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24 SUMMARY:
25  Here, we present a protocol to produce long filaments of polydimethylsiloxane (PDMS) silicone
26 by gravity-drawing through a furnace. Filaments are on the order of hundreds of micrometers in
27  diameter and tens of centimeters in length and are hydrophobically patternable via an Arduino-
28  controlled corona discharge system.
29
30 ABSTRACT:
31 Polydimethylsiloxane (PDMS) silicone is a versatile polymer that cannot readily be formed into
32 long filaments. Traditional spinning methods fail because PDMS does not exhibit long-range
33  fluidity at melting. We introduce an improved method to produce filaments of PDMS by a
34  stepped temperature profile of the polymer as it cross-links from a fluid to an elastomer. By
35 monitoring its warm-temperature viscosity, we estimate a window of time when its material
36 properties are amendable to drawing into long filaments. The filaments pass through a high-
37 temperature tube oven, curing them sufficiently to be harvested. These filaments are on the
38 order of hundreds of micrometers in diameter and tens of centimeters in length, and even longer
39 andthinnerfilaments are possible. These filaments retain many of the material properties of bulk
40 PDMS, including switchable hydrophobicity. We demonstrate this capability with an automated
41  corona-discharge patterning method. These patternable PDMS silicone filaments have
42  applications in silicone weavings, gas-permeable sensor components, and model microscale
43  foldamers.
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INTRODUCTION:

Polydimethylsiloxane (PDMS) silicone is a broadly used material with many manufacturing and
research applications. It is heat and water resistant, electrically insulating, hydrophobic, gas
permeable, food-safe, biocompatible, and flexible with an almost ideal Poisson ratio.
Additionally, it can readily serve as a host for various functional molecules, added either before
or after curing!?. Its surface is readily modifiable by UVO, oxygen plasma, or Corona discharge to
switch its hydrophobicity and induce short-term self-adhesion3>. In particular, it has also been
used in microfluidics®.

Filaments of PDMS are particularly useful in producing high surface-area silicone weaves, silicone
fiber sensors’, and silicone-based additive manufacturing materials (3D printing). In our labs, we
use hydrophobically patterned filaments of PDMS as a platform to study folding. The team
studies the filament’s conformational statistics in an aqueous environment vig an athermal
acoustic excitation and imaging system previously reported?®.

Forming high aspect-ratio filaments from PDMS via traditional form-casting is challenging.
Filaments have large surface area-to-volume ratios, which complicates release from the molds®.
Researchers have had success sheathing PDMS with carrier polymers for continuous
electrospinning into nanoscale filaments'®1?, though the resulting filaments are not pure PDMS.

The predominant manufacturing method to produce macroscale filaments out of other materials
involves drawing out a viscous liquid from a reservoir through a pore. Typically, the viscous liquid
is a thermoplastic or glass that is fluid at high temperatures in the reservoir and cools into an
(often amorphous) solid filament as it is drawn out through a chimney. This process is sometimes
called melt spinning, and it is incompatible with PDMS because PDMS does not exhibit long-range
fluidity at melting. Block co-polymers of silicone and alpha-methyl styrene have been shown to
produce filaments via melt spinning, but again, the resulting filaments are not pure PDMS*3.

The method we outline here is akin to melt-spinning, except the relative temperature of the
reservoir and chimney are switched. The PDMS is fluid in a room temperature reservoir, as it has
not yet completed cross-linking. The viscosity of the PDMS varies as the silicone oil crosslinks with
a curing agent, a process that can be thermally accelerated. Before placing it in the reservoir, we
heat the curing PDMS until it reaches a viscosity suitable for long gravity-drips, then cure it post-
drip via a hot tube furnace in the chimney. The approach is somewhat comparable to “dry-
spinning”, in which polymers are dissolved in volatile solvents that evaporate during drawing.

To our knowledge, the only reported method of producing long filaments of pure PDMS is our
previous publication® . The method introduced here is a significant improvement upon the
original approach, with the intent of minimizing the art of the process. Most notably, by
measuring the viscosity during the pre-curing stage and timing cool-down periods, we are able
to report an experimentally accessible window of filament spinnability. We also introduce a
means of producing repeatable, localized surface modifications on the filament via an Arduino-
controlled corona patterning system, enabling longitudinal hydrophobic patterning along the
filament.
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PROTOCOL:
1. PDMS Filaments
1.1.  Furnace and extrusion assembly

1.1.1. Attach 1.59 mm inner-diameter high temperature silicone rubber tubing to house air
supply through a metering valve (see Figure 1). Connect the other end of the tubing to an
extrusion adaptor consisting of a sheath around a 1.08 mm radius opening, which will produce a
steady downward airflow around the filament (e.g., a custom machined brass sheath at an
airflow of approximately 1.4 L/min; see Supplemental Figure 1 for specifications).

