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1.1 Scope

This User Guide describes the WaveDriver 10 P otentios tat/Galvanostat and WaveDriver 20
Bipotentiostat/Galvanostat systems. This guide is written for the professional scientist or engineer (or
student of science and engineering) and assumes a basic knowledge of scientific measurement and

data presentation. Portions of this manual devoted to electrochemical concepts assume some
familiarity with the subject of electrochemistry.

A small portion of this guide is dedicated to the subject of using the AfterMat h Data Organizer software
package to control the WaveDriver 10 and WaveDriver 2 0 instruments, primarily in the context of
installing the instrument and verifying that it is working correctly. More extensive descriptions of how to

use the AfterMath software are provided in the additional documents listed below:

1 AfterMath User Guide (describes plotting and analysis functions)
1 AfterMath Electrochemistry  Guide (describes electrochemical techniques)

Bot h of the documents | isted above are avail able at
following URL.:

https://www.pineresearch.com/shop/knowledgebase/aftermath/

1.2 Copyright

This publication may not be reproduced or transmitted in any form, electronic or mechanical, including
photocopying, recording, storing in an information retrieval system, or translatin g, in whole or in part,
without the prior written consent of Pine Research Instrumentation.

1.3 Trademarks

All trademarks are the property of their respective owners. Windows is a registered trademark of
Microsoft Corporation (Redmond, WA). WaveDriver 1 0®, WaveDriver 20® and AfterMath ® are
registered trademarks of Pine Research Instrumentation (Durham, NC).

1.4 Use Limitation

The WaveDriver 10 or WaveDriver 20 instrument is not designed for use in experiments involving human
subjects and/or the use of electrodes inside or on the surface of the human body.

Any use of this instrument other than its intended purpose is prohibited.
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1.5 Service and Warranty Information

For question s about proper operation of the WaveDriver 10 or WaveDriver 20 systems or other technical
issues, please use the information below to contact Pine Research .

TECHNICAL SERVICE CONTACT

Pine Research Instrumentation, Inc.
http://www.pineresearch.com
Phone: +1 (919) 782-8320
Fax: +1 (919) 782-8323

If the WaveDriver 10 or WaveDriver 20 system or one of its components or  accessories must be returned

to the factory for service, please = communicate with the  Technical Service Contact (above )to obtain a

Return Material Authorization (RMA) form. Include a copy of this RMA form in each shipping carton  and
ship the cartons to the  Factory Return Service Address (below).

FACTORY RETURN SERVICE ADDREYS

Pine Instrument Company
ATTN: RMA # <RMA rumber>
104 Industrial Drive
Grove City, PA 16127

USA

RETURN MATERIAL AUTHORIZATION REQUIRED!
@ Do not ship equipment to the factory without first obtaining a Return

Material Authorization (RMA) from  Pine Research Instrumentation.

L —_—

LIMITED WARRANTY

The WaveDriver 10 P otentio stat/Galvanostat or WaveDriver 2 0 Bipotentiostat/Galvanostat instrument
(hereafter referred to as the Ol NSTRUMENTOG) of f e

referred to as OPINEO6) is warranted to be free fr
year period from the date of shipment to the original pur chaser (hereafter referred to as the
OCUSTOMERYOG) and used under nor mal conditions. T

replacing or repairing parts which shall upon examination by PINE personnel disclose to PINE's
satisfaction to have been de fective. The customer may be obligated to assist PINE personnel in
servicing the INSTRUMENT. PINE will provide telephone support to guide the CUSTOMER to diagnose
and effect any needed repairs. In the event that telephone support is unsuccessful in reso Iving the
defect, PINE may recommend that the INSTRUMENT be returned to PINE for repair. This warranty being
expressly in lieu of all other warranties, expressed or implied and all other liabilities. All specifications

are subject to change without notice

The CUSTOMER is responsible for charges associated with non -warranted repairs. This obligation
includes but is not limited to travel expenses, labor, parts and freight charges.
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1.6 Icons (Icbnes)

Special icons are used to call attention to safety warnings and other useful information found in this
document (see : Table 1-1). Des icOnes spéciales (voir :tableau 1-1) sont utili s®es
sur des avertissements de sécurité et autres renseignements utiles disponibles dans ce document.

i
X
4
a
AN

STOP:

For a procedure involving user action or activity, this icon indicates a
point in the procedure where the user must stop the procedure.

ARRET:

Dansune op®r ati on i mpliquant | daction o
icltne indi que I a partie de | 6op®r
| op®r ati on.

NOTE

Important or supplemental information.

REMARQUE

Renseignements importants ou complémentaires.

TIP:

Useful hint or advice.
CONSEIL:

Astuce ou conseil utile.

CAUTION:

Indicates information needed to prevent damage to equipment.
ATTENTION:

Indique les informations nécessaires a la prévention des dommages aux
équipements.

RISK OF ELECTROSTATIAMAGE:

Indicates information needed to prevent damage to equipment due to
electrostatic discharge.

RISQUE DE DOMMAGES ELECTROSTATIQUES:

Indique les informations nécessaires a la prévention des dommages a

| 6®qui pement 7 caus électoStatigue. d ®c har ge
WARNING:

Indicates information needed to prevent injury or death to a person or to
prevent damage to equipment.

AVERTISSEMENT:
Indique les informations nécessaires a la prévention de blessures
corporelles ou de mordprédedtiomdes dondriages d

aux équipements.

Table 1-1. Special Icons used in this Document.

(Tableau 1 -1. Icones spéciales utilisées dans ce document)
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1.7 Back Panel Markings

The lower portion of the back panel of the WaveDriver 10 and WaveDriver 20  bears information to

identify the instrument and to indicate any certifications or independent testing agency marks which
pertain to the instrument

(see: Figure 1-1).

