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(54) METHOD FOR MEASURING THE TOPOGRAPHY AND SURFACE ENERGY OF A SURFACE 
OF A SOLID SAMPLE BY CONFOCAL MICROSCOPE AND DEVICE FOR CARRYING IT OUT

(57) Method for measuring the topography and sur-
face energy of a surface of a solid sample (101), com-
prising the steps consisting of:
a) positioning the sample (101) on a sample-holder stage
(102) of a confocal device (103);
b) determining a measurement area (204) in the sample
(101);
c) determining the topography of the measurement area
(204) by means of confocal microscopy;
d) placing a drop (301) in the measurement area (204);
e) determining the contact angle ϑ of the drop (301);
f) determining the coordinates of the edges of the contact
surface between the drop (301) and the sample (101);
g) selecting from the subset of the topography corre-
sponding to the edges of the contact surface between
the drop (301) and the sample (101);
h) determining the surface energy of the solid (γs), based
on the topographical data of the subset and the contact
angle of the drop (301).
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Description

Field of the invention

[0001] The invention relates to a method for the dual
measurement of topography and surface energy in a sol-
id surface with any sort of roughness, by measuring the
local topography of the sample and measuring the con-
tact angle, both measurements being taken by means of
a confocal microscope, in the same area of the surface
of the sample, ensuring that it is the same area by refer-
encing both measurements in a single external coordi-
nate system. The invention also relates to a device en-
abling said method described above to be applied.

Background of the invention

[0002] Currently, the surface energy of a solid is usu-
ally obtained based on the contact angle, applying cal-
culation models based on Young’s equation.

[0003] Where γal is the solid-liquid interface energy, γs
is the surface energy of the solid, γl is the surface tension
of the liquid, and θ is the value of the contact angle meas-
ured for a totally flat and smooth surface [1].
[0004] In particular, the application of optical methods
and devices based on lateral viewing of drops placed on
surfaces for the determination of the contact angle is
known, for example as described in EP2899528,
US4688938, US5137352, US6867854 or US5861946.
[0005] US5080484 describes a device and a method
for accurately determining the contact angle using beams
that form an oblique angle with the contact surface.
[0006] WO2014194235 describes methods of obtain-
ing the shape of a drop of liquid based on measuring
different shape parameters of the drop, including contact
angle, with different methods: vertically, optically, by
means of a confocal microscope, through an interfero-
metric pattern of the drop.
[0007] The article Contact angle measurements by
confocal microscopy for non-destructive microscale sur-
face characterization, by Sundberg, Mansson and Tager-
ud, describes interferometry methods for determining the
contact angle.
[0008] Patents JP2005337781 and PL406322 de-
scribe methods and apparatuses for mathematically ob-
taining the surface energy of a solid based on the contact
angle between the solid and the liquid.
[0009] However, as mentioned above, said equation
can only describe solid surfaces that are totally flat and
smooth [1]. Using it on rough surfaces leads to an erro-
neous assessment of the surface energy when the to-
pography is not taken into account, since the contact an-
gle is related both to the surface energy and to the to-
pography of the surface.

