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The equilibrium of the reaction N a 2 S 0 4 (aq) + Ca(OH) 2 (s) 2 N a O H (aq) + C a S 0 4 (s) was 
measured at temperatures f rom 25 to 80°C in the range of sodium ion concentrations f rom 0 06 
to 2 0 mol k g " The equilibrium ratio decreases considerably with the increase of the sodium 
ion concentration and with the temperature. The logarithm of the equilibrium rat io may be 
expressed with a good accuracy as a linear function of the square root of the ionic strength. The 
experimental values of equilibrium concentrations are in good agreement with the existing data 
of this system. The thermodynamic analysis of results has shown that the calcium sulphate formed 
is present in the system probably in the form of the dihydrate, and has qualified the published 
values of the solubility products of the calcium hydroxide and of the sodium sulphate which are 
consistent with the measured equilibrium data. The experimental values of Km were correlated 
by means of a simple equation as a function of the ionic strength. From the results of the equi-
librium measurements, the standard changes of enthalpy and of the Gibbs energy of reaction 
have been evaluated at a temperature of 25°C. 

In connection with a study of the sodium sulphite conversion with calcium hydroxide, 
the feasibility of the sodium sulphate conversion with calcium hydroxide was con-
sidered as well. A necessary condition for a rational appreciation of such a process 
appears the knowledge of the equilibrium of the pertinent chemical reaction and 
its dependence on significant physico-chemical parameters, especially on temperature 
and concentration. With regard to the hitherto published data on this s y s t e m 1 - 3 , 
the aim of this Work consisted — besides the testing of the method — in the verifica-
tion, extension and in a more precise determination of existing equilibrium data, 
and in obtaining the changes of the thermodynamic quantities associated with the 
reaction mentioned above. 

T H E O R E T I C A L 

The position of the chemical equilibrium is most rapidly determined by calculation 
f rom available thermodynamic quantities. The considered type of reaction can be 
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expressed by the general equation 

S O ^ ( a q ) + Ca(OH)2(s) ^ 2 0 H ~ ( a q ) + CaS0 4 (s) , (A) 

where the solid calcium sulphate can be present as a hydrate. This reaction is charac-
terized by the thermodynamic equilibrium constant 

K = (OH") 2 . (CaSP4) 
( S O n . (Ca(OH)2) ' 1 ; 

(the parentheses denote activities) which under the assumption of the existence 
of both pure solid phases can be simplified to 

(sor) 
It can easily be shown that the equilibrium constant defined in this way is equal to the 
ratio of the true solubility products of the calcium hydroxide and of the calcium 
sulphate. 

If solid calcium hydroxide is added to an aqueous solution of the sulphate in the 
conversion process considered above, the following elementary processes, in addition 
to the reaction (A), can take place in the system formed in this way (under the as-
sumption of complete dissociation of the sodium sulphate and hydroxide in the aque-
ous solution): 

CaS0 4 ( s ) == Ca2 + (aq) + SO2" (aq) , (B) 

H S 0 4 ^ H + + SO2 - , (C) 

Ca(OH)2(s) - Ca2 + (aq) + 2 O H " (aq) , (D) 

H 2 0 (1) - H + + O H " (E) 

These reactions are characterized by thermodynamic equilibrium constants in the 
usual form: KB = (Ca2 +) . (SOj~), Kc = ( H + ) . ( S 0 2 - ) / ( H S 0 ; ) , Kd = (Ca 2 + ) . 
. (OH - 2 ) , Ke = (H + ) . ( 0H") / (H 2 0) . This system consists of three phases, namely 
the liquid phase and two solid phases. According to the Gibbs phase rule the given 
system has two degrees of freedom. If the temperature is fixed, only one independent 
variable is left (e.g. the concentration). The activities of all species in the solution 
can be expressed as functions of equilibrium constants, activity of water, and of the 
hydroxyl ion activity which will be denoted as (OH") = b. The following expressions 
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for the activities of all species can be obtained: 

(H + ) = KE.{H20)jb, (3) 

