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SUMMARY:
Electrochemical impedance spectroscopy (EIS) of species that undergo reversible oxidation or
reduction in solution was used for determination of rate constants of oxidation or reduction.

ABSTRACT:

Electrochemical impedance spectroscopy (EIS) was used for advanced characterization of
organic electroactive compounds along with cyclic voltammetry (CV). In the case of fast
reversible electrochemical processes, current is predominantly affected by the rate of diffusion,
which is the slowest and limiting stage. EIS is a powerful technique that allows separate analysis
of stages of charge transfer that have different AC frequency response. The capability of the
method was used to extract the value of charge transfer resistance, which characterizes the
rate of charge exchange on the electrode-solution interface. The application of this technique is
broad, from biochemistry up to organic electronics. In this work, we are presenting the method
of analysis of organic compounds for optoelectronic applications.

INTRODUCTION:

Redox rate of the electroactive compound is an important parameter characterizing its ability
to undergo oxidation or reduction processes and predict its behavior in the presence of strong
oxidizing or reducing agents or under applied potential. However, most of the electrochemical
techniques are only able to qualitatively describe the kinetics of the redox process. Among
various electrochemical techniques employed for redox active compounds, characterization
cyclic voltammetry (CV) is the most prevailing method for quick and sufficient electrochemical
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characterization of various soluble species3. The CV technique has broad applications, e.g.,
energy levels estimations*®, the charge carriers analysis supported by spectroscopies’*°, up to
surface modifications!!13. Like every method, CV is not perfect and to increase the applicability
and quality of results, the connection with another spectroscopic technique is important. We
already present several investigations where the electrochemical impedance spectroscopy (EIS)
technique was employed#1 but in this work, we intended to show step-by-step how to
reinforce the CV technique by EIS.

The EIS output signal consists of two parameters: real and imaginary parts of impedance as
functions of frequency’-%°. It allows estimation of several parameters responsible for charge
transfer through the electrode-solution interface: double layer capacitance, solution resistance,
charge transfer resistance, diffusion impedance and other parameters depending on system
investigated. Charge transfer resistance was an object of high attention since this parameter is
directly related to the redox rate constant. Even though oxidation and reduction rate constants
are estimated in solution, they may generally characterize the ability of a compound for charge
exchange. EIS is considered to be an advanced electrochemical technique requiring profound
mathematical understanding. Its main principles are described in modern electrochemistry
literaturel’-23,

PROTOCOL:
1. Basic Preparation of an Electrochemical Experiment

1.1. Prepare 5 mL of a working solution containing 1.0 mol-L™ BusNBFs and 0.01 mol-L™!
investigated organic compound by adding calculated amounts of solid powders into 5 mL of
dichloromethane in a small vessel or a test tube. With 2,8-bis(3,7-dibutyl-10H-phenoxazin-10-
yl)dibenzo[b,d]thiophene-S,S-dioxide (molar mass 802 g-mol™), weigh 0.0401 g of this
compound and 1.645 g of BusNBFa.

1.2.  Fill a 3 mL electrochemical cell with 2 mL of solution using a pipette. The remaining
portion of the solution will be needed later for impedance measurement and reproducing the
results.

1.3.  Polish a 1 mm diameter platinum working disc electrode (WE) for 30 s using a polishing
cloth moistened by several drops of alumina slurry. Rub the flat surface of the disc electrode
with a piece of cloth mounted on an immobile support (e.g. Petri dish) by applying moderate
pressure.

1.4. Rinse the electrode with distilled water three times to remove alumina particles.
1.5.  Anneal a counter electrode (CE, platinum wire) in a butane burner flame. Carefully put

the platinum wire in a flame for less than 1 s and quickly remove when it starts reddening to
avoid melting.
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Note: The CE surface area is not stipulated but must be much higher than the surface area of
the working electrode. In this case, impedance of working electrode interface would have the
major impact on the total system impedance and would permit excluding counter electrode
impedance from consideration.

