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20 SUMMARY:
21  Here, we present a protocol to detect the adulteration of diesel with kerosene using test strips
22 coated with a fluorescent viscosity probe together with a smartphone-based analysis system.
23
24  ABSTRACT:
25 Three fluorescent molecular rotors of 4-dimethylamino-4-nitrostilbene (4-DNS) were
26  investigated for their potential use as viscosity probes to indicate the content of kerosene in
27  diesel/kerosene blends, a wide-spread activity to adulterate fuel. In solvents with low viscosity,
28 thedyes rapidly deactivate via a so-called twisted intramolecular charge transfer state, efficiently
29 quenching the fluorescence. Measurements of diesel/kerosene blends revealed a good linear
30 correlation between the decrease in fluorescence and the increase of the fraction of the less
31 viscous kerosene in diesel/kerosene blends. Immobilization of the hydroxy derivative 4-DNS-OH
32 in cellulose paper vyielded test strips that preserve the fluorescent indicator’s behavior.
33  Combination of the strips with a reader based on a smartphone and a controlling app allowed to
34  create asimple field test. The method can reliably detect the presence of kerosene in diesel from
35 7to 100%, outperforming present standard methods for diesel adulteration.
36
37 INTRODUCTION:
38  Fuel adulteration is a serious problem in many different parts of the world, simply due to the
39 enormous relevance of fuel as an energy source. Running engines on adulterated fuel reduces
40 their performance, leads to earlier engine failure and entails environmental pollution?. Increased
41 SO« emissions occur if diesel is adulterated with kerosene that usually contains a higher amount
42  of sulfur?3. Although the problem exists for decades, sustainable fuel management that uncovers
43  such criminal activity at its point of origin is still, because simple and reliable tests for fuel
44  adulteration are largely lacking®. Despite substantial progress in laboratory-based mineral oil
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analysis in the past decades®”’, approaches to on-site measurements are still scarce. Various
methods for the use outside of the laboratory have recently been devised, using fiber optics?,
field-effect transistors® or mechano-chromic materialsi®. Although they overcome some of the
drawbacks of conventional methods, robust, user-friendly and portable methods are still lacking
largely. Fluorescent viscosity probes based on molecular rotors are an interesting alternative!%1?,
because mineral oils are comprised of a great variety of hydrocarbons that differ in chain length
and cyclicity, being often reflected in different viscosities. Because fuels are complex mixtures
without specific lead compounds to act as tracers, the measurement of the change of a
macroscopic property like viscosity or polarity seems very promising. The latter can be addressed
by fluorescent molecular rotors for which the fluorescence quantum vyields depend on
environmental viscosity. After photoexcitation, deactivation commonly involves a twisted
intramolecular charge transfer (TICT) state, the population of which is determined by the
viscosity of its surrounding microenvironment*3, Highly viscous solvents hinder molecular rotors
to adopt a TICT state, entailing bright emission. In low-viscous solvents, the rotor can much better
access the TICT state, accelerating non-radiative decay and thus quenched fluorescence. The
addition of kerosene, with a viscosity of 1.64 mm?2s™ at 27 °C, to diesel, with respective
viscosities of 1.3-2.4, 1.9-4.1, 2.0-4.5 or 5.5-24.0 mm?:s ! at 40 °C for grades 1D, 2D, EN 950
and 4D+, reduces the kinematic viscosity of the mixture and potentially leads to a proportional
guenching of the fluorescence of a molecular rotor probe. The family of 4-dimethylamino-4-
nitrostilbenes (4-DNS) seemed most promising to us because of their strong fluorescence
variation over a kinematic viscosity range of 0.74-70.6 mm?:s 1. This range matches well with
the known values of kerosene and diesel.

