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Characterization of Surfaces by Contact Angle Goniometry

—1. Contact Angle Measurement by Laser Beam Projection—

Chung Hee Park

HEZEH0| o3 EHe| S4AT
— 1. ol A4 ol 7 FE7e 2y~

78 B’ ]
(1991. 1. 17 ")

2 Ao e Ao A A9 FYL o)& AEAEAA T A=), o] A2 ui e HyY
g Fgal ohe} A Ao s ARE LY F52 IHolA = stationary, advancing 18] 3L
receding contact angle$ A143t3 A &3 AL 4 A st T}, 7k dlol A FAlo] At
A Ae] Aol B& E2}sle] tangent screend] ZAES A& ¥F boll FAoz e WAoo
SA9 Aol et "ok, olal £ Lol $9E $A2) Aol A4 Alole) AEE Yoo A
AHEe}, o] A2E 7|75 A48 Az, PMMA (Perspex-CQ) kol A9 &4 449 A5
3 AgezH Adsn Y A 2HYAL AFL + Yotk

ABSTRACT

Contact angle measuring device was developed in this laboratory using laser beam projec-
tion. The new method allows for rapid and direct determination of stationary, advancing, and
receding contact angles on both planar and nonplanar solid surfaces, including fibers with very
small diameters. A narrow laser beam impinges on an edge of an interface of liquid and solid.
This makes two projected laser beam lines upon and radiating from the center of a protractor
scale on a tangent screen. Contact angle is measured by determining the difference in angle on
the protractor scale between the two projected laser beam lines. Contact angles measured on
Perspex-CQ using this instrument were in agreement with the literature. it was shown that this
instrument provides a novel method for the facile and accurate measurement of contact angles.

[. INTRODUCTION

Among the many instruments available today, the
technique of contact angle goniometry is one of the
most useful tool to study soild surfaces which have
variable composition and properties. The advantage
of contact angle measurement is that this method

looks at the surface layer of less than 10 A, as tl
forces between molecules and the adsorbing surfa
exert only at the immediate area of contact. It
known that the major changes in the surface prc
erties of solids or liquids on the adsorption occ
within a monomolecular layer. Contact angle me
surement can tell surface hydrophilicity, surfa
structure, variance of surface properties and surfa
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larization, etc!?.
The measurement of contact angle is rather com-
icated, since true equilibrium angle is difficult to
easure. Usually the angle may be anywhere
stween two extremes, advancing contact angle and
ceding contact angle. Advancing contact angle is
ie maximum angle when the liquid is advancing.
eceding contact angle is the minimum angle when
1e liquid is receding. The difference between the
dvancing and the receding angle is called the
hysteresis” of the contact angle.

With some limits and difficulties, contact angle
1easurements are still useful to interpret the wet-
ing properties of solids, which is theoretically and
rractically very important in all phenomena involv-
ng interfacial physics and chemistry. Hence various
nethods have been employed for measuring the
:ontact angle, for example, the sessile drop method,
:aptive bubble method, capillary rise method, ver-
4cal plate, rod method, pendant drop method, drop
weight method and others.

All these methods described above give a relative-
ly good and useful information about the contact
angle in the solid-liquid-gas, or in the solid-liquid-
liquid system. However, they require that the obser-
ver determine the point of contact between the liquid
and the solid and fit the best tangent at that point.
This procedure can be highly subjective in the choice
of contact point by the person who decides the
contact angle and thus leads to a general lack of
precision found in these methods. In addition, these
methods are primarily applicable to smooth, planar
surfaces and are not generally useful when curved
surfaces such as lenses or fibers are encountered.
Especially the measurement of the contact angle
between very small drops on very small surfaces is
not applicable in these conventional methods.

Considering the problems described above, a new
method of contact angle measurement has been
developed in this laboratory. The advantages of this
new technique are: i) contact angle is directly pro-
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jected on the screen so that the contact angle does
not depend on the human decision. ii) It is directly
applicable to the measurement of the contact angle
between very small sized droplet on very small
surfaces. iii) It is useful not only on the planar sur-
faces but also on the curved surfaces as well. This
new technique allows for rapid and direct determina-
tion of stationary, advancing and receding contact
angles for systems in the sessile drop, bubble, ver-
ticall plate and rod, and tilted plate configurations.

iI. EXPERIMENTAL
1. Description of the Instrument

Contact angles were measured using the instru-
ment developed in this laboratory which is schemati-
cally shown in Figure. 1. All the optical components
that include laser, filter, sample stage, and screen are
mounted on an optical bench, which can be placed
exactly horizontally by adjusting its screws.

A He-Ne laser (Spectra physics Model 155) is used
as the source of a narrow beam of coherent light,
which is substantially parallel beam having a diver-
gence of up to 1 milliradian. It has a power of from
0.5 milliwatts to 1 watt and diameter of up to 2
millimeters.

The beam is passed through a filter to absorb heat
and through an aperture to narrow the beam diame-
ter. The beam then impinges on the point of contact
between the liquid and the solid sample placed on a
stage which can be adjusted in three ways, ie,
vertically, laterally, and can be rotated by 360°. Then
the beam is reflected from the solid surface and
liquid surface at the point of three-phase contact.
This makes two projected lines radiating from the
center of a protractor scale on a screen normal to the
solid surface: one beam originating from the solid
surface and the other originating from the liquid
surface. The contact angle, which is the angle differ-
ence between these two lines, is determined by a

protractor scale on a screen.
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Fig. 1. Schematic view of the instrument.