NOTE: Preferably produce filaments in a reduced air-flow environment with a fire extinguisher
nearby.

1.1.2. Cover the surface below a cylindrical ceramic tube furnace (e.g., 17 mm inner diameter,
107.7 mm length) with foil to capture any excess PDMS.

1.1.3. Mount the extrusion adaptor above the vertical tube furnace, centering the opening to
the furnace and leveling the furnace so the filament will pass through.

1.1.4. Connect the extruder to the extrusion adaptor via high temperature silicone rubber semi-
clear tubing.

1.1.5. Heat the furnace until the inner temperature is approximately 250 °C as measured by an
infrared thermometer, using a variable transformer to regulate temperature.

1.1.6. Move the furnace out from under the extrusion adaptor so that the extrusion adapter
does not heat up prior to filament production.

1.2.  Partially pre-curing PDMS

1.2.1. Preheat a disposable sample tube to 65.0 °C in a viscometer with temperature control.
Use an appropriate viscometer and spindle, such that one can measure viscosities in the range of
200-10000 mPa-s.

1.2.2. Thoroughly mix 18.0 g of PDMS base with 1.8 g of its curing agent in a weigh boat and
place the mixture in a room temperature (RT) vacuum desiccator for 15 min or until no bubbles
remain. Vent the desiccator periodically to pop the bubbles near the surface.

NOTE: The following timing assumes use of the PDMS base and curing agent specified in the Table
of Materials.



133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176

1.2.3. Pour 17.7 g of the mixture into the preheated sample tube on the countertop (some is
lost to adhesion to the weigh boat). Re-insert the sample tube into the viscometer.

1.2.4. Take viscosity measurements once per minute, keeping the viscometer spinning slowly (5
rom).

1.2.5. When the viscosity reaches 4000 mPa‘s, remove the sample tube with pliers and
immediately pour into the room temperature extruder. Produce filaments in a time window that
starts approximately 4.5 min from heat removal and lasts for a subsequent 4 min.

1.3.  Extruding PDMS to form filaments

1.3.1. During the delay time, ensure the furnace is at 250 °C using an infrared thermometer.
1.3.2. Approximately 4 min after removal of the sample tube from the viscometer, move the
furnace back underneath the extrusion adapter and align the inner needle of the extrusion

adapter with the tube furnace using a heat-safe glove.

1.3.3. Periodically twist the screw on the extruder, allowing a steady stream of PDMS to drip
through the furnace.

NOTE: If droplets form instead of filaments, wait 30 s for further RT curing and try again. Constant
twisting pushes the PDMS through the furnace too quickly. Generally, small flare-ups can be
handled by turning off the furnace and using a non-conductive stick to dislodge any built up PDMS
from the furnace.

CAUTION: If PDMS drips onto the walls or top of the furnace, there is the possibility of a flare-up.

1.3.4. Once the PDMS stream begins to thin, twist the extruder an additional half-revolution.
Each trial has about 16 revolutions using the given extruder.

1.3.5. Gather the filaments on wooden sticks beneath the furnace after each twist and lay them
across wooden racks to finish curing for approximately 12 h.

2. Patterning Surfaces of PDMS Filaments with Computer-controlled Corona Discharge
2.1.  Arduino-controlled filament-positioning and corona discharge control system: assemble
the open-source Arduino microprocessor-controlled stepper motor that pulls the filament under
a corona discharge device per the wiring diagram in the Supplemental Materials. Upload the
custom Arduino code software in the supplemental materials to the system.

2.2.  Patterning filament surface with the device

2.2.1. Enter desired pattern into code (“Pattern” array) and upload it to the Arduino via USB.
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2.2.2. Wash a cured filament with 1% sodium dodecyl sulfate and rinse with excessive pure
water. Dry the filament with air.

