Evaluated Activity and Osmotic Coefficients for Aqueous Solutions:

Thirty-Six Uni-Bivalent Electrolytes

R. N. Goldberg

National Measurebtent 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 freezing-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.
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672 R. N.

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 uni-univa-
lent electrolytes [1],' 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 de-
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 evaluations 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 cocfficients, oblained by a weighted
least-squares fit of the experimental data, for three different
correlating equations and tables consisting of the mean ac-
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 symbols at the
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 TUPAC [10] with re-
gard to nomenclature 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 [1 1] and were also veri-
fied by checking one or more of the reference cited by Linke
and Scidcll. Estimatcs of the standard deviations of the cal-
culated values of the osmotic coefficient [o{¢ )], the activity
coefficient [o()], and the natural logarithm of the activity
coefficient [a{Iny)], all at selected molalities, are given atthe
bottom of each table.

'Figures in brackets indicate literature refgrencés.
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2. The coefficients, standard deviations of the coeffi-
cients [o{coeff)], and standard deviations for observations of
unit weights [o{egs #)] for as many as three different correlat-
ing equations. The correlating equations we have used are:

A 11/2
Iny= — __._H‘BI”Z + Cm + Dm® + Em® + ..., (1a)
N .
Iny= —4, 1> —A,IInT+ Y Bm‘+"V?  (2a)
i=1
Iny=4,1"?4 EB mli+ 12 (3a)

i=1
The corresponding -equations for the osmotic coeffi-
cient become:

=1+ x{—{1+BI'
¢ D { = )
+2In(l+BI"%) 4+ 1/(1 + BI'?)
+1/2Cm + 2/3 Dm? + 3/4 Em® + (1b)
A
p=1-2tpvz_ Aapnor
3 2
g ("‘l'l) i+ 172
; + (2b)
,; (F+3)
and
),
—1- Loy Wt 1) vz, (3p)
¢ ‘ 3 ,; (i +3)
For 1-2 electrolytes in water at 25 °C, 4, =24 and

A, =13A47 where A is the constant in the Debye-Hiickel
equation and is equal to 0.51084 log, 10 kg'/?>mol~!/2 at
25 °C. Using this value-of 4 and ten significant figures, 4,

= 2.352505138 mol~'"/2kg'/? and 4, = 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 Bineqs 1, or B, ineqgs 2 or
3, parameter 2 corresponds to cither Cincqs 1 or B,incqs 2
or 3, parameter 3 corresponds to either Din egs 1 or B; in egs
2 or 3, etc. Also, powers of ten are implied in the representa-
tion of a number, e.g., .499-02 is .499 X 102 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 to the molality is of interest. The digits
in excess of those required to ensure a precision of 0.001 or
better in the calculation of ¢ or In ¥ have not been under-
lined. Unless indicated otherwise, eqgs {la) and (lb) were used
to produce the activity and osmotic coefficients glven in the
tables of recommended values.

3. The calculated values of ¢ and/or y/7,.; 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 A¢ and/or A as a function of the
molality. In these plots the symbol A means “‘observed mi-
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nus calculated” values.
The excess Gibbs energy 4G **, is given by
AG™ =Gy — Gigent =¥mRT (1~ + In ).

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 Fratio, (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, Vol. 10, No. 3, 1981



674 R. N. GOLDBERG

2.3. Evaluated Systems

(NHg4)oHPO4

Recommended Values for the mean activity and osmotic coefficient of ammonium orthophasphate,

(NH, ) ,HPO, , in H,0 at 298.15 K »

2
-1 ex -1
m/mol-kg Y )] a, AGT T/ J kg

<001 «8823 «9588 ¢596948 -1
«002 «8394 »9428 +959898 ~-2e
«003 « 8088 ¢9309 ¢$S59849 -3
«Q04 «7838 «5211 2959801 ~Se
<005 « 7629 «9126 «999753 -7
«006 e 7447 +9051 «e559707 =S
<007 «7285 +8983 «959660 —-11.
<008 «7136 <8520 595614 ~14.
«009 « 7006 «8863 «999569 —~16e
«0190 «£884 «8809 «998524 -19.
« 020 «6002 +8400 «559092 ~52e¢
«930 «5435 «8114 « 598685 -94,
«040 +5018 +7889 598296 ~142.
<050 +4689 « 7704 «957920 ~196e
« 060 «4420 07545 «597556 ~255.
<070 +4192 + 7405 0597202 =317
« 080 03996 7281 0996857 -384.
« 090 «3825 «7169 «S66519 ~454.
«100 «3673 7068 «996187 -527.
« 220 «2729 «€370 «S93138 ~1392.
«300 «2241 «5954 990363 ~243S,
«400 «1529 « 5664 «987831 -3605.
« 500 «1709 «5445 ¢ 585394 -487S.
« 600 «1544 «5272 «983050 —-6228.
«700 «1413 «5130 «980779 ~7651.
+800 +1308 +5011 «978567 -59135.
.00 .1220 «4909 - 976405 ~10674.
1.000 «1145 <4820 +974287 -12263.
1.250 «1000 «4639 2969148 -16422.
1.500 <0893 « 4497 «S64198 -20811.
1.750 <0810 «4 381 0959408 ~25396.
2000 0744 4283 954763 -30149.
24250 «0689 «4196 950252 -35053.
2.500 «0643 «4119 « 945871 -40093.
2+750 «0603 «4048 941614 ~45255.
3.000 «0569 3582 «$37481 -50531.
34107 «0555 « 3955 «935749 ~528224

m/mcl-kg-] a (@) 7 (2nY) afy)

<001 +0000 «0001 <0001

<010 «0004 <0003 «0006

«100 «0023 +0054 <0020

1.000 <0049 <0169 «0019

2.000 <0055 «0171 «0013

30107 +0111 «0178 0010

Coefficients of Correlating Equations

Egs 1 Egs 2 Ees 3
Par coefficient " o(coeff) coefficient o (coeff) coefficient o (coeff)
1 5385157884400  .162-01 - .8700265146%01 125401 .3124303465+01 .103+00
2 -.530h261940-01  .159-01 .3562225580402  .547+0] -.1536588636+01  .129+00
3 ~. 5253786230+02 .964+01 .3091381117+00 .422-01
4 .2956126034+02 .833+01 )
5 -.1065191439+02 .350+01
6 .]55263274'+O| .574+00
oleqs 1) = .145-01
agleqs 2) = .105-01
o(eqs 3) = .125-01

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

Platford [12]. 1!sopiestic measurements, reference salt is NaCl. Assigned weight is 1.0.
1

m/mol+kg 8,98.15
«105800 6652
«157200 «6521
«195100 «6375
«304400 « 5865
+530500 «5576
«834400 «5024
928500 5049
1.107400 « 4734
1.312200 «4615
1.571600 4317
1.700500 «4416
20792000 24049
3107000 «3955
3.000 . . : . — ; ' r ’ —
2.500
2.000 -
A
1.500 1
1.000
.500 } &
o~
g A A
o c v & A
2 » a
~.500
A
~1.000 A
—-1.500 & 1
~2.000 ]
—~2.500 ]
—~3.000 —d . . . N — N . . s " .
) 400 .B0O 1.200 1.600 2.000 2.400 2.800 3.200
Molality/mol kg™

Deviation Plot for (NHL')ZHPO": AP vs molality

A Platford [12], isopiestic vs NaCl

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



676 R. 'N. GOLDBERG
(CN3H6)2C03

Recommended Values for the mean activity and osmotic coefficient of guanadinium carbonate,
(CN3H6)2C03, in H,0 at 298,15 K

m/mol kg ! Y )] a, z’\Gex/J'kg !
«001 «8837 « 9596 «$95948 -1e.
«002 «8420 09443 559898 -2
«003 «8122 ¢« 9331 959849 -3e
+ 004 « 7885 +5240 599800 -Se
«005 e 7685 9162 0966752 -Te
«006 7512 «S093 ¢ 999705 -9
«007 « 7359 «S031 «959658 -11.
»068 .7221 8978 .€99612 -13.
<009 «7095 8923 0599566 =16,
«010 «6980 «8875 «599520 =18,
«020 06156 «8518 «995080 -50.
«030 5631 «8276 «598659 -90.
«040 «5246 «8090 598253 —-135e.
« 050 4942 e7937 «997857 -18Se
« 060 04693 7807 «597471 -240.
«070 +4482 e 7694 eG97083 -298¢
« 080 04299 e7593 0696723 ~359«
«090 ¢41369 27501 «596358 ~423,
«100 « 3696 7427 ¢ SE5999 —~490.
«200 «3081° 6812 0992664 -1277.
«300 02577 6398 e 989679 -2222.
° %00 e2236 eGOT1 " 0986960 -32685.
« 500 «1989 «5759 e584452 —44436
2600 01756 «5567 982111 -5683.
« 700 01642 ¢ E367 «$79859 -6994 ¢
« 800 «1515 «5195 977787 -8368¢
« 500 «1410 «5047 «575748. -G798.
1.0C0 «1320 4919 «973764 -11280.
1.250 e114€ «4670 «$568943 -15180.
14500 «1020 4494 «964222 -19319.
1750 0924 04 3€5 «959556 -23656. -
2.000 <0848 4264 «954953 -28165,
24250 «0786 4182 «550420 ~32826«
24500 «0734 4114 0945925 -37618.
2.613 «0713 04090 v 943878 -39825.
m/m‘-kg—] a(8) o (2ny) aly)
«001 «0000 «0001 <0001
«010 «0003 «0007 «0005
+100 20012 «0032 «0013
1000 «0003 «0032 «0604
24000 +0004 «0034 «0003
24613 «0005 <0035 «0002

Coefficients of Correlating Equations

Eqs 2 Egs 3

Par coefficient o{coeff) coefficient o(coeff)
i -.1392704913+01 .109+00 .5429400011+01 .933-01
2 . 1037864836402 .332+00 -.6897307060+01 . 284400
3 -.5368379733+01 -398+00 .5257637603+01 .340+00
L] . 1853256442+01 .214+00 -.2062927876+01 . 183400
5 -.2850721229+00 .429-01 .3230122358+00 .367-01

oleqs 2) = .618-03

oleqs 3) = .528-03

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



ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 677

Experimental Data Employed in Generation of Correlating Equations

Bonner [|3]. Isopiestic measurements, reference salt is NaCl. Assigned weight is 1.0.
. -1

m/mol kg %298.15

«404100 06062

533700 «5713

«670600 «5422

+865100 +5098

1.139000 4769

1.450000 «4530

1.777000 04346

24215000 4196

Comments 2.,613000 «4089

Eqs 1 could not be used and we have based our table of recommended values on egs 3.

3.000 v v r v v r v r  a— - -
2.500 4
2.000 d
1.500 }
1.000 4
500 } d
P - . A R a A R
2 ° ol s -
-.500 ¢ J
~1.000
-1.500 } 3
~2.000 | : ]
-2.500 } )
3.000 400 .800 1.600 2.000 2.400 2.800

1.200 .
Molality/mol kg™

Deviation Plot for (CH3H6)2C03: AP vs molality

A Bonner [13], isopiestic vs NaCl

J. Phys. Chem. Ref. Data, Vol. 10, Ne. 3, 1981



678 R. N. GOLDBERG
C2HeS206

Recommended Values for the mean activity and osmotic coefficient of 1,2-ethane disulfonic acid,

CZHGSZOG, in H,0 at 298.15 K

m/mol+kg ! Y [} a, AG“X/J-kg—I
«001 «8896 «9629 «595948 -1,
«002 «8528 9505 +559897 -2
«003 «8273 «9419 «5$9847 -3,
004 +«8075 +9353 «S59798 -4,
«005 7911 9299 «959749 -6
006 7772 «9254 «999700 -8e
007 7651 .9214 «599€51 -10.
+008 «7543 «9180 «$99603 -12.
. 009 «7447 +9149 «999555 -14.
<010 «7359 09122 «$99507 -16.
«020 6761 «8946 - 2999034 ~43,
.030 .6400 -.8857 -1-¥-1-7Y3 —Z4.
«040 6167 <8808 +598098 ~108.
«050 +5986 «8780 997630 -145.
«060 «5846 <8767 «S97161 ~184,
«070 5733 8763 +996690 -22s.
<080 «5641 <8766 996217 ~267.
«050 5565 «8774 995741 -310.
«100 «5501 «8787 995262 -3S64,
«200 «5210 5021 «$50297 -824.
«300 «5165 «9333 «984982 -1212,
«400 «5296 «S671 «979310 -1793.
«500 «5466 1.0022 «973280 ~2254,
«600 +5686 1.0382 «966895 -2689.
«700 <5949 1.0746 960160 -3093,
-800 «&248 1e1214 9530061 ~34061.
«S00 «6584 1.1485 «545667 ~3791.
1.000 «6955 1.1857 «937926 -4082.
1.250 .8038 142790 +917218 -4624,
1.500 9358 1.3720 «B894737 -4889.
1.750 1.0938 1.4637 +870715 -4868.,
2.000 1.2806 1.5536 845413 -4555,
2.250 1.4993 16410 819099 -3948,
2.500 1.7532 1.7255 792045 -3045.
2.750 2.0455 = 1.8067 «764510 -1862.
3.000 243795 1.8844 736733 -390,
3.250 2.7585 1.9585 708927 1359,
34500 3.1861 2.0289 681273 2381,
3.750 3.6657 240959 «653918 5666.
44000 92010 201595 26206970 BZ0Be
4250 4.7987 2.2203 «600502 11001,
4 .500 5.4634 242786 574548 14038,
4,750 6.2040 243351 «549110 17314,
5.000 7.0317 23904 «524159 20824,
54250 79617 244455 «499634 24566,
5.500 9.0150 25012 «475454 28538,

m/mol +kg” a(g) c(&ny) aly)

<001 +«0001 0002 «0002

+010 <0007 +0015 «0011

«100 +«0019 «0057 +0031

1.000 0015 «0067 «0046

24000 «0017 0007 « 0080

5.000 «0025 «0070 «0489

5.500 0040 0081 +0731

J. Phys. Chem. Ref. Data, Vol. 10, No. 3, 1981
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Coefficients of Correlating Eguations

Eqs 1 Egs 2 Egs 3

Par coefficient o (coeff) coefficient o (coeff) coefficient g(coeff)
1 .1751607997+01  .413-01 .2511879952+01  .568-01 .100M1 19346402 © .225+00
2 .5915063894+00 .228-01 .5513768250+01 .924-01 - .1506516343+02 .727400
3 .7595113014-01 .129-01 -.1392592493+01 .518-01 .1258667842+02 .968+00
4 -.2201141906-01 .315-02 .T653752563+00 .967-02 ‘.3359901036+0] .639+00
5 .1326487327-02 .265-03 .Y675129050+01 .207+00
[ -. 78E308188+00 .261-01

o(eqs 1) = .420-02

oleqs 2) = .657-02

olegs 3) = .560-02

Experimental Data Employed in Generation of Correlating Equations

Bonner, Rushing and Torres [14]. Vapor pressure osmometry and isopiestic measurements. The reference

electrolytes were NaCl, up to its limit of solubility in water, and LiCl for the more concentrated solutions
[15]. The isopiestic molalities were not reported. Assigned weight is 1.0.

rn/rnol'kg-l [}

298.15

-006A00 «9240

«014400 « 9050

2025600 «8930

«040C00 «8850

+100000 . «8750

«200000 «8950

«300000 «9330

«400000 ’ «5700

«500000 1.0050

« 600000 1.0420

+700000 10760

« 800000 1.1110

«900000 114890

1.000000 1.1840
1.200000 1.2560
1.400000 13300
1.600000 1+4060
1.800000 1.4830
2000000 1.5620
2.500000 1.7320
3.000000 1.8800
3.500000 2.0259

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



680

3.000 v — v

GOLDBERG

2.500
2.000
1.500
1.000 }

.500 b

2

L4
|4
3

x1ot

0Pt
~.500 A a
-1.000
-1.500 |
~2.000 |

—2.500

—

-3.000
0

.50 1.00 1.50

Deviation Plot for C2H65206: AP vs molality

A

Bonner,

2.00 2.50 3_'00
Molality/mol kg

3.50

4.00

4.50

5.00

Rushing and Torres [14], vapor pressure osmometry and isopiestic vs NaCl and LiCl

4, Phys. Chem. Ref. Dota, Vol. 10, No. 3, 1981
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Coefficients of Correlating Equations

ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS

Par

Pl VI LRl

~ o

Egs_1

coefficient

.1746561701+01
.7335009529+00
-.2756594183+00
.2025011185+00
-.1555922673-01

681
Recommended Values for the mean activity and osmotic coefficient of m-benzene disulfonic acid,
C,H,S,0,, in H 0 at 298.15 K
6626 2
m/mol-kg ! Y /] a, AGEX/J-kg—l
<001 «8897 «9629 * 955548 -1e
«002 «8530 «9506 0999897 -2
«003 «8276 9421 «559847 -3
«004 «8078 «9356 0599798 -4
«005 «7916 +9302 0969749 -6
«006 7778 9287 0999700 ~8e
« 007 o 7657 «9219 + 999651 -10.
«008 «7550 «9185 2999603 -12e
«009 « 7454 «918S5 « 999555 -14.
«010 07367 09128 999507 ~16e
«020 6777 «8657 «9$9032 -42.
.030 -6432 .8874 .596662 ~-73.
«040 «6195 +8830 +598093 -10&8.
«050 «6020 «8807 997623 -144,
«060 «5885 8798 «997151 T =183
«070 «S777 «8799 «S96677 -223.
«080 5689 «880S5 « 996200 -265.
«090 «5616 «8817 2995720 -307.
«100 «5556 «8832 595238 -350.
«200 «5287 «9078 «990236 -811.
«300 «5275 48372 «984918 -1287.
« 400 «5361 9673 « 979305 -1758.
«500 <5802 09973 0973409 -2212.
« 500 «5682 1.0274 « 967234 ~-2645,.
« 700 «58%94 1.0577 e 960776 -3052¢
«800 «6138 1.0888 «954028 -~3430.
«900 «6413 1.1200 2946978 -3777.
1.000 «6720 11825 2939614 -4050.
1.250 «7640 1.2378 «919779 -4712.
1.500 «8800 1.3278 « 857947 -5083.
1.750 1.0200 le.4181 2874485 | =5184.
1.800 1.0504 144385 «869663 -S171.
m/mol-kg-] a(f) a(eny) o(y)
«001 « 0001 «0002 «0002
«010 «0005 «0012 «3009
«100 «0010 20035 «0019
1.000 «0011 <0037 +0025
1.800 « 0029 « 0046 0045
Eqs 2 Egs 3
o {coeff) coefficient o (coeff) coefficient o{coeff)
.415-01 .4673759881+00 .268+00 .1283462970+02 .592+00
,5;5-01 .T§%§o3778h+oz .160+01 -.3162708511+02 453401
.850-01 -.Z1154873800+02  .384+01 .6149041881+02 . 144+02
.600-01 .T928503355+02 .450+01 -.7993034081+02 .240+02
.151-01 -.9135685108+01 .256+01 .632549564,9+02 .218+02
.1732780589+01 .568+00 -.2719019435+02 . 103+02
L8hhGT8242+01 .195+01
o{egs 1) = .310-02
o(eqs 2) = .286-02
o(egs 3) = .312-02

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

Bonner, Holland and Smith [16]. Isopiestic measure- Bonner and Rogers [17].
ments, reference electrolyte was NaCl [15]. The
isopiestic molalities were not reported. Assigned
weight is 1.0.

Vapor pressure
osmometry measurements. Assigned weight is 1.0.

-1
m/mol *kg ﬂ298.15
m/mol+kg”! 8198.15 +010000 .9230
— — +020000 «9000
«100000 «8910 «030000 «8850
+200000 +5050 «040000 «8770
-300000 +9370 +050000 «8760
«400000 *9680 060000 «8780
«500000 +9970 «070000 «8790
+600000 1.0270 +080000 «8800
«700000 1.0570 «090000 «8820
«800000 1.0880 «100000 .8840
«900000 1.1200 «200000 «9080
1.000000 1.1510 «300000 <9370
1.,200000 1.2220 «400000 5690
1400000 1.2930 +«500000 <9980
1.600000 1.3620 «600000 1.0280
1.800000 1.4370 +700000 1.0580
«800000 1.0880
+500000 1.1190
1.000000 11510
1.200000 1.2230
1.400000 1.2920
1.600000 1.3620
3.000 v v v v v v v v v — v v
2.500 ¢t
2.000 r 1
1.500 » ' 1
1.000 # 1
a
500 I+ t 1
o
+ E: x + P " N i A
o 0 . i .y 7. [ ;
&x +T A + -
- L + 4
.500 Iy
-1.000 } . 1
-1.500 } 4
-2.000 4
-2.500 } 1
~3.000 " " i N N N " L N . N N N A A " .
0 .200 400 .60 1 ‘000 1.200 1.400 1.600 1.800

0 .800
Molality/mol kg~

Deviation Plot for C6H65206: AP vs molality

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

4+ Bonner and Rogers [17], vapor pressure osmometry

J. Phys. Chem. Ref. Data, Vol. 10, No. 3, 1981
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(NH4)2B10H10

Recommended Values for the mean activity and osmotic coefficient of ammonium decahydroborate,
(NHL;)ZBSOH\O’ in H,0 at 298.15 K

2

m/mol kg ! Y ] 2, Aeef/J~kg"
.001 «8867 «9613 *955948 ~1e
«002 «8475 °9475 «599898 -2
<003 «8199. «9376 «999848 -3,
«004 «7982 «9298 +595799 -5
+005 »7801 *9233 +999751 -6
«006 «7645 e9176 «599702 -8,
«~.007 + 7808 «Q126 -1-1-7 319 -10.
.008 «7386 «5082 «959607 -13.
«009 7275 +5041 +959560 -15.
«010 7174 *9004 0959514 ~17.
«020 +6465 8743 +599055 -46e
«030 «6026 .8582 +S98609 -8l
<040 5711 «8469 *558171 -121.
«050 «5466 8383 *997737 -164,
«060 5268 «8315 *597307 -211.
.070 «5103 «8260 «5S6880 -260.
.080 4961 8214 «$96455 -311.
«050 «4838 8175 «996031 ~364.
«100 «4730 8142 «595609 -419.
«200 «4063 7975 *551417 ~1038.
+300 «3720 +7926 «$87231 -1743.
«400 «3501 7917 +983029, -2502.
<500 «3346 7927 «578807 -3300.
«600 .3228 7945 974566 -41284
«700 «3135 7567 «$70309 -4981.
-« 800 -3089 -« 7991 «066038 —-65883.
+900 «2595 «8017 +S61757 -6742e
1.000 2941 «8042 °957467 ~7645.
1.250 2834 «8103 «946730 -9956.
14500 02755 «8158 «536001 -12328.
1750 20691 8207 e925318 -19787e
2.000 +2639 8247 «914709 ~17206.
2.250 «2595 .8281 «904203 -196$9.
24500 «2555 «8307 «893825 ~22222.
2.750 .2519 8327 +883595 -24772.
3.000 +2486 «8339 «873535 -27348.
3.250 +2455 +8345 «B63664 -29947.
34500 2424 8343 «853998 -32570.
3.750 «2395 «83326 +844554 ~35216.
3.806 " +2389 «8333 «B42470 -35812.

m/mol ~kg-] o(d) o{&ny) aly).

