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Evaluated Activity and Osmotic Coefficients for Aqueous Solutions: 

Thirty-Six Un i-Bivalent Electrolytes 

R. N. Goldberg 

National Measurement Laboratory, National Bureau of Standards, Washington, D. C. 20234 

A critical evaluation of the mean activity and osmotic coefficients in aqueous solu­
tions of thirty-six uni-bivalent electrolytes at 298.15 K is presented. The systems which 
have been treated are ammonium orthophosphate, guanadinium carbonate, 1,2-ethane 
disulfonic acid, m-benzene disulfonic acid, ammonium decahydroborate, and the uni­
bivalent compounds of lithium, sodium, potassium, rubidium, and cesium. Osmotic 
coefficients were calculated from direct vapor pressure measurements, ffom isopiestic 
measurements and from freezillg-point depression measurements. Activity coefficients 
were calculated from electromotive force measurements on galvanic cells without trans­
ference and from diffusion measurements. Given are empirical coefficients for three 
different correlating equations, obtained by a weighted least squares fit to the experimen­
tal data, and tables consisting of the activity coefficients of the compounds, the osmotic 
coefficients and activity of water, and the excess Gibbs energy of the solution as functions 
of the molality for each electrolyte system. The literature coverage is through the com­
puterized version of Chemical Abstracts of September 1979. 

Key words: Activity coefficient; cesium; critical evaluation; electrolyte; excess Gibbs energy; lithium; osmotic 
coefficient; potassium; rubidium; sodium; solutions; thermodynamic properties. 
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672 R. N. GOLDBERG 

1. Introduction 
This paper is a continuation of research at the National 

Bureau of Standards on the systematic evaluation of activity 
and osmotic coefficients of aqueous electrolyte solutions. 
Previous evaluations have been performed for the uniRunivaR 
lent electrolytes [1], I calcium chloride [2], the alkaline earth 
metal halides [3], sulfuric acid [4], and the bi-univalent elec­
trolytes, which include compounds of iron, nickel and cobalt 
[5], lead, copper, manganese, and uranium [6], and zinc and 
cadmium [7]. The evaluation procedures have been deR 
scribed [2,3,8] in substantial detail and a bibliography [9] 
giving the results of a search of the scientific literature for 
relevant sources of experimental data has been published., 

We present our evaluation~ in detail so that any poten­
tial users of the data, as well as' future data evaluators, can 
have a better view of the status of the measurements on these 
systems. We also give coefficients, ubtained by a weighted 
least-squares fit of the experimental data, for three different 
correlating equations and tables consisting of the meanac­
tivity coefficients of the electrolyte. the osmotic coefficient 
and activity of water, and the excess Gibbs energy of the 
solution as functions of the molality for each electrolyte sys­
tem at 298.15 K. The literature coverage is through the com­
puterized version of Chemical Abstracts of September 1979 
accompanied by a search of several journals most likely to 
contain relevant data. 

The reader is referred to the glossary of symhols At thp 

end of this paper for the definitions of the various symbols 
used throughout the paper. In general, we have attempted to 
adhere to the recommendations of the IUPAC [10] with re­
gan.I to numenclature and units. 

2. Evaluated Activity and Osmotic 
Coefficients 

2.1. Presentation of Data 

We have arranged the presentation of data according to 
compound. For each compound that has been evaluated we 
present: 

1. The recommended values of the activity and osmotic 
coefficients, the activity of water, and the excess Gibbs ener­
gy per kilogram of solvent at selected molalities, which ex­
tend up to the highest molality for which data of non-zero 
weight exist, including, where possible, values at saturation. 
The latter molalities, indicated by (sat) in the tables, unless 
indicated otherwise, were calculated from the data given in 
the compilation of Linke and Seidell [11] and were also veri­
fied by checking one or more of the reference cited by Linke 
and Seidell. Estimates of the standaI'd deviatiu~lS of the cal­
culated values of the osmotic coeffici€mt [014> )], the activity 
coefficient [o1y)], and the natural logarithm of the activity 
coefficient [a(lny)], all at selected molalities, are given at the 
bottom of each table. 

'Figures in brackets indicate literature references. 
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2. The coefficients, standard deviations of the coeffi­
cients [a(coeff)], and standard deviations for observations of 
unit weights [o1eqsn)] for as many as three different correlat­
ing equations. The correlating equations we have used are: 

A 11/2 

Inr= - \ 1/2 + Cm +Dm2 +Em3 + ... , (la) 
1 +BI 

lny= -AJ1/2 
N 

A2/Inl + I Bjm(i+ 1)/2 (2a) 
i=1 

N 
In r = All 1/2 + IBim(i+ 1)/2 (3a) 

i= I 

The corresponding equations for the osmotic coeffi-
cient become: 

¢ 1 + ; ~ I X { (1 + BI \ /2) 

+ 2 In (I + BI 1/2) + 1 I( 1 + BI 1/2) 1 

+ 1/2 Cm + 2/3 Dm2 + 3/4 Em3 + ... , (lb) 

~I 1/2 ~I [In I + 1/2] 
3 2 

+ i B; (~+ 1) m(i+ 1)/2 (2b) 
;=1 (z + 3) 

and 

f/J = 1- ~/1/2 + f B; (~+ 1) m(i+ 1)/2. (3b) 
3 ;=1 (1+3) 

For 1-2 electrolytes in water at 25°C, Al = 2A and 
A2 = iA 2, where A is the constant in the Debye-Hiickel 
equation and is equal to 0.51084 loge 10 kgl/2.mol-1/2 at 
25 °e. Using this value ·of A and ten signifioant figures, A I 
= 2.352505138 mol- 1

/
z.kg l

/
2 and A2 = 0.9223800706 

mol- \.kg. The user should note that in our tables, where we 
have given the coefficients of these correlating equations for 
the various systems that have been evaluated, we have used a 
shorthand notation to designate the various parameters, i.e., 
parameter 1 corresponds to either B in eqs 1, or B 1 in eqs 2 or 
3, parameter 2 corresponds to either C in eqs 1 or B2 in eqs 2 
or 3, parameter 3 corresponds to either Din eqs 1.0r B3 in eqs 
2 or 3, etc. Also, powers of ten are implied in the representa­
tion of a number, e.g., .499-02 is .499 X 10- 2

• We have re­
tained ten digits for the coefficients in order to avoid a loss of 
potentially useful information which might be of value for 
some applications in which the derivative of the activity co­
efficient with respect tothe molality is of interest. The digits 
in excess of those required to ensure a precision of 0.001 or 
better in the calculation of 4> or In r have not been under­
lined. Unless indicated otherwise, eqs (la) and (lb) were used 
to produce the activity and osmotic coefficients given in the 
tables of recommended values. 

3. The calculated values of ¢ and/or Y/Yref obtained 
from the experimental measurements reported by the var­
ious authors and the weights assigned to the various data 
sets. It should be noted that, in most cases, these are not 
original data, but rather the result of an intermediate calcu­
lation. Individual data points designated by an asterisk (*) 
were given zero weight. 
and 

4. A deviation plot of.:i</> and/or Ay as a function of the 
molality. In these plots the symbol.d means "observed mi-
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nus calculated" values. 
The excess Gibbs energy A.Ge"', is given by 

A.Gc" = Grcal - Gidcal = vmRT(l - tP + In r)· 

2.2. Criteria for Choice of Number of Coefficients 

The items the author has examined in deciding upon the number of coefficients to be used in a given correlating equation 
have been the following: (1) the standard deviations of the fit for observations of unit weight, (2) the statistical F ratio, (3) the 
ratio of the coefficients to their standard deviations, and· (4) the individual deviations of the data points and the general 
smoothness of the fit. Typically, as the number of coefficients is increased, the standard deviations for observations of unit 
weight decrease rapidly and then settle down to some fairly constant value. The number of coefficients selected is most 
commonly that which first gives this approximately constant value and it has generally been found to be consistent with an F 
ratio of approximately two and a ratio of an individual coefficient to its standard deviation being greater than two. Subjective 
judgment has also been exercised in deciding upon the number of coefficients to be used. For data sets containing large 
numbers of observations, the numerical values of the tabulated properties have been found to be quite insensitive to the choice 
of the number of coefficients. 

J. Phys. Chem. Ref. Data, Vo'. 10, No.3, 1981 



674 R. N. GOLDBERG 

2.3. Evaluated Systems 

Recommended Value~ fnr the activity and osmotic coefficient of ammonium ortbopbQ~?hot=, 
(NH4)?HP04, in H20 at 298.15 K 

-I 
m/molokg y 

.001 

.002 

.003 
• 004 
• 005 
• 006 
• 007 
.008 
• 009 
• 010 
• 020 
• 030 
.040 
.050 
• 060 
.070 
• 080 
• 090 
.100 
.2aO 
.300 
.400 
.500 
.600 
• 700 
.800 
.900 

1.000 
1.250 
1.500 
1.750 
2.000 
2.250 
2.500 
2.750 
3.000 
3.107 

.8823 

.8.394 

.8085 

.78.38 

.7629 

.7447 

.7285 

.71..39 
.7006 
.6884 
.600, 
.5435 
.5018 
.4689 
.4420 
.4192 
.~996 

.3825 

.3673 

.2729 
• 2241 
• 1929 
.1709 
.1544 
.1413 
.1308 
.1:a:a0 
.1145 
.1000 
.089.3 
.0810 
• (;1744 
.0689 
.0643 
.0603 
.0569 
• 0555 

mlmol.kg- 1 

.001 

.010 

.100 
1.000 
2.000 
:;-.107 

Coefficients of Correlating Equations 

J 
2 
3 
4 
5 
6 

.5355157884+00 

. 53Q1i'26 i 940-01 
.162-01 
.159-01 

J. Phys. them. Ret. Data, Vol. 10, No.3, 1981 

• 9588 .99C;948 -1 • 
• 942S .9S98S8 -2 • 
.9309 .999849 -3 • 
.9211 .9S9801 -5 • 
.9126 .999753 -7 • 
.9051 .999707 -9 • 
• 8S83 .999660 -11 • 
.8920 .9C;S614 -14 • 
.8863 .999569 -16· • 
.8809 .999524 -19 • 
.8400 .999092 -52. 
.8114 .998685 -94' • 
• 7889 .C;98296 -142 • 
.7704 .997920 -196 • 
• 7545 .997556 -255 • 
.7405 .997202 -317 • 
.7281 .996857 -384 • 
• 716_9 .St;6519 -454 • 
.7068 • 996187 -527 • 
.6370 .99.3138 -1392 • 
• 5954 .990393 -2435 • 
.5664 .·_987831 -3605 • 
• 5445 .985394 -4875 • 
• 5272 .983050 -6226 • 
.5130 .960779 -7651 • 
.5011 • 976567 -91.35 • 
.4909 • 97G-+06 -lOG? .... 

• 4620 .974287 -12263 • 
.4639 .969148 -16422. 
.4497 • 964198 -20811 • 
• 4381 .959408 -25396 • 
.4283 .954763 -30149 • 
.4196 • 950252 -35053 • 
.4119 .945871 -40093. 
.4048 • 941614 -45255 • 
.3982 __ S37481 -50531. 
.3955 .935749 -52822 • 

0(0) J(.Q,ny) ~ 
.0000 .0001 .0001 
.0004 .0008 .0006 
.002::3 .0054 
.0049 .0169 
.0055 .0171 
.0111 .0178 

-.8700265!46-io01 
.3562225580+02 

-. ffi"Ji8"6230+02 
.2956126034+02 
-.~1439+02 

. 1542662741 +0 1 

a(eqs I) 
a(eqs 2) 
a(eqs 3) 

.145-01 

.105-01 

.125-01 

.0020 

.0019 

.0013 

.0010 

a (coeff) 

.125+0\ 

.547+01 

.964+01 

.833+01 

.350+01 

.574+00 

Eqs 3 
coefficient a(coeff) 

.3124303465+01 

. l536S88636+0 I 

.30913151117+00 

.103+00 

.129+00 

.422-01 
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Experimental Data Employed in Generation of Correlating Equations 

Platford [12]. Isopiestic measurements, reference salt is NaCI. Assigned weight is 1.0. 

J.OOO 

2.500 

2.000 

1.500 

1.000 

.500 
N 
+ 
0 0 

.tx 
-.500 

-1.000 

-1.500 

-2.000 

-2-500 

-3.000 .L 

0 .400 

-I m/molokg 

.105800 

.157200 

.195100 

.304-4-00 

.530500 

.834400 

.928500 
1.107400 
1.312200 
1.571600 
1.700500 
2.792000 
3.107000 

°298.15 

.6652 

.6521 

.6375 

.5865 

.5576 

.5024 

.5049 

.4734 

.4615 

.4317 

.4-4-16 

.4049 

.3955 

.800 1.200 1.600 2.000 
Molality/mol kg-I 

Deviation Plot for IY/J vs molality 

&. Platford [12], isopiestic vs NaCI 

2.400 2.800 

675 

3.200 
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676 R. IN. GOLDBERG 

Recommended Values for the mean activity and osmotic coefficient of guanadinium carbonate, 
(CN3H6)2 C03' in H20 at 298.15 K 

-1 
m/l'l101·kg "Y 

.001 .8837 

.002 .8420 

.003 .8122 

.004 .7685 

.005 .7685 

.006 .7512 

.007 .7359 

.OOS .7221 

.009 .7095 

.010 .6980 

.020 .6156 

.030 .5631 

.040 .5246 

.050 .4942 

.060 .4693 

.070 .4482 

.080 .4299 

.090 .4139 
• 100 .3996 
.200 .3081 
.300 .2577 
.+00 .zz:se 
.500 .1989 
.600 .1796 
.700 .1642 
.800 .1515 
• 900 .1410 

1.000 .132.0 
1.250 .114E: 
1.500 • 1020 
1.750 .0924 
2.000 .084B 
2.250 .0786 
2.500 .0734 
2.613 .0713 

m/molok!ij 
-1 

.001 

.010 

.100 
1.00Q 
2.000 
2.613 

Coefficients of Correlating Equations 

1 
2 
3 
4 
5 

coefficient 

-.1392704913+01 
.1037864836+02 

- . 536'S379733+01 
.1853256442+01 

-.2840721229+00 

J. PhYI. Chem. Ref. Data, Vol. 10, No.3, 1981 

0 

• 9596 
• 9443 
• 9331 
.9240 
.9162 
.9093 
.9031 
.S975 
• 892.3 
.B875 
.8518 
.8276 
• B090 
.7937 
• 7807 
.7694 
.7593 
• 7501 
.7417 
• 6812 
.6398 
• e.071 
.5799 
• 5567 
• 5367 
.5195 
.5047 
.4919 
.4670 
.4494 
• 4365 
.4264 
.4182 
.4114 
.4090 

O'(t) 

.0000 
.0003 
.OOlit 

.0003 

.0004 

.0005 

a(coeff) 

.109+00 

.332+00 

.398+00 

.214+00 

.429-01 

o (eqs 2) 
a(eqs 3) 

AGex/Jokg- 1 

.999948 -1 • 

.999898 -2 • 

.9S9849 -3 • 
• 999800 -5 • 
• 999752 -7 • 
.999705 -9. 
• 999658 -11 • 
• <;.,9612 -13 • 
.999566 -16 • 
• 999520 -lB • 
• 999080 -50 • 
• 998659 -90 • 
.59B253 -135 • 
• 997857 -18S • 
.-597471 -240 • 
• 997093 -298 • 
• 996723 -359 • 
.996358 -423 • 
.S~5999 -490 • 
.992664 -1277 • 
• 989679 -,222 • 
.ge(09(OO -:SZGS • 

• 984452 -4443 • 
.982111 -5683 • 
.979899 -6994 • 
• 977787 -8368 • 
.975748 -979B • 
• 973764 -11260 • 
• S68943 -151BO • 
.9642,,2 -19319 • 
.959556 -23656 • 
• 954953 -28165 • 
• 950420 -32824 • 
• 945925 -3761B • 
• 943878 -39825 • 

o(iny) o(y) 

.0001 .0001 
.0007 .0005 
.00:52 .DD13 
.0032 .0004 
.0034 .0003 
.0035 .0002 

coefficient 

.618-03 

.528-03 

.5429400011+01 
-. bB97307060+01 

.5257637603+01 
-.2062927876+01 

.3230122353+00 

o(coeff) 

.933-01 

.284+00 

.340+00 

.183+00 

.367-01 



ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 

Experimental Data Employed in Generation of Correlating Equations 

Bonner [13]. Isopiestic measurements, reference salt is NaCl. Assigned weight is 1.0. 

Comments 

mime) I • kg-I 

•• 04100 
.533700 
.670600 
.865100 

1.139000 
1.450000 
1.777000 
2.2.15000 
2.61300Q 

"298.15 
·.60~2. 
.5713 
.5.22. 
.5098 
.4769 
.4530 
.4346 
~.i96 
.~089 

Eqs I could not be used and we have based our table of recommended values on eqs 3. 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 
<'I 
+ 
0 0 s..-

<IX -
-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
0 .400 .800 1.200 1.600 

Molality/mol kg-' 
2.000 2.400 

6 Bonner [131, isopiestic vs NaCl 

677 

2.800 
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678 Ro No GOLDBERG 

Recommended Values for the mean activity and osmotic coefficient of 1,2-ethane disulfonic acid, 
C2H6S206, in H20 at 298.15 K 

mlmolokg- I y 0 a 6Gex/J o kg- 1 
w 

.001 .889E- • 9629 .S995148 -i .. 

.002 .. 8528 • 9505 .9Ci9897 -2 • 

.003 .8273 • 941-9 .999847 -3 • 

.004 .8075 .9353 .999798 -4 • 
• 005 .7911 .9299 • 9S9749 -6 • 
.006 .7772 .9254 .999700 -8. 
.007 • 7651 .9214 .999651 -10 • 
.008 .7543 .9180 • 999603 -12 • 
.009 .7447 .914., • 9519555 -14 • 
.010 .7359 .9122 .':;;99507 -16 • 
• 020 .6761 .8946 - .999034 -43 • 
.030 .640Q • 8857 • 998666 -74 • 
.040 .6167 • 8808 .':;;98098 -108 • 
.050 .5986 .8780 .997630 -145 • 
• 060 .5846 .8767 • 9517161 -184 • 
.070 .573::3 .8763 • 996690 -225 • 
.050 .~O41 .B7CC • 996217 -267 • 
.090 • 5565 .8774 .995741 -310 • 
.100 .. 5501 .8787 .995262 -354 • 
.200 • 5210 .9021 .990297 -824 • 
.300 • 5195 .9333 • 984982 -1~12 • 
• 400 .5296 .9.671 .979310 -1793 • 
.500 .5466 1.0022 .973280 -2254 • 
• 600 .5686 1.0382 • 96689S -2689 • 
.700 .5949 1.0746 .960160 -3093. 
.eoo .6~+e .t.l11+ • .953081 -::5401 • 

.900 • 6584 1.1485 .945667 -3791. 
1.000 .6955 1.1857 ._937926 -4082. 
1.250 .8038 1.2790 .917218 -4624. 
1.500 .9358 1.3720 • 8_94737 -48S9 • 
1.750 1.0938 1.4637 .870715 -4868. 
2.000 1.2806 1.5536 • 845413 -4555 • 
2.250 1.4993 1.6410 • 819099 -3948 • 
2.500 1.7532 1.7255 .792045 -3049. 
2.750 2.0455 1.8067 • 764510. -1862 • 
3.000 2.3795 1.8844 • 736733 -390 • 
3.250 2.7585 1.9585 .708927 1359. 
3.500 3.1861 2.0289 .681273 3381. 
3.750 3.b657 2.0:959 • 653918 5666 • 
~.ooo ~.ZOle ,.1090 .C~C':i7Q B~OB. 

4.250 4.7987 2.2203 .600502 11001. 
4.500 5.4634 2.2786 .57~548 14038. 
4.750 6.2040 2.3351 .549110 17314. 
5.000 7.0317 2.3904 .524159 20824. 
5.250 7.9617 2.4455 .4996.34 24566. 
5.500 9.0150 2.5012 • 475454 28538 • 

m/molok£! 
-1 0(0) G (Q,ny) cr(y) 

.001 .0001 .0002 .0002 

.010 .0007 .0015 .0011 

.100 .0019 .0057 .0031 
1.000 .0015 .0067 .0046 
2.000 .0017 .00C7 .ooeo 
5.000 .0025 .0070 .0489 
5.500 .0040 .0081 .0731 
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Coefficients of Correlating Equations 

~ 

Par coefficient o{coeff) 

.1751607997+01 .413-01 
2 .5'91'1t063834+00 .228-01 
3 .7595113014-01 .129-01 
4 -. 2201141906-01 .3-15-02 
5 .1626487327-02 .265-03 
6 

~ 

coeff i c i ent 

.2511879952+01 

.5513768250+01 
-. 1392592493+01 

.1643752563+00 

a (eqs 1) 
a(eqs 2) 
a (eqs 3) 

.420-02 

.657-02 

.560-02 

Experimental Data Employed in Generation of Correlating Equations 

o (coeff) 

.568-01 

.924-01 

.518-01 

.967-02 

coefficient 

.1004119346+02 
-.~16343+02 

. T"i'5Sb67842+02 
-.6369901036+01 

. 1675129050+01 
-. 1784308188+00 

o (coeff) 

.225+00 

.727+00 

.968+00 

.639+00 

.207+00 

.261-01 

Bonner, Rushing and Torres [14]. Vapor pressure osmometry and isopiestic measurements. The reference 
electrolytes were NaCI, up to its 1 imit of solubil ity in water, and LiCl for the more concentrated solutions 
[15]. The isopiestic molal ities were not reponed. A5signed weiyhL i:;; 1.0. 

m/molokg -1 
0298.15 

.006,A00 .9240 

.014400 .9050 

.025600 .8930 

.040000 .8850 

.100000 .8750 

.200000 .8950 

.300~00 .9330 

.400000 .9700 

.500000 1.005p 

.600000 1.0420 

.700000 1.0760 

.800000 1.1110 

.900000 1.1480 
1.000000 1.1840 
1.~00000 1.2560 
1.400000 1.3300 
1.600000 1.4060 
1.8000QO 1.4830 
2.000000 1.5620 
2.500000 1.7320 
3.000000 1.8800 
3.500QOO 2.0250 
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3.000 

2.500 

2.000 

1.500 

1.000 

.500 ~ 
6A

A A 
N A 
+ A A 
0 0 "'" -<IDA .tX A A ~ 

..to 
6 A 6 6 

-.500 
6 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
0 .50 1.00 1.50 2.00 2.50 3.pO 3.50 4.00 4.50 5.00 5.50 

Molality/mol kg-

6 Bonner, Rushing and Torres [14], vapor pressure osmometry and isopiestic vs Nae) and Lie! 

J, hy., (;~.m, It.f. Doto, Vol. 10, No.3, 1981 
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C6H6S206 
Recommended Values for the mean activity and osmotic coefficient of m-benzene disulfonic acid, 

C
6

H6S206, in H20 at 298.15 K 

mlmol okg- 1 y " a tJ.Gex/Jokg -'1 
w 

.001 .8897 .9629 .999948 ... 1 • 
• 002 .8530 .9506 .999897 -2 • 
• 003 .8276 .9421 .9~9847 -3 • 
• 004 .8078 .9356 .999798 -4 • 
• 005 .7916 .9302 • .999749 -6 • 
• 006 .7778 .9257 .999700 -8 • 
• 007 .7657 .9219 .999651 -10 • 
• 008 .7550 .9185 .999603 -12 • 
• 009 .7454 •. 9155 .999555 -14 • 
• 010 .7367 .9128 .999507 -16 • 
• 020 .6777 .8957 .999032 -42 • 
• 030 .6432 .88'74 .998&62 -73 • 
• 040 .6195 .8830 .998093 -10& • 
• 050 .6020 .8S07 .S97623 -144 • 
• 060 .5885 .8798 .997151 -183 • 
• 070 .5777 .87.99 .9.96677 -223 • 
• 080 .5689 .8805 .996200 -265 • 
• 090 .5616 .S817 .995720 -307 • 
• 100 .5556 .8832 .995238 -350 • 
• 200 .5287 .9078 .990236 -811 • 
• 300 .5.275 .9372 .98491 a -1.2A7 • 
• 400 .5361 .9673 .979305 -1758 • 
• 500 .5502 .9973 .973409 -2212 • 
• 600 .5682 1.0274 .967234 -2645 • 
• 700 .5894 1.0577 .960776 -3052 • 
• 800 .6138 1.0885 .9540.28 -3430 • 
• 900 .6413 1.1.200 .946978 -3777. 

1.000 .6720 1.1525 .939614 -4090. 
1.250 .7640 1.2378 .919779 -4712. 
1.500 .8800 1.3278 .897947 -5083. 
1.750 1.0200 1.4181 .874485 -5184. 
1.800 1.0504 1.4355 .869663 -5171. 

mlmol o kg- 1 a(0) o(£ny) £.hl 
.001 .0001 .0002 .0002 
.010 .0005 .0012 .0009 
.100 .0010 .0035 .0019 

1.000 .0011 .0037 .0025 
1.800 .0029 .0046 .0049 

681 

Coefficients of Correlating Equation5 

1 
2 
3 
4 
5 
6 
7 

coefficient 

.1746561701+01 

.7335009529+00 
-.2756594183+00 

.20250111854000 
-.4555922673-01 

O'(coeff) 

.415-01 

.553-01 

.850~01 

.600-01 

.151-01 

coeffJ ~Jen t 

.4673759881+00 

.1553037784+02 
-. '2iT4873800+02 

. T9'2'B'li"03355+02 
-.9135685108+01 

.1732780589+01 

0' (eqs 1) 
cr(eqs 2) 
o(eqs 3) 

.310-02 

.286-02 

.312-02 

otc;oeff) 

.268+00 

.160+01 

.384+01 

.450+01 

.256+01 

.568+00 

coeff i c i ent 

.1283462970+02 
-.3162708511+02 
.~41881+02 

-.7993034081+02 
.b325495649+02 

- . 2719019435+02 
.4844918242+01 

a (coeft) 

.592+00 

.453+01 

.144+02 

.240+02 

.218+02 

.103+02 

.195+01 

J. Phys. Chem. Ref. Data, Vol. 10, No.3, 1981 
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Experimental Data Employed in Generation of Correlating Equations 

Bonner and Rogers (17). Vapor pressure Bonner, Holland and Smith [16]. Isopiestic measure­
ments, reference electrolyte was NaCl [IS]. The 
isopiestic molalities were not reported. Assigned 

osmometry measurements. Assigned weight is 1.0. 

weight is 1.0. 

m/mol·kg -I 

.100000 

.200000 

.300000 

.400000 

.500000 

.600000 

.700000 

.SOOOOO 

.900000 
1.00000" 

N 
+ o 

.tx 

1.200000 
1.400000 
1.600000 
1.aOOOOO 

J.OOO 

2.500 

2.000 

1.500 

1.000 I+-

.500 + 

o ~ 

+-f 
-.500 .: 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
o 

fJ298.IS 
.a910 
.9050 
.9370 
.9680 
.9970 

1.0270 
1.0570 
1.0880 
1.1200 
1.1510 
1.2220 
1.2930 
1 • ..3620 
1.437(). 

I ++ .,. 

.400 .600 .800 1,000 
Molality/mol kef 

.200 

A Bonner, Holland and Smith [16], isopiestic vs NaC! 