1.7.1  Certifications and Listings

C€

€11

L)sTED

1.7.2 Serial Number

For purposes of uniquely identifying a particular instrument, there is a label on the bottom panel

CE MARK:

The WaveDriver complies with one or more EU directives and bear s the
CE marking. See the "CE Declaration of Conformity " atta ched to the end
of this manual for more details.

ETL LISTING:

The WaveDriver is listed by ETL to UL 61010-1 (issued 11 -MAY-2012; Ed. 3),
CSA C22.2 #61010-1 (issued 11 -MAY-2012; Ed. 3), and IEC 61010 -1 (issued
10-JUN-2010; Corrigendum 1: 11 -MAY-2011). ETL is a Nationally
Recognized Testing Laboratory (NRTL) recognized by the United States
Occupational Safety and Health Administration (OSHA).

WaveDriver 10 or WaveDriver 20 that indicates the model number and the serial number. The serial
number is also encoded with a machine readable barcode on the back panel of the instrument
(see: Figure 1-1).

1.7.3 Model Numbers

The relationship between the model name and model number for the WaveDriver 10 or WaveDriver 20

system is described below (see:

single alphanumeric character used to indicate the particular model name. Part numbers for power
cords and other accessories are provided later ( see: Section 2.5, Section 5 and Section 7).

Model Number:

F P X Y Z Model Name
F P 1 WaveDriver 10
A F P 2 WaveDriver 20

Table 1-2. WaveDriver 10 or WaveDriver 20 Model Numbers

PIN
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[ OOO
©) o O O

O O
POWER
p INPUT
<y obTPr :) 24VDC 4A
— K1
INPUT —
A K2 TRIGGER
No operator serviceable INPUT |NPUT
components inside. Do not
remove covers. Refer servicing
fo qualified personnel.
L'appareil ne contient pas
de piéces réparables par
fufisateur. refirer AUX TRIGGER
oo o INPUT D O ouTPUT
Tenfrefien au personnel qualiié,
Model AFP2 CONTROL PORTS
O
HIIIIII!!M_!!EIII\III\III A Q lNE
G research
intertek B O O

g CE€ o A g

Figure 1-1. WaveDriver Back Panel Markings
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1.8 Safety Warnings (Avertissements de sécurité)

AN

CAUTION:

There are no user serviceable components inside the WaveDriver 10 or
WaveDriver 20 chassis. Do not remove the chassis covers. Refer any
service issue to qualified personnel.

ATTENTION

Le ch®©ssis de | 6aplpaurWavdDriveW@W eeDaornporeer
aucune pi ce pouvant °tr e r Nengilezmpasdes
protections du ch®©ssis. Signalez tol
qualifié.

CAUTION:

Connect the Power Supply to the AC mains using the Power Cord
supplied with the WaveDriver 10 or WaveDriver 20 and certifi ed for the
country of use. (see: Section 7 of this User Guide for more det ails).

ATTENTION

Connectez | e bl oc déal i mentation a
ddal i meonnt aftour ni a VWwaeeDrivér 20pp WaveDrivier 20 et
conforme aux r®gl ementations du pays
consultez laparte 7du pr ®sent mode dbéempl oi)

CAUTION:

Do not block access to the Power Supply or the Power Cord. The user
must have access to disconnect the Power Supply or the Power Cord from
the AC mains at all times.

ATTENTION

Ne bl oquez pas | 6acc’™ s au bl oc d
dbéali mentation. Léutilisateur doit 9
dbéali mentation ou | e cordon ddali men
CAUTION:

Connect the Power Supply to the AC mains using the Power Cord and
appropriate plug style adapter supplied with the WaveDriver 10 or
WaveDriver 20 .

ATTENTION

Branchez l'alimentation au secteur a l'aide du cordon d'alimentation et
de l'adaptateur de type de prise fourni ave ¢ WaveDriver 10 ou
WaveDriver 20 .

PINE
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CAUTION:

The switch on the front of the WaveDriver 10 or WaveDriver 20 turns the
power to the potentiostat on and off. Do not block access to the switch.
The user must have access to the switch at all times.

ATTENTION

L6i nt er r upévant du WaveDriver a0 or WaveDriver 20 permet la
mise en marche et l 6arr °t du potentiostat.
|l i nterrupteur. Léutilisateur doit
CAUTION:

Provide proper ventilation for the WaveDriver 10 or WaveDriver 20 .
Maintain at least two inches ( 0O O) of clearance around the sides (left,
right, and back) and above (top) the instrument.

ATTENTION

Assurez-v 0 U S que | dvavelrieer €0 dbu Wav eDriver 20 soit
correctement ventilé. Laissez au moins oo(2 po) autour
(" gauche, ° droite etdesdus.rri re), ai
WARNING:

Do not operate the WaveDriver 10 or WaveDriver 20 in an explosive
atmosphere.

AVERTISSEMENT:

NOtui | i sez p a sWave@rigep fOa oueWaleDriver 20 dans une
atmosphére explosive.

CAUTION:

Do not operate the WaveDriver 10 or WaveDriver 20 in wet or damp
conditions. Keep all instrument surfaces clean and dry.

ATTENTION
NOutilisez p aMaveDiiviera 30 poa r\aveDriver 20 dans un
environnement humide. Veillez ° ce ¢

soient toujours propres et séches.

CAUTION:

Do not operate the WaveDriver 10 or WaveDriver 20 if it has suffered
damage or is suspected of having failed. Refer the instrument to qualified
service personnel for inspection.

ATTENTION

Ndutilisez p &VewveDriveéral® p eur WavdDriver 20 s 8 i |
endommag® ou si VOUS pens epEanng wignalez
| 6appareil au personnel ddentretien
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research




CAUTION:

When connecting a  WaveDriver 10 or WaveDriver 20 system to an
electrode rotator other than the Pine Research MSR rotator, carefully
consider the magnitude of the WaveDriver 10 or WaveDriver 20 rate
control signal ratio (4 |} 410 ¢ and take steps to  ensure that the rotator
is configured to use the same ratio.

