
Journal of Physical and Chemical Reference Data 10, 1 (1981); https://doi.org/10.1063/1.555639 10, 1

© 1981 American Institute of Physics for the National Institute of Standards and Technology.

Evaluated activity and osmotic coefficients
for aqueous solutions: Bi-univalent
compounds of zinc, cadmium, and ethylene
bis(trimethylammonium) chloride and iodide
Cite as: Journal of Physical and Chemical Reference Data 10, 1 (1981); https://doi.org/10.1063/1.555639
Published Online: 15 October 2009

R. N. Goldberg

ARTICLES YOU MAY BE INTERESTED IN

Evaluated activity and osmotic coefficients for aqueous solutions: thirty-six uni-bivalent
electrolytes
Journal of Physical and Chemical Reference Data 10, 671 (1981); https://
doi.org/10.1063/1.555646

Osmotic Coefficients and Mean Activity Coefficients of Uni-univalent Electrolytes in Water at
25°C
Journal of Physical and Chemical Reference Data 1, 1047 (1972); https://
doi.org/10.1063/1.3253108

Evaluated activity and osmotic coefficients for aqueous solutions: The alkaline earth metal
halides
Journal of Physical and Chemical Reference Data 7, 263 (1978); https://
doi.org/10.1063/1.555569

http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L16/222900553/x01/AIP/HA_WhereisAIP_JPR_PDF_2019/HA_WhereisAIP_JPR_PDF_2019.jpg/4239516c6c4676687969774141667441?x
https://doi.org/10.1063/1.555639
https://doi.org/10.1063/1.555639
https://aip.scitation.org/author/Goldberg%2C+R+N
https://doi.org/10.1063/1.555639
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.555639
https://aip.scitation.org/doi/10.1063/1.555646
https://aip.scitation.org/doi/10.1063/1.555646
https://doi.org/10.1063/1.555646
https://doi.org/10.1063/1.555646
https://aip.scitation.org/doi/10.1063/1.3253108
https://aip.scitation.org/doi/10.1063/1.3253108
https://doi.org/10.1063/1.3253108
https://doi.org/10.1063/1.3253108
https://aip.scitation.org/doi/10.1063/1.555569
https://aip.scitation.org/doi/10.1063/1.555569
https://doi.org/10.1063/1.555569
https://doi.org/10.1063/1.555569


Evaluated Activity and Osmotic Coefficients for Aqueous Solutions: 
Bi-Univalent Compounds of Zinc, Cadmium, and Ethylene Bis(Trimethylammonium)' 

Chloride and Iodide 

R. N. Goldberg 

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

A critical evaluation of the mean activity and osmotic coefficients in aqueous solutio~s 
of eleven bi,univalent compounds of zinc and cadmium and ethylene bis(trimethylam­
monium) chloride and iodide at 298.15 K is presented. Osmotic coefficients were 
calculated from direct vapor pressure measurements, from isopiestic measurements and 
from freezing point depression measurements. Activity coefficients were calculated from 
electromotive force measurements on galvanic cells with and without transference. Given 
are empirical coefficients for three different correlating equations, obtained by a 
weighted least squares fit of the experimental 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 computerized version of Chemical Abstracts of 
September 1979. 

Key words: Activity coefficient; cadmium; critical evaluation; electrolyte; ethylene bis(trimethylammonium) 
chloride; ethylene bis(trimethylammonium) iodide; excess Gibbs energy; osmotic coefficient; solutions; thermo­
dynamic properties; zinc. 
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1. Introduction 

This paper presents a continuation of work at the National 
Bureau of Standards towards the evaluation of activity and 
osmotic coefficients in aqueous solutions. Previously, e~alua­
tions have been made for the un i-univalent electrolytes [1]/ 
calcium chloride [2}, the alkaline earth metal halides [3], 

I Figures in brackets indicate literature references. 

© 1981 by the U.S. Secretary of Commerce on behalf of the United States. 
This copyright is assigned to the American Institute of Physics and the 
American Chemical Society. 

sulfuric acid [1], FeCI;t and the hi-univalent compounds of 
iron, nicke~ and cobalt [5], the bi-univalent compounds of 
lead, copper, manganese, and uranium [6], and the alkali 
metal nitrites [7]. The evaluation procedures have been de­
scribed [2,3,8] in substantial detail and a biliography [9] giv­
ing the results of a search of the scientific literature for rele­
vant sources of experimental data has been published. The 
evaluations presented here complete the systematic coverage 
of the data for the bi-univalent electrolytes with the exception 
of the non-halide compounds of magnesium, calcium, stron­
tium, and barium (i.e., the nitrites, nitrates, perchlorates, 
acetates, etc.) and the cadmium halides. 

ON7-2689/81/01ooo1-55/$06.oo J. Phys. Chem. Ref. Data, Vol. 10, No.1, 1981 



2 R. N. GOLDBERG 

We present our evaluations in detail so that any potential 
users of the data, as well as future data evaluators, can have a 
better view of the status of the measurements on these sys­
tems. We also give coefficients, obtained by a weighted least­
squares fit of the experimental data, for as many as three 
different correlating equations and tables consisting of the 
mean activity coefficients of the electrolyte, the osmotic coef­
ficient and activity of water, and the excess Gibbs energy of 
the solution as functions of the molality for each electrolyte 
system at 298.15 K. The literature coverage is through the 
computerized version of Chemical Abstracts of September 
1979. 

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 ad­
here to the recommendations of the IUPAC [10] with regard 
to nomenclature and units. 

2. Evaluated Activity and Osmotic 
CoeHicients 

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 
energy per kilogram of solvent at selected molalities, which 
extend 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, were, 
unless indicated otherwise, calculated from the data given in 
the compilation of Linke and Seidell [11]. Estimates of the 
standard deviation5 of the cl;lIcuII;lLeu vl;lIue:; uf the u:;muLic 

coefficient(a(+)], the activity coefficient [o(y)), and the natural 
logarithm of the activity coefficient [o(ln y)], all at selected 
molalities, are given at the bottom of each table. 

2. The coefficients, standard deviations of the coefficients 
[a( coeff)], and standard deviation for observations of unit 
weights [o(eq)] for as many as three different correlating 
equations. The correlating eqU<1tio1l5 we have u:!!eu <11t:; 

iny= (I a) 

lny=-A [112-A I1nl+:f Bm(i+l)/2 
1 2 1=1 i , (2 a) 

iny = -A [112 +:f B·m(i+t)/2 
1 i=1 I 

(3 a) 

The corresponding equations for the osmotic coefficient 
become: 

J. Php. Chem. Ref. Data. Vol. 10. No.1, 1981 

and 

~ = 1 + ;J~ {-{I + BPI2) + 21n(l + BPI2) + 

1/(1 + BPI2)} + 1/2Cm + 2/3Dm2 + 3/4EmJ + ... , 
(lb) 

A.. = I - ~P12 - A 2I[lnl + 1/2] +:f B. (i+1) m(i+t)/2(2b) 
't' 3 2 ;=t I (i+3) 

For 2-1 electrolytes in water at 25°C, Al = 2A andA 2 = -}-A2, 
where A is the constant in the Debye-Huckel equation and is 
equal to 0.51084 10g.,10 kgl/2 . mol-til at 25°C. Using this 
value of A and ten significant figures, Al = 2.352505138 
mol-1/2 

• kg1l2 and A2 = 0.9223800706 mol-t. kg. The user 
should note that in our tables, where we have given the coeffi­
cients 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 corre­
sponds to either B in eqs 1, or Bl in eqs 2 or 3, parameter 2 
corresponds to either C in eqs 1 or B2 in eqs 2 or 3, parameter 
3 corresponds to ·either D in eqs 1 or BJ in eqs 2 or .3, etc. 
Also, powers of ten are implied in the representation of a 
number, e.g., .499-02 is .499 x 10-2

• We have retained at 
least ten digits for the coefficients in order to avoid a loss of 
potentially useful information which might be sf value for 
some applications in which the derivative of the activity coef­
ficient with respect to the molality is of interest. The digits in 
excess of those required to ensure a precision of 0.001 or bet­
ter in the calculation of ~ or in y have not been underlined. 
Unless indicated otherwise, eqs (1a) and (1h) were used to pro­
duce the activity and osmotic coefficients given in the tables 
of I't:cuuuueuut:u vuIue:!!. 

3. The calculated values of+ and/ or y /y ref obtained from 
the experimental measurements reported by the various 
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 calculation. The 
results of these intermediate calculations are of an additional 
utility in thl1t if one wishes to employ a different correlating 

equation(s) or model(s) than the ones we have used, these in­
termediate results represent the essential experimental data 
which, if the experiments are deemed to be reliable, must be 
accommodated. Individual data points designated by an as­
terisk (*) were given zero weight 
and 

4. A ueviation plot in 1.\+ and! or I.\y illS a function of the 

molality. In these plots the symbol A means nobserved minus 
calculated" values. 

The excess Gibbs energy AGe"', is given by AGex = Greal -

Gideal = vmRT(1-~ + in y). 



ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS 

2020 Evaluated SYlteml 

Recommended Va I ues for tile mean act i v i ty and osmot i c coeff·. c'. ent of ethy I ene b' ( .5 trimethylammonium) chloride, 
C8H22N2C12' in H20 at 298.15 K 

m/mol okg- 1 y 0 a 
w 

.001 .884!) .9598 • 99S948 

.0)2 .8426 .9447 • 999898 

.0,3 .8131) .9336 • S9S849 

.0~4 • 7895 .9246 .999800 

.!)~5 • 7697 .9169 .999752 
• ,}O6 .7526 .9102 .999705 
.~'7 .7375 .9041 • 999658 
.1},8 • 7238 .8986 .999f.12 
.O~9 .7114 .8936 • 999565 
• o! ~ .7001 .AAA"Q .C;C;Q520 

.02' .6194) • 8545 .999077 

.0::0 • 5677 .8315 .998653 

.1)4' .53~2 • 8141 .998242 

.050 .5008 .8002 • 99784' 

.gel) .4706 .7660 .'i9744e 

.1)70 .4566 .7786 • 997 059 

.~81) .4393 .7700 .996676 

.e9' • 4241 .7624 • 996298 

.I~a .4107 .7557 • 995924 

.2~~ .3275 .7135 • 992317 

.3t9' .2844 .6931 .988825 

.400 .2572 • 6822 .985359 
• 5~1) .2381 .6769 • 961875 
• 600 .2241 .6752 .978342 
.700 .2134 • 6763 .97474D 
.800 .2050 • 6794 .971051 
.9" .1985 .6843 .9672E:2 

1.00' .1932 .6906 .963364 
1.250 • 1845 .7113 .953084 
1.5~,) .18') 1 .7373 .9419813 
1.751) .1785 .7671 .. 93'015 
2.01)' .1792 .7996 .917199 
2.250 • 1814 .8339 .903571 
2.5"~ • 1850 .8692 .889196 
2.7513 • 1897 .9'49 .874155 
3.0~' .1953 .9407 .858538 
3.250 .2017 .9761 .84244(' 
3. r,:It) • 2087 1.~109 • 825949 
3.750 .2163 1.0449 .809148 
4.00' .2245 1.0781 .792103 
4.250 .2332 1.1104 .774865 
4.4~' .2387 1.1295 .764443 

m/molokg 
-I 

0(.0) 

.001 .0001 .0001 

.eH" .0004 .OC)9 

.tot' .OOI!; .0041 
1.01)0 .0013 .0!)51 
2.000 .0017 .0056 
4.400 .0':':2 • C!'l'6 A 

Cut:ffio;.ient::; of CorrelCltin~ Eguations 

~ ~ 

Par coefficient a (coeff) coefficient a (coeff) 

1 .8383414949+00 .234-01 ,...60401163/9+01 .490+00 
2 -. '804T026855-0 I .410-01 .3331002842+02 .302+01 
3 . TIb92783 1 8+00 .231-01 - . 5TS5S2984 3+02 .800+01 
4 - . T§B7"824495-0 I .638-02 .5Ifli31i'32116+02 .115+02 
5 . 1236462194-02 .637-03 -.3568257799+02 .955+01 
6 .1412027397+02 .461+01 
7 -.3091370753+01 .120+01 
8 .2878232862+00 .130+·00 

a (eqs 1) .341-02 o(eqs l) = .292-02 

C!Gex/Jokg -I 

-1 • 
-2 • 
-3 • 
-5 • 
-7 • 
-9 • 

-11 • 
-13 • 
-16 • 
-I A • 
-5' .. 
-89 • 

-133 • 
-183 • 
-2315. 
-293 • 
-353 • 
-415 • 
-48' • 

-1234 • 
-~12t) ;. 
-3095 • 
-4134 • 
-5225 • 
-6356 • 
-7520 • 
-8711. 
-9924 • 

-13027. 
-16195. 
-193c;.3. 
-22595 • 
-25781 • 
-28937 • 
-32052. 
-35116. 
-38123 • 
-41068 • 
-43948. 
-46760. 
-49502. 
-51113. 

a(y} 

.0001 

.GO\') 6 

.0017 

.OOl~ 

.0!)11) 

.COI5 

coefficient 

.5237133667+01 
-.5174941970+01 

.3322422357+01 
-. "iTO'5872136+0 I 

. 1457539432+00 

a(eqs 3) = .290-02 

a (coeff) 

.766-01 

.201+00 

.206+00 

.933-01 

.156-01 

3 
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R. N. GOLDBERG 

_xperimental Data Employed in Generation of Correlating Equations 

Bonner and Kim [lla]. Vapor pressure osmometry and isopiestic measurements, reference electrolyte was 
NaCI [lIb]. The authors do not report the isopiestic molal ities. Assigned weight is 1.0. 

3.000 

2.500 

2.000 

1.500 

1.000 

.I!I. .I!I. 
.500 

~ 
N 
+ 
0 0 s.. .... 

<IX 

-.500 ~ & 

-1.000 

-1.500 

-2.000 

-2.500 

.400 

Deviation Plot For 

.t!:. 

.t!:. 
.& 

A 

.01000~ 

.040000 

.?9{'''~C! 

.100000 

.2fJOOI}!) 
.300000 
.50GOl)' 
.6CO!',)OO 
.70(!l0!3@ 
.600eOO 
.9t?C"? 

1.000GOl' 
1.2QO~OI) 

1.40~OOO 

1.E:t"l?'OO 
1.600000 
2.000000 
2.50000' 
3.0~I)O')O 

3.500000 
4.0COOOO 
4.410000') 

--

dI. .I!I. £ 
4.. A 

°298.15 
.6930 
.8100 
.756" 
.7520 
.72~~ 

.6890 
.6830 
.6780 
.677lJ 
.6790 
.6630 
.6880 
.7050 
.7250 
.7480 
.7740 
.8000 
.872:) 
.941,1} 

1.0090 
1.0760 
1 .13~O 

.6L ___ _ 

.BOO 1.200 1.600 2.000 2.400 2.800 3.200 3.600 4.000 4.400 
Molality/mol kg-' 

.6.0 vs molality 

& Bonner and Kim IJ1~]- vapor pressure osmometry and isopiestic vs NaC) 
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ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS 5 

Recommended Values for the mean activity and osmotic coefficient of ethylene bis(trimethylammonium) iodide, 
C8H22N212' in H20 at 298.15 K 

m/molokg- I y 

.001 

.002 

.003 

.004 

.005 
,.006 
.OC7 
.008 
.009 
0010 
.020 
• 030 

.040 

.050 

.060 

.070 

.osa 

.090 

.100 

.200 

.300 

.400 

.500 

.600 

.700 

.800 

.900 
1.000 
1.250 
1.5('0 
1.750 
20000 
20250 
2.500 
2.750 
3.000 
3.250 
3.500 
3.750 
4.000 

.8828 

.8403 

.8098 

.7853 

.7647 

.7468 

.73C8 

.71e5 

.7034 

.6913 
• 6045 
.5486 

.5073 

.4746 
• 4478 
.4250 
.40:5-3 

.3880 

.3726 

.2756 

.2241 

.19)9 

.1672 

.14~4 

.1355 
.1243 
.1151 
.1074 
.0928 
.0826 
.C75~ 

00691 
00645 
.0606 
.0574 
.0546 
.0521 
.0500 
.0483 
.0469 

m/molokg 

.001 

.010 

.100 
1.000 
2.000 
4.000 

-1 

Coefficients of Correlating Equations 

Par 

1 
2 
3 
4 
5 
6 
7 
8 

coefficient 

.7014955383+00 
-.5S6'S"515919+00 
.~951427+00 

-.5380099008-01 
. 4671638602-02 

.156-01 

.350-01 

.200-01 

.589-02 

.636-03 

f1 a 
w 

l>.Gex/Jokg- 1 

.9591 .999948 -10 
-09433 0999898 -20 
.9316 0999849 -30 
09220 0.999801 -50 
,,9137 0999753 -70 
09064 0999706 -90 
08997 0999660 -11c 
08937 0599614 -1'40 
08881 0999568 -160 
.8828 .999523 -19 • 
.8431 .9'59089 -52 • 
.815:? o ';Q8h7Q -Q.3o 