We therefore explored the ability of 4-DNS, 2-[ethyl[4-[2-(4-
nitrophenyl)ethenyl]phenyl]amino]ethanol (4-DNS-OH) and (E)-4-(2-(ethyl(4-(4-
nitrostyryl)phenyl)amino)ethoxy)-4-oxobutanoic acid (4-DNS-COOH) to indicate the viscosity of
diesel-kerosene mixtures through their fluorescence, depending on intramolecular rotation and
finally yielding a rapid test for diesel adulteration with kerosene. The disposable test is easy to
use, precise, reliable, cost-effective and dimensionally small. The adsorption of the probes onto
the filter paper as a solid support was investigated and the analysis was accomplished with an
embedded smartphone-based fluorescence reader. Today, ubiquitously available smartphones
are equipped with high-quality cameras, rendering the detection of optical changes such as color
and fluorescence straightforward, and paving the way for powerful on-site analyses. We
demonstrate here that the measurement of the emission of fluorescent probes adsorbed on
paper strips with a smartphone can be used for fraud detection on combustion fuels in a reliable
manner?’,

PROTOCOL:
1. Fluorescent Dyes (Figure 1A)
1.1.  Purchase commercially available 4-DNS and 4-DNS-OH.

Note: 4-DNS-COOH is not commercially available and is prepared from 4-DNS-OH as described



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
129
130
131
132

hereafter.

1.2.  Place 50 mg (0.16 mmol) of 2-[ethyl[4-[2-(4-nitrophenyl)ethenyl]phenyl]amino]ethanol,
2 mg (0.016 mmol) of 4-dimethylaminopyridine and 19.2 mg (0.192 mmol) of succinic anhydride
in a 10 mL round bottom flask.

1.3.  Dissolve the reagents in 2 mL of dry dichloromethane under argon atmosphere.
1.4. Add 11.6 pL (0.08 mmol) of triethylamine and let the mixture react for 20 h.

1.5.  Monitor the reaction by thin layer chromatography until quantitative conversion of the
starting materials (Rf = 0.61) into the product (Rf = 0.27) is indicated (hexane/EtOAc, 4/6, v/v)

1.6. Add 2 mL of water to the mixture before acidification to pH 2 with acetic acid (approx. 10
pL).

1.7.  Extract the mixture by performing two successive liquid-liquid extractions, with 10 mL of
dichloromethane each time.

1.8.  Wash once the reunited organic phases with 10 mL of saturated NaCl (> 359 g L™).

1.9.  Dry the organic phases by adding Na,SO4 powder until some fine drying agent powder
remains visible.

1.10. Purify the crude product by flash silica column chromatography with petroleum
ether:ethylacetate 1:9 as the eluent.

Note: The yield achieved were 49 mg (74%) of the desired product.

1.11. Perform 'H NMR analysis of the purified product in DMSO-ds to validate the structure (&
8.17 (d, J = 8.8 Hz, 2H), 7.75 (d, J = 8.8 Hz, 2H), 7.49 (d, ) = 8.8 Hz, 2H), 7.41 (d, J = 16.3 Hz, 1H),
7.10 (d, J = 16.3 Hz, 1H), 6.75 (d, J = 8.9 Hz, 2H), 4.18 (t, J = 6.0 Hz, 2H), 3.58 (t, J = 6.0 Hz, 2H),
3.43 (q,J =7.0 Hz, 2H), 2.50 — 2.45 (m, 4H), 1.10 (t, J = 7.0 Hz, 3H) ppm).

1.12. Perform '3C NMR analysis of the purified product in DMSO-d6 to validate the structure (6
173.36, 172.20, 147.99, 145.23, 145.13, 133.89, 128.76, 126.30, 124.03, 123.67, 120.95, 111.58,
61.52, 48.05, 44.57, 28.73, 28.63, 12.00 ppm).

1.13. Perform high resolution mass spectrometry with positive electro spray ionization of the
purified product, corresponding to the calculated value (C22H25N206 [M+H]*: 413.1707) m/z ratio
of 413.1713.

2. Synthesis of the Reference Dye
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Note: The synthetic procedure of 8-(phenyl)-1,3,5,7-tetramethyl-2,6-diethyl-4,4-difluoro-4 bora-
3a,4a-diaza-s-indacene was adopted from Coskun et al.8.

2.1.  Purify the crude product by column chromatography on silica with toluene as eluent.
Note: The yield achieved were 441 mg (29 %) of bright reddish crystals.