(Ca ^ ) = K D j b \ (4) 

(SO l ) = KBb2lKD, (5) 

(HSO;) = KBKE . (H20) . bjKc . KD , (6) 

where, under the assumptions given above, the activities of solid substances will be 
equal to one. Simultaneously, however, the condition of the solution electroneutrality 
is to be fulfilled, which can be expressed as follows 

[ N a + ] + 2 [ C a 2 + ] + [ H + ] = [ O H - ] + 2 [ S O j ~ ] + [HS04~] . (7) 

The general rigorous solution of the set of equations (3) to (7) requires, in addition 
to the knowledge of equilibrium constants of reactions (J3) to (E), also the knowledge 
of the activity coefficients of all species, their concentration dependences included. 
This procedure, however, does not appear feasible for the unsufficient knowledge 
of the activity coefficient course in concentrated solutions and, therefore, the problem 
will be solved approximately under the assumption that the solution behaves ideally, 
i.e. (X) = [X]. In this case the following equation is obtained from the relations 
given above 

m0 + 2 KD/b2 + KE(H20)lb = 

= b + 2KBb2lKD + KBKE . ( H 2 0 ) . blKcKD , {8) 

where m0 denotes the molality of sodium ions. The last terms on both sides of Eq. (8) 
assume negligible values (10~9 to 10" 1 4) , as it is evident f rom Table I, and therefore 
it is possible — under assumption of the unity activity of water — to simplify the 
given equation to the form 

2 K B b 4 l K D + b3 - m0b2 - 2KD = 0 . (9) 

For a selected concentration of sodium ions m0 at a given temperature it is possible 
to calculate the equilibrium concentration of hydroxyl ions f rom this equation, 
and from the set of equations (3) to (6) under the assumption of ideal behaviour 
one can compute the complete equilibrium composition of the liquid phase, using 
the published values of equilibrium constants given in Table I. With maximum 
and minimum values of KB and KD the described procedure yielded the equilibrium 
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TABLE I 

Survey of Published Values of Reaction Equilibrium Constants 

Value Temperature, K Ref. Value Temperature, K Ref. 

Constant KD 1-20 10" 6 298-15 8 

2-37 10" 5 298 15 9 
5-47 10" 6 291-15 4 2-33 10" 4 298-15 10 
2-5 10" 5 298-15 5 
4-9 10" 5 298-15 6 Constant KE 

2 1 10" 5 323-15 6 

4-3 10" 6 353-15 6 1-008 10" 14 298-15 11 
5-474 10" 14 323-15 11, 12 
25-18 10" 14 353-15 12 

Constant KB 

Constant KN 
6-10 10" 5 283-15 4 
2-33 10" 4 298-15 4 1-20 10" 2 293-15 4 
4-04 10" 4 298-15 7 

concentrations of reaction (A) in dependence on the concentration of sodium ions 
77?o at a temperature of 25°C, which are shown in Fig. 1. Using the published values 
given in Table I, the estimated equilibrium constant of reaction (A) at 25°C varies 
within wide limits from 6 . 10"2 to 4 . 101. A similar estimation can be carried out 
using the tabulated thermodynamic data on heats of formation and on the standard 
entropies of reactants13. The equilibrium constant calculated from these data amounts 

F I G . 1 

Dependence of Equilibrium Concentration 
of Hydroxyl Ions mx on Concentration of So-
dium Ions m0 at Temperature of 298-15 K, Cal-
culated under Assumption of Ideal Behaviour 
according to Eq. (9) for Following Values: 
KB = 1-20. 10~6 , KD — 4-9 . 10" 5 (curve 
1), and KB - 4-04 . 10" 4 , KD = 2-5 . It)"5 

(curve 2) 
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to 2 . 10" 1 , if the tabulated data of the calcium sulphate anhydride are used. As 
follows from the foregoing analysis, the values of the equilibrium constant calculated 
by various thermodynamic procedures and from different thermodynamic data, 
differ by several orders of magnitude, so that the experiments have shown indispens-
able to obtain more reliable data in a wider range of variables (temperature, solution 
concentration). 