ATTENTION
Lorsque vous connectez un appareil Wave Driver 10 ou WaveDriver 20 a
un rotateur a électrodes autre que le rotateur Pine Research MSR, faites

trés attention a la valeur du rapport du signal de contrdle de vitesse de
| 8dapp a&vaveDriver 10 ou WaveDriver 20 ( <« : ¥O ) et assurez-
vous que le rotateur soit configuré avec le méme rapport.
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1.9 Electrostatic Discharge Information

Electrostatic discharge (ESD) is the rapid discharge of static electricity to ground. An ESDevent occurs
when two bodies of different potential approach each other closely enough such that static charge

rapidly passes from one object to the next . Sensitive electronics in the path of  the discharge may suffer
damage. Damaging ESD events most often arise betw een a statically charged human body and a
sensitive electronic circuit. The human body can easily accumulate static charge from simple
movement from one place to another (i.e., walking across a laboratory)

Potentiostat users must always be aware of the possibility of an ESD event and should employ good
practices to minimize the chance of damaging the instrument . Some examples of good ESD prevention
practices include the following:

1 Self-ground your body before touching sensitive electronics or the elect rodes. Self-grounding
may be done by touching a grounded metal surface such as a water pipe.

1 Wear a conductive wrist -strap connected to a good earth ground to prevent a charge from
building up on your body

1 Wear a conductive foot/heel st rap or conductive  foot wear in conjunction with standing on
a grounded conductive floor mat.

1 Increase the relative humidity in the air to minimize static generation.
The WaveDriver 10 or WaveDriver 20 Potentiostat/Galvanostat Systems have been tested and found to

be compl iant with the European EMC product specific Standard EN 61326 -1:2013 for immunity and
emissions. The immunity standard includes testing for ESD to IEC 61000 -4-2:2008.

RISK OF ELECTROSTATIC DAMAGE

The WaveDriver 10 and WaveDriver 20 instrument s may be susceptible to
ESD events that occur on or near the electrode cable assembly . Such an
— ESD event can result in data loss, corruption of data, loss of

communication with PC, and instrument unresponsiveness. Addition of a
metallic shield to the electrode ca ble will improve the immunity of the
system to an ESD event.

RISQUE DE DOMMAGES ELECTROSTATIQUES

Les appareils WaveDriver 10 et WaveDriver 20 peuvent étre sensibles a
des épisodes de décharges électrostatiques qui surviennent sur ou prés
du cable de I'ens emble des électrodes. Un tel épisode peut résulter en
une perte de données, une corruption de données, une perte de
communication avec l'ordinateur et une absence de réponse de
l'appareil. L'addition d'une enveloppe métallique au cable des
électrodes améli orera I'immunité du systéeme a I'épisode de décharge
électrostatique
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1.10

Hazardous Material Information

Hazardous Material Disclosure Table

AFP1, AFP2
Hazardous Substances
Part Name Lead Mercury Cadmium Hexavalent Polybrominated Polybrominated
Chromium biphenyls diphenyl ethers
(Phb) {Hg) (Cd) {Cr (V1)) (PEB) (PBDE)
Analog PCB Assembly X ] ] ] ] 8]
Digital PCB Assembly X ] ] ] ] 8]
Dummy Cell Assembly X 8] 8] 8] 8] 8]

This table is prepared in accordance with the provisions of 5J/T 11364.

0: indicates that said hazardous substance contained in all of the homogeneous materials for
this part is below the limit requirements of GB/T 26572.

X: indicates that said hazardous substance contained in at least one of the homogeneous
materials for this part is above the limit requirements of GB/T 26572.

Note: the date of manufacture for this item may be coded in the serial number as follows:

wwyydnn: ww indicates week; yy indicates year; and nn is the number of the item, starting with 01 each week.

Table 1-3. Hazardous Materials Disclosure (English).

HEDERER

AFP1, AFP2

HEYMER
BT ) e & AT %IBEEE %18 KR
(Pb) (Hg) {cd) {cr{vi)) (rBB) (PBDE)
BN X 0 0 0 0 0
o EEE X 0 0 o] o] o]
B iR B X 0 0 0 0 0

I F A IR s)/T 11364 BN HIERE .
0: ETEEEYEEETHRESEAETHNEENE GR/T26572 ANEMREEEHRLLT .
X: AT EEEYEEVEESGNE—HEVE TN EEYE /T 26572 HIEHRESEH

o BEMRHEE RO REL TEAERERISEE

wwyydnn : ww FoREH  ywERTERBRGALYE ; mEEEFEIS. BEEHMFLE .
Table 1-4. Hazardous Materials Disclosure (Mandarin)
—— research
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1.11 Software License

Purchase of a WaveDriver 10 or WaveDriver 20 instrument includes a license to use the AfterMath
software package to control the instrument and analyze data collected using the instrument. Pine
Research Instrumentation understands that the instrument istypically used in a laboratory environment
where multiple computers are present and where data acquired using one computer might be
analyzed using a different computer . The following software license describes how AfterMath may be
used with the WaveDriver 10 or WaveDriver 2 0 in a laboratory with multiple computers.

PINE RESEARCH INSTRUMENTATION

AFTERMATH DATA ORGANIZER SOFTWARE LICENSE

Pine Research I nstrumentati on, l nc. (hereafter oOP
Pine electrochemical potentiostats ( her eafter o0l NSTRUMENTSé) to use
software (hereafter O0SOFTWAREOG6) in conjunction wi

terms and conditions of use of the SOFTWARE.

1. Scope of License : This License covers the software, user documentation and any related
computer programs provided by PINE for use with one or more specific INSTRUMENTS. This
License does not grant any proprietary or ownership rights in the SOFTWARE or related
technology. The scope of this License is limi  ted to an exclusive group of one or more specific
INSTRUMENTS, where the members of this exclusive group are specifically enumerated and
identified by make, model, and serial number at the time this License is purchased. The one
or more specific INSTRUMENTS belonging to this exclusive group are hereafter referred to as
the ODESI GNATED | NSTRUMENTSO.

