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Thesolubility of ammonia, near one atmosphere of partial pressure, is evaluated in 
5.35 molal potassium hydroxide solutions from 30" C. to 80" C. 

THE VAPOR PRESSURE of ammonia in water is 
increased by the presence of dissolved potassium hydroxide. 
This increase has been studied in the past at  a limited 
number of temperatures and concentrations by several 
workers ( I ,  3, 6, 8 ) ,  from 25OC. to 6OoC., with ammonia 
concentrations around 1M and with potassium hydroxide 
concentrations usually less than 1.5M. These data are not 
very complete on the effect of temperature on the ammonia 
vapor pressure, and they are insufficient for an evaluation 
ofthe differential heat of solution of ammonia in aqueous 
KOH. 

T o  extend these data regarding the vapor pressure of 
ammonia over aqueous KOH-NH? solutions to higher 
temperatures and concentrations, and to obtain further 
information of the thermodynamic properties (7)  and the 

ammonia at  known vapor pressures is determined in 5.35m 
KOH solutions from 30" C. to 80' C. The available data are 
also used to check the applicability of the Setschenow 
equation (9). 

log (SIS,)  = k C  (1) 
The ratio S / S ,  is the ratio of the ammonia solubility in 
potassium hydroxide solution of concentration C to the 
solubility in pure water, So; k is a constant. 

EXPERIMENTAL 

Ammonia is bubbled for one hour into a three necked, 
500ml. Pyrex flask which contains 100ml. of 5.35771 KOH 
and which is fitted with a reflux condenser and a ther- 

Temp., O C. 
30 
30 
40 
40 
50 
50 
60 
60 
70 
70 
80 
80 

Table I. The Partial Vapor Pressure Data of Ammonia 
in Aqueous, 5.35 Molal  Potassium Hydroxide Solution 

Vapor Pres.", of 
Water Over 5.35 Vgpor Pres. 

Ammonia Conc. Atm. Pres. in Molal KOH in of Ammonia 
Gms./Litcr Mm. of Hg Mm. of Hg Mm. of Hg 

74.16 
70.86 
49.55 
50.43 
39.54 
40.62 
24.21 
26.58 
20.86 
19.71 
12.63 
13.60 

762.80 
762.87 
762.98 
762.93 
764.04 
763.97 
764.10 
764.17 
764.28 
764.22 
764.40 
764.34 

( 5 ) .  22.09 literimole NH1 a t  S.T.P. 

18.50 
18.50 
32.8 
32.8 
53.3 
53.3 
89.6 
89.6 

138.0 
138.0 
215.0 
215.0 

744.30 
744.37 
730.18 
730.13 
710.74 
710.67 
674.50 
674.57 
626.28 
626.22 
549.40 
549.34 

Bunsen Absorp- 
tionb, Coefficient, 

e, in atm.-'  
98.21 
93.85 
66.89 
68.25 
54.83 
56.34 
35.40 
38.85 
32.84 
31.02 
22.66 
24.41 
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Figure 1 .  Partial pressure of 1 molar ammonia in aqueous 
potassium hydroxide solutions at  25" C., 35" C. and 60" C. 

mometer. Bubbles do not form in the KOH solution until 
a degree of ammonia solution occurs. After smooth bubbling 
occurs, the gas flow is continued for a t  least one hour a t  
about 200 cc./min. In  checks of this work, a variation in 
the time of bubbling from 1 to 4 hours did not result in a 
change in the ammonia solution concentration to within the 
estimated experimental precision, + 5 per cent. 

The 500ml. flask is immersed in a large water bath which 
is thermostated to +0 . loC .  A 5 or 10ml. sample is with- 
drawn by pipette and introduced into 15ml. of distilled 
water in a Kjeldahl distilling system. The ammonia is 
distilled into a known volume of standardized 0.1N HC1 
which is subsequently back titrated with standardized 
0.1N NaOH to a methyl red endpoint as in a usual ammonia 
determination. The atmospheric pressure is measured with 
a mercurial barometer, and the potassium hydroxide 
concentration is determined from specific gravity measure- 
ments in the absence of ammonia (2). 