~ Bonner and Rogers [17], vapor pressure osmometry 

J. Phys. Chem. Ref. Data, Vol. 10, No.3, 1981 

m/mol.kg -I 
fJ298.15 

.010000 .9230 

.020000 .9000 

.030000 .8850 

.O~OOOO .&770 

.050000 .a760 

.060000 .8780 

.070000 .a790 

.0&0000 .&&00 

.090000 .8820 

.100000 .a840 

.200000 .90aO 

.300000 .9370 

.~OOOOO .96.90 

.500000 .9980 

.600000 1.0280 
.700000 1.05&0 
.800000 1.0S80 
.900000 1.1190 

1.000000 1.1510 
1.200000 1.2230 
1.400000 1.2920 
1.600000 1 • ..3620 

• 

1.200 1.400 1.600 1.800 
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Recommended Values for the mean activity and osmotic coefficient of ammonium decahydroborate, 
(NH4)2B,oH,o, in H20 at 298.15 K 

mlmol·k.9- l 

.001 .8867 

.OO~ .8475 

.003 .8199 

.004 • 798~ 

.005 • 7801 

.006 .7645 

.007 • 7508 

.008 .7386 

.009 .7275 

.010 .7174 

.020 .6465 

.030 .6026 

.040 .5711 

.050 .5466 

.060 .5268 

.070 .5103 

.080 .4961 

.090 .4838 

.100 .4730 

.200 • 4063 

.300 .3720 

.400 .3501 
• 500 • ..3346 
.6.00 .3228 
.700 .3135 
• SOO .30&., 
.900 .2995 

1.000 .2941 
1.250 .2.834 
1.500 .2755 
1.7::>0 .,c5l1 
2.000 .2639 
2.250 .2595 
2.500 .2555 
~.750 .~519 
3.000 .2486 
3.250 .2455 
3.500 .2424 
3.750 .2395 
3.806 .2389 

-1 m/molokg 

.001 

.010 

.100 
1.000 
2.000 
3.806 

fI 

.9613 

.9475 
• 9376 
.9298 
.9233 
.9176 
.Q12fIJ 
• 9082 
.9041 
.9004 
.8743 
• 8582 
• 8469 
• 8383 
.8315 
.8260 
.8.214 
• 8175 
.8142 
.7975 
.7926 
• 7:917 
• 7927 
• 7945 
.7967 
.. 7991 

• a~)17 
.8042 
.8103 
.8158 
.1:5,01 
• 8.247 
• 8281 
.8307 
.8327 
• 8339 
.8345 
.8343 
.8336 
.8::33 

0(0) 

.0000 

.0002 

.0009 

.0009 

.0012 

.0020 

Mex/J'kg- I 

• 9~9948 -1 • 
.999898 -2 • 
.999848 -3 • 
.999799 -5 • 
.999751 -6 • 
• 999702 -8 • 
• C;;C;;9fIJ5S -10 • 
.9«;;9607 -13 • 
.999560 -15 • 
• 999514 -17 • 
• 999055 -46 • 
• 998609 -81 • 
.998171 -121 • 
.997737 -164 • 
.9_97307 -211 • 
• 996880 -260 • 
• 996455 -311 • 
.996031 -364 • 
• 995609 -419 • 
• 991417 -1038 • 
.9872..31 -1743 • 
• 983029 . -2502 • 
•. 978807 -3300 • 
.974566 . -4128 • 
• 970309 -4981 • 
.96603& -6&6.3 • 

• 961757 -6742 • 
.957467 -7645. 
.946730 -9956. 
.936001 -12328. 
.~'031t5 -14/47. 

.914709 -17206 • 

.904203 -19699 • 
• 89..3825 -22222 • 
• 883595 -24772 • 
.873535 -27348 • 
.863664 -29947. 
• 853998 -32570 • 
.844554 -35216. 

·.842470 -35812. 

a (Q,ny) o(y) 

.0001 .0001 
.0005 .0004 
.0023 .0011 
.0040 .0012 
.0037 .0010 
.0044 .0011 

Coefficients of Correlating Equations 

Par 

1 
2 
3 
4 
5 
6 
7 
8 

coefficient 

. 1 3022.65it68+o l 

.3390392911-01 
-. b1'41942770-02 

a (coeff) 

.116-01 

.558-02 

.102-02 

coefficient 

-.4085itOl947+0\ 
.3213025606+02 
-.~6528+02 

.]004175239+02 
- .5f9T1fS9846+02 

.2304409373+02 
- . 5'b'224Tf 27 4+01 

.5800327lj59 1 oo 

iJ (eqs I) 
o(eqs 2) 
() (eqs 3) 

.241-02 
. 141-02 
.171-02 

.608+00 

.376+01 

.101+02 

. 149+02 

.128+02 

.644+01 

.175+01 
. 199~ 00 

.7615229159+01 
-. 98i7T44008+0 1 

.1fci"lib1r68483+0 I 

. 3937253675+01 

. T61j1220858+0 J 

.1142660489+00 

683 

o (c.ocff) 

.140+00 

.552+00 

.88HOO 

.695+00 

.267+00 

.401-01 
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Experimental Data Employed in Generation of Correlating Equations 

Wen and Chen [18]. Isopiestic measurements, reference salt is KC1. Assigned weight is 1.0. 

m/mol·kg 
-I 

0298.15 

.107000 .8086 

.160200 .7977 

.237500 .7986 

.356000 .7947 

.508400 .7950 
• 754C00 .7967 
.981600 .8022 

1.1~6000 .e071 
1.320000 .8129 
1.77.9000 .8219 
2.235000 .8278 
2.840000 .8329 
3.342000 .8343 
3.806000 .8336 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 
N 
+ 
o Or-____________________ ~A ______ _=~ ____ ~_~--------~_------~-~----~~~ 

A A A .s-x 
-.500 

-1.000 

-1.500 

-2.000 

-2.500 

Deviation Ptot for 

.400 .800 1.200 1.600 2.000 2.400 
Uolality/mol kg-' 

6.21 vs molal ity 

6 Wen and Chen [t8], isopiestic vs KCI 

2.800 3.200 3.600 4.000 

J. 'hy •. Chem. R.f. Data, Vol. 10, No.3, .1981 
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Recommended Values for the mean activity and osmotic coefficient of lithium sulfate, 
Li 2S04, in H20 at 298.15 K 

-I 0 6Gex/J o kg- 1 m/molokg y a 
~ 

.001 .8866 .9612 • 94i9948 -1 • 

.002 .8473 .9473 .999898 -2 • 
.. 00:3 .619(, .9~7.o). .9990.0).0 -;, . 
• 004 .7978 .9296 .9S9799 -5 • 
• 005 .7796 .9230 .999751 -6 • 
.006 .7639 .9172 • 9S9703 -8 • 
• 007 .7502 .9122 .999655 -10 • 
• 008 .7378 .9077 .999608 -13 • 
• 009 .7267 • 9035 .999561 -15 • 
.010 .7165 .8S98 • 999514 -17 • 
.020 .6450 .8731 .999057 -46 • 
• 030 .6006 .8566 .008612 -82 • 
• 040 .5686 .8449 .4i98175 -122 • 
• 050 .5438 .8358 .997744 -165 • 
• 060 .5236 .8287 .997316 -212 • 
• 070 .5067 .8228 .996892 -262 • 
• 080 .4923 .8178 .996470 -313 • 
• 090 .4797 .8136 .996050 -367 • 
• 100 .4686 .8100 .995632 -422 • 
.200 .39ge .7903 • 99i494 -1052 • 
• 300 .3641 .7832 .987381 -1771 • 
• 400 .3411 .7809 .,583261 -2548 • 
• 500 .3248 .7809 .979120 -3366 • 
• 600 .3126 .7823 .974951 -4218 • 
.700 • 3031 .7848 .970747 -5094 • 
• 800 .2955 .7880 .966502 -5992 • 
• 900 .2894 .7919 .962212 -6906. 

1.000 .2845 .7..964 .957870 -7835. 
1.250 .2759 .8099 .946757 -10203. 
1.500 .2713 .8262 .935211 -12615 • 
1.7:50 • ZO'ii/O .5454 • 923151 -15048 • 
2.000 .2703 .8674 .910502 -17484. 
2.250 .2732 .8921 .897191 -19907. 
2.500 .2780 .9196 .883154 -22304 • 
2.750 • 2848 .9499 .868332 -24663. 
3.000 .2935 .9830 .852672 -26971. 
3.140 (sat) .2993 1.0027 .843520 -28237 • 
3.165 • 3003 1.0064 .841857 -28461. 

-1 
m/mo_l~ cr(0) cr(,Q,nr)' 2.hl 

.001 .0000 .0001 .0001 

.010 .0003 .0006 .0004 

.100 .0010 .0027 .0013 
1.000 .0015 .0040 .0011 
2.000 .0019 .0042 .0011 
3.165 .0034 .0055 .0016 

885 

Coeff i ci entsof Correlating Equations 

~ Eqs 2 ~ 

Par coefficient a (coeff) coefficient cr(coeff) coefficient a (coeff) 

1 .1289443996+01 .147-01 -.1253521405+00 .171 +00 .771)7667445+01 . I i4+00 
2 -.3273850848-01 .104-01 . T003195308+02 .593+00 -. 1023234522+02 .464+00 
3 .3577748322-01 .242-02 - . 58'8b8"4 5990+01 .760+00 .7959797142+01 .595+00 
4 .2246321829+01 .421+00 -.3197263002+01 .329+00 
5 -.3579333626+00 .847-01 .5154963081+00 .663-01 

cr(eqs 1) .793-02 
cr(eqs 2) .103-01 
a(eqs 3) '"' .307-02 

J. Phys. Chem. Ref. Data, Vol. 10, No.3, 1981 
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Experimental Data Employed in Generation of Correlating Equations 

Appleby et al. [19]. Vapor pressure measurements. 
These workers report the vapor pressure over the 
saturated solution. We have assumed that this pertains 
to a molality of 3.14 molokg- I • Assigned weight is 
zero. 

-1 
mlmol'kg 

3.140000 

0298.15 

.8781 

Frolov and Nasanova [20]. Isopiestic measure­
ments. These authors do not report either the ref­
erence electrolyte or the isopiestic molalities. 
4ssigned weight is zero. 

-1 
mlmolokg 

1.290000 
1.612000 
1.968000 

~298. 15 

.7206 * 

.8256 

.8640 

Indel1i (21)". Freezing point depression measure­
ments. The ~L data for Li2S04 and the ~C data for 
Na2S04 given in the trlble of ~lJxilirlry n-'lta were used 
in treating these measurements. The first nine data 
points up to a molality of 0.17163 molokg- l were given 
a weight of 0.8, the next eight pts. up to a molality 
of 0.4884 molokg- l were weighted at 0.4, and the 
remaining data were weighted at zero. 

mlmol okg- 1 
°298.15 

.007043 .9256 
.013120 .8890 
.017581 .8703 
.032880 .8422 
.042710 .8331 
.061580 .8154 
.092660 .7986 
.158410 .7828 
.171630 .7805 
.212780 .7809 
.219340 .7798 
.224750 .7817 
.277860 .7808 
.322250 .7851 
.379230 .7904 
.440550 .7998 
.488400 .8075 
.510200 .8131 ,', 
.536800 .8177'" 
.:::;a~900 .6:!65 .', 

.595800 .8303 ,~ 
• 66!?700 .8486 ,', 
.708000 .8580 ,', 
.819900 .8911 * 
.917200 .9231 * 

1.013900 .9585* 

Kangro an'd Groenevel dl22]. Vapor pressure 
measurements. Assigned weight is 0.50. 

mlmolokg- 1 

.500000 
1.000pOO 
1.500000 
2.000000 
2.:)00000 
3.000000 

£129&.15 
.7826 
.7872 
.8274 
.8685 
.9237 
.9803 

Pearce and Eckstrom [23]. Vapor pressure 
measllrements. Assigned weight is 0.20. 

-I 
£I mlmol·kg 2a8.15 

.100000 .7890 

.200000 .7756 

.400000 .7706 

.600000 .7741 

.800000 .7833 
1.0QOOOO .7928 
1.500000 .8234 
2.000000 .8600 
2.500000 .8874 
3.094400 .9468 

Robinson, Wilson and Stokes [24J. Isopiestic 
measurements, reference salt is KCI. Assigned 
we i 9 h tis 1. 0 . 

mlmolokg 
-1 

"298.15 
.073100 .s3i2 
.086350 .8237 
.117800 .8108 
.138100 .8034 
.242400 .7874 
.273300 .78~2 

.40f?600 .7778 

.423500 .7767 

.572800 .7739 

.649700 .7755 

.854900 .7809 

.947200 .78~2 

1.034000 .7905 
1.259000 .8047 
1.409000 .8156 
1.475000 .8202 
1.6706000 .8384 
1.7CXlOOO .8454 

1.841000 .8510 

2.052000 .8727 

2.194000 .8863 

2.282000 .8939 

2.382000 .9078 
2.!=iftAOOO .9251 
2.572000 .930r 
2.612000 .9356 

2.786000 .9578 

3.037000 .9884-
::5.oeOOOO .9Q?0 

3.158000 1.0058 

:3.165000 1.0036 

J. Phys. Chem. Ref. Data, Vol. 10, No.3, 1981 
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Akerlof [25,25a]. Emf measurements on the cell 
Hg (1 ), H92S04 (s); Li 2S04 (s); Li 2S04 ~}; Li (Hglx; -1 
Li2S04~ref); H92S04\s), Hg(l). mref = 0.05 mol·kg . 
Assigned weight is 0.60. 

Comments 

.025000 
.125000 
.249000 
.495000 
.979000 

1.447000 
1.903000 

Y/Y ref 
1.1744 

.8154 
.6996 
.5959 
.5151 
.5150 
.5108 

Harned [26]. Calculated' from the diffusion 
measurements of Harned and Blake[26a]. Assigned 
.weight is 0.60. 

m/mol-kg -1 

0.0001 
0.0004 
0.00100 
O.OO~OO 
0.00500 
0.00700 
0.001000 

y 

0.961 
0.925 
0.887 
0.848 
0.779 
0.749 
0.747 

The most reI iable data for this system appear to be those of Robinson, Wilson and Stokes [24]. There is 
reasonable agreement with the vapor pressure measurements of Kangro and Groeneveld [22) and Pearce and 
Eckstrom [23]' The final fit is consistent with the emf measurements of Akerlof [25,25a] and the activity 
coefficients calculated by Harned [26] from the diffusion measurements of Harned and Blake[26a]. The electro­
chemical cell measurements of Sircar et al. [84] inv0lve unknown liquid junction potentials and we have chosen 
not to treat th~se measurements. 

3.000 

x 
2.500 

2.000 X 

1.500 

1.000 Z 
Z X 

.500 
Z 

Z 
~X '" + 

O~ 0 L 
~x 

X 
-.500 

X 

~ ~ 
-1.000 IS< 

~ Z Z ZZ 
~ ~ ~"7' - Z "7' '7 

Z or .... Z 
~ Z ~ Z ~ ~ 

:l:( Zz Z 
Z 

~ Zz ,.; 
Z·~ + 

X 

-1.500 
XX~ 

-2.000 

-2.500 

-3.000 1...----'_._�__--'-_-4--_..a.-_~lio___'L....---"---'---.a..--'--~ ... ~----'"-.-I-_i.lr~ .. .J.!r-I 
o .400 .800 1.200 1.600 2.000 2.400 2.800 3.20C 

Molality/mol kg-1 

Deviation Plot for Li 2S04 : ~0 vs molality 

~ Appleby et al. [19J, vapor pressure 

+ Frolov and Ilasanova [20], isopiestic vs 

X Indell; [21], freezing point depression 

~ Kangro and Groeneveld [22], vapor pressure 

}it PCCln .. c dmJ Ecksj:rom [23], vapor pressure 

Z Robinson, Wilson and Stokes [24], isopiestic vs KC) 
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3;000 

2.500 

2.000 

At. 

1.500 

1.000 

.500 

IN 
+ 
0 0 .... 

~X A 

-.500 ,t.. 

-1.000 

-1.500 

-2.000 

-2.500 

,-3.000 
0 .200 .400 .600 .800 1.000 1.200 

Moldlity/mo\ kg-t 
1.400 1.600 1.800 2.000 

~eviation Plot for Li
2

SOu: fly vs roo 1 a 1 j ty 

" Akerlof [25,25a], emf measurements 

+ Harned [26], calculated frnm diffusion measurements 
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ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 689 

Recommended Values for the mean activity and osmotic coefficient of lithium m-benzene disulfonate, 
Li2.C6H4Sz06' in H20 at 298.15 K 

~ a l\Gex/Jokg-1 
w 

.001 .8896 .962.9 • 9~9948 -1 • 

.002 .8528 .9505 • 9-.9897 -2 • 

.003· .8274 .9420 • 999847 -3 • 

.00. .8076 • 9354 .9~9798 -4 • 

.OO! .7913 .9300 • 999749 -6 • 

.006 .7774 • 9254 .999700 -8 • 

.007 .7652 .9215 • 999651 -10 • 

.008 .• 7545 •. 9181 .9996i)3 -12 • 

.009 .7448 .91!!S0 • 999!!S55 -14 • 

.010 • 7360 .9122 .999507 -16 • 

.020 .6763 • 8946 .999033 -43 • 

.030 .6410 .8857 • 998565 -74 • 

.040 .6167 .8806 • 998098 -108 • 

.050 .5985 .8777 • 997631 -145 • 
.0fO .5843 .8762 • 997163 -184 • 
.070 .5729 .8756 • 996693 -225 • 
.080 .5635 .8757 • 996221 -267 • 
.090 .5557 .87~3 • 995747 -310 • 
.100 .5491 .8773 • 995270 -355 • 
.200 .5175 • 8976 .990344 -827 • 
.300 .5126 .9246 • 985121 -1323 • 
.400 .5182 • 9!532 • 97.96 \) 4 -1817 • 
.500 .!!S29S • 9822 .973806 -2298 • 
• 600 .5448 . 1.0113 • 967738 -2760 • 
.700 .5630 1.0402 .961411 -3200. 
.800 .5835 1.0689 • 954838 -3614 • 
.900 .6062 1.0972 • 948028 -4001 • 

1.000 .6308 1.1253 • 94:»993 -4358 • 
1.250 .7002 1.1943 • 92248!!S -5119 • 
1.500 .7805 1.2E15 • 902789 -5681 • 
1.750 .6719 1.32.69 • 882053 -6039 • 
2.000 .9749 1.3908 .860423 -6190. 
2.250 1.0903 1.4530 .838038 -6133~ 
2.000 1.JU91 1.151.37 .elSO.3Q -15866 .. 

m/mol·k~ 
-1 

c1(lI) 0(1ny) ~ 
.001 .0001 .0001 .0001 
.010 .0004 .0010 .0007 
.100 .0013 .0037 .0021 

1.000 .0014 .0052 .0033 
2.000 .0019 .0052 .0051 
2 ... Ai!Ut .. 0,0.36 ... 3066 .00at 

Coefficients of Correlating Equations 

1 
2 
3 
4 
5 
6 
7 

coeff i c i ent 

.1764665339+01 

.5519271807+00 
- • ~146lt4621 ~O I 

o (coeff) 

.252-01 

.107-01 

.325-02 

i9!..l. 
coefficient 

.12lt391272OtOl 

.;-8lt2613"~01 
- . 7267999218+ 0 1 

. 3575366613+ 0 1 
-. 7251528512+00 

a(eqs 1) = .415-02 
cr(eq~ 2) • ,492-02 
a(eqs 3) • .350-02 

ll!..1. 
g(coeff) coefficient a (coeff) 

.179+-00 .1036076167+02 .127+00 

.666.-00 -. T2itJ'50,,02Z"'02 .474"'00 

. 952+00 • 1272120492+02 .678+00 

. 595+00 -.S:Oi958437+01 .423+00 

.136+00 .9 0 056280+00 .965-01 
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Experimental Data Employed in Generation of Correlating Equations 

Bonner and Rogers [17]. Vapor pressure osmometry. Assigned weight i~ J.O. 

N 
+ 

,0 

.a-;C 

l.OOO 

2.500 

2.000 

1.500 

1.000 ~ 

.500 

~t o ... 
~ 
A 

-.500 rt 
-1.000 

-1.500 

-2.000 

-2.500 

-1 m/mol'kg 

.010000 

.020000 

.030000 

.040000 

.050000 

.060000 

.070000 

.080000 

.090000 

.100000 

.200000 
.300000 
.400000 
.500000 
.600000 
.700000 
.800000 
.900000 

1.000000 
1.200000 
1.1,00000 
1.E-00000 
t .800000 
2.000000 
2.500000 

.9210 

.8960 

.8810 

.8750 

.8730 

.8730 

.8740 

.8760 

.8780 

.8800 

.9020 

.9310 

.9570 

.9830 
J .0100 
1.0380 
1.0650 
1.0920 
1.1210 
1. t 790 
1.1380 
1.2920 
1.31i20 
1.39LI) 
1.5100 

-3.000 OL--""'---.40-'-0-~-"';".8-'0-0---'--1-.2'""0-0--'--1-.6..&.OO----I--2-.0"-00---"--2.-4 ...... 00-....... 

Molality/mol kg-t 

A Bonner and Rogers [17], vapor pressure osmometry 
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ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 691 

Li2C14H12S20S 
Recommended Values for the mean activity and osmotic coefficient of lithium 4,4 1 -bibenzyl disulfonate, 

Li2C14H12S206' in H20 at 298.15 K 

m/molokg- 1 y 9} a .6Gex/J o kg- 1 

2!... 
.001 .8851 .9604 • 9'99.948 -1 • 
.002 .8447 .9459 • 9~989a -2 • 
.003 .816,2 .9356 • 9S.9848 -3 • 
.004 .7936 .9273 • 999800 -5 • 
.005 .7748 .9203 • 999751 -7 • 
.006 .7587 • 914.3 .999704 -8 • 
.007 .7445 .9090 • 999656 -11 • 
.008 .7318 .9042 • 999609 -13 • 
.009 .720.3 .8999 • 999562 -15 • 
.010 .7098 .8960 • 999516 -18 • 
.020 .6370 • 8691 .999061 -48 • 
.030 .5928 .8536 • 998617 -84 • 
.040 .5618 .8434 • S98178 -12.5 • 
.050 .5382 .8363 • 997743 -169 • 
.060 .5194 .8311 • 997.309 -217 • 
.070 .5040 .8272 • 996875 -267 • 
.080 .4909 
.090 .4796 

.82.,2 • 996443 -319 • 

.8219 • 996010 -373 • 
.100 .4698 • 82.00 .995578 -428 • 
.200 .4083 .8085 • 991.299 -1047 • 
.300 • .3729 .7975 • 987153 -1749 • 
.400 .3480 .7880 • 983108 -.2509 • 
.500 .3306 .7843 • 97,9028 -3314 • 
.600 .3190 .7880 • 974771 -4152 • 
.700 .3122 .7S82. • 970254 -5010 • 
.800 .3085 • 8125 .965480 -5861 • 
.900 .306e .easo .. S60sa4 -6768 • 

1.000 .3060 .6429 • 9.55465 -7637 • 
1.200 .308.6 .6772 • 944696 -9396 • 

m/molokg -I 0(0) o (Q,ny) £irl 
.001 .000.2 .0003 .0003 
.010 .0009 .0022. .0016 
.100 .0013 .0043 .0020 

1.000 .0030 .0056 .0017 
1.200 .0035 .0056 .0017 

Soefficients of Correlating Equations 

~ 

Par coefficient a(coeff) 

.6062873166+00 .167+00 
2 .2653933419+01 .768+00 
3 -. bT62291259+0 1 .153+01 
4 .8594957410+01 .227+01 
5 -. 5774371756+01 .175+01 
6 .1491257827+01 .521+00 
7 

coefficient 

-.9743794377+01 
.~26560+02 

-.2478539896+03 
. 42Ii4i0240 I +03 

- . '4i"'36'B37003+03 
.2149508590+03 

-. 46292195283+02 

a(eqs 1) 
a(eqs 2) 
a (eqs 3) 

.354-02 

.283-02 

.277-02 

a (coeff) 

.103+01 
.974+01 
.391+02 
.818+02 
.933+02 
.550+02 
.131+02 

coefficient 

.3981426985+01 
.2392270072+02 

-. Tf31f580698+03 
.2195437130+03 

-. 221i"4B39521 +03 
. Tf§5'b46808+0 3 
.2618843628+02 

a {coeff} 

.100+01 
.953+01 
.383+02 
.801+02 
.913+02 
.538+02 
.128+02 
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EX2erimental Data Em210led in Generation of Correlatin~quations 

Bonner and Rogers [17]. Vapor pressure osmometry. Assigned weight is 1.0. 

m/mol.kg -I 
'298.15 

.010000 .8980 

.020000 .8590 

.030000 .8490 

.040000 .8430 

.050000 .8380 

.060000 .8340 

.070000 .8290 

.080000 .8270 

.090000 .8240 

.100000 .8220 

.150000 .8120 

.200000 .8050 

.300000 .7960 

.400000 .7880 

.500000 .7870 

.600000 .7890 
.700000 .7970 
.800000 .8110 
.900000 .8280 

1.000000 .8440 
1.200000 .8770 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 
N ~ ,tb. .. 
+ .. .. A 
0 0 co 

.lx A • • • 
-.500 • .. 

-1.000 A 

-1.500 

-2.000 

-2.500 

-3.000 
0 .200 .400 .600 

Molality/mol kQ-t 
.800 1.000 1.200 

Deviation Plot for Li2C14H12S206: 6.0 'IS molal ity 

6 Bonner and Rogers [17], vapor pressure osmometry 
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ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 693 

Recommended Values for the mean activity and osmotic coefficient of sodium sulfite, Na
2

S0
3

, in H
2

0 at 298.15 K 

m/mol'kg- l 
y 

.0~1 .8866 

.002 .8472 
• 10103 .8195 
• 004 .7976 
.1005 .7794 
.006 .7637 
• 007 .7498 
.008 .7374 
.009 .7262 
• 10110 .71610 
.0210 .6437 
• 030 .5986 
.040 .5659 
• 050 .5403 
.0610 .51.95 
.0710 .51019 
.0810 .4867 
.0910 .4734 
• 11010 .4616 
.2100 .3865 
• 31010 .3451 
• 4100 .3171 
• 500 .2.962 
.600 • 2796 
• 700 .2662 
• 8100 .2549 
• QOO .~453 

1.0010 .23710 
1.250 .22108 
1.51010 • 2093 
1.750 .21013 
2.0010 • 1960 
2.058· • 1952 

-I 
rJ/mo l' kg 

~fficierits of Correlating Equations 

.001 

.010 

.100 
1.101010 
2.000 
2.1058 

0 

.ge12 

.9473 

.9374 

.9295 
• .922.8 
.9170 
.9119 
.9073 
.9032 
.8993 
.87.210 
• 8548 
.8421 
• 8322 
• 8241 
• 8173 
• 8114 
.8062 
.81016 
.7719 
.7547 
.7423 
.7.326 
.7247 
.7182 
.7129 
.7086 
.7052 
.7008 
.7.;:)19 
.71084 
.7201 
.7236 

cY(0) 

.0001 

.0006 

.0022 

.0013 

.O.Oil:.;:i 

.0026 

,\Gex/Jokg- 1 

• 9S9Si48 -1 • 
.999898 -2 • 
.9«;9848 -3 • 
• 999799 -5 • 
.9<;9751 -6 • 
• .999703 -8 • 
• SS9655 -10 • 
.S99608 -13 • 
• S99561 -15 • 
• 999514 -17 • 
.S99058 -46 • 
.998615 -82 • 
.~98181 -122 • 
.997754 -167 • 
.997331 -214 • 
.996913 -264 • 
.S.96498 -316 • 
.996086 -371 • 
.995677 -427 • 
• S91692 -11075 • 
.987839 -1826 • 
.984080 -2650 • 
.980397 -3531 • 
.976772 -4458 • 
.973193 -5424 • 
.969647 -6425 • 
.966121 -7456. 
.962603 -8514. 
.953756 -1142.610 • 
•. 944685 -141210. 
.935198 -171066 • 
.925114 -20072 • 
.922670 -20776. 

rr (Q,ny) a(y) 

.0002 .0002 

.0014 .01010 

.0061 .0028 

.0080 .0019 

.000<- .0017 

.008a .0017 

coefficient cr (coeff) coe ff i c i en t cr(coeff) , coefficient cr (coeff) 

1 
2 
3 
4 
5 

. 132111601/10+01 
-.2692000688+00 

. bbl3197958-0 1 

.338-01 

.209-01 

.603-02 

-.8272898114+00 
.1199522443+02 

- . 'S76§'4790 3 3+01 
. 4T02318694+0 I 

-.7894801944+00 

cr(eqs I) 
cr(eqs 2) 
cr(eqs 3) 

.344-02 

.353-02 

.384-02 

.442+00 

.157+01 

.217+01 

.135+01 

.312+00 

.6!i484!iIJ40101 
-.68761157712+01 

.36'SlT16677+01 

.7558470088+00 

.165 1 00 

.405+00 

.351+00 

.\02+00 
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F~p~rlm~nt~l nata Employed tn Gener~tion of Corr~latlnQ Equ~tions 

Morgqn ~9]. /sopiestic measurements, reference 
electrolyte is NaCl. Assigned weight is 1.0. 