E X P E R I M E N T A L 

Equilibrium measurements. Measuremen t s have been carried out at t empera tures of 25, 50 
and 80°C, a n d fo r approximate ly ten sod ium ion concent ra t ions at each tempera ture . Weighed 
amount s of sod ium sulphate a n d sod ium hydroxide were in t roduced into the equi l ibr ium ap-
para tus initially r insed by a s t ream of pure ni trogen, then boiled a n d under a s t ream of ni t rogen 
cooled distilled water was added . Af te r comple te dissolving of all componen t s suppor t ed by per-
manent mixing the two componen t s left — calcium sulphate a n d calcium oxide — were added . 
Thereaf ter the equi l ibr ium appa ra tu s was closed and immersed in to a bath of cons tan t t empera ture . 
At a t empera tu re of 25°C, the equi l ibr ium has been established dur ing pe rmanen t mixing af ter 
16 to 18 hours , and at t empera tures of 50 a n d 80°C af ter 5 to 6 hours . Finishing the experiment , 
the mixing was s topped, and af ter sed imenta t ion of the suspension (approximate ly af ter 5 minutes) 
the whole a p p a r a t u s was tu rned by 45 degrees which caused the solut ion to flow on a fr i t ted 
glass filter. The a p p a r a t u s was then re tu rned into the original posit ion a n d pure ni t rogen let in. 
The fil tration ra te t h rough the f r i t ted glass S2 was 0-3 to 1-0 ml /min . The fil tration process a n d the 
sampling was practically identical with the same procedure described prev ious ly 1 4 . The posit ion 
of equi l ibr ium was obta ined by a gradual app roach f r o m both sides of react ion (A). 

Equilibrium apparatus. An equi l ibr ium a p p a r a t u s proved already dur ing measurements of hete-
rogeneous equ i l i b r i a 1 4 was used. A vessel with a magnet ic stirrer conta ined the suspension 
of solids of abou t 14 ml. The equi l ibr ium appa ra tu s was completely immersed in a bath of con-
stant t empera tu re kept with an accuracy of ± 0-05°C in the whole ba th volume. Wa te r or a mix-
ture of water a n d glycerol was used as a thermosta t ic medium. The t empera tu re was measured 
with s t anda rd the rmomete r s g radua ted to 0 0 2 ° C . 

Chemicals. Fo r the prepara t ion of equi l ibr ium mixtures boiled distilled water was used, which 
was cooled under a s t ream of ni t rogen. T h e sodium sulphate was an a n h y d r o u s commercia l 
reagent of analytical grade (Spolek pro chemickou a hutni vyrobu) . T h e sod ium hydroxide was 
a pelletted commercia l reagent of analytical grade (Lachema) with a m i n i m u m conten t of 97 
per cent N a O H . T h e calcium oxide was a commercia l reagent of analytical grade (Lachema) 
with a m i n i m u m content of 97-5 per cent C a O . The calcium sulphate in most exper iments was 
a commercial reagent of analytical g rade (Spolek p ro chemickou a hutnf vyrobu) . Pulverized 
gypsum or a sample prepared by a he terogeneous react ion between a sod ium sulphate solut ion and 
a calcium hydroxide suspension in a mola r ra t io of 3 : 1 were used in isolated cases. The remain ing 
chemicals used were of analytical grade. 

Analytical procedures. T h e total sample volume of the equi l ibr ium solut ion used for analysis 
was about 10 to 12 ml. The samples fo r the analysis were weighed. All volumetr ic vessels were 
calibrated and the a m o u n t s of t i t ra t ion agents were converted to mass basis. The t i t ra t ion s t anda rd 
solutions were prepared also on the mass basis. 

