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multicomponent adjustable parameters in eq 12 and 

virial coefficients, eq 2 
total number of adNtable parameters corresponding 

total number of ternary parameters in eq 13 
total number of data points which correspond to the 

system of the high order (ternary system in the 
present work) 

13 

to the binary mixtures in eq 13 

number of components 
total pressure, mmHg 
vapor pressure of pure component i ,  mmHg 
boiling temperature of a mixture 
boiling temperature of pure component i 
temperature, OC 
mole fraction of component i in the llquid and vapor 

coefficient, Antoine equation 
Coefficient, Antoine equation 
activity coefficient of component i 
coefficient, Antoine equation 
error variance, eq 14 
constant, Wilson equation 

phases 

Subscripts and Superscrlpts 
calcd calculated 
obsd observed 
max maximum 
min minimum 
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Osmotic and Activity Coefficients of Some Cobattammine Salts 
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Departamento de Qdmica Flsica, Facultad de Ciencias Qdmicas, Universldad Complutense, 28040-Madrid, Spain 

Osmotic coefficients of aqueous soMlons of 
chloropentaamlnecobalt( I I I )  chloride, 
hexaammlnecobalt( I I I )  chlorlde, hexaammlnecobalt( I I I )  
bnwnlde, hexaamminecobalt( I I I )  Iodide, 
hexaammkrecobalt( I I I )  nitrate, hexaammlnecobalt( I I I )  
perchlorate, aquopentaammlnecobalt( I I I )  chlorlde, and 
aquopentaammtnecobalt( I I I )  bromide have been 
measured from 0.00 to 0.04 mol kg-'. The freezhrg polnt 
method was Wed for the determinatlon of the osmotlc 
coefftc&nts. These results were Wed to semlemplrkal 
lead-rquares equatlons, and these equatlons were used to 
calculate the mean molal adlvlty coefflcknts. 

Introductfon 

The osmotic and activity coefficients of single and mixed 
electrolytes have been available in the literature for many years. 
A considerable number of aqueous solutions containing salts 
were investigated by Scatchard and his collaborators ( 7-8) who 
developed the freezing point method for the determination of 
the osmotic coefficients to a high degree of precision. The 
same method was used by Lange (9, 70) to investigate other 
systems at low solute concentrations, and more recently by 
Rue et at. ( 7 7, 72) and Uley and Scott ( 73). From the freezing 
point temperatures the osmotic and activity coefficients can be 

002l-9568/85/ l730-0344$0l.50/O 

determined, and plots of data of this type result in families of 
curves which are useful in estimating the properties of the 
solutions. 

The object of this work is to extend the above-mentioned 
studies and present experimental results on aqueous cobalt- 
ammine salts solutlons in the molality range 0-0.04 mol kg-'. 

Experimental Sectlon 

Apparatus. The freezing pdnt lowering determinations were 
carried out in an apparatus similar to that used by Prue ( 7 7),  
with the exception that the thermocouple was replaced by a HP 
2801A quartz crystal thermometer with a resolution of 0.0001 
O C  coupled to a digital clock recorder. A diagram of the 
equipment is shown on Figure 1. 

The thermometer probes were calibrated in the range of 
operating temperatures by determining the freezing point tem- 
peratures of KCI solutions and comparing with the existing lit- 
erature values (2- 70, 74- 77). 

The probes were connected to an oscillator and its outputs 
were scanned and measured by the quartz thermometer. 

The calibratlon process was done taking care to eliminate 
hysteresis effects. In  this way two independent temperature 
runs were made: the first determining the freezing point tem- 
peratures of KCI solutions beginning with a high concentration 
and then diluting; the second beginning from a low molality and 
then increasing it to cover the experimental temperature range. 
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Table I. Calculated and Experimental Mass Percentages of 
Co and NHs Found in the Cobaltammine Salts 

NH3 
anal calcd 
38.15 38.20 
25.2 25.49 
18.6 18.86 
45.8 45.80 
22.0 22.24 
31.9 31.72 
20.8 21.19 
33.6 34.00 

c o  
anal calcd 
22.4 22.03 
14.8 14.70 
10.6 10.89 
26.3 26.41 
12.8 12.83 
21.5 21.95 
14.7 14.67 
23.8 23.53 

Special care has been taken to eliminate other sources of 
temperature fluctuations as effects of environmental tempera- 
ture on the equipment or heat-transfer effects. In  this way the 
oscillator and connecting wires were kept in a water-proof 
container surrounded by cracked ice inside the thermostat. 