2.2.  Perform 'H NMR analysis of the pure product at 600 MHz in DMSO-ds to validate the
structure (6 0.98 (t, 6H, ) = 7.6 Hz), 1.27 (s, 6H), 2.29 (q, 4H, ) = 7.6 Hz), 2.53 (s, 6H), 7.27-7.29 (m,
2H), 7.46-7.48 (m, 3H) ppm).

2.3.  Perform high resolution mass spectrometry with positive electro spray ionization of the
purified product, corresponding to the calculated value (C23H2sBF2N2 [M+H]*: 381.2314) m/z ratio
of 381.2267.

3. TEST STRIP FABRICATION, METHOD 1.

3.1. Prepare 1 mM solutions of the reference dye and dyes 4-DNS, 4-DNS-OH and 4-DNS-
COOH in toluene.

3.2.  Cut cellulose strips of 30 x 5 mm from filter paper.

3.3.  Place approximately 50 of those strips (611 mg) in a sealable 5 mL vial together with 4.5
mL of the desired dye solution from step 3.1.

3.4. Shake the strips inside the vial with a vertical rotator for 20 min at 30 rpm.

3.5. Pour the toluene solution out of the vial, and immediately fill with 4 mL of cyclohexane
and rotate for 1 min at 30 rpm to wash off excess dyes.

3.6. Repeat the washing operation from Step 3.5 three times.

3.7. Dry the obtained test strips on a filter paper for 10 min in air at room temperature.
4, Test Strip Fabrication, Method 2.

4.1. Amination of the paper strips.

4.1.1. Cut cellulose strips of 30 x 5 mm from filter paper.

4.1.2. Under a fume hood, place approximately 20 of those strips (308 mg) in a flask containing
40 mL of toluene.

4.1.3. Add 960 pL of 3-aminopropyltriethoxysilane (APTES) in the flask and stir the mixture for
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24 h at 80 °C.

4.1.4. Remove the strips from the flask and wash thoroughly with 50 mL of ethanol.
4.1.5. Dry the strips for 2 h at 50 °C.

4.2.  Grafting of the dye.

4.2.1. Under a fume hood, dissolve 5 mg of 4-DNS-COOH (13 pmol) in 10 mL of dry
dichloromethane under argon atmosphere in a 25 mL flask.

4.2.2. Add N,N'-dicyclohexylcarbodiimide (DCC, 3.3 mg, 16 umol) and allow the carboxylic acid
to be activated for 15 min.

4.2.3. Add triethylamine (2.2 uL, 16 umol) and 18 aminated paper strips (278 mg).
4.2.4. Stir the mixture for additional 2 h.

4.2.5. Remove the strips from the solution and wash with 25 mL of dichloromethane and 25 mL
of ethanol.

5. Sample Pre-Treatment.

5.1. Laboratory treatment

5.1.1. Place 10 mL of a fresh diesel/kerosene blend in a 25 mL vial.

5.1.2. Suspend 10 wt% of active charcoal in the blend.

5.1.3. Stir the vial for 1 h, centrifuge (400 x g, 10 min) and filter to remove the charcoal.
5.2.  On-site treatment

5.2.1. Purchase circular activated carbon loaded filters of 47 mm diameter.

5.2.2. Place four of the filters in a 47 mm stainless steel in-line filter holder.

5.2.3. Flush 5 mL of a fresh diesel/kerosene blend through the filters with a standard 10 mL
syringe; approximately 2 mL of polycyclic aromatic hydrocarbon-free solution was obtained.

6. Smartphone Reader Implementation

Note: An Android based smartphone with a centered front camera was used as the core of the
smartphone measurement system. All the necessary optical elements and 3D-printed accessory
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were custom-made for this device. However, any other smartphone with a CMOS
(Complementary Metal Oxide Semiconductor) camera can be used.'*?°

6.1. Purchase a standard 5 mm epoxy LED at 460 nm, a 100 Q resistor and a USB on-the-go
(OTG) cable with an ON/OFF switch and a micro USB port.

6.2.  Cut the USB cable on the opposite of the OTG side to isolate the red wire powering +5 V
(up to 300 mA) and the black wire corresponding to the ground.

6.3.  Solder the 100 Q resistor to the +5 V red wire and the LED anode. Solder the LED cathode
to the ground black wire. Connect the micro USB to the phone to power the LED.

