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Overview

CH Instruments was established in 1994. Our fivstrument series, the Model 600 series electroatem
analyzer/workstation, was introduced at the entid®4. Since then, new products have been addewvidp a full
line of electrochemical instrumentation:

Model 400B Series Time-Resolved Electrochemical Qrta Crystal Microbalance (EQCM): for
electro-deposition, adsorption, and chemical aotbbical sensor studies.

Model 600D Series Potentiostat/Galvanostatfor general purpose electrochemical measuremsuat
as kinetic measurements, electroanalysis, fundahesgearch, corrosion, and battery studies.

Model 700D Series Bipotentiostatfor rotating ring-disk electrodes (RRDE) and otbhases where dual
channel measurements are essential.

Model 800C Series Electrochemical Detectoifor either single or dual channel electrochemitztection
of flow cell, capillary electrophoresis and liquithromatography, for chemical and biological sensarsd
conventional electroanalysis.

Model 920C Scanning Electrochemical Microscope (SE@): for electrode surface, corrosion, biological
samples, solid dissolution, liquid/liquid interfacand membranes studies.

Model 1000B Series Multi-potentiostat:8-channel potentiostat for array electrode charaation and
sensor studies. It can be used for eight indepéruddis or for eight working electrodes in a sarokiton.

Model 1100B Power Potentiostat/Galvanostatfor applications involving higher current and cdiapce
voltage.

Model 1200B Handheld Potentiostat/Bipotentiostat:for electroanalysis, sensor studies, and field
applications.

Model 1550A Pico Liter Solution Dispenserfor making high density and high accuracy solutorays.

All models are controlled by an external PC urttier Windows 98/NT/Me/2000/XP/Vista/7 environment.
The instruments are easy to install and use. Ng-jplicard or other hardware is required on the BE. s

These instruments provide a rich repertoire ofctebehemical techniques. Most well-established
electrochemical techniques can be readily employeeuding potential sweep, step, pulse, altermptnrrent,
stripping, and various other techniques. For dastrument series, we provide various models to difierent
needs and budgets. Our instruments offer supeeidopmance at competitive prices, and are ideabfith research
and teaching purposes.



Model 400B Time-Resolved Electrochemical
Quartz Crystal Microbalance

The quartz crystal microbalance (QCM) is a variahtacoustic wave microsensors that are capable of
ultrasensitive mass measurements. Under favoraliditions, a typical QCM can measure a mass chah@el-1
ng/cnf. QCM oscillates in a mechanically resonant sheade under the influence of a high frequency ACteie
field which is applied across the thickness of ¢hestal. Figure 1b shows an edge view of a QCMtetythat is
undergoing the shear distortion from the oscillatibhe central portions of the top and bottom siafethe crystal
are coated with a typically disk-shaped thin filfrgold or other metals. The mass sensitivity of @@M originates
from the relationship between the oscillation fregey on the total mass of the crystal and the adéagf materials
residing at the metal-coated crystals, given bySaeerbrey equation below:

Df = -2f,> Dm / [A sqrtmr)]
where § is the resonant frequency of the fundamental noddke crystal, A is the area of the gold disk edabnto
the crystalr is the density of the crystal (= 2.684 gfgrmandmis the shear modulus of quartz (= 2.947 x*10
g/cms’). Using a crystal with a 7.995-MHz fundamentabfrency (as used in our measurements) as an example,
net charrrl%ge of 1 Hz corresponds to 1.34 ng of nmaseaidsorbed or desorbed onto the crystal surfbea area of
0.196 cm.

QCM and the combination of QCM with electrochemigEQCM) have been widely employed for the
determination of metals deposited onto the crystaidies of ion-transport processes in polymer djliniosensor
development, and investigations of the kinetics adforption/desorption of adsorbate molecules. ICHQ
experiments, the measurements of the various eldemical parameters, such as potential, curreshtcharge at
the working electrode, and the acquisition of ther&sponding frequency change, can be conductedtsimeously
with the experimental setup shown in Figure lar &ty model in the CHI400B series, the applicatiba specific
potential waveform (e.g., triangular potential wiaven for cyclic voltammetric experiments), as wa#l subsequent
current measurements and the frequency counting,caeied out with a potentiostat/frequency counterturn
controlled by a computer.

Figure 1. Schematic representation of a typical EQ@strument. (a) The quartz crystal has a fundaaien
frequency of 7.995 MHz and is coated with thin giillths on both sides. The gold disk depositedh@tbp side of
the crystal is in contact with the electrolyte $imn and used as the working electrode. The top w&the gold-
coated crystal is also shown. (b) Edge view of Q@iyktal showing shear deformation. The disk thislsnand
shear deformation have been exaggerated for clarity

The CHI400B series contains a quartz crystal lasoi, frequency counter, fast digital function geator,
high-resolution and high-speed data acquisitionudiry, potentiostat, and a galvanostat (Model 440®By). The
QCM is integrated with potentiostat and galvangstaking the EQCM study simple and convenient.dadtof
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measuring the frequency directly, the CHI400B seuges time-resolved mode. The frequency signidleoQCM is
subtracted from a standard reference frequency.difference is then measured by a reciprocal teghaiwhich
greatly reduces the time needed to sample the Q@h4lsand gives much better time resolution of @@M signal.
With the direct counting method, a 1 Hz QCM resolutrequires 1 second of sampling time, and a 0z1 H
resolution requires 10 seconds of sampling time flime-resolved mode allows the QCM signal to basueed in
milliseconds with much better resolution.

The potential control range of the instrumernt1® V and the current ranged250 mA. Besides QCM
and EQCM measurements, the instrument can alsadxtfor general-purpose electrochemical applicatiamich
are integrated. The instrument is very sensitiwe &ty fast, capable of measuring current dowrhéogicoampere
level. The scan rate in cyclic voltammetry can peta 5000 V/s with a 0.1 mV potential incrementl®000 V/s
with a 1 mV potential increment.

Figure 2 shows the voltammogram of underpoteratrad bulk depositions of Pb from a 0.1 M HGIO
solution containing 1 mM P and the corresponding frequency changes have fieted as a function of the
applied potential. In Figure 2a, the cathodic peaks-0.28 V and at ca. —0.59 V have been assigoeithet
underpotential deposition of monolayer Pb and thk bdeposition of multlayers of Pb, respectivelyheseas the
anodic peaks at —0.41 V and at —0.28 V are attlidatto the stripping of the deposited Pb. Thgdemcy-potential
diagram (Figure 2b) displays the frequency decreaseto the deposition of monolayer Pb (about 2%H23.5 ng
between -0.28 V and —0.59 V) and the more drastiquency decrease arising from bulk Pb depositoonet
change of 425 Hz or 573.8 ng at ca. —0.5 V).

