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Abstract 
 

This study aims at characterizing the dynamic behaviour of droplets of biofluids over enhanced surfaces with and 
without electrostatic actuation. The best performing enhanced surfaces are chosen based on the characterization of 
the wettability, quantified by the static contact angle and on the analysis of the temporal evolution of the diameter of 
the droplets during spreading, which is forced by droplet impact at small velocities. The tests consider the use of 2-
3µL droplets of sodium chloride (NaCl), the protein BSA - bovine serum albumin and blood plasma mock (100mM 
NaCl, 1.2mM BSA, 5.6mM glucose) solutions with different concentrations. The pH of the solutions was also varied. 
The results show a mild promotion of droplet motion by electrowetting when the concentration of the studied solutes 
(NaCl, BSA, glucose) was slightly increased. The apparent high saturation observed in the static angles measured on 
the electowetting tests of BSA solutions, which might cause a limitation in their transportation and handling, is 
suggested to be caused by the adsorption of this protein on the dielectric substrate, which induces modifications of the 
local wettability if the droplet stays in contact with the substrate for sufficient time. Analysis of the absorption spectra, 
before and after electrowetting reveals that BSA remains unchanged after electrostatic actuation, but that the droplet 
partially evaporates, causing an increase on the concentration of BSA.  
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Introduction 
 

Droplet-based transport phenomena driven by 
surface tension have been explored as an automated 
pumping source for various chemical and biological 
applications. Recently, researchers (e.g. [1]) have 
suggested an alternative microfluidic approach to 
create fluidic pathways using hydrophobic or 
superhydrophobic patterns in an open surface 
configuration, referred to as surface microfluidics. 
Indeed, control of the fluid motion at the microscale 
via tailoring of surface tension is advantageous, as it 
avoids many eletromechanical parts, given that within 
this scale, surface tension forces become dominant 
over pressure and body forces. Local modification of 
the surface tension can be then obtained by a variety 
of methods, such as electrostatic actuation. This 
method is actually considered as the backbone of 
digital microfluidics [2] and many authors point out its 
potential for transport and manipulation of biological 
fluids. Some of these applications include DNA and 
protein analysis as well as biomedical diagnostics 
(e.g. [3-4]). Digital microfluidics for cell assays is also 
argued to be advantageous when compared to the  

 
 
 
 

currently used techniques [5-6]. However, most of the 
devices developed so far are based on continuous 
flow through closed channels [7]. Such closed 
configuration is the easiest to implement, but has 
several limitations associated to clogging and cleaning 
issues and difficulties in having access to the 
samples. The alternative is a single plate open 
configuration system [8], which brings many 
challenges in terms of the arrangement of the chip. 
Here, surface modification has a vital role, but also 
introduces additional complexity to the system, as the 
study of the wettability and electrowetting over micro 
and nanostructured surfaces often cause asymmetries 
in droplet shape, due to hysteresis [9] and particular 
droplet morphologies which may not be stable [7]. 
Hence, although this open configuration has great 
potential for bioengineering and biomedical 
applications, as recently reviewed in [10], much 
research is still required for the production of 
commercially viable systems. The traditional concept 
of EWOD – electrowetting on dielectric, stands on the 
reduction of the dielectric-liquid interfacial energy by 
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the application of a voltage between a conducting 
droplet and an underlying dielectric layer. The 
dielectric layer was introduced by Berge [11], simply to 
avoid the problem of water electrolysis, which occurs 
at just a few hundred millivolts. Contrasting to the 
most current models, which consider the decrease of 
the contact angle as the governing effect of 
electrowetting controlled droplet motion, 
electromechanical [9,12] and energy minimization 
models [7,13] show that the energy gradient is in fact 
the driving effect behind electrowetting induced 
motion. Although few authors report the successful 
electrowetting-induced transport of proteins and even 
physiological fluids [14-16], the transport phenomena 
seem to be affected by the adsorption of the 
biomolecules. Although electrochemical properties of 
these samples are suggested to be able to alter the 
transport of the microdroplets and to affect the value 
of the saturation angle, due to local modification 
and/or divergence of the electric fields near the 
contact line, very little research is yet reported which 
tries to address these issues. In line with this, the 
present work aims at characterizing the dynamic 
behaviour of droplets of biofluids, such as mock blood 
plasma and BSA protein over enhanced surfaces with 
and without electrostatic actuation. The best 
performing enhanced surface is chosen based on the 
characterization of wettability (static and dynamic 
contact angles) as well as on the analysis of droplet 
impact at small velocities. For comparative purposes, 
one will also analyse the behaviour of droplets of NaCl 
solutions with different concentrations. Afterwards, the 
static is characterized under electrostatic actuation. 
This information is complemented with the dynamic 
analysis of the contact line motion (inducing droplet 
spreading) under electrostatic actuation, following the 
procedure reported in [18]. 