2. License: PINE grants to LICENSEE a nonexclusive, nontransferable license to use the SOFTWARE
in object code form on any computer which is connected to the DESI GNATED INSTRUMENT
for purposes of controlling the operation of the DESIGNATED INSTRUMENTS. The LICENSEE is not
authorized to use the SOFTWARE to control the operation of any instruments other than the
DESIGNATED INSTRUMENTS. PINE further grants to LICEEEE a nonexclusive, nontransferable
license to use the SOFTWARE in object code form on up to five (5) other computers which are
not connected to the DESIGNATED INSTRUMENTS for the sole purpose of analyzing data
previously generated by the DESIGNATED INSTRU MENTS. PINE further grants permission to
LICENSEE to make one (1) archival copy of the SOFTWARE for back -up purposes if required.
Except as expressly authorized above, LICENSEE shall not: copy, in whole or in part, any of the
SOFTWARE or documentation, m odify the SOFTWARE, reverse engineer, reverse compile (de -
compile), or reverse assemble all or any portion of the SOFTWARE, or rent, lease, distribute, sell
or create derivative works of the SOFTWARE.

3. Term and Termination : The License hereby granted will c  ontinue in force until terminated, as
set forth herein. If LICENSEE fails to pay any monies owed to PINE or its agents in connection
with LI CENSEE®8s purchase of the DESI GNATED | N
term of condition of this License , PINE or its agents may terminate this License immediately by
giving notice of termination to LICENSEE.

4. Limited Warranty : PINE warrants the SOFTWARE to conform to the description of its function
and performance. In the event that the SOFTWARE does not pe rform in accordance with this
warranty, PINE agrees to repair or fix any non -conformity free of charge, or to refund any
amount paid by LICENSEE for the SOFTWARE. Any modifications made to the SOFTWARE by
LICENSEE shall void this warranty entirely.

5. DISCLAMER OF WARRANTY FOR SOFTWAREXCEPT FOR THE EXPRESS WARRANTIES SET F
IN THIS AGREEMENT, PINE DISCLAIMS ALL IMPLIED WARRANTIES FOR THE SOFTWARE, INCLJ

PINE
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WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. PINE MAK
REPRESENTAONS CONCERNING THE QUALITY OF THE SOFTWARE AND DOES NOT PROM
THAT THE SOFTWARE WILL BE ERROR FREE OR WILL OPERATE WITHOUT INTERRUPTION.

6. LIMITATION OF LIABILITY IN NO EVENT WILL PINE BE LIABLE FOR ANY DIRECT, INDIRE
INCIDENTAL, SPECIAL, CONSEQUENTIAOR OTHER DAMAGES ARISING OUT OF THE USE OF (
INABILITY TO USE THE SOFTWARE BY ANY PERSON, REGARDLESS OF WHETHER PINE IS INH
OF THE POSSIBILITY OF DAMAGES IN ADVANCE. THESE LIMITATIONS APPLY TO ALL CAUSH
ACTION, INCLUDING BREACH OF CONTRACT, BEACH OF WARRANTY, PI N
STRICT LI ABILITY, MI SREPRESENTATI ON AND OTHER
l'iability of PI NE6s suppliers exceed the priec
foregoing limitations shall apply ev  enifthe above -stated warranty fails of its essential purpose.

7. Ownership of SOFTWARE PINE has and will retain all ownership rights in the SOFTWARE,
including all patent rights, copyrights, trade secrets, trademarks, service marks, related
goodwill and co nfidential and proprietary information. LICENSEE will have no rights in the
SOFTWARE except as explicitly stated in this Agreement. Title to the SOFTWARE and
documentation remains solely with PINE. LICENSEE may not assign this Agreement or any rights
under it and may not del egate any duties wunder
consent. Any attempt to assign or delegate without such consent will be void.

8. Confidential Information : LICENSEE agrees that aspects of the SOFTWARE embody or
constit ute trade secrets and/or copyrighted material of Pine. LICENSEE agrees not to disclose,
provide, or otherwise make available such trade secrets or copyrighted material in any form
to any third party without the prior written consent of PINE. LICENSEE agr ees to implement
reasonable security measures to protect such trade secrets and copyrighted material.

9. Applicable Law : This License shall be governed by and construed in accordance with the laws
of the State of Pennsylvania, United States of America, as if performed wholly within the State
and without giving effect to the principles of conflict of law. If any portion hereof is found to
be void or unenforceable, the remaining provisions of this License shall remain in full force and
effect. This License con stitutes the entire understanding and agreement between the parties
with respect to the licensed use of the SOFTWARE.

10. Modifications, Taxes : Any modification of this Agreement must be in writing and signed by
PINE and LICENSEE. Terms and conditions set for th in any purchase order which differ from,
conflict with, or are not included in this Agreement, shall not become part of this License unless
specifically accepted by PINE in writing. LICENSEE shall be responsible for and shall pay, and
shall reimburse P INE on request if PINE is required to pay, any sales, use, value added (VAT),
consumption or other tax (excluding any tax th
duty, tariff, or other fee or charge of any kind or nature that is levied or imposed by any
governmental authority on the SOFTWARE.

LICENSEE HAS READ THIS AGREEMENT AND UNDERSTANDS AND AGREES TO ALL OF ITS TERMS
CONDITIONS.

PINE
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2. Product Specifications

2.1 Instrument Description

The WaveDriver 10 and WaveDriver 20 are benchtop instrument s designed to connect to a personal
computer viaa USB cab le and are controlled by Pine Research AfterMath software. The WaveDriver 10
potentiostat/galvanostat system is capable of controlling an electrochemical cell comprised of one
working electrode, a refer ence electrode, and a counter electrode. The WaveDriver 20 system is
capable of controlling an electrochemical cell comprised of one or two working electrode s, areference
electrode, and a counter electrode . Both systems featu re two potential range s( ¢® wh p Btw) and
eight current ranges (from p8t0 down to p mard, making them suitable for a variety of
electroanalytical techniques . Because the WaveDriver 20 can control two independent working
electrodes ( i.e., two channels) in the same ele ctrochemical cell, it is called a bipotentiostat . A
bipotentiostat is required when operating a rotating ring -disk electrode (RRDE), where for example,
differing waveforms are independently applied to the disk and ring electrode swhile the currents at the
disk and ring electrodes are simultaneously and independently measured .