Figure 2. Voltammogram and QCM data of Pb undergi@kdeposition. Scan rate = 0.05 V/s.

Figure 3 depicts the voltammogram of the oxidatibpyrrole to form polypyrrole film at the gold-ated
crystal and the corresponding frequency changes Boan segments between the lower limit of —1.0n¥% the
upper limit of 1.0 V were conducted in this expegimh As clearly shown in Figure 3a, pyrrole monoroan be
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oxidized to its radical at ca. 0.65 V. When thiswted, a thin polypyrrole film was formed, resntiin a decrease
of the fundamental frequency of the quartz cry@&dure 3b). During the first potential cycle, thet frequency
change was found to be 1150 Hz. The frequency ddasehange, as the potential became insufficigmibitive for

the synthesis of polypyrrole film. The subsequesteptial cycles displayed in Figure 3 demonstragedontinuous
growth of polypyrrole film and the further frequgndecrease or mass increase at the crystal. Astast rate (0.1

V/s) was employed.

Figure 3. Voltammogram and QCM data of oxidatiompwfrole to form polypyrrole film. Scan rate 0.1sV/

The instrument can also be used for regular QCigure 4 shows the QCM data of flow cell detection.
The total frequency change is less than 8 Hz. ®hg term drift and noise levels are extremely low.

The model 400B series is the upgrade to the md@BUOOA series. The instrument utilizes FLASH
memory, allowing instrument updates to be distelduby e-mail instead of the shipment of an EPROM.ch



Figure 4. A typical flow injection-QCM experimers soon as the sample is injected, the QCM stadsrding
the frequency change (t = 0). The pump is stoppetb@ s (where a small glitch on the curve canden} The
reaction is completed about 40 min after sampkectipn. The total monitoring time is over 1 hrnat change of 8
Hz is monitored. After 40 min or so, the frequeti@comes very stable again (for at least more tifamia, the
frequency drift is much less than 1 Hz).

The 400B series has a USB port (default) or a lsfiadata communication with the PC. You can selec
either USB or serial port (but not both) by chamgihe switch setting on the rear panel.

A 16-bit highly stable bias circuitry is added famrent or potential bias. This allows wider dynamange
is ac measurements. It can also be used to retfzerc current output.

The EQCM cell consists of three round Teflon pie¢eigure 1la). The total height is 37 mm with a
diameter of 35 mm. The top piece is the cell topdtd reference and counter electrodes. Therelsoetw@o 2 mm
holes for manual purging. The center piece is thetion cell, and the bottom piece is for mountmgposes. Four
screws are used to tighten the O-ring seal betwebottom center piece. The quartz crystal istexthetween the
center and bottom pieces. The diameter of the zgaystal is 13.7 mm. The gold electrode diameté&r.1 mm.



Specifications

Potentiostat

Galvanostat (Model 440B)

Potential range: -10 to 10V

Potentiostat rise time: < 2 us

Compliance voltage+12 V

3- or 4-electrode configuration

Current range: 250 mA

Reference electrode input impedancé1@? ohm
Sensitivity scale: 110*?- 0.1 A/V in 12 ranges
Input bias current: <50 pA

Current measurement resolution: < 0.01 pA
Minimum potential increment in CV: 10&
Data acquisition: 16 bit @ 1M Hz

Frequency resolution: < 0.1 Hz

QCM maximum sampling rate: 1 kHz
Automatic and manual iR compensation

CV and LSV scan rate: 0.000001 to 5000 V/s
Potential increment during scan: 0.1 mV @ 1000 V/s
CA and CC pulse width: 0.0001 to 1000 sec
CA and CC Steps: 320
DPV and NPV pulse width: 0.0001 to 10 sec
SWV frequency: 1 to 100 kHz
ACV frequency: 1to 10 kHz
SHACYV frequency: 1to 5 kHz
Automatic potential and current zeroing
Low-pass signal filters, automatic and manual setti
RDE rotation control output: 0 - 10 V (430B ang up
Cell control: purge, stir, knock
Data length: 128K — 4096K selectable
Dimension: 14.25"(WJ 9.25"(D)" 4.75"(H)
Oscillator Box (external):

4.75"(L)" 2.6" (W)" 1.55" (H)
Weight: 12 Lb.

Differences of 400B Series Models

Functions

400B | 410B | 420B | 430B [ 440B

Cyclic Voltammetry (CV)

Linear Sweep Voltammetry (LSV)

Staircase Voltammetry (SCV¥*

Tafel Plot (TAFEL)

Chronoamperometry (CA)

Chronocoulometry (CC)

Differential Pulse Voltammetry (DPV)*

Normal Pulse Voltammetry (NPV

Differential Normal Pulse Voltammetry (DPNYVj

Square Wave Voltammetry (SW¥)

AC Voltammetry (ACV)"*®

2nd Harmonic AC Voltammetry (SHACV)*®

Amperometric I-t Curve (I-t)

Differential Pulse Amperometry (DPA)

Double Differential Pulse Amperometry (DDPA)

Triple Pulse Amperometry (TPA)

Bulk Electrolysis with Coulometry (BE)

Hydrodynamic Modulation Voltammetry (HMV)

Sweep-Step Functions (SSF)

Multi-Potential Steps (STEP)

Chronopotentiometry (CP)

Chronopotentiometry with Current Ramp (CPCR)

Potentiometric Stripping Analysis (PSA)

Open Circuit Potential - Time (OCPT)

Quartz Crystal Microbalance (QCM)

Galvanostat

RDE control (0-10V output)

Full version of CV simulator

Limited version of CV simulator

iR Compensation

#: Corresponding polarographic mode can be pegdrm
&: Corresponding stripping mode can be performed.

$: Phase selective data are available.



Model 600D Series
Electrochemical Analyzer / Workstation

The Model 600D series is designed for general gaepelectrochemical measurements. The figure below
shows the block diagram of the instrument. Theesystontains a fast digital function generator, hégleed data
acquisition circuitry, potentiostat, and a galvaabsgavailable only in select models). The potérdantrol range is
+10 V and the current range #250 mA. The instrument is capable of measuring esurdown to tens of
picoamperes. The steady state current of ami@isk electrode can be readily measured withotdreal adapters.
With the CHI200B Picoamp Booster and Faraday Cégly @utomatic and compatible with the CHI600Diss},
currents down to 1 pA can be measured. These instits are very fast. The function generator caratgpdt a 10
MHz rate, and the maximum sampling rate is 1 MHZzL.@¢bit resolution. The instrument provides verydevi
dynamic range on experimental time scales. Foaints, the scan rate in cyclic voltammetry can béouj000 V/s
with a 0.1 mV potential increment or 5000 V/s wati mV potential increment. The potentiostat/gabstat uses a
4-electrode configuration, allowing it to be used fiquid/liquid interface measurements and elirtimathe effect
of contacting resistance of connectors and relay$ifjh current measurements. The data acquisstystems allow
an external input signal (such as spectroscopyatsgn be recorded simultaneously with electroclkahdata). The
instrument will also automatically re-zero bothextal and current, so that periodic re-calibratbbthe instrument
can be avoided.