.001 - <0000 +0001 .0001

.010 .0002 «0005 0004

+100 0009 «0023 «0011

1.000 0009 +0040 0012

2.000 - L0012 «0037 «0030

3.806 .0020 .0044 <0011

Coefficients of Correlating Equations

Egs 1 ' Eqs 2 Egs 3

Par coefficient o(coeff) coefficient u(coelf) welfivient o (cocff)
i .1302265468+01 .116-01 -.4085h0i9h7+01v .608+00 .7615229159+01 .140+00
2 .3390392911-01 .558-02 .3213025606+02 .376+01 -. 98171 44008+01 .552+00
3 - . BTE1942770-02 -102-02 - . EB78L36528+02 101402 .B0LEB68LE3+01 .883+00
4 -7005775239+02 - 149+02 -.3937253675+0) .695+00
5 ~.5191489846+02 .128+02 .1641220858+01 .267+00
6 .23045409373+02 .644+01 - . T152660489+00 .4o1-0t
7 ~.5622511274+01 L 175+01
<] .5800327459 100 . 199400

gleqs 1) = .2Li1-02

oleqs 2) = .141-02

oleqs 3) = .171-02

J. Phys. Chem. Ref. Data, Vol. 10, Ne. 3, 1981
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Experimental Data Employed in Generation of Correlating Equations

Wen and Chen [18). lsopiestic measurements, reference salt is KCl. Assigned weight is 1.0.
-1
m/mot kg 0298.15
«107000 «8086
«160200 7977
2237500 « 7586
« 356000 7547
«508400 7950
¢ 754600 ¢ 79€7
¢$81600 «8022
1.1€6000 8071
1.320000 «8129
1.779000 «8219
24235000 8278
2.840000 8329
34342000 «8343
3.806000 «8336
3.000 + v r v v v r v r —
2.500 *
2.000 |
1.500 E
1.000 |
500 } a 4
g e a
o o] 4 2 2 A
32 s
-.500 4
-1.000 1
-1.500 1
—2.000
-2.500 1
~3.000 e e
0 .400 .800 1.200 1.600  2.000 . 2.400 2800 3.200 3.600 4000
Molality/mol kg™

Deviation Plot for (NHH)ZBIOHIO: AD vs molality

& en and Chen [18], isopiestic vs KCl

4. Phys. Chem, Ref. Data, Vol. 10, No. 3, 1981
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U2304

Recommended Values for the mean activity and osmotic coefficient of lithium sulfate,
Lizsoh, in H,0 at 298.15 Kk

m/mol kg™ ! Yo 9 a, 86%%/gekg™!
«001 <8866 «9612 «959948 -1.
002 8473 «9473 «559898 ~2.
«003 «81 96 e 9374 09955848 ~3e
<004 «7978 9296 «959799 -5.
«005 7796 9230 «999751 —6e
«006 «7639 9172 «959703 -8.
«007 7502 9122 999655 -10.
<008 «7378 9077 +999608 -13.
« 009 7267 +9035 599561 -15.
«010 «7165 «8598 «999514 -17.
«020 «6450 8731 999057 -46.
«030 ~6006 +BS66 -90C8612 —82.
«040 5686 8449 598175 -122,.
«050 +5438 «8358 «S97744 -165.
«060 «5236 «8287 «597316 -212,
«070 «5067 .8228 +996892 -2624
«080 4923 8178 «996470 -313.
«050 «4797 «8136 +596050 -367.
«100 4686 +8100 995632 -422,
«200 3998 7503 591494 <10S2.
«300 3641 «7832 987381 -1771.
«400 3411 «7809 583261 ~-2548.
«500 3248 «780% 579120 -3366.
«600 3126 «7823 «$74951 ~42184
«700 «3031 «7848 570747 -5094.
«800 «2955 «7880 «966502 -5992,
»900 2894 «7919 962212 -6906.
1.000 284S 7564 *957870 -783Se
1.250 2759 8099 946757 ~10203.
1500 2713 .8262 935211 -12615,
1750 206906 <8454 «923151 ~15048.
2.000 2703 «8674 +910502 -17484.
2.250 2732 8921 «897191 -19907.
2.500 2780 «9196 883154 -22304.
2.750 .2848 5499 «868332 ~24663.
3.000 <2938 +9830 852672 -26971.
34140 (sat) <2993 1.0027 «843520 -28237,
3.165 «3003 1.0064 +841857 ~28461.

m/mol-kg ' o(8) oleny)  oly)

<001 +«0000 +0001 +0001

«010 «0003 «0006 «0004

«100 0010 «0027 +0013

1.000 «0015 «0040 «0011

2.000 <0019 «0042 +0011

3165 0034 «00SS «0016

Coefficients of Correlating Equations

Egs 1 Eqs 2 Eqs 3

Par coefficient o{coeff) coefficient o{coeff) coefficient o(coeff)
1 . 1289443996+01 .147-01 -.1253521405+00 .171+00 .7757667445+01 .134+00
2 ~.3273850848-01 . 104-01 .1003195308+02 .593+00 -.10232354522+02 .h64+00
3 .3577748322-01 .242-02 -.5886845990+01 .760+00 . 7959797142401 .595+00
4 _"' .2256321829+01 421400 -.3197263002+01 .329+00
5 -.3579333626+00 .847-01 .5154963081+00 .663-01

of{eqs 1) = .793-02

o(egs 2) = .103-01

oleqs 3) = .807-02

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

Pearce and Eckstrom [23].
measurements. Assigned weight is 0.20.

Vapor pressure

to a molality of 3.1k mol-kg~!. Assigned weight is m/mol'kg-] [}
zero. —_— 298.15
-1 «100000 27890
m/mol - kg ﬂ298 15 «200000 7758
— — «400000 e7706
3.140000 «8781 « 600000 e 7741
«800000 «7833

Frolov and Nasanova [209]. {sopiestic measure- 1.000000 « 7928
ments. These authors do not report either the ref- 1.500000 «8234
erence electrolyte or the isopiestic molalities. 2.000000 +8600
Assigned weight is zero. 2.500000 <8874

- 3.094400 09468
m/mo1 kg ﬂ298.15
1.290000 07206 *
1.612000 «8256 Robinson, Wilson and Stokes [24]. Isopiestic
1.968000 «8640 measurements, reference salt is KCl. Assigned
weight is 1.0.

Indelli [21]. Freezing point depression measure- m/mo]-kg-‘ 2)2 8.1
ments. The & data for Li3S0, and the &. data for E—— 232.15 - 2
NayS0; given in the table of auxiliary dita were used -073100 -8312
in treating these measurements. The first nine data « 086350 08237
points up to a molality of 0.17163 mol+kg™! were given +117800 «8108
a weight of 0.8, the next eight pts. up to a molality «138100 «8034
of 0.4884 molekg™) were weighted at 0.4, and the «242400 «7874
remaining data were weighted at zero. «273300 °7842

: - +400600 $7778

m/molekg ° ¢298 15 «423500 07767
—_— —_— «572800 « 7739
«007043 «9256 «649700 «7755
2013120 « 8850 « 854900 «7809
«017581 «8703 « 947200 ° 7862
«032880 <8422 1.034000 «7905
0042710 8331 1.255000 +8047
.061530 _-B18a 1.409000 .8186
«092660 «7986 1.475000 8202
«158410 «7828 1.676000 «8384
«171630 «7805 1.799000 +8454
«212780 «7809 1.841000 «8510
«219340 7798 2.052000 «8727
«224750 .7817 2.194000 +8863
«277860 «7808 2.282000 +8939
«322250 «7851 2,382000 «9078
«379230 *7904 2.504000 .9251
*440550 7598 2572000 9307
«488400 +8075 2.612000 +9356
«510200 «8131 2.786000 «9578
«536800 08177 * 3.037000 «9884
«5682900 <8288 * 5.080000 «9Q70
+595800 «8303 * 3.158000 1.0058
+665700 «8486 * 3.165000 1.0036
«708000 «8580 *

« 816500 «8911 %

«917200 9231 %

1.013%900 °9585*

Kangro and Groeneveld|22].

m/mol -kg-]
«500000
1.000000
1.500000
2.000000
2500000
3.000000

J. Phys. Chem. Ref. Data, Vol. 10, No. 3, 1981
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‘Akerlof [25,25a]. Emf measurements on the cell
Hg(1), HgpSOy(s); Ligs0y,(s)s LipsOybm); LilHg)xs  _
Mref = 0.05 mol-kg

Li SO0y i ref); ngsoa s), Ha(1).
Assigned weight is 0.60.

m/mol -kg—l
«025000
«125000
249000
«495000
«979000
1.447000
1.903000

Comments

Y/Yref’

101744
«8154
6996
«5959
5151
«5150
«5108

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

1

m/mol kg Y
0.0001 0.961
0.0004 0.925
0.00100 0.887
0.00200 0.848
0.00500 0.779
0.00700 0.749
0.001000 0.747

The most reliable 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.

not to treat these measurements.

[84] involve nnknown liquid junction potentials and we have chosen

3.000 ——— Ik FH—r——————

2.500 t
2.000 r
1.500 }

X
1.000 }

500

b A 4

-.500

x10+2
o
N
X X
x NNX

~1.500 t
-2.000

-2.500 r

<
~1.000 [ X
x B
X

e b . .

¢ Z

-3.000 . -
0

400

Deviation Plot for Li,S0,: A@ vs molality

277h

.800

A Appleby et al. [|9], vapor pressure

N XY O X +

Indelli [21], freezing point depression

Pearce and Eckstrom [23], vapor pressure

1200 1.600 2.000
Molality/mol kg™

Frolov and Hasanova [20], isopiestic vs ?

Kangro and Groeneveld [22], vapor pressure

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

2.400 2.800 3.20¢
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3.000

3+

2.500
2.000 t
1.500 T
1.000 |

500 ¢

+2

X10

-.500 |

-1.000 +

-1.500 |

—2.000 }

-2.500

~3.000 - . n a A

— "

.800 1.000 1.200 1.400 1.600 1.800 2.000
Moldlity/mol kg™

0 .200 .400 .600

Deviation Plot for Lizsoh: Ay vs molality

A Akerlof [25,25a], emf measurements

4 Harned [26], calculated from diffusion measurements
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-
LioCgHgS 206
Recommended Values for the mean activity and osmotic coefficient of lithium m-benzene disulfonate,
Li,CeH, 5,04, in Hy0 at 298,15 K
-1
m/mol «kg 1 g a, A(inm(/\bkg—l
«001 «8896 . 9629 955948 -1,
+002 <8528 «9505 +«559897 -2
«003 «8274 29420 0599847 -3
«004 +8076 «9354 0559798 -4
«00S «7913 +9300 2559749 ~6e
«006 7774 «9254 *599700 —8e
«007 7652 09215 0999651 -10.
«008 «7545 «$181 «$59603 ~124
« 009 7448 «9150 2999558 -14.
«010 «7360 9122 559507 -16.
«020 6763 «8946 2999033 -43.
« 030 «6410 «8857 «$98565 ~-74
« 040 6167 «8806 «958058 -108.
« 0590 «5985 «8777 « 997631 -~14S5e
+0€0 +5843 8762 e$57163 -184.
«070 «5729 «8756 «$S6693 -225.
«080 «5635 8757 996221 ~-267.
« 090 «5557 «87€3 « 565747 -310.
«100 ‘05491 *8773 « 555270 =355
« 200 «51785 «8S76& «$50344 ~827.
« 300 05126 29246 «9851212 -1323.
« 400 «5182 +9832 « 579604 -1817.
+S00 «5295 9822 «$73806 -2258.
« 600 «5448 . 10113 «S67738 -2760.
«700 5630 1.0402 961411 -2200.
« 800 «5635 1.0689 554838 ~3614.
« 9500 «6062 1.0672 «948028 -4001.
1.000 «6308 11253 +540993 -43584
1.250 «7002 141643 922485 -511%.
1.500 «7805 1e2€15 «$02789 ~-5681
1,750 «8719 1..3269 +882083 -603%9.
2.000 «9749 13908 «860423 -6190.
24250 10903 14530 838038 ~6133.
24500 1021591 1.5137 015032 -5868-
m/mol kg ! a(@) a(&ny) aly)
«001 «0001 «0001 «0001
«010 «0004 +0013 <0007
«100 «0013 «0037 +0021
1.000 «0014 «0052 «0033
2.000 <0019 +0052 «00S1
2.500 0036 PY. 1. 7.7 -0081
Coefficients of Correlating Equations
Eqs | Eqs 2 Egs 3
coefficient o{coeff) coefficient o(coeff) coefficient ofcoeff)
.1764665339+401  .252-01 1243912720401 .179+00 67+
) 5-3'592318074-00 .107-01 1r3213;5u+m .666+00 m‘““;ﬁ;g,ﬁ% - };Z,:gg
151 h6l4621-01 .325-02 ,—ﬁ992|8+0| .952+00 |272120492+02 .678+00
.3575366613+01 .595+00 -.560 a 958437+01 .h23+00
.7251528512+00  .136+00 .3808056280+00  .965-01
olegs 1) = .415-02
cleqs 2) = .492-02
o(egs 3) = .350-02

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

Deviation Plot for LIZC6H45206:

Bonner and Rogers [17].

Vapor pressure osmometry.

Assigned weight is 1.0.

m/mol -kg™} %,08.15
.010000 .9210
.020000 .8960
.030000 .881 0
. 040000 .8750
.G50000 .8730
.060000 .8730
.070000 .8740
.080000 .8760
.090000 .8780
. 100000 .8800
.200000 .9020
.300000 L9310
.400000 .9570
.500000 .9830
_600000 1.0100
.700000 1.0380
.800000 1.0650
.900000 1.0920
1.000000 1.1210
1.200000 1.1790
1.400000 1.2380
1.600000 1.2920
1.800000 1.3520
2.000000 1.394)
2.500000 1.5100
3.000 r - r - v -+ + v ¥
2.500 }
2.000 }
1.500 } 1
1.000 4
500 4
i 4 a A a A
(-: = & A A
. © (R
Ix A 42 &
A - N a
-.500 A
-1.000 } 1
-1.500 t+
-2.000
-2.500
-3.000 4 . . - - v . v - - ’
[ 400 1.600 2.000 ) 2.400

1.200
Molality/mol kg™

AB vs molality

A Bonner and Rogers [17], vapor pressure osmometry
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LioCq4H125206

Recommended Values for the mean activity and osmotic coefficient;of lithium 4,4"-bibenzyl disulfonate,
LiZCI‘JHIZSZOG’ in HZO at 298.15 K

mimolekg™! y ) a, 26/ yekg”!
.001 .8851 .9604 +599548 -1.
.002 8447 *S459 «599898 -2
<003 .8162 +9356 «959848 -3,
.004 <7936 09273 +999800 -5
.005 .7748 «9203 «569751 _
.006 .7587 5143 «599704 -8.
«007 «7445 +9090 +S99E56 -11.
.008 .7318 «9042 +595609 -13.
«009 «7203 +8999 v999562 -15.
.010 .7098 +8960 «599516 ~18.
+020 <6370 .8691 «599061 -48.
<030 .5928 «8536 «998617 -84,
<050 «5618 «8434 «598178 -125.
.050 .5382 «8363 «997743 -169.
.060 <5194 .8311 «997309 -217.
«070 .5040 .8272 *956875 ~267.
.080 «4909 .8242 +996443 -319.
<050 .4796 .8219 «996010 -373.
«100 «4698 .8200 .595578 -428.
«200 +4083 .8085 +991299 -1047,
. 300 .3728 «7575 «987153 -1749.
<400 .3480 «7680 .983108 -2509.
«500 «3306 <7843 «975028 -3314.
<600 .3190 <7880 «574771 -4152.
<700 .3122 .7582 «970254 -5010.
.800 .3085 .8125 «965480 -5881.
« 900 «3068 . -8280 « 0608524 —-6758.
1.000 +3060 .8429 «955465 -7637.
1.200 .3085 8772 «944696 -9396.

m/mol *kg ! o(8) a{&ny) aly)

.001 .0002 .0003 <0003

.010 <0009 «0022 +0016

<100 .0013 «0043 +0020

1.000 .0030 «0056 «0017

1.200 «0035 +0056 .0017

Coefficients of Correlating Equations

Egs 1 Eqs 2 Egs 3

Par coefficient o (coeff) ‘ coefficient o (coeff) coefficient o(coeff)
1 .6062873166+00 .167+00 ~.9743794377+01 .103+01 .3981426985+01 .100+01
2 .2653933419+01 . 768+00 . 3%13526560+02 ,974+01 .2392270072+02 .953+01
3 -.8162291259+01 .153+01 -.2478539896+03 . 391402 -.1135580698+03 .383+02
4 .8594957410+01 .227+0} .1255202401+03 .818+02 .2195k37130+03 .801+02 -
5 ~.5775371756+01 .175+01. -.5736837003+03 .933+02 -.22515839521+03 .913+02
[3 .T481257827+0} .521+00 2159508590403 .550+02 .1195646808+03 .538+02
7 - .[1829195283+02 131402 -.2618843628+02 .128+02

oleqs 1) = .354-02

aleqs 2) = .283-02

o(egs 3) = .277-02
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Experimental Data Employed in Generation of Correlating Equations

Bonner and Rogers [17]. Vapor pressure osmometry.

Assigned weight is 1.0.

m/moitks P298.15
«010000 +8980
«020000 «8590
«030000 «8450
«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
«500000 +8280
1.000000 <8440
1.200000 «8770
3.000 - v - - . .
2.500 } |
2.000 ¢ 4
1.500 }
1.000 |
.500 } ;
A
o~
+ A Aéh“ 'y . A
o 0 = re a
3;; A A a A&
A
-.500 t &
-1.000 fa 4
-1.500 } J
-2.000
-2.500 } 1
_3'000 A P - " a " "
0 .200 800 1.000 1.200

400 .600
Molality/mol kg™

Deviation Plot for L‘z°1n"1252°6’ AP vs molality

A Bonner and Rogers [17], vapor pressure osmometry
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N32303

Recommended Values for the mean activity and osmotic coefficient of sodium sulfite, Na2503, in HZO at 298.15 K
m/mol kg Y ) a, AGE*/ kg
<001 «8866 «9€12 «$€9548 ~1le
«002 8472 9473 0999898 -2
«003 «8195 «9374 «9€9848 -3
<004 «7S76 09298 0S99799 -Se
<005 7794 «9228 «9S975S1 -6
« 006 « 7637 «9170 «959703 ~8e
«007 " e 7498 «9119 *$59655 -~10.
«008 07374 «9073 «SS9608 —-13.
« 009 7262 «9032 « 559561 ~1Se
«010 7160 08993 «$99514 ~17e
«020 «6437 «8720 " 569058 ~46. -
« 030 «5986 «8548 998615 —82.
040 «5659 -8421 -$98181 -122.
« 050 5403 «8322 «9S97754 =167
+ 060 «5165 «8241 0997331 -214.
«070 +5019 «8173 0996913 ~264.
«280 «4 867 «8114 « 556498 -316.
« 090 . 04734 «8062 2596086 -371.
« 100 4616 «8016 «S555677 ~427.
«200 «3865 07719 0591652 -1075.
« 300 «3451 « 7547 «587839 -1826.
« 400 «3171 07423 «984080 ~2650.
« 500 2962 « 7326 580397 -3531.
« 600 02796 7247 e 976772 ~4458.
«700 2662 7182 «573193 -5424.
+» 800 02549 «7129 ' 2569647 -6425.
- 900 .2483 .7086 +966121 -7486.
1.000 «2370 ¢7052 962603 -8514.
1.250 «2208 «7008 +553756 ~11260.
1.500 «2093 «7919 0944685 -14120. -

1.750 «2013 7084 «935198 -17066.
2-006 «1560 «7201 «925114 -20072.
2.058 «1952 07236 0922670 ~2077€.

nottkg o(8) oGmy) 3l

«001 «0001 <0002 «0002

«010 «0006 «0014 «0010

«100 <0022 «0061 <0028

1.000 20013 «0080 «0019

2000 «0023 «0086 «0017

24058 «0026 <0088 «0017

efficients of Correlating Equations

Eqgs 1 Eqs 2 Egqs 3
Par. coefficient c(éoeff) coefficient o (coeff) coefficient og{coeff)
l .132h1601h0+0! .338-01 -.82728581 14100 Jhharoo L65L8L51 340100 .165100
2 -.2692000688+00  .209-01 .T199522443+02 . 157401 -.8876457712+01 .405+00
3 .6673197958-01 .603-02 -.B769579033+01 .217+01 .3681116677+01 .351+00
4 .5102318694+01 135401 -.7558L70088+00  .102+00
5 -.7894801944+00  .312+00

clegs 1) = .344-02
olegs 2) = .353-02
o{egs 3) .384-02
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Fxperimental Data Employed in Generation of Lorrelating Equations

Morgan [29]. Isopiestic measurements, reference Lantzke et al. [30]. {Isopiestic measurements,
electrolyte is NaCl. Assigned weight is 1.0. reference electrolyte is NaCl. Assigned weight is 1.0,
o o
m/mol kg P298.15 m/mol *kg %,98.15
«207100 27698 « 655600 » 7290
«405500 «7378 « 769800 «7140
« 784400 a7113 1.134300 «7060
1.073000 .7008
1.110000 «6999
1.178000 «6998
1,436000 «7009
1.742000 «7079
1.865000 7142
2.058000 «7234
3.000 e Ty ——
2.500
2.000 1
1.500
1.000
+
1
.500 ¥
o A
¢ N
[=} 0 = * s 3
= A
A
%X o Al
~.500 }
4
-1.000 }
-1.500
~2.000 |
~2.500 1
3,000 bt e

.200 400 .600 .800 1.000 _1.200 1400 1.600 1.BOD 2000
° Molality/mol kg™

Deviation Plot for Na2503: AP vs molality

4 Lantzke et al. [29], isopiestic vs NaCl

. Morgan [30], isopiestic vs Nall
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Na2304