The achieved calibration accuracy Is 0.0001 OC relative to 
the experimental temperature range -0.4-0 OC. 

The concentration of the equilibrium solution was determined 
by means of a Metrohm-Herisau E 365 conductimeter using 
different themnostated lnmersion cells to cover the experimental 
concentratlon range. Optical density measurements were also 
undertaken to determine the concentration of the equilibrium 
solutions by using a UV-vis Perkin-Elmer Coleman 55 spec- 
trophotometer as described elsewhere ( 78). 

Procedure. The Dewar vessels (VD) are set in position 
inside the thermostat and surrounded by cracked ice. The 
vessels are half filled with cracked Ice of distilled water which 
is previously washed with distilled water. 

The Dewar vessels are then covered with Teflon stoppers 
(TT) with Viton O-rings to ensure water tightness. The tem- 
perature probes (S) and sampling and air bubbling tube (TE) for 
stirring the solutions are screwed through the Teflon stoppers. 

Once the vessels are in position the previously cooled solu- 
tion of the electrolyte is introduced inside one of the vessels 
while the other is fiUed with cooled distilled water. The tem- 
perature measurement equipment permits independent readings 
in each vessel as well as differential readings. The vessel 
containing distilled water in equilibrium with ice is a check on 
the equipment. 

Pure air at 0 OC is then bubbled through the Dewar flasks by 
means of tube TE for about 30 min. This method stirs the 
solution well, bringing it to a stationary temperature equilibrium 
within a short time and saturating the solution and the pure 
water with air. Longer bubbling times (3-6 h) yielded the same 
results. Temperature readings were taken when two consec- 
utive passages of air gave the same temperature results and 
remained constant for at least 1 h. Once the equilibrium was 
attained a sample of the solution is withdrawn by means of the 
sampling tube TE, and its molality was determined from the 
electrical conductance or optical density in an external ceii. 

An equal volume of anather cooled electrolyte solution is then 
added and the above process repeated to obtain new equilib- 
rium conditions. 

Mater/&. The salts used in this work were prepared by 
Iierature methods (79-23) and were recrystallized from con- 
ductivity water. The salts were vacuumdried to constant mass. 

i 
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TE : SAMPLING TUBE 

TT : TEFLON STOPPERS WITH 
O-RING SEALS 

Flgure 1. Schematic diagram of the freezing point apparatus. 

The products were analyzed with the mass percentages 
given in Table I. Co was determined with a PerkikElmer 460 
atomic absorption spectrophotometer. Occasional determina- 
tions of Co by decomposing a weighed quantity with sulfuric 
acid, evaporating to constant weight, and weighing the cobalt 
as cobaltous sulfate gave identical results within experimental 
error. NH3 was determined with a Carlo Erba 1400 Automatic 
Nitrogen Analyser. 

A Philips PW 1050/25 X-ray diffractometer was used to ob- 
tain the X-ray diffraction spectrums of powered samples of the 
hexaamminecobalt(II1) satts which showed only a set of peaks 
that were identified as belonging to Co(NH,);+. 

Conductivity water (triply distilled) was used throughout. 
Cracked ice for experiments was also prepared from conduc- 
tivity water. 

Results and Dlscusslon 

The experimental results obtained for the freezing tempera- 
ture depressions 0 for the solutions investigated were fiied to 
polynomials of the form: 

where m is the molality (mol.kg-') of the electrolyte solution. 
The coefficients of eq l'and the standard deviations are given 
in Table 11. 

