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Study of the Temperature Dependence of Surface Tensions of Some Alkantl
Hexane Mixtures
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Surface tensions of binary mixtures of ethanol, 1-butanol, or 2-butanol with hexane have been measured in the
temperature range 283.15 K to 313.15 K with a drop volume tensiometer. The corresponding surface tension
deviations have been calculated and correlated. Using the temperature dependence of surface tensions, the entropy
change and enthalpy change of surface formation per unit area were evaluated at 298.15 K.

Introduction 0

It is well-known that the properties and the behavior of the
surface region of a liquid substance are substantially different
from those of the bulk. Because of this, a complete thermody-
namic study of any substance has to incorporate surface
investigations. Surface tension measurements and their variation
with composition and temperature are very useful for this
purpose because any other important properties like the entropy
change and enthalpy change of surface formation per unit
surface can be evaluated from the experimental results.

Alcohols are strongly associated with hydrogen bonding, and
it has been found helpful to consider the changes in the
thermodynamic functions, which occur during the dilution of -1.54
an alcohol with a nonpolar solvent, as partly due to the breaking
of the hydrogen bonds and partly due to the mixing of the
alcohol with the solvent. Due to its interesting characteristics,
the mixture alkanet alcohol has attracted the attention of the 204
scientific community, and several thermodynamic properties,
including surface tension measurements, have been obtained \
before. There are previous studies in which the surface tensions
of alkanol+ alkane mixtures have been measutedincluding 25
two references reporting measurements at 298.15 K for the 0 02 04 0.6 0.8 1
mixture ethanok- hexané® and one for the mixture 1-butanol X,

+ hexane! However, there have been few studies of the Figure 1. Surface tension deviationdy, of the mixture ethanol (1)t
temperature dependence of surface tension for these kinds ohexane (2).
mixtures.

The surface behavior of mixtures formed by ethanol, 1-bu- measuring several thermophysical properties such as density and
tanol, or 2-butanol with hexane between 283.15 K and 313.15 refractive index. No further purification was considered neces-
K via surface tension measurements has been studied. Fronary, although the isomeric butanols were dried with activated
the experimental results, surface tension deviations have beermnolecular sieves (0.3 nm) from Merck.
calculated and correlated. From the study of the dependence of The surface tensiong, of the pure liquids and their mixtures
surface tensions with temperature, the entropy change andwere determined using a drop volume tensiometer (Lauda TVT-
enthalpy change of surface formation per unit surface have been2).* Measurements were carried out in a range of temperatures
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estimated. from 283.15 K to 313.15 K with an intervalf & K between
each temperature. The tensiometer measures the volume of a
Experimental Methods drop detaching from a capillary of known diameter. The

temperature was kept constant by means of an external Lauda

E-200 thermostat. The uncertainty in temperature i8.01 K.

Densities needed to calculate surface tensions from volume drop

determinations were measured using an Anton Paar DMA-58

R . . . . vibrating tube densimeter. The uncertainty of the surface tension
Corresponding author. E-mail: celadi@unizar.es. tit 0.01 mNm-L Details of th . tal

T Facultad de Ciencias, Universidad de Zaragoza. measurement 1x U.01 mivm™—=. Details ol the expernmenta

* Escuela Politenica Superior. procedure can be found in a previous pap8urface tensions

The liquids used were ethanol (99.8 %), 1-butare99.8
%), 2-butanol £99 %), and hexane>99 %) provided by
Aldrich. The purities of these compounds were checked by

10.1021/je700215z CCC: $37.00 © 2007 American Chemical Society
Published on Web 07/04/2007



Journal of Chemical and Engineering Data, Vol. 52, No. 5, 200905

Table 1. Surface Tensionsy, of the Pure Compounds

y/mN-m~1
T=283.15K T=288.15K T=293.15K T=298.15K T=303.15K T=308.15K T=313.15K
compound exptl exptl exptl exptl lit exptl exptl exptl
ethanol 23.12 22.75 22.28 21.86 2.8 21.49 21.15 20.66
1-butanol 25.55 25.12 24.78 24.25 2420 23.95 23.55 23.15
2-butanol 24.37 23.95 23.56 23.08 3.1 22.75 22.39 21.97
hexane 19.63 19.04 18.52 18.06 17.90 17.53 16.74 16.47

a Ref 8.P Ref 5.

Table 2. Experimental Surface Tensionsy, and Surface Tension DeviationsAy, of the Binary Mixtures
T=283.15K T=288.15K T=293.15K T=298.15K T=303.15K T=308.15K T=313.15K

14 Ay 14 Ay 14 Ay 14 Ay 14 Ay 14 Ay 14 Ay
x1 MN'mT mN'm? mN-m? mNm? mNm? mNm? mN-m? mN-m? mN-m? mN-m? mNm? mNm? mNm? mNm1?