Recommended Values for the mean activity

m/mol-kg I Y
« 001 «88E9
«002- «84€0
«003 «8173
«004 e 79EE
« 005 «77€8
«00€ « 7607
« 007 «786E
«008 «7328
« 009 eT223
«0L0 W 7217
« 020 «E32€9
«070 «£900
«040 «E5E7
«0%0 «5289
«0€0 «S0€9
« 070 <4887
« 080 «47232
.0@0 -458%2
«100 044357
«200 «IEEE
« 200 «Z212
«400 «29%0
«S00 «Z2E84
« €00 «250€
«700 «22E9
« 800 2236
«900 «2122
1 000 «2040
1.250 «18E9
1.E00 172E
1.789 «1623
1.957 {sat) .°S€8
2.000 «1E4€
242590 «14E8
Ze 500 1444
2e7EQ 144
Z.000 e12354
34250 «132837
2. E00 «13280
J«7S0 <138z
4,000 «1363
44250 «1409
4,845 «1424
m/mol *kg

<001

«010

«100

1.000

2.000

4.445

Coefficients of Correlating Equations

R
VT B WN — ‘DJ,
A

Egs 1
coefficient o(coeff)
.1215973148+01 .105-01
-.3557285519+00 .110-01
.8294655619-01 .472-02

-.1869541257-02 .674-03

oleqs 1) = .816-02

AQUEOUS SOLUTIONS

9 a £6%%/J+kg”!
_ 2]
29608 «9$9948 ~1.
+ 9466 e 999898 -2
e93E 4 «595848 ~Z.
e923% .« 999799 ~&,
«9212 « 999751 ~€.
9352 « 995703 ~8.
«9099 «999€ESE ~11.
9050 «999609 ~3Z.
«900€& 0995562 -15.
<8965 «99555 & -18.
8672 «9590€63 ~47.
«8482 . 998626 -84,
«8341 «9981¢8 -12¢,
«8223 997779 -17¢.
.8132€ «9S973ES -220.
«805€ «99EQST -272.
e 7$3€ «YQEEET ~Z 27,
+ 7324 «POERET -382.
« 7569 « 995756 ~-44%,
.7494 2995922 -1124.
«72€2 . 988294 -192Z.
«7083 «964794 -280€,
«694E «€81407 -375¢5.
«E324 «97824 3 -4756,.
«€720 574897 ~£811.
«E629 «975 745 -€£905,
€530 e 968643 -8037.
€488 PYESETY -$204.
W€331 «938004 -12248,
€272 «$50455 -15449,
26243 e 942659 ~18775,.
~F252 «Q36083 -21€07.
6257 «934600 -2220%.
6311 «526127 -25731.,
<6401 «917144 -29z8z,
«€325 507581 -32901 .,
e COT7TO e 3YT3IBD ~ZCSS5ce
€857 «£86523 ~-40z24,
7060 $£74584 -42905,
7283 CBEZT7T4 ~47 586,
«7322 e 849919 ~-51258.
7774 «8364€0 -E4913,
7978 825580 -57747.
a{8) a (&ny) aly)
0000 0001 0000
+0002 0004 0003
+«0006 0017 +0008
.0010 «00z2 «0024
-00%0 0023 ~0Q00 32
«0084 0062 »0009
Eqs 2
coefficient o(coeff)
-.1249022044+01 .120+00
.123]837942+02 .497+00
-.1021050890+02 .802+00
575985 7483+01 .624+00
-.1770883964+01 .235+00
.2231509674+00 .342-01
a(eqs 2) = .309-02 o (eqs 3)

.6573833280+01
-.780714 7467101
5256099272 70+01
- 478618735701
LZR07H3105100

coefficient

695

and osmotic coefficient of NaZSOh in HZO at 298.15 K

Heeetd)

LS00
.160+00
. 177+00
.850-01
.149-01
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Experimental Data Employed in Generation of Correlating Equations

~ Archibald [31]. Freezing point depression measure- de Coppet [34]. Freezing point depression
ments. The ¢, and ¢_. data for NaySOy given in the measurements. Assigned weight is zero.
table of auxiliary dgta were used in treating these 3
and the other freezing point depression measurements m/mol kg ﬂ298 15
on NayS0,. Assigned weight is 0.10. —_— —_—
m/nol kg p «140000 07742
298.15 « 280000 7898
«350000 27595
0025000 08497 +430000 07478
« 227500 08458 «710000 07610
«030000 08420 « 860000 07259
«035000 08352 1.060000 07314
«050020 08166 1.410000 07300
0100080 7774
0125140 07636 Downes and Pitzer [35]. Isopiestic measurements,
«150200 07531 reference electrolyte is NaCl.. Assigned weight is 1.0.
«175270 07416
« 200330 07372 m/mol kg™ ¢
«225430 07283 o 7298.15
+250520 07246 »
300780 07121 «216700 oTa47e
.351100 07051 +255600 07372
« 318500 07235
Burge [32]. Vapor pressure osmometry measure- - 556700 e6846
ments performed at 37°C. The & and ® data for '2:?323 02322
NaZSOQAgiven in the table of auxiliary data were used '732000 °6646
to adjust these measurements to 25°C. Assigned * °
weight is 0.10. +821400 06564
«977700 0€461
: -1 1.166300 06331
m/mol kg ﬂ298.]5 '
Foote et al. [36]. Vapor pressure measurement
«010000 08790 over the saturated solution. Asigned weight is zero.
«020000 © 8430 -1
«050000 08090 m/mol -k
+100000 07790 i %298.15
«200000 ©7380 1.97
300000 07100 971000 le2411
=400000 e6910 Frolov and Nasanova [20]. Isopiestic measurements.
Childs and Platford [33]. Isopiestic measure- These work?rs did not state the reference electrolyte
ments performed at 15°C, reference electrolytes were used. Assigned weight is 0.30.
urea and HySOy. These workers did not report the m/mol +k -1 ¢
measured isopiestic molalities. The ¢ and ¢ data 9 298.15
for Na2504 given in the table of auxiliary data were
used to adjust these measurements to 25°C. Assigned 10113000 06268
weight is 0.30. 1.598000 06264
. 2.906000 06701
m/mol *kg W298 15
_— —_— Gibson and Adams [37]. Vapor pressure measure-
.100000 07910 ments pel:form.ed at 27.5°C. The ‘?L'and o¢c data for
.200000 ©7520 NaZSOL_* given in the table of auxﬂlary dat§ were used
«300000 eT250 to‘adJuft thgse measurements to 25°C. . Assigned
.400000 57050 weight is 0.80.
-500000 0€890 -1
+600000 06780 m/mol kg 9,98 .15
«700000 06660 .
+300000 06580 «960000 05490
«900000 06500 1.338000 06320
10000000 «6450 1.544400 06250
10500000 06300 1.759000 06240
2.000000 06370 1.984600 06260
2.500000 06600 20222000 0 6340
3.000000 06870

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

-1

m/mol-kg ﬂ298.15
«002367 09055
.005175 08825
«011100 08563
«024€630 08172
«05002¢0 0 77€7
+099800 07303
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Indelli [21]. Freezing point depression measure- Leopold and Johnston [43]. Vapor pressure
ments. Assigned weight is 0.50 expect for one point measurements over the saturated solution. Assigned
at the highest molality investigated. weight is zero.

kg ! -1

m/mol kg 5298.15 71/mol-kg ﬂ298.15
+006678 09139 165530090 104361
eJ12612 088€2
«018072 8680
019288 0 8E1E Loomis [4k4,45]. Freezing point depression
«022833 08567 measurements. Assigned weight is 0.50.
«2271€9 08485 -1
«0358862 08363 in/mol *kg 9298 15
«037395 08306 _— —=
«043520 08240 «010000 09081
+054240 08119 +020000 08687
0059370 <8679 +050000 08211
oJEIESD 0 8048 «100009 7802
«073020 0 75€S +200000 07426
«088570 07884 « 300000 e7177
«090479 07854
959580 07811 Pearce and Eckstrom [23]. Vapor pressure -
«118750 07700 measurements. - Assigned wetght is 0.50.
«123700 07678 4
«160470 07527 m/mol ~kg 8,98.15
0222090 07259 * ——— —

.100000 e7816 %
: +200000 07244 %

Jackli et al. [39]. Vapor pressure measurements «400000 07052
performed at 37°C. The ¢_ and ¢¢ data for Na SOL‘ « 650000 06900
given in the table of auxiliary data were usec?] to +800000 06727
adjust these measurements to 25°C, Assigned weight 1 .000000 06548
is zero. 1.500000 06331

-1 1.964100 06298
m/mol kg ﬂ298 i5
m ‘e';_,'—go‘ Perreu [46]. Vapor pressure measurements per-

formed at 20°C. The ¢ and ¢ data for Na,S0, given
in the table of auxiliary data were used to a just
these measurements to 25°C. Assigned weight is zero.

1

3457200 0 7760

Jones et al. [40]. Freezing point depression

measurement. Assigned weight is zero. m/mol *kg 0298.15
k™! «326900 06S30
m/mol +kg $298.15 559500 06850
«500000 7068 0891500 06‘60
° +975300 06710
1 .057000 06720
Kangro and Groeneveld[22]. Vapor pressure :';::::: :::::
. . . .
measurements. Assigned weight is 0.50. 1.3€8300 0 €600
-1
m/mol *kg ]
298.15 Platford [47]. Isopiestic measurements, refer-
« 500000 7032 ence electrolyte is NaCl. Assigned weight is 1.0.
1.000009 06485 -1
1.500000 . 05283 m/mol *kg 2,98.15
2.000000 06275 A YN
2.500000 06421 »115600 07840
cagzcee 7oz
[ o
Klein and Svanberg [41]. Freezing point 2275300 07328
depression measurements. Assigned weight is zero. *282600 07334
4 +344600 c7184
m/mol -kg ”298 15 «477000 06956
—_— <2820 .710000 obE?O
-;g:::: °:;‘;‘; 1.035600 06416
d d 1.,221000 6339
«500000 ©7159 1.710500 :czax
Kopecky and dymes [42]. Vapor pressure osmometry 1.853600 06243
ineasurements. Assigned weight is 0.20 for the lowest - 1.950300 06244
two molalities and zero for the highest two. 1.9505CD 06248
- 2.207500 ¢6307
m/mol *kg %)08.15 2.625600 - 06455
— D 2.758800 06534
«040000 ¢ 8300 2.947200 06648
«100000 07860 3.316300 06900
«150000 07450 % 3.510900 e 7057
0200000 «7150% 3.640000 7214
3.814000 07348
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Randall and Scott [48]. Freezing point depression Robinson, Wilson and Stokes [24]. Isopiestic
measurements. Assigned weight is 0.80. measurements, reference electrolyte is KCl. Assigned

-1 weight is 1.0,
m/mol *kg 0298.15 ok -l p
000875 98047 mol kg 298.15
«001797 09501 « 058300 07940
0003527 09307 +«134500 .7743
«005766 9166 «141900 07739
008603 «9033 « 318600 e7218
0016155 08762 «508100 06882
«032064 08436 ) «563000 06837
«103380 07842 c 869000 ¢6524
«SECO00 06432
1273000 06320
Rard and Miiler [49]. Isopiestic measurements, 1.325000 06284
reference electrolyte is KC1. Assigned weight is 1.0. 1.335000 06265
4 1.514000 06257
m/mol kg ﬂz 8.1 1.594€ 00 06215
23815 1.725000 0€192
«E2T7600 <6771 1.778000 06205
«€81750 6706 2.178000 06232
« 749580 e 6638 24429000 06326
«814020 «6578 24456000 0 €337
«894270 6511 24545200 e657¢
«$91400 «6451 : 34334000 0£810
1114400 e 0378 3.7€4600 7225
1.238700 .6320 4.185000 07590
1.356200 «£6280
1452800 «£249
1.577500 «6231
1.€41100 . «6233 Wu, Rush and Scatchard [50,51]. Isopiestic
10726400 «6223 measurements, reference electrolyte is NaCl. Assigned
1.750500 e 6254 weight is 1.0.
1.860800 26254 , -
1.922100 «6523% m/mol *kg [}
1.952600 6254 - _298.15
1.961100 «6255 4+445000 ©8115S
2009400 6262 2377000 06407
24171900 «6290 1.5233%90 06281
2.215300 63086 1.116000 06409
2.249500 €313 «86100C 06575
2292300 «£327 1.889000 ob282
24317900 «6341 1.157000 063¢5
2.333800 « 6344 «736200 06691
24373200 « 6346 «521500 0 693€
2378400 « €356 0356500 07214
24423700 «E377
24475300 «£394%
2536700 «5421
2.595700 «€449
2+€12200 «€459
2650700 «6473
24703000 «6503
2720000 «€£512
2757200 «€534
24812400 6562
2.869400 «6EDL
2.921000 6633
24977600 6670
2.045800 «6703
Z.110100 «06757
3.3176600 06793
Se24€300 «0BO6U
3.309600 «6913
2.385200 « 6971
2.460700 «7042
F.537900 «7105
2.618900 $7174
S« 700000 «7240
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Akerlof [25,25a]. Emf measurements on the cell Shibata and Murata [53]. Emf measurements on
Hg (1), HgyS0,(s); NaySOyén); Na(Hg) (1), mpe¢ = 0.05 the cell Na(Hg), (1); NapSO(m); HgpSO,(s), Hg(1).
mol +kg=!.“ Assigned weight is 0.40. Meeg = 0.098 mol +kg™1. "Assigned weight is 0.30.
m/mol *kg ! Y/Yref m/mol -kg ! Y/vref
0025009 101845 ¢ 685000 «5274
«125900 07746 1¢670C00 3675
« 249000 06494
«495000 05242 Shibata and Murata [53]. Emf measurements on
+975200 04189 the cell Na(Hg), (1); NaySOy(m); ngso,‘(s), Hg(1).
1.438000 02682 Meef = 0.049 mol-kg~!. Assigned waight is 0.30.
1.882030 03216 -1
: m/mol -kg Y/Yref
Harned and Hecker [52]. Emf measurements on the —_— _
cell Pb(s}, PbSO,(s); Na, S0 m); Na(Hg)x(I). meaf = +391000 ©5380
0.05 mol-kg™!. Assigned weight is 0.80" 977000 3770
-1 1.38%¢00 03229
m/mol kg Y/Yref
) Shibata and Murata [54]. Emf measurements on
«075000 08474 the cell Na(Hg),(1); NaySOy(m); ngso‘,(s), Hg(1).
+102000 08424 Mpes = 0.049 mol-kg™'. "Assigned weight is 0.30.
«200C€00 06906 -1
+309000 06083 m/mol *kg Y/Yref
-400000 e54CQ —— —_—
500000 cSa84 1.575000 03038
« 700000 04456 1.760000 ©2906
«80000¢ 04228 1.380000 03230
«500C00 04032 . 577000 3770
1.9000090 03862 685000 04395
1.200000 03575 )
«391000 05380
+058000 08333
Comments

The data for NaySO, are remarkably consistent and appear to be, for the most part, highly reliable. 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
measured isopiestic molalities) 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 Indelli [2i], Loomis [4k,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-1~' which we have chosen not to treat.

The data for this system extend well past saturation and the supersaturated solutions are apparently
sufficiently stable to permit isopiestic neasurements Lu he performed. However, Rard and Miller [49] report
difficulties performing measurements past 3.70 mol-kg", 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 ranging from 45 to 165°C [55a.b.c.d,el.
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ACTIVITY AND OSMOTIC COEFFICIENTS OF
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N823203

Recommended Values for the mean activity and osmotic coefficient of sodium thiosulfate,

Na25203, in H,0 at 298.15 K
m/mol -kg™! Y ) a, AGE*/Jokg” !
«001 «8867 «9613 «959948 -1e
«002 «847S «9475 «$59898 -2
«003 «8199 «9376 959848 -3,
<004 «7981 «9297 599799 -5,
«00S «7800 09231 0999751 T =6
«0C6 «7643 «9174 «$99703 -8e
«007 «7506 «9124 *«$99655 ~10.
«008 «7382 «9078 +$99608 -13.
<009 7271 9037 «999561 -15,
«010 7169 «8659 «559514 -17.
«020 6450 8729 *¢$99057 -464
+030 «6001 8557 +598614 -82.
«040 «5675 8432 998179 -122,
«050 5420 «83233 *¢$97751 ~166,
06D 5212 8252 997328 -213.
«070 «5036 «8183 «$96909 -263,
« 080 4884 8124 0556494 -315.
<090 4751 «8072 +996082 -369.
«100 «4633 «8025 995672 -425,
.« 200 e3877 eTT719 e$591691 -1070_.
«300 *3459 27540 *«987849 ~1820.
« 400 3177 «7415 *$84099 -2642,
« 500 «2967 «7320 +980414 -3521.
« 600 «2803 «7247 «S76773 -44464
«700 02671 «7192 973159 -5410.
«800 «2561 «7151 «96955S ~6408.
«900 «2470 27123 965946 -7435,
1.000 «2392 7107 «$62320 —-8487.
1.2580 «2243 7110 «9053104 -11210.
1.500 2141 +7166 543557 -14035,
1.750 2072 7269 +933561 -16933,
2.000 2028 «7410 923024 -19882.
2.250 «2004 +7586 911877 -22861.
24500 «199€ 7793 «900057 -25854.
2.750 «2004 +8030 887505 -28848.
3.000 «2025 +«8295 «874158 -31828.
3.250 «2060 8590 «859942 -34782.
3.500 2109 <8918 «B44763 -37699.
3.759 2173 «9282 «828510 -40566.
4,000 2256 «5688 811045 -43370.
44052 «2275 «9778 «807238 -43946.
mmol-kg” ' o(p) o(eny) a(y)
+001 «0001 «0001 +0001
010 «0004 0009 +0006
100 -.0011 «0033 «0015
1.000 .0009 <0035 0008
2.000 <0008 +0038 0008
4.082 «0090 0111 «0025
Coefficients of Correlating Equations
Egs | Egs 2 Egs 3
Par coefficient o {coeff) coefficient o {(coeff) coefficient o{coeff)
j .1366124344+0] .2543-0) ~.3663793997+01 .686+00 . 7855917884+01 .153+00
2 -.3377769061+00 .267-01 .2929772547+02 .L35+01 -.1182037199+02 604400
3 .1376569962+00  .202-01 -.5393963664+02 121402 .1112357021+02 .974+00
4 -.2187102199-01 .702-02 .6755110088+02 .183+02 -.6123977630+01 .777+00
5 .1878017944-02 .872-03 -.522h638331+02 . .162+02 .1821164563+01 .304+00
6 .2578924116+02 .837+01 -.2249233315+00 .467-01
7 ~.6150974173+01 .234+01
8 .6608880542+00 .273+00

o(egs 1) = .220-02

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

oleqs 2) = .213-02

oleqs 3) = .198-02



ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 703

Experimental Data Employed in Generation of Correlating Equations

Perreu [56]. Vapor pressure measurements per- Robinson, Wilson, and Stokes [24]. Isopiestic
formed at 20°C. The ¢ data for NapSOy and the @ measurements, reference eletrolyte is KCl. Assigned
data for Nay570, given in the table of auxiliary gata weight is 1.0.
were used in adjusting these measurements to 25°C.

Assigned weight -is zero. m/mo\'kg-] [}
298.15
mimolekg! Br08.15 077100 8091
—— —_—— +157900 «7851
«949200 «7230 «236500 #7661
1.720800 «7680 « 266800 <7619
24561100 «9130 «361000 e 7459
3177300 «9410 «461300 7374
3.680200 1.0030 « 734500 «7170
4,052100 1.,0190 «919800 7113
1.065000 v7101

Richards and Faber [57]. Freezing point depre- 1.109000 <7084
ssion measurements. The ¢; data for Na,S04 and the 1.112000 «7097
o data for NazSZO given in the table of auxiliary 1.436000 27142
data were used in greating these measurements. Assigned 1.507000 07162
weight is 0.30. 1.659000 7254

. 1.688000 »7276
m/mol-kg 9298 "5 1.932000 .7350
—_— —_— 24066000 07450

.203400 <7667 2.102000 47473
+410100 #7313 24136600 #7502
545900 «7016% 2.382000 «7679
2.501000 L7799
20564000 «7832
2.585000 «7891
2.766000 «8041
3.073000 «8380
3.,285000 «8642
3.541000 «8971

Comments
We prefer the isopiestic measurements of Robinson et al. [24] to the less accurate results of Perreu [56].

The accord with the freczing point depression mcasurcments of Richards and Faber [57] is fair.

