temperature and pressure derivatives of the parameters, the
Debye-Hiickel slopes, and the volume of pure water are given in
tables A-2 and A-3. The expansivity and compressibility of sodi-

um chloride solutions can be calculated using these values and
the following equations:

(26)

L(i) ;___]__[100 ?&"-)
v\ 3T /pm 1000 + mM,) ar/p

v
+ m( T )P + v|zyzy |4 . m h{T)
3B x )
P

+ 2y v RT [mz(

, 3C by
+ | 2 | @7)

100 bar]
240 500
- 200
230~
£ L
>
£
> 220
]
210
200 1 | I | ! |
0 100 200 300

Temperature, T

Figure 4. Fitting parameter ¥ (m)/m, as a function of temperature.

LV I S
o\IT /7 um ¢(1000 + mif,) oP/y
s
+m aP T+'V|zmzx |4ym h(I)
8B
+2 RT[ 2( - )
Y " P Jr.u
v
el )

1 I 1 I | L
[¢] 100 200 300
Temperature, °c

Ficurk 5. Fitting parameter B 5 as a function of temperature.
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o

o] 100 200 300
Temperature, °C

I ! | !

FIGURE 6. l'itting parameter Oy as a function of temperatare.

where 4 and A, are the Debye-Hiickel slopes for the expansi-
vity and compressibility of electrolyte solutions. In tables A-1 to
A-3, the low temperature fit (Parameter Set [) has been used
from 0 °C to 50 °C. The overall fit {Parameter Set {I) has been
used abhove 50 °C, accounting the discontinnity in the param-
eters observed in the tables at 50 °C. Even though the param-

v20 N

ol- |
1000 tar
~20+
g
> 5C0
© -4Ql-
o )-
1>
-601—
i
i
_80 -
100
L 1
0 100 200 200

Temperature, C

Figurc 7. The apparent molal volume at infinite dilution. 72, Tar NaCl solutions
as a function of temperature.
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eters are discontinuous at 50 °C, calculated values of the specific
volume, expansivity, and compressibility at this temperature
agree within the uncertainty limits quoted for the overall fit. For
convenience, values of the specific volume, expansivity, and
compressibility at rounded concentrations are given in tables A-
410 A-6.

In these and the following tables, numbers such as
1.327F < 01 should be interpreted as 1.327 X 10+, Also, note
that the pressure conversion factors are 1 bar = 10° pas-

cal = .9869 atmosphere.

6. Pressure Dependence of Thermodynamic
Properties
6.1. Derivation of Equations

Knowledge of the volumetric properties of the solution also
can be used to calculate the pressure dependence of activity and
thermal properties. A review of the equations for the enthalpy
and heat capacity, as given by Silvester and Pitzer {8], is present-
ed before the pressure dependent equations are derived.

The relative enthalpy of an electrolyte solution, L, is de-
fined as the difference between the total enthalpy of the solution
and the enthalpy of the solution in its standard state,

L=H—-H". (29)

The relative enthalpy is related to the excess Gibbs energy of the
solution by the equation

an-‘,x) _ ...’[‘2<a(; EX
P.m

L=GEX——T( ) . 30y
ar T /rm

Aleo, the excess entropy of the solution s S = (1. = EXy/T.
The apparent molal enthalpy is defined as

4L =L /n,. (31)
The parametric form of the cquation for the apparent molal

enthalpy is [8]
3L = vizyay [Aph ) + 2vy v RT?

BBy ac ‘
<), remenG) ) e

where A ; is the Debye-Bickel enthalpy slope.

The experimental determination of the enthalpy of an elec-
trolyte solution is made through heat of dilution or heat of solu-
tion measurements. The molar heat of dilution, A H), , is the heat

change per mole measured when a solution at concentration m
is diluted to concentration mo, and it is related to the apparent
molal enthalpies at m, and m, by

AH,, =L {ma) — °Lim,). (33)
The molar heat of solution, Afi , is the heat change measured
when one mole of salt is dissolved in enouogh water to form a
solution of concentration m. It is related to the apparent molal
enthalpy by

AH =AHS 490, 34y
where AH { is the heat of solution at infinite dilution.

The apparent molal heat vapacity is defined as the differ-

ence between the heat capacity of the solution and the heat
capacity of pure water contained in the solution, per mole of salt,

35)
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The apparent molal heat capacity is related to the apparent mo-
lal enthalpy by

¢
o = C: +(33T") (36)

where C¢_ is the partial molal heat capacity of the solute at
infinite dilution. Combining eq (36) and the temperature deriva-

tive of eq (32) yields
°C,=Cr + Viewax 4,8 ()
B 2 0By
— 2vyv -RTz{m[(———MX ) + —(-—' : )
Mo ar? /», T /»y
9 *Cyx 6‘CM)\ -
+"‘2(V”‘”)[( a7 ),) N ( ar #7)
where 4, is the Debye-Hiickel slope for the heat capacity.
Finally, the pressure dependence of the activity and ther-
mal properties can be found by taking the derivatives of eqs (5),
(6), (32), and (37) with respect to pressure. Equations are given

below for the change in these properties in going from an initial
g prop going
pressure P; to a final pressure P,.

S (Pa) — ¢ (Py)
2 2vy vy
— lzmzx |4, (P) —A4,(P)] T "
Py a ©)
o { ( Mx>
.[ " oP /r
3B acs
+m (a;‘() - +m2(VMVx)[/2(——5Pﬂ),‘,]dP
(38)
Iny , (P) —Iny . (Py)
= —lzyzy |[4,(P) — A5(P1)]

2 2 2V vy
w2 Z In(1 61”2) LA
(1+1112+bn<+ )+ v

P B O 2m (9B 4k
% 2( Mx) _(
L, ['” ar )T\ ar )
2
[1 —(1 +alt? a—f)e-“’”’]
2
3CE
37,2 ) 1,/2( X) ]df’ 39
+ §m vy vy) P /; (39)
L (P —°L(Py)
= v|ayzx | Ay (Py) — A (P o) — 2wy VXRTZ

P2 3Bﬁx) . (3C§;x)v}
- dP{40
XJ;’, {m( T /pu +m ) ar /» 40)

4C,(P) — *C,(Py)

= ‘Vlzmzx l [AJ (P2 — 4J(P1)]h )

+f ( 2) dP + 2vy, v RT?

a 12
2 (53 Mx
)I’J + 7 ar

S el

FC oy 2 ( 9Cux
+ mZ(VMZM)[( 72 )P +_]: ar

To determine the pressure dependence of heat of solution
data, the change in AH { with pressure is also needed. The heat

),

i

of solution at infinite dilution is related to the partial molal
enthalpy of the solute at i_Ixfinite dilution, H 3,and the molal
enthalpy of the solid salt, / (s), by the equation

He=H; —H(). (42)

The change with pressure is

(B) 7o), o))

where ¥ is the partial molal volume of the solute at infinite
dilution and 7 (s) is the molal volume of the pure salt in the solid
phase. Since the temperature and pressure dependences of the
volume of the solid are small, the integral of the term in brackets
can be approximated as

P} -
f [V(s)+T(V(S)) ]dP:V(s]._,.,‘SKcPe—.Pl). (44)

£y

This approximation is accurate to 0.04 ] mol=! bar™', so it is
sufficient in comparison to the larger uncertainty in the pressure
dependence of 7 ;. The pressure dependence of A/ ] now re-
duces to,

AR P — AR (P)

r,{_ —T(aﬁg) }dP 7(s)P, — P,) (45)
e, BT » 27 £l

with 7 {s) = 26.994 em> mol " at 25 °C [29].

6.2. Estimation of Uncertainties

The error accumulated in a pressure correction is difficult
to determine because of the multiple operations needed to ob-
tain the final value. The pressure dependence of an osmotic or
activity coefficient is known most accurately, since only terms
describing the specific volume of the NaCl solution as a function
of pressure are required for the calculation. The estimated error
in the pressure correction for these properties is 10%, resulting
in a maximum uncertainty of + 0.009 in adjusting the value of
an osmotic coefficient at 300 °C from saturation pressure to
1000 bar. For comparison, the experimental uncertainty in a
measured osmotic coefficient at 300 °C and saturation pressure
is + .005.

The uncertainty in a pressure correction for enthalpy and
heat capacity data will be larger, since these corrections require
information on the first and second temperature derivatives of
the volume of the NaCl solution. The minimum uncertainty in a
pressure correction can be estimated by comparing values ob-
tained from the low temperature fit and the overall fit in the
region of overlap. Minimum uncertainties are + 20J mol ™! for
the apparent molal enthalpy and &+ 2 J K™' mol™! for the
apparent molal heat capacity. At high temperatures, recent
enthalpy and heat capacity data reported at elevated pressures
can be used to assess the uncertainty in the pressure corrections.
Busey [30] lists enthalpy of dilution data at 66 to 105 bar and
400 bar. Comparison of the high pressurc data with the low
pressure data adjusted to 400 bar shows that the corrected val-
ues are in agreement approximately within the scatter of the
measured enthalpies. The heat capacity data of Tanner and
Lamb [30] at 1 bar and of Likke and Bromley [32] at saturation
pressures can be corrected to 177 bar for comparison with the

J. Phys. Chem. Ref. Datq, Vol. 11, No. 1, 1982
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data of Smith-Magowan and Wood [33] at that pressure. Again,
the differences are comparable to the observed scatter in the
measured heat capacities. An estimated error of 20% for the
pressure correction gives an uncertainty in the correction to 200
bar of the same magnitude as the experimental uncertainty in
the measured enthalpies and heat capacities. Thus this value has
been chosen as the estimated uncertainty in the pressure correc-
tions for these quantities. The percent uncertainty should re-

Table 4.

e m— ——— L TS, ST

P.S. Z. ROGERS AND K. S. PITZER

main fairly constant for corrections over larger pressure inter-
vals, so that the absolute error in a pressure adjustment from
saturation pressure to 1000 bar will be four or five times as large
as the uncertainty in a correction from saturation pressure to
200 bar. Table 4 lists the estimated percent uncertainties in the
pressure adjustments, along with the range of experimental un-
certainties for existing activity, enthalpy, and heat capacity
data.

Pressure dependence of thermocdynamic properties

Uncertainty Estimates

Pressure Correction to Experimencal
Property Denendance 200 bar Data®
[] 10% 092 (300°C) .005
ln‘|+ 1% W02 { 50°C) .00z
o, 2072 20 smott (25°0) 4 J mo1”?
-1 -1d
30 J ol {(100°C) 20 J mol
~1 e -4
250 J mol (z00°C) 65 J mol
-1 N -1d
1,502 J mol (300°C) 2,000 J col
8% 202% 20 3 w1} ( 25°C; 16 3 gei
50 5 mo1™t (100°¢) 160 J wol "
- -1
400 J mol 1 {200°C) 160 J mol
- =1 - -
"‘c‘J 207° 238 2017 ( 25°0) 13K gor?
a3k 2ot (zozto) a3 Kl ant
50 7 K72 2017t (300°C)
¢ Uncertainty is 20% c¢xr 20 J mol_l. whichever is greater.

® Uncertainty.is 20% or 2 J

€ values frow table III

N

1

-1 N
mol ~, whichever is greater.

of reference [34], unless otharwise noted.

d .. .
Values frcm a least scuares £1it of data frowm reference {30},

6.3. Explanation of Tables

The pressure dependences of the osmotic and activity coef-
ficients, the heat of solution, and the apparent molal enthalpy
and heat capacity are given in the Appendix tables A-7 through
A-11. Values are listed as the change in a thermodynamic prop-
erty due 1o a pressure change from the saturation pressure of
pure water to 200, 400, 600, or 1000 bar. Thus the table values
can be added directly to experimental data along the saturation
curve to obtain the corresponding high pressure values. Of
course other pressure adjustments, for example from 200 bar to
400 bar, can be obtained by taking the difference of two table
values. Above 25 °C, pressure corrections calculated from the
low temperaturc fit and the overall fit are in good agreement
compared to the 10% or 20% estimated uncertainty. Thus for
simplicity, all values listed in tables A-7 to A-11 were calculated
using only the overall fit (Parameter set 11).

7. Conclusion

Accurate calculation of the volunietric pruperties of sodi-
um chloride solution over a wide range of concentration, tem-
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perature, and pressure is possible with the equations presented
above. Recent improvements in the data base, including the
high temperature data of Hilbert [4] and high concentration data
from this laboratory at 20 bar [5], have been used. Special atten-
tion has been paid to the behavior of the expansivity and com-
pressibility values derived from the volumetric fit. Because the
temperature and pressure dependences of the volumetric fit
have been carefully controlled, calculation of the pressure de-
pendence of activity, enthalpy, and heat capacity data is possi-
ble. The change in these properties due to a pressure change
from saturation pressure to 200 bar generally can be calculated
with an uncertainty comparable to the experimental uncertainty
in direct measurements of these quantities. This important prop-
erty of the volumetric fit will allow it to be combined with a
temperature dependent tabulation of activity, enthalpy, and
heat capacity data to form a complete equation of state for sodi-

um chloride solutions.
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Appendix

The tables included in the Appendix can be divided into
three groups. Tables A-1 through A-3 give the fitting param-

eters, Debye-Hiickel slopes, and properties of pure water need-
ed to calculate the apparent molal volume, expansivity, or'com-
pressibility of a sodiwm chloride solution at any concentration.
Tables A-4 through A-6 give values of these three properties
calculated at rounded concentrations. Tables A-7 through A-11
list the pressure dependence of the activity and osmotic coeffi-
cients, heat of solution, apparent molal enthalpy, and apparent
molal heat capacity.

Table A-1. Parameters for calculation of the apparent molal volume
D—H "'o v v
T 3 Vi Slope VZ BMX ZCMX

o be S ()l e ke g

g mol mol mol mol bar mol* bar
0 1 1.000171 1.504E+00 1.327E+901 2.T46E-05 -3.26E-06
10 1 1.000259 1.643E+00 1.506E+01 1.956E-05 -2.25E-06
20 1 1.001771 1.793E+00 1.625E+01 1.431E-05 -1.56E-06
25 1 1.002947 1.875£+00 1.668E+01 1.234£-05 -1.29€E-064
30 1 1.004365 1.962E+00 1.702E+01 1.069E-05 ~1.07E-0é
49 1 1.007851 2.153E+00 1.750E+01 B.152E-06 -7.19-07
50 1 1.012115 2.372E+00 1.774E+01 6.366E-06 -4, 71E-07
50 1 1.012115 2.372E+00 1.782E+01 5.733E-06 -3.32E-07
60 t 1.617087 2.622E+00 1.791€+01 4 4158 =06 -2.00E-07
7¢C 1 1.022724 2.909€+00 1.781E+01 3.513E-06 -1.22E-07
a0 1 1.028999 3.238E+00 1.754E+01 2.925E-06 -7.97E-08
90 1 1.035897 3.615E+090 1.710E+01 2.57T7TE=0¢ -A.02E-0%
100 1 1.043414 4, 050E+00 1.649E+01 2.408E~-06 -5 .46E-08
110 1 1.051530 4 ,550F+00 1.571E+51} 2.368E-0¢ -5 .59 -08
120 2 1.060271 £.127E+00 1.475E+01 2.412E-06 -5 .8TE-QR
130 3 1.069653 5.795E+0D 1.360E+01 2.498E-06 -5 .87E-0R
140 4 1.079700 6.57T2E+00 1.226E+01 2.587TE-06 -5.,23E-08
156 E 1.9090444 7.47TE+00 1.070E+01} 2.63TE-06 -3.65E-08
is0 () 1.10192¢6 8.53AE+00 8.911E+00 2.606E-06 -8.63E-09
170 8 1.114196 9.779E+00 6.863E+00 2.448F-06 3.36E-908
185 10 1.12731¢6 1.125E+01 4.523E+00 2.112E-06 9. 24E-08
190 13 1.1413%59 1.299E+01 1.849E+G0 1.542E-06 1.70E-07
200 16 1.156413 1.506E+01 -1.215£+09 &.729E-07 2.69€-07
2190 19 1.172584 1.756E+01 ~4_Tu2E+00 -5 691E-97 3.91£-07
220 23 1.190001 2.058F+01 ~B_826E+00 -2.272E-04 5.38€-07
229 28 1.208817 2.425E+01 -1.360E+01 -4 53BE-06 7.158-07
240 33 1.229223 2.878E+01 —-1.923E+01 -7.494E-06 9.24E-G7
250 4 1.251452 3.440E+01 =-2.596E+01 -1.129E-0°5 1.17E-06
260 47 1.275759% 4.149E+01 -3.514E+01 -1.6126-05 1.45E-Dé
270 £5 1.302623 5.052E+01 ~-4.424E+01 -2.221E-0% 1.79E-0é6
280 cu 1.332417 &.224E+01 -5_704E+51 -~2_987E-05 2.18E-06
2990 T4 . 365815 7.7T75E+01 -7.360E+01 =3.951E-0% 2.62E-06
300 84 1.403491 9.873E+01 ~9.5(BE+0]1 -5 167TE-05 3.1TE-Dé
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Table A-1 (con't).

