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Application note 17

Calculation of a new reference liquid by measurement on a known solid surface

Task

From the contact angle of a liquid on a purely
dispersive solid surface, the unknown polar and
dispersive contributions are to be determined.

Method

The following steps show the equations and
conditions required to determine the surface
tension and its polar and dispersive contribu-
tions of a reference liquid.

1. Required is a known solid with a purely disper-
sive surface free energy, from which results:

Og = Gg (1)

2. The surface tension of the liquid can be deter-
mined with a pendant drop or with contact an-
gles. The dispersive and polar contributions,
however, still remain unknown. The surface free
energy is divided into polar and dispersive con-
tributions according to Owens-Wendt:

o, =of +cof (2)

3. The calculation of the dispersive contribution
of the surface free energy from the measured
contact angle towards the reference solid sur-
face is made as follows:
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4. The polar contribution of the new reference

liquid is calculated as the difference to the total
surface free energy.

(3)

of =o, -0 (4)

5. The reference solid surface has a surface free
energy with a standard deviation, which is calcu-
lated as follows:

og =08 t Aoy’ (5)

The standard deviation of the polar contribution
can be determined as follows:

Ao} = \/(AGL )2 - (Acsf_j )2 (6)
From (5) and (6) in (4), there results:

ot (a0, + (4t = (o, 80,) ot #20f) 1)

The standard deviation of the dispersive contri-
bution can be derived from the above equation.
For this purpose, the contact angle ® must be
entered in rad.



Results

An example from literature [1] is calculated by
means of an Excel sheet. The purely dispersive
solid surface has a surface free energy of 24.6 +
1.2 mN/m.. The surface tension of the liquid is
44.8 + 0.4 mN/m. Here, the contact angle of the
liquid was 76.0 + 2.1°. The standard deviations of
the measuring results, unless stated in literature,
were estimated.

By the example of an Excel sheet, the surface
free energies could be calculated. Fig. 2 shows
such a data sheet.

The result of this calculation is a polar contribu-
tion of the surface free energy of 13.34 mN/m
and a dispersive contribution of 31.46 mN/m. The
calculation of the standard deviation in both
cases was approx. £ 2.4 mN/m.

Calculation of the polar and dispersive contributions of the surface free energy from contact angle meas-

urements towards a non-polar solid surface

SFT in mN/m + SFT in mN/m (SD)
Solid dispersive contributi- 2460 196
on
polar contribution: - -
Sum SFT: 24.60 1.20
Contact angle CAin°® 76.00 2.10
in rad 1.32645 0.0367
Test liquid Sum SFT: 44.80 0.40
dispersive contribu-
tion: 31.46 2.43
polar contribution: 13.34 2.46
Fig. 2 Excel data sheet
Summary Literature

It could be shown that by means of the contact
angle measurement of a test liquid on a purely
dispersive solid surface, with an Excel data sheet
the polar and dispersive contributions could be
calculated. Moreover, the standard deviation of
the polar and dispersive contributions could be
calculated from the standard deviations of the
data.
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