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SUMMARY:

The protocol aims to investigate the interaction between droplets and super-hydrophobic
substrates in the air. This includes calibrating the measurement system and measuring the
interaction force at super-hydrophobic substrates with different grid fractions.

ABSTRACT:

This goal of the paper is to investigate the interaction force between droplets and super-
hydrophobic substrates in the air. A measurement system based on an optical lever method is
designed. A millimetric cantilever is used as a force sensitive component in the measurement
system. Firstly, the force sensitivity of the optical lever is calibrated using electrostatic force,
which is the critical step in measuring interaction force. Secondly, three super-hydrophobic
substrates with different grid fractions are prepared with nanoparticles and copper grids. Finally,
the interaction forces between droplets and super-hydrophobic substrates with different grid
fractions are measured by the system. This method can be used to measure the force on the scale
of sub-micronewton with a resolution on the scale of nanonewton. The in-depth study of the
contact process of droplets and super-hydrophobic structures can help to improve the
production efficiency in coating, film and printing. The force measurement system designed in
this paper can also be used in other fields of microforce measurement.

INTRODUCTION:
The contact between a droplet and a super-hydrophobic surface is very common in daily life and
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industrial production: water droplets sliding from the surface of lotus leafl?, and a water strider
traveling rapidly over the water3®. A super-hydrophobic coating on the exterior surface of a ship
can help reduce the corrosion degree of the ship and reduce the resistance of the navigation’1°,
There is great value for industrial production and bionics research in studying the contact process
between a droplet and a super-hydrophobic surface.

To observe the spreading process of droplets on a solid surface, Biance used a high-speed camera
to photograph the contact process and found that the duration of the inertial regime is mainly
fixed by the drop size''. Eddi photographed the contact process between the droplet and the
transparent plate from the bottom and side using a high-speed camera, which comprehensively
revealed the variation of the contact radius of the viscous droplet with time2. Paulsen combined

an electrical method with high-speed camera observation, thus reducing the response time to 10
n513,14_

Atomic force microscopy (AFM) has also been used to measure the interaction force between
the droplet/bubble and solid surfaces. Vakarelski used an AFM cantilever to measure the
interaction forces between two small bubbles (approximately 80-140 um) in aqueous solution
during controlled collisions on the scale of micrometers to nanometers®. Shi used a combination
of AFM and reflection interference contrast microscopy (RICM) to simultaneously measure the
interaction force and the spatiotemporal evolution of the thin water film between an air bubble
and mica surfaces of different hydrophobicity*®1’.

However, since commercial cantilevers used in AFM are too small, the laser spot irradiated on
the cantilever would be submerged by droplets or bubbles. The AFM has difficulties in measuring
the interaction force between droplets and droplets/substrates in the air.

In this paper, a measurement system based on an optical lever method is designed to measure
the interaction force between droplets and super-hydrophobic substrates. The force sensitivity
of the optical lever (Sol) is calibrated by electrostatic force!?, and then the interaction forces
between droplets and different super-hydrophobic substrates are measured by the
measurement system.

The schematic diagram of the measurement system is shown in Figure 1. The laser and position
sensitive detector (PSD) constitute the optical lever system. A millimetric silicon cantilever is used
as a sensitive component in the system. The substrate is fixed on the nanopositioning z-stage,
which can move in vertical direction. When the substrate approaches the droplet, the interaction
force causes the cantilever to bend. Thus, the position of the laser spot on PSD will change, and
the output voltage of PSD will change. The output voltage of PSD V, is proportional to the
interaction force Fi, as shown in Eq. (1).

