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DENSITY OF SODIUM CHLORIDE SOLUTIONS AT HIGH TEMPERATURES AND PRESSURES*

Sidney L. Phillips, Huseyin Ozbek and Lenard F. Silvester
Engineering and Technical Services Division
Lawrence Berkeley Laboratory )
University of California
Berkeley, California 94720

A correlation equation is given which reproduces the density of sodium
chloride solutions to + 4% over the ranges 0-5 molal, 0-350° C and 1-1000
bars. Data generated from the equation are compared with selected
experimental and smoothed values at typical temperatures, pressures and
concentrations. Data are included for the density of sea water concentrates
up to 150° C and 150 g/kg salinity at saturation vapor pressures based on a
fit to a Chebyshev polynomial.

* This work was supported by the Director, Office of Energy Research,
Office of Basic Energy Sciences, Engineering, Mathematical & Geosciences
Division of the U. S. Department of Energy under Contract No. DE-ACO3-
76SF00098.



Introduction

The development of new energy resources and advanced chemical processes
requires sound thermophysical data on aqueous solutions to high temperatures.
The combined need is for modern data in a quickly useful form. This paper
gives a correlating equation used to generate tables of data on the density
of sodium chloride solutions up to 350° C, 1-1000 bars and 0-5 molal
concentrations. Such data are used to predict characteristics of brines for
geothermal energy (1-3), sea water desalination (4), and for the origin of
~ subsurface brines (5).  The equations were developed by fitting critically
evaluated experimental data (1).

The cr1t1ca1 evaluat1on and selection of experimental data was based on
the following criteria: details given on the experimental proceduref purity
of materials; uncertainty assigned by the investigator; number of replicate
measurements; temperature, pressure' and concentration range covered;
publication in refereed journals; and, prior publications by the researcher.
. Interpolated values from these correlating equat1ons were then compared to -
both experimental and calculated data.-

This work reports correlation equations. ahd' tables of data  on the
density of water, sodium chloride solutions and sea water concentrates. The
larger aqueous solutions database consists of other thermophys1ca1 properties -
such as v1scosrty,.and, thermochemical data, e.g., equ111br1um constants (1).

Density of Sodium Chloride Solutions

Experimental data on the density of sodium chloride solutions were

selected and fit earlier (1) to the following empirical equation:
4

d = A+ Bx + Cx2 + Dx3 . (1)

where
x = ¢, exp(aym) + ¢, exp (a,T) + ¢, exp (a,P) (2)
d = density, g/cm3; m = molality; T = °C; P = bars
A = -3.033405; B = 10.128163;
C = -8750567; D = 2.663107
¢, = -99559; ¢, = T7.0845; c; = 3.9093



a, = -4539E-003; a, = -1638E-004; a; = 2551E-005
0 < T<30C; 1< P <1000 bars
0 < m < 5 molal

Some features of eq 1 are the following: calculation of temperature and
pressure derivatives is straightforward; the equation is easily programmed;
and the equation reproduces experimental data with sufficient accuracy for
many application. Equation 1 interpolates the density of water to =+ 4%
deviation for m=0, 1-1000 bars, and 0-350° C. Figure 1 shows % deviation
versus temperature between density calculated by eq 1, and 79 values selected
from the recent publications by Rogers, Bradley and Pitzer (6), Out and Los
(7), Nagashima (8), and from the Steam Tables (9). Comparison of data for
the density of water from eq 1 when m=0 in eq 2 with values calculated from
Rowe and Chou (10) for 0-100° C, and from Isdale and Morris (11) for 70-160° C
were also * 4% difference. Figure 2 is a plot of ¥ deviation for water
density versus pressure, covering 1-1000 bars.

Similarly, the density of NaCl solutions is reproduced to * 4% by eq 1.
Figufe 3 plots 200 points selected from the following: Out and Los (7);
Rogers, Bradley and Pitzer (6); Grant-Taylor (14); Zarembo and Fedorov (15);
Gorbachev, Kondrat'ev, Androsov and Kolupaev (16); and El1lis (17). We do not
include data from Zarembo et al. for 350° C at 24% (5.404m) concentration
because of the comparatively larger error (-5.7% to'-7.8%). Similarly, the
‘last six values for 1.000 m solutions for Table 1 of Grant-Taylor are
erroneous and, therefore, not included here. The density values published by
Khaibullin and Novikov (18) for 100-417° C, 1-338 kg/cm2, 1% and 5% of NaCl
(0.1728 and 0.9006 m) gave the largest errors (up to 15%), and consequently
are not included in these comparisons.

Figure 4 plots % deviation in density for 112 points over the pressure
range 20-1000 bars using data from Rogers et al., Zarembo and Fedorov,
Gorbachev et al., and Grant-Taylor. Beyond 500 bars, values interpolated by
eq 1 are 0-3% higher than e.g., Zarembo and Fedorov. Figure 5 shows %
deviation for 107 points for 0.1-4 m concentrations in comparing eq 1 with
the recent publications by Out and Los (7), Rogers et al. (6) and Grant-
Taylor (14). There is a noticeable trend of zero to about 3% lower results
as the concentration increases from 2-4 m. A comparable plot of 117 points



" of data from E1lis (17), Gorbachev et al. (16) and Zarembo and Fedorov (15)
indicates a similar trend (Fig. 6). '

Our values for -NaCl solutions. were"compared' with specific volumes
calculated by the equation for volumetric properties published recently by
Rogers and Pitzer covering temperatures to 300° C and pressures to 1000 bars
"~ (19). Figures 7, 8 and 9 plot density versus temperature for 1 molal NaCl
solutions at pressures of 200, 600 and 1000 bars. Agreement is quite 'good
generally, with the largest difference of about + 1.5% apparentTy at 1000
bars. -Figures' 10 and 11 compare the two sets of data as a function of
concentration with the pressure fixed at 200 bars, and temperatures of 100° C
and 300° C. At 100° C, the two sets begin to diverge near 1 molal NaCl to a -
maximum difference of 2.6% at 5 m. For 300° C, the two curves'merge at about
2m NaCl, with maximum differences of 2.94 at 0.1 m, and 0.8% at 5 m. A
comparison for 0-5 m, 1 bar and 100° C gives-fwo curves with a difference of
0.5% at 0.1 m, which increases to 3% at § m (Fig. 12). The agreement is
considered satisfactory, given the different databases used to develop the
correlations. o ' '

Comparison of our data for NaCl solutions with selected densities from
Rowe and Chou indicates at any constant pressure and molal concentration, %
 deviation is usually positive for temperatures from 0-150° c (Fig. 13). -

Table 1 lists.selected sources of experimental data on density of NaCT
solutions; Table 2 gives density values genefated from eq 1 and eq 2 for 0-
350° C; 1-1000 bars; 0-5 molal.

Sea Water Density

As a companion study to developing eq 1, an interpolating equation for '
the density of sea water concentrates was developed as the difference in
- density of sea water and pure water, d-dy. The limited range of temperature
(0-150° C) simplifies obtaining an expression for water to predict density
values to better than the + 4% obtained from eq 1, which covers much wider
ranges of temperature and pressure.

More accurate interpolating equations for reproducing the density of
water were developed at saturated vapor pressures for the temperature ranges
0-100° C, and for 0-150° C. Both were obtained by fitting published
experimental and smoothed data from selected sources to a Chebyshev



polynomial. For purposes of interpolation, the Chebyshev polynomial has
several advantages as discussed by Ambrose, Counsell and Davenport (22), and
recently by Brewer (23). Isdale and Morris fit their density data for sea
water concentrates to a Chebyshev polynomial in the form of a double
summation (11).

A caution in fitting Chebyshev polynomials is not to include an
excessive number of coefficients with the expectation of obtaining
continually improved accuracy on interpolation (22). Instead, the’
reproducibility of data may actually worsen. For example, we fit data on the
specific volume of water taken from the Steam Tables for 0-100° C to
polynomials of order 2-8. A comparison of the order with the square of the
sum of residuals gave the following results.

Order: 2 3 4 5 6 1 8

Z(Residuals)?: 0.105 0.252 3.6x10-5 0.0001 0.029 5.75 31,258

Order 6 gives increasingly negative % deviations; orders 7 and 8 increasingly
positive erroneous densities.

Data on the density of water to six and seven decimal places from Kell
and Whalley (24) and Kell (25) at-one bar for 0-100° C were fit to Chebyshev
polynomials as log (density, g/cm3) versus T/K. Coefficients of the
resulting fits relate water density (dw) to specific volume (V) by log dy =
-log V (25). Fits were made for orders 4, 5 and 6; Table 3 compares the
resulting correlations as % deviations with densities given in Kell and
Whalley (24). From Table 3, order 5 is the best choice.

Qur fitting was done using a program obtained from Hewlett-Packard
and run on an HP-85 microcomputer. This program fits data to a poly-

nomial which is the best polynomial approximation in the Chebyshev sense:

P=1z AiX1 s  fori=0ton



The number of coefficients is not reduced by developing the polynomial
with T = ° C, where the first term is then log dw at 0 °C. For example, the
% difference for order 4 and 5 when fitting to Chebyshev'po1ynom1a1s as log
dw versus T/C gave the following resu]tsi

% Deviation with Data in Kell (25)

7.(C) Order 4 Qrder 5
0 | -0.00122 | | -0.00022
0o ~.00449 ~ .00153
20 .00122 | .00022

30 : -.00133 -.00022
40 -.00122 .00008
50 ©.00024 | .00022
60 - .00122 ~ ~.00003
80 -.00122 - .00022
90 -.00234 | .00095
100 | .00122 - -.00022
av. *+ 0.0015% ' : av, + 0.0004%

From the above comparison, order 5 is the best choice; the data in Table 3
shows order 5 is also the best choice for T/K.

A more accurate corre]atioh for the density of water at 0-100° C and
saturation vapor pressures other than eq 1 1is the following Chebyshev
polynomial:

logd, = Ay + AT + A2 + A T3 + AT4 + ATS (3)

T = 21315 + °C

A, = ~-2.45724246 E +000
A, = 344563271 E -002
A, = -1.93976798 E -004
A; = 550708349 E -007
A, = -7.89829871 E -010°
A E -013

= 4.54837241

o
i

-6-



Table 4 lists dw interpolated from eq 3. The following equation covers the
range 0-150’C, and was developed by fitting data from the Steam Tables, and
References 7, 9 and 24. ”

log d,, = A, + AT+ AT?2 + AT + AT + ATS (4)
= 273.15+°C
= -1.4001218E -001
= -1.4671353E -004
1.1845275E -005
= -5.9008320E -008
. = 1.0998292E -010
As = -7.4573506E -014

N o

T
w
[

Figure 14 compares density values for water from eq 4 with the following:
the elegant correlation developed by Rowe and Chou which is based on data
published in 1935 (10); experimental data published by Out and Los (7);
highly accurate densities from the correlation by Millero et al. (12, 13);
values from Isdale and Morris and the Steam Tables (9); and, Kell and Whalley
for 1 bar (24). Water densities are reproduted.to an average of + 0.03% at
saturated vapor pressures from 0-150° C.

For sea water density, we used eq 4 and data in Isdale and Morris (11)
to fit the following Chebyshev polynomial.

(ds-dy) = Ay + AT + A,T2+ AT3, gicm3 (5)
for which

0o = 1.6263604 E -003 + 7.912403 E -004S
= -1.311896 E -004 - 4.247298E -006 S + 2.506863 E -008 S

9 = 1.670632 E -006 + 4.959969 E -008 S - 3.430183 E - 01082

= -5.974604 E -009 - 1.407165 E -010S + 1.140085 E - 012 S2
= °C; ds = density of sea water, glcm®

...
|

C/J'*]w>>>>
]

= salinity, g'kg



- The quantity (ds - dw) is the relative density; ds is recovered by
adding dy. Egquation 5 reproduces sea water data in both Isdale and Morris
and Fabuss and Korosi (20, 21) to about * 0.2%. Table 5 is the density of
sea water concentrates from 5-150° C, 10-150 g/kg salinity and saturation
vapor pressures. - _

Empirical equations such as eq 3 and eq 4 for water are intended for
purposes of interpolation so that extrapolation outside the range where data
were fit is risky. For example, Fig. 15 plots the highly accurate eq 3 to
150° C, representing extrapolation of 50° C beyond the region where data were
fit (0-100° -C). 'Comparison with data from Kell and Whalley shows a fit
within + 0.0005% deviation from 0-100° C; however, extrapolated results
predicted by eq 3 are consistently lower: from -0.006% at 100° C to -0.35%
at 150° C. However, within the temperature, pressure and concentration
domain covered, eq 1-4 are very.useful in predicting dénsity and Specific
volume. In addition, variation in density with 'other parameters are
faithfully reproduced; for example, increase 1in density with pressure '
isotherms such as that for water and 5m NaCl solution at 350° C are shown in
Figure 16. ' '

Ion Product of Water

The ion product 'of' water, H,0 = H* o+ OH-, is reproduced by the
following equation recently published by Marshall and Franck (26).

