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Dittienttion which tay he encounterad in deriving ae:
ity coetficiont values from data on mixed electrolyte
awatemn are discised, the mont xerfous heing satistical
correlation between (he  parameters of (he mathe-
watieal expression wved v Hieng the data, 1t I -
gostedd that when correlation x a problem, predieted
values of the wmetivity coefficient of each component
in the mixture may be proferable to values caleulated
from the parameters extimated by fitting the experi-
Mental data in caves where only part of the parameters
are used in caleulating the activity coetlicient vatuex,

INTRODUCTION

Recent developments In flelds such ax geochomistry,
waxte disposal, oceanography, and dexalination have
made it necessary to have Information on the thermo-
dynamic properties of aqueous solutions containing
mare than one clectrolyte. Such properties might in-
clude the osmotic coeflicient of the sotution or the
activity coefticient of each component in the solution.
Depending upon the property desired, difficultios may
he encountered, however, In deriving numerical values
from experimental data. The purpose of this paper ix
W identify the source of the difficulties and to suggest
ways of circumventing the problem.

MATERIALS AND METHODS

Uamoric coefficients, The osmotio coefiieient of u mixed elec.
trolyte system s usually measured by the isoplestic technique
(Robinson und Stokes, 1965). A series of solutions of var ing
fotal jonic strength und composition is equilibrated isopiestical-
ly with a reference solution (usually NaCl or KC1) whose
vsmotic coefficient is known as a function of concentration from
absolute vapor pressure measurements. From the isopiestic
ratios 50 obtained the osmotic coefficients of the mixed elec-
uolyle solutions are readily calculated. Finally, the osmotic
coefficient values muy be fitted by the method of least squares
on a high speed to an i Xpressing the os-
motic coefficient us a function of total ionic strongth, com-
!adﬂo‘n. and a number of parameters specifying the explicit

P y of the coeflicient on these independent
variables. This equation muy then be solved to give the osmotic
coefficient of any arbitrary solution (within the range of the
original data) or the parameters of the equation may be used
a appropriste expressions to calculate the activity coefficient
of each component (eloc:ml;rle) in the mixture.

Whenever experimental data, such s osmotie coefficie
are fitted by least toa h ical equati !o::‘
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alinten o the prrdmetors (Constints) in - (he ot

ll:\ll:‘ Fuuml (it the pirameters e (o some dogies unumIAu::l‘l
T degree of vonelation (which wivex o moamirg f Iow
well the fndividual prrameten wre ule|ormlno«[) WAy vary |y,
speific e from vely Allght o very wont There fy o, Wiy
w prediet @ priore the extent of correlation (o be oXpocied
whett o lver equation i fitted o a - given xet of EXporimon |
datn, The wime equntion when fitted 10 two difforent oy
datn ey yiehd extimaten of (he patameten that are vorrelitgd
o diferont extent nlthough both ket of data may b yey
well toprosented by the equation when the upproprinte wet f
parameters b e,

Several mudels (Scatehard, 1961: Rellly ot al,, 1971) vy
been formulated that express the osmotle  coeflclont of
mixed eleetrolyte system we a funotion of total fonle Mrongth
and - composition, Mhe  ussumptions underlying  the  severy)
models lead to varybg explielt funetional dependencies of (e
osmotle coeflicient upon the Independont varlables (total fonie
wrength and composition). However, all these models cuyy ba
wed about equally well to fit osmotle voofliclont datn oy
elegtrolyte mixturex. In each cuve the parameters estimated by
loast squures from the oxmotio coofficient data may be (el
to cilenlute the uetivity coefivlent of ench component In (e
mixtures. ‘The important point here I8 that all the parameters
obtained fn the original it are used in oaleuluting the dorived
quantities (uetivity coeficlents), Hence the degros of corre.
lation between the parametors in o given model Is not of much
consequence, In xupport of (hix last statement, It van e
shown not only that measured volues of the osmotle oo
efficients of represontative electrolyte mixtures are consistont
with values predicted  from  single electrolyte osmotle  co-
elliviont data (Liotzke and Stoughton, in press), but thut values
of the lullvl:r coeltivients of the components of (he mixtures