The 600D series is the upgrade to our very po@08f600A/600B/600C series. The instrument utilizes
FLASH memory, allowing instrument updates to bertiated by e-mail instead of the shipment of afREm
chip.

The 600D series has a USB port (default) or a Isfiadata communication with the PC. You can selec
either USB or serial port (but not both) by chamgihe switch setting on the rear panel.

The 600D series also includes a true integratocioonocoulometry.

A 16-bit highly stable bias circuitry is used farrent or potential bias. This allows wider dynamgnge
in ac measurements. It can also be used for retkerdc current output.

The model 600D series can be upgraded to a bipostatt The model 700D series will be an add-orrdhoa
to the 600D series. It will therefore be identitathe 600D series when used for single channekarements.
When it is used as a bipotentiostat, the secondngi@an be controlled at an independent constaenfial to scan
or step at the same potential as the first chawnég scan with a constant potential differencthwhie first channel.
The second channel is available for many voltamimattd amperometric techniques.



The instrument also provides various electrochahtechniques, Windows-based software, and intedrat
digital CV simulator, impedance simulation andriigt program. These features provide powerful témidoth

electrochemical mechanistic studies and trace aisaly

We provide several different models in the 600DesefThe following table compares the different eied
Other than what is listed, the specifications agatdres of these models are identical. Models 680 610D are
basic units for mechanistic study and electrochemamalysis, respectively. They are also greattéaching
purposes. Models 602D and 604D are for corrosiardies. Models 620D and 630D are comprehensive
electrochemical analyzers. Models 650D and 660adwanced electrochemical workstations.

Specifications

Potentiostat

Galvanostat (Model 660D)

Potential range: -10to 10 V

Potentiostat rise time: <1 us

Compliance voltage+12 V

3- or 4-electrode configuration

Current range: 250 mA

Reference electrode input impedancé1@? ohm
Sensitivity scale: 110*- 0.1 A/V in 12 ranges
Input bias current: <50 pA

Current measurement resolution: < 0.01 pA
Minimum potential increment in CV: 10&
Potential update rate: 10 MHz

Fast data acquisition: 16 bit @ 1 MHz
External signal recording channel

Automatic and manual iR compensation
Automatic potential and current zeroing

Flash memory for quick software update
Serial port or USB selectable for data communicatio

Square wave voltammogram.

CV and LSV scan rate: 0.000001 to 5000 V/s

Potential increment during scan: 0.1 mV @ 1000 V/s

CA and CC pulse width: 0.0001 to 1000 sec

CA and CC Steps: 320

True integrator for CC

DPV and NPV pulse width: 0.001 to 10 sec

SWYV frequency: 1 to 100 kHz

ACV frequency: 0.1to 10 kHz

SHACV frequency: 0.1to 5 kHz

IMP frequency: 0.00001 to 100 kHz (extend to 1kifbir
impedance 10-1000 ohm)

IMP amplitude: 0.00001V to 0.7V RMS

Potential, current low-pass filters, covering 8-albe
frequency range, Automatic and manual setting

RDE rotation control voltage output: 0- 10 V (Md@&30D
and up)

Cell control: purge, stir, knock

Maximum data length: 128K-8192K selectable

Dimension: 14.25"(WJ 9.25"(D)" 4.75"(H)

Weight: 12 Lb.

Amperometric i-t Curve.



Differences of 600D Series Models

Functions 600D | 602D | 604D | 610D | 620D | 630D | 650D | 660D
Cyclic Voltammetry (CV)
Linear Sweep Voltammetry (LSV)
Staircase Voltammetry (SCV¥*
Tafel Plot (TAFEL)
Chronoamperometry (CA)
Chronocoulometry (CC)
Differential Pulse Voltammetry (DPV)*
Normal Pulse Voltammetry (NPV}
Differential Normal Pulse Voltammetry (DPNVj
Square Wave Voltammetry (SW¥)
AC Voltammetry (ACV)*%®
2nd Harmonic AC Voltammetry (SHACV)*®
Amperometric i-t Curve (i-t)
Differential Pulse Amperometry (DPA)
Double Differential Pulse Amperometry (DDPA)
Triple Pulse Amperometry (TPA)
Integrated Pulse Amperometric Detection (IPAD)
Bulk Electrolysis with Coulometry (BE)
Hydrodynamic Modulation Voltammetry (HMV)
Sweep-Step Functions (SSF)
Multi-Potential Steps (STEP)
AC Impedance (IMP)

Impedance - Time (IMPT)
Impedance - Potential (IMPE)
Chronopotentiometry (CP)
Chronopotentiometry with Current Ramp (CPCR)
Multi-Current Steps (ISTEP)
Potentiometric Stripping Analysis (PSA)
Electrochemical Noise Measurement (ECN)
Open Circuit Potential - Time (OCPT)

Galvanostat

RDE control (0-10V output)

Full version of CV simulator
Limited version of CV simulator
Impedance Simulation and fitting

iR Compensation
External Potential Input
Auxiliary Signal Measurement Channel

#: Corresponding polarographic mode can be peddrm
&: Corresponding stripping mode can be performed.
$: Phase selective data are available.