3245.2 + 2.2362E+005 3.984E+007

log Kw = —-4.098 -

T2 T3
1262.3 8.5641 E+005
+{13.957 - + log d (6)

whereT = 273.15 + °C



~ Note .that in eq 6 the pressure dependence for log Kw is contained in the
density term. We have calculated values of log Ky using eq 1 for»ww_inw%
water density, at representative pressures of 1, 500 and 1000 bars. Figufg
17 shows agreement between the results from eq 1. ~_and eq 6, with those
tabulated by Marshall and Franck. The percentage deviation varies with
temperature, and is within = 3%. See Figure 18. Equation 1 for density is
only valid up to 350° C, so that log Ky calculated with these equations is
valid only up to 350° C and 1000 bars.

Units and Conversions

1 bar = 1.019716 kgicm2
1 atm = 1.01325 bar = 1.03323 kKg/cm?
% weight NaCl = (100) (molality) (58.44)/(1000 + (molality) (58.44))
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Figure 17. Ion product of water (-log K )
calculated from eq 6, using densities "
calculated by eq 1, eq 2 (solid lines).
Values are compared with data from Marshall
and Franck (26). ‘
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Figure 18. Percentage deviation between ion
product of water calculated from eq 6, using
densities calculated by eq 1, eq 2 and data

from Marshall and Franck (26), at pressures

indicated.
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Table 1.

Selected experimental data for density of water and

sodium chloride solutions to high temperatures and

pressures.

a correlation equation.

Ranges

25-453131-5

5-34;1;0.37802-
5.99684

30-200;20.3;0-4.39

173-354;200;0.100-
4.000
0-100;1;0
5-95;1;0-1.2000
0-3531;0.00992~
1.49986
25-50;1;0.00784-
5.8267
25-350;0-980.7;
0.35-5.4
0-150;0-1000;0
40-280;100.1;0.001-
1.5

70-160;SVP;0
0-175;1-303;0-5.7
25-200320.350.1-1
25-1753SVP;0.1-2.5
0-40;0-1000%0-1

Measurement

Oscillating tube
Vibrating tube

Dilatometer
Mercury displacement

Calculated
Calculated
Vibrating flow
densimeter
Pycnometer

Hydrostatic weighing
Calculated

Dilatometer
Compressibility
Mercury displacement
Pycnometer;dilatometer
Equation of state

Some data are published in the form of

Reference

Romankiw;Chou(1983)
LoSurdo;Alzola;
Millero(1982)
Rogers;Bradley;
Pitzer(1982)
Grant-Taylor(1981)

- Kel1(1981)

Out;Los(1980)
Chen;Chen;Millero{1980)

Goncalves;Kestin(1977)
Zarembo ;Fedorov(1976)

Kell;Whalley(1975)
Gorbachev;Kondrat'ev;
Androsov ;Kolupaev
(1974)
Isdale;Morris(1972)
Rowe ;Chou(1972)
E11is(1966)
Fabuss;Korosi;Huq(1966)
Chen;Millero(1981)

Romankiw, L. A.; Chou, I-M; J. Chem. Eng. Data 1983, 28, 300.
Goncalves, F. A.; Kestin, J; Berich. Bunsege Physik.Chem. 1977, 81, 1156.

Chen, C.-T.; Millero, F. J.; J. Chem. Eng. Data 1981, 26, 270.
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NaCl Solutions

3

MOLAL CONCENTRATION

|
Density of NaCl solutions g/cm3,at molal concentration shown
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Table 3. Comparison of Densities of Water from Chebyshev Polynomials, with

Kell and Whalley Values.

Order T (% Deviations)-2
4 0.0104
5 0.0001
6 0.0047

Table 4. Density of water, eq 3 and eq 4, at saturated vapoer pressures

TEMPERATURE DENSITY(g/cm3)
DEG C eq 3 eq 4
0 0.,9998420 0.99993
S 0.9999478 0.99986
10 0.9996847 0.99952
15 0.9990914 0.998%92
20 0.9982021 0.99806
25 0.99270462 0.996%96
30 0.9956493 0.99562
35 0.9940330 0.99406
40 0.9922155 0.99230
45 0.9902119 0.99033
50 0.9880349 0.98817
55 0.9856%946 0.98584
60 0.9831996 0.98333
65 0.9805566 0.98067
70 0.9777716 0.97786
79 0.9748497 0.97490
80 0.9717957 0.97182
85 0.9686146 0.96860
?0 0.9653118 0.96527
95 0.9618934 0.96183
100 0.9583668 0.95827
105 ) 0.95461
110 0.9508S
115 0.94699
120 0.94303
125 0,93897
130 0.923481
135 0.93054
140 0.92617
145 l 0.92169
150 0.91709
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S3TREIRLRAES ' Co ‘ April 1983
8 Agqueous E Sea Water
8 Solutions 8
% Database &
SHLSATIRREREE

e otee 4ot SIS vt Cev U M Gape S i Smm Sese VRS WM CEN POCS S THN GPGS SAND T 00D GISH SAPS GME sem G S SEE SME CTI mES SMSE WS it i SUY GAS GO SASE Gmpd A G130 SOSE SEV ML SHE R SaE GAN Tmap Ene Cw=s SHHS M FASP SHM SO A SR M UO4 Ter eSS NS Sewe SV Seee Sane

TEMP SALINITY
DEG C 10 30 35 50 70 110 150
5 1.0086 1.0241 1.0280 1.0397 1.0554 1.0871 1.1192
10 1.0076 1.0228  1.0266- 1.0382 1,0538 1.0855  1.1179
15 1.0063 1.0214 1,0251 1.0346 1.0521 1.0838 1.1165
20 1.0050 1.0198 1.0235 1.0349 1,0503 1.0819 1.1148
2% 1.0034 1.0181 1.0218 1.0330 1.0483 1.0800 1.1130 .
30 1.0017 1.0162  1,0199  1.0311 1.0463 1.0779 1.1110
35 9999  1.0143  1,0179 1.0290 - 1.0442 1.0757 1.1089.
40 L9979 1.0122°  1.0158  1.0269 1.0420 1.0734 . 1.1066
45,9958  1.0100 1.0136 1.0246  1,0397 1.0710 1.1041
50 9936  1.0077 1,0113  1,0223  1,0373 1.0686 1.1016
55 ,9912  1.0053  1.0089 1.0198 1,0348 1.0660 1,0989
60 .9887  1.0028  1.0064 1.0173 1.0323 1.0634 1.0961
65 9861  1.0002 1.0038 1.0147 1.0296 1.0606 1,0932
70 . 9834 9975 1,0011  1.0120 1.026%9 1.0578 1.0902
75 9805 9947 9983  1.0093  1.0241 1.0549 1.0871
80 9776  .9918 9955  1.0064 1,0213 1,0520 1,0840
85 . 9745 . 9889 9925  1.0035 1,0184 1.0490 1.0807
90 9714 .9858 9894  1.0004  1.0154 1,0459 1.0774
95 . 9681 .9826. - ,9863 9973 - 1.0123  1.0428 - 1.0741
100 . 9648 . 9794 9830 - .9941  1,0091 1.0395 1.0707
105 9613 9760 9797 9909 . 1.0058 1.0362 1.0672
110 . 9577 9725 9763 9875  1.0025 1.0329 1.0636
115 . 9540 . 9690 . 9727 . 9840 9991  1.0294  1.0601
120 L9502 9653 9690 .9804 L9955 1,0259  1.0564
125 . 9462 9614 9652 9767 9919  1.0223  1.0527
130 . 9422 9575 9613 .9728 9881  1.0186  1.0490
135 9380 . 9534 . 9573 . 9688 9842  1,0148  1,0451
140 . 9336 9492 . 9531 . 9647 ;9802  1.0108 1.0413
145 . 9291 . 9448 . 9487 .9604 9760  1.0068 1,0373
1.0026 1.0333

150 9244 2402 9442 9560 9716
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8 Aqueous & NaCl Solutions
8 Solutions ® :

8 Database &

SRIeITIBBGRES
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The appendix which follows consists of values for the density of NaCl
solutions
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ZELESRBEBEERS
NalCl Solutions

# Aqueous 2
g Solutions B
# Database @
SHSETLAEBE00N

eot S04t 2000 st S00% Lims Geet THS o POY S00t At antd S Gas G40 SiMS HD W Frs PUGO WOV SO 4oy G000 Pham (NS SryS Gath SO0 PP COet MMM ean M0 +40r TOSE GEE S MM S0 40P SIS Cvs ST VS 100E SUFS N SN Sece sy 4O PYS TS 4ot Ge Sve Sees OIS Jewe smve 40 foss Veos reve cme Sres reve

anat Sere s vovw ore et sem TS Gves SO0 4 seet Peda OHS Seus ShSe SOEs T Gt 4S04 SO Gmie MO Seim mies S4e GS FINO GoRt AT SO G PSS 4SO MAD SO G T WA fekh WS G PR GHN Ma06 SUIO GURS SR (RS GonS GhSS SN Lise 0TS eee AP S00e mavs —eed aime WSS WGl core BUSS bamk SNOS Pese Fee e ae

TEMP PRES MOLAL CONCENTRATION
DEG C BARS 0 1 2 .3 4 9
0 1 1.02977 1.03233 1.03488 1.03741 1.03993 1.04243

] 1 1.02644 1.02903 1.,03160 1.03416 1.03669 1.03921
10 1 1,02309 1.02%71 1.,02830 -1,03088 1.03343 1.03597
15 1 1,01970 1.,02235 1.02497 1.02757 1.030153 1.0327
20 1 1.01628 1.01896 1.02161 1.02424 1.02684 1.02942
25 1 1.01281 1.,01553 1.01821 1.02087 1.02350 1.02611
30 1 1.00931 1.01205 1.01477 1.01746 1.02013 1.02276
35 1 1.00575 1.00854  1.01129 1.01402 1.01671 1.01938
40 1 1.00215 1.00498 1.00777 1.01053 1.01326 1.015997
45 1 99849 1.00137 1.00420 1.00700 1.00977 1.012%51
S50 1 . 99478 99770 1.,00058 1.00342 1.00623 1.00901
25 1 929102 99398 929691 99979 1.00265 1.003546
60 1 98719 929020 99318 99611 299061 1.,00187
65 1 . 98330 98636 . 98939 99237 99531 . 99822
70 1 97934 98246 78554 . 928857 929156 99452
75 1 . 97531 . 97849 98162 . 98471 28775 99076
80 1 97121 97445 97764 .98078 .78388 ., 98694
.85 1 96703 . 97034 - ,97359 27679 97994 .98305
20 1 96278 . 96615 76946 97272 V9?7594 97910
95 1 L 925845 . 926188 96526 . 26859 27186 97508
100 1 . 95403 95753 . 26098 96437 96771 27099
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NaCl Solutions