[0010] In particular, current techniques can only be ap-
plied to assess the global hydrophobicity of the surface,
but cannot be used to determine the intrinsic surface en-
ergy [2]. The greater the roughness of the surface, the
more erroneous it is to associate the measured contact
angle only with the surface energy and the chemical prop-
erties of the surface.
[0011] This is mainly due to the fact that, the greater
the roughness, the greater the contact area between the
liquid and the solid, and the greater the effect of the
trapped air bubbles, factors which can only be suitably
accounted for when the local microstructure is known [3].
[0012] In order to resolve this, calculation methods
have been developed that model this influence of the
topography on the resulting contact angle.
[0013] In order to be able to use these calculation meth-
ods correctly in real samples (as opposed to samples
specifically prepared with a determined topography via
etching or other such processes), one must know with
the utmost accuracy both the contact angle and the to-
pography of the sample in the exact area of the sample
where the drop has been placed. In this sense, it is nec-
essary to develop measurement equipment that enables
the topography of the surface and the contact angle to
be measured in the same area of the sample. Reference
[6] describes a system combining both types of meas-
urements. On the one hand, the measurement of the to-
pography by means of interferometry, and on the other,
of the contact angle by means of lateral viewing of the
drop. The reason why both measurements are not made
using interferometry is that interferometric techniques do
not allow data to be obtained on a broad enough area of
the drop to properly assess the contact angle. The me-
chanical and optical changes that would need to be made
to a device in order for it to reach the minimum require-
ments for obtaining a reliable measurement of the drop
-among others, increasing the numerical aperture - would
result in a very large-sized device that might be useful in
a laboratory setting, but not in a more commercial sphere.
[0014] Likewise, liquid dispensing systems are known
which enable the liquid to be placed in drop form on the
measurement area. These may be pipettes (manual or
automatic), tubes, syringes or droppers.
[0015] CA 2923340 A1 (WO 2015/036397 A1) de-
scribes a sampling pipette that incorporates an improved
system for adjusting and showing the volume that it can
dispense by means of a system of volume references.
[0016] EP 2982438 A1 (WO 2014/184865) describes
a manual pipette that includes an electric liquid sucking
and discharging mechanism. US 2016/0082430 A1 de-
scribes a similar device.
[0017] US 9296603 B1 describes a liquid dispenser
that includes a liquid reservoir electronically connected
to a valve that controls the aperture time thereof, and
thereby controls the amount of liquid to be dispensed.
[0018] US 2016/0075499 describes a cylindrical liquid
dispenser based on the workings of a syringe, and which
contains a tank of liquid that, through the action of a pis-
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ton, dispenses a quantity of liquid through a dispensing
point.
[0019] US 2016/0138953 A1 describes a liquid dis-
pensing system connected to a metering head.
[0020] WO 2016/072673 A1 describes a system for
placing liquids that comprises a liquid tank that is external
to the drop dispenser which carries out the function of a
"dropper".
[0021] US201613663 and US2016136361 describe
syringe-type devices.
[0022] Lastly, there are known microscopy devices
provided with objective turrets which are in turn provided
with means for placing drops on samples, for example
as in DE1472289A1.

Description of the invention

[0023] In order to overcome the drawbacks of the state
of the art, the present invention proposes a method for
measuring the topography and surface energy of a sur-
face of a solid sample, comprising the steps consisting of:

a) positioning the sample on a sample-holder stage
of a confocal device;
b) determining a measurement area in the sample;
c) determining the topography of the measurement
area by means of confocal microscopy;
d) placing a drop in the measurement area;
e) determining the contact angle ϑ of the drop;
f) determining the coordinates of the edges of the
contact surface between the drop and the sample;
g) selecting from the subset of the topography cor-
responding to the area comprised within the edges
of the contact surface between the drop and the sam-
ple;
h) determining the surface energy of the solid, based
on the topographical data of the subset and the con-
tact angle of the drop.

[0024] In some embodiments, a common reference
system is used for the topography of the measurement
area and for the determination of the coordinates of the
edges of the contact surface between the drop and the
sample.
[0025] In some embodiments, the sample is put in an
area of the sample-holder stage provided with reference
points or axes, wherein the coordinates of a point of the
measurement area are determined by using said refer-
ence points or axes, such that for the topography of the
measurement area and for the determination of the co-
ordinates of the edges of the contact surface between
the drop and the sample, the reference defined by the
determined point and the reference points or axes is
used.
[0026] In some embodiments, in order to carry out step
e) the maximum height of the drop, the apparent diameter
of the drop and/or the coordinates of a series of points
on the surface of the drop are measured.

[0027] In some embodiments, step h) is determined
using a Wenzel model or a Cassie-Baxter model.
[0028] In some embodiments, step g) includes the
measurement of the Wenzel roughness factor, the total
solid surface, the projected solid surface and/or the frac-
tion of the solid surface.
[0029] En some embodiments, the drop placed in step
d) has a known volume.
[0030] In some embodiments, steps c), d) and f) are
carried out with objective lenses and a liquid dispenser,
for example a pipette, arranged on a common rotary
drum.
[0031] In some embodiments, the method comprises,
between steps c) and d), a step of detecting the presence
of incrustations of biological origin in the sample.
[0032] In some embodiments, the step of detecting is
carried out by fluorescence.
[0033] In some embodiments, the sample is illuminat-
ed with light whose wavelength is within the interval that
goes from 300 to 450 nm and wherein the light coming
from the sample is filtered with a bandpass filter whose
transmission is comprised within the interval from 600 to
750 nm.
[0034] The invention also relates to a confocal device
for carrying out a method for measuring the topography
and contact angle of a solid sample for the purpose of
calculating the surface energy, comprising:

