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Solution Behavior of Heavy-Metal Soaps. 1. Solubilities of 
Mercury( I I )  Octadecanoate in Water, Formamide, 
N,N-Dimethyiformamide, and Cyclohexanone at Various 
Temperatures 
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The solubllltles of mercury( I I )  octadecanoate (MOD) In 
water, formamlde, N,NaknethyHormamlde, and 
cyclohexanone have been determlned at 5 K Intervals 
over the temperature range 293-328 K by uslng 
mercury-203 as a tracer. I n  water, 
N,N-dlmethyiformamlde, and cyclohexanone, the solublllty 
of MOD Increases with Increase of temperature whereas 
In formamlde it shows a sUgM decrease. The entropies of 
soldlon at 298.15 K calculated from solublllty results are 
lndlcatlve of strong solde-solvent lnteractlons resulting In 
either complexation or Intermolecular bonding of MOD 
with the polar solvents. 

Introductlon 

Heavy-metal soaps are of significant importance as addiies 
in lubricants, emulsifiers in water-insil systems, etc. These 
applications of heavy-metal soaps are a consequence of the 
difference in their solution properties in aqueous and nona- 
queous media (1-3) .  As a part of our investigations on the 
thermodynamic properties of heavy-metal soap solutions, it 
became necessary to determine accurately the solubilities of 
various metal soaps in water and some polar organic solvents 
wherein these soaps form a clear solution. 

I n  this paper, we report the solubilities of mercury(I1) oc- 
tadecanoate (MOD) in water, formamide, N ,Ndlmethylform- 
amide, and cyclohexanone at 5 K intervals over the tempera- 
ture range 293-328 K. The data reported were obtained by 
using radioactive mercury-203 as a tracer. The solubilities in 
water were extrapdated from the solubilities in aqueous sodium 
perchlorate solutions of varing ionic strength. 

Experimental Section 

Resgents and Maferlals, The reagent-grade sample of so- 
dium octadecanoate supplied by BDH was purified by recrys- 
tallization from ethanol. All other reagents used were of ana- 
lytical reagent grade and were used straight from the bottle. 
The solvents were purified as follows. The water used in the 
experiments was double glass distilled. Commercial-grade 
samples of formamide, N ,Ndimethylformamide, and cyclo- 
hexanone supplied by BDH were purified accbrding to standard 
established procedures (4). The purified solvents were stored 
in brown bottles over activated 4A molecular sieves under a dry 
nitrogen atmosphere and were fractionally distilled immediately 
before use. The densities and refractive indexes of the solvents 
agreed closely with the accepted literature values (4, 5). 

Preparation of Mercury (ZZ ) Ocfadecanoate . Carrier-free 
radioisotope mercury-203 obtained in the form of mercury( I I) 
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nitrate in dilute nitric acid solution from BARC, India, was added 
to - 100 mL of aqueous (-0.01 M) mercury(I1) chloride so- 
lution acidified with hydrochloric acid (pH -4). The mixture was 
boiled for 1 h to bring about complete isotopic exchange. The 
pH of the solution was adjusted to 7 by using sodium hydroxide 
solution and then an excess of warm solution of sodium oc- 
tadecanoate ( - 2 % ) in ethanol was added gradually with con- 
stant stirring to precipitate MOD. The precipitate obtained was 
washed with warm 50% aqueous ethanol solution until free 
from chloride ions and excess sodium octadecanoate. I t  was 
dried initially under suction and finally in an oven at 110 OC. 

The results of the chemical analysis of the sample (C, 
56.24%; H, 9.08%; Hg, 26.17%) agreed closely with the 
stoichiometric ratios (C, 56.33%; H, 9.19%; Hg, 26.13%) in 

The activity of MOD was determined by dissolving 0.2280 g 
of the compound in acetone and making up the volume to 250 
mL. The number of counts for 5-mL aliquots was determined 
by using a single-channel pray scintillation spectrometer 
(BARC, India) provided with a 1-in.-thick crystal of sodium iodide 
activated with thallium. The following observations were made: 
average background = 653 countsl5 min; (total counts15 
min)/5-mL aliquot = 32505 (average of five determinations), 
thus 1 countlmin = 9.33 X lo-'' g-ion of Hg2+. 

Preparation of Saturated Sdutlons and Their Analysis. 
Saturated solutions of MOD in various solvents were prepared 
by continuous stirring of the two-phase mixture under thermo- 
stated conditions for periods of 6-8 h, sometimes starting with 
unsaturated solvent and other times with solutions which had 
been saturated at -5-10 OC higher temperatures. Replicate 
experiments showed practically no difference in final solute 
concentration. The technique and the saturator used in the 
present investigations are similar to those of Glew and Hilde- 
brand (6) except that the end of the outlet tube of the saturator 
dipping in the saturated solution was made of sintered glass. 
The saturator was thermally insulated by glass wool. The tem- 
perature of the circulating water was controlled to f0.05 OC, 
and the difference between inlet and outlet temperatures was 
not greater than 0.08 OC at the highest temperature of deter- 
mination. After the attainment of saturation, the stirrer was 
temporarily stopped and the samples of saturated solution were 
taken for analysis from the bottom stopcock. 