3.000 —— — i A 3 i i

2.500

2.000

1.500 | :

1.000 |

.500

X10+2
o
X

-500 X +
~1.000 +

-1.500

—2.500 }

3000 b o L L R .
0 400 .800 1.200 1.600 2.000 '2.400 2.800 3.200 3.600 4.000
Molality/mol kg~

Deviation Plot for Na,$,0.: A® vs molality

27273
& rerreu [56], vapor pressure X Robinson, Wilson and Stokes [24], isopiestic vs
KC1
+ Richards and Faber [57], freezing point depression
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Na28206

Recommended Values for the mean activity and osmotic coefficient of sodium thionate,

Na25206, in HZO at 298.15 K

m/mol kg™ y ) a, 6%/ Jekg ™!
«001 «8887 9624 +$99948 =1
«002 <8509 29494 2555897 -2
«003 «8245 9402 «999848 =3
«004 «8038 «9330 «959798 ~Se
« 005 «7866 9269 2969750 ~6e
«006 «7718 «9217 «999701 -~8e
«007 7588 9171 +999653 -10.
«008 «7471 «5130 «999605 -12.
« 009 *7366 «9093 «999558 -14.
«010 «7269 «9058 «$99511 =17
«020 «6590 8812 «995048 -84,
.030 6161 -8663 -998598 ~-78e
«040 «5845 85832 «998157 =116
«0S0 «S596 «8434 «997723 -158.
«060 #5390 «8352 0957295 -202.
«070 «5214 «8279 «996873 =249,
« 080 *5S061 8215 2956454 -299.
+ 090 «492S «8158 «996040 -=351.
«100 «4804 «810S »955629 =404,
«200 «4019 «7756 2991652 -1022.
«300 «3589 7574 .GB7795 -1745.
<400 «3309 7472 «$83976 -2538.
« 500 «310S «7410 «980176 -3385.
+ 600 2947 7364 *$76405 -4275.
»700 e2818 07326 0972664 -5201.
«800Q «2713 «7302 * 968921 -6157.
« 852 02666 «7300 « 966943 -6665.
m/mol =kg ! a(#) o (&ny) aly)
+0003 +0006 «000S
:g:; .0016 <0037 <0027
«100 <0016 «0086 +0041
«852 .0008 <0077 <0021
Coefficients of Correlating Equations
Eqs | Egs 2 Egs 3
Par coefficient o (coeff) coefficient g (coeff) coefficient o (coeff)
1 .1866867110401  .139400 -.1217824474+00  .109+00 1013279051 +02 4800
2 - TTT6833758+01 . 194+00 .5280089590+01 .403+00 -.227387 970:02 “ha7eol
3 7718101595401 431400 -.§511429554+01 .522+00 .317793757 20l
4 -.7626256172+0} .500+00 . 35857212318? .]§6+0]
5 .%303865006+00 .222+00 .89%05355 .
oleqs 1) = .834-03
ogleqs 2) = .832-03
o(egs 3) = .833-03

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

Lantzke et al. [29], Isopiestic measurements, reference salt is NaCl. Assigned weight is 1.0.
-1
m/mol+kg ﬂ298.15
«162300 #7855
«202400 «77€5
«239500 «7668
«265100 7622
«297300 «7571
« 303400 «7558
«326400 7541
«377700 27497
«420200 « 7464
« 444500 7447
« 455900 7432
«488600 7424
« 566300 07369
«612200 «7351
«662700 . « 7334
«719800 7327
« 789600 «7310
«852000 «7296
3.000 v T T T v T T T T T T v + T T v
2.500
2.000
1.500 d
1.000
500 }
o~
+ & " A A A A S A
=] 0 x Lo . 2 VY-S =
Ix
-.500 } ]
~1.000 t
-1.500 | 4
-2.000 |
-2.500 | 1
—~3.000 . N . N . " . N . . . R . N N R s
0 .100 .200 .30 00 .600 .700 .800 .800

0 400 5
Molality/mol kg™

Deviation Plot for Na25206: AB vs molality

A Lantzke et al. [29], isopiestic vs NaCl
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Na28208

Recommended Values for the mean activity and osmotic coefficient of sodium persulfate,
N32$208, in H,0 at 298.15 K

m/mol kg ! Y 4] a, AGex/J-kg !
«001 «8867 9613 05959948 -1le
«002 «8476 «9475 «555898 -2
+003 «8200 9377 «959848 -3
« 004 7984 «9300 09997996 -Se
«005 «7803 «9235 «999750 -6e
«006 .7648 9179 0999702 -8e
2007 «7512 «9129 « 999655 -10.
«008 « 7390 «9085 0595607 -13e
<009 «7280 «9045 «$59560 -15.
«010 7179 «5008 «999513 -17e
020 . +6478 «8755 «999054 -46.
.030 .6048 8603 .COR606 -81.
« 040 5741 8499 +598164 -120.
« 050 +5508 08423 eG97726 -163.
« 060 «5315 « 8366 «$97291 -209.
«070 «5158 8321 0556857 -257.
+080 «5025 «5280 «S 90424 -307.
« 050 4911 «8259 «e$95991 -359.
«098 «4829 «8241 «995645 -402.

m/mol +kg ] a(8) o(&ny) ofy)

<001 «0001 «0002 «+0001

«010 0006 «0013 « 0009

«100 « 0026 «0066 «0032

+0%8 <0026 «0065 «0031

Coefficients of Correlating Equations

Egs 1 Egs 3
Par coefficient o (coeff) coefficient o(coeff)
1 .1262357611401  .267-01 .8615753431+01 .547+00
-.9035129587+01 .150+01
oleqs 1) = .477-02
o{eqs 3) = .376-02

Experimental Data Employed in Generation of Correlating Equations

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

m/mol-kgil [}

298.15
«049300 «8480
«095000 «8260
« 0985300 -8260
«058000° +8180

Comments

We have bascd the fit for this system on only four data points. A more detailed and definitive study
would be useful. An adequate fit could not be obtained using eqs. 2.

J. Phys. Chem. Ref. Data, Vol. 10, No. 3, 1981
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Deviation Plot for NaZSZOS: AB vs molality

A Chlebek and Lister [58], vapor pressure osmometry
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NasHPO,

Recommended Values for the mean activity and osmotic coefficient of sodium orthophosphate,

NaZHPOA’ in HZO at 298.15 K

1

m/mol+kg v 8 a, AGS*/Jekg” !
.001 .8868 .9€13 +999948 -1.
.002 .8476 +9475 «S59898 -2,
2003 «8200 «e9370 959848 -3
«004 7982 05267 +599799 -5
+00S .7800. .9231 +959751 -6,
+006 $7643 .9174 +959703 -84
.007 +7505 09123 +999655 -10.
.008 7382 .9077 +999608 ~13,
.009 7270 +5035 .999561 -15.
.010 .7167 .8997 +999514 -17.
.020 6442 .8720 .559058 -46
+030 +5986 <8540 +998616 ~82.
.040 5652 .8405 .998185 -122.
.050 «5380 <8297 *557760 -167.
.060 5172 .8205 .597343 -214.
.070 .4988 «8126 «996931 -264.
« 080 4829 =« 8055 «9FEDZ3 =317«
<090 «4687 «7991 +996120 ~-373.
<100 <4561 .7933 .995722 ~4304
.200 3732 <7504 .991922 ~1095.
300 .3252 7199 +588395 -1881.
400 .2916 .6548 +585091 -2758.
«500 .2659 .6731 .981976 -3710.
«600 ©2653 .6538 979021 -a726.
.700 <2283 . 46367 576201 ~-5798.
.800 .2140 6213 «573493 -6921.
<500 2017 «6077 «570875 -8050.
1.000 .1911 .5555 .968329 ~-9301.
1.250 1699 «5705 *962165 -12491.
1.500 .1541 .5536 .956114 -15880.
1.750 .1421 .5422 «950015 -1943s,
2.000 <1327 53853 .943776 -23128.
2.121 1289 5333 +940695 -24958.

mimolokg™!  o(9) o (iny) s(y)

.001 .0001 .0001 +0001

.010 .0005 «0010 .0007

«100 .0012 .0038 <0017

1.000 .0010 <0035 <0007

2.000 0028 +00E1 <0007

2.121 .0033 <0053 +0007

Coefficients of Correlating Equations

Egqs 1 Egs 2 Egs 3
Par coefficient o (coeff) coefficient g(coeff) coefficient o (coeff)
1 . 1424416976+01 .289-01 -.5949562284+01 .815+00 .7683250020+01 . 145400
2 -.6285063812+00 .303-01 .1355887267+02 .539+401 -.1159589935+02 .553+00
3 .1868102536+00 .229-01 -.9336812442+02 .152+02 .9903500535+01 .825+00
4 -.1827148314-01 .604-02 .1228967860+03 .228+02 -.1363865147+01 - 544+00
5 --.922h751821+02 .188+02 . 7790004460+00 .132+00
6 .36659145044+02 .811+01
7 -.5990528341+01 142401
of{eqs 1) = .347-02
ogleqs 2) = .300-02
oleqs 3) = .297-02

J. Phys. Chem. Ref. Dota, Vol. 10, No. 3, 1981
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709
Experimental Data Employed in Generation of Correlating Equations
Husain [59]. Freezing point depression measure- Scatchard and Breckenridge [6}]. Isopiestic
ments. The @L data for K,HPOy and the ¢c data for measurements, reference electrolyte is NaCl. Assigned
Na)S0y, given In the table of auxiliary data were used weight is 1.0.
in treating these and the other freezing point -
depression measurements. Assigned weight is zero. m/mol-kg ¢298.15
m/mol *kg ! n298 I5 991430 «5983
—_— AN ° 960440 «5007
«021400 4451 «910840 «6067
+051600 «4398 «787560 06229
«073100 «4306 «776610 6244
«097800 «4208 « 699200 06366
«111800 e4186 «669510 <6406
«579790 06573
. . +567450 «6593
Jones et al. [40]. Freezing point depression +561860 «6584
measurements. Assigned weight is zero. «510340 «6675
) +498060 6711
mimol ekg™ | Pr98.15 «428520 «6887
——— —_— «407280 +6950
«100000 «7S73 390450 «&907
«050000 28413 «352750 «705S
+329610 .7122
Loomis [45,60]. Freezing point depression +314530 e7221
measurcments. Assigned weight is 0.30. *277470 »7267
«200160 «7506
m/mol-k "] ﬂ 0164670 07662
g 298.15 «152530 <7709
+010000 .3886 +147310 7716
«020000 .8613 -101186 -7955
050000 +8176 +090020 e7962
«100000 °7707 '

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

1

m/mol +kg 8,98.15
«234900 «7600
651800 «6432
«748000 +6268
+ 856500 €121
1.172900 «5785
1.329000 +5651
1.441000 «S577
1.734000 «5427
24121000 5330

Comments

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 lLoomis [45,60].

J. Phys. Chem. Ref. Dataq, Vol. 10, No. 3, 1981
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A Husain [59], freezing point depression
Jones et al. [40], freezing point depression
Loomis [45,60], freezing point depression

Platford [12], isopiestic vs NaCl

X O X +

Scatchard and Breckenridge {61], isopiestic vs NaCl
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Sodium Fumarate

Recommended Values for the mean activity and osmotic coefficient of sodium fumarate, Na,C,H,0,, in H,0 at 298.15 K

-1 €x -1
m/mol+kg Y [} a, AG "/Jekg
.00; «9E0Y Y999 48 -
« 002 e 9467 T 0699398 -Ze
.00z 93cé .99GELS -T.
. 0G4 .9235 . 99ITSY -E.
$00E 6257 e $$I7ES -€.
. 0NE . 9. 58 595703 -B
.007 *92.05 P YYYESE -"0e
.008 «9053 «9Y9EDS -z
«00¢ 905 € 599562 -3€.
.00 8976 599515 -.8e
£ 030 «8790 Y9G 060 -47.
070 .8329 P Y9368 -8z,
020 «8403 .59B 84 - 26
+ 050 8356 «Y9TTEE -1 68,
«0€0 8245 e P973ITO -il€e
.070 «81388 $YwEGD7 ~Z06€.
. 030 8.6,  UYELBE -3.9.
« 020 «8i0z v S2€0€7 -Z74.
«200 +8070 «HYEELB ~430.
«2060 « 7338 991457 -10€8.
200 + 7950 87592 -1788.
«400 «801€ .« 982820 -2557.
«500 +8537 «973320 -3358.
« €00 eBZi2 ev7Z722 ~4379.
«700 «8225 P GEB996 -5035.
«800 +8443 «9E 4154 -5860.
« 900 «8564 . 959299 -E78%.
1.000 «8687 JYE4LTS -7564.
£ .250 « 9095 945006 -9€69€.
1.500 .S317 .YZT72E3 -11808,
< .750 9633 evi29:8 -1:882.
2,000 5948 858046 -15907.
£.077 1.0048 f893ZIET ~i6520.
ri/molekg ! a(®) a(2ny) “aly)
«003 0000 20001 0003
.010 +0002 0007 «00053
.200 .0014 «003E «00i 6
1.000 0014 0073 .0022
2.000 .0024 20065 «00Zi
2.077 .002€ +00€1 <0021
Coefficients of Correlating Equations
Egs_1 Egs 2 Eqs 3
Par coefficient o(coeff) coefficient 6 (coeff) coefficient a(coeff)
1 .1136905446+01 .152-01. -.5460588702+00  .323+00 .8028012197+01 .320+00
z .2239277361+00 .551-02 LIT57521448+02 <hz2z+01 -. 775286341 3+02 .1z1+01
3 -.7727568763+01 .179+01 .1053636207+02 ~178+01
4 .3330936780+01 117401 -.5087028746+01 116401
5 -.5!53324597-&00 .281+00 .9353260218+00 .278+00
olegs 1; = .502-02
oglegs 2} = .436-02
ag(egqs 3) = .431-02

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

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

is 1.0.
-1
mmovtks P298.15
«US3050 « 80342
« 132500 «8072
« 269800 « 75983
«455900 «7585
«493500 +8056
«E59600 8234
*«741400 *8344
«928200 «8641
1.222000 8971
1.336000 «9165
1.371000 9079
1.402000 9183
1.558000 9435
1.615000 « 9474
1.635000 9543
1.541000 «9863
2077000 1.0010
3.000 ey . . —
2.500 4
2.000 ]
1.500 | 1
1.000 4
A
500 | a A - s a A
T A
r-Y
&9 o] & A
< x A
A
-.500 - - 1
a F-N
—1.000l 1
-1.500 ]
~2.000 ]
-2.500 }
~3.000 . e . , ——
) 200 .400 .60C  .800 1.000 1.200 1.400 1.600 1.800 2,000
Molality/mol kg™

Deviation Plot for sodium fumarate: A@ vs molality

A Robinson, Smith and Smith [62], isopiestic vs KC}
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Coefficients of Correlating Equations

ACTIVITY AND OSMOTIC COEFFICIENTS OF

Sodium Maleate

Recommended Values for the mean activity and osmotic coefficient of solium maleate, NaZChHZO&’ in HZO at 298.1F K

m/mol ~kg ! 't
001 «8846
«002 « 8437
+003 «8146
«004 + 7916
« 005 7722
« 006 « 7555
007 «7407
<008 7274
« 009 «7183
«010 « 7043
«020 «6259
«030 «5767
«040 «540%
<050 «5131
<060 «4904
+070 4714
.080 <4551
090 «4409
«100 «4283
« 200 «3514
«300 «3121
. 4D0 2875
+500 «2703
« 600 02577
« 700 «2480
+800 «2404
«900 e2343

1.000 02293
1.250 «2205
1.500 02153
1750 «2128
24000 2114
24250 «2116
2500 2129
24750 e2152
2879 «2168
-1

m/mol kg

«001

«010

«100

- 1.000

2.000

2879

Par

SNV W N -

Eqs 1

coefficient

g (coeff)

.9200156885+00
.§837926287-01
.1005838387-01

.988-02
.892-02
.188-02

b a AG
— -
«9602 «9G65948
29453 5995898
«9345 «G59848
«5258 595800
.9185 «559752
«5120 599704
«90€2 «569657
«9010 «995611
«8G€2 «559564
+8518 «$S9518
«8597 «€59071
.8388 598641
.8234 .cc8z21
«B113 97810
« 8214 «5G7405
e 7931 «597004
e 7860 0 $96607
. 77S9 sYb2la
« 7745 «555823
7439 691991
«7320 «588202
e 7275 0984355
«7270 «980547
7287 0976647
7319 «$72690
e 73€2 « 968671
7412 +«SE4588
e 7469 560439
« 7627 «eS49776
«7805 538686
7996 «927164
8197 «915204
«8408 «502803
«8628 « 889960
« 8856 «876673
8976 +869644
a(8) o (ny) ()
«0000 «0001 «0000
«0002 « 0004 «0003
«0009 <0023 «0010
«0009 +0041 «0009
+ 0039 «0037 <0008
«0017 20044 « 0009
Eqs 2
coefficient c (coeff)
-.4713999633+01 .772+00
.2866716502+02  448+01
- . 4255289484+02 .110+02
.EZE§052]25+02 141402
-.2554132905+02 .986+01
.8366226330+01 .359+01
-. 1144436583+01 .531+00

ofeqs 1) = .270-02
as(eqs 2) = .261-02
o{eqs 3) = .254-02

€%/ 4ekg

AQUEOUS SOLUTIONS

=7
-9
-11.
-13.
~15..
—-18.
~49e
—87.
-130.
—178e
~-229e
—284e
-341.
=401
—463.
=-1175.
-2000.
-2898.
-384Ge.
-4840.
—-5863.
-691Z.
~7S8Ze
-9070.
-11847.
-14681.
—-17550.
—20436.
-23325.
—-26208.
-29074.
—-30545.

Egs_3

coefficient

713

a{coeff)

.5759564168+01
-.5808164161+01
.3824565105+01
-.1502002198+01
.2171639910+00

.127+00
.401+00
.492+00
.268+00
.542-01
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| et acasurements, reference electrolyte is KCl.  Assigned weight

-1
m/mol <kg ﬂ298.|5
+»098140 °7720
«141500 7558
«263800 «7331
«426100 7264
«500100 7279
+546300 7277
+835600 «7404
1.066000 7524
1.415000 7747
1.584000 «7858
1.623000 #7933
1.82€6000 «80590
1.923000 8134
1.588000 8113
2,26€000 8449
24432000 8549
2.875000 «8685
2.875000 8985
3.000 - v v - - - — v v T v
2.500 }
2.000
1.500 }
1.000 r l
.500 t 1
o~ A a 4 FN
1 0 s S A Ny i
% A A a
A
-.500 } 5
a
-1.000 }+
-1.500 }
—-2.000
-2.500 1
~3.000 A N e N e - a - - A L
0 400 .800 1.200 00 2.000 2.400 2.800

1.6
Molality/mol kg™

Deviation Plot for_sodium maleate: A@ vs molality

A Robinson, Smith and Smith [62], isopiestic vs KCI
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ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 715

Na2003

Recommended Values for the mean activity and osmotic coefficient of Na2t03 in HZO at 298.15 K

/mofkg : Y [4 3, AGex/J-kg_'
00l «BEET .513 55548 ~le
062 3474 5474 559898 ~2.
«003 .8198 #5375 969848 ~3e
.04 .7379 5266 «5$9759 ~Z.
<005 7798 *5230 *559751 ~6e
«00& e 7641 e9173 e€S3703 ~8e
.007 «7503 .c122 «S55EES -~10e
.008 7380 5076 «€59608 -13.
. 009 7268 «5035 «SS95€1 ~15e
.010 «7165 .8957 «SS9514 -17.
.020 «5445 «8725 «SS9057 b6,
.030 «5995 .8552 «SSB514 -82.
. 040 5667 °5426 «958180 -1228
. 050 5411 .8326 .SSTT53 -1€€.
« 060 €202 .8243 *997330 -213.
.070 <5028 £174 °556812 -263.
s 0CO 4872 113 «CCEAcS -316.
.050 4738 *8059 +E56087 ~3706
+100 24619 .5012 «€$5679 ~427.
.200 +3855 7692 «5€1720 ~1074.
«300 3429 .7496 «587920 ~1829.
%00 «3327 -?340 - 9OB4AR38 ~2660a
+30¢ 2918 .7230 «5B80£53 -3546.
«600 2744 7129 «S77146 ~4489
.700 .2€02 .7044 «573703 -5471,
«800 2682 06571 «970308 -64500
.00 «237¢ +6S10 «Q6ES4E ~7542.

1.000 2260 «6859 «SE3610 ~8€25.

1.250 .2115 LETT2 955282 ~11442.

1.500 +198€ 26738 *S46841 ~14391,

1.750 15662 6752 538133 ~17444.

2.000 .1823 «6810 *525031 ~205764

2.250 .1773 .6508 519432 ~23767.

2.500 1781 «7040 2509258 ~270026

2.750 1722 27205 858455 ~30264.

z.767 (sat) 1721 7217 « 857697 ~3048€

3.000 *1734 s TI9C s EBCIDS —~33E50.

z.11s L1714 L7452 .881498 ~35048.

m/mol+kg ! (@) o (Lny) afy)
.001 «0001 .0002 .0002
«Q10 « 0006 +.0012 .0006
«100 0018 «0052 «0024
1.000 .0011 .0062 .0014
2.000 « 0009 0062 «0011
34115 .0020 . 0059 L0010

Coefficients of Correlating Equations

Eqs 1 Egs 2 - Eqs 3

Par coefficient o (coeff) coefficient o (coeff) coeFficient o {coeff)
1 «1357€610705+02 «320-~-01 —e14549€5713+01 381400 .ZE§723!263+01 «176+00
2 ~e343155700E+00  .240-01 < 1468303113+02 «146+01 -.EBAEE28006+01 -504*30
3 .C115401308-01 411i-01 ~.13G2E28385+02 .240+01 L,E2B85353251+01 «5€5+00
4 —oECA3231915-02 1v3-02 .D0CE237236401 »196+0t ~.23S7500103+01 284+00
3 —e3161180875+01 « T9E+00 .3403€65575+00 «533-01
2 «A563548583+00 127400

afeqs 1) ~ .275-02
ofeqs 2) = .287-02
a({eqs 3) = .288-02
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716 R. N. GOLDBERG

Experimental Data Employed in Generation of Lorretating Equations

Ender [63]. Freezing point depression measure- Loomis [4k4,65]. Freezing point depression
ments. The ®, and & data for Wa,LD; given in the measurements. Assigned weight is 0.20.
table of auxifiary data were used” in”treating these -
and the other freezing point depression measurements. m/mol+kg 0298 15
Assigned weight is zero. L=
1 «010000 -904;
m/molekg” 1 .020000 -878
e 929815 «050000 «8283
«4ETE20 7656 »100000 +7920
444420 <7714 +200000 7876
«323844Q0 2 TELS
« 265920 #7633 Perreu l46). Vapor pressure measurements at
«248050 7631 20°C. The ¢y and ¢ data given in the table of
«187830 «7683 auxiliary data were used to adjust these measurements
+ 180480 « 76868 to 25°C. Assigned weight is zero.
*173620 «7699 -1
«142070 «TT7€O m{mal-kg ﬂ298 15
*139450 27766 -
111330 * 7849 « 355800 «5500
«055061 e7903 682700 «9820
» 058283 07505 1,093500 +8670
«063563 «7529 1¢421000 29590
e 072222 e 3053 1653000 + 9500
«07Q75% «BOES 1731900 «9480
s 083574 «8214 1.854000 +34£0
«04175% <8352 20026000 *9410
«03€074 28838
032058 =8506 Robinson and Macaskill [6]. lsopiestic measure-
edlry3c °8878 ments, reference electrolyte is Nall. Thelr lesl
016516 +6931 Table | i t raphical error: 2.2565 moi*
able | contains & typograp
.233;46 +953% kg‘] of NaCl in line two of column four should read
:ooiéii. :2:3§ 2.2965 mcl°kg"’ {671. Assigned welghé is 1.0.
Jones [6L). Freezing point depression measure- m/mol kg™ 998,15
ments. Assigned weight is zero. —
- «30€200 .7517
m/mol kg ‘3298 15 +£15400 «7206
e —_— «522700 «7234
001520 1.0031 628000 a7114
«004030 5872 .715500 27032
«C0EE50 «984E .878100 <6924
20050850 5721 1286700 26761
«010€00 «5710 1377500 +€739
0024000 25E43 1565300 06727
«03EETC « 85897 1.724900 «€741
e 047510 «333¢ 1944500 e €756
«07SEST «8162 24175100 »687S
«102€ 60 «8003 24235300 26855
Jones et al. [4o). Freezing point depression 2‘382523 ‘if;;
measurements. Assigned weight is zero. ;::;1:00 :7166
= 24681500 $7147
m/mol +kg %r98.15 2.7€6700 .7228
+500000 STaso 2 o59800 g
3¢11500¢ «T4ET

Khvorostin, Filippov, and Reshetova [28].
Isopiestic measurements, reference electrolytes were
NaQH and KC1. The authors did nol sepoil the
isopiestic molalities. Assigned weight is 0.40.

-1

m/mol kg ¢298.25

e 045600 e 7717 ¥

«+ 104500 «8341 F

«354800 W TEEG ¥

« 762300 «~EEEE
1¢051700 e E871
1.397300 5750
1¢750300 8E710
1.75¢200 «£8€ES6
24132600 »€839
2263400 269EC
20437200 07068
2.53%1400 27072
24€05300 «7157
2.728200 7123
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ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 77

Saegusa [68]. Emf measurements on the cell Taylor [69]. Emf measurements on the cell
Na(Hg)xi N32C03(m), A92C03(5) Ag(s). mpef = 0.00114 Na(Hg), ' Na,C0 (m Ag COZ(S) Ag(s). mpees = 0.1005
mol+kg™ Assigned weight is zero. mole kg %ssngned welght is zero.