a) an image acquisition system enabling the capture
of images of the surface of the sample through the
objective lens(es) of the microscope;
b) a sample-holder stage provided with at least one
reference point marked by any means, in order to be
able to establish an external coordinate system to
which all the measurements can be referenced;
c) a system allowing the relative position between
the sample and the confocal microscope to be
changed;
d) any system enabling the external reference and
a specific point of the measurement area to be lo-
cated simultaneously, in order to be able to calculate
the coordinates of said specific point of the meas-
urement area in the external coordinate system.

[0035] Preferably, the device comprises means for
placing a drop with a controlled volume and/or means for
measuring the volume of the placed drop.
[0036] Advantageously, the measuring device which
is the subject matter of the present invention may include
the following parts in order to assess the presence of
incrustations of biological origin in the sample:

e) a light source with emissions in the wavelength
range of 300-450 nm, to illuminate the sample;
f) a bandpass filter with transmissions included in
the range of 600-750 nm, positioned at any point of
the optical path that goes from the sample to the
image acquisition system, and which filters the light,
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eliminating all contributions that do not come from
the fluorescence of the incrustations of biological or-
igin in the sample.

[0037] Lastly, the device comprises means for moving
the sample-holder.

Brief description of the drawings

[0038] As a complement to the description, and for the
purpose of helping to make the characteristics of the in-
vention more readily understandable, in accordance with
a practical embodiment thereof, said description is ac-
companied by a set of figures constituting an integral part
thereof, which by way of illustration and not limitation
represent the following:

Figure 1 is a schematic representation of a confocal
system in accordance with the present invention.

Figure 2 shows a plan view of a sample-holder stage.

Figure 3 is a plan view analogous to figure 2, but
wherein a drop has been placed.

Description of an embodiment of the invention

[0039] The present description uses the expression
"external coordinate system". By "external coordinate
system" we mean a system in which the coordinates x
and y (on the horizontal plane) are measured based on
a reference that is external to the sample, and which may
be used both when measuring the contact angle and
when measuring the topography. Each measurement
may be made in its own coordinate system, but the po-
sition of a point in the measurement area (for example,
but not necessarily, its own coordinate origin) is deter-
mined in the external coordinate system, thereafter
changing the coordinates and expressing all of the data
obtained in the external coordinate system.
[0040] What follows is a detailed explanation of a pre-
ferred embodiment of the present invention, illustrated in
Figures 1, 2 and 3, wherein the numbers make reference
to the elements represented in the figures.
[0041] The present description uses the expression "in
measurement position" to refer to the position of the ob-
jective lenses. By "in measurement position" we mean
the situation in which the specific objective lens being
referred to is aligned with the optical axis of the confocal
microscope and therefore correctly transmits the image
of the surface to the image acquisition system of the con-
focal microscope.
[0042] In the present description, "roughness" is taken
to mean the collective irregularities of a surface, and is
quantified by means of the deviation in the direction of
the normal vector of the real surface with respect to the
ideal shape it would have. If these deviations are large,
the surface is considered to be rough, and, on the other