Osmotic coefficients 4 were calculated from 

e(i + be) = 4 u ~ m  (2) 

where is the cryoscopic constant (1.860 K mol-' kg) ( 76), m 

Table 11. Coefficients A; and Standard Deviation a(6) Corresponding to Eq 1. Relating 0 with m 
10' A0 
0.885 88 
2.093 76 
0.302 36 
-0.493 15 
0.74498 
0.999 06 
1.071 29 
0.228 08 

A1 
5.457 44 
6.573 38 
6.552 17 
6.755 33 
6.441 72 
7.142 02 
6.358 48 
6.772 61 

A2 
-69.4539 
-88.1033 
-124.1419 
-171.7758 

-334.9067 
-77.0860 
-184.0690 

-68.0514 

A, 
2873.37 
2637.19 
7182.83 
9740.12 
1284.74 

26 550.72 
2290.29 
6885.23 

A4 105 a(e) 
5 

-31 565.1 10 
-169 904.3 7 

3 
9 
4 
7 
6 

-28 224.1 
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is the molality of the solute, b is a calculable factor (4.9 X lo4 
K-‘), and u is the number of ions per molecule of salt. 

The experhnental freezing point depresdons together with the 
osmotic coefficients are given in Table 111. 

The osmotlc coefficients were fitted to an extended Hamer 
and Wu (77, 24-27) equation of the form 

IZ+Z-lA m 
C # J = l +  I - (1  + B01”2)2 In (1  + B,I ’ I2 )  + 

B 21 

where Z+ and Z-  are the ion charges, I is the ionic strength, 
A is the Debye-Huckel constant (1.129 38 kg”’ (28), 
and B, are constants. The values obtained by least squares for 
the coefficients in eq 3 are ghren in Table I V  together with the 
standard deviation. 

The final column in Table I11 gives the difference between 
the experimental osmotic coefficients and those calculated from 
eq 3 with the parameters given in Table I V .  

The experimental osmotic coefficients are plotted against the 
molalii in Figure 2. 

I t  can be seen that chloropentaamminecobalt( I I I) chloride 
shows greater osmotic coeff lclents than the other cobalt( I I I) 
electrolytes as expected from a 2:l electrolyte compared to a 
3:l electrolyte. I t  can be also seen that aquopentaammlna 
cobalt( I I I) salt sdutlons show smaller osmotic coefficients than 
hexaamminecabatt(II1) solutions. This behavior can be related 
with the contraction effect found when a NH3 is substituted by 
a H20 group in the coordination sphere. Previous works 
(29-37) have shown that the ionic size of an aquopenta- 
amminecobalt(II1) ion is smaller than that of an hexaammina 
cobak(II1) ion. Thls different ionic size is in agreement with the 
observed relative position of the experimental curves of the 
osmotic coefticlents. The effect of the size of the anions is also 
shown; for a given cation the osmotic coefficients increase as 
the hydrophilic character of the anion increases. Figure 2 
shows how chlorides have larger osmotic coefficients than 
bromides at equal molality due to the larger hydration number 
(32) of CI-. 

9 

1 0  

O S  

0e 

0 ’  

I 

0 WL 0 me 0 012 o 016 

Figure 3. Experimental osmotlc coefficients of Co(NH,)& solutions 
as a function of the mdellty: (-) this work, (0) Harkins et al., (0) 
Werner and Herty. 

m 

Figure 3 gives a plot of C#J against m where our results for 
Co(NH,),C13 (sdM line) are compared to those obtained by 
Harkins et ai. (23) and Werner and Herty (33) which were 
recalculated with X = 1.860 K mol-’ kg. The agreement be- 
tween our results and those of Harkins is good within experi- 
mental error. The observed differences between Werner and 
Herty’s results and the other two sets of results are probably 
due to the method of measurement of the freezing temperatwe 
used by these authors. 
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Table 111. Experimental Freezing Point Depression (e) and Osmotic Coefficients (9) 
m e iv se 6 loa 69 m e iv se 6 10s sf$ 

CoCl(NH46C1, Co(NH*MNOd, 
O.OOO00 
0.001 53 
0.002 29 
0.002 74 
0.002 77 
0.003 03 
0.004 41 
0.004 55 
0.006 21 
0.007 71 
0.008 23 

0.OOO 00 
0.001 97 
0.003 78 
0.004 49 
0.004 71 
0.005 14 
0.009 02 
0.009 32 
0.011 53 
0.025 69 
0.037 55 

O.oO0 00 
0.004 27 
0.004 51 
0.004 97 
0.006 46 
0.006 93 
0.008 88 
0.01070 
0.011 46 
0.011 87 
0.012 72 
0.013 44 
0.013 59 
0.014 83 
0.016 55 
0.017 04 
0.018 76 
0.018 85 

