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ABSTRACT 

The solid + liquid phase diagram drawn from thermal analysis is presented. It eshibits 
a eutectic at x7_ = 0.303 and T = 262.2 K and precludes the esistence of definite com- 
pounds between the two components. Mised crystals are observed in the sulfolane-rich 
region. The activity coefficients of water, f,. 1, and of sulfolane, f,._ z> are calculated from 
the initial freezing points of water. Log fV. , and log f.v.2 show a steady dependence on 
volume composition, providing evidence for the supposition that strongly self-associated 
water and monomer sulfolane scarcely interact with one another, and that the thermo- 
dynamic properties of the mistures shoulcl rather be related to steric f;lctors. 

INTRODUCTION 

Published t.hermodynamic data [l--3] on water--sulfolane solutions are 
consistent with the idea that sulfolane plays the role of an almost. inert 
diluent in spite of a fairly high dipole moment. (4.8 D). To provide further 
information and complete t.he picture, a st.udy of the solid + liquid phase 
diagram has been made. 

EXPERIMENTAL 

Materials 

Sulfolane, supplied by the Shell Co. Division of Industrial Chemist.ry was 
purified as already described [4,5]; t.he conductivity of the purified sample 
did not esceed lo-’ Q-’ cm-‘; its melt.ing point. was 2S.+&s”C. 

Twice-distilled water was again distilled in all-Pyres app,arat.us over 
KMnO, at reduced pressure. 

Solutions were made by weighing (corrected to mass) in a dry 110s. (For 
the sake of uniformity with previous literature, sulfolane is indicated as suh- 
stance (2) .) 

Appamtrts and procedure 

Cryoscopic apparatus and procedure are described elsewhere [4,5]; solid + 
liquid equilibrium temperatures were measured by a Leeds and Northrup 
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Miiller Bridge G2 arL.d a NBS-certified platinum resistance thermometer. 
Both cooling and heating curves were measured; in the case of cooling 

curves, the initial freezing points of solutions were obtained by estrapolation 
across the supercooling region. 

The accuracy of solid + liquid equilibrium temperat,ures was esknated to 
be 20.04 K for the pure substances and 20.05 K for the mixtures. 

RESUL’TS 

Figure 1 presents the liquid + solid phase diagram drawn from the thermal 
data summarized in Tables 1 and.2; it precludes the existence of definite 
compounds and eshibits a eut.ect.ic at x2 = 0.303 and T = 262.2 K: accord- 
ingly a eut.ectic halt, at this temperature, occurs for solut.ions represented by 
a continuous line. 

Solid sulfolane shows a transition at, 28’7.09 K; previously [4,5] one of us 
has demonstrated that pure sulfolane solidifies at 301.6s K as a rotational 
phase I which undergoes a transition into a non-rotational solid phase II at 
2SS_56 K. 

The fact. that the measured transition temperature is lower t.han that. of 
pure sulfolane support,s the supposition that. water is still present in the solid 
phase I; furthermore (see Table 1 third column), the molal depressions 0 /UT 1 

of the fre.ezing point of sulfolane are lower than the cryoscopic constant 

Fig:. 1. Initial freezinq temperature T (K) \-ersus mole fraction, x2. plots for n-Liter (I) + 

sulfolnnt~ (4) system. 





22 

TABLE 2 

Depressions 0 of freezing temperature of water on adding sulfolane; molal depressions 
O/m2. Rational activity coefficients fx,l and f, ,2 of water (I) and sulfolane (3) 

_Y -I 0 Olm, f&l fs.2 
(K) (K kg mol-’ ) 

0 
0.0012 

0.00’3 
0.00& 
o.ooso 
0.0095 
0.0110 
0.0160 
0.0196 
0.0303 
0.0’2-1s 
0.0273 
0.0297 
0.0327 
0.0370 
0.0403 
0.0.13-l 
0.0-16.5 
0.0501 
0.0.543 
0.0.57s 
0.0619 
0.0565 
0.077’70 
C).O/S3 
O.OS-1-i 
o.osc;o 
0.1005 
0.1 I ” 5 _. 
0.129s 
0 _ 1 5 6 ” 
0.1 S6.k 
0.“3.13 
0_36S-I 
o.“s 1 :; 