1.5.1. Anneal a reference electrode (RE, silver wire) in butane burner flame in the same
manner.

1.6.  Put all three electrodes (working, counter and reference) into a cell avoiding mutual
contact and connect to the corresponding potentiostat cables marked as WE, CE and RE. Insert

a gas delivering tube connected with argon gas bottle for further deaeration.

1.7. Open the gas valve and deaerate solution by bubbling argon through the solution for 20
min. Close the gas valve before measurement.

2. Tentative Characterization by Cyclic Voltammetry (CVA)

2.1.  Register the CVA of the working solution within a potential range from -2 V to +2 V and
scan rate 100 mV-s™L.

2.1.1. Launch the program Cyclic voltammetry in the potentiostat software.

2.1.2. Choose 0.0 V as initial potential value, -2.0 V as minimal potential, +2.0 V as maximal
scanning potential, 100 mV-s™! as scanning rate. Other parameters are optional.

2.1.3. Click the button Start.

Note: A typical voltammogram is presented in Figure 1.

2.2. Determine the potential value from the CVA obtained. Note the potential values when
maxima of positive (anodic peak) and negative (cathodic peak) current appear and calculate the
average value.

2.3. Add 10 mg of ferrocene by spatula into the working solution and deaerate it by argon
bubbling for 5 min. This is necessary for mixing and complete dissolution of the ferrocene

added.

Note: The ferrocene amount is not precise. However, adding less than 1 mg or more than 20 mg
would complicate estimation of equilibrium potential.

2.4. Register the CVA of the working solution within the potential range from -1V to +1 V
and scan rate 100 mV-s™1. A small reversible peak of ferrocene will appear as shown in Figure 1.

2.5. Determine the potential value of ferrocene reversible oxidation from the CVA obtained.
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Note the potential values when maxima of positive (anodic peak) and negative (cathodic peak)
current appear and calculate the average value.

2.6.  Put another portion of the solution prepared at step 1.1 into the cell and clean the
electrodes by repeating the procedure described in 1.2-1.7.

3. Registration of Impedance Spectrum

Note: An example of the setup in software is shown in Figure 2; any other software or device
also can be used. However, the setup arrangement may differ in different software, although
the main principles remain the same. Use the EIS in a staircase mode, i.e. potentiostatic spectra
are registered automatically one after another.

3.1. In the software, choose a potential range of 0.2 V covering the reversible peak in CVA.
Example: A reversible oxidation peak was detected on CV at 0.7 V. The potential range for CV
should be then from 0.6 V to 0.8 V. The spectra will be registered with the increment of 0.01V,
i.,e.at0.61V,0.62V, etc.

3.2.  Register the EIS automatic measurement procedure under following conditions advised.
3.2.1. Enter the following input values: initial potential 0.6 V; finish potential 0.8 V; potential
increment: 0.01 V; frequency range: from 10 kHz through 100 Hz; the number of frequencies in
logarithmic scale: 20; wait for a time between the spectra: 5 s, ac voltage amplitude 10 mV,
minimal 2 measures per frequency.

3.2.2. Click the button Start.

Note: In that case, 21 spectra, each containing 41 frequency points will be obtained. The typical
set of automatically registered spectra is presented in Figure 3.

4. Analysis of Impedance Spectrum

4.1.  Launch the program EIS spectrum analyser.

4.2. Download the spectrum by choosing File | Open.

4.3. In the right upper sub-window construct an EEC by using left/right mouse click choosing
series or parallel connection and necessary element from the context menu: C — capacitor, R —
resistor, W — Warburg element. Start from the simplest circuit (Figure 5c).

4.4. Choose initial minimal and maximal values for parameters by left-mouse-clicking table

cells and entering values: C1 — from 1:107 to 1-10°%, R1 — from 2000 to 100, R2 — from 1000 to
100, Aw — from 50000 to 10000.
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4.5. Fit the model by choosing Model | Fit. Repeat the procedure several times (usually
about 5 times) until the calculated values no longer change. Parameter values are shown in a
table in the upper left sub-window.