Ethanol (1)+ Hexane (2)
0.0855 19.70 —0.23 19.11 -0.25 1857 -0.27 18.03 -0.35 1749 -0.38 16.67 —0.45 16.30 —0.53
0.1006 19.74 —0.24 19.11 -0.30 1856 —0.34 18.03 -0.41 17.48 -0.45 16.66 —0.52 16.29 —0.60
0.2107 19.73 —0.64 19.1 -0.72 1855 —0.76 18.01 -0.85 17.42 -0.94 16.64 —1.03 16.2 -1.15
0.2928 19.77 —0.88 19.18 —-0.95 1857 —1.05 18.03 -—-1.14 17.46 —1.23 16.68 —1.35 16.24 —1.46
0.4128 19.90 -1.17 19.29 -1.28 1871 -1.36 18.15 —1.48 1757 —1.59 1685 -1.71 16.38 —1.82
0.5071 20.08 -—1.32 19.46 —1.46 18.84 —1.59 1829 -1.70 17.72 -1.82 17.04 -1.94 16.56 —2.03
0.5909 20.26 —1.43 19.67 —-1.56 19.02 -1.72 18.45 —1.86 1793 —-1.94 17.26  —2.09 16.74 —2.21
0.7036 20.61 —1.48 20.02 -1.63 1936 -181 1880 —-1.93 18.26 —2.06 17.70 -2.14 1721 -221
0.8032 21.05 -—1.38 20.46 —1.56 19.88 -—1.66 1932 -1.79 1882 —-1.89 1831 -—-1.97 17.85 —1.99
0.9021 21.78 —1.00 21.28 -—-1.11 20.73 -—1.18 20.22 -—-1.27 19.81 -1.29 1938 -1.34 1891 -1.34
0.9320 22.11 -0.77 21.64 —0.86 2111 -0.91 20.64 —0.96 20.22 —1.00 19.82 —-1.03 19.36 —1.02

1-Butanol (1)+ Hexane (2)
0.0519 19.78 -—0.16 19.15 -0.21 18.6 —0.24 18.11 -0.27 1755 -0.31 16.75 —0.34 16.40 —0.42
0.0875 19.87 —0.28 19.26 -0.31 18.7 —0.37 18.2 —0.40 1761 -0.48 16.80 —0.54 16.43 —0.62
0.1959 20.17 —0.62 19.58 —0.65 19.03 -0.72 1852 -0.75 17.92 -0.87 17.13 -0.94 16.74 —-1.04
0.2999 20.41 -—1.00 19.88 —0.98 19.35 —1.05 18.84 —1.08 18.28 —1.18 1752 -1.26 17.12  -1.35
0.3990 20.69 —1.30 20.14 -—1.33 19.65 -—-1.37 19.10 -143 18.62 —1.47 1791 -155 17.48 -1.66
0.4914 2093 -161 20.40 -—1.63 1996 -1.64 19.43 -1.67 1892 -1.76 18.29 -1.80 17.83 —-1.92
0.5974 2144 —-1.73 2090 -—1.77 2044 —1.82 1991 -1.85 19.43 —-1.94 18.82 —-1.99 18.39 —2.07
0.7044 2214 —1.66 21.63 —1.69 21.18 -—1.75 20.6 —1.82 20.17 -—1.88 1959 -1.95 19.12 —-2.06
0.8027 23.09 -—1.29 2254 —1.38 22.13 -1.41 2154 —1.49 21.13 -1.55 20.60 -—1.61 20.15 -1.68
0.9088 24.37 —0.64 2385 —0.72 2344 —-0.77 2287 —0.82 2251 -0.85 22.06 —0.87 2160 —0.94
0.9530 2493 -0.34 2447 —0.36 2407 —-0.42 2353 -0.43 23.18 —-0.47 22.76  —0.47 22.37 —0.47

2-Butanol (1)+ Hexane (2)
0.0493 19.75 -0.11 19.16 -0.12 18.62 —0.15 18.11 —0.20 1752 -0.27 16.69 —0.33 16.33 —0.41
0.1057 19.84 —0.29 19.24 -0.32 18.7 —0.35 18.14 —-0.45 1753 —0.55 16.66 —0.68 16.26 —0.79
0.2083 20.00 -—0.62 19.36 -0.70 18.8 —0.77 18.21 —-0.90 17.62 —-1.00 16.81 —-1.11 16.41 —-1.21
0.3004 20.18 -—0.87 1952 —-0.99 1895 -—1.08 18.37 —-1.20 1782 -—-1.28 17.08 -1.36 16.70 —1.42
0.4002 20.43 -—1.10 19.77 -1.23 19.21 -1.33 18.67 —1.40 18.16 —1.46 1750 —1.50 17.13 —-154
0.4962 20.72 -—1.26 20.13 -1.35 19.60 -—1.42 19.09 -1.46 18.6 —1.52 18.01 -1.53 17.62 —1.58
0.5948 2110 -1.35 20.57 —1.39 20.13 —1.39 19.61 —1.44 19.18 —1.45 18.60 —1.50 18.22 —1.52
0.6968 21.64 —1.29 21.20 -1.26 20.76 —1.27 20.26 —1.30 19.84 -1.33 1933 -1.35 1892 -1.38
0.8018 2235 -—1.08 2190 -—1.08 2152 -1.04 21.04 -1.05 20.67 —1.05 20.18 —1.09 19.74 -1.14
0.8964 23.18 -—0.70 22.74 —0.70 22.34 —0.70 2188 —0.68 2152 —0.69 2112 —-0.68 20.73 —0.67
0.9492 23.73 —0.40 2331 -0.39 22.9 —0.40 22.43 —0.39 2211 -0.37 21.73 -0.37 2133 -0.36