Determination of the hydroxy! ion concentration ( da tum A = [ O H - ] ) . T h e total alcalinity 
of the sample was de termined by t i t ra t ion with a 0025M solut ion of sulphuric acid under cont inu-

Col lec t ion Czechos lo ,v . C h e m . C o m m u n . [Vol . 41] [1976] 



680 Mocek, Lippert, Erdos : 

ous boiling to remove carbon dioxide. Phenol red served as an indicator. The precise concentra-
tion of sulphuric acid was determined in the same way with a 0 05m standard solution of potas-
sium hydrogen carbonate. 

Determination of the sulphate ion concentration (datum B = [SOj ]). The total content of the 
sulphate ion was determined gravimetrically as barium sulphate according to the classical method 
of Hints and Weber. The sample was acidified with diluted hydrochloric acid using methyl orange 
and heated to boiling. The precipitation was carried out at once with a hot solution of BaCl2 . 
The precipitated barium sulphate was left over night to recrystallize. The following day the pre-
cipitate was filtered through a hard filter ("blue tape"), washed, and after drying burned with the 
filter and ignited. 

Determination of the total sodium and calcium ion concentration (datum C = 1/2 [Na + ] -{-
-j- [Ca2 + ]). The total contents of sodium and calcium were determined by an acidimetric titration 
as hydroxides. In the neutral solution formed after the hydroxyl ion titration with sulphuric 
acid (determination A), an ion exchange of sulphate ions for hydroxyle ions was carried out using 
a column with a strongly basic anion exchanger (Ionenaustauscher III, Merck). The hydroxide 
formed was determined by titration with sulphuric acid under continuous boiling using phenol 
red as an indicator. The column possessed a total effective capacity of 8-3 . 1 0 - 3 mol of sodium 
ions. It was regenerated with a 1m solution of the NaOH and washed with decarbonized water. 

Determination of the calcium ion concentration (datum D = [Ca2 + ]). Calci um was determined 
by complexometric titration using a 0 01m solution of the disodium salt of ethylenediaminetetra-
acetie acid. Methylthymol blue served as an indicator diluted 1 : 100 with potassium chloride. 
The complexometric agent was standardized using zinc (99-99 per cent) dissolved in nitric acid 

From the data obtained by analysis and from the electroneutrality condition of the solution, 
which under the omission of the hydrogen and hydrogen sulphate ions can be expressed by the 
equation 

Therefrom it can be seen that the four determinations are not independent. The analytical datum C 
served as a check determination and as a criterion of the measurement accuracy. The agreement 
of (A + 2 5 ) with 2C within the limits of one to two relative per cents was considered as satis-
factory. 

RESULTS AND DISCUSSION 

The thermodynamic equilibrium constant K o f the reaction (/l) expressed by Eq. (1) 
or (2 ) can be rewritten into the form 

(1 : 1). 

[ O H - ] + 2 [ S O | " ] = [Na + ] + 2 [Ca 2 + ] , (10) 

the following relation is obtained 

A + 2B = 2C . (11) 

K = KmKy , 

in which the equilibrium ratio Km, defined as 
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represents a measurable quantity and Ky is a correction factor expressing the nonideal 
behaviour of the solution, defined as 

Ky = 7oH-/yso42- • (14) 

The results of measurements are shown in Tables II and III. Table II shows the com-
plete liquid phase composition of the equilibrium mixtures and Table III gives the 
experimental values of the equilibrium ratio Km in dependence on the sodium ion 
concentration m0 at temperatures 25, 50, and 80°C. The value of the equilibrium 
ratio Km was obtained by measurements from both sides of reaction (A) and the 

T A B L E I I 

Liquid Phase C o m p o s i t i o n s (molal i t ies) F o u n d E x p e r i m e n t a l l y in E q u i l i b r i u m M i x t u r e 