2.2.3. Place filament on an electrically non-conducting slab with a cut-out (e.g., laser-cut acrylic,
see Supplemental Figure 3A) that allows the filament to be suspended in air. Use double-sided
tape to secure the ends of the filament to the slab.

2.2.4. Place the slab in a ventilated corona discharge box in between acrylic tracks and ensure
that it is level. Place an immobile metal slab under the acrylic, aligning the filament along the
edge of the metal slab.

2.2.5. Place the corona discharge electrode (e.g., a spring electrode tip) approximately 3 mm
above the filament and plug the corona discharger into the Arduino-controlled outlet.

2.2.6. Tie a non-conductive line to the circular cut-out on the acrylic slab. Adhere the other end
of the line to the Arduino-controlled stepper motor (see Supplemental Figure 3BC).

2.2.7. Press the button in the Arduino circuit to begin patterning with the programmed code.
Corona discharge is a produced by a low current 4.5 MHz electric field with an output voltage of
10-40 kV that modifies the surface of the PDMS to render it hydrophilic.

CAUTION: The current is low, but the device produces ozone and UV radiation in air. Preferably
use it in a fume hood, behind a vented acrylic shield.

REPRESENTATIVE RESULTS:

The method (Figure 1) successfully produces filaments of approximately 200 um in diameter
(Figure 2) and of varying lengths on the order of 10 cm. Longer filaments could be produced by
raising the drawing apparatus, and average filament diameters can vary between 50-300 um per
run. Filaments are flexible and robust, and their modulus of elasticity is comparable to bulk
PDMS8. In this protocol, the working time between pre-curing the PDMS and drawing the
filaments is conveniently long enough for transporting the material (Figure 3).

Hydrophobicity patterning via the corona discharge can be verified via droplet contact angles.
The contact angle analysis is complicated by the cylindrical shape of the filament; droplets can
form either a symmetrical barrel shape or asymmetrical shell shape!?. For our filaments, using 1
uL water droplets, these two shapes correspond to corona-treated hydrophilic surfaces and
untreated hydrophobic PDMS, respectively (Figure 4).

FIGURE AND TABLE LEGENDS:

Figure 1: Schematic of the filament production method. Degassed, cross-linking PDMS is heated
at 65 °C until its viscosity reaches 4000 mPa-s. It is then cooled and transferred to an extruder
that pushes the material through a downward air-flow-sheathed opening, then through a tube
furnace before being harvested as filaments.
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Figure 2: Histogram of filament widths from a demonstration of the method. Widths are per cm
of filament over 6 filaments, whose total length was approximately 80 cm. Filaments were
scanned by a flatbed scanner and analyzed by custom Octave scripts®®. Inset: a representative
image of an extended filament next to a ruler.

Figure 3: PDMS viscosity vs. time. Viscosity measurements (at 5 RPM) of degassed PDMS base
and curing agent as a function of time, with different temperature profiles. Continuous heating
(gray diamonds) is at 65 °C, demonstrating a rapid increase in viscosity. Black data points are at
65 °C, prior to removal to room temperature when viscosity reaches 4000 mPa-s per the method
above. Red data points represent the same sample’s viscosity after cooling to 25 °C. Gap shown
in the data occurs while the viscometer is being cooled to 25 °C with ice-water flow. Cyan window
is time when filament production occurs as per the method.

Figure 4: Hydrophobically patterned filament. (A) Filament was patterned with an alternating
hydrophobicity pattern, every 2 cm, using the Arduino-controlled-Corona method described
above, and visualized with 1 pL droplets of water. (B) Droplets adopt either a shell (left) or barrel
(right) conformation depending on the filament’s local hydrophobicity*. Shell contact angles are
estimated directly, whereas planar-equivalent contact angles on barrel-droplets are determined
by fitting to an analytical solution®.

Supplemental Figure 1: Dimensions of extrusion adapter with airflow sheath.

Supplemental Figure 2: Wiring diagram for Corona patterner. Corona discharge device is
plugged into the relayed power source. The filament is loaded on a tray attached by a non-
conducting wire to the stepper motor via a spindle (Supplemental Figure 3). The pattern is
uploaded onto the Arduino microprocessor on the bottom left.

Supplemental Figure 3: Schematic of parts for filament patterner. (A) Tray with an opening
where the filament is suspended. (B) Spindle for the nonconducting wire connecting the stepper
motor to the tray via the 0.8 cm hole. (C) Bottom view of the spindle, showing the adapter to the
stepper motor shaft. We fabricated all parts from laser-cut 3.2 mm acrylic, which was glued
together when necessary.

