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Temperature Dependence of the Surface Tension for 
Binary Mixtures of n-Butanenitrile + n-Alkanes ~ 

J. Aguila-Herndndez,-" 1. Herndndez,-" and A. Trejo z3 

The difl'crential capillary-rise method was used to determine the orthoharic sur- 
face [cnsion of binary liquid mixtures of n-butancnitrilc mixed with n-pent,me. 
n-hcxanc, and n-hcptanc, throughout the composilion range, at 293.15. 3(13.15. 
313.15. 323.15, 333.15. and 343.15 K. l:urthcrmorc, the system with n-hcxanc 
was also studied at 263.15 K, i.e.. 19 K above its upper critical sc, lutic, n tcm- 
peraturc, over the v,,holc cotnposilion range. For each binary s.vSlelll lh,2 surface 
tension changes regularly with both Icmpcralur¢ and composition between tile 
vdltl,.2s of the pure conlpont:nls. The results arc discusst:d ill lernls of deviations 
from surface idcality and related to the large positive deviations observed for 
bulk properties of the samc systems. 

KEY WORDS: alkancs: bulancnitrilc: capillary rise; mixtures: orthobaric: 
sltr face Icnsit'ql. 

1. I N T R O D U C T I O N  

L i q u i d  m i x t u r e s  o f  a n  a l k a n e n i t r i l e  wi th  a n  a l k a n c  p r e sen t  la rge  pos i t i ve  

d e v i a t i o n s  fi 'om ideal i ty .  T h e s e  d e v i a t i o n s  give rise, in b u l k  p r o p e r t i e s ,  to  

la rge  pos i t i ve  va lues  o f  H v ( > 1000 J • tool  ~) [ 1 ], G ~ ( > 8 0 0  J • rnol  ~) 

[2 ,  3 ] ,  a n d  I "t- [ 4 - 6 ] ,  pos i t ive  a b s o l u t e  a z e o t r o p y  [ 7  9 ] ,  a n d  l iqu id  l iqu id  

i m m i s c i b i l i t y  [ 1 0 - 1 3 ] .  It is gene ra l l y  a c c e p t e d  t h a t  the  a l b r e m e n t i o n e d  

b e h a v i o r  is the  resul t  o f  w e a k  c h a r a c t e r i s t i c  e n e r g y  o f  i n t e r a c t i o n  b e t w e e n  

the  un l ike  m o l e c u l e s  in the  m i x t u r e s  c o m p a r e d  w i th  the  B e r t h e l o t  g e o m e t r i c -  

m e a n  rule. In o r d e r  to c o n t i n u e  o u r  s tud ies  o n  the  t h e r m o d y n a n a i c s  o f  

a l k a n e n i t r i l e  + a l k a n e  b i n a r y  l iqu id  naixtul 'es,  we h a v e  n o w  p e r f o r m e d  s o m e  
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experiments to determine the general features of the surfilce tension of 
several mixtures and to study any possible relationship between the latter 
and bulk properties such as the occurrence of azeotropy. 

Measurements of the orthobaric surface tension of pure components 
are abundant as may be verified in the well-known review by Jasper [ 14] 
and other works reported in the literature [15],  however, data for the 
single phase region o1" mixtures over a wide range of temperature are scarce 
[br systems of chain molecules in which one of the components is strongly 
polar. Experimental inlbrmation on the surface tension of nlixtures is 
needed to improve our understanding of the thermodynamics of surface 
phenomena such as adsorption. Hence, we carried out a study of the 
orthobaric surface tension of three binary systems, as a 1\motion of com- 
position, composed of n-butanenitrile as the common component mixed 
with n-pentane, n-hexane, and n-heptane, at 293.15, 303.15, 313.15, 323.15, 
333.15, and 343.15 K. The upper critical solution temperatures (UCST) of 
these mixtures are 237.2, 244.2, and 252.3 K [ 13], respectively. In order to 
carry out measurements closer to an UCST we additionally studied the 
system with n-hexane at 263.15 K, i.e., 19 K above its UCST, also in the 
whole composition range. 