2.2 Software Description

The AfterMath scientific data analysis software is able to create high quality graphs and reports from
experimental results. A licensed copy of AfterMath is incl uded with each potentiostat purchased from
Pine Research Instrumentation. AfterMath offers several important benefits:

Instrument Control. When started, AfterMath automatically detects all compatible instrumentation

attached to the computer and provides complete control over each instrument. AfterMath can
simultaneously control multiple instruments, and multiple experiments may be queued on each
individual instrument. Even as new experiments are queued or running in the background , data

acquired in prev ious experiments may be manipulated by the user

Flexible Plotting . AfterMath has a powerful "drag  -n-drop" feature that allows traces from one plot to be
quickly and easily copied and moved to other plot s. Preparing an overlay plot from several
voltammograms is straightforward.  AfterMath provides precise control over line sizes, point markers,
colors, axis limit s, axis labels, and tick marks. One or more text boxes may be placed anywhere on a
plot, and the text may  be formatted with any combination of fonts, font sizes, or colors as desired .

Scientific Units. Unlike graphing software designed for business and marketing  applications , AfterMath

is designed with scientific data in mind. Proper management of scientific units, metric prefixes, scientific
notation, and significant figures is built ~ into Aftermath. For example, if an operation divides a potential
measured in millivolts by a current measured in nanoamps, then Aftermath properly provides the result

as a resistance measured in megaohms.

Data Archiving. A unique and open XML -based file format allows data from several related experiments

to be kept toget her in one single archive file. The archive file avoids the user having to search the hard
drive for a set of related voltammograms. The internal archive hierarchy can contain as many
subfolders, reports, plots, notes, experimental parameters, and data sets as desired .

Tools and Transforms. Flexible tools can be placed on any graph to precisely measure quantities like
peak height and peak area. Multiple tools can be placed on a plot, and all such tools remain exactly

where they are placed , even if the data archive is saved to a disk and re loaded at a later time
Fundamental mathematical operations (addition, multiplication, integration, logarithm, etc.) can be
applied to any trace on any plot.

PINE
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2.3 Instrument Specifications

The WaveDriver 10 and WaveDriver 20 benchtop potentiostat systems offer the following electrode
control modes: potentiostat (POT), galvanostat (GAL), open circuit potential (OCP), and zero resistance
ammeter (ZRA). These instruments offer an iR compensation mode.

® INFO:

All specifications provided in this section are subject to change without

notice.
The following specifications are common to the WaveDriver 10 or WaveDriver 20

ELECTRODE CONNECTIONS

Reference Electrode Sense line with driven shield
Counter Electrode Drive line with grounded shield
FirstWorking Electrode (K1) Separate sense and drive  lines, each with driven shield

(current measurement via passive shunt)

Second Working Electrode (K2) A Separate sense and drive lines, each with driven shield
(current measurement via passive shunt)

GROUNDING

DC Common (signal ground ) The signal ground (DC Common) is isolated from the USB port and
floats with respect to the instrument chassis and earth ground. The
signal ground is accessible via the black banana plug on the cell
cable

Chassis Terminal The metal case ( chassis) terminal is a banana binding post (back
panel) which may optionally be used to connect the chassis to
earth ground or signal ground to improve noise screening
(shielding).

Earth Ground No direct connec tion to earth ground isprovided. The chassis
may (either intentionally or unknowingly) be connected to earth
ground via a USB cable connected to a remote computer.

PINE
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MEASURED CURRENT

Ranges p!hpnin!h pt thptt !hpnmhpn!h pt!h p !
Resolution (at each range) o@' Gop d dopodo @t dop & do p g do @n dop ay O
Autoranging yes

Practical Range § p mE !0 psr!

Accuracy T8, bsetting; 7181V Bf range

Leakage Current p m 6M @ udo

ADC Input p (bits

Filters p Odo THOdp 1 'Mdp QO 1IQ O -pole, low pass Besselfilters)
Ranges p'hpnin!h prt !hpt !hpnmhpt!hpt!'h pmin!
Resolution (at each range) o@' Gop d dopodo @t dop & do pydo @n dop ay O
Accuracy @ bsetting; 718tV Bf range

DAC Output p (bits

Output Current P81O (maximum)

Compliance Voltage pP®®

Speed W

Bandwidth ¢ TROdon fastest speed setting)

Rise Time p TOI' | ‘Qmfastest speed setting)

Input Impedance p 1 in parallel with p m O

Input Current p m Oleakage/bias currentat ¢ V30

CMRR PTQémarT pQOY x Q6P 1E (U

Bandwidth pp (UoQb

Ranges p BI6h ¢c®6

Resolution (at each range) o p‘o@x P cper DAC bit

Accuracy ™8 bof setting, p&td ®

DAC Output p (bits

CV Scan Rate (min) p 1t BO(0 p ‘o ustep per o @i or X ¢ cper x&i)

CV Scan Rate (max) p ¢ @fi (p T wstep per p8ra i)

PINE
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MEASUREDPOTENTIAL

Ranges p Bi6h ¢®6

Resolution (at each range) o p‘ocpx P aper DAC bit

Accuracy @ bof setting, p8td ©

ADC Input p (bits

Filters p 1Odo THOdp 1 'Mdp QO 1IQOd-pole, low pass Besselfilters)
Connector A 7-pin mini circular DIN includes analog and digital signal grounds,

digital rotator enable signal, auxiliary digital output signal, and
analog rotation rate control signal