BEBEORUBERERD
8 Aquecus 2
g Solutions 8
% Database @

ERSIFBIFURUEE
Density of NaCl solutions,g/cm 3,at molal concentration shown
TEMP PRES MOLAL CONCENTRATION
DEG C RARS 0 | .2 '3 .4 5
0 10 1.03028 1.03284. 1.03538 1.03791 1.04043 1.042%3
5 10 1.02696 1.02955 1.03211 1.03466 1.03719 1.03971
10 10 1.02361 1.02623 1.02882 1.03139 1.03394 1.03647
15 10 1.02023 1.02287 1.02549 1.02809 1.03066 1.03322
20 10 1.01681 1.01949 1.02213 1.02476 1.02736 1.02993
25 10 1.01336 1.01606 1.01874 1.,.02139 1.02402 1.02663
30 10 1.00985 1.01260 1.01331 1,01799 1.02065 1.02329
39 10 1.00631 1.00909 1.01184 1,01456 1.01725 1.019%91
40 10 1.00271 1.00553 1.,00832 1.01108 1.01380 1.014650
45 10 , 99907 1.00193 1.,00476 1.00756 1.01032 1.01303
a0 10 . 99537 929828 1.00115 1.,00398 1.00679 1.009%6
35 10 . 99161 992457 99748 1.,00036 1.00321 1.00602
60 10 98779 29080 99376 V99669 L9958 1.00243
65 10 . 928391 . 98697 , 78998 PP2956 L F9590 99877
70 10 97996 98308 . 78614 . ?8917 99216 L2951 0
75 10 97595 97912 78224 , 983532 98836 L PP135
80 10 27186 V27509 .97827 .98140 . 98449 . 98754
85 10 926769 27099 97423 97742 98057 L 9834L7
90 10 96346 96681 97011 97337 97657 L9793
9% 10 95914 96256 , 926593 96924 97251 L9757
100 10 95473 , 925822 96166 V96504 . 96837 27164
105 10 L 25024 . 925381 . 959731 926078 96415 946749
110 10 94567 94930 . 95288 95639 95985 96326
1135 10 ,?4100 . 74471 . 24836 V25195 95548 95893
120 10 93624 24003 L P4375 74741 95101 L 25456
a5 10 . 93138 93525 23905 94279 94646 L925008
1390 10 92642 93037 93426 .23307 74182 L 94552
135 10 22136 , 922540 92936 . 93326 93709 . 24086
140 10 91620 . 92032 . 92437 92835 V932286 93611
145 10 21093 21514 . 21928 92334 92734 V93127
150 10 909535 70985 . 21408 21823 L F2231 L 92632
155 10 20005 . 20445 .20877 921301 91718 92128
160 10 . B9444 . 89894 90335 20748 L91194 918613
165 10 . 88872 89331 . 89782 20225 90660 , 921087
170 10 . 88287 . 88756 . 89217 . 89669 70114 20551
1735 10 . 87690 . 881469 . 88640 89103 BIOS7 20003
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NaCl Solutiong

CHELETIRDSARE
8 Aqueous B
# Solutions &
8 Databoase %8
SLSEECIET NS

e tevs +90e G008 Mt reve sats GmE Gn S0n sent Smif EASC NS Goms GvAS S TSP Gt Gwmb S0MS GMS) Mite S VS FORS Sest RISS P GOCS amm SMP 0O AN i Sid MNS GOOU mme mECH GG M dmi SIS0 SOSS VLS SEE) sees TS HUP SMML msb GISS GHMS Sume stes Bese Fvwe FOSY Seme SONH HONS SO Gevd Sems tmen Setd sats Sese sees

4n0 sous vom SER G0at veme S e ce04 meb S k6 WSS PR s Sese SmEe M) et S S SMAE GE 6D PR TS GH HOYD P A S S Gl M oM S WS GOS8 Sme SISE SUR GTIG awid GueD $000 SR SUFS EI eSS G0N SUTE Gemb SOG4 SEGR SENY cees SVSe SUG0 GHY famb d WS 600 cewe Get B4 Toed bete Bese 46de

MOLAL CONCENTRATION

o8-

- TEMP PRES
DEG C BARS 0 A e 3 4 VS

0 20 1,03084 1.03340 1.03594 1.03847 1.04098 1.04348

S 20 1.02793 1.03012 1.03268 1.03522 1.03773 1.04026
10 20 1.02419 1.02680 -1.02939 1.03193  1.034530 1.03703
13 20 1,02082 1.02345 1.02607 1.02866 1.03123 1.03378
20 - 20 1.01741 1,02007 1.02271 1.02533 1.02793 1.03050
25 20 1.01396 1,01666 1.01933 1.02198 1.02460 1.02720
30 20 1.01046 1.01320 1.01590 1.01858 1.02124 1.02386
35 20 1.00693 1.00970 1.01244 1.01515 1.01784 1.02050
40 200 . 1.00334 1.00615 1.00893 1.01168 1.01440 1.01709
45 20 .99970 1.00256 1.00538 1.00817 1.01092 1.01365
a0 20 .99601 99891 1.,00178 1.00461 1.00740 1.01017
59 20 . 99227 79521 99812 1.00100 1.00383 1.00664
60 20 . 98846 99146 - 99441 99733 1.00021 1.00306:
6% 20 . 98459 . 98764 99065 99361 99654 99943
70 20 .928065 98376 . 78682 .978983 99281 L PP575
75 20 97665 97981 98292 98599 98902 L99201
80 20 . 97257 97579 97897 98209 983517 . 98821
85 20 . 926843 97171 . 97494 97812 . 98126 . 98435
20 20 . 96420 967355 97084 . 97408 97727 .78042
95 20 95990 96331 96666 96997 97322 97642
100 20 . 95581 . 95899 96241 ,96578 26909 97236
1035 20 95104 - .935458 . 95808 96151 . 96489 96822
110 20 .94648 93010 . 95366 95716 26061 96400
115 20 .94182- 94552 94916 929273 95625 98971
120 20 . 93708 . 24085 94456 . 24821 25180 9?5533
125 20 93224 93609 923988 94361 94727 .95087
130 20 92730 923124 93510 . 93891 94265 74632
135 - 20 92226 . 92628 . 93023 . 93411 93793 24168
140 - .20 V921711 22122 92526 0 92922 93312 93695
145 20 . 91186 91606 . 22018 92423 92821 93213
150 20 90650 - .91079 91500 21914 92320 22720
135 20 .90103 .20541 20971 91394 921809 V92217
160 20 . 89544 . 89992 . 920431 20863 . 921287 . 91708
165 20 . 88974 . 89431 . 89880 .90321 LP0755 21181
170 20 . 88391 . 88859 -, 89317 .B9768 90211 20647
175 20 . 87797 . 88274 . 88743 89204 89656 90101
180 20 .87190 87677 . 88157 .B8627 82090 . 89544
185 20 . 86570 . 87068 . 87558 . 88039 . 88511 . 88975
190 20 . 85937 . 86446 86946 87438  .87921 . 88395
195 20 85291 . 85811 86322 . 86824 87318 .87802
200 20 84631 85163 . 85685 .86198 86702 87197
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& Aqueous |
8 Solutions @
8 Database &
SRR G2E
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. S0y GO e crte 4040 e Gve Eets G e Sres SMD i MM et TE VeV e TR She TR SS90 SHS N 8 ST v SRl Gte SOn THOP Smle A beve SOFD Puee Sm GMME N Sem et ST Sb S STV Sav HISS MASe M S same S0 Gmmt 448 Seee See SIS EHIS SUUR ante sum aree sers Sers Gese Fves FSe S0b0

TEMP PRES

DEG €C BARS
0 100
10 100
20 100
30 100
40 100
a0 100
60 100
70 100
80 100
90 100
100 100
110 100
120 100
130 100
140 100
150 100
160 100
170 100
180 100
190 100
200 100
210 100
220 100
230 100
240 100
250 100
260 100
270 100
280 100
290 100
300 100
310 100

0

1.03536
1.02879
1.02211
1.01528
1.00829
1.00112
99373
98611
97824
27008
96162
975284
74371
. 923422
92433
21403
. 920330

.89212

.88047
.86832
. 85565
84245
. 82870
. 81437
79945
.78392
76775
75094
73345
.71528
69641
67681

.1

1.03789
1.03136
1.02473
1.01797
1.01105
1.00396
99666
. 78914
. 98138
97334
96501

95636

. 94738
. 93804
. 922831
.921819
90764
89665
. 88520
. 87325
.86081
. 84783
. 83432
. 82023
. 80556
. 79029
77440
75786
74066
72278
70421
. 68492

April 1983

NaCl Solutions

MOLAL CONCENTRATION

. 2

1.04040
1.03392
1.02733
1.02063
1.01378
1.00676
99955
99213
. 98447
97654
96834
. 95983
. 925098
94179
93223
. 92228
91191
90110
. 88984
. 87811
. 86587
85312
. 83983
. 82599
81157
79655
. 78092
. 76466
74775
73016
.71188
69290

. 3

1.04291
1.03645
1.02992
1.02327
1.01648
1.00954
1.00241
99508
98752
97970
97162
96323
. 95453
. 94549
93608
92629
91610
90548
. 89441
. 88287
.87085
. 85832
. 84526
83165
.81747
.80271
. 78734
77135
75471
73741
. 71943
70075

4

1.043540
1.03898
1.03248
1.02588
1.01915
1.01228
1.00523
99799
29052
. 98282
. 97485
96659
23802
94912
. 93987
23024
L922022
20977
. 89889
. 88756
87574
.B6342
85058
83721
82327
. 80876
79365
77792
76156
. 74454
72686
.70848

. 5

1.04788
1.04148
1.03502
1.02847
1.02180
1.01499
1.00802
1.00086
79349
. 928589
27803
L 96989
96145
95269
94359
23412
22426
21400
. 920330
89216
. 88054
. 86843
. 83882
. 84267
. 82897
.81470
. 79985
. 78438
. 76829
73156
73416
. 71607



April 1983
NaCl Solutions

SUBCAETRNRANE
8 Aqueous 4
8 Solutions 8
8 Database &
SSUERRERRNEDS

art Gons Ees e S Gt LETS ED ES SEED SN MY ES W Srms GwEt O Geh WA sest Mt GO Soee WD SN set FHIE WIS ARy SOV P00 Sase GURS Sams Gean U S 06O SHSS Sas SONS FUNS TOSL SH0D GOMs GOTS ST mIE GO0 WIS SONE SETE sew) BT MG Gars SEUS SOV eps SOSS 0S8 GeS SONE PIPY FOSS SEON aiet sams e wms

Y Gume ST D dave Mt dais oL PO S G Mme POS SR Gese GOPS SN M G S CE0S SMM daws M ENS Tem GwEt SO SR GO ebm SIS GISY GM Seas GASG sond TR SO0 PR SESE vawe GMEH GFSA M MMM SOSE Cew SOE SIS SO G000 IR 0P SUES emie G MM sise OO SN Pmed Wb SVSR fest Fews s F%e Sire satm

TEMP PRES MOLAL CONCENTRATION
DEG C BARS 0 o1 2 .3 4 9
0 200 1.04095 1.04345 1.04594 1.04842 1.05089 1.05335
10 200 1.03447 1.03700 1.03952 1.04203 1.04452 1.04701
20 200 1.02789 1.03047 1.03303 .1,03558 1.03810 1.04061
30 200 1.02120 1.02384 1.02645 1.02903 1.03160 1.03415 .
40 200 1.01437 1.01706 1.01973 1.02238 1.02500 1.02759
S0 200 1.00737 1.01014 1.01287 1.01538 1.01826 1.02092
60 200 1.,00018 1.00303 1.00584 1.00862 1.01138 1.01410
70 200 . 99277 . 29571 99862 1.00148 1.00431 1.00711
80 200 . 98513 . 98817 99117 . 99413 99705 99994
90 200 97723 . 98038 . 98349 78655 98957 99285
100 200 926905 97232 97555 97872 . .9818S . 98493
110 200 26037 ,96397 96731 97061 , 97385 97705
120 200 995176 95529 . 95877 96220 96557 . 96889
130 200 94260 . 94628 . 94991 95347 25698 76042
140 200 93307 93691 74069 94440 . 94805 75164
150 200 92315 . 92716 93109 923496 . 93877 24251
160 200 21282  .91700 22111 922514 22911 23301
170 200 20206 90642 921070 191491 21905 . 922312
180. 200 , 89084 . 89539 . 89986 920426 . 20858 21282
190 200 .87914 . 88390 . 88857 89315 89766 920209
200 - 200 . B66P6 87192 87679  .88158 . 88629 . 89091
210 200 . 85425 . 85943 . 86452 86952  .87443 . 87926
220 200 .84102 . 84642 . 85173 85695 . 86208 86712
230 200 82722 . 83287 . 83841 . B4386 . 84921 . 85446
240 200 . 81286 .81874 . 82453 83021 83579 . 84128
250 200 79790 .80403 .81007 81600 82182 82754
260 200 78232 78872 79501 - .80119 .80727 .81324
270 200 76612 77279 77934 78579 79212 79834
280 200 74926 . 75621 . 76304 76975 77636 . 78284
290 200 73174 .73897 . .7460°9 75308 L 75993 76671
300 200 71353 72106 .72846 73574 74290 74994
310 200 69461 70244 .71015 .71772 .72518 73250
320 200 67497 68312 69113 69901 V70676 .71438
330 200 . 63460 66306 67139 L 67958 . 68764 69557
340 200 63346 . 64225 65090 63741 L bb779 67603
350 200 61135 62067 62966 63850 64720 . 65576
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o Ghue sem G tate c40e S Wes o4S PR S sas e40v MM mm ceve GMe TP Me SOSS SIOE COSE SaiP SS e 044 HME THSS MMM GURE SMSY JeLS WHNS GHIN S00D CESS Sait $000 SUS GTUS HMGS WO MOS SeeS GHSL S G0 SOm SO FYED SR SIS U UM SErS SND TN (S0 WS SUOS SHS Civt Fevd Cev Gueh et sons Seee sves atn