4.6. Check parameter errors shown in the last column of the table. If an error of a parameter
exceeds 100%, that means that the parameter is not necessary for a circuit. In that case try
another equivalent circuit.

Note: If one tries to fit an experimental spectrum corresponding to the simple circuit (Figure 5c¢)
by a more complicated circuit (Figure 5a), then errors of unnecessary additional parameters W
and R3 would be considerably high.

4.7. Check the values of r’(parametric) and r’(amplitude) presented in the lower right sub-
window. If they exceed limit 1-1072, repeat the procedures 4.2-4.5 using another equivalent
electrical circuit (EEC) (Figure 5).

4.8. Repeat the procedure 4.1-4.7 for all the spectra registered

4.9. For each spectrum analyzed, write down the calculated value of charge transfer
resistance and the corresponding potential that the spectrum was registered at.

5. Calculation of Redox Rate Constants

5.1.  Put the values of the estimated inverse charge transfer resistance versus potential. A
typical potential plot of inverse charge transfer resistance for the reversible process is
presented in Figure 6.

5.1.1. Open an empty sheet of spreadsheet software.

5.1.2. Manually enter the values of potentials and corresponding values of reverse charge
transfer resistance in columns A and B.

5.1.3. Select the range A1:B21 and choose Insert | Graph | Pointed by mouse clicking in the
task menu.

5.2.  Plot the values of a theoretical function calculated by the formula (1) on the same plot.
Use constant values: F = 96485 C-mol™, ¢o = 0.01 mol- %, z=1, R=8.314 J-mol™*K!, = 0.5, T—
ambient temperature. Use the previously estimated value (3.1) of Eo.

22 1-a
-1 _ 0Z F Coe
Rt = k022 ()

6 = errE~0) (2)
where Rt is inverse value of charge transfer resistance normalized by surface area; z —
number of electrons transferred in one step (accepted being equal 1); F— Faraday constant; co—
concentration of investigated compound; a — charge transfer coefficient (accepted being equal
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0.5); E — electrode potential; parameter 6 was introduced to simplify the final formula relating E
and Re.

5.2.1. Copy the first column of values (potential values) in the same sheet in column D.

5.2.2. Enter the constant values of F, co, z, R, , T, Eo, ko enlisted above into cells C1:C8. Use
values Ep =0, ko =1-107>.

5.2.3. Enter formula (2) to calculate 8 into cell E1: =EXP(SC$S1*SCS3/(SCS4*SCS6)*(D1-SCS7)).

5.2.4. Copy the formula into cells E2:E21 by selecting E1, clicking Copy, selecting range E2:E21
and clicking Paste.

5.2.5. Enter formula (1) into cell F1: = $CS$8*S$CS$1A2*S$C$3M2/($CSA*SCS6)*SCS2*ELA(1-
$CS$5)/(1+E1).

5.2.6. Copy the formula into cells F2:F21 by selecting F1, clicking Copy, selecting range F2:F21
and clicking Paste.

5.2.7. Left click on the graph built at step 5.1, choose Choose data, then Add and add new
data set by specifying entering D1:D21 as x range and F1:F21 as y range.

Note: Two graphs: experimental and simulated automatically marked by different colors will
appear on one coordinate plot.

5.3.  Optimize the theoretical function (1) in order to fir experimental data by varying values
of equilibrium potential (E°) and standard rate constant (k°), being the target parameter.

Note: Change of the values in cells C7 (EQ) and C8 (kO) would immediately cause change of the
simulated graph.