Varying the pH media for the BSA solutions is 
also investigated in the present work, as it is expected 
to alter the charge density inside the bulk of the 
droplet and affect the electrostatic actuation. Few 
work has also been performed to investigate this 
issue, exception made, for instance, to [15], who used 
a system to study EWOD in solutions of BSA, hen egg 
white lysozyme and DNA from calf thymus. These 
authors detected biomolecular adsorption and suggest 
that it can be prevented or minimized by limiting the 
applied potential, by selecting the appropriate pH of 
the solution and the polarity of electrodes. They 
proposed two mechanisms of biomolecular adsorption 
under confined conditions EWOD: passive adsorption 
resulting from hydrophobic interactions and 
electrostatic adsorption triggered when an external 
electric field is applied. [17] report a significant 
dependence on pH, ionic strength, and the polymer 

composition can influence the behaviour of 
electrowetting.  

Materials and methods 
The experimental set-up is mounted on an optical 

tensiometer (THETA, from Attesion), so that the 
computer can control all the droplet formation system. 
For this stage of the research, large droplets with an 
initial diameter D0=3.0±0.2mm are used, to assure a 
good spatial accuracy of the measurements, which is 
vital for the precise description of the main 
fundamental quantities that are being investigated.  
For the electrowetting tests, the droplets are deposited 
on the enhanced surfaces. In the absence of 
electrostatic actuation, the spreading is forced through 
impact over the surfaces with velocities U0 ranging 
from 0.44 m/s. As aforementioned in the Introduction, 
the experiments addressing droplet impact are made 
to choose the best performing surfaces, i.e. those 
rendering the most hydrophobic behaviour for all the 
biofluids used, in both static and dynamic conditions. 
All the tests are performed inside a Perspex chamber 
saturated with the working fluid at room temperature. 
This chamber has four 55x55mm2 quartz windows to 
avoid distortion that introduces errors in the image-
based techniques. The enhanced surfaces are made 
from a silicon wafer and are micropatterned using 
square structural pillars. Numerous surfaces were 
prepared, whose hydrophobicity was tested based on 
contact angle measurements performed with water.  

At the end, only the surfaces, with the 
topographical characteristics depicted in Table 1 were 
used with the biofluids. Here a is the side length of the 
square cross-sectional area of the pillars, hR is their 
height and λ is the pitch between them. Additional 
superhydrophobic surfaces made from aluminum and 
Teflon are also used.  

 
Table 1: Topographical characteristics of the enhanced 

surfaces used in the present work. 

Surface Material Nº 
a 

[µm] 

hR  

[µm] 

λ   

[µ

m] 

Ra  

[µm] 

Rz  

[µm] 

