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Surface Tension of the Dimethylsulfoxide[ 
Thiophene System at 298.15 K 

S. Aznarez, L. Mussari, and M. Postigo* 

C~tedra de Fisicoquimica, Departamento de Quimica, Facultad de Ingenieria, 
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Summary. Densities and surface tensions of dimethylsulfoxide (1) + thiophene (2) were determined 
over the whole composition range at 298.15 K. The densities have been determined with a vibrating 
tube densimeter and the surface tensions by the differential capillary rise technique. Negative excess 
surface tensions were observed. From the different equations existing in the literature for estimation 
of surface tensions of mixtures we have used the equations due to Rice and Teja [1] and Winterfeld, 
Scriven and Davis [2]. The Rice and Teja's Equation gives better results. 
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Die Oberfl~chenspannung des bin~ren Systems Dimethylsulfoxid/Thiophen bei 298.15 K 

Zusammenfassung. Dichten und Oberflfichenspannungen von Dimethylsulfoxid (1) + Thiophen (2) 
wurden fiber den gesamten Mischungsbereich bei 298.15 K gemessen. Die Dichten wurden mit einem 
Vibrationsr6hrendensitometer und die Oberi'l~chenspannung mit der differentiellen Kapillaren-Steig- 
Methode bestimmt. Es wurden negative Zusatzoberfl/ichenspannungen beobachtet. Von den 
verschiedenen Ans[itzen zur Abschfitzung yon Oberfl~ichenspannungen in Mischungen wurden die 
Methoden yon Rice und Teja [1] und yon Seriven und Davis [2] getestet, wobei tier Ansatz nach Rice 
und Teja bessere Ergebnisse erzielte. 

Introduction 

The  excess surface tension O-E of  a b inary  mix ture  is defined as the a m o u n t  by  which 

the surface tension o- of  the mix tu re  exceeds the ideal value calculated f rom the 
surface tensions of  the pure  componen t s ,  assuming addi t iv i ty  on  a mole  f ract ion 
basis. Thus  

O-E = (9- - -  (Xlo-1 _1_ X2O-2) (1)  

where  x I and  x 2 are the mole  fract ions of  c o m p o n e n t s  1 and 2 in the mixtures ,  
and  o-1 and  o- 2 are the surface tensions of  the pure  componen t s .  F o r  mos t  
none lec t ro ly te  mixtures ,  a E is negat ive and  this fact is general ly  a t t r ibu ted  to a 
Gibbs  en r i chment  of  the surface region by  the c o m p o n e n t  of  lower  surface tension.  
However ,  posi t ive values of  O-E have also been observed  for some systems; usually, 
these involve po la r  molecules.  
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This  w o r k  descr ibes  m e a s u r e m e n t s  o f  sur face  t en s ion  for  the  d i m e t h y l s u l f o x i d e  

(1) + t h i o p h e n e  (2) sy s t em at  298.15 K b y  the  different ial  cap i l l a ry  rise t echn ique .  

Di f fe ren t  e q u a t i o n s  exist  in  the  l i t e ra tu re  w h i c h  p red i c t  the  excess sur face  

t ens ions  o f  mix tu res ,  l ike t hose  by  She re she f sky  [3] ,  H o a r  a n d  M e l f o r d  [4] ,  E c k e r t  

a n d  P r a u s n i t z  [5] ,  a n d  F l o r y  [6] .  I n  this w o r k ,  e q u a t i o n s  due  to  Rice  a n d  Te ja  [1 ]  

a n d  W i n t e r f e l d - S c r i v e n  a n d  D a v i s  [2 ]  were  app l i ed  a n d  c o m p a r e d  wi th  the  

exper imen t .  

Experimental Part 

The chemicals used in the present study were dimethylsulfoxide supplied by Merck and thiophene 
supplied by Fluka. All solvents were used from freshly opened bottles without further purification. 
According to the specification of the suppliers, the purities were better than 99.7 mass ~ for 
dimethylsulfoxide and 99.5 mass ~o for thiophene. All liquids were stored over molecular sieves (Union 
Carbide Type 4A). The purity of the compounds was checked by determining their refractive indices 
and densities, which agreed well with the literature values. 