0.000 00 
0.001 36 
0.001 54 
0.002 32 
0.002 84 
0.003 95 
0.004 20 
0.004 86 
0.004 99 
0.00567 
0.00633 
0.00655 
0.007 00 

0.oooO 
0.0083 
0.0122 
0.0145 
0.0146 
0.0159 
0.0230 
0.0237 
0.0319 
0.0393 
0.0418 

0.oooO 
0.0129 
0.0238 
0.0280 
0.0292 
0.0317 
0.0538 
0.0555 
0.0677 
0.1417 
0.1995 

0.oooO 
0.0263 
0.0276 
0.0303 
0.0387 
0.0414 
0.0524 
0.0625 
0.0667 
0.0690 
0.0735 
0.0775 
0.0783 
0.0852 
0.0943 
0.0967 
0.1056 
0.1061 

o.Ooo0 
0.0089 
0.0100 
0.0149 
0.0180 
0.0246 
0.0261 
0.0299 
0.0306 
0.0345 
0.0384 
0.0396 
0.0422 

. "-- - 
0.9 
-9 
-2 
0 
5 
9 
-3 
-3 
0.9 
-3 
2 

Co(NHa)&la 
2 

-25 
-5 
-1 
9 
11 
7 
3 

-12 
0.9 

-0.1 

Co(NHJ& 
0.3 
-8 
1 
-2 
9 
5 
-3 
-3 
-3 
-7 
9 
3 
5 

-12 
-5 
12 
1 
-4 

CO(NH& 
-0.5 
-1 
3 

-3 
2 
-0.1 
-4 
-1 
4 
5 

-6 
1 
0.6 

1.oooO 
0.9665 
0.9514 
0.9453 
0.9419 
0.9379 
0.9340 
0.9333 
0.9197 
0.9129 
0.9098 

1.oooO 
0.8801 
0.8463 
0.8382 
0.8333 
0.8296 
0.8017 
0.8004 
0.7892 
0.7414 
0.7142 

1.oooO 
0.8279 
0.8226 
0.8194 
0.804 
0.8030 
0.7931 
0.7851 
0.7822 
0.7809 
0.7767 
0.7751 
0.7744 
-0.7719 
0.7657 
0.7628 
0.7565 
0.7566 

1.oooO 
0.8796 
0.8728 
0.8632 
0.8519 
0.8371 
0.8353 
0.8269 
0.8242 
0.8178 
0.8154 
0.8126 
0.8084 

-3 
-0.4 
-0.8 
3 
4 
-3 
-3 
2 
0.5 
-0.7 

3 
0.4 
-2 
0.5 
-0.7 
-1 
-1 
2 

-0.1 
0 

-0.2 
2 
-0.5 
0.3 
-1 
-1 
-0.2 
0.2 
0.1 
1 
0.6 
0.9 

-1 
-1 
-0.1 
0.5 
0.1 

6 
6 

-6 
-4 
-2 
-2 
1 
3 
4 
0.1 
0.1 
-2 

0.OOO 00 
0.004 63 
0.005 24 
0.005 74 
0.008 13 
0.008 78 
0.010 87 
0.011 31 
0.012 49 
0.014 96 

0.000 00 
0.00071 
0.001 05 
0.002 27 
0.001 28 
0.001 61 
0.001 86 
0.002 53 
0.003 16 
0.003 18 
0.003 91 
0.004 33 
0.004 85 

0.000 00 
0.004 71 
0.007 11 
0.01298 
0.016 44 
0.017 92 
0.020 74 
0.028 39 
0.032 96 
0.035 98 

O.OOO00 
0.001 17 
0.003 32 
0.003 53 
0.004 67 
0.004 41 
0.005 65 
0.006 53 
0.006 85 
0.007 28 
.0.007 62 
0.007 73 
0.008 18 
0.008 78 
0.01085 

. ".". "." 
0.oooO 0.7 1.oooO 
0.0286 -9 0.8303 
0.0321 -2 0.8234 
0.0350 -2 0.8189 
0.0484 17 0.8002 
0.0521 9 0.7976 
0.0637 -6 -0.7877 
0.0661 -8 0.7860 
0.0724 -5 0.7791 
0.0854 5 0.7673 