079.32 0998287 -i400 
07749 0997908 -1930 
c759C .. .S97542 -2510 
07451 e~97185 -3130 
0732:5 () '$90e35 -3750 
67211 o C;96499 -4470 
07106 0996167 -5190 
<>6352 oS'93158 -13740 
05861 0990542 -241:.30 
05497 0988187 -:.35870 
05211 0986018 -48700 
04979 0983983 -62430 
04790 0982043 -76940 
04633 0980167 -92130 
.4504 0978329 -107930 
04398 0976510 -124270 
04212 0971948 -167160 
04107 0967255 ~212480 
04056 0962366 -259770 
.4\)39 .957285 -30870. 
04040 0952055 -35904~ 
04051 0946732 -410600 
.4066 0941365 -463240 
04081 ,,935970 -516860 
04100 0930513 -571360 
04128 0924884 -626670 
04174 091S8S4 -682690 
04251 0912200 -739320 

0(0) u(.Q,ny) o(y) 

.0000 .00:)1 .0001 

.0002 00005 00004 

.0010 00026 00010 

.0008 00031 00003 

.0011 00035 00002 

.0022 00040 00002 

coefficient cr (coeff) 

-.6197029197+01 
.2870723899+02 

-.3991307386+02 
.3990551878+02 

-.258iT58583+02 
. 1030872539+02 

- • 23i8T7859 3+01 
.2251123930+00 

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

.221 .. 02 

.111-02 

.247-02 

.214+00 

.140+01 

.391+01 

.593+01 

.521+01 

.266+01 

.728+00 

.829-01 

coefficient 

.4101816790+01 
- ."445551 6414+01 

.3225201035+01 
-. 1209473698+01 

.1784897683+00 

.707-01 

.196+00 

.210+00 

.100+00 

.176-01 

J. Phys. Cham. Raf. Data, Vol. 10, No.1, 1981 



6 R. N. GOLDBERG 

Experimental Data Employed in Generation of Correlating Equations 

Bonner and Kim fIla]. Vapor pressure osmometry and isopiestic measurements, reference electrolyte was 
NaCI [I Ibj. The authors do not report the isopiestic molal ities. Assigned weight is 1.0. 

mlmol ·kg 
-1 

.0298.15 

.010000 .8890 

.040000 07980 

.090000 07200 

.100000 07100 

.200000 06330 

.300000 05850 

.400000 c5500 

.500000 05220 

.600000 c4980 

.700000 c4780 

.800000 04630 

.900000 04510 
1.000000 134410 
1.200000 04260 
1.400000 04130 
1.600000 c4060 
1.800000 04050 
2.000000 04050 
2.500000 c4050 
3.000000 04080 
3.500000 .,4130 
4.000000 04250 

Comments 

The data for this compound are indicative of a substantial degree of ton--pail"ing. 

-2.000 

-2.500 

-3.000 L-~ __ ~~~~ __ ~~ __ ~ __ ~~ __ ~ ____ ~ __ ~-w~~ __ ~~ __ ~ __ ~~ 

o .400 .800 1.200 1.600 2.000 2.400 2.800 3.200 3.600 4.000 
Molality/mol kg-I 

Deviation Plot for lI.0 vs mo I a I i ty 

& Bonner and Kim [11a] - vapor pressure osmometry and isopiestic vs NaC] 

J. Phys. Chem. Ref. Data, Vol. 10, No.1, 1981 



ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS 

Recommen( ~ Values for the mean activity and osmotic coefficient of ZnF2 in H20 at 298.15 K 

Coefficients of 

m/mol·kg -I y 

Corre I at i n9 

1 
2 

.001 .8831 

.002 .8409 

.003 .8107 

.01l4 .7866 

.005 .7663 

.006 .7486 

.007 .7330 

.008 .7190 

.009 .7062 

.010 .6944 

.020 .6105 

.030 .5571 

.040 .5181 

.050 .4876 

.060 .4625 

.070. .4413 

.. 080 .4231 

.090 .4070 

.100 .3928 

.142 .3459 

m/mol·kg 

.001 

.010 

.100 

.142 

Eguat ions 

coeffi cient 

-.3709000087+01 
. 1308751917+02 

m b.Gex/J.kg- 1 

.9593 • 999948 -1 • 

.9437 • 99.9898 -2 • 

.9322 • 999849 -3 • 

.9228 • 999801 -5 • 

.9148 • 999753 -7 • 

.9077 • 999706 -9 • 

.9013 • 999659 -11 • 

.8955 • 999613 -13 • 

.8902 • 999567 -16 • 

.8852 • 999522 -19 • 

.8483 • 999083 -51 • 

.8234 • 998.666 -91 • 

.8043 • 998263 -137 • 
•. 7889 • 997871 -189 • 
.7758 • '997487 -244 • 
.7.644 • 9'97112 -:)03 • 

.7543 • 996744 -366 • 

.7451 .. 996382 -431 .. 

.7367 • 996026 -499 • 
• 7067 .99·4598 -810 • 

a(0) a (R-ny) QJxL 
.0001 .0003 .0003 
.0011 .0023 .0016 
.0035 .0058 .0023 
.0089 .0098 .0034 

I2...l 
cr (coeff) 

.293+00 

.865+00 

a(eqs 2) .118-01 
cr(cq~ 3) - .130-01 

coefficient 

.4617689871 +0 1 
- • 3408696087+0 I 

a (coeff) 

.323+00 

.953+00 

Experimental Data Employed in Generation of Correlating Equations 

7 

Coo~ Davies, and ~taveley (12]. Emf measurements. Zn-Hg (two phase); ZnF2 (m); PbF2(S), Pb-Hg (two phase). 
mref = 0.141808 mol kg-I. Assigned weight is 1.0, except for three points at toe lowest molalities which were 
weighted zero.· 

mlmol. kg-I y/Yref 

.141808 1.0000 

.12'9609 1.0361 

... t'leeo~~ 1.1768 

.069706 1.2555 

.045486 1.4501 

.034746 1.5384 

.028407 1.6188 

.01(112 1.t:J~1;I1 

.012544 1.9667 

.009663 2.0266 

.1"06102 2.2433* 
• .,)04847 2.2476* 
.003766 2.1801~~ 

J. Ph". Chem. Ref. Data, Vol. 10. No.1. 1981 
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Comments 

The cell studied by Cook, Duvie~, und Stuvcley [12] i~ complicuted by the ~olubility of the PbFl(~) in the 
ZnFl solution. We have calculated the amount of PbF2 (s), soluble in the ZnFZ solutions using the formula 

2. 3 
KsO :::: 4 Vrr.'Pb2+) (m + mpb2+) YPbF2 (A) 

where K is the solubi'ity product of the PbF2(s) and which we have taken as 2.69 x 10-8 mo1 3'kg- 3 [13]; 
mpb2+ i~Othe molality of Pb2+ in the equilibrium solution; m is the experimentally known molalty of ZnF2i and 
YpbF is the activity coefficient of the PbF1 in the ZnF2 solution. Since we do not know YPbF under such 
condftions, we have estimated it by assuming that it is equal to y for ZnF2 evaluated at the e~perimentally 
known molality of tnF2' The above equation was solved for mpbl~ by successive approximations using the 
experimentally known values of m, the value of KsO and, for the first approximation, taking Y equal to unity 
at all molalities. Solution of this equation for each data point yielded a value of mpb2+ which was used to 
calculate the total amount of fluoride ion, mf-' in the equilibrium solution, i.e. mF-:: 2 Vn +m'Pb2+). 

The measured cell emf, E, is given by 

(8) 

wheremZn2+ is the molality of the zinc in solution and Y is the activity coefficient of ZnF2. This equation 
was then combined with a similar equation which refers to a reference molality to yield values of (Y/Yref) at 
the various molal ities. These values of (Y/Yref) were then used to calculate, using previously described 
techniques [2], values of the coefficients of the correlating equations and thence values of the activity 
coefficients. These new activity coefficients were then used for an improved calculation of values ofmpb2+ 
for equation (A) above, which, in turn, were used for an improved calculation of the activity coefficients, etc. 
It was found that this iterative approach yielded values of the activity coefficient which converged to within 
0.-4 percent aft~r two iterations. In these iterative calculations, the values of Y/Yref were taken to refer to 
the mo I a lit i es given by ~ + m Pb2+) . ' 

It should be noted that we have given zero weight to the three measurements at the lowest molalties, since 
for these three point, the percent solubility correction [(mpb2+lmZn2+) x 100%] varied from 7 to 33 percent. We 
have also chosen our reference molality as the molality (0.1418 mol-kg':"') where the solubility correction was 
the smallest (0.006 percent). Equations 1 could not be used since attempts to apply it yielded values of the 
~ ~oefficient which were too negative. Ihe numbers in our table of recommended values are based on equations 3. 

Our final tabulated values of the activity coefficient are slightly higher (3 to 6 percent) than the values 
calculated by Cook, Davies, and Staveley [12]. These workers used the Debye-Huckel limiting law to calculate 
values of YpbF and used extrapolation procedures to obtain a value of EO = -.4163 V in equation (8) and"thence 
values of the 6ctivity coefficients at various molal ties. The observed differences are undoubtably attributable 
to these di fferent ca leu lati ona \ .procedures. 

J. Phy •. Cham. Raf. Data, Vol. 10, No.1, 1981 
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ZnCI2 

Hecoml11cnded Va I ues for the mean activity and osmotic coefficient of ZnC1 2 in H20 at 298.15 K 

m/molokg- I y ~ aw M ex/J okg- 1 

.001 .8867 .9613 .S99948 -1 • 

.002 • 847!S .9476 .~99898 -20 

.003 .6201 .9379 .9S9848 -3 • 
• 004 .7986 .9302 .999799 -~c 

.005 .7e07 .9239 .999750 -6 • 

.006 07654 • 9184 .~99702 -80 

.007 .7520 .9137 .999654 -10 • 

... 008 .. 7400 .. C;OQ4 • <;<:lQ607 -13 • 

.009 .7292 .9056 • 999560 -15 • 

.010 .7194 .9022 • S99513 -17 • 

.020 .f516 .8791 • .999050 -4f • 
0030 .f 109 .8663 • 998596 -80 • 
• 040 .5825 .8582 .998146 -119. 
0050 .5609 • 8528 .9C;7698 -160 • 
.060 .5438 .8490 • SC;7251 -204 • 
0070 05298 .8464 0996803 -251. 
.080 .5180 .8445 • 996355 -299 • 
0090 oE079 .8432 0995907 -3480 
• 100 .4991 .8423 .C;SS458 -400 • 
0200 .4467 .8415 .'590945 -9630 
• 30e .4193 .8421 .9Sf439 -1587 • 
... .6.00 ..,3Qc;S .8403 .. QSI Q~8 -22520 
• 500 .3842 .8363 .977653 -2949 • 
c600 03707 .8310 .973411 -3674. 
• 700 .3589 .8250 .969269 -4424 • 
0800 .3483 .e188 .965216 -5197. 
• 90C • .;,;,ee .e12e .9012;:$7 -1:99, • 

1.0ce • 3302 .8071 .957316 -6807 • 
1.2S0 .3124 .7960 • 947647 -8920 • 
1.500 .2989 .7899 • ~37969 -11126 • 
1.750 .28<;2 .7893 .928064 -134040 
2.000 .2826 .7939 .917762 -15733. 
2.250 .2785 .8033 • 906940 -18098 • 
2.500 • 2767 .8168 .895512 -2(;482 • 
2.750 .2768 .8339 .883427 -228710 
3.000 .2787 .8542 .870656 -25254. 
3.250 .2821 .8772 .857202 -276190 
3.500 .2670 .9024 • 843068 -29956 • 
3.750 .2931 .9296 .828.280 -322580 
4.000 .3006 .9584 .S12671 -34517. 
".2eo .;,O<i?;' .see::) .7s0ee, -;:1072=0 
4.500 .3192 1.0197 .780358 -38878. 
4.750 .:3302 10 0519 .763347 -409700 
5.000 .3425 1.0848 • 745903 -42997 • 
5.250 .3560 1.1184 .726079 -449530 
5.500 .3706 1.1525 .70S:931 -46836. 
5.750 .36t:5 1.1870 .651514 -466430 
6.000 .4037 1.2217 .672886 -50370. 
6.250 .4221 1.2567 .654102 -520 ISo 
6.500 .4419 1.2917 .635216 -53576. 
60750 04631 1.3268 .616287 -550510 
7.000 .4856 1.3619 • 5~7364 -56438 • 
7.250 .50C;6 103~68 .578501 -57736(1 
70500 .E351 1.4315 .559746 -!S8944o 
7.750 .5621 1.4660 • 541146 -60061 • 
80000 .f906 1.5002 .522753 -610860 
8.250 .6206 1.5340 .504601 -f.2019. 
80500 06524 1.5674 .486734 -628590 
8.750 .6657 1.6002 • 46S188 ";f3607 • 
90000 07207 1.6:325 • 451S96 -64262 • 
9.250 .7572 1.6642 • 435187 -64625 • 
90500 0795:3 1.6952 .418789 -652960 
9.750 .e350 1.7255 • 402823 -t5677 • 

10 .. 000 vS76.3 1.7330 • .::107::310 -639(;,70 
10.250 .c; 192 1.7837 .372265 -66166. 
100500 .16635 1.8116 0357701 -662810 
10.750 I.C092 1.6386 • .343627 -66307. 

J. Phys. Chem. Ref. Data, Vol. 10. No.1. 1981 



ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS 11 

Recommended Values for the mean activity and osmot j c coeff j·c ient of ZnC1 2 j n H20 at 298.15 K - cant I nut~d 

-1 
0 l1Gex/J okg- 1 m/molokg y a 

.J:! 

11" 000 1.0.5t3 1.6646 • 330049 -66247 • 
11.250 1.1047 1.6697 .316970 ~6f 103. 
11c500 101543 1.9137 0304390 -65677. 
11.7::';0 1.2049 1.9368 .2<002306 -€SS71 .. 

120000 102566 1.9566 .260715 -fS16S. 
12.250 1.30C;2 1.9796 .26<;610 -64722. 
12.500 1.3625 1.-;<;98 .258980 -64164. 
12.760 1.4165 2C11 0 187 .24661(: -63572. 
13.0(00 1.4711 2.0365 .239106 -62690. 
13.250 1.5261 2.0533 .229637 -621360 
13.500 1.5614 2.0690 .220993 -61319. 
13.750 1.63f6 2~0636 .212560 -604340 
14.000 1.f924 2.0975 .204522 -59467. 
14.2!:0 1.7480 2.1103 .19f663 -56479 • 
14.500 1.6034- 2.1221 • 169564 -57411. 
14.750 1.S587 2.1330 .162610 -562660 
15.0tO 1.<;137 2.1431 .175964 -55107. 
If>.2CiO l • .,oe;; Z.1:5Z..::s .1C;9667 -~.:Je74 .. 
15.5tO 2.C226 2.1607 .163644 -52569. 
15.750 2.0766 2,,1664 .1576~6 -51255. 
16.0(0 2.1304 2.1754 .152412 -4S672. 
16.250 2.1635 2.1618 0147170 -464430 
16.500 2.2363 2.1S76 .142157 -46969. 
16.750 2.2666 201929 0137358 -45451. 
17.000 2.3409 2.1977 • 1327fO -43690 • 
17.25·0 2.3926 202021 • 128346 -422e80 
17.500 2.4445 2.2061 .124110 -40646 • 
17.750 2049tO 2.2099 • 120033 -369650 
16.000 2.5476 2.2134 .11fl0e -37245. 
160250 2.f9S1 2.2167 .112322 -354660 
16.500 2.f506 2.2196 .1066f6 -33694. 
16.,7f>O <:!o70<:!5 zClzzze .10:51:57 -:110(1::;)0 

19.000 2.7550 2.2257 .101722 -29997. 
190250 208075 2.2266 .,096415 -260950 
19.500 2.6605 2.2314 .095212 -26156. 
190750 20<;139 2.2342 0092106 -241670 
20.000 2.S678 2.2370 .069100 -22162 • 
2002S0 300222 2.2397 • 086186 -201420 
20.500 3.0770 2.2425 .0633f4 -18069. 
20.750 301320 2.2451 .080635 -159630 
21.QOO 3.1873 2.2477 .077999 -13824. 
21.250 302425 2.2501 .075457 -11653. 
21.500 3.2975 2.2f23 .073013 -9450. 
210750 303518 2.2541 0070670 -72170 
220000 3,,40fl 2.2556 • 068433 -4953 • 
22.250 3.4f>t; 9 ,.z::O:5 • 0(,;"007 -2661 • 

220500 305066 2.2567 • 0642~9 -341 • 

22.750 3.5534 2.25.60 • Of2416 2004 • 

23c 000 30~g65 292544 .060667 43720 
?~.lg3 3.6267 2.2523 • 059414 f216 • 

-1 
a(~) a (J/,ny) ~ 

.001 .0000 .• 0000 .,;)000 

.010 .0001 .0003 .0002 

.100 .0004 .0012 .0006 
1.000 .. 001.2 .. OOts .0006 
2.00C ·.0016 .0024 .0007 
5.000 .0021 ,,0031 00010 

lC .000 .00:.33 .0046 .0040 
20.000 (10052 ,,0065 00193 
23.193 .ooef) .C07Z .oaO:5 

J. Ph.,.. Chem. Ref. Data, Vol. 10, No. I, 1981 
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Coefficient of Correlating Equations 

Par 

1 
2 
3 
4 
5 
6 

~ 
9 

10 
11 
12 
13 

~ 
coefficient 

-.485782186002+01 
.~610803+02 
-.~98719To3 

.149818916689+03 

.145402981822+03 

.969926254657+02 
-.455868111267+02 

. 152297964409+02 
-.359576095773+01 

.586270037436+00 
-.627860601780-01 

.397347017274-02 
-.112595366991-03 

a(coeff) 

.212+00 

.158+01 
• Lt8LtToI 
.812+01 
.844+01 
.581+01 
.275+01 
.919+00 
.218+00 
.365-01 
.414-02 
.?M-03 
.916-05 

~ 
coefficient 

.891992914434+01 
-.120120602552+02 
.~5~O~5+01 
-.~19154+01 

.133508324971+01 
-.242300612813+00 

.245086458799-01 
-. 105593130612-02 

o(coeff) 

.409-01 

.145+00 

.2.04-100 

.147+00 

.597-01 

.138-01 

.168-02 

.839-04 

cr(eqs 2) =.710-02 
cr(eqs 3) = .684-02 

Experimental Data Employed in Generation of Correlating Equations 

Fricke and Havestadt [14]. Vapor pressure measUre­
ments at 15°C. ~L data for Zn(N03)2 were used to 
adjust the data to 25°C, since the thermal data for 
ZnCl 2 do not extend to high enough molalities. Assigned 
weight is zerO. 