Micro-

strutured 

Silicon 

wafer 
S1 134 23 

17

1 
- - 

Silicon 

wafer 
S2 173 23.4 

11

2 
- - 

Stochastic 

profiles 

Coated Al S3 - - - 4.2 8 

PTFE S4 - - - ~0 ~0 
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Surface topography is characterized using a Dektak 3 
profile meter (Veeco) with a vertical resolution of 
200Angstroms. For the superhydrophobic aluminum 
and Teflon (PTFE – polytetrafluoroethylene) surfaces, 
which depict a stochastic roughness profile, surface 
topography was quantified by the mean roughness 
(determined according to standard BS1134) and by 
the mean peak-to-valley roughness (determined 
following standard DIN4768), as performed in 
previous work (e.g. [19-21].) The contact angles were 
measured at room temperature (ca. 20°C) for all the 
liquid/surface pairs considered in the present study, 
using the optical tensiometer THETA (Attension). Five 
to six consistent measures were taken for each 
sample using the sessile drop method. Images of the 
deposited droplet were taken using a monochrome 
video camera coupled with a microscope. The images 
size is 640×480pixels and the spatial resolution of the 
system for the current optical configuration is 
15.6µm/pixel. The images were post-processed by a 
drop detection algorithm based on Young-Laplace 
equation (One Attension software). The accuracy of 
this kind of algorithms is argued to be of the order of ± 
0.1º (e.g. [22]). Contact angle hysteresis was 
assessed at room temperature as described by Kietzig 
[23]. Briefly, a small water drop is dispensed from a 
needle and brought into contact with the surface. The 
volume of the drop is increased and the advancing 
contact angle is taken as the one just before the 
interface diameter increases. Afterwards, the drop 
diameter is decreased and the receding contact angle 
is taken as the one just before the interface diameter 
decreases [23]. Then, complementary information is 
given by the spreading diameter, which is obtained 
from high-speed visualization. The high-speed images 
were taken at 2200fps using a Phantom v4.2 from 
Vision Research Inc., with 512x512pixels@2200fps 
resolution and a maximum frame rate of 90kfps. For 
the present optical configuration the spatial resolution 
is 25µm/pixels and the temporal resolution is 0.45ms. 
The spreading diameter is evaluated based on image 
post-processing procedures. The spreading diameter 
measured with and without electrostatic actuation is 
averaged over 6 events, obtained at similar 
experimental conditions. Accuracy of the 
measurements is evaluated to be ±25µm.  

 
Sample preparation 

Throughout the study various solutions were 
used: sodium chloride, blood plasma mock (5.6mM 
glucose, 100mM NaCl and 1.2mM BSA) and BSA 
protein. The solutions of NaCl and BSA were tested at 
different concentrations and were all prepared in 
distilled water. To study the effect of altering the pH on 
the protein BSA was necessary to prepare two buffer 

solutions, one of citrate, to pH=5, and other carbonate 
to pH=10. The pH measurements were performed in 
Metrohm 691 pH meter. 
 
Electrowetting configuration 

The electrostatic actuation is performed in a 
single-plate configuration, following the schematics 
presented in Figure 1.  

 

Figure 1. Schematic showing the configuration used for the 
electrowetting actuation experiments. 

A 10µm Teflon film is used as the dielectric. As 
recommended by Restolho et al. [25] a very thin film 
of sodium chloride was placed between the counter 
electrode and the dielectric to avoid the presence of 
an air gap. The electrode dipped inside the droplet is a 
tungsten wire with 25µm diameter (Goodfellow 
Cambridge Ltd). The counter electrode is a copper 
cylinder. Both electrodes were connected to a 
Sorensen DCR600-.75B power supply and DC voltage 
is applied in increments of 25V. Reversibility 
measurements are performed decreasing the voltage 
from the maximum value down to 0V, also in steps of 
25V. At least 6 tests are performed to obtain an 
average representative curve (contact angle vs. 
applied voltage) for each condition tested. An 
illustrative curve obtained for NaCl (200mM) is 
depicted in Figure 2. 

 

 
Figure 2: Illustrative curve of the contact angle in function of 
the applied voltage to a drop of NaCl with a concentration of 
200mM. The droplets have an initial diameter D0=2.8mm. 
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Viability Tests 
After the electrostatic actuation, one must infer if 

the samples suffered significant modifications and if 
they are still viable. For the biological fluids used here, 
a major concern is the stability of the BSA protein, as 
this may denature due to the electrostatic actuation. 
This was checked by measuring the absorption 
spectra of the BSA solutions, before and after the 
actuation experiments, using a NanoDrop 2000c/2000 
UV-Vis spectrophotometer (Thermo Scientific). The 
scans were performed in the 250-400nm wavelength 
range using 2µl of solutions. 
 