-1 -1

m/molekg Y/Yrer m/mol+kg Y/Yref
2002167 *5755 «200800 264E5
005212 «5163 «4C0500 e7117
0010210 #£3E5 0601400 064€1
« 020570 +4517 «84700¢C «5632
«057410 +3908 14004700 3664
«106500 «3306% 1.£35500 5061
505500 «2000

«S777C0 «168¢%

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 solubility of Robinson and Macaskill [66] 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 b2 ) 2 2 2 » 3 2

0450 )
.0400. t
0350 + @
.0300
.0250 1
.0200
.0150 14
0100
.0050

Ay

~.0050 ®
-.0100 2’;{ X ® '
-.0130
~.0200
~.0250 t 1
-.0300 ¢ .
-.0350 }
-.0400 |
—.0450 |
—osoo b o L —
0

400 .800 1.200 1. 600 2.000 2.400 2.800 3.200
"Molality/mol ki

Y

Deviation Plot for NaéC03: AP vs molality

A

Ender [63] - freezing point dcprcsslon Z  perreu [4o) - vapor pressure

Jones [61»] - freezing point depression Y Robinson and Macaskill [66] - isopiestic vs NaCl

Jones et al. [40] - freezing point depression

+
X
0 Khvorostin, Filippov, and Reshetova [28] - isopiestic vs NaOH and KCi
X

Loomis [44,65] - freezing‘point depression
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0500 N - - +~ -+ v - ~y—— -

0450 }
0400 | v
0350 } +
.0300 & +

0250 } +

.0200
0150
0100 |
.0050 | +

E—.OOSO r
-.0100 |
-.0150
-.0200 t
—.0250 t
—.0300 t
-.0350 ¢
—.0400 ¢t
—.0450

~.0500 Ad . N n A - " . A "

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

Deviation Plot for N32C03: Ay vs molality

A Saegusa [68] - emf

4 Taylor [69] - emf
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ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 719

NazHASO4

Recommended Values for the mean activity and osmotic coefficient of sodium orthoarsenate,
‘NaZHAsol’, ir H,0 at 298.15 K

1

m/mol *kg Y [ a, AGeX/J-kg-]
<001 +8885 9622 999948 -1.
002 «8506 e9492 «559897 -2,
.003 «8241 -T-1.1.] «G&QRAB -3
«004 +8034 «9328 999798 -Se
« 005 7862 «9268 «999750 -6
« 006 «7714 «9216 «999701 ~8e
+007 «7584 «9171 «959653 -10.
008 e 7468 9130 «999605 -12.
«009 «7363 .9093 995558 -14,
«010 «7267 «9060 2959510 ~17e
«020 6597 «8824 «599047 -84,
«030 06179 #8676 «$58594 ~78e
+040 «5874 < 85€7 «998150 -116.
«050 5635 8481 «$97711 =157,
+ 060 «5439 +8410 «5$7277 -201.
«070 5272 «8348 0996847 -247,
. 080 5127 «8293 +996421 -296.
«050 24999 «8244 ¢$95598 ~347,.
«100 «4884 +8199 «965579 -399.
«200 +4125 .7868 «591531 -1000.
«300 3676 «7629 «S87707 -1704.
«400 03357 7431 R 2-03¢1-1-] —2483.
« 500 «311C 7259 «980574 -3323,
«600 2911 +7111 0977204 -4217.
«» 700 «2747 «6584 973923 -5157.
+» 800 2608 6877 «570703 -6137,
«500 .2491 «6790 +967511 -7154.
1.000 2391 «6723 564319 -8203.
1.029 «236S «6707 «$63386 -8514.
m/mol +kg” | () o (tny) a(¥)

«001 +0001 +«0001 0001

«010 +0004 «0009 «0007

«100 +0009 «0031 «0015

1.000 «0013 «0036 «0009

1.029 <0015 +0038 «0009

Coefficients of Correlating Equations

Eqs_1 Egs 2 ) Egqs 3

Par coefficient o{coeff) coefticient o(coeff) coefficient o(coeff)
| -1729061427+01 .264-01 .6611460751+00 . 131400 .1028057804+02 .556+00
2 -.5638367658+00 .201-01 . 7584703740401 462400 -.2109095084+02 .275+01
3 .T530013649+00  .121-01 -.3296024029+01 .569+00 .2566222872+02 .532401
] .BBE9703771+00 .236+00 -.1665998759+02 462+01
5 .L548111559+01 .150+01

ofeqs 1) = .218-02

o{eqs 2) = .212-02

o(eqs 3) = .226-02

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



720 R. N. GOLDBERG

Experimental Data Employed in Generation of Correlating Equations

Scatchard and Breckenridge [61].

Isopiestic measurements, reference electrolyte is NaCl. Assigned
weight is 1.0.

|
m/molekg ﬂ298.15
1.029100 «6701
«985170 6725
+ 863360 +6829
«817800 6873
«783410 « 6903
¢ 753850 «6902
« 671670 27023
522950 «7084
«569570 7166
«52€130 «7206
+510410 7240
0493630 7271
«441030 «7337
2439500 07335
«427550 « 7459
«379760 «7454
«348780 «7507
0346660 e7536
«248920 7737
0234490 e7758
e 2246320 «7B02
«188030 . «7892
«180300 « 7929
«1€3580 «7578
.114810 «8166
3.000 v v ————— v v T v v v T v v ——r——r v
2.500 1
2.000 1
1.500 | P
1.000 } 1
A
.500 t 1
~ A
+ V- A a A A A AL A
o 0 . = LN ==
Ix A A A A
-.500 ]
—1.000 | 1
—1.500 } b
-2.000 |
-2.500 t 1
~3.000 " "y A 1 s " PO, " i " " . " " i .

0 .100 .200 .300 600 .700 .800 900  1.000

400 500 .
Molality/mol kg~

Deviation Plot for NazHAsohz AP vs molality

A Scatchard and Breckenridge [61], isopiestic vs NaCl
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ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 721

Na5C 2H48206

Recommended Values for the mean activity and osmotic coefficient of sodium 1,2-ethane disulfonate,
Na,C,H, 8,0, , in H,0 at 298.15 K

26215,%

m/mol kg | Y ) a, 26%%/3+ka ™!
«001 8856 « 5607 «$955948 -1
«002 + 8456 «9464 0559898 -2e
.003 8174 9362 0559848 ~3e
«004 « 7951 «9281 e GSO799 —Se
«005 « 7766 09213 «969751 —6e
« 006 « 7607 »G1E5 0999703 -&e
«007 « 7466 «9103 969656 -11.
«008 «7341 09056 2899609 ~13.
«009 7228 «9015 0999562 —15e
.010 7124 .8976 .999515 -18.
.020 +6407 .8714 .959058 -47.
«030 5972 « 8564 e 998612 -83e
«040 | «5666 « 8465 «S98172 —123e
«050 5435 « 8398 «G97733 —167«
.060 5251 .8352 +997295 —214.
«070 «5101 «83219 9956858 -263e
-0R0 4976 a8296 a696419 -314,.
« 090 «4B6Y 8281 «655980 —-367e
«100 4777 8271 e 695540 -421.
« 200 «4256 8311 2651057 -1019.
«300 <4018 « 8404 586466 —1678e
« 400 «3876 «8490 «981813 ~-2370.
«500 «3780 08567 e977114 -3085.
« 600 3712 8642 «972364 ~3816.
«700 « 3665 «8718 e 567554 —4558.
« 800 3633 8796 «SER2683 -5307.
« 900 «3612 - «8874 957755 —6063.
1.000 « 3597 «B8S649 «952783 ~6822e
1.250 .3582 - .5123 +940231 ~87274
1500 «35%0 «9289 527463 -10635.
1.750 3618 -9462 2914391 ~12533.
1.800 e 3622 9490 «S11811 -12911.

n/mol kg a(0) o(2ny) aty)

.001 .0000 .0001 .0001

.010 .0003 .0007 .0005

<100 0005 £0017 .0008

1.000 <0005 .0017 0006

1.800 .0009 .0018 <0007

Coefficients of Correlating Equations

Eqs 1 Egs 2 : Eqs 3
Par coefficient g {coeff) coefficient o(coeff) coefficient u{coeff)
1 .8521138579+00 .361-01 -.5391976395+01 .123+00 .7415091910+01 134400
2 ,1625341953+01 .133+00 353632372402 .957+00 - . 6h63108363+01 .771+00
3 -.2554486120+01 .298+00 - -.9055128683+02 .312+01 .1452403907+00 L182401
& .2935704576+01 .459+00 LT156174645+03 .528+01 .I563271757+01 .212+01
5 -.2000657333+01 .398+00 -.8560193110+02 .486+01 -.3317619124+01 .120+01
6 . 72545042175+00 . 174+00 .3400676713+02 .231401 . 7686607075+00 . 266+00
7 -.10639384303+00 .301-01 -.5615086779+01 . 443+00
g{egs 1) .= .861-03
oleqs 2} = .531-03
o(eqs 3) = .101-02
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722 R. N. GOLDBERG

Experimental Dsta Employed in_Generation of Correlating Equations

Bonner, Rushing and Torres [{4]. Vapor pressure osmometry and isopiestic measurements. The reference
electrolyte was NaCl [15]. The authors did not report the isopiestic molalities. Assigned weight is 1.0.

1

m/mol *kg ﬂ298. 15
« 006400 «9150
«014400 «8850
« 025600 -«8620
«040000 <8460
«100000 «8260
«200000 «8320
+300000 «8410
«40000C «8480
« 500000 «8570
«600000 «8640
«700000 «8720
«800000 «8800
«900000 «8870
1.000000 «8950
1.200000 «9090
1.400000 «9220
1.600000 «9360
1.800000 *9490
3.000 v . v v v T - T v T -r T T T
2.500 1
2.000
1.500 |
1.000 | 9
.500
B B S
o 0 o r-Y A e A A N A A A
$% 2 s =
-.500 +
-1.000 r
-1.500
-2.000 | 9
-2.500 }
-3.000 N " N L i N L A N P ) N
0 .200 .400 .600 .800 1.000 1.200 1.400 1.600 1.800
Molality/mo! kg™’
Deviation Plot for NaZCquSzOé: AP vs molality
A Bunmer, Rushing and Torres [14], vapor pressure osmometry and isopiestic ve NaCl’
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ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS

Recommended Values for the mean

N32C6H43206

activity and osmotic coefficient of sodium

Na,CeH,,S,0¢, in H,0 at 298.15 K

m/mol *kg ! Y [}
<001 <8899 «9630
«002 <8532 « 9507
« 003 «8278 o421
«004" +8080 9355
005 «7917 «9301
<006 «7778 «9256
«007 «7656 9216
008 «7548 +9181
« 009 «7451 «9149
<010 7362 «9121
<020 «6755 <8635
-030 -63Q0 «8R32
<040 «6132 «8766
«050 +5936 «8721
060 «S778 «8688
«070 «5648 «B664
<080 «5538 «8647
«090 <5443 «8634
«100 «5360 +8625
«200 4873 «8631
«300 «4648 «8700
«400 4523 «8790
«500 «4451 +8889
+600 4412 +8994
<700 «4395 «9102
« 800 «4394 °9213
«900 4406 «9327
1.000 4428 e9442
1.2590 <4519 «9737
1.500 4646 1.0036
1730 *«4800 10333
24000 " e4975 1.0628
2+ 250 «5164 1.0511
24500 «5362 1.1177
2750 «5563 1.1421
3,000 #5761 " 1.1638

. -1

m/mol-kg al#)

«001 -0001

+010 +0003

«100 .0008

1.000 «0009

24000 «0013

3.000 «0023

Coefficients of Correlating Equations

OO~ O EW N -

Eqs 1
coefficient o (coeff)
.1883939535+01 .202-01
.7013949755+00 .119-01
.837335076-01 .727-02
-.B520232130-02  .143-02

a
W

«999948
«559897
955847
« 559798
0959749
+$99700
«999651
«999603
« 9995585
0999507
«$99035
+SQ8569
«568107
«$97646
«997187
996727
*996268
«$95809
«$95349
«950714
«585993
«981177
«976265
«971257
« 966152
«960948
«955647
«550249
«936338
«921861
e900877
«891470
«875746
« 859832
« 843876
«828039

o (2ny)
- 0001
<0007
«0025
«0031
«0034
+0039

Eqs 2

coefficient

.5222641691+00
.1319283717+02

- 1736912424+02
.1759946157+02
-.7062558387+02
.35427347721+01
-.55630548353+00
olegqs 1) = .246-
olegs 2) = .185-
oleqs 3) = .231-

o{coeff)

.210+00
L136+01
.358+01
. 48L4+01
.353401
.133+01
.201+00

02
02
02

26E*/yekg!

-1
-2
—Se
-4
-6
—8e
~10.
-12.

—-865.
—=141%5.
-2000.
~2597.
~-3202.
~3813.
—-4424,
-5035e.
~5643.
-7140.
—-8592.
—9987e

-11319.
-12583.
—13776.
-14501.
~-15958.

aly)
-.0001
« 0005
«0014
<0014
20017
<0023

Eqs 3

coefficient

.1520843069+02
-.5788339285+02
. 1706499191403
-.3343706980+03
.§217199684+03
-.3374714899+03
1653265122403
-.5518400698+02
.5273777768+01

723

m-benzene disul fonate, -

g (coeff)

.843+00
.822+01
.350+02
.826+02
.117+03
.102+03
.534+02
.154+02
.189+01
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Experimental Data Employed in Generation of Correlating Equations

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

-1
miroltks Pag8.15
«010000 «9220
+020000 « 8970
«030000 5820
«040000 «8750
«050000 «8700
«060000 «8670
+070000 «8650
+080000 «8640
«090000 «8630
«100000 «8620
«200000 +8640
+« 300000 «8720
«400000 «8800
«500000 «8890
+ 600000 «8990
«700000 «9100
o -1.7.1.7.7.) -e210
«900000 «5320
1.000000 9440
1.200000 «9670
1.400000 29920
1.600000 1.0160
1.800000 140400
2.,000000 1.0630
24500000 1.1170
3.000000 1.1640
3.000 —————————
2.500 }
2.000 |
1.500 }
1.000 P
500 }
N
¥ A%
o 0 A—p— gt A —A A 4 =
3% 3
-.500
-1.000 |
~1.5oo{
~2.000 |
—z.soo}
—~3.000 A e
0 400 .800 1.200 1.600 2.000 2.400 2.800

Molality/mol kg™

Deviation Plot for NaZC6HQ5206: AB vs molality

A Bonner and Rogers [17], vapor pressure osmometry

1. Phys. Chem. Ref. Data, Vol. 10, No. 3, 1981
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Recommended Values for the mean agtivity and ‘o'smoFic coefficien_t of sodium L,4'-bibenzyl disulfonate,
Nazcl'-)HIZSZOG' in H,0 at 298.15 K
m/mol-kg_I Y 2 a‘;w AGex/J'kg_]
«002 &863 «96%0 « 599948 ~{ e
«002 «88€ES 9469 999898 —Ze
« 007 «81 85 «9268 « 9959848 -z
« 004 «79€4 <9238 «S$99759 -S,
« 005 « 7781 «922% » 9997EL =€
«00E 7622 09163 0999703 -Eo
« 007 «7883 «9112 +599€55 - =30.
«008 <7289 +9065 «999608 -13.
« 009 «724€ «9024 ¢« $955€1° -38.
2020 o 7143 «8335 +599514 =17,
« 020 6422 oE7L7 5599053 ~-47e
«020 +5978 «8332 998614 -BZa
« 040 «S659 84325 «998LT7 -12T.
«030° 5413 .8352 997746 -167.
«QEO «£214 «8282 «99735:8 -214.
« 070 <2347 86227 « 996892 -2€4.
. 080 «4904 «8180 "« 99E469 -323€.
».090 «4780 «8140 «95E048 =37Ce
«%200 «4ETO «8105 ¢ 9495629 -4 2¢
« 200 «Z957 «784€ « 991555 -1059.
+300 «2507 «7562 «$87813 -1794.
+400 2124 «7559 e 984642 —-2€1€.
m/mol -kg_‘ al#) al&ny) oly)
«001 « 0002 «0005 «0023
«0%0 «0015 « 0054 « 00z 4
«100 <0022 «00BE «00Z3
<500 .0062 «0.0¢€ <0033
soefficients of Correlating Eguations
Egs 1 Egs 2
Par coefficient " g (coeff) coefficient o (coeff) coefficient o (coeff)
" .1116448062+01 .135+00 :.122106862k+02  .920+00 .1409370378+01, .736+00 .
2 ;5114286821400  .350+00 .10\2’%90{&06—!—03 .808+01 377180071402 .647+00
3 -.1305024417+01 .440+00 -.2765208025+03 .276+02 -.7648940738+03 - .221+02.
L .3623193926+03 .418+02 .2375755137+03 .355+02
5 - 1803764304+03 .233+02 - -.1233221604+03 .186+02
oleqs 1) = .650-02
oleas 2) = .231-02
o{egs 3) = .185-02

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

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

-1
m/mol-kg ﬂ298.15
«010000 +8880
«020000 .8580
«030000 «8170%
+040000 8410
«050000 «8360
2060000 «8300
.070000 «8260
+080000 «8220
«050000 8180
«100000 «8150
+150000 «7970
«200000 «7810
+«300000 «7510
«400000 7190
3.000 - +——— - -+ - - - v v + +
2.500
2.000 ¢
1.500 } 1
1.000
L
.500 L aad )
9 at T
s_o 0 A
g X [ ’s N
-.500 A
~1.000 {f A 1
A
-1.500 } 1
—2.000 J
-~2.500 4
~3.000 T = - -

0 .0400 .0800 .1200 .1600  .2000  .2400 .2800 .3200  .3600  .4000
Molality/mol kg™

Deviation Plot far MaZCMleszoé: AP vs molality

A  Bonner and Rogers [17], vapor pressure osmometry

J. Phys. Chem. Ref. Data, Vol. 10, Ne. 3, 1981
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Na,C,,4H,55,0g

Recommended Values for the mean activity and osmotic coefficient of sodium 2;7-anthraquinone disulfonate,
NaZCIAH]ZSZOS’ in HZD at. 298.15 K

-1
m/mol *kg L ?_ a_w_
«001 8936 9648 «959948
002 .8584 «9 528 «$S9897
.003 .8334 9442 «5$9847
.004 «8135 9371 «SS9797
005 7966 «5308 +999748
006 .7818 9252 «SS9700
.007 7686 «9200 «999652
«008 7565 «9152 «S99604
009 7454 9106 +9S9557
«010 <7350 9062 959510
- 020 ~6564 « 8608 «© 00060
030 .6012 «8406 «S98638
<040 .£582 «8157 *598238
+050 «5228 «7539 «957857
«060 4932 °7748 «597491
«070 «GOTH e 7878 e S97T137
.080 «4456 7426 «$96795
.090 «4260 .7288 «996461
-100 .4086 07162 ©996137
« 200 «2929 .6125 *S93401
«300 .2194 .5018 551897
« 400 .1848 «4810 «SB9EES
m/molrkg”! o () o(ny)
-001 »0005 .0011
+010 .0013 .0040
.100 .0018 «0046
«400 .0022 +0051
Coefficients of Correlating Equations
Egs ! Eqs 2
Par coefficient o{coeff) coefficient - o(coeff)
.4098725747+01 . 302400 .4042491218+01 . 745+00
; -.7§%h;6h590+0‘ .382+00 - . SH15090670+02 .702+01
3 -3735949532+02 .277+01 .2394878804+03 .249+02
b -.36202181h6+02  .891+01 -.3985015005+03 . 384+02
5 T703923609+03  .992+01 .2372024031403  .216+02
cleqs 1) = .216-02
gleqs 2) = .176-02
o(egs 3) = .254-02

Experimental Data Employed in Generation of Correlating Equations

Bonner, Rushing and Torres [14]. e Lry
The authors did not report the isopiestic molalities.

electrolyte was NaCl 151.

Isopiestic and vapor pressure osmometry measurements.

m/mol'kg_]

«006400
«014400
« 025600
040000
«100000
«200000
«300000
«400000

2

298.15

*9260
«8880
«8510
«8160
«7170
«6120
«5020
.4810

26%%/Jekg™!

-1.
_2.
-3
-44
-6
~8e
-10.
-12.
~14.
-16.
-43,
-78e

=119«
-164.
~21S.
—Z209Ys
-328.
-390,
—455a
~1250.
—2273e
~3480.

aly)
<0010
«0030
«0019
«+0009

Egqs 3

coefficient o (coeff)

.1788721115+02 .108+01

.1132082250+03 .101+02

.3559561834+03 .360+02

.5297942754+03 .555+02

.2973257463+03 .312+02

The reference

Assigned weight is 1.0.

