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Up to now, there exist a quite wide temperature interval between 70 or 80 afi@ i%th no suf-

ficiently reliable experimental data of mean activity coefficients for aqueous NaOH as well as
solutions. In order to fill this gap, it was tried to derive suitable correlation equations for this
tity in dependence on the molality (for NaOH in the ranggq,= 2—-25 mol kg*, for KOH in the

rangemeon = 2—18 mol kgh) and temperature (in the range 0—2@D for both kinds of solutions)
on the basis of the available data of this quantity and with the use of the previously derived c
tion equations for the water activity in aqueous solutions of NaOH and KOH under the same
tions. The comparison between the calculated and experimental data was discussed.
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For the thermodynamic calculation of the equilibrium states of chemical or ele
chemical reactions with the participation of aqueous solutions of NaOH or KOH
necessary to know their activities under real reaction conditions. The activity of a
electrolyte is usually expressed by the product of its total molality and the appro
practical mean activity coefficient at the given molality and temperature,j.gy =
(Mveon Yemeon)’- The quantitative concentration and temperature dependence c
mean activity coefficients of aqueous solutions of strong electrolytes, based c
Debye—Hiickel theory®, is mostly complicated. Some methods of theoretical calci
tions of activity coefficients (e.g. according to PifzeBromley 8 or Messnel) give
sufficiently reliable results for a limited range of concentrations only, e.g. for NaO
KOH solutions in the range of 0—-6 molRdref.l%. For various technical processe
however, even more concentrated solutions of sodium or potassium hydroxides a
quently used at temperatures less or more different from the reference tempera
25 °C. Until now, however, the overall relations for the mean practical activity co
cients of aqueous solutions of NaOH or KOH valid in a necessary wide range of
molality as well as temperature are not available.

A critical evaluation of the all published sufficiently reliable data of the mean ¢
tical coefficients of aqueous solutions of NaOH and KOH at@%vas presented by
Hammer and Wu in 1972 (réf). The smoothed data were fitted with the aid of
extended Debye—Hiickel equation

Collect. Czech. Chem. Commun. (Vol. 61) (1996)



1550 Balej:

logy, =-A, lzz|1°¥(1+BI°9 + Bl +CIP+DI*+ ... , ()
wherel stands for the ionic strength defined by the relation

k
1=05% mZ . )
i=1

B, B, C andD denote the specific constants for the given electrolyte at the given
peraturez, andz_ are the charge numbers of the appropriate cation and anioA, a
represents the temperature dependent value of the Pitzer—Debye—Huickel limiting
for the activity coefficients in aqueous solutions (ég= 0.51084 at 25C (refly. 1t
must, however, be mentioned that the value of this quantity changed a little as
went due to the progressive precision of the dielectric constant of water; its r
internationally recognized values may be calculated from the values of the lin
slopes for the osmotic coefficient,, for the range of 0—358C and from saturation
to 1 kbar (ref:?), using the relatiom, = 3A,.

The mean activity coefficients of aqueous solutions of sodium and potassiur
droxides in dependence on their concentration and temperature were also dete
several times. Harned and HecKemeasured these values for 0.05-#.0NaOH at
0-35°C. Similar measurements for KOH solutions were published by Harned
Cook*. Analogous measurements for NaOH solutions at wider concentration as w
temperature ranges (i.e. 0.1-17 mot¥gvere done by Akerléf and Kegelésind for
KOH solutions by Akerl6f and Bendér Zarembo et al! published the data of the
mean activity coefficients of 0.85-23M8 NaOH and 0.85-17.% KOH solutions at
423-623 K (i.e. 150-356C) in intervals of 50 K. Further data for 1#8NaOH and
KOH as well as for 1- LiOH solutions at —10 to 128C were presented by Poun
et all®in 1986. These data, however, exhibit an unusual course of the tempe
dependence in the range of —10 to°@0for NaOH solutions and —10 to 8G for KOH
solutions. Further, the numerical values of the activity coefficients at 60=-&bffer
considerably from the values for the solutions of the same composition referre
other authord®13-16 although their temperature trend is similar (see Figs 1 anc
Moreover, values of, xoy instead of logy, xon are most probably given for 263 K il
Table 6 of ref8. Therefore, neglecting the data of Pound éf ak unsufficiently re-
liable, it may be concluded that there exists a quite wide interval between 701
and 80-150 CC for NaOH and KOH solutions, respectively, with no sufficiently |
liable values of the mean activity coefficients. It is, however, evident that a sil
extrapolation of existing data into this temperature range is hardly possible, espe
for lower solution concentrations. Only for NaOH solutions, it seems to be possit
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extrapolate high temperature data for 20M28aOH (ref!’) till down to 25°C where