Cyclic voltammogram at 1000V/s. Phase selective second harmonic AC voltammogram.
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Model 700D Series Bipotentiostat

The Model 700D series are computerized generapgagr potentiostat / bipotentiostat / galvanostat
instruments. A typical application involves a rotgtring-disk electrode (RRDE), but these systerus also be
used for other applications where dual channel oreasents are essential, such as dual channel atbemical
detection. The system contains a fast digital fiencgenerator, high speed data acquisition cirgufi)potentiostat,
and a galvanostat (only available in select moddleg potential control range €10 V and the current range is
+250 mA. The instrument is capable of measuringerurdown to tens of picoamperes. The steady statert of a
10 mm disk electrode can be readily measured withotéreal adapters. With the CHI200B Picoamp Booster a
Faraday Cage (fully automatic and compatible with €HI700D series), currents down to 1 pA can basued
(primary current channel only). These instrumengsvary fast. The function generator can updatel MHz rate,
and the maximum sampling rate is 1 MHz at 16-t8bhation. The instrument provides a very wide dyitarange
on experimental time scales. For instance, the sat@nin cyclic voltammetry can be up to 1000 Vithva 0.1 mV
potential increment or 5000 V/s with a 1 mV potehthcrement. The potentiostat / galvanostat uséskectrode
configuration, allowing it to be used for liquidfliid interface measurements and eliminating thecefbf
contacting resistance of connectors and relayhifgr current measurements. The data acquisitioesysallow an
external input signal (such as spectroscopy sigimal®e recorded simultaneously with electrochemitzdb). The
instrument will also automatically re-zero botheutal and current, so that periodic re-calibratwéthe instrument
can be avoided.

The 700D series shares many common features Ww&h600D series. When used as a single channel
potentiostat, the instrument is identical to thedeld500D series. The bipotentiostat is realize@dding the second
channel potential control and current measuremeatdto the model 600D series. There are also ittev tages,
three extra gain stages, and a channel selectionitcy on the board. When it is used as a bipodstdt, the second
channel can be controlled at an independent canptatential, to scan or step at the same poteatialhe first
channel. In case of CV, it can also scan with astamt potential difference with the first channgéchniques
available for the second channel include CV, LSEVSCA, DPV, NPV, SWV, and i-t.

The 700D series is the upgrade to our very popt08/700A/700B/700C series. The instrument utilizes
FLASH memory, allowing instrument updates to berdiated by e-mail instead of the shipment of afRBEmRI
chip.

The 700D series has a USB port (default) or aakfat data communication with the PC. You can®ele
either USB or serial port (but not both) by chamgihe switch setting on the rear panel.

The 700D series also has a true integrator forrgswoulometry.

A 16-bit highly stable bias circuitry is used farrent or potential bias. This allows wider dynamzgnge is
ac measurements. It can also be used for re-zerdctleurrent output.

When used as a single channel potentiostat, theiment is identical to the model 600D series. The
bipotentiostat is realized by adding tH& éhannel potential control and current measurereatd. When it is used
as bipotentiostat, the 2nd channel can be conttalle@ independent constant potential, to scateprat the same
potential as the first channel, and to scan witbresstant potential difference with the first chadnne

The instrument also provides various electrochahtechniques, Windows-based software, and intedrat
digital CV simulator, impedance simulation andriigt program. These features provide powerful témidoth
electrochemical mechanistic studies and trace aisaly

We provide several different models in the 700DexerThe following table compares the different eled
Other than what is listed, the specifications atdres of these models are identical. Models 7&@D710D are
basic units for mechanistic study and electrochaha@nalysis, respectively. Models 720D and 730D are
comprehensive electrochemical analyzers. Model 7&3D760D are advanced electrochemical workstations
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Specifications

Potentiostat

Bipotentiostat

Galvanostat

Potentiostat rise time: <ris

Potential range+10 V for both channels

Compliance voltage+12 V

Current: 0.25 A if single channel, or 0.25 A tdial two
channels

Input impedance of reference electrode bhim

Sensitivity scale: 110?- 0.1 A/V in 12 ranges

Input bias current: <50 pA

Current measurement resolution: < 0.01 pA

Minimum potential increment in CV: 10&V

Potential update rate: 10 MHz

Fast data acquisition: 16 bit @ 1 MHz

External voltage signal recording channel

External potential input

Automatic and manual iR compensation

Automatic potential and current zeroing

Voltammogram at rotating ring-disk electrode.
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CV and LSV scan rate: 0.000001 to 5000 V/s

Potential increment during scan: 0.1 mV @ 1000 V/s

CA and CC pulse width: 0.0001 to 1000 sec

CA and CC Steps: 320

True integrator for CC

DPV and NPV pulse width: 0.001 to 10 sec

SWYV frequency: 1 to 100 kHz

ACV frequency: 0.1 to 10 kHz

SHACYV frequency: 0.1to 5 kHz

IMP frequency: 0.00001 to 100 kHz (extend to 1M
Hz for impedance 10-1000 ochm)

IMP amplitude: 0.00001V to 0.7V RMS

Potential, current low-pass filters, covering 8-atbe
frequency range, Automatic and manual setting

RDE rotation control voltage output: 0-10V

Cell control: purge, stir, knock

Flash memory for quick software update

Serial port or USB selectable for data communicatio

Maximum data length: 128K-4096K selectable

Dimension: 14.25"(W) 9.25"(D)" 4.75"(H)

Weight: 12 Lb.

Chronoamperometric data.



Differences of 700D Series Models

Functions 700D | 710D | 720D | 730D [ 750D | 760D

Cyclic Voltammetry (CV)*
Linear Sweep Voltammetry (LSVA)*
Staircase Voltammetry (SCV}**

Tafel Plot (TAFEL)
Chronoamperometry (CA)*
Chronocoulometry (CC)

Differential Pulse Voltammetry (DPV)**
Normal Pulse Voltammetry (NPV}*
Differential Normal Pulse Voltammetry (DPNVj
Square Wave Voltammetry (SW¥)
AC Voltammetry (ACV)" &%
2nd Harmonic AC Voltammetry (SHACV)**
Amperometric i-t Curve (i-t)*
Differential Pulse Amperometry (DPA)
Double Differential Pulse Amperometry (DDPA)
Triple Pulse Amperometry (TPA)
Integrated Pulse Amperometric Detection (IPAD)
Bulk Electrolysis with Coulometry (BE)
Hydrodynamic Modulation Voltammetry (HMV)
Sweep-Step Functions (SSF)
Multi-Potential Steps (STEP)
AC Impedance (IMP)

Impedance - Time (IMPT)
Impedance - Potential (IMPE)
Chronopotentiometry (CP)
Chronopotentiometry with Current Ramp (CPCR)

Multi-Current Steps (ISTEP)
Potentiometric Stripping Analysis (PSA)
Electrochemical Noise Measurement (ECN)
Open Circuit Potential - Time (OCPT)

Galvanostat

RDE control (0-10V output)

Full version of CV simulator
Limited version of CV simulator
Impedance Simulation and Fitting

iR Compensation
External Potential Input
Auxiliary Signal Measurement Channel

#: Corresponding polarographic mode can be pegdrm
&: Corresponding stripping mode can be performed.

$: Phase selective data are available.