P.S. Z. ROGERS AND K. S. PITZER

Parameters for calculation of the

apparent molal volume

D-H

- v v

T P vw Slope v2 BMX 2CMX

°c bar E‘El_:i ( Cl"l'l3 )( kg )1/2 cm kg kg2

g mol /\ mol mol mol bar mol? bar

(] 200 .990367 1.462E+00 1.452E+01 2.525E-05 -3.26E-0¢
10 200 .991052 1.587E+00 1.607E+01 1.801£-05 -2.25E~-06
20 200 .992910 1.724E+00 1.711E+01 1.317E-G5 -1.56E-06
25 200 .994196 1.799e+00 1.749E401 1.133E-05 -1.29E~06
30 200 . 995490 1.879E+00 1.780E+01 9 792E-D& -1.07E~-06
40 200 . 999244 2.0556+00 1.824E+01 7.404E-06 -7.19E~-07
50 290 1.003486 2.255E+00 1.846E+01 5.T17TE-06 -4 71E-07
50 200 1.003486 2.255E+00 1.852E+01 5.187E-06 -3.32E-07
60 200 1.008358 2.484E+00 1.858E+01 4 OCKE-D6 -2.00E-07
70 200 1.013825 2.745E+00 1.848E+01 3.224E-06 -1.22E-07
&0 200 1.019865 3.043E+00 1.822E+01 2.T46E-06 -7.97E~-08
30 200 1.0264462 3.383E+00 1.780E+01 2.502E-0¢ -6.02E-08
100 200 1.033614 3.772E+CO 1.723E+61 2.434E-06 -5.46E-D8
i10 2090 1.041317 4.217e--00 1.650E+01 2.497E-~06 -5.59e-08
120 200 1.049580 4 728E+00 1.561E+01 2.651E-04 ~5.87E-08
130 200 1.05841é S.315E+00 1.456E+01 2.859E-06 ~-5.87E-08
140 200 1.067844 S.991E+00 1.333£+01 3.086E~-0C4 -5 .23E-08
150 200 1.077890 6.773E+00 1.192£+01 3.296E-0¢& -3.65E-08
160 2C0 1.088587 7.679E+00 1.031£+01 3.453E-0é -8.63E-09
170 200 1.0999782 8. 734E+00 8. 473E+00 - 2.517E-0¢& 3.3¢E-08
180 200 1.112113 9.96TE+0D &.399E+00 3.448F -06 J.24E-OR
190 200 1.125054 1.141E+01 4_.05ZE+00 3.185E-06 1.70E-07
290 200 1.138874 i.312E+01 1.39¢E+00 2.684E-06 2.69E-07
210 200 1.153664 1.515E+01 ~-1.618E+00 1.872E-06 3.91E-07
220 200 1.1639532 1. 758E+01 -5.055E+00 6.700E-07 5.386-07
230 200 1.186608 2.051E+C01 -%.001£+00 -1.019E-06 7.15E~-07
240 200 1.205052 2.407E+01 -1.357E+01 ~3.314E-06 9.24€--Q7
250 260 1.225063 2.846F+01 ~1.892E+01 -6.363E-06 1.17E-06
260 200 I.2446852 3.392E+01 ~-2.529E+031 -1.036E-05 1.45E-06
270 200 1.270855 4 _083E+01 -3.3008+01 -1.53%3E-05 1.79~-06
2849 200 1,297376 4 S7uFE+01 ~4 257E+01 =2.221E-05 2.18E-0¢6
2990 200 1.326994 6.14TE+DY1 ~S.477E+01 =3.082E-05 2.63E~06
300 200 1.360501 T.737E+01 -7.091E+01 -4_195E-0% 3.17TE-06
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Table A-1 (con't). Parameters for calculation of the apparent molal volume

D-H =° v \
2C
T F Vw Slope VZ BMX MX
e bar (e )( 22 ) em’ ke ke’

g mol /\ mol mol mol bar mol? bar
0 400 .981139 1.419E+00 1.566E+01 2.325e-05 -3.26E-06
10 400 .982347 1.532E+00 1.698E+01 1.665E-05 ~2.25E-0é
20 400 .984517 1.657E+00 1.789£+01 1.217E-05 ~-1.56E-0é
25 400 .985902 1.726E+00 1.822E+01 1.047E-0% -1.29e~-06
30 400 .98T7468 1.799E+00 1.850E+01 9.028E-06 -1.0TE-06
490 400 .991092 1.961E+00 1.889E+01 6.779E-06 -7.19€E-07
50 400 .995322 2.145E+00 1.910E+01 5.177E-06 -4, 71E-07
50 400 .995322 2. 145E+00 1.914€+01 4 _ 708E-06é ~3.32E-07
60 400 1.000115 2.355E+00 1.919E+01 3.642E-06 -2.00E-07
70 400 1.005441 2.593E+00 1.909e+01 2.953E-0¢6 -1.22E-07
a0 400 1.011282 2.864E+00 1.884E+01 2.552E-0¢& -7.97E-08
90 400 1.017626 3.171E+00 1.845E+01 2.371E-0¢ -6.02E-09
100 400 1.024466 3.520E+00 1.792E+01 2.359€E-06 -5.46E-08
110 400 1.031802 3.918E+00 1.725E+01 2.47T4E-06 -5.59e-08
120 400 1.039636 4. 370E+00 1.644E+01 2.681E-06 -5.8TE~-08
130 400 1.047976 4.886E+00 1.548E+01 2.94TE~Gé -5.87E-08
140 400 1.054837 5 _4T6E+00 1.437E+01 3.242E-06 -5 _.23E-01
150 400 1.066235 6.151E+00 1.310E+01 3.538E-06 -3.65E-08
160 400 1.076195 6.92TE+0D 1.165E+01 3.803E-06 -8.63E-09
170 400 1.086745 7.819E+00 1.002E+01 4 _007E-06 3.34E-08
180 400 1.097921 8.848FE+00 8.196E+0D 4.115e-06 9.24E~-G8
190 400 1.109765 1.004E+01 &.150E+00 4.087TE-06 1.70E-07
200 400 1.122329 1.143E+01 3.863E+00 3.880E-06 2.69E-07
210 400 1.135670 1.305E+01 1.307E+09 3.441E-06 3.91E-07
220 400 1.14985¢9 1.494E+01 -1.555E+00 2.708E-06 5.3BE-07
230 400 1.164978 1.718E+01 -4 765E+00 1.608E-06 7.15e~-07
240 400 1.181124 1.984E+01 -8.380E+00 4 760E-08 9.24E-07
250 400 1.198411 2.302E+01 -1.247E+01 -2.08B6E-06 1.1TE-0&
2690 400 1.216977 2.686E+01 ~-1.T714E+01 -4_937E-06 1.45E-06
270 400 1.236985 3.153E+01 =2.251E+01 -R.692F-06 1.79E-0¢
280 400 1.258636 3.728E+01 -2.876E+01 -1.359E-05 2.18E-06
290 400 1.282174 4. 446E+01 -—-3.613E+01 -—-1.997E-05 2.63E-0¢6
300 400 1.307904 5.358E+01 -4.501E+01 -2.826E-05 3.17TE-06
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Table A-1 (con't).

P.S. Z. ROGERS AND K. S. PITZER

Parameters for calculation of the apparent molal volume

o

D-H = v v
T P Ve Slope VZ BMX 2CMX
°C  bar o’ ( om’ )( ke )'” on’ kg kg?
g mol mol mol mol bar mol® bar

0 600 .972473 1.379E+00 1.6685+01 2.150E-05 ~3.26E-06
10 600 .974133 1.479E+00 1.780E+01 {1 .548E-05 -2.25E-Cé
20 600 .976579 1.594E+00 1.858E+01 1.135E-05 -1.56E-06
25 600 .978056 1.657TE+00 1.888E+01 9.756E-06 -1.29E-06
30 600 .979687 1.724E+00 1.912E+01 8.406E-06 -1.07E-06
40 600 .983379 1.873E+00 1.947£+01 6.279E-06 -7.19E-07
50 600 .987606 2.043E+00 1.967E+01 4, 750E-06 -4 T1E-07
50 600 .987606 2.043E+00 1.970E+01 4, 300E-06 -3.32E-07
60 600 .992334 2.23%E+00 1.974E+01 3.328E-06 ~-2.00E-07
70 600 .997542 2.453E+00 1.964E+01 2.704E-06 ~1.22E-Q7
80 600 1.003214 2.699E+00 1.941£+01 2.344E-06 -7.97E-08
90 600 1.0093u41 2.978E+900 1.906E+01 2.186E-0% ~6.02E-08
100 6900 1.01591é 3.293E+00 1.858E+01 2.183E-06 -5 . 46E-08
110 600 1.022937 3.649E+00 1.798E+01 2.297E-Q6 -5 .59E~08
120 600 1.030405 4 052E+00 1.725E+01 2.496E-06 -5.8TE-0Q8&
130 600 1.03832¢6 4.509E+00 1.639€+01 2.753E-06 ~5.8TE-O8
140 400 1.044K708 5.02TE+OD 1 .540F+01 3.043F-06 -5 .23F~08
150 400 1.055564 5.615E+00 1.426E+01 3.3%1E-06 -3.65E-08
1€0 600 1.064911 6.284E+00 1.298E+01 3.623E-06 -8.63E-09
170 600 1.074770 7.046E+00 1.155E+01 3_843E-06 3.3¢E-08
180 600 1.085167 7.917E+00 9.942E+00 4 036E-06 9.24E-08
190 600 1.096132 8.913E+00 8.158E+00 4.110E-06 1.70E-07
200 600 1.107700 1.006E+01 6.180E+00 4.053E-06 2.69E-07
210 600 1.119913 1.137E+01 3.989F +00 3.825E-06 3.91E-07
220 600 1.132819 1.289E+01 1.5645+00 3.379E-06 5.38E-07
230 600 1.146474 1.465E+01 -1.117E+99 2.660E-06 7.156-07
240 600 1.160941 1.669E+01 -4 .085E+00 1.600E-06 9.24E-07
250 600 1.176293 1.908E+01 -7.372E+00 1.148E-07 1.17TE-06
260 600 1.192¢615 2.189E+01 -1.102E+01 -1.904E-06 1.45E-06
270 609 1.210005 2.521E+01 ~1.508E+01 -4.592E-06 1.79£-06
280 600 1.228578 2.917E+01 -1.961E+01 -8.131E~0¢ 2.18E-0¢6
290 4600 1.24844658 I_2FI1E+01 -2 44RE+01 1 _276F-05 2.63E-06
300 600 1.269825% 3.967E+01 -3.037E+01 -1.881E-05 3.1TE-0&
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Table A-1 (con't).

VOLUMETRIC PROPERTIES OF AQUEOUS SODIUM CHLORIDE

Parameters for calculation of the apparent molal volume

D-H =° v v
B

T F Ve Slope V2 MX 2CMX

¢ b en” (cm3 )( kg )"2 cm> kg kg’

ar g mol /\ mol mol mol bar mol® bar

L] 800 .964329 1.341E+00 1.759E+01 1.997E-05 -3 .26F-06
10 80¢C .966373 1.431E+00 1.853E+01 1.450E-05 -2.25E-0é
20 800 . 969059 1.535E+00 1.920E+01 1.069E-05 -1.56E-06
25 800 .9704616 1.593E+00 1.946E+01 9.198E-06 -1.29€E-06
30 800 .97220& 1.4655E+00 1.947E+D1 7 .924E-04 -1.07TE-06
40 800 .976061 1.792E+00 1.999E+01 5.905E-06 -7.19e-07
50 800 .980288 1.948E+00 2.016E+0! 4.436E-06 -4.71E-07
50 800 .98028¢8 1.948E+00 2.020E+01 3.964E-06 -3.32E-07
60 800 . 984963 2.125E+00 2.024E+01 3.062E-06 -2.00E-07
70 800 .990070 2.324E+00 2.015E+01 2.474E-06 -1.22E-07
80 800 .995597 2.549E+09) 1.995E+01 2.121E-96 -7.97e-08
90 800 1.00153¢6 2.803E+00 1.964E+01 1.946E-0¢ -6.02E-08
100 800 1.007881 3.088E+00 1.922E+01 1.905E-06 -5.46E-08
110 800 1.014629 3.4509e+00 1.870E+01 1.965E-06 -5.59E-08
120 800 1.021781 3.770E+00 1.806E+01 2.098E-06 -5.87E~-08
130 800 1.029340 4.176E+00 1.731E+01 2.279E-06 -5.87E-08
140 800 1.037312 4.634E+00 1.645E+01 2.488E-06 -5.23E-08
150 800 1.045706 5.150E+00 1.546E+01 2.705E-06 -3.65E-08
160 800 1.054535 5.732E+00 1.435E+01 2.910E-06 -8.63E-09
170 809 1.0¢63813 &.390E+00 1.311€+01 3.084E-06 3.36E~08
180 800 1.073560 7.1349E+00 1.173e+01 3.206E-06 9.28E-08
190 800 1.083798 7.976E+00 1.020E+01 3.254E-06 }.70E-07
200 800 1.094554 8.932e+00 8.510E+00 3.203E-06 2.69E-07
210 8090 1.105857 1.002E+01 6.64TE+QO 3.023E-06 3.91E-07
220 809 1.117742 1.125E+01 4_.599g+00 2.682E-06 5.38E-07
230 800 1.130248 1.267E401 2.351E+00 2_139E-06 7.15E-07
240 800 1.143419 1.428E+401 -1.131£-01 1.345E-06 9.24E-07
250 800 1.15730é 1.613E+01 -2.812E+00 2.390e-07 1.17E-06
260 600 1.171965 1.827E+01 -5.763E+00 -1.255E-0¢6 1.45E-06
270 800 1.1874690 2.073E+01 -8.986E+00 -3.235£-06 1.79E-06
280 800 1.203864 2.359E+01 -1.250E+01 -5.829E-06 2.18e-06
2990 200 1.221257 2.692E+01 -1.632E+01 -9.211E-06 2.63E-06
300 800 1.239733 3.0826+401 -2.044E+01 -1.361E-05 3.17E-0¢6
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Table A-1 (con't).

P.S. Z. ROGERS AND K, S. PITZER

Parameters for calculation of the apparent molal volume

D-H =° v kY
ToF T Slope Yy By 2Cyx
OC cm3 (cm3 )( kg >l/2 cm3 kg kgz
bar - — | —= - _—
g mol mol mol mol bar mol® bar
0 1000 . 956483 1.307E+00 1.840E+01 1.869E-05 =3.26E-06
10 1000 . 959040 1.386E+00 1.917E+01 1.372E-05 -2.25E-06
20 1060 .961926 1.480E+00 1.974E+01 .1.019E-05 -1.56FE-96
25 1000 .963552 1.533E+00 1.9978+01 8.792E-06 -1.29E-06
30 1000 .965293 1.590E+00 2.016E4+01 7.590FE -06& -1.07E-0¢
40 1060 .969102 1.716E+00 2.0448E+01 5.458E-06 -7.19€-07
50 1000 .973330 1.860E+00 2.061E+01 4, 235F-06 -4 TiE-07
50 1000 .973330 1.860E+00 2.065E+01 3.698E-06 -3.32e-07
60 1000 977959 2.022E+00 2.069E+01 2.845E-06 -2.00E-07
70 1000 . 982978 2.206E+00 2.063E+01 2.265€-06 -1,22E-07
80 1000 . 981378 2.412E+00 2.047E+01 1.884E-06 -7.97E-08
90 1000 . 994152 2.643E+00 2.021E+01 1.651E-0¢ -6.02E-0%
100 1000 1.000295 2.902E+CC 1.987E+01 1.526E-06 -5 .46F-08
110 1000 1.006805 3.192E+00 1.943E+01 1.480E-06 -5.59E-08
120 1000 1.013681 3.517E+00 1.89GE+01 1.486E-~D6 -5.87E-08
130 1000 1.02092% 3.881E+00 1.827E+01 1.525E-06 ~5.87E~-CR
140 1000 1.02854] 4.288E+00 1.7556+01 1.579E-06 ~5.23E=-08
150 1900690 1.036535 4.743E+00 1.6784E+01 1.631E~-0¢6 -3.65E-08
160 1000 1.044917 5.254£+00 1.581€+01 1.667TE-06 -8 43E-09
170 1000 1.053699 S.82TE+0C 1.47RE+01 1.67TOE~06 3.34E-08
180 15600 1.062894 6.469E+C0 1.364E+01 1.627E-06 9.24E~-D8
190 1000 1.072519 7.190E+00 1.237E+901 1.5195-06é 1.7T0E-07
200 19000 1.082595 7.999E+00 1.097£+01 1.329E-06 2.69%E-07
210 1000 1.093143 8.910E+00 9.435E+00 1.036E-06 3.91E-07
220 1000 1.1021990 9.935E4+00 7.751E+00 6§ .171E-07 5.38E~-07
230 19000 1.115764 1.109E+01 5.910+400 4_3]2E-0R 7.15e~-07
240 1000 1.127898 1.239E+01 3.899E+00 -=7.197E-D7 9.248-07
250 10900 1.150627 1.387E+01 1.709E4+00 ~-1.713E-06 1.17E-06
260 10090 1.153991 1.553E+01 ~6.718E-0} -2.991E-06 1.45€-06
270 1609 1.1628634 1.743E+401 -32.251E+00 -4 620E-0& 1.79€-064
280 1000 .182806 1.957E+01 ~6.0237E+00 ~6.6B8E-06 2.18€-04
290 10660 1.198361 2.202E+01 ~9.027E+50 -=9.315E-06 2.63E-06
300 16690 1.214758 2.482E+01 ~1_.221E+401 —1.266E~05 3.17TE-Q6
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VOLUMETRIC PROPERTIES OF AQUEOUS SODIUM CHLORIDE