Lantzke et aT. [30]. Isopiestic measurements, 
reference electrolyte is NaCl. Assigned weight is 1.0. 

mlmol'kg -1 
0298 ,15 

.207100 .7698 

.40.9500 .7378 

.784400 .7113 
1 .. 07.'3000 .7'00. 
1.110000 .6999 
1.178000 .6996 
1_4-36QOD .7009 
1.742000 .7079 
1.8E5000 .7142 
2.058000 .72.34 

3.000 

2.500 

2.000 

1.500 

1.000 
+ 

.500 
N 
+ 
0 

~)( 
0 A 

A 
-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-".000 '----'--- -'---
0 .200 .400 .600 

Deviation Plot for Na
Z

S0
3

: ~0 vs molality 

+ Lantzke et al. (29], isopiest ic vs NaC} 

&. ,,",organ [301, isopiestic vs NaC} 
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mlmol'kg- I °298 ,\5 
.655600 .7290 
.7~9800 .7140 

1.134300 .7060 

+ 
+ 

.800 1.000 1.2.00 1.4CO 1.600 1.800 :L.QQQ 
Molality/mol kg-I 
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Recommended Values for the mean activity and osmotic coefficient of Na
2

S0
4 

in H
2
0 at 298.15 K 

l7l/mo]-kg 
-] 

._---
.001 .B8E9 
.002· .84tO 
.00:: .8178 
.004- .79E5 
.005 .77€.a 
.OOf .7607 
.007 .74-65 
.008 .73::8 
.009 .7223 
.0::' 0 .7! t 7 
• 0 ~O .f 3f:9 
.070 .::900 
.040 .E5E7 
.0!:50 .5::89 
.0tO .e'oe 9 
.070 .488::: 
.080 .4723 
.OQO .4 5e~ 
.:\00 .44f:07 
.ZOO .Zt Se: 
• :;00 .:::212 
.400 .~9! 0 
.500 .2e84 
.coo .~50f: 

.700 .2:::S9 

.800 .22"3f: 

.900 .21 ::1 
! .000 .2040 
:t .250 .1,859 
1 • =00 .1 7~5 
I .75!J .1623 
"t. QC;7:s.,t) .. ~ C:;~A 

2.000 
2.~EO 

2.500 
2.7S0 
~.ooo 

3.250 
3.500 
'.3.750 
4.000 
4.2S0 
4.445 

.154E 

.l48S 

.1444 

.! A! 4 

.2 "!'9 q. 

.1::: 8:::-

.1380 

.13e:; 

.1. "39:: 

.1409 

.1424 

m/mo] -kg -1 

.oot 

.010 

.tOO 
! .000 
26000 

4.445 

0 

.9&08 

.9466 

.93c.4 

.9..i:d:::: 
• 9212 
.9~ 5Z 
.9099 
.9050 
• 900t; 
.8965 
.8072 
.848, 
.8341 
.8229 
.81=1: 
.8J5f. 
.7<ide 
.7-):2.1+ 

.700<:.1 

.7494 
• 7.2e2 
• 70dc;s 
.6945 
.6d24 
.f:720 
.(;629 
.f:SSO 
.eQ,811. 
.t:351 
.t:27:: 
.6243 
.f:2"'.2 

.6257 

.6311 

.f:401 

.f525 

.e070 
• fSS7 
• 7060 
• 72S;;' 
• 7522 
.7774-
.7978 

0(0) 

.0000 

.0002 

.0006 

.0010 

.00tO 

.0.054 

a 
w 

M ex IJ_kg- 1 

• 9~9948 -1 • 
• ;;'99898 -2 • 
• 9S;~848 -~ . 
• 999799 -!:' • 
.999751 -t • 
• c;,-;'So703 -8 • 
• 99yt 56 -l!. 
• 999609 -1:: • 
• <;199562 -15 • 
• 'S;':fS5~6 -1, 8 • 
• 9990c3 -47 • 
• 99~626 -84. 
• 998198 -12E • 
• 997779 -~ 1t • 
• '.::;S7:::t 5 -220. 
• 9!it6957 -.272 • 
• 'lf9fE!:::;5 -::; 27 • 
• !;.I96l!.E3 -3e.:? 

• "'9575c -44:;: • 
• 99!J.9::2 -Ill. 24 • 
.~S82S4 -192::: • 
.9b4794 -280f • 
• S81407 -:::7 5E • 
• 978U3 -4759 • 
• '.::;74897 -58!! • 
• 971. 74 S -e90S • 
• 9cC:l643 -80 ~7 • 
• ~f.557Y -9204 • 
• 'If::8004 -12248 • 
• !iil5041. 5 -}'5449. 
• c",.42659 -l8775 • 
.Q360~~ -2i foO? 

• 9::4600 -2220:: • 
• 92(;l27 -25711 • 
• 917144 -29'S2 • 
• 90758! -32901 • 
• ~':I7;'b:i -!e::o-c: • 
.t,Sc523 -4022lL • 
.t.74984 -4:::905 • 
.li:<c2774 -47586 • 
.1349919 -5125S • 
• 83c4cO -54c",.l ~ • 
• 825580 -57747 • 

\} (,~ny) a(y} 

.0001 .OOOCI 

.0004 .OOJ 3 

.0Ji 7 .0009 

.00c.Z .00:> 4 

.oa23 .0003 

.Oub2 .0009 

695 

Coefficients of Correlating Equations 

~ 
1 
2 
3 
4 
5 
6 

coefficient 

.1215973148+01 
-.3557285519+00 
.~655619-01 

-.4869541257-02 

cr(eqs 1) 

.105-01 

.110-01 

.472-02 

.674-03 

.816-02 

Eqs ~ 

coefficient 

-.1249022044+01 
. T28J"837942+02 

-.1021050890+02 
.5759847483+01 

- . T776B"S"3 964+0 1 
.2231409674+00 

o(eqs 2) .909-02 

.120+00 

.497+00 

.802+00 

.624+00 

.235+00 

.342-01 

• 6573 8 3 3 2 8 ()I () 1 
- • 7807 I 4 lid) / I (J I 

· 524o()')n /0 101 
-. TITfCiiT")l'J!1 (J I 
· I!IE.fflll .~ I () ~ 1 ()O 

II (cq" 3) .876-02 

• ')/1 J -01 

· 160+00 
.11/+00 
.H)O-Ol 
· ) /19-0) 
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Experimental Data Employed in Generation of Correlating Equations 

Archibald [31]. Freezing point depression measure­
ments. The ~l and ~ data for Na2S04 given in the 
table of auxiliary d&ta were used in treating these 
and the other freezing point depression measurements 
on Na ZS04' Assigned weight is 0.10. 

mlmol'kg 
-1 

~Z98.15 

0025000 08497 
.027500 ,,8458 
.030000 08420 
.035000 08352 
.OS0020 Q8166 
0100080 .7774 
0125140 07636 
.150200 07531 
• 175270 07416 
.200.:330 07372 
.225430 07283 
.250520 07246 
.~OO780 07121 
.351100 o7a51 

Burge [32]. Vapor pressure osmometry measure­
ments performed ~t 37°C. The ~L and ~C data for 
Na2S04.given in the table of auxiliary data were used 
to adjust these measurements to 25°C. Assigned 
weight is 0.10. 

mlmol'~g 
-1 

"298.15 

.010000 08790 

.020000 c 8430 

.050000 08090 

.100000 07790 

.200000 07380 

.300000 07100 

.400000 .6910 

Childs and Platford [33]. Isopiestic measure­
ments performed at 15°C, reference electrolytes were 
urea and H2S04' These workers did not report the 
measured isopiestic molalities .. The ~l and ~C data 
for Na 2S04 given in the table of auxiliary data were 
used to adjust these measurements to 25°C. Assigned 
weight is 0.30. 

mlm01 'kg -1 
~298.15 

.100000 07910 

.200000 07520 

.:300000 .7ZfiO 

.400000 07050 

.500000 06890 

.600000 06780 

.700000 06660 

.800000 c6580 

.900000 0:&6500 
10000000 .6450 
10500000' 06.:300 
2.000000 06370 

2.500000 06600 
3.000000 06870 
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de Coppet [34]. Freezing point depression 
measurements. Assigned weight is zero. 

mlmel 'kg-1 

.140000 

.280000 

.350000 
.430000 
.710000 
.860000 

1.060000 
1.410000 

.7742 
078.98 
!)7595 
e7478 
07610 
07259 
07314 
c7300 

Downes and Pitzer [35]. Isopiestic measurements, 
reference electrolyte is NaCI. Assigned weight is l.n . 

mlmol'kg- 1 
~298.15 

.~aG700 OT47e 

.255600 07372 

.318S()0 07235 

.556700 .6846 

.649900 06127 

.661000 06725 

.732000 06.646 

.821400 e6564 

.977700 .6461 
t.'l<Q6800 063::;1 

Foote et al. [36]. Vapor pressure measurement 
over the saturated solution. Asigned weight is zero. 

mlmol 'kg- l 

1.971000 1.2411 

Frolov and Nasanova [20]. Isopiestic measurements. 
These workers did not state the reference electrolyte 
used. Assigned weight is 0.30. 

10113000 
1.«;98000 
2.906000 

06268 
06264 
06701 

Gibson and Adams [37]. Vapor pressure measure­
ments performed at 27.5°C. The ~l and ~C data for 
Na2S04 given in the table of auxiliary data were used 
to adjust these measurements to 25.°C .. Assigned 
weight is 0.80. 

mlmol 'kg (8298.15 

.960000 06490 
1.338000 06320 
1.544400 06250 
1.759000 06240 
1.ge4600 g6260 

2.222000 06340 

Harkins and Roberts [38]. Freezing point de­
pression measurements. Assigned weight is 0.10. 

mlmol'kg 
-1 

~298.15 
.002367 .9095 
.005175 08825 
.011100 08563 
.0246.30 06172 
.050020 07767 
.099800 0.7.:303 
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lndelli [21]. Freezing point depression measure­
ments. Assigned weight is 0.50 expect for one point 
at the highest molality investigated. 

mlmolokg-
I 

°298.15 

.006678 

.'12612 

.018072 

.019288 

.022833 

.027169 

.035862 

.037395 

.043520 

.054240 
0059370 
oQE3f.50 
.073020 
.088S70 
.090470 
.~C;9580 

• 118750 
.123700 
.160470 
.222090 

.,9139 
08862 
$8680 
0861S 
08567 
08485 
08363 

.08306 
08240 
08119 
.8079 
08048 
0796S 
07884 
07854 
07811 
Q7700 
07678 
07527 
07259 '* 

Jackli et al. [39]. Vapor pressure measurements 
performed at 37°C. The ~L and ~C data for Na2S04 
given in the table of auxiliary data were usea to 
adjust these measurements to 25°C. Assigned wei9ht 
is zero. 

mlmolokg- l 

2.000000 
3.457~00 

°298.15 
05790 
07760 

Jones et al. [40]. Freezing point depression 
measurement. Assigned weight is zero. 

mlmolokg -1 

.500000 

°298. IS 
.7065 

Kangro and Groeneveld[22]. Vapor pressure 
measurements. Assigned weight is 0.50. 

.500000 
1.00000" 
1.500000 
2.000000 
2.500000 
3.000000 

"298.15 
• 7032 
06.85 
06283 
06275 
06421 
.6678 

Klein and Svanberg [41]. Freezing pOint 
::Iepress i on measurements. Ass.i gned we i ght is zero. 

m/molokg -1 

.100000 

.250000 

.500000 

°298.15 
.8444 

.7760 
«17159 

Kopecky and ~ymes [42]. Vapor pressure osmometry 
measurements. Assigned weight is 0.20 for the lowest 
two molalities and zero for the highest two. 

mlmol okg- l 

.0.0000 

.100000 

.150000 
.0200000 

°298.15 
.8300 
07860 
07490* 
.7150* 

Leopold and Johnston [43]. Vapor pressure 
measurements over the saturated solution. Assigned 
weight is zero. 

m/molokg -1 

10953000 

°298.15 
104.361 

Loomis [44,45]. Freezing point depression 
measurements. Assigned weight is 0.50. 

-I in/molokg 

.010000 

.020000 

.050000 

.10000' 

.200000 

.300000 

"298.15 
09081 
08687 
08211 
c7802 
07426 
.7177 

Pearce and Eckstrom [23]. Vapor prp.ssure 
measurements. AssiQned weight is 0.50 . 

-I m/molokg 

.100000 

.200000 

.400000 

.600000 

.800ilO\) 
1.000000 
1.500000 
1.964100 

°298.15 
--:78i6 * 

07244 * 
07052 
06900 
06727 
,,6S46 

06331 
06208 

Perreu [46]. Vapor pressure measurements per­
formed at 20°C. The ~L and ~ data for Na2S04 given 
in the table of auxiliary data were used to adjust 
these measurements to 25°C. Assigned weight is zero. 

ence 

-I mlmolokg 

.:326900 

.5«;9500 

.891500 

.97530" 
1.097000 
1.199000 
1.256700 
1.3~8300 

~298. 15 
065:30 
06850 
06460 
06710 
06720 
06580 
06630 
0~600 

Platford [47]. Isopiestic measurements, 
electrolyte is NaCI. Assigned weight is 

mlmol o kg- 1 
"298.15 

.115600 07840 
o IE2f~0 .7620 
.210200 .,7460 
.275300 o7~26 

.282600 07334 

.344600 0716. 

.477000 06956 

.. 710000 oc.t;79 

1.0:35600 06.16 
1.221000 0633~ 

1.710500 06231 
1.853600 .62.-3 
1.950300 06244 
1.9905CQ 06248 
2.207500 .6307 
2.625600 06455 
2.756600 ~6534 

2.947200 ~6f148 

3.31f1300 ~6900 

3.510900 .7057 
3.640000 .721. 
3.814000 ., 7348 

refer-
1. o . 
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Randall and Scott [48]. Freezing point depression 
measurements. Assigned weight is O.BO. 

.000875 

.001797 

.003527 

.005766 
c008603 
0016155 
.032064 
.060975 
.103380 

°298.15 
.9804* 
.9501 
09307 
Q9166 
.9033 
08762 
08436 
08126 
07842 

Rard and Mi ller [49]· Isopiestic measurements, 
reference electrolyte is KC1. Assigned weight is 1.0. 

m/mo 1 0 kg -1 . 
°298.15 

• f2760 0 .6771 
.f81750 .6706 

.749580 .6038 

.814020 .6576 

.894270 .6511 

.991400 .6451 
1.114400 .O':'7C1 

1.238700 .6320 
1.356200 .6280 
1.452800 .6249 
1.577500 .6231 
1.e'41100 .6233 
1.736400 .6223 
1.750500 • 6254 
1.860800 .625 ... 
1.922100 .623t,. 
11.952600 .6254-
! .961100 .6255 
2.009400 .6262 
2.171900 .6290 
2.215300 .6306 
2.249500 .t313 
~.292300 .f327 
2.317900 .6341 
2.333800 .6344-
2.373200 .6346 
2.378400 .c356 
2.423700 .t377 
2.475300 .6394-
2.536700 .6421 
2.595700 .e449 
2.612200 .t459 
2.650700 .6473 
2.703000 .6503 
2.720000 • t 512-
2.757200 .c534 
2.812400 .650.2 
2.869400 .6eOl 
2.921000 .6633 
2.977600 .6670 
'!.O45800 .670:3 
:::.110100 .6757 
3.j 76600 .6793 
:S.24e:300 .08OU 
3.::09600 .6913 
::.::85300 .6971 
3.460700 .7042 
:::.537900 .7105 
3.618900 07174 
3.700000 .7240 
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Robinson, Wilson and Stokes [24]. Isopiestic 
measurements, reference electrolyte is KC1. Assigned 
weight is 1.0. 

m/molokg -1 
"298.15 

.098300 07940 

.134500 .7743 

.141900 e7739 

.318600 .7218 

.508100 06882 

.593000 .6837 

.746000 06634 
c 869000 .6524 
.96C~00 Q6432 

1.273000 06320 
1.325000 06284 
1.3.35000 .6265 
1.514000 06257 
1.59~OO 116215 
1.725000 «16192 
1.778000 06205 
2.178000 06232 
2.429000 063,6 
2.456000 06337 
2.94500:1 Q657S 
3.::34000 06810 
3.7e4CjlOO ,,7225 

4.185000 07590 

Wu, Rush and Scatchard [50,51]. Isopiestic 
measurements, reference electrolyte is NaCI. Assigned 
we i ght is 1.0 . 

m/mo! okg -I 
£1298.15 

4.445000 "S115 
2.377000 .6407 
1. 533'O~O 86281 
1.116000 06409 

.86100C 06575 
1.889000 06282 
1.157000 06.355 

.736200 .6691 

.521500 o693~ 

0356500 .7214 
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Akerlof [25,25a]. Emf measurements on the cell 
Hg(l), H9 2S04(s); Na2S0~~); Na(Hg)x(l). mref = 0.05 
mol ·kg- l . Assigned weight is 0.40. 

m/mol'kg-
l 

Y/Yref 

0025000 le1845 
.125000 07746 
.249000 06494 
.495000 05242 
.975000 04189 

1.438000 0::682 
1.882(; )0 03216 

Harned and Hecker [52]. Emf measurements on the 
cell Pb(s), PbS04(s); Na2S0~{m); Na(Hg}x(l)· mref = 
0.05 mol·kg- l . Ass jgned weight is 0.80. 

Commonts 

-1 
mlmol 'kg 

.075000 

.10'000 

.200tOO 

.300000 

.4.00000 

.500eOO 

.700000 

.80000('1 

.900COO 
1.000000 
1.200000 

08474,': 
c8424 
06906 
06083 
e5A~Cl 

05084 
04456 
04228 
04033 
03862 
03575 

Sh i bata and Murata [53],' Emf measurements on 
the cell Na(Hg)x(1); Na2S04{m}; H92S04(s), Hg(1). 
mref= 0.098 mol·kg- l . Assigned weight is 0.30. 

-1 m/mol'kg 

.685000 
le670COO 

Y/Yref 

.5274 
.3675 

Shibata and Murata [53]. Emf measurements on 
the cell Na(Hg)l<(1); Na2S04(m); H92S0h(s), Hg(1). 
mref = 0.049 mol·kg- l . Assigned weignt is 0.30. 

-1 
mlmol 'kg 

.391000 

.977000 
1.38OCOO 

05380 
03770 
0.3229 

Shibata and Murata [54]. Emf measurements on 
the cell Na(Hg)x(1); Na2S04(m); H92S04(s), Hg(1). 
mref = 0.049 mol.kg- t . Assigned weig~t is 0.30. 

-1 m/mol'kg 

1.975000 
1.76OQOO 
1.380000 

.977000 

.68eoOO 

.391000 

.098000 

y/Yref 

03038 
.2906 
03230 
03770 
.4395 
() 5380 
083:33 

The data for Na2S04 are remarkably consistent and appear to be, for the most part, hiqhly reI iable. There 
are several distinct isopiestic investigations [20,24,33,35,47,49,50,51] involving the use of four different 
reference electrolytes (unfortunately neither Platford [33] nor Frolov and Nasanova [20] reported their 
mea.sured isopiestic molal ities) that are, with the exception of a few scattered measurements, in excellent 
agreement with each other and with the more carefully done of the direct vapor pressure measurements [22,23,37]. 
The. merger of the freezing point depression measurements with the vapor pressure and isopiestic measurements 
is smooth and the carefully done measurements of Indell! [21], Loomis [44,45], and Randall and Scott [48] are 
in excellent agreement with our final fit. The emf measurements are also highly consistent with the other 
measurements and lend overall fredence to the final fit. Harned and Blake [55] report diffusion measurements 
from 0.00081 to 0.00479 mol'l- which we have chosen not to treat. 

The data for this system extend well past saturation and the supersaturated solutions are apparently 
sufficiently 5teble to pt::IInil i::'VfJieHi-.; Illt::a::.urement=- Lv he performed. However, Rard and Miller [4~] report 
difficulties performing measurements past 3.70 mol'kg- I , while Platford [47], Robinson et al. [24] and Wu et al. 
[50,51] report a few measurements for higher molalities. 

Isopiestic data for this system also exist at temperatures ranginq from 45 to t65°C [55a.b.c.d.el, 

J. Phys. them. Ref. Data, Vol. 10, No.3, 1981 
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Deviation Plot for Na 2S04 : ~~ vs molality 

* Kangro and Groeneveld [22], vapor pressure ~ Archibald [31], freezing point qepression 

+ Burge [32], vapor pressure osmometry o Klein and Svanberg [4]}, freezing point depression 

x 

@ 

¢ 

U 

X 

Childs and Platford [33], isopiestic vs ~rea and 
H2S04 

deCoppet [34], freezing point depression 

Downes and Pitzer [35], isopiestic vs NaC1 

Foote et al. [36], vapor pressure 

Frolov and Nasanova [20], is~piestic vs 

Z Gibson and Adams [37], vapor pressure 

y Harkins and Roberts [38] , freezing point depression 

:a: Indell i [21] , freezing point depression 

V Jakl i et al. [39] , vapor pressure 

V Jones et al. [1,0] , freezing point depression 
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(t Pe~rce and Eckstrom [23], vapor pressure 

Perreu [46], vapor pressure 

Platford [47], isopiestic vs NaCl 

l: Randall and Scott [48], freezing point depression 

Rard and Mill~r [49], isori~stic vs KCl 

Robinson, Wilson and Stokes [24], isopiestic vs 
KCl 

~ Wu, Ru~h, and Scatchard [50,51], isopiestic vs NaCl 
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Jeviation Plot for Na2S04 : ~y vs molality 

6 Akerlof [25,25a], emf, Hg, H9 2S04 vs Na-Hg amalgalll 

+ Harned and Hecker [52], emf, Pb, PbS04 vs Na-Hg amalgam 

X Shibata and Murata [53], emf, Hg, H9 ZS0
4 

vs 
Na-Hg amalgam IWI 

<!> Sh i bata and Murata [53], emf, Hg, H92S04 vs 
Na-Hg amalgam "B" 

X Shibata and Murata [54], emf, Hg, H92S04 vs 
Na-Hg amalgam 
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Recommended Values for the mean activity and osmotic coefficient of sodium thiosulfate, 
Na2S203, in H20 at 298.15 K 

.001 

.002 

.0()3 

.004 
·905 
.006 
.007 
.008 
.009 
.010 
• 020 
.030 
• 040 
.050 
.06il 
.070 
• 080 
.090 
• 100 
.zo~ 

.300 

.400 

.500 

.600 

.700 
• 800 
.900 

1.000 
1.250 
1.500 
1.750 
2.000 
2.250 
2.500 
2.750 
3.000 
3.250 
3.500 
3.75~ 

4.000 
4.052 

.8867 

.8475 
~~199 
• 7·981 
.7800 
.7643 
.7506 
.7382 
.7271 
.7169 
.6450 
.6001 
• 5675 
.5420 
.5212 
.50~ 
.4884 
.4751 
.4633 
• ;le77 
.~459 

.3177 
• 2967 
.2803 
.2671 
.2561 
.2470 
.2392 
.2243 
.2141 
.2072 
.2028 
.2004 
.199f. 
• 2004 
.?025 
.2060 
.2109 
.2173 
.2256 
.c275 

m/mol o k9 -I 

.001 

.010 

.100 
1.000 
2.000 
4.052 

0 

• 9613 
• 9475 
• 9376 
.fjl297 
• fjl231 
•. fjlI74 
.9124 
• 9078 
.9037·· 
.8SS9 
.8729 

·.e557 
.8432 
• 8:=33 
.8252 
.8183 
• 8124 
.8072 
• 8025 
.7719 
.7540 
• 7415 
.7320 
.7247 
• 7192 
.7151 
• 7123 
• 7107 
• 7110 
.7166 
.7269 
.7410 
• 7586 
.7793 
.8030 
• 8295 
.8590 
.8918 
.9282 
.9688 
.9778 

0(0) 

.0001 

.0004 

.0011 

.0009 

.0008 

.0090 

a 
w 

i1Gex/J'kg- 1 

.fjl99948 -1 • 

.SS9898 -2 • 

.999848 -3 • 

.S99799 -5 • 

.999751 . -6 • 

.S99703 -8 • 
• 999655 -10 • 
.9.9960& -13 • 
• 999561 -i5 • 
• SS9514 -17 • 
.S99057 -46 • 
.S98614 -82 • 
.998179 -122 • 
.S97751 -166 • 
.997328 -213 • 
• S96909 -263 • 
.SS6494 -315 • 
.996082 -369 • 
.995672 -425 • 
.S91C,l -1070 • 

.987849 -1820 • 
• C;84099 -2642 • 
.980414 -3521 • 
.S76773 -4446 • 
• 973159 -5410 • 
•. 969555 -6408 • 
.fjl65946 -7435 • 
.962320 -8487 • 
.953104 -11210 • 
• 943557 -14035 • 
.933561 -169:53. 
.923024 -19882 • 
.911877 -22861. 
.900057 -25854. 
.887505 -28848 • 
.874158 -31828 • 
.SS994.2 -34782. 
.844763 -37699. 
.S28510 -40566. 
.811045 -43370. 
.807238 -43946. 

a(£ny) ~ 

.0001 .0001 

.0009 .0006 

.0033 .0015 

.0035 .0008 

.0038 .0008 

.0111 .0025 

Coefficients of Correlating Equations 

Par coefficient 2 (coeff) 

I .1366124344+0] .243-0] 
2 -.3377769061+00 .267-01 
3 . 1376569962+00 .202-01 
4 -.2rn]I02199-01 .702-02 
5 . 1878017944-02 .8]2-03 
6 
7 
8 

o(eqs 1) = .220-02 
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coefficient 

-.3663793997+01 
.2929772547+02 

-.5393963664+02 
. b75lilT0088+02 

-.5224638331+02 
. 2liT8924116+02 . 

- . 6150974173+01 
.6608880542+00 

a(eqs 2) = .213-02 

o (coeff) 

.686+00 

.435+01 

.121+02 

.183+02 

.162+02 

.837+01 

.234+01 

.273+00 

coeff i c i ent 

.7855917884+01 
-. Ti82037199+02 

.1Ti23S7021 +02 
-.6123977630+01 

. T82TT64 56 3+01 
- . 221f9233 31 5+00 

a (eqs 3) .198-02 

o(coeff) 

.153+00 

.604+00 

.974+00 

.777+00 

.304+00 

.467-01 
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Experimental Data Employed in Generation of Correlating Equations 

Perreu [56J. Vapor pressure measurements per­
formed at 20°C. The ~L data for NaZS04 and the ¢ 
data for Na2S203 given in the table of auxil iary data 
were ~sed in. adjusting these measurements to 25°C. 
Assigned weight is zero. 

.949200 
1.720800 
2.5f:oUOO 
3.177300 
3.680200 
4.052100 

0238.15 

.7230 

.7680 

.9130 

.9410 
1.0030 
1.0190 

Richards and Faber [57]. Freezing point depre­
ssion measurements. The ~L data for Na2S04 and the 
.c data for Na2S203 given in the table of auxil iary 
data were used in treating these measurements. Assigned 
weight is 0.30. 

Comments 

m! <no 1 - 1~9 - I 

.203400 

.410100 

.545900 

0298.15 

.7667 

.7313 

.7016* 

Robinson, Wi Ison, and Stokes [24). Isopiestic 
measurements, reference elefrolyte is KCI. Assigned 
weight is 1.0. 

m/mol·kg 
-I 

°298.15 

.077100 .8091 

.157900 .7851 

.2345500 .7661 

.2f:>6800 .7619 

.361000 .7459 

.461300 .7374 

.734500 .7170 

.919800 .7113 
1.0f:05000 .7101 
1.109000 .7084 
1.112000 .7097 
1.436000 .7142 
1.507000 .7162 
1.659000 .7254 
l.f:oB8000 .7276 
1.932000 .7350 

2.066&)00 .7450 
2..102CJO .7473 
2.136000 .7502 
2.382.000 .7679 
a. SO.lOOO • 779S' 

2.5604000 .7832 
2..585000 .7891 
2.766000 .8041 
3.073000 .8380 
3.285000 .8642. 
3.541000 .8971 

We prefer the isopiestic measurements of Robinson et al. [24] to the less accurate results of Perreu [56]. 
The a~~ord with the freezing point deprc33ion measurements of Richards and Faber [57] is fair. 