Co(NHs)dCIO4)3 
0.oooO 1 1.oooO 
0.0050 -5 0.9412 
0.0072 -3 0.9217 
0.0086 -0.5 0.9102 
0.0087 -4 0.9093 
0.0107 5 0.8933 
0.0122 10 0.8816 
0.0164 -3 0.8689 
0.0201 -3 0.8539 
0.0202 -1 0.8533 
0.0244 0.2 0.8375 
0.0268 1 0.8319 
0.0298 0 0.8259 

CO(HKN'JH~)S)C~~ 
0.oooO 1 1.oooO 
0.0286 -12 0.8162 
0.0420 7 0.7940 
0.0737 6 0.7619 
0.0918 2 0.7506 
0.0995 -3 0.7473 
0.1140 -6 0.7388 
0.1525 0.9 0.7218 
0.1745 4 0.7132 
0.1884 -3 0.7037 

Co(H20(NHs)OBrS 
0.oooO 2 1.oooO 
0.0078 -11 0.8977 
0.0207 5 0.8454 
0.0220 -6 0.8377 
0.0283 4 0.8145 
0.0269 0 0.8199 
0.0336 5 0.7993 
0.0383 2 0.7863 
0.0399 9 0.7829 
0.0423 -7 0.7810 
0.0440 -1 0.7755 
0.0446 -2 0.7751 
0.0469 -2 0.7706 
0.0500 -4 0.7649 
0.0606 3 0.7507 

7 
2 
-5 
1 
-8 
-5 
3 
11 
-4 

-8 
-3 
-0.6 
0.3 
4 
7 
-0.4 
-2 
-2 
-0.4 
-0.6 
1 

4 
-2 
-3 
-0.3 
0 
3 
0.7 
-3 
2 

6 
-4 
-1 
0.6 
-0.3 
0.5 
2 
1 

-1 
0.4 
-0.4 
-0.2 
0.2 
-0.1 

Table IV. Coefficients Bj and Standard Deviation u(9) Corresponding to Eq 3 
electrolyte BO B1 BZ B3 B4 lo9 a(9) 

CoCl(NHs),C12 7.1776 -18.0710 466.1 3 
Co(NH&Cl, 0.1624 -0.5845 1487.9 -59 815.2 742 654.1 2 

CO(NHS)BI~ 11.8673 -151.3194 22419.2 -1414 569.9 7.7 
CO(NHJB(NOS)S 0.1299 -2.6761 1648.6 -55 577.8 0.8 
C~(NHB)B(C~O~)~ 12.0169 -105.1966 -8707.1 -260 325.6 4.4 

Co(H~O(NH&)Bra 2.2735 -41.3370 2127.3 -51 665.1 4 

CO(NHS)BB~~ 0.0812 -12.4106 3325.8 -171 203.4 3075427.3 1.5 

Co(H20(NHa),&ls 0.1462 -5.636 1357.1 -42 878.9 453 991.4 2.9 

Our 4 results for CoCi(NH,),Ci, are compared to those of 
Harkins et ai. (23) in Figure 4. I t  can be also seen that the 
agreement between both sets of data is good within experl- 
mental error. 

The osmotic coefficients can be used in the calculation of 

the mean molal activity coefficients of the electrolytes. Ap- 
plication of the Glbbs-Duhem equatlon gives 

m 
In y+ = 4 - 1 - 1 (1 - 4 ) d  In m (4) 

0 
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Table V. Osmotic Coefficients and Activity Coefficients at Even Molalities, at the Temperature of the Freezing Point of the 
Solutions 

# 

1 

0 

0.001 
0.002 
0.003 
0.004 
0.005 
0.006 
0.007 
0.008 

0.001 
0.002 
0.003 
0.004 
0.005 
0.006 
0.007 
0.008 
0.009 
0.01 
0.02 
0.03 
0.04 

