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Flgure 4. Apparent molar volume of nonionic solutes as a function 
of concentration at 25 OC. 
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Figure 5. Apparent molar volume of some ionic solutes as a function 
of concentration. 

futable. The nonionic solutes used in the study do not grossly 
change the structure of the solvents and the Ionic solute can. 

Substantial contractions (Le., volumes smaller than ideal) are 
seen for ionic solutes in the low dielectric constant solvents. 
Generally contractions on mixing in dilute solutions are asso- 
ciated with an increase in solvent structure due to Interactions 

with the solute (73, 74). For the low dielectric constant sol- 
vents and ionic solutes, the solute-solvent interaction is much 
more energetic and much more long-ranged than the solvent- 
solvent Interactions. Ionic solutes cause striking contractions 
of these solvents. For many salts negative partial molar vol- 
umes are observed; that is, the volume after mixing is smaller 
than the volume of the solvent alone before mixing. The solvent 
structure is grossly altered with the addition of ions. 

The structure of the more polar solvents are much less af- 
fected by the addition of ions. This does not necessarily mean 
that the solute-solvent interactions are less energetic than in 
less polar solvents. I n  fact, one would expect that the ener- 
getics of these interactions would be larger for the more polar 
solvents ( 75). The solute-solvent and solvent-solvent inter- 
actions must be similar for the more polar solvents. Therefore, 
the structure of the more polar solvents is much more highly 
developed than it is for the less polar solvents. 

Partial molar volumes in dilute solutions offer a unique op- 
portunity to probe the solvent structure with macroscopic ob- 
servations. The volume of a solution is related to the solvent 
packing geometry and the solvent polarity. This type of infor- 
mation is crucial in forming a mental picture of the structure of 
ionic solutions in nonaqueous media. The value of this infor- 
mation is magnified when one realizes that the solvent effect 
on ionic partial molar volumes is paralleled by a solvent effect 
on ionic activities. The ability to adjust ionic activities by 
choosing a solvent has ramifications in the rates and equilibrium 
properties of many industrial processes and reactions. There- 
fore, understanding and controlling these factors is very desir- 
able. 
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Density of 2-Butoxyethanol from 20 to 60 "C 

Ian A. McLure,' Franclsco Guzman-Flgueroa, and Ian L. Pegg 
Department of Chemistty, The University of Sheffield, Sh8ffield, S3 7HF, U.K. 

During an investigation of the physical properties of its 
aqueous mixtures ( 7 )  we have measured the density of 2- 
butoxyethanol at 11 temperatures from 20 to 60 OC. The 
starting material was supplied by Cambrian Chemicals Ltd. with 
a quoted purity of 99 mol %. I t  was further purified by four 
fractionations in a stream of nitrogen in a 70-cm glass column 

The dendty of p u M  sampler Of P-butoxyethanol has 
been meawed from 20 to 60 O C  by denelmetry and 
pycnometry. The r d  are well described by d / ( g  
cm-') = 0.91694 - (8.149 X 104)(f/oC) - (5.1 X 
10-7)("0c)2 wRh a standard dedation Of 3 I O J  g cm-'. 
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Table I. Densities d of 2-Butoxyethanol at Different 
Temperatures t 

~ 

d/(g cmF3) 
r / T  densimeter eq 1 pycnometer lit. 

20.00 
27.00 
29.99 
30.00 
4 0.00 
40.01 
44.98 
45.00 
49.99 
50.00 
54.00 
60.00 

0.9004 
0.8946 

0.892 07 0.8920 
0.8920 
0.8835 

0.883 5 1  0.8835 
0.879 30 0.8793 

0.8792 
0.874 92 0.8749 

0.8749 
0.8715 
0.8662 

0.9005 0.900 7sa 
0.894 60’ 

0.8920 0.892 36’ 
0.8835 0.883 8ga 

0.8792 

0.8750 
0.8715 
0.8662 0.866 59’ 

a Reference 7. ’ Reference 5 .  

packed with Raschig rings. The organic impurity level, as es- 
timated by gas-liquid chromatography using an FFAP column 
and flame ionization detection, was less than 0.03 mol %; the 
major contaminants were 1-butanol and 1,2-ethanedlol. The 
water impurity level, as estimated by gas-liquid chromatography 
using a Polypak column and thermal conductivity detection, was 
less than 0.02 mol % . The refractive index nMD was found to 
be 1.419 81 f 0.00005, in excellent agreement with the value 
1.4198 quoted in ref 2 but slightly higher than the values re- 
ported for two different samples by Schneider and Wilhelm, 
1.4194 and 1.4196 (3). 