6.4. Purchase a diffuser and two filters for the LED and the camera, typically a short pass filter
for the excitation channel (LED) and a band pass filter for the emission collection (camera).

6.5. 3D-print a smartphone case that fits on the smartphone and integrates the different
optical parts consisting of a black chamber (20 x 30 x 40 mm)?! as described in Figure 2.

6.6. 3D-print a strip holder as described in Figure 2 to hold a reference and a test strip.

6.7. Implement the excitation channel by placing the LED, the diffuser and the filter to
illuminate the paper strips at an angle of 60°.

6.8. Implement the reading channel by placing the filter in front of the smartphone CMOS
camera.

6.9. Insert the test strip holder containing the strips to start a measurement.

7. Sample Analysis Using the Smartphone-Based Detector

Note: Analyses were carried out by running a Java app(lication) for Android that finally displayed
the adulteration level on the screen. Without the app, pictures can be taken, exported to a

computer and analyzed with a standard image analysis software.

7.1.  Select the adequate calibration file, here diesel/kerosene, from the software memory by
clicking on the Menu button in the upper-right corner of the software window.

7.2. Dip the test strip into the diesel sample for a couple of seconds by holding the test strip
with tweezers.

7.3.  Remove excess fuel by simple patting with a drying paper.

7.4.  Place the test strip inside the strip holder besides the reference strip and introduce the
holder into the smartphone case.
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Note: An image of the strips’ fluorescence is then immediately displayed on the smartphone’s
screen.

7.5. Press the SHOOT button to record the fluorescence intensities of test and reference
strips.

Note: The degree of adulteration is immediately calculated by the internal algorithm and
displayed on the screen.

REPRESENTATIVE RESULTS:

The three structures of the two commercial dyes 4-DNS and 4-DNS-OH and the synthesized dye
4-DNS-COOH contain a stilbene core element substituted with a donor (-NRz) and an acceptor (-
NO2) group at both ends, the central double bond constituting the hinge of the so called
‘molecular rotor’ (Figure 1A). The structures differ in amino group substitution pattern with short
alkyl groups for 4-DNS, two slightly longer groups including an alcohol moiety for 4-DNS-OH and
an ester linker terminating with a carboxylic acid function for 4-DNS-COOH (Figure 1A).

Although the three dyes showed similar fluorescence properties in solution, adsorption on
cellulose (paper) induced different behavior. When the polarity of the terminal group on the
amino substituent (-Me < -OH < -COOH) increased, a bathochromic shift and a quenching of the
emission was observed (Figure 1B). The deposition of diesel or kerosene samples on the paper
strips further enhanced the fluorescence. The latter is ascribed to an increasing affinity of the
dyes for the cellulose fibers, reducing micro-solvation and thus the fluorescence quantum yields
(Figure 1A).

Upon an increase of kerosene in the blend, the fluorescence of the 4-DNS-OH test strips was
reduced, shifted hypsochromically from 550 to 515 nm and the band became more structured
(Figure 1C)’. Different from the behavior in solution, the fluorescence intensity of 4-DNS-OH
correlated linearly with kerosene when adsorbed in the strip, revealing a correlation coefficient
of 0.997 and a low standard deviation of 2.5% (Figure 1C).

The fluorescence of the strips was determined with a 3D printed smartphone case integrating a
strip holder and all necessary optical elements such as an LED powered directly by the
smartphone USB port, filters and a diffusor (Figure 2A, 2B).

The assay procedure remained as simple as possible with 6 main steps: dipping, placing the strip
in the holder, starting the LED, positioning the holder in the case and analyzing the fluorescence
signal with an application and process the data with an application (Figure 2C). The analysis
software averaged all the RGB values of the pixels in predefined spatial areas corresponding to
the strips and converted them to fluorescence intensities. The accuracy of 3% found for the
determination of diesel content was even better than the accuracy of the standard method and
also as the uncertainties reported for other sensors.
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FIGURE AND TABLE LEGENDS:

Figure 1. Chemical and photophysical properties of the molecular viscosity probes 4-DNS, 4-
DNS-OH and 4-DNS-COOH. (A) Chemical structures. (B) Fluorescence of the dyes adsorbed on
paper strips upon UV excitation (365 nm) before adding fuel and after adding some diesel (1 = 4-
DNS, 2= 4-DNS-OH and 3 = 4-DNS-COOH). (C) Evolution of the test strips’ fluorescence with a fuel
gradient from kerosene to diesel.

