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ABSTRACT: Measuring the contact angle at the solid/liquid/
vapor triple point in sessile drop experiments is one of the most
popular and simple ways to quantify the wettability of surfaces and
determine the surface free energy. Despite decades of technical
advancements in contact angle measurements, which allowed for
improving the precision of sessile drop measurements below +1°,
an often overlooked source of experimental error in these

: True contact : Apparent contact angle :
measurements originates from the camera’s parallax angle (PA) ' angle (TCA) ! (ACA) !
— the angle between the camera optical axis and the sample stage : ! pruny gy = !
surface. Here, we quantified the systematic errors in the ' pa=go ! PA > 00 :
measurement of contact angles due to the acquisition of drop ! > !
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images at finite PA values by simulating sessile drop experiments in
which synthetic drops were created using the Young—Laplace
equation. The absolute contact angle error induced by imaging drops at nonzero PAs was found to increase as the true contact angle
(TCA) deviates from 90° and resulted in an overestimation (underestimation) of the contact angle for drops having TCAs lower
(higher) than 90°. The computed absolute contact angle error reaches values as high as —20° (+12.2°) for drops having a TCA of
175° (5°) when imaged with a PA of 10°, thus indicating the importance of considering the PA when accurately quantifying contact
angles in sessile drop experiments. The shape and, by extension, volume of the sessile drop was also found to affect the magnitude of
the absolute contact angle error as sessile drops with higher apex curvatures exhibited lower absolute error than those with lower
curvatures at any given PA. The outcomes of this work provide guidelines for minimizing systematic errors in sessile drop
measurements due to the collection of drop images at nonzero PAs.

1. INTRODUCTION which can potentially cause misrepresentation of the results if
only considering the instrument-reported accuracy or the
random error from multiple, independent measurements.
Precisely measuring the wetting properties of surfaces that
exhibit either very low (<10°) or high (>150°) contact angles
using the sessile drop method is particularly challenging.'”"
This is concerning because superhydrophobic and super-
hydrophilic materials and their wetting properties are widely
studied, with active research areas in, for example, super-
hydrophobic textiles,"*~ -0
surfaces. Given the plethora of research studies on these
surfaces, it is important to identify sources of experimental

Contact angle goniometry is one of the experimental methods
available for quantitatively evaluating the surface energy of
solids." This has made it a vital tool for the development of a
number of technologies across several science and engineering
fields (e.g., materials science and engineering,2 environmental
science,” medicine,’ petroleum engineering’), such as super-
hydrophobic coatings for aircraft wings® and processing
methods for vaccines.” The process of performing a sessile
drop contact angle measurement has greatly been simplified by
the advent of commercially available, user-friendly, and
multimodal instruments, which, for example, can automatically
deposit arrays of liquid droplets onto a substrate, image the
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drops with a high-speed camera, and simultaneously analyze Received: November 28, 2023 LANGMUIR
the images in a matter of seconds. These commercial Revised:  January 25, 2024 & e
instruments have a nominal contact angle accuracy as low as Accepted: February 9, 2024

0.1°*" Despite these remarkable advancements, the simple Published: February 26, 2024

and automated nature of these measurements might result in
users overlooking significant sources of experimental error,
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Figure 1. Schematic of a standard goniometer set up, consisting of a pipet that dispenses a sessile drop onto a substrate and an optical system made
of a light source and an opposing high-speed CCD camera. The parallax angle (PA) is the angle between the optical axis of the camera and the
substrate surface. Inset images show what the sessile drop looks like at different PAs. When the PA > 0°, the contact angle is the apparent contact
angle (ACA). When the PA = 0°, the contact angle is the true contact angle (TCA).

error in goniometry measurements, as well as evaluate and
report the magnitude of the resulting accuracy of the
measurement. As one particular example, in the case of
superhydrophobic surfaces it has been observed that, as the
contact angle approaches 180°, the region of the three-phase
contact, where the contact angle is measured, becomes difficult
to properly resolve especially in cases of substrates that are not
perfectly smooth, thus hindering the precise identification of
the contact location and the point at which the contact angle
should be measured.”’ This issue can lead to significant
uncertainties in contact angles measured on superhydrophobic
surfaces, as the computed contact angle strongly varies with
even small variations in the height of the apparent three-phase
contact. For example, one study on surfaces with a water
contact angle (WCA) of 170° found that the magnitude of the
contact angle error ranged from 1° up to 4° depending on the
resolution of the drop image, with lower errors reported from
higher resolution images."