Supplemental Figure 4: Image of the filament patterner.

DISCUSSION:

The basis of this method is manipulating the material properties of curing PDMS so they are
suitable for gravity drawing. Gravity drawing droplets into stable filaments is governed by three
dimensionless parameters!®. They relate the droplet’s inertia relative to gravity (Froude), surface-
tension (Weber), and viscosity (Reynolds). The critical step of crosslinking the PDMS until it
experimentally evidences stable extension per our method most dramatically alters its Reynolds
number, reducing it by more than an order of magnitude, from 0.83 to 0.07. In contrast, the next
largest change in one of the other dimensionless parameters is the Weber number, which merely
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doubles. This supports the use of viscosity as a sensitive proxy for tracking PDMS spinnability.

A critical improvement over our earlier filament production method is that the viscosity profile
during the protocol is used to determine experimental working times. To determine limitations
of the technique, we pre-cured a batch of PDMS per the protocol, removed it from heat, and took
viscosity measurements at room temperature as the PDMS continued cross-linking. The resulting
viscosity profile (Figure 4) suggests that the window for spinnability is extended dramatically by
removing the PDMS from the 65 °C heated viscometer. Our protocol involves removal of the
PDMS prior to entering the spinnability window, then allowing of the sample to continue
crosslinking for about 4.5 min as it cools to room temperature. Subsequently, the experimenter
has approximately 4 min to draw it before the ongoing crosslinking renders the PDMS no longer
drawable.

The method as shown readily produces filaments with diameters on the order of 100 s of um and
lengths on the order of 0.5 m. The filament length is limited by accessible space beneath the
extrusion and tube furnace. A reasonable modification of the technique would be to install it in
a longer chimney to produce longer filaments. A modification that we have not yet explored is
mechanically pulling the filaments instead of relying on a gravity drop, which may yield thinner
filaments.

A critical step to hydrophobically patterning the filament is exposure to corona discharge in
ambient conditions. This introduces some ambiguity, as the shape/intensity of the discharge is
affected by ambient conditions and local conductivity. It can be tuned by placing grounded
conductors under the filament as well as adjusting the voltage of the corona device (10-40 kV).
The mechanism of the corona surface-modification is likely electron energy transfer lysing the
PDMS side chains and backbone. To break these bonds, electrons would need less energy than
the average energy required to produce a dielectric-barrier discharge!’. Thus, an observable
discharge that envelops the filament is likely to produce the surface modification and can be
readily tested via water droplet contact angle measurements.

This method enables relatively facile production of silicone PDMS filaments and subsequent
complex hydrophobic patterning. The initial aim is to produce a model foldamer system in which
hydrophobic patterns can be designed to produce observable filament folding pathways and
folded structures. This testbed may provide generalizable design rules for engineering folding
pathways. These filaments may also have material applications as part of hydrophobic or
chemically reactive weaves via solvent swelling, or in the use of reactive compounds suspended
in the gas-permeable PDMS.

ACKNOWLEDGMENTS:
The authors gratefully acknowledge insight and assistance from W. Cook, S. J .S. Rubin, J. Zehner,
C. Barraugh, C. Fukushima, M. Mulligan, M. Keckley, and A. Bosshardkt.

DISCLOSURES:
The authors have nothing to disclose.



309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352

REFERENCES:

1. Bossi, M. L., Daraio, M. E., Aramendia, P.F. Luminescence quenching of Ru (II) complexes in
polydimethylsiloxane sensors for oxygen. Journal of Photochemistry and Photobiology A:
Chemistry. 120 (1), 15-21 (1999).

2. Toepke, M. W., Beebe, D. J. PDMS absorption of small molecules and consequences in
microfluidic applications. Lab on a Chip. 6 (12), 1484-1486 (2006).

3. Haubert, K., Drier, T., Beebe, D. PDMS bonding by means of a portable, low-cost corona system.
Lab on a Chip. 6 (12), 1548-1549 (2006).

4. Bhattacharya, S., Datta, A., Berg, J. M., Gangopadhyay, S. Studies on surface wettability of poly
(dimethyl) siloxane (PDMS) and glass under oxygen-plasma treatment and correlation with bond
strength. Journal of Microelectromechanical Systems. 14 (3), 590-597 (2005).