Fi = SoLVp (1)

In order to acquire the interaction force, So. must be calibrated first. The electrostatic force is
used as the standard force in the calibration of So.. As shown in Figure 2, the cantilever and the
electrode make up a parallel plate capacitor, which could generate electrostatic force in a vertical



89
90

91

92
93
94
95
96
97
98
99
100

101

102
103
104
105
106
107
108
109
110

111

112
113
114
115

116

117
118
119
120

121

122
123
124
125
126
127
128

direction. The electrostatic force Fes is determined by the voltage of the DC power supply Vs, as

shown in Eq. (2)¥°21,
1.,,dC
Fos = ngz - (2)
where Cis the capacitance of the parallel plate capacitor, z is the displacement of the cantilever
free end, and dC/dz is called capacitance gradient. The capacitance could be measured by the
capacitance bridge. The mathematical relationship between C and z can be fitted by a quadratic
polynomial, as shown in Eq. (3).
C =Qz?+Pz+CT (3)

where Q, P and CT are the coefficients of the quadratic term, the primary term and the constant
term respectively. Therefore, the electrostatic force Fes can be expressed as Eq. (4).

Fes = ZV2(2Qz +P) (4)

Since the overlap area of two plates of the capacitor is very small, the elastic force acted on the
cantilever can be expressed as Eq. (5), according to Hooke's law:
F,=kz (5)

where k is the stiffness of the cantilever.

When the elastic force and electrostatic force applied on the cantilever are equal (i.e., Fi = Fes),
the cantilever is in equilibrium. Eq. (6) can be derived from Eqs. (1), (2) and (5):

2Q 2L VpVZ + PV2 = 280,V (6)

In order to reduce the uncertainty of calibration results, a difference method is used to calculate
Sot. The results of two experiments are taken as Vs1, Vp1 and Vs2, V2, and are substituted into Eq.
(6):
S
2Q %VP1V521 +PVE = 2SoLVps

(7)
S
ZQ%VPZVSZZ + PV& = 2SoLVp;

Transforming the equations and subtracting the lower equation from the upper equation in Eq.
(7), the parameters Q and k are eliminated. Then the calibration formula of So. is obtained, as

shown in Eq. (8):
1 1 1 1
2SoL (V——V—) = P(v_pl_v_pz) (8)

Performing a series of experiments, the curve is drawn with P(1/V,1-1/Vp2) as the ordinate and
2(1/Vs12-1/Vs,?) as the abscissa. The slope of the curve is So.

After obtaining Soi, the electrode will be replaced by different super-hydrophobic substrates. The
interaction forces between droplets and super-hydrophobic substrates will be measured by the
system shown in Figure 1.
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PROTOCOL:
1. Assembly of the So. calibration system

1.1 Assemble the So. calibration system according to the schematic diagram shown in Figure
2.

1.2 Fix the laser to a support, making the angle between the laser and the horizontal direction
be 45°.

1.3 Fix the PSD to another support, making the PSD perpendicular to the laser. Connect the
PSD to the data acquisition device and the data acquisition device to the computer.

NOTE: These angles are determined by the experimenter's visual measurement and need not be
exactly 45° or 90°.

1.4 Fix the wider end of the cantilever to a holding device while the other end is suspended.
Fix the holding device to a two-dimensional high-precision displacement stage.

NOTE: The dimensions of the cantilever are shown in Figure 3.
1.5 Fix the plate electrode to the nanopositioning z-stage by a clamping device.

NOTE: The nanopositioning z-stage can bring the electrode to move along the z-axis with a
displacement resolution of 1 nm.

1.6 Connect the positive pole of the capacitive bridge with the cantilever and the negative
pole with the plate electrode.

1.7 Install a high-speed camera, whose line of sight is perpendicular to the cantilever.

1.8 Adjust the position of the plate electrode, making the vertical distance between the plate
electrode and the cantilever be about 100 um, and the overlap length about 0.5 mm.

NOTE: These distances are checked by image processing.
2. Measurement of the capacitance gradient

2.1 Use the computer to control the capacitance bridge to collect the capacitance changes
between the plate electrode and the cantilever in real time. Set the sampling rate to 0.5 Hz.