they coincide with the smoothed NBS datat this temperature. Therefore, in order
gain sufficiently reliable data of the mean activity coefficients of NaOH and K
solutions in the whole wanted range of molalities and temperatures, it is nec
either to undertake new experimental measurements or to try to correlate all till

able experimental data in a proper way for the whole range of molalities and ten
tures as well. It must, however, be taken into account that such a correlation can

an expression with a lower reliability grade. The latter method presents the subj
this communication.
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RESULTS AND DISCUSSION

The derivation of the correlation equation for ¥og= f(Myeom T) Was based on the wel
known relations between the activity of watey, in the aqueous electrolyte solution
molality m; and its osmotic®) and mean activity coefficient, (e.g. refé19:

® =-1 000 Ina,/(M,v;m) (©)]
and
Iny,=d-1+ zj'm (( - 1)/mP-5) dnP-5 . @)
0

Here,M,, denotes the molar weight of water andhe total amount of ions of the give
electrolyte. In the given caskl, = 18.01528 g mot, vjyeon = 2, So that

® = (-27.75428M,,.,) In &, = (~63.90645n,,.0,) loga,, ©)

The following relations have been derived in a previous pafmerthe molality and
temperature dependence of the water activity in aqueous solutions of NaOH and
(using data in the above mentioned paffet$:

0 8,naon = —0.01332n + 0.0025487 - 3.06 . 107 +
+(1.5827n - 1.56687 + 0.0212967)/T . ©)

This equation is valid fomy,on= 2—25 mol kg (i.e. 7.4-50 wt.% NaOH) and fdr=
273.15-473.15 K.
For KOH solutions

log aykory = —0.02258+ 0.001434F + (1.38m - 0.9254)/T )

valid for meqy = 2-18 mol kg! (i.e. 10-50 wt.% KOH) and for the same temperat
range, 273.15-473.15 K.

Due to the validity of Egqs6] and {) in limited molality ranges it is necessary |
transform Eq. §) for a limited range, too:

Iny,=Iny,, +®-®, + ZJ'E (P - 1)/m®S dmP-> (8)
or
logy, =logy,, + (® - ®,)/(In 10) + (2/(In 10))_[2 (@ = »/mPd dmP> | ©
wherey,; and®, are the known values of the mean activity and osmotic coefficient

the MeOH solution at the lower limit of the concentration ranggeoy 1= 2 mol kg?,
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and the given temperature. Combining Ex).with Eq. @) or (7) the following relations
were obtained for the concentration and temperature dependence of the osmotic coeff

®yaon=0.8512339 101.1447T - (0.16245019 100.135T)m +
+(0.00195553% 1.360952NN? 20
valid for my,on= 2—-25 mol kgtandT = 273.15-473.15 K and
®yoy = 1.4410904 — 88.1908M8- (0.0916418559.13909N)m , 11

valid for myo,, = 2-18 mol kg*and the same temperature range, 273.15-473.15 K
For the lower limit ofmy.oy 1= 2 mol kgl, Egs @0) and (1) became simplified
forms, namely

®Ppaon 1= 0.5341556- 93.681401 (12
and
®Pyon,1=1.25780# 30.08716 . @3

In order to obtain the temperature dependence of the activity coefficients of N
or KOH solutions for the molalityny,on = 2 mol kg'in the temperature range c
273.15-473.15 K, it was necessary to obtain a suitable correlation equation fi
temperature dependence of the mean practical activity coeffioygntst myeon 1=
2 mol kg™. This correlation was obtained by evaluating all available experimental
in refe11-131519nd in ref$1112.1416.1for 2 m NaOH and 2 m KOH, respectively. Tk
only two available experimental data at 150 and 200for both kinds of solutions
were supplemented by numerical interpolation for intervals of 10 K on the basis «
following relations derived now on the basis of experimental data for the ranc
150-350°C (refl?) for 2 m NaOH solution:

logy, =-82.917+ 0.6817T - 0.002092% + 2.83734E6T° — 1.44E-9T*  (14)
and for 2 m KOH solution (see Fig. 3):
logy, =-82.722+0.6817T - 0.002092%2 + 2.83734E6T3 — 1.44E-9T* . (15

