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Surface Tension Data of Aqueous Binary Mixtures of Methyl, Ethyl, Propyl, and

Butyl Acetates at 298.15 K
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Surface tension of agueous solutions of aliphatic esters (methyl, ethyl, propyl, and butyl acetate) were
determined at a temperature of 298.15 K and atmospheric pressure over the mole fraction range reaching
the solubility limit in the agueous phase. The discussion of results examines the influence of the size of the
ester hydrocarbon chain on the surface tension. Experimental results have been analyzed using the Langmuir
model, and the ability of the Langmuir equation to describe the concentration dependence of surface tension

has been tested.

Introduction

Thermodynamic properties of aqueous solutions of aliphatic
esters are of considerable theoretical and practical interest, and
they have been widely analyzed, especially in the case of methyl,
ethyl, and butyl acetates.

Methy| acetate and ethyl acetate are organic compounds with
a characteristic sweet smell like certain glues or nail polish
removers, in which they are used. Propyl acetate and butyl
acetate are known by their characteristic odors of pear and
banana, respectively. Knowledge of the surface tensions of
aqueous systems containing aliphatic estersis essential in many
fields because these compounds are used as solventsin different
applications, in chemical reactions, extractive processes, and
aso as aflavor enhancer in foods. Surface tension measurement
is simple and precise and is helpful in understanding and
interpreting the nature of interaction between the molecules of
the mixtures.

Surface tensions, o, for the binary systems {methyl, ethyl,
propyl, or butyl acetate + water} were measured at 298.15 K
under atmospheric pressure, over the short mole fraction range
where the aliphatic esters are soluble in water. Literature
concerning this physical property is scarce and, in some cases,
very outdated. The discussion of results examines the influence
of the size of the ester hydrocarbon chain on surface tension.
In addition, the Langmuir model was used to analyze the surface
tension behavior. This phenomenological model has two adjust-
able parameters with clear physical significance, one represent-
ing the lyophobicity of the solvent relative to the water and the
other containing information about the maximum surface
concentration of the surface active compound.

Experimental Section

The organic compounds used were typically of the highest
purity-grade commercially available, and no further purification

* To whom correspondence should be addressed. E-mail: jgraciaf @
servidor.unam.mx; fax: 52 55 56162010. E-mail: afredo.amigo@usc.es;
fax: 34 981520676.

was carried out. The name, CAS Registry Number, origin, and
purity of compounds are shown in Table 1, together with the
experimental surface tensions and values reported by other
authors.~** As can be observed, the measurements obtained
coincide well with literature values. The measured water surface
tension at 298.15 K was 71.57 mN-m™?, while density was
determined as p = 997.048 kg-m~3. Liquid mixtures were
prepared by mass in airtight stoppered bottles, bearing in mind
the vapor pressures of the components when establishing the
filling sequence. The mole fraction uncertainty was estimated
as< 11074

Surface tensions of the pure liquids and their mixtures at the
liquid—vapor interface were measured using a Lauda TVT2
automated tensiometer based on the pending drop volume
principle. This technique consists of measuring the volume of
a drop detaching from a capillary with a circular cross section.
The detailed instrumentation design for the preceding model
TVT1 which, as concerns the measuring device, differs from
the TVT2 only in the unit control, has been described in a
previous paper'? also addressing the procedure and the handling
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Figure 1. Plot of surface pressures 7 at 298.15 K for {(x) aliphatic ester +
(1 — x) water} mixtures. ¢, methyl acetate; O, ethyl acetate; A, propyl
acetate; O, butyl acetate.
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Table 1. Source, Purity, Surface Tension (¢°), and Surface Pressure () of Pure Liquids at the Temperature 298.15 K (Otherwise I ndicated)

this work literature
CAS Registry No. source purity o® (MN-m™) 7% (MN-m™%) o® (MN-m™?) method
water 71.57 71.35" drop volume
71.80°
71.84° Du Noily ring
71.95% Du Notly ring
methyl acetate [79-20-9] Sigma-Aldrich 0.99 24.79 46.78 21.92652 drop weight
24.10°
24.58%°
25.2315¢ drop weight
ethyl acetate [141-78-6] JT. Baker 0.9987 23.93 47.64 22,5524
23.70* Du Notly ring
23.75%°
23.827 capillarity
propy! acetate [109-60-4] Sigma-Aldrich 0.995 24.22 43.35 23.10%¢
23.918 pendant drop
23.99° pendant drop
24.28%°
butyl acetate [123-86-4] Sigma-Aldrich 0.995 24.91 46.66 23.29:;d Du Noily ring
23.98~
24,30 capillarity
24.89° pendant drop
25,092

aMeasured at T = 307.35 K. P Measured at T = 293.15 K. ¢ Measured at T = 283.15 K. 9 Measured at T = 303.15 K.