leulated using the parametors estimated by fitting the ox-
motie coefficionts are also  consintent with “values predicied
for these components from single electrolyto nctivity co-
efficient duta (Lietzke and Stoughton, 1972). For example,
consider aqueous  KCI-CaCly, mixtures, When  experimentul
osmotic coeflicients for this system (Robinson and Covington,
1968) are fitted to un equntion suggested by Scatchard (1961)
ngd the equation solved at I = 1.0 and 2.0 for varying fractions
Xy of CuCly in the mixtures, then the values shown in the
first part of Table 1 under the hending @ () ure obtainod.
Values predicted for the mixtures from the osmotic coefolents
of pure KCl und pure CaCl, solutions (Lietzke and Stoughton,
in press) ure shown under the column headed ¢ (). Note that
in all cuses the predicted values ure within less thun one
percent of the fitted observed values, The logarithms of the
activity coeflicients of both the KC1 und the CaCl, In the
huxtures are shown in the second part of Table 1. The values
under the headings KC1,) and CaClucy) represent values

from the par obtained by fitting the osmotic
ngwrﬂcienls, Wwhile the values under the headings KCI ) und

“c;l"v' have been predicted by a simple equation which
“‘g’;“ short range jonic interactions in the mixtures (Lietzke
of bo':“l‘““» In press). Again the agreement nnd consistency

th sets of values are very good. Hence the fact that the

Eﬁl‘f;:leltmlobm(ned in the original fit of the osmotic co-

wme‘;y “'Ew“:smmw have been strongly correlated does not
¢ values of the activity coefficients,
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TABLE V1 Oumotlo and activity coffiglent
for KCI1-CaCly mixtures il Bl

I Osmotle Cosfliclents ()

1 Xy 4in) b
0 025 0902 0898
S0 900 w2
I B U3 BT
20 28 9 o1
20 50 932 926
200 T8 94 938

2. Activity Cosfliclents (y)
log y - 1

I XH KTy, KCl“., Clc“” CnClm,

1.0 0.25 0.797 0.787 0.636 0.620
1.0 .50 803 7192 639 632
1.0 15 809 798 643 644
2.0 28 775 766 630 606
2,0 50 786 776 636 625
2.0 5 797 785 645 643

Actlvity Coefficlents. In the precoding section It was shown
that good estimates of the nctivity coefficlent of onch com-
ponent In an nquoous electrolyte mixture could be onleuluted
from the parnmetors obtained by fitting osmotic  coefficlent
data on the mixture since all the parametors ostimatod in the
fit woro used In enlculating the activity coefficient valties, Many
oxperimental techniques, however, eg, electromotive forco
mensuremerits, yleld not osmotle coefficlents but activity co-
oflicionts, For exumple, by the uso of u hydrogen electrode und
u wliver, sllver chloride reference clectrode ono cnn mensure
the activity of HCL In un oq luth talning  HCI
and one or moro chloride salts, Since the concentration of the
HC1 in the solution can be mensured by unalysis, the activity
cooflicient of the HC1 may then be computed. It s impossible,
however, o compute tho activity coefficient of the salt or salts
in the mixture without additional information on either the
pure single salt solution or on the two-salt solution. Either
osmotie or nctivity coefficlent data on these latter solutions
must be used in estimating the udditional parameters needed
in order to calculate the activity coefficients of the salts in the
mixtures containing the ncid, whose activity coofficient is direct-
ly monsured. It s at this point that dificulties arise: In order
to calculnte tho salt nclivity coefficionts it {8 necessary (o use
members taken from two different sets of correlated parameters.
If the extent of correlation between the members of one or
both sots is high, then poor estimates of the salt activity co-
efficients may well be obtained,

To illustrate the above points, & specific example will now be
given, Consider an nqueous electrolyte mixture containing o
halogen acid HX, n monovalent salt’ of this ncid MX, and a
divalent salt of the acid NX,. Let the subscript 4 refer to HX,
s to MX, and , to NX, Suppose emf measurements are
made of the cell

Pt-H: (p=1) |HX(m), MX(m), NXG) |AgX, Ag.
The emf of this cell E is given by the Nernst equation in the

B = E* — (RT/F) In [mu(nts 4 ma 4 2m1)]
— (2RT/F) lnys,

furm where K fa the sendard tal of the
vlestradas mi,, my, snd m, wre mﬂ‘l!mu of MAt, m
ad NX,, tespeotivelys T I the shadute tempersiure, K b
the wne cinaiant; b Is the Varsday; und 5, o the mesn lunis ss
Nivity eonflitent of the HX, If the “newlral electiiiyis” trost
ment (Sentchined, 19615 In wead (o derive omwlml fon the
nollvity souffiglents of such sompensnt in miniure, then