2.2 Control the nanopositioning z-stage by computer to drive the plate electrode to step
upward with a step of 10 um and a step number of 6 and stay for 10 s after each movement.
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2.3 Change the movement direction of the plate electrode to downward, and repeat step 2.2.

2.4 Determine the relationship between the capacitance and displacement of the plate
electrode in the measurement result, and obtain the value of P according to the Eq. (3).

2.5 Repeat steps 2.1-2.4 5x and calculate the average value of P.
3. Calibration of the optical lever

3.1 Disconnect the connection between the capacitive bridge and the cantilever/plate
electrode.

3.2 Connect the positive pole of the DC power supply with the cantilever and the negative
pole with the plate electrode.

3.3 Adjust the relative position between the laser, PSD and cantilever to make the laser
reflected on PSD by cantilever.

NOTE: The laser spot is a circle about 2 mm in diameter.

3.4 Control the DC power supply by computer to apply voltage varying with time on the
parallel plate capacitor. At the same time, collect the output voltage of PSD in real time by the
data acquisition device.

3.4.1 Setthe sampling rate of the data acquisition device to 1,000 Hz.

3.4.2 Set the initial voltage of the DC power supply to 0 V and hold for 5 s.

3.4.3 Increase the voltage by 25 V and hold for 5 s.

3.4.4 Repeat step 3.4.2 4x until the voltage increases to 125 V.

3.4.5 Decrease the voltage by 25V and hold for 5 s.

3.4.6 Repeat step 3.4.4 4x until the voltage decreasesto 0 V.

3.5 Determine the relationship about the output voltage of PSD and the DC supply voltage in
the measurement result, and obtain the value of So. according to Eq. (8).

3.6 Repeat steps 3.4-3.5 5x and calculate the average value of So.

4. Preparation of super-hydrophobic substrates



217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260

4.1 Prepare three circular copper grids with the same diameter of 3 mm and different grid
fractions. Their grid fractions are 46.18%, 51.39% and 58.79% respectively.

NOTE: These copper grids are commercial products that were purchased.

4.2 Spray the nanoparticles onto three copper grids to obtain super-hydrophobic substrates
with micro structure and hydrophobicity.

4.2.1 Spray the base coat onto the copper grid.
4.2.2 Spray the top coat onto the copper grid when the first coat is dry.

NOTE: The nanoparticles are packed in a can with a spray head. The nanoparticles will be sprayed
by pressing the spray head when used.

4.3 Glue the copper grids on the side of cylinders with a diameter of 3 mm to obtain a surface
super-hydrophobic structure with a curvature of 1/3 mm™.

5. Measurement of the interaction force between droplets and super-hydrophobic substrates

5.1 Disconnect the connection between the DC power supply and the cantilever/plate
electrode. Remove the plate electrode from the nanopositioning z-stage.

5.2 Fix a plate support to the nanopositioning z-stage.
5.3 Install a high-speed camera, whose line of sight is perpendicular to the cantilever.
5.4 Suspend a droplet on the lower surface of the free end of the cantilever.

5.4.1 Place a super-hydrophobic structure with a contact angle of almost 180° on the plate
support.

5.4.2 Place a 2 uL droplet on the super-hydrophobic structure using a micropipettor.

5.4.3 Control the nanopositioning z-stage using software (e.g., PIMikroMove) to drive the
droplet to move upward.

5.4.3.1 In the dialog box, set the velocity to 10 um/s.
5.4.3.2 Click the Forward button and the droplet begins to move upwards.
5.4.3.3 Click the Stop button when the droplet contacts with the free end of the cantilever.

5.4.4 Stayfor1or2s,andthen control the nanopositioning z-stage to drive the slide glass away
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from the cantilever.

NOTE: Since the silicon cantilever is hydrophilic, the droplet is suspended on the lower surface of
the free end of the cantilever, forming a hemispherical droplet with a diameter of about 0.5 mm.