Connector B 3-pin connector includes analog signal ground, digital rotator
enable signal, and analog rotation rate ¢ ontrol signal

Rate Control Signal p Bi6h ¢®6

Digital Enable Signal open drain (TTL compatible)

Clock Resol ution p T i(minimum time base)

Point Interval* Wt i(minimum)

Synchronization Simultaneous sampling of all analog  input signals

Raw Point Total p T8 Q4 dp&réexperiment

Dummy Cell external dummy cell (included)

Cell Cable Combination D -SWB connector to multiple banana plugs via

shielded coaxial cables (included)

PINE
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AUXILIARY CONNECTIONS (BACKPANEL)

Connector C 9-pin DSUB connector includes digital signal ground, two digital
output signals, and three digital input signals

Trigger Input BNC female, TTL compatible
Trigger Output BNC female, TTL compatible
K1 input, K2 input A BNC female, p modifferential input, ¢ TRl impedance, ™ b

accuracy; allows external waveform to be summed directly to the
working electrode excitation signal. K2 Input available only on
WaveDriver 20 bipotentiostat.

Auxiliary Analog Output BNC female, p mobipolar output, o© p ‘c wesolution, @& b
accuracy (available only when second working electrode not in
use)

Power Required ¢ Btw'06 v bdd (low voltage DC device)

Power Supply input: p Targ 1 d1d K& O 1 & TOG C13 type connector
output: ¢ BI® O & O

Power Cord various international cables available separately (C13 type)

LED Indicators power, USB, and status

Instrument Dimensions PTTOTUW TG VB p G uy UQE

Instrument Weight oD QU O i

Shipping Dimensions CuUTOL@ LG pTip Tp YQE

Shipping Weight X& QD 0 i

Temperature Range PpTTD T T3

Humidity Range Y 11 RH maximum, non -condensing

*Data acquisition using the minimum point interval is possible for short duration bursts. The burst duration depends upon the
available host PC USB bandwidth and is typically at least oi.

AThe opractical rangedé of measurable currents goes from the maxi mum c¢
at which noise begins to interfere with the signal. Using proper grounding, a cell shielded by a Faraday cage, and coaxial ce I
ca bles, it is possible to routinely measure signals aslowas p 110

AThe WaveDriver 10 is a single channel potentiostat and thus has only one working electrode, K1. The WaveDriver 20 is a dual
channel bipotentiostat and thus has two working electrodes, K1 and K2.

PIN
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2.4 Standard Electrochemical Methods

The WaveDriver 10 or WaveDriver 20 , together with the AfterMath software package , can perform many
electrochemical techniques (see  : Table 2-1). Further descriptions about how to configure and execute
these techniques can be found in the documentation for the AfterMath software.

Simple Methods Uncompensated Resistance Methods
Open Circuit Potential (OCP) Current Interrupt (RUCI)
Constant Potential Electrolysis (BE) Positive Feedback (RUPF)
Constant Current Electrolysis (BE) Rotating Ring -Disk Methods* A
Zero Resistance Ammeter (ZRA) Rotating Ring -Disk Voltammetry (RRDE)
Voltammetric Methods Rotating Ring-Disk Koutecky -Levich (KL-RRDE)
Cyclic Voltammetry (CV) Rotating Ring -Disk Electrolysis (BERRDE)
Linear Sweep Voltammetry (LSV) Rotating Disk & Cylinder Methods*
Staircase Voltammetry (SCV) Rotating Disk Electrode (RDE)
Chronoamperometry  (CA) Koutecky -Levich Series (KL-RDE)
Normal Pulse Voltammetry (NPV) Rotating Disk Electrolysis (BE-RDE)
Cyclic Step Chronoamperometry (CSCA) Rotating Disk Chronopotentiometry (CP  -RDE)
Differential Pulse Voltammetry (DPV) Rotating Disk Ramp Chronopotentiometry (R CP-RDE
Square -Wave Voltammetry (SWV) Corrosion Methods*
Double Potential Step Chronoamperometry (DPSCA) Linear Polarization Resistance (LPR)
Galvanostatic Methods Rotating Cylinder Voltammetry (RCE)
Chronopotentiometry (CP) Rotating Cylinder Electrolysis (BE -RCE)
Current Ramp Chronopotentiometry (CRP) Rotating Cylinder Eisenberg Study (EZB -RCE)
Staircase Potentiometry (S CP) Rotating Cylinder Polarization Resistance (LPR -RCE)
Cyclic Step Chronopotentiometry (CSCP) Rotating Cylinder Open Circuit Potential (OCP ~ -RCE)
Stripping Voltammetry Rotating Cylinder Chronopotentiometry (CP -RCE)
Anodic & Cathodic Stripping Voltammetry (ASV) Rotating Cylinder Ramp Chronopotentiometry (RCP -RCE)
Differential Pulse Stripping Voltammetry (DPSV) Spectroscopic Methods*
Square -Wave Stripping Voltammetry (SWSV) Spectroscopy (SPEC)

Spectroelectrochemistry (SPECE)

Table 2-1. Electrochemical Techniques in AfterMath

*Access to these electrode methods requir es a different software license; by default , the WaveDriver 10 or WaveDriver 20
instruments are sold without these experiments. If you have a Pine Research electrode rotator or Avantes spectrometer and would
like to access th ese experiments, please contact Pine Research Instrumentation for assistance.

AThe WaveDriver 10 is a single channel potentiostat and thus has only one working electrode, K1. The WaveDriver 20 is a dual

channel bipotentiostat and thus has two working ele ctrodes, K1 and K2. Therefore, the WaveDriver 10 cannot perform Dual
Electrode or Rotating Ring -Disk Methods.

PINE
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TIP:

More information about configuring electrochemical techniques using
AfterMath may be found by searching our knowledgebase.

