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A new approach to contact angle measurement
and effects of evaporation on the contact angle
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The solid material’s wettability behavior is determined by the contact angle value. The wettability of materials is critical in the coating,
lubricating, and insulating industries. In high-tech industries including corrosion resistance, water-oil separation, medical material produc-
tion, implant technology, and friction reduction, the contact angle is very important. A new method called the full angle method was used
to measure the contact angle and compared with current methods. The wettability behavior of plexiglass, which is employed in a variety of
applications ranging from lighting to decorating, and industrial designs to accessory production, was explored in this study. The measure-
ment of the contact angle was done by dropping 1.8 M (molar) of saltwater over the plexiglass materials. In order to examine the effect of
evaporation on the contact angle, changes in contact angle, height and baseline were investigated depending on the waiting time.
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1. Introduction

Measurement has emerged with the existence of human be-
ings. At every stage of life, the concept of measurement con-
tinues to develop and maintain its importance. The wettabil-
ity behavior of the materials is determined by making mea-
surements. The absorption or pushing of liquid on solid ma-
terials is related to the wettability behavior. Hydrophobic and
hydrophilic behavior occurs according to the value of the an-
gle formed by the liquid, solid and air environments on the
material, which is called the contact angle. In hydrophilic
materials, the liquid wets the surface it contacts well, while
in hydrophobic materials, the liquid is pushed by the surface
it contacts. Surfaces with a contact angle of fewer than 90
degrees are considered hydrophilic and surface greater than
90 degrees are considered hydrophobic. Wettability behav-
ior is of great importance in the design and production of any
product with solid materials. The contact angle, which occurs
when solids are wetted by liquids, has an important place in
many application areas such as lubrication, coating, printing,
waterproofing and detergent [1,2]. A wide range of applica-
tions has emerged, from materials such as self-cleaning glass
by controlling wettability to high-tech areas such as microflu-
idic control, corrosion resistance, water-oil separation, medi-
cal material production, implant dental technology [3-7]. Re-
searchers are working on increasing the wettability in order to
ensure that the denture material can be better adhered to in the
mouth. However, optical technology is one of the areas where
wettability is widely used [8,9]. In addition, applications are
made in various engineering fields such as biomaterials, con-
struction materials, anti-corrosion coatings and implant tech-
nology [10-13]. The contact angle is the most important con-
cept in determining the wettability behavior [14,15]. When
the liquid is dripped onto the material, the liquid molecules

pulled each other in the droplet. Liquid molecules on the
solid surface are pulled only by solid molecules. This is
because the potential energies of the surface molecules are
lower than those of the molecules in the droplet. As a result,
the molecules on the surface of the liquid form a denser layer.
In this situation, the droplet takes the shape of a sphere with
the contribution of gravity and open air pressure. Surface
analysis researchers have done various technical and system
development studies regarding standard contact angle and
wettability [16-18]. Many techniques have been developed
over the years. However, among these, Wilhelmy balance
tensiometry (WBT) and contact angle goniometry have be-
come standard methods and have gained a great reputation.
Goniometers are systems that record and automatically ana-
lyze drop images in contact angle measurement experiments.
Measurement with a goniometer is one of the most widely
used contact angle measurement techniques. It measures the
tangential angle formed at the three-phase contact point of a
fixed drop [19]. The first commercial contact angle goniome-
ter was designed and made by W.A. Zisman. Today, with
the development of image processing and computer technol-
ogy, goniometers have become very advanced and have be-
come more sensitive and able to make measurements with
very low error rates. In this study, a system was developed
for contact angle measurement. Contact angle measurements
were made with the system consisting of hardware and soft-
ware. A new method called the full angle method was used
for contact angle measurement. The wettability of the plex-
iglass material, which is widely used in the industry, with
salt water was investigated. Approximately 20 microliters of
1.8 molar saline were dropped onto the plexiglass material.
Measurements were made every minute after drop. Measure-
ments were made 5 times and averaged. The contact angle,
height, and baseline of the drop were measured. Information
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about the wettability behavior of the plexiglass material with
salt water was obtained.