Table 2. Experimental Surface Tension (¢), Surface Pressure (), and Reduced Surface Pressure (%) for the Binary Aqueous Mixtures

g JT o JT
X mN-m~* mN-m~* a* X mN-m~* mN-m~* a*
Methyl Acetate (x) + Water (1 — X)
0 7157 0 0 0.0214 46.68 24.89 0.53
0.0040 61.87 9.70 0.21 0.0245 44.35 27.22 0.58
0.0047 60.57 11.00 0.24 0.0290 42.63 28.94 0.62
0.0056 59.67 11.90 0.25 0.0341 40.26 3131 0.67
0.0069 57.62 13.95 0.30 0.0433 36.64 34.93 0.75
0.0093 54.72 16.85 0.36 0.0523 33.49 38.08 0.81
0.0115 53.25 18.32 0.39 0.0586 31.61 39.96 0.85
0.0147 49.91 21.66 0.46 0.0702 29.12 42.45 0.91
0.0183 48.18 23.39 0.50 1 24.79 46.78 1
Ethyl Acetate (x) + Water (1 — x)
0 71.57 0 0 0.0044 51.16 20.42 0.43
0.0011 62.08 9.49 0.20 0.0054 48.98 22.59 0.47
0.0013 60.95 10.62 0.22 0.0061 47.92 23.65 0.50
0.0014 60.43 11.14 0.23 0.0080 44.22 27.35 0.57
0.0017 59.33 12.24 0.26 0.0089 4331 28.26 0.59
0.0018 58.80 12.77 0.27 0.0118 41.37 30.20 0.63
0.0025 56.64 14.93 0.31 0.0141 38.97 32.60 0.68
0.0033 54.17 17.41 0.37 1 23.93 47.64 1
Propyl Acetate (x) + Water (1 — x)
0 7157 0 0 0.00104 53.70 17.87 0.38
0.00017 65.86 571 0.12 0.00114 53.49 18.08 0.38
0.00023 64.54 7.03 0.15 0.00116 53.22 18.35 0.39
0.00031 62.64 8.93 0.19 0.00142 50.93 20.64 0.44
0.00031 63.23 8.34 0.18 0.00142 51.11 20.46 0.43
0.00038 61.64 9.93 021 0.00158 49.17 22.40 0.47
0.00041 61.43 10.14 021 0.00159 49.30 22.27 0.47
0.00049 60.29 11.28 0.24 0.00208 46.76 24.81 0.52
0.00052 59.40 12.17 0.26 0.00239 45.44 26.13 0.55
0.00057 59.02 12.55 0.27 0.00318 42.65 28.92 0.61
0.00071 57.47 14.10 0.30 0.00355 41.31 30.26 0.64
0.00074 56.94 14.63 0.31 0.00367 40.63 30.94 0.65
0.00083 56.17 1541 0.33 0.00380 40.55 31.02 0.66
0.00103 54.38 17.19 0.36 1 24.22 47.35 1
Butyl Acetate () + Water (1 — x)
0 7157 0 0 2.16-1074 57.50 14.07 0.30
7.97-10°° 63.74 7.83 0.17 2.74-107* 55.53 16.04 0.34
7.99-10°° 64.49 7.08 0.15 3.43-10* 53.31 18.26 0.39
8.76-107° 63.71 7.86 0.17 4.39-10 51.12 20.45 0.44
8.81-10°° 64.30 727 0.16 5.36-10*4 49.09 22.48 0.48
1.04-107* 62.60 8.97 0.19 6.70-107* 46.90 24.67 0.53
1.24-107* 61.81 9.76 0.21 7.54-107* 4557 26.00 0.56
1.31-10 61.47 10.10 0.22 8.10-10* 44.42 27.15 0.58
1.42-107* 61.15 10.42 0.22 9.33-10* 43.10 28.47 0.61
1.73-10™* 59.30 12.27 0.26 1 24.91 46.66 1
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Figure 2. Comparison of surface tension measurements with literature values
at 298.15 K: (a) {(x) ethyl acetate + (1 — x) water}. W, this work; O, ref
14, T=293.15K; x, ref 4. (b) {(x) butyl acetate + (1 — x) water}. W, this
work; A, ref 11.
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of data. The experimental technique used consists of a hermeti-
caly seadled cell alowing for the attainment of a saturated
atmosphere and preventing solute loss at the concentrated
surface. The temperature of the measurement cell was controlled
within 0.01 K by awater thermostat. The uncertainty obtained
in o values was less than 0.04 mN-m™2.