-I 
mlmol-kg 

7.760000 
6.401000 
5.653000 
4.357000 

1.2100 
1.23(U 
1.1390 

• .,900 

Ishikawa and Takai [15]. Vapor preSSure 
measurements. Assigned weight is zero. 

mlmo J • kg -, k1 298 • 15 

.518800 
1.036011' 
1.832000 
2. 330()(JO 
3.147000 

.6304 

.7151 

.6850 

.6751 

.6840 

Jones [16). Freezing point depression measure­
ments. ~L and ~c data for ZnCl2 were used in treating 
J:hese andihe other freezir}g point depressio!,}.di'\ta 
for this system. Assigned weight is zero. 

mlmolokg-
1 

0298.15 

• 001000 .984 • 
.002990 .9617 
.004960 .9408 
.006910 .9312 
.Oll884() .9229 
.020010 .9186 
.a38030 .8879 
.054250 .8444 
.06887G .8367 
.082020 .BZZ3 

Jones and Getman [17]. Freezing point depression 
measurements. Assigned weight is zero. 

mlmo\okg-
l 

0298.15 

•• 49350 
;098774» 

.197700 

.2976G" 

.397000 

J. PhYI. Ch.m. R." Data, Vol. 10, No.1, 1981 

.9408 

.01''''' 

.8879 

.8791 

.8842 

Pan [18J. Isopiestic measurements, reference 
salt is CaC1 2 · Assigned weight is 0.50. 

mlmol o kg 
-I 

0298.15 

.16161)0 .8459 

.270300 .8431 

.4153.0 .8429 

.617200 .8328 

.84410Q .8156 

.843900 .8165 

.970600 .8051t 

1.059000 .8013 
1.184300 .7972 
1.328100 .7924 
1 • .3312GII .7923 
1.47(100 .(':100 

1.53550(1) .7891 
1.868900 .7939 
1.952900 .7961 
2.020600 .7976 
2.20520, .8062 
2.294200 .8099 
2.421400 .8181 

Stokes [19). Isopiestic measurements, reference 
electrolyte is H2S04, Assigned weight is 1.0. 

m/molokg- l ~ ):/298.15 

11.814000 
13.552000 
14.044000 
15.130000 
17.333000 
19.853000 
22.073000 
23.193000 

1.9494 
2.0768 
2.0985 
2.1457 
2.2006 
2.2341 
2.2609 
2.2495 

Stoke_ [19]. Isopiestic me<lSlIrempnt<:, refp.rp.nce 

electrolyte is CaCI 2• Assigned weight is 1.0. 

mlrnolokg-
1 

0298.15 

3.347000 
3.394000 
3.894000 
3.932000 
4-.724000 
5.100000 

5.837000 
7.119000 
7.950000 
9.013000 
9.991000 

.BARR 

.8934 

.9442 

.9515 
1.0474 
1.0'94e 

1.2021 
1.3846 
1.4963 
1.6364-
1.7512 
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Bru'll [20]. Emf measurements. 
phase); ZnC 12 {m.}; H92C12 (s), Hg (1) • 
molokg- l . Assigned weight is 0.20. 

In-Hg (two 
mref = 0.001697 

m/molokg -I 
Y/Yref 

.865450 .4101 

.427410 .4626 

.283970 .4946 

.212710 .~180 

.170060 .5366 

.141600 .5527 

.084910 .5989 

.028290 .7114 

.016970 .7706 

.005010 .9083 

Egan and Partington [21]. Emf measurements. 
Zn(s); ZnCI 2 (mref); Hg2CI 2 (s), Hg(l) - Hg(I), Hg2C1 2 
(s); InCI 2 (m)j In(s). mref = 0.4984 mol okg­
Assigned weight is 0.20. 

-1 
m/molokg Y/Yref 

• 415300 1.0164 
.298800 1.080/1.1 
.ZlZ400 1.1582 
.100300 1.2986 
.052900 1.3982 
.018200 1.6555 
.013800 1.7374 
.012200 1.7993 
.008100 1.8697 
.004700 2.0726 

Egan and Partington [21]. Emf measurements. 
Same cell as above. mref 0.4942 mol okg- 1. Assigned 
weight is 0.20. 

m/molokg -1 
Y/Yref 

.431700 1.0125 

.288600 1.0918 

.199200 1.1794 

.116200 1.2671 

.080000 1.3525 

.050000 1.4642 

.020000 1.6723 

.011600 1.8307 

.009200 1.8828 
• 008300 1.9037 
• 007000 1.9438 
.005800 1.9792 
.005000 2.0190 
.004700 2.0208 
.003500 2.070/1.3 
.002300 2.1665 
.001200 2.2858 

Egan and Pa rt ington [21 ]. ~mf measurements. 
Same cell as above. mref 0.3606 molokg- J • Assigned 
weight is 0.20. 

m/mol okg- 1 
Y/Yref 

.288600 1.0392 

.199200 1.1147 

.116200 1.2063 

.080000 1.2830 

.050000 1.3962 

.020000 1.5984 

.011600 1.7439 

.008300 1.8139 

.007000 1.8477 

.005800 1.8804 

.005000 1.9237 

.002300 2.0637 

.001200 ,2.1836 

Harris and Parton [22]. Emf measurements. 
Zn(Hg)xfl); ZnCIZ (m); AgCI(s), Ag(s). mref = 0.50 
molokg-. Assigned weight is 0.50. 

m/mo lokg -1 
Y/Yref 

.700000 .9578 

.900000 .8933 
1.000000 .8691 
2.000000 .7418 
3.000000 .7356 
4 • .000000 .7914 
5.000000 .9035 
6.000000 1.0634 
7.000000 1.2381 
8.000000 1.5024 
9.00000r 1.7954 * 

10.000000 2.1166 * 
11.000000 2.4622 ;~ 
12.000000 2.8362 * 

, Horsch [23.]. Emf measurements. Zn(s) j InCI 2 (m); 
Ag~1 (s)~ Ag(s). mref = 0.0003478 molokg- 1• Assigned 
weight IS zero . 

mlmolokg -I Y/Yref 
.010210 .6619 
.006022 .6961 
.003112 .7789 
.001453 .8364 
.OO12t;:;J .eoee 
.000772 .8100 
.000649 .9100 
.000400 .8751 

Ishikawa and Takai [15]. Emf measurements. 
H9(10%Zn)(I)f ZnC1 Z(m); Hg2CI Z(s), Hg(I). mref = 
0.11 molokg-. Assigned weight is zero. 

m/molokg -1 
Y/Yref 

.398000 .8198 

.733200 .7216 
1.021800 .6691 
1.553100 .6064-
2.118300 .5761 
2.707000 .5696 
3.324300 .5859 

Jahn [24]. 
AgCI(s), Ag(s) . 
weight is zero • 

Emf measurements. Zn(s); lnC1 Z(m\; 
mref = 0.566 mol okg- 1. Assigned 

-I m/molokg 

1.112000 
2.220000 

Y/Yref 

.7226 
1.1079 

J. Phys. Cham. Ref. Data, VoL 10, Na. 1, 1981 
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Lutfullah et al. [251. Emf measurements. Zn-Hg (two 
phase); ZnCl 2 (m); AgCl(s), Ag (5). mref ,= 0.00043035 
mol·kg-!. Assigned weight is 0.60. 

mime' 'kg 
-I 

Y/Yref 

.000611 .9757 

.000634 .9820 

.000832 .9643 

.000981 .9585 

.003663 .8605 

.004420 .S4t>4 

.008051 .7955 

.008272 .7882 

.008857 .7845 

.011150 .7618 

.012040 .7539 

.015490 .7259 

.018120 .7102 

.020190 .7007 

.030180 .6594 

.035710 .6427 

.039110 .6327 

.040860 .6219 

.047750 .6135 

.058Z20 .592.5 

.061540 .5813 

.072810 .5711 

.081890 • 5611 

.086600 .5524 

.101800 .5406 

.102990 .5388 

.158070 .5045 

.162520 .5017 

.164,310 .5020 

.193000 .4841 

.222530 .4793 

.231140 .4748 

.296030 .4539 

.327920 .4510 

.339600 .4493 

.485160 .4184 

.513300 ,,4192 

.524900 ",4094 

.649t500 .:390" 

.665000 .3972 

.663900 .3943 

.682800 .3914 

.860700 .3707 

.860500 .3746 
.876600 .3701 

Comments 

Rob i nson and Stokes [26].. Emf measurements. 
Zn-Hg . (two phase); ZnC'12 (m); AgCI (s), Ag (s). mref 
0.003151 mol·kg- 1 • Assigned weight IS 1.0. 

mlmol'kg 
-I 

yly ref 

.005082 .9429 

.007354 .8971 

.010400 .8658 

.017530 .8012 

.0.18540 .7984 

.0.22010 .. 7760 

.026710 .7561 

.046020 .6938 

.064390 .6553 

.104200 .6016 

.130600 .5853 

.185600 .5477 

.301300 .5197 

.322300 .5021 

.432000 .48.08 

.712100 .4318 
1.031000 .3951 
1.490000 .3619 
2.830000 .3331 

Scatchard and Tefft [27] . Emf measurements. 
Zn-Hg (two Phasel; ZnCl,(m); AgCl(s), Ag(s). m ref 
0.002941 mol·kg-. ASSigned weight is 1.0 • 

m/mol'kg -I Y/Yref 

.007814 .8928 

.012360 .8443 

.0::-14.4,0 .7867 

.042420 .7046 

.090480 .6259 

.221100 .5403 

.4,49900 .4799 

.640400 .4454 
1.480200 .3613 

The experimental data for ZnCl2 is in remarkably good agreement as is evident from an examination of the 
deviation plots. Particularly notewprthy is the fact that the results obtained from four different types of 
electrochemical cells are in excellent agreement with each other ,and with the results of three different isopiestic 
:Investlgatlons. (Note that we have [Jreferreu Lilt:. rt:.:::.ul L:::. of lilt: i::,u[Jit::::'lic. IlIcCI::>un:::mcnts OVCI- the meo:;urements 

of Harris and Parton 122] in the range 9 to 12 mol·kg- l .) 

"The freezing point depression measurements of Biltz [28] yield unreasonable results and are not given 
above. Data involving concentration cells with transference have been reported by Masaki [29], Lehfeldt [30], 
and Foxton and Shutt [31]. We have used the tran"sference numbers of Kaimakov and Sharkov [32] in treating the 
data of Masaki and find that the calculated values of y/Yref are unreasonable and we have not included these 
-data in the above material. The data of Lehfeldt could not be treated since it is not clear what the reference 
molal ity is for his measurements. Foxton and Shutt performed their measurements at 60.5 and 80.Soc. In view 
of the ~bsenee of transference numborc ot thot tomporoturc Qnd tho unccrtointies innerent in correcting to 25°C, 
we "have not treated their data. We suggest that, in view of the apparent reliability of the activity coefficients 
for ZnCl 2, careful measurements on a concentration cell with transference should yield reliable values for the 
transference number. 

We have described the behavior of this system from zero to 25 mol-kg-1 by means of nine empirical coefficients 
using eqs 3 and by means of twelve empirical coefficients using eqs 2. It was not possible to describe the 
expe~lmental data using eqs I. The table of recommended values is based on eqs 3. 

J. PhV'. Ch.m. R.f. Data. Vol. 10. No.1. 1981 
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Deviation Plots for l5.y vs molal ity 

~ BrUII [20], emf - Zn-Hg amalgam vs Hg 2C1 2, Hg 

+ Egan and Partington (21] , emf - Zn vs Hgz,Cl z' Hg, m f = .4984 mo 1- kg - J . 
re 

X Egan and Partington [21] , emf - Zn vs Hg2Cl z' Hg, m f = .4942 moJ-kg- 1 
re 

<t> Egan and Partington [211, emf - Zn vs Hg2C1 2, mref = .3606 mol-kg 

~ Harris and Parton [221, emf - Zn-Hg amalgam vs Ag, Agel 

Z Horsch [23], emf - Zn vs Ag, Agel 

y Ishikawa and Takai [15], emf - Zn-Hg amalgam vs Hg2Cl z' Hg 

~ Jahn [24], emf - Zn - Hg amalgam vs Hg2Cl z' Hg 

* Lutfullah et al. [25], emf - Zn-iig amalgam vs Ag,AgCI 

~ Robinson and Stokes [26], emf - Zn-Hg amalgam vs Ag,AgCI 

Scatchard and Tefft [27], emf - Zn-Hg amalgam vs Ag,AgCl 

-1 

17 
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Recommended Values for the mean activity and osmotic coefficient of ZnCCI04)2 in H20 at 298.15 K 

-1 
m/mol'kg y 

.001 .8901 
• 002 .85.:!6 
.OO! • 8285 
,,'l"IllA .81"1Q('I 

• 005 • 7929 
.006 .77'93 
.007 • 7674 
.008 .7568 
• 009 • 7~74 

.010 .7388 

.020 • 6809 

.030 .6471 
• 040 .6241 
.050 .6071 

. • 060 .5941 
• 070 .583'.9 
.080 .5756 
• 090 .5689 
• 100 .5633 
• 200 .543::: 
.:300 • 5522 
.400 .5746 
• :SOO .0007 

.600 .6472 

.700 .6958 
• 800 .7531 
• 900 .8196 

1.000 .8964 
1.250 1.1424 
1.500 1.4887 
1.750 1.9761 
2.000 2.6638 
2.250 3.6371 
2.500 5.0183 
2.750 6.9815 
3.000 9.7722 
3.250 13.7344 
3.500 19.3425 
3.750 27.2423 
4.000 38.2953 
4.250 5'!.t:255 
4. 300(sat)s7 .3246 

4. :311 58.1702 

r:1/ool'kg 

.001 

.010 

.100 
1.000 
2.000 
4.::11 

Coefficients of Correlating Lquations 

Par 

I 
2 
3 
4 
5 

~ 
coefficient 

.1826491001+01 

. bS21 360413+00 

.2012/4826;+ou 
-.2011571951-01 

a(coeff) 

.128-01 

.797-02 

.3/l-0Z 

.529-03 

J. Phys. Ch.m. R.f. Data, Vol. 10, No.1, 1981 

0 a 
.-Yi.. 