5.4.5 Remove the super-hydrophobic structure with a contact angle of almost 180° from the
plate support.

5.5 Place the super-hydrophobic substrate with a grid fraction of 46.18% on the plate
support.

5.6 Adjust the position of the plate support, making the vertical distance between the super-
hydrophobic substrate and the hemispherical droplet be about 100 um.

NOTE: The distance is checked by image processing.
5.7 Turn on the PSD, laser, and high-speed camera.

5.8 Control the data acquisition device by computer to collect the output voltage of PSD in
real time. Set the sampling rate to 100 kHz.

5.9 Set the velocity to 10 um/s in the software, and then click the Forward button, so that
the super-hydrophobic substrate moves gradually closer to the droplet.

5.10 Click the Stop button when the super-hydrophobic substrate and the droplet contact.

5.11 Set the velocity to 10 um/s in the software, and then click the Back button to drive the
super-hydrophobic substrate to move downward.

5.12 Click the Stop button when the super-hydrophobic substrate is separated from the
droplet.

5.13 Draw the curve of the output voltage of PSD varying with time.

5.14 Repeat steps 5.3-5.11 using super-hydrophobic substrates with grid fractions of 51.39%
and 58.79%.

5.15 Analyze the relationship between the interaction force and the grid fraction of super-
hydrophobic substrate.

REPRESENTATIVE RESULTS:

The displacement of the plate electrode and the corresponding capacitance between the
cantilever and the electrode measured in one experiment are shown in Table 1. The relationship
between capacitance C and displacement z is fitted by quadratic polynomial using the polyfit
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function in MATLAB, as shown in Figure 4. The first order coefficient P can be obtained by the
fitting function. The final value of P is 0.2799 pF/mm, which is the average calculated from ten
experimental results.

The supply voltage and the corresponding output voltage of PSD in one experiment are shown in
Table 2. The relationship between the output voltage of PSD V,, and the supply voltage Vs is fitted
by linear function, as shown in Figure 5, where V1 and V) are the differences between the
measured values and Vpo (the initial value of the output voltage of PSD at Vs=0). So. can be
obtained by the slope of the curve in Figure 5. The final value of So. is 8.847 uN/V, which is the
average calculated from twelve experimental results.

The curves of measured interaction forces between droplets and super-hydrophobic substrates
varying with time are shown in Figure 6. The interaction forces are calculated by Eq. (1), where
V, are the differences between the measured output voltages of PSD and initial output voltages
of PSD.

Before point A, the substrate has not contacted with the droplet, so the interaction force is 0. In
stage AB, the distance between the substrate and the droplet is very small. Due to the influence
of aerodynamic, there will be a repulsive force between the substrate and the droplet, which
shows a rising curve in the figure. Point B is the critical point at which the substrate and droplet
begin to contact. After point B, the interaction force between them becomes attractive force. In
stage BC, the droplet gradually wets the super-hydrophobic substrate under the action of
capillary force. The cantilever will bend downward in this stage, showing a decreasing curve in
the figure. At point C, the system reaches equilibrium again, and the cantilever begins to oscillate
in the equilibrium position.

As shown in Figure 6, the interaction force between the droplet and the substrate decreases with
the increase of the grid fraction. The reason is that the contact between droplets and super-
hydrophobic substrates is a process of releasing energy. The hydrophobicity of the substrate is
positively correlated with the grid fraction. The stronger the hydrophobicity is, the less energy
released during contact, so the contact force is smaller.

During the experiment we found that the repulsive force only exists in the contact process
between the droplet and the substrate with a grid fraction of 46.18%. With the increase of
hydrophobicity, the surface energy of the substrate decreases. When the repulsive force cannot
reach the resolution of the system, it is difficult to measure the repulsive force.