J. Phys. Chem. Ref. Data, Vol. 10, No. 3, 1981
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3.000 S —
2.500 |
2.000 |} J
1.500 | ]
1.000 4
.500 ]
~ A
+ A
o 0 A A
I 4 s ©
-.500 {
—1.000 L
~1.500 |
~2.000 |
~2.500 } 4
-J'ooo y— A 2. i e A, . . i e e A A A A A
0 0400 .0BOO .1200 .1B00  .2000  .2400 .2800 .3200 .3600 .4000
Molality/mot kg™

Deviation Plot for Na,CH g5,0g: 48 vs molality

& Bonner, Rushing and Torres (14], vapor pressure osmometry and isopiestic vs NaCl

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



o
N W N — 3

ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS

- 729
NagBq2H12
Recommended Values for the mean activity and osmotic coefficient of sodium dodecahydrododecaborate,
Na,B  H 5, in H,0 at 298.15 K
- : -1
mimol -kg 1 ¥ ] a, AGex/J-kg
«0J1 «8898 « 9630 « 559548 -1
«002 «8532 «9507 «569897 =2
«003 «8279 9423 0559847 -3
<004 «8082 «9358 SS9 798 ~4e
«005 7921 +9305 «9$9749 —6e
«006 « 7783 9261 «SS9700 ~8e
«007 «7664 «9223 « 599651 -10.
+008 . «7557 «9189 e G99603 -124
+ 009 . e7462 «9159 « 969555 ~14,
«010 7376 «91323 « 999507 =16
+020 6792 +B8S68 «999031 -42.
«030 «E452 «8890 «SS8560 -73e
« 040 «6221 «8ES1 «598088 -107.
«050 «6052 «8834 «997616 =143
«060 5922 «8830 +S97141 -182.
«070 «S820 «8837 0GG6663 =221,
+080 «5739 «8850 «996181 ~262.
+050 «5673 «2868 595696 ~-304.,
«100 «5618 « 8890 «S595207 =346C.
« 200 «£429 9223 «99C080 -793.
«300 «5522 «9€31 *S 84505 -1243.
« 400 «5740 1.,0066 «978474 —1671.
« 500 «6041 1.0814 *S571987 ~2065.
« 600 06410 140572 565044 -2418.
« 700 6841 11438 «S57650 ~-2725.
« 800 7333 1.1911 «9439580S —-2982,
« 900 «78350 1.2350 «541513 -3186.
1.000 «8515 1.2876 532778 -3334.
1.250 1.0418 14118 «905029 -3447.
1.500 12912 165401 «882626 -3174,
1.729 1.5869 1.6612 «856216 -2564.
m/mol +kg ! o (@) s{&ny) aly)
<001 «0001 + 0002 <0001
«010 «0005 +0011 «0008
«100 «0013 «0041 - <0023
1.000 <0013 +0046 «0039
1e729 «0019 0053 «0V8a
Coefficients of Correlating Equations
Egs | Eqs 2 Egs 3
coefficient o (coeff) coefficient ag{coeff; coefficient u{coeff)
.17592563180+01°  .294-01 .5540101442-01 .630+00 .1068919937+02 .242+00
.79131126216+00 . 155-01 .1868055722+02  .345+01 -.T586339284+02  .972+00
5477768441501  .594-02 -.2885735827+02 .786+01 .15697286991+02 . 152401
- .2909627751+02 .891+01 ~.7370931754+01 -105+01
-.1516036077+02 .hg7+01 . T570342624+0) .270+00
.3147357993+01 .109+01
oleqs 1) = .267-02
o(eqs 2) = ,229-02

a(egs 3) = .213 02

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



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.
-1
m/mol «kg ¢298.15
«097200 «8864
+197000 +9236
*293000 «9640
«305000 ©9640
«425000 1.01685
«648000 11154
«817000 11989
« 995000 1.2856€
1.197000 13867
1.376000 1e4744
1384000 14843
1.617000 1.5997
1.729000 1.6608
3.000 - — — — —— ———
2.500
2.000
1.500 1 : b
1.000 }
500 r a A
o A A
+ A
o o] 25 x
%; a a Ao A A
a
-.500 }
—-1.000
-1.500 ¢
—-2.000 9
—-2.500
~3.000 0 .200 .400 .600 1.000 1.200 1.400 1.600 1.800

.800 ;
Molality/mol kg~

Deviation Plot for NaZBIZHIZ: A vs molality

& Wen and Chen £18], isopicstic vs KCI

J. Phys. Chem, Ref. Data, Vol. 10, No. 3, 1981
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Pﬂzi;!(iriibl;

Hecommended Values for the mean activity and osmotic coefficient of sadium chromate, NaZCrOh, in HZD at 298.15 K
m/mot+kg L Y )] a, AGex/J'kg-l
«001 «8875 «9618 « 599948 =10
-002 « 8490 09483 0569898 ~20
«003 «6219 09388 0999848 -30
<004 «8007 09332 0 SSITSS -%o
0005 ©7830 «9259 +999750 -6
0 00€ ©7678 09198 0559702 -8
.007 .7B44 e0347 «E9D6E4 ~190
«008 * 7425 09195 0599606 -~120
«009 #7317 09066 0599559 -150
+ 010 «7218 03330 ©0G9%S12 ~17¢
<020 «6528 08780 0699051 ~4Se
«030 26066 08624 0598633 ~800
«040 «5784 08511 0998162 -11%0
«050 «5540 08423 0 $S7727 -163o
« 060 «53413 08353 0597296 -2060
«070 «5173 28290 6556869 —2540
<080 «5028 08238 0556445 ~3040
« 090 «4901 08192 0596323 - -3566
«100 4788 08150 0555605 -43100
« 200 e4062 07881 0551517 -102%0
«300 «32657 7723 «987556 -~17360
.00 .zze1 a?611 wseseos -251%0
» 500 «3176 07526 0975867 -3345¢0
-« 800 «3015 07463 © 576050 -4 2180
« 700 2885 07417 0 872330 -51270
- 800 «2778 07366 © 568571 -~£3660
«S00 «2688 7368 0S64765 -7331¢
10000 2613 » 7363 +960988 -8018,
1250 2474 +73G8 «$51247 ~10567,
1.500 «2384 « 7495 0541044 -13203¢
1.750 »2331 07646 0532233 -15890¢
2.000 .2307 ©7846 518653 -16609%e
20250 «2308 8088 0506325 ~21337¢
2+500 «2330 8372 0833039 ~240560
24750 «2373 © 8697 0878745 ~267480
3.900 «2438 ©9061 0 B63363 ~2539Se
34250 2524 09468 o 8467810 +316920
3.500 «2638 eS9z21 0828883 ~345130
3.750 «2774 1a 0425 0809539 ~3654€0
44000 «2947 140585 788592 ~39275¢
4250 « 3163 101613 o765873 -414830
443632 «3276 1e¢19520 «754973 -424360
n/molekg™ '] o(8) o (gny) aly)
-001 «0001 «0003 «0002
+010 « 0008 00019 20013
«100 «0024 00072 00035
1.000 + 0020 o 0085 00023
2.000 «0019 0087 00020
4363 +0035 o 0094 00312
Coefficients of Correlating Equations
Eqgs | Egs 2 Egs 3
Par coefficient g(coeff) coefficient o{coeff) coefficient v (coeff)
i .1521281253+01 .k98-01 -.2490769557+00 . 248+00 . 7434636812401 .176+00
2 -.3518642820+00 .380-01 . 1087083995+02 .920+00 -.9297149038+01 L hh7+00
3 .1519398273+00  .239-01 - .B731604860+01  .138+01 .6k25181609+01 . 4h5+00
i -.3308277403-01  .682-02 5705429377401 .102+01 -.2227319589+01 -197+00
5 .2077345276-02  .690-03 -.T4B580375k+01  .365+00 -308B351363+00  .324-01
6 .19305722h5+00  .509-0)
sleqs 1) = .360-02
o(eqs 2) = .320-02
of{eqs 3) = .5i0-02

—
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732 R. N. GOLDBERG

Experimental Data Empioyed in Generation of Correlating Equations

Carr and Harris [70]. These workers report the Stokes [7]]. Isopiestic measurements, reference
vapor pressure over the saturated solution. We have electrolyte is NaCl. Assigned weight is 1.0.
assumed_that this pertains to a molality of 5.413 4
mol kg™' and we have adjusted the data to 25°C using m/mol kg ﬂ298 Is
the ¢ data for KyCr 07 and the ®c data for K,CryCy —_— —_——
given in the table o% auxiliary data. Assigned weight «112700 «8118
is zero. «215800 e 7826

4 «553300 *7494
m/mol+kg ﬂ298 15 «856400 « 7404
E—— = 1.070000 «7360
54413000 1.4850 1.428000 e7448

2121000 «7S924

Jones et al. [40]. Freezing point depression 24357000 «8225
measurements. These measurements were treated using 244622000 ’ «8326
the ¢ data for KZCI’ 0, and the L data for K,Cr,0 3.118000 «$307
given in the table og Zuxi]iary data. Assigned weight 3.489000 «9843
is zero. - 3.866000 10685

m/mol ~kg ”298.15 4+363000 1.1924
+100000 7677
«200000 e7118
«300000 6800
«400000 o6EL14
«500000 «6436
«600000 «6397
« 800000 « 6206
1.,000000 «6081
3.000 T T r — r T
2.500 ¢ 1
2.000 } 4
1.500 t
1.000 1
500 X 4
bad
o~
+ X X la X X
o 4] ¢ ral
Ix X

X X
-.500 } 1Y h
—-1.000 1
-1.500 t
—~2.000 r
-2.500 4
3000 bbb .

0 50 1.00 1.80 2.00 2. 0 3.50 4.00 4.50 5.00 5.50

250 3.0
Molality/mol kg™

Deviation Plot for NaZCrOL‘: AP vs molality

A Carr and Harris [70], vapor pressure
4 Jones et al. [40], freezing point depression

X Stokes [71], isopiestic vs NaCi

d. Phys. Chem. Ref. Data, Vol. 10, No. 3, 1981
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N32W04

Recommended Values for the mean activity and osmotic coefficient of sodium tungstate,

Nazwoh, in HZO at 298.15 K
m/mol -kg ! Y [} a, AGeX/J-kg !
-001 «8858 «9608 +599948 -1,
<002 «8459 «S4E6E 559898 -2
«003 «8177 ¢9363 2999848 -3
.00a 7984 .a282 -S90760 <8.
«005 «7768 09213 2999751 ~6e
«006 7607 9153 «$59703 - -8,
«007 7466 «9100 2999656 -11.
«008 « 7339 «90852 +599609 =13,
« 009 7224 «9009 599562 —15.
«010 7119 « 8569 «599515 -18e
«020 <6382 8686 999062 -47
«030 «5923 «8509 2598621 -84,
« 040 «S593 8382 » 598190 -125.
« 050 «5337 «8286 «S87763 -170.
« 060 «5130 . +8209 «$97341 —-218.
«070 <4957 «8147 +596922 —269.
<080 «4809 «8096 «596506 =322,
«090 «4681 « 8052 2556091 ~378e
«100 4568 «8316 « 955677 —-435.
«200 «3885 7840 991561 —1085.
« 300 «3547 7813 +987412 ~1825.
«400 ‘«3341 « 7840 +583195 —-2619.
« 500 «3202 « 7893 «978897 -3451.
«600 «3104 « 7960 *974517 -4310.
«700 «3033 « 8036 «970055 ~-5189.
«800 «2980 8117 09658512 -6083.
« 500 «2941 «8202 «960889 —6989.
1.000 «2912 «8289 *556189 —=7903,
1.250 «2873 «8512 «544118 ~-10212.
1.500 «2866 8738 +631613 -12534.
le750 +2880 «8965 «518708 -14854,
2.000 -2909 «2190 « 505433 —-17160e
24250 «2951 9415 «851819 ~-19443,
2.500 +3003 « 9639 «877892 -21656.
24523 (sat) «3008 *«9659 «876596 ~21902.
2558 «3016 «9690 « 8746195 -22214.
mimol kg™ o(g) o (tny) o(y)
«001 «0003 «0006 «000S5
<010 .0021 .0045 .0032
«100 « 0093 «0234 «0107
1.000 «0114 <0541 <0158
24000 «0057 « 0495 00144
2.558 «0093 «0435 «0131
Coefficients of Correlating Equations
Eqs 1 Egs 3
Par coefficient o(coeff) coefficient o{coeff)
] .1119588272+01 .951-01 .3284014925+01 .492-01
2 .1525394837+00 .245-01 -.8509229267+00 .279-01
o(egs |) = .976-02

d(eqs 3) = .942-02

Experimental Data Employed in Generation of Correlating Equations

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

-1

m/mol kg ”?98.1%
1.380000 «8580
1.846000 «9130
24558000 e 9660

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



734 R. N. GOLDBERG
Comments

The fit for this system is based on only three isopiestic measurements. Additional data would be

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

3.000 ™ T — T T T - r T T y —

2.500

2.000

1.500 |

1.000 | 4

.500 t

by
X1012
o

~.500 | a
-1.000 | W
~1.500 } ’ 1
-2.000 |

-2.500

-3.000 ; - et . .
0

.400 .800 1.200 1.600 2.000 2.400
Molality/mol. kg™

Deviation Plot for Nazwoz': A@ vs molality

A Dellien [72], isopiestic vs HZSOL,
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K2$04

Recommended Values for the mean activity and osmotic coefficient of potassium sulfate,
K,S0y,, in H,0 at 298.15 K

m/mol 'kg-]

.021
.002
093
.04
.005
.006
007
.008
.806
+012
.02
.03
040
. 050
.060
.070
.080
.50
.100
.200
.300
. 400
.S0C
. 600

Y

«8846
«8437
<8146
«7914
« 7729
«75832
7604
<7271
«715¢
« 7029
«£251
«5754
5392
<5106
«2877
«4€82
<4515
«4369
«423%
«342¢
«20C0
«2719
«2514
«23585

«692 (sat) 2237

m/mol-kg_

1

-0
«010
«100
«692

Coefficients of Correlating Equations

Egs 1
coefficient o (coeff)
.9438300725+00  .179-01

-.B859857747-01  .231-01

o
o W N Im
-

ex -1
° o MMk
«S621 «S99¢48 -1le
09453 «S99898 -2
09345 «999848 =3
+9258 « 555800 -Se
«S183 « 595752 -7
9118 «€9ST704 ~Ce
«9262 «599657 -11.
+5C08 ¢969611 -13e
«B89E0 «S96564 -15.
«8915 599518 ~18e
« 8590 «599072 -4C.
«8376 e 968642 —87e
«8216 +998225 -131.
<8588 «5€T7817 -17C.
7983 0597415 -232e
«7893 «997318 -285.
«7816 e ©96626 -T43e
« 7747 « 596239 -424.
e 7687 955854 -466.
e 7324 «952136 -1191.
7102 «9885€1 -2040.
«6971 « 985044 ~-2€73.
«6875 «e9815¢3 =36 72
<6800 «978120 -S224.
e €743 575097 -6031.
a(#) o(&ny) aly)
.0000 . 0001 «20021
«0203 « 0007 «00925
0912 <8033 <0014
«0933 +0C46 «0010
Egs 2 Eqs 3
coefficient o (coeff) coefficient o (coeff)
-.2100728296+02  .193+01 .5104692996+01 .133+00
.1529132612+03 .196+02 -.3673183129+0} .370+00
- BEB2337141403 . 784+02 .9209181712+400  .268+00
.70156%0009+03  .151+03
-.5658857765+03.  .141+03 .
.1831688027+03 .512+02
o(eqs 1) = .719-02
calegs 2) = .113-01
of{egs 3) = .774-02

Experimental Data Employed in Generation of Correlating Equations

' Abegg [73]. Freezing point depression measurements.
auxiliary data were used in treating these and the other freezing point depression feasurements on K

Assigned weight is zero.

m/mol

'kg‘l

«004381
«00€532
-008673
«010804
«012906
«014958

The ¢L and

ﬂ298.]5

« 9943
«9258
e 0790
«8661
*8547
«8505

data for KZSO given in the table of

2SOI‘.

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



736 R. N. GOLDBERG

Archibatd [3]]. treezing point depression Indelli [21]. Freezing point depression measure-
measurements. Assigned weight is zero. ments. Assigned weight is 0.20.
- |
mimol kg Pr08.15 m/mol *kg #298.15
«050070 «4199 «003075 +9062
«0550 90 «4175 «003853 «9023
«060110 04156 «007187 *8848
«070140 .4127 +313390 8643
«100290 «4059 +016796 *8595
«201180 «3856 «020695 «8487
«251870 «3789 «030064 «8310
«302720 «3735 « 046900 «8086
«353740 «3711 : «047636 «8086
«404940 «3694 «061410 7952
«456310 03697 « 089460 7748
«507860 « 3699 «090036 7762
«611530 «3753 «115480 « 7589
«715970 «3873 «141350 7462
«145660 e7443
Filippov et al. [74]. Vapor pressure measure- «172040 «7345
ments. Assigned weight is 0.10. «209740 «7216
- «240820 7118
afmol - ky 5298 15 «277420 «6965
- - 311220 «6942
«251500 7552 «319170 065926
«4591100 «7083 «355160 +6852
-366790 .683¢e
Foote et al. [36]. Vapor pressure measurement. 396400 «6787
Assigned weight is 0.10. +407380 «6776
-1
m/mol -kg ﬂ298_]5 Jones [77]. Freezing point depression measure-
- - ments. Assigned weight is 0.10.
«691200 e6813
m/mol,-kg-] [} 8
Hall and Harkins [75]. Freezing point depression —_— 238.15
measurements. Assigned weight is 0.60. «001000 «9680
-1 «001996 29578
m/mol -kg ¢298.15 «003001 «9521
—_— — : «003991 9483
«002740 «9320 «004971 «9370
«004040 1.2827x« «006002 9304
+006180 «9180 «006982 9248
«010390 « 8940 «007953 09217
«017560 «8676 «008923 »9053
+026080 «8478 «009884 8983
«045470 «8173 «020013 +8833
« 088990 7774 «029227 «8615
«120500 «7598 «038044 «8475
«050074 «8210
Hovorka and Rodebush [76]. Freezing point +058099 8165
depression measurements. Assigned weight is 0.30. « 065827 27954
-1 «073156 « 7896
m/mol -kg By98.15 «080287 7862
—_— — «087120 7752
-001000 +0404 *093705 TTT3
«002740 34347
+005000 9154 Jones et al. [40]. Freezing point depression
«010000 8923 measurements. Assigned weight is 0.10.
n/mol kg P298.15
«050009 «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.

m/mol kg P298.15

«691300 «8660

J. Phys. Chem. Ref. Data, Vol. 10, No. 3, 1981
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Loomis [44,65]. Freezing point depression

. Robinson, Wilson, and Stokes {24]. Isopiestic
measurements. Assigned weight is 0.10. measurements, reference electrolyte is KCI. Assigned
1 weight is 1.0.
m/mol kg 2 -1
—_— —32§Lli m/mol * kg ﬁ298.15
010000 8771 —_—
+020000 .8480 .095750 .7806
«050000 «8097 «129300 «7688
+«100000 «7713 +146100 «7541
«200000 «7296 «181700 «7489
300000 27016 «185200 e 7480
* « 205500 .7413
Osaka [78]. Freezing point depression measure- «230600 «T323
ments. Assigned weight is 0.30. « 238400 27353
1 2240400 + 7356
kg~ [ +307600 +7206
m/mol ke 22815 «316800 o7192
«001172 «9579 «383800 « 7947
«002556 «9405 « 393700 «7038
«003911 +9325 « 3999500 «7036
+005194 9248 «411900 06597
006498 <9062 «426700 7005
«Q97777 «898%9 «494100 6915
«001919 «9590 ) «459800 «6916
«00.3890 9283 «577600 «6B827
« 005645 9159 «E22200 6782
«007454 «9068 «689800 «67T15
«009229 +8945
«010986 «8877 Wexler and Hasegawa [81]1. Vapor pressure
. measurement performed over the saturated solution.
Pearce and Eckstrom [23]. Vapor pressure Assigned weight is zero.
measurements. Assigned weight is 0.40. o -
/mol -k [}
-1 p m/mot -9 298.15
1- ———
mimolrks f298.15 “e91200 Y
000 7500 _ .
:;:gooo :7319 kerlof [25,25a]. ‘Emf measurements on the cell
«400000 «6934 Hg(1), Hg,S0,(s); K,S0,(m); K(Hg) (')ilesou(’f‘ref);
+«600000 6742 ngso“(s), Hg(1). m ¢ = 0.05 mol kg~ 1. Assigned
+686900 <6649 werght is 0.40.
Ponsot [79]. Freezing point depression measure- m/mm-kg"l Y/Yref
ments. Assigned weight is 0.10. =
+ 025000 1.1947
-1
01 -k )] +125000 «7471
el ks 29815 +248000 #5999
4815
36260 «8207 +494000 .
:237660 «8186 «621000 «4395
«114300 .7585
.::1800 « 7558 Murata [82). Emf measurements on the cel
«208100 7184 K(Hg) (1) K9S0y (m) ; ngsol,(s),. Hg(1). m_ ¢ = 0.0
mol.kg™'. Assigned weight is zero.
Rivett [80]. Freezing point depression measure- -1
ments. Assiyned weight is 0.10. m/mol -kg Y/ Y et
-1
m/mol * kg ] +692000 2778
‘Zgg;ii «500000 «2690
+049600 «8267 +300000 02995
2128000 e 7658 «200000 #4213
«209400 « 7276 «100000 «5242
«291500 27045 «050000 6327
«324700 «6987

Comments

We have given the most weight to the careful isgpiestic measurements of Robinson et al. [24], 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 data point at the lowest malality, are in excellent agrasment
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.
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 Hall and Harkins [75], Hovorka and Rodebush [76], and Osaka [781, with the exception of two data
points contained in the former two investigations and which are probably typographical errors, are in good
agreement with each other and merge well with the jsopiestic measurements. We have given lower weights to the
remainder of the freezing point depression data which appears to be of a lower quality than the aforementioned

A similar
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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 Jellinek [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 Hg) (1); K,s0 Oﬂ SOh(s Hg(1) and, since it is only one measurement, it
cannot be used to obtain any vilues o? 5 hence any activity coefficients. Plake [86] reports some
boiling point elevation data, which we have chosen not to treat due to the large and uncertain temperature
corrections.

3.000 -~ . . , S ey v . ' —
2.500 |
2.000 % X
%
1.500 L 2
% T 2 22
1.000 2 > )
2 22 2 [
2 = 1
o~ 25 5<)i(;§| _ 2
+
o 0 -y Y AATE >
% Y
Ix ¥ vy ) 2
~500 K _, - ]
Y % £y
¥ ) -
~1.000 | | vy
-1.500 }¥ Y
Y Yy
.A = YY
—2.000 %
a
=2.500 Fa
3000 Bt 444 4 d Y SR
100 - .200 300 .400 500 .600 .700

Molality/mol kg™

Deviation Plot for KQSOQ: AP vs molality

Abegg [73], freezing point depression Rivett [80], freezing point depression

Archibald [31], freezing point depression Et Robinson, Wilson and Stokes [24], isopiestic
’ vs KCI

Filippov, Makerevskii, and Yakimav [74], < Wexler and Hasegawa [81], vapor pressure

vapor pressure
Foote et al. [36], vapor pressure

Hall and Harkins [75], freezing point depression

depression
Indelli [21], freezing point depression

Jones [77], freezing point depression

Jones eL al. [40], freezing point depression

A
+
X
o
X
4 Hovorka and Rodebush [76], freezing point
Y
E 3

Leopold and Johnston [43], vapor pressure
| Loomis [44,65], freezing pdint depression

13 Osaka [78], freezing point depression

- Pearce and Eckstrom [23], vapor pressure

t Ponsot [79], freezing point depression
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3.000 —~ —_
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1.500
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-1.000 1
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Recommended Vaiues for the mean activity and osmotic coefficient of potassium orthophosphate,

R.