.9631 :999948 

.9509 .999897 

.9426 • 999847 

.. 03.62 .OOQ7Q8 

.9310 .99.9748 

.9266 • 999700 
• 9228 .999651 
.9195 .999603 
.9100 • 'iII'iII~:5t;)~ 
.'9140 .999506 
.8977 • 999030 
.8899 .998558 
• 8860 .998086 
.8841 .997614 
.8S37 .9971:;'9 
.8841 • 996.661 
.8853 .996180 
.8870 .995695 
.8890 .995207 
.9208 .990096 
.9.615 • 984531 

1.0064 .978478 
1.0:542 • 971914 
1.1045 .964818 
1.1570 .957173 
1.2115 .9489.65 
1.2680 • 940185 
1.3264 .930823 
1..4798 • 904865 
1.6428 • 675308 
1.8141 .942331 
1.9925 .806242 
2.1765 • 767463 
2.3f. 47 .726507 
2.5558 • 683953 
2 .• 7485 • 640416 
2 •. 9413 • 596524 
:=.1.328 • 552885 
3.3217 • 510068 
:=.5065 .408583 
'3.:6858 .428866 
3.7209 .4,1167 

:3.7286 .419485 

g-(~) ,tL(9..rl.U criY) 

.0000 .0001 .0001 

.0002 .0004 .0003 

.0005 .0016 

.0009 .0015 

.0010 .0016 

.002~ .00;31 

Eqs 2 

coefficient 

.3083326019+01 

. "l'i5'S'7372 72 6 +0 1 
-.6042~88336+00 

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

.494-02 

.615-02 

.764-02 

.0009 

.0013 
.0044 
.1811 

a(coeff) 

.987-02 

. r21-01 

.)68-U2 

lIGex/Jokg- 1 

-1 • 
-2 • 
-:3 • 
-4 • 

-6 • 
-8 • 

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

-106 • 
-142 • 
-160 • 
-220 • 
-260 • 
-:302 • 
-344 • 
-790 • 

-1.c:39 • 
-1667. 
-2060 • 
-2408. 
-2705 • 
-294f • 
-:31 2~ • 
-:3240. 
-3222 • 
-2732 • 
-1731. 
-189. 
1920 • 
4f';18. 
7923 • 

11846 • 
16402 • 
21591 • 
27417 • 
33878. 
40970. 
42463. 

42794 .. 

Eqs 3 

cQefficient a (coeff) 

.8708630442+01 .745-01 
-.9259132049+01 .228+00 

."O"'i1f3"650458+0\ .256+00 
-.1992352632+01 . 124+00 

.2463951692+00 .217-01 



ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS '9 

txpcrimental Data Employed in Generation of Correlating Equations 

Libus andSadowska [33]. Isopiestic measurements. 
Authors do not specify the reference electrolyte. 
Assigned weight is 0.10. 

-I 
mlmol-kg 

.837300 
1.483200 
2.617600 
3.221100 

Stokes and Levien [34]. 
reference electrolyte is KCI. 

. -1 
mlmol-kg 

.091730 

.114300 

.121900 

.233300 

.302200 

.381100 

.447200 

.471300 

.577000 

.606290 

.618400 
• 640000 
.654900 
.811500 
.877200 
.927000 
.934000 

1.001000· 
1.018000 
1.069000 
1.153000 
1.202000 
1.268000 
1.301000 
1.318000 
1.36900.0 
1.374000 
1.446000 
t • 5::::>eo 00 
1.660000 
1.668000 

1.2594 
1.6615 
2.4910 
2.9785 

Isopiestic measurements, 
Assigned weight is 1.0. 

.8935 

.8985 
.8999 
.9405 
.9690 

1.0021 
1.0330 
1.0447 
1.0921 
1.1063 
1.1178 
1.1265 
1.1353 
1.2201 
1.2569 
1.2832 
1.2872 
1.3278 
1.3366 
1.3678 
1.4206 
1.4474 
1.4884 
1.5130 
1.~220 

1.556"7 
1.5566 
1.6005 
1.6597 
1.74.92 
1.7477 

Stokes and Levien [34]. Isopiestic measurements, 
reference electrolyte is H2S04, Assigned weight is 1.0. 

mlmol-kg 
-1 

0298.15 

1.754000 1.8097 
1.837000 1.8707 
1.881000 1.9023 
2.044000 2.0223 
2.051000 2.0296 
2.126000 2.0861 
2.618000 2.4618 
2.815000 2.6099 
2.935000 2.7030 
3.042000 2.7870 
3.173000 2.8804 
3.284000 2.9661 
3.461000 3.1001 
3.789000 3.3416 
3.886000 3.4185 
4.015000 3.5106 
4.268000 3.7042 
4.282000 3.7095 
4.311000 3.7313 

Stokes and Levien [34]. Emf measurements . 
Zn-Hg (two phase amalgam); Zn(C104}2(ml)' 
Zn(CI04)2(m2)j Zn-Hg (two phase amalgam). m f 
0.100 mol·kg-. The transference number andre 
density data for Zn(CI04)2 given in the table of 
auxiliary data were used in treating these 
measurements. 

m/mol"kg 
-1 

y/y ref 

.150000 .9t63 

.200000 .953, 

.~ooooo .91'44 

.400000 i.OiSi 

.500000 1.0667 

.600000 1.1377 

.700000 1.2326 

.aooooo. 1.3:;48 

.900000 1.4567 
1. cooooo 1.5916 
1.100000 1.7434-
1.1!OOOOO 1.91!c;.'\o 
1.300000 2.1=62 
1.400000 2.:;;750 
1.500000 2.6464-
1.600000 2..949. 
1.700000 3.2991 
1.800000 3.7100 
2.000000 4.7261 
2.500000 a.9163 

J. Phys. Chem. R.f. Data, VoL 10, No; 1,1981 



20 R. N. GOLDBERG 

Comments 

Lilich et al. [35] report isopiestic measurements at 0 and 50°C using H2S04 as the reference electrolyte. 
We have chosen not to treat these measurements since: (I) the molal ities of the H2S04 and the Zn(CI04) are 
given to only two significant figures and (2) the uncertainties inherent in adjusting the measurements to 25°C 
are not negl igible. ' 

Sircar and Prasad (36] report measurements on the cell Zn-Hg (2 phase amalgam); Zn(C10 4)2 0z 1); agar salt 
bridge; Zn(CI04)2(m2); Zn-Hg (2 phase amalgam). The interpretation of this cell involves unknown liquid 
junction potentials and we have chosen no to treat these measurements. 

There is good agreement between the isopiestic data and the emf measurements of Stokes and Levien [341. 
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ZnBr2 

Recommended Values for the mean activity and osmotic coefficient of ZnBr
2 

in H
2

0 at 298.15 K 

-1 
0 ~Gex/J.kg -1 m/mol·kg y 

.001 .8905 .9634 .999948 -1 • 
• 002 .8543 .9513 • 999891 -2 • 
.003 .8294 .9432 • 999841 .-3 • 
.0:)4 .8102 .9369 .999191 -4 • 
• 005 .1943 .9318 .999148 -6 • 
• 006 .7808 .9275 .999699 -8 • 
• 007 .7691 .92:3A • C)C)C);;~ 1 -11'1 .. 
.008 .7587 .9205 • 999602 -12 • 
.009 .7493 .9177 .999554 -14 • 
• 010 .7408 .9151 • 999506 -16 • 
.020 .6630 .8984 • 999029 -42 • 
.030 • 6484 .8896 .998559 -72 • 
.040 .6242 .8841 • 998091 -106 • 
.050 .6058 .8804 .997624- -142 • 
• 060 .5911 .8780 • 997157 -180 • 
.070 .5791 .8764 .996690 -220 • 
• 080 • 5690 .8754 .996222 -261 • 
.090 .5605 .8149 • 995753 -304 • 
.100 .5531 .8149 • 995283 -347 • 
.200 .5152 .8S77 .990450 -819 • 
• :300 .5nF.1I. .0117 • OS5~21S -1321 • 
.400 .5088 .9383 • 919920 -1826 • 
.500 .5162 • 9636 .974296 -2324 • 
.600 • 5254 .9859 .968535 -2809 • 
.700 .5348 1.0044 • 962713 -3281 • 
.000 .::5430 .1.0J.92 • 9:;0692 -.';S740 • 

• 900 .5513 1.0303 .951120 -4188 • 
1.000 .5578 1.0383 .945430 -4626. 
1.250 .5686 1.0478 .931662 -5692. 
1.500 .5138 1.0480 .918546 -6732. 
1.750 .5762 1.0449 .905897 -7760. 
2.000 .5760 1.0423- .893449 -8782. 
2.250 .5810 1.0425 • 880939 -9797 • 
2.500 .5860 1.0465 • 868149 -10799 • 
2.750 .5937 1.0546 • 854920 -11782 • 
3.000 .6041 1.0668 • 641157 -12736 • 
3.;250 .6174 1.0827 • 826813 -13653 • 
3.500 .6336 1.1017 .611881 -14526. 
3.750 .6525 Ie 1234 • 796376 -15348 • 
4.000 .0741 1.1Q.73 • 760341 -10112 • 
4.250 .6984 1.1730 • 763811 -16812 • 
4.500 .7254 1.2003 .746833 -17445. 
4.750 .7551 1.2288 .729450 -18005. 
5.000 .7877 1.2585 • 711704 -18488 • 
5.250 .8232 1.2892 • 693634 -18891 • 
5.500 .8617 1.3209 .675278 -19210. 
5.750 .9036 1.3533 • 656672 -19443 • 
6.000 .9490 1.3866 • 631855 -19586 • 
6.250 .9981 1.4206 .618868 -19637. 
6.500 1.0512 1.4553 .599754 -19592. 
6.750 1.1085 1.4905 • 580562 -19450 • 
7.000 1.1703 1.5263 • 561342 -19209 • 
7.250 1.2368 1.5624 • 542150 -18865 • 
7.500 1.3082 1.5989 .523043 -18418. 
7.750 1.3847 1.6355 • 504079 -11865 • 
8.000 1.4664 1.6721 .465319 -17201. 
8.250 1.5536 1.7086 • 466819 -16442 • 
8.500 1.6462 1.7448 .448636 -15569. 
8.750 1.7444 1.7806 .430822 -14588. 
9.000 1.8482 1.8159 • 413424 -13500 • 
9.250 1.9574 1.6505 • 396484 -12:304 • 
9.500 2.0721 1.8843 .:380038 -1100:3. 
0.750 2.1922 1."172 .. 364-117 -9596. 

10.000 2.3113 1.9491 .348743 -8085. 
10.250 2.4474 1.9799 .333933 ~6471. 

10.500 2.5821 2.0095 .319699 ~4757. 

10.750 2.7212 2.0379 .306046 -2945. 
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11.000 
11.250 
11.500 
11.750 
12.000 
12.250 
12.500 
12.750 
13.000 
13.250 
13.500 
13.750 
14.000 
14.250 
14.500 
14.750 
15.000 
15.250 
15.500 
15.750 
15.000 
15.250 
16.500 
16.750 
17.000 
17.250 
17.500 
17.750 
18.000 
18.250 
18.500 
18.750 
19.000 
19.250 
19.500 
19.750 
20.000 
20.100 

2.8644 
3.0113 
3.1616 
3.3149 
3.4707 
3.6287 
3.7884 
3.9494 
4.1112 
4.2734 
4.4356 
4.5972 
4.7578 
4.9169 
5.0741 
5.2289 
5.3811 
5.5302 
5.6760 
5.8184 
5.9572 
6.0925 
6.2245 
6.3534 
6.4798 
6.6041 
6.7270 
6.8493 
6.9717 
7.0949 
7.2194 
7.3456 
7.4732 
7.6014 
7.7283 
7.8510 
7.9647 
8.0062 

-1 m/mol-kg 

.001 

.010 

.100 
1.000 
2.000 
5.000 

10.000 
20.000 
20.100 

Coefficients of Correlating Equations 

~ ~ 

~ coefficient o (coeff) coefficient o (coeff) 

.176073113615+01 .252-01 
2 .~37034713+00 .2.40-01 
3 -.~3857827+00 .190-01 
4 .102429959187+00 .702-02 
5 -.155298973223-01 .137-02 
6 .~43033-02 . 148-03 
7 -./bS503289954-04 .896-05 
8 .~I8164-05 .284-06 
9 -.227893788490-07 .366-08 

.183450603194+01 .120+00 

. 505"1 03744932+01 .790+00 

.~115080+01 .215+01 
-. 183715716044+02 .321+01 

.193183310799+02 .292+01 
-.11676830g032+02 .171+01 

.44317534 754+01 .659+00 
-.107640610230+01 .166+00 

.162838325048+00 .263-01 
10 -.139983093014-01 .237-02 
II .522899998894-03 .933-04 
12 

o(eqs 1) = .128-01 
o(eqs 2) .555-02 
o(eqs 3) .4BO-02 

-1036. 
968. 

3063. 
5247. 
7518. 
9873. 

12310. 
14825. 
17416. 
20081. 
22816. 
25619. 
28487. 
31418. 
34409. 
37457. 
40559. 
43713. 
46917. 
50169. 
53465. 
56804. 
60184. 
63602. 
67058. 
70550. 
74077. 
77638. 
81232. 
84859. 
88518. 
92209. 
95932. 
99688. 

103474. 
107291. 
111136. 
112681. 

.0001 

.0005 

.0006 

.0010 

.0015 

.0023 

.0084 

.0422 

.0442 

~ 

coefficient 

.140170270083+02 
-.j~~~4uj8l6~j+Ul 

.834587602259+02 
~.113845069181+03 

.101830114673+03 
-.613646151843+02 

.253900671477+02 
-.723674484168+01 

. 139791084737+01 
-.174924840792+00 

.12.0017254510-01 

.416223359926-03 

o (coeff) 

.150+00 

.II/+UI 

.378+01 

.670+01 

.733+01 

.526+01 

.255+01 

.837+00 

.185+00 

.261-01 

.2.14-02 

.773-04 
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£xperimental Data Employed in Generation of Correlating 'Equations 

Ishikawa et al. [371. Vapor pressure measure­
ments. Assigned weight is zero. 

mIme 1· kg -) ~298. 15 

10.172000 
8.831000 
6.637000 
5.796000 
4.761000 
2.516000 
2.377000 
1.036000 

2.0226 
1.8121 
1.5917 
1.5147 
1.4634 
1.3030 
1.2592 
1.2458 

Stokes, Stokes and Robinson (38]. Isopiestic 
measurements, reference salt is KCt. The ZnBrZwas 
prepared from Analar ZnO and Analar HBr. Assigned 
weight is 1.0. ' 

mlmolokg- 1 
i!298. J 5 

.091460 .8685 

.102300 .8081 

.158100 .8780 

.158600 .8768 

.164600 .8806 

.179500 .8825 

.244500 .8996 

.296000 .9077 

.320100 .9163 

.345300 .9232 

.353900 .9258 

.492800 .9629 

.582000 .9822 

.615000 .9912 

.633700 .9905 

.710500 1.0079 

.817900 1.0218 

.898000 1.0342 

.975500 1.0405 
1.175000 1.0453 
1 .. 237000 1.040CH 
1.325000 1.0483 
1.453000 1.0476-
1.702000 1.0427 
2.136000 1.0429 
e.40QO\oooo 1.0447 
2.868000 1.0627 
2.886000 1.0692 

Acheson (39]. Vapor pressure measurement over 
the saturated solution. Assigned weight is zero. 

mlmol-kg -1 
iJ298.15 

20.88(sat) (39J 2.2381 

J. Ph,.. Chem. R.f. Dota, Vol. 10, No.1, '''1 

Stokes, Stokes, and Robinson (38). Isopiestic 
measurements, reference electrolyte is H2S0~. The 
ZnBr2 solution is that used by Parton and Mitchell in 
their investigation (40]. Assigned weight 'is 1.0. 

mlmol o kg-
1 

0298.15 

2.832000 1.0579 
2.838000 1.0573 
2.670000 1.0594 
~.887000 1.0604 
3.430000 1.1384 )~ 
3.608000 1.1102 
3.Q33000 1.1403 
3~980000 1.1438 
4.420000 1.1867 
4.718000 1.2272 
5.266000 1.2911 
5.563000 1.3319 
5.695000 1.3443 
5.824000 1.3637 
6.014000 1.3799 
6.185000 1.4156 
6.810000 1 .. 5004-
7.040000 1.5350 
7.288000 1.5689 
7.326000 1.5738 
7.902000 t.6596 
T.'9","OOOO 1.0045 
8.828000 1.7888 
8.847000 1.7939 

10.065000 1.9536 
11.760000 2.1410 
11.790000 2.1451 
13.010000 2.2287 
13.530000 2.2730 
13.840000 2.2763 
14.910000 2.3111 
15.370000 .2.3277 
15.650000 2.3334 
17.020000 2.3396 
18.440000 2.3328 
20.100000 :>.:'!2I'>S 

Stokes, Stokes, and Robinson [38]. Reference 
salt is KC1. Assigned weight is 1.0. 