 
Results and Discussion 
 
Static and dynamic wetting without 
electrostatic actuation 
 

Table 2 summarizes the static angles measured 
for each of the liquid-surface pairs considered here. 
The results evidence that all the selected surfaces 
kept hydrophobic angles (over 100º) for all the liquids 
tested. The experiments performed also show no 
significant effect of varying the concentrations of NaCl 
or protein (BSA) in the solutions, so that only the 
results obtained for one illustrative concentration are 
depicted here. It is worth mentioning that although the 
static angles are overall quite high, the hysteresis 
measured for surfaces S1 and S2 was higher than 
30º, which is indicative that large energy dissipation 
may occur at the contact line during droplet motion. 
The PTFE surface rendered a hysteresis of 19º and 
only surface S4 rendered a very low hystreresis, of the 
order of 8º, for the various liquids tested (i.e. the 
surface has superhydrophobic properties). This can 
be a problem during electrostatic actuation, since it 
may preclude the occurrence of reversibility. To 
further investigate this issue and before submitting the 
samples to electrostatic actuation, forced droplet 
spreading was further characterized, by impacting the 
droplets on the surfaces at low velocities. The 
temporal evolution of the resulting spreading diameter 
is depicted in Figure 3. In order to avoid an exhaustive 
description, results are only presented here for the 
spreading of plasma mock over surfaces S1-S4. 

Given that the hysteresis is significantly high for 
surfaces S1 and S2, pinning of the contact line may 
occur on the micro-patterns. Consequently, energy is 
dissipated at the contact line, so that a smaller 
spreading diameter of the droplets is observed over 
these surfaces. Also, the recoiling is lessened, thus 
suggesting that one will have an electrowetting 
induced irreversible motion over these surfaces. This 
behavior contrasts with that of surface S3, for which 

the droplet shows evident recoil after spreading, as a 
result of the low dissipation occurring during droplet 
motion (low hysteresis). The PTFE surface renders a 
less evident recoiling phase, when compared to 
surface S3, but still noticeable. Hence, based on this 
analysis, only surfaces S3 and S4 (the PTFE surface) 
were used in the electrowetting tests. 
 

Table 2. Equilibrium contact angles for the representative 
pairs liquid-surface used in the present work.  

 Water NaCl 
(100mM) 

Plasma 
mock 

S1 140±6° 144±5° 145±5° 

S2 116±5° 111±5° 116±6° 

S3 152±4° 148±6° 150±6° 

PTFE 
(S4) 112±5° 112±6° 112±5° 

 

 
Figure 3. Spreading of a plasma mock droplet D0=3.2mm, 
U0=0.44m/s over various surfaces without electrostatic 
actuation 
 
 
Static and dynamic wetting with 
electrostatic actuation 
 

Droplet spreading induced by electrowetting was 
investigated by measuring the static and dynamic 
conditions. For the measurement of the static contact 
angles, the droplets were deposited on the substrates 
and actuated with gradually increasing voltage. For 
illustrative purposes, only the results with the PTFE 
substrate are shown as the surface is representative 
in terms of the static wetting effects as 
aforementioned, but one has not to deal with the 
additional effect of the regular micropattern, which 
requires deeper investigation. Also, surface S3 was 
too thick to allow the tests at this stage of the work. In 
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line with this, Figure 4 depicts the static contact angle 
as a function of the applied voltage for NaCl and BSA 
for different concentrations. The results in the Figure 4 
suggest a mild effect of the concentration for the 
various solutions. Hence, for NaCl, electrowetting is 
slightly enhanced (i.e. the contact angle decreases 
more with the applied voltage and this decrease is 
observed from lower values of the voltage) as the 
concentration increases from 50mM to 200mM. Then, 
electrowetting induced decrease of the contact angle 
becomes again less efficient for concentrations of 
400mM. This suggests an optimum concentration 
around 100mM for the conditions tested here.  