The magnitude of the force is in a direct relationship with the droplet volume. A supplementary
experiment was conducted to illustrate the relationship between the interaction force and
droplet volume. Three droplets of different sizes were used in the contact experiment, as shown
in Figure 7. The volume of droplet (a), (b), and (c) are 0.0135 uL, 0.0087 pL, and 0.0073 pL,
respectively. In the experiment, the volume of droplets is measured by the change of PSD output
voltage. The PSD output voltages before and after suspension of the droplet by cantilever are
measured, and their difference Vyis multiplied by So. to obtain the gravity of droplet. The volume
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value of the droplet is converted by gravity. The substrate with a grid fraction of 51.39% is used
in the experiments. The measured interaction force between the three droplets and the
substrate are shown in Figure 8. It is obvious that the interaction force increases with the increase
of droplet volume.

FIGURE AND TABLE LEGENDS:

Figure 1: The interaction force measurement system. The schematic diagram of the
measurement system based on optical lever method for measuring the interaction between
droplets and super-hydrophobic substrates.

Figure 2: The calibration system of So.. The schematic diagram of the system designed for
calibrating the force sensitivity of optical lever using electrostatic force.

Figure 3: The dimensions of the millimetric cantilever. Top view and elevation view of the
millimetric cantilever.

Figure 4: The relationship between capacitance and displacement. The quadratic polynomial
fitting curve of capacitance C and displacement z in the calibration experiment.

Figure 5: The relationship between the output voltage of PSD and the supply voltage. The linear
fitting curve of P(1/Vp1-Vp2) and 2(1/Vs12-Vs,?) according to Eq. (8).

Figure 6: The measurement results of interaction force. The interaction forces between droplets
and super-hydrophobic substrates with different grid fractions in the air. Different colors
represent different grid fractions.

Figure 7: Images of three drops of different volumes used in the experiment. The volume of
droplets (a), (b), and (c) are 0.0135uL, 0.0087uL, and 0.0073uL respectively.

Figure 8: Interaction force between the three droplets of different volumes and the substrate.
Different colors represent different droplets.

Table 1: The calibration results of capacitance gradient. The displacement of the plate electrode
and the corresponding capacitance between the cantilever and the electrode in one experiment.

Table 2: The calibration results of So.. The supply voltage and the corresponding output voltage
of PSD in one experiment.

DISCUSSION:

In this protocol, a measurement system based on optical lever method is assembled and
calibrated, which is designed for measuring the interaction force between the droplets and
super-hydrophobic substrates. Among the all steps, it is critical to calibrate So. using electrostatic
force. The results of the calibration experiment verify Eq. (8): P(1/Vpi1-1/V,2) is proportional to
2(1/Vs12-1/Vs2?) and make it possible to obtain the value of the force to be measured through the
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output voltage of the PSD. Through the experiment of measuring the interaction force between
the droplets and super-hydrophobic substrates of different hydrophobicity, the interaction force
decreases with the increase of hydrophobic capacity, which verifies the relationship between
hydrophobicity and surface energy of the substrates.

The force measurement method based on a millimetric silicon cantilever is an important
complement to the traditional methods. Compared with the high-speed camera method, the
optical lever method can accurately measure the force on the nanonewton scale. AFM is usually
used to measure the interaction force between micron-scale objects, while the system designed
in this paper can be applied on objects of millimeter-scale in the air. This method can be used to
measure the force in the scale of sub-micronewtons, and its resolution can reach the scale of
nanonewtons.

The method proposed for measuring interaction force in this paper is limited to a small
measurement range. A large force will lead to plastic deformation or even break of the silicon
cantilever, which will cause incorrect results. In addition, because the principle of this experiment
is to measure the interaction force between the droplet and the substrate under the balance of
the elastic force of the cantilever and the interaction force, the cantilever can only measure the
guasi-static force, but not dynamic force.