Table A-2. Parameters for calculation of the expansivity
=° v v
T » (avw) D-H (BVZ) (3 BMX) 6 2Cyx
oT P Slope aT P T p oT P
) 3

o cm’ cm’ )( kg )"’2 cm kg kg®

c b
cy  (bar) g K (mol K /\ mol mol K mol bar K mol? bar K

0 1 -8.022E-05 1.37E-02 2.21e-01 -9.79E-07 1.23e-07
10 1 8.747E-05 1.43E-02 1.44E-01 -6.34E-07 8.22E-08
20 1 2.094E-04 1.59E-02 9.57E-02 -4 31E-Q07 5.76E-08
25 1 2.602E-04 1.68€-02 7.72E-02 -3.60E-07 4,.86E-08
30 1 3.064E-04 1.79e-02 6.13E-02 -3.01E-07 4 12E-08
40 1 3.890E-04 2.05e-02 3.49E-02 -2.12E-07 2.95E-08
50 1 4.62TE-04 2.34E-02 1.32E-02 -1.48£-07 2.06E-08
50 1 4.62TE-04 2.34E-02 1.85E-02 -1.57e-07 1.466E-08
60 1 5.310E-04 2.hBE-02 -5.92E-94 -1.09€-07 1.01E-08
70 1 5.959E-04 3.07E-02 -1.85£-02 -7.31E-08 5_79¢-09
80 1 6.588E-04 3.52E-02 -3.57E-02 -4 .57E~-08 2.92e-09
90 1 7.207E-04 4.04E-02 -5.27E-02 ~2.49E-08 1.12e-09
100 1 7.826E-04 4 66E-02 -6.9BE-02 -9.49E-09 1.12E-10
110 1 8._452E-04 5.37€-02 -B8.72E-02 2.51E-10 -2.85E-10
120 2 9.093E-04 6.22e-02 -1.05E-01 7.09-09 -2.02E-10
130 3 9.758E-04 7.226-02 -1.25E-01 9.23E-09 2.69E-10
140 4 1.045E-03 8.40E-02 -1.45E-01 7.29E-09 1.07E-09
150 5 1.119e-03 9.82E-02 -1.68E-01 1.11E-09 2.14E-909
160 6 1.198E-03 1.156-01 -1.93e-01 -9.56E-09 3.46E-09
170 o 1.283E-93 1.36-01 -2.26E-01 -2.52E-08 5.02E-99
180 10 1.376E-03 1.61E-01 -2.52E-01 -4.63E-08 6.79E-09
190 13 1.479E-03 1.92e-01 -2.89E-01 -7.38E-0R g.77e-09
200 16 1.593E-03 2.31E-01 -3.33e-01 -1.09€E-07 1.10E-08
210 19 1.720E-03 2.79E-01 -3.86E-01 -1.526-07 1.34E-08
220 23 1.865E-03 3.4GE-01 -4.51E-01 -2.05e-07 1.62E-08
230 28 2.030E-03 4.19E-01 -5.32E-01 -2.T1E-OT 1.92E-08
240 33 2.222E-03 5.22E-01 -6.37E-01 -3.52e-07 2.26E-08
250 40 2.447E-03  6.57TE-01 -7._.73E-01 -4.51E-07  2.64E-0Ff
260 47  2.714£-03 8.40F-01 -9.57E-01 -5 . T4E-07 3.08€-08
270 55 3.037E-03 1.09e+00 -1.21E£400 -7.26E-07 3.59E-08
280 &4 3.43¢E-03 1.449€+00 ~1.57C+00 -9.17E-07 4.19E-02
290 74 3.939E-903 1.95E+00 -2.09E+090 -1.16E-06 4.92E-08
300 86 4 594E-03 2.72E+400 -2.8B8E+00 -1.4TE-0¢ 5.82E-08
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Table A-2 (con't).

P. 5. Z. ROGERS AND K. S. PITZER

Parameters for calculation of the expansilvity

So v v
coe () e (B) () ()
3T P Slope 9T P oT P oT P

3 3 1/2 3 k 2

°c bar cm ( cm )( kg ) cm g kg
°C)  (bar) g K mol K /\ mol mol K mol bar K mol® bar K
0 200 ~2.807E-0¢6 1.21E-02 1.89E-01 -8.93E-07 1.23E-07
10 200 1.326E-04 1.30E-02 1.26E-01 -5.83E-07 8.22E-08
20 200 2.350E-04 1.45-02 8.47E-02 -4 . 00E-07 5.76E-08
25 200 2.785E-04 1.68E-02 €.89F -02 ~-3.35E -07 4 _eE-08
30 200 3.185E-0u 1.65E-02 5.52E-02 -2.82E-07 4. 12E-08
40 200 3.909E-04 1.88£-02 3.226-02 -2.00E-07 2.95£-08
50 200 4 .564E~04 2.14E-02 1.30E-02 -1.40E-07 2.06E-08
50 200 4 .564HE-04 2.14£-02 1.57E-02 -1.42E-07 1.66E-08
60 200 5.175E-04 2.446-02 -~1.88E-03 -9.63E-08 1.01E-02
70 200 5 _T8AE-Ou 2.79e-02 -1.83E-02 ~b.16E-D8 5.79E-09
g0 200 &6.320E-04 3.18E-02 -3.40E-02 -3.51E-08 2.92E-09
90 200 6. 875E-04 3.63E-02 -4.95E-02 -1.48e-08 1.12E-09
100 200 7.426E-04 4. 16E-02 -6.50E-02 5.06E-10 1.13E-10
110 200 7.982E-04 4 TAE-02 -8.07E-Q2 1.156-08 -2.85€-10
120 200 8.547E-04 5.47E-02 =-9.70E-02 1.87e-08 -2.02E-10
130 200 9.128E-04 6.29-02 ~-1.14E-01 2.23E-C8 2.69E-10
140 200 9.732E-04 7.266-02 -1.32E-01 2.24E~-08 1.07E-09
150 200 1.037E-03 8.40E-02 -1.51E-01 1.90E-0R 2.14-09
160 200 1.104E-03 9.76E~02 ~-1.72E-01 1.17E-08 3.46E-09
170 200 1.175E-03 1.14E-01 ~1.95E-01 3.28E-10 5.02E-09
180 200 1.253E-03 1.33E-01 -2.20E-01 -1.57e-08 &.79E-99
190 200 1.337E-03 1.57E-01 -2.49€-01 -3.70E-08 8.77E-09
200 200 1.42%9E-03 1.86E-01 -2.83E-01 -6.45E~Q8 1.10E-08
210 200 1.531£-03 2.21E-01 -=-3.21E-01 -9.92E-08 1.34£~08
229 200 1.645E-03 2.668-01 =3.67E-01 -1.43E-97 1.62E-08
230 200 1.773E-03 3.22E-01 -4_23E-D1 ~-1.97E-07 1.92E-02
240 200 1.919e-03 3.94-01 -4.93E-01 -2.64F-07 2.26E-08
250 200 2.08TE-03 4.87e-01 -5.81E-01 -3.49€~G7 2.64E-08
260 200 2.284E-03 6.11E-01 -6.97E-01 -4 _SYF-07 3.08-08
270 260 2.516E-03 7.80E-01 -8.54£-01 -5.87E-07 3.59e-908
280 200 2.796E-03 1.01E+00 -1.07E+400 -7.56E-07 4_.19e-908
290 2900 3.141E-03 1.35£+400 -1.39E+00 -9.75e-07 4 92E-08
300 200 3.578e-03 1.86E+00 ~1.87E+00 -1.26E-D6 5.82E-08
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A-2 (con'td).

VOLUMETRIC PROPERTIES OF AQUEOUS SODIUM CHLORIDE

Parameters for calculation of the expansivity

av, 3B, 2cy
T P (3Vw) D-H ( _2) MX (3_(:1_.-1x)
oT P Slope aT P aT P T p
(°C) (bar) om’ ( om? )( kg )'” em’ kg kg’

2 g K mol K /\ mol mol K mol bar K mol® bar K
0 %00 6.392E-05 1.07E-02 1.60E-01 -8.11E-07 1.22E-07
10 400 1.727E-04 1.18£-02 1.09E-01 -5.36E-07 8.22e-08
20 400 2.583E-04 1.33E-02 7.44E-02 ~3.72E-07 S5.76E-08
25 400 2.955E~04 1.42E-02 6.11E-02 -3.13E-07 4 _REE-08
30 400 3.302E-04 1.52E-02 4.94E-02 -2.65E-07 4.126-08
40 400 3.936E-04 1.73E-02 2.95e-02 -1.89e-07 ~ 2.95E-08
50 400 4,517E-04 1.96E-02 1.26E-02 -1.34E-07 2.06E-08
50 400 4.517E-04 1.96E-02 1.32E-02 -1.29€E-07 1.66E-08
60 400 5.063E-04 2.23E-02 -2.74E-03 -8.60E-08 1.01E~-C8
70 400 5.586E-04 2.54E-02 -1.76E-02 -5.32E-08 5.79E-09
80 4900 6.094E~04 2.88E-02 -3.19E-02 -2.82E-08 2.928~09
90 400 6.593E-04 3.27E-02 -4.59e-02 -8.88E-09 1.12E-09
100 400 7.088E-04 3.72E-02 -5.99E-02 5.80E-09 1.13E-10
110 400 7.584F -04 4.24-02 -7.40E-02 1.66E-08 -2.85E-190
120 400 8.08AE-04 4.83e~-02 -8.85E-02 2.41E-08 -2.02E-10
130 400 8.598E~-04 5.51E-02 -1.03e-01 2.86E-08 2.69E-10
140 400 9.12¢6E-04 6.C0E-02 -—-1.19E-01 3.00E-08 1.07E-09
150 4090 9.675E-04 7.23E-02 ~-1.36E-01 2.8¢6E-08 2.14E-09
160 400 1.025E-023 2.30E-02 -1.53E-01 2.40E-08 3.4¢E-09
170 400 1.086E-03 9.57E-02 -1.73E-01 1.62E-08 5.02E-09
180 400 1.150E-03 1.1iE-01 -1.93E-01 4.69E-09 &.79E-09
190 400 1.219E-03 1.28E-01 -2.16E-01 -1.09e-08 8.77E-09
200 400 1.294E-02 1.50E-01 -2.42E-01 =3.14£-08 1.10E-0%
210 400 1.375E-03 1.75E-01 -2.70E-01 -5_.75e-08 1.34E-08
220 400 1.464E-03 2.06E-01 -3.03e-01 -9.03e-08 1.62E-08
239 400 1.561E-03 2.43E-01 -3.40E-01 -1.31E-907 1.92E~-08
240 400 1.670E-03 2.90E-01 -3.84E-01 -1.83E-07 2.26E-08
250 400 1.796E-93 3.48e-01 -4.36E-01 =2.4TE-07  2.64E-08
260 400 1.926E-03 4.22E-01 -4.99E-01 -3.27e-07 3.08E-08
270 4600 2.079e-02 5.16E-01 -5_.77E-01 =4 _28E-07 3.59e-08
280 4900 2.255E-03 6.40E-01 -6.76E-D1 -5 .57E-07 4. 19E-08
290 400 2.458E-03 8.05E-01 -8.05£-01 =7.25E-07 4_92E-08
300 400 2.695E-03 1.03E+00 -9.79£-01 -9.44E-07 5.82e-08
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Table A-2 (con't). Parameters for calculation of the expansivity

-0 v v
e () o (T ( ) ()
aT P Slope aT P 9T P . oT

P
3 3 172 3 2
°g) (b cm ( cm )( kg ) cm kg kg
(°€) (bar) g K mol K /\ mol mol K mol bar K mol? bar K

0 600 1.211E-04 9.52E-03 1.34E-01 -7.34-07 1.23E-07
10 600 2.079E-04 1.07E-02 9.29E-02 -4 92E-07  8.22E-08
20 €00 2.7T93E-04 1.22E-02 6.50E-02 -3.46E-0T7 5.76E-08
25 00 3.111E-04 1.31€-02 5.39E-02 -2.93E-07 4.8fE-08
30 600 3.410E-04 1.39E-02 4.40E-02 -2.49E-07 4.12E-08
40 600 3.966E-04 1.59E-02 2.69E-02 -1.80E-07 2.95E-0Q8
50 600 4. 482E-04 1.80E-02 1.19e-02 -1.28E-07 2.06E-08
50 600 4.482£-04 1.80E-02 1.12E-02 -1.18E-07 1.66E-08
60 600 4.971E-04 2.05E-02 -3.02E-03 -7.82E-08 1.01E-08
70 600 5.442E-04 2.32E-02 ~-1.63E-02 -4 80E-08 5.79E-09
80 €00 5.901E-04 2.626-02 -2.91E-02 -2.50E-08  2.92E-09
90 600 6.352E-04 2.96E-02 -4.16E-02 -7.34E-09 1.12E-09

100 600  6.798E-04 3.3%E-02 -~5.41E-02 6.12E-09 1.13e-10

110 600 7.244E~-04
120 600 7.693E-04
130 €09  8.150E-04
140 600 8.61TE-04
150 600 9.098E-04

.T9E-02 -6.66E-02
.29E~-02 ~7.94E-02
.B6E-02 -9.25E-02
.51E-02 -1.08E-01
.27TE-02 -1.21E-01

.626-08 -2.85E-10
.33E-08 -2.02E-10
.TTE-08 2.69E-10
.98E~08 1.07E~09
.94E-08 2. 14E-09

rTMELETW
NN N -

160 €00 ?.599%E-04
170 660 1.012E-03
180 €900 1.068E-03
190 600 1.126E-03
200 609 1.1886-03

13E-02 -1.36E-01 2.66E-08 3.4¢E-09
.14E-02  -1.52E-01 2.11E-08 5.02E-09
.30E-02 -1.69E-01 1.29E-08 6.79E-09
.07E-01 -1.88E-01 1.47E-09 8.77E-09
.22E-01 -2.08E-01 -1.36E-08 1.10E-08

D D~

210 690 1.255€E-03
220 6090 1.327E-03
230 600 1.4905E-03
240 6090 1.490E-03
250 600 1.582E-03

.41E-01 -2.30E-01 -3.29€E-08 1.34E-08
.63E-01 -2.55E-01 -5.72E-08 1.62E-08
.89e-01 -2.82E-01 -8.77E-0R 1.92E-08
.21E-01 -3.12E-91 -1.26E-07 2.26E-0R8
.S9E-01 -3.46E-01 ~-1.73E-07 2.64E-08

DS TSI R

260 600 1.684E-03
270 600 1.796E-03
280 600 1.921F-03
290 600 2.060£-03
300 600 2.215E-03

.05£-01 -3.85E-91 -2.33e-07 3.08E-08
.61E-01 -4.2B8E-01 -3.08E-07 3.59E-08
.328-01 -4_78E-G1 -4_.04E-07 4_.19E-0R
.21E-01 -5.37E-01 -5_.286~-07 4.92E-08
.35E-91 -6.04E-01 -6.90E-07 5.82E-08

VMEwWww
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VOLUMETRIC PROPERTIES OF AQUEOLS SODIUM CHLORIDE

Table A-2 (con't).

Parameters for calculation of the expansivity

o Y .,
) o @) () o
aT P Slope 9T P aT P 3T P
) 3 A
o cm’ cm’ Kg )‘“ cm Kg kg
C bar
¢ey (bar) ¢ (mol K)( mol /] mol K mol bar K mol® bar K
0 800 1.689E-04 B.34E-03 1.10E-01 ~6.63E-07 1.23E-07
10 800 2.381E-04 9.67E-03 7.87E-02 -4.51E-07  8.22E-0R
20 800 2.978E-04 1.12E-02 5.65E-02 -3.226-07 5.7&E-08
25 800 3 209E-04 1 20i—07 4 74F-02 ~2.T5E-07  4.B8E-08
30 800 3.508E-04 1.286-02 3.91E-02 -2.35E-07  4.12E-0F
40 800 3.995E-04 1.46E-02 2.44E-02 -1.726-07  2.95E-08
50 800 4.454E-04 1.66E-02 1.12E-02 -1.24E-07  2.08E-08
50 800 4.454E-04 1.66E-02 9.84E-03 ~-1.09E-07  1.66E-DE
&0 800 4.893E-04 1.88E-02 -2.60E-03 -7.29E-08 1.01E-08
70 800 5.319E-04 2.126-02 ~-1.43E-02 <-4.59E-08 5.79E-09
80 800 5.734E-04 2.39£-02 -2.55£-02 -2.5€E-08  2.92E-09
90 800 6.142E-04 2.69E-02 -3.64E-02 -1.02E-08  1.12E-09
100 800 &.547E-04 3.026-02 -4.73E-02  1.48E-09 1.13E-10
110 800 &.950E-04 3.40E~02 -5.876-02  1.01E-08 -2.85E~10
120 800 7.355E-04 3.83E-02 -6.926-02  1.61E-08 =-2.02E~10
130 800 7.764E-04 4.31E-02 -8.06E-02  1.99E-08 2.69E-10
140 ROO 8.181E-04 Yy 86E-02 -9.23E-02 2.16E-0O8 1.07E-09
150 800 8.609E-04 5.486-02 -1.05E-01  2.14E-08  2.14E-09
160 800 9.050E-04 &.186~-02 ~-1.1TE-O1 1.928-08 3.46E-09
170 800 9.509-04 6.99E-02 ~-1.31E-01  1.52E-08 5.02E-09
180 800 9.989E-04 7.91E-02 ~—1.45E-G1  8.89E-09  6.79E-09
190 800 1.0496-03 8.96E-02 -1.61E-01  2.66E-10 8.77E-09
200 800 1.102E-03 1.026-01 ~-1.77E-01 ~-1.10E-08 1.10E-08
210 800 1.159-03 1.16E-01 ~-1.95E-01 =—2.S4E-08  1.34E-08
220 800 1.2198-03 1.32E-01 =-2.15E-01 -4.35E-08 1.62E-08
230 800 1.283F-02 - 1.51E-G1 -2.35E-01 -6.60E-08  1.92E-08
240 800 [.3526-03 1.73E-01 -2.586-01 =-9.39E-08 2.26E-08
250 800 1.426E-03 1.99E-01 -2.82E-01 -1.29E-07  2.64E-08
260 800 1.507E-03 2.296-01 -3.08E-01 ~—1i.72E-07 3.08E-08
270 800  1.594E-03 2.65E-01 ~-3.37E-01 -2.26E-07 3.59E-08
280 800 1.688E-03 3. 08E-01 =3_6KFE-01 -2 _95F =07 4 _19E-0R
290 800 1.792E-03 3.60E-01 -3.97E-01 -3.85E-07 4.92E-08
300 800 1.905£-03 4.23F-01 -4.28E-01 -5.02E-07 5.82E-08
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Table A~2 (con't).