Air and bidistilled water were used for densimeter calibration. 
All the solutions were prepared by using a Mettler H 315 balance (precision of 1 x 10 -4 g) and 

air-tight stoppered bottles. The more volatile component was poured directly into the bottle. The 
charged bottle was closed and weighed. The second component was injected into the bottle 
trough the stopper by means of a syringe. This procedure hindered any vapor loss and contamination. 
Hence the possible error in the mole fraction is estimated to be lower than + 2 × 10 -4, 

A digital densimeter (Anton Paar Model DMA 45) was employed for the determination of the 
densities of the pure components and the binary mixtures. Water and air were chosen as calibrating 
fluids since they span a wide range and their densities are known at a high precision level. 

The surface tensions were deduced from our measurements of the capillary length and density 
measurements. The capillary length parameter is 

a 2 = 2 ~ / ( P l  - Pv) 9- (2) 

Here, ~r is the surface tension; Pl and Pv are the densities of the liquid and vapor, respectively; and 
9 is the acceleration due to gravity 9.78 m s- 2. The capillary length can be determined from a relation 
derived by Rayleigh [7]: 

[ 1 a2=r l  h i -  ho + r l -  0.1288 - r ~  +0.1312 (3) 
3 h i - h o (hi - ho)2J  

where r i is the radius of capillary, i, and h i -  h 0 is the height of the meniscus in the ith capillary 
(hi) above the bulk meniscus (h0). The liquid-gas contact angle was assumed to be zero. We have used 
a differential capillary rise technique that avoids the difficult measurement of the location of the bulk 
meniscus h o. h 1 and h 2 w e r e  measured for two different capillaries (rl and r2) in the same cell. Then 
Eq. (3) was written twice (once for each measurement) and h 0 was eliminated from the equations to 
d e t e r m i n e  a 2. The sample cell contains two capillaries of the following bore radii: r 1 = 0.320 +_ 0.001 mm 
and r E = 0.148 _+ 0.002 ram. Their radii were determined by partially filling the capillaries with plugs 
of mercury. The plugs were weighed and their lengths were measured with a cathetometer. 

The capillary rise h i was measured (_+ 0.01 mm) for each capillary with a cathetometer. 
All measurements were carried out at atmospheric pressure. The pressure was measured by means 

of a mercury barometer. A Haake constant temperature bath circulator was used with a temperature 
control interval of _+ 0.01K. The temperature was detected with a digital thermometer (Digitec) 
calibrated and checked at the water triple point. The precision of the densities measured is estimated 
to be better than + 0.2 kg m-  3 and the precision of the surface tension better than _+ 3 x 10- 5 N m-  L 
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Results and Discussion 

Densities and  surface tensions for the pure componen t s  at 298.15 K are given in 
Table 1, together  with l i terature values for comparison.  In general, our  results agree 
fairly well with these a l ready k n o w n  values. 

Densit ies for the b inary  mixtures were calculated as a funct ion of the mole 
fract ion of  dimethylsulfoxide by the following po lynomia l  equation:  

p = p l X l  -F p z X 2  q- x 1 (1 - Xl) ~ aj(1 - 2xl )  ( j - ' )  (4) 
j = l  

The exper imental  values of  the excess surface tensions of the b inary  mixtures (as 
de termined by Eq. (1)) over the whole concent ra t ion  range are summar ized  in 
Table 2. 

The set of  results of excess surface tensions was fitted with a Red l i ch -Kis te r  [8] 
form of the type: 

a E = xl  (1 - -  x 1 )  ~ aj (1 -- 2X0 (J- 1) (5) 
j - 1  

The m e t h o d  of least squares was used to determine the values of the coefficients aj. 

Table 1. Density and surface tension of pure substances at 298.15 K 

p X 10-3/kgm -3 × 103/N m -1 

Expt, Lit. Expt. Lit. 