TEMP PRES MOLAL CONCENTRATION
DEG C BARS ] 1 .2 .3 4 V9
0 300 1.04649 1.04897 1.05144 1.03391 1.05636 1.05882
10 300 1.04008 1.04259 1.04508 1.04756 1.05004 1.05250
20 300 1.03360 1.03614 1.03867 1.04118 1.04367 1.04616
30 300 1.02702 1.02961 1.,03217 1,03472 1.03725 1.03977
40 300 1.02032 1.02296 1.023558 1,02817 1.03075 1.03330
50 300 1.01348 1.01618 1.,01886 1.02151 1.02414 1.02674
60 300 1.00646 1.00924 1.01199 1.01471 1.01740 1.02006
70 300 99926 1.00212 1.00494 1.,00774 1.01050 1.01323
80 360 99183 99479 \99770 1.00058 1.080342 1.00623
?0 300 ., 98418 98723 97024 99322 29615 99904
100 300 97625 L 27942 . 98254 .728562 . 28865 99164
110 300 96805 97134 97457 97776 . 28090 . 98400
120 300 L 95954 96296 6632 96963 . 97289 97610
130 300 L 925070 95426 V95775 96119 . 96458 96791
140 300 . 94152 . 94522 . 94886 . 995244 95596 95943
150 300 93196 . 923582 . 93961 94334 24701 L?5061
160 300 92201 92603 92999 93387 937740 24145
170 300 91164 21584 91997 224025 ,92801 93192
180 300 20085 . 90523 .920953 91376 71792 92201
190 300 . 88959 . 89417 . 89866 ,20308 70741 21148
200 300 . 87787 . 88264 . 88733 89194 .B92647 20092
210 300 86564 . 87063 .87552 . 88033 .88506 . 88970
220 300 . 85290 . 83811 . 86322 . 86824 87317 . 87802
230 300 83963 . 84506 85039 .B3563 86078 86584
240 300 . 82580 . 83146 . 83703 . 84250 . 84788 BI316
250 300 81139 81730 . 82311 . 82882 83443 . B3994
260 300 79639 .80256 . 80862 . 81457 82042 82617
270 300 .78078 . 78721 . 79352 79973 .80583 81183
280 300 V76454 77124 77782 78429 79065 79690
290 300 74765 75462 . 76148 . 76822 . 77485 78136
300 300 73009 73735 . 74449 .73181 75841 V76519
310 300 71184 719440 . 72683 73414 74132 . 74839
320 300 69289 .70075 ,70848 71608 72356 73091
330 300 67322 . 68139 . 68943 69733 70511 71276
340 300 , 652840 66129 66265 67787 . 68595 69391
350 300 63163 64045 64913 65767 66607 67434
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MOLAL CONCENTRATION

TEMP PRES
DEG C BEARS 0 1 2 .3 4 v
0 400 1.059200 1.05447 1.05693 1.05938 1.06184 1,06429
10 400 1.04565 1.04813 1.035060  1.03307 1.05383 1.05798
20 400 1.039224 1.04175 1.04425 1.04673 1.04%921 1.035167
30 400 1.03276 1.03530 1,03783 1.04035 1.04285 1.04534
40 400 1.02617 1.62877 1.03134 1.,03389 1.03643 1.03893
50 400 1.01947 1.02211 1.02474 1,02734 1.02992 1.03248
60 400 1.01261 1.01532 1.01801 1,02067 1.02330 1.02591
70 400 1,00558 1.00837 1.01113 1.01385 1.01655 1.01922
80 400 .99836 1.00123 1.00407 1.,00687 1.00964 1.01238 .
90 400 . 99092 . 99389 . 99682 .99970 1.00236 1.00337
100 400 . 98324 . 98631 . 98934 99232 99527 . 99817
110 400 97530 . 97848 . 98162 . 78470 98775 929075
120 400 926708 927038 . 973463 97683 v97998 . 98309
130 400 . 925854 96197 L 96535 96867 927193 927517
140 400 . 94968 95325 98676 26022 96362 V96697
150 " 400 94046 94418 . 94784 95144 95497 . 95845
160 400 .923088  .93475 . 93856 94231 . 94599 94962
170 400 22090 . 92494 . 72891 93282 93666 . 924043
180 400 21050 . 921472 .91887 922294 926924 | .93088
190 400 . 89967 . 90408 .70840 71265 91683 92093
200 400 . 88839 . 89298 89750 90193 90629 21057
210 400 B7663 . 88142 . 88613 .89076 . 89531 . 89978
220 400 . 86437 . 86738 87429 87913 , 88387 . 888354
230 400 .85160  ,85682 86195 .86700  ,87193 87682
240 400 . 83829 . 84374 . 84910 . 85436 .85953 86461
250 400 82442 .83011 . .83570 . 84119 . 84659 . 85189
260 400 .80998 . 81592 .82175 . 82748 83311 . 83864
270 400 79495 80114 80722 81319 81907 . 82484
280 400 77930 . 785795 . 79209 . 79832 . 80445 81046
290 400 .76302 76975 77635 . 78283 .78923 79550
300 400 . 746110 75310 .75998 76674 77339 77993
310 400 72850 . 733579 74295 .75000 75693 76373
320 400 .71022 .71780 72526 . 73259 . 73980 . 74689
330 400 69124 69912 .70688 . 71451 72201 72939
340 400 671353 67973 . 68779 69573 70333 71121
350 400 65109 ., 65960 . 66798 67623 . 68434 69232
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TEMP

- 33 -

PRES MOLAL CONCENTRATION
DEG C PRARS 0 .1 2 3 .4 9
0 500 1.05750 1.05996 1.06242 1.,06487 1.06733 1.06979
10 500 1.05118 1.,035365 1.03611 1.058356 1.06102 1.06347
20 500 1.04483 1.04731 1.,04979 1.05226 1.05472 1.035717
30 200 1.03842 1.04093 1.04343 1.04592 1.04840 1.05087
40 300 1.03194 1.03449 1.03702 1.03954 1.042035 1.04454
90 500 1.02535 1.02795 1.030S2 1.03308 1.03562 1.03813
60 500 1.01863 1.02129 1.02392 1.02633 1.02911 1.03168
70 500 1.01177 1.01449 1.01718 1.01985 1.02249 1.02511
80 500 1.00473 1.00733 1.,01029 1.01303 1.01573 1.01841
20 500 99749 1.00038 1.00322 1.00604 1.00881 1.01156
100 500 . 99004 99302 99595 99885 1.00171 1.004%4
110 500 . 98234 . 98542 . 98846 99145 99441 99732
120 500 .97438 97737 98072 928382 . 98688 . 78989
130 500 96613 96945 97271 97592 97909 . 98221
140 500 95757 96102 . 96441 96775 97104 9742
150 500 . 94868 95227 . 95580 95927 96269 96605
160 500 93944 94318 . 94685 925047 929402 V25751
170 500 .22983 93372 93755 .94131 . 24501 . 24865
180 300 .21982 .922388 . 92787 .9318¢0 93565 93944
190 900 . 90940 921364 . 21780 .92189 92591 . 92986
200 500 . 89854 920296 70730 21157 91577 21989
210 o500 . 88722 .89184 89637 20083 903520 20950
220 500 . 87543 , 88025 . 88498 . 88963 .89420 . 898468
230 200 . 86314 86817 87311 87796 88273 . 88741
240 500 .85033 . 85558 . 86074 , 863580 . 87078 87566
250 s00 83699 . 84247 , 84785 85313 . 85833 . 86343
260 300 .82309 . 82881 83442 . 83993 . 84535 835068
270 500 , 80862 81458 82043 . 82619 . 83184 . 83739
280 500 79336 79977 . 80587 81187 81777 L8235
290 500 77788 . 78435 79071 79697 .80311 80915
300 500 . 76157 . 76831 77494 78146 .78787 79416
310 500 . 74461 .75163 . 73854 763533 77200 . 77856
320 500 .72698 73429 .74148 . 74855 . 73550 76233
330 500 . 70887 71628 72376 73112 . 73835 74546
340 500 68966 69757 70335 71300 .72053 72793
3350 500 66992 67814 68623 69419 70202 70972
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TEMP  PRES
DEG C BARS
0 600
10 600
20 600
30 600
40 600
50 600
60 600
70 600
80 600
90 600
100 600
110 600
120 600
130 600
140 600
150 600,
160 600
170 600
180 600
190 600
200 . 600
210 600
220 600
230 600
240 600
250 600
260 600
270 600
280 600
290 600
300 600
310 600
320 600
330 600
340 600
350 600

0

1.06300
1.05670
1.05038
1.04403
1.03763
1.03114

1,02455.

1.01782
1.01095
1.00390
L 99665
.98918
. 98146
. 97348
L 96521
L 95663
. 94772
. 93846

,92882 .

.921878
.920833
. 89744
. 88610
.87428

. 86196

. 84912
. 83575
.82182
. 80732
.79222
77631
76017
.74318
. 72533
70719

, 68815

1.06546
1.05915
1.03285
1.04652
1.04014
1.03369
1.02715
1.02049
1.01368
1.00671

99954

. 99217

. 98456

976869

. 96854

96010
. 995132
94221
93273
92286
21259
.20188
89073
87911
. 86700
. 85439
. 84124
. 82755
81330
. 79845
. 78301
76694
75023
. 73286
.71482
. 69608

MOLAL CONCENTRATION

.2

1.06792
1.06161

'1.035531

1.04900
1.,0426%5
1,03623
1.02973

1.02312

1.01638
1.00948
1.00240
.929512
. 98761
97985
97182
96350
. 95487
. 74590
93657

. . 92687

91677
. 20625
. 89528

. 88386

. 87196
. 83956
. 84665
. 83319
81917
.80458
. 78939
. 77359

- .75716

.74008
. 72233
.70389

.3

1.07038
1.06406
1.05777
1,05147
1.04514
1.03876
1.03230
1.02574
1,01906
1.01222
1.00522

99803

99061

98296
97505

. 96685

. 95835

74953 -

24035
. 923081
92087
721053
89976
. 888353
87684
86465
835193
. 83872
82495
81060
79567
.78013
76397
74717
72971
71156
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1.07283
1.066352

1.06022

1.05393
1.04762
1.04127

1..03484

1,02833
1.02170
1.01494
1.00801
1.00090
. 99358
.98603
. 97823
97015
96178
95309
94407
. 93468

92491

.91474
90415
89312
.88162
86964
85716
. 84416
83062
81652

.80184 -

- .78656
77067
.79414
73696
71911

1.07532
1.06898
1.06268
1.05639

1.03009

1.04376

1.03737

1.03090 -
1,02433
1.01762
1.01077
1.00373
. 99650
L 98905
98136
. 97340
96516
. 95660
94772
. 93849
. 92888
.91888.
. 90847
89762
. 88632
87455
86228
. 84951
83619
. 82233
. 80790
. 79288
77725
76100
. 74410
72654