N a + O H " C a 2 + N a + O H - sol~ C a 2 + 

298-15 K 1 -0047 0 1 2 0 9 0-4612 0-0177 
1-0160 0 1 2 1 9 0-4693 0 0 1 7 5 

0 0 6 1 9 0-0533 0-0202 0-0164 1-5120 0 1 3 1 6 0-7149 0-0196 
0 1 0 9 4 0-0667 0-0353 0-0156 1-5122 0 1 3 2 8 0-7188 0-0192 
0-2140 0-0911 0-0783 0-0160 1-9920 0-1373 0-9628 0 0 2 1 1 
0-4233 0-1173 0-1637 0-0128 2-0641 0 1 4 1 1 0-9998 0-0218 
0-4947 0-1244 0-1980 0-0151 2-0662 0-1390 1-0038 0 0 2 1 8 
0-6387 0-1355 0-2652 0-0142 
0-7941 0 1 4 7 8 0-3476 0-0158 353 15 K 
0-8187 0-1502 0-3529 0 0 1 6 3 
0-9885 0-1551 0-4394 0-0164 0-0971 0-0396 0-0436 0-0147 
1-2520 0-1648 0-5686 0-0209 0-1176 0-0435 0-0515 0-0147 
1-4710 0-1689 0-6828 0-0177 0-2123 0-0543 0-0935 0-0140 
1-9685 0-1802 0-9326 0-0202 0-2131 0-0550 0-0931 0-0144 
1-9902 0-1776 0-9424 0-0201 0-3067 0-0617 0-1374 0-0149 

0-4213 0-0680 0-1939 0-0150 
323 15 K 0-5049 0-0742 0-2350 0 0 1 5 2 

0-5098 0-0754 0-2350 0-0158 
0-0845 0-0498 0-0400 0-0244 0-8426 0-0876 0-4000 0-0178 
0-1033 0-0550 0-0422 0-0172 1-0088 0-0886 0-4861 0 0 1 8 6 
0-2009 0-0702 0-0813 0-0158 1-0234 0-0909 0-4960 0-0190 
0-2133 0-0710 0-0859 0 0 1 5 3 1-0439 0 0 9 0 9 0-5009 0-0181 
0-3890 0-0896 0-1649 0-0152 1-0573 0-0933 0-5087 0-0190 
0-4981 0-0979 0-2173 0-0159 1-9227 0-1039 0-9458 0-0236 
0-5126 0-0988 0-2255 0-0157 2-0267 0-1083 1-0045 0-0220 
0-8032 0-1138 0-3660 0-0170 2-0637 0-1071 1-0118 0-0214 
0-8152 0-1161 0-3682 0-0170 
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T A B L E I I I 

Experimental Values of Equil ibrium Rat io Km in Dependence on Tempera ture and on Con-
centrat ion of Sodium Ions m 0 

298-15 K 323 15 K 353 15 K 

m„ K „ . 102 m n K „ . 102 m n K . 102 

0 0 6 1 9 14-097 
0 1 0 9 4 12-598 
0-2140 10-608 
0-4233 8-397 
0-4947 7-821 
0-6387 6-923 
0-7941 6-284 
0-8187 6-397 
0-9885 5-474 
1-2520 4-778 
1-4710 4-179 
1-9685 3-480 
1-9902 3-346 

0-0845 6-209 
0-1033 7-168 
0-2009 6-063 
0-2133 5-861 
0-3890 4-821 
0-4981 4-410 
0-5126 4-325 
0-8032 3-535 
0-8152 3-660 
1-0047 3-169 
1-5120 2-423 
1-9920 1-957 
2-0662 1-925 

0-0971 3-597 
0-1176 3-668 
0-2123 3-154 
0-2131 3-249 
0-3067 2-772 
0-4213 2-385 
0-5049 2-343 
0-5098 2-416 
0-8426 1-918 
1-0234 1-666 
1-5523 1-414 
1-9227 1-141 
2-0637 1-134 

value obtained in this way was checked by preparing the supposed equilibrium mix-
ture in which the composition changed during the experiment only within the limits 
of experimental errors. The equilibrium ratio Km represents therefore a true equi-
librium quantity. It has been verified experimentally that the equilibrium ratio Km is 
independent of the ratio of the calcium hydroxide and calcium sulphate amounts 
present in the solid phase and of the provenance of the calcium sulphate. 