P. $. Z, ROGERS AND K. S. PITZER

Parameters for calculation of the expansivity

av_ ' av. 3By 0z

:p ( w) D-E ( 2) MX ( MX
BT,P Slope 9T P oT P oT P

o cm’ cm?® )( kg )“2 cm’ kg kg?

a

(°¢)  (bar) g K (mol K /\ mol mol K mol bar K mol? bar K
0 1000 2.072E-04 7.18E-03 8.92E-02 -5.96E-07 1.23E-07
10 1000 2.631E-04 8.66E-03 6.62E-02 =4.14£=-07 g.22E-08
20 1000 3.134E-04 1.02E-02 4.89E-02 -3.01E-07 5.76E-0R
25 1000 3.36BE-04 1.10E-02 4.16E-02 -2.5%-07 4 .86E-08
30 1000 3.593E-04 1.186-02 3.48E-02 -2.23e-07 4.126-08
40 1000 4.022E-04 1.35E~-02 2.22E-02 -1.66E-07 2.95e-08
50 1000 4.431E-04 1.52e-02 1.05E-02 -1.20E-07 2.06E-08
50 1000 4.431E-04 1.53E-02 9.21E-03 -1.02e-07 1.64E-08
60 1000 4. 826E~04 1.73E-02 -1.38E-03 -7.02E-08 1.01E-08
70 1000 5.211E-0u 1.Q4E-02 -1,13E-02 -4,70E~-08 5- 7GE-09
80 1000 5.588E-04 2.186-02 -2.08€-02 '2.995—88 2.92€-09
90 1000 5.959E-04 2.45£-02 -3.01E-02 -1.73e-08 1.12e-09
100 1000 €.327E~-04 2.74E-02 -3.93E-02 -8.14E-09 1.13E-10
110 1000 6 .693E-04 3.07E-02 -4, 8u4E-02 -1.66E-09 -2.85E-10
120 1009 7.059E-04 3.43k-02 -5.77E-02 2.58E-09 -2.02£-10
130 10090 7.429E-04 3.84E~-02 -6.71E-02 4_92E-09 2.69€~-10
140 1000 7.804E-04 4,.31E-02 -7.69E-02 5.57e€-09 1.07E-909
150 100¢ 8.187E~-04 4,82E-02 -8.70E-02 4.66E-09 2.14E-09
166 1000 8.580E-04 5.40E-02 -9.76E-02 2.22E-09 3.46E-09
170 1000 8.984FE~-04 6.06E-02 -1.09e-01 -1.72E-09 5.02E-09
180 1006 9. 407E-04 6.806E-02 -1.21E-01 -7.29E-09 6 .79€e-09
190 1000 9.847E-04 7.63(-02 -1.33E-01 -1.46E-08 8.77E-09
295 1059 [.031E-03 8.58E-02 -1.46E-01 -2.38e-08 1.10E-08
210 10900 1.079e-03 9.65E-02 -1.61E-01} -3.52e-08 1.34E-08
220 1000 1.131E-03 1.09E-01 -~1.76E-01 -4.91E~08 1.62E~-08
230 10090 1.185E-03 1.236-01 -1.92E-01 -6.62E-98 1.92e-08
240 1000 1.242E-03 t.38-01 -2_10E-01 -8.70E-08 2.26E-08
250 10900 1.304-03 1.57e-01 -2.28e-91 -1.13E-07 2.64E-08
260 1000 1.370E-03 1.77E-01 -2.48E-01} -1.44E-07 3.08E-08
270 1000 1.440E-03 2.01E-01 -2.68E-901 -1.83E-07 3.59E-08
280 10090 1.515E-03 2.29E-01 —-2.89E-01 —-2.32E-07 4_19E-08
296 1000 1.597E-03 2.61E-01 -3.09E-01 ~2.95E~07 4_92E-08
300 1000 1.684E~02 2.99e-01 -~3.28E-G1 -3.78E-07 5.82E-08
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VOLUMETRIC PROPERTIES OF AQUEOUS SODIUM CHLORIDE

Table A-3. Parameters for calculation of the compressibility
- v

T P ( va‘) D-H (avz) (9 By )
9P T Slope oP T P T

o we S (CEE) 22w
ar g bar mol bar /\ mol mol bar mol bar?
0 1 -5.101E-05 -2.01E-04 6.63E-03 -1.17E~-08
10 1 -4, 777E-05 -2.81E-04 5.34-03 -8.27E-09
20 1 -4.593E~-05 -3.51E-04 4.58E-03 -6.18£-09
25 1 ~4 535E-05 -3.88E-04 4.34E-03 -5.46E-09
30 1 -4.496E-05 -4, 25E-04 4.15e-03 -4 ,89E-09
40 1 -4 462E-05 -5.08E-04 3.93e-03 -4 07E~-09
50 1 -4 47T7E-05 -6.04E-04 3.87E-03 -3.54E-09
50 1 -4 . 47T7E-05 -6.04E~-04 3.70E-03 -2.92E-09
60 1 -4.533E-05 ~7.18-04 3.59E-03 -2.18E-09
70 1 -4 ,627E-05 -8.55E-04 3.56E-03 -1.50E-09
80 1 -4 75TE-0S -1.02E-03 3.60E-03 -8.635E~-10
90 | -4,.921E~-05 -1.22E-03 3.7T1E-03 -2.44E-10
100 1 -5.122E-05 -1.47E-03 3.91E-03 3.82E-10
110 1 ~5.361E-05 -1.77E-03 4,19e-03 1.03E-09
120 2 -5.641E--05 -2.14E-03 4.58£-03 1.74E-09
130 3 -5.966E-05 -2.60E-03 5.08E-03 2.52E-09
140 y -6.343E-05 -3.17E-03 5.73E-93 3.41E-09
150 5 -6.77T7E-05 -3.88E-03 6.54E-03 4. 44E-09
160 é -7.279E-05 -4,78E-03 7.58E-03 5.&64E-09
170 8 -7.860E-05 -5.93E-03 8.89e-03 7.09E-09
180 10 -8.535E-05 -7.38e-03 1.06E-02 8.79E-09
190 13 -9.320E-05 -9.25e-03 1.27E-92 1.08€£-08
200 16 -1.9024£-04 -1.17E-02 1.55e-902 1.33e-08
210 19 -1.133E-04 -1.49E-02 1.91E-02 1.62E-08
220 23 -1.262E-04 -1.91€-02 2.39€e-02 1.97e-08
230 28 -1.418E-04 -2.47TE-02 3.04E-02 2.38E-08
240 33 -1.607E-04 -3.23E-02 3.92E-02 2.89e-08
250 40 -1.839E-04 -4 27E-02 5.13E-02 3.49E-08
260 47 -2.130E-04 -5.725-02 é.84E-02 4, 22E-08
270 55 -2.49%E-04 -7.78E-02 9.27E-02 5.10E-08
280 é4 -2.980F-04 -1.08£-01 1.28£-01 &.17E-08
290 74 =3.622E-04 -1.52E-01 1.81E-01 7.49e-0F
300 86 -4 .507E-04 -2.18E-01 2.61E-01 9.12E-08
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Table A-3 (con't). Parameters for calculation of the compressibility

-0 v
r o ( a"w) D-H (avz) (BBMX )
3 /o Slope 3® /o ® Jy

°c bar cn’ ( cm’ )( kg )”2 cm’ kg
g bar mol bar /\ mol mol bar mol bar?

0 200 =4 _T64E-05 -2.15e~04 5.98E-03 -1.06E-08
10 200 ~4 . 484F -05 -2.81E-04 4.2 E-03 -7.30E-09
20 200 -4 320E-05 -3.42E-04 4. 19E-03 -5.37E-09
25 200 -4 . 267E-05 -3.75E-04 3.87E-023 -4 70E-09
30 200 -4 230E-05 -4, 0BE-04 3.69E-03 -4 _18E-D9
40 200 -4 195E-05 -4 82F-04 3.48E-03 -3.44E-09
50 200 -4 204E-05 -5.69E-04 3.40£-03 -2.9B8E-09

50 200 =4, 2049€-05 -5.69E-04
60 200 -4, 248E-05 -6.71E-04
70 200 -4.325E-05 -7.92E-04
80 200 -4,433E-05 ~9.37E-04
90 200 -4.571E-05 -1.11E-03
100 200  -4.740E-05 -1.33E-03

.29E-03 -2.57E-09
.20E-03 -1.94E-09
.18e-03 -1.40E-09
.24£-03 -9.35E-10
.37E-03 -5.16E-10
.57E-03 -1.22E-10

WWwWwWwww

110 200 -4.939E-05 -1.58E-03
120 200 -5.173E-05 -1.90E-03
130 200 -5.443E-05 -2.28E-03
140 200 =5.754E-05 -2.76E-03
150 200 -6.110E-05 -3.35-03

.86E-03 2.69-10
.23E-03 6.81E-10
.70E-C3 1.14£~-09
.29E-03 1.67E-09
.01E-03 2.30E-09

oMb Ew

160 290 -6.517E-05 -4,08E-03
170 200 -6.984E-05 -4.99e-03
180 200 -7.520E-05 -6.14E-03
190 200 -8.137E-05 ~7.59E-03
200 200 -8.851E-05 -9.46E-03

.90E-03 3.08E-09
.98£-03 4.04E-09
.32e-03 5.23E-09
.10E-02 £.71E-09
.31E-02 8.54E~-09

———O N

210 200 -9 _681E-05 -1.19e-02
220 200 -1.065E~04 -1.50E-02
230 200 -1.180E-04 -1.91E-02
240 200 -1.317E-04 -2.46E-02
250 200  -1.482E-04 -3.21E-02

.5TE-02 1.08E-08
.91E-02 1.3¢E-08
. 36E-02 1.71E-08
.95E-02 2.13E-08
.T6E-02 2.6LE-08

W NI N et e

260 200  -1.684E-04 -4 _24F-02
270 200 -1.935E-04 ~5_69E-02
280 200 -2.253E-04 -7.79E-02 .78E-02 5.10E-08
290 200 -2.665E-04  ~-1.09E-01 .23E-01 6.34E-08
300 200 -3.217E-04 -1.57E-01 1.77E-01 7.91E-08

.88E-02 3.31E-08
.H6E-02 4_11E-08

—00 ™ b
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Table A-3 (con't). Parameters for calculation of the compressibility

-0 v
. . (va) bm (av2> (a By )
3P T Slope 3P T P T

°C bar Cm3 ( om? )( kg )vz Cm3 kg
g bar mol bar /\ mol mol bar mol bar’

0 400 -4.469E-05 -2.11E-04
10 400 -4.226E-05 -2.70E-04
20 400 -4.079E-05 -3.26E-04
25 400 -4 _031E-05 ~3 55E-04
30 400 -3.997E-05 -3.86E-04
40 400 -3.962E-05 -4 .53E-04
50 400 -3.965E-05 -~5.31E-04

.39E-03 -9.38E-09
.31E-03 -6.34€-09
.6TE-03 -4, 54E-09
L4SE-N3 -3.94FE~09
.29E-03 -3.47E-09
.08E-03 -2.81E-09
.01E-03 -2.42E-09

WWwWwww -

50 400 -3.965E-05 -5.31E-04
60 400 -4.001E-05 -6.22E-04
70 400 -4.065E-05 -7.30E~-0#4
80 400 -4.157E-05 -8.58E-04
90 400 -4.274E-05 -1.01E-03
160 400 -4.417E-05 -1.20E-03

.94E-03  -2.22E-09
.87E-03 -1.69E-09
.88E-03 -1.30E-09
.97E-03 ~-1.01E-09
L12E-03 -7.89E-10
.36E~-03  -6.28E-10

wwmnn N

110 400 -4.586E-05 ~1.42E-03 3.67E-03 -5.02E-10
120 400 -4.784E-05 -1.68E-03 4.06E-03 -3.88E-10
130 400 -5.011E-05 -2.01E-03 4.546-03 -2.65E-10
140 400 -5.270E-05 =2.40E-03 5.12E-03 -1.08E-10
156 400 -5.565E-05 -2.88E-03 5.81E-03 1.11E-10
160 400 -5.899E-05 -3.47E~03 6.64E-03 4.24E-10
170 400 -6.278E-05 -4.19E-03 7.61E-03 B.66E-19
180 400 -6.708E-05 -5.09E-03 8.77E-903 1.48E-09
190 400 -7.195E-05 -6.20E-03 1.01E-02 2.31E-09
200 400 -7.750E~-05 -7.60E-03 1.18E-02 3.42£-09
210 400 -8.383E-05 -9.35E-03 1.38E~02 4.88E-09
220 400 ~9.108E-05 -1.16E-02 1.62E-C2 &£.77E-09
230 400 -9.944E-05 -1.44E-02 1.93E-02 9.20E-09
240 400 -1.091E-04 -1.81-02 2.31€-02 1.23e-08
250 400 -1.204-04 -2.29E-02 2.80E-92 1.62E-08
260 400 ~-1.336E-04 -2.93e-02 3.44E-92 2.11g-08
270 400 -1.493E-04 -3.78E-02 4. 29E-32 2.74E-0B
280 400 -1_681E-04 -4 _94E-02 5 _44E-52 3.52E-0R
290 400 -1.907E-04 -6.56E-02 7.05E-02 4. 52E-G8
300 400 -2.185E-04 -8.86E-02 9.35e-02 5.78E-08
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Table A-3 (con't). Parameters for calculation of the compressibility

3 37 v
T . Vw) D-H ( 2) 3Byx
aF T Slope P T 24

T

e e S (Ejayel s
g bar mol bar /\ mol mol bar mol bar?

0 600 -4.200E-05 -1.97E-04 4.83E-03 -8.20E-09
10 600 -3.991E-05 ~2.53E-04 3.86E-03 -5.37E-09
20 600 -3.862E-05 ~3.06E-04 3.27e-03  -3.72E-09
25 600 -3.819E-05 -3.33E-04 3.07E-03 -3.17E-09
30 600 ~3.787E-05 -3.62FE-04 2.92E-03 -2.75E-09
40 600 -3.755E-05 -4.23E-04 2.73E-03 -2.18E-09

2

50 600 -3.755E-05 -4.94E-04 L66E-03 -1.85E-09

50 600 -3.755E-05  -4.94£-04 2.65E-03 -1.86E-09
60 600 =3.784E-05 -5.T+,E-O4 2.61E-03  -1.45E-09
70 600 -3.838E-05 -6.72E-04 2.65E-03 -1.20E-09
80 600 ~3.916E-05 ~7.85E-04 2.77e-03 -1.08E-09
90 600 -4 . 017E-05 -9.19E-04 2.97e-03 -1.0éE-n9
100 600 -4, 140FE-05 -1.08E-03 3.24E-03 -1.13E-09

110 600 -4.286E-05 -1.27E~03 3.59E-03 -1.27E-09
120 600 -4, 456FE-05 ~1.50E-03 4.03E-03 -1.46E-09
130 600 -4 . £50E-05 -1.77E-03 4 .556-03 ~1.47E-09
140 600 -4.8T1E-05 -2.10E-03 5.17E-03  ~1.B8E-09
150 600 -5.120E-05 -2.49E-03 5.86E-03 -2.08E-09

160 600 -5.401E-05 -2.97TE-03 6.71E-03  -2.23E-09
170 600 ~5.716E-05 -3.55E-03 7.6TE-03  -2.31E-09
180 600 -6.070E-05 ~4.26E-03 8.77E-03 -2.27E-09
190 600  -6.468E-0%5 -5.12E-03 1.00E-02 -2.08E-09
200 600 -6.915E-05 -6.18E-03 1.156-02 -1.69E-~09

210 600 -7.418E-05 -7.49E-03 1.326-92 -1.04E-09
220 600  -7.986E-05 -9.12E-03 1.52E-02 ~6.61E-11
230 600 -8.628E-05 -1.11E-02 1.75E-02 1.33E-09
240 600 -9.358E-05 -1.37E-02 2.03E-02 3.24E-09
2590 €00 -1.019E-04 -1.69E-02 2.36E-02 5.81E-909

2690 600 -1.114E-04 -2.10E-02 2.77e-92 9.21E-09
270 600 -1.224E-04 ~2.63E~-02 3.28E-902 1.36E-08
2890 600 -1.3%1E-0% -3.32E-02 3.91E-02 1.94E-08
290 600 -1.4998E-04 -4.22E-902 Yy . T3E-02 2.69E-08
3900 €09 ~1.6T1E-GY -5 .43E-02 S.80E-02 3.66E-OR

J. Phys. Chem. Ref. Data, Vol. 11, No. 1, 1982



Table A-3 (con't).