hand, if the deviations are small, the surface is consid-
ered to be smooth. Now, depending on the intended use
of these surfaces, the roughness classification scales
may vary, meaning there is not any specific value to in-
dicate whether a surface should be rough or smooth.
[0043] The parameters for referring to roughness as
the mean value of roughness Ra or the root mean square
Rq or RMS are some of the most common ones when
characterizing its profile. This profile can also be charac-
terized by means of the mean value between the highest
peak and the lowest trough in each length of sampling
Rz. As for characterizing the surface in three dimensions,
Sa known as the arithmetic mean height of the surface,
or Sq, its equivalent in two dimensions, are the most wide-
ly used roughness parameters given by the standard de-
viation. Additional information may be found in referenc-
es [7], [8] and [9].
[0044] Figure 1 shows a confocal device 103, equipped
with an image acquisition system and a sample-holder
stage 102 with the ability to move on the X and Y axes,
said movement being controlled by computer.
[0045] The sample 101 whose properties are to be
measured is placed on the upper surface of this stage.
This confocal device is also equipped with a rotating ob-
jective turret 104 that contains at lease one objective lens
with a large numerical aperture 105 to project, onto the
detector plane of the image acquisition system, the image
of the sample, of the placed drop, and of the area of the
stage that contains the external reference which will be
used to define the external coordinate system.
[0046] This rotating objective turret 104 or drum also
contains at least one objective lens with a small numerical
aperture 106 to measure the topography by confocal mi-
croscope, and at least one micro-pipette 107 to place the
drops of liquid on the surface of the sample, in order to
measure the contact angle.
[0047] In this embodiment, the objective lenses are
suitably situated in the rotating objective turret to ensure
that, once they are in the measurement position, their
axes will be aligned with the optical axis of the system.
[0048] The micro-pipette 107 includes at least one tank
that contains the liquid to be placed, and a mechanism
to let just one drop of liquid out at a time, with a very
accurately known volume.
[0049] In this embodiment, which enables the topog-
raphy and the surface energy to be measured, and the
presence of incrustations of biological origin to be esti-
mated, the objective lens with a large numerical aperture
is surrounded by a ring of LEDs 108, which emit in the
wavelength range of 300-450 nm, and which will be used
as a source of illumination for the fluorescence measure-
ments.
[0050] In addition, inserted in the optical path that runs
from the objective lenses to the data acquisition system,
there is a bandpass filter that only lets through light with
wavelengths comprised between 600 and 750 nm.
[0051] Figure 2 shows, in accordance with this pre-
ferred embodiment, a plan view of a computer-controlled
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sample-holder stage 102, in which two reference lines
202 have been engraved, which are aligned with the X
and Y movement axes of the stage.
[0052] The sample 101 is placed so that both it and at
least part of both references are included simultaneously
within the field of view of the objective lens with a high
numerical aperture 203. Once the measurement area
204 has been selected over the surface of the sample,
the image of the sample and the stage, acquired by the
image acquisition system of the confocal microscope
through the objective lens with a high numerical aperture,
is analyzed, and the X 206 and Y 207 coordinates are
determined in the external coordinate system of any point
201 included within the measurement area.
[0053] Afterwards, the sample-holder stage carries out
the appropriate movements on the X and Y axes, such
that the measurement area is situated on the optical axis
of the confocal system 205.
[0054] Next, the rotating objective turret 104 is turned
until the objective lens with a low numerical aperture 106
is in measurement position, thereafter proceeding to car-
ry out the topographical measurement by confocal mi-
croscopy.
[0055] Following the topographical measurement, the
XY coordinates of each measured point are converted
into an external coordinate system, and a file is generated
with the topographical data expressed in this coordinate
system.
[0056] Next, the objective lens with a high numerical
aperture 105 is put in measurement position by turning
the rotating objective turret to the correct position. At this
point the ring of LEDs 108 is activated to illuminate the
sample, and the image of the sample illuminated with the
image acquisition device of the confocal microscope is
obtained, through a bandpass filter in the range of
600-750 nm. Afterwards, the image obtained is analyzed
to detect the presence of surface luminescence caused
by the presence of incrustations of biological origin.
[0057] After carrying out the detection of the presence
of incrustations of biological origin, one chooses the zone
within the measurement area 204 where one wishes to
place the drop to measure the contact angle. Preferably,
the micro-pipette 107 is placed in a position perpendic-
ular to the sample by turning the rotating objective turret
104.
[0058] Simultaneously, the sample-holder stage 102
carries out the appropriate movements on the X and Y-
axes, such that the zone of the measurement area where
one wishes to place the drop of water is situated beneath
the micro-pipette. Then a mechanism is actuated to place
a single drop of liquid 301 on the surface of the sample
101.
[0059] Figure 3 shows a plan view of the sample-holder
stage 102 with the drop 301 already placed on the surface
of the sample 101, within the area in which the topogra-
phy has been measured 204.
[0060] Once the drop 301 has been placed, the rotating
objective turret 104 is again turned until the objective lens