2. APPARATUS 

The well-known capillary-rise method, considered to be one of the 
most accurate absolute methods to study surface tension [16, 17], was 
used in an all-glass closed cell with three calibrated precision-bore 
capillaries of different diameters in order to apply the differential capillary- 
rise method introduced by Sugden [18]. A schernatic diagram of the 
experimental apparatus [ 19-21 ] is shown in Fig. 1. The measuring cell has 
three capillaries, A, B, and C, whose constant diameter was determined by 
weighing an accurately known length of mercury contained at a constant 
temperature inside each piece of capillary tube, with an analytical balance 
to _+0.0001 g. The diameters obtained were 0.5000, 0.7900, and 1.0000 mm, 
respectively. 

The mixing charnber D houses a Teflon-coated magnetic bar which is 
used to ensure thermal equilibrium of the 5-cm ~ sample of either a pure 
liquid or a mixture of known composition, before being transferred to 
chamber E. A glass plunger, attached to the body of a Vineland Teflon 
vacuum-tight valve, helps to displace the sample into the capillaries and to 
ensure zero contact angle by raising and lowering the level of the sample 
in the capillaries just before taking measurements of the relative meniscus 
heights. This is done by means of a l-m Gaertner cathetometer with an 
accuracy of _+0.01 mm. The selected temperature of the thermal bath was 
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Fig. I. All-glass surface tension cell. A C. 
calibrated capillaries: D. mixing chamber: 
E. chamber with plunger. 

stabilized within +0.002 K of the reported value by means of a precision 
Bayley controller, as measured with a digital thermometer, Systemteknik 
S1220, with a platinum resistance sensor. All the experiments were carried 
out with the cell wholly immersed m a thermostat [21 ]. 

3. D A T A  R E D U C T I O N  

The surtace tension data 7 under orthobaric conditions were obtained 
with the following relationship: 

;' = rir/pg[ 3dh i / -  ( r / -  ri)]/6(J) - r,) ( I )  

where 3h~/is tile experimentally determined height difference of the menisci 
in the capillaries of radius r, and r/, p is tile density of tile liquid phase, and 
g is the acceleration of fi'ee fall in our laboratory, determined by the 
Geophysics Laboratory of the National University to be 9.7795 m s -" 

Mixtures were prepared by weight and the density of both the pure 
components and their mixtures, throughout the composition range, was 
deterined in previous work [4 -6]  with a vibrating-tube densitometer. 

All liquid samples used for the experiments were obtained from 
Aldrich, with a reported purity of > 99.5 %, and are the same as those used 
in other studies reported by our laboratory [3, 6]. No further puritication 
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was a t t empted  other  than storing the a lkanes  over sodium and butane-  
nitrile over  a molecular  sieve in o rder  to e l iminate  any possible trace of 
water. The density and refractive radices of the pure samples at different 
tempera tures  agreed well with repor ted  l i terature values. 

4. RESULTS 

The results of our  measurements  of  i' for the four pure componen t s  
and the three sets of b inary  mixtures m the tempera ture  range 293 to 343 K 
at intervals of 10 K for seven compos i t ions  are given in Tables I-1II.  The 
results of the 263.15 K isotherm for the b inary  with hexane are also 
included in Table  ll. The 7 wflues of  the pure componen t s  agree very well 
with l i terature values [ 14] within an average percentage relative er ror  of 
0.3. Figure 2 i l lustrates the different isotherms lbr butaneni t r i le  + hexane as 
a function of a lkane composi t ion .  

In order  to discuss some general  features of  the ), results we will make  
use of the mole fraction surface ideality,  namely.  ~,(ideal)= .x'~ ~,, +-¥27_,- 

Al though it is clear that the results of the different binaries  are ra ther  
regular  with changes in both tempera ture  and compos i t ion  lsee Fig. 2), 
considering the above  convent ion for surface ideality,  the 293. 303, 313, 
and 323 K isotherms for pentane show small negative devia t ions  th roughout  
the compos i t ion  range, a l though larger the lower the tempera ture  of  the 
measurement :  whereas the other  two isotherms present small  negative devia-  
tions fl'om the low cornposi t ion region of pentane up to approx ima te ly  
0.75 mole fi'action of pentane and small  posit ive devia t ions  in the rich 
concent ra t ion  region of  the alkane,  i.e.. there is a change in curvature  in 