Figure 2. Embedded system to analyze the purity of a diesel blend. (A) Scheme of the
smartphone case containing all the necessary optical and electronic parts. (B) Perspective view
of the smartphone case with the strip holder in place and without the additional elements (a
cover is coming on the side to close the chamber). (C) The successive steps: dip in sample, place
in the holder, start the LED, place the holder and press the shoot button to obtain directly the
diesel purity on screen.

DISCUSSION:

A fluorescent probe, based on a molecular rotor dye that is sensitive to viscosities in the range of
those measured for diesel and its different blends with kerosene, was used to obtain simple and
efficient test strips for the detection of diesel fuel adulteration. The emission intensity of 4-DNS
at 550 nm in various diesel/kerosene blends correlates with a reduction in viscosity when the
proportion of kerosene increases. At a temperature of 24 °C, a nonlinear fluorescence quenching
of up to 55% was observed for up to 100% adulteration with kerosene, allowing for reliable
guantification of the adulteration with a low standard deviation of 1.70%.

However, the simple adsorption of 4-DNS on filter paper strips led to an elution of the dye when
dipped into liquid samples, because of hydrophobic and n-it interactions between hydrophobic
dye and hydrophobic solvent. Fortunately, the introduction of a hydroxyl (in 4-DNS-OH) or
carboxyl group (in 4-DNS-COOH) circumvented this detrimental behavior and led to a steric
anchoring of these polar derivatives in the cellulose fibers via hydrogen bonds. As an alternative
approach, the grafting of 4-DNS-COOH to a linker-functionalized substrate was also considered
to avoid elution, and filter paper previously aminated with 3-aminopropyltriethoxysilane (APTES)
was chosen as substrate here. Unfortunately, this material was only weakly emissive even in the
presence of viscous substances, like 4-DNS-COOH in a paper matrix. Among the three rotor dye
derivatives with various terminal functional groups tested, only 4-DNS-OH was found to be
suitable for the current test. This dye combined interactions with cellulose that are strong enough
to avoid elution with a solvent shell that allows for the access of the fuel sample. It was not
leaking out of the paper strip when dipped into fuels and presented a strong enough fluorescence
emission in the visible range for recording with a smartphone.

With such 4-DNS-OH-coated test strips, titration experiments employing real samples were also
performed. However, the use of raw fuels was problematic because of the presence of polycyclic
aromatic hydrocarbons (PAH), entailing an intolerably high background signal. A simple filtration
step of the diesel/kerosene blends through activated carbon was thus implemented, efficiently
removing those compounds as well as potential fuel marker dyes, which are frequently added by
manufacturers, leading to convincing results.
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For the sake of straightforward use on-site, the smartphone detection system was designed. An
Android based platform was chosen as it offers more flexible development features in terms of
application deployment and connectors (lightning port requires an extra adaptor for OTG cable).
All electronics and optics are widely available off-the-shelf components and the smartphone case
can be made by a standard 3D printer. Even though recent high-end smartphones run with the
newest operating systems allow users to obtain RAW pictures from camera acquisition, a vast
majority of the mobile devices currently on the market or in use are equipped with a hardware-
based auto-exposure compensation algorithm directly within the CMOS chip. This feature, handy
for consumer uses, is an important problem when smartphone chemometric systems are
concerned, as lux amount received by the camera’s CMOS is automatically tuned to match certain
lux criteria. Using these values as absolute measurement readings can thus easily yield misleading
and false results. Measurement of a reference strip side by side to a test strip is thus essential to
account for such auto-exposure compensation. In future, with the importance of smartphone-
based analysis dramatically increasing, this feature can significantly simplify the method by
having to analyze only the test strip like realized in today’s commercial test strip readers found
on the market.