5.3.1. Change values in cells C7 and C8 manually in order to achieve equality between
experimental and simulated graph.

Note: Change of Eo moves the bell-like curve along the x axis. Change of ko controls the height
of the bell-like curve. Thus, varying those two only parameters can be used to find a theoretical
model corresponding to experimental results (Figure 6). Parameter a (1) controls symmetry of
theoretical peak. However, in real systems asymmetry may be caused by the occurrence of
side-process rather than by a. Since it influences resulting ko value we recommend not to
manipulate a value and leave it to equal 0.5.

REPRESENTATIVE RESULTS:
The first step is cyclic voltammetry characterization presented in Figure 1. Application of EIS
was successful when compounds underwent the fast reversible electrochemical process. Such



264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307

behavior was often not observed for organic compounds but organic compounds that possess
electroconductivity in a solid state was found to be a good specimen for electrochemical kinetic
investigation. One such organic compound is shown in the inset of Figure 1.

Registration of impedance spectra was carried out according to the experimental setup (Figure
2), and typical raw resulting data are shown in Figure 3. Analysis of impedance spectra was
carried out using special software?*. The window of the open access program EIS Spectrum
analyser?* during results processing is shown in Figure 4. An EEC used to fit the spectrum is built
manually in the right upper sub-window. The calculated EEC parameters (resistances R1 and R2,
capacitance C1 and diffusion impedance parameter W1) are shown in a table in the left upper
sub-window. The graph in lower left sub-window illustrates fitting of experimental results (red
points) with the theoretically calculated data plot (green line).

Several different EEC may fit experimental spectrum depending on the processes that take
place on the electrode surface and their rates (Figure 5). The simplest semi-infinite Warburg
element can be used as there is no distortion of solution (e.g. rotating of the electrode mixing)
and no electrode coating limiting the diffusion. In case of considerably fast electrochemical
reactions, resistance R3 (Figure 5A) was high enough to be neglected in comparison with other
parallel branches of EEC (Figure 5B). Moreover, when rate of charge transfer (R2) is significantly
higher than diffusion, the charge transfer step becomes limiting and an even simpler EEC
(Figure 5C) describes the system.

The series resistor R1 is always present in EEC. It corresponds to the external resistance
including connectors and solution, except electrode-surface interface. Capacitor C1
characterizes a double layer formed at the electrode interface. The branch including resistor
and Warburg element diffusion impedance (Figure 5A) corresponds to a fast electrochemical
process including two stages: kinetic and diffusion, respectively. The third resistor corresponds
to a slower electrochemical process that takes place on the electrode surface and involves
solvent or molecules that have undergone fast oxidation or reduction. In some cases,
parameters, R3 and W1 were impossible to estimate. Then they might be considered as absent
and not taken into account as Figures 5B and 5C show.

Although EIS provides an estimation of several parameters, the target element which is
considered in this work is charge transfer resistor R2 usually assigned as R in literature’-%,
which stands in parallel to the capacitor and in series to Warburg element. Its dependence on
voltage is shown in Figure 6.

According to the theory of electrochemical kinetics (Protocol, step 5.2), charge transfer
resistance is directly related to the standard electrochemical rate constant. Even though
matching between experimental and theoretical results was not ideal, it allowed estimation of
the value of the standard electrochemical rate constant and defined the value of equilibrium
potential by maximum position.

FIGURE AND TABLE LEGENDS:



308
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

Figure 1: Cyclic voltammogram of investigated compound overlapped by cyclic
voltammogram in presence of small amount of ferrocene. Solution: 1.0 mol-L™! BusNBF4 and
0.01 mol-L™* X in dichloromethane. Structure of compound X (2,8-bis(3,7-dibutyl-10H-
phenoxazin-10-yl)dibenzo[b,d]thiophene-S,S-dioxide) is shown in the inset.

Figure 2: Experimental setup controlling registration of 20 spectra within the voltage range
from 0.6 to 0.8 V in the frequency range from 10 kHz to 100 Hz with 20 points for each
decade. Ej, Er —initial and final potentials respectively, N — number of steps, ts — waiting time
before each measurement, dt — record time interval, fi, fr — initial and final frequency, Np —
number of frequency points in one spectrum, V, —ac amplitude, pw — part of time in respect to
one point registration used to switch to another frequency, Na — number of measurements at
one frequency, E range, | range, Bandwidth — technical parameters.