of the pure compounds at work temperatures together with The surface tension deviations were correlated with temper-

literaturé8 values at 298.15 K are shown in Table 1. ature and composition by means of the following equdtion
The mixtures were prepared by mass using a Mettler H20T

balance. The estimated uncertainty in the mole fraction is

rp
i Ay =x(1 = x)) AT, —1) (2
111074 1 ;;, 02

Results and Discussion wherex; is the mole fraction of alcoholl is the temperature;

Surface tension deviationdyy, have been calculated from Ty is a reference temperatur& = 283.15 K; andA; are
experimental measurements of surface tension according to theadjustable parameters determined by the method of least-squares.

following equation The values of these parameters are given in Table 3 together
with the corresponding standard deviations.
Ay =y = Xy1 — X2 1) Surface tension deviation for all the studied mixtures presents
negative values in the whole range of compositions. The position
wherey is the surface tension of the mixture andandy; are of the minimum value of surface tension deviation for the
the mole fraction and surface tension of comporienéspec- mixtures containing ethanol or 1-butanol is displaced from the

tively. The values of surface tensions and surface tensionequimolar composition to a region richer in alcohol (6:6¢;
deviations are given in Table 2, and surface tension deviations < 0.7). In the case of mixtures formed by ethanol, surface
are graphically represented in Figures 1 to 3. tension deviations at 313.15 K are the largest ones in absolute
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Figure 3. Surface tension deviationdyy, of the mixture 2-butanol (1} 1-butanol (1)+ hexane (2); dotted line, 2-butanol (2) hexane (2).
hexane (2).

value, whereas for the mixture containing 2-butanol, absolute N°ticeable that for the mixture containing 2-butanol surface
values of surface tension deviation are the smallest. In general,{€nsion deviation for mole fractions of alcohol larger than 0.8
if the number of carbon atoms of the alcohol increases, the valuedepends very slightly on temperature. As we have mentioned
of surface tension deviation becomes less negative. An increase?efore, ourAy results for ethanol or 1-butanol with hexane at
of the ramification of the chain of the alcohol produces the same 298.15 K are in good agreement with those of the literature,
effect. For all the studied mixtures, when the temperature showing errors between our experimental data and the literature
increases, values of the surface tension deviation decreasegata of 0.4 % and 0.7 % for the mixture ethanot hexane,
becoming more negative. The effect of temperature is more whereas for the surface tensions of the mixture 1-butanol
perceptible for the mixture ethanot hexane. It is also hexane, the error between the two data is 0.9 %.
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Table 3. Parameters of Equation 2Aj, and Standard Deviations,s(Ao¢)
Aoo Ao Aoz Ao Aso Aqr Arz Ag3 Ao A1 Az Az s(Ao)

Ethanol (1)+ Hexane (2)
—5.2326 —2.7746 —2.8502 —3.7906 —0.1045 —0.1301 —0.0934 0.0203 0.0003 0.0029 0.0014 0.0014 0.01

1-Butanol (1)+ Hexane (2)
—6.4752 —4.5607 1.2298 2.8776 0.0006 —0.1082 —0.1861 —0.0431 —0.0014 0.0002 0.0023 0.0031 0.01

2-Butanol (1)+ Hexane (2)
—-5.1071 —2.1509 -0.2343 —1.3854 —0.0601 0.1858 0.0551 —0.2030 0.0007 —0.0037 —0.0042 0.0094 0.01

From the surface tension measurements, the entropy changehould be one of the main processes that occurs during the
and enthalpy change of surface formation per unit surface areasurface formation.
can be evaluated by applying

—_ (%
AS= (BT)Psz

Conclusions

(3) In this paper, surface tensions of binary mixtures of ethanol,
1-butanol, or 2-butanol with hexane have been experimentally
dy measured in the temperature range 283.15 K to 313.15 K. Their
AH=7y — T(ﬁ-) ) (4) corresponding surface tension deviations have been calculated
P and correlated. Using the temperature dependence of surface
. tensions, the entropy change and enthalpy change of surface
In Figures 4 and 5, the entropy change and enthalpy changegormation per unit area were evaluated at 298.15 K. We have
of surface formation of the studied mixtures at 298.15 K are gnpalyzed the results in terms of the molecular characteristics of
shown. The entropies and enthalpies of surface formation arei,q components of the mixtures, and we have concluded that
positive at qII temperatures over the whole composition range the Gipbs adsorption phenomenon should be one of the main
for all the mixtures. Results show that the shape of the entropy rgcesses that occurs during the surface formation, with hexane

change and enthalpy change of surface formation graphics ispeing the more surface active component of the studied mixtures.
almost the same for each mixture and at each temperature. At
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