RESULTS AND DISCUSSION 

The results are collected in Table I. Each line gives the 
data for a freshly prepared solution. The vapor pressure 
of water is considered to be lowered negligibly by the 
presence of ammonia as compared to the lowering by the 
potassium hydroxide (5 ,  10).  A plot of the log of the Bunsen 
coefficient, In a ,  us. l /  T gives a straight line which is used to 
estimate the differential heat of ammonia solution in 5.35m 

KOH as A H &  = -6,040 cal. with an  estimated deviation 
of + 400 cal. 

In ( a 2 / a I )  = - A H / R [ l / T *  - l / T l ]  (2) 

The free energy of solution and entropy of solution of 
ammonia in 5.35m KOH may also be estimated (7 ) :  
AF;,, = -830 cal. and AS& = -17.5 e.u. with an estimated 
deviation of +40 cal. and k 2 e.u., respectively. 

If the potassium hydroxide concentration, in molesiliter, 
is plotted us. the log of the ammonia partial pressure over 
1M NH3, favorable agreement of the present results is 
obtained with those of the early workers ( I ,  3,  6, 8). The 
plot of lna us. l / T  is used to evaluate average a ' s  a t  25" C., 
35"C., and 65"C., and these a's are used to calculate the 
vapor pressure of ammonia over a 1M NH3 solution. 

In  Figure 1, a straight line is obtained which connects 
Abegg and Riesenfeld's values of log P N H  a t  0, 0.5, 1.0 and 
1.5MKOH ( 1 )  with the 5.35m (6.90M) value of Table I, 
all at 25°C. These agreements permit the formulation of 
the following expression: 

log (Pi /P?)  = k (Ci - C2) (3) 

where P is the partial pressure of ammonia in mm. of Hg 
over 1M NH3 in KOH of concentration C, in molesiliter. 
The constant k is 0.144 literimole a t  25" C. The Setschenow 
relation (9) is thus shown to be verified after substitution 
of the Henry law expression into Equation 3. 

From the results at other temperatures, 35" C. and 60° C., 
where linear plots of log P us. C are obtained with the 
available data, k is found equal to 0.141 litersimole and 
0.125 litersimole, respectively, and the temperature 
dependence of the constant k is approximately given by: 

k , l k i =  T2/Ti (4) 

where T i s  the absolute temperature in K. 
Equations 1, 3 and 4 would appear to be generally useful 

in extrapolations of the published data ( I ,  3,  4, 6, 8, I O )  to 
enable estimations of ammonia solubility and vapor pres- 
sure values not available in the literature. 

The experimental method described should find appli- 
cation in extending the information on the solubility and 
partial pressure of ammonia in aqueous solutions of KOH. 

ACKNOWLEDGMENT 

The authors wish to acknowledge the financial support of 
this research by the United States Army Transportation 
Corps under research contract DA 44-177-TC-634. 

LITERATURE CITED 

(1) Abegg, R., Riesenfeld, H., Z.  phys. Ch. 40, 90 (1902). 
(2) Akerlof, G., Bender, P., J .  Am. Chem. SOC. 63, 1085 (1941). 
(3) Conway, E.J., Byme, A., Biochem. J .  27,423 (1933). 
(4) Gaus, W., Z .  Anorg. Chem. 25, 236 (1900). 
(5) International Critical Tables 111, McGraw-Hill, N .  Y., 

1928, p. 373. 
(6) Konowalow, D., Ch. Central-Blatt 1, 938 (1900). 
(7) Lewis, G.N., Randall, M., "Thermodynamics," McGraw- 

Hill, N. Y.. 1923, Q. 558. 
(8) 
(9) 

Riesenfeld, H., Z.phys. Ch. 45, 462 (1903). 
Setschenow, J., Ibid. 4, 117 (1889). 

1925. 
(10) Wilson, T.A., Univ. Ill., Eng. Exp. Sta. Bull. 146, Feb., 

RECEIVED for review May 17; 1963. Accepted June 17, 1963. 

VOL. 8 ,  No. 4, OCTOBER 1963 5 75 