Table III shows an outstanding dependence of the equilibrium ratio Km on the 
sodium ion concentration m0, which according to Eq. (12) is caused by the concen-
tration dependence of the quantity Ky. Describing this dependence in the first ap-
proximation with the aid of Debye-Huckel's law, the following expression can be 
obtained from Eq. (12) after rearrangement 

log Km = c - al1*'2 , (15) 

where the value of the parameter a depends according to theory only on the tempera-
ture; the parameter c according to Eq. (15) represents the value of the equilibrium 
ratio Km extrapolated to zero ionic strength. The dependence of the equilibrium 
ratio logarithm on the square root of the ionic strength can be expressed with a very> 

good approximation as a linear function at all temperatures in agreement with Eq. 
(15). The parameters c and a of this equation have been evaluated by the method 
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of least squares for each temperature and a survey of the parameter values obtained 
in this way is given in Table IV. The last column of this table shows the relative 
average deviation, AKm, with which Eq. (15) reproduces the experimentally found 
values of the equilibrium ratio, if the above mentioned values of the parameters a 
and c are used. 

A remarkable aspect of this result is the fact, that Eq. (15) reproduces the ex-
perimentally found dependences very well, although the measurements were per-
formed in a concentration range lying a great deal beyond the validity range of the 
limiting Debye-Htickers law. The nonaplicability of Debye-Hiickel's law in this 
case is well demonstrated by the value of the parameter a for which theory suggests 
a value approximately two times to three times higher than the one obtained from 
experiment. Therefore, Eq. (/5) is to be regarded as an empirical correlation function 
the simple form of which is probably caused by a mutual compensation of far more 
complex dependences of activity coefficients of both ions on the ionic strength. Thus 
not even the limiting value of the equilibrium ratio Km extrapolated to zero ionic 
strength (the logarithm of which is equal to the parameter c) needs not to correspond 
exactly to the thermodynamic equilibrium constant of reaction (^4). To perform 
such an extrapolation, it would be necessary to dispose of data measured at such low 
ionic strength values, where the limiting Debye-Huckers law is valid. In principle, 
however, this procedure is not possible, because of the existence of a minimum ionic 
strength of the solution at which reaction (,4) can still take place, and this minimum 
ionic strength value is determined by the solubilities of both solid phases at zero 
sodium ion concentration. For instance at 25°C the value of this minimum ionic 

TABLE I V 

Values of Parameters in Eq. (15) and Relative Average Deviation of Equilibrium Ratio Km or K^ 

Temperature, K c a % 

Reaction (A) 

298 15 - 0 - 7 1 4 3 0-4418 ± 2 - 2 4 
323-15 - 0 - 9 9 6 5 0-4051 ±2-06 
353-15 - 1-2786 0-3848 ±3-02 

Reaction (F) 

298-15 - 0 - 7 2 5 7 0-4107 2-58 
323-15 —1-0119 0-3705 ±2-30 
353-15 - 1-2933 0-3510 ±3 -35 
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strength is equal to 0-109 mol kg 1 and lies therefore outside the range of the validity 
of the limiting Debye-Hiickel's law. 

The experimental values of equilibrium concentrations given in Table II are 
in a good agreement with the course given graphically by Bittrich and Leibnitz2,3 

nor are they at variance with the results of Neumann and Karwat1 who performed 
the equilibrium measurements at different temperatures, namely at 15, 40, 70, and 
100°C. Further on, it is evident from Table II that the dependence of the calcium 
content on the sodium ion concentration m0 in the equilibrium mixture at tempera-
tures of 25 and 50°C passes through a rather flat minimum at the molality of m0 « 
« 0-7, and this fact is in agreement with the experimental findings published previ-

Since the dependence of the equilibrium ratio Km on the ionic strength has been 
determined experimentally on three temperature levels, it is possible to draw some 
thermodynamic conclusions from the resulting temperature dependences. By rear-
rangement of Eq. (12) and by its differentiation with respect to the reciprocal value 
of temperature at constant pressure and at constant ionic strength the following 
equation is obtained 