0.004 
0.005 
0.006 
0.007 
0.008 
0.009 
0.01 
0.02 

0.001 
0.002 
0.003 
0.004 
0.005 
0.006 
0.007 

CoCl(NH3),Cl, 
0.9664 
0.9536 
0.9436 
0.9351 
0.9278 
0.9215 
0.9159 
0.9111 

CO(NH3).&13 
0.9148 
0.8826 
0.8601 
0.8434 
0.8305 
0.8203 
0.8122 
0.8058 
0.8007 
0.7965 
0.7668 
0.7205 
0.7321 

Co(NH3)8Br3 
0.8314 
0.8184 
0.8086 
0.8013 
0.7956 
0.7911 
0.7873 
0.7540 

CO(NHS)& 
0.9053 
0.8649 
0.8435 
0.8332 
0.8277 
0.8203 
0.8045 

0.8990 
0.8635 
0.8374 
0.8160 
0.7978 
0.7819 
0.7679 
0.7555 

0.7723 
0.6974 
0.6474 
0.6101 
0.5807 
0.5568 
0.5369 
0.5200 
0.5055 
0.4928 
0.4117 
0.3546 
0.3305 

0.5916 
0.5615 
0.5375 
0.5178 
0.5012 
0.4869 
0.4744 
0.3918 

0.7635 
0.6774 
0.6247 
0.5652 
0.5651 
0.5433 
0.5197 

I I 1 

I I I 
0 0 002 0 006 o 006 0 

m 
I 

F@#e4. ExperimentalogmotlcooefRaents ' Of Co(CI(NH3)& SOlUthS 
as a function of the molality: (-) thls work, (0) Harkins et al. 

where y+ is the mean molal activity coefficient. 
These integrations are most conveniently performed by using 

0.001 
0.002 
0.003 
0.004 
0.005 
0.006 
0.007 
0.008 
0.009 
0.01 
0.02 

0.001 
0.002 
0.003 
0.004 
0.005 

0.001 
0.002 
0.003 
0.004 
0.005 
0.006 
0.007 
0.008 
0.009 
0.01 
0.02 
0.03 
0.04 

0.001 
0.002 
0.003 
0.004 
0.005 
0.006 
0.007 
0.008 
0.009 
0.01 

0.8803 
0.8572 
0.8398 
0.8264 
0.8159 
0.8077 
0.8011 
0.7956 
0.7909 
0.7132 

Co(NH3)dClOA 
0.9214 
0.8832 
0.8556 
0.8366 
0.8247 

C O ( H ~ O ( N H ~ ) & L  
0.9121 
0.8769 
0.8517 
0.8321 
0.8164 
0.8035 
0.7930 
0.7844 
0.7773 
0.7714 
0.7431 
0.7179 
0.7078 

0.8757 
0.8486 
0.8270 
0.8094 
0.7947 
0.7825 
0.7723 
0.7635 
0.7560 

0.7703 
0.6940 
0.6430 
0.6050 
0.5752 
0.5510 
0.5308 
0.5137 
0.4989 
0.4859 
0.3822 

0.7924 
0.7133 
0.6582 
0.6178 
0.5878 

0.7681 
0.6897 
0.6366 
0.5965 
0.5646 
0.5384 
0.5165 
0.4978 
0.4816 
0.4676 
0.3839 
0.3358 
0.3057 

0.7691 
0.6895 
0.6347 
0.5928 
0.5593 
0.5317 
0.5084 
0.4884 
0.4711 
0.4559 

analytic representations for the osmotic coefficients. 
Substitution of eq 3 into eq 4 and integration yields 

where the symbols have the same meaning as in eq 3. Table 
V contains values of q5 and y+ at the temperature of the 
freezing point of the solutions, calculated with eq 3 and 5 at 
various even molalities. 

Co(NH,),Br,, 10534-85-7; Co(NH,)J,, 13841-85-5; Co(NH,),(NO,),, 
RWv NO. CoCI(NH&CI,, 13859-51-3; Co(NH3)& 10534-89-1; 

10534-86-8; Co(NH&(CIO&, 13820-83-2; CO(NH&H,OCI,, 13820-80-9; 
Co(NH,),H20Br3, 14404-37-6. 
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Thermodynamic Properties of Dilute Solutions of C2-Cg n-Alkanoic 
Acids in Sulfolane 

Llllana Jannelli’ and Michele Pansinl 
Thermodynamics Section, The Institute of Chemistry. Faculty of Englneerlng, The University of Naples, Naples, Italy 