Table I. Experimental Results of the Surface Tension 7 for 
.xl n-C~ H iz + ( 1 - .v~ ) n-Ca H7 N as a Function of Temperature 

TIK) 

.v~ 293.15 3113.15 313.15 323.15 333.15 343.15 

I 16.17 14.98 13.91 12.73 11.71 10.53 
o.8961 16.45 15.60 14.53 13.94 13.o5 12.28 
(i.7997 16.85 16.12 15.35 14.3 [ 13.69 12.75 
0.6(|26 17.18 16.55 15.95 15.57 14.92 14.(19 
0.5015 18.50 17.9(I 17.37 16.53 15.89 15.16 
11.2995 2(I.82 19.87 19. I I 18.40 17.89 16.84 
11.21146 22.37 21.86 2 I. 19 211.24 19.96 19.19 
o.i 022 24.28 23.75 23.12 22.59 21.82 20.98 
0 27.48 26.43 25.19 24.39 23.39 22.26 
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Table II. Experimental Rcsulls of the Surfacc Tension 7 for 
• xl t/-C,,H J4 + ( I - .x',) ,-C4 H7 N ;.is il Function of Temperature 
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T(K)  
T(K), 

.v, 263.15 x, 293.15 303.15 313.15 323.15 333.15 343.15 

1 21.84 I 18.511 17.52 16.46 15.43 14.46 13.33 
(I.94(15 21.97 0.9131 19.34 18.56 17.68 17.08 16.22 15.30 
(I.8980 22.00 O.8252 19.56 18.65 17.98 17.12 16.5(I 15.67 
11.8000 22.22 0.6427 20.31 19.5(I 18.70 17.95 16.93 16.27 
0.6985 22.70 0.5449 21.08 2(1.4(I 19.32 18.411 17.56 16.61 

0.6052 22.70 (1.3379 21.84 21.03 20.26 19.74 19.04 18.19 

(I.4999 22.77 (I.2286 23.26 22.57 21.82 21.17 2(I.4(I 19.58 
9 " / 9  0.399(I 23.34 (I.I 145 24.84 24.17 23.49 22.83 . . . .  6 21.44 

(I.2993 23.51 11 27.48 26.43 25.19 24.39 . . . .  ~'t ~t9 . . . .  ~'~ "~ 6 
0.1995 24.02 
(1. I o00 27.45 
t) 3o.8o 

t h e  ~, vs  x f u n c t i o n  of t h e  a f o r e m e n t i o n e d  i s o t h e r m s .  F u r t h e r m o r e .  f r o m  a 

l o w  m o l e  f r a c t i o n  o f  p e n t a n e  u p  to  t h e  m i d d l e  o f  t h e  m o l e  f i ' ac t ion  r a n g e ,  

,' v a r i e s  r a p i d l y  w i t h  c o m p o s i t i o n ,  t h e  s l o p e  b e i n g  g r e a t e r  t h e  l o w e r  t h e  

t e m p e r a t u r e  o f  t h e  d a t a .  

F o r  t h e  b i n a r i e s  w i t h  h e x a n e ,  F ig .  2, t he  l o w e s t  i s o t h e r m ,  w h i c h  is 

r e l a t i v e l y  c l o s e  to  a n  U C S T ,  p r e s e n t s  a s h a r p  d e c r e a s e  m ;, in t h e  l o w - c o n -  

c e n t r a t i o n  r e g i o n  o f  t he  a l k a n e ,  i.e., f r o m  0 to  0.3 m o l e  f r a c t i o n ,  l b l l o w e d  

by  a s l i gh t  d e c r e a s e  w i t h  a n e a r l y  c o n s t a n t  s l o p e  o v e r  t h e  res t  o f  t h e  c o m -  

p o s i t i o n  r a n g e .  T h e  d a t a  for  th i s  i s o t h e r m  p r e s e n t  n e g a t i v e  d e v i a t i o n s  

Table Ill. Experimental Results of tile Surface Tension ;' for 
.x't n-C7 H ,, + ( 1 -.x' ,) ,-C4 H7 N as a Function of Temperature 