*. Second channel (bipotentiostat mode) can béopeed.
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Model 800C Series Electrochemical Detector

The Model 800C series is designed for electrochamiletection. This instrument can be used for
monitoring the current passing through a flow @elliquid chromatography/electrochemistry and iowlinjection
analysis, as well as other electroanalytical apfitms. Each instrument contains a digital functienerator, a data
acquisition system, and a potentiostat / bipotstdio/ Galvanostat. The potential control rangeli@ V and the
current range i210 mA. These instruments are capable of measutingmts down to picoamperes. This series is
designed for analytical purposes that require Isighsitivity and low noise levels. It has a maximsempling rate
of 1M Hz at 16-bit. The circuitry has very low dlecal noise. The instrument allows an externauingignal (such
as spectroscopy signals) to be recorded simultahewiith electrochemical data. When it is useddomperometric
detection, three decades of current scales arg@ldtring the experiment to display signals ofoauigs magnitudes
clearly. This model has superior ease of use comgpaith analog instruments, as well as data stoaageanalysis
capabilities, without the need for recorder/baselatdjustments. It also provides a much larger otrdgnamic
range, so that separate runs for large and weaklsigan be avoided.

The Model 80C is for single channel measurements, and the MY@E contains a bipotentiostat and is
for dual channel measurements. As a bipotentidsiatyvell suited to rotating ring-disk electrodasplications. It
can also be used for other applications where chehnel measurements are essential. Dual chan@siungnents
are available for CV, LSV, CA, DPV, NPV, SWV, anchperometric i-t curves. The 2nd channel can beroted
at a independent constant potential, to scan praitthe same potential as the first channel, ar@M scan with a
constant potential difference with the first chdnne

The model 800C series is our upgrade eatbdel 800/800A/800B series. The instrument ediELASH
memory, allowing instrument updates to be disteduby e-mail instead of the shipment of an EPROM.ch

The 800C series has a USB port (default) or alsfeni data communication with the PC. You canakele
either USB or serial port (but not both) by chamgihe switch setting on the rear panel.

The 800C series also has a true integrator fomzuaulometry.

We provide several different models in the 800GesefThe following table compares the different eled
Other than what is listed, the specifications aedtdres of these models are identical. Models 8@ and
810C/812C are mainly for flow cell detection. Ma&l@20C/822C cannot be used for flow cell detectmmirt, are
intended for voltammetry applications. Models 83B2/C are comprehensive electrochemical analyzatsctn be
used for electrochemical detection, voltammetryd ather applications. Models 840C/842C and 850QZ85%
more advanced models with a galvanostat.

Real time data display for flow cell detection.
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Specifications

Potentiostat

Bipotentiostat

Galvanostat (840C/842C/850C/852C)
Potential range+10 V

Compliance voltage+12 V

Current range: 0 t40.01 A

3- or 4-electrode configuration

Input impedance of reference electrode? bhim
Sensitivity scale: 110*?-0.001 A/V in 10 ranges
Input bias current: <5 pA

Current measurement resolution: < 0.01 pA
Fast data acquisition: 16 bit @ 1M Hz
External voltage signal recording channel
External potential input

Automatic and manual iR compensation
Potential and current analog output

CV and LSV scan rate:” 10° to 500 V/s

CC and CA pulse width: 0.0001 to 1000 sec

True integrator for CC

DPV and NPV pulse width: 0.001 to 10 sec

SWYV frequency: 1 to 100 kHz

ACV frequency: 0.1 to 10 kHz

SHACV frequency: 0.1to 5 kHz

Dual channel measurements for CV, LSV, CA, DPV, NPV
SWV, it

Cell control: purge, stir, knock

Automatic potential and current zeroing

Current low-pass filters, covering 8-decade fregyen
range, Automatic and manual setting

RDE control output: 0-10V (corresponding to 0-106Q0n)

Flash memory for quick software update

Serial port or USB port selectable for data comroatibn

Maximum data length: 128K - 8192K selectable

Dimension: 14.25"(W) 9.25"(D)" 4.75"(H)

Weight: 12 Lb.

Differences of 800C Series Models

Functions 800C/802C

810C/812C

820C/822C| 830C/832C| 840C/842C| 850C/852C

Cyclic Voltammetry (CV)*

Linear Sweep Voltammetry (LS\H)*

Staircase Voltammetry (SCV¥*

Tafel Plot (TAFEL)

Chronoamperometry (CA)*

Chronocoulometry (CC)

Differential Pulse Voltammetry (DPV)**

Normal Pulse Voltammetry (NPV¥*

Differential Normal Pulse Voltammetry (DPNV

Square Wave Voltammetry (SW¥)

AC Voltammetry (ACV)"%®

2nd Harmonic AC Voltammetry (SHACV)*®

Amperometric i-t Curve (i-t)*

Differential Pulse Amperometry (DPA)

Double Differential Pulse Amperometry (DDPA

Triple Pulse Amperometry (TPA)

Integrated Pulse Amperometric Detection (IPAL

—

Bulk Electrolysis with Coulometry (BE)

Hydrodynamic Modulation Voltammetry (HMV)

Sweep-Step Functions (SSF)

Multi-Potential Steps (STEP)

Chronopotentiometry (CP)

Chronopotentiometry with Current Ramp (CPCR)

Multi-Current Steps (ISTEP)

Potentiometric Stripping Analysis (PSA)

Electrochemical Noise Measurement (ECN)

Open Circuit Potential - Time

Galvanostat

RDE control (0-10V output)

Full version of CV simulator

Limited version of CV simulator

iR Compensation

External Potential Input

Auxiliary Signal Measurement Channel

#: Corresponding polarographic mode can be peddrm

&: Corresponding stripping mode can be performed.

*. Second channel (bipotentiostat mode) can béopeed.
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Model 920C
Scanning Electrochemical Microscope

The scanning electrochemical microscope (SECM iméroduced in 1989as an instrument that could
examine chemistry at high resolution near interacBy detecting reactions that occur at a smalitebde (the tip)
as it is scanned in close proximity to a surfabhe, $ECM can be employed to obtain chemical reagtiniages of
surfaces and quantitative measurements of reactit®s. Numerous studies with the SECM have nown bee
reported from a number of laboratories all over Wwld, and the instrument has been used for a vadge of
applications, including studies of corrosion, bgitml systems (e.g., enzymes, skin, leaves), mambraand
liquid/liquid interfaces. Trapping and electrochemical detection of singteecules with the SECM has also been
reported.