¥vi

'(ll [TRES klil["g T o A s i}
' 1 4 151

whete the excews term may be expressed s n linesr sombing:
ton: cosfalenta:

In equations (1), (2), and (1), yy o o0d
yi tofer 1o the sctivity cosfMglents of HX, ?(, mJ NXs,
rospectively; 8 is the sppropriate Mehye-Hickel limhing siops;
I in the iontg strength of the solution (f s me 4 m + Mu]";
and 1.5 Iy used in ench ense ay the denominator pasrmmeter

the Debys-Hickel exprossions, In equations (1a}, (2a), snd
(3u) the Ay, and €', reprossnt interaction parsmeters to be
detormined from experimental dntn, while XJ‘I X, snd X,
rofer o the lonle strength fractions of the deslgnated com-
ponents In the misture. The parameters in equation (In),

108y 0 <= 2 (Byy o (Boo = By) Xy (8,073 - Hy) Xo]
MY [Crag + 2Cyon = Copnd Xn (1a)
b UCK!Y >~ Cad X1 F MY (2{Chy -« Coug b Cuey/)
('I"/J) x~x|
+ ('Il'. "' (C'lll e :C{"l) x'l ' ("‘l'. ‘ (l.“/g
3Cw x40

108 o = log 4" — (8 NVD/( 4 LSD @)

where

l(lﬂy-' U By b (B Ha) Xy o (8.3 - ) X\
by 2Cqm = Conn) Xy (z.)

+ Z(C"./J = Conn) Xy } (Cynn 4 Cynn - 2C o) XY

{5 (Cnl 4 ('.IN/o -2/ Cnu) x'u L4 z(cnn ’ Cun t
Cani/d

BRSO R AN

and
1ok ye = log 4t — (8 VD/(L 4 15D ™
where
log o= 4/31([B,,/3 + Bay — B/3) Xe o By — B/ Xy
B A Cludd 9+ 2UCi Y- Cud D) Xu (Ja)
+2CuI = Co/9) Xy + (Cugg — 2/3 Caie + Cud/®
X
-+ (Cnt - 23 Cnn 4 (,',“/9) x.l + 1(Cu| - CIM‘,:‘ -
Cani/3

+ Cud9) XXy

namel By B B G Cup Ciie Cam
Cins y-nd Cyy may all be estimated by least squares
by fitting values of log y, computed using the Nernst
equation for each experimental emf value. nqm.tlon (1)
may then be solved at any total ionic strength with specific
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values of X,, X,, and, X, to give values of 108 xj,h.ff Cin

mixture. Even ll'nounhbcthe various
parameters in this equation may [
of log -, are invariably obtained since all the parameters are
used in the calculation.

Examination of equations (22) and (3a) reveals ﬁe f':;
that there are seven parameters needed to calculate :ed "'}'mm
Iog , and log -, in the mixtures that cannot be obtai Tt
emf measurements of the HX nctiéity mcthe llélxmfzd C
are the coefficients By, Bi, B Cany Caso Cuiew e
In order to evaluate these quantities, an independent study
(usually isopiestic) must be made of aqueous MX, NX,
solutions. From these measurements estimates of the above
seven parameters may be derived, and in general, these es-
timates will again be correlated.

Equations (2a) and (3a) each contain four parameters (only
one the same) from the set obtained by fitting the Iog 2
values and five parameters (three the same) derived from data
on the MX, NX, solutions. Hence the extent to which the
parameters are individually well determined (i.c., Ant strongly
correlated with others in the set from which they were taken)
will determine whether or not the calculated values of log

log -, are r ble esti ible criterion as

£

ResuLTs
HCI-NaCI-MgCl, mizrures. Tn this system corre-
Tation the estimates of the parameters ob-

tained both m the
and w the fie of

:
a
i

s A x, Hal,,,
19 0.75 0.125 0.128 0.909
¥ ] 50 250 250 901
19 235 378 378 92
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e Byg-Cooz correlation was 0.999, while
m!lmg cgzﬂiciems lay between - 0.65 and + 0-6; ,.:;
can be seen in Table 3 the agreement betw&n'th‘
predicted and fitted values of the logarithms o
salt activity coefficients is very poor even thongh te
total ionic strength of the solution is only 03, c
pared to 1.0 in the forr‘n?r SYStem: Tn Bonts i
logarithms of the salt activity coefficients in the NaB:
ZnBr, system alone, C'Omputed' from paramerery Ob:
tained by fitting osmotic coefficients for the solution
agreed very closely with values predicted by the simp];
equation. This was as exp.ected, since all the e
from the osmotic coefficient fit were used in g
culation of the activity coefficient values of botp ;a],;
in the mixture.