While improving the resolution of the imaging camera can
alleviate issues related to identifying the location of the three-
phase contact, another source of error in contact angle
measurements, which is often overlooked, originates from the
camera’s parallax angle (PA). The PA, also called the camera’s
inclination, is the angle between the optical axis of the camera
and the surface of the sample stage (in other words, the PA is
the angle that is complementary to the one between the optical
axis of the camera and the normal to the sample stage), as
shown in Figure 1. Acquiring images of sessile drops at a
nonzero PA allows for exploiting the reflection of the sessile
drop on the substrate in the accurate identification of the
location of the three-phase contact point (through what is
known as the mirror method).>” The PA required to properly
detect the reflection is not large and, generally, a good
reflection can be seen at PA as low as 1°. Despite this, the PA
often goes unreported in literature and, since increasing the PA
leads to more visible reflections, the use of PAs above 1° is not
experimentally uncommon. Some commercial goniometers
allow PAs as high as 4° to be achieved,”” but the PA can likely
be increased further with instrument modification.

The camera’s PA can have a significant impact on the results
of the contact angle measurement.””** When viewed from a
PA higher than 0°, the apparent profile of the drop differs from
the true drop profile described by the Young—Laplace
equation:zs’26

1 1
=+ —=—|=4A
[Rl Rz] P (1)
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where y is the liquid/vapor interfacial energy, R; and R, are the
principal radii of curvature of the drop, and Ap is the change in
pressure across the interface at that position. This change in
profile for PA > 0° leads to an apparent contact angle (ACA)
that differs from the true contact angle (TCA). The effect of a
nonzero PA has been considered in the literature as several
studies identified the PA as a possible source of systematic
error, which can be minimized by capturing images at the
lowest possible PA.”” ">’ However, very little work has been
carried out to quantify the error in contact angle measurements
as a function of the PA. While few research articles have looked
at the magnitude of the error in contact angle due to a nonzero
PA, these investigations have been limited and relied on
geometric assumptions.”””* For instance, Sobolev and
Brugnara approximated the shape of the drop on a flat surface
as a spherical cap instead of using eq 1.°*** Under this
geometric assumption, an equation for computing the ACA
from the height of the drop (k) and its radius (r) was derived:

(ACA) h
tan = -
2 r (2)

The ACA was then geometrically related to the PA through
the following equation:

tan(ACA) _ 1 — cos(TCA)cos(PA)
2 3)

sin(TCA)

Eq 3 thus allows for the quantification of the TCA once the
ACA and PA are computed (eq 2) or known. However, the
spherical cap approximation underpinning the equations
derived by Sobolev and Brugnara is only valid when drops
are small enou§h that gravity does not have a large effect on
their shape.””** Despite the relevance of the results, the study
only investigated the effect of a finite PA on TCAs up to 110°
and did not consider TCAs > 150° (i.e.,, superhydrophobic
surfaces) or TCAs < 10° (i.e,, superhydrophilic surfaces). The
outcomes of the works by Sobolev and Brugnara clearly
indicated that significant errors in contact angle measurements
can originate from nonzero PAs used in goniometry measure-
ments, while also suggesting that more in-depth investigations
of their magnitude are needed, especially in cases where the
spherical approximation does not hold and in the case of
superhydrophobic/superhydrophilic surfaces.

It has to be highlighted that an in-depth study of the errors
in contact angle measurements due to finite PAs over a large
range of TCAs is difficult for two main reasons. First,
experimentally studying the magnitude of the errors over a
wide range of TCAs requires identifying solid/liquid
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combinations with the desired interfacial energies. Second,
experimental challenges in accurately positioning the camera
must also be considered, as the camera’s position (both
horizontal and vertical) needs to change to vary the PA such
that the focal distance to the sessile drop and the drop’s
position in the image do not vary. Finally, it must be
underlined that under normal experimental conditions, other
sources of error can affect contact angle measurements,
including the effect of contact line obscuration outlined
above, and the temporal evolution of sessile drop shape during
observations due to, for example, evaporation. Thus, any
experimental efforts focusing on the evaluation of the effect of
the PA on the accuracy of contact angle measurements should
carefully rule out or quantify other sources of uncertainty in
the measurements.