The solubilities were determined by taking a known weight 
(approximately 5 mL) of the saturated solution and estimating 
the solute in it by counting the radioactive mercury-203 with a 
single-channel y-ray spectrometer with the setting and geom- 
etry conditions identical with the ones used for determining the 
specific activity of MOD. Backgrounds for all solutions were 
measured separately, and an average of three readings of 
countslmin was used for calculations. Appropriate corrections 

Hg(C,,H,,O2)2. 
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Table 11. Solubilities of Mercury(I1) Octadecanoate in 
Water at Various Temperatures 

lo3(  solubility), 
temp, K g L-’ P K S P  

293.15 0.669 t 0.017 17.58 i 0.05 
298.15 0.867 t 0.021 17.24 i. 0.04 
303.15 1.146 i 0.018 16.87 * 0.04 
308.15 1.403 i 0.016 16.61 t 0.04 
313.15 1.762 t 0.019 16.31 i 0.04 
318.15 2.224 2 0.023 16.01 t 0.03 
323.15 2.839 * 0.017 15.69 i 0.03 
328.15 3.185 i 0.024 15.44 t 0.03 

Table I. Solubilities of Mercury( 11) Octadecanoate at 
Various Temperatures and in Various Solvents 

temp, K solubility, g L-’ X2.satd 
Formamide 

293.15 1.203 6.23 X 10-5 
298.15 1.049 5.45 x 10-5 
303.15 0.936 4.88 x 10-5 
308.15 0.809 4.24 x 10-5 
313.15 0.689 3.62 x 10-5 

328.15 0.504 2.68 x 10-5 

318.15 0.634 3.34 x 10-5 
323.15 0.575 3.05 X 10.’ 

N,N-Dimethylformamide 
293.15 0.0198 1.99 x 10-6 
298.15 0.0334 3.37 x 
303.15 0.0567 5.75 x 
308.15 0.090 9.16 X 
313.15 0.137 1.40 x 10-5 
318.15 0.228 2.34 x 10-5 
323.15 0.365 3.77 x 10-5 
328.15 0.545 5.67 x 10-5 

298.15 1.485 2.01 x 10-4 

Cyclohexanone 
293.15 1.382 1.87 X 

303.15 1.595 2.17 X 
308.15 1.702 2.33 X 
313.15 1.808 2.48 X 
318.15 1.937 2.67 X l o 4  
323.15 2.062 2.85 X l o 4  
328.15 2.181 3.03 x 10-4 

temp, K g L-’ temp, K g L-’ 
soh bility, solubility, 

0.5 M Aqueous Sodium Perchlorate Solution 
293.15 1.47 X 313.15 4.67 X 
298.15 2.18 X 318.15 5.80 X 
303.15 2.86 X 323.15 6.85 X 10‘) 
308.15 3.66 X 328.15 7.57 X 

1.0 M Aqueous Sodium Perchlorate Solution 
293.15 2.06 X 313.15 6.85 x 
298.15 2.97 X 318.15 8.26 X 
303.15 4.32 X l o e 3  323.15 9.66 X 
308.15 5.43 X 328.15 10.43 X 

293.15 3.11 X 313.15 1.24 x 
298.15 5.02 X 318.15 1.45 x 
303.15 6.84 X 323.15 1.53 x 
308.15 9.84 X 328.15 1.63 x 

293.15 6.31 x 313.15 2.69 x 
298.15 1.05 x lo-’ 318.15 3.15 x 
303.15 1.60 x l o - >  323.15 3.34 x 
308.15 2.12 x 328.15 3.53 x 

2.0 M Aqueous Sodium Perchlorate Solution 

4.0 M Aqueous Sodium Perchlorate Solution 

were made for coincidence loss and the decay of the isotope. 
Replicate experiments showed practically no difference in the 
final solute concentrations. The maximum error in the solubility 
data reported by us is estimated to be around 1 %. 

Results and Dlscussion 

The experimental values for the solubility (S) of MOD in 
aqueous solutions of sodium perchlorate and in formamide, 
N,N-dimethylformamide, and cyclohexanone over the tem- 
perature range 293-328 K are recorded in Table I. The term 
Xz,mtd in the table refers to the mole fraction of solute in the 
saturated solution. Each data point reported by us is the mean 
of at least three replicates. 

For aqueous solutions of sodium perchlorate, the plots of log 
S vs. (ionic strength)”, yielded straight lines at every temper- 
ature of measurement. The solubilities of mercury(I1) octada 
canoate in water given in Table I1  have been obtained by ex- 
trapolating the linear plots to zero ionic strength. The solubility 
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Figure 1. Solubility of MOD in various polar solvents: (1) formamide, 
(2) N,Ndimethylformamide, (3) cyclohexanone, (4) water. 

results are also shown as plots of In XP,saM vs. In T in Figure 
1. I t  is observed that the solubility of mercury(I1) octadeca- 
noate follows the order cyclohexanone > formamide > N,N- 
dimethylformamide >> water. MOD is only slightly soluble in 
water. Further, we find that the solubility of mercury(I1) oc- 
tadecanoate increases with increase of temperature in water, 
N ,Ndimethylformamide, and cyclohexanone whereas in form- 
amide it shows a slight decrease. No solubility values for MOD 
in these solvents have been reported in the literature to the best 
of our knowledge. 