3.000 + t + t t 

2.500 

2.000 

1.500 

A 
1.000 

.500 

N X.f X ~ 
'l(X + X 0 0 

.3';( X X X -xK X·.,.. X X 
..... A 

-.500 X+ 

-1.000 + 

-1.500 

-2.000 

-2.500 
+ 

-3.000 0~-'--.-40..a..0-"-.8""'0-:-O--l.-1-.2""'0-0 -'-'-.6-'0-0--'--2-.0 ...... 00---'''-1-.
40
-'-0--'--2-.8-'-00---' ...... 3-.2 ..... 0-0--'--3.-60 ..... 0--'O'-4-.0 .... 0-0...J1 

Molality/mol kg-

Deviation Plot for 110vsmolality 

~ Perreu [56], vapor pressure 

.... Richards and Faber [57], freezing point depression 

X Robinson, Wi Ison and Stokes [24], isopiestic vs 
KC I 
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Recommended Values for the mean activity and osmotic coefficient of sodium thionate, 
Na2S206, in H20 at 298.15 K 

.001 .8887 

.002 .8509 

.003 .8245 

.004 • 8038 

.005 .7866 

.006 .7718 

.007 .7588 

.008 • 7471 

.009 .7366 

.010 .7269 

.020 .6590 

.030 • 6161 

.040 .5845 

.050 .!5596 

.060 .5390 

.070 .5214 

.080 .5061 

.090 .4925 

.100 .4804 
• .200 .4019 
.300 .3589 
.400 .3309 
.500 • 3105 
.600 .2947 
.700 .2818 
.800 .2713 
.852 .2666 

m/mol'kS! 
-\ 

.001 

.010 

.100 

.852 

Coefficients of CorrelatinS! Eguations 

~ 

Par coeff i c i ent o (coeff) 

I .1866867110+01 .139+00 
2 - .m68337~8+01 .194-t00 

3 .T7f8101595+01 .431+00 
4 -. T6f6256172+0 1 .500+00 
5 .6303865006+00 .222+00 

J. Phys. Chem. Ref. Data, Vol. 10, No.3, 1981 

£) a 
-.:t!.. 

l-.Gex/J.kg- I 

.9624 • ~99948 -1 • 
• 9494 .C;S~897 -2 • 
.9402 • 999848 -3 • 
.9330 .9li9798 -5 • 
• 9269 .9«;9750 -6 • 
• 9~17 .999701 -8 • 
.9171 • 999653 -10 • 
.9130 .999605 -12 • 
.9093 • 999558 -14 • 
.9058 • 999511 -17 • 
.8812 .999048 -44 • 
.8663 .~~S$~e -TS • 

• 8532 • 998157 -116 • 
.6434 • 997723 -158 • 
.6352 • 9~729!5 -.20.2 • 
• 8.279 .996673 -249 • 
.8215 • 996454 -299 • 
• 8158 .996040 -351 • 
• 6105 .995629 -404 • 
• 7756 .991652 -1022 • 
.7574 • Q877Q5 -1745 .. 
.7472 • 983976 -2538 • 
.7410 .980176 -3385 • 
• 7364 .976405 -4275 • 
.7326 • 972664 -5201 • 
.7302 • 968921 -6157 • 
.7300 • 966943 -6665 • 

o(iI) o(R.ny) o(y) 

.0003 .0006 .0005 

.0016 .0037 .0027 

.0016 .0086 .0041 

.0008 .0077 .0021 

~ ~ 

coeff i c i ent o (coeff) coeff i c i ent 

-.1217824474+00 
• '§Z80089590-t0 1 

- .4511429554+01 

o(eqs 1) 
o(eqs 2) 
o(eqs 3) 

.834-03 

.832-03 

.833-03 

.109+00 

.403+00 

.522+00 

.1013279051+02 
-.2273874974+02 

.3177937570+02 
-.2340572159+02 

.6940535580+01 

o (coeff) 

.484+00 

.246+01 

.497+01 

.454+01 

.156+01 
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Experimental Data Employed in Generation of Correlating Equations 

Lantzke et a 1.[29] . Isopiestic measurements, reference salt is t~aCI . Assigned Iveight is 1. O. 

,'7//mol' kg 
-j 

°298.15 

.162300 .7866 

.202400 .7765 

.239500 .7668 

.265100 .7622 

.297300 .7571 

.303400 .7558 

.326400 .7541 

.377700 .7497 

.420200 .7464 

.444500 .7447 

.455900 .7432 

.488600 .7424 

.566:500 .7369 

.612200 .7351 

.662700 .7334 

.719800 .7327 

.789600 .7..310 

.852000 .7296 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 
N 

~ + ~ ~A ~ .t. ~ 
0 0 m ........ ~ - ~ ~ Ib,- ... 

~x 
-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
0 .100 .200 .300 .400 .500 .600 .700 .800 .900 

Molality/mol kg-I 

11 Lantzke et al. [29], isopiestic vs NaCl 
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Recommended Values for the mean activity and osmotic coefficient of sodium persulfate, 
Na 2S208 , in H20 at 298.15 K 

-1 
11) a l'.Gex/J.kg- 1 

m/mol·kg y 
2!.. 

• 001 .BB67 .961;3 .S99948 -1 • 
.002 .8476 .9475 • 9S9B98 -2 • 
.003 .8200 .9377 • 9S9B48 -3 • 
.004 .79B4 .9300 • 999799 -5 • 
.005 .7803 .9235 • 999750 -6 • 
.006 .764B .9179 • 9.99702 -B • 
.007 .7512 .9129 • 999655 -10 • 
.OOB .7390 .9085 • C;99607 -13 • 
.009 .72BO .9045 • 999560 -15 • 
.010 .7179 .900B • 999513 -17 • 
.020 .6478 .B755 • 999054 -46 • 
.030 .6048 .860:3 .. C;;Q8606 -81 • 
.040 .5741 .B499 • 99B164 -120 • 
.050 .5505 .842.3 • C;97726 -163 • 
.060 .5.315 .8366 • <;.972.91 -209 • 
.070 .5158 .8321 • 996857 -257 • 
.080 .!:>O4::::;) .t54::eo • 99C4Z4 -;SOT • 
.090 .4911 .8259 • 995991 -359 • 
.098 .4829 .8241 • 995645 -402 • 

a{.0) ~ 
.001 .0001 .0002 .0001 
.010 .0006 .001;3 .0009 
.100 .0026 .0066 .0032 
.098 .0026 .0065 .0031 

Coefficients of Correlating Equations 

Par coefficient a (coeff) 

.J2§..2357611+01 .267-01 

cr(eqs 1) 
cr{eqs 3} 

.477-02 

.376-02 

coefficient 

.8615753431 +01 
-. 91i95129587+01 

Experimental Data Employed in Generation of Correlating Equations 

Chlebek and Lister [58]. Vapor pressure osmometry. Assigned weight is 1.0. 

Comments 

m/mol'kg- l 

.049300 

.095000 

.005:300 

.098000 

°298.15 

.8480 

.8260 

.8260 

.8180 

cr(coeff) 

.547+00 

.150+01 

We h~ve bused the fit for this system on only four data points_ A mor~ dptail~d And dp-finitive study 
would be useful. An adequate fit could not be obtained using eqs. 2. 
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3.000 

2.500 

2.000 

1.500 

1.000 

.500 

N 
+ 0 0 

.tx 
-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
0 .0100 .0200 .0300 .0400 .0500 .0600 

Molality/mol kg-t 
.0700 .0800 .0900 .1000 

A Chlebek and Lister [58), vapor pressure osmometry 
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Recommended Values for the mean activity and osmotic coefficient of sodium orthophosphate, 
Na 2HP04, in H20 at 298.15 K 

.001 .8868 
.00.2 .8476 
.00;:1 .8Z00 
.004 .7"98.2 
.005 .7800 
.006 .7643 
• 007 .7505 
.008 .738.2 
• 009 .7.270 
.010 .7167 
.0.20 .644.2 
.030 • 5986 
.040 .565..2 
.050 • 5389 
.060 .517..2 
.070 .4988 
.01:":10 .4I:5Z., 
.090 .4687 
.100 .4561 
• .200 .373..2 
.300 • .3..25..2 
.400 • ..2916 
.500 • ..2659 
.600 .2453 
.700 • ..2283 
.800 • ..2140 
.900 .2017 

1.000 .1911 
1.250 .1699 
1.500 .1541 
1.750 .1421 
2.000 .1327 
2.121 .1289 

mlmolokg- I 

.001 

.010 

.100 
1.000 
2.000 
2.1..21 

Coefficients of Correlating Equations 

Par 

1 
2 
3 
4 
5 
6 
7 

coeff i c i ent 

. 1424416976+01 
- . b2'S506 3812+00 

.Tbbirl02536+00 
-. 18z7148314:-01 

a (coeff) 

.289-01 

.303-01 

.229-01 

.604-02 

J. PhY$. Chem. Ref. Data, Vol. 10, No.3, 1981 

0 .6.Gex/J o kg- 1 

.9E13 .. 999948 -1 • 

.9475 • 999898 -2 • 

.9;'70 • SI<j9848 -;, . 

.9297 • 999799 -5 • 

.9231 • 999751 -6 • 

.9174 • 999703 -8 • 

.9123 .999655 -10 • 

.9077 • 999608 -13 • 
.. 9035 .999561 -15 • 
.8997 • 999514 -17 • 
.8720 .999058 -46 • 
.8541) • 998616 -82 • 
• 8405 .998185 -1.22 • 
.8297 .997760 -167 • 
• 8205 .997343 -214 • 
• 8126 .996931 -264 • 
• l:500!) .';i.I9C!)Z';' -';'17 • 

.7991 • 996120 -373 • 

.793.3 • 995722 -430 • 
• 7504 •. 991922 -1095 • 
.7199 • 9S8395 -1881 • 
.6948 • 985091 -2758 • 
.6731 • 981976 -3710 • 
.6538 • 979021 -47..26 • 
.6367 • 976201 -5798 • 
.621.3 • 97.349.3 -6921 • 
.6077 • 970875 -8090 • 
.5955 • 968329 -9301 • 
.5709 • 962165 -12491 • 
.5536 .956114 -15880. 
• 5422 .950015 -194.:35 • 
.5353 • 943776 -23128 • 
• S:;:33 .940695 -24958 • 

0'(0) a (,Q,ny) ~ 
.0001 .0001 .0001 
.0005 .0010 .0007 
.0012 .0038 .0017 
.0010 .0039 .0007 
.0025 .OOS! .0007 
.00.:33 .0053 .0007 

coefficient coefficient 

-.59495622~4+01 
. 'ljj1f1i88 72 6 7 +02 

-.9336812442+02 
. T22"896786 0+0 3 

-.9224751821+02 
.3665914504102 

-.5990528341+01 

.815+00 

.539+01 

. 152+02 

.228+02 

. 188+02 

.811101 

.142+01 

.7683250020+01 
-. 1159589935+02 

.9903500535+01 
-.~65147+01 

.7790004460+00 

a(eqs 1) 
a(eqs 2) 
a(eqs 3) 

.347-02 

.300-02 

.297-02 

a (coeff) 

.145+00 

.553+00 

.82.5+00 

. .544+00 

.132+00 
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Experimental Data Employed in Generation of Correlating Equations 

Husain [59]. Freezing point depression measure­
ments. The ~~ data for K2HPO~ and the ~C data for 
Na2S04 given In the table of auxiliary data were used 
in treating these and the other freezing point 
depression measurements. Assigned weight is zero. 

Scatchard and Breckenridge [61]. Isopiestic 
measurements, reference electrolyte is NaCl. Assigned 
we i 9 h tis l. 0 • 

mlmol·kg 
-I 

0298.15 
.021.00 •• 451 
.051600 .4398 
.073100 .4306 
.097800 .4208 
.111800 .4186 

Jones et a 1. [40]. Freez i ng po i nt depress ion 
measurements. Assigned weight is zero. 

mlmol.kg -I 

.100000 

.050000 

0298.15 
.7573 
~8.13 

Loomis [45,60]. Freezing point depression 
me~surements. Assigned weight is 0.30. 

mlmo I- kg-I 

.010000 

.020000 

.050000 

.100000 

. °298.15 
.d886 
.sel~ 

.8176 

.7707 

Platford [12]. Isopiestic measurements, 
reference electrolyte is NaC!. Assigned weight is 1.0. 

Comments 

mlmol-kg -I 

.234900 

.651800 

.748000 

.856500 
1.172900 
1.329000 
1.441000 
1.7.34000 
2.121000 

0298.15 
.7600 
.6432 
.6268 
.6121 
.5785 
.5651 
.5577 
.5427 
.5330 

mlmol· kg -I 0298.15 

.991 • .30 .5983 

.960..0 .6007 

.910840 .6067 

.787560 .6229 

.776610 .6244-

.699200 .6;,66 
.669510 .6406 
.579790 .6573 
.567450 .6593 
• 561860 .658 • 
.510.340 .6675 
•• 98060 .6711 
.428920 .6887 
•• 07280 .6950 
.~904$0 .6967 

.352750 .7055 

.329610 .7122 

.31.530 .7221 

.277.70 .7267 

.200160 .7506 

.164670 .7662 

.152530 .7709 

.147310 .7716 

.101166 .7055 

.0900~0 .7962 

The isopiestic results of Platford [12] are in excellent agreement with the earlier results of 
Scatchard and Breckenridge [61]. For the low molalities we have given weight only to the freezing point 
depression measurements of Loomis [45,60]. 
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3.000 

2.500 

2.000 

1.500 

+ 
1.000 

.500 
~ 

~ 

N ~~ 
v..f + 

0 
~v v~ ~v ~ ...... <'> 0 'X ~:¥'~~~ .tx 

~ 

-.500 

-1.000 
~X 

-1.500 

-2.000 
x 

-2.500 

-3.DOO Wll~U~J1~~~ __ ~~ __ *-~ __ ~~~ __ ~~ __ *-~ __ ~~~ __ ~~ __ ~~~ 
o .200 .400 .600 .800 1.000 1.200 1.400 1.600 1.800 2.000 2.200 

Deviation Plot for Na 2HP04 : ~0 vs molal ity 

6 Husain [59], freezing point depression 

1r Jones et al. [40], freezing point depression 

)( Loomis [45,60], freezing point depression 

<!> Platford [12], isopiestic vs NaC] 

Molality/mol kg-t 

~ Scatchard and Breckenridge [61], isopiestic vs NaCI 
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Sodium Fumarate 
Recommended Values for the mean activity and osmotic coefficient of sodium fumarate, Na2C4HZO'I' in H20 at 298.15 K 

m!mol o kg 
-I 

y 

Coeff i c i ents of Correlatin2 

1 
Z 
3 
It 
5 

EsLl 

. 1136905ltlt6+01 
• ZZ3~2.lIj61 +00 

.OO~ .8860 
• OO~ .84t~ 

.OO~ .81EL 

.0(,4 .7959 

.00 :: .7774 
o Ol"\/:, • 7f:..5 
0007 .7474 
.008 • 7':: 49 
.OOS- • 72~:: 
.0 0 .• 7::' ~ ~ 
.02.:) .t400 
.0:=0 .5<;.14':3 
.0a.O .:S6Z:: 
.O~O .::.: 72 
.OtO .~= 69 
• 070 .::000 
.080 .4856 
.090 .4?::~ 

.;..00 .4622 

.200 .:;9f.9 

.::00 • :f. 55 

.400 • :;471. 

.500 .::3~4 

.600 .::278 

.700 .:::227 

.800 .::19f: 
• 900 .::! 78 

~ • 000 .:"17'-
~.2=O .=:: 89. 
l .500 .::241 
: .750 .::3~ 8 
2.0eO .::414 
,.077 • Z447 

!'i/mol·kS! 
-1 

.00li 

.010 

.:: 00 
!.OOO 
2.000 
2.077 

Eguat ions 

a (coeff) 

.152-01. 

.551-02 

0 a ~Gex/Jokg-I 
w 

.9CO<:i .::.199<)48 - ~ . 

.9467 • c;, s,,9 .j~8 -::. 

.9Zce .'::I9c;e4~ -.,:. . 

.92135 o ';Js,,-}799 -f-

.92:;' 7 • <;':<97::::' -c. 

.9~ 58 .~9C;;703 -8 • 

.9:' 05 • ~';'<;.It56 -:0 • 

.90513 .<;'::19608 -:..~ . 
.90::'c .... 9~562 -~~ . 
.8976 • S,99S1S -: s • 
• 87;)0 .':<'.79060 -47 • 
.8529 • <:i906~8 -8:'= • 
.8403 • 9'::i8:84 -_ 24 • 
.8::: 6 • '::I977E.E. -: 6e • 
.824= • "",';;7:;0 -i: e. 
.8:dd • ~':tc 907 -::'6t • 
.8;;'4;, • 99t 486 -;: = 9. 
.810.<:; • <;;9l: OE:7 -:574. 
.8070 • s"SJ5648 -430 • 
.7~3d • 991457 -1068 • 
.7950 .C;d7::'92 ,..a 788 • 
.801t .litobZ820 -2557 • 
.8:'; J7 • Sf7d~: 0 -3:! 58. 

.B':i, 2 • '.77:;722 -4:79 • 

.B~25 • '.7f.d996 -50l~' 

.844.3 • 9c 41t4 -5860. 

.8564 .959:199 -f.1li ~ • 
• 8687 .9541::4 -7564 • 
• 90J~ • 94~ 006 -9696 • 
.9317 • 927253 -l1808 • 
• 9633 .':II129~8 -:i!d82 • 
.9~48 • d9~046 -:15907 • 

1.0045 .S',j3Zt:: -16520 • 

0(0) a(£ny) a(y) 
.0000 .0,),);' .OOJi 
.000::: .Ouol7 .0005 
.0014 .00;:.t • OO~ 6 
.0014 .0073 .002:: 
.0024- .O06l .OO'~ 
.002E .OOf:l .OO~l 

EQs 2 

coefficient 

-.5460588702+00 
.TT5/5ZI448+02 

-.7727568763+01 
.3330936780+01 
.615682lt597+00 

.323+00 

.IZ2+01 

.179+01 

.117+01 

.281+00 

.8028012197+01 
-. TT'578"6j41 j+U2 

. 1053636207+02 
-.5087028746+01 

.9846260218+00 

a(eqs 1; 
a(eqs 2) 
a(eqs 3) 

.502-02 
.lt36-02 
.431-02 

a (coeff) 

.320+00 

.121+01 

.178+01 

.116+01 

.278+00 
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Experimental Data Employed in Generation of Correlating Equations 

Robinson, Smith and Smith [62]. Isopiestic measurements, reference electrolyte is KC1. Assigned weight 
is 1.0. 

mJmol' kg 
-1 

~298.15 
.g.,~g::;o .al4-~ 

.132500 .8072 

.269800 .798:3 

.455900 .7985 

.493500 .8056 
.659600 .8234 
.741400 .8344 
.928200 .6641 

1.22~000 .8971 
1.336000 .9165 
1.371000 .9079 
1.402000 .9183 
1.558000 .9435 
1.615000 .9474 
1.63S;000 .9543 
1.941000 .9863 

2.077000 1.0010 

3.000 

2.500 

2.000 

1.500 

1.000 1 A 

.500 A A 
A & I & 

N 
+ 6 A 

J 0 0 & .!. 9--
<lX A 

-.::)UO 
A 4 

4l. 4l. 

-1.000 

-1.500 

-2.000 

-2.500 

.200 .400 .6OC .800 1.000 1.200 1.400 1.600 '.800 2.000 
Molality/mol k9-' 

Deviation Plot for sodium fumarate: 110 vs molal ity 

A Robin&on, Smith and Smith [62.1. i&opiestic I/S KCl 
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Sodium Maleate 
Recommended Values for the mean activity and osmotic coefficient of solium maleate, Na 2C4H204 , in H20 at 298.1: K 

Par 

1 
2 
3 
4 
5 
6 
7 

m/mol'kg 
-I 

.9200156885+00 

.8832926287-01 
• 1005838387-01 

.001 .8846 

.002 .8437 

.003 .8146 

.004 .7916 
.005· .7722 
• 006 .7555 
.007 .7407 
.008 .7274 
.009 .7153 
.010 .7043 
.020 .6259 
.030 .5767 
.O.:rO .5409 

.050 .5131 

.060 .491)4 

.070 .4714 

.080 .4551 

.090 • 4409 

.100 .4263 

.200 .3514 

.300 .3121 

.. 4DO .2875 

.500 .2703 

.600 .2577 

.700 .2480 

.800 .2404 

.900 .2343 
1.000 .2293 
1.250 .2205 
1.500 .2153 
1.750 .2125 
2.000 .2114 
2.250 .2116 
2.500 .2129 
2.750 .2152 
2.879 .2168 

rn/mo I' kg 
-I 

.001 

.010 

.100 
1.000 
2.0"~ 
2.879 

.988-02 

.892-02 

. 188-02 

0 a ,\Gex/J'kg- 1 

w 

.9602 • 99S948 

.9453 • 9998.98 

.9345 • 999848 

.9258 • 999800 

.9185 • C;C;9752 

.9120 • C;99704 

.9062 • 99.9657 

.9010 • 999611 

.a9c2 • C;99564 

.8~aa • C;99518 

.8597 • «;99071 

.8388 • 998641 
.8.234 • ~~822 t 

.6113 • S;97810 

.8J14 • S97405 

.7931 • 997004 

.7860 •. 996607 

.7799 .0,; '!:tbZl4 

.7745 • «;95823 
.7439 • 991991 
.732~ • 988202 
.7275 • 984395 
.7270 • 9Sn547 
.7287 • 976647 
.7319 • 972690 
.73c2 • 968671 
.7412 • C;c4588 
.7469 • 960439 
.7627 • «;49776 
.7805 • 938686 
.7996 • 927164 
.8197 • .915204 
• 8408 .902803 
.8628 • 889960 
.8856 • 876673 
.8976 • 869644 

0(£1) ,) (y"n'r) '.1 (y) 

.0000 .0001 .0000 

.0002 .0004 .0003 

.0009 .0023 .0010 

.0009 .0041 .0009 

.00039 .0037 .0008 

.0017 .OO4~ .0009 

coeff i c i ent 

-.4713999633+01 
. 2'8"6'b716502 +02 

- . ~~9484+02 
.1i2li8652125+02 

-.2554132905+02 
. 8361i226330+0 1 

-. 1144436583+01 

o (eqs I) 
o(eqs 2) 
() (cqs 3) 

.270-02 

.261-02 

.25 /1-02 

.772+00 

.448+01 

.110+02 

.141+02 

.986+01 

.359+01 

.531+00 

-1 • 
-2 • 
-3 • 
-5 • 
-7 • 
-9 • 

-11 • 
-13 • 
-15 •. 
-18 • 
-49 • 
-87 • 

-130 • 
-178 • 
-229 • 
-284 • 
-341 • 
-4-01 • 
-463 • 

-1175 • 
-2000 • 
-2898 • 
-3849 • 
-4840 • 
-5863 • 
-6912: • 
-7982 • 
-9070 • 

-11847 • 
-14681 • 
-17550 • 
-20436 • 
-23325 • 
-26208 • 
-29074 • 
-30545 • 

coeff i c i en t 

.5759564168+01 

.58OBT64 1 61 +01 

.3824565105+01 
-. 1402002198+01 

.2171639910+00 

.127+00 

.401+00 

.492+00 

.268+00 

.542-01 
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i ·i 

3.000 

2.500 

2.000 

1.500 

1.000 

.::)00 

N 
+ 
0 0 

9- .... 
<1>< 

-.500 

-1.000 

-1.500 

-2.000 

-2.500 

& 4-... 
A 

4-
..&. 

GOLDUERG 

','I I" 111l.·d~Urel11ents, reference electrolyte is KC}' Assigned weight 

-1 
tn/mol ·kg 

.098140 

.141500 

.293800 

.426100 

.500100 

.546300 

.835600 
1.066000 
1.415000 
1.584000 
1.6Z3000 
1.826000 
1.923000 
1.988000 
2.266000 
2.432000 
2.875000 
2.879000 

~ 
~ 

~298. 15 

.7720 

.7558 

.7331 

.7264 

.7279 

.7277 

.7404 

.7524 

.7747 

.7858 

.7933 

.8050 

.8134 

.8113 

.8449 

.8549 

.8985 

.8985 

-3.000 ~--~--~--~--~--~--~--~--~--~--~--~--~--~--~--~ 
o .400 .BOO 1.200 1.600 

Molality/mol kg-' 
2.000 2.400 2.800 

~ Robinson, Smith and Smith [62], isopiestic vs KCl 
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ACT'V'TY AND OSMOTIC COEFfiCIENTS OF AQUEOUS SOLUTIONS 715 

Recommended Va \ ues for the mean act i v i ty and osmot i c coeff i c i ent f N CO • 8 o a2 3 J n H20 at 29 • 15 K 

!I'!)oi 'kg 
-I 

Y 0 a LlGex/J'kg -I 
w 

.(,oJi .8867 
.,OO'Z • <3474 
• 003 .6196 
.OC4 • 7:379 
• 005 .7796 
• 006 .7b41 
• 007 .7503 
.oca • 7380 
• 009 .7268 
• 010 .7165 
• 020 .6445 
.030 .5995 
• 040 .5667 
• 050 .5411 
• 060 .:202 
• 070 • 5025 
• oeo .01\-07£ 

• OSO .4738 
• 1.00 .4619 
• 200 .3655 
• 30\) .3429 
• 400 .:::H.37 

• 50C .2918 
.600 • 2744 
• 700 .2602 
• 800 .2482 
• soo .2379 

1.000 .22.;0 
1.2=0 .2115 
1.500 .19Ef. 
1.7:0 .1692 
2.000 .1823 
2.250 .1773 
2.500 .1741 
2.750 .1722 
2.767 (Sut) .1721 
.3.000 .. 1 114 

2. 115 .. 1714 

mlmol'kg 
-1 

.001 

.010 

.100 
1.000 
2 .. 000 
3.115 

.S613 .SS;~94B 

.<;474 .SS98S-B 

.C;37~· .9S9B48 

.~2<;6 .<;<;.9799 

.Sz.;30 .999751 

.9173 .~99703 

.9122 .; 99655 

.S.076 .~9.9608 

.9035 .999561 

.8997 .SS9514-
• 8725 .C;C;,9057 
.8=52 .S98614 
.8426 .9<;08180 
.8326 .S<;07753 
.8243 .997330 
.8174 .<;96912 
.0113 ,,-:.<;;:64SS 

.S059 .S:S60S7 

.5012 .S95679 

.7692 .<;91720 

.7496 .<;87920 

.7.340 .9G423G 

.1230 .98~c5.3 

.7129 .<;77146 

.7044- .97.3703 

.6971 .970306 

.0910 .96c948 

.c859 .C;c3610 

.f:772 .955282 

.6738 .94684 J 

.c752 • .9.381.33 
.6810 .929031 
.6.;08 .9194.32 
.7040 .909258 
.7205 .8<;8455 
.7217 • 897b97 
.7.;:.<je; .eO"<;I94 
.. 7492 .881498 

cr (0) o (tnI') ~ 
.0001 .0002 .0002 
.¢O06 .0013 .OOOQ 

.00 18 .0052 .0024 

.00] 1 .0062 .0014-

.0009 .0062 .0011 
.0020 .0059 .0010 

Coefficients of Correlating Equations 

~ coefficient 

1 • 1357€: 10705+01 
2 -.34'3'1! 57 OOE+OO 
.3 .9114401308-01 
4 -. (;D48231 S 1 !:l-O~ 

5 
f. 

.320-01 

.240-01 

.111-01 
.l~q.-OZ 

coeff ic ient 

-.1454965713+01 
• i.468303113+02 

-. 1.392c 28.385+02 
.~?.236+01 

- • .3TSTia0875+01 
.456394856.3+00 

cr(cq~ 1) - .27S-02 
c (eqs 2.) .2.87-02 
0(eqs 3) .288-02 

.381+00 

.l46+0l 

.240+01 
."Q6+01 
.796+00 
.127+00 

-1 • 
-2 • 
-.3 • 
-5 • 
-6 • 
-8 • 

-10 • 
-13 • 
-15 • 
-17 • 
-46 • 
-82 • 

-122 • 
-le6 • 
-213 • 
-263 • 
-316 • 

-370 • 
-42.7 • 

-1074 • 
-1829 • 
-2660 • 

-3:49 • 
-4489 • 
-5471 • 
-6490 • 
-7542. 
-8625. 

-11442. 
-14.391. 
-17444. 
-,20576. 
-23767. 
-27002. 
-.30264. 
-30486 • 
~3:::'E.(). 