To circumvent these experimental difficulties, in the present
work virtual contact angle measurements were carried out by
creating synthetic sessile drops using the Young—Laplace
equation (eq 1) and imaging them using a virtual camera. The
results of the drop analysis, performed using the axisymmetric
drop shape analysis (ADSA) method, allow for the
quantification of the magnitude of the errors in contact angle
(for TCAs ranging from 5° (superhydrophilic) to 175°
(superhydrophobic)) due to PAs up to 10°. The effect of
the droplet geometry on the error was also be investigated. The
outcomes of this work do not only provide guidelines to
experimentalists for minimizing systematic errors in contact
angle measurements due to the finite PA employed in
experimental instruments, but also demonstrates the signifi-
cance of the errors introduced in contact angle measurements
due to nonzero PAs especially when dealing with super-
hydrophilic/superhydrophobic surfaces. Finally, the results of
this study highlight the importance of reporting the PA in
experimental sections of the published literature.

2. METHODS

2.1. Creating Virtual Sessile Drops. Virtual sessile drops were
created in MATLAB R2022a using a system of differential equations
derived from eq 1 as described by Hoofar and Neumann:*°

dx
- cos(¢)

(4)
dz .
& @ (s)
dp sin(¢)
E—2b+cz——x 6)

where (x,z) are the horizontal and vertical Cartesian coordinates of
the sessile drop profile, s is the arc length from the apex of the drop to
(x%2), @ is the angle between the tangent at (xz), and the x-axis as
shown in Figure 2.

The constants b and ¢ define the shape of the drop and are usually
called the shape parameters as b is the curvature at the apex of the
drop (i.e,, the inverse of the radius of curvature Ry, shown in Figure 2)
and c is the capillary constant of the liquid phase, which is given by

o (Ap)g
4 (7)

where Ap is the density difference across the liquid/gas interface, g is
the acceleration due to gravity (9.81 m s™2), and y is the energy of the
liquid/gas interface.

In this study, water under ambient conditions (25 °C, 1 atm, 65%
RH) is considered, as it is the most studied liquid in sessile drop
experiments. In this case, the capillary constant ¢ is equal to 13.45
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Figure 2. Virtual sessile drop variables involved in the Young—
Laplace system of ordinary differential equations. (x, z) are the spatial
coordinates of the sessile drop’s edge; (0, 0) is set as the apex of the
drop. s is the arc length from the drop’s apex to the (x, z) point; ¢ is
the angle between the x-axis and the tangent at (x, z).

em™2! The apex curvature, b, depends on the solid substrate material

as well as the volume of the sessile drop. For this study, three values of
b, namely 1 cm™, 5 cm™, and 10 cm™, were considered. These
values were selected as they cover a wide range of volumes at each
true contact angle (TCA) and are similar to the values presented by
Del Rio.*!

The following Dirichlet boundary conditions were used to solve eqs
4—6:

x%(0) =0 — z(0) = ¢(0) =0 (8)

with the point (0, 0) being the apex of the drop profile. At x = 0, eq 6
is undefined. However, since

m S0 _

5,%,0—>0 X (9)
Eq 6 can be rewritten as’

de

-y

ds (10)

For any given b and ¢ values, eqs 4—6, and its associated boundary
conditions (eq 8-9), are numerically solved using the ODE4S
function in MATLAB to produce sessile drop profiles. An example of
sessile drop profile is shown in Figure 3a. In the present work, the
height of the drop’s base is systematically changed to obtain drops
with different contact angles (ranging from 5° (superhydrophilic) to
175° (superhydrophobic)). The dashed lines in Figure 3a give an
example of the effect of changing the height of the drop and the
resulting contact angles. The sessile drop profiles, along with their
vertically mirrored images, are then converted to a 3-dimensional
drop, shown in Figure 3b, by revolving the profile around the z axis.

To assist with the conversion of the coordinates from pixels to
centimeters, 4 calibration spheres of known size are placed around the
drop as shown in Figure 3c. To average out any errors that might arise
as a result of the calibration process (see section 2.2) and any
dependency on the size of the calibration sphere, 6 images, each with
different calibration sphere sizes, were created. The 6 calibration
sphere diameters were equal to the height of a drop with a 180° TCA
multiplied by a scaling factor (0.2, 0.25, 0.3, 0.35, 0.4, and 0.45).