2. Wettability behavior and contact angle

In 1805 Young found the relationship between the contact an-
gle and the surface free energy of the solid. Young’s studies
form the basis of the studies on the wettability behavior of
materials [20]. The contact angle is the angle formed by the
materials in the solid, liquid and gas phases together with the
effect of gravity. The magnitude of this angle depends on
the size of the attraction forces between the molecules of the
liquid (cohesion forces) and the attraction forces between the
liquid and solid (adhesion forces). In addition, the gravita-
tional force of the environment and the open-air pressure are
the parameters affecting the contact angle. Fig. 1 shows the
forces acting on the droplet and the contact angle.

In the calculation of contact angles, methods such as tan-
gential method, Young-Laplace method, half-angle, ellipse
and polynomial methods are used. In this study, a new con-
tact angle measurement method called the full angle method
(FAM) was used. In addition, measurements were made with
the half-angle method in order to make comparisons. In the
half-angle method, when the heighth formed by the drop on
the solid surface and the base radius of the dropr is taken the

FIGURE 1. Schematic representation of the formation of spherical
droplets with surface tensions.

FIGURE 2. Schematic representation with theθ/2 method for con-
tact angle measurement.

contact angle can be calculated as shown in Eq. (1) [21]. A
schematic representation of the measurement of the contact
angle with the half-angle method is given in Fig. 2.

θ = 2 tan−1

(
h

r

)
, (1)

2.1. New method (full angle method (FAM))

The schematic representation of the method we call the Full
Angle Method (FAM) is given in Fig. 3.

Using the points.
Line equation passing through the pointsA(x1, y1),

B(x2, y2) andC(x3, y3).
length of line segment AB;

|AB| =
√

(x2 − x1)2 + (y2 − y1)2, (2)

Line equation passing through the pointsB(x2, y2) and
C(x3, y3)

(y3 − y2)
(x3 − x2)

=
(y − y3)
(x− x3)

, (3)

using the expression

a.x + b.y + c = 0, (4)

obtained. Using the expression of the distance of a point
A(x1, y1) to a line;

h = |AK| = |a.x1 + b.y1 + c|√
(a2 + b2)

, (5)

obtained. After calculating the length AB and AK,

θ = sin−1

( |AK|
|AB|

)
, (6)

angle value is found. The calculated angle indicates the con-
tact angle value. When the contact angle value is greater than
90◦, the Θ◦ value found by the FAM method is subtracted
from 180◦ to obtain the contact angle value. Contact angle
measurements were made with the computer program pre-
pared using Eqs. (2-6). The realized contact angle measure-

FIGURE 3. Schematic representation of the FAM.
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FIGURE 4. Schematic representation of Cassie-Baxter and Wenzel models.

FIGURE 5. Schematic of contact angle measurement system.

ment system and program is very easy and practical. The
most important point to be considered while measuring is to
obtain the image of the drop on the surface and to determine
the measurement points precisely. Determining the droplet’s
contact point with the solid surface is the most critical point
of the measurement. The development of image acquisition
technologies increases the quality of the images obtained.

2.2. Wettability behavior

Young’s equation is used to study the wetting behavior of
smooth solid surfaces. Two different wetting models are
preferred, Wenzel (homogeneous wetting) and Cassie-Baxter
(heterogeneous wetting) for wetting a rough surface [22].
The liquid is assumed to completely wet the rough solid sur-
face in the Wenzel model. The roughness increases the wet-
ting property of the solid surface. The Cassie-Baxter model
is preferred with inhomogeneous rough solid surfaces. It is
assumed that the air is trapped by the liquid in the valleys
between the surface roughness in this model. A schematic
representation of Cassie - Baxter and Wenzel models is given
in Fig. 4. Cassie - Baxter model gives much more suitable
results for real systems than Wenzel model.

3. Contact angle measurement system

A measuring system was made for contact angle measure-
ments. It has been made at very affordable prices compared

to the measurement systems sold in the market. The measure-
ment system consists of software and hardware [23]. The me-
chanical parts of the hardware were made using a 3D printer
The schematic of the contact angle measurement system is
given in Fig. 5.

The use of the system and image analysis are performed
in the software section. A clear image of the droplet is taken
with the using of a digital microscope. Thanks to the pre-
pared software, contact angle values are calculated and the
desired reports are obtained. The user interface of the contact
angle measurement system is shown in Fig. 6.