— https://www.pineresearch.com/shop/knowledgebase/

2.5 System Components

The WaveDriver 10 or WaveDriver 20 systems, as shipped from the production facility  , include all parts,
cables, and software necessary  for use (see: Table 2-2 and Table 2-3).

1 2
] PINE @
| | .
|
1  Instrument A WaveDriver 10 or WaveDriver 20 potentiostat/ galvanostat
2  USB Flash Drive Contains AfterMath software, drivers, and license files
3  Power Cord Power cord ( p 1) with a standard C13 connector. Use power
cord supplied with instrument and certified for t he country of use
(see: Section 7 of this User Guide for details)
4  Power Supply A ¢ 1'Odt& 0) power supply. This power supply is compatible
with any power source capable of providing pmim ¢ T 6o qu TOr
@ TiGY) to the standard C13 input connector on the power supply.

Table 2-2. Primary Components Included with Wave  Driver Potentiostat

PINE

—— research



https://www.pineresearch.com/shop/knowledgebase/

20

1

3

1 USB Cable Communication cable between computer and WaveDriver (USB
type A male to type B male)

2 Universal Dummy Cell A network of known resistors and capacitors that can be u sed to
test the WaveDriver to en sure that the instrument is working
properly.

3 WaveDriver 20 Cell A general purpose 7-lead cell cable kit. All electrode lines are

Cable* shielded coaxial cables from the cell port connector out to the
banana plug at each end of the cable. A set of alligator clips
which can slide on to the banana plugs is also included.

4 WaveDriver 10 Cell A general purpose 5 -lead cell cable kit. All electrode lines are

Cable* shielded coaxial cables from the cell port connector out to the
banana plug at each end of the cable. A set of alligator clips
which can slide on to the banana plugs is also included

Table 2-3. Cables Included with WaveDriver Series Potentiostat
*Depending on whether the WaveDriver 20 or the WaveDriver 10 is purchased, either the 7 -lead (WaveDriver 20) or the  5-lead

(WaveDriver 10) cell cable will be shipped accordingly.

____PINE
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2.6 WaveDriver Front Panel

The front panel contains three important LEDs, the power switch, and the cell cable connector (see:
Figure 2-1 and Figure 2-2). The three LEDs are used to indicate  power, USB activity, and instrument status.
Each LED corresponds to one of these indicators, and the various colors that one LED can assume are

described in more detail below (see  : Table 2-4).
/ ©

COUNTHR

<not used>

<not used>
<empty>-

REFERENCE
K1 DRIVE
K1 SENGE

\\\\“g“

Analog

Status
Ground’

LEDs

Power
Switch

00000000000 00000e

Figure 2-1. Front Panel of the WaveDriver 10

o
COUNTER | (e
K2 SENGE
K2 DRIVE
<empty>-
REEERENCE
K1 DRIVE
K1 SENSE

\\\\“g“

Analog>
Ground’

Status
LEDs

Power
Switch

L
Q
o
0
0
0
O
0
Q
0
0
o
0
o
0
Q
o

Figure 2-2. Front Panel of the WaveDriver 20
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LED LED Color/State

not illuminated

Indication

When the po wer LED is off, the instrument power switch is in

the 0o0ffdéd position (or the pow

power).

®

blinking green

blinking red

Power
When the po wer LED is solid yellow, the power supply is
providing power to the instrument and the power switch is
in the O0ond6 position.
solid yellow
. The USB indicator will blink (or flicker) whenever  data
transfer occurs between the instrument and the computer
blinking green
USB
. No data is being transferred between the instrument and
computer.
not illuminated
When the instrument is initially powered on, the instrument
performs a self -test. The status light is red during the self -
test. After the self -test completes, the status light changes
) to green.
solid red
. When the instrument is idle and ready for use, the status
light is green.
solid green
Status

When the instrument is performing an experiment, the status
light is green and blinks on and off.

If the status light is read and blinking on and off, then there
is a problem with the instrument.

Table 2-4. Overview of the LED Indicator Lights

PINE
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2.7 WaveDriver Back Panel

The back panel features several input and outpu
to other instruments.

t connections (see:

Figure 2-3) to facilitate connection

1  AUX Output BNC female, p m bipolar output,
o p ‘o wesolution, & baccuracy

2 KllInput BNC female, p modifferential input,
¢ TiMmimpedance, T®@ Paccuracy;
sums an external waveformto  first
working electrode (K1)

3 K2 Input* BNC female, p Tt differential input, 1 7
¢ T ‘™pedance, T® Paccuracy; 2 8
sums an external waveformto the "
second working electrode (K2) ?

4 AUX Input* BNC female, p mo differential input, 4 10
o p ‘o aresolution, ¢ T impedance, 5 1
T® Paccuracy; available only when s
K2 electrode not in use 12

5  Rotator Control 7-pin mini -DIN input for rotator control 8 includes analog and digital signal

Port A grounds, digital rotator enable signal, auxiliary digital output signal, and
analog rotation rate control signal

6  Rotator Control 3-pin terminal block connector for rotator control d includes analog signal

Port B ground, digital rotator enable signal (open drain 0 TTlcompatible), and
analog rotation rate control signal ( p T, CB W)

7  Power Input A low voltage ( ¢ Bt®'O06 v b 18t0) power input connector

8 USB Input USB jack (type B) for computer communication

9  Trigger Input BNC female, TTL compatible

10 Trigger Output BNC female, TTL compatible

11 Digital Port 9-pin DSUB connector includes digital signal ground, two digital output
signals, and three digital input signals

12 Chassis Banana binding post which provides a secure connection to the chassis of

Terminal the instrument

Figure 2-3. The Back Panel of the WaveDriver 10 or WaveDriver 20

*The WaveDriver 10 is a single channel potentiostat and thus has only one working ele
channel bipotentiostatandt  hus has two working electrodes (K1 and K2).