Most of the authors (e.g. [11,25]) report an 
insignificant effect of the concentration of NaCl on the 
electrowetting-induced decrease of the contact angle. 
However, these authors usually work with smaller 
droplets and lower salt concentrations. [17] and [7] 
suggest a possible modification of the electrical fields 
due to adsorption of the salts by the dielectric 
substrate which may in turn affect the electrowetting. 
The contact angle of the BSA solutions seem to be 
more difficult to decrease at lower actuation voltages, 
but shows a steeper slope for higher voltages, which 
suggests that the BSA transport is also promoted by 
small increases of its concentration. However, a 
further increase of the concentration of the protein 
leads to a saturation situation for which the contact 
angle almost does not change. This may be also 
explained by the adsorption of the protein by the 
dielectric substrate, as Teflon (PTFE) has high affinity 
to biomolecules and proteins, including BSA [27]. 
Hence, as the adsorption occurs, the contact angle 
drops to a limit value after which it cannot change. 
This effect is strongly enhanced by small increases of 
the concentration of the protein, which promote the 
adsorption, lowering the contact angle and making the 
motion of the contact line more difficult for the latest 
parts of the test, which correspond to the highest 
actuation voltage. It is worth mentioning that the 
induced advance of the contact line was observed to 
be irreversible for all the electrowetting tests 
performed, probably due to the relatively high 
hysteresis measured for the Teflon. 

Additional information was obtained by observing 
the transient morphology of the actuated droplets, by 
high-speed visualization. In this case, a new droplet is 
used for each droplet, to infer if the motion of the 
contact line was being influenced by the irreversibility 
caused by the decrease of the contact angle. 
Qualitative analysis of the high-speed videos (not 
shown here) evidences the occurrence of asymmetry 
in the shape of the droplet due to hysteresis. Also, in 
some cases the hysteresis leads so significant 
differences in the motion of the contact line that 

actually induce the slip of the droplet in the opposite 
direction. Considering now a more quantitative 
analysis, Figure 5 shows the temporal evolution of the 
electrowetting induced spreading of the contact line, 
for the concentrations reported in Figure 4. The 
spreading velocity now is much smaller, when 
compared to that obtained in the spreading induced by 
droplet impact and in this case the force balance is 
mainly governed by electrocapillar effects (inertia and 
viscosity are negligible). Here, t=0 corresponds to the 
time instant when the droplet is actuated. The curves 
obtained here are qualitatively in agreement with 
those reported by [23], exception made to the fact that 
our curves depict more oscillations. 
 

 
a) 
 

 
                            b) 
                                                                                         
Figure 4. Contact angle as a function of the applied voltage 
for solutions of a) NaCl, b) BSA, for different concentration of 
the solutions. The droplets have an initial diameter 
D0=2.8mm 
 

Overall the spreading diameter is in agreement 
with the trends suggested in Figure 4, given that the 
electrowetting seems to be slightly promoted by the 
increase of the concentration. Here, the difficulty in the 
transport of the protein is not so clear, as the highest 
concentration BSA solution actually depicts one of the 
largest spreading diameters for the highest actuation 
voltage. Hence, the apparent limitation in droplet 

0 25 50 75 100 125 150 175 200 225 250
70
75
80
85
90
95

100
105
110
115
120
125
130

 

 

θ e
 [º

]

Tension V [Volts]

 NaCl 50mM
 NaCl 100mM
 NaCl 200mM
 NaCl 400mM

0 25 50 75 100 125 150 175 200 225 250
70
75
80
85
90
95

100
105
110
115
120
125
130

 

 

θ e
 [º

]

Tension V [Volts]

 BSA 1mM
 BSA 2.5mM
 BSA 5mM
 BSA 50mM



	   6	  

motion suggested in the static analysis for the 
solutions with higher concentration of BSA may be 
indeed related to local wetting modifications resulting 
from the long period that is available for adsorption of 
the molecules by the dielectric substrate.  

 
a) 

 
                                                b) 

 
c) 
 

 
d) 
 

 
e) 

 
Figure 5: Electrowetting induced spreading of the contact 
line for solutions of a) NaCl (50mM), b) NaCl (100mM), c) 
NaCl (200mM), d) BSA (1mM) and e) BSA (2.5mM). The 
droplets have an initial diameter D0=2.8mm. 
 