with a high numerical aperture 105 is in measurement
position. An image is then obtained with the image ac-
quisition system of the confocal microscope and, through
image analysis, the XY position of the apex of the drop
is calculated in the external coordinate system.
[0061] The rotating objective turret 104 is again turned
until the objective lens with a low numerical aperture 106
is in measurement position. In this position the relevant
measurements are taken to measure the right drop char-
acteristics in order to be able to calculate the contact
angle it forms with the surface.
[0062] Without losing their general nature, these drop
characteristics may be included among the following:
maximum drop height, apparent drop diameter, coordi-
nates of a series of points on the surface of the drop...
Once this data has been obtained, a suitable mathemat-
ical calculation is made, enabling the contact angle to be
obtained based on these data, and, optionally, on the
volume of the drop.
[0063] Finally, the surface energy is calculated. The
calculation uses as input data the calculated contact an-
gle, the topographic data of the surface obtained via the
measurement carried out by the confocal microscope,
the coordinates of the geometric center of the drop and
the apparent diameter of the drop.
[0064] Initially, the analysis software assesses which
model to use in order to describe the wetting phenome-
non.

Determining the surface energy of the solid, based 
on the topographical data of the subset and the con-
tact angle of the drop.

[0065] Regarding step h, the mathematical model used
can be any one from a list of different mathematical mod-
els that include, for example, Wenzel’s model or Cassie
and Baxter’s model, among others. The decision as to
which one is the most suitable may be made, for example,
based on whether the contact angle is less than or greater
than 90°, or based on the total roughness or smoothness
of the sample, or on the type of roughness exhibited.
[0066] As an alternative, the decision may be taken by
the user.

h1) Wenzel’s model

[0067] It is used for homogeneous surfaces character-
ized by the roughness factor r defined as the ratio be-
tween the real area of the surface of the solid and its
projection, i.e. r = Arough/Asmooth. Entering the roughness
factor r in Young’s equation (1): 

[0068] Where θY is Young’s angle and θW is the meas-
ured contact angle.
[0069] Therefore, the surface energy is calculated by
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means of the following expression:

h2) Cassie-Baxter model

[0070] It is used for heterogeneous surfaces and as-
sesses how the contact angle varies when various ma-
terials are involved. When the surface is made up of "n"
different types of materials, each one characterized by
its own energies/tensions, i.e. γig1

 and γiR, which take up
a fraction f of the total surface of the solid with f1 + f2 +
··· + fn = 1, Young’s equation becomes:

[0071] If the surface morphology causes pockets of air
to remain between the liquid and the surface, this gives
rise to what is known as the lotus effect, and its fractions
would be fs and fv, respectively. If this fact is combined
with roughness factor r, Young’s equation would yield:

[0072] Additional information may be found in [4] and
[5].
[0073] After choosing which model to apply, the anal-
ysis software calculates, using the coordinates of the ge-
ometrical center of the drop and the apparent diameter
of the drop, the coordinates of the contact surface be-
tween the drop and the surface of the sample.
[0074] Once this has been done, the analysis software
uses the topographical data for said contact surface to
calculate the surface parameters needed in order to be
able to apply the chosen mathematical model, which may
or may not be one of the ones included in the following
list: Wenzel roughness factor, total solid surface, project-
ed solid surface, fraction of the solid surface, etc.
[0075] Once the parameter(s) have been calculated,
the analysis software solves the corresponding equation
that relates surface energy to said topographical param-
eters, to the value of the surface tension of the liquid, and
to the contact angle. The surface energy of the material
is thereby obtained.
[0076] In one example of the present invention, two
different drops may be used, from two different liquids
with different wetting properties. For example, one drop
may have mainly polar characteristics, while the other
one’s characteristics may be mainly dispersive. By re-
peating the entire process with the two types of drop, it
is possible to obtain the polar and dispersive part of the
surface energy of the material.

[0077] In this text, the word "comprises" and variants
thereof (such as "comprising", etc.) should not be under-
stood in an exclusive sense, i.e. they do not exclude the
possibility of that which is described including other ele-
ments, steps, etc.
[0078] Also, the invention is not limited to the specific
embodiments described herein, but rather encompasses
the variations that one skilled in the art could make (e.g.
in terms of choice of materials, dimensions, components,
design, etc.), within the scope of what may be deduced
from the claims.
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Claims

1. A method for measuring the topography and surface
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energy of a surface of a solid sample (101) by con-
focal microscope, comprising the steps consisting of:

a) positioning the sample (101) on a sample-
holder stage (102) of a confocal device (103);
b) determining a measurement area (204) in the
sample (101);
c) determining the topography of the measure-
ment area (204) by means of confocal micros-
copy;
d) placing a drop (301) in the measurement area
(204);
e) determining the contact angle ϑof the drop
(301);
f) determining the coordinates of the edges of
the contact surface between the drop (301) and
the sample (101);
g) selecting from the subset of the topography
corresponding to the edges of the contact sur-
face between the drop (301) and the sample
(101);
h) determining the surface energy of the solid
(γs), based on the topographical data of the sub-
set and the contact angle of the drop (301).