SCESERAEREGES
% Aqueous E
% Solutions #
8 Database &
SEUSABERBEEES

S ey +es GO mme ame S e v o0E GHE GINL aas g 066 PESe b SN SO rewe SAAD Ge wiwe CUUS SPEL SUNS GOS0 GRS ol SUND SPUG S S Ame SHE S0SO LS GBS SO0E GESE SH GO wise FUTS Seee GE S G4as GG HST SIS Mees SUTS SSS SONS ML GOS8 Hma SHR OSH SIS S 00S Cust SO mamd Peee OUS peme wreb

- as 0008 M g o G S S s A Sovm S S SO Sl S s CES FOSS EMD SN GO HS S Pih IS aey FOUS e S GTEL St MR Gemd $4e SUCY FEAY GHES 6D mS oed PSS Biwt gam OGS LSO LES SARD SR Gumat WHOE WSS Semt UV Sees Feet MMM Seed SN0 Mmb Fee Wit Momt sem evew SY ban been

TEMP PRES

DEG C EARS
0 700
10 700
20 700
30 700
40 700
50 700
60 700
70 700
80 700
?0 700
100 700
110 700
120 700
130 700
140 700
150 700
160 700
170 700
180 700
190 700
200 700
210 700
220 700
230 . 700
2490 700
250 700
260 700
270 700
280 700
290 700
300 700
310 700

320 700
330 700
340 700
350 700

0

1.06852
1.06221
1.05591

1.04960

1.04326
1.03685
1.03036
1.02377
1.01704
1.01015
1.00309
99583
. 98835
.98061
. 97262
. 926433
93573
924679
L 93750
92784
91778
90730
. 89639
.88501
87316
. 86082
. 84795
83455
82060
. 80607
79094
77521
. 75884
.74182
72414
70578

. 1

1.07099
1.06467
1.05837
1.05207
1.04575
1.03938
1.03293
1.02638
1.01971
1.01289
1.00591
. 99873
. 99135
. 98372
97583
. 96767
. 95920
. 95041
. 94127
93177
.92187
91157
90084
.88967
.87802
. 86589
. 85324
. 84007
. 82635
81207
79720
78172
76563
. 74889
73150
71343
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. 2

1.07346
1.06713
1.06083
1.05454
1.04823
1.04188
1.03547
1.02897
1.02235
1.01560
1,00869
1.00160
. 99430
. 98678
97901
97096
96262
99397
. 94497
93563
.922590
91577
20522
. 89424
. 88279
. 87086
. 85844
. 84549
. 83201
81796
. 80334
.78813
.77230
. 73584
.73874
.72096

L] 3

1.07593
1.06959
1.06328
1.05700
1.05070
1.04438
1.03800

- 1.03154

1.02497
1.01829
1.01145
1.00443
99722
. 98980
. 28213
27420
96599
95747
. 94862
93942
. 922985
.921990
90953
. 89873
. 88748
87575
86354
85082
83756
. 82376
. 80939
.79443
. 77886
76268
. 74588
72836

.4

1.,07842
1.07205
1.06574
1.05945
1.05317
1.04686
1.04051
1.03409
1.02757
1.02094
1.01417
1.00723
1.00011
99277
. 98521
97739
96930
96091
95220
94315
93374
L 92395
91376
90314
89208
.88056
. 86855
85605
.84302
82945
81532
80062
. 78531
76940
75284
73564

v od

1.08091
1.07452
1.06819
1.06190
1.03563
1.04934
1.04301
1.03662
1.03015
1.02357
1.014686
1.00999
1.00293
V99571
. 28825
. 28054
CP7256
926430
289572
94682
93756
. 92793
21791
. 70748
.B89660
. 88528
. 87348
86119
. 84838
83505
82116
80670
V79165
77600
78972
. 74280
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Appendix.Density of NaCl solutions,g/cm3,at molal concentration shown
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MOLAL CONCENTRATION

....36._

TEMP PRES
DEG C BRARS 0 A 2 .3 4 ]

0 800 1.07408 1.07656 1.07905 1.08154 1.08405 1.08657
10 800 1.06774 1.07021 1.07268 1.07315 1.07763 1.08012
20 800 1.06144 1.06390 1.06636 1.06882 1.07128 1.07375
30 800 1.08515 1.05761 1.06007 1.06253 1.06498 1.06744
40 800 1.04885 1.05132 1.03379 1.05625 . 1.03870 1.06116
a0 . 800 1.04251 1.04500 1.04749 1.,04996 1.05243 1.05489
60 800 1.03611 1.03863 1.04114 1.04364. 1.04613 1,04860
70 800 1.02961 1.03218 1.,03473 1.03726 1.03978 1.04228
80 800 '1.02301 " 1.02563 1.02823 1.03080 1.03336 1.03590
90 800 1.01628 1.018%96 1.02161 1.02423 1.02684 1.02942

100 800 1.009392 1.01213 1,01485 1.01754 1.,02020 1.02284
110 800 1.00231 1.00514 1.00793 1.01069 1.01342 1.01612
120 800 . 99504 ,99795  1.00083 1.00367 1.00647 1.00925
130 800 . 98754 9290585  ,99352 99645 99934 1.00220
140 800 97979 . 98291 . 98598 . 98901 99200 99494
150 800 . 927178 97501 °  ,97819 98133 98442 . 98746
160 800 . 96347 . 96682 97013 . 97338 27658 97974
170 800 . 95485 95834 96177 96515 96847 97175
180 800 . 943589 . 924952 99310 95661 26007 . 96347
190 800 93658 . .94037 /94408 94774 25134 . 975488
200 800 .922690 93084 93471 . 23852 94227 94595
210 800 .91681 .92092 92496 . 922893 . 93284 93667
220 800 90631 . 921060 . 91481 921895 92302 922702
230 800 . 89537 . 89985 90424 .20856 91281 91698
240 800 , 88397  ,88864 89323 89774 20217 20652
250 800 87210 87697 88176 . 88646 .B9109 .89563
260 800 . 85972 . 86481 . 86981 87472 87954 . 88428
270 800 . 84683 85214 . 83736 . 86248 . 867351 87245
280 800 T . 83341 . 83894 . 84438 84973 . 85498 , 86014
290 800 .81942 . 82520 . 83087 . 83645 . 84193 . 84731
300 800 .80487 .81089 81681 82262 . 82833 83395
310 800 .78972 79600 80216 . 80822 .81418 . 82003
320 800 77396 .78050 .78693 79324 79945 . 80555
330 800 75737 . 76438 77107 77766 78412 .79048
340 800 .74053 74762 79459 76145 .76818 77481
350 800 . 72283 73020 73746 . 74459 75161 . 75851



April 1983
NaCl Solutions

SRLREERIBTOEE
8 Aqueous |
& Solutions &
8 Database &
SR2TRBANEES

- ot cout SO S Sesy S eeis dave GOGS SUNS S Ml OS whie SO S GHE pas S6SD UGS WOGE M G008 Sivs e MAS TAE GMM) EMED SONC Gt Wt $406 GG mas bait GONS PGS S0SN SUEN UGS SO YUVS S0SO SASG OGS WML SM SSSE G SIS 060 SI6A SESE SMML Sess Ses SASe Sams SUM) MRS MeRs PAAR G448 S Seab ewe S Peme

4000 T00e SH e Ges e S Ewe Pese WS Gade M Gowe S b GHee FMMS SO Gei SUSE SO MMO Ere YIS WD STED EHe WS Geie SN S U FUES Cte GNOU Te Aewe WA SIS VM S6I6 GNP COLn SUIS S0NM GIH SIS Mmad CUN M0G0 BMP we T GuES 0N Goe RGN U Sete BeSS 0N SN SN eSS S0S Sans s SH eee Bae

- 37 -

TEMP PRES MOLAL CONCENTRATION
DEG € BARS 0 o1 2 3 4 9
0 200 1.07969 1.08219 1.08470 1.08723 1.08977 1.09233
10 900 1.07331 1.07579 1.07827 1.08077 1.08327 1.08579
20 900 1.06699 1.06945 1.07192 1.07439 1.07687 1.07935
30 900 1.06070 1.06316 1.06561 1.06807 1.07033 1.07300
40 200 1.05442 1.05688 1.05934 1.06179 1.06425 1.065670
S0 200 1.04812 1.035060 1.05307 1.,05553 1.05798 1.06044
60 900 1.,04178 1.04428 1,04677 1.04925 1.05171 1.03418
70 900 1.,03538 1.03791 1.04043 1.04293 1.04342 1.04790
80 200 1.02889 1.03146 1.03401 1,03655 1.03907 1.041358
70 200 1.02228 1.02491 1.02751 1.,03009 1.03265 1.03519
100 200 1.01554 1.01823 1.02089 1.02352 1.02613 1.,02872
110 900 1.00864 1.01140 1.01412 1.01682 1.01949 1.02213
120 200 1.00156 1.00439 1.00719 1.00996 1.01270 1.01541
130 200 . 99427 99720 1.00008 1.00293 1.,00575 1.00853
140 9400 . 98676 . 98978 99276 99570 99860 1.00147
150 200 . 97900 . 98213 928521 . 98825 99124 99420
160 200 97097 97421 97740 . 98055 983635 28671
170 9200 96264 . 96601 96933 97259 . 97580 927897
180 900 .925400 95750 926095 96434 . 96768 927096
190 200 . 94503 . 94867 LP5226 . 925578 95925 6267
200 900 V93570 93949 94323 24690 25051 93406
210 900 922599 92995 . 93384 93766 94142 924512
220 900 .91588 92001 72406 . 92805 93197 923582
230 200 920536 90966 . 91389 .921805 .92213 V92615
240 200 89439  ,89889 20330 20764 21190 21608
250 200 . 88297 . 88766 . 89227 894679 90124 .920560
260 900 .87107 . 87597 . 88077 . 88549 89013 89469
270 900 , 85868 . 86378 ., 86880 87372 . 87856 . 88332
280 900 84576 85109 .B3632 . 86146 . 866351 87147
290 900 83231 . 83787 . 84333 . 84869 . 85396 . 85913
300 900 . 81831 82410 . 82979 83539 . 84088 . 84628
310 900 .80373 .80977 .81570 .82154 . 82727 83290
320 200 . 78856 . 79485 .80104 .80712 81309 . 81897
330 900 77277 V77933 . 78378 79211 79834 80446
340 900 . 75636 76319 76991 77631 78299 . 78937
350 200 .73930 74641 75340 76028 76703 77368
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MOLAL CONCENTRATION
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TEMP PRES
DEG C BARS 0 o1 2 .3 4 9
0 1000 1.08536 1.08790 1,09044 1.09301 1.09559 1.09819
10 1000 1.07892 1.08142 1.08393 1.08646 1.08899 1.09154
20 1000 1,07256 1.07504 1.07732 1.08001 1.08252 1.08503
30 1000 1.06626 1.06872 1.07119 1.07365 1.07613 1.07861
- 40 1000 1.05998 1.06244 1.06490 1,06735 1.06981 1.07228
S0 1000 1.05371  1.05617 1.,035863 1.,06109 1.06334 1.06599
60 1000 1.04742 1.04990 1,05236 1.05483 1.05728 1.,05974
70 1000 1.04108 1.04358 1.04607 1.04855 1.05102 1,05349
- 80 1000 1.03468 1.03722 1.03973 1.04224 1.04473 1.04721
90 1000 1.02819 1.03076 1,03332 1,03586 1.03839 1.04090
100 1000 1.02158 1.02421 1.02681 1.02940  1.03197 1,03451
110 1000 1.01483 1.01752 1,02019 1.02283 1.02544 1.02804
120 1000 1.00792 1.01069 1.01342 1.01612 1.01880 1.02145
130 1000 1.00083 1.00367 1.00648 1.00926 1.01200 1.01472
140 1000 99353 . 99647 99936 1.00222 1.00304 1.00783
1350 1000 . 98601 . 98904 99203 99498 99789 1.00076
160 1000 . 97823 . 98137 . 78446 98751 99052 99349
170 1000 97019 V97344 97665 97980 98292 . 78598
180 1000 . 96184 963522 .96855  .97183 27505 97823
190 1000 95319 ,95670 . 96016 96356 96691 97021
200 1000 94419 . 94785 95145, 95499 25847 26190
210 1000 . 93484 . 93865 94240 74609 24971 . 95327
220 1000 922512 92909 93299 . 93683 24060 . 94431
230 1000 .91499 .91913 . 92320 922720 923113 923500
240 1000 90444 . 20876 21301 .91718 22128 922531
250 1000 89346 89797 . 90240 20675 21102 91522
260 1000 .88202. ,88672 . 89134 . 89588 90034 .90473
270 1000 .87010 . 87500 . 87983 . 88456 88922 89379
280 1000 .85768 . 86280 . 86783 87277 87763 . 88240
290 1000 . 84474 .85008 . 85533 . 86049 .B6EG6 .87054
300 1000 . 83127 . 83684 . 84232 .84770  .85298 . 85818
310 1000 81724 . 82305 . 82877 . 83438 . 83989 . 84531
320 1000 . 80264 . 80870 81465 .82051 82625 . 83190
330 1000 . 78745 79376 79997 .80607 .B1206 81795
340 1000 77165 77822 . 78469 79104 79729 . 80343
350 1000 , 75522 . 76207 . 76880 773542 78192 . 78832
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TEMP PRES MOLAL CONCENTRATION
DEG C BARS 0 1 a 3 4 5
0 1 1.02977 1.05478 1,07929 1.10473 1,13250 1.163%97