Effect of pH 
 

The effect of pH was studied only in the BSA 
solutions because changing the pH of the media to 
distinct values, far from the isoelectric point of the 
protein (4.7) [15], may affect the adsorption process 
but also may promote a modification of the charge 
density in the bulk liquid of the droplet. Thus, the 
effect of pH on the evolution of the static angle is not 
very evident, as seen in Figure 6, but there appears to 
be a tendency for the angles to become slightly lower, 
while the pH 5 to 7 is increased and 10. However, for 
high voltages the contact angle values obtained for 
pH=5 come to be identical to those obtained for higher 
pH's, which tend, again to saturate in a constant 
value. 
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a) 

 
b) 
 

Figure 6: Effect of pH on the evolution of the static contact 
angle with the applied voltage to BSA solutions at different 
concentrations. a)1mM, b)2.5mM. The initial droplet diameter 
is Do = 2.8mm. 

The spreading diameter analysis, depicted in 
Figures 7 and 8 shows a trend towards higher pH 
media favoring the spreading of droplets induced BSA 
to concentrations of 1mM and 2.5mM, respectively. In 
addition to the effect of adsorption of BSA cited above, 
which for the long duration tests for static angles 
measurement promotes saturation at high-tension 
values, as the contact angle cannot lower anymore, 
for these dynamic conditions, the adsorption is 
lessened and, at the beginning, may still allow the 
spread. In addition, the variation of the pH to higher 
values may motivate a change in the charge density 
on the droplet, as suggested by [26], which justifies 
the higher induced spreading in drops to pH=7 and 
pH=10.  

 
a) 
 

 
 

    b) 
 

 
                                                c) 
 

Figure 7: Effect of pH on the spreading diameter induced by 
electrostatic actuation in 1mM BSA solution: a) pH=5, b) 
pH=7, c) pH=10. The initial droplet diameter is Do = 2.8mm. 

Thus, the basic media (pH=10) the buffer solution 
used was a carbonate. It is known from the literature 
adsorption of protons (H+) and hydroxide ions (OH) 
surfaces to give rise to a surface potential. 
Accordingly, when the pH is above the isoelectric 
point of the protein, [26] report that a rearrangement of 
the chains of BSA with the substrate should occur, 
which results in an opposed trend to the remaining 
liquid drop. Thus, if the loads in the droplet are 
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repulsive, the chains within the substrate become 
attractive, locally favoring the spreading of the drop. 
Thus, increasing the pH favors the occurrence of two 
processes, which in the long term tests are 
competitors, but in short time intervals favor the 
spreading of the droplet, while the limiting value of the 
contact angle is not reached yet.  

 
  a) 

 
    b) 

 
   c) 

 
Figure 8: Effect of pH on the spreading diameter induced by 
electrostatic actuation in 2.5mM BSA solution: a) pH=5, b) 
pH=7, c) pH=10. The initial droplet diameter is Do = 2.8mm. 

Looking at the adsorption mechanisms proposed 
by (Yoon & Garrell, 2003), the adsorption of the BSA 
occurs here by a passive mechanism, which is not 
solved by varying the pH. Actually, the results 

obtained here suggest that the adsorption is promoted 
for basic media. This is an issue that requires a 
deeper investigation on the adsorption mechanisms 
that are occurring, so that a compatible material can 
be chosen, which lessens the adsorption, or the 
transport process will not viable.  