Finally, the parallax angle (PA) of the camera is incrementally
changed from 0° to 10°, covering an angular range that is normally
allowed in experimental goniometers. At each PA, a high-resolution
(3000 ppi) image of the drop is acquired. Figure 3d shows the same
drop shown in Figure 3c but viewed from a PA of 10°. While Figure
3d looks similar to Figure 3¢, the drop’s end points are rounded. More
information about the creation and imaging procedures of virtual
drops is provided in the Supporting Information.
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Figure 3. Procedure for creating a virtual sessile drop. (a) Drop : : I : : :
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profile based on the numerical solution to the Young—Laplace
equation with known b and c¢ values. The height of the virtual surface Camera Parallax Angle ( °)
is systematically changed to obtain profiles with different contact (b)
angles. (b) Example of drop profile together with its vertical reflection o 40 ]
(shaded gray). The profile is transformed into a surface plot, i.e, a 3D i 1 o
sessile drop, by revolving it around the z axis. (c) Calibration spheres, bt 30 )
with diameters equal to the height of a 180° TCA drop multiplied by o 1 -
0.2, are placed around the sessile drop to help with the conversion of 5 1 4 =
pixel coordinates to coordinates in cm. (d) Drop profile generated in © 20 3 o
(c), but viewed PA of 10°. E.O ] ) o
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2.2. Analyzing Virtual Sessile Drops. To determine the g et S 4
apparent contact angle (ACA), virtual sessile drops were analyzed ) j ':’:*:’:7‘3?:::4:::::3:::;;3
in MATLAB using a MATLAB-based axisymmetric drop shape O ] g HEE e 5
analysis (ADSA) program similar to those found in literature.*~ 2 104 - i St HY
First, a canny edge detection method is used to extract the drop’s g :".l"rg.ef;lmact A';%lfs 80° -ag- 140° -@- 170°
profile in the form of pixel coordinates, (x, z), of the sessile drop’s o 20A 10°- - i v ity 1o
edge.”” The top half of the extracted profile is then isolated from the & Ul e 200 60° -«-- 120° 160°
reflection using the known contact line. The arc length s (from the ¢ T T T T T T T T T \
apex of the drop to each (x, z) point along the profile) is found using 0 2 4 6 8 10

a digital arc length finder based on the minimum length polygon
method.®> The extracted (x, z, s) coordinates are converted from
pixels to centimeters using a scaling factor calculated from the
calibration spheres. An optimization method is used to determine the
drop shape constants (b and c) from the best fit (using eqs 4—6) of
the drop profile. The optimized best-fit profile is then used to
calculate the virtual drop’s ACA. This ADSA method is done
independently for 6 images of each sessile drop, each with different
calibration sphere sizes, and the results at each PA are averaged. The
error in the results introduced by the ADSA method is taken to be the
average difference between the TCA and the ACA at PA equal to 0°
and found to be between 0.1° and 0.5° depending on the TCA and b
value. A more in-depth explanation of the steps in the drop analysis is
provided in the Supporting Information.

3. RESULTS AND DISCUSSION

To determine the error in contact angle measurements due to
the camera angular positioning (i.e., PA) for sessile drops with
various true contact angles (TCAs), virtual sessile drop
experiments were performed. Figure 4 shows the absolute
(Figure 4a) and relative (Figure 4b) contact angle error for
sessile drops created with an apex curvature of 1 cm™ (similar
plots for drops with an apex curvature of 5 and 10 cm™ are
provided in the Supporting Information, Figures S$.3—S.6).
Increasing the PA for drops having TCAs lower than 90°
results in an overestimation of the contact angle (i.e., positive
absolute error), while in the case of drops with TCAs above
90° the contact angle is underestimated upon increasing the
PA (i.e. negative absolute error) (Figure 4a). Notably, the
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Camera Parallax Angle (°)

Figure 4. (a) Absolute error (i.e., difference between the apparent
contact angle (ACA, 6,) and true contact angle (TCA, 6,)) and (b)
relative error (i.e., (6, — 6,.)/6, X 100) in contact angle measurements
for drops with TCAs ranging from 5° to 175°. The virtual drops have
an apex curvature value (b value in eq 6) of 1 cm™" and were imaged
at camera PAs up to 10°.

magnitude of the absolute contact angle error increases as the
TCA deviates from 90° and reaches a value of 12.2° and —20°
for TCA equal to, respectively, 5° and 175° at the highest PA
considered in this work (i.e., 10°). These values correspond to
relative errors of 245% and —11%, respectively, thus high-
lighting the significant effect of the PA on the accurate
quantification of the contact angle.