-35048. 

coef f ic i ent 0 (coef f) 

.70872.312f3:t-Ol .176+00 
-.8846628006+01 .504+00 

.Z289.353251+01 .5cS+OO 
-.22S790DI03+01 .284+00 

• .3403t6=575+00 .533-01 
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Experimental Data Employed in Generation of (.orrelaung Equations 

Ender [63]. Freezing point depress ion measure­
ments. "The $L and ¢C data for Na2C03 given in the 
table of auxiliary data were used in treating these 
and the other freez ing po int depress i on measurements. 
Assigned weight is zero. 

mlmolokg- 1 
£1298.15 

.467S20 .769(; 

.44~'\.2.0 .7714 

.32384.0 .7fA6 

.265920 .7633 
.248050 .7b31 
.187530 .7683 
• 180480 .7666 
.173620 .7699 
.14.2070 .77cO 
.1394.50 .7766 
.111330 .7849 
.OSS061 .7903 
.098283 .7<;05 
.0;3565 .7<;29 
.072222 .a053 
.070155 .eOE-;;' 
0053574 .8214 
.041759 • .9352 
.O.3€.O74 .8436 
.03208S .8E06 
• .,)j {';I..;Jt;. .8878 
.016516 .8931 
.013148 .953S 
.006781 .9405 
• OOJ60L .9477 

pOint depress ion measure-

ments. zero. 

m Imolokg- l 

.001520 1.0031 

.004030 .S872 

.COc550 .984;; 

0009050 .9781 
.OlQtOO .9710 
.024000 .9f:4~ 

.036670 .6897 

.047<;10 .6.338 
.. 075f 50 .8162 
.102~60 .eOO'3 

Jones et al. [40}. Free:z:ing point depression 
measurements. Assigned weight is zero. 

m/mol.kg- 1 

.50()COO .. 7 \5<J 

Khvorostln, Filippov, and Reshetova [281. 
lsopiestlc measurements, reference electrolytes were 
NaOH and KCI. The autnurs d(d (IIJL II:::CIJUI L Lin::. 

isopiestic molalities. Assigned weight is 0.40. 

m/mo1'kg- t 

.. 7717 

.8341 
.045600 
el04500 
.394800 
.782500 

,.75::9 

1 .. 051700 
1 • ..397300 
1.,750300 
1.759200 
2.132600 
2.2c,3400 
2.4.37200 
2.591400 
2.609300 
2.728200 
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.6866 

.6871 

.6750 

.6710 

.6866 

.t839 

.695~ 

.7068 

.7072 
.7157 
.. 712.3 

" 

Loomis [44.65]. Freezing point depression 
measurements. Assigned \-Jeight is 0.20. 

-) 
mlmo} -kg 

.010000 

.020000 

.050000 

.100000 

.200000 

0298.15 
.9041 
.8767 
.8283 
.7920 
.757e 

Perreu 1116]. Vapor pressure measurements at 
20°C. The <Pl and <PC data given in the table of 
auxi 1 iary data were used to adjust these measurements 
to 25°C. Assigned weight is zero . 

mfmol·kg -\ 0298.15 

.355800 .~900 

.682700 .9820 
1.093500 .. 9670 
1.421000 .. 9590 
1,6<';3000 .9500 
1.731900 .9480 
1.854000 .. 94bO 
2.026000 .9410 

Robinson and Macaski11 (66]. Isopiestic measure-
ments, reference electrolyte is Nalvl. Their (66) 
Table I contains a typographical error: 2.2565 mol

o 

kg-\ of NaCl in line two o~ c01umn.four.should read 
2.2965 mol'kg- 1 (67]. ASSigned weight IS 1.0 • 

m/mol o kg- 1 
1/)298.15 

.30c200 .7517 

.:15400 .7200 
.522700 .7234 
.628000 .7114 
.7155000 .7032 
.878J.OO .6924 

1.286700 .6761 
1.377S;OO .t.739 
1. E65300 .6727 
1.724900 .c741 
1.944~OO .6799 
2.175100 .6675 
2.235.:300 .6655 
2.385500 .6971 

2.670900 .7156 
2.(;71500 .7lco 
2.681900 .7147 
2.7(;6700 .7228 
2.870800 .7286 
2.939800 .73E.5 
3.11500C .7467 
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Saegusa [68]. Emf measurements on the cell 
Na(Hg)~f Na2C03(m); A92C03(s), Ag(s). mref = 0.00114 
mol·kg Assigned weight is zero. 

Taylor [69]. Emf measurements on the cel I 
Na(Hg)x\ Na ZC03(m)i Ag,C02 (s), Ag(s). mref = 0.1005 
mol·kg- Assigned weight is zero. 

m/mol·kg- 1 Y/ Y ret m/mol·kg- 1 Y/Y ref 
.0021(;7 .~755 .200800 .64E5 
.005212 .!i163 .400900 .7117 
.010210 .£3:5 .601400 .64tl 
.020570 .4517 .847000 .5S32 
.057410 .3908 1.004700 .;;664 
.106500 .3309 1.:;35500 .5061 
.505500 .2000 
.9777CO .168Y 

Comments 

The recent measurements of Robinson and Macaskill [66] provide the most reliable data for this important 
system. The agreement with the earlier isopiestic measurements of Khvorostin et al. [28] is good [note that we 
nave had to discard three data points at the lowest molalities where the measurements are most difficult]. The 
freezing point depression measurements of Loomis [44,65] were carefully done for their time and we have given 
Some weight to these measurements. We have used the measured solubil ity of Robinson and Macaskill [66J in 
calculating the properties at saturation. These workers also noted that the solutions that they studied having 
molalities higher than saturation were sufficiently stable to permit meaningful isopiestic measurements. The 
cell measurements [68,69] are not in accord with the isopiestic measurements and we believe that they contain 
systematic errors . 

. 0500 

.0450 

.0400 . 

. 0350 

.0300 

.0250 

.0200 .o!:.¢ 

.0150 

.0100 
.o!:. 

.0050 Ay 
s. 0 I--.r.-"*"-----...... y~y-'-------"\f_I! -¥¥--~------'·y'-------.I' ?~---y-y-- - -y- -. ¢ y 

<l -.0050 t <!> Y 

~:R: x 
-.0100 

-.0100 

-.0200 

-.0250 

-.0.300 

-.0350 

-.0400 

:....0450 

-.0500 
o .400 .800 

Oeviat"ion Plot for Na;C03: tJ.tJ vs molal ity 

1.200. / 1.600 t 
Molality mol kg-

2.000 2.400 2.800 3.200 

A fndel" [63] - fl"eez ing point depress ion Z Perreu [40J - vapor pressure 

~ Jones [64] - freezing point depression Y Robinson and Macaskill (66) - isopiestic vs NaC] 

)( Jones et al. [40] - freezing point depression 

~ Khvorostin, Filippov, and Reshetova [28] - isopiestic vs NaOH and KCl 

~ Loomis [44,65] - freezing point depression 
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.0500 

.0450 

.0400 

.0350 + 
+ 

.0300 h + 

.0250 + 

.0200 

.0150 + 

.0100 

.0050 + 
0 

S 
-.0050 

-.0100 

-.0150 

-.0200 

-.0250 

-.0300 

-.0350 

-.0400 

-.0450 

-.0500 lu. ~ 1 J. ~ 

0 .200 .400 .600 .800 1.000 1.200 1.400 1.600 
Molality/mol kg-' 

Deviation Plot for Na
2

C0
3

: 6y vs molal i ty 

" Saegusa [68] - emf 

+ Taylor [69] - emf 
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ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 

Recommended Values for the mean activity and osmotic coefficient of sodium orthoarsenate, 
Na2HAs04~ ir H20 at 298.15 K 

-1 
lIGex/J okg- 1 m/mo1okg y 0 a 

w 

.001 .8885 .9622 • 9_99948 -1 • 

.002 .8506 .9492 • <iS9897 -2 • 

.00:3 .82A-1 • QA-OO • c;;,C;QSA-S -3 • 

.004 .8034 .9328 • 999798 -5 • 

.005 .7862 .9268 • 999750 -6 • 

.0'06 • 7714 .9216 .999701 -8 • 
.007 .7584 .9171 • 9S9653 -10 • 
.008 .7468 .9130 • 999605 -12 • 
.009 .7363 • 9093 .999558 -14 • 
.010 .7267 .9060 • 999510 -17 • 
.020 .6597 • 8824 .999047 -44 • 
.030 .6179 .8676 • 9-.98594 -78 • 
• 040 .5874- .B~7 .9498150 -116 • 
.050 .5635 .8481 • 997711 .... 157 • 
.060 .5439 • 8410 .997277 -201 • 
.070 .5272 .8348 • 996847 -247 • 
.080 .5127 .8293 • 996421 -296 • 
.090 .4999 • 8244 .S95998 -347 • 
.100 .4884 .8199 • 995579 -399 • 
.200 .4125 • 7868 .991531 -1000 • 
.300 .3676 .7629 • S87707 -\704 • 
.400 .;:';'::>7 .74;:'.1 • ~e4000 ~Z4e;, • 

.500 .311(, .7259 • 980574 -3323 • 

.600 • 2911 .7111 .977204 -4217 • 

.700 .2747 ~6S84 • 97.3923 -5157 • 

.800 .2608 .b877 • 970703 -6137 • 

.900 .2491 .6790 • 967511 -7154 • 
1.000 .2391 .6723 • 964319 -8203 • 
1.029 .2365 • 6707 .963386 -8514 • 

m/molokg -I 0(0) () (£n-y) o{y) 

.001 .0001 .0001 .0001 

.010 .0004 .0009 .0007 

.100 .0009 .0031 .0015 
1.000 .0013 .0036 .0009 
1.029 .0015 .00.38 .0009 

Coefficients of Correlating Equations 

Par 

1 
2 
3 
4 
5 

coefficient 

.1729061427+01 
-.5638367658+00 

. 1530013649+00 

a (coeff) 

.264-01 

.201-:01 

.121-01 

coefficient 

.6611460751+00 

. ]liB"4703740+0 1 
-.3296024029+01 

.8649703771+00 

o(eqs 1) .218-02 
o(eq~ 2) - .212-02 
a(eqs 3) .226-02 

a(coeff) 

.131+00 

.462+00 

.569+00 

.236+00 

coefficient 

. 1028057804+02 
-.2109095084+02 

. 2566222872+02 
-. 1665998759+02 

.4448111559+01 

719 

a(coeff) 

.556+00 

.275+01 

.532+01 

.462+01 

.150+01 
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Experimental Data Employed in Generation of Correlating Equations 

Scatchard and Breckenridge [61]. Iso~iestic measurements, reference electrolyte is NaCI. Assigned 
weight is 1.0. 

. -1 
m/mol·kg 0298 . 15 

1.029100 .6701 
.985170 .6725 
.86~360 .6829 
.817800 .6873 
.783410 .6903 
.753850 .6902 
.671670 .7023 
• .622950 .7084 
.569570 .71066 
.52E130 .7206 
.510410 .7240 
.493630 .7271 
.441030 .7337 
.439500 .7:335 
.427550 .7459 
.379760 .7454 
.348780 .7507 
.346660 .7536 
.246920 .7737 
.234490 .7758 
.224'6:30 .7002 
.186030 .7892 
.180300 .7929 
.1E.3580 .7,.78 
.114810 .8166 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 
N 
+ 0 0 

~x 
-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
a .100 .200 .300 .400 .500 .600 

Molality/mol kg-' 
.700 .800 .900 1.000 

Deviation Plot for Na 2HAs04: 60 vs molality 

& Scatchard and Breckenridge [61], isopiestic vs NaCl 
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Na2C2H4S206 

Recommended Values for the mean act j v ity and osmot i e eoeff i c i ent of sodium 1,2-ethane disulfonate, 
Na2C2H4s406' in H20 at 298.15 K 

-1 
~ L:lGex/Jokg- 1 m/mol·kg y 

.001 .6656 .90607 .SSS94t8 -1 • 
• 002 .6456 .94.64 oS99698 -2 • 
• 003 .6174 .9362 .9C;9648 -3 • 
.D04 • 7951 .9281 • C;c;..9799 -5 • 
• 005 .776h .921.:3 .999751 -6 • 
.006 .7607 • 91E5 .999703 -B • 
.007 .7466 • 9103 .999656 -11 • 
.008 .7341 • 9056 .999609 -13 • 
.009 .7228 • 9015 .999562 -15 • 
.010 • 7124 .8976 .999515 -18 • 
.020 • 6407 .6714 .9-;.9058 -47 • 
• 030 .5972 .8564 .998612 -83 • 
• 040 .5666 .64.0;1 • c;; 'SHU 71:. -1&::;.'5 • 

.050 .54.35 .8398 • 9977.33 -167 • 

.060 • 5251 .8352 .997295 -214 • 
• 070 .5101 .8319 .996858 -263 • 
• 090 .A·Q76 .8296 .996419 -314 • 
• 090 .4669 .6281 .S95980 -367 • 
.100 .4777 • 8271 .995540 -421 • 
.200 • 4256 • 6311 .991057 -1019 • 
.300 .4018 .8404 .986466 -1678 • 
• 400 • .3876 .8490 .981813 -2.370 • 
• 500 .3780 .8567 .977114 -3085 • 
• 600 .3712 .. 8642 .972364 -3816 • 
• 700 .3665 .8718 .967554 -4556 • 
• 600 .3633 • 6796 .962663 -5307 • 
.900 .3612 .8874 .957755 -6063. 

1.000 • .3597 .6949 .952783 -6822 • 
1.250 .3582 • 9123 .940231 ·'8727 • 
1.500 • 3590 .9289 .S27463 -10635. 
1.750 .3618 .. QA62 .. 914391 -12533. 
1.600 .3622 .9490 .911911 -12911. 

0(0) a (:tny') oh) 

.001 .0000 .0001 .0001 

.010 .0003 .0007 .0005 

.100 .0005 .0017 .0008 
1.000 .0005 .0017 .0006 
1.800 .0009 .0018 .0007 

~ ~ ~ 

Par coeff i c i ent a (eoeff) coefficient a (coeff) 

1 .8521138579+00 .361-01 -.5391976395+01 . 123+00 .7415091910+0J . 13LI+OO 
2 . T625341953+01 .133+00 .4353632372+02 .957+00 -. 64bjT08363+0 1 .771 +00 
3 -.2554486120+01 .298+00 .9045128683+02 .312+01 . 1452403907+00 .182+01 
4 .2935704576+01 .459+00 .1T56i74645+03 .528+01 . "Ii'50327 I 757+01 .212+01 
5 -.2000657333+01 .398+00 .8560193110+02 .486+01 -.3317619124+01 .120+01 
6 . "7'244042175+00 .174+00 • 346'Qb76713+02 .231+01 .7686607075+00 .266+00 
7 -. 1069384303+00 .301-01 - . 5bTS086 779+01 .443+00 

a(eqs 1) .861-03 
a(eqs 2) .53)-03 
cr{aqs 3) .101-02 
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Experimental Data Employed in Generation of Correlating Equations 

Bonner, Rushing and Torres [14]. Vapor pressure osmometry and isopiestic measurements. The reference 
electrolyte was NaCI [15J. The authors did not report the isopiestic molalities. Assigned weight is 1.0. 

m/mol.kg- I 
°298.15 

.006400 .9150 

.014400 .SSSO 

.0.25600 .8620 

.040000 .8460 

.100000 .8260 

.200000 .8320 

.300000 .8410 

.400000 .S480 

.500000 .8570 

.600000 .S640 

.700000 .8720 

.SOOOOO .S800 

.900000 .8870 
1.000000 .8950 
1.200000 .9090 
1.400000 .9220 
1.600000 .9:360 
1.800000 .9490 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 
N 

~ + 4J. A A A .. 0 o -m 4J. A - G 

~x 
-.500 

-1_000 

-1.500 

-2.000 

-2.500 

-3.000 oL--'---'-----a---'--"'----'---i.----'---'--..I..o.---r...-l-.2 ..... 0-0---'~1-• ..t-=-nO:-"'-:1~,6:':0:-:0--t.-:--1.~800 
.200 .400 .600 .800 1.000 "TV 

Molality/mol kg-1 

Deviation Plot for 60 vs molality 

& BUflm::r, RU5hillY Clild Torre:; [141, vapor prcs::;urc ocmometry and isopiestic vs N;:d~l 
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ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 

Na2C6H4S20S 

Recommended Values for the mean activity and osmotic coefficient of sodium m-benzenedisulfonate, 
Na2C6H4S206' in H20 at 298.15 K 

-I 
m/molokg y 0 a 6Gex/J o kg- 1 

w 

• 001 .8899 .9630 .999948 -1 • 
.002 .85~2 .9507 .SS9897 -2. 
.ooz .e270 .9421 • 99ge47 -z • 
.004 .8080 .9355 .9S9798 -4 • 
.005 .7917 • 9301 • 9'59749 -6 • 
.006 .7778 .9256 .999700 -8 • 
• 007 .7656 .9216 • 999651 -10 • 
.008 .7548 .9181 • 99960.3 -12 • 
• 009 .7451 .9149 .999555 -14 • 
.010 .7~62 .9121 • 999507 -16 • 
.020 .6755 .8935 .999035 -42. 
.0.30 .h.3QO .88.32 • C;gSShQ -74 • 
.040 .6132 .8766 • 598107 -109 • 
.050 .59~6 • 8721 .997646 -146 • 
.060 .5778 • 8688 .997187 -186 • 
.070 .5648 • 8664 .996727 -228 • 
.080 .5538 • 8647 .996268 -271 • 
.090 .5443 .8634 • 995809 -316 • 
• 100 .5360 .8625 .995349 -361 • 
.200 .4873 • 8631 .990714 -865 • 
.300 .4648 .8700 .585993 -1419. 
.400 .4523 .8790 • 981177 -2000 • 
.500 .4451 • 8889 .976265 -2597 • 
.600 .4412 • 8994 .971257 -3202 • 
.700 .4395 .9102 .%6152 -3813 • 
• 800 .4394 .9213 .960948 -4424 • 
.900 • 4406 .9.327 .955647 -5035. 

1.000 .4428 .9442 .950249 -5643. 
1.250 .4519 • 9737 .936338 -7140 • 
1.500 .4646 1.0036 .921861 -8592. 
1.7:.50 .4600 1.033~ .900677 -<ji/<ji/67. 

2.000 .4975 1.0628 .891470 -11319. 
2.250 .5164 1.0911 .875746 -1258:3. 
2.500 .5362 1.1177 .859832 -13776. 
2.750 .5563 1.1421 .843876 -14901. 
3.000 .5761 1.1638 .828039 -15958. 

m/mo1- k9 
-I 0(0) o(£ny) ~ 

.001 .0001 .0001 .0001 

.010 .0003 .0007 .0005 

.100 .0008 .0025 .0014 
1.000 .0009 .0031 .0014 
2.000· .0013 .0034 .0017 
3.000 .002:3 .0039 .0023 

723 

Coefficients of Correlating Equations 

Par 

1 
2 
3 
4 
5 
6 
7 
8 
9 

coeff i c i ent 

.1993939535+01 

. T5T3949755+00 

.m7335076-01 
- 0 '8520232130-02 

o(coeff) 

.202-01 

.119-01 

.727-02 

.143-02 

~ 

coefficient 

.5222641691+00 
· 1319293717+02 
-.~12424+02 

· 1759946157+02 
-.~8387+02 

· 3fifj3fi 77 21 +01 
-.4563048353+00 

o(eqs 1) 
o(eqs 2) 
o (eqs 3) 

.246-02 

. 185-02 

.231-02 

Eqs 3 

o (coeff) coefficient o (coeffl 

.210+00 .1520843069+02 .843+00 

.136+01 - .5781l3392B5+02 .5ZZ+Ul 

.358+01 .1706499191+03 .350+02 

.484+01 -.3343706980+03 .826+02 

.353+01 . 1i2i7T99684 +0 3 .117+03 

.133+01 -.3374714899+03 .102+03 

.201+00 . 1 6532 4 51 22 +0 3 .534+02 
-.4518400698+02 .154+02 

. 5273777768+01 .189+01 
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724 R. N. GOLDBERG 

Exeerimental Data Emploled in Generation of Correlating Equations 

Bonner and Rogers [17) . Vapor pressure osmometry measurements. Assigned weight is I. O. 

m/mo]okg- 1 
£1298.15 

.010000 .9220 
.020000 .S970 
.o~oooo .eezo 
.040000 .S750 
.050000 .S700 
.060000 .S670 
.070000 .S650 
.0SOOOo .S640 
.090000 .S630 
.100000 .862.0 
.200000 .8640 
.300000 .S720 
.400000 .SSOO 
.500000 .8890 
.600000 .8990 
.700000 .9100 
.800000 .9210 
.900000 .9320 

1.000000 .9440 
1.200000 .9670 
1.400000 .9920 
1.600000 1.0160 
I.S00000 1.0400 
2.000000 1.0630 
2.500000 1.1170 
3.000000 1.1640 

3.000 

2.500 

2.000 

1.500 

'.000 ~ 

.500 
~ 

N A + 4>. 4>. A JI\. 4l. ... 
0 O~ ~x 

... - .... QIo - IA 

-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
0 .400 .BOO 1.200 1.600 

Molality/mol kg-t 
2.000 2.400 2.800 

Deviation Plot for Na2C6H4S206: t::.'/J vs molality 

& Bonner and Rogers [17], vapor pressure osmometry 
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ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 725 

Na2C14H12S20a 
Recommended Values for the mean activity and osmotic coefficient of sodium 4,41-biben~yl disulfonate, 

Na2C14H12S206' in H20 at 298.15 K 

m/molokg -I Xj flGex/J'l<.g-l '( a w -----
.OO!. .886" .961. 0 • S9~948 ~!. • 
~OO2 .84f5 • 946~ .S~9898 ~c • 
.00: .8185 .936S .9~9848 -.:. 
.004- .. 7964' .92~& .~S9799 ~~ . 
.005 .7781 .9221 • 9997~~ -e: • 
.O·OE. .7622 .916:: . .99970 :3 -s • 
• 007 • 7483 .9HZ • 5.9Si655 . -~ 0 .• 
.008 .7::59 .9065 • 9c:,.t&o608 -1:: • 
• 009 .724-6 .9024 .5dS5t::; -!5 • 
• Ol 0 .714:: .8.:#d5 .5.99514 -17 • 
.0,0 • 64,2 .67A 7 • S;5f905d -47 • 
.0::0 .5978 .855:: .998614- -~:: . 
.040 • 5659 • 8430 .9Cjfl:H77 -~ 2::' • 
.050 • 541:: .83~' .9~7746 ~167 • 
.; OEO .~Zi4 .8283 • 9973:i a -2!4~ 
.070 .5;)47 .8227 .. 99t 892 -2t:.tI. • 
.080 .4904 .8:1.80 • 99f. 469 -::~C • 
•. 090 .4780 .8140 • 5196048 -::70 • 
.lOO • 4670 .8105 .~95629 ";'42= • 
.21')0 .:::957 .7846 • 991555 -1059 • 
.30Q .:-507 .7562 .98781.3 -1 794~ 
.400 .Z124 .7:-'59 • 984642 -2f.~c • 

m/mel' k~ - 1 a(0) o (90n1) ~ 
.001 .0002 .0005 .00:) 5 
.O~O .0015 .OO~4 ;. 00,4-
.100 .0023 .OubZ .00:: S 
.400 .0062 .0 ... Of. .0033 

;oefficients of Correlating Equations 

1 
2 
3 
4 
5 

coefficient 

• .1 1 1 6448062-1-01 
~m4286821+00 

-. l305024417+0 1 

o(coeff) 

.135+00 

.350+00 

.440+00 

coefficient 

;. 122'1068624+02 
. 1012490406+03 

-.2765208025+03 
.3623193926+03 

-. 1803764304+03 

O(eqs I) 
a (eQ$ 2) 
cr(eqs 3) 

.650-02 

.231-02 

.185-02 

a (coeff) 

.920+00 

.808+01 

.279+02 

.418t02 

.233+02 

coefficient 

.11!OC;U0378+01 

.m7l8007'+01 
-. T'b1i'B940738+03 

.2374755137+03 
-. 123J221604+03 

cr(coeff) 

.736+00 

.647+00 
:221+02 
.355+02 
.186+02 
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726 R. N. GOLDBERG 

Experimenta\ Data Employed in Generation of Correlating Equations 

Bonner and Rogers (17]. Vapor pressure osmometry measurements. Assigned weight is 1.0. 

m/mol-kg -1 
.0298.15 

.010000 .8880 

.020000 •. 8680 

.030000 .8170 '/; 

.040000 .8410 

.050000 .8360 

.060000 .8300 

.070000 .8260 

.080000 .8220 

.090000 .8180 

.100000 .8150 

.150000 .7970 

.200000 .7810 

.300000 .7510 

.400000 .7190 

-2.000 

-2.500 

-3.000 ~~~~~--~~--~~--~~--~~--~~--~~--~~--~~--~~ 

Deviation PInt for 

o .0400 .OSOO . , 200 . , 600 .2000 .2400 .2S00 .3200 .3600 .4000 
Molality/mol kg-1 

l!.0 v:; molality 

~ Bonner and Rogers [17], vapor pressure osmometry 

J. Phys. Chem. Ref. Data, Vol. 10, No.3, 1981 



ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 727 

~~commended Values for the mean activity and osmotic coefficient of sodium 2,7-anthraquinone disulfonate, 
Na2C14H12S208' in HzOat 298.15 K 

m/mol-kg 
-j 

.001 
• 002 
• 003 
• 004 
• 005 
• 006 
• 007 
• 008 
• 009 
• 010 
• 020 
• 030 
• 040 
• 050 
• 060 
• 070 
• 060 
• 090 
• 100 
• 200 
• 300 
• 400 

Coefficients of Correlatins Eguat ions 

~ 

Par coeff i c i ent o (coeff) 

1 .4096725747+01 .302+00 
2 -.7264764590+01 .382+00 
3 .3135949532+02 .277+01 
4 -.9620218146+02 .891+01 
5 . 1103923609+03 .992+01 

y 0 a 
~ 

.8936 .9648 .999948 

.8584 .9529 .999897 

.8334- .9442 .<;<;.9847 

.8135 .9371 .999797 

.7966 .93013 .999748 

.7818 .9252 .'1;;59700 

.7686 .9200 .999652 

.7565 .9152 .9':99604 

.7454 .9106 .999557 

.7350 .9062 .999510 

.6564 .8608 .900060 
.6012 .8406 .Ci98638 
.5582 .8157 .<.;98238 
.5229 .7939 .997857 
.4932 .7748 .997491 
.q.C7e .707([:, .-;<jI717J7 
.4456 .7426 .996795 
.4260 .7266 .996461 
.4086 .7162 .996137 
.2929 .6125 .Ci93401 
.2194 .. SOlS .S91897 
.1848 .4610 .969655 

m/mOjOk\il-1 0(.0) ~ 
.001 
.010 
.ioO 
.400 

.0005 .0011 

.001.3 .0040 

.0016 .0046 

.0022 .0051 

~ 

coefficient 

.4042491218+01 
- ~ 54T40906 70+02 

.2394878804+03 
-.3985015005+03 

.2372024031+03 

cr(cq::; 1) 
o(eqs 2} 
o(eqs 3) 

.216-02 

.176-02 

.254-02 

o (coeff) 

.745+00 

.702+01 

.249+02 

.384+02 

.216+02 

EXperimental Data Employed in Generation of Correlating Equations 

~Gex/J_kg-I 

-1 • 
-2 • 
-3 • 
-4 • 
-6 • 
-s • 

-10 • 
-12 • 
-14 • 
-16 • 
-43 • 
-78 • 

-119 • 
-164 • 
-215 • 
-~O9 • 

-328 • 
-390 • 
-455 • 

-1250 • 
-2273 • 
-3480. 