The plots of In Xz,mM vs. In T for all the systems yield straight 
lines in the studied temperature range. The linearity provides 
a check on the precision of measurements. 

The entropy of dissolution of solids is given by the following 
thermodynamic relationship (7): 

The term (d In a ,/d In X &  ,T in eq 1, which is the “Henry’s law 
factor”, approaches unity with increasing dilution. The quantity 
-R(d In X J d  In r)mtd,p can, therefore, be taken to represent 
S ,  - S Z s ,  the entropy of solution of the solute in the solvent. 
From the slopes of the straight lines in Figure 1 the term 
AS[=-R(d In X,/d In T)satd,P] has been calculated and re- 
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Table 111. 
of Mercury(I1) Octadecanoate at 298.15 K 

Entropy of Solution (cal deg-') and Solubility 

solvent 
- R  In 

A S U  X ,  catrl 

formamide -14.85 19.51 
N,N-dimethylformamide 34.97 25.04 
cyclohexanone 8.52 16.91 
water 29.58 35.19 

a = - R [  a In xJa In T]satd,P. 

corded in Table I11 along with -R In X,,satd values at 298.15 
K. 

The entropy of solution can alternatively be obtained by di- 
viding the process of transfer of solute from solid to saturated 
solution at constant temperature into three steps, viz., (i) fusion 
of solid solute, (ii) expansion of (1 - X,,,M)/Xz,,M mol of solvent 
by a volume equivalent to P2 - V 2 0 ,  i.e., the difference in the 
partial molar volume of solute in the solvent 9, and the molar 
volume of pure liquid solute V,', and (iii) mixing the liquid solute 
and liquid solvent at co,nstant volume, so that 

A s  = ASfusbn + Asexpan + (ASrnk)~ 

= AS,,,, + (P2 - V,')(dP/dT), - 
R[In $2 + $1(1 - y 2 O / V l o ) 1  (2) 

where I $ ,  and $ are the volume fractions of the solvent and 
the solute, respectively. When X2,satd is small, eq 2 can be 
rewritten as 

A S  = AS,u,,,, + (P2 - V2") (d f /dT) ,  - R In X2,sat,-j - 
R [ l  - v 2 0 / v , 0  + In (3) 

For the systems under investigation, very low values for the 
term A S  + R In X ,  are obtained (Table 111). The numerical 
value of the last term of eq 3 is expected to be between 2 and 
6 cal deg-l and therefore does not contribute significantly to 
this. Apparantly ASex,, offers large negative contribution to 
the entropy of dissolution revealing that V, << V Z o .  

The data clearly indicate the existence of specific solute- 
solvent interactions resulting in either complexation or inter- 
molecular bonding of MOD with the polar solvents. In  highly 
polar solvents, namely, formamide, N,Ndimethylformamide, 
and cyclohexanone, the association effect of soap dipoles is 
expected to be considerably reduced and, as a result of this, 
solutions of unimolecular solute are obtained. The increased 
solubilities of MOD in these solvents may be a consequence of 
increased unimolecular solute-solvent interactions (8- 70). 

The results reported here shall be used along with other 
solution and surfactant properties of MOD to assess its applied 
utility. 
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Adsorption of Binary Gaseous Mixtures of Ethylene-Ethane and 
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The adsorptbn of two binary gaseous mixtures on a 
carbon molecular Steve (MSC.5A) was measured. The 
adsorption equHlbrlwn data for the system of 
ethylene-ethane-MSC.5A were obtained at 30 OC and at 
pressures of 20, 50, and 100 mmHg. The adsorption for 
the system of ethylene-propylene-MSC.SA was measured 
at 1.4 (at 5, 10, and 30 mmHg), 30 (20 and 50 mmHg), 
and 50 (30 and 70 mmHg) OC. The selectivity for the 
heavy component from the mixture was observed in both 
systems. The heterogeneity of the surface of the 
adsorbent was mite evident at low Dresrures for the 

geneous and microporous adsorbent the adsorbed amount of 
the heavier component of the two was always greater than the 
value predicted from the isotherms of the pure components ( 7 ,  
2). There is a need for systematic experimental data for the 
adsorption of mixtures on a microporous adsorbent in order to 
develop prediction and correlation methods. In this paper the 
adsorption equilibrium were measured at 30 O C  and at 20, 50, 
and 100 mmHg for the system of ethylene-ethane-carbon 
molecular sieve (MSC-SA), and at 1.4 (at 5, 10, and 30 mmHg), 
30 (20 and 50 mmHg), and 50 (30 and 70 mmHg) O C  for the 
system of ethylene-propylene-MSC.SA. 

system of ethykne and propylene, but was not evident at 
any pressure for the system of ethylene and ethane. Sect,on 

The experimental apparatus and the procedure were the 
same as those previously reported ( 7 )  except that an integrator In the adsorption of binary gaseous mixtures on a hetero- 
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