5. Efimenko, K., Wallace, W. E., Genzer, J. Surface modification of Sylgard-184 poly (dimethyl
siloxane) networks by ultraviolet and ultraviolet/ozone treatment. Journal of Colloid and
Interface Science. 254 (2), 306-315 (2002).

6. Johnston, I. D., McCluskey, D. K., Tan, C., Tracey, M.C. Mechanical characterization of bulk
Sylgard 184 for microfluidics and microengineering. Journal of Micromechanics and
Microengineering. 24 (3), 035017 (2014).

7. Xue, R., Behera, P., Xu, J., Viapiano, M. S., Lannutti, J. J. Polydimethylsiloxane core—
polycaprolactone shell nanofibers as biocompatible, real-time oxygen sensors. Sensors and
Actuators B: Chemical. 192, 697-707 (2014).

8. Kiessling, R., et al. Gravity-Drawn Silicone Filaments: Production, Characterization, and
Wormlike Chain Dynamics. ACS Applied Materials & Interfaces. 9 (46), 39916-39920 (2017).

9. Roca-Cusachs, P., et al. Stability of microfabricated high aspect ratio structures in poly
(dimethylsiloxane). Langmuir. 21 (12), 5542-5548 (2005).

10. Yang, D., et al. Electrospinning of poly (dimethylsiloxane)/poly (methyl methacrylate)
nanofibrous membrane: Fabrication and application in protein microarrays. Biomacromolecules.
10 (12), 3335-3340 (2009).

11. Niu, H., Wang, H., Zhou, H., Lin, T. Ultrafine PDMS fibers: preparation from in situ curing-
electrospinning and mechanical characterization. Rsc Advances. 4 (23), 11782-11787 (2014).

12. Ramakrishna, S., et al. Electrospun nanofibers: solving global issues. Materials Today. 9 (3),
40-50 (2006).

13. Blyler Jr, L. L., Gieniewski, C. Melt spinning and draw resonance studies on a poly (a-methyl
styrene/silicone) block copolymer. Polymer Engineering & Science. 20 (2), 140-148 (1980).

14. Carroll, B. J. The accurate measurement of contact angle, phase contact areas, drop volume,
and Laplace excess pressure in drop-on-fiber systems. Journal of Colloid and Interface Science. 57
(3), 488-495 (1976).

15. Eaton, J. W., Bateman, D., Hauber, S., Wehbring, R. GNU Octave version 4.2.2 manual: a high-
level interactive language for numerical computations. Volume 4.2.2, (2018).

16. Ziabicki, A. Fundamentals of fibre formation: the science of fibre spinning and drawing. John
Wiley & Sons, Ltd (1976).

17. Haji, K., Zhu, Y., Otsubo, M., Honda, C. Surface modification of silicone rubber after corona
exposure. Plasma Processes and Polymers. 4 (S1), S1080 (2007).



353



4000 mPa-s
e

Viscometer

House Air

Metering

valve
I

Extruder

Tubing

Tube
furnace

Pre-curing PDMS Furnace and extrusion


http://www.editorialmanager.com/jove/download.aspx?id=910489&guid=9623a154-318b-4b53-a17f-3f2582330035&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=910489&guid=9623a154-318b-4b53-a17f-3f2582330035&scheme=1

Jl

©

i 9 5 v E My | 0

8 .
________::,_:____:___:___:,__5____?___:E___:___:__Eg:_:_:_:___z____:__z:_a

o
Q\

O - O
¥ ¥

sjuawbas w9 | Jo JaquinN

200 300 400 500

Segment width (pm)

100


http://www.editorialmanager.com/jove/download.aspx?id=910490&guid=25ca8a83-fbe8-493d-89aa-ace997bc07cc&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=910490&guid=25ca8a83-fbe8-493d-89aa-ace997bc07cc&scheme=1

5000071

40000

W
o
o
o
o

Viscosity (mPa s)
S
3

10000}

-6- Continuous heating
-e- |nitial heating
—e- Cooled to 25 °C

A4

10 20 30 40 50 60 70
Time (min)


http://www.editorialmanager.com/jove/download.aspx?id=910491&guid=29bf2edd-2da2-41e0-a280-2a0a0bdbfa44&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=910491&guid=29bf2edd-2da2-41e0-a280-2a0a0bdbfa44&scheme=1