m/mo'"Kg- 1 

.102900 .8729 

.174300 .8777 

.192000 .8873 

.265700 .9004-

.293400 .8730 * 

.435100 .9445 

.449500 .9469 

.563600 .9112 }~ 
• 65C;1100 .9955 
.745990 1.0110 
.847500 1.·0246 
.969600 1.0378 

1.048000 1 .. 0309 

1.104000 1.0420 
1.195000 1.0449 
1.356000 1.0463 
1.796000 1.0410 
1.9040000 1.0416 
2.437000 1.0451 
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Egan and Partington [2IJ. Emf measurements. 
/11(S); ZnBr2(mref); Hg2Br2(s), Hg(1)-Hg(l), H92 Br2(s); 
ZIlBr2(m); Zn(s). ref = 0.3782 molokg- 1• Assigned 
J(~ight is 0.50. 

mlmol o kg- 1 I '( '(ref 

.:311800 1.0062 

.199900 1.0200 

.138800 1.0593 

.095900 1.1141 

.080400 1.1313 

.047400 1.2164-

.0224.00 1.3129 

.012500 1.4072 

.009000 1.469:) 

.007100 1.5012 

.005000 1.5572 

.003100 1.6409 

.001700 1.6904 

.001000 1.7595 

Egan and Pa rt i ngton [21]. Emf measurrments. 
Same cell as above. mref 0.3819 mol-kg- . 
Assigned weight is 0.5u. 

m/mol o kg- 1 Y/Y ref 

.311200 1.0064 
d~00600 .7e;~1'\-

.140100 1.0526 

.100000 1.1038 

.078800 1.1440 

.062600 1.1770 
.050000 1.2092 
.032500 1.271:a 
.020900 1.3282 
.018700 1.3516 
.009800 .1.4431 
.008800 1.4573 
.007800 1.4824 
.007100 1.5014 
.006300 1.5193 
.005000 1.5521 
.004100 1.5899 
.003100 1.6313 
.001900 1.6908 
.. 001000 1.7583 

Iskihawa et al. [37]. Emf measurements. Zn (Hg) 
(l-)i ZnBr2(m); HgZBr2(s); Hg(1). ~ef = 0.011 mo1-
kg-I. Assigned weight is zero. 

m/molekg- I '(/Yref 

11.486000 4.0658 
10.824000 3.8209 

5.285000 1.1375 
2.455000 .8060 
1.838000 .7944 

.812200 .7390 

.360600 .6822 
.160000 .7159 
.079200 ~7731 
.040800 .8452 
.023200 .9079 

Parton and Hi tche 11 [40]. Emf measurements. 
Ag(s), AgBr(s); ZnBrt(mref)!znBr2(m); AgBr(s), Ag(s). 
mref = 0.507 mo1 ekg-. The transference number and 
density data for ZnBr2 given in the table of auxi1~ary 
data were used in treating these measurements. 
ASSigned weight is zero. 

m/mol ekg-
1 

Y/Yref 

.030000 .8864 

.040000 .8769 

.OM;OOOO .8.412 

.060000 .8040 

.070000 .7706 

.080000 .7445 

.090000 .7215 

.100000 .6948 

Parton and Mitchell [4~. Emf measurements. 
Zn-Hg (two phase); ZnBr2(m); AgBr(s), Ag(s). mref = 
0.02 mol okg- 1. Assigned weight is 0.60 up to 0.3 
molokg- 1 and zero from 0.40 to 16.0 mo1-kg- 1. 

mlmo1 o kg- 1 Y/Yref 

.0:30000 .9440 

.040000 .9063 

.050000 .8628 

.060000 .8619 

.070000 .8455 

.080000 .8337 

.090000 .8200 

.100000 .8103 

.200000 .7553 

.300000 .7337 

.4-00000 .7245* 

.500000 .7153* 

.600000 • 7074 ~~ 

.700000 • 7086 ~~ 

.800000 .7133* 

.900000 .7163* 
1.QOOOOO .718!)~~ 

1.200000 • 7203~~ 
1.4-00000 .7252* 
1.600000 .7358* 
1.800000 .7446* 
2.000000 .7532* 
2.500000 .7955~~ 

3.000000 .8461* 
3.500000 .9232:;" 
4-.000000 .99681, 
4.500000 1.0934* 
5.000000 1.1955* 
6.000000 1.4254~'; 

7.000000 1.7618* 
a.OOOOOO 2.1324:;', 
9.000000 2.5614 * 

13.000000 3.0512 ;" 
11.000000 3.6334 ~', 
12.000000 4. 3402~', 
13.000000 5.1802:;', 
14.000000 6. 0132 ~'< 
15.000000 6.9255~', 

16.000000 7. 7863,~ 

J. Phys. Chern. Ref. D~ta. Vol. 10, No.1, 1981 
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Stokes and Stokes [41]. Emf measurements. Zn-Hg 
(two phase); ZnBr 2(m}; AgBr(s), Ag(s}. mref = 0.002026 
mol o kg- l . Assigned weight is 1.0. 

m/mo I • kg-I / Y Yref 

.003250 .9661 

.004245 .9458 

.007622 .8938 

.008216 .8880 

.012810 .8476 

.018870 .8055 

.032100 .7474-

.057050 .6915 

.072890 .6680 

.100000 .6408 

.202800 .5974 

.381000 .5940 
.455400 .5973 
.698600 .6287 
.708200 .6296 
.990000 .6532 

Comments 

The isopiestic investigation of Stokes et al. [381, in which two different preparations of ZnBr2 and two 
different reference electrolytes were used, is internally consistent and in good agreement with the careful emf 
measurements of Stokes and Stokes [411. We have relied largely upon these two investigations in obtaining a 
"best" fit to the data for ZnBr2' We note that the agreement with the emf measurements of Egan and Partington 
[21] is very good, but that the data of Parton and Mitchell [40], for the most part, must be considered inaccurate. 

We have chosen not to use the vapor pressure measurement of Acheson [39] for the saturated solution since the 
result does not correlate well with the isopiestic measurements. As was the case for ZnCI2, the data 
cover a broad range of molalities, and we have had to use between nine and twelve empirical coefficients to 
describe this system. The table of recommended values and the deviation plots are based on eqs. j. 

3.000 ri<-~.!.---L--1., 
.1 ... 

2.500 

2.000 6 

1.500 

1.000 X + 
.500 

+ x 
X N X X X + 

0 0 X 
~x X X 'X 

-.500 X X 

x 
-1.000 

-1.500 

-2.000 

-2.500 

-3.000 4'Je ........ ______ .r...---..--'"_""--.......... ---'-_.a.---"----'-_""'----'--""'_""'----'---' ___ --'-___ """---' 

o '.00 4.00 6.00 B.OO 10.00 12.00 14.00 16.00 18.00 20.00 
Molality/mol kg-' 

Deviation Plot for ZnBrZ: ~0 vs molality 

A 

+ 
X 

l::ohi"-dWd t::l ctl. [;)7], vapor pressure <!> Stokes et al. [38], isopiestic vs KCI (solution 
B of ZnBrZ) 

St~kes et al. [38], isopiestic vs KCl (solution A of ZnBr2) 

Stokes et al. [38], isopiestic vs H2S04 
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3.000 .t.. .~ tt, .f, ", 

2.S00 

2.000 

1.S00 

+ + 
1.000 A 

.q.. 
+ 

~ A A 
.500 + 

N 
f'Z + A 

+ ~- '2' .'2' }'C 
0 0 + ~r;: Z 

Sx tJt>.. ~~ Z 

-.500 . +¥ Zz z ~A Z 
-Izh 

-1.000 + + 
-1.500 

-2.000 

-2.500 

-3.000 ~~~~~e~e. , 
0 .OSO .100 .150 .200 .2S0 .300 .350 .400 .4S0 .SOO 

Molality/mol kg-' 
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Deviation Plots for ZnBr2: ~y vs molality 

~ Egan and Partington [21], emf - Zn vs Hg2Br2, Kg. mref = 0.3782 mol o kg- 1 

+ Egan and Partington [21], emf - Zn vs Hg2Br 2, Hg. m
ref 

0.3819 molokg-l 

X Ish i kawa et a1. [39], emf - Zn-Hg amalgam vs Hg28r2 ,Hg 

<!> Parton and Mi tchell [40], emf - concentration cell with transference (Ag, AgBr electrode) 

,;:: Parton and Mi tchell [40] , emf - Zn-Hg amalgam vs Ag, AgBr 

Z Stokes and Stokes [41], emf - Zn-Hg amalgam vs Ag, AgBr 
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Recommended Values for the mean activity and osmotic coefficient of Znl
2 

in H
2

0 at 298;15 K 

-1 mlrnal- kg 

.001 

.002 

.003 

.004-

.005 

.006 

.007 

.008 

.009 

.010 

.020 
• 030 
• 040 
.050 
.060 
.070 
.080 
.090 
.100 
.200 
.300 

.400 

.500 

.600 

.700 

.800 

.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.250 
2.50~ 

2.750 
3.000 
3.250 
3.500 
3.750 
4.000 
4.250 
4.500 
4.750 
5.000 

5.250 
5.500 
5.750 
6.000 
0.250 
6.500 
6.750 
7.000 
7.250 
7.500 
7.750 
8.000 
8.250 
8.500 
8.750 
9.000 
9.250 
9.500 
9.750 

10.000 
10.250 
10.500 
10.750 

y 

.8931 

.8592 
• 8362 
.8187 
.8044 
.7924 
.7820 
.7728 
.7647 
.7573 
.7082 
.0790 
.6596 
.6445 
• 6325 
.6225 
.6142 
.6072 
.6011 
.5741 
.S7.,e 
.6025 
.6351 
.6734 
.7145 
.7563 
• 7971 
.8358 
.9197 
.9830 

1.0287 
1.0623 
1.0893 
1.1142 
1.1399 
1.1683 
1.2004 
1.2366 
1.2771 
1.3219 
1.3711 
1.4248 
1.4831 
1.5464 

1.6153 
1.6903 
1.7723 
1.8619 
1.91)00 
2.0675 
2.1850 
2.3132 
2.4526 
2.6035 
2.7661 
2.9401 
3.1254 
3.3214 
3.5278 
3.7439 
3.9692 
4.2035 
4.4464 
4.6982 
4.9588 
5.2283 
5.5060 

• 9648 
.9541 
.9470 
• 9418 
.9376 
• 934-3 
• 9314 
• 9290 
• 9268 
.9250 
.9139 
.9067 
.9056 
• 9037 
.9025 
.9018 
.9015 
• 9015 
.9019 
.9198 
• ",sse 

1.0008 
1.0482 
1.0939 
1.1355 
1.1718 
1.2023 
1.2272 
1.2672 

,1.2834 
1.2848 
1.2793 
1.2720 
1.2662 
1.2638 
1.2654 
1.2710 
1.2803 
1.2928 
1.3080 
1.3253 
1.3446 
1.3655 
1.::1880 

1.4121 
1.4377 
1.46,50 
1.4939 
1.:524::; 
1.5567 
1.5904 
1.6253 
1.6612 
1.6979 
1.7350 
1.7721 
1.8089 
1.8450 
1.8803 
1.9145 
1.9474 
1.9791 
2.0094 
2.0386 
2.0666 
2.0935 
2.1192 

.999948 
• 999897 
,.999846 
.999796 
• 999747 
.999697 
.999648 
.999598 
.999549 
• 999500 
• 999013 
.996:52B 
.998044 
.997561 
.997078 
• 996594 
• 996110 
.995624 
• 995137 
• 990107 
.0:>84622 

• 978596 
• 972071 
• 965148 
• 957950 
• 950597 
.943195 
• 935829 
• 917950 
• 901189 
.885572 
.870855 
• 856694 
• 842751 
• 828754 
• 814511 
.799912 
.784909 
• 769498 
.753701 
• 737551 
.721078 
• 704301 
.68723::3 

.669874 
• 652222 
• 634274 
.616034 
• :59{:511 

.578755 
• 559795 
• 540702 
• 521559 
.502458 
.483498 
.464781 
• 446402 
.428447 
.410985 
.394071 
.'377736 
.361996 
.346849 
.332283 
.318281 
.304829 
.291931 

-1 • 
.;.,2 • 
-3 • 
-4 • 
-6 • 
-7 • 
-9 • 

-11 • 
-13 • 
-15 • 
-39 • 
-bb • 

';"96 • 
-128 • 
-161 • 
-196 • 
-231 • 
-268 • 
-306 • 
-706 • 

-1117 • 

-1510 • 
-1868 • 
-2184 • 
-2455 • 
-2684 • 
-2872 • 
-3023 • 
-3262 • 
-3352 • 
-3339. 
-3255. 
-3119 • 
-2938 • 
-2716 • 
-2450 • 
-2136. 
-1770 • 
-1345. 
-859. 
-306 • 

316. 
1011 • 
1783. 

2633 • 
3567. 
468(; • 
5696. 
bts':J9 • 

8199 • 
960.1. 

11107 • 
12720 • 
14444. 
16279. 
18227 • 
20289. 
22464. 
24752. 
27152. 
29660. 
32277. 
34999. 
37825. 
40751. 
43778. 
46901. 

29 
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Recommended Values for the mean activity and osmotic coefficient of Znl 2 in H20 at 298.15 K - Continued 

m/mol'kg- 1 a M ex/J.kg- 1 

Coefficients of 

11 • 000 
11.250 
11.500 
11.750 
11.892 

y 

5.7902 
6.0770 
6.35·88 
6.6230 
6.7582 

m/mo]·kg -1 

• 001 
.010 
.100 

1.000 
2.000 
5.000 

10.000 
11.892 

Correlatin~ Equat ions 

~ 

~ coeff i c i ent 

I • 5lf77lf29632 J 4+01 
2 -.T267f5350978+02 
3 .~585059+02 
4 -.670175952462+02 
5 .542451308758+02 
6 -.270682199344+02 
7 .850601619923+01 
8 -.164292311573+01 
9 .178329426597+00 

10 -.833021069833-02 

m 

2.1435 
2.1659 
2.1854 
2.2004 
2.2062 

0(0) 

.0001 

.0007 
.0015 
.0034 
.0035 
.0044 
.0074 
.0110 

a (coeff) 

.305+00 

.218+01 

.633+01 

.992+01 

.934+01 

.552+01 

.207+01 

.477+00 

.616-01 

.342-02 

w 

.279618 
• 267965 
.257105 
.247249 
• 242213 

o(£ny) 

.0003 

.0017 

.0034 

.0063 

.0065 

.0077 
.0100 
.0130 

9Jr.L 

50120. 
53430 • 
56828. 
603~6. 

62313 • 

.0003 

.0013 

.0020 

.0052 

.0069 

.0119 

.0472 

.0878 

coefficient 

.174986783353+02 
-.556400497896+02 

. TT'45'73582166+03 
-. 142922075597+03 

. 11138~863967+03 
-.557380144366+02 

.179545185412+02 
-.360464908084+01 

.410810960688+00 
-.203130361402-01 

a (coeff) 

.364+00 

.260+01 

.756+01 

.119+02 

.112+02 

.659+01 

.247+01 

.569+00 

.736-01 

.409-02 

o(eqs 2) = .927-02 
a(eqs 3) = .111-01 

Experimental Data Employed in Generation of Correlating Equations 

SLuke:::s drld Levien [42]. Isoplestlc measure­
ments, reference salt is NaCI. Assigned weight is 
1.0. 

m/mol-kg 
-1 

;0z~O. 15 

1.167000 1.2558 
1.253000 1.2669 
1.335000 1.2759 
1.350000 1.2785 
2.234000 1.2678 
2.554000 1.2631 
3.113000 1.2623 

Stokes and Levien [42]. Isoptestlc measure­
ments, reference electrolyte is H

2
S04, Assigned 

we i gh tis J. 0 • 

-I m/moJ·kq 

2.204000 
2.737000 
3.682000 
.:5.614000 
3.825000 
4.033000 
4.595000 
4.950000 
5.192000 
5.593000 
5.848000 
5.956000 
6 .. 392000 
6.542000 
6.848000 
7.963000 
8.454000 
9.464000 
9.994000 

10.960000 
11.892000 

~2~O.15 
1.2696 
1.2712 
1.2918 
1.2971 
1.2968 
1.3062 
1.3490 
1.388'3 
1.4084 
1.4437 
1.4771 
1.4899 
1.5434 
1.5636 
1.6035 
1.7632 
1.8385 
1.'97bB 

2.0396 
2.1379 
2.2066 
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Stokes [43]. Isopiestic measurements, reference 
(:lcctrolyte is KCI. Assigned weight is 1.0. 

m/mol-kg -I "298.15 

.105200 .8960 

.124400 .9001 

.145800 .9059 

.305500 • 9582 

.366000 .9824 

.496800 1.0378 

.518100 1.0473 

.713800 1.1331 

.857000 1.1800 

.943500 1.2092 
1.124000 1.2467 
1.228000 1.2620 
1.343000 1.2785 
1.520000 1.2860 
1.709000 1.2874 
1.83:3000 1.2877 
2.050000 1.2824 
2.099000 1.2783 
2.513000 1.2640 

Bates [44]. Emf measurements. Zn.;.Hg (two 
phase); ZnI2(m); Agl(s), Ag(s). Reference molality 
is 0.001182 mol-kg- I . Assigned weight is 0.90. 

m/mol'kg 
-I 

Y/Y ref 
.002026 .9933 
.004140 .9546 
.004692 .9434 
.005683 .9221 
.008455 .8830 
.009650 .8736 
.012770 .8490 
.018010 .8249 
.026750 .7795 
.042940 .7343 
.. 056190 .7212 
.060680 .7154 
.074410 .6944 
.122400 .6708 
.177100 .6605 
.328900 .6654 
.417600 .'6965 
.900900 .9636 

Comments 

Egan and Partington [21]. Emf measurements. 
Zn(s); ZnI2(mref); H92'2(S), Hg(l)-Hg(l), H92 12(S); 
ZnI 2 (m); Zn{s). mref = 0.2499 mol-kg- l . Assigned 
weight is zero. 

m!mol-kg 
-\ 

y/Yref 

.193800 .7247 

.131800 .5715 . 