The CHI920C Scanning Electrochemical Microscopensigis of a digital function generator, a
bipotentiostat, high resolution data acquisitiorcuitry, a three dimensional nanopositioner, arghmple and cell
holder. Diagrams for the SECM and cell/sample holde shown below. The three dimensional nanopositi has
a spatial resolution down to nanometers but itvedla maximum traveling distance of 50 millimeté&ree potential
control range of the bipotentiostat is + 10 V ahd turrent range is + 250 mA. The instrument isabép of
measuring current down to sub-picoamperes.

In addition to SECM imaging, other modes of ofieraare available for scanning probe applications:
Surface Patterned Conditioning, Probe Scan Curmd, Rrobe Approach Curve, Surface Interrogation SECM
Surface Patterned Conditioning allows user to adiattern for surface conditioning by controllirigp ttip at two
different potentials and durations. The Probe Sgarve mode allows the probe to move in the X, YZdalirection
while the probe and substrate potentials are cletk@nd currents are measured. The probe canopbeexdd when
the current reaches a specified level. This isiqaddrly useful in searching for an object on theface and
determining approach curves. The Probe ApproaclveCarode allows the probe to approach the surfachef
substrate. It is also very useful in distinguishitige surface process, using PID control. The siep &
automatically adjusted to allow fast surface apphoavithout letting the probe touching the surfaenstant height,
constant current, potentiometric and impedance made available for SECM imagine and probe scawecur

The CHI920C is designed for scanning electrochamimicroscopy, but many conventional
electrochemical techniques are also integrateddorenience, such as CV, LSV, CA, CC, DPV, NPV, SWKZV,
SHACYV, i-t, DPA, DDPA, TPA, SSF, STEP, IMP, IMPBVIPT, and CP. When it is used as a bipotentiodtat, t
second channel can be controlled at an indeperodgrstant potential, to scan or step at the samenpat as the
first channel, or to scan with a constant poterdifference with the first channel. The second clehnvorks with
CV, LSV, CA, DPV, NPV, DNPV, SWV, and i-t.

The CHI920C SECM is an upgrade from the CHI9Q0OGBA10B SECM. The stepper motor positioner
now has a resolution of 8 nanometers with 50 mmetrdistance. CHI920C will be the stepper motorifiaser
with a combination of closed loop 3-dimensionalzpigositioner. The closed-loop piezo control alldmproved
linearity and reduced hysteresis of the piezo dmvic

The other improvements for the CHI920C over thd3DEB/910B include faster data acquisition (1M Hz
16-bit), higher current (250mA), faster CV (1000V& 0.1 mV potential increment), and ac impedance
measurements.

1. A.J.Bard, F.-R. F. Fan, J. Kwak, and O.,lAaval. Chem61, 132 (1989); U.S. Patent No. 5,202,004 (Ap3il 1993).
2. A.J.Bard, F.-R. Fan, M. V. Mirkin, Blectroanalytical ChemistnA. J . Bard, Ed., Marcel Dekker, New York, 1994 |Vo
18, pp 243-373.

Diagram of Scanning Electrochemical Microscope

16



Cell/Sample Holder

Bipotentiostat (top) and Motor Controller Front Wie |  Bipotentiostat (top) and Motor Controller Rear Wie

17




CHI920C SECM Specifications

Nanopositioner:
X, Y, Z resolution: 1.6 nm with Piezo positér,
closed loamtrol
8 nm with stepper mqtositioner
X, Y, Z total distance: 5cm
Bipotentiostat:
Probe Potential:
Substrate Potential: £+ 10V
Compliance Voltage: +12V
3- or 4-electrode configuration
Reference electrode input impedance: 1el2 ohm
Current Sensitivity: 18 A/V to 10" A/V
Maximum Current:  + 250 mA
External signal recording channel

10V

ADC Resolution: 16-bit@ 1 M Hz
Galvanostat:
Current range: + 250 mA

Experimental Parameters:

CV and LSV scan rate: 0.000001 to 10,000 V/s

Potential increment during scan: 0.1 mV @1000

CC and CA pulse width: 0.0001 to 1000 sec

True integrator for CC

DPV and NPV pulse width: 0.001 to 10 sec

SWV frequency: 1 to 100 kHz

ACV frequency: 0.1to 10 kHz

SHACYV frequency: 0.1to 5 kHz

IMP frequency: 0.00001 to 100 kHz (extend to 1M
Hz for impedance 10-1000 ohm)

IMP amplitude: 0.00001V to 0.7V RMS

Automatic potential and current zeroing

Automatic and manual iR compensation

Current low-pass filters, covering 8-decade
frequency range, Automatic and manual setting

RDE control output: 0-10 V (correspondingto
10000 rpm)

Flash memory for quick software update

Serial port or USB port selectable for data
communication

Other Features:

Real Time Absolute and Relative Distance Display

Real Time Probe and Substrate Current Display

Dual channel measurements for CV, LSV, CA,
DPV, NPV, SWV, i-t

Cell control: purge, stir, knock

Automatic potential and current zeroing

Current low-pass filters, covering 8-decade
frequency range, Automatic and manual
setting

RDE control output: 0-10 V (corresponding to O-
10000 rpm)

Flash memory for quick software update

Serial port or USB port selectable for data
communication

Digital CV simulator, user defined mechanisms

Impedance simulator and fitting program
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Techniques

Scanning Probe Techniques
- SECM Imaging (SECM) : constant height,
constant current, potentiometric and
impedance modes

Probe Approach Curves (PAC)

Probe Scan Curve (PSC) : constant height,
constant current, potentiometric and
impedance modes

- Surface Patterned Conditioning (SPC)

- Surface Interrogation SECM (SISECM)
Sweep Techniques

- Cyclic Voltammetry (CV)

Linear Sweep Voltammetry (LSV)

- Tafel Plot (TAFEL)
Step and Pulse Techniques

- Staircase Voltammetry (SCV)

- Chronoamperometry (CA)

- Chronocoulometry (CC)

Differential Pulse Voltammetry (DPV)

Normal Pulse Voltammetry (NPV)

Differential Normal Pulse Voltammetry (DNPV)

- Square Wave Voltammetry (SWV)
AC Techniques
- AC Voltammetry (ACV)
- Second Harmonic AC Voltammetry (SHACV)
- AC Impedance (IMP)
Impedance versus Potential (IMPE)
Impedance versus Time (IMPT)
Galvanostatic Techniques
- Chronopotentiometry (CP)
- Chronopotentiometry with Current Ramp (CPCR)
Multi-Current Steps (ISTEP)
Potentiometric Stripping Analysis (PSA)
Other Techniques
- Amperometric i-t Curve (i-t)

Differential Pulse Amperometry (DPA)

- Double Differential Pulse Amperometry (DDPA)
- Triple Pulse Amperometry (TPA)

Integrated Pulse Amperometric Detection (IPAD)