The smartphone and printed case embedded sensory system was compared to a standard
method based on GC-FID for validation’, revealing excellent agreement with linear responses
and low limits of detection down to 7% for the mobile system. To enhance the precision of the
method, a pure diesel and a pure kerosene reference solution can be analyzed (in analogy to the
common two-point calibration of any conventional pH electrode) to obtain calibration files for
the fuels, especially when diesel fuels of different grades are encountered that have specific
viscosities and respond specifically on the strip. Such calibration files can be readily entered and
stored in the app. Such cost-effective, precise and rapid tests are an interesting forensic solution
for fraud detection by consumers or untrained authority personnel.

Further developments of rapid tests for fuels based on test strips and smartphone read-out are
currently ongoing, noteworthy for the adulteration of gasoline with alcohol or other petroleum
products like kerosene. Naturally, the smartphone system for fluorescence read-out can be easily
adapted to other fluorescent indicator systems.
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Name of Material/ Equipment Company
4-dimethylamino-4-nitrostilbene (CAS Number: 2844-15-7) Sigma-Aldrich
2-[ethyl[4-[2-(4-nitrophenyl)ethenyl]phenyl]lamino]ethanol (CAS Number: 122258-56-4) Sigma-Aldrich
Whatman qualitative filter paper, Grade 1 Sigma-Aldrich
Whatman application specific filter, activated carbon loaded paper, Grade 72 Sigma-Aldrich
Pall reusable in-line filter holders stainless steel, diam. 47 mm Sigma-Aldrich
(3-Aminopropyl)triethoxysilane Sigma-Aldrich
4-(Dimethylamino)pyridine Sigma-Aldrich
Succinic anhydride Sigma-Aldrich
Triethylamine Sigma-Aldrich
N ,N'-dicyclohexylcarbodiimide Sigma-Aldrich
Stuart Tube Rotators Cole-Parmer
FreeCAD freecadweb.org
Ultimaker Cura Ultimaker
Android Studio Google
Renkforce SuperSoft OTG-Mirror Micro-USB Cable 0,15 m Conrad.de
Black Cord Switch 1 x Off / On Conrad.de
Carbon Film Resistor 100 Q Conrad.de
492 nm blocking edge BrightLine short-pass filter Semrock
550/49 nm BrightLine single-band bandpass filter Semrock
@1/2" Unmounted N-BK7 Ground Glass Diffuser, 220 Grit Thorlabs

LED 465 nm, 9 cd, 20 mA, +15°, 5 mm clear epoxy Roithner
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Catalog Number
39255
518565
2274852
WHA1872047
7268453
919-30-2
1122-58-3
108-30-5
121-44-8
538-75-0
SB3

1359890 - 62
1371835 - 62
1417639 - 62
FFO1-492/SP-25
FF01-550/49-25
DGO05-220
RLS-B465

Comments/Description
4-DNS Dye
4-DNS-OH Dye
Test strips support
Fuel pre-treatment filters
Holder pre-treatment filters
APTES
DMAP

Et;N

DCC

Rotator

Freeware - 3D design

Freeware - 3D printing

Freeware - App programming
Smartphone setup electronic part
Smartphone setup electronic part
Smartphone setup electronic part
Filter excitation

Filter emission

Diffuser excitation

LED excitation
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Title of Article:

I Fluorescent Paper Strips for the Detection of Diesel Adulteration with Smartphone Read-out '

Author(s):
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Iltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: Standard Access U Open Access

Item 2 (check one box):

X
The Author is NOT a United States government employee.

D 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.

D 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 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.
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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 madifications 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.
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Rebuttal Letter Click here to download Rebuttal Letter Comments.docx %

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues.

2. 2.2-2.3: Please write these steps in imperative tense.

The steps were rewritten to be in imperative tense

3.5.1.3: What's the centrifugation rate (in x g) and time?

The centrifugation rate and time were added

4.5.2: The sub-steps under step 5.2 are not numbered correctly.

The sub-steps were renumbered

5. Please include at least one paragraph of text to explain the Representative Results in the context
of the technique you have described, e.g., how do these results show the technique, suggestions
about how to analyze the outcome, etc. The paragraph text should refer to the figures (in your case,
figure 1).

The representative results were reorganized and rewritten to clearly explain the figures and highlights
of the manuscript.

6. For in-text referencing, please put the reference number before a period or comma.

The in-text references were placed before periods or commas.
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