.121000 .5525 

.098600 .4889 

.076500 .4117· 

.047000 .3099 

.024900 .3374 

.016600 .3510 

.011400 .3724 

.008100 .3940 

.005100 .4046 

Partington and Torto [45]. Emf measurements. 
Zn-Hg (two phase); ZnI2(m); Agl(s), Ag(s). mref = 
0.00695 mol·kg- I . Assigned weight is 0.60. 

m/mol'kg- I Y/Yref 

.007500 .9939 

.008000 .9891 

.008500 .9831 

.009010 .9769 

.012220 .9509 

.017380 .9105 

.024330 .8676 
.034420 .8352 
.046200 .8130 
.069440 .7759 
.090210 .7486 
.114750 .7433 
.163400 .7392 
.219930 .7212 
.390600 .7630 

31 

The isopiesti'c measurements [4i,431 are in reasonable agreement with the emf measurements of Bates [441 and 
of fartington and Torto [451. The measurements of Egan and Partington [21], which utilized a cell different 
than the other electrochemical investigations, are not in agreement with either them or the isopiestic measure­
ments. Unfortunately, Partington [45] did not attempt to reconcile his separate results. We also note that, 
for the lowest molalities, the emf measurements of Partington and Torto [45] are not in complete agreement 
with the reguitg of B~te~ [44]. While we h~ve given a slightly higher weight to the results of Dates [44], 
both the nature of the correlating equations and the preponderant weight of the data in the region 0.01 to 0.20 
mol·kg- 1 make ~t difficult to make a completely satisfactory accomodation of the lowest four data points of 
Bates [44] in the molality range·0.002 to 0.0057 mol.kg- I . 

Eqs I could not be used to correlate the data tor this system. The table of recommended values and the 
deviation plots are based on eqs 3-
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Zn(N03)2 

Recommended ·Values for the mean activity and osmotic coefficient of Zn(N0
3

)2 in H20 at 298.15 K 

-1 
~ 6.Gex/J okg- l m/molokg y w 

....!!.. 
.0.01 .8893 .9627 • 999948 -1 • 
.002 .8522 .9501 • 999B97 -2 • 
.003 • 8264 .9414 .999847 -3 • 
.004- .8064- .9346 • 999798 -4 • 
.005 • 789B .929.1 .999749 -6 • 
.006 .7757 .9244- • 999700 -8 • 
.007 .7633 .9203 • 999652 -10 • 
.008 .7523 .9167 • 999604 -12 • 
.009 .7424- .9134- .999556 -14. 
.010 .7334 .9105 • 999508 -16 • 
.020 .6718 .8914 • Q09037 -43 • 

.030 .6349 .8Bl1 .998572 -75. -

.040 • 6090 .8746 .99Bl11 -110 • 

.050 .5894 .8704 • 997651 -148 • 

.060 .5739 .8677 • 997190 -189 • 

.U70 .t>t)lZ .50!)9 • 990730- -231 • 

.080 .5506 .8648 • 996268 -275 • 

.090 • 5416 .8642 .995805 -'320 • 

.100 .5338 .8640 • 995341 -366 • 

.200 .4916 .8738 • 990600 . -868 • 

.300 .4771 • 8917 • 985646 -1409 • 

.400 .4736 .9127 • 980463 -1964 • 

.500 .4762 .9353 • 975041 -2518 • 

.600 .4830 .9591 • 969376 -3065 • 
• 700 .4929 .9839 .963461 -3599 • 
.800 .5054 1.0095 • 957293 -4116 • 
.900 .5202 1.0357 • 950870 -4613 • 

1.000 .5372 1.0626 • 944189 -5087 • 
1.250 .58B3 1.1322 .926364 -6160 • 
1.500 • 6521 1.2047 • 906957 -7052 • 
1.750 .7292 1.2793 .BB6035 -7744. 
2.000 .8210 1.3556 .863702 -8222. 
2.250 .9291 1.4329 .840092 -8474. 
2.500 1.0554 1.5107 .815362 -B493. 
2.750 1.2022 1.58S7 .78'9688 -8272. 
3.000 1.3721 1.6663 .763255 -7807. 
3.250 1.5677 1.7431 .736251 -7095. 
3.500 1.7920 1.8190 • 708864 -6135 • 
3.750 2.0483 1.8936 .681273 -4926. 
4.000 2.3400 1.9668 .653647 -3470. 
4.250 2.6709 2.03B3 .626139 -1766. 
4.500 3.0449 2.1080 .598886 183. 
4.750 3.4665 2.1760 • 572004 2374 • 
5.000 3.9405 2.2421 .545591 4804. 
5.250 4.4722 2.3065 • 519724 7472 • 
5.500 5.0678 2.3693 .494463 10373. 

-5.750 5.7342 2.4306 • 469845 13505 • 
6. [')00 6.4797 2.4907 .44SAQ5 16A6f>. 
6.250 7.3142 2.5498 • 422618 20453 • 
6.500 8.2498 2.60S2 .400008 24265. 
6.750 (sat) 9.3013 2.6664 • 378047 28300 • 
7.000 10.4873 2.7248 .356708 32557. 
7.103 11.0203 2.7q.90 • 3q.6069 34377 • 

m/rol-kQ -I a(0) a (.Q.ny) a(y) 

.001 .0001 .0001 .0001 

.010 .0003 .0008 .0006 

.100 .0010 .0030 .0016 
1.000 .0007 .0036 .0019 
2.000 .0007 .0035 .0029 
5.000 .0016 .0040 .0157 
7.103 .0074 .0093 .1029 
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Coefficients of Correlating 

Eqs 1 

Par coefficient 

1 .1737838301+01 
2 .3152128814+00 
3 .9323196573-01 
4 -. TZ+5Tl 02764-01 
5 .7310567456-03 
6 

Equat ions 

a (coeff) 

.209-01 

.105-01 
.531-02 
.113-02 
.823-04 

R. N. GOLDBERG 

coefficient 

. 1602902387+01 

.7459717601+01 
-.3790437090+01 

.1623731669+01 
-.~1741+00 

.4435811596-01 

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

.318-02 

.318-02 

.460-02 

a (coeff) 

.749-01 

.226+00 

.281+00 

.174+00 

.527-01 

.624-02 

Experimental Data Employed in Generation of Correlating Equations 

coefficient 

.9005722093+01 
-. TT53'452275+02 

. 9i88"S95864+0 1 
-.. 4117908187+01 

.9661726148+00 
-.9273541114-01 

a (coeff) 

.108+00 

.326+00 

.407+00 

.251+00 

.762-01 

.902-02 

Di eter i c i [46]. Vapor pressure measurements 
at O°C. The 'L and ~c data for Zn(N03)2 given in 
the table of auxiliary data were used to adjust this 
and the other data obtained for this system at 
temperatures other than 25°C to that temperature. 
Assigned weight is z~~o. 

Motornaya et al. [49]. Isopiestic measurements, 
reference salt is CaCI 2. Assigned weight is 0.60. 

mlmol'kg 0298.15 

.4-98000 .8070 

.994-000 .8990 
1.469000 1.0350 
1.875000 1.14-60 
2.4-87000 1.3270 
2.997000 1.4-860 
3.718000 1.6720 

Ewing and Fisher [4n. Vapor pressure measure­
ments at 20°C. Assigned weight is zero. 

-1 
mlmol'kg 

.601000 
1.196000 
1.815000 
1.697000 

2.525000 
2.796000 
2.853000 
4-.156000 
6.011000 
7.103000 

1.3610 
1.4-270 
1.1920 
1.~~OO 

1.5200 
1.6700 
1.7560 
2.0390 
2.3670 
2.5940 

Ew~ng and Fisher [4n. Vapor pressure measure­
ments at ~OoC. Assigned weight is zero. 

-1 
mlmol'kg 

.601000 
1.196000 
1.815000 
1.897000 
2.525000 

1.4-14-0 
1.3220 
1.2020 
1.5020 
1.6880 

2.796000 1.5630 
2.853000 2.0250 
4-.156000 2.0970 
6.011000 2.3870 
7.10:3000 2.74-10 

Jones et al. ~8J. Freezing point depression 
measurements. Assiqned weiqht is 0.10. 

.065170 

.129700 
.8863 
.8815 
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m/mol'kg 
-1 

0298.15 

.610000 .9663 
~68000 0 .9708 
.74-7000 .9902 
.789000 1.0091 
.825000 1.0166 
.911000 1.0422 

1.028000 1.0687 
1.278000 1.1386 
1.4-87000 1.1978 
1.559000 1.2192 

Stokes and Levien [34]. Isopiestic measurements, 
reference salt is KCI. Assigned weight is 1.0. 

-I 
mlmol·kg 

.111300 

.116100 

.1"",,2100 

.182300 

.203700 

.2364-00 

.355900 

.36BOOO 

.369300 

.4-52000 

.511600 

.630400 

.7:30700 

.898400 

.902700 

.930200 
i..o2eooo 
1.113000 
1.14-8000 
1.208000 
1.296000 
1.546000 
1 .. 730000 
1.774000 
1 .. 805000 
, .l;Il;Il;Innn 
2.043000 
2.063000 
2.219000 
2.230000 

.8663 

.8671 

.86"""0 

.8702 

.8713 

.8777 

.9029 

.9065 

.904-4-

.9230 

.9370 

.9670 

.9925 
1.0358 
1.0384-
1.04-40 
1.07£:::; 

1.0961 
1.1071 
1.1210 
1.1473 
1.2186 
1.2718 
1.2846 
1.2935 
1.~:;>15 

1.3692 
1.3757 
1.4-229 
1.4-234 
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Stokes and Levien [34]. Isopiestic measurements, 
reference electrolyte is H2S04' Assigned weight is 
1.0. 

m/mol-kg -I 
°298.15 

2.064000 1.3745 
2.240000 1.4315 
2.278000 1.4427 
2.392000 1.4765 
2.871.000 1 .. 6307 
3.369000 1.7839 
4.075000 1.9907 
4.191000 2.0224 
4.211 000 2.0267 
5.199000 2.2922 
5.383000 2.3367 
5.834000 2.45~2 

6.310000 2.5649 
6.439000 2.5927 

Comments 

Yakimov and Guzhavina [SO]. Vapor pressure 
measurements. Assigned weight is 0.10. 

m/mol-kg -I ~9~.15_ 
3.833000 1.8936 
3.082000 1.6589 
2.265000 1.4182 
1.231000 1.1196 
.589000 .9710 

The recent work of Motornaya et al. [49] is in excellent agreement with the results of the careful 
experiments of Stokes and Levien [34]. The rest of the data is largely scattered. 

35 

Stokes and Levien [34] have performed measurements on the cell Zn-Hg (2 phase amalgam); Zn(N0
3

)2 (ml)' 
In(NO~}2(m2}; Zn-Hg (2 phase amalgam) from which, in combination with activity coefficients, they nave calculated 
trans erence numbers for Ln(NU3)2' The absence ot independent transference numbers prevents us from using these 
measurements to calculate activity coefficients for this system. 
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[46], vapor pressure ;,t Motornaya et al. 

t'isher [4]], vapor pressure measurements Z Stokes and Levien 

y Stokes and Levien 
Fisher [47] , vapor pressure measurements 

y 

6.00 7.00 

[49] , isopiestic vs CaCl 2 

[34] , isopiestic vs KC! 

[34], isopiestic vs H2SO4 

:a: Yakimov and Guzhavina [50] , vapor pressure 
~ Jones et al. (481, freezing point depression 
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Recommended Values for the mean activity and osmotic coefficient of zinc p-toluene sulfonate, 
Zn(C7H703sY2' in H20 at '298".15 K 

coefficient 

. 1656450715+01 
-.2005284867+00 

-I nlmol o kg y 

.001 .8884 
• 002 .8505 
• 003 .8241 
.004 .8034 
• 005 .7862 
• 006 .7715 
• 007 .7586 
• 008 .7470 
.009 .7366 
• 010 .7271 
• 020 .6610 
• 030 .6203 
• 040 .5911 
.050 .5683 
• 060 .5498 
•. 070 .5343 
• 060 .0209 
• 090 .5092 
• 100 .4988 
• 200 .4325 
• 300 .3953 

m/mol-kg 

a(coeff) 

.695-01 

.618-01 

• 001 
.. 010' 

.100 

.'300 

-1 

0 l1Gex/J o kg- 1 a 
...!!. 

.9622 .99'9948 -1 • 

.9492 .999897 -2 • 

.9400 • 999848 -3 • 

.9328 .999798 -5 • 

.9269 .999750 -6 • 

.9218 .999701 -8 • 

.9173 .999653 -10 • 

.9133 • 999605 -12 • 

.9097 .999558 -14 • 

.9064 .999510 -17 • 

.8837 .999045 -44 • 

.8701 .998590 -78 • 

.8605 • 998141 -115 • 

.8532 .997697 -156 • 

.8474- .997256 -199 • 

.8426 .996817 -244 • 

.e;;,e:s .990361 -292 • 

.8350 .995947 -341 • 

.8319 .995514- -392 • 

.8126 .991255 -968 • 

.8011 .987096 -1627. 

£i@L (J (R.ny) :!.hl 
.0002 .0004 .0003 
.. 0010 .0024 .0017 
.0024- .0080 .0040 
.0036 .0080 .0032 

coeff i c i ent 

-.3667255232+01 
.3473024298+02 

-.59'66828227+02 
.40]2995258+02 

a (coeff) 

.131+01 

.912+01 

.218+02 

.172+02 

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

.399-02 

.438-02 

.213-02 

cae ff i c i en t 

.9209325677+01 
- .Tm003438+02 

.7075251500+01 

.233+00 

.928+00 

.969+00 

Experimental Data Employed in Generation of Correlating Equations 

Bonner et al. [51]. Vapor pressure osmometry and isopi.estic measurements performed at 37OC, reference 
electrolyte was NaCI [lIb]. The authors do not report the measured isopiestic molalities. The data were 
adjusted to 25°C using the measured temperature dependency of the osmotic coefficient of copper p-toluene 
sulfonate [52]. Assigned weight is 1.0. 

m/moj·kg 
-1 

0298.15 

.010000 .0000 

.020000 .8810 

.050000 .8540 

.100000 .8340 

.200000 .8150 
• .300000 .7"990 
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Recommended Values for the mean activity and osmotic' coefficient of Cd(Cl04)2 in H20 at 298.15 K 

m/mol o kg- 1 y 0 a b.Gex /J 0 kg - \ 
w 

.001 .8904- .9633 • 999948 -1 • 

.002 .8541 .9512 • 999897 -2 • 

.003 .8291 .9430 • 999847 -3 • 

.004 • 8098 .9366 .999798 -4 • 

.005 .7938 .9315 • 999748 -6 • 

.006 .7803 .9271 • 999699 -8 • 

.007 .7685 .9234 • 990661 -10 • 

.008 .7580 .9201 • 999602 -12 • 

.009 .7486 .9172 • 999554 -14 • 

.010 .7400 .9146 • 999506 -16 • 

.020 .6822 .8982 • 999030 -42 • 

.030 .6481 .8900 • 998558 -72 • 

.040 .6246 .8854 • 998088 -106 • 

.050 .6072 .8829 • 997617 -142 • 

.060 .5935 .8816 • 997145 -180 • 

.070 .5825 .8813 • 996672 -219 • 

.080 .5735 .8815 • 996196 -260 • 

.090 .5660 .8822 • 995718 -302 • 

.100 .5597 .8633 • 995237 -345 • 

.200 .5300 .9042 • 990274 -802 • 

.:::100 .~27:3 .9027 • '96 .... 9'91 -1277 • 

.400 .5:364 • 9647 .979361 .:-1748 • 

.500 .5528 .9992 • 973360 -2201 • 

.600 .5752 1.0358 • 966968 -2627 • 

.700 .6030 1.0745 • 960163 -3021 • 

.800 .6360 1.1153 • 952923 -3378 • 

.900 .6745 1.1580 • 945230 -3693 • 
1.000 .7188 1.2027 • 937065 -3963 • 
1.250 .8593 1.3233 • 914482 -4414 • 
1.500 1.0535 1.4564 • 888631 -4511 • 
1.750 1.3220 1.6023 • 859374 -4206 • 
1.928 1.5753 1.7140 • 836438 -3722 • 

m/mol·kg 
-1 

a(0) 

• 001 .0005 .0010 .0009 
.010 .0029 .0066 .0049 
.100 .0074 .0233 .0131 

1.000 .0098 .0228 .0164 
1.928 .0087 .0258 .0406 

Coefficients of Correlating Equat ion~ 

~ ~ ~ 
~ coefficient a (coeff) coeff i c i ent a(coeff) coefficient a(coeff) 

I .1925282146+01 . \86+00 .2758501643+01 .160+00 .9827333339+01 .626+00 
2 .4514899862+00 .874-01 .4728,67850+01 .269+00 •• 1236301718+02 .169+01 
3 . 1584100571 +00 .297-01 .;..6630687962+00 .115+00 .8275912476+01 .156+01 
4 -. 204 3632974+"0 1 .477+00 

a(eqs J) .157-01 
a(eqs 2) .146-01 
cr(eqs 3) .1'61-01 
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Experimental Data Employed in Generation of Correlating Equations 

Pan and Ni [53]. Isopiestic measurements, ref­
erence salt is KCI. Assigned weight is 1.0. 