T i K )  

x, 293.15 3(13.15 313.15 323.15 333.15 343.15 

I 2(I.34 19.37 18.25 17.35 16.36 15.37 
0.895(I 2(I.51 19.55 18.52 17.47 16.46 15.48 
0.8009 20.76 19.69 18.63 17.75 16.96 15.9(I 
0.5993 21.26 2(I.(12 19.23 18.23 17.23 16.22 
(I.4989 21.49 20.24 19.35 18.53 17.48 16.51 
0.3(1(10 22.46 21.32 2(I.41 19.48 18.58 17.6 I 
(I. 1993 23.16 22.37 21.56 20.60 19.67 18.65 
(I. 1(1(I I 25.01 24.20 23.21 22.13 21.07 19.93 
(1 27.48 26.43 25.19 24.39 23.39 22.26 
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Fig. 2. Surface tcnsitm 7 Ii",r . v lo -C , ,H~ .a+ l l - . v l ) t I -CaHrN at dill'trent tem- 
peratures. Experimental points arc 101 263.15 K. (Ak) 293.15 K. l I I)  3113.15 K. 
141')313.15K. I * I 3 2 3 . 1 5 K . ( '  ) 333.15K. a n d l D ) 3 4 3 . 1 5 K .  

throughout the composition range with respect to tile ideal surface defined 
above. Overall. tile values of ), decrease monotonically from that of pure 
butancnitrile to that of pu,e hexane witlaout an inllectio,a point. The other 
six isotherms show, as in the binaries with pentane, small negative devia- 
tions from ideality in the Iow-alkane concentration ,'egion up to 0.75 mole 
fraction and small positive deviations in the high-concentration region of 
hexane, i.e., a monotonic decrease from the ;' of butanenitrile to that of 
hexane with inflection point, The magnitude of the negative deviations 
decreases as the temperature increases, whereas the positive deviations 
inc,'ease with temperature. These isotherms show, in the low-mole fraction 
region of hexane, a significantly smaller change of )' with composition than 
that for the 263 K isotherm. 

According to Khosla and Widom [20],  at the LICST the orthobaric 
surface tension as a function of composition of a mixture has a horizontal 
tangent and an inflection at the critical composition, i.e.. it takes the shape 
of a typical critical isotherm of a pure substance. From our results it is 
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observed that although the isotherms that we report here for butanenitrile 
with pentane and hexane arc far fi'om the corresponding I.JCST. some of 
them (see Fig. 2) show a vanishing slope and inflection at .v=-_0.75. thus. 
verifying the prediction [ 20 ]. 

The main fcatures of the results of the binaries with heptane are their 
regularity with both composition and temperature and the negative devia- 
tions from surface ideality of all the isotherms throughout the composition 
range. The behavior of the six isotherms of this system closely resembles 
that of the lowest isotherm with hexane. 

The ~,bove surface behavior for the three sets of binaries can be 
compared with the bulk thermodynamics of the same systems in order to 
support the view that weak unlike molecular energies of inte,-action that 
give rise to positive deviations fl'om bulk ideality according to Raoult's law 
are accompanied by negative deviations from sttrface ideality. The cxpe,i- 
mental evidence obtained irl our laboratory for the binaries studied here 
present large bulk positive deviations from ideality [22].  hence, they 
exhibit positive azeotropy. Consequently. the negative deviations fi-om st, r- 
face ideality are consistent with this behavior, however, the small ,'egions 
of positive deviations for some of the mixtures with pentane and hexane are 
not. The absence of mi,aimum surface tension points, with respect to }' of 
the pure components,  in any of the isotherms of the three systems studied 
indicates that there is no mutt,al incidence of surface (aneotropy) and bulk 
azeotropy as has been found in other binary systems [ 19.23]. 

5. C O N C L U S I O N S  

Our experirnental results on the orthobaric surlace tension of binary 
mixtures of butanenitrile with alkanes show that the deviations from 
ideality are consistent with the bt, lk positive deviations from ideality and 
both are in turn consistent with a weak energy of interaction between the 
unlike molecules in the mixtures. Since the binaries considered in this study 
show marked positive azeotropy, we origi,aally expected to observe 
aneotropy, however, this was not so. We propose to continue this study at 
temperatt, res closer to an [_ICST in order to observe the mentioned 
phenomellon, since the proximity of a UCST is a necessa,'y condition [ 23 ]. 
and to test Widom's predictions. 
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