5 1 1.02644 1.05162 1.0760%9 1.10131 1.128469 1.15958
10 1 1.02309 1.04844 1.07291 1.09794 1.12494 1.1552
15 1 1.01970 1.04526 1.06975 1.09461 1.12126 1.15107
20 1 1.01628 1.04207 1.06660 1.09132 1.11764 1.146%94
25 1 1.01281 1.03886 1.06345 1.08805 1.11407 1.14289
30 1 1.00931 1.03563 1.06031 1.08481 1.110535 1.13891
35 1 1,00575 1.03237 1.05717 1.08160 1.10709 1.13501
40 1 1.00215 1.02909 1.05403 1.07841 1.10367 1.13118
45 1 99849  1.02579 1.05088 1.07324 1.10029 1.12742
50 1 99478 1.022435 1.04773 1.07209 1.098696 1.12372
55 1 V992102 1.01908 1.,04456 1.06895 1.09365 1.12008
60 1 987192 1.01567 1.04139 1.06581 1.0903%9 1.116%50
65 1 V28330 1.01222 1.,03819 1.06269 1.08715 1.11297
70 1 27934 1.,00872 1.03498 1.05957 1.08394 1.10949
75 1 297931 1.00519 1.03174 1.,059645 1.08076 1.10606
80 1 27121 1.00160 1.02848 1.05333 1.077S92 1.10248
83 1 96703 99796 1.02518 1.05020 1.,07445 1.09933
90 1 926278 . 992426 1.02186 1.04706 1.07132 1.09603

95 1 .925845 99051 1.018351  1.04392 1.06820 1.0927%
100 1 95403 98670 1.01511 1.04076 1.,06509 1.089352
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Density of NaCl solutions,g/cm 3,at molal concentration shown
TEMP PRES MOLAL CONCENTRATION
DEG € BARS 0 1 2 3 4 5
0 10 1.03028 1.,035527 1.,07978 1.,10526 1.13309 1.16465
S 10 1.02696 1.05211 1,076592 1.10184 1.12927 1.16025
10 - 10 1.02361 1.04894 1,07341  1.09846 1.12552 1.15894
15 10 1.02023 1.04576 1.,07024 . 1,099513 1,12183 1.15171
20 10 1.01681 1.04256 1.046708 1.09182 1.11820 1.14757
25 10 1.01336 1.03936 1.06394 1.08855  1.11462 1.143%51
30 10 1.00985 1.03613 1.06080 1.08531 1.11110 1.13953 .
35 10 1.00631 1.03288 1.05766 1.08210 1.10762 1.13362
40 10 1.,00271  1.02961 1.05452 1.07891 1.10420 1.13177
45 10 99907 1.,02630 1.05137 1.07573 1.10082 1.12800
50 10 V99337 1.,02297 1.04822 1.07238 1.09747 1.12429
55 10 99161 1.01961 1.04506  1.06944 1.092417 1.12064
60 10 ,98779 1.01620 1,04188 1,06630 1.02090 1.11705
63 10 98391 1.01276 1.03869 1.06318 1.08766 1.113%52
70 10 27996 1.00927 1.03548 1.06006 1.08444 1.11003
75 10 . 97595 1.,00574 1.03225 1.05694 1.08125 1.10640
80 10 27186 1.00216 1,02899 1.05382 1,07869 1.1032
85 10 96769 L 99853 1.02570 .1.05069 1.07494 1.09985
20 10 . 763446 .99485  1.02239 1.04756 1.07181 1,09654
93 10 95914 992111 1.,019203 . 1.04441 1,06869 1.09327
100 10 95473 98730 1.01565 1.04125 1.06538 1.09003
105 10 95024 98344 . 1.01222 1.03808 1.06247 1.08681
110 10 . 24567 V927931 1,00875 1.03489 1.,035937 1.08363
115 10 24100 97551  1,00523 1.03167 1.035627 1.08046
120 10 923624 97144 1,00167 1.02843 1.035317 1.07732
125 10 . 93138 . 96730 99806 1.,02516 1.05006 1.07420
130 10 . 22642 . 96308 29439 1.02186 1.046%95 1.07109
133 10 . 22136 . 95878 .99066 1.01852 1.04382 1.06799
140 10 91620 . 95440  ,98688 1.01515 1.04068 1.06490
145 10 21093 94993 98303 1.01174 1.,03752 1.06182
150 10 90555 . 94538 279212 1.00828 1.03434 .1.05874
159 10 20005 . 94074 .97514  1.00479 1.03114 1.05566
160 10 . 89444 . 93600 27109 1.00124 1.,02792 1.05258
163 10 . 88872 V93117 96697 99764 1.,02466 1.04949
170 10 . 88287 92624 96277 V99399 1.02138 1.04639
175 10 87690 .92121 ,95850 .99028 1.01806 1.04328
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TEMP PRES MOLAL CONCENTRATIO
DEG C BEARS 0 1 a2 3 : 4 ]
0 20 1,03084 1.,03581 1.08033 1.10585 1.13376 1.16542
S 20 1.02753 1.0526% 1.07713 1.10242 1.12993 1.16100
10 20 1.02419 1,04948 1.07395 1.09904 1.12616 1.154668
15 20 1.02082 1.04631 1.07078 1,09370 1.12246 1.15244
20 20 1.01741 1.04312 1.06763 1.09239 1.11882 1.1482
25 20 1.01396 1.03991 1,06448 1.089212 1.11523 1.14421
30 20 1.01046 1.03669 1.06134 1.08387 1.11170 1.14021
35 20 1.00693 1.03344 1.05820 1.08265 1.10822 1.13629
40 20 1.00334 1.03017 1.03506 1.07946 1.10479 1.13243
45 20 99970 1.02688 1.03192 1.07628 1.10140 1.12865
30 20 99601 1.02355 1.04877 1.07312 1.09805 1.12493
99 20 99227 1.02019 1,04861 1.06978 1.09474 1.12127
60 20 78846 1.01680 1.,04243 1.06685 1.09146 1.11767
63 20 98459 1.01336 1.03925 1.06372 1.08822 1.11413
70 20 28065 1.00988 1.03604 1.06060 1,08500 1.,11063
73 20 297665 1.00636 1.03281 1.05748 1.08181 1.10719
80 20 .97257 1.00279 1.02996 1.05436 1.07864 1.10379
85 20 .926843 99917 1.02628 1.05124 1.07549 1.10044
90 20 .926420 ,99549 1.02297 1.04810 1.07233 1.09712
95 20 95990 99176 1.01962 1.04496 1.06923 1.09384
100 20 95591 98797 1.01624 1.04181 1.06612 1.09059
105 20 925104 978412 1.01282 1.03864 1.06301 1.08737
110 20 . 924648 .98020 1.00936 1.03545 1.05991 1.08418
115 20 .924182 97622 1.,00385 1.03223 1.05682 1.08102
120 20 . 93708 27216 1.00230 1.02900 1.05371 1.07787
125 20 93224 96803 29870  1.02573  1.05061 1.07475
130 20 92730 96383 V99304 1.02244 1.04749 1.07163
135 20 92226 95954 29132 1.01911 1.04437  1.06854
140 20 21711 95518 98755 1.01574 1.04123 1,06545
145 20 921186 95073 98372 1.01234 1.03808 1.06236
150 20 . 90650 94619 .97982 1.008%90 1.03491 1.035928
155 20 20103 24156 27885 1.00941 1.03171  1.05620
160 20 . 89544 923683 27181 1.00187 1.02849 1.05312
165 20 . 88974 93203 96771 99828 1.02524 1.035003
170 20 . 88391 92712 26352 L 992464 1.,02196 1.04694
175 20 87797 92211 L95926 .990924 1.01865 1.04383
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TEMP PRES MOLAL CONCENTRATION
DEG C BARS 0 1 2 3 4 ]

0 100 1.03536 1.06016 1.08478 1.11064 1.13914 1.17165
10 100 1.02879 1.05385 1.07834 1.10372 1.13137 1.16246
20 100 1.02211 1.04752 1.07199 1.09697 1,12386 1.15404
30 100 1.01528 1.04114 1,.06569 1.09037 1.11660 1.14576
40 100 1.00829 1.03470 1.05941 1.08389 1.10956 1.13779
S0 100 1.00112 1.02816 1.05314 1.,07751 1.10271 1.13011
60 100 99373 1.02151 1.04684 1.07120 1.09603 1.,12269
70 100 98611 1.01471 1.,04050 1.06495 1.08949 1.115851
80 100 .97824 1.00776 1.03409 1.05871 1.08306 1.10854
90 100 .97008 1.00061 1.02738 1.03248 1.07673 1.10176

100 100 96162 ,99326 1.02096 1.04622 1.07048 1.09514
110 100 95284 98567 1.01420 1.03991 1.06426 1.08866
120 100 24371 ,927783 1.00728 1,03353 1.05807  1.08229
130 100 93422 969272 1.00016 1.02706 1.05187  1.07601
140 100 . 92433 . 96130 99285 1.02047 1.04565 1.046980
150 100 .91403 925256 .98530 1.01374 1,03938 1.06363
160 100 . 920330 . 94349 97750 1.00685 1.03303 1.05747
170 100 89212 93404 . 96942 929978 1.026359 1.05132
180 100 88047 . 92421 .96105 .99249 1.02004 1.04513
190 100 . 86832 91398 925236 .98498 1.01334 1.03889
200 100 . 85565 . 90332 . 924333 97722 1.00649 1.03288
210 100 . 84245 89221 . 93395 96919 99945 1.02618"
220 100 ., 828710 .88064  .92418 . 926087 99220 1.01966
230 100 . 81437 . 86858 .921401 95223 28473 1.01300
240 100 79945 .85601 . 90343 . 924326 97701 1.00618
250 100 .78392  ,84291 . 89240 93393 96903 . 99918
260 100 76775 . 82927 . 88091 . 92423 96075 99197
270 100 75094 . 81507 ., 86894 921413 95217 . 98454
280 100 73345 .80028 . 85647 .20362 94325 97687
290 100 .71528 .78488 . 84348 . 89267 93399 . 96893
300 100 69641 . 76886 . 82996 .88127 92435 926071
310 100 67681 75221 .81587 86940 . 91433 . 93218
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TEMP PRES MOLAL CONCENTRATION
DEG C BARS 0 1 2 3 4 S5
0 200 1.04095 1.06561 1.09040