Bulk Electrolysis with Coulometry (BE)

Hydrodynamic Modulation Voltammetry (HMV)

- Sweep-Step Functions (SSF)

Multi-Potential Steps (STEP)

- Electrochemical Noise Measurements (ECN)
- Open Circuit Potential - Time (OCPT)
- Various Stripping Voltammetry

Potentiometry

Applications
Electrode surface studies
- Corrosion
Biological samples
- Solid dissolution
Liquid/liquid interfaces
Membranes



Principles and Applications of SECM

I. Operational Principles of SECM When the tip is rastered in the x-y plane above the
As in other types of scanning probe microssppe substrate, the tip current \(ariation reprg;entsng:eain
SECM is based on the movement of a very small toPography or conductivity (or reactivity). One can
electrode (the tip) near the surface of a condactiv ~ Separate topographic effects from conductivity e
insulating substrate. In amperometric SECM  ex- by noting that over an insulatoy is always less than
periments, the tip is usually a conventional ultra- it¥, While over a conductok iis always greater than
microelectrode (UME) fabricated as a conductivekdis iT¥.

of metal or carbon in an insulating sheath of glass In the feedback mode of the SECM operation as
polymer. Potentiometric SECM experiments with ion- stated above, the overall redox process is eséigntia
selective tips are also possiBle. confined to the thin layer between the tip and the

In amperometric experiments, the tip currest i substrate. In the substrate-generation/tip-cobecti
perturbed by the presence of the substrate. Wreetigh ~ (SG/TC) mode (when the substrate is a generator and
is far (i.e. greater than several tip diametersjnfithe ~ the tip is a collector), the tip travels withintiain

substrate, as shown in Fig. 1A, the steady-stateiy diffusion layer generated by the substrate eleettdt
iry, is given by There are some shortcomings which limit the

iy = 4nFDCa applicability of the SG/TC mode if the substrate is

where F is Faraday’'s constant, n is the number oflarge: (1). the process at a large substratéwiaya
electrons transferred in the tip reaction (O +&heR), non-stea_dy_s_,tate; .(2)' a large substrate curremt m
D is the diffusion coefficient of species O, Ctie cause significant iR-drop; and (3). the collection
concentration, and a is the tip radius. When thegi  €fficiency, i.e., the ratio of the tip current thet
moved toward the surface of an insulating substthte substrgte current, is low. Th_e tip-g_enerationlsmﬂ_)s{ .
tip current, , decreases because the insulating sheathcPllection (TG/SC) mode is advisable for kinetic
of the tip blocks diffusion of O to the tip frometbulk measurements, wh_ﬂe SG./TC can _be used for
solution. The closer the tip gets to the substrtite, monitoring enzymatic reactions, corrosion, and othe
smaller i becomes (Fig 1B). On the other hand, with a heterogeneous processes at the substrate surface.
conductive substrate, species R can be oxidizekl foac

O. This produces an additional flux of O to the aipd . Applications
hence an increase ir {(Fig. 1C). In this case, the A. Imaging and positioning _ _ _
smaller the value of d, the largemiill be, with i; ® ¥ A three-dimensional SECM image is obtained by

as d® 0, assuming the oxidation of R on the substrate Scanning the tip in the x-y plane and monitoring tip
is diffusion-limited. These simple principles forte
basis for the feedback mode of SECM operation.

Figure 1. Operating principles of SECM. (A). With
UME far from the substrate, diffusion of O leadsato
steady-state currentyy; (B). With the UME placed
near an insulating substrate, hindered diffusionOof
leads to 4 < iry; (C). with UME near a conductive
substrate, positive feedback of O leadst® i y.

Figure 2. SECM image of a polycarbonate filtration
membrane with a Pm-diameter Pt disk UME in
Fe(CN)* solution. Average pore diameter is ca. 10
mm.
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current, {, as a function of tip location. A particular Of the oxidation of ferrocene at a Pt UME has been
advantage of SECM in imaging applications, compared carried ouf® Five steady-state voltammograms
to other types of scanning probe microscopy, i tiea obtained at different distances are shown in Fig. 3
response observed can be interpreted based o fairl along with the theoretical curves calculated witle t
rigorous theory, and hence the measured currenbean values of the kinetic parameters extracted from the
employed to estimate the tip-substrate distance. quartile potentials. The heterogeneous rate condtin
Moreover, SECM can be used to image the surfaces ofobtained (3.7 0.6 cm/sec) remains constant within the
different types of substrates, both conductors andrange of experimental error, while the mass-transfe
insulators, immersed in solutions. The resolution rate increases with a decrease in d.

attainable with SECM depends upon the tip radias. F C. Studies of homogeneous chemical reactions
example, Fig. 2 shows one SECM image of a filtratio As mentioned above, the TG/SC (with smallatiyl
membrane obtained with artn-diameter Pt disk tip in ~ substrate) mode of SECM, in the same manner as the
Fe(CN)* solution. Average pore diameter is ca. 10 rotating ring disk electrode (RRDE), is particuarl
mm. An image demonstrating the local activity of an suitable for the studies of homogeneous chemical
enzymatic reaction on a filtration membrane is sthow kinetics!®° The SECM approach has the advantage that

in Fig. 9 as described below. different substrates can be examined easily, i.e.,
B. Studies of heterogeneous electron transfer Wwithout the need to construct rather difficult to
reactions fabricate RRDEs, and higher interelectrode fluxes a

SECM has been employed in heterogeneous &ineti available without the need to rotate the electrode
studies on various metal, carbon and semiconductorotherwise cause convection in the solution. Moreove
substrate$.In this application, the x-y scanning feature in the TG/SC mode, the collection efficiency in the
of SECM is usually not used. In this mode, SECM ha absence of perturbing homogeneous chemical reaction
many features of UME and thin layer electrochemistr is near 100%, compared to significantly lower valire
with a number of advantages. For example, the practical RRDEs. Finally, although transient SECM
characteristic flux to an UME spaced a distance, d, measurements are possible, most applications have
from a conductive substrate is of the order of d@C/ involved steady-state currents, which are easier to

independent of the tip radius, a, when d < a. Thasy measure and are not perturbed by factors like @subl
high fluxes and thus high currents can be obtairteat. layer charging and also allow for signaleraging.
example, the measurement of the very fastikimet For example, the reductive coupling of both dim&thy

fumarate (DF) and fumaronitrile (FN) in N,N-dimethy
formamide has been studied with the TG/SC nt8de.
Fig. 4 shows tip and substrate steady-state vol@mm
grams for the TG/SC regime. Comparable values of
both of the plateau currents indicated that thesmas

Figure 3. Tip steady-state voltammograms for the
oxidation of 5.8 mM ferrocene in 0.52 M TBABM
MeCN at a l.lsm-radius Pt tip. Solid lines are

theoretical curves and solid circles are experiaent Figure 4. SECM voltammograms for FN (28.2 mM)
data. Tip-substrate separation decreases from3 t0 o4y ction in TG/SC mode. d = 1/8m. E was

(d/a =¥, 0.27, 0.17, 0.14, and 0.1). (Reprinted with scanned at 100 mV/sec withs E 0.0 V vs AgQRE.
permission from Ref. 4e, copyright 1993, American (Reprinted with permission from Ref. 5a, copyright
Chemical Society.) 1992, American Chemical Society.)