Dimethylsulfoxide 1.0956 1.09537 43.04 42.98 
Thiophene 1.0583 1.05884 32.07 32.0 

Literature: Ref. [-10] 

Table 2. Experimental values of a E and the calculated values with Eqs. (7) and (15) at 298.15 K 

x 1 10-3Nm -1 

at(Exp.) aE(Eq. 7) aE(Eq. 15) 

0.1069 -0.381 -0.336 -0.294 
0.2039 -0.618 -0.569 -0.501 
0.2876 -0.744 -0.717 -0.644 
0.4070 -0.823 -0.843 -0.817 
0.5062 -0.834 -0.871 -0.861 
0.5800 -0.802 -0.848 -0.873 
0.6687 -0.717 -0.769 -0.829 
0.7856 -0.549 -0.583 -0,670 
0.9046 -0.294 -0.298 -0.368 
0.9464 -0.174 -0,175 -0.224 
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Tab le  3, Coeff icients  aj f rom Eqs. (4) a n d  (5) a n d  s t a n d a r d  dev i a t i ons  e a t  298.15 K 

a l  a2 a3 a 4 a5 g 

p/ (kg m -  3) 12.61 11.83 - 1,39 - 3.02 - 4 . 3 3  0.08 

a e / 1 0 -  3 (N m -  1) -- 3,337 - -0 .432 - -0 ,559 - - 0.02 

The op t imum number  of coefficients was ascertained from an examinat ion of the 
variation of the s tandard error of estimate with n: 

= [ - 2  ( X o b s  - -  X e a l ) 2 / ( n o b s  - -  n ) ]  1/2 (6) 

where X denote the density (p) or the excess surface tension (aE). The values adopted 
for the coefficients aj and the s tandard error of the estimate are shown in Table 3. 

The surface tensions of the solution were calculated in two different ways for 
compar ison with the experimental values. 

1) First, we applied Rice and Teja's [-lJ corresponding states me thod  for the 
prediction of surface tension of mixtures. These authors proposed the relation: 

60 - -  c_0 (sl)  
(0"~) = (O'(p)(sl) --~ - [(0"~) (s2) -- (aq~) (sl)] (7) 

(D (s2) __ 09 (sl) 

where sl and s2 refer to the properties of two reference fluids, (in this case, the pure 
components)  and co is the acentric factor. For  mixtures, the pseudocritical equivalent 
substance replacing the pure fluid are defined as 

L m  Vcm = 2 E Xi Xj L i j  Vcij (8) 
i j 

gcm ~- 2 2 Xi Xj Vci j (9 )  
i j 

fOrn ---~ 2 Xi O)i ( 1 O) 
i 

gci j Vci j ~-- ~ i j (Tc i i  Vci i Tcj j Vcjj) (11) 

1/3 3 V <  -- .(V 1/3c~ + V jj ) / 8  (12) 

where Tij is a binary interaction coefficient which must  be evaluated from 
experimental data. The values of q~ from Eq. (7) are obtained as: 

V2/3/T (13) q~ ~- cm cm" 

With T 12 = 0.961 we determined for our  system the values of excess surface tensions 
indicated in Table 2. 

2) Second, Winterfeld-Scriven and Davis 1-2] used~ for the surface tension of 
binary solutions, the expression 

~r = ( n l / p O  2 cr 1 + (n2/P2) 2 (72 q- 2 6  n 1 n 2 (a t 62)1/2/[91 P2 (14) 

where ai and Pi denote the surface tension and satured liquid density of pure i at 
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Fig. 1. Comparison of the excess surface tension: Q Experimental values; x Eq. (7). O Eq. (14). Solid 
curve Eq. (5) 

the same temperature as the solution, n~ is given by n~ = xi and p denotes the density 
of component  i in the liquid solution. 

The unknown parameter of the model is 5. This is the same parameter that 
Girifalco and Good [9] introduced in relating the interfacial tensions of immiscible 
liquids to the surface tensions of the pure liquids. Girifalco and Good have given 
for 5 the following estimate 

~ G G  4V~/3 V1/3 
- - 2  . ( 1 5 )  

(v /3 + 

We determined 5 with experimental data at a composition xl near the equimolar 
point. With 5 = 0.959 we determined for our system the values of excess surface 
tensions indicated in Table 2. 

In Fig. 1 we also represent Rice-Teja's and Winterfeld-Scriven-Davis's values. 
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Rice-Teja's equation predicts surface tensions which agree well with the experi- 
mental values giving rise to symmetrical curves. The other method is not in 
agreement with experiment (comp. Table 2), probably because the values of 
parameter 6 do not take into account all important interactions. 
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