2. Procedure

PMMA (polymethylmethacrylate: Rerspex-CQ)
was purchased in a sheet form. These solid samples
were cleaned with detergent solution and thourough-
ly rinsed with deionized and distilled water, con-
ditioned in distilled water for 48 hours, and then
dried in the air. Sessile drop method was employed to
measure the contact angle. All the measurements
were done at room temperature and contact angles
were determined at least three times for one sample
and the average value was then determined.

The sample stage is first adjusted horizontally by
placing a water level on it, and the solid sample is
placed on the sample stage. The laser beam is
focused as a dot at the center of the protractor scale
on the screen. The stage is adjusted vertically such
that the impinging laser beam parallel to the solid
surface just grazes the surface of the solid sample,
thus resulting in a projected laser beam line origint-
ing from the solid surface and projected upon and
radiating from the center of the protractor scale. A
drop of distilled water is placed on the solid sample.
The sample stage is then adjusted horizontally such
that the impinging laser beam just grazes the inter-
face edge of the liquid drop with the solid surface.
This is evidenced by the appearance of a second
projected laser beam line originating from the inter-
face edge and projected upon and radiating from the
center of the protractor scale. The contact angle is

measured by determining the difference in angle on
the protractor scale between the two projected laser
beam lines. By the lateral adjustment of the horizon-
tal position of the sample stage, a stationary contact
angle measurement may be obtained from each side
of the liquid drop. The laser projection technique is
particularly adaptable to contact angle measure-
ments on fibers, since fibers of very narrow diame-
ters can be measured.

In a similar fashion, advancing and receding con-
tact angles may be measured using a sample stage
that allows 360° rotation. The liquid drop is placed
on the solid sample and the sample stage is rotated
manually such that the system is tilted. Measure-
ments are made on the lower (advancing) interface
edge and on the upper (receding) interface edge of
the liquid drop. The table is then rotated to greater
angles of tilt until the maximum advancing and the
minimum receding angles are observed. If the system
is tilted beyond this point, the liquid drop would flow
from the surface of the solid. Alternatively, the
advancing and receding angles may be determined
by observing the angle while increasing or decreas-
ing the size of the drop.

[II. RESULTS & DISCUSSION

This method can be used to determine the station-
ary, advancing, and receding contact angles for
solid-liquid-gas systems in the sessile drop, bubble,
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Fig. 2. Reflection of light beams from a horizontal liquid surface.

vertical plate, vertical rod and tilted plate configu-
rations.

Figures 2 and 3 show how the light beams are
projected normal to the surface onto the protractor
scale in screen. For example, the light beams reflect-
ed from the horizontal liquid surface are projected as
a vertical line onto the screen as can be seen in
Figure 2. Laser can be assumed as a bundle of light
beams although its diameter is very small. These
bundles of light beams will impinge around the sur-
face edge of the liquid on the plane normal to the
liquid surface, resulting in a vertical line on the
screen.

Also as shown in Figure 3, the light beams reflect-
ed from the vertical rod are projected as a horizontal
line on the screen. A bundle of light beams impinge
around the circumference of the vertical rod and
these series of reflections around the circumference
at the same height makes the horizontal line on a
screen.

For the case of a liquid drop on a flat solid surface,
the light beams reflected from the interface edge of
the liquid drop are projected onto the screen, making
a line normal to the edge of the liquid surface. This
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Fig. 3. Reflection of light beams from a vertical rod.

is shown in Figure 4. A bundle of light beams impin-
ge around the circumference of a liquid drop (i.e. a
circumference which passes through A and B in
Figure 4) and these series of reflections at the inter-
face edge on the circumference make the line AP’
which is normal to the surface that includes the line
TT”. The stationary contact angle is measured by
reading the difference in angle on the protractor
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Fig. 4. Reflection of light beams from a liquid drop on
a curved solid surface.

scale between the two projected lines A’'P’ and A'Q’.

Figure 5 illustrates how contact angle of a drop is
measured on a curved surface. The light beams
reflected from the curved surface which is in contact
with the edge of the liquid drop are projected as the
line A’Q’ on the screen. Also the projection of the
light beams reflected from the edge of the liquid drop
will make the line A’P’, and contact angle is deter-
mined as the angle between A’Q” and A'P".

Employing the apparatus, a stationary contact
angle of 76’ was measured on Perspex-CQ with a
distilied water drop at room temperature. This value
is in agreement with the literature®. An advancing
contact angle of 87 and a receding contact angle of
47° were obtained on Perspex-CQ. These values also
compare favorably to those cited in the literature®.

1t is shown that this instrument provides a direct
and precise method to measure contact angles which
does not depend on the human decision. This also
provides a simple, inexpensive, and nondestructive
method since only small amount of solid sample is
required and its properties are not changed after
having been used for this measurement.
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Fig. 5. Reflection of light beams from a liquid drop on
a flat solid surface.

IV. CONCLUSION

Employing the new instrument which measures
contact angle by laser beam projection, contact
angles could be determined directly from the pro-
tractor scale on the screen. A stationary contact
angle of 76° was measured on Perspex-CQ. An advan-
cing contact angle of 87° and a receding contact
angle of 47° were obtained. These values were in
agreement with the literature. Therefore, it can be
concluded that this new instrument can be a useful
method to measure contact angles without depend-
ing on the human decision and thus provides a direct,
simple, and precise method to study interfacial phe-

nomena.
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