2¢cm



http://www.editorialmanager.com/jove/download.aspx?id=910492&guid=0ba7e62a-1247-44d1-9d8d-398ff6c5818d&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=910492&guid=0ba7e62a-1247-44d1-9d8d-398ff6c5818d&scheme=1

Table of Materials Click here to access/download;Table of Materials;JoVE_Materials 58826.xls %

Name of Material/ Equipment Company Catalog Number Comments/Description
2 part PDMS Silicone Dow Corning Sylgard 184 4019862
Thermosel Brookfield HT-110 115, HT-115A DP
viscometer Brookfield RVT115
Disposible sample chamber Brookfield HT-2DB-100
Disposible spindle Brookfield SC4-27D-100, SC4-DSY
Extruder Makin's 35055
High-temperature silicone tubing McMaster-Carr 51135K16

Ours is a custom: 17.0 mm inner
diameter, 38.7 mm outer diameter, 107.7
mm length, 150 Ohm. Companies
include Watlow and Omega. Critical
design considerations: smaller inner
diameters will require better furnace-
filament alignment, longer tubes should

Cylindrical Tube heater (Ceramic) also be sufficient.
Variable Transformer for heater  Variac 3PN1010

Metering valve Swagelok SS-2MA1

Corona Discharge Device Electro-Technic BD20A

Arduino Kit Elegoo EL-KIT-003

Nylon Fishing Line EoongSng BO75DYVC3F

Pasta Drying Rack Norpro BOOOO4UE7U

Infrared thermometer Nubee 81175535214

Flatbed scanner Canon CanoScan 9000F MKII
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Drawing and hydrophobicity-patterning long polydimethylsiloxane (PDMS) silicone filaments
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ltem 1 (check one box): The Author elects to have the Materials be made available (as described at

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

Item 2 (check one box):

Standard Access \/ Open Access

\/ The Author is NOT a United States government employee.

The 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.

The 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

1. 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 MylJove 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.
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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.

3. 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 Item 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.
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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.

5. 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 rights permitted under such
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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. 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.

9. 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 (or, if more than
one author is 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 wuse, 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.

10. 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 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
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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.

11. 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 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
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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.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication 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.

13. 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 required per submission.
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Rebuttal Letter Click here to access/download;Rebuttal

Letter;revision2_response.pdf

W.M. Keck Science Department

Claremont McKenna College - Pitzer College « Scripps College

Dear Dr. Bing Wu,

Thank you for the prompt editorial comments on our manuscript. We have made the suggested
changes, detailed below.
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are
no spelling or grammar issues.
2. Please use standard SI unit symbols and prefixes such as pL, mL, L, g, m, etc., and h, min, s
for time units.
3. Please use a single space between numerical values and their units.
The manuscript has been updated accordingly.

4. JoVE cannot publish manuscripts containing commercial language. This includes trademark
symbols (™), registered symbols (®), and company names before an instrument or reagent.
Please remove all commercial language from your manuscript and use generic terms instead.
All commercial products should be sufficiently referenced in the Table of Materials and
Reagents.
Commercial language was removed from the protocol. The results still note the specific instruments
that were used to gather the data, as those are not part of the standard protocol and would not be in the
table of materials and reagents. Please let us know if you would rather even these be in the table, and
we will quickly comply.

5. Please revise the text in Protocol to avoid the use of any personal pronouns (e.g., "we",
"you", "our" etc.).

6. Step 1.3.4: Please write this step in imperative tense.

7. 2.1: Please ensure that all text is written in imperative tense.

8. 2.2: Please ensure that all text is written in imperative tense.

The manuscript has been updated accordingly.

9. Figure 1: Please provide a short description in addition to the figure title in the Figure
Legend.

The caption now reads:
Figure 1. Schematic of the filament production method. Degassed, cross-linking PDMS is
heated at 65 °C until its viscosity reaches 4000 mPa-s. It is then cooled and transferred to an
extruder which pushes the material thorugh a downward air-flow-sheathed opening, and
through a tube furnace before being harvested as filaments.

Thank you,

Babak Sanii

Assistant Professor of Chemistry
bsanii@kecksci.claremont.edu
909-607-9851

925 N. Mills Avenue, Claremont, CA 917115916 Phone: 909-621-8298 Fax: 909-621-8588 Web: www.kecksci.claremont.edu
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