Since the uncertainty in contact angle measurements
(usually computed from multiple independent measurements,
meaning that this is the random error in the measurements) is
commonly reported to be +1°—2°,°° the PA value required to
have an absolute, systematic error greater than +1° (for TCA <
90°) or smaller than —1° (for TCA > 90°) was estimated
based on the data reported in Figure 4 and plotted as a
function of the TCA in Figure 5. While the PA needed to
induce an absolute contact angle error greater than +1° (for
TCA < 90°) or smaller than —1° (for TCA > 90°) is large for
TCA close to 90° it rapidly decreases as the TCA deviates
from 90° and reaches values smaller than 5° for TCA below

https://doi.org/10.1021/acs.langmuir.3c03684
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(a) (b) also underlines the necessity of reporting the PA in
% 109 ° = 1010 experimental sections of the published literature.

% N é N The magnitude of the absolute error induced by the nonzero
5 5 PA is not only dependent on the TCA, but also shows a strong
S 6 © S 6 o dependency on the drop shape, and, in particular, the curvature
£ © E of the drop apex (b). Figure 7 shows the absolute contact angle
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Figure S. Parallax angle (PA) required for achieving an absolute
contact angle (CA) error greater than +1° for TCA below 90° (a) or
smaller than —1° for TCA above 90° (b) as a function of the TCA.
The virtual drops have an apex curvature value (b value in eq 6) of 1
cm™

30° or above 140°. Notably, these results indicate that in the
case of superhydrophobic and superhydrophilic surfaces,
extremely small angular rotations of the optical axis of the
imaging camera (e.g, a PA equal to 1° for a drop having a
TCA of 175°) leads to absolute, systematic errors in contact
angle measurements exceeding 1°.

Figure 6 provides a visual representation of the effect of
changing the PA of the optical camera on the imaged drop
shape for TCA equal to 20° 90° and 160°. As the PA
increases, the shape of the drop section above the contact line
(the darker section) changes and become more circular. For
drops with TCAs of 20° and 160°, this change in shape is more
significant than it is for the drop with a TCA of 90° thus
resulting in larger changes in the apparent contact angle
(ACA). This results in larger absolute and relative errors as
shown in Figure 4.

Altogether, these results indicate that significant errors in
contact angle measurements are introduced by the acquisition
of optical images of sessile drops at a finite, nonzero PA.
Additionally, the magnitude of these systematic errors exceeds
the experimental uncertainty normally reported in the
literature for contact angle measurements.”” " This finding
not only highlights the importance of considering the PA when
interpreting the outcomes of sessile drop measurements, but

Absolute Contact Angle Error (°)
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Figure 7. Effect of the shape drop (curvature of the drop apex b) on
the absolute error in contact angle measurements. Absolute error in
contact angle as a function of PA for drops with a TCA of 10° (a) and
170° (b) and with three different values of apex curvature (1 cm™, 5
em™', and 10 cm™). The images on the side of the graph show the
drop shape at a PA of 0°. The dashed black line in (a) corresponds to
the dependence of the ACA on the PA predicted by the spherical cap
approximation (eq 3).23

error for drops with apex curvature of 1 cm™, S cm™, and 10
cm ™" and TCA equal to 10° (Figure 7a) and 170° (Figure 7b).
As the apex curvature of the drop increases (i.e, upon
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2mm

PA =45°

L ¥ X ]
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Figure 6. Effect of extreme PAs on sessile drops with TCAs of 20°, 90°, and 160°. The dark regions of the drops are the sections above the baseline
and, thus, the sections that would be used to calculate the ACA. As the PA increases, the dark sections of the drops with TCAs of 20° and 160°
significantly change in shape, while the dark section of the drop with a TCA of 90° does not vary. This illustrates that the more the TCA deviates

from 90°, the larger the impact of parallax errors on the measured ACAs.
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increasing b), the absolute value of the error decreases at any
PA. As a particular example, the errors for drops with TCA of
10° and imaged at a PA of 10° are 8.3° 6.9°, and 6.8° for
curvatures of 1 cm™, S cm™', and 10 cm™', respectively.
Similar results were observed for high TCAs: in the case of a
drop with TCA equal to 170°, the absolute error decreases
from 16.7° to 6.5° upon increasing the apex curvature from 1
to 10 cm™ (at PA = 10°).