2J.rl 
.0010 
.0030 
.0019 
.0009 

~ 

coefficient o (coeff) 

. 1788721115+02 .108+01 
-.1132082250+03 .101+02 

.3559561834+03 .360+02 
-.5297942754+03 .555+02 

.2973257463+03 .312+02 

Bonner, Rush ing and Torres [14]. I sop i est i c and vapor pressure osmometry measurements. The reference 
electrolyte was NaC} [IS]. The authors did not report the isopiestic molal ities. Assigned weight is 1.0. 

m/mol·kg -1 
0298 . IS 

.006400 .9260 
.014400 .8a80 
.025600 .8510 
.040000 .81bO 
.100000 .7170 
.200000 .t>120 
.300000 .5020 
.400000 .4810 

J. Phys. Chem. Ref. Data, Vol. 10, No.3, 1981 



728 R. N. GOLDBERG 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 

N A 

+ A 
0 0 

AA ~x 
-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-J.OOO 
0 .0400 .0800 .1200 .1600 .2000 .2400 .2800 .3200 .3600 .4000 

Molality/mol kg-' 

IJ. Bonner, Rushing and Torres (14], vapor pressure osmometry and isopiestic vs NaCl 
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ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 729 

Recommended Values for the mean activity and osmotic coefficient of sodium dodecahydrododecaborate, 
Na2B12H12' in H20 at 298.~5 K 

- I m/mol'kg 

.0ll 

.002 

.003 
• 004 
.005 
.006 
.007 
.008 
.009 
.010 
.020 
• 030 
• 040 
.050 
.060 
.070 
.080 
.090 
.100 
• 200 
.300 
.400 
.500 
.600 
• 700 
.800 
.900 

1.000 
1.250 
1.500 
1.729 

y' 

.8898 

.8532 

.8279 

.8082 

.7'921 

.7783 

.7664 

.7557 

.7462 

.7376 

.6792 

.6452 

.6221 

.6052 

.5922 

.5820 

.5739 

.5673 

.5618 

.5429 

.5522 

.5740 
.6041 
.6410 
.6841 
.7333 
.7890 
• 8515 

1.0418 
1.2912 
1.5869 

m/molokS! - I 

Coefficients of Correlating Equations 

Par 

1 
2 
3 
4 
5 
6 

coefficient 

. 17592563180+01 

.7§T31126216+00 
• 5If777684415-01 

.294-01 

.155-01 

.594-02 

.001 

.010 

.100 
1.000 
1.7Z9 

.9630 

.9507 

.9423 

.9358 
• 9305 
• 9261 
• 9223 
.9189 
• 9159 
• 9133 
• 8C;68 
.8890 
• 8S51 
.8834 
• 8830 
.8837 
.8850 
• 8868 
.8890 
• 9223 
.9631 

1.0066 
1.0514 
1.0972 
1.1438 
1.1911 
1.2.390 
1.2876 
1.411 8 
1.5401 
1.6612 

0'(0) 

.0001 

.0005 

.0013 

.0013 

.0019 

coeff i c i ent 

a 
w 

• 999$48 
• C;C;9897 
.9.99847 
.999798 
.9·.99749 
.999700 
• S99651 
.999603 
.999555 
.999507 
.999031 
.998560 
.998088 
.997616 
• 997141 
• 996663 
• 996181 
.995696 
.995207 
.99(,080 
.984505 
• 978474 
• 971987 
.965044 
.957650 
.949805 
.94151.3 
.932778 
.909029 
• 882626 
.856216 

a (.Q.ny) 

.0002. 

.0011 

.0041 -

.0046 
.OOt>.::J. 

.5540101442-01 

.1868055722+02 
-. '2S'lr5735827+02 

. 2909627751 +02 
-.~6077+02 

• 3147357993-1-01 

.630+00 

.345+01 

.786+01 

.891+01 
.497+01 
.109-1-01 

o(eqs 1) .267-02 
a (eqs 2) .229-02 
o(eq5 3) - .21) 02 

obl 
.0001 
.0008 
.0023 
.0039 
.0084 

-1 • 
-2 • 
-3 • 
-4 • 
-6 • 
-8 • 

-10 • 
-12 • 
-14 • 
-16 • 
-42 • 
-73 • 

-107 • 
-143 • 
-182 • 
-221 • 
-2"62 • 
-304 • 
-346 • 
-793 • 

-1243. 
-1671 • 
-2065 • 
-2418 • 
-2725. 
-2982. 
-3186 • 
-3:334. 
-3447. 
-3174 • 
-2564. 

coefficient 

.1068919937+02 
-.1586339284+02 

. 1497286991+02 
-. 7370931 754+01 

. 1470342624+0 I 

.242+00 

.972+00 

. 152+01 

.105+01 

.270+00 
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730 R. N. GOLDBERG 

Experimental Data Employed in Generation of Correlating Equations 

Wen and Chen [18]. Isopiestic measurements, reference electrolyte is KC1. Assigned weight is 1.0. 

mlmo l·kg 
-1 

°298.15 

.097200 .8864 

.197000 .9236 
.29:5000 _9040 
.305000 .9640 
.425000 1.0165 
.648000 1.1154 
.817000 1.1989 
.995000 1.2856 

1.197000 1.3867 
1 • .:~n6000 1.4744 
1.384000 1.4843 
1.617000 1 .. 5997 
1.729000 1.6608 

.3~QQO 

2.500 

2.000 

1.500 

1.000 

.500 
.dI. .dI. 

N A 
+ 
a 0 

~ ..... 
<IX 

As 
4'> 

2h 

0 
0 ~ A A 

-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
0 .200 .400 .600 .BOO 1.000 1.200 1.400 1.600 1.800 

Molality /mol kef' 

Deviation Plot for !J.0 vs molal i ty 

c!. \Jen ;Jnd Chen [l S], i sop ic3t i C V:5 I{C 1 

J. Phys. Chern. Ref. Data, Vol .. 10, No.3, 1981 



ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 731 

Hecommended Values for the mean activity and osmotic coefficient of sodium chromate, Na2Cr04' in H
2

0 at 298.15 K 

m/mol.kg~l y ~ a lIGex/Jokg -1 
~ 

.001 .8875 .9618 .So99948 -10 

.002 .8490 09483 09';9898 -20 

.003 .6219 c93BS 0.999848 -30 
.004- .8007 09"312- oS<S97~.~ -'50 
0005 078:30 .92.50 .999750 -6. 
0006 07678 09195 0799702 -So 
.007 .7544 .Q147 ... S996S4 -1->0 
.008 .7425 091,)5 09-99606 -120 
.009 .7:317 o9D66 CJ9~9559 -150 
.010 .7218 c9l30 c~99512 -}70 
.0.20 .6526 08780 oS99051 -450 
.030 .6096 08.624 o «;986\)3 -SOo 
.040 .5784- 08511 0998162 -1190 
.050 .554,\) 0842..3 o~-C;7727 -1610 
.060 .5341 08.351 .997296 -2060 
.070 .::17-3 082.90· o9S6869 -2540 
.080 .5028 oBZ38 09.96445 -:::040 
.090 .4901 08192 oS96.J.23 -3560 
.100 .4786 08150 oS95.6GS -4100 
.200 .4062 07681 oS<;1517 -102Sc 
.300 .3657 .7723 Q987556 -17360 
_-400 .33e1 o?c;,11 uSO;J(;'CU! -2::;1::10 
.500 .3176 .,7526 .,979867 -33450 
.600 .3015 07463 c9760S0 -42180 
.700 .2885 07417 Q 9723:30 -51270 
.800 .2778 07366 c S68571 -6!)6e:>o 
.900 .266S e7368 0964795 -7t.l310 

10000 Q2613 .7363 • 960968 -8018 • 
1.250 .2474- .7.396 • 9E1247 -10567 • 
1.500 .23B4 .7495 0941044 -1.320.$.0 
1.750 .2331 07646 093:)2.33 -158900 
2.000 .2307 ",7e4E; 11915(,9:1 -lec.09. 
2.250 .2308 080SS 0906325 -213370 
2.500 .2330 08372 0893039 -240560 
2.750 .2.373 08697 087874.9 -267480 
3.!)OO .2438 C)9061 086::363 -293990 
3.250 .2524 09468 0846780 ~3J~9.2() 
3.500 .2635 oSgel 0828883 -3451:30 
3.750 .2774 Jo0425 0809539 -3694t:o 
4.000 .2947 100.98.6 .788592 -3oQ275& 
4.250 • ..3163 101613 0765873 -414830 
4.363 .3276 1.192.0 .754973 -424360 

m/mol o kg -}] 0'(0) c;(.e.ny} S!J1l 
.001 .0001 .0003 .0002 
.010 .0008 QOO19 aOOl3 
.100 .0024 00072 00035 

1.000 .00'20 "OOSti! 00023 
2.000 .0019 00087 000.20 
4.363 .0035 00094 .0031 

Coefficients of Correlatin~ Eguat ions 

~ Eqs 2 ~ 

f!!:. coe f f i ci en t cr(coeff) coeffi c ient a (coeff) coeff i c i en t cr (coeff) 

1 .1521281253+01 .498-01 -.2490769557+00 .248+00 .7494636812+0 I .176+00 
2 ~. 35f8642820+0Q .380-01 • T587"o83995+02. .920+00 - .9Z97149038+01 .447+00 
3 • i5T9398273+00 .239-01 -. "S'2'3T6Q4860+0 1 ./38+01 . b1i25TIf1609+0 I . 4~5+00 
4 -.23Q'S"277403-0l .682-02 • 4705429377+01 .102+01 .2227319589+01 .197+00 
5 • 2077345276-02 .690-03 -. T1i'S5809754 +0 1 .365+00 . 3088351363+00 .324-01 
6 · 1930572245+00 .509-01 

a (e"s 1) . 360-02 
a(eqs 2) .320-02 
a{eqs 3) .510-02 
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Experimental Data Employed in Generation of Correlating Equations 

Carr and Harris [70]. These workers report the 
vapor pressure over the saturated solution. We have 
assumed that this pertains to a molal ity of 5.413 
mol'kg- I and we have adjusted the data to 25°C using 
the ¢l data for K2Cr207 and the ¢c data for K2Cr2C4 
given in the table of auxiliary data. Assigned weight 
is zero. 

Stokes [711. Isopiestic measurements, reference 
electrolyte is NaCI. Assigned weight is 1.0. 

-I 
m/mol'kg 

5.41:3000 

0298.15 

1.4850 

Jones et al. [40]. Freezing point depression 
measurements. These measurements were treated using 
the ~l data for K2Cr 2 07 and the ~C data for K2Cr20~ 
given in the table of auxiliary data. Assigned weight 
is zero. 

N 
+ 
0 s. ..... 

<IX 

-1 m/mol'kg 

.100000 

.200000 

.300000 

.4-00000 

.500000 

.600000 

.800000 
1.000000 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 

X 
0 

-.500 

-1.000 

-1.500 

-2.000 

-2.500 

X 

X 

v 

0298 . J 5 

.7677 

.7118 

.6800 

.6614 

.6436 

.6397 

.6206 

.6081 

X X 

-3.000 1 1 .1 1 1.1 .1. .l 

X 

X 

X 

o .50 1.00 1.50 2.00 2.:;0 3.00 
Molality/mol kg-I 

Deviation Plot for : ~0 vs molal ity 

~ Carr and Harris [70], vapor pressure 

+ Jones et al. [40], freezing point depression 

X Stokes [7]], isopiestic vs NaCl 
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m/molokg -I 

.112700 

.215800 

.553300 

.856400 
1.070000 
1.428000 
2.121000 
2.357000 
2.462)00 
3.118000 
3.489000 
3.866000 
4.363000 

X 

X 

3.50 4.00 

v 

4.50 

0298.15 

.8118 

.7826 

.7494 

.7404 

.7360 

.7448 

.7924 

.8225 

.8326 

.9307 

.9843 
1.0685 
1.1924 

5.00 
1 

5.50 
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Recommended Values for the mean activity and osmotic coefficient of sodium tungstate, 
Na2W04 , in H20 at 298.15 K 

-1 
m/mol'kg 

.001 

.002 

.003 
~OOA 

.005 

.006 

.007 
• 00,8 
• 009 
.010 
• 020 
.030 
.040 
.050 
• 060 
• 070 
• 080 
• 090 
.100 
• 200 
.300 
• 400 
.~oo 

.600 
• 700 
.800 
• 900 

1.000 
1.250 
1.500 
1.750 
.2.000 
2.250 
2.500 

y 

• B858 
• 8459 
.8177 
~705A 

.7768 

.7607 
• 7466 
.7339 
.7224 
.7119 
.6382 
.5.92.3 
.5593 
• 5337 
.5130 
.4957 
.4809 
.4681 
.4568 
.3885 
.3547 
.3341 
• .;3202 

.::5104 

.3033 

.2980 

.2941 

.2912 

.2873 

.28.66 

.2880 
• .2.909 
.2951 
• 3003 

2.523 (sat) .3008 
2.558 .3016 

m/mol okg- I 

.001 
.010 
.100 

1.000 
2.000 
2.558 

.9608 

.9466 

.9363 
.Q282 

.9213 
• 9153 
• 9100 
.9052 
.9009 
.8969 
.8686 
.8509 
• 8382 
.8286 
.8209 
.8147 
.8096 
.8052 
• 81lU; 
.7840 
• 7813 
.7840 
.7e9~ 

.7960 

.8Q36 

.8117 

.8202 

.8289 

.8512 

.8738 

.8965 

.9190 

.9415 

.9639 
.9659 
.9690 

o(eI) 

.0003 
.00.21 

.0093 

.0114 

.0057 

.0093 

.;99948 -1 • 

.S;9898 -2 • 

.999848 -3. 
• C:00700 -"-5 • 

.999751 -6 • 

.559703 -8 • 

.999656 -11 • 

.599609 -13 • 

.999562 -15 • 

.9.99515 -18 • 
• 999062 -47 • 
.598621 -84. 
.9'98190 -125 • 
.997763 -170 • 
.597341 -218 • 
.596922 -269 • 
.C;9b506 -322 • 
.996091 -378 • 
.9;5677 -435 • 
.991561 -1085 • 
.987412 -1825 • 
.983195 -2619 • 
• 978897 -3451 • 
.974517 -4310 • 
.970055 -5189 • 
• 965512 -6083 • 
.960889 -6989. 
.956189 -7903. 
.94411 8 -10212 • 
• 931613 -12534 • 
• 918708 -14854. 
.9054:3:3 -17160. 
.891819 -19443 • 
.877892 -21696. 
.876596 -21902. 
.874619 -22214. 

o(£ny) a(y) 

.0006 .0005 

.00A5 .003.2 
.0234 .0107 
.0541 .0158 
.0495 .0144 
.0435 .0131 

Coefficients of Correlating Eguations 

1 
2 

coeff i ci ent 

.1119588272+01 

.152539q837+00 

a (coeff) 

.951-01 

.245-01 

a (eqs I) 
a(eqs 3) 

.971)-02 

.942-02 

Experimental Data Employed in Generation of Correlating Equations 

coeffi ci ent 

.3284014925+01 
-.8409229267+00 

a (coeff) 

.492-01 

.279-01 

733 

Dellien [72]. Isopiestic measurements, reference electrolyte is H2S04, This vlorker did not report the 
isopiestic molalities. Assigned weight is 1.0. 

-I 
m/mol'kg 

1.380000 
1.846000 
2.558000 

"298,15 

.8580 

.9130 

.9660 

J. Phys. Chem. Ref. Data, Vol. 10, No.3, 1981 
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Comments 

The fjt for lhis system is based on only three isopiestic measurements. Additional data would be 

desirable. It was not possible to obtain a satisfactory fit using eqs. 2. 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 

N 
+ 
0 

~ .... 0 
<lX 

-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
0 .400 .BOO 1.200 1.600 

Mololity / mol kg-I 
2.000 2.400 

Deviation Plot for Na 2w04! 6f/l vs molality 

A Dellien [72], isopiestic vs H2S04 
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Recommended Values for the mean activity and osmotic coefficient of potassium sulfate, 
K2504, in H20 at 298.15 K 

-1 
mlmol·kg 

.01)1 

.002 

.O~3 

.004 
.OC5 
.OC6 
.OC'7 
.t'CS 
.tH)9 
.Ql:> 
.~2' 
.O3!) 
• O4~ 
.OSO 
.060 
.070 
.OSt' 
.'90 
.1~O 

.200 

.300 

.400 

.SOC 
• 6~~ 

y 

.6846 

.8437 

.8146 

.7914 

.7720 
• 7553 
.7404 
.7271 
.715e 
.7029 
• 6251 
.5754 
.5392 
.5109 
.4677 
.46S2 
.4515 
.4369 
.4239 
.3429 
_3000 
.2719 
.2514 
.2355 

.692 (sat) .2237 

mlmol·k~ 
-I 

.C~l 

.010 

.10~ 

.692 

Coefficients of Correlating Equations 

1 
2 
3 
4 
5 
6 

·coeff i c i ent 

.9438300725+00 
- .mJ'59857747';'01 

a (coeff) 

_ 179-01 
.231-01 

.96~1 

.9453 

.9345 
• 9258 
.9183 
.9118 
.9)6' 
.9008 
.8960 
• 6915 
.659C 
.8376 
.8216 
.8088 
.7983 
.7893 
• 7816 
• 7747 
.7687 
.7:3)4 
• 7102 
.6971 
.6875 
.68~O 

• 6743 

0'(0) 

.OOO~ 

.OCl03 

."'12 

.0033 

a 
w 

• 999948 
• 999898 
• 999848 
.999800 
• 999752 
.~997~4 

• S99657 
• 999611 
• S99564 
.S99518 
.999a72 
• 99864:: 
."998225 
• 9«:7817 
• 997415 
• 997'18 
.996626 
.996239 
• 995854 
• 992136 
.986551 
• 985~44 
• 981593 
• 978190 
.975097 

a(Q,ny) 

.0001 
.001)7 
.00'33 
.0046 

a(y) 

.?On-l 

.00'= 

.0014 

.001C 

coeff i c i ent a (coeff) 

-_2100]28?96+02 
.1529132612+03 

-. '1i4'4i337141 +03 
. 76TS'640009+03 
-.~7765+03 

. 1831 688027+03 

a (eqs 1) 
cr(eqs 2) 
a(eqs 3) 

.719-02 

.113-01 

.77~-02 

.193+01 

.196+02 

.784+02 

.151+03 

.141+03· 

.512.,.02. 

Experimental Data Employed in Generation of Correlating Equations 

-1 • 
-2 • 
-3 • 
-5 • 
-7 • 
-9 • 

-11 • 
-13 • 
-15 • 
-1 S • 
-4«; • 
-87 • 

-131 • 
-179 • 
-23~ • 
-285 • 
-:::4~ • 
-4~4 • 
-466 • 

-1191 • 
-2(\40 • 
-2973 • 
-::972 • 
-5' 24 • 
-6031 • 

coeff j c i ent 

.5104692996+01 
-.3673183129+01 

. 9209181712+00 

a (coeff) 

.133+00 

.370+00 

.268+00 

. . ~begg [j3]. Freezing point depression measurements. The <l>L and <Pc data for K 504 given in the table of 
aUXiliary data were used in treating these and the other freezing point depression ~easurements on K 5°

4
" 

Assigned weight is zero. 2 

mlmol 'kg- I 
"298.15 

.004381 .9943 

.00E532 .9258 

.000<:>73 .0790 

.010804 .8t:>61 

.012906 .8547 

.014958 .8505 

J. Phys. Chem. Ref. Data, Vol. 10, No.3, 1981 
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Archibald [31]. ~reezing point depression 
lIIeasurements. Assigned weight is zero. 

-I 
m/mol'kg 

.0!S0070 

.055090 

.060110 

.070140 

.100290 

.201180 

.251870 

.302720 

.353740 

.404940 

.456310 

.507860 

.611530 

.715970 

°298.15 
.4199 
.4175 
.4156 
.4127 
.4059 
.3856 
.3789 
.3735 
.3711 
.3694 
.3697 
.369,9 
.3753 
.3873 

N. 

Fil ippov et al. [74]. Vapor pressure measure­
ments. Assigned weight is 0.10. 

-I 
!II/iliul 'kg 91 298.15 

.251500 .7552 

.491100 .7083 

Foote et a I. [36]. Vapor pressure measurement. 
Assigned weight is 0.10. 

m/mol.kg-
I 

0298.15 

• 691200 .6813 

Hall and Harkins [75]. Freezing point depression 
measurements. Assigned weight is 0.60. 

m/mol 'kg 
-] 

.002740 

.004040 

.006180 

.010390 

.017560 

.026080 

.045470 

.088990 

.120500 

Hovorka and Rodebush 
depression measurements. 

-] 
m/mo] 'kg 

.001000 

.002740 

.005000 

.(UOOOD 

°298.15 

.9320 
1.2827~·: 

.-9180 

.8940 

.8676 

.8478 
.8173 
.7774 
.7598 

[76]. Freezing point 
Assigned weight is 0.30. 

°298. 15 
.0404 
.3434~·: 

.9154 

.8923 

J. Phys. Chem. Ref. Data, Vol. 10, No.3, 1981 
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Indell i [21]. Freezing point depression measure­
ments. Assigned weight is 0.20. 

m/mol . kg- l 0 
298.15 

.003075 .9062 

.00385~ .9023 

.007187 .8848 

.013390 .8.643 

.016796 .8595 

.020695 .8487 

.030064 .8310 

.046900 .8086 

.047636 .8086 

.061410 .7952 

.089460 .7748 

.090036 .7762 

.115480 .7589 

.141350 .7462 

.145660 .7443 

.172040 .7345 

.209740 .7216 

.240820 .7118 

.277420 .6965 

.311220 .1:>942 

.319170 .6926 

.355160 .6852 

.366700 .6838 

.396400 .6787 

.407380 .6776 

Jones [77]' Freezing point depression measure-
ments . Assigned weight is 0.10. 

m/mol'kg -I "298.15 

.001000 .9680 

.001996 .9578 

.003001 .9521 

.003991 .9483 

.004971 .9370 

.006002 .9304 

.006982 .9248 

.007953 .9217 

.008923 .9053 

.009884 .8983 

.020013 .8833 

.029227 .8615 

.038044 .8475 

.050074 .8210 

.058099 .8165 

.065827 .7954 

.073156 .7896 

.080287 .7862 

.087120 .77~2 

.O9;"70~ .777~ 

Jones et al. [40] . freezing point depression 
measurements. Assigned weight is 0.10. 

m/mol . kg-I °298.15 

.050000 .8219 

.100000 .7646 

Leopold and Johnston [43]. Vapor pressure 
measurement performed on saturated solutions at 
24.73 and 25.58°c. Assigned weight is zero. 

-I m/mol . kg 

.691300 

°298.15 

.8660 
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Loomis [44~65]. Freezing point depression 
measurements. Assigned weight is 0.10. 

-1 
mlmol ·kg 

.010000 

.020000 

.050000 

.100000 

.200000 

.300000 

0298.15 

.6771 

.8480 

.8097 
.7713 
.7296 
.7016 

Osaka [78]. Freezing point depression measure­
ments. Assigned weight is 0.30. 

-\ 
mlmol ·kg 

.001172 

.002556 

.003911 

.005194 

.006498 
.007777 
.001919 
.00.38~0 

.005645 

.007454 

.009229 

.010986 

°298.1 !:i 

.9579 
.9405 
.9325 
.9248 
.9062 
.8989 
.95.90 
.:9283 
.9159 
.9068 
.8945 
.8877 

Pearce and Eckstrom [23). Vapor pressure 
measurements. Assigned weight is 0.40. 

-\ 
mlmol·kg 

.100000 

.200000 

.400000 

.600000 

.688900 

"298.15 
.7500~~ 

.7319 
.6934 
.6742 
.6649 

Ponsot [79]' Freezing point depression measure­
ments. Assigned weight is 0.10. 

-1 
m/mol'kg 

.036260 

.037660 

.114300 

.117800 

.208100 

°298.15 

.8207 

.8186 

.7685 

.7558 

.7184 

Rivett [80]. Freezing point depression measure­
ment~. A::.::.iym:u weight is 0.10. 

Comments 

-I 
mlm01' kg 

.04.9600 

.128000 

.209400 

.291900 

.324700 

°298. 15 

.8267 

.7658 

.7276 

.7045. 

.6987 

Robinson, Wilson, and Stokes (241. Isopiestic 
measurements, reference electrolyte is KC1. Assigned 
weight is 1.0. 

-1 
mlmol' kg 

.095750 

.129.300 

.146100 

.181700 

.185200 

.20$$00 

.230600 

.238400 

.240400 

.307600 

.316800 

.383800 

.393700 

.399.900 

.411900 

.426700 

.494100 

.499800 

.577600 

.~22200 

.689800 

°298.15 

.7806 

.7688 

.7541 

.7489 
.7480 
.7413 

.7323 

.7353 

.7356 

.7206 

.7192 
.7047 
.7038 
.7036 
.6997 
.7005 
.6915 
.6916 
.6827 
.6782 
.6715 

Wex 1 er and Hasegawa [81]. Vapor pressure 
measurement performed over the saturate~ so'ution. 
Assigned weight is zero. 

.691200 

-1 m/mo\'kg 

.025000 

.125000 

.248000 

.494000 

.621000 

"fly ref 

1.1'il47 
.7.71 
.5999 
.4815 
.4.395 

Murata [82]. Emf measurements on the cell 
K(Hg}x<V; K2 S0q(m); H92S04{s),.Hg(J). mref = 0.01 
mo\.kg-. Assigned weight is zero. 

m/mol·kg 
~l 

y/Yret 

.692000 .2778 

.500000 .2690 

.300000 .2995 

.200000 .4213 

.100000 .5242 

.050000 .6327 

We have given the most weight to the careful iSRPiestic measurements of Robinson et al. [241. which are 
reasonably consistent with the cell measurements of Akerlof [25,25a]. The vapor pressure measurements of Pearce 
and Eckstrom [23], with the exception of one dat~ point ~t the lnwe~t mnl~lity. ~rp in p~cP1Jpnt ~orpempnt 
with our final fit. Wexler and Hasegawa [81] report the vapor pressure over the saturated solution. Their 
result differs significantly from the bulk of the measurements and we have given it zero weight. A similar 
measurement by Foote et al. [36], however, is in good accord with our final fit. Two vapor pressure measure­
ments reported by Filippov et al. [74] were given a low weight. The careful freezing point depression measure~ 
ments of HqJl and Harkins [75), Hovorke and Hodebush [76], and Osaka (78], with the eAception of two data 
points contained in the former two investigat~ons and which are probably typographical errors, are in good 
agreement with each other and merge well with the isopiestic measurements. We have given lower weights to the 
remainder of the freezing point depression data which appears to be of a lower qual ity than the aforementioned 

J. Phys. Cham. Ref. Data, Vol. 10, No.3, 1981 



738 R. N. GOLDBERG 

investigations. The emf measurements of Murata [82] appear to have large systematic errors associated with 
them. The cell measurements of Hass and Jell inek [83] and of Sircar et al. [84] involve unknown liquid 
junction potentials and we have chosen not to treat these data. Shibata, Oda, and Furukawa [85] report one 
measurement on the cell K(Hg) (I); K2 SOq (m); H9 2S04(s), Hg(I) and, since it is only one measurement, it 
cannot be used to obtain any v~lues of Y!Y f ana hence any activity coefficients. Plake [86] reports some 
boiling point elevation data, which we hav~echosen not to treat due to the large and uncertain temperature 
corrections. 

3.000 

2.500 

2.000 X 
r 
)( 

~ 1.500 a ~ 
I r ~ 

~~ 

1.000 ~ ~ 

~ ~~ ~ 

.500 )()( ~ 

N ~~~I ~ + 
0 0 .a-x ~y ~~ 

-.500 * Y 
yl Y r r 
~ y I 

-1.000 I 

-1.500 Y 'f.( 

~ y yy 
yy 

-2.000 

,-2.500 

-3.000 ~---'+*-+---1t-----I---;-----+--+---+--+-4-4-..4---,,+------i"""'--' 
o .100 .200 .300 .400 .500 .600 .700 

Molality/mol kg-I 

Deviation Plot for 60 vs mol ali ty 

& 

+ 
X 

~ 
}7C 

Z 

Y 

)3: .. 
X 
I 

1) 

Abegg [73], freezing point depression 

Archibald [~1]. freezinq point de~ression 

Fil ippov, Makerevskii, and Yakimov [74]. 
vapor pressure 
Foote et a I. [36], vapor pressure 

Hall and Harkins [75], freezing point depression 

Hovorka' and Rodebush [76], freezing point 
depression 
Indelli [21], freezing point depression 

Jones (77], freezing point depression 

June::. t:!L cd. [40], fr't:!ezing pUillL uepre::.::.iun 

Leopold and Johnston [43]. vapor pressure 

Loomis [44,65], freezing point depression 

Osaka [78], freezing point depression 

Pearce and Eckstrom [23J, vapor pressure 

Ponsbt [79], freezing point depression 
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Rivett [80], freezing point depression 

Robinson, Wilson and Stokes [24], isopiestic 
vs KCl 
Wexler and Hasegawa [81], vapor pressure 
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2.500 

2.000 

1.500 
A 

1.000 

.500 

N 
+ 
0 0 

~x 

-~500 

-1.000 

-1.500 

-2.000 

-2.500 

+ 
-3.000 .L 

0 .100 .200 .300 .400 
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.500 .600 .700 .800 

Deviation Plot for K2S04; ~y vs molality 
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Recommended Values for the mean activity and osmotic coefficient of potassium orthophosphate. 
K2HP04• in H20 at 298.15 K 

mlmol'kg- l 
y 0 a lIGexI J. kg- 1 

...!!!.. 