PINE
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2.8 Universal Dummy Cell Description

A "dummy cell" is a network of known resistors and capacitors that can be used to test a potentiostat to
ensure that the instrument is working properly. The Universal Dummy Cell (part number AFDUM3)
included with the WaveDriver offers four separate networks which represent the extremes encountered
during routine aqueous voltamm  etry experiments (see: Figure 2-4).

www.pineinst.com/echem o

® FINE

SN EF WRK#1 SNS#1

RU2w
LO ) © 9 @ SNS #2
CHASSIS
‘ UNIVERSAL DUMMY CELL

There

Figure 2-4. Universal Dummy Cell (with Schematic Diagram)

are four r ows

connecti

ons on

four different dummy cell circuits. Each circuit has the same schematic (see:

of the resistors and capacitors in each circuit are different (see:

To connect the WaveDriver to a particular row o

Table 2-5).

dummy cell
Figure 2-4), but the values

n the Universal Dummy Cell, connect each of the
colored banana plugs on the Cell Cable to the corresponding colored banana jack on the dummy cell.

The black banana (DC Common) shoul plugged
connection (see : Figure 2-5 and Figure 2-6).
Component CELL A CELL B CELLC CELLD
Y T N p ™M p Em v Em
Y p W L EW p-m p "0
o} L TI& C & p'& LTI O
Y W p W ¢ Em pdm
Y p TRV p TRV p T T ¢cOm
Y p W pEW v EW vim
Y TiH ) p p L
Y v ™ ¢ i vbm L "On
o} pmmoO v 0 ¢ mat'o p g0
um ¢ Tm L Cn chm

Table 2-5. Universal Dummy Cell Resistance and Capacitance Values
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‘ P’NE www.pineinst.com/echem “

SNS#Z WRK#? CTR X REF WRKH SNS#1

UNIVERSAL DUMMY CEL

Figure 2-5. Universal Dummy Cell Connected to the Wave  Driver 10

P NOTE
The WaveDriver10 Cell Cable has no K2 electrode connections, and the
K2 jacks on the dummy cell (blue and violet) are unused.
H

. PINE A www.pineinst.com/echem b‘

wRKnl SNS# 1

Figure 2-6. Universal Dummy Cell Connected to the WaveDriver 20
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3. System Installation

Setting up the WaveDriver 10 or WaveDriver 20 system in a laboratory consists of three basic st eps:
(1) physical installation; (2) software installation; and (3) system testing. The entire process usually
requires about 60 minutes. The physical and software installation steps are described in this section
(below), and the system testin g procedure is described in the  next section (see : Section 4).

3.1 Physical Installation

The WaveDriver 10 and WaveDriver 20 are benchtop instruments designed for use in a typical laboratory
environment. Physical installation invol ves po sitioning the instrument and the compute r which controls
the instrument in a suitable location and connecting the instrument to a source of electrical power
(i.e., the AC Mains) and to the computer via a USB cable

3.1.1 Location

The instrument should be placed  on a sturdy lab bench or table in such a way that there is unobstructed
accessto t he i n st frontimemel t tBiswill ensure space for the cell cable connection and allow the
user to easily operate the power switch and see LED lights. There should als 0 be at least two inches
(v T &) of clearance around the sides (left, right, and back) and above (top) the instrument. Particular
care should be given to selecting a clean and dry location. The vent fans on the back panel must not
be blocked so that ad equate ventilation is available for cooling the circuitry inside the instrument.

During normal use, the instrument is connected to an electrochemical cell viaa cell ¢ able plugged into
the front panel of the instrument . Thus, it is important to en sure that the lab bench or table also has
sufficient work space for  securely mounting the electroche mical cell and for routing the cell ¢ able
between the instrument and the electrochemical cell.

3.1.2 Glovebox Installation

There are two practical ways to perform electro chemical experiments inside of a glovebox. Both require

that electrical power be present inside the glovebox to power the instrument, and the glovebox must

also be equipped with special feedthroughs for the cell cables, or preferably for the USB cable. T hese
two approaches are discussed in more detail below.

Potentiostat and Electrochemical Cell in Glovebox

Placing the instrument and the electrochemical cell inside the glovebox is by far the easiest and
preferred approach. By keeping the instrument close to the cell, the cell cables are shorter, minimizing
interference from environmental noise sources. This approach requires that the glovebox be equipped

with a special USB feedthrough port. This allows the computer controlling the instrument to be place d
outside the glovebox, and the only signals passing through the wall of the glovebox are those in the USB
communications cables. Inexpensive third -party USB cable feedthroughs are available (see: Figure 3-1)
which fit into the standard KF style flange s found on most gloveboxes. Many Pine Research customers
have successfully used feedthroughs offered by the Kurt J. Lesker Company (www.lesker.com ).

The instrument may be safely passed into the glovebox through the antechamber. Any cables, power
cords, or instrument accessories are also safe to bring into the glovebox through the antechamber. The
exact time needed to fully remove a  ny residual air from the potentiostat and accessories varies by
antechamber size and vacuum strength; in addition to following established glovebox user protocols, it

is recommended to place everything under vacuum overnight. Once inside the glovebox, ope  ration
of the potentiostat is identical to outside the glovebox, though some signal noise may be introduced by
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the glovebox environment (vacuum pumps, purging gases, vibrations, etc.). Once inside the glovebox,
it is a good idea to leave it there; repeate d cycling through the antechamber is not recommended.

Figure 3-1. USB Cable Glovebox Feedthrough

Figure 3-2. Cell Cable Glovebox Feedthrough
Electrochemical Cell Only in Glovebox

If the potentiostat must remain  outside the glovebox , then it is possible to feed a special longer version

of the cell cable through a port in the wall of the glovebox . A port with a KF40 flange is ideal , and
epo xy can be used to seal aro und the individual cell cable lines as they pass through the flange
(see: Figure 3-2). To mitigate any signal noise picked up by the longer cell cable, an electrically
conductive and earth grounded mesh may need to be installed  around the cell cable bundle . Contact
Pine Research Instrumentation for further details.
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