Other three-lectrolyte systems that have been in
vestigated by the foregoing_technique include He.
KCI-CaCl, (Lietzke and Daugherty, 1972), Hc.
CsCl-BaCl, (Lietzke et al., 1969), HC1-NaCl-LaC)
(Lietzke and Danford, 1972), and HCI-MgCl,-CaCy.
(Lietzke and Danford, 1973) mixtures. In no cay.
was the problem of correlation as severe in these
systems as in the HBr-NaBr-ZnBr, system, although
moderate disagreement was observed between predicted
and fitted values of the activity coefficients of the
BaCl, and the LaCl; in their respective mixtures
In all two-electrolyte and three-clectrolyte systems

o logy 4 1
HC1
”';’; NaCly,  NaCly) MgCly,, MsCls
0817 0353 0732 0724
. 61 843 709 704
s 846 $33 689 483

P

s M &GS
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TABLE 3: Activity coefficient values in HBY-NaBr-anr, milxture
s

I X, Xs X, HBr,
03 0.75 0.125 0.125 0.889
. .50 .250 250 885
3 25 375 375 881

impossible to state, for example, whether the activity
coefficient of NaCl at 10°C in a 50:50 % mixture at
[ = 1.0 is 0.700 or 0.709 (Lietzke and Stoughton,
1964). It has also been shown (Lietzke and Stoughton,
1972) that similar results are obtained when the
«neutral electrolyte” treatment and an ion-component
treatment (Scatchard et al., 1970) are applied to the
<ame set of mixture data by the method of least squares.
(he differences may partly result from a difference in
weighting when attention is focussed on the ions as
components or on the electrolytes themselves. In ad-
dition any approximations made in the derivation of
the various models may manifest themselves differently
and result in slight differences in the predicted values
of the activity coefficients of the components of a
mixtore.

SUMMARY

In view of the difficulties associated with treating
thermodynamic data on mixed electrolyte systems, the
following recommendations are made. Whenever pos-
sible, osmotic coefficient data should be used for cal-
culating the activity coefficient values of each com-

n mi systems, because, as shown
above, all the parameters obtained in the fit of the os-
motic icients are used in calculating the activity
coefficients, the problem of statistical correlation

i

HBr(,, NaBr,,  NaBr,, ZoBr., ZnBrs,

0.887 1.103 0.871 0.272 0.773
.885 1.045 869 .394 768
.883 0.968 866 .551 764

LiTERATURE CITED

Bjerrum, N. 1923, Zur thermodynamik des aktivititskoeffizienten
und des osmotischen koeffizienten. Z. Physik. Chem. (Frank-
furt) 104: 406-432.

Lietzke, M.H. and M.D. Danford. 1972. EL ive force
MGS iﬂ Py at 1 4 P xv‘l-
The thermodynamic properties of HC1-NaC1-LaCl: mixtures.
J. Inorg. Nucl. Chem. 34: 3789-3794.

Lietzke, M.H. and M.D. Danford. 1973. Ele ive force
studies in Tuti at el d atures. XVIL
The thermodynamic of HCI-MgCl,-CaCly, mix-

properties
tures, J. Inorg. Nucl. Chem. 35:1651-1656.

Lietzke, M.H. and M.D. Danford. 1973. Activity coefficient of
HBr in HBr-NaBr-ZnBr, mixtures. Chem. Div. Annu. Preg
Rep. ORNL4891 68-69 p.

Lietzke, M.H. and Cynthia Dauvgherty. 19'72.‘ Electromotive

properties of HC1-KC1-CaCl,
mixtures. J. Inorg. Nucl. Chem. 34: 2233-2239,

RJ. Herdkl 1971. El ive force

in - at L 'Y P m.

The thermodynamic properties of HC1-NaC1-MgC1, mixtuves.

3489,

Lietzke, MH. and RW, Stoughton. 1964, The activity eo-
efficients of Hydrochloric Acid and Sodiums Chioride in
Hydrochloric Acid—Sodiam Chioride mixtures. J. Tesm.




	JTAS49-4-130

