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ABSTRACT

The mean ionic activity coefficients of NaCl in a ternary system {yNaCl+ (1—
y)Na,HPO,}(aq)were determined using electromotive force measurements (EMF) at 7= 298.15 K.
For EMF measurements, a cell of the type Na—ISE | NaCl(myac1), Na;HPO4 (Mya,bpo,) | Ag | AgCl
was employed with NaCl ionic strength fractions y = (0.3012; 0.5011; 0.7706) in the range of total
ionic strength of the solution 7= (0.0701 —0.9315) mol-kg™'. The Extended Pitzer model was used to
analyze experimental data for the mixed electrolyte solution, and good agreement between
experimental and calculated values of thermodynamic properties was found with a standard deviation
of the fit of 107 order.

INTRODUCTION

Many groundwaters and surface waters include phosphorus in the form of protonated orthophosphates
H,PO4 and HPO4*. Natural waterways have extremely low quantities of phosphates, however some
wastewaters can contain considerably greater concentrations, causing eutrophication.

Phosphate soluble salts are widely used in the chemical industry, plant fertilizer, toothpaste,
pharmaceuticals, food additives, and within other applications.

Because water solutions can contain salt mixtures, such as NaCl and Na,HPOs, a better explanation
of their thermodynamic properties is required. Our previous studies of thermodynamic properties with
phosphate ions comprised isopiestic measurements [1-10] and electromotive force measurements
[11].

The current study focused on the thermodynamic properties of a mixed electrolyte solution
{yNaCl + (1 — y)Na,HPO,}(aq) at T=298.15 K utilizing a cell of the type Na—ISE | NaCl(myac1),
Na,HPO,(mya,uro,) | Ag | AgCl. The experimental results together with the literature data[12] were
analyzed using an Extended Pitzer's model.

EXPERIMENTAL SECTION

Anhydrous NaCl(cr) and Na,HPO,(cr)and doubly-distilled, deionized water were used to make the
two stock solutions. The molality of the NaCl(aq) and Na,HPO,4(aq) stock solutions was m =1.0050
+0.0036 mol-kg! and m = 0.3403+0.0030 mol-kg™!, respectively. By mixing appropriate aliquots of
the stock solutions, the mixed solutions were formed.
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The cells for electromotive force measurements were arranged as follows:

Na-ISE | NaCl(myacy0) | Ag | AgCl (a)
Na-ISE | Na,HPO, (mya,1po,0) | Ag| AgCl (b)
Na-ISE | NaCl(myac1), NazHPO4 (Mya,upo0,) | Ag | AgCl (c)

where Mmy,cio and Mya,Hpo,,0 are the stoichiometric molalities of NaCl(aq) and NaxHPOs(aq),
respectively, while myact and my, 4po, are the stoichiometric molalities of NaCl and Na;HPO4 in

the mixed solution.

RESULTS AND DISCUSSION
Calibration of the electrode pair was done in the investigated solutions' ionic strength range from 0.1
to 1 mol-kg™! to obtain the corresponding potential, Ea. Nernst's equation for cell (a) can be given as:

Ea = EO + klnaiNam (1)

E, = E° + kln(ml%IaCl,OyiNaCl,O) (2)

where: k is the Nernst's slope, axnaci is the activity of the NaCl(aq) solution and janaclo is the mean
ionic activity coefficient of NaCl calculated using the Extended Pitzer's model and Archer's
parameters [13]. E° denotes the standard electrode potential that can be determined by linear
regression method, from the relations (1) or (2) and its values is £°=23.227 mV. Linear correlation
coefficient for the function £z = f (Ina=naci) is 0.99934. The cell (c) was employed to determine the
values of the mean ionic activity coefficient of NaCl in the mixed solution {yNaCl+(1-
y)NaxHPO4} (aq) at 7= 298.15 K. The mean ionic activity coefficient of NaCl in the mixture and cell
arrangement (c) is define as:

In(yeNnac)= (B — EO)/Zk — 1/2In {myac + ZmNazHPO4)} 3)

where janac1 1s the mean ionic activity coefficients of NaCl in the cell (¢).

Experimental results of the mean ionic activity coefficient of NaCl in the system {yNaCl+(1—
y)NaxHPO4} (aq) at 7= 298.15 K obtained as a preliminary investigation together with the literature
data [12] are presented in Figure 1.
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Figure 1. Mean ionic activity coefficient of NaCl, janaci, vs. ionic strength of the system {yNaCl+
(1-y) NazHPO4} (aq) at 7=298.15 K: experimental data ®m y = 0.3012; ® y=0.5011; Ay =
0.7706; and literature data [12]: X y = 0.4538; O y=0.6385; A y=0.7154; 0 y =
0.7615; curve calculated values for the pure solution NaCl(aq) at y =1.0.

Extended Pitzer’s model for the activity coefficient of ions Na*(aq) and Cl(aq) in the mixed aqueous
solution of NaCl and Na,HPO4 has the form:

HPo4

) (2Bnaynro, + ZCNa,upo,)

) CNac + ( Na+) ( H,,P;g‘} ) ClEaszoJ

m _
Inyna+ = zg+F + (mL(l)) (2Byac1 + ZClacr) + (

+ (5) (F5E) o + 7 [(55) (52
(4)

m Mypo2- m
Inye- = zg-F + ( Na+) (2Bnact + ZChact) + ( :[:(())4 ) [29c1-,HPo?f + (ngJr) l‘UNa"',Cl_,HPO[]

+lzer-| [(%) (mCl ) Clact + ( +) (m}ig%_) CIE&QHPOJ

)

In the above equations, / is the ionic strength of the solution and m? is the standard molality 1 mol-kg"
!, F is a specific function, By,c) and Byg,gpo,are the second virial and Cracy and C§aZHP04are the
third virial coefficients, function

Z= ( e )ZNa+ + ( ) |zer-1 + (%) |ZHP02‘|
(6)

and Oypoz- - together with Y.+ ypoz- ¢i- are the empirical mixing parameters.

By treatment of obtained results for mean ionic activity coefficients of NaCl, in the ionic strength
range app. from 0.1 to 1.0 mol-kg™! and literature data [12] for the same system by Extended Pitzer’s
model, one obtain the following values of mixing parameters GHPOZ_ o-(m?) = 1.19955 and

ot mpod-cm —0.19825 with standard deviation of the fit being s.d.(jz) = 8.7-107. Because chloride

and sodium ions have minor influence on solution structure, this comparatively large value of
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standard deviation can be explained by the likely development of hydrogen-bonded phosphate dimers
or polymers in HPO4?> solutions.

CONCLUSION

The mean ionic activity coefficients of NaCl in the system {y NaCl+ (1 — y) NaHPO4}(aq) have
been, preliminary determined using a cation-selective electrode at ionic strengths up to 1 mol-kg’
! The obtained results were compared to literature data and treated jointly by the Extended Pitzer’s
model with standard deviation being s.d.(j) = 8.7-107. These findings suggest that phosphate dimers
might form in solution via hydrogen bonding.
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