The values of the differential quotient on the left hand side of this equation can be 
obtained from the logi£m vs l\T dependences at various ionic strengths. The slopes 
of the straight lines obtained in this way vary only negligibly with the ionic strength, 
which according to Eq. (16) indicates a very slight dependence of the last term of this 
equation on the ionic strength. By extrapolation of these slopes to zero ionic strength 
it is therefore possible to obtain a rather reliable value of the first term on the right 
hand side of Eq. (16) and consequently also a relatively good value of the heat 
of reaction. The enthalpy change of reaction (A) has been determined in this way as 
— 4-93 kcal m o l - 1 with the probable error within the limits of ±0-1 kcal mol - 1 . 
This value of the heat of reaction differs from the value +0-4 kcal m o l - 1 calculated 
from known thermodynamic data13 by 5-3 kcal m o l - 1 . By extrapolation of the equi-
librium ratio to zero ionic strength according to Eq. (15) the standard change of the 
Gibbs energy of reaction (A) at a temperature of 298-15 K will be obtained as 

According to the discussion following Eq. (15), the actual value of AG0 will lie near 
this value or shall be somewhat lower. By calculation from tabulated thermodynamic 
data13 it is possible to obtain a value of AG0 = +0-7 kcal m o l - 1 . 

'd In K 
dT-1 

AG0 = +0-97 kcal mol" 1 
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The described treatment of results of the equilibrium measurements has been 
performed on the basis of reaction (^4), i.e. for the case that an anhydrous calcium 
sulphate is being formed in the reaction. Taking into account the complexity even 
of the constituting binary system15 C a S 0 4 — H 2 0 it is not possible to predict safely 
the degree of hydration of the calcium sulphate being formed. In addition to the 
anhydrous salt, it is possible to consider the formation of the dihydrate as the other 
extreme, and in this case reaction (^4) is transformed to 

S O 2 ' (aq) + Ca(OH) 2 (s) + 2 H 2 0 (1) ^ 2 O H " (aq) + C a S 0 4 . 2 H 2 0 (s) , (F) 

the equilibrium constant of which is given by the expression 

K' = ( 0 H - ) 2 / ( S 0 ^ - ) . ( H 2 0 ) 2 . (17) 

Further on, the following relations are valid for the equilibrium ratio Kf
m and for the 

correction factor K'y: 

KL = ™OH-/"W-*H 2 O (18) 

K = 7oH-/yScv-yH2o, (19) 

if a pure liquid at a pressure of one atmosphere is selected as the standard state 
for water and a hypothetical ideal onemolal solution for ions. The correlation of the 
equilibrium ratio K'm has been performed with the use of Eq. (15) and a survey 
of the values obtained is given in Table IV. It is evident f rom this table that the values 
of the parameters a and c and the average relative deviation A K ^ do not differ 
significantly f rom the results of the first alternative. The enthalpy change of reaction 
(F) has been determined as — 4-97 kcal m o l - 1 f rom the temperature dependence 
of the logarithm of equilibrium ratio K'm. This value differs f rom the value —3-6 
kcal m o l - 1 calculated f rom thermodynamic da ta 1 3 by 1-4 kcal m o l - 1 and this 
deviation lies already within the limits of errors of the determination of heats of forma-
tion of the calcium hydroxide and calcium sulphate. The standard change of the 
Gibbs energy at a temperature of 298-15 K has been ascertained as +0-99 kcal m o l - 1 

also by extrapolating the equilibrium ratio to zero ionic strength. According to the 
discussion following Eq. (15) the actual value of AC0 will lie near this value or will be 
somewhat lower. 

Extrapolating the logarithm of the equilibrium ratio K'm to zero ionic strength, 
the minimum value of the thermodynamic equilibrium constants K' is obtained as 
1-9 . 10"1 which should be equal to the ratio of the true solubility products. From 
this value of K' it is possible to conclude that the most probable values of solubility 
products of the calcium hydroxide and of the calcium sulphate at 25°C are given 
in the sources6 , 1 0 . 
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