Comments 

-1 
mlmol-kg 

.135000 

.252000 

.273000 

.312000 

.;'7"000 

.425000 

.435000 

.507000 

.726000 
1.104000 
1.512000 
1.748000 
1.845000 
1.QOAOOO 

1.928000 

• 8975 
.9173 
.9315 
.9386 
.9576 
.9719 
.9769 
.9855 

1.0770 
1.2488 
1.5030 
1.5770 
1.6459 
t.700Q 

1.7241 

Kalman et al. [54]. Isopiestic measurements. 
Authors do not give the essential experimental data 
for this system. They report only their calculated 
activity coefficients. Assigned weight is zero. The 
results of Kalman et al. differ significantly from our 
final values and we do not present a deviation plot . 

m/molokg- I 

0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.2 
1.4 

"1.6 
1.8 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
4.666 (sat) 

0.656 
0.688 
0.728 
0.774 
0.828 
0.872 
0.973 
1.088 
1.297 
1.563 
1.915 
2.392 
3.006 
5.368 
9.62 

17.2 
31.0 
54.5 
65.3 

We have selected the results of the isopiestic measurements of Pan and Ni [53] rather than the results 
of Kalman et al. [54], who did not report their essential experimental data. An additional, carefully done, 
set of measurements would be of value. 

Jena and Prasad [55] report measurements on concentration cells with transference, both with and without 
the presence of a salt bridge. The results involving a salt bridge involve unknown I iquid junction potentials 
and we have chosen not to treat those measurements. The results obtained without the use of a salt bridge 
could not be treated in the absence of reliable transference numbers. The diffusion measurements of Reilly and 
Stokes [63] cover the range 0.05 to 1.0 mol-I-I. Since the method of obtaining activity coefficients from 
diffusion measurements is valid only for very dilute solutions, we have not utilized their data. 
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Cd(N02)2 

Recommended Values for the mean activity and osmotic coefficient of Cd(N02)2 in H20 at 298.15 K 

m/molokg- 1 
y 0 a ~Gex/J.kg-l 

w -------
.001 • 8813 .9583 .999948 -1 • 
.002 .8375 .9417 • 999898 -2 • 
.003 .8058 .9293 • 999849 -3 • 
.004 .7804 .9189- • 999801 -5 • 
.005 • 7588 .9100 .999754 -7 • 
.006 • 7400 .9020 .999708 -9 • 
• 007 .7232 .8948 .999662 -11 • 
.008 .7081 .8881 -.999616 -14. 
.009 .6943 .8819 • 999571 -17 • 
.010 • 6815 .8761 .999527 -19 • 
.020 .5892 • 8313 .999102 -54 • 
.. 030 .. 6296 .7003 • ClClS705 -97 • 
.040 .4856 .7739 • 998328 -148 • 
.050 .4509 .7527 • 997968 -204 • 
.060 .4225 .7344 • 997621 -266 • 
.070 .3986 .7182 • 997287 -332 • 
.080 .3780 .7036 • 990902 -4100::3 • 

.090 .3600 .6907 • 996646 -477 • 

.100 - .3442 .6789 • 996338 -554 • 
• 200 .2469 .5974 .993563 -1482 • 
.300 .1982 .5506 • 99111'3 -2608 • 
.400 .1682 .5199 • 966623 -3675 • 
.500 .1476 .4969 • 966610 -5251 • 
.600 .1325 .4640 • 984427 -6715 • 
.700 .1210 .4735 • 982244 -8253 • 
.eoo .111? .. 4662 • 080043 -QRS~ • 
.900 • 1046 .4614 .977809 -11508 • 

1.000 .0985 .4583 .975533 -13210. 
1.250 • 0871 .4566 .969623 -17639 • 
1.500 • 0792 .4605 .963357 -22269 • 
1.750 .0735 .4679 • 9t)t)'flO -270:50 • 
2.000 .0691 .4777 • 949678 -31969 • 
2.250 .0658 .4890 • 942264- -3698'3 • 
2.500 .0632 .5016 .934478 -42082. 
2.750 .0611 .5149 • 926330 -47249 • 
3.000 .0594 .5288 • 917835 -52473 • 
3.250 .0581 .5431 .909008 -57743. 
3.500 .0570 • 5578 .899865 -63052 • 
3.750 .0561 .5726 .890424 -68393. 
4.000 .O!:)::iO .5076 • 880703 -73769 • 
4.250 .0549 .6027 .870724 -79144. 
4.500 .0546 .6177 .860506 -84546. 
4-.750 .0543 .6327 • 850073 -89959 • 
5.000 • 0541 .6476 .839449 -95380 • 
5.250 .0540 .6624 .826658 -100600. 
5.500 .0539 .6770 • 817726 -106235 • 
5.750 .0539 .6913 • 806661 -111664 • 
6.000 .0540 .7053 .795551 -117092. 
6.250 .0541 .7190 .784366 -122517 • 
6.500 • 0542 .7324 • 773154 -127936 • 
6.750 .0544 .7453 .761949 -133353 • 
7.000 • 0546 .7577 • 750780 -138763 • 
7.250 .0548 .7696 .739679 -144166. 
7.:500 .0:5$0 .7e09 .72:6051 -l4'Jo02. 
7.750 .0552 .7915 .717817 -154952. 
7.840 .0553 .7952 .713945 -156890. 

mlmo1.kSj-l cr(0) cr(tny) cr(y) 

.001 .0000 .0000 .0000 

.010 .0001 .0003 .0002 

.100 .0008 .0019 .0006 
1.000 .0017 .0059 .0006 
2.000 .0016 .0056 .0004 
5.000 .0019 .0056 .0003 
7.840 .0031 .0058 .nOD=" 
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~ ~ 

Par coefficient a (coeff) coefficient a (coeff) 

1 -.3182647978+01 .238+00 .2489247431+0\ .288-01 
2 . 1337688119+02 .609+00 -.9190705467+00 .381-01 
3 -.7503383808+01 .642+00 .2072450729+00 .175-01 
4 .. 2769933726+01 .336+00 -.2071611108-01 .267-02 
5 -.5640974025+00 .867-01 
6 .4802008727-01 .878-02 

a(eqs 2) .345:-02 
a(eqs 3) .336-02 

Experimental Data Employed tn Generation of Correlating Equations 

Chekhunova et al. [56]. Vapor pressure measurements. Assigned weight is 1.0. 

m/mol·kg -1 
°298.15 

.500000 .5036 

.7000~O .4726 
1.000000 .4576 
1.150000n .4605 
2.000000 .4761 
2.500000 .4964 
3.000000 .5317 
4.000000 '.5920 
0.000000 .6477 

6.000000 .7036 
7.000000 .7556 
7.840000 .7969 

Comments 

The activity coefficients of Cd(N02)2 drop to rather low values, a phenomena which is interpretable in 
terms of a subtantial amount of ion-pairing. While the nitrites of charge type 1-1 show [7] a moderate degree 
of this type of behavior, the extent demonstrated by Cd(N02)2 seems rather large and while we have based our 
table of recommended values upon the only existing set of measurements, we would feel more comfortable if there 
were confirmatory data. Eqs 1 could not be used for this data set and the table.of recommended values is 
based on eqs 3. 

J.Phy •. Ch.m. R.f. Data. Val. 10. No.1, 1981 
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2.500 

2.000 

1.500 

1.000 

.500 ~ 

0~--~~~~~~~--~~---------------------4~-----~-·-------6-.------~ 

-.500 

-1.000 

-1.500 

-2.000 .1 
-2.500 

-3.000 ~~~~--~--~--~--~--~--~--~--~--~--~--~--~--~--~ 
o 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 

Molality/mol kg-' 
Deviation Plot for Cd(NOZ)Z: ~~ vs molality 

& Chekhunova et a I. [56], vapor pressure 
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Recommended Values for the mean activity and' osmotic coefficient of Cd(N03)2 in H20 at 298.15 K 

-1 
mJmol'kg 

.001 
• 002 
• 003 
• 004 
• 005 
• 006 
• 007 
• 008 
.009 
• 010 
.020 
• 030 
• 040 
• 050 
• ()60 
• 070 
• 080 
• 090 
• 100 
• 200 
• 300 
• 400 
.500 
• 600 
• 700 
• 800 
• 900 

1.000 
1.250 
1.500 
1.750 
2.000 
2.250 
2.50-0 
2.638 

y 

.8884 

.8506 

.8243 

.8037 

.7866 

.7720 

.7593 

.7479 

.7376 

.7283 
• 6637 
.6247 
.5971 
.5761 
.5592 
.5454 
.5337 
.5237 
.5149 
.4649 
.4434 
.4327 
.4276 
.4260 
.4266 
.4289 
.4324 
.4370 
.4519 
.4706 
• 4923 
.5168 
.5439 
• 5735 
.5909 

mhnol'k~-1 

.001 

.010 

.100 
1.000 
2.000 
2.638 

Coefficients of Correlating Equations 

~ 

Par coefficient a(coeff) 

1 .1585019220+01 .924-02 
2 .2601065525+00 . 160-02 
3 
4 
5 

J. Phy •. Ch.m. R.f. Data., Vol. 10. No.1, 1981 

.9622 

.9493 

.9402 

.9331 

.9272 

.9222 

.9178 

.9140 

.9105 

.9073 

.8861 

.8741 

.8663 

.8609 

.8570 

.8542 
.8521 
.8506 
.8496 
.8518 
.8626 
.8760 
,.8903 
.9051 
.9201 
.9351 
.9502 
.9652 

1.0024 
1.0392 
1.0757 
1.1118 
1.1476 
1.1831 
1.2026 

a 
w 

.999948 

.999897 

.999848 

.999798 

.999749 

.999701 

.999653 
• 999605 
.999557 
.999510 
.999043 
.998584 
.998129 
.997676 
.997225 
.996774 
.996323 
.995871 
.995419 
.990834-
.986111 
• 981241 
.976228 
.971076 
.965789 
.960374 
• 954834-
.949174 
.934522 
.919201 
.903265 
.886765 
.869749 
.852264 
.842429 

0(0) o (llny) 

.0000 .0001 

.0002 .0004 

.0006 .0017 

.0006 .0033 

.0008 .0031 

.0012 .0029 

~ 

.1178436006+01 .125+00 

."S\30502368+01 .415+00 
-. 'li'3SbT74299 .... 0 1 .541 .... 00 

.1645689513+01 .313+00 
-.2723912106+00 .667-01 

a(eqs I) .306-02 
o(eqs z) .311-0Z 
a(eqs 3) .314-02 

-1 • 
-2 • 
-3 • 
-5 • 
-6 • 
-8 • 

-10 • 
-12 • 
-14 • 
-17 • 
-44 • 
-77 • 

-114 • 
-153 • 
-196 • 
-240 • 
-286 • 
-333 • 
-382 • 
-919 • 

-1508 • 
-2123 • 
-2751 • 
-3385 • 
-4019 • 
-4651 • 
-5278 • 
-5897. 
-7407. 
-8S47 • 

-10207. 
-11479. 
-12659. 
-13743 • 
-14298. 

QJ:tl 

.0000 

.0003 

.0009 

.0015 

.0016 

.0017 

~ 

.9086181054+01 .125+00 
';'.~69965+02 .419+00 

.9992863487 .... 01 .545 .... 00 
-.4216167554+01 .315+00 

.7153523847+00 .673-01 



ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS AS 

Ixperimental Data Employed in Generation of Correlating Equations 

Dleterlci [46]. Vapor pressure measurements 
performed at O°C. The 4>L and 4>c data for Cd(N03)2 
given ion the tab 1 e of aux iIi a ry data were u!ied to adj us t 
these and the other data obtained at temperatures 
other than 25°C to that temperature. Assigned weight 
J 5 zero. 

-I 
m/molokg 

.501000 

.998000 
1.496000 
1.9940(H) 
2.500000 

.7720 

.8700 

.9610 
1.0450 
1.1100 

Ewing and Guyer {57]. Vapor pressure measure­
ments at 20°C. Assigned weight is zero. 

-1 m/molokg 

.517000 
1.289000 
1.720000 

0298.15 

.9910 
1.0660 
1.1540 

Ewing and Guyer [57}. Vapor pressure measure­
ments at 30°C. Assigned weight is zero. 

-I m/molokg 

.517000 
1.289000 
1.720000 

.9050 
1.0430 
1.1220 

Ewing and Guyer [57]. Vapor pressure measure­
ments at 40°C. Assigned weight is zero. 

m/molokg 
-I 

0298.15 

.517000 .8730 
1.289000 1.0230 
1.720000 1.1030 

Jones {58] . Freezing point depression measure-
ments. Assigned weight is zero. 

m!molokg -J 
0298.15 

• 001000 .9745 
.002980 .9560 
.004920 .9530 
.0069'0 .9373 
.008760 .9324 
.020000 .9269 
.036020 .9234-
.0413850 .9230 

Jones et al. [48]. Freezing point depression 
measurements. Assigned weight is zero. 

mJmnlokO 
-1 

11l2.~8.15 

.084800 .9399 

.170300 .9114-

.343200 .9436 

Kovyrzina et al. 0 [59]. Vapor pressure measure­
ments. Assigned weight ii zero. 

m/mo I ° kg- 1 
0298.15 

.250000 1.5273 

.500000 2.2492 
1.000000 1.8349 
1.500000 1.5942 
2.500000 1.1012 

Motornaya et al. [49]. Isopiestic measur~ments, 
reference salt is CaCI Z' Assigned weight is 0.50. 

m!molokg- J 0 
298.15 

.640000 .9210 

.704000 .9197 

.819000 .9'305 

.840000 .9428 

.889000 .9457 

.990000 .9534 

Motornaya and Ben'yash [60]. Isopiestic 
measurements. Authors did not give the isopiestic 
molalities nor did they state which reference electro­
lyte was used. Assigned weight is 0.50. 

m/mol' kg 
-I 

~298. IS 

.200000 .8520 

.400000 .8730 

.600000 .9030 

.800000 .9310 
1.000000 .9620 
1.200000 .9950 
1.400000 1.0250 
1.600000 1.0670 

1.800000 1.0850 
2.000000 1.1140 
2.200000 1.1430 
2.400000 1.1680 
2.6 0000 ~ 1.1960 

Robinson, Wilson, and Ayling [61]. Isopiestic 
measurements, reference electrolyte is KC1. 
Assigned weIght Is 1.0 • 

m/mol"kg -1 
0298 . IS 

.113400 .8476 

.121700 .8567 

.155900 .8537 

.197500 .8511 

.330900 .8647 

.414100 .7333* 

.534500 .8970 

.640900 .9141 

.673000 .9175 

.686300 .9146 
1.041000 .9702 
1.138000 .9843 
1.206000 .9948 
1.267000 1.0011 
1.531001) 1.0466 
1.681000 1.0685 
1.841000 1.0912 
1.873000 1.0924 
1.989000 1.1132 
2.1b200U 1.1314-

2.315000 1.1587 
2.381000 1.1633 
2.638000 Ie 2041 

J. Phys. Chem. Ref. Data, Vol. 10, No.1, 1981 



46 R. N. GOLDBERG 

Illl.' recent work of Motornaya et al. [49,60] is in excellent agreement with the results of the careful 
111C'-'SlJrCtllcnlS of Robinson, Wilson, and Ayling [61]. The rest of the data is largely scattered. 