VOLUMETRIC PROPERTIES OF AQUEOUS SODIUM CHLORIDE

Parameters for calculation of the compressibility

W, @ )
) 4 T Slope oP T 9P T

¢ b en’ ( om? )( kg ) cn’ kg
ar g bar mol bar /\ mol mol bar mol bar®
0 800 =3.946E-05 -1.80E-04 4,.30E-03 ~7.02E-09
10 800 -3.772E-05 -2.34E-04 3.43E-03 -4 .40E-09
20 ‘800 -3.661E-05 -2.85E-04 2.90E-03 -2.90E~-09
25 800 ~3.624E-05 -3.10E-0%4 2.72E-03 -2.41E-09
30 800 -3.596E-05 -3.37E-04 2.59e-03 -2.04E~-09
40 800 -3.567E-05 -3.94E-04 2.42E-03 -1.55E-09
50 800 -3.566E-05 -4 .58E-04 2.35E-03 ~1.29€-09
50 800 -3.566E-05 -4 58E-04 2.39E-03 -1.50E~09
60 800 -3.591E-05 -5.32E-04 2.38E-03 -1.21E-09
70 800 -3.637E-05 -6.17E-04 2.47E-03 -1.10E-09
80 800 -3.705E-05 -7.18E-04 2.63E-03 -1.15e-09
90 800 -3.793E-05 -8, 36E-04 2.88£-03 -1.34E -N¢9
100 800 -3.900E-05 -9.75E-04 3.21E~-03 ~-1.64E-09
110 800 -4,028E-05 -1.146-03 3.62E-03 -2.04E-09
120 800 -4 175E-05 -1.33E-03 4.11E-03 -2.53E-09
130 800 -4, 343E-05 -1.57€-03 4 79E-03 -3.07E-09
140 200 -4 534E-05 —-1.84E-03 5.37E-03 ~3.66E-09
150 800 -4 T4RE~-05 -2.17E-03 6.15E-03 -4.2TE-09
160 00 -4 _9Q88F-05 —-2.5¢E-03 7.04E-03 -4 _89€E-09
170 800 -5.255E-05 -3.03E-03 8.05£-03 -5 .48E-09
180 800 -5 .554E-05 -3.460E-03 9.18E-03 -6.02E-09
190 800 -5.886E-05 -4 .28£-03 1.05e-02 -6.48E-09
200 800 -6.256E-05 -5.10E-03 1.19e-02 -6.81E~-09
210 800 —6.668E-05 -6.10E-03 1.35€-02 -6.97TE-09
220 800 -7.128E-05 ~-7.31E-03 1.53E-02 -6.91E-09
230 800 -7.642E-05 -8.79e-03 1.74E~-02 -6 .54 =09
240 800 -8.217E-05 -1.06E-02 1.97E-02 -5.80E-09
250 800 -8.863E-05" -1.286-02 2.24E-02 -4 .S7TE-09
260 8090 -9.590E-05 -1.56E-02 2.54E-02 -2.72E-09
270 800 -1.041E-04 -1.91E-02 2.90E-02 -6.86E-11
280 800 -1.134E-04 -2.348-02 3.31E-02 3.61E-09
290 800 -1.240E-04 -2.89E-02 3.79E-02 B.62E~-09
309 860 -3.59E-02 4.37E-902 1.54£-08

-1.360E-04

41

J. Phys. Chem. Ref. Data, Vol. 11, No. 1, 1982



A2

Table A-3 (con't).

P. 8. Z. ROGERS AND K. §. PITZER

Parameters for calculation of the compressibility

o v
. . (zww) D-H <av2) (BBMX )
9P T Slope 3P T oP T

¢ bar S R ke
g bar mol bar /\ mol mol bar mol bar?

0 1000 -3.701E-05 -1;63E—04 3.78e-03 -5, 85E-~09
10 1000 -3.563E-05 -2.15E-04 3.02e-03 ~-3.43c-~09
20 10090 -3.473E-05 -2 . 64E ~Q4 2.54AE-Q3 ~2.08E-09
2% 10090 -3.442E~05 -2.8BE-0H Z2.408~03 ~-1.65E-09
30 1200 -3.419E-05 -3.13E~-04 2.28E-03 -1.33E-09
40 10090 -3.394E-05 ~3.65E-04 2.14E-03 -9.22E-10
50 1000 -3.394E-05 -4 24F -04 2.07E-03 -7.22E-10
50 1000 =3.394E-05 -4 24F -04 2.16E-03 ~-1.15E-09
60 1000 -3.416E-05 -4 _91E-04 2.20E-03 -9,62E-10
70 1000 -3.45T7TE-05 -5 .,68E-0% 2.33E-03 ~-9.9%5E-10
80 1000 -3.517E-05 -6.5TE-04 2.54€-~03 -1.22E-09
90 1000 ~3.594£-05 ~-7.62E-04 2.84E-03 ~1.61E-N9
100 1000 -3.689E-05 -8.84E-04 3.23E-03 ~2.15E-09
110 1006 ~3.801E-05 -1.03E-03 3.71E-03 ~-2.81E-09
120 1000 -3.931E-05 -1.19€-03 4.28£-03 -3.59£-09
130 1000 -4 Q78E-05 -1.39e-903 4 .95E-03 -4 . 47TE-09
140 1000 -4, 245E-05 -1.63E-03 5.7TIE-03 ~5.44F~-09
15¢ 1000 -4 . 431E-05 -1.90E-03 6.59€-03 -6,47E-09
16C 1000 -4 639E-05 -2.23E-03 7.57TE~03 ~7.55E-09
170 1000 -4, 870E-05 -2.61E-03 8.67TE~03 ~-8.66E-09
180 1C00 -5.125E-05 -3.07E-03 9.90E-03 ~-9.,77E-09
190 1600 -5.408FE-05 -3.61E-03 1.13E-02 ~1.09e-08

200 1000 -5.721E-0% -4 26E-03 1.28E-02 -1.19E-08
210 1060 -6 .066E-05 -5.03E-03 1.45€-02 -1.29e-08
220 1000 -6.448F-05 -5.95€-03 1.63E-02 ~1.37E-08
230 1090 ~-6.871E-05 -7.06E-03 1.83E-02 -1.44F-08
240 10090 -7.340E-05 -8.39E-03 2.06E-02 -1.48E-0D8
250 1000 -7.859E-05 -1.00E-02 2.31E-02 -1.50E-08
260 1000 -8.437E-05 -1.19e-02 2.58E-02 -1.46E-D8
270 1000 ~9.086FE-05 -1.43E-07 2.88E-02 -1.38€E-08
280 10090 -9.797E-05 -1.72E-02 3.22E-02 —-1.22€ -08
290 1000 -1.060E-04 -2.07E-02 3.58E-02 ~-9.65E-09
300 1000 -1.150E-04 -2.51E-02 3.98e-02 -5 .85E-09
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VOLUMETRIC PROPERTIES OF AQUEOUS SODIUM CHLORIDE
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VOLUMETRIC PROPERTIES OF AQUECUS SODIUM CHLORIDE
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Table A-5.
Expansivities of sodium chloride solutions: 1 (%lTl) « 103 ¥
v
P

,n

TEMP  PRESS - MOLALITY =-<=-=-
(°C)Y {(BAR) .1¢0 .250 .500 750 1.000 2.000 3.000 &.000
0 1 -.058 ~.02¢6 .024 L069 110 .237 .313 .355
10 1 .102 .123 .156 .186 .213 .297 . 349 .380
20 1 .218 .232 .254 .274 .292 .349 384 406
25 1 .267 L278 .296 .312 .327 .373 .40l .420
30 1 .311 .320  .334 .347  .359 .395 418 433
40 1 .389  .394 .402 410 L4177 .438 .45t 460
50 1 _458 L4860 464 L467 .HT0 . M79 484 .486
S0 t L46 J4é .47 .47 T .49 .49 L49
60 1 .52 .52 .52 .52 .52 .52 .52 .52
70 1 .58 .58 .58 .57 .57 .54 .55 .54
80 1 .64 .63 .63 .62 .61 .60 .58 .56
S0 1 .69 .68 .67 .87 . 6& .63 .61 .59
100 1 . T4 .73 .72 4! .70 .66 L&Y .61
110 1 .80 .78 77 .75 T4 .70 .66 .64
120 2 .85 84 .82 .80 78 .73 .69 .66
130 3 .90 .8% .86 .85 .83 LT7 .72 .69
140 4 .96 .94 .91 .89 .87 .80 .75 .71
150 5 1.01 .99 .97 .94 .92 .84 .78 .74
160 6 1.07 1.05 1.02 .99 .97 .88 .82 77
170 8 1.13 1.11 1.08 1.05 1.02 .93 8& 80
180 19 1.20 1.18 1.14 1,11 1.08 .98 90 83
150 13 1.27 1.25 1.21 1.17  1.14 1.03 .94 .85
200 16 1.35 1.32 1.28 1.24 1.20 1.08 .99 90
210 19 1.4 1.4 1.36 1.32 1.28 1.15 1.04 94
220 23 1.54 1.50 1.45 1.90- 1.3¢ 1.21 1.09 .99
230 28 1.65 1.60 1.54 1.49 1.45 1.29 1.15 1.03
240 23 1.77  1.72 1.85 1.60 1.55 1.37 1.22 1.G9
250 40 1.91 1.85 1.78  1.71 1.66 1.46 1.30 1l.14
260 47 2.07 2.01 1.92 1.5 1.78 1.56 1.38 1.20
270 55 2.27 2.19 2.08 2.00 1.92 1.67 1.46 1.26
280 64 2.50 2.40 2.27 2.17 2.0 1.79 1.55 1.33
290 74 2.78 2.66 2.50 2.358 2.25 1.91 1.64 1.39
300 86 3.13  2.97 2.76 2.9 2.5 2.02 1.7 1.44
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50 P. S. Z. ROGERS AND K. S. PITZER

Table A-5 (con't).

Expansivities of sodium chloride solutions: % (%% x 107 K
P,m

TEMP PRESS MOLALITY
(°C) (BAR) .100 .250 .500 .750 1.000 2.000 3.000 4.000
0 200 .016 .04y .086 .12% .159 . 264
10 200 . 146 L1658 .193 .219 L2242 .313
20 200 .2u8 .257 .276 .29y .309 .358
25 200 .287 .297 .312 . 326 L339 .379 .403 419
30 200 .32% .233 . 346 .357 .367 .399 418 .431
40 200 .39y . 39¢ 406 413 419 .438 L 449 456
50 200 . 456 .458 461 464 466 474 .478 .480
50 200 .46 L46 .46 .47 .97 .48 .48 .48
60 200 .51 .51 .51 .51 .51 .51 .51 .50
70 200 .87 .56 .86 .86 .58 .54 .83 .53
0 200 .62 .61 .60 .60 .59 .58 .56 .55
90 200 Ny .66 .65 .64 .63 .61 .58 .57
100 200 .71 .70 .69 .48 .67 .64 .61 .59
110 200 .76 .75 .73 .7 .71 .67 .63 .61
120 200 .81 .79 .78 .16 JTY .70 .bé .63
130 200 .85 .84 .82 .80 LTR .73 .68 .65
140 200 .90 .88 .8é .84 .82 .76 .71 .68
150 200 .95 .93 .91 .88 .86 .79 .74 .70
160 200 1.00 .98 .95 93 .90 .83 T7 72
170 200 1.05 1.03 1.00 97 .95 .8é .80 75
180 200 1.11 1.09 1.05 1.02 .99 .90 .83 78
190 200 1.17 1.14 1.11 1.08 1.05 .95 .87 81
200 200 1.23 1.21 1.17  1.13 1.10 99 .91 a4
210 200 1.30  1.27 1.23 1.19 1.16 1.04 .95 88
220 200 1.38 1.35 1.30 1.26 1.23 1.10 1.00 91
230 200 1.47 1.43 1.38 1.34 1.30 1.16 1.05 96
240 260 1.5¢ 1.s82 1.47  1.82 1.38 1.23 1.1 1.00
250 200 1.67 1.63 1.57 1.51 1.47 1.31 1.18 1.05
260 200 1.79 1.74 1.67 1.62 1.57 1.40 1.25 1.11
270 200 1.93 1.88 1.80 1.74 1.68 1.49 1.33 1.17
280 200 2.10 2.03 1.54 1.87 1.80 1.60 1.42 1.24
290 200 2.30 2.21 2.11 2.02 1.94 1.71 1.51 1.31
300 200 2.54 2.43 2.30 2.19 2.10 1.82 1.60 1.37
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Table A-5 (con't).

Expansivities of sodium chloride solutions:

VOLUMETRIC PROPERTIES OF AQUEOUS SODIUM CHLORIDE 51

<=

TEMP  PRESS
(°C) (BAR)
0 400
10 400
20 400
25 400
30 400
40 490
50 400
50 300
60 400
70 400
80 400
90 400
100 400
110 400
120 400
130 400
140 400
150 400
160 400
170 400
180 400
190 400
200 400
210 400
220 400
230 400
240 400
250 400
260 400
270 400
280 400
290 400
300 400

Y
. o

Yt b ot (st et
)

[N
e e e e

.100

.081
. 187
270
. 306
. 339
.400
.455

s
e

bt bt bt btk
e e

-t b g
e v e

.250

. 105
.202
.280
.314
. 346
LH04
456

[ S SN
)

bt bt et b et
L R

. 140
.227
.297
.328
.357
L8410
.459

.46
.50
.59
.63
67

.70
.TH
.78

.86

MOLALITY
.750 .
172 .201
.248 .268
.312 .328
L340 .351
. 367 .376
416 .422
.462 . 464
.46 .46
.50 .50
.54 .54
.58 .58
.62 .61
.65 .65
.69 .68
.73 .71
.76 .75
.80 .18
.83 .81
.87 .85
.91 .89
.95 .93
1.00 .97
1.04 1.01
1.09 1.06
1.15 - 1.11
1.21 1.17
1.27 1.23
1.34 1.30
1.42 1.38
1.50 1.46
1.60 1.55
1.71 1.66
1.83 1.78

2,000 3.000 4.000

— ok ot bt
R R

Pt ot ot ot ot
P S

.285
. 326
. 366
. 384 L404 .418
.403 .419 .429
JH37 .446 452
470 4T3 M4

47 4T 47
50 .50 49
53 .52 51

61 .59 57
64 .61 59
67 .63 61
69 .65 63
72 .68 é5
75 70 67
78 .73 69
81 .75 71
84 .78 T4
88 .81 76
92 .84 79
96 .88 82
00 .92 85
05 .96 28
11 1.01 22
17 1.06 9é
24 1.12 1.01
31 1.19 1.06
40 1.26 1.12
50 1.35 1.19
61 1.45 1.27
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Table A-5 (con't).

P. S. Z. ROGERS AND K. S. PITZER

Expansivities of sodium chloride solutions: = %%J x 107 K
P,m

TEMP PRESS MOLALITY
(°C) (BAR) .100 .250 .500 .750 1.000 2.000 3.000 4.000

0 600 .138 157 .187 .213 .236 .302

10 600 .223 L2346 256 .275 . 291 .338

20 600 .292 . 301 316 . 328 . 340 .373

25 600 .323 . 331 .342 .353 .362 .390 .406 416

30 600 .352 .358 368 .376 .384 406 419 427
40 600 406 .409 415 .420 428 . 437 444 448
50 600 . 4855 454 .458 460 462 467 Lhé8 . 468
50 £00 .45 .46 .46 .46 .96 .47 u47 .47

60 600 .50 .50 .50 .50 .50 .49 .49 .48

70 600 .54 .54 .54 .53 .53 .52 .51 .50

a0 600 .58 .58 .57 .57 .56 .55 .53 .52

90 600 .62 .62 .61 .60 .59 .57 .55 .54
100 600 .66 .66 .64 .63 .63 .59 .57 .55
110 £00 .70 .69 .68 .67 .66 .62 .59 .57
120 600 T4 .73 .71 .70 .69 .64 .61 .59
130 600 .78 .76 .75 .73 .72 .67 .63 .60
140 é00 .81 .80 .78 .76 .75 .69 .65 .62
150 600 .85 .84 .81 .79 .78 .72 .67 64
160 600 .89 .87 .85 .83 .81 .74 .69 &6
170 600 .93 .91 .88 .86 .84 7 .72 .68
180 600 .97 .95 .92 .90 .87 .80 .74 .70
190 £00 1.01 .99 .96 .93 .9 .83 .76 .72
200 600 1.06 1.03 1.00 .97 .95 .86 .79 74
210 &00 1.10 1.08 1.05 1.01 .99 .89 .82 I7
220 600 1.15 1.13 1.09 1.06 1.03 .93 .85 .80
230 600 1.20 1.18 1.19 1.11 1.07 .97 .89 .82
240 600 1.26 1.23 1.19 1.16 1.12 1.01 .92 .85
250 600 1.32 1.29 1.25 1.21 1.18 1.06 .97 .89
260 &£00 1.29 1.36 1.321 1.27 1.24 1.12 1.01 .93
270 600 1.46 1.43 1.38 1.34 1.30 1.18 1.07 .97
280 600 1.53 1.50 1.45 1.41 1.38 1.25 1.13 1.02
290 600 1.62 1.58 1.54 1.50 1.46 1.33 1.20 1.08
300 600 1.71 1.68 1.63 1.59 1.55 1.42 1.29 1.15
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Table A-5 (con't).