Results and Discussion

Table 2 contains the experimental surface tension at 298.15
K in terms of the ester mole fraction. We have included the
surface pressure values in this table (7 = oywae — 0) and the
reduced surface pressures (7* = 7/(Cwaer — Oester) = 7I7O).
Figure 1 shows the plot of surface pressures against the aliphatic
ester mole fraction for the mixtures analyzed in this work. The
surface tension for al of the mixtures studied decreases as
the ester concentration increases. This trend was nonlinear, as
the change in surface tension caused by a change in ester
concentration was larger at low concentrations than at high ones.
It is important to note that the water solubility of the estersis
quite low and decreases as the hydrocarbon chain increases.

The o values obtained by Belton'® for { methyl acetate +
water} and by Bigelow and Washburn®* and Habrdova et al.*
for {ethyl acetate + water} coincide with our experimental
values. The values obtained by Washburn and Shildneck™* for
{butyl acetate + water} show much larger deviations as shown
in Figure 2. In contrast with the experimental data of Washburn
and Shildneck (1933) for butyl acetate and Belton’s data (1940)
for methyl acetate, the experimental data reported in this work
are distributed along the entire available composition interval,
limited by the miscibility of the systems. Moreover, a higher
density of points in the diluted regions was achieved.
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Figure 3. Experimental reduced surface pressures z* at 298.15 K for {(x) aiphatic ester + (1 — x) water} mixtures. (a) Methyl acetate. (b) Ethyl acetate.
(c) Propyl acetate. (d) Butyl acetate. Solid lines stand for the fit to Langmuir eq 2. Dotted lines separate the one- and two-phase regions; the region to the

right is the two-phase region.
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Table 3. Langmuir Parameters Obtained from a* Versus x Regressions: Compressibility Factor (Z, = 2% RT), Hydrophobic Parameter (8),

and In(x* /X)x—o

Z5' = T RT/° + TRT (MN-m™Y) Z B + In(* M) -0 = IN(Z5P)
methyl acetate 0.327 0.008 15.297 3.06 200 10 418
ethyl acetate 0.241 0.005 11.481 415 1130 60 5.61
propyl acetate 0.250 0.004 11.838 4.00 3400 100 6.75
butyl acetate 0.260 0.004 12.120 3.85 10100 310 7.87

Table 4. Surface Tension of the Saturated Aqueous Phase (o) and
Prediction of I1ts Composition (xs) at 298.15 K with the Langmuir
Equation

Osat Tlsat
mN-m™?  mN‘m™? 7' Xelag Xezt it
methy| acetate 28.42 43.15 0.92 0.0790 0.07312
ethyl acetate 35.99 35.58 0.75 0.0187  0.0158Y
0.0163%
0.0176°
propy! acetate 38.45 33.12 0.70 0.0045  0.0038%
0.00412
butyl acetate 43.12 28.45 0.61 0.00094 0.00090%
0.000995*8
0.0011?

The Langmuir model*>® was applied to these mixtures to
interpret the results obtained. Briefly, the Langmuir isotherm
in fluid—fluid interfaces, coupled with the Gibbs equation, leads
to

_ X (dm\ _ pBXx
0 I“SRT( dX)T 1+ px @
where 0 is the surface coverage (6 = I'/T), T is the Gibbsian
surface concentration, I’y is the saturation surface concentration,
7 isthe surface pressure, R is the gas constant, T is the absolute
temperature, X is the bulk concentration in mole fraction for
the surface-active solute, and S is equivalent to the Henry
constant in two dimensions and is a measure of the lyophaobicity
of the solute relative to the water.
The integral form of eq 1 leads to the corresponding surface
equation of state

I RT
JIO

#=TRTInA+ px) or =*= In(1 + px) =

Z'In(L + Y (2)

Table 3 shows the values of parameters Z;* and 3 obtained after
fitting the experimental values of surface tension to the above
equation. The value of parameter 3 increases as the hydrocarbon
chain of the ester increases, implying that the lyophobicity of
the apliphatic ester increases with the C-atom count. Parameter
Z, represents the bidimensional compressibility coefficient and
is nearly constant for ethyl, propyl, and butyl acetates, being
dlightly smaller for the first member of the homologous family.
In Figure 3, the fitting curves corresponding to the systems
{methyl, ethyl, propyl, and butyl acetate + water} are included
as an example of the ability of the Langmuir model to describe
the surface tension behavior of thiskind of binary mixture. We
have aso determined the surface tensions of the saturated
aqueous phase for these binary mixtures. The saturated water-
aliphatic ester solutions, in two phases, were prepared in a
separating funnel and shaken vigorously to ensure a thorough
mixture. The solutions were placed in a water thermostat (at
298.15 K) for approximately 24 h to ensure that the equilibrium
between the two phases was reached before surface tension

measurements in the water-rich phase were taken. The saturated
surface tension values and the corresponding compositions,
caculated by using eq 2, are summarized in Table 4. The
literature values®>1"*8 coincide with those calculated using the
Langmuir equation.
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