The outcomes of this study, highlighting the magnitude of
the errors introduced in the estimation of the contact angle by
the acquisition of optical images at nonzero PAs, call for the
development of methods that would enable the computation of
the TCA once the ACA is measured and the PA is
experimentally determined. As pointed out in the introduction,
Sobolev proposed a method for calculatin% the TCA from
measured ACA values at a fixed PA (eq 3).” As indicated by
the solid black line in Figure 7a, the model does not accurately
describe errors in contact angle measurements when the ADSA
is used in place of the spherical cap approximation. One of the
issues when using eq 3 to compute deviations in contact angle
when drops are imaged at nonzero PA is that it does not
consider the curvature of the drop, which has been shown to
have a significant impact on the magnitude of parallax errors.
This result highlights that, when using the ADSA, any
relationship relating the PA and ACA to the TCA must take
the drop shape (i.e., apex curvature b) into account.

The development of a geometric function, similar to the one
in eq 3, relating contact angle error to the PA when utilizing
the ADSA is exceedingly difficult and beyond the scope of this
work. The challenges associated with the derivation of an
analytical expression for computing TCAs from measured
ACAs at known PAs originate from the complexity of the drop
shape, which is described by a system of three differential
equations (eqs 4—6). Furthermore, even in the case that the
apparent 2-D drop profile can be computed at any given
(nonzero) PA, fitting it with eq 4—6 would still be difficult as it
is not a true sessile drop shape described by the Young—
Laplace equation. Further work needs to be carried out on the
topic and will be part of a separate study.

4. PRACTICAL GUIDELINES

In the absence of a geometrically derived function relating the
APA to the PA, one reliable way to reduce errors when using
the axisymmetric drop shape analysis is to minimize the PA
during collection of drop images. For the three drop shapes
discussed in this study (with apex curvatures of 1 cm™, S cm™,
and 10 cm™'), a PA of 1° would result in absolute, systematic
errors in the measured contact angle that are either smaller
than +1° for TCA < 90° or greater than —1° for TCA > 90°
(Figure S). However, reducing the PA might lead to challenges
for the unambiguous identification of the contact line. In cases
in which lowering the PA below 1—2° is not feasible, reducing
the size of the sessile drop is an effective way to decrease the
error in contact angle measurements as it will increase the
curvature of the drop apex while theoretically keeping the TCA
constant.”’ Figure 7b displays sessile drops having the same
TCA (170°) but different volumes (381 uL, 23 uL, and 4 uL),
which result in different apex curvature (1 em™, 5 em™, and
10 cm™!, respectively). Upon considering a fixed PA,
decreasing the volume of the drop drastically reduces the
absolute error in the measured contact angle. It has to be
highlighted that, even though reducing the drop volume would
allow decreasing errors in contact angle due to the acquisition
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of drop images at finite PAs, lowering the liquid volume could
potentially result in an increase in the uncertainty of the
measurements due to other sources of errors, such as ogtical
metrology errors,*' and effects of surface heterogeneity.”*

5. CONCLUSIONS

The magnitude of the error in contact angle measurements
caused by imaging sessile drops at nonzero parallax angles
(PAs) has been quantitatively evaluated using synthetic drops
defined by the Young—Laplace equation. The absolute error
increases as the true contact angle (TCA) deviates from 90°
and results in an overestimation (underestimation) of the
contact angle for drops having TCAs lower (higher) than 90°.
The computed absolute error reaches values as high as —20°
(12.2°) for drops having a TCA of 175° (5°) when imaged
with a PA of 10°, thus indicating the importance of considering
the PA when accurately quantifying contact angles in sessile
drop experiments. Changing the apex curvature of the sessile
drops also has an impact on the magnitude of the absolute
error induced by the collection of drop images at nonzero PAs.
In particular, drops with higher apex curvatures exhibited lower
absolute error than those with lower curvatures at any given
PA. The comparison between the computed absolute error
with a spherical approximation-based model describing the
evolution of the drop shape with the PA indicated that the
model does not accurately describe errors in contact angle
measurements when the drops are fit with the axisymmetric
drop shape analysis (ADSA) method. Further work is required
to develop an analytical expression that correlates the apparent
contact angle measured at a given PA to the TCA. Altogether,
the present work provides guidelines for minimizing errors in
sessile drop measurements due to the finite PA. First,
decreasing the PA allows for minimizing the absolute errors
in contact angle measurements even in the case of super-
hydrophobic and superhydrophilic surfaces. Second, reducing
the size of the sessile drop can decrease the error in contact
angle measurements as it will increase the curvature of the
drop apex. In summary, the outcomes of this work can help
scientists and engineers increase the accuracy of sessile drop
measurements by minimizing errors induced by the acquisition
of drop images at finite PAs.
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