GOLDBERG

KoHPO,

AGex/J-kg—]

KZHPOQ, in H20 at 298.15 K
-1
mimolks Y ? 2
<001 +«8865 «9612 «959948
002 8471 9472 559898
+003 .8193 9372 959848
<004 «7973 «9293 *S6S 799
«005 «7790 9226 999751
006 «7633 «9168 «999703
007 7494 9116 «SS9655
008 «7369 +«9070 «S$59608
009 «7257 5028 +599561
«010 «7153 8589 599514
«020 6426 «8711 +999059
+030 «5969 «8E33 598617
040 «S63R8 «R402 «0G8188%
050 «5378 «8298 «S97760
060 «5164 +8212 ¢957341
«070 4984 «8138 596926
+080 4829 «8074 956515
e 090 e 4692 «8017 eY90108
«100 «4571 ¢ 79€6 «$S5704
«200 «3789 «7620 «991797
« 300 «3352 7404 «988068
+400 «3054 .7241 984468
«500 2830 +7109 «9809571
« 600 2653 «7001 977553
700 »2509 «6911 eS74191
«800 2389 « 6839 +970865
873 2313 6795 «568452
m/mol +kg”! o(8) o (2ny) aly)
+001 «0001 «0001 «0001
«010 <0005 +0010 «0007
«100 «0012 «0037 «0017
«873 <0018 +0044 «0010
Coefficients of Correlating Equations
Egs 1 Egs 2
Par coefficient o (coeff) coefficient o (coeff)
1 .1330082082+01 .299-01 -.1196806511+01 .207+00
2 -.3854662891+00 -375-01 .1277618910+02 .800+00
3 .1052672337+00 .245-01 -.8995119524+01 .108+01
4 - .3060931796+01 .489+00
olegs 1) = .324-02
o(eqs 2) = .335-02
oleqs 3) = .334-02

Experimental Data Employed in Generation of Correlating Equations

Burge {32]. Vapor pressure osmometry measurements performed at 37°C.

it 3
-2
-3
~Se
-6
—8e
=10,
=13
=15,
=17
=47
-82.
-123.
=167
=215
—~266a
=319
~376G.
—~431.
-1089.
-1859.
—2708.
-3619.
=4583.
-5591.
~€637.
~7422,

Egs 3
coefficient o (coeff)
.7486245576+01 .207400

-.1027288937+02 .799+00
.75h8955985+01 .108+01
=.2215700645+01 .488+00

The ¢, data for K2HP0h and thse¢c

data for Nap50; given in the table uf auxiliary data were used In adjusting these measurements to 25°C.
have given zero weight to the data for the lowest three molalities and unit weight to the highest four.

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

m/mol kg

1

+010000
«020000
«050000
«100000
»200000
+«300000
+400000

#298.15
0 9520%
*9120%
« 8380
«8010
«7670
7460
«7310
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Scatchard and Breckenridge [61].

is 1.0.

Comments

AQUEOUS SOLUTIONS 741

Isopiestic measurements, reference salt is NaCl. Assigned weight
m/mol -kg 0298.15
« 872870 26796
¢ 844960 6828
«811810 «6830
« 809500 «6827
+713100 «6879
« 698690 «6540
+691600 «6903
« 639600 «6959
+612940 «6997
«539610 « 7063
«526910 «7101
« 526610 «7025
«479410 «7195
«407940 7241
« 375790 «7259
341940 «7278
«319150 « 7355
«305970 07423
« 269850 «7472
«157860 «7594
«164520 « 7669
«151830 07745
«146360 « 7766
«101290 « 7944
«089470 «8011

The vapor pressure osmometry results of Burge, with the exception of the data at the three lowest
molalities, are in good agreement with the results of Scatchard and Breckenridge {61].
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Burge [32], vapor pressure osmometry

Scatchard and Breckenridge [61], isopiestic vs NaCl

J00 .400 .?
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742 R. N. GOLDBERG
KoH,P504

Recommended Values for the mean activity and osmotic coefficient of potassium dihydrogen pyrophosphate,
K2H2P207, in Hy0 at 298.15 K

m/mol'kg-] ' ] a, 265779 kg !
«001 «8871 «9615 «599948 -le
» 002 «8481 «9478 «$99898 -2
«003 «8206 «9380 «999848 -3e
«004 « 7990 9322 « 999799 =Se
« 005 «7810 «9237 «999750 -6
« 006 « 7655 «9181 « 999702 =8
« 007 «7518 «9131 «999655 «~10e
« 008 «739€ «9085 «999607 =13,
« 009 «7285 «9044 «999560 -15.
«+010 «7183 «9007 « 999513 =17
«020 «6467 «8737 « 999056 =46
« 030 «6017 «8562 +998613 -81le
«040 «5687 «8431 « 998179 =121
« 059 «5428 «83226 e 997 TS3 =165
« 060 5214 «8238 «$97332 -212
«07C «S50323 «8161 « 996917 =262
« 080 «4875 8093 2996507 =314,
«09¢C «4736 «8031 «996101 »368.
«100 4611 7975 +« 995699 =425
«200C 3792 7562 * 991859 =1080.
«300 «3318 7271 + 988280 =1853.
« 400 «2985 «7034 «98491C =2714.
«S5S00 «2732 «6330 981712 =3647.
« 600 2529 «6€53 « 978657 -4641.
«700 2362 «6497 « 975719 =5689.
« 800 2221 6360 « 972876 -6786.
«9GC «2101 «6239 *«970108 7926
1.000 «1997 «6133 « 967396 =9105.
1.250 «1790 «5324 «960768 -12206.
1500 «1636 5782 «954211 =15491.
1750 «1518 «5691 « 947601 -18928.
2000 01428 «5639 2940869 22494,
24259 «135C «S5616 « 933982 -26168.
24500 .1289 «5615 « 326937 -29934.
2752 01238 «5629 «919742 =-33781.
3.000 «1195 «5654 912409 ' =37699%9.
3.072 1184 56062 913331 -38807.

m/mol'kg_] a(8) a(seny) aly)

«001 « 0001 «0001 «0001

«010 <0004 «201C «2007

«100 «0012 «0036 0017

1.€00 «0004 «0037 « 0027

2.000 «0008 «0040 « 0000

3.070 .0011 0041 -03¢s

Coefficients of Correlating Equations

Egs 1 Eqs 2 Egs ‘3

Par coefficient ¢ (coeff) coefficient o (coeff) coefficient a(coeff)
1 . 1476275533401 .266-01 - 2704897451401 .2L0+00 .7225785kL34+01 h31-01
2 -.6368447433+00 .240-01 .2159131198+02 .120+01 -.9759974248+01 .125+00
3 .2056399849+00 .188-01 -.3111567765+02 .260+01 .7329352280+01 .143+00
4 -.3590390693~01 .707-02 .3066033166+02 .300+01 -.2785232255401 .735-01
5 .7639688678-02 ,973-03 -.17675450021+02 .192+01 .4213900955+00 .141-01
6 '__" .5hh3605805+01 . 644+00
7 -.6935081902+00 .886-01

oleqs 1) = .122-02

o(eqs 2) = .520-03

o(egs 3) = .737-03

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



ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 743

Experimental Data Employed in Generation of Correlating Equations

Bonner [120]. |Isopiestic measurements, reference electrolyte is Na2520 . The evaluated osmotic
coefficients given for N325203 in this paper were used in performing the calculations. Assigned weight is 1.0.

-1
m/mol - kg ﬁZSB.IS
+201000 .7536
«406000 «7047
«594C 00 « 6684
« 6395000 «6504
«725C00 6452
«818000 «6330
« 985000 «6143
1.032000 «6091
1.1C70CC «6929
1.2710300 «5901
1.428C00 [3-1-3 %
1597300 e5743
1.652000 .5734
1.806000 .5683
1.59830%2 «5643
2e£210C0 «5614
24428000 «S013
24586000 «5014
2.662000C «5617
248903000 « 5045
3.070003° «5664
3.000 — v - v - v + v v -+ . v =
2.500
2.000 + 1
1.500
1.000
500 ¢ q
o~ a4
¥ . L &
= 0 e A BLE A A —A A S A—a
< X A
-.500 }
—-1.000
—1.500 |
=2.000
-2.500
—3.000 N — " " - " . A N "
0 400 800 2.000 2.400 2.800 3.200

1.200 1.600
Molality/mol kg™

Deviation Plot for K2H2P207: AP vs molality

A Bonner [120], isopiestic vs NaZSZO3
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KoHAsO,

Recommended Values for the mean activity and osmotic coefficient of potassium orthoarsenate,

H,0 at 298.15 K

2
m/mol<kg 1 Y 4] a,

«001 «8891 «9626 599548
<002 «8517 «9498 + 569897
«003 «8258 «9410 0999847
<004 «8054 «9340 2959798
«005 «7886 9282 0859749
« 006 e 7742 09233 »5$59701
« 007 ¢ 7615 «9190 999652
«008 «7503 «9152 +GS9604
« 009 «7401 9117 0989557
<010 «7308 «9086 «589509
«020 «6662 «£868 2999042
«030 «6263 «8737 0598584
« 040 «5975 + 8843 «S98133
«050 «5751 8571 ¢$97687
«060 «5567 «8512 «S97244
« 070 «S412 8462 596804
«080 «5278 «8420 «556366
<090 +5160 8382 2995931
« 100 +5055 +8349 « 595498
«200 «4374 8124 0991257
«300 «3588 «7587 «987133
400 e3722 « 7091 »963065
« 500 +3525 « 7824 «979078
«600 3372 e7783 e975077
« 700 3253 e 7766 «571048
«800 «3159 7771 966957
« 886 «3095 7795 «963343

m/mol'kg—] g(8) a{sny)

<001 «0001 «0002

«010 <0005 «0013

«100 «0012 «0041

« 886 «0016 «0047

Coefficients of Correlating Equations

Eqs | Eqs 2
Par coefficient o{coeff) coefficient o (coeff)
i .1822615158+01  .378-01 .1401467296+01  .541-01
Z -.3925113133+00 .288-01 .5755022906+01 .123+00
ﬁ .1794377058+00  .196-01 -.1210801468+01  .747-01

o(eqs 1) = .253-02

oleqs 2) = .246-02

ogleqs 3) = .257-02

4. Phys. Chem. Ref. Data, Vol. 10, No. 3, 1981
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-1
-2
~3e
_‘.
-1
~8e
—=10.
-!2.
-14.
=17
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~76e
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=195,
~240.
-286.
-335.
~385.
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-1602.
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-3861.
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-5530.
~6278

oly)
.0002
+0009
<0021
«0014

Egqs 3

coefficient

KZHASOA’ in

o{coeff)

.9537221675+01
- .1525119966+02
.]257893612+OZ

-.4118097390+01

©.205+00

.770+00
.101+401
.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
weight is 1.0.
Rl
m/mol *kg ﬂ298.15
+ 886460 «7T779
«852010 7776
« 758370 7774
e 723680 7766
«694470 « 7787
«668780 « 7780
«605580 « 7789
« 564730 «7815
«524170 «7786
¢484340 7828
«471610 «7835
+ 456040 .78?0
+411300 «7867
2405820 «7866
« 403620 «7901
» 355220 « 7969
« 330760 «7916
«325420 «7931
«327400 5882 *
«226010 »8049
« 216450 +«8057
«182470 8133
«173470 8241
«158980 «8209
«112830 «8309
3.000 ~———r T v —— -r ’ + + r—— T v v
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1.000 }
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e 0 o - 2 P>
%X a A o A &
. A A
—.500
-1.000 |
—-1.500 t 4
-2.000 } 1
-2.500
_3‘000 A i A A b AL* . e B— e A rs A re i e vy !
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& scatchard and Breckinridge [61], isopiestic vs NaCl
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Recommended Values for the mean activity and osmotic coefficient of potassium platinocyanide

1

R.

N. GOLDBERG

KoPt(CN)g4

KZPt(CN)u, in Hy0 at 298.15 K

m/mal<kg Y
«001 «8936
«002 «8596
«003 «83€3
« 004 «8183
« 005 «80358
« 006 «7909
«007 « 7799
«008 7702
« 009 «7614
«010 «7533
« 020 «6975
«030 «6626
« 040 #6370
« 050 «£6165
«060 +5994
<070 «5848
<080 «5719
« 090 «560S
«100 «5501
« 200 «4809
«300 «4413
« 400 4143
« 500 «3937
+ 00 « 3765
«700 «3614
« 800 «3480

" <900 3368
«948 «3325
-1
m/mol+kg
-0012
.olo
«100
«948

Coefficients of Correlating Equations

Egs_1
Par coefficient o(coeff)
1 .2875863024+01 .220+00
2 -. 1142306491401 .222+00
3 .1883235420+01 .623+00
4 -.1951937772+01 .787+00
5 .7699942988+00 .352+00

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

i

ex, i a”
E ?L"_ AGT"/J kg
09650 «965948 -1
09541 559897 —2e
09467 «959847 -3
09411 0999797 -4 e
.93268 .©€0747 —-6.
«9326 *5$9698 -7
9293 0999648 -Ge
9263 +SG9600 -11.
09237 999551 =13,
«9212 «995502 -15.
«S046 0599023 =39«
«8541 «558551 —-68e
8861 0998086 -=100.
« 8796 *S57626 -135.
«8740 997170 ~172¢
« 8691 996718 -211.
« 8646 0996269 =252
*+ 8605 995823 -294.
«8568 5995380 -338.
«8306 «591062 -837«
8163 «986852 —-1415,
+8074 «582698 -2048.
«8001 " 0978610 -2723.
« 7526 574626 -3433.
7842 570769 =4175.
7758 2967015 =4946.
«7698 «963248 =5743.
«7689 «961368 —€135.
o () o (&ny) oly)
-0004 «000% «0008
« 0019 <0049 «0037
+0018 «007S 20043
«0022 <0074 +0024
Eqs 2 Fgqs 3
coefficient o(coeff) coefficient o (coeff)
2067672371401 .923-01 . 1400001 442+02 .629+00
711675542+ 01 .200+00 -.3615792136+02 .365+01
-.7868910486+00 .115+00 .5327293899+02 .802+01
- -.5019T15215+02 .770+01
.1202368153+02 .271+401
ofegqs 1) = .269-02
oleqs 2) = ,34i4-02
olegs 3) = .300-02



ACTIVITY AND OSMOTIC COEFFICIENTS OF

Experimental Data Employed in Generation of Correlating Equations

Groves, Dye, and Brubaker [87].

Isopiestic measurements, reference electrolyte is KCI.

AQUEOUS SOLUTIONS

747

The authors

did not report the isopiestic molalities.

Assigned weight is 1.0.

m/mol -kg~

1

8

298.15
«059220 «8745
«072450 +8697
«114500 «8494
0270600 «8189
«352400 «8146
+370400 «8108
«472200 « 7980
«549400 7962
«663100 «7892
«727700 7841
« 761300 7759
«915000 «7699
«948100 « 7686
3.000 T T T T v + v v v
2.500 t
2.000 1
1.500 | 1
1.000 } 4
.500 t
~ A
a
N .
o 0 4 N [ =
Ix a
~.500 r A
-1.000 }
—1.500
—2.000 } 1
-2.500 1
~3.000 . e . .
0 .100 .200 300 .400 .509 .600 700 800 .900
_Molality/mol kg~

Deviation Plot for Kth(CN)L‘:v AP vs molality

A Groves, Dye, and Brubaker [87], isopiestic vs KCI

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



748 R. N. GOLDBERG
K2Cr04

Recommended Values for the mean activity and osmotic coefficient of potassium chromate
KyCroy, in Hy0 at 298.15 K

m/mol'Kg-‘ Y 9 ay AGeX/J-kg [
<021 «8865 «9€12 «$59948 ~1e
«002 «8470 29472 0559898 -2
«003 «8193 «9372 «959848 -3
«004 «7973 09293 «999799 ~Sa
«00S «7790 9226 «569751 ~6e
« 006 « 7633 *9168 «599703 —8e
«007 « 7494 «9117 «955655 -10.
»008 «7370 «9070 « 999608 =13e
« 009 «7257 +9028 2599561 -15.
2010 «7154 «8990 «$99514 =17
+020 6425 «8715 2599058 =47
030 +5976 «8540 +598616 -82.
« 042 5647 8413 598183 -123.
«050 «5391 «8313 0997756 ~167.
» 060 «5181 «8232 « 997334 -214.
«070 «5005 © «8163 +696917 -265.
« 080 «4852 «8103 +$956503 =317,
«090 4719 «8051 2996091 =372.
«100 <4601 «3005 »995683 =429
«200 «3850 7709 2591702 -1079.
«300 «3439 « 7543 « 87844 -1833.
<400 3162 27428 «584070 -2660.
«500 «2957 « 7341 «980357 -3542.
«600 #2797 27274 « 976690 —=4469.
«700 «2666 «7220 «973054 -5435,
« 800 «2558 «T178 «969439 -6434,
« 900 24066 e7147 565833 ~7462.
1.000 «2387 «7125 + 562225 ~8515.
1.250 «2234 +7105 «953134 -11243,
1.500 «2124 +7130 «543837 -14079.
1.750 «2046 27194 ©934225 —=16996.
2.000 «1992 «7291 924216 -19972.
2.250 «1955 e 7417 0913751 -22991.
2.500 «1933 «75€8 «902798 -26037.
2.750 «1923 «7739 «891350 ~29098.
3.000 «1922 « 7528 «879424 ~3216S5.
3250 <1929 +8121 «867057 -35228.
3372 «1938 «8220 + 860880 -36720«

m/mol-kg-] a(g) o{fny) aly)

«001 «0000 «0000 +0000

«010 « 0002 <0004 «0003

«100 «0005 «0015 «0007

1.000 « 0004 <0019 «0004

2.000 «0003 <0018 « 0004

36372 « 0008 <0019 «0004

Coefficients of Correlating Equations

Eqs 1 Egs 2 ‘ Eqs 3
Par coefficient o {coeff) coefficient o (coeff) coefficient o{coeff)
1 .1305648847+01 .889-02 -.6909635204+00 .137+00 .8557298349+01 .3604+00
2 ~.2592248082+00 .691-02 .1173938648+02 .520+00 -.1586988346+02 171401
3 .8275231636-01 .302-02 -.9031948667+01 .817+00 .2066923279+02 .354+01
b ~.6703584350-02  .470-03 .5T01185772+01 .643+00 -. 1757731181402 .391+01
5 — - . 1597948603+01 .250+00 .5207740329+01 241401
6 .2069%4)0985+00 .382-01 -.2669473078+01 .776+00
7 .3260363049+00 ,103+00

o(eqs 1) = .112-02

o(egs 2) = .108-02

ofeqs 3) = .112-02

J. Phys. Chem. Ref. Dato, Vol. 10, No. 3. 77~



ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 749

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/mol < kg ¢298.15
+072550 «8256:
+124200 «7937%
+159800 °7717
+350000 7478
+364700 +7460
«420200 eT402
«446700 7371
«623300 .7268
«694200 .7213
.867800 7178
«926500 «7153
1.177000 *7106
1.198000 - «7094
1.443000 °7120
;.§64000 «7128
1.564000 #7130
1.798000 7218
1.891000 «7233
1.957000 «7259
2.017000 7314
2.415000 «7510
2.472000 7552
2.580000 7627
2.585000 7628
2.717000 7721
24725000 7721
2.747000 °7748
2.826000 7756
2.913000 «7833
3.032000 07949
3.314000 «8189
3.372000 .8208
3.000
2.500 1
2.000 1
1.500 1
1.000 | * :
500 | :
~ A
=+ A a “a A b A
o 0 —p = A Ab- 1‘—‘-&-&.&—_
= A A A AA A
A
-.500 E
-1.000 | 1
~1.500 1
-2.000
-2.500 : ]
_3.000 N S S S
0 .400 .800 1.200 1.600 2.000 2.400  2.800 3.200

Molality/moi kg™
Deviation Plot for KyCroy,: Af vs molaliﬁ/

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

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



750 R. N. GOLDBERG
K 2 Cr 2 (o) 7

Recommended Values for the mean activity and osmotic coefficient of potassium dichromate
KZCr207, in H,0 at 298.15 K

m/mol kg ¥ ) a, 26/ yekg™!
«001 9329 .9831 *$55547 =0e
«002 «S192 5808 ©$ 95858 =1o
«003 «5104 «$793 559841 =2
« 004 «€036 «ST7S IY-T-3500 ) =20
«005 «8979 «S767 0599736 =3,
<006 «8926 0§74 0SS5 €84 =40
«007 .e884 5742 *e€95€32 =54
.008 «EB4&2 0§ 730 ©0SSSETS =80
«00% 8802 «S718 eS5SE27 =7e
+010 <8765 ©S$706 ©0$STATE =86
«020 <8453 +SEB4 «SS8SES =1¢%.
« 030 <8163 «S462 0SS BAEY =320
«040 «76EL 5347 e$G7<81 =48,
« 050 S 748 °0§234% «$$7EOS =680
«0€0 .7552 5127 997045 =86
<070 . JT3€ES 09024 ©S$6ES2 <1080
« 080 «7158 *8526 996148 ~132.
«090 +7038 .8833 «5€5713 -157.
+100 .€888 €745 553288 =183%0
«200 5792 8102 c91281 =£30.
«300 156 PY ] 0SB747E =¢B82¢0
. 400 <4730 7583 583740 =15084
«Z00 2368 07330 °0$80334, =2094%0
+507 (sat) .4342 7327 " +$80116 =213¢,
m/mol kg ! a(p) a(fny) aly)

«001 «00&3 «0143 +0133

«010 <0075 »0326 «0285

«100 - L0020 © 0358 00284

507 <0041 «0336 0146

Coefficients of Correlating Equations

Egs 1 Eqs 2 Eqs 3

Par coefficient o (coeff) coefficient o (coeff) coefficient o (coeff)
1 1713606332402 .774+01 .2133058726+02 211401 .3306332104402  ,217+01
2 - 3963070051401  :234+00 - TT50305447+03  .154+02 -.7568206848+03  .159+02
3 5164708245401 .810+00 .2960489807+03 k2402 .3577937461+03  .455+02
4 -. l;0554722784'01 .883+00 -.3376626001+03 .566+02 -.3920070783+03 .582+02
5 - . 1559889109+03 .269+02 .1660068668+03  .277+02

oleqs 1) = .514-02

oleqs 2) = .369-02

olegs 3) = .379-02

Experimental Data Employed in Generation of Correlating Equations

Bedford [89]. Freezing point depression Leopold and Johnston [43]. Vapor pressure
mcasurcments. The ¢ data for K,Cr,07 and the ¢c measurements performed on the saturated solution at
data for KyCr0; gived in the tab%e of auxiliary 23.66 and 26.40°C. Assigned weight is zero.

data were used in treating these measurements.

Assigned weight is zero. ;;,/m..-,.]-kg-l 8,08.15
-1 —_— _LJ8 12
m/mol kg P298.15 .507 8518
+«0005S00 205965
«001000 le.2622
.002000 .s087
+004000 02793

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



ACTIVITY AND OSMOTIC COEFFICIENTS OF AQUEOUS SOLUTIONS 751

Stokes, Wilson, and Robinson [88]. Isopiestic measurements, reference electrolyte is KCI.

Assigned
weight is 1.0.

1

m/mol * kg B298.15
«061330 °9173
«062050 .9127
«0540 80 +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 [88].