Expansivities of sodium chloride solutions: l.(él) X 103 K
v 9T'p o
b

TEMP PRESS MOLALITY
(°Cy» (BAR) L1000 .250  .500 .750 1.000 2.000 3.000 4.000

0 800 .186  .202 .226 .246  .265 .315

10 800 .254% 265  .282  .297 .310  .347

20 800 .313  .320 .332 .343 .353 .379

25 800 L339 .346 .35  .365 .372 .395 .407 415

30 800 .364  .370 .378  .385  .391 .409 .419  .425

40 800 .411 414 .419 .424 .427 .438 L4442 445

50 800 . 455 L4568 .458 .H60 .461 Héh e L4632

50 800 .45 .46 .46 .46 .4é 46 .46 .46

60 800 .50 .50 .49 .49 .49 .49 48 .48

70 800 .54 .53 .53 .53 .52 .51 .50 .50

80 800 .57 .57 .56 .56 .55 .54 .52 .51

90 800 .61 .60 .60 .59 .58 .56 .54 .53
100 200 .64 .64 .63 .62 .61 .58 .56 .54
110 800 .68 .67 .66 .65 .64 .60 .58 .56
120 £00 .M .70 .69 .68 .66 .63 .60 .57
130 800 .75 .74 .72 .70 .69 .65 .61 .59
140 800 .78 LTI7 .75 .73 .72 6T .63 .60
150 800 .81 .80 .78 .76 .15 .69 .65 .62
1460 800 _8% .83 _81 .79 77 1 A7 .64
170 800 .88 .87 .84 .82 .80 .74 .69 .65
180 800 .92 .90 .88 .85 .83 .76 .71 .67
190 890 .95 .94 .91 .88 .86 .79 .13 .69
200 800 .99 .97 .94 .92 .89 .81 .75 .7
210 800 1.03 1.01 .98 .95 .93 .84 .78 .73
220 800 1.07 1.65 1.02 .99 .96 .87 .80 .75
230 800 1.12 1.09 1.06 1.03 1.00 .91 83 78
240 800 1.16 1.14 i.10 1.07 1.04 .94 8é 80
250 800 1.21 1.19 1.15 1.12 1.09 .98 90 83
260 800 1.2¢ 1.24 1.20 1.1¢6 1.13 1.02 .93 2
270 800 1.32 1.29 1.25% 1.22 1.18 1.07 .98 89
280 800 1.38 1.35 1.31 1.27 1.24 1.13 1.02 93
290 800 1.44 1.41 1.37 1.34 1.31 1.19 1.08 98
300 800 1.51 1.48 1l.44 1,41 1.38 1.26 1.15 1.03
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Table A-5 (con't).

Expansivities of sodium chloride solutions: %—(g%- X lO3 K
oM

TEMP PRESS MOLALITY -
(°C) (BAR) L1000 .250 .500 .750 1.000 2.000 3.000 4.000

0 1000 .225 .238 .257 .273 . 286 .322

10 1000 . 281 .250 . 304 .316 . 326 .354

20 1000 L3300 337|347 .356 .363 .38y

25 1660 .353 .359 . 367 . 375 . 381 .39¢8 .407 .41y

30 1000 . 375 . 380 .387 .393 .a9e L4112 .419 . 423

40 1000 L9417 .419 .423 427 .430 .438 L4440 L4411

50 1000 L8456 457 .458 .459 . 461 .hé62 .460 .458

50 1000 .46 .46 .46 .46 .46 .46 .46 46

60 1000 .49 .49 .49 .49 .49 .49 .48 .48

70 1000 .53 .53 .52 .52 52 .51 .80 .49

80 1000 .56 .56 .55 .55 .55 .53 .52 .51

90 1000 .60 .59 .58 .58 .57 .55 .53 .52
100 1060 .63 .52 .61 .61 .60 .57 .55 .53
110 1000 .66 .65 .64 .63 .62 .59 .57 .55
129 1000 .69 .48 .67 .66 .65 .8l .58 .56
130 1000 .72 .71 .70 .69 .67 .63 .60 .58
140 10C0 .75 .74 .73 .71 .70 .65 .62 .59
150 1000 .78 77 .75 .74 .72 &7 .64 .61
160 1000 .81 .80 .78 .76 .75 .70 €5 .62
170 1000 .84 .83 .81 .79 TT .72 .67 .64
180 1000 .87 .86 .84 .82 .80 .74 .69 .65
190 1000 .91 .89 .87 .8% .83 .76 LTl .67
200 1000 .94 .92 .90 .88 .85 78 .73 .69
210 1000 .97 .96 .93 .91 .a8 .81 .75 .70
220 1009 1.01 .99 .96 .94 .91 ;83 77 T2
230 1000 1.05 1.03 1.00 .97 .95 .86 .79 .74
2440 1004 1.09 1.46 1.43 1.01 .9¢e .29 .82 Te
250 1060 1.13 1.10 1.07 1.04 1.02 .92 .85 .79
260 1000 1.17 1.15 1.11 1.08 1.05 .96 .87 .81
270 10090 1.21- 1.19 1.16 1.12 1.10 .99 .91 .84
280 1000 1.26 1.24 1.20 1.17 1.14 1.03 .94 .87
290 1000 1.31 1.29 1.25 1.22 1.19 1.08 .98 .90
300 1090 1.37 1.34 1.31 1.28 1.2 t.14 1.03 .94
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Table A-6. 1 av 4
Compressibilities of sodium chloride solutions: -:; (—5—-15-) x 16" bar
T,m
TEMP  PRESS MOLALITY
(°C) (BAR) L1000 .25¢ .500  .750 1.000 2.000 3.000 4.000 5.000
0 1 .503 492 475 459 443 389 346 315 .294
10 1 472 .463 449 436 423 L3377 . 341 313 . 294
20 1 453 446 .433 .422 .411 .371 .338 .313 . 294
25 | 447 440 .428 417 .407 . 369 .337 . 313 .29%
30 1 443 .436 .425 414 L4004 . 367 .337 313 .294
40 1 .438 .432 .421 411 .401 . 367 .338 315 .296
50 1 .438 L431 .421 L4411 .402 . 369 . 340 317 .299
S0 ! .44 .43 .42 .41 .40 .37 .34 .32 .30
60 1 LBy L] .43 .42 .41 .38 .35 .32 .30
70 1 .45 L .43 .42 .42 .38 .36 .33 .31
80 i 46 .45 .44 .43 .43 .39 .37 .34 .32
90 1 47 LHT7 .46 .45 .44 .41 .38 .35 .33
100 1 .49 .48 .u7 E .45 .42 .39 .37 .34
110 1 .51 .50 .49 .48 .47 .44 .41 .38 .35
120 2 .53 .52 .51 .50 .49 .46 .43 .39 .36
130 3 .5% .55 .54 .53 .52 .48 .44 .41 .38
140 4 .58 .57 .56 .55 .54 .50 .47 .43 .39
150 5 .62 .é1 .60 .58 .57 .53 .49 .45 .41
160 6 .65 .65 .63 .62 .61 .56 .52 .47 .42
170 8 .70 .69 .67 .66 .65 .€0 .55 .50 .44
180 10 .75 .74 .72 .71 .69 .64 .58 .52 Lug
190 13 .81 .80 .78 .76 .74 .68 .62 .55 .48
2090 16 .87 .86 .84 .82 .80 .73 .66 .59 .50
210 19 .95 .94 .91 .89 .87 .79 .71 .63 .53
220 23 1.05 1.03 1.00 .97 .95 .86 77 .67 .56
230 28 1.15 1.13 1.10 1.07 1.04 .93 .83 .7 .58
240 33 1.28 1.25 1.21 1.18 1.14 1.02 .89 .76 .61
250 40 1.44 1.40 1.35 1.3 1.26 1.11 .97 .82 .64
260 47 1.63 1.58 1.52 1.46 1.41 1.23 1.06 .88 .68
270 58 1.87 1_81 1.72 1.45 1.6R8 1.35 1.15 .94 LT
280 64 2.17 2.09 1.97 1.87 1.79 1.50 1.25 1.01 .75
290 74 2.56 2.45 2.29 2.16 2.04 1.67 1.37 1.08 .79
300 8é 3.08 2.92 2.71 2.53 2.37 1.87 1.49 1.15 .82
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Table A-6 (con't).

Compressibilities

P.S.Z. ROGERS AND K. S. PITZER

of sodium chloride solutions:

v

_(.—

P
¢ T,m

X 104 bar

200

210

230
240
250

260
270
280
296
300

~v

RESS
BAR)

200
200
200
200
200

200

200
200
200
200
200
200

200
200
200
200
200

200
200

200
200

200
200
200
200
200

200
200
200
200
200

[N SR,
e

.100

474
447
.430
428
. 420
416
415

.250

465
.439
.423
418
414
.410
.409

.500

LH49
.426
412
407
404
400
400

1.24

1.76
2.02

Pt bt pd s et
LR S Y

MOLALITY
750 1.000
434 420
414 .402
.401 . 391
.397 .388
. 394 .385
.39 .382
.391 .383
.39 .38
.40 .39
40 .39
.41 .40
.42 .41
.43 .42
45 .49
L4é .46
.48 .48
.51 .50
.53 .52
.56 .55
.59 .58
.63 .62
.67 .66
.72 .70
.77 .76
.84 .82
.91 .89
.99 .97
09 1.06
20 1.16
33 1.29
49 1.43
&8 1.60
90 1.80

bt et et et
« e

. 370
. 360
. 355
.353
.352
.351
.352

2.000 3.000 4.

.324
324
.325
.327

000 5.000
.301 .283
. 301 .284
.303 .286
.305 .288
.31 .29
.31 .29
.32 20
.33 .21
.33 31
.34 .32
.36 .33
.37 .34
.28 . 36
.40 .37
42 .38
.43 .40
.46 .41
.48 .43
.50 .45
.53 47
.56 .49
.60 .52
.64 .54
.68 .57
.73 .60
.78 .63
.84 .67
.90 .70
.96 .73
1.01 .77
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Table A-6 (con't),

VOLUMETRIC PROPERTIES OF AQUEOUS SODIUM CHLORIDE

Compressibilities of sodium chloride solutions: % C%%) X 104 bar
S,

TEMP PRESS. MOLALITY
(2C) (BAR) .100 .250 .500 .750 1.000 2.000  3.000 4.000 5.000

0 400 449 440 L426 412 .399 .353

10 100 .425 418 .406 .395 . 384 .345

20 100 410 404 .393 .383 .374 . 340

25 00 . 408 . 399 . 389 . 380 .37t . 339 312 . 290 .273

30 400 401 .39% . 386 L3717 . 368 . 337 312 .2%0 .273
40 4C0 .396 . 391 .382 .374 . 366 .337 312 .292 .275
50 400 .395 .390 . 381 .373 .365% .338 314 . 294 .278

50 400 .39 .39 .38 .37 .37 .34 .31 .29 .28

60 400 .40 .39 .38 .38 .37 .34 .32 .30 .28

70 400 .40 .40 .39 .32 .37 .35 .32 .30 .29

80 400 .41 .40 .39 .39 .38 .35 .33 .31 .29

90 406 .42 .41 .40 .40 .39 .36 .34 .32 .30
100 400 .43 .42 .41 L4l .40 .37 .35 .33 .31
110 400 L4y .43 43 .42 .41 .38 .36 .33 .32
120 409 L) .45 44 43 42 .39 .37 .35 .32
130 400 47 .47 46 45 .44 4] .38 .36 .34
140 400 49 .49 48 47 46 .42 .40 .37 .35
150 400 .52 .51 .50 49 48 .44 .41 .38 3¢
160 400 .54 .53 .52 .51 .50 LHé .43 .40 .37
170 409 .57 .56 .55 .54 .52 .48 .45 .42 .39
180 400 .&0 .59 .58 .57 .55 .51 47 L] .40
190 400 .64 .63 .61 .60 .59 .54 .49 .46 .42
200 400 .68 .67 .65 .64 .62 .57 .52 .48 .44
210 %400 .73 .71 .70 .68 .66 .60 .55 .50 .46
220 400 .78 77 .74 .72 .71 .64 .59 .53 .48
230 400 . 84 .82 .80 .78 .76 .69 .63 .56 .50
240 400 .91 .89 .86 .84 .82 .74 .67 .60 .52
250 400 .99 .9é .93 .91 .88 .80 72 .64 .55
260 400 1.08 1.05 1.02 .99 .96 .86 .77 .68 .58
270 400 1.18 1.15 1.11 1.07 1.04 .94 .83 .73 .61
280 400 1.30 1.27 1.22 1.18 1.14 1.02 .90 .78 .64
290 450 1.45 1.490 1.34 1.29 1.25 1.11 .98 .84 .68
300 400 1.62 1.56 1.49 1.42 1.37  t.20 1.05 .90 .71
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Table A-6 (con't).

1 3v 4
Compressibilities of sodium chloride solutions: ;'655) x 10 bar
T,m

TEMP PRESS  -- MOLALITY

< .
(°C) (BAR) .100 .250 .500 .750 1.000 2.000 3.000 4.000 5.000

0 600 426 418 .405 .392  .380 .338

10 600 .405 . 398 .387 .377 . 367 .331

20 600 . 391 . 386 .376 . 367 .358 . 327

25 600 . 387 . 381 .372  .364 . 355 .326 .300 .279 L2462

30 600 . 383 .378 . 369 .361 .353 .325 . 300 .280 .263
40 600 .378 .373 . 365 .358° .3%50 . 324 . 301 .281 . 265

50 600 377 L0372 (384 35T .350  .324  .302 .283 267

50 600 .38 .37 .36 .36 .35 .32 30 .28 .27

60 600 .38 .37 .37 .36 .35 .33 .31 .29 .27

70 600 .38 .38 .37 .36 .36 .33 .31 .29 .27

80 600 .39 .38 .37 .37 .36 .34 .31 30 .28

90 600 .39 .39 .38 .37 .37 .34 .32 .30 .28
100 600 .40 .40 .39 .38 .38 .35 .33 .31 .29
1i0 600 .42 .41 .40 .39 .39 - 35 .33 .3 .30
120 600 .43 .42 .41 .40 .40 .37 .34 .32 .3
130 600 .44 L4y .43 42 .41 .38 .35 .33 .31
150 600 .46 .45 .44 .43 .42 .39 .36 .34 .32
150 600 .48 47 s .45 LYY .40 .38 .35 .34
160 600 .50 .49 .48 .87 .46 .42 .39 .37 .35
170 600 .52 .52 .50 .49 .48 44 .40 .38 .36
180 606 .55 .54 .53 .51 .50 .45 .42 .39 .37
190 600 .58 .57 .55 .54 .52 .48 L bsa .41 .39
200 600 .61 .60 .58 .57 .55 .50 .46 .43 .40
210 600 .65 .64 .62 .60 .58 .53 .48 .45 .42
220 600 .69 .68 .66 .64 .62 .56 .51 47 .44
230 600 T4 .72 .70 .68 1. .59 .54 .50 .46
240 600 .79 77 .75 .72 .70 .63 .57 .52 .48
250 600 .85 .83 .80 .78 .75 .67 .61 .56 .50
260 600 .92 .89 . 86 .83 .81 .72 .65 .59 .53
270 £900 .99 .97 .93 .90 .87 .78 .70 .63 .56
280 600 1.08 1.05 1.01 .97 .94 .85 .76 .68 .58
290 600 1.17 1.14 1.10 1.06 1.03 .92 .82 .73 .82
300 600 1.28 1.25 1.20 1.15 1.12 1.00 .90 .78 .65
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Table A-6 (con'i). 1 . ov 4
Compressibilities of sodium chloride solutions: (3p)T n x 10" bar
2
TEMP  PRESS MOLALITY
(°C) (BAR) 100 .250 .500 .750 1.000 2.000 3.000 4.000 5.000
0 200 404,397 384 373 362 323
10 800 .386  .380 .370 .360 .351 318
20 800 374 369 (360 352 .34 315
25 ao0o .370 . 365 .357 .349 . 341 .3123 .289 . 269 .252
30 €00 L367 362 .34 L3ws6 L2339 313 .289 .269 .252
40 800 .362  .358  .350  .343 337 312 .290 .271  .254
50 800 .36 U356 .39 343 L33 312 291 .273 .257
50 €00 .36 .36 .35 .34 .34 .3l .29 .27 .26
60 €00 .36 . 3¢ .35 .34 .34 .31 .29 .27 .26
70 800 .36 .36 .35 .35 .34 .32 .30 .28 .26
80 800 .37 .36 .36 .35 .34 .32 .30 .28 .27
90 800 .36 .37 .36 .36 .35 .32 .30 .28 .27
100 800 .38 .38 .37 .36 .36 .33 .31 .29 .27
110 800 .39 .39 .38 .37 .36 .34 .31 .29 .28
120 800 .40 .40 .39 .38 .37 .34 .32 .30 .29
130 800 .42 .41 .40 .39 .38 .35 .33 .31 .29
140 800 .43 .42 .41 .40 .39 .36 .33 .31 .30
150 200 .45 L .43 42 .40 .37 .38 .32 -3t
160 800 .47 .46 44 .43 .42 .38 .35 .33 .32
170 200 .49 .48 Lué .45 .43 .39 .36 .34 .33
180 800 .51 .50 .48 a7 .45 .49 .37 .35 .34
190 2800 .53 .52 .50 .49 .47 .42 .39 .37 .36
200 £00 .5¢ .55 .53 .51 .49 L LH0 .38 .37
210 800 .59 .58 .55 .53 .52 .46 .42 .39 .38
220 800 .63 .61 .58 .56 .54 .48 .44 .41 .40
230 800 .66 .64 .62 .59 .57 .50 LHé .43 .42
240 809 .70 .68 .bé .63 .61 .53 .48 .45 .4y
250 800 .75 .73 .70 .67 .64 .57 .51 .48 .ué
260 800 .RO .78 T4 .7 .69 .60 .54 .50 .48
270 800 .86 .83 .80 .76 T4 .65 .58 .53 .50
280 800 .92 .89 .8% .82 .79 .70 .62 .57 .53
290 809 .99 . 9¢ .92 .88 .85 .75 .68 .61 .55
300 800 1.07 1.04 .99 .96 .92 .82 T4 .66 .59
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Table A-6 (con't).
Compressibilities of sodium chloride solutioms: 1 (%l;—) X qu bar
v
T