4. Experimental results

A measuring system was made for contact angle measure-
ments. It has been made at very affordable prices compared
to the measurement systems sold in the market. The measure-
ment system consists of software and hardware [23]. The me-
chanical parts of the hardware were made using a 3D printer
The schematic of the contact angle measurement system is
given in Fig. 5. Images can be taken from the drop left on
the solid surface at choosing time period with the help of the
prepared interface. First of all, the identity information about
the experiment is entered into the interface. One of the FAM
or HAM methods should be selected for the measurement.
When the droplet image is displayed on the screen, necessary
actions must be taken for measurement by using the point se-
lection, calculation and image processing buttons. The out-
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TABLE I. Measured and averaged contact angle (FAM), Contact
angle (HAM), baseline and height values.

Contact Contact

Wait angle angle Baseline Height

(min) (FAM) (HAM) (mm) (mm)

1 61.658 61.308 4.959 1.429

2 59.964 59.624 4.976 1.412

3 57.149 57.158 4.976 1.429

4 57.689 57.425 4.959 1.377

5 57.470 57.236 4.941 1.384

6 57.046 57.356 4.941 1.359

7 57.347 57.448 4.941 1.323

8 55.946 55.678 4.956 1.294

9 50.853 51.124 4.955 1.283

10 51.494 51.568 4.956 1.264

11 48.337 48.115 4.941 1.249

12 48.232 48.246 4.941 1.210

13 47.403 47.367 4.953 1.197

14 46.408 46.589 4.941 1.165

15 44.446 44.348 4.953 1.153

16 44.027 43.988 4.929 1.146

17 43.140 43.134 4.925 1.127

18 43.191 43.240 4.929 1.129

19 43.365 43.459 4.945 1.135

20 43.147 43.042 4.931 1.109

21 42.961 43.118 4.928 1.088

22 41.404 41.218 4.916 1.063

23 41.181 40.985 4.904 1.082

24 39.907 39.766 4.900 1.039

25 40.201 40.357 4.895 1.037

26 39.067 39.324 4.894 1.017

27 38.828 38.824 4.872 1.010

28 38.369 38.198 4.864 0.983

29 38.865 38.988 4.842 0.982

30 38.210 38.204 4.814 0.986

31 38.684 38.534 4.797 0.976

32 38.960 38.997 4.777 0.964

33 37.606 37.659 4.785 0.948

34 37.924 37.912 4.779 0.938

35 37.418 37.417 4.746 0.930

36 36.567 36.435 4.750 0.904

37 35.513 35.712 4.767 0.896

38 34.756 34.869 4.746 0.878

39 33.973 33.845 4.750 0.854

40 34.055 33.945 4.732 0.831

41 32.800 32.989 4.730 0.839

42 33.080 33.089 4.710 0.833

43 31.850 31.855 4.694 0.803

44 32.262 32.679 4.694 0.795

45 32.065 32.785 4.686 0.793

46 29.402 29.547 4.654 0.747

47 29.510 29.134 4.661 0.750

48 28.097 28.334 4.662 0.743

49 28.209 28.113 4.641 0.734

50 27.724 27.655 4.623 0.739

51 27.597 27.689 4.700 0.709

52 26.612 26.554 4.617 0.691

53 26.758 26.754 4.576 0.661

54 26.059 26.118 4.556 0.644

55 25.507 25.459 4.547 0.594

56 25.100 25.256 4.536 0.581

FIGURE 6. User interface view of contact angle measurement sys-
tem.

put of the results in the form of reports and graphically is
also provided by the use of the interface. The operations per-
formed can be stored in the memory and other comparisons
can be made with the next measurements. Approximately 20
microliters of 1.8 M saline were dropped onto the Plexiglas
sample. After 1.8 M saline was dropped onto the plexiglass
sample, droplet images were taken at one-minute intervals.
The contact angle value was calculated with two different
methods, the full angle method and the half-angle method.
In addition, the height and baseline of each droplet were cal-
culated. This measurement process was repeated 5 times for
each drop. Table I was obtained by averaging the contact an-
gle, drop height and baseline.