10 200 1.03447 1.05930 1.08389

20 200 1.02789 1.05300 1.07748

30 200 1.02120 1.04667 1.07114 1.09608 1.12288 1.15291

40 200 1.01437 1.04029 1.06485 1.08950 1.11566 1.14469

S50 200 1.00737 1.03385 1,05859 1.08305 1.10865 1.13677
60 200 1.00018 1.02731 1.08232 1.07669 1.10183 1.12914

70 200 99277  1.02064 1.04603 1.07040 1.09318 1.12176

80 200 78513 1.01384 1.03969 1.06416 1.08867 1.11462

70 200 97723 1.,00687 1.03328 1.05793 1.08227 1.10769
100 200 26905 99971 1.02677 1.05170 1.07596 1.10093
110 200 96057 V99234 1.02014 1.043545 1.06971 1.09434
120 200 923176 98474 1.01337 1.03914 1.06351 1.08789
130 200 94260 .97688 1.00644 1.03277 1.05733 1.08154
140 . . 200 93307 . 96874 (99931 1.02629 1.05114 1.07528
150 200 92315 96030 99198 1.01970 1.04492 1.06908
160 200 .91282 95154 98441 1.01296 1.03863 1.06292
170 200 920206 . 94243 V97659 1.00606 1.03231 1.035677
180 - 200 .89084 93296 . 946850 .99897 1.02586 1.035062
190 200 .87914 92310 926010 99167 1.01930 1.04444
200 200 86696 . 921284 95139 98415  1.01260 1.03821
210 200 85425 920215 . 24234 97637 1.00574 1.03190
220 200 .84102 .89101 93293 . 926832 929869 1.,02549
230 200 82722 . 87940 92313 25997 99143 1.01897
2490 200 . 81286 86730 71294 .925132 .98395  1.01230
250 200 79790 85470 20232 .24232 27621 1.00547
260 200 . 78232 . 84157 89126 93297 .96821 . 99846
2790 200 76612 . 82789 87975 92324 95992 79125
280 200 74926 . 81365 86775 21312 L 79131 . 78380
290 200 73174 79882 83525 . 20259 . 94238 97612
300 200 . 71333 . 78339 . 84223 89161 93309 26816
310 200 69461 76734 82867 ., 88019 92344 95992
320 200 67497 . 75065 . 81456 . 86829 V91339 99138
330 200 65460 \ 73330 79987 , 85589 20293 . 24251
340 200 63346 71327 . 78458 . 84299 892095 93329
350 200 61155 69655 76869 829595 .88072 92370
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& Aqueous & ) ' NaCl Solutions
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TEMP PRES MOL AL CONCENTRATION
DEG € EARS 0 1 2 3 4 ]
0 300 1.04649 1.07108 1.09613

10 300 1.04008 1.06476 1,08952

20 300 1.03360 1.05846 1.08303 :
30 300 1.02702 1.05217 1.07664 1.,10190 1.12934 1.16033
40 300 1,02032° 1.04584 1.07032 1.09322 1.12193 1.,15183
S0 300 1.01348 1.03947 1.,06405 1.08867 1.11474 1.14365
60 300 1.00646 1.03302 1.05779 1.08224 1.10777 1.13578
70 300 V99926 1.02647 1.05133 1.07390 1.10099 1.12819
80 300 99183 1.01981 1,04532% 1,06962 1.09436 1.12086

90 300 .98418 1.01299 1.03891 1.0633%9 1.08787 1.11376
100 300 97625 1.00601 1.,03249 1.,05718 1.08150 1.10686
110 300 26805 .99884 1.02598 1.05096 1.07520 1.10014
120 300 95954 29146  1.01935 1.04470 1.06898 1.,09357
130 300 95070 .98383 1.,01257 1.03840 1.06279 1.08714
140 300 . 924152 97595 1.00562 1.,03202 1.05661 1.08081
150 300 23196 96779 . 99849 1.02554 1.05043 1.07457
160 300 22201 95933 .99114  1,01894 1.04422 1.06838
170 300 91164  ,95054 ., 98355 1.01220 1.03795 1.06223
180 300 . 9200835 24141 97372 1.,00329 1.03160 1.05610
190 300 . 88959 923191 96760 99819 1.02516 1.049935
200 300 . 87787 92202 . 95919 ,99088 1.01859 1.04378
210 300 . 86564 91173 , 95045 .98334 1.01189 1.03755
220 300 . 85290 .920101 . 924138 .97355 1,00501 1,03124
230 300 . 83963 .88984  ,93194 . 26748 L 99795 1.02483
240 300 . 82580 , 878210 92212 259211 .99068 1,01830
250 360 81139 - . ,86607 921190 925043 98319 1.01163
260 300 . 79639 , 85343 90126 24142 927544 1.00479
270 300 .78078 . 84027 . 89017 93205 96742 99777
280 300 . 76454 . 82636 , 87862 . 92230 925911 99055
290 300 74765 . 81229 : 86660 21215 95049 . 28310
300 300 ,73009 . 79743 . 85407 .90139 . 94154 . 97540
310 300 .71184 .78196 84102 . 89059 93223 96743
320 300 . 69289 .76588 . 82743 . 87914 92255 95917
330 300 67322 . 74915 . 81329 86722 21249 95061
340 300 . 65280 73177 . 79857 . 85480 90201 94172
330 300 63163 71371 78326 . 84187 892111 93249
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% Aqueous |
g8 Solutions &
% Database &
t 2231833333333
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TEMP PRES
DEG C EBEARS
0 400
10 400
20 400
30 400
40 400
30 400
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
230 400
260 400
270 400
280 400
290 400
300 400
310 400
320 400
330 400
340 400
350 400

]

1.05200
1.04565
1.03924
1.03276
1.02617
1.01947
1.01261
1.00358
. 99836
99092
. 98324
97530
.96708
, 95854
. 94968
24046
. 93088
22090
.21050
89967
. 88839
87663
. 86437
85160
., 83829
. 82442
. 80998
79495
77930
76302
74610
. 728350
71022
69124
67153
65109

1

1.07659
1.07024
1.06394
1.05765
1.05136
1.04504
1.03867
1.03222
1.02567
1.01899
1.01217
1.00518
99799
99059
. 98295
. 97505
. 96687
. 95839
. 94957
24042
23089
.92098
91066
. 89991
., 88871
87704
. 86488

85222

. 83902
. 82528
81097
79608
78059
76447
V74772
73031

April 1983

NaCl Solutions

MOLAL CONCENTRATION

2

1.10197

1.09525

1.08867
1,08220
1.07583
1.06953
1.,06327
1.05702
1.05077
1.04449
1,03815
1.03173

1.02522

1.01858
1.01179
1.00483

99768

99032 -

. 98272
. 97487
96673
925830
.74954
74045
23099
72114
21090
920023
. 88912
. 87755
86549
. 83294
. 83986
.82625
.81208
79733

3

1.10786
1.10104
1.09438
1.08786
1.08145
1.07313
1.06887
1.06265
1.05644
1.05023
1.04398
1.03768
1.03130
1.02482
1.01822
1.01146
1.00454
99743
99011
.98236
97475
96666
. 95828
. 94959
94055
93116
92139
F1122
20064
. 88962
.87814
86619
85375

1.13601
1.12838
1.12101
1.11386
1.10693
1.10017
1.09357
1.08711
1.08075
1.07448
1.06826
1.06209
1.05592
1.04974
1.04353
1.03727
1.03092
1.02448
1.01791
1.01119
1.00431
99724
. 98996
.928245
97469
96666
. ?5834
74970
24073
23140
22171
91162
20113

43

1.16803
1.13%922
1.15077
1.14265
1.13483
1.12729
1.11999
1.11292
1.10606
1.09936

1.09283

1.08641
1.08011
1.07388
1.06771
1.06157
1.05545
1.04931
1.04314
1.03691
1.03060
1.02419
1.01766
1.01098
1.00414
929711
. 78988
78241
97470
96672
95846
. 94988
74098
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NaCl Solutions
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. TEMP PRES MOLAL CONCENTRATION
DEG C BARS 0 1 ' 2 3 4 S
0 500 1.08750 1.08217 1.,10794

10 S00 1.05118 1.07576 1.,10108

20 500 1.04483 1.06943 1.09439 . ,

30 300 1.03842 1.06314 1.08784 1,11397 1.,14291 1.17602
40 500  1.03194 .1.03686 1.08140 1.10699 1.13504 1.16690
S0 - 500 1,02335 1.05058 1.07505 1.10020 1.12745 1.15816
60 500 1.01863 1.,04426 1.06876 1.09357 1.12012 1.14976
70 500 1.01177 1.,03789 1.06251 1.08708 1.11301 1.141469
80 500 1.00473 1.03144 1.05627 1.08069 1.10611 1,13391
90 500 99749 1.02488 1.05003 1.07438 1.09938 1.12641
100 500 .99004 1.01820 1.04375 1.06814 1.09281 1.11915
110 500 .98234 1.01137 1,03741 1.06193 1.08637 1.11212
120 S00 97438 1.00437 1.03100 1.05574 1.08003 1.10528
130 500 96613 L99717  1.02448. 1.,04953  1.07377 1.09862
140 500 95737 98976 1.,01783 1.04329 1.06758 1.09211
150 500 . 924868 .98210 1.01103 1.03699 1.06141 1.,08372
160 500 937944 .97418 1.00407 1.03061 1.033925 1.07943
170 500 92983 96598 ,996921  1.02412 1.04908 1.07322
180 500 21982 95747 98953 1.01751 1.04288 1.06706
190 500 .20940 . 924864 ¢ .98192 1.01075 1.03661 1.06094
200 500 . 89854 . 93946 97405 1.00383 1.03027 1.,03482
210 500 . 88722 . 92991 96590 L929671  1.,02382 1.04869
220 S00 87543 . 21997 95744 98937 1.01725 1.04252
230 500 . 86314 90962 74867 .98180 1.01053 1.03629
240 500 85033 . 89885 . 93955 927398 1.00364 1.02999
250 500 . 83699 . 88762 . 93007 96588 99636 1.02357
260 500 . 82309 . .87392 .92020 . 95748 989227 1.01704
2790 500 . 80862 . 86374 .90993 . 94877 98175 1.01036
280 500 79356 85104 . 89924 93971 97398 1.00351
290 500 .77788 . 83782 . 88811 93030 965923 99648
300 500 761357 . 82405 . 87651 22051 95759 . 98923
310 500 . 74461 .80972 . 86443 91033 . 74894 98176
320 500 72698 . 79480 . 85185 89972 93995 97404
330 500 . 70867 77927 . 83875 . 88868 93061 26605
340 500 . 68966 .76313 82511 87719 22090 93777
350 500 66992 74635 .81092 B6&522 921080 924918
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NaCl Solutions
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TEMP PRES MOLAL CONCENTRATION
DEG C BRARS ] 1 2 3 4 3
0 600 1,06300 1,08782 1.11406
10 600 1.05670 1.08134 1.10705
20 600 1.05038 1.07496 1.10023 e e e i
30 600 1.04403 1.06864 1.09357 1.12024 1.15004 1.18434
40 600 1.03763 1.06236 1.08704 1.11309 1.14192 1.17488
S0 600 1.03114 1,05609 1.08062 1.10616 1,13410 1.16582
60 600 1.02455 1.04982 1.07429 1.09940 1.126535 1.13713
70 600 1.01782 1.04351 1.06801 1.09279 1.11926 1.14878
80 600 1.01095 1.03714 1.06177 1.08632 1.11219 1.14076
90 600 1.00390 1.03068 1.05535% 1.,07999 1.10532 1.13303
100 600 ,99665  1.02412 1.04931 1.07367 1.09862 1.12856
110 600 ,98918 1.01744 1.04303 1.06744 1.09208 1.11835
120 600 98146 1.01060 1.03670 1.06124 1.08366 1.11135
130 600 .97348 1.00359 1.03028 1.03505 1.07934 1.104%54
140 600 96521 V99637  1.02376 1.04885  1.07310 1.09790
150 600 95663 . 98894 1.,01711 1.04261 1,06691 1.09141
160 600 94772 928127 1.01031 1.03631 1.06076 1.0850S5
170 600 . 93846 97334 1.00333- 1,02993 1.05461 1,07878
180 600 . 922882 926512 L99616 1.02345 1,04845 1.07258
190 600 91878 V95659 98877 1.014683 1.04224 1.06644
200 600 20833 94774 98114 1.01007 1.03598 1.06032
210 600 89744 . 93853 27326 1.00313 1.02964 1,03422
220 600 88610 . 92896 96509 99600 1.02319 1.04809
230 600 . 87428 . 91200 95662 78866 1.01661 1.04193
240 600 86196 . 90863 . 94782 ,98108 1.009892 1.03570
2350 600 84912 . 89783 93869 27324 1.00299 1.02940
260 600 . 83575 . 88657 .92918 26513 9295921 1.02298
270 600 82182 87485 921930 . 925671 .98861  1.01645
280 600 . 80732 . 86264 20901 . 94798 .28108 1.00976
290 600 79222 . 84992 . 89829 923891 97329 1.00291
300 600 776351 83667 . 88714 . 92948 26523 99587
310 600 76017 . 82287 875582 21968 . 95688 . 728861
320 600 74318 . 80831 86341 20947 .924821 928113
330 600 . 72553 79356 . 85081 . 89885 V93921 97340
340 600 70719 . 77802 83769 . 88779 22986 96540
350 600 ., 68815 . 76185 87627 922013 25711
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TEMP PRES MOLAL CONCENTRATION
DEG C BRARS 0 1 2 3 4 S
0 700 1.06852 1.09356 1.12036