Using the least-square method the following polynomic relations were obtaine
the basis of all selected available data for the temperature Tan@¥3.15-473.15 K.
For the correlation of all available experimental data the polynom of the 6th orde
used; it was therefore necessary to express all coefficients with 8—9 significant ¢
Then, for 2 m NaOH solution:
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logy, =175.972176 2.98871232 + 0.020847975F -
- 7.65562053E5T° + 1.5619109E7T* -
- 1.68003492E10T® + 7.44709291E14T° (16)
and for 2 m KOH solution:
logy, = 473.49430% 8.17278428B + 0.058184741F -
— 2.18641894FEATS + 4.57270983E7T* -
- 5.0464725910T° + 2.29069204E13T° . @7

The agreement of the so calculated and experimental data of 2 m NaOH as well as 2
solutions may be held as good (see Fig. 4, where the course of the calculated ve
the whole considered temperature range is depicted by full lines).

Inserting Eqs 10), (12) and (L6) into Eq. @), one obtains after integration and ree
rangement, the final relation for the concentration and temperature dependence
mean practical activity coefficient of aqueous NaOH solutions,

0 Y. naon= 176.2940683 139.958394 — 2.9887123P + 0.0208479758 -
~ 7.65562053E5T° + 1.5619109E7T4 - 1.68003492E10TS +
+7.44709291E14T® — (0.141102442 86.9761558T)m +
+(0.001273918392 0.88658091/6)n? -
- (0.14876612 101.4477T) logm , 19

valid for my,onq= 2—-25 mol kgtandT = 273.15-473.15 K.

Fic. 3
Temperature dependence of agof 2 m
1 NaOH (1) and KOH @) solutions in the
range 150-350C: after ref’ for NaOH
: : ‘ : —1 (x) and KOH (+); calculated from Eqgs
150 200 250 300 4 oc 350 (14) and (L5), respectively —)
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In a similar manner, after the insertion of E44)( (13) and (7) into Eqg. ©) and
subsequent integration and rearrangement, the following expression for the conc
tion and temperature dependence of the mean practical activity coefficient of aq
KOH solutions was obtained,

l0g Y. o = 473.5207145 76.1869101F - 8.1727842B+ 0.0581847421% -
— 2.18641894E4T3 + 4.57270983E7T — 5.04647259E10T5 +
+2.29609204E13T° - (0.079599% 51.36750792)m +
+(0.4410904- 88.190898) logm , 19

valid for meq, = 2-18 mol kgtandT = 273.15-473.15 K.

A comparison of the so calculated values of decadic logarithms of the mean
activity coefficients with experimental data for NaOH solutions according tb-téfs
and KOH solutions according to réf$61’is given in Tables | and Il. As may be see
quite good agreement between both kinds of values may be observed for KOH solut
almost the whole considered range of molalities and temperatures, while for I
solutions the deviations are somewhat more evident at temperatures lower fiéan
With respect to the numerical scatter of experimental results of various authors (s
Figs 1-4), the obtained relation$8] and (9) can therefore be considered as suf
ciently reliable for the calculation of the mean activity coefficients of aqueous N
and KOH solutions in dependence on their concentration in the ngpgg= 2—25 and
Myon = 2—-18 mol kg! and temperature range 0-200. In addition, calculated dat:
represent suitable continuous supplementation of lacking experimental data in th
perature range 70 or 80 and 18D. They may find a good application especially f
solving various equilibrium problems in technically important systems contail

-0.1 7

log v, 43

Fc. 4
Temperature dependence of kpgof 2 m _j 5
NaOH (I) and KOH @) solutions in
the range 0—200C; NaOH: A (refld),
+ (ref®), x (ref!®, O (refl’); KOH:
O (ref?, a (refll), O (refl?, o
(ref2®), m (refl?); calculated ‘ ‘ . ‘
from Eqs @6) and (L7), respectively 0 50 100 150 200
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aqueous NaOH or KOH solutions under the given reaction conditions. For the
exact calculations it is evidently necessary to use new values of this quantity whi
to be determined with the use of an exact as possible method within the whole ra
the reaction conditions.

The author thanks Dr Ivo Paseka at the Institute of Inorganic Chemistry, Academy of Science:
Czech Republic, for performing some computerized calculations.
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