3.000 T T T v v

4

2.500 ¢t
2.000
1.500 }
1.000 |

500 | % X

0 K 3¢

x10+2

-500 |
~1.000
~1.500 }
~2.000 |

—2.500

—3.000 & -
0 .050 100 150 .200 .250 .300 .350 400 .450 .500 550
Molality/mol kg™

Deviation Plot for KZCr207: AP vs molality

A Bedford [89], freezing point depression
4 Leopold and Johnston [43], vapor pressure

X  Stokes, Wilson, and Robinson [88], isopiestic vs KCI

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



752

R.

N. GOLDBERG

Rb2504

Recommended Values for the mean activity and osmotic coefficient of rubidium sulfate

szsoh, in H,0 at 298.15 K
m/mol *kg ! L' 9 a, AGex/J'kg-]
«001 «8856 9607 «9655948 -1
«002 « 8455 e9463 +$59868 -2
«003 «8171 9360 0969848 -3.
<004 «7946 «9277 0eGSS799 -Se
«005 7758 «9206 0999751 -6
«006 e 7596 29145 2599703 -8
«007 «7453 +9091 0959656 -11.
+008 »7324 5042 « 595609 -13.
« 009 7208 8697 0999562 -15.
«010 «7101 « 8556 «999516 =18
« 020 «6347 «8658 0999065 —-48e
«030 «5874 2 84E€E6 598628 -84
«040 «5530 8324 0598202 -126.
«050 «5261 «8212 «G97783 -172.
<060 «5041 «8119 567371 —222e
«070 «4856 «8041 «S 96962 —-274.
«080 4697 07974 9956558 -320.
« 090 «4557 « 7514 «596158 -386.
+100 «4433 + 7861 «965760 -446.
« 200 «3652 7524 +5$91500 -1130.
« 300 3231 07338 «988172 -1927.
- 400 “294% e7212 e984530 -2603.
«S00 02742 7117 «980652 -3739.
« 600 «2581 7042 977423 -4724,
«700 «2450 «6982 «973931 -5751.
«800 «2341 6934 «970466 —-6815.
«S00 2249 «6895 «967019 -7910.
1.000 22169 26865 2963579 ~9033.
1250 «2013 «6823 « 954952 -11947.
1.500 «1900 6825 2946175 -14983.
1.707 «1830 «6858 938695 -17569.
m/mol kg ! a(8) o{4ny) oly)
<001 «0002 <0004 «0004
«010 «0015 0033 <0024
«100 « 0056 «0152 +0068
1.000 «0026 <0181 «0039
1.707 «003S «0202 «0037
Coefficients of Correlating Equations
Eqs | Eqs 2
Par coefficient o (coeff) coefficient o{coeff)
1 .1140270820+01 .817-01 —.éél]460548+00 .5h1+00
2 -.2076659164+00 .697-01 .§302008933+01 136401
3 .1912397283-01 .215-01 -.5237341992+01 .122+01.
Y - .9501169853+00 .369+00
o(eqs 1) = .535-02
coleqs 2) = .520-02
cleqs 3) = .585-02

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

Eqs 3
coefficient g (coeff)
.5040928252+01 .133+00

-.3557113316+01 .210+00
.9890503561+00 -.882-01
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Experimental Data Employed in Generation of Correlating Equations

Cudd and Felsing [90]. "lsopiestic measurements, reference electrolyte is Na,S0,. We have used our table
of recommended values for the osmotic coefficient of NaZSOh in treating these data. Assigned weight is 1.0.

m/mol-kg_I ‘ ”298.15
«422000 7226
«601000 « 6945
«748000 069543
«858000 «6995
+968000 6898
1.118000 +6BAE
1383000 06769
1.486000 «6792
1570000 6836
1.640000 ) «6865
1.,707000 6872
3.000 r——t T —r v v v T v Tt + r r -r v T
2.500 t
2.000 4
1.500- |
1.000 | . 1
A
) 500 t
4 A
o~ &
"6 0 A A 4
Ix 4
A
-.500 }+ A
~-1.000 } 4 4
-1.500 1
~2.000 1
-2.500 4
~3.000 . . . N . . N . . . . R . . N . N
0 .200 .400 .600 1,000 1.200 1.400 1.600 1.800

.800
Molality/mol kg~

Deviation Plot. for szso,’: A% vs molality

&  Cudd and Felsing [90], isopiestic vs Na, S0,

J. Phys. Chem. Ref. Data, Vol. 10, No. 3, 1981
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RbZS
m/mo]~kg-] Y

«001 «8837
<002 «8420
«003 «8122
<004 7884
«00S «7685
<006 «7512
«007 « 7359
<008 « 7221
+ 009 27096
«010 «6%981
«020 «65163
«030 «5646
«040 «5269
«050 03976
«060 «4737
«070 «4837
«07S «4450
-1
m/molkg

«001

«010

«100

«075

Coefficients of Correlating Equations

Eqs 1

Par coefficient o{coeff)

1 .7176969436+00 .251-01
2

N. GOLDBERG
Rb23208

Recommended Values for the mean activity and osmotic coefficient of rubidium persulfate,

20gs in H,0 at 298.15 K
') a 865%/3kg™!
- w —_—
«95986 «999%548 -1.
29443 2959898 -2
«9331 559849 -3
«9240 095.9800 ~Se
9162 e959752 —=Te
«5093 «S5S9705 -G
«9032 559658 -11.
«8S76 569612 -13e.
28924 09995566 =16
« 8877 999520 -18.
8526 «999079 -S0.
«8294 «5$98656 -89
8120 -€98246 -13s8.,
7582 0997845 -184.
7869 «997452 ~-238e
«7773 «957063 -295.
«7732 ¢$96875 -325.
a() o (&ny) oly)
«0001 «0002 «0001
+0007 «0014 «0010
<0040 <0091 «0037
«0033 « 0074 «0033
£qs 2 £as 3
coefficient o (coeff) coefficient o (coeff)
-.5008729539+01 .104+01 .3960405795+01 .769-01
.1899358295+02 341401 —
o(egs 1) = .632-02
oleqs 2) = .604-02
o(egs 3) = .529-02

Experimental Data Employed in Generation of Correlating Equations

Chlebek and Lister [58]. Vapor pressure osmometry measurements.

Comments

m/mol

-kg_‘

050800
« 052600
«052700
2072200
«074900

%998.15

-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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3.000 ————— . .
2500 |
2.000 |
1.500 |
1,60'0 -

500 |

X10+2
o

~500 |
~1.000 }
—1.500 }
—2.000 |

—-2.500

- -3.000 —

0 .0100 0200 0300

Molality/mol

Deyiaiion Piot for Rb25208: AP vs molality

A Chiebek and. Lister [58], vapor pressure osmometry

0
A

.0500

.0600 .0700
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Cs 230 4

Recommended Values for the mean activity and osmotic coefficient of cesium sulfate, CsZSO > in H,0 at 298.15 K

[

m/mol'kg—] Y [] a, AGex/J-kg !
.001 «8855 «9606 «599948 ~1.
002 °B8452 «5462 *5'59898 -2
<003 8168 9358 959848 -3
« 004 e 7942 «9Z274 ¢ Y959 800 ~Se
.005 7754 9204 +999751 ~7e
.006 7591 +9143 «599704 -8
«007 .7447 «9088 «959656 -11.
008 «7319 <9039 +S€59609 -13.
«009 7202 «8994 999563 -1Sa
.010 «7095 8952 «999516 -18e
+020 6340 «8654 999065 -48.
«030 5867 «8464 «S98629 -85,
040 5525 .8224 +$98202 -127.
«050 5258 8215 597783 -173¢
069 «5040 8126 «597368 -2224¢
«070 <4857 «8051 556959 -274.
.080 <4791 «7588 996552 -329.
<090 «4564 «7933 «996149 -387.
<100 4443 «7884 «995748 —446.
«200 «3690 «7598 991821 ~1125.
«300 «3294 «7465 «987970 -1912.
«400 +3036 7388 984155 -2769a
+500 «2848 7339 980362 ~3680.
« 600 <2704 «7306 +976587 ~4634.
700 2587 «7282 572828 -5624.
«800 «2450 7263 +969085 -66440
¢ 900 2407 e T248 e 9CG535T —T7CS1% e
1.000 +2335 7236 961646 -8761.
1.250 «2190 .7212 «952446 -11528.
1.500 2077 7192 ©9432363 -14402.
1.631 «2026 +7182 «938655 -15946.

m/mol *kg ! o (9) o(ny) aly)

<001 «0001 . 0001 " +0001

«010 «0004 +0010 «0007

«100 «0019 +0050 +0022

1.000 0016 0095 0022

1.631 0027 »0079 «0016

woefficients of Correlating Equations

Eas 1 _Egs 2 Eqs 3
B goerliciert 9{coetf) coetficient olcoett) coetficient g (coeff)
. . 6590788+01 .139+00
.1089562730+01 .211-01 ~.6851551779+01 .432+00 525
]2 - 1;322388%22-0] .919-02 .3170955610+02 .163+01 -.3712715778+01 .225"‘0?
3 = -.30541634383+02 .257+01 .]02077]0324‘01» .967-0
b .1931503010+02 .185+01 .
5 ".E2|37877]Q+Ol .500+00
oleqs 1) = .513-02
olegs 2) = .421-02
cgleqs 3) = .605-02

J. Phys. Chem, Ref. Data, Vol. 10, No. 3, 1981
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Exper!mental Data Employed in-Generation of Correlatlng Equations

Cudd and Fels:ng [90] lsoplest:c measurements, Harned [26]. Calculations based on' the
reference electrolyte is NazSOj. - We-have used our diffusion measurements of Harned and Blake {551
table -of recommended:values for the osmotic coeffi- Assigned.weight is-1.0.
cient.of ‘Na SOA in treating these data. .Assigned - i -1
weight is \ 0 m{mal-kg ¥

-1 e
m/mol kg g 0.0001 0.961
, . _298.15 0.0004 0.925
4418000 7295 0.0010 0.886
+565000 «7387 0.0020 0.8L5
«715000 7264 0.0050. 0.774
+811000 +7400 0.0070 0.742
923000 «7235 0.0100 0.707 -
1.068000 «7167
1.393000: «7184
14412000 7148
1.488000 s7213
14563000 «7203
1.,631000 27192
3000 ——————
2.500 |
2.000 + ‘ 4
‘1.800 F ‘ A 4
1000 | ‘
- .500.r. ’ 4
3 4.
520 0 , 2
Ix A A \
-.500 . ~N A . 1
. a : '
’=1.000 : 1
—1.500" |
~2.000 | : ]
-2.500 4
_3'000 - e i i i i i i S e s b 3 n .
0 .200 - 400 600 800 1.000 - 1.200 1.400 1.600

Molaiity/mol kg™

. Devi ‘ion Plot for Cs7SOh: A8 vs molality

A udd and Felsing [90], irsopi'estﬁc vs. Na,S0,,

3. Phys. Chem. Ref. Data, Vol. 10, No. 3, 1981
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3.000 e —————

2.500

2.000 |

1.500 |

1.000

.500 t

A A

Ay
X10+2

-.500

-1.000 }

—-1.500

-2.000

-~2.500 |

. L n 2 . N L

N N " " "

-3.000 . At

.200 .400 .600 .800 1.000  1.200

X1
Molality/mol kg™

Deviation Plot for CsZSO,*: Ay vs molality

A Harned [26]1, diffusion
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CsoS50g

Recommerided Values for the mean activity and osmotic coefficient of cesium persulfate,

!

CSZSZOB’ in H20'at 298.15 K

2%

m/mol-kg Y ) [} a,
<001 .8827 «9391 999948
.002 8402 +9433 .999898
.00z .8097 9316 i599849
« 004 «7853 9220 * 999802
.00E 7647 +9138 e 9997E3
«00€ <7469 « 9065 « 999706
. 007 <7310 8999 «$. 99660
. 008 oTIET «8340 «599€EL S
» 009 <7037 +E334 «999568
«050 W€SET7 88332 599523
«020 «E0E9. +8466 « 559087
-« 030 +EES2 8583 598674
« 040 .5111 »7930 958276
« 050 04798 L7316 «$97890
+ 0£0 «4542 . 7678 «997E13
« 070 «23226 « 7560 «997244
. 080 4142 .7457 «$96781
» 090 7366 990424
«1.00 3 7284 . 996071
<3109 3724 .7218 e 995753
fﬂ/mcl'kg»1 o(d) a(2ny) a(y)
«001 .0001 .0002 20001
4030 0007 «00i4 200190
«100 0044 0059 00033
«109 «0047 «3L06 «0033%
Loefficients of Correlating Equations
‘Egs 1 Eqs 2
Par coefficient o{coeff) coefficient o{coeff.
1 .556974176L+00 .238-01 -.6234612791+01 .386+00
2 T .1954060695+02 101401
ofeqs 1) = .101-01
olegs 2) = .421-02
o(egs 3) =

.390-Q2

Experimental Data.Emp1oxed in Generation of Correlating Equations

X1 kg

N s
o s o 0

om

-7.
-9
-1
=14,
-1€.
~19.
'Sin
~92.
-140.
-3 92
-249s
=309,
=37z
~44C.
~-510.
-S7€,.

Eqs 3

coefficient a{coeff)

759

.2092816159+01  .358+00
.2820932280+01 - .934+00

Chlebek and Lister {58). Vapor pressure osmohetry.' Assiéned weight .is 1.0.

m/mol-kg-]

~080700
+054500
«107300
«107300
«107300
«109100

8,98.15
«7620
« 7660
« 7290
«7290
e7240
7250
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Comments
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Additional, careful measurements would be desirable here.

3.000 ——

2.500 }
2.000 |
1.500 }
1.000

500 t

X102
[&]

-500 |
-1.000 |
-1.500 }
-2.000 f

-2.500

~3.000 +

2

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

.0700 .0800 .0800 .1000 .1100

Molality/mol kg™

Deviation Piot for Cszszos: AP vs molality

A Chlebek and Lister [58], 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 Type of Measurement(s)
H,PO, freezing point depression [91]
H,As,0, freezing point depression{92]
H,GeO, freezing point depression[92]
Hg,SO, electromotive force [83,84]
H,Cr,0, freezing point depression [40]
Li,SiO, freezing point depression[93]
Li,Si;0,, freezing point depression [93]
Li,B,0, freezing point depression [94]
Na,S freezing point depression [27]
isopiestic[28]
Na,H,P,0, freezing point depression [91]
Na,SiO; freezing point depression [45,60,93,95],

vapor pressure [95,96], and boiling poin
elevation [97]

4 Phys, Chwm, Ref. Data, Vol. 10, No. 3, 1981

Na,Si,0,, freezing point depression [93]

Na,Cr,0, freezing point depression [40] and vapor
pressure [70,81]

Na,MoO, isopiestic [98]

K,CO, freezing point depression [34,44,63,64,65,99]
vapor pressure [99a]

K,C,0, freezing point depression [41, 100],
electromotive force [83], and
boiling point elevation [86]

K,SiO, freezing point depression [93]

Rb,Si0; freezing point depression [93]

Cs,3810, 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 ¢ and . 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. Hg,SO, and
K,C,0,. For Na,MoO,, Zhidikova et al. [98] report only
three data points from 1 to 3.16 mol-kg ™!, 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. Coeflicients used to calculate relative apparent molar enthalpies
Range of validity

Systems .~ molality/molkg™" a, .a, a; - a, as a; ay ay ’ Referenée
Li,S0, zeroto 3.0 4+102399  —8338.13 - 43267189 - 1161097 41626502 —118389.4 439369 . —657126 {109
N2,80, zerot0 3.0 - +10239.9 - —34467.5  —54221.6 —6933L.1 —557904 233953  +3904.4 [109]
K,50, 210 100.10 C+10239.9°  — 341689  +4671L3  — 24708.7 . [110]
Rb,80; zerot00.10 +10239.9  —34866.3 4289192  +25750.8 [1i0}

© Cs,80, zero 0 0.10 +10239.9  —59271:1 42240540, — 6431950 + 827071.0 [110]
K,Cr,0,  zeroto2.0 . +102399 345659  —65034.0 4466297 < — 115742 [111
K.HPO,  zeroto 100 +102399° — 177607 4177753 43687 4 181464 146117 [112)
Na,CO; “zerotol4 +9357.82 . —22000.2 -+ 135404 327537 [113}
note t_hat ‘the -experimental data for Na,Cr,0, and for.  System Type of Measurement(s)
a,Si0; are very discordant and no tables of recommended - . ) °

ralues are given for these compounds. The vapor pressure  (NH4),SO4 freezing point depression

measurements of Puchkov and Kurochkina{99a] on K,CO,
have an imprecision of + 0.1 torr and are not-very useful for
obtaining’ precise osmotic coefficients for that system.
Khvorostin et al. [28] report a set of osmotic coefficients for
Na,S bascd 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 which may be calcu-
lated from their [28] data are unusually high (¢ = 1.767 and
~ 7.=4.037atm = 3.00mol-kg ") for a 1-2 electrolyte. Barli-
er, not very precise freezing point depression data were re-
ported by Jellinek and Czerwinski [27]. They are of little
value for the confirmation of the results of Khvorostin ez al.
[28]. Accordingly, we have decided not to include a table of
values for this compound. Careful measurements on the -
above systems would be of value.

- Platford [101] reports a set of isopiestic data for
Na,B,0; and for K,B,0,. Earlier, not very precise freezing
point-depression measurements have been given by Menzel
[94] for Na,B,0,. Platford [101] finds that the osmotic coef-
ficients of these two.compounds are the same within his ex-
perimental error. These compounds apparently hydrolyze in
water to form a solution consisting of an electrolyte,
NaB(OH),, and a non-electrolyte, H;BO;:

Na,B,0, +7H,0—2Na" + 2B(OH);  + 2H,BO,
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 for the following
five electrolytes of charge type 1-2:

TABLE 2. Coeﬂicients used 1o calculate apparent molar heat capacities

4,4'-bibenzy! disulfonic
acid, C,,H,,S,0¢
1,8-diphenyloctane di-

. sulfonic acid, C,H 8,0,
1, 14-dipheny1 tetradecane
disulfonic acid, C,H;55,0¢

lithium 1,8-diphenyloctane
disulfonate, Li,C,,H,,S,0,

[34,99,102], vapor

pressure [81,103], isopiestic
[20,104], and electromotive
force [34]

vapor pressurc osmometry -
and isopiestic {16,17] -
vapor pressure

osmometry [17]

vapor pressure
osmometry [17]

vapor pressure
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. [16,17] for
4,4'-bibenzyl disulfonic acid are notin.good agreement with
each other. The latter data set [17] is to be preferred over the .
one published earlier [15]. Robinson and Stokes [106] and
Pitzer and Mayorga [108] based their tables (or coefficients)
for 7 and ¢ for this compound on the results of the 1956
investigation of Bonner et al_ [16].

For (NH,),SO,, we note that none of the earlier evalua-
tions -of activity and osmotic coefficients
[71,105,106,107,108] took into account the freezing point
depression measurements of Scatchard and Prentiss [102].
These freezing point depression measurements were very

- carefully done and they merge well with the isopiestic results
of Wishaw and Stokes [104]. The osmotic coefficients which
we have calculated for (NH,),SO, from the freezing point

Range of vahdtty
System molality/mol-kg ™’ 4 B . B: B Reference
- Na,Wo, - zero t00.3 - 1104 1504 78 [114)
Na,MoO, zeroto 0.3 —-122.8 150.4 3Lt {114
K,Cr,0, - zero to 0.3 —~235.0 1504 36.6 [114}
K.S,0; 76100 0.3 —840 150.4 160.0 [114}
Na,8,0; zeroto 0.3 —~293 150.4 50.9 [114]
Na,$,0, zer0t0 0.3 —~163.6 150.4 106.0 {114]
K80, zer0 10 0.3 - 2510 150.4 73.6 [114]
Na,SO, zero0.0.3 ~190.1 150.4 133.0 [114}
Na,CO; zero to 1.0 —1763 150.2 100.9 —-112 “[115]

J. Phys. Chem. Ref. Dataq, Vol. 10, No. 3, 1981
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depression data are lower than the values predicted by De-
bye-Hiickel theory up to 0.007 mol-kg ™" 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 of the equation
of Pitzer and Mayorga [108] are, with the exception of some
results from Groves et al. [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 scts 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
K,CrO,,K,Pt(CN),, K,HPO,, K,HAsO,, Rb,S0,, Cs,S0,,
and sodium maleate, several of the earlier evaluations give
values for 7 and ¢ which have been extrapolated beyond the
maximum molality for which data exist). The most signifi-
cant difference is for Na,CO, 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

Evaluatcd data for several reference systems were need-
ed in treating the isopiestic data. These systems and the
sources of the evaluated data are: KCI1[1], NaCl[1],
H,S0,[4], and CaCl,[2].
Relative Apparent Molar Enthaply Data

The coefficients for the equation

N .
@, /Jmol™' = Y a;m”?
i=1
are given in table 1. Our calculated ¢, values for K,HPO,
differ significantly from the @, values tabulated by Luffand
Reed [112]. We have assumed that their tabulated values
were erroneously calculated and we have relied upon their

J. Phys. Chem. Ref. Data, Vol. 10, No. 3, 1981
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reported measurement data.
Apparent Molar Heat Capacity Data

The coefficients for the equations

v . '
& /Imol LK =@ + Y Bim”?

i=1
are given in table 2.

Additional Auxiliary Data
AH®,, = 6008 J-mol ' [116]
AC®,, =38.1Jmol~ "K' [116]
Ab= —0.197 J-K ~2mol ™' [116]
Tt = 273.15 K for water [10]
R =18.31441 J.)K~"'mol~! [117]
F =96484.56 C-mol~ ' [117]
A =0.51084 log, 10 kg'/2-mol ~ /2 [2]
P° = 3168.6 Pa (23.7627 torr) for water at 25 °C [118]
B; = — 992 cm®mol~"at 25°C[119]
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6. Glossary of Symbols
a, activity of water
Ab (BAC /aT),
cg Orc concentration of solute substance B
mg Or m molality of solute substance B
Zy - ‘charge number of an ion B
A constant in Debye-Hiickel limiting law
4, lz,z_|4
A ‘ (zivizis)z A2
2 ©3vE, vz
A4, » coefficients in a specified equation
B,C.D,E.. coefficients in egs (1)’
B; coefficients in a specified equation
B, the second virial coefficient for water vapor
ACS, the heat capacity change accompanying

the fusion of the pure solvent at the freezing
temperature of the pure solvent

GOLDBERG

a8,

AGBX

AH

I, orl

o
porg

P,

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 pure

solvent

ionic strength: (1,, =1%,m;z})

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
coefficients in a specified equation

activity coefficient, molality basis ,
activity coefficient evaluated at a specified -
reference molality {m...)

number of ions of species i formed from one
molecule of solute assuming complete

_dissociation

total number of ions formed from-one mot-
ecule of solute assuming complete dissocia-
tion: [v=2,v,]

standard deviation

osmotic coefficient

apparent molar heat capacity

- relative apparent molar enthalpy