.001 .8865 

.002 .8471 
• 003 .8193 
• 004 .7973 
.005 .7790 
• 006 .76:33 
• 007 .7494 
.008 .7369 
• 009 .7257 
• 010 .7153 
• 020 .6426 
• 030 .5969 
• 040 .56:38 

.050 .5378 
• 060 .5164 
• 070 .4984 
.080 .4829 
• 090 .469Z 
• 100 .4571 
.200 .3789 
• 300 .3352 
.400 • 3054 
.500 .2830 
.600 .2653 
.700 .2509 
.800 .2389 
.873 • 2313 

mlmol- kg -I 

.001 

.010 

.100 

.873 

Coefficients of Correlating Equations 

1 
2 
3 
It 

coeff i c i ent 

.1330082082+01 
- .3854662891 +00 

• 1052672337+00 

0' (coeff) 

.299-01 

.375-01 

.245-01 

.9612 • 999948 

.9472 .S4i9898 

.9372 .9S9848 

.9293 • S~9799 

.9226 .999751 

.9168 .999703 

.9116 • 9~_9655 

.9070 .999608 

.9028 .999561 

.8S89 .9~9514 

.8711 .999059 

.8533 • .5:98617 

.8402 • 008185 

.8298 .997760 

.8212 .-997341 

.8138 • 99.6'.926 

.8074 .996515 

.e017 .SlSlO10t! 

.79E:6 • 995704 

.7620 .~17·97 

.7404 .988068 

.7241 • 984468 
.7109 • 980971 
.7001 • 977553 
.6911 • 974191 
.6839 .970865 
.6795 • 968452 

a(0) a (.Q,ny) £.hl 
.0001 .0001 .0001 
.0005 .0010 .0007 
.0012 .0037 .0017 
.0018 .0044 .0010 

coeff i c i ent a (coeff) 

-.1196806511 +01 
.1277618910+02 

-. "S99llT19524+01 
-3060931796+01 

a (eqs 1) 
O'(eqs 2) 
o(eQs 3) 

.324-02 

.335-02 

.334-02 

.207+00 

.800+00 

.108+01 

.489+UO 

Experimental Data Employed in Generation of Correlating Equations 

-1 • 
-2 • 
-3 • 
-5 • 
-6 • 
-8 • 

-10 • 
-13 • 
-15 • 
-17 • 
-47 • 
-82 • 

-123 • 
-.167 • 
-215 • 
-266 • 
-:319 • 
-374 • 
-431 • 

-1089 • 
-1859 • 
-2708 • 
-3619 • 
-4583 • 
-5591 • 
-6637 • 
-7422 • 

coefficient 

.7486245576+01 
-.1027288937+02 

.751i8955-985+O 1 
-.221,/0064,+01 

a (coeff) 

.207+00 

.799+00 

.108+01 

.488+00 

Burge [32]. Vapor pressure osmometry measurements performed at 37°C. The ~L data for K2HP04 and the ~C 
date for No2504 given in the ldule uf duxilidry uaLa were u:>ed in adju:>ting these measurements to 25 n C. We 
have given zero weight to the data for the lowest three molalities and unit weight to the highest four. 

mlmol'kg 
-I 

1IJ298.15 

.010000 .9520~' 

.020000 .9120", 

.050000 .8380:'< 

.100000 .8010 

.200000 .7670 

.300000 .7460 

.400000 .7310 

J. Phys. Chem. Ref. Data, Vol. 10, No.3, 1981 



ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 

Scatchard and Breckenridge [61]. Isopiestic measurements, reference salt is NaCI. Assigned weight 
is 1.0. 

Comments 

The vapor pressure 
mOlalities, are in good 

3.000 n 

2.500 

2.000 

1.500 

1.000 

.500 

C'oI 
+ 
0 0 s......-

<2X 

-.500 

-1.000 

-1.500 

-2.000 

-2.500 

mlmol . kg- l 
m298.l5 

.872870 .6796 

.844960 .6828 

.811810 .6830 

.809500 .6827 

.713100 .6879 

.698690 .6940 

.691600 .6903 

.639600 .6959 

.612940 .6997 

.539610 .7063 

.526910 .7101 
.526610 .7025 
.479410 .711)5 
.407940 .7241 
.375790 .7259 
.341940 .7278 
.~19150 .7355 
.305970 .7423 
.269850 .7472 
.197860 .7594 
.164520 .7669 
.151830 .7745 
.146360 .7766 
.101290 .7944 
.089470 .8011 

osmometry results of Burge. with the exception of the data at the three lowest 
agreement with the results of Scatchard and Breckenridge [6\1. 

.6 
.6 

.&. .&. 
A 

+ + + 
+ + + + 

++ "#- + + 
T 

++ 
.,. 

+ + 
+ + + 

':"3.000 L..---t..._-'-----.l'-----'-_'""'-----'_--'-_.r..----t._--'-_.A...-.-..I-_ ....... _""""---"-_..I.---''-'-.....I 

o .100 .200 .300 .400 .poo 
Molality/mol kg-

.600 .100 .liOO .YOO 

Deviation Plot for 621 vs molality 

• Burge [32], vapor pressure osmometry 

~ Scatchard and Breckenridge [61], isopiestic vs NaC1 
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742 R. N. GOLDBERG 

Recommended Values for the mean activity and osmotic coefficient of potassium dihydrogen pyrophosphate, 
K2H2P20

7
, in H20 at 298.15 K 

m/mol'kg -1 Y 

.001 
• 002 
• 003 
.004 
• 005 
.006 
.007 
.008 
.009 
.010 
• 020 
.030 
.040 
• 050 
• 060 
• 07C 
• 080 
• 090 
• 100 
.200 
• 300 
.400 
• 500 
• 600 
.700 
.800 
.90e 

1.000 
1.250 
1.500 
1.750 
2.000 
2.250 
2.500 
2.75'J 
3.000 
3.0T"J 

.8871 

.84-81 

.8206 

.7990 

.7810 

.7655 

.7518 

.73ge 
• 7285 
.7183 
.6467 
.6017 
.5687 
.5428 
.5214 
.50~3 

.4-875 

.4736 

.4611 

.3792 

.3318 

.2985 

.2732 

.2529 

.2362 

.2221 

.2101 

.1997 

.1790 
• 1636 
.1518 
.1425 
• 135(, 
.1289 
.1238 
.1195 
.1184 

.001 

.010 
.100 

1.COO 
2.000 
3.070 

0 a 
...!!. 

.9615 .99994-8 

.9478 .999898 

.9380 • 99984-8 

.9302 .999799 

.9237 .999750 

.9181 .999702 
• 9131 .999655 
.9085 .999607 
.9044 • 999560 
.9007 .999513 
.8.737 .999056 
.8562 • 998613 
.8431 .998179 
.8326 .997753 
• 8238 .t;;,97332 
.8161 .996917 
.8093 .996507 
.8031 .996101 
.7975 • 995699 
.7562 • 991859 
.7271 .988280 
.7034 .9849ic 
.6d30 .981712 
• 6(';53 .978657 
.6497 • 975719 
.6360 • 972876 
• 6239 • 97J 108 
.6133 • 967396 
.5~24 .960768 
.5182 .95 ... 211 
.5691 • 947601 
.5639 .940869 
.5616 .933982 
.5615 .926937 
.5629 • 919742 
• 5054 .912409 
.~oo2 • 91;;J~31 

0(£1) 

.0001 .0001 

.0004 • .J~l' 

.0012 .OO.:io 

.0004 .0037 

.0005 .0040 

.0011 .0041 

Coefficients of Correlating Equations 

Par coefficient o (coeff) 

1 .1476275533·01 .266-01 
2 -. 'b3b.B"447433+00 .240-01 
3 .2Q"lf'b399849+00 .188-01 
4 -.3590390693-01 .707-02 
5 .2639688678-02 .973-03 
6 
7 

J. Phys. Chem. Ref. Data, Vol. 10, No.3, 1981 

coefficient 

-.2704897451.01 
.2159131198+02 

-.3lllnSb7765+02 
.3066033166+02 
-.~0021+02 

.5li"li"3bo 580 5+'0 1 
-.6934081902+00 

o(eqs I) 
cr(eqs 2) 
o(eqs 3) 

o (coeff) 

.240.00 

.120+01 

.260+01 

.300+01 

.192+01 

.644+'00 

.886-01 

.122-02 

.520-03 

.737-03 

LlGex/J.kg- 1 

-1 • 
-2 • 
-3 • 
-5 • 
-6. 
-8.' 

-10 • 
-13 • 
-15 • 
-17. 
-46 • 
-81 • 

-121 • 
-165 • 
-212 • 
-262 • 
-314 • 
-368 • 
-425 • 

-1080 • 
-1853 • 
-2714 • 
-3647 • 
-4641 • 
-5689 • 
-6786 • 
-7926 • 
-9105 • 

-12206 • 
-154-91. 
-18928 • 
-22494 • 
-26168. 
-29934. 
-33781 • 

--37699 • 
-38601 • 

.0001 

.0007 

.0011 

.0007 

.0000 

.o')cs 

coefficient 

.7225785434.01 
-.9759974248+01 

.7329352280+01 
-.~32255+01 

.4213900955+00 

o (coeff) 

.431-01 

.125+00 

.143+00 

.735-01 

.141-01 
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Experimental Data Employed in Generation of Correlating Equations 

Bonner [120]. Isopiestic measurements~ reference electrolyte is Na2S203' The evaluated osmotic 
coefficients given for Na2S203 in this paper were used in performing the calculations. Assigned weight is 1.0. 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 

N 

+ 
0 0 

&. ...... 
<lX 

-.500 

-1.000 

-1.500 

";"2.000 

-2.500 

-3.000 
0 .400 

-1 
mlmol' kg 

.201000 

.406000 

.594(,00 

.696000 

.725"00 

.818000 

.985':;00 
1.032000 
1.lC70CC 
1.271000 
1.428000 
1.597000 
1.t-S2':1CO 
1.B06000 

1.li98)CO 
2 • .::21000 
2.428000 
2.5(;0000 
~.oo~ooc 

2.8~QOOO 

3.07000\) 

.7536 

.7047 

.6684-

.6504 

.6452 

.63311 

.6143 

.60'>11 

.602~ 

.5~Ol 

.5tH':I 

.574~ 

.5734 

.5b83 

.5643 
.5614-
.5u13 
.561'+ 
.!::Iol£ 
.564::; 
.5664 

.800 1.200 1.600 
Morality/mor kg-1 

A Bonner [120], isopiestlc vs Na
2S

2
0
3 

2.000 2.400 2.800 3.200 

J. PhYi. Chem. Ref. Data, Vol. 10, No.3, 1981 



744 R. N. GOLDBERG 

Recommended Values for the mean activity and osmotic coefficient ft' . h o po asslum ort oarsenate, K
2

HAs04, in 
H20 at 298.15 K 

-I 
0 m/molokg y a 

~ 

.001 • 8891 .·.9626 .599948 

.002 • 8517 .9498 • .sC;9897 

.003 .8258 .9410 • 999847 

.004 .8054 .9340 • 9S97,98 

.005 .7886 .9282 • 9~9749 
.006 .7742 .9233 .599701 
.007 .7615 • 9190 • 999652 
.008 .7503 .9152 • «;99604 
.009 .7401 .9117 • 999557 
.010 .7308 .9086 .999509 
.020 .6662 .6868 • 999042 
• 030 .6263 .8737 • 998584 
• 040 .::;'97::;' • Bb4.::s .59B133 
.050 • 5761 .8571 .997687 
• 060 .5567 .8512 .997244 
.070 • 5412 .8462 .0;96804 
.080 .5278 .8420 • 0;56366 
.090 .5160 .8382 • 9.95931 
.100 .5055 • 8349 .S95498 
.200 .4374 .8124 • 991257 
.300 .3988 .7987 • 987133 
.400 • :3722 .?El91 .9E1:30ElS 

• 500 • .3525 .7824 .979078 
.600 • 3372 .7783 .975077 
.700 .3253 .7766 • S71048 
.800 • 3159 .7771 .966957 
.886 • 3095 .7795 .963343 

mlmol'k9 
-I 0'(0) a (9-ny) 

Coefficients of Correlating Equations 

Par 

2 

3 
4 

coeff i c i ent 

. 1822615158+0 I 
-.3925113133+00 

. 1794377058+00 

a{coeff) 

.378-01 

.288-01 

.196-01 

J. Phys. Chem. Ref. Data, Vol. 10, No.3, 1981 

.001 

.010 

.100 

.886 

.0001 

.0005 

.0012 

.0016 

coeff i c i ent 

.1401467296+01 

.5755022906+01 
-. 1210801468+01 

.0002 

.0013 

.0041 

.0047 

a (coeff) 

.541-01 

.123+00 

.747-01 

O'(eqs I) 
a(eqs 2) 
a(eqs 3) 

.253-02 

.246-02 

.257-02 

llGex/Jokg- 1 

-1 • 
-2 • 
-3 • 
-4 • 
-6 • 
-8 • 

-10 • 
-12 • 
-14 • 
-17 • 
-44 • 
-76 • 

-113 • 
-153 • 
-195 • 
-240 • 
-286 • 
-335 • 
-385 • 
-951 • 

-1602 • 
-2:31::3 • 

-3069 • 
-3861 • 
-4683 • 
-5530 • 
-6278 • 

£hl 
.0002 
.0009 
.0021 
.0014 

coeff i c i ent 

.9537221675+01 
-. 1525119966+02 

.126"7893612+02 
-.4118097390+01 

a (coeff) 

.205+00 

.770+00 

.101+01 

.449+00 
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·Experimental Data Employed in Generation of Correlating Equations 

Scatchard and Breckenridge [61]. Isopiestic measurements, reference electrolyte is NaCl. Assigned 
we i 9 h tis 1. 0 . 

mlmolokg -I 
°298.15 

.886460 .7779 

.852010 .7776 

.758370 .1774 

.723680 .7766 

.694470 .7787 

.668780 .7780 

.605580 .7789 

.564730 .. 7815 

.524170 .7786 

.484340 .7828 

.471610 .7835 

.456040 .7870 

.411300 .7867 

.409820 .7866 

.403620 .7901 

.355220 .7969 

.330760 .7916 

.329420 .7931 

.327400 .5882 .. 

.226010 • 8049 

.216450 .8097 

.182470 .8133 
.173470 .8241 
.158980 .8209 
.112830 .8309 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 
N 
+ 
0 

l"x 
0 

./UA 

-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
a 

.1 

.100 .200 .300 .400 .poo 
Molality/mol kg-

.800 .700 .800 

Deviation Plot for K2HAS04 : 60 vs molality 

~ ~catchard and Breckinridge l61), isopiestic vs NaCI 



746 R. N. GOLDBERG 

Recommended Values for the mean activity and osmotic coefficient of potassium platinocyanide 
K2Pt{CN)4' in H20 at 298.15 K 

-I mlmolokg y 

.001 .8936 
• 002 .8596 
• 003 .8363 
• 004 .8183 
• 005 .80.35 

.006 .7909 
• 007 .7799 
• 008 .7702 
• 009 .7614 
• 010 .7533 
• 020 .6975 
• 030 .6626 
• 040 .6370 
• 050 .~1065 
• 060 .5994 
• 070 .5848 
• 080 .5719 
• 090 .5605 
• 100 .5501 
• 200 .4809 
• 300 .4413 
• 400 .4143 
• 500 .3937 
• ouu • .37C>5 

.700 .3614 
• 800 .3480 
• 900 .3368 
• 948 ..3325 

mlmolokg -I 

.001 

.010 

.100 

.948 

Coefficients of Correlating Equations 

fg.Ll 

Par coeff i c i ent a {coeff} 

I .2875863024+01 .220+00 
2 - . ffi2306491 +0 1 .222+00 
3 . T88323 5420+0 1 .623+00 
4 -. J91iT937772+01 .787+00 
5 .7699942988+00 .352+00 

J. Vhy". Chorn. Rof. Data, Vol. 10, No.3, 1981 

0 a 
w 

6.Gex/Jokg -I 

.9650 .99S948 

.9541 .«;«;9897 

.9467 .9.«;9847 

.9411 .9997'97 

.Q:=I6S .000747 
• 9326 .C;99698 
.9293 .999648 
.9263 .C;';9600 
.9237 .999551 
.9212 .999502 
.9046 .999023 
.8941 .9S8551 
.8861 .998086 
.8796 .9.97626 
.8740 .9'97170 
.8691 .996718 
.8646 .996269 
.8605 .995823 
.8568 .995380 
.8306 .991062 
.816.3 .986852 
.8074 .C;82698 
.8001 .978610 
.7·52:6 • g7462~ 
.7842 .970769 
.7758 .967015 
.7698 .963248 
.7689 .961368 

0(0) o (.Q,ny) sU1l 
.0004- .0009 .oooe 
.0019 .0049 .0037 
.0015 .0079 .0043 
.0022 .0074 .0024 

~ 

coefficient a(coeff} 

.2067672371+01 

. 4711675542+01 
-. 7868910486+00 

a(eqs 1) 
a(eqs 2) 
a(eqs 3) 

.269-02 
.344-02 
.300-02 

.923-01 

.200+00 

.115+00 

-1 • 
-2 • 
-3 • 
-4 • 
-6 • 
-7 • 
-9 • 

-11 • 
-13 • 
-15 • 
-39 • 
-6a • 

-100 • 
-135 • 
-172 • 
-211 • 
-252 • 
-294 • 
-338 • 
-837 • 

-1415 • 
-2048 • 
-2723 • 
-3433 • 
-4175 • 
-4946 • 
-574:3 • 
-6135. 

~ 

coeff i c i ent 

. 1400001442+02 
-.%15792196+02 

.5327293899+02 
-.~15215+02 

. 1202368153+02 

a (coeff) 

.629+00 

.365+01 

.802+01 

.770+01 

.271+01 



ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 747 

Experimental Data Employed in Generation of Correlating Equations 

Groves, Dye, and Brubaker [87]. Isopiestic measurements, reference electrolyte is KCI. The authors 
did not report the isopiestic molal ities. Assigned weight is 1.0. 

mlmol ·kg -1 
~298.15 

.059220 .8745 

.072490 .8697 

.114500 .8494 

.270600 .8189 

.352400 .8146 

.370400 .8108 

.472200 .7980 

.549400 .7962 

.663100 .7892 

.727700 .7841 

.761300 .7759 

.915000 .7699 

.948100 .7686 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 

N 
+ 
0 .a-x 0 -

-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
0 .100 .200 .300 .400 .509 

Molality/mol kg-
.600 .700 .soo .900 

Deviation Plot for KZPt(CN)4:' ~0 vs molal ity 

! Groves, Dye, and Brubaker [87], isopiestic vs KCl 

J. Phys. Chem. Ref. Data, Vol. 10, No.3, 1981 
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Recommended Values for the mean activity and osmotic coefficient of potassium chromate 
K2Cr04' in H20 at 298.15 K 

mfmoloKg- 1 Y f) a 
w 

l:l.aex/J-k9 -\. 

.0'1 .8865 .9t:12 • !ii~9948 -1 • 

.002 .8470 .9472 .999898 -2 • 
• 003 .8193 .9372 • 999848 -3 • 
.004 .7973 .9293 • 999799 -5 • 
.005 .7790 .9226 .99-9751 -6 • 
• 006 .7633 .9168 .999703 -8 • 
• 007 • 7494 .9117 .999655 -10 • 
.OOB .7370 • 9070 .9.99608 -13 • 
.009 .7257 • 9028 .999561 -15 • 
.010 .7154 • 8990 .999514 -17 • 
.020 .6429 .8715 .999058 -47 • 
• 030 .5976 .8540 • 998616 -82 • 
.040 .:;)c)47 .8413 • 998183 -123 • 
.050 .5391 .8.31,3 • 997756 -167 • 
.060 .5181 .8232 • 9-.97334 -214 • 
.070 .5005 .8163 • 996917 -265 • 
.080 .4852 .8103 • S.96503 -317 • 
.090 .4719 .8051 .996091 -372 • 
• 100 .4.601 .8005 • 995683 -429 • 
.200 .3850 • 7709 .991702 -1079 • 
.300 .3439 • 7543 .987844 -1833 • 
.400 .3162 .7428 • 984070 -2660 • 
.500 .2957 .7341 .980357 -3542 • 
• 600 .2797 • 7274 .976690 -4469 • 
.700 .2666 .7220 • 973054 -5435 • 
.SOO .2558 .7178 • 969439 -6434 • 
.900 .Z4OC) .7147 • 965833 -7462 • 

1.000 .2387 • 7125 .962225 -8515 • 
1.250 .2234 .7105 • 953134 -112.43 • 
1.500 .Z124 • 7130 .S43837 -14079 • 
1.750 .2C)46 • 7194- .934225 -16996 • 
2.000 .1992 .7291 • 924216 -19972 • 
2.250 .1955 .7417 • 913751 -22991 • 
2.500 .19.33 .7568 • 902798 -26037 • 
2.750 .1923 • 7739 .B91350 -29098 • 
3.000 .1922 • 7925 .879424- -321.65 • 
3.250 .1929 .8121 • 867057 -.35228 • 
3.372 .1935 .8220 • 860880 -36720 • 

m/molokg -1 210) a (Q,ny) aJy) 

.001 .0000 .0000 .0000 

.010 .0002 .0004- .0003 

.100 .0005 .0015 .0007 
1.000 .0004 .0019 .0004 
2.000 .0003 .0018 .0004 
3.372 .0008 .0019 .0004 

Coefficients of Correlating Equations 

SLl. !9.G. I9.U 

Par coefficient a (coeff) coefficient a (coeff) coefficient 

1 .1305648847+01 .889-02 -.6909635204+00 .137+00 .8557298349+01 
2 -.2592248082+00 .691-02 . 1173938648+02 .520+00 - . T5'B'b988346+02 
3 .fflS231636-01 .302-02 -.9031948667+01 .817+00 .2'5'66§"23279+02 
4 - .b703584350-02 .470-03 . 5TOTTIf577 2+01 .643+00 -.1757731181+02 
5 -. 1597948603+01 .250+00 .9207740329+01 
6 .2069410985+00 .382-01 - ~ 2b69473078+0 I 
7 .3260363049+00 

cr(eqs 1) . 112-02 
cr(eqs 2) .108-02 
cr(eqs 3} • 112-02 

J. Phy •. Chem. R.f. Data, Vol. 10, No.3 ,,.-

cr(coeff} 

.3&0+00 

.171+01 

.354+01 

.391+01 

.241+01 

.776+00 

.103+00 
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Experimental Data Employed in Generation of Correlating Equations 

Stokes, Wilson,and Robinson (88]. Isopiestic measurements, reference electrolyte is KC1. Assigned 
weight is 1.0. 

m/rnol· kg 
-1 

~298.15 
.072550 .8256" 
.124200 .7937" 
.199800 .7717 
.350000 .7478 
.3647CJO .7460 
.""2a200 .7","02 

.446700 .7371 

.623300 .7268 

.694200 .7213 

.867800 .7178 

.926500 .7153 
1.177000 .7106 
1.198000 .7094 
1.443000 .7120 
1.464000 .7125 
i .564000 .7130 
1.7'98000 .7218 
1.891000 .7233 
1.957000 .7259 
2.017000 .7314-
2.415C)OO .7510 
2.472CJOO .7552 
2.580000 .7627 
2.585000 .7.628 
2.71~00 .7721 
2.725000 .7721 
2.74700q .7748 
2.826000 .7796 
2.913000 .7833 
3.032000 .7949 
3.314000 .8189 
3.372000 .8208 

3.000 

2.500 

2.000 

1.500 

1.000 
A 

.500 
N A 

AA + A A ... A A 
0 0 

.tx -A A A A AA 

-.500 

-1.000 

-1.500 

-2.000 

-2.500 

.400 .800 1.200 1.600 2.000 
Molality/mol kg- t 

2.400 2.800 3.200 

Deviation Plot for K2Cr04: 6~ vs molal ity 

A Stokes, Wilson, and Robinson [88], isopiestic vs KCl 

J. Phys. Chem. Ref. Data, Vol. 10, No.3, 1981 
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Recommended Values for the mean activity and osmotic coefficient of potassium dichromate 
K2Cr207, in H20 at 298.15 K 

-I 

" 
lIGex/Jokg -I m/molokg y a 

w 

.001 .9329 • 98~1 .<;9<;947 =0 • 

.002 .~192 .seoe CI~998~4 =10 

.003 .9104 .9793 • 999841 =2 • 

.OO~ .£03~ .9t~9 oS£~'5'a9 =20 

.005 .8979 .S767 • S99736 =3 • 

.006 .8924i e4i'ViS~ oSc;S~84 ="'0 

.007 .8884 .9742 • £99~32 =5 • 

.008 .e642 eS'J'30 o~C;~~::=S =:.50 

.009 .8602 .9718 • S9~527 =7 • 
.010 .8,,65 c>S'?06 oS S£~(?E =80. 
.020 .8453 .9584 • 998965 = 1~ • 
.030 .8193 .C;4E~ o SS 8~6'? =320 
.040. • 7Sfl .9347 .~97981 =48 • 
.o!:o .~"P~C; .~234 oC;S?!:08 =660 
.O~O .7552 .9127 • 997045 =86 • 
.0'70 .::3~S 1)9024- oS96E92 = 10So 
.080 .7198 .8926 • 996146 -132 • 
.090 .7038 .8833 • 9S5713 -157 • 
.100 .ESS8 .e745 oSSa28E = 1 et.;.o 
.200 .5792 .8102 • 991281 =f:30 • 
.·~OO .ElS4 .GCP~ 3 o 98J'47E =9S20 
.400 .47.30 .7583 • 983740 =1508 • 
.500 .~,36S 0'f330 0~SO~3~ =20940 
.507 (sat) .4342 .7327 • 980116 =2139 • 

m/mol-kg -I 0(0) o (Q,ny) Q.hl 

.001 .00~3 .0143 .0133 

.010 .0075 .0.326 .0285 

.100 .0020 00354 00244-

.507 .0041 .03.36 .0146 

Coefficients of Correlating Equations 

~ 

~ coefficient 

I .1713606332+02 
2 - .2963070051+01 
3 . 5'T'6470824 5+01 
4 -.4054472278+01 
C; 

a{coeff) 

.774+01 
:234+00 
.810+00 
.883+00 

coefficient 

.2133058726+02 
-. 1150305447+03 

. 2§bQ4898 07+03 
-.'3)'7'b026001+03 

.1459889109+03 

a(eqs 1) .514-02 
a(eqs 2) = .369-02 
o(eqs 3) = .379-02 

Experimental Data Employed in Generation of Correlating Equations 

a (coeff) 

.211+01 

.154+02 

.442+02 

.566+02 

.269+02 

coeff i c i ent 

.3306332104+02 
- . T'5bS206848+03 

.3577937461+03 
-.3920070783+03 

.1660068668+03 

a (coeff) 

.217+0" 

.159+02 

.455+02 

.582+02 

.277+02 

Bedford [89]. Freezing poin~ depression 
measurements. The tL d~t~ for KZCr207 ~nd the 9C 
data for K2Cr04 given in the tabJe of auxiliary 
data were used in treating the~e measurements. 
Assigned weight is zero. 

leopold and Johnston (43). Vapor pressure 
measurements performed on the saturated solu~ion 3t 
23.66 and 26.40°C. Assigned weight is zero. 

-1 
mlmo! • kg 

.000500 

.001000 

.00.2000 

.004000 

"298.15 

2.5965 
1.2622 

.5087 

.2793 

J. Phys. Chem. Ref. Data, Vol. 10, No.3, 1981 

-1 
mlmol·kg 

.507 

0298.15 

.8518 
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Stokes, Wilson, and Robinson [88]. Isopiestic measurements, reference electrolyte is KC1. Assigned 
weight is 1.0. 

m/mol'kg -1 
0298.15 

.061:330 .9173 

.062050 .91,27 

.094080 .8763 

.103500 .8621 

.135000 .8458 

.139600 .8436 

.175600 .8241 

.204500 .8112 

.250800 .7953 

.271800 .7837 

.324500 .7760 

.377800 .7555 

.489500 .7352 

.507200 .7366 

Comments 

We have based the fit for this system entirely on the results of Stokes, Wilson, and Robinson [881. 