Viability of the samples 
 

The impact of electrostatic actuation on the 
stability of BSA was inferred by comparing the 
absorption spectra of the solutions, before and after 
actuation. The tests were performed for the solutions 
with the lowest and highest concentrations of 1mM 
and 50mM, respectively. The obtained spectra, shown 
in Figure 9 reveal that BSA does not suffer any 
structural modification, as the spectra obtained before 
and after electrostatic actuation are similar. The 
increase in the absorption peak observed at 50mM 
concentration, after electrowetting is ascribed to 
droplet evaporation, which leads to an increase in the 
concentration of 1.5 times. This increase in the 
concentration is estimated to be indicative of a 
decrease in the volume of the droplet by evaporation 
of approximately 30%. To assure that droplet 
evaporation is actually caused by electrowetting and 
not by mass diffusion to the surrounding air, the 
absorption spectra were repeated on the samples by 
simply depositing the droplets over the substrate and 
waiting the time period that was required to complete 
tests, with electrostatic actuation.  

The results of such tests show no evident 
modification in the peaks of the spectra, thus 
corroborating the hypothesis that the evaporation of 
the droplet is indeed caused by electrowetting. This 
maybe a problem for applications in lab-on-a-chip 
devices, particularly for diagnostic purposes that rely 
on the detection of the protein (or any other 
component transported in the droplet) and therefore 
deserves more attention in future studies. 
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Figure 9. Absorption spectra obtained for the BSA solution 
with 50mM concentration before and after electrowetting. 

 

Final Remarks 
 

The present paper addresses the forced 
spreading of droplets of biofluids over enhanced 
surfaces, with and without electrostatic actuation, in 
the context of sample handling in lab-on-a-chip 
applications. The best performing enhanced surfaces 
are chosen based on the characterization of the 
wettability, quantified by the static contact angle and 
by analysing the temporal evolution of the droplet 
diameter within a spreading motion forced by droplet 
impact at small velocities. The tests consider the use 
2-3μL droplets of NaCl, plasma mock (100mM NaCl, 
1.2mM BSA, 5.6mM glucose) and BSA solutions with 
different concentrations. Droplet spreading induced by 
electrowetting was investigated for static and dynamic 
conditions. The results show a mild effect of the 
concentration of the salt and of the protein BSA in 
promoting droplet motion by electrowetting. The static 
analysis of the electrowetting (based on the gradual 
decrease of the static contact angles for increasing 
applied voltages equilibrium angles) showed relatively 
low concentration of the BSA lead to a saturation 
situation in which the contact angle does not change. 
This effect is attributed to the passive adsorption of 
the BSA by the substrate, which is promoted as the 
concentration of the protein is increased. For the static 
angle measurements, in which the droplet stays over 
the substrate for longer periods, this mechanism is 
more likely to affect the variation of the contact angle, 
which does not change at the highest actuation 
voltages.  

This information was complemented with the 
analysis of the spreading diameter induced by the 
electrostatic actuation. In this case, the time in which 
the droplet is deposited on the substrate is lower, so 
the adsorption effect is lessened. Instantaneously, it 
actually allows the droplet to spread. Hence, the 

apparent high saturation angles can be indeed 
attributed to the adsorption of the molecules by the 
dielectric substrate, which induce modifications of the 
wettability, if the droplet stays in contact with the 
dielectric for enough time. Varying the pH media for 
the BSA solutions was also investigated, as it is 
expected to alter the charge density inside the bulk of 
the droplet and affect the electrostatic actuation. 

The effect of pH on the static angle is not very 
evident. The angles seem to be slightly lower, while 
the pH 5, 7 and 10 is increased, however, due to the 
adsorption, which is actually promoted by basic 
media, for high voltages, the contact angle values 
obtained for pH=5 come to be identical to those 
obtained for higher pH's, which tend to saturate for a 
constant value. The spreading diameter shows a trend 
to increase towards higher pH media, for BSA 
concentrations of 1mM and 2.5mM, which is attributed 
to a rearrangement of the chains of BSA with the 
substrate.  

To infer on the viability of the protein, the 
absorption spectra of the samples before and after 
electrowetting were analyzed. The results reveal that 
the samples remain unchanged after electrostatic 
actuation, but the transported droplet evaporates, 
causing an increase of the concentration of the 
biological sample.  
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