Py Ul

TEMP PRESS  -- MOLALITY
(°C) (BAR) .100  .250 .500 .750 1.000 2.000 3.000 4.000 5.000
0 1000 .382  .375 365  .354  .344 308
10 1000 368  .362  .353 344  .336  .305
20 1000 .358  .353  .345 337  .330 .303
25 1000 .354  .349  .342  .335  .328 .30 279 .259 .24
30 1000 351  .347  .340  .333  .326 .301 .279 .259  .242
40 1000 J347 343 337 330 .324  .301  .280 .261  .2u4
50 1000 S346  .382  .33¢  .329 .323 .301 .281 .263  .246
50 1000 .35 .34 .34 .33 .32 .30 .28 .26 .25
60 1000 135 3y .34 .33 132 230 .28 .26 .25
70 1000 .38 “34 234 .33 233 ©30 .28 126 .25
80 1000 .35 .35 .34 .33 .33 .30 .28 2T .25
90 1000 .36 .35 .35 234 133 231 .29 27 "25
100 1000 .37 .36 .35 .34 .34 231 29 27 .26
110 1000 .37 .37 .36 .35 .34 .31 .29 .27 .26
120 1000 -38 .38 37 136 35 32 30 28 27
136 1099 139 39 38 37 L3 .32 30 2w L27
140 1000 st J40 J39 31 Las 133 30 29 .28
150 1000 42 41 -4 239 .31 .33 3 .29 29
160 1000 44 .43 .41 .40 .38 .34 .31 .30 .30
170 1000 L4 T4y ‘43 T %0 .35 .32 231 231
180 1000 47 "4 T4y 42 T4 S3% 33 231 .31
190 1000 49 48 "4 L4y 42 37 T34 32 233
200 1000 52 50 ‘48 46 4y 38 L3 33 L34
210 1000 .54 .53 .50 .48 .46 .39 .36 .34 .35
220 1000 57 .55 .52 .50 ug 41 37 "3 S36
230 1000 60 58 .55 52 50 42 .38 .37 .38
240 1000 63 .61 58 .5 52 T4y 40 .38 -39
250 1000 67 165 61 ‘58 5 J46 41 40 T4y
260 1000 .71 69 .65 .61 .58 .49 .44 42 .43
270 1000 .TéE .73 &9 &5 &2 .52 .HE .4y -4y
280 1000 -8l 77 73 169 .66 55 49 T4 47
290 1009 |86 -83 .78 C74 "70 59 53 49 49
300 1000 92 89 gu '79 L76 64 57 53 52
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Table A-7.
Pressure dependence of the activity coefficient: 1nY+(PZ) - 1HY+(P1)

TEMP P1 P2  ———— e MOLALTTY ——
(°C) (BAR) (BAR) .100 .250 .500 .750 1.000 2.000 3.000 4.000

0 1 200 .004 .006 .010 .013 .015 .024

10 1 200 .003 .006 .008 .011 .013 .020

20 1 200 .003 .005 .008 .010 .011 .017

25 1 200 .003 .005 .007 .009 .011 .016 .020 .023
30 1 200 .003 .005 .007 .009 .010 .015 .019 .021
40 1 200 . 003 . 005 .Q07 .0909 .010 .01% .017 .020
50 1 200 .003 .005 .007 .008 .010 .013 .016 .018
60 1 200 . 004 . 005 . 007 . 009 .010 .013 .016 .018
70 1 200 . 004 .006 .008 .009 .010 .013 .016 .018
80 1 200 .004 .006 .008 .009°  .011 .014 .016 .018
90 1 200 .005 .007 .009 .010 011 .015 .017 .019
100 1 200 .005 .007 .009 .011 .012 .01¢ .018 .020
110 1 200 .005 .008 .010 .012 .013 .017 .019 .022
120 2 200 . 006 .008 .011 .013 .014 .018 .021 .023
130 3 200 .006 .009 .012 .014 .015 .020 .023 .025
140 4 200 .007 .010 .013 .015 .017 .022 .025 .028
150 5 200 .008 .011 .014 .017 .019 .024 .027 .030
160 & 200 .008 .012 .016 .018 .020 .026 .030 .033
170 8 200 .009 .013 .018 .020 .022 .029 .033 .036
180 10 200 .010 .015 .019 .022 .025 .031 .036 .040
190 13 200 .011 .016 .021 .025 .027 034 .039 . 043
200 186 200 .013 .018 . 024 . 027 .030 .037 .0%3 047

210 19 200 .014 .020 .026 .030 .033 . 041 . 047 .051
220 23 200 .016 .022 . 029 .033 .036 . 045 .050 .055
230 28 200 .017 .025 .032 .036 . 040 .049 .055 . 060
240 33 200 .019 .028 -035 .040 . 044 .053 .059 . 064
250 40 200 .022 .031 .039 .045 .048 .058 . 064 .069

260 47 200 .024 .035 - 044 .049 . 054 . 064 .070 .074
270 55 200 .027 -039 -049 .055 .059 .070 .076 .080
280 64 200 .031 .043 -054 .061 .066 077 .083 .087
290 74 200 .035 . 049 .061 . 068 .074 . 085 . 091 . 095
300 86 200 .039 .055 .068 077 .083 .095 .101 - 104
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Table A-7 (con't).
Pressure dependence of the activity coefficient: lny+(P2) - lnY+(P1)

P.S. Z. ROGERS AND K. S. PITZER

TEMP
{ °C) (BAR) (BAR)

160

200

Pl

(S AN VT s ot ot ot e (st ek b b

bt pb ot
PWOWR

P2

400
400
400
400
400
400
400

400
400
400
400
400

400
400
400
400
400

400
400
400
400
400

200
400
400
400
400

400
400
400
400
400

.100

.007
.007
.006
. 006
.006

.028

. 044

.050

S066
076
.089

.250

.012
.on
.010
.010
.010
.010
.010

.011
.011
.012
-013
.014

.015
.016
.08
.020
.022

.024
.026
.029
.032
.036

. 040
. 044
.050
.056
.063

.071
.081
.093
.107
-125

.020

.023
-026
.028

.031
. 034
.038
.042
.046

.051
.057
. 064
.071
.080

.096
.102
117
.135
157

MOLALITY
.750 i.000
.024 .030
.021 .025
.019 .022
.018 .021
017 .020
.017 .019
.017 .019
.017 .019
.017 .019
.018 .020
.020 .022
.021 .023
.023 .025
.025 .028
.027 .030
.030 .033
.033 .036
.036 .040
. 040 . 044
- Ou4 .048
. 048 .053
.053 .059
.059 . 085
.065 .072
.073 .080
.081 .089
.091 . 099
.102 111
.116 .125
.132 . 142
. 151 .163
176 .189

2.000

. 047
.038
.033
.031
.029
.027
.026

.02%
.026
.027
.028
.030

.033
.035
.039
.042
L 0u46

.051
.056
.062
.068
074

.082
.090
.099
.109
.121

134
. 149
.168
-190
.218

3.000 4.000
.038 .043
.036 .041
.033 .038
.031 .035
.030 .034
.030 .034
.031 .035
.033 .037
.035 .039
.038 . 042
.041 .046
. 045 .050
.049 .05%
.054 .0690
.059 . 066
. 065 .072
.071 .079
.078  .08B7
.085 . 095
. 094 .103
-102 .113
112 .123
-122 .133
- 134 . 145
.148 .159
.163 174
.182 .192
.204 .214
.232 . 241
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VOLUMETRIC PROPERTIES OF AQUEOUS SOD{UM CHLORIDE

Table A-7 (con't).

Pressure dependence of the activity coefficient: lny+(P2) - 1nY+(P1)
TEMP  P1 P2 MOLALITY
(°C) (BAR) (BAR) .100 .250 .500 .750 1.000 2.000 3.000 4.000

0 1 600 .010 .018 .027 .036 .043  .067

10 1 600 .010 .016 .024 .030 .036 .055

20 1 600 .009 .015 .022 .027 .032 .047

25 1 600 009 .01% .021 .026  .030 044 .055  .063

30 1 600 009 .015 021 .025 .029 . 042 .052 .059
40 1 600 .010 .015 .020 .024 .028 .039 .048  .0S4

50 1 600 .010 .015 .020 .024 .027 .037 .045  .051

60 1 600 -010 .015 .021 .024 .028 037 . 0449 . 050

70 1 600 011 .016 .022 .025 .028 .038 .044 .050

80 1 6090 012 .017 .023 .027 .030 .039 .046 .051

90 1 600 .013 .019 .024 .028 .032 .041 .048  .054
100 1 600 .014 .020 . 026 .031 . 034 . Ol .051 .087
110 1 600 .015 .022 .028 .033 .037 .047 .055 .061
120 2 600 016  .024  .031 .036 .040  .051 .060  .066
130 3 600 018 .026 .034 .039 .044 .056 .065 .0Q73
140 4 600 019 .028 .037 .043 .048 .06l .071 .079
150 5 600 .021 .031 .040  .047 .052 .067 .G78  .087
160 6 600 .024 .03% 045 .052 .058 .074 .086 .096
170 8 600 .026 .038 .049 .057 .063 .081 .094 105
180 10 600 .029 .042 .054 .063 .070 .089 .103 115
190 13 600 .032 .046 .0h0 _069 .077 .N98 -113 126
200 16 600 .035 .051 .066 076 .085 .108 .124  .138
210 19 600 .039 .057 .073 .085 .093 .118 .136 .151
220 23 600 .044 .063 .081 .094 103 .130 .149  .165
230 28 600 .049  .071 .091 104 (115 143 (163 .179
240 33 600 .055 .079 .101 116 (127 (157 (178 (196
250 40 600 .063 .089 .11 .130 .142 _i74% .195 .213
260 47 600 .071 .101 .128 .146 159 .192 .214 .233
270 55 600 .081 L1150 145 (164 179 214 237 .254
280 64 600 .093  .131 .165 _187 .202 .240 .262 280
290 74 600 .107 .151 .190 .21% 231 .271 .293  .310
300 86 600 .125 .176 .220 .247 .266 .308 .330 .346
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Tahle A-7 (con't).

P.S. Z. ROGERS AND K. S. PITZER

Pressure dependence of the activity coefficient: 1ny+(P2) - 1nY+(Pl)

TEMP  P1 P2
(°C) (BAR) (BAR) .100

o 1 1000 .016
10 1 1000 .015
20 1 1000 .015
25 1 1000 .015
30 1 1000 .015
40 1 1000 .015
50 1 1000 .016
60 1 1000 .017
70 1 1000 .018
80 1 1000 .019
90 1 1000 .020

100 1 1000 .022
110 1 1000 .023
120 2 1000 .025
130 3 1000 .027
140 4 10090 .030
150 S 1000 .033
160 & 1000 .036
170 8 1000 .039
180 10 1000 .043
190 13 1600 . 048
200 16 1000 .053

210 19 1000 .059
220 23 1000 .065
230 28 1000 .073
240 33 1060 .081
250 40 1000 .091

260 47 1000 .103
270 55 1000 .116
280 64 1000 .132
290 74 1000 .151
300 86 1000 175

.250

.028
.025
.024
.023
.023
.023
.024

.025
.026
.027
.029
.031

.034
.037
.040
. 044
. 048

.052
057
.063
.069
.077

.085
.094
. 104
.116
.130

. 146
. 165
.187
.213
. 245

.500

.043
.038
.03%
.033
-033
.032
.032

.033
.034
.036
.038
. 041

- 044
. 048
.052
.057
.062

.068
.075
.082
.090
.099

.110
.121
-13%
. 149
.166

. 186
.209
.236
.268
.307

MOLALITY
.750 1.000
.056 . 067
.048 .057
.043 .051
.041 . 048
. 0490 .Qué
.038 . 044
.038 .083
.039 .043
. 040 . 045
.042 .047
. 045 .050
-oug .053
.051 057
.056 .062
.061 .067
.066 .074
.072  .080
.079 .o088
.087  .096
.095 . 106
.105 .116
.115 -128
2127 L 140
. 140 .154
.155 .170
171 .188
.190 .209
.212 .232
.237  .259
267  .290
-303 .328
. 346 .373

2.000

. 104
.086
.075
.069
066
.061
.059

.058
.059
.061
.064
.068

074
.080
.087
.095
.103

.113
.124
.136
. 149
-163

.178
.195
.214
.23%5
.258

.28%
.313
.348
.388
-436

3.000 4.000
.085 .096
.081 .091

074 .084
.070  .080
. 069 .078

069 .078

071 .080
.075 .084
. 080 .089
.085 .095%
.092 .103
. 101 112
-110 .122
120 . 134
132 147
. 144 161
.158  .176
L1720 0193
.188 .210
.206 .230
.225  .250
. 245 272
.268 .296
.292  .322
.320 .350
.350 .382
.385% 417
-425 . 456
473 .503
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VOLUMETRIC PROPERTIES OF AQUEOUS SODIUM CHLORIDE

Table A-8.

Pressure dependence of the osmotic coefficient:

8(P,) = 6(p))

TEMP
(°C) (BAR) (BAR)

300

P1

ViEWN - - pan gt b (et bt e b b b

Y
rwomr

P2

200
200
200
200
200
200
200

200
200
200
200
200

200
200
200
200
200

200
200
200

200

200
200
200
200
200

200
200
200
200
200

.100

.001
.001
.001
.001
.001
.001
.001

.001

-001
-001
.001

. 002
.002
.002
.002
.002

.003
.003
.003
.003
. 004

. 004
.005
. 005
.006
.006

.007
.008
.009
.010
.011

.250

.002
.002
.002
.002
.002
.002
.002

.002
.002

.002
. 002

.002
.002
.003
.003
.003

- 004

.005

.500

. 004
.003
.003
.002
. 002
.002
.002

.002

.003

MOLALITY
.750 1.000
.005  .006
004 .005
.003  .004
.003  .004
.003 .003
.003  .003
.003  .003
.003  .003
.003  .003
003 .003
.003  .003
.003 .003
.003  .004
004 004
004 004
004  .005
.005 005
.005  .006
.006  .006
-006  .007
. 007 . 007
.607  .008
.008  .009
009  .009
009  .010
010 .01}
011 012
.012  .013
014 .014
.0158 .01%
017 017
.018  .019

2.000 3.000 4.000

.005

.005
-006
- 006

.007
.008
.008
.009
.009

.010
.011
.012
.012
.013

.014
.015
.016
.017
.018

.007
. 006
.006
.005

.005

.008

.015

-015
.015
.015

65
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Table A-8 (con't).
Pressure dependence of the osmotic coefficient: ¢(P2) - ¢(p1)

P.S.Z. ROGERS AND K. S. PITZER

TEMP  P1 P2
(°C) (BAR) (BAR)
0 1 400
10 1 400
20 1 400
25 1 400
30 1 400
40 1 400
50 1 400
60 1 400
70 1 400
80 1 400
90 1 400
100 1 400
110 1 400
120 2 400
130 3 400
140 4 400
150 5 400
160 6 400
170 8 400
180 10 400
190 13 400
200 16 400
210 19 400
220 23 400
230 28 400
240 33 400
250 40 400
260 47 400
270 55 400
280 64 400
290 74 400
300 86 400