Figure 3: Scan of screen during impedance spectra registration. Upper right sub-window:
staircase dependence of electrode potential on time. Upper left sub-window: Nyquist plot,
imaginary impedance (ordinate), real impedance (abciss). Lower left sub-window: Bode plot,
impedance module (left scale), phase shift (right scale), frequency (horizontal scale).

Figure 4: «EIS Spectrum analyzer» program window during results processing. Upper left sub-
window: parameter values table: C1 — capacitance, R1, R2 — resistances, W1 — Warburg
element; lower left sub-window: experimental (green points) and theoretical model (red line)
spectra; upper right sub-window: equivalent electrical circuit; lower right sub-window:
calculated statistics of fitting.

Figure 5: Equivalent electrical circuits found to fit the impedance spectra of redox processes
on the electrode surface. (A) — reversible electrochemical process accompanied by parallel
irreversible process, (B) — reversible electrochemical process, (C) — electrochemical process with
kinetic limitation stage.

Figure 6: Inverse values of charge transfer resistance estimated from EIS versus electrode
potential. The line depicts theoretically predicted dependence according to formula (2).

DISCUSSION:
This part of the work will be devoted to an explanation of chosen experimental conditions and
discussion of possible applications of the method presented.

Analysis of impedance spectrum may be performed by various software. Here the basic
recommendations for EEC analysis method are discussed. One needs to know that there are
numerous fitting algorithms and various ways of error estimation. We present an example of
using open access software developed by A. Bondarenko and G. Ragoisha?* (Figure 4).

Exact estimation of Rt value was the main objective of the work. One of the reasons for the
choice of the experimental conditions was an intention to conceal the impact of diffusion. Thus,
the solution concentration had to be as high as possible. While acquiring the experimental
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results shown here, the concentration was limited due to economic reasons. The range of
frequencies from 10 kHz to 100 Hz was chosen to eliminate the effect of diffusion as well.
Diffusion impedance is inversely proportional to the frequency while resistance is not
dependent on the frequency. The effect of resistance in the high-frequency part of the
spectrum was higher than in the low-frequency part. Spectra were not registered at the
frequencies lower than 100 Hz because these data would be useless for resistance calculation.
All the electrochemical results obtained in non-aqueous solvent are presented versus
ferrocene-oxidized / ferrocene coupled equilibrium potential. For this reason, steps 2.3 —2.5
are performed.

We considered EIS application to organic molecules characterization. Analysis of other EEC
parameters and their potential dependencies in perspective may lead to the revelation of other
effects and electrochemical characterization of compounds in solution. Estimation of redox rate
constants is useful for describing the kinetics of electroactive compound reduction or oxidation
and predicting material behavior in oxidizing or reducing medium.
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Name of Material/ Equipment {Company Catalog Number
Potentiostat BioLogic SP-150

Platinum disc electrode eDAQ ETO75

Platinum wire - -

Silver wire - -
Electrochemical cell eDAQ ETO080

Polishing cloth eDAQ ETO030

Alumina slurry eDAQ ETO033

Butane torch Portasol Mini-Torch/Heat Gun
Dichloromethane (DCM) Sigma-Aldrich 106048
Tetrabutylammonium

tetrafluoroborate (Bu,NBF,)  |Sigma-Aldrich 86896
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Comments/Description

1 mm diameter

counter electrode

silver electrode

3 mL volume

0.05 um
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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
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included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
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consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
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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
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of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.
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applies only if the “Open Access” box has been checked in
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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
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adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
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the Author hereby grant to the public all such rights in the
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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
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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.
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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
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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

ARTICLE AND VIDEO LICENSE AGREEMENT

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.
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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
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and the same agreement. A signed copy of this Agreement
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