3.000 

2.500 

2.000 

1.500 r 

* 
x 

l
oaaat 

X 

.500 X 

)!( 

N 
4-

& & * Z *& ~ -* 'x X X X X 
0 0 s. .... X <JX 

-.500 
X* * 

)::(' X X X )lIE 

* X )::( * X X X 

* 
)::( 

-1.000 )::( 

-1.500 

-2.000 

-2.500 

-3.000 
0 0400 .800 1.200 1.600 2.000 2.400 2.800 

Molality/mol kg-' 

Deviation Plot for Cd f:.tJ vs mo I ali ty 

" Dieterici [46] , vapor pressure 

+ Ewing and Guyer [57] , vapor pressure measurements at 20 0 e 

X Ewing and Guyer [57] , vapor pressure measurements at 30 0 e 

¢> Ewil"!g and Guyer [57] , vapor pressure measurements at 40°C 

~ Jones [58J, freezing point depression 

Z Jones et al. [48 J, freezing point depression 

y Kovyrzina et al. [59] , vapor pressure 

:a: Motornaya et al. [49] , isopiestic vs CaCI 2 

• Motornaya and Ben'yash [60J, isopiestic vs 

X Robinson, Wilson, and Ayling [61] , isopiestic vs KCI 
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ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS 

Recommended Va.lues for the mean activity and osmotic coefficient. of .cadmium p-toluene sulfonate, 
Cd(C7H703S)Z' in H20 at 298.15 K 

-1 
0 llGex /J 0 kg -1 m/mol o kg y a 

...!!.. 

.001 .8884 .9622 .999948 -1 • 
• 002 .8506 .9492 .999897 -2 • 
• 003 .8242 .9401 .999B48 -3 • 
• 004 .8034 .9329 .999798 -5 • 
• 005 .7863 .9269 .999750 -6 • 
• 006 .7715 .9218 .999701 -8 • 
• 007 .7586 .9173 .999653 -10 • 
• 008 .7471 .9133 .999605 -12 • 
• 009 .7367 .9097 .999558 -14 • 
• 010 .7272 .9064 .999510 -17 • 
• 020 .6609 .8835 .999045 -44 • 
• 030 .6199 .8696 .998591 -78 • 
• 04Q .5903 .8596 .998143 -115 • 
• 050 .5673 .8520 .997700 -156 • 
• 060 .5485 .8458 .997261 -199 • 
• 070 .5326 .8406 .996825 -245 • 
• 080 .5189 .8361 .996391 -293 • 
• 090 .5068 .8322 .995960 -343 • 
• 100 .4961 .8287 .995531 -394 • 
• 200 .4268 .8049 .991337 -976 • 
• 300 .3867 .7887 .987293 -1648 • 
• 400 .3582 .7748 .983390 -2384 • 
• 500 .3357 .7617 .979628 -3172 • 
• 600 .3170 .7489 .976009 -4006. 

m/moJ"okg 
-1 0(0) a(~ny) ~ 

.001 .0002 .0003 .0003 

.010 .0009 .0022 .0016 

.100 .0018 .0066 .0033 

.600 .0029 .0071 .0022 

47 

Coefficients of Correlating Egua_ti2n~ 

1 
2 
3 
4 
5 

. 1680063040+0 I 
-.2989528189+00 
.1252038044-02 

cr (coeff) 

.697-01 

.834-01 

.808-01 

coefficient 

-.3488542177+01 
.3521417670+02 

-.7i1IT067190+02 
.7604224814+02 
-30741432071-02 

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

.324-02 

.338-02 

.386-02 

a (coeff) 

.933+00 

.680+01 

.190+02 

.232+02 

.104...-02 

coefficient 

.8671712572+01 
- . TQ§"'S"276536+02 

.5274732280+01 

cr (coeff) 

.192+00 

.527+00 

.384+00 

J. PhYI. Chem. Ref. Data. Vol. 10, No.1, 1981 
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Experimental Data Employed in Generation of Correlating Equations 

Bonner, Breazeale, and Rushing [52]. Vapor pressure osmometry and isopiestic measurements performed at 
37°C, reference electrolyte was NaCI [lIb]. The authors do not report the measured isopiestic molal ities. 
The data were adjusted to 25°C using the measured temperature dependency of the osmotic coefficient of copper 
p-toluene sulfonate [52]. Assigned weight is 1.0. 

3.000 

2.500 

2.000 

i.SOO 

1.000 

.500 

N 
+ 
<::> 0 

$,."-
<:x 0 

-.5OD 
i!;). 

-1.000 

-1.500 

-2.000 

-2.500 

-3.000 
o 

Deviation Plot for Con 

mlmol.kg -1 
0298 . 15 

• () 10000 .9001t 
.020000 .8810 
.05000 B .8530 
.100000 .8310 
.200000 .8070 
.300000 .7880 
.400000 .7730 
.500000 .7610 
.600000 .7500 

A 
i!;). 

6 

.050 .100 .150 .200 .250 .300 .350 .400 .450 .500 .550 .600 
Molality/mol k<fl 

1'::.0 vs mol;;1] ity 

~ Bonner, Breazeale, and Rushing (52], vapor pressure osmometry and isopiestic vs NaC] 
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ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS 

2.3. Systems Not Treated 

Kertesz [62] reports measurements on the cell Cd(2 phase 
umalgam); CdR~m); KCI(sat); Hg2CI~s), Hg(1) where R 
ill trichloroacetate (CCI3 COO), sulfosalicylate 
(C6 H30HCOOHS03), or sulfanilate (C6H4NHzS03). The use 
of these data to obtain activity coefficients involves the inter­
pretation of unknown liquid junction potentials and we have 
chosen not to treat these data. 

The cadmium halides present a particularly difficult prob­
lem in data analysis. In attempting to apply the correlating 
equations which we have used previously, we find that these 
equations do not represent the experimental data adequately. 
The reason for this is that the activity coefficients drop rapid­
ly to very low values, i.e., y for CdCl2 is 0.22 at m = 0.10 . 
mol· kg-I [64]. This. type of behavior, which is typical of 
highly associated electrolytes, makes it 0. very difficult task 

for polynomial representations to reconcile both the Debye­
Huckellimiting law and the experimental data, hence eqs 2 
and 3 (see section 2.1) cannot be used. Eqs 1 are also inap­
propriate since too negative a value of the B coefficient is re­
quired which, in turn, causes the osmotic coefficient to 
become an imaginary number. While the experimental data 
themselves can bc represented by discnrding the Debye­

Huckellimiting law~ the author is not completely ~atisfied by 
that type of treatment and attempts are currently underway 
to devise a more satisfactory method of analysis .. We note 
that Reilly and Stokes [63] in treating the data for CdCb used 
an association model and assumptions about single-ion activ­
ities. The activity coefficients they [63] calculate for CdCI~ 
and the ones tabulated by Robinson and Stokes [64] for 
CdBr2 and CdI2 probably· represent the best numbers 
presently available for these systems. 

We note that, for the bi-univalent compounds of mercury, 
there exist only the old boiling point elevation measurements 
of Kahlenburg [65] and the freezing point depression meas­
urements of Biltz [28] for HgCl2 and the freezing point 
depression measurements .of Jones and Caldwell [66] for 
Hg(CN)2; None of these data sets is sufficiently precise to 
warrant the generation of a set of recommended activity and 
osmotic coefficients. This is unfortunate in view of the envi­
ronmental and general chemical importance of mercury 
compounds. 

2 • .4. Previous Compilations and Evaluations 

Previous evaluations and compilations of the activity and 
osmotic coefficients for six of the systems dealt with herein 
may be found in the book by Harned and Owen [67], the 
tables of Stokes [19] and Robinson and Stokes [64], and in the 
papers of Wu and Hamer [68] and Pitzer and Mayorga [69]. 
None of these previous reviews has presented data for 
ethylene bis(trimethylammonium) chloride and iodIde, ZnF 2, 
zinc p-toluene sulfonate, Cd(N02)2,. or cadmium p-toluene 
sulfonate. 

The tables of Robinson and Stokes [64] and Stokes [19] ap­
pear to be based largely upon their own isopiestic measure­
ments;similarly, Harned and Owen [68] based their tables 
upon the calculations of Stokes [19]. For the compounds be-

ing examined in this paper, the coefficients of Pitzer and 
Mayorga [69] are based exclusively upon the smoothed osmot­
ic coefficients given by Robinson and Stokes [64]. Wu and 
Hamer [68] utilized a larger data base than the others [19, 64, 
67,69] but, unfortunately, did not state how the various data 
sources were weighted to obtain their final tables of recom­
mended values. 

For the six systems of interest, there is summarized in table 
1 the values of the activity coefficients at the maximum 
molality for which comparisons may be made between our 
evaluation and previous evaluations. 

The evaluation of Wu and Hamer [68] for ZnCl2 and ZnBr2 
shows unusually· large differences between the numbers 
which we and Stokes [64] give for the values of the activity 
coefficients at the maximum possible molalities. We believe 
that the evaluations of Wu and Hamer [68] are in error at 
these extrema. For ZnClz the numbers they [68] tabulate are 

in substantial agreement with our own up to 20 mol· kg-I, 
while for.ZnBr2 the numbers they [68] give are systematically 
lower than the ones recommended in our own table. 

The differences observed for Znl2 are undoubtedly due to 
the inclusion of additional data other than isopiestic in our 
evaluation procedure. The agreement for the other systems is 
satisfaotory. 

2.5. Relationship of Activity CoeHicients to 
Solubility Data 

Knowledge of the stoichiometric solubility (msat ), the activi­
ty coefficient and activity of water at saturation, and a knowl­
edge of thenumber(n) of waters of hydration to be associated 
with the solid phase in equilibrium with its saturated solution 
in pure water can be used to calculate the standard Gibbs 
energy of solution (AGoso1n )' For an electrolyte MII+x.._1 

where AGosoln refers to the process 

The solubility product (Kso) is calculable using 

This sort of analysis can be useful in establishing the value of 
the solubility product or in the construction of a thermody­

namic data network. 

3. Auxiliary Data 

Osmotic Coefficient Data 

Evaluated data for several reference systems were needed 
in treating the isopiestic data. These systems and the sources 
of the evaluated data are: KC~l], NaC~I], CaCIJ2], and 
H2S044]. 

J. Phys. Chern. R.f. Data, Vol 10. No. 1, 1981~ 
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1</'/1111",. A,'INII/'"I MoLll1 FTlllwlpy Data 

N 

Tit,· rll,'ffi"i"lIls for the equation <l>L/1' mol-1 = ftl (Xi
mil2 

WI'/"(' oll\ailwd by a least squares fit to the values of ct>L 
I'a I('(Jia II·d frolll the enthalpies of formation as a function of 
IIII' lIIolalily as given in NBS Technical Note 270-30 [70]. The 
('(wfficil'uts are given in table 2. 

Apparent Molal Heat Capacity Data 

The N coefficients for the equation <l>JJ. mol-I. K-l 
ct>~ + ;~1 {Ji mil2 are given in table 3. 

Transference Number Data 

The coefficients for the equation t+ = t~ + f (X;C 12
, where 

i=1 

C is the molarity in mol· dm-3
, are given in table 4. The trans-

ference numbers for ZnBr2 are based on the measurements of 
Samis [73] performed at 40°C with a t~/ a T being estimated 
from the measurements of Keenan et al. [74] on CaCl2 at sev-

era} temperatures. The coefficients for ZnC12 and Zn(CI04)2 

are based on a fit to the Hittorf data of Agnew and Paterson 
[75, 76]. 

Density Data 

Densities of ZnCl2 and Zn(CI04)2 solutions were calculated 
from the coefficients given in table I of the paper by Agnew 
and Paterson [75, 76]. The densities of ZnBr2 solutions were 
calculated from the equation: p/g·cm-3 = 0.997074 + 
0.19744 c - 0.0096776 C 312, where c is the molarity in 
mol, dm-3

• This latter equation was obtained using the ap­
parent molal volume data tabulated by Millero [77]. 
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Table l. Comparison of Activity Coefficients from Different Sources 

Maximum molal i ty/mol'kg- I molal ityl 
System for which data exist y[I9,64] y[this evaluation] mol 'kg- 6(%)a 

y 
:r~ [this evaluation] 

loG 12 23.193 3.46 3.433 22.0 -0.8 4.44 3.433 

ZnBr 2 20.100 7.86 7.965 20.0 +1.3 3.50 7.965 

ln1 2 11.892 6.41° 6.758 11.892 +5.1 3.59 3.744 

Ln(1,; {04 J 2 4.3 { { bO .9b 
59.3 lj .31 I -2.7 37.l!3 39.097 

Zn(H0
3
)z 7.103 6.38 6.480 6.0 +1.1 6.80 6.480 

Cd(H0
3

)2 2.638 O.SB 0.574 2.5 +0.2 0.568 0.574 

is defined to be [(this evaluation - previous evaluation) x lOO%}/(this evaluation]. 

blnterpolated value. 
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y molality! 
y[69] [this evaluation] ,"ol'kg -I ld%) 

22.0 -29.3 0.318 0.315 1.2 -1.0 

20.0 56.1 0.566 0.575 1.6 1.6 

9.0 4.1 0.706 0.756 0.8 6.6 

lj .0 3.2 2.b20 Z. 71~ 2..0 j .:.1 

6.0 -4.9 0.813 0.821 2..0 1.0 

2.5 1.0 0.570 0.574 2.5 0.7 
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Table 2. Coefficients Used to Calculate Relative Apparent Molal Enthalpies 

Range of Val idity 

System molal ity/mol okg- 1 
~1- ~2- ~3- ~- --%- ~7-

ZnC1 2 0 to 1.39 10263.4 3105.56 4776.8 -2953.43 ---------

Zn(N03)2 0 to 6.94 10263.4 -11248. I -47636.7 .129340.0 -129489.0 64295.4 -15827.2 1543.31 

Toblc 3. Coefficients Used to Calculate Apparent Holal Heat CQpacitie~ 

Range of Validity 

System molality/mol okg- 1 11>0 -1.1- ...f2- Reference --c-

ZnC1 2 0.25 to 17 .12 -169.4 147.63 -11.69 [71 ) 

Zn(N03}2 0.11 to 2.90 -186.6 146:44 [72] 

Table 4. Coefficients Used to Calculate Transference Numbers 

Range of Validity 
System C/mol 'dm-3 

ZnC1 2 0 to 3.37 0.419495 

0.414653 

-0.431755 1.10289 

-0.0166223 

<l3 

-1.46948 0.691174 

as 

-0.111814 

o to 2.43 -0.0619701 

o lu 0.15 0.395403 -0.0426553 

Additional ;il iary data follow: 

6008 J omol- 1 [78] t,C 
fus 

38. 1 J 0 mo 1 -1 K- 1 
[731 

-2 -1 -0.197 JoK omol [78) Tfus 273.15 K for water [10] 

R 8.31441 -I -I JoK omol [791 F 96484.56 Comol- I [74] 

A 0.51084 log
e

lO kgI/2'mol-1/2 [2] po 3168.6 Pa (23.7627 torr) [81 ] 
for water at 25°C 

3 -1 -992 em omol at 25°C [80] 
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6. Glossary of Symbols 

Activity. of water 

concentration of solute substanceB 

molality of I?olute su~stance 

transference number of ith ioil 

. charge numner 01 an lun D 

constantin Debye-Huckellimiting.law 

Iz.z-14 

(I.jvjzlf 
3v~(Vt~?) 

coefficients in a specified equation 

B,G,D,E ... coefficients in eqs(l) 

coefficien ts in a specified equation 

the second virial coefficient fOT water vapor 

the heat capacity change accompanying the 
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E 

F 

p 

R 

T 

fusion of the pure solventat the freeziIlg~~em~ 
perature of the pure solvent 

the .. difference. between theparti~l molal heat 
capacity of !he solvent in a solution and.·~he 
molalhe~tcapacity of the solid solvent at the 
freezing temperature of the solution . 

electr:omotive force 

the Faraday Constant 

the excess Gibbs energyofasolution containing 
one kilo grain ofsolvent 

lhe: t::1iLluupytf ful!iiuIlOf the purt: 60lventat the 

freezing ter,nperature of the pure solvent· 

solubili ty.product 

vapor pressure of a solution 

'Vtt.pUll'cessure of pure solvent 

molar gas constant 

~hermodynamic or absobi te temperature 
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Y'~J 
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absolute temperature of fusion of pure solvent 

coefficients in a specified equation 

coefficients in aspecified equation 

activity coefficient, molality basis 

activity coefficient evaluated at a given 
reference molality (mreJ) 

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

v 

p 

o 

~ or cp 

cl>L 

total number of ions formed from one molecule 
of solute assuming complete dissociation: [v = 

~Vi] 

density 

standard deviation 

osmotic coefficient 

apparent molal heat capacity 

relative apparent molal en~halpy 
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