. 100

.002
.002
.002
.002
.002
.002
.002

.002
.002
.002
.003
.003

.003
.003
.004
. 004
.004

.005
.005
.006
007
.007

.008
.009
.010
.012
.013

.015
.017
.019
.022
.026

.011

016
018

.0290
.023
- 026
.030
.034

.500

.007
.006
.005
.005
.005
.004
.004

.004
.004
.004
.005
.005

.006
.006
.007
.007
.008

.009
.010
.011
.012
.013

.014
.016
.017
.019
.021

.024
.027
.030
.035
. 040

MOLALITY
.T50 1.000 2.000
.010 .012 .018
.008 .009 014
.007T  .008 .012
. 006 .007 .011
. 006 .007 .010
.005 . 006 .009
.005 .006 .008
.005 .006 .008
005 .006 .007
005 .006 .007
.005 .006 .008
.006 .006 .00
.006 .007  .009
.007 .008 .010
008 008 .010
008 009 .011
009 010 .012
.010 011 .014
.01l 012 .015
.012 013 .016
.013 014 .018
.014 016 .019
016 017 .021
.017 019 .022
.019 021 . 024
.021 022 .026
.023 025 .028
.026 .027  .030
.029 .030 .032
032 034 .035
.037  .038 .038
.042 . 043 .042

3.000 4.000
.013 .015%
.012 .014
.011 .012
010 .011
009 .010
009 .010
009 .010
009 .010
010 .9011
.010  .011
.011 .012
.012 013
.013 015
.0l4 016
.016 018
.017 019
.019 .021
.020 .023
.022 .024
.024 .026
.025 028
.027  .029
-028 .031
.030 .032
.031 .033
.033 .034
.035 .035
.037 .036
. 040 .037
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Table A-8 {(con't).
Pressure dependence of the osmotic coefficient:

VOLUMETRIC PROPERTIES OF AQUEOUS SODIUM CHLORIDE 67

TEMP

(°C) (BAR) (BAR)

160

200

P1

P Y el e d Pt Gub Pah d e

AV E W) ==

P2

600
600
600
600
600
600
600

600

600

600
600
600
600
600

600
600
600

600

.100

.004
.003
.003
.003
.003
.003
.003

.003
.003
.004
.004
. 004

.005
.005
.005
.006
.006

.007
.008
. 009
.010
.011

.012
.013
.015
017
.019

.021
.024
.027
.032
.037

.250

. 006
. 006
.005
.005
. 005
. 005
.005

. 005
.005
.005
.005
. 006

. 006
.007
.008
.008
.009

.010
.011
.012
.013
.015

.016
.018
.020
.022
.025

.028
.032
.036
. 042
.048

.013
.014
.015
.017
.018

.0260
.022
.025
.027
.030

.034
.038
. 043
. 049
.056

MOLALITY
.750 1.000
014  .017
011  .014
010 .011
009 .010
008  .010
008  .009
.007  .008
.007  .008
.007  .008
.008  .008
.008  .009
.009  .009
.009  .010
.010 .01
.011  .012
.012  .013
.013 .01
.014  .016
.016  .017
.017  .019
-019 021
.021  .023
.023  .025
.025  .027
.028  .030
.030 .033
.034  .036
.037 039
.041 043
o8& .ouB
.052  .054
.060  .061

2.000 3.000 4.000

.026
.021
.017
.016 .019 .021
.014 .018 . 020
.013 .015 .017
.012 .04 .016

.01 013 .015
.011 .013 .014
.011 .013 014
.011 .013 .01%
.012 .014 .16

.013  .015 .017

015 .018  .020
J017  .019  .022
018 .021 .024

.020 .023 .026
.022 .025 .028
.024 .028 .031
.026 .030 . 024
.028 .033 .037

.031 .035 .039
.033 .038 .042
.03é . 040 . 045
.038 .043 . 047
.041 . 045 . 049

. 044 .048 .051
.047 .050 .053
.051 .053 . 055
.056 .055% .056
.061 .059 .057
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68 P.S. Z. ROGERS AND K. S. PITZER

Table A-8 (con't).
Pressure dependence of the osmotic coefficient: ¢(P2) - ¢(P1)

Tng Pl P2 MOLALITY
(°C) (BAR) (BAR) .100 .250 .500 .750 1.000 2.000 3.000 4.000

0 1 1000 .006 .010 .016 .022 .026 . 040

10 1 1000 .005 .009 .014 .018 .021 .032

20 1 1000 .005 .008 .012 .015 .018 .026

25 1 1000 . 005 .008 .011 .014 .016 .024 .029 .031
30 1 1000 .005 . 007 .011 .013 .015 .022 .027 .029
40 1 1000 .005 .007  .010 .012 .014 .020 .024 .027
50 1 1000 .005 .007  .010 012 .013 .018 .022  .024
60 1 1000 .005 .007 010 011 013 017 .020 .023

70 1 1000 .005 .008 .010 .011 .013 .017 .020 .022
80 1 1000 .006 .008 .010 .012 .013 .017 .020 .022
90 1 1000 .006 .009 .011 .012 .014 .018 .021 .023
100 1 1000 .007 .009 .012 013 015 .019 .022 .024
110 1 1000 .007  .010 .013 .014 016 .020 .023 .026
120 2 1000 .008 -011 .014 .016 .017 .022 .025 .028
130 3 1000 .008 .012 .015 .017 .019  .023 .027 .030
140 4 1000 .009 .013 .016 .018 .020 .026 .030 .033
150 5 1000 .010  .014 .018 .020 022 .028 .032 .036
160 é6 1000 .01} .015 .019 .022 .024 .031 .036 . 040
170 8 1000 .012 .017  .021 .024 .026 .033 .039 . 044
180 10 1000 .013 .018 .023 .026 .029  .036 .042 .048
190 13 1000 .014 .020 .025 .029  .032 .040 . 046 .052
200 16 1000 .01¢6 .022 .028 .031 .034 .043 .050 057

210 19 1000 .018 . 024 .030 .034 .038 .0a7 .054 .061
220 23 1000 .020 .027 .033 .038 .041 .050 .058 .066
230 28 1000 .022 .030 .037 .041 .045 . 054 .062 .070
240 33 1000 .024 .033 .041 . 045 .049 .058 .066 .075
250 404 1000 -027 .037 .Qus .0s50 .0513 .062 .0670 .079

260 47 1000 .031 . 041 .050 .055 .058 .067 074 .082
270 55 1000 .034 . 046 .055 .060 . 064 .072 .078 .086
280 é4 1000 .039 -052 .062 .067 .070 L0717 .082 . 089
290 74 1000 . 045 -059 .070 .075 .078 .082 .086 .091
300 86 1000 .051 .068 .079 .084 .087 .089 .090 .093
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VOLUMETRIC PROPERTIES OF AQUEOUS SODIUM CHLORIDE

00+32°2 00+3h°2 00+3h° 2 00+435°¢ 00+39°¢ 00+3L°¢ 00+38°¢ 00+36°¢ 00+30°¢ 002 98 00€
00+32°1 00+36°1 00+36° 1 00+30°¢ 00+30°2¢ 00+431°2 00+32°¢ 00+3E° ¢ 00+3h°2 ird bl 062
00+3h°1 00+36°1 00+392°1 0043971 00+3L°1 00+ 1 00+38° 1 00+38°1 00+30°2 062 w9 08¢
06+32°1 00+3€°1 00+3¢°1 0043€°1 00+36°1 00+3h° 1 00+3s° 1 00+35° 1 00+3L°1 0o0e $9 0L
00+30°1 00+31°1 00+31°1 00+31°1 0043271 00+32°1 00+32°1 00+3€°1 00+3h° 1 002  1h 09
10-3%°8 10-3¢°¢6 10-3h°6 10-39°6 10~-38"6 00+30°1 00+30° 1 00+31°1 00+32° 1 002 Ok 0s2
10-3h" L 10-30°8 10-31°9 10-3€°8 10-39°8 10-38°8 10-30°6 10-3€°6 00+31° 1 00Z EE ohe
10-3s°9 10-36°9 1c-31°4 10-32°2 10-3k°1 10-39°1 0-38°1 10-30°¢ 10-3k°6 0e 82 0€e
10-3L°% 10-31°9 10-32°9 10-3€°9 10-35°9 10-31°9 -39 10-30°4 10-3¢t°9 e €2 oZe
10-31°8§ 10~3h°§ 10-35°6§ 10-39°¢ 10~-3L°8s 10-36°% 10-30°9 10-32°9 10-3¢°4 0z 61 g1z
10-35"h 10-38"h 10-36"4H 10-36"h 10~30°8§ 10-32°¢ 10-3€° 5 10-3h°5 10-38°9 00¢ 91 002
10-30"h 10-32° & 10-3€"h 10-3h"h 10-35"h 10~39"h 10-3L " h 10-38"H 10-32°9 002 el 061
10-39°¢ 10-38°¢ 10-38°E 10-36°¢ 10~30"h 10-31" & 10-31"h 10-32° 10-31°% 0e 01 081
10-3¢°¢€ 10-3€°¢€ 10-3h°€E 10-3h°€ 10-38°¢ 10-39°¢€ 10-39°¢ 10-3L°¢ 10-32° % g0z 8 0.1
10-38°¢ 10-36°2 10-30°¢ 10-30°¢ 10-31°¢ 10-31°¢ 10-32°¢ 10-3¢°¢€ 10-38"#& 00e 9 091
10-3k"¢ 10-35°2 10-39°¢ 10-39°¢ 10-31°2 10-31°¢ 10-38°¢ 10-38°¢ 10-3b" b 002 4 0sl
10-31°¢ 10-32°¢ 10~-3¢°2 10-32°¢ 10-3t°¢ 10-3€°2 10-3h°¢ 10-3h°2 10-30"H 002 & Ohl
10-32°1 i0-38°1 10-36°1 10-36°1 10-36"1 10-30°¢2 [0~30"2 10-30°¢ 10-31°€ 002 € o€l
10~-3h"1 10-3s°1 10~-3s°1 10-35°1 10-39°1 10-39°1 10-39°1 10-32°1 10-3¢°¢ 00 ¢ 0c1
10-31°1 10-32°1 10-32°1 10-32°1 10-32° 1 10-3t°1 10-3¢°1 10-3¢°1 10-30°€ 0oe 1 ot
¢0-31°4 0-38°8 ¢0-3n'8 20-39°8 20-38°8 ¢0-31°6 ¢0-38°6 ¢0-39°6 10-31°¢ 002 i 001
20-3h’h 20-18"4 20-36"h ¢0-31°4 20-3t°$ ¢0-35°§ ¢0-31"§ ¢0-30°9 10-3h°2 00¢ I 06
£0-36'86 20-3¢°1 20-3h" 1 20-35°1 20-39°1 20-36°1 ¢0-30°¢2 co-32°2 10-30°¢2 00z I 08
20-38°2- 10-36'2- 20-3h'g- 20-3€°2- 20-32°2- 20-30°2- 20-36°1- 20-31°1- 10-31°1 002 I 02
20-31°9- 10~3%°9- 20-3h'9- 20-3h"9- 20-3E°9- 20-31"9- 20-30°9- 20-36° S~ 10-3€°1 00 I 09
10-31°1- 10-31° 1~ 10-31°1- 10-31°1-  10-31°1- 10-31° 1~ 10-31°1- 10-30°1- 20-3h°6
10-39°1- 10-3%°1-  10-37 1~ 10-39°1-  10-39°1- {0-39'I~ 10-39° 1~ 10-39°1- 20-3L°h www “ wm
10-3¢'¢- 10-32°2- 10-32'¢- 10-32°2- 10-3'2- 10-32°2- 10-3'2Z- 10-32°2- €0-39'8- 00 I o€
10-39°2- 10-39°2- 10-39°2- 10-39°¢- 10-39°2- 10-39°¢- 10-39°2- 10-39°2- 20-32°h- 00C 1 62
oor’ 050" 0h0° 0¢0” 020" 010’ §00° 100° 14 (bYE) (4Y8) (3,o)
ALLvI0W Mm ed id dwit
o=
Aﬁm ir2: S Ava 2 IUOTINTOS JO 3edy 9yl Jo douspuadap 2anssaid -V 9TqRl

s

HV

J. Phys. Chem. Ref. Data, Vol. 11, No. 1, 1982



P.S. Z. ROGERS AND K. S. PITZER

70

00+3E" b 00+3L°h 00+38°h 00¢36" h 00+31°5 00+3€° % 00+35°§  00+3L°S 00+30°9 00k 93  00E
00+3n’'C 00+32°¢€ 00+38°¢€ G0+36°€ 00+30"4 00+2C "4 00+3t°h 00+3h" & 00+38° & 00k 4l 062
GO+*3L°¢2 00+30°¢ 00+30°¢ 00¢31°E 00+32°¢ 00+3€°¢ 00+3h°¢ 00+39°¢€ 00+¢36°¢€ 00k K9 08¢
60+3E ¢ 00+35°2 00+35°¢ 00+39°2 oovww.w 00+3L°2 00+38°2 00+36°2 00+32°¢ 00k $s 042
00+36°1 00+31°2 003172 0o+ 32°2 00+32°2 00+3E"¢ 00+3h°2 00+3h°2 00+32°2 00k Uh 092

00+39°1 00+38°1 00+38°1 00+38°1 00+36 1 00+30°¢ 00+30°¢ G0+31°2 00+3€°¢ Wk 04 082
00+3h° | 00+35° 1 00+39°1 00+39°1 on+39°1 00«31 Q0+3L" 1 00+38°1 00+31°¢ 0ok EE 0he
00+32°1 00+3€° 1 00+3h° 1 00+3h° | 00+3b° 1 00+35°1 00+35° 1 00+35°1 00+38°1 ok 82 oge
00+31°1 G0+32° 1 00+32°1 00+32° 1 00+32°1 00+3¢° 1 00+3E" | 00+3€° 1 00+39°1 ok €2 0¢e
10-387¢6 00+30° 1 00+31 "1} 00+31°1 00+31°1 00+31°1 0¢+31°1 00+32°1 00+36°1 0ok 61 o1

10-3;°9  10-32°6  10-3€°6  10-35°6  10-U'6  10-36°6  0¢+30°L  00+30°F  00+3E°l  oh 91 002
10-3.°4 10-31°8  i0-3¢°8§  10-3v'@  1¢-39°6  10-38°8  I¢-3'8  10-32°6  00+32°1 00k €I  Obl
10-36"9  10-32°2  10-3E°2 10-3k°2  10-39°2  10-3872 1c-36°24  10-31°8  00+31°l  (0h Ol 081
16-31°9  10-3v°9  10-3%°9  {0-39°9  10-11°9  10-38°9  10-30°21  10-31°4  00+30°F  QOh @ 041
10-3€°6  10-29°§  10-32°6&  10-38°&  10-36"§  10-30°9  10-31°9  10-32°9  10-3€'6 00h 9 09§
1o-32°h  10-36°k  10-36°w  10-30°6¢  10-31°¢  10-32°s  10-3°S  10-3w'S  10-35'8 00k & 0s1
10-30"h  10-32°#  10-3€°H  10-3¢°%  10=3n'w  10-3§°%  10-39°m  10-3L'%  10-38°L 00k & Ohl
10-3h°€  10-36°€  10-39°€  10-39°¢  10-32°€  10-38°€  [0-38°€  10-36°¢  10-32°Z 00h € ot
fo-31°z  10-3%'2  10-36°2  10-30°E  10-30°€  10-31°¢ 10-32°€  10-32°€  10-3%°9  00h ¢ 0z1
10-31-2  10-32'¢z  10-3¢°2  10-3¢€°2  10-3w'Z  10-3x°Z  10-3¢'2  10-3$°2  10-36°6  0oh I 01t
10-36" | 10-39° 1 10-39°1 10-3£°0 - 10-3°1 10-38°1 10-38°1  10-36°1 10-3€°S 00k | 001
20-35°8  ¢0-3s°6  ¢0-3t°6  10-30°1  10-30°1  {0-30°1 10-31°1  10-32°1 10-3L°h 00k | 06
20-36°1  20-31°2  20-36'2  20-31°¢€  20-3w'c  20-38°€  20-31'k  20-3S°h 1031k  Q0h | 08
20-31°6-  20-35 k- 20-3E h- 20-32°h- 20-36°€- 20-39°€- 20-4€°€- 20-30°€~ 10-35°E  Q0h | 0L
10-3¢°1- 10-32°1- 10-32°I- 10-32°1- 10-32°I- [0-32°1- [0-30°1- 10-3("1- 10-38°2 00k 1 09
i0-31°2- 16-31°2- 10-31°2- 10-31°2- 10-30°2- 10-30°2- 10-30°2- 10-30°2- 10-30°Z 00k 1| 05
10-31°€~ [0-31°¢- 10-31°€- 10-30°€- 10-30°€- 10-30°€- [0-30°€-~ 10-30°€- 10-31°1  Q0h 1 O
10-32°h-  10-32°h- 10-32°h- 10-32°h- 10-32°h- 10-32°h- 10-32°h- 10-32°h- £0-31°6  Q0h 1| 0t
10-36"h- 10-36"h- [0-36"k- 10-36"h- 10-36"h- 10~36"h- 10-36'h- 10-36"h— 20~38°S~ Q0h 1| 7]
001" 050" oho" 0to° 020° 010" 500° 100" R (4Y8) (HYE) (20)
- ALIWI0W 7. id 14 dwil
H

Aﬂm”. ad _ Ammv m,wlmr 1uor3InTos jo 3eay ayj jo ouspuadep 2anssaxd *(3,u0d) -V STqBL

J. Phys. Chem. Ref. Data, Vol. 11, No. 1, 1982



71

VOLUMETRIC PROPERTIES OF AQUEOUS SCDIUM CHLORIDE
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