10 700 1.06221 1.08700 1.11317

20 700 1.05591 1.08055 1.10620 o : ,

30 700 1.04960 1.07418 .1.09941 1.12670 1.15744 1.19298
40 700 1.04326 1.06788 1,09277 1.11936 1.14904 1,18317
S0 700 1.03685 1.06161 1,08627 1.11225 1.14097 1.17377
60 700 1.03036 1.05935 1.07987. 1.,10935 1.13319 1.16477
70 . 700 1.02377 1.04%908 1,07355 1.09862  1.125469 1.,15613
80 700 1.01704 1,04277 .1.06729 1.09204 1.11843 1.14784
90 700 1.01015 1.,03640 1.06106 1.08359 1.11140 1.,13986
100 700 1.00309 1.,02995 1.05485 .1.07924 1.10456 1.13217
110 700 , 99583 0 1.02339 1.04861 1.,07297 1.09789 1.12475
120 - 700 98835 1.,01670 1,04234 1,06676 1.09137 1.117%7
130 700 98061 1.00985 1.03601 1.06057 1.08497 1.11060
140 700 97262 1.00283 1.,02959 1.05439 1.07867 1.10383
150 700 96433 L99560 1.02307  1.04820 1.07244 1.09722
160 700 . 95573 98816 1.01641 1.04196 1.06627 1.0907S
170 700 74679 . 98047 1,00960 1.03567 1.06013 1.:08440
180 700 93750 97252 1.002862 1.02928 1.03399 1.0781%5
190 700 .92784 , 96429 99544 1.02280 1.04783 1.07197
200 700 91778 .99574 .98804 1.01618 1.04164 1.06584
210 700 . 90730 . 24687 | ,98040 1.00941 1.03538 1.,03974
220 700 . 89639 93764 V97249 1.00246 1.02903 1.05364
230 700 . 88501 .922805 - ,96431  ,99533 1.02258 1.04732
240 700 .87316 . 91806 . 95582 98797 1.01600 1.04136
250 700 86082 90767 94701 .28038 1.00927 1.03514
260 700 . 84795 . 89684 . 93786 97253 1.00237 1.02883
270 700 . 83455 . 88557 92834  ,96440 99328  1.02242
280 700 .82060 . 87382 . 91843 . 95598 98797  1.01588
290 700 . 80607 . 86158 .70812 . 94723 .98043 1.00919
300 700 79094 . 84884 89739 93814 97263 1.00233
310 700 . 77521 83556 . 88621 . 92870 96456 99528
320 700 ,75884 82174 . 87457 .91887 95620 . 928803
330 700 .74182 . 80736 . 86244 . 20865 94752 . 98054
340 700 72414 . 79239 84982 . 89801 . 93850 97280
350 700 70578 77682 83668 . 88694 92914 96479
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TEMP PRES MOLAL CONCENTRATION

DEG C BARS 0 1 2 3 4 3
0 800 1.07408  1.09941 1,12683

10 800 1.06774 1.09274 1.11946

20 - 800 1.06144 1.08621 1.11231

30 800 1.05518% 1.07978 1.10537 1.13336 1.16511 1.20199

40 800 1.04883 1.07343 1.09861 1,125881 1.15642 1.19179

S50 800 1.04251 1.06714 1.09200 1.11851 1.14808 1.18204
60 800 1.03611 1.06089 1.08352 1.11144 1.14005 1.17271
.70 800 1.02961 1.05464 1.07914 1,10457 1.13232 1.16376

80 800 1.02301 1.04837 1.07284 1.09787 1.12486 1.15518
20 800 1.01628 1.04207 1.06639 1.09131 1.11764 1.14693
100 800 1.00939 1.03370 1.06038 1.08489 1.11063 1.,13900
110 800 1.00231 1.02924 1.05417 1.07856 1.10382 1.13135
120 800 99504 1.02268 1.04794 1.07230 1.09718 1,12397
130 800 .98754 1.01598 1.04168 1.06610 1.09068 1.11682
140 800 .97979 1.00912 1.03534 1.05993 1.08431 1.10989
150 800 27178 1.00209 1.02893 1.03376 1.07803  1.10314
160 800 96347 99486 1.,02240 1,04757 1.07182 1.096%55
170 800 - . 95485 98740 1.01574 1.04134 1.06566 1.09011
180 800 . 24589 927970  1.00892 1.03504 1.05952 1.08378
190 800 . 93658 27174 1.00193 1.02866 1.0333%9 1.07755
200 800 92690 96348 99474 1.,02217 1.04724 1.07138
210 800 . 921681 . 95492 .928733 1.01558% 1.04105 1.06527
220 800 90631 74603 97968 1.00877 1.03479 1.05917
230 800 . 89537 . 93678 V97176  1.00182 1.02845 1.05308
240 800 . 88397 92717 96356 99468 1.02200 1.04697
250 800 87210 91717 95506 ,28731 1.01541 1.04081
260 800 85972 20675 94623 97971 1.00868 1.034599
270 800 . 84683 . 89590 93706 927185 1.,00177 1.0282°9
280 800 . 83341 . 88460 922752 96371 99467 1.02188
290 800 81942 . 87283 91760 955827 98736 1.01533
300 800 80487 . 86058 90727 . 924651 27981 1.00864
310 800 78972 84781 .B9652 93741 27201 1.00178
320 800 77396 . 83451 . 88532 L 22795 926392 99473
330 800 W75757 . 82067 87366 .91811 P985S 78746
340 800 . 74053 . 80626 86152 .90787 . 24686 97997
350 800 72283 79127 . 84888 89722 . 923783 97222
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N

TEMP  PRES MOLAL CONCENTRATION
DEG C BARS 0 1 2 3 4 5
0 900 1.07969 1.10539 1,13352

10 900 1.07331 1.09860 1,12593

20 900 1.06699 1.09196 1.11859 . T .
30 900 1.06070 1.08544 1.11148 1.14024 1.17308 1.21136

40 900 1.05442 1.07903 1.10458 1.13246 1.16408 1,20077
50 900 - 1.04812 1.07270 1.09784 1.12496 1.15544 1.19065
60 900 1.04178 1.06643 1.09126 1.11770 1.14715 1.18094
70 900 1.03538 1.06018 1.08480 1.11066 1.13917 1.17169

80 900 1.02889 1.05394 1.07844 1.10382 1.13148 1.16279
90 900 1.02228 1.04768 1.07215 1.09714 1.12406 1.15426
100 900 1.01554 1.04138 1.06592 1.09061 1.11687 1.144606
110 900 1.00864 1.03502 1.05972 1.08421  1.10990 1.13817
120 900 1.00156 1.02856 1.05352 1.07790 1.10312 1.13057
130 900 99427 1.02199 1.04730 1.07166 1.09650 1.12322
140 900 98676 1.01529 1.04103 1.06547 1.09003 1.114610
150 900 97900 1.00843 1,03470 1.05930 1.08367 1.10920
160 900 .97097 1.00138 1.02828 1.05314 1.07741 1.10248
170 900 96264  ,99414 1,02175 1.04696 1.07121 1.09592
1890 900 95400  .98667 1.01509 1.04073 1.06507 1.08950
190 900 . .94503 ,97896 1.,00827 1.03444 1.05894 1,08319
200 900 93570  .97098 1.00127 1.02806 1.05282 1.07697 .
210 900 92599 96271 . 99407 1.02157 1.04668 1.07082
220 - 900 91588  .95413  ,98665 1.01494 1.04049 1.06472
230 . 900 90536  .94522  ,97898 1.00816 1.03423 1.05863
240 900 89439  ,93596  ,97106 1.00121 1.02789 1.05255
250 900 88297  .92633  .96285  .99405 1.02144 1.04644
260 900 87107  ,91630  .95433  ,98668 1.01485 1.04029
270 900 85868  .90587  .94549  ,97907 1.00812 1.03408
280 900 84576  .89500  .93630  .97120 1.00120 1.02777
290 900 83231  .88368  .92675  .96305  .99410 1.02136
300 900 81831  ,87189  .91681  .954460 ,98678 1.01482
310 900 80373  .85961  .90646 .94583  ,97922 1.00812
320 900 78856  .84683  .89569 .93&71  .97141 1.00126
330 900 77277  .83351  ,88448  .92724  .96332  .99420
340 900 75636  .81965  .87280 .91739  .95493  ,98693
350 900 73930  ,80522  .86064 .90713  .94623  ,97943
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TEMP  PRES MOLAL CONCENTRATION
DEG C BARS 0 1 2 3 4 5
0 1000 1.08536 1.11152 1.14042

10 1000 1.07892 1.10458 1.13260

20 1000 1.07256 1.09781 1.12506 e

30 1000 1.06626 1.09120 1.11776 1.14736 1.18137 1.22113
40 1000 1.05998 1.08471 1.11068 1.13933 1.17204 1.21013

S0 1000  1.05371 1.07832 1.10381 1.13160 1.16309 1.19961
60 1000  1.04742 1.07200 1.,09710 1.12414 1.15450 1,18955
70 1000 1.04108 1.06574 1.09054 1.11691 1.14626 1.17992
80 1000 1.03468 1.05951 1.08410 1.10991 1.13832 1.17070

90 1000 1.02819 1.05327 1.07776 1.10309 1.13067 1.16186
100 1000 1.02158 1.04702 1.07149 1.09645 1.12329 1.15338
110 1000 1.01483 1.04072 1.06528 1.08994 1.11613 1.14523
120 1000 1.00792 1.03436 1.05908 1.08355 1.,10919 1.13738
130 1000 1.00083 1.02790 1.05289 1.07726 1.10244 1.12981
140 1000 99353 1,02133 1.04667 1.07104 1.09585 1.12250
150 1000 98601 1.01462 1.04041  1.06486 1.08940 1.11542
160 1000 97823  1.00775 1.03409 1.05871 1.08306 1.108%54
170 1000 97019 1.00070 1.02767 1.05256 1.07681 1.10185
180 1000 96184  ,99345 1.02113 1.04638 1.07063 1.09531
190 1000 95319  .98597 1.01446 1.04016 1.06450 1.08891
200 1000 .94419  ,97825 1.00764 1.03387 1.05839 1.08262
210 1000 93484  ,97025 1.00063 1.02748 1.05227 1.07642
220 1000 92512 .96197  .99343 1.02099 1.04613 1.07028
230 1000 91499  .95337  ,98600 1.01436 1.03995 1,06419
240 1000 .90444  ,94445  ,97832 1.00758 1.03370 1.05812
250 1000 89346  ,93517  ,97038 1.00062 1.02736 1.05204
260 1000 88202  .,92552  .96216  .99346 1.02090 1.04594
270 1000 87010  .91548  ,95363  .98608 1.01432 1.03979
280 1000 85768  .90503  .94478  .978446 1.00758 1.03358
290 1000 . 84474  .89414  ,93557  ,97058 1.00066 1.02728
300 1000 83127  .88280  .92601 .96242  ,99355 1.02087
310 1000 81724  ,87100 .91605  .95396  .98622 1.01432

320 1000 80264  ,85870  .90569  .94517  .97846 1.00763

330 1000 .78745  ,84589  .89491  .93605  .97084 1.00076
340 1000 77165  .83256  ,88368  .92656 96274 99370
350 1000 75522  .81868  ,87199  .91670  .95435  .98643
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the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
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Department of Energy to the exclusion of others that
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