Two sets of density measurements were carried out. For the 
first set an Anton Paar 02C densimeter was used. I t  was 
calibrated by using water and air. The water was distilled, 
passed through an ion-exchange column, and degassed by 
vigorous boiling; its densi was taken from the work of Kell(4). 
The density of air was obtained from tables (2), its temperature, 
pressure, and relative humidii being known. The temperature 
was measured to f35 mK by using a thermistor calibrated 
against a platinum resistance thermometer bearing a certifica- 
t i n  from the British Calibration Service. Scatchard and Wilson 
(5) found that air-saturated 2-butoxyethanol has a rather higher 
density than the degassed liquid and thus our samples were 
boiled vigorously before measurement to expel dissolved gas. 
Our results therefore correspond to essentially l-atm pressure. 
Column 2 of Table I contains the results of this set of mea- 
surements: we estimate their precision to be fO.OOO 03 g cm3. 
The second set of measurements was made by using a Pyrex 
pycnometer having a bulb of about 6.5-cm3 capacity and a 

capkry of bore 1.500, mm; it was caHbrated by ushg mercuy 
whose density was taken from ref 6. The temperature was 
determined to f3  mK by using the platinum resistance ther- 
mometer mentioned above. The liquid was sealed under its 
own vapor pressure by a grease-free stopcock sealed to the 
top of the capillary. Our densltles from this set of measure- 
ments are thus orthobetic. They are listed In column 4 of Table 
I; we estimate their precision to be fO.OOO1 g cm3. Although 
the results of the two series of determinations refer to slightly 
different pressures, they are equally well described by 

d / ( g  ~ m - ~ )  = 
0.91694 - (8.149 X 1O4Xt/’C) - (5.1 X 10-7)(t/0C)2 

u = 3 x 10-~  g ~ m - ~  (1) 

where d is the density at temperature t . Values calculated from 
eq 1 are listed in column 3 of Table I. The good agreement 
with the experimental values demonstrates the concordance of 
both data sets. Column 5 contains literature data. The single 
value at 27 OC reported by Scatchard and Wilson is in exceHent 
agreement with our value interpolated by using eq 1; these 
authors used essentially the same purification procedure as we 
used. The four values of Onken (7) are in poor agreement with 
our values. This discrepancy in d and the previously mentioned 
discrepancy in nMD are consistent with the presence of a small 
amount of water contamination in his samples. The effect of 
this would be to lower the refractive index and raise the density 
in the way observed. 

Glossary 
d density, g ~ m - ~  
t temperature, ‘C  
U standard deviation 
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Limiting Activity Coefficients of Nonpolar and Polar Solutes in both 
Volatile and Nonvolatile Solvents by Gas Chromatography 

Eugene R. Thomas, Bruce A. Newman, Thomas C. Long, Douglas A. Wood, and Charles A. Eckert’ 
Department of Chemical Engineering, University of Illinols, Urbana, Illinois 6 180 1 

Limiting activity coefficients were measured for 35 solutes 
in 34 different solvents by gas chromatography. The data 
cover industrially Important compounds with wide ranges 
of polarity, poiarizablilty, and degree of association. Both 
volatile and nonvolatile solvent8 were studied. The data 
compare well with those determined from ebuiilometry, 
those extrapolated from ciasdcal vapor-llquld equilibrium 
(VLE) studies, and those of other researchers uslng 
similar technlqws. 

Introduction 

InflnRe-dilution activity coefficients (7”) have found numercus 
applications in characterizing solution behavior. They can be 
used to generate accurate binary parameters for several so- 
lution models ( 7 -3), to predict the existence of an azeotrope 
(4 ) ,  and to estimate mutual solubilities. In additiin they c a n  be 
used to calculate kinetic solvent effects with the Bronsted- 
Bjerrum relationship (5) as well as to provide incisive informa- 
tion for the statistical thermodynamicist in the absence of so- 
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