2. The method according to claim 1, wherein a common
reference is used for the topography of the meas-
urement area (204) and for the determination of the
coordinates of the edges of the contact surface be-
tween the drop (301) and the sample (101).

3. The method according to any of the preceding
claims, wherein the sample (101) is put in a zone
provided with two reference axes (202) of the sam-
ple-holder stage (102), wherein the coordinates of a
point (201) of the measurement area (204) are de-
termined by using the reference axes (202) such that
for the topography of the measurement area (204)
and for the determination of the coordinates of the
edges of the contact surface between the drop (301)
and the sample (101) the reference defined by the
determined point (201) and the reference axes (202)
is used.

4. The method according to any of the preceding
claims, wherein in order to carry out step e) the max-
imum height of the drop (301), the apparent diameter
of the drop (301) and/or the coordinates of a series
of points on the surface of the drop (301) are meas-
ured.

5. The method according to any of the preceding
claims, wherein step h) is determined using a Wenzel
model or a Cassie-Baxter model.

6. The method according to any of the preceding
claims, wherein step g) includes the measurement
of the Wenzel roughness factor, the total solid sur-

face, the projected solid surface and/or the fraction
of the solid surface.

7. The method according to any of the preceding
claims, wherein the drop (301) placed in step d) has
a known volume.

8. The method according to any of the preceding
claims, wherein steps c), d) and f) are carried out
with objective lenses and a pipette arranged on a
common rotary drum.

9. The method according to any of the preceding
claims, comprising between steps d) and e) a step
of detecting the presence of incrustations of biolog-
ical origin in the sample (101).

10. The method according to claim 9, wherein the step
of detecting is carried out by fluorescence.

11. The method according to claim 10, wherein the sam-
ple is illuminated with light whose wavelength is with-
in the interval that goes from 300 to 450 nm and
wherein the light coming from the sample (101) is
filtered with a bandpass filter whose transmission is
comprised within the interval from 600 to 750 nm.

12. A confocal device (103) for carrying out a method
for measuring the topography and contact angle of
a solid sample (101) for the purpose of calculating
the surface energy, comprising:

a) an image acquisition system enabling the
capture of Images of the surface of the sample
through the objective lens(es) of the micro-
scope;
b) a sample-holder stage provided with at least
one reference point marked by any means, in
order to be able to establish an external coordi-
nate system to which all the measurements can
be referenced;
c) a system allowing the relative position be-
tween the sample and the confocal microscope
to be changed;
d) any system enabling the external reference
and a specific point of the measurement zone
to be located simultaneously, in order to be able
to calculate the coordinates of said specific point
of the measurement in the external coordinate
system.

13. The device according to claim 12, comprising, in or-
der to assess the presence of incrustations of bio-
logical origin in the sample:

e) a light source with emissions in the wave-
length range of 300-450 nm, to illuminate the
sample;
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f) a bandpass filter with transmissions included
in the range of 600-750 nm, positioned at any
point of the optical path that goes from the sam-
ple to the image acquisition system, and which
filters the light, eliminating all contributions that
do not come from the fluorescence of the incrus-
tations of biological origin in the sample.

14. The device according to claim 12 or 13, comprising
means for placing a drop (301) with a controlled vol-
ume and/or means for measuring the volume of the
placed drop (301).

15. The device according to claim 12, comprising a light
source with emissions in the wavelength range of
300-450 nm, to illuminate the sample, and a band-
pass filter with transmissions included in the range
of 600-750 nm, positioned at any point of the optical
path that goes from the sample to the image acqui-
sition system, and which filters the light, eliminating
all contributions that do not come from the fluores-
cence of the incrustations of biological origin in the
sample.

16. The device according to any of the claims 12 to 14,
comprising means for moving the sample-holder
(102).
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