3.000 

2.500 

2.000 

1.500 

1.000 
x 

.500 

~ 

x 
x x x 

+ 
0 0 

!x 
v 

x 
x 

-.500 

x 
-1.000 

-1.500 

-2.000 

-2.500 

-3.000 .I.. 

0 .050 .100 .150 .200 .250 .300 
Molality/mol kg- t 

Deviation Plot for 60 vs molal ity 

6 Bedford [891, freezing point depression 

~ Leopold and Johnston [43], vapor pressure 

X Stokes, Wil son, and Rob i nson [88], i sop i es tic vs KC 1 

x x 

x 

x 

.350 .400 .450 .500 .550 
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Recommended Values for the mean activity and osmotic coefficient of rubidium sulfate 
Rb 2S04, in H20 at 298.15 K 

mlmo 1 • kg -1 Y 0 a t-.Gex I J . kg- 1 
w 

.001 .BB56 .9607 .99994B -1 • 
• 002 .B455 .9463 .9t;9B9B -2 • 
• 003 .8171 .9360 .9c.;9B48 -3 • 
• 004 .7946 .9277 .St;9799 -s • 
• 005 .775B .920.6 .999751 -6 • 
• 006 .7596 .• 9145 .999703 -B • 
• 007 .7453 .9091 .91,;9.656 -11 • 
• OOB .7324 .9042 .S99609 -13-• 
• 009 .7208 .8997 .999562 -15 • 
• 010 .7101 .8956 .999516 -lB • 
• 020 .6347 .865B .999065 -4B • 
• 030 .5874 .8466 .c.;9B628 -84 • 
• 040 .5530 .B324 • c.;98202 -126 • 
• 050 .5261 .B212 .9977B3 -172 • 
• 060 .5041 .8119 .997371 -222 • 
• 070 .4856 .8041 .996962 -274 • 
• 080 .4697 .7974 .ggoS5B -320 • 
• 090 .4557 .7-914 .996158 -386 • 
• 100 .4433 .7B61 .995760 -44.6 • 
• 200 .3652 .7524 .991900 -1130 • 
• 300 .32.31 .7338 .988172 -1927. 
_400 .2. 94'S' ."7212 .ge~e30 -200;:1 • 
• 500 .2742 .7117 .9B0952 -3739 • 
• 600 .2581 .7042 .977423 -4724 • 
• 700 .2450 .6982 .9739.31 -5751 • 
• BOO .2341 .6934 .970466 -6BI5 • 
• 900 .2249 .6895 .967019 -7910. 

1.000 .2169 .6865 .9.63579 -90.33. 
1.250 .2013 .6823 .954952 -11947. 
1.500 .1900 .6825 .946175 -14983. 
1.707 -.IB30 .6858 .9.38695 -17569. 

mlmol o kg- I 0(0) o (Q,ny) £J.xL 
.001 .0002 .0004 .0004 
.010 .001e .00;:1;:1 .OO~4 

.100 .0056 .0152 .006B 
1.000 .0026 .oun .0039 
1.707 .0036 .0202 .0037 

Coefficients of Correlating Equations 

~ ~ ~ 

Par coefficient o (coeff) coefficient a (coeff) coefficient 

1 .1140270820+01 .817-01 -.3617460548+00 .541+00 .5040928252+01 
2 -.2076659164+00 .697-01 .9302008933+01 .136+01 -.3557113316+0\ 
3 .1i'9T2397283-01 .215-01 -.4232341992+01 .122+0L .9890503561+00 
4 .9501169853+00 .369+00 

o(eqs 1) .535-02 
o{eqs 2) .520-02 
o(eqs 3) .5B5-02 

J. Phys. Cham. Ref. Data, Vol. 10, No.3, 1981 
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.133+00 

.210+00 
-.882-01 
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Experimental Data Employed in Generation of Correlating Equations 

Cudd and Felsing [90]. Isopiestic measurements, reference electrolyte is Na 2S04' We have used our table 
of recommended values for the osmotic coefficient of Na2S04 in treating these data. Assigned weight is 1.0. 

m/mol'kg -I f'298.15 

.422000 .7226 

.601000 .6.945 

.748000 .6943 

.858000 .6995 

.968000 .6898 
1.118000 .1;84"-

1.383000 .6769 
1.486000 .6792 
1.570000 .6836 
1.640000 .6865 
1.707000 .6872 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 
N 
+ 
0 0 

~x 
-.500 

-1.000 

-1.500 

-2.000 

-2.000 

-3.000 
0 .200 .400 .600 .800 1 000 

Molality/mol kg-I 
1.200 1.400 1.600 1.800 

Deviation Plot. for Rb 2S04 : Llf' vs molality 

6 Cudd and Felsing [90], isopiestic vs Na 2S04 

J. Phys. Chem. R.f. Data, Vol. 10, No.3, 1981 
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Recommended Values for the mean activity and osmotic coefficient of rubidium persulfate, 
Rb2S20B, in H20 at 29B.15 K 

mlmoJ'kg -1 y 

.001 .8837 

.002 .8~20 

.003 • 8122 

.004 .7884 

.005 .7685 

.006 .7512 

.007 • 7359 

.008 .7~21 

.009 .7096 

.010 .6981 

.020 .6163 

.030 .5646 

.040 • 5269 

.050 .4976 

.060 • 4737-
.070 .4537 
.075 • 4450 

mlmol o k51 
-1 

.001 

.010 

.100 

.075 

Coefficients of Correlating Eguations 

~ 

Par coefficient cr (coeff) 

I .l!1.6969436+00 .251-01 
2 

a 
2!. 

• 9596 .999948 
.9443 • .9S9898 
.9~31 • 9S9849 
.9240 .9S-9800 
~9162 • 9159752 
.90<93 .999705 
• 9032 .959658 
.8976 • 999612 
• 8924 .999566 
• aS77 .999520 
.8526 • 999079 
.8294 .S98656 
.81.20 • C;~82A6 

.7982 .997845 
• 7869 .997452 
.7773 .997063 
.7732 • 996875 

0(0) o (.Q,ny) gj1l 

.0001 .0002 .0001 

.0007 .0014 .0010 

.0040 .0091 .0037 

.0033 .0074 .0033 

Eqs 2 

coefficient cr (coeff) 

-.500B729539+01 
.1899358295+02 

cr(eqs 1) 
a(eqs 2) 
cr(eqs 3) 

.632-02 

.604-02 

.529-02 

.104+01 

.341+01 

Experimental Data Employed in Generation of Correlating Equations 

-1 • 
-2 • 
-3 • 
-5. 
-7 • 
-9 • 

-11 • 
-1.3 • 
-16 • 
-18 • 
-50 • 
-89 • 

-135 • 

-184 • 
-238 • 
-295 • 
-325 • 

Eqs 3 

coeff i c i ent-

.3960405795+01 

Chlebek and Lister [58]. Vapor pressure osmometry measurements. Assigned weight is unity. 

Comments 

- I mlmol ·kg 

.. 050800 

.052600 

.052700 

.072200 

.074900 

~29B. 15 

.8000 

.7840 

.7940 

.7800 

.7760 

Additional, careful measurements would be desirable here. 

J. Phys. Chem. Ref. Data, Vol. 10, No.3, 1981 
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.769-01 
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,ecommended Values for the mean activity and osmotic coefficient of cesium sulfate, Cs
2

50
4

, in H?O at 298.15 K 

.001 .8e55 

.002. .8452. 

.003 .8168 

.004 • 1941:. 

.005 .7754 

.006 .7591 

.007 :'7447 

.008 .7319 

.009 .7202 

.010 .7095 

.020 .6340 

.030 .5867 
• 040 .5525 
.050 .5258 
.060 .5040 
.070 .4857 
.080 .4701 
.090 .4564 
.100 .4443 
.200 .3690 
.300 .3294 
.400 .3036 
.500 .2848 
.600 .2704 
.700 .2587 
.800 .2.490 
• 900 .2.07 

1.000 .2.335 
1.250 .2190 
1.500 .2077 
1.631 .202.6 

m/mol o kg- 1 

:oefficients of Correlating Equations 

Par 

I 
2 
3 
4 
5 

coefficient 

. 1089562730+01 
-.4320488862-01 

o (coetf) 

.211-01 

.919-02 

J.Phy •. Chem. Ref. Data, Vol. 10, No.3, 1981 

.001 

.010 

.100 
1.000 
1.631 

0 a 
..1!.. 

llGex/J.kg- 1 

• 9606 .999948 -1 • 
.9462 • S'S98'98 -2 • 
.9358 .9S9848 -;3 • 

.91:.74 • (jwaoo -~ . 

.9204 • 999751 "';'7 • 

.9143 .999704 -8. 

.9088 • 9S9656 -11 • 

.9039 • 9'59609 -13 • 

.8994 • 999563 -15 • 
.8952. • 9.99516 -18 • 
.8654 .999065 -48. 
.8464 • 998629 -85 • 
.8.324 .998202 -127 • 
.8215 • 997783 -173 • 
.8126 .997368 -222 • 
• 8051 • 996959 -274 • 
.7S88 • 996552 -329 • 
.7933 • 996149 -387 • 
.7884 • 995748 -446 • 
.7598 • 991821 -1125 • 
• 7465 .987970 -1912 • 
.7388 • 984155 -2769 • 
• 7339 .980362 -3680 • 
• 7.306 .976587 -4634 • 
.7282 • 972828 -5624 • 
.7263 .969085 -6644. 
.72.e .966.":357 -7c.91 • 
• 7236 .961646 -8761 • 
.7212 • 952.446 -11528 • 
.7192 • 94~363 -14402 • 
.7182 • 938655 -15946 • 

0(0) a(tny) ~ 
.0%)01 .0001 .0001 
.0004 .0010 .0007 
.0019 .0050 .0022 
.0016 .0095 .0022 
.0027 .0079 .0016 

coetticient 

-.6851551779+01 
.3170955610+02 

-. mTb34383+02 
.1931503010+02 

-.4213787719+01 

o(eqs 1) .513-02 
o(eqs 2) =< ;421-02 
o(eqs 3) .605-02 

a (coetf) 

.432+00 

.163+01 

.257+01 

.185+01 

.500+00 

coefficient 

.5256590788+0\ 
-.3712715778+01 

• 1020771032+01 

o(coeff) 

.139+00 

.225+00 

.967-01 
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Experimental Data Employed in Generatibn of Correlating Equations 

Cudd and Fe} s i og[901. ·1 sop; est; c measurements, 
reference electrolyte is Na2S04' We-have used our 
table of recommended·values for the osmotic coeffi­
cientOf Na 2S04 in treating these data. As si.g ned 
weight is 1.0. 

-1 
mlmo} 'kg 

.418000 

.565000 

.715000 

.811000 
.923000 

1.0680QO 
1.~03000 
1.41.2000 
1.48eOOO 
1.563000 
1.E31000 

3.000 

2.500 

2~OOO 

'1;500 

1.000 

.500 
N 
+ 0 0 . .t.~ 

-.500 

-1.000 

-.1.500 

-2.000 

-2.500 

-3.000 

.7295 

.7387 

.7264 

.7400 
.7235 
.7167 
.7184-
.7148 
.721:3 
.7203 
.7192 

Harned [26J. Calculations based on the 
diffusion measurements of Harned ~nd Blake [55J 
Assigned weight is 1.0. 

, m fmo 1. kg -I 

0.0001 
0.0004 
0.0010 
0.0020 
0.0050 
0.0070 
O~OIOO 

0.961 
0.925 
0.886 
0.845 
0.774 
0.742 
0.707· 

0 .200 ,400 ,600 .800 '1.000 
Molality/mol, k~ft 

1~200 1.400 1.600 

Devi ion Plot for Cs,S04:. 110vsmolality 

J. Phys. C~em. Ref~ Data, Vol~ 10, No.3; 1981 
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3.000 

2.500 

2.000 

1.500 

1.000 

.500 
IN 
+ 
0 0 " A I!I. ~ 

-S'x 
-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
0 .200 .400 .600 .800 1.000 1.200 1.400 1.600 1.800 2.000 

X10-2 
Molality/mol kg-t 

Deviation Plot for CS 2504: /::"y vs molality 

A Harned [26], d i ffus ion 

J, Ptty •• Che",. R.f. Data, Vol. 10, No. 3,1981 
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Recommended Values for the mean activity and osmotic· coefficient of cesium persulfate, 

-I m/mol'kg y £I AGex/J'kg -I a· w 

.001 

.002 

.00:: 

.004 

.OOE 
~OOf 

;. 007 
.008 
.009 
.0:; 0 
.020 
.0'30 
.0.40 
.050 
.oeo 
.070 
• 080 
.090 
.100 
• :l09 

.8827 

.8402 

.8097 

.7853 

.7647 

.74(;9 

.7::10 

.7~ 67 

.70::7 

.(;9); 7 

.60S9 

.55!~ 

• S~ ! 1 
• 4798 
• 4542 
• 4326 
.4i42 
.398:\ 
• ::8::9 
.3724 

-1 
m/iTiol·kg. 

.001 

.010 

.100 

.109 

Coefficients of Correlating Equations 

1 
2 

coefficient a (coeff) 

.238';'01 

.959.1 • 999948 

.9433 • 999 898 

.9316 .~99849 

• 92.20 • 99980! 
.91:;8 • 9997E:; 
.9065 • St99706 
.8999 • ~99660 
.8~40 • s,;99611 + 
.Sdd4 .999568 
.8d3~ • 999523 
,,8446 .999087 
• 8id3 .99~674 

• 7980 .998276 
• 7d1 C .997890 
.7678 .997513 
.7560. .9~7144 

.7457 .'='96781 

.7366 • 99042~ 

.728'P .9S1607i 

.7218 ·.995753 

9(~) a(triy) a{y) 

.0001 .ou02 .0001 

.0007 .00:" 4 .00l:) 

.0044 .00-.;9 .003~ 

.0047 .;>106 .0039 

coefficient 

-.6234612791+01 
.1954060695+02 

.386+00 

.101+01 

a(eqs 1) 
a (eqs 2) 
o(eq:; 3) 

.101 ~Ol 

.421-02 

.390-Q2: 

Exp~rimental Data Employed in Generation of Correlating Equations 

-1 • 
-~ . 
-..: . 
-E· • 
-7 • 
-9 • 

-1: • 
-!4 • 
-lie 
-t 9 • 

. -51. 
-92 • 

-140 • 
-:;. 92 • 
-2,49 • 
-309 • 
-:;7:: • 
-~40 • 
-510 • 
-576 • 

coeff i c i ent 

.2092816159+01 
• 2820932280+01 

Chlebek and Lister [581. Vapor pressure osmometry. ASSigned weight.is '.0. 
-1 m/mo1 ·kg 

.. 050'700 

.054500 

.,.07300 

.107300 
.107300 
.109100 

.7"20 

.7660 

.7290 

.7.290 
.. 7240 
.7250 

a (coeff) 

.358+00 

.934+00 

J. Phys. Chem. Ref. Data, Vol. 10, No.3, 1981 
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Comments. 

Additional, careful measurements would be desirable here. 

3.000 

2.500 

2.000 

1.500 

1.000 

.500 
N 
+ 
0 

s..~ 
<:IX 

0 

-.500 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
0 .0100 .0200 .0300 .0400 .0500 . .0600 .0700 .0800 .0900 .1000 .1100 

Molality/mol kg-\ 

~ Chlebek and Lister [58J, vapor pressure osmometry 

2.4. Systems Not Treated 

It was felt that the quality of the existing experimental 
data do not justify the generation of a set of recommended 
valueS for the activity and osmotic coefficients for the fol­
lowing electrolytes of charge type 1-2: 

Systems 

H2P03 
H 2As20 4 

H2Ge03 

Hg2S04 

H;lCr;lO, 
Li2Si03 

Li2SisOIl 

LiiB407 
Na2S 

Na2H 2P206 

No.2SiO:i 

Type of Measurement(s) 

freezing point depression [91] 
freezing point depressionL92J 
freezing point deptession[92] 
electromotive force [83,84] 
freezing point depression [40] 
freezing point depression[93] 
freezing point depression [93] 
freezing point depression [94] 
freezing point depression [27] 
isopiestic[28] 
freezing point depression [91] 
freezing point depression [45,60,93,95], 
vapor pressure [95,96], and boiling poin 
elevation [97] 

NazSisO tt 

Na2Cr20 7 

freezing point depres.s.ion [93] 
freezing point depression [40] and vapor 
pressure· [70, 81] 
isopiestic [98] 
freezing point depression [34,44,63,64,65,99] 
vapor pressure (99a] 
freezing point depression [41, 100], 
e1ectromotive force [R3], and 
boiling point elevation [86] 

K 2Si03 freezing point depression [93] 
Rb2Si03 freezing point depression [93] 
Cs2Si03 freezing point depression [93] 

Most of the above investigations involve imprecise freezing 
point depression measurements on which it would be diffi­
cult to base reliable values of if.- and y. The emf measurements 
of Hass and Jellinek [83] and of Sircar et al. [84] involve 
unknown liquid junction potentials and, in principle, cannot 
be used to calculate activity coefficients for. Hg2S04 and 
K 2C20 4• For Na2Mo04t Zhidikova et al. [98] report only 
three data points from 1 to 3.16 mol.kg- 1

, and the results are 
given to only three significant figures; hence we have chosen 
not to treat their data. The few boiling point elevation mea­
surements are not very precise and the adjustment of the 
osmotic coefficients from 100 to 25°C is very uncertain. We 
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TABLE 1. Coefficients used to calculate relative apparent molar enthalpies 

Range of validity 
Systems. molality/mo!.kg- I a l a2 a3 

K 2S04 zero to 0.10 + 10239.9 - 34168.9 +46711.:; 
Rb2S04 zero to 0.10 + 10239.9 - 34866.3 + 28919.2 
CsiSO.j zero to 0.10 + 10239.9 - 5927Ll + 224054.0 
K2Cr207 zero to 2.0 + 10239.9 + 34565.9 - 65034.0 
'K~HPO~ 7ern.tn 10.0 + 1021QQ -177M' + 177753 
Na2C03 zero to 1.4 + 9357.82 22000.2 + 13540.4 

note that the experimental data for N~Cr207 and for 
-~a2Sib3 are very discordant and no tables of recommended 
raluesare given for these compounds. The vapor· pressure 
measurementsofPuchkov and Kurochkina[99a] on K2C03 
have an imprecision of ± 0.1 torr and are not very useful for 
obtaining· precise osmotic . coefficients·· for· that system. 
Khvorostin et al. [2S] report a set of osmotic coefficients for 
Na2Sbas\Xl upon isopicstic measurements, they give little 
experimental detail and do not report the isopiestic molali­
ties or the reference electrolyte. The values of the osmotic 
coefficients and the activity coefficients whichmay be calcu­
lated from their [2S] data are unusually high (¢= 1.767 and 
r= 4.037 atm = 3.00mol.kg- l

) for a 1-'2 electrolyte. Earli­
er,not very precise freezing point depression data were re­
. ported by :Jellinek and Czerwinski [27]. Thyy are of little 
valuefor the confirmation of the resultsofKhvorostin et al. 
[2S). Accordingly, we have decided not to inc1udea table of 
values for this·· compound. Careful measurements on the 
above systems would be of value. 

Platford [l01] reports a set of isopiestic data for 
Na2B40 7 and for K 2B40 7.Earlier, not very precise freezing 
point depression measurements have been given by Menzel 
[94] for Na2B40 7• Platford [lOll finds thatthe osmotic coef­
ficients of these two compounds are the same within his ex­
perimental error. These compounds apparently hydrolyze in 
water to form.a.solutionconsistingof an electrolyte, 
NaB(OH)M and a non-electrolyte, H3B03! 

Na2B407+7H20---+2Na+ + 2B(OH)4-:+ 2H3B03 

We have not treated these data. 
The correlating equations which have been used to date 

are not capable of giving an adequate representation of what 
is believed to be reliable experimental data forthefollowing 
five electrolytes of charge type 1-2: 

TABLE l. CoetfiCients USed to calculate apparent molar heat capacities . 

Range of validity 
System molality Imol.kg- 1 (/>~ 

NaZW04 zero tD 0.3 -110.4 
Na2Mo04 zero to 0.3 -122.8 
K2CrZ0 4 zero to 0.3 - 235.0 
K2S2OS zero to 0.3 -84.0 
Na2S20 g . zero to 0.3 - 29.3 
Na:2S20 3 zero to 0.3 -163.6 
K2S04 zero to 0.3 -251.0 
N~S04 iero to 0.3 -190.1 
Na2CO) zero to 1.0 176.3 

a4 ·as at'> a7 aK Reference 

~ 116109.7 + 162650.2 118389.4 + 43936.9 - 6571.26 £109] 
69331.1 55790.4 23395.3 

- 24708.7 

+ 25750.8 
- 643195.0 + 827071.0 
+ 46629.7 - 11574.2 

- 8436.&7 + 1&14.64 -146.117 
3275.37 

4,4' -bibenzyl disulfulliJ 

acid, Cl4HI4S206 

1 ,S-dipheny loctanedi­
sulfonic aoid, C;,:uH:ltlSiOtl 

+ 3904.4 [109] 
.[IIU] 
[110) 
[110] 
[Ill] 
(112) 
[113] 

Type of Measurement(s) 

freezing point· depression 
[34,99,102], vapor 
pressure [SI, 103], isopiestic 
[20,104], and electromotive 
force [34] 

vapOl· pre:;surc osmometry 
and isopiestic [16, 17] 

vapor pressure 
osmometry [17] 

1,14-diphenyl tetradecane vapor pressure 
disulfonic acid, C26H3SS206 osmometry [17] 

lithium 1,S-diphenyloctane vapor pressure 
disulfonate~ Li2C:wH24S206 osmometry· [17] 

We have chosen not to present evaluations for these systems 
at the present time. 

The two' data sets reported by Bonner et al. [16,171 for 
4,4' -bibenzyl disulfonic acid are not in good agreement .with 
each other. The latter data set [17] is to be preferred over the. 
one published earlier [15]. Robinson and Stokes LIObJ and 
Pitzer and Mayorga [lOS] based their tables (or coeffiCients) 
fory . and ¢ for this compound on the results of the 1956 
investigation of Bonner @t or [16]. 

For (NH4hS04! we note that none oftheearlierevalua­
tions of activity and osmotic coefficients 
[71,105,106,107,108] took into account the freezing point 
depression measurements of Scat chard and Prentiss [102]. 
These freezing point depression measurements were very 
carefully done and they merge well with the isopiesticresults 
of Wi shaw and Stokes [104]. The osmotic coefficients which 
we have calculated for ('NH4bS04 from the freezing point 

/31 /3.2 /33 Reference 

150.4 7.8 [114] 
150.4 31.1 (114] 
150.4 36.6 [114] 
150.4 160.0 [114] 
150.4 50.9 [114] 
150.4 106.0 [1l4} 
150.4 73.6 [114] 
150.4 133.0 [114] 
150.2 100.9 11.2 . [115] 
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depression data are lower than the values predicted by De­
bye-Huckel theory up to 0.007 mol.kg- l and are indicative 
of a fair degree of association for this system. 

2.5. Previous Compilations and Evaluations 

Previous compilations and evaluations of the activity 
and osmotic coefficients for many of the systems dealt with 
herein may be found in the book by Harned and Owen [105], 
the tables of Stokes [71] and Robinson and Stokes [106], and 
in the papers of Wu and Hamer [107] and Pitzer and 
Mayorga [108]. The tables of Robinson and Stokes [106] 
appear to be largely based upon their own isopiestic mea­
surements; Harned and Owen [105] also based their tables 
upon earlier calculations performed by Stokes [71] which 
were also largely based upon these same isopiestic measure- -
ments. For these compounds, the coefficients ofthe equation 
of Pitzer and Mayorga [108] are, with the exception of some 
results from Groves et ai. [87] and Bonner and Rogers [17], 
also based upon the tables of Robinson and Stokes [106]. Wu 
and Hamer [107] utilized a larger data base than the other 
evaluations [105,106,108], but did not state how the various 
data sets were weighted to obtain their final tables of recom­
mended values. None of the above evaluations have consid­
ered data for 1,2-ethane disulfonic acid, ammonium decahy­
droborate, sodium thionate, sodium 1,2-ethane disulfonate, 
sodium 2,7-anthraquinone disulfonate, sodium dodecahy­
droborate, sodium tungstate, and rubidium and cesium 
persulfate. 

We have examined the difference at the maximum mo­
lality for which comparisons may be made between the activ­
ity coefficients which we have calculated and those which 
have appeared in the earlier evaluations (note that for 
K2Cr04,K2Pt(CN)4, K2HP04• K2HAs04, Rb2S04, CS2S04, 
and sodium maleate, several of the earlier evaluations give 
values for r and if> which have been extrapolated beyond the 
maximum molality for which data exist). The most signifi­
cant difference is for Na2C03 which is explained by our in­
clusion of the 'recent results of Robinson and Macaskill [66]. 
The remainder of the differences are on the order of only a 
few percent. 

3. Auxiliary Data 

Osmotic Coefficient Data 

Evaluated data for scvcralrefcrence systems were need­
ed in treating the isopiestic data. These systems and the 
sources of the evaluated data are: KC1[1], NaCI[I], 
H2S04[4], and CaCI2[2]. 

RelativeApparent Molar Enthaply Data 

The coefficients for the equation 
N 

4>L/J·mol-1 = Iaim
i/2 

i= I 

are given in table 1. Our calculated <P L values for K2HP04 
differ significantly from the 4>L values tabulated by Luff and 
Reed [112]. We have assumed that their tabulated values 
were erroneously calculated and we have relied upon their 
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reported measurement data. 

Apparent Molar Heat Capacity Data 

The coefficients for the equations 
N 

4>c/J·mol-1.K-l =.4>~ + If3imi12 

are given in table 2. 

Additional Auxiliary Data 
iJHofus = 6008 J.mol- 1 [116] 
iJCofus = 38.1 J.mol-1·K- 1 [116] 
iJb = - 0.197 J·K- 2·mol- 1 [116] 
Tfus = 273.15 K for water [10] 
R = 8.31441 J·K-1;mol- 1 [117] 
F= 96484.56 C·mol- I [117] 

i=l 

A = 0.51084 loge 10 kgI/2.mol-1/2 [2] 
po = 3168.6 Pa (23.7627 torr) forwater at 25°C [118] 
BT = - 992 cm3·mol-1. at 25°C [119] 
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6. Glossary of Symbols 

activity of water 
(a4CplaT)p .. . . . 
concentration of solute substance B 
molality of solute substance B 
'.charge number of an ion B 
constant in Debye-Hiickellimiting law 
\z+z_\A 
(:I;V;Z/)2 A 2 

3vl:;{v;z; 2) 
coefficients in a specified equation 
coefficients in eqs (1) 
coefficients in a specified equation 
the second virial coefficient for water vapor 
the heat capacity change accompanying 
the fusion of the pure solvent at the freezing 
temperature of the pure solvent 

F 
~Gelt 

~H~us 

1m or I 
p 
po 
R 
T 
Tfus 

a j 

Pi 
r± orr 
rref 

v 

the difference between the partial mola: 
heat capacity of the solvent in a solution 
and the molar-heat capacity of the solid sol~ 
vent at the freezing temperature of the 
solution 
the,Faraday constant 
the excess Gibbs energy of a solution con­
taining one kilogram of solvent 
the enthalpy of fusion of the pure solvent at 

. the freezing temperature of the pu~e 
solvent 
ionic strength: (1m =!l:jm i z7) 
vapor pressure of a solution 
vapor pressure of pure solvent 
molar gas constant 
thermodynamic or absolute temperature 
absolute temperature of fusion of pure 
solvent 
coefficients in a specified equation 
coetliciems in a specified equation 
activity coefficient, molality basis 
activity coefficient evaluated at a specified 
reference molality (m .. "r) 
number of ions of specieS i formed from one 
molecule of solute assuming complete· 
dissociation 
total number of ions formed from one mOl­

ecule of solute assuming complete dissocia­
tion: [v =l:jvj ] 

standard deviation 
osmotic coefficient' 
apparent molar heat capacity 
relative apparent molar enthalpy 