Partlal molar vokmos, P2, ol the first flve members of the 
n-alkaolc acld swks In dlMe sutfdane rdutlons were 
measured at 303.16 K. Cryoscoplc measurements were 
also carried out on proplonlc acld-wtfdane rdutlons In 
equHlbrkwn with dkordered crystal 1. Both sets of 
experhental data suggest that Interactions between the 
dkolved acld and rulfolane are of llmlted Importance. 
Cryoscopic mearwainents further lndkate that the 
dlssdved acld does not dlmerlze or dlssoclate In these 
solutions. A partitlon of the acld between the dkordered 
crystal I and llquld rulfdane rdutlons Is suggested, 
however, and the partition cwfflclent Is calculated from 
the cryorcoplc measurements. Experlmental data on 
vdwnes are analyzed In the llght of current theories 
based on group contrlbutlon model0 and the COOH group 
contrlbutlon Is calculated. 

Introduction 

Previously ( 7 ,  2) we reported the resuits of some density 
measurements carried out on C,-C, normal and branched ai- 
kanenitriles, in the pure state and in aqueous and nonaqueous 
solutbns, with the a h  of derMng the CN group contribution. On 
that occasion we illustrated a method for calculating the void 
volume of molecules, responsible for Interactions of any kind, 
and proposed some criteria for evaluating the extent of so- 
lute-solute and solute-solvent Interactions. 

We provide herewith a new contribution for testing the ada 
quacy of theory, by determining the partial molar volumes, P2, 
of Cp-Ce n-alkanoic acids in dilute sulfolane solutions. This 
study allows us to calculate the COOH group contrlbutlon di- 
rectly, as the dissolved acid neither dissodates nor dimerizes 
in sulfolane (the dlssoclation Is indeed a feature of protic soi- 
vents, the association to molecular pairs of apolar solvents); 
sulfolane (3) Is an aprotic solvent with a moderately high di- 
electric constant. With the aim of supporting the above state- 
ment, cryoscopic measurements are carried out on propionic 

0~21-~56aia5i1730-0349~01.5010 

acid-sulfolane solutions In equilibrium with disordered crystal I .  

Experimental Sectlon 

Matof/ab. Sulfolane kindly supplied by Shell Itaiia was 
carefully purified and dried as previously reported (4). 

Carlo Erba RPE n-alkanolc acids were purified as recom- 
mended by Vogel(5). Acetic acld was partially frozen-about 
onehalf was discarded as unfrozen l i q u b n d  then fractionally 
distilled from potassium permanganate. Propionic, butyric, 
valeric, and caproic acids were repeatedly distilled over an- 
hydrous sodium sulfate and then over potassium permanganate. 

Physical properties of the purified materials are in good 
agreement with the most reliable literature data (6-9). 

Solutions were prepared by weight (reduced to mass) in a 
drybox. Compositions are stated as mola l i  of acid, m; the 
acids are indicated as component 2. Densities (d1,2) are given 
in units of pcm“ and volumes ( c $ ~  and P2) in cm3.mol-l. 

Appsretw. Densities were measured at 303.16 K with a 
DMA 60 vibratingtube digital precision densimeter (Anton Paar, 
Austria). The apparatus and the temperature-controlling 
equipment were described elsewhere (70). The maximum error 
in density did not exceed 1 X lo-‘ ~ c m - ~ .  For each system 
densities were measured at different compositions ranging from 
0.001 to 0.028 m. 

Cryoscopic measurements on solutions were carried out by 
using the cryoscopic apparatus described elsewhere ( 17). 
Temperatures were measured with a NBS certified platinum 
resistance thermometer assembled with a G2 Model Mulier 
bridge. The precision in temperature was 0.001 K. Both 
cooling and heatlng curves were taken; in the case of cooling 
curves the initial freezing points were determined by extrapo- 
lation across the undercooling region. Agreement between the 
initial freezing temperature and the final melting temperature of 
each solution was usually within 0.005 K. 

Resuits 

Dens/tku. Experimental values of density c(0$lw and mo- 
lalities, m, of selected dilute CZ-Ce n-alkanoic acid-sulfolane 
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