The in-depth study of the contact process of droplets and super-hydrophobic structures can help
people to improve production efficiency in coating, film, printing and other industrial production.
As a generalized adhesion force measurement technique, the substrates in the system can be
replaced with substrates made of other materials. For example, a super-hydrophobic substrate
with multi-stage microstructures which is made of PDMS (polydimethylsiloxane) can be used. The
force measurement system based on optical lever method can also be used in other fields of
micro force measurement, such as the interaction force during the coalescence of two droplets
and the interaction force between super-hydrophobic substrates and droplets of different
surface tension.
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Time(s) 0 10 20 30 40 50 60
Displacement(um) 0 10 20 30 40 50 60
Capacitance(pF) 2.399  2.402 2406 2411 2416 2.422 2.429

Time(s) 70 80 90 100 110 120
Displacement(um) 50 40 30 20 10 0

Capacitance(pF) 2.422 2.416 2411 2.407 2.403 2.400
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Time(s) 0 5 10 15 20 25
Supply Voltage(V) 0 25 50 75 100 125
Output voltage of PSD(V) -3.5757 -3.5656 -3.5327 -3.4797 -3.3775 -3.1733
Time(s) 30 35 40 45 50
Supply Voltage(V) 100 75 50 25 0

Output voltage of PSD(V) -3.3765 -3.4786 -3.5321 -3.5644 -3.5755
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Name of Material/

Compan Catalog Number Comments/Description
Equipment pany & / P
Shenzhen Andonstar Tech Co., L . Frame rate: 30 frames/sec; Focal distance: 5 mm - 30
Camera digital microscope Al
Ltd mm
The capacitive bridge is used to measure the
Capacitive bridge Andeen-Hagerling AH2550A capacitance between the cantilever and the plate
electrode.

The data acquisition device is used to read the output

Data acquisition device National Instruments USB-4431 q P

voltage data.
DC power supply Keithley 2410 Voltage range: 5 puV; Accuracy: 0.012%
i i i AGH100, AGH150, The grid fractions of AGH100, AGH150 and AGH300
Grid Electron Microscopy China

AGH300 are 46.18%, 51.39% and 58.79% respectively

Shenzhen Infrared Laser
Laser HW650AD100-10BD Laser wavelength: 650 nm
Technology Co., Ltd.
NeverWet Multi-Surface Liquid Repelling Treatment is
Nanoparticle Rust-Oleum 274232 ) a P ) & ]
a revolutionary super hydrophobic coating.
N itioning z- T | 50 to 250 350 | ;
anopositioning z Physik Instrumente p622.7CD rave ran.ges pum to : um ( um open loop);
stage Resolution to 0.1 nm; Linearity error only 0.02%

Position sensitive The two-dimensional PSD is used to translate optical

Hamamatsu Photonics K.K. $1880 ) ) ) )
detector signals into electrical signals.
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Title of Article: Mensurement q( Iiteraction Fme Between D}Tfet ad Sufw-hyWohc&bJ{m I?)’

Author(s):

Shuya Z}Wﬂ, Meim@

ltem 1: The Author elects to have the Materials

http://www.jove.com/publish) via:

IEStanda rd Access

Item 2: Please select one of the following items:

tical Lever
Method

be made available (as described at

|:|0pen Access

@The Author is NOT a United States government employee.

I:IThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

il Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2 Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

A Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JOVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in ltem 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE's copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5i Grant of Rights in Video - Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JOVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9, Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (o, if more than one author s listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11, JOVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JOVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author's institution as necessary to make the Video,
whether actually published or not. JOVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JOVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JOVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR

Name:

- Telmy Zeng

epartment:
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Title:

Signature: \]%W hon Date: | 2off /2.l

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JOVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Editorial comments:

1. Could you include some of your response to Reviewer 1 (from the rebuttal) in the
manuscript itself (including Figures)? Other readers may have similar concerns about the
broad applicability of this procedure. If you do so, please clarify how you estimate the
volume of droplets (area measurement?).

Re: Thanks for your comment. The response to Reviewer 1 has been included in the
manuscript itself now, and the method to estimate the volume of droplets are clarified too.
The new content is shown in blue.

2. It's a little difficult to tell what you want to film now; please re-highlight the protocol with
only yellow.
Re: Thanks for your comment. The protocol to be filmed is re-highlighted with yellow now.
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