0 
0.119 
0.234 
0.56S 
0.726 
OS-16 
0.961 
1.314 
1.606 
126s 
1.954 
“.1-l? 
2.31,5 
3.515 
“.77S 
2.963 
3.13” 
3295 
3.4 63 
3.670 
3.S3.5 
3.999 
-1.191 
4 295 
-l.630 
4.901 
-1 .90-1 
5 . 2 9 0 
5.6s~I 
6 2 1 .5 
6.S96 
7.6% 
S.59.1 
9.69.1 
9.99-l 

l.SSS 
1.82 
1.i6 
1.67 
1.63 
1.59 
1.55 
1.45 
1 .-I4 
1.42 
1 .-IO 
1.3s 
1.36 
1.34 
1.30 
1.27 
1 .“.I 
1.21 
1.1s 
1.15 
1.12 
I.09 
1.06 
1.01 
0.9s 
0.96 
0.93 
O.S5 
o.so 
0.75 
0.G 
0.60 
0 ..5 3 
I)..1 -i 
O.-i 6 

, 
I 

0.9'78 
0.961 
0.900 
O.86o 
0.536 
0.Sl.q 
0.746 
o.io2 
0.664 
0.6& 
0.6Z3 
O-60,, 
0.573 
0.54, 
O..51F 
0.496 
0.459 
0.457 
0.435 
O.-I 19 
0.40~ 
0.3S1_ 
0.36? 
0.342 
0.335 
0.321 
0.29” 
0.375 
0.250 
0.215 
0.20, 
0.153 
0.1z.J 

O.lZz 

The equat.ion 

allows us to evaluate the molal activit.y c0efficient.s y2 of sulfolane in water 

solutions. 
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Fig. 2. Logarithms of rational activity coefficients. f,. 1 and cv5. :_ x-c’rsus volume fraction. 

y2, pIots, for water (1) + suifolane (3) system. ----, this work: , Benoit and Chous. 

From these values, t.he rational activity coefficients f,. Z of sulfolane in 
water solut.ions have been derived. Both log f_V. I and log f_V. Z versus volume 
composition, .vZ, plots appear in Fig _ 2 (continuous line)_ In the same figure 
act.ivity coefficients drawn from vapor-pressure data [ 21 are also presented 
(open circles). 

For the sake of comparison a standardisation of reference state was neces- 
sary because the reference state is pure sulfolane in the case of act.ivit.y coeffi- 
cients drawn from vapor pressures and an infinitely dilute solution in t,he case 
of cryoscopic data. The agreement between the two sets of dat.a is satisfactory 
and provides evidence to support the supposition that solid solutions are 
absent in the water-rich region; at the same time, an appreciable uniformity of 
behavior in watersulfolane solutions over a wide temperature range 
(263.16-353.16 K) may be claimed. 

DISCUSSION 

Previous data [S-lo] on pure sulfolane and on its dilute solutions in 
mixed solvents show that sulfolane is never self associated even when its 
molecules are close-packed in the plastic crystals and this in spite of its high 
polarity. Furthermore sulfolane is characterized by a low autoprotolysis con- 
stant [ll] and shows only a weak ability to be protonated or to give any 
kind of ion solvation. Evidently, owing to the steric hindrance of the 
globular molecule, the electrons around the >SO, group. which is the 
esposed negative end of the dipole, are not easily accessible to protons or to 
positive ions, whereas the positive charge, diffused over the whole ring, can 
only interact weakly. 

On the other hand water is a strongly self-associated liquid in which each 
molecule is hydrogen-bonded to four neighbours; accordingly with this 
model Kirkwood and Oster calculated a dipole moment 1-1 = 3.1 D [ 121. 

Strongly self-associated water has been demonstrated t,o predominate with 
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respect to monomer molecules in watersulfolane solutions which behave 
“regularly” over a wide temperature range (263.16 - 353 -16 K). 

Excess volumes of mixing [l], measured over the entire composition 
range, do not exceed 0.1 cm3; on the other hand the occurrence of mixed 
crystals in the sulfolane rich region of the solid + liquid phase diagram is 
indicative of the similar shape and volume of molecules. Similarly, dielectric 
constants versus volume composition plots show positive deviations from 
1inearit.y which only occasionally amount to 3% of the measured value and 
the water dipole moments in sulfolane solutions (3.0 D) which have been cal- 
culated by one of us [l] using an unproved method from dielectric constant 
data, do not differ noticeably from the Oster and Kirkwood value (3.1 D). 

The low mixing enthalpies [3] counter-balance the AG” terms drawn from 
vapor pressures when minimizing TASE terms_ Therefore, water sulfolane 
solutions are regarded as microregions of strongly self-associated water dis- 
persed in monomer sulfolane. 

Within this general picture falls the behaviour of activit.y coefficients fx, I 

and f,., drawn from cryoscopic measurements whose logarithms are smooth 
funct.ions of volume composition, still affording evidence to the supposition 
that short range interactions between unlike molecules are of limited impor- 
tance and deviations from ideahty are to be ascribed essentially to steric 
factors and constraints on molecular shape. 
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