Contact angle measurements were made separately with
the full-angle method and the half-angle method. When 5
different measurements are made for the 5th minute with the
full angle method and averaged, the contact angle value is
CA(5 min.)= 59.470◦, the drop heighth(5 min.)=1,394 mm,
and the base length mml(5 dk.)= 4,941 mm obtained. Simi-
larly, the average values obtained for the waiting times of the
5th, 10th, 20th, 30th, 40th, 50th and 56th minutes are shown

Rev. Mex. Fis.70031002
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FIGURE 7. Droplet contact angle, height, and baseline values at
specific times.

FIGURE 8. Side and top view of the droplet at the 67th minute.

in Fig. 7. After the 56th minute, the droplet started to de-
teriorate and the contact angle, drop height and base length
could not be calculated. At the 67th minute, the water in the
droplet evaporated completely and the form shown in Fig. 8
was displayed.

The saltwater dropped on the Plexiglass material evapo-
rates after about 67 minutes, leaving only salt stacks and rings
on the surface. When the water molecules in the droplet evap-
orate, the form of the salt crystals remaining on the plexiglass
sample is not similar. Each droplet has a different charac-
ter. The salt stacks seem to have inclined to drift towards the
center. The relationship between contact angle and waiting
time, according to the values obtained by the FAM method,
is shown in Fig. 9. When the graph in Fig. 9 is examined,
it is seen that the contact angle did not change rapidly until
the 8th minute, but the error value was high. In addition, it is
seen that the measurements around the 25th minute and 40th
minute are more linear. The maximum error values between
the function obtained from the third order and the measure-
ment values are less than 3%. In other words, the change
in the contact angle according to the waiting time has a very
functional structure. In other words, the change in the con-
tact angle according to the waiting time has a very functional
structure. The equation of the relationship between contact
angle and waiting time is given in Eq. (7).

fC.A = −0.00035 ∗ t3 + 0.0036 ∗ t2 − 1.6 ∗ t + 64. (7)

The graph of the change between the baseline and the
waiting time on the plexiglass material that the droplet con-
tacts is given in Fig. 10. It is seen that there is very little
change until the 25th minute. The error values between the
obtained baseline and waiting time function and the measure-
ment values are less than±0.1. The very small values of the

FIGURE 9. Change of contact angle according to waiting time.

Rev. Mex. Fis.70031002
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FIGURE 10. Change of baseline with waiting time.

FIGURE 11. Change of droplet height with waiting time.

residuals indicate the suitability of showing made measure-
ments with mathematical equations. The change of the
droplet baseline with time is given in Eq. (8).

fBL = 2.11 ∗ 10−6 ∗ t3 − 0.000308 ∗ t2

+ 0.00361 ∗ t + 4.95. (8)

The change in the height of the droplet above the plexi-
glass material with the waiting time is shown in Fig. 11. It is
seen that the residuals values between the measurement val-
ues and the mathematical function obtained are quite small.

The function is understood to be close to linear. The change
of droplet height with waiting time is shown in Eq. (9).

fh = 4.26 ∗ 10−5 ∗ t2 − 0.00167 ∗ t + 1.45. (9)

5. Conclusions

A new measurement method called the full angle method
(FAM) has been developed for contact angle measurements.
In addition, a very cost-effective measurement system was
made to make the measurements. The most important point
to be considered in the FAM method is to determine the con-

Rev. Mex. Fis.70031002
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tact point of the droplet. After the tangent point is deter-
mined without error, the contact angle is calculated with the
three points determined independently from the measurement
height and base radius values. For the accuracy control of the
FAM measurement method, contact angle measurements of
the same droplets were made with the half-angle method. It
has been observed that the measurement results of the two
measurement methods are very close to each other. After 56
minutes of waiting time, the droplet form began to deteri-
orate and measurements could not be made. The water in
the drop evaporated completely at 67 minutes. It was ob-

served after evaporation that salt residues accumulated as a
stack and ring on the solid surface. When the residual forms
of the droplets after evaporation were examined, it was seen
that none of them was alike. The contact angle, baseline
and height change functions are obtained according to the
waiting time. In particular, it was observed that the base-
line and height changes showed a nearly linear change. The
performed contact angle measurement system has the flexi-
bility to be easily used in many multidisciplinary studies. It
is thought that the newly developed full angle method (FAM)
will create a different perspective on scientific studies.
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