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THE MEASUREMENTS OF THE 
SURFACE TENSION OF MIXTURES 
OF DIMETHYL SULFOXIDE WITH 

METHYL, ETHYL AND PROPYL 
ALCOHOLS 
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90-236 tdd?,  Ponzorskcr 163, Foland; 
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90-136 tdd?, Narulokikzn 68. Polanrl; 

' Depurtment of' Chemical Educution, University q f  L X ,  
90-236 Lddi, Poniorsku 163, Polund 

The surface tension of liquid binary mixtures of dimethyl sulfoxide (DMSO) with methyl 
(MeOH), ethyl (EtOH) and propyl (PrOH) alcohols was measured at  293.15 K, 298.15 
K .  303.15 K ,  308.15 K and 3 13.15 K. From all these data the temperature cocfficients of 
surface lension, k = - ( tky,r /dT),  wcre calculated. 

K q w o r d y ;  Surfrlce tension; intermolecular interactions: binary liquid mixtures 

INTRODUCTION 

This work is a continuation of series of studies on the analysis of 
intermolecular interactions and internal structures of some liquid 
binary mixtues of dimethyl sulfoxide with aliphatic alcohols based on 
the correlation of 'H-NM R spectral data with macroscopic properties 
of these mixtures as viscosity, density, dielectric permittivity, molar 
volume, apparent molar volume and their deviations from ideality as a 
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function of the mixture composition [l,  21. Presently, in purpose to 
gain further information regarding intermolecular interactions in 
liquid mixtures of DMSO with methyl, ethyl and n-propyl alcohols, we 
have applied measurements of temperature dependances of the surface 
tension (712)  of these systems. The analysis of changes of the surface 
tension and its temperature coefficients, denoted k ,  (or more precisely 
its negative value, viz. k = - ( d ~ ~ ~ / d T ) ,  within the whole composition 
range enables the assessment of intermolecular interactions between 
components of binary mixtures the more so as it has been shown by 
Landau [3] and Toriank [4] that the fluctuations of the temperature 
coefficient of the surface tension should be interpreted as changes of 
entropies of aggregates forming the free surface of the studied mixture. 

EXPERIMENTAL 

For the measurements of surface tensions chemical pure DMSO 
(Fluka), methanol (Fluka), ethanol (Fluka) and propanol (Fluka) were 
used. They were dried and purified according to known procedures [5 ] .  
The surface tensions were measured with an accuracy f 0.1 YO, using a 
stalagmometer. All the solutions were prepared by weight. 

RESULTS AND DISCUSSION 

The values of the temperature coefficients k,  viz. k = -dy/dT, have 
been determined within the whole composition range at 298.15 K (Fig. 
1) using measured temperature dependances of the surface tension for 
mixtures of dimethyl sulfoxide with methyl, ethyl and n-propyl 
alcohols (see Tab. I). 

The gradual addition of all three studied alcohols to DMSO results 
in a sharp decrease of the value of k coefficient (see Fig. 1) which 
indicates a distinct increase of the entropy of aggregates forming a free 
surface of studied mixtures. 

It is an evidence of the ordering nature of studied alcohols at the 
internal structure of liquid DMSO. The analogous conclusions can be 
drawn from the analysis of changes of this function in the opposite 
case when DMSO is added to the studied alcohols. However, some 
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FIGURE I Changes in the temperature coefficient of surface tension ( k )  as a function of 
composition for the liquid DMSO-methanol, DMSO-ethanol and DMSO-n-propanol 
mixtures. at 298.15 K .  

differentiation of effects upon the type of alcohol is observed. The 
addition of DMSO to n-propyl alcohol results in the smallest changes 
of the temperature coefficient k .  Therefore, i t  is necessary to assume 
that one deals here with the weakest ordering effect influenced by 
molecules of DMSO at the structure of this alcohol. 

A distinct minimum of the negative value of entropy within the 
composition range corresponding to ca. 80 mol. % of alcohol was 
observed for mixtures of dimethyl sulfoxide with methyl and ethyl 
alcohols. 

Whereas, mixtures of n-propyl alcohol exhibit analogous minimum 
in considerably less pronounced way. I t  appears within the composi- 
tion range corresponding to ca. 95 mol. YO of n-propanol. 
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41.71 
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39.48 
38.59 
37.68 
36.74 
35.78 
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26.45 
25.35 
24.24 
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26.04 
25.40 
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We assume that both mentioned above composition ranges should 
be treated as regions of the most stable and ordered structures of 
mixed associates forming the free surface of studied liquid mixtures. 
The shift of the position of the minimum of the k coefficient with the 
increase of the length of the aliphatic chain of alcohol is presumably 
due to the steric affects. The more complete and precise interpretation 
of observed effects will require further studies, e.g., measurements of 
heats of evaporation. 
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