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Abstract

The correlation of reduced surface tensigp versus reduced temperatufg which produces family of linear curves is investigated
for universality. Each curve is characterized by the reduced temperature #figgxvhich is included inT;. The correlation is based on
phenomenological scaling law and consideration of law of corresponding states. The reduced tenifigrstated distance from the boiling
temperaturdy, has the practical advantage of being independent of critical temperature. The correlation is highly accurate when applied to
10 classes of non-polar, slightly polar, polar, and weak electrolyte liquid hydrocarbons. The slopes of linear curves of each class of liquids
at givenT;! ,.’s are rather constant and a universal regularity among all liquid is very likely, however small differences identify three classes
of non-polar, slightly polar, and polar plus weak electrolytes. Consideration of the pervious application to molten alkali halides, molten salts,
and molten metals, and considering that the reduced surface ewstrogy(do?./97T) is rather constant for all liquid tested, strengthen the
idea thav} ~T¢, correlation is likely universal.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction correlated with many physical properties, for both predic-
tion and validation of theories of interface. Relationship
Surface tension is an important property where wetting, involving the melting point, molar volume, and heat of
penetration, foaming, or droplet formation of a liquid is vaporization are the most meaningfél. For best applica-
considered, and where environmental profile is encounteredtion correlations based on the law of corresponding states
[1,2]. Values of gas-liquid interfacial tension are used in have been established and thus, the applicability becomes
studying of liquid—liquid and liquid—solid interfaces, as universal[7].
well as the design of fractionators, absorbers, separators, The correlation of surface tension with temperature, given
two-phase pipeline, and in reservoir design calculations by van der Waals and then developed by Guggenh&im
[1]. It is also a parameter required for drug formulation as o =o0o(1—T;)™, requires knowledge of the substance-
and drug product desigf3,4]. Surface tension, among dependent constast, and the critical temperatufie, where
other physical and thermodynamic properties of liquids, is o is the surface tensiof, the absolute temperature, and the
a basis for practical and theoretical modeling of the liquid reduced temperatuiie =T/T.. The constanihas universal-
state of matterd5]. It varies with temperature linearly ity and its reported values are in the range 18§ which
and vanishes non-linearly close to critical poid where are different from the theoretical values of 1[2§. Further
the interface fades out. Although surface tension can bewaorks have progressed to expregsn terms ofTg, the criti-
measured accurately by experimental methods, it has beercal pressur®., and a substance-dependent constant in terms
of boiling temperatur§l0].
* Corresponding author. Fax: +98 711 228 6008. Based on phenomenological scaling, Lielmezs and
E-mail addressghatee@sun01.susc.ac.ir (M.H. Ghatee). Herrick [8] have presented a correlation as a single linear
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curve in the form of corresponding states, applicable to a as a function of
wide range of atomic, spherical, alkanes, and slightly polar . To—T T o \"
sc — T ot

organic liquids. This correlation and its modified fofb] T T

have been applied to molten met#fis11], while requiring b~ I

T. and predicts surface tension within 15% for molten metals whereo is the surface tensiom,a constant valu€el; andoy

[11], and within 14% of experimental values of atomic and the absolute temperature and surface tension at the freezing
molecular normal fluidg8]. This and similar correlations  point, respectively, and is the absolute temperature at the
result in the corresponding states of surface tension in termsboiling point. The fact that correlatiarf. with 7¢; (is referred

of temperature scaled distance frdin One of the present  to asoi T4, hereafter) is independent of the critical temper-
author has presented a reasonably accurate modified formedéture makes it of special interest for practical application.
of the above correlation in which surface tension is given The first application to molten alkali halides indicates that

)

as function of temperature scaled distance from boiling
temperaturd5], and thus, it has found practical application
for the fact that it is independent of critical temperature. It is
applicable to molten alkali metals over a wide range of tem-
perature with maximum average deviation of 2.4{%} and
to molten alkali halides with maximum average deviation
of 7.5%[6].

In the present study, we investigate the featuregefly,
correlation for universality by considering different classes
of liquid hydrocarbons from non-polar to slightly polar and

osT& is highly accurate, with linear correlation coefficient
(LCC) between 0.9992 and 0.9998. Each curve of the family
of curves is indexed by

X _|:Tb—T:|
index — | oo

Th — Ti
involved in Tg. In Egs.(1) and (2), n is a constant equal
to 4.0. Withn=0, 0T is reduced to the previous -T"
correlation[5], in which no indexing was applicable and
only a single curve is produced. When molten alkali halides

3)

weak electrolytes. These hydrocarbons are of importance asare treated witls"—T" correlation, a single linear curve with

solvent and as the building block of industrial products, bio-
chemical, and biological systerfie2,13] The results of this
study and the previous results of application to important
materials of engineering type are used to qualify the univer-
sality.

2. Surface tension regularity

Based on phenomenological scaling |81, and consid-

eration of law of corresponding states, relations have been
presented for surface tension, which are mainly aimed to cor-

relate surface tension in terms of physical properties of fluid

LCC=0.9906 is produced, below the limit for considering
a curve satisfactorily linear. Therefore, i@l —T¢,, the high
accuracy is gained by includirig, ., in the definition ofrg,
and thus, it is the key point for producing a quite accurate
universal relationship. Since the form 8§, is rather com-
plex, it worth mentioning thatl, = To(Tihgex 0: 0. 1 =
4.0) equally clarify the physical structure @t as 7Tg. =
Te(T, o; Tz, ot, Tp, n = 4.0) does. However, the former has
a special feature presented in particular, leading to simple
procedure for the construction ef—Tg correlation.

While the accuracy is excellent, the critical temperature is
excluded and this makeg T preferential over the coun-
terpart correlations. This is of practical interest for both pre-

bulk. The accuracy of these correlations has been noted by aliction and validation of theory of interface when the organic

number of applications to normal liquid$4], molten salts
[15], and molten metald.6]. A reasonably accurate modified
form of the above correlation in which the reduced sur-
face tensiow” = (o/T)(o1/Ts) is given as function of reduced
temperaturd” =[(T, — T)/(Tp — T5)](T¢/ T) (scaled distance

liquids with highT,, susceptible to decomposition at high,
are involved.

Empirically, we have found that the value 4.0 is an exact
lower limit of n for molten alkali halide$6]. This has been
the case for the subsequent reported applicatibis16]

from boiling point) has been presented, where subscripts band a higher limit cannot be specifi¢é]. For n>4.0, the

and f stand for boiling and freezing points, respectively. It has
found practical applications for the fact that it is independent
of critical temperature. The correlationsfwith T" resultsin

a single curve from freezing point to boiling point. Following

linear behavior persists but the accuracy will be decreased,
as indicated by decreasing LCC.

successful applications, it has been argued that since surfac&. Results and discussion

tension is a measure of intermolecular interaction potential

should not have necessarily the same weighting asich

The correlatiorv T4 has been applied to molten alkali

is a measure of thermal energy. Consistence with these theohalides [6], alkanes[14], molten salts[15], and molten

ries, then we have found empirically a new regularity for the
surface tension in which a family of linear functionals were
produced by6],

+1
O—* _ g n B
sC of T

)

metals[16]. (See the notes in Reffl4] and[16].) In this
study, we investigate to demonstrate its application as a
universal correlation. To achieve this, we have selected 10
sets of organic liquid of different polarity. The liquids and
their physical properties are listed Table 1. The liquids
involved are mainly long chain hydrocarbons and their
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