20



Figure 6. T/S CVs (A) curve a, d = 508m, and
substrate CV (B) on Nafion/Os(bgyf** electrode in
. . . . KsFe(CN)Y/NaSQO,, scan rate = 50 mV/sec; E -0.4
Figure 5. Normalized tip (generation, A) and substrate ;s gcE. (Reprinted with permission from Ref, 6a
(collection, B) current-distance behavior for FN copyright 1990, American Chemical Society.)
reduction. FN concentration: (open circle) 1.50 mM

(open square) 4.12 mM, (open triangle) 28.2 mM, and gjectrochemical behavior of an Os(bigincorporated
(filled circle) 121 mM. a = %m, substrate radius is 50  Nafion filmS® T/S CV involves monitoring the tip

mm. The solid lines represent the best theorefictdr current vs. the substrate potential)(Bvhile the tip
each set of data. (Reprinted with permission fRef.  potential (§) is maintained at a given value and the tip
5a, copyright 1992, American Chemical Society.) is held near the substrate. The substrate §Vs(i E)

of an Os(bpy -incorporated Nafion film covering a

transfer rate was sufficiently fast to study theida Ev;\?ésfof ![Eztrg(i?bg;ﬁsg(gﬂpfg Iailign GOEglyir?Qi(c):\;Vt?ng

homogeneous reaction. From the approach curves Ofthe permselectivity of the Nafion coating. Fig. 6A

bOt.h tip and substrape currents (Fig. 5) obtained a shows the corresponding T/S CV curves. When the ti
various EN (_:loqcentratlons, a rate const@n_tzla,_o <t_ is far from the substrate; is essentially independent of
0.4) x 16 M?st was determined for the dimerization Es. When the tip is close to the substrate (d 0
reactions. o L either negative or positive feedback effects are
D. Characterization of thin films and membranes — ,jsored, “depending on the oxidation state of the
SECM is also a useful technique for studyihip t 0s(bpy)2”** couple in the Nafion. WhensHs swept
films on interfaces. Both mediated and direct positive of the Os(bpy§™* redo>.< wave Sa positive
electrt?chemmal m%asuremen(;s In tr::m films ?r feedback effect is observed due to the regeneration
membranés can be care out. rorexample, Fe(CN)* in the solution gap region because of the
polyelectrolytes, electronically conductive polymer oxidation of Fe(CNJ" by Os(bpy}** at the solution-

passivation films on metals and disso_lution Preé€8S  fiim interface. When Eis negative of the redox wave,
haV(_e been investigated by SEéM unique type Of_ the film shows negative feedback behavior, sinee th
cyclic voltammetry, called tip-substrate cyclic

voltammetry (T/S CV), has been used to investitjate

Os(bpy)** formed is unable to oxidize tip-generated
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Fe(CN)* back to Fe(CNy".

E. Liquid-liquid interfaces

One of the most promising applications of SEGM
the study of charge transport at the interface betw
two immiscible electrolyte solution (ITIES). Unlike
conventional techniques, SECM allows for the stsidie
of both ion and electron transfer at the interfa¢ear
example, uphill electron transfer, in which an &iec
is transferred uphill from a redox couple with gher
standard reduction potential in one phase to anothe
redox couple having a lower standard reduction
potential in a second immiscible phase has been
demonstrated using the system TCNQ (in 1,2-
dichroloethane (DCE))/ferrocyanide (in wat&r)Fig. 7
shows the approach curve obtained as the UME

approaches the interface when the system containsgigure 8. Approach curve for the system: 10 mM
supporting electrolytes with no partitioning ionsck TCNQ and 1 mM TPASTPB in DCE // 1 mM
as tetraphenylarsonium (TPAs However, the reverse Fe(CN)}*, 0.1 M LiCl and 1 mM TPAsCI in O,
electron flow for the same redox reaction can be Showing reverse electron transfer driven by phase
induced by employing TPAs as a potential- transfer catalyst TPAs Tip potential, -0.4 V vs
determining ion as shown in Fig. 8. The drivingc  Ag/AgCI.  (Reprinted with permission from Ref. 7c,
for this reverse electron transfer is the impositid an copyright 1995, American Chemical Society.)
interfacial potential difference by the presence in
solution of TPAS in both phasesD;"j = -364 mV).  Since the ITIES is not polarizable in the preseate
Note that the detection of reverse electron flowthis TPAS' in both phases, any attempt to impose externally
case could not be done using the method commonlya potential across the interface with electrodesnin
used for studies of the ITIES, e.g., cyclic phases would result in interfacial ion transfer and
voltammetry. current flow. The SECM approach does not suffer
form this interference. Charge transfer processes
across the ITIES with or without membranes hasge al
been studied.
F. Probing patterned biological systems
SECM has been actively employed to probe
artificially or naturally patterned biological sgsns®
Both amperometric and potentiometric techniques
with ion-selective tips can be used. A direct tdshe
SECM'’s ability to image an enzymatic reaction oser
localized surface regi6his shown in Fig. 9. Glucose
oxidase (GO) hydrogel was filled inside small, well
defined pores of polycarbonate filtration membranes
The buffered assay solution contained a high
concentration of D-glucose as well as two redox
mediators, methyl viologen dication (MY and
neutral hydroquinone (#®). Fig. 9a shows an image
obtained with a tip potential of -0.95 V vs. a silv
quasi reference electrode (AgQRE) where ¥was

Figure 7. Approach curve for the system: 10 mm reduced to MV. — Since MV" does not react with

TCNQ and 1 mM TPASTPB in DCE // 1 mM Fe(GR) reduced GO at the hydrogel-filled region, a negativ
and 0.1 M LiCl in HO, showing the absence of feedback current was obtained. However, with ipe t

electron transfer across the liquid/liquid intefacA ~ Potential changed to 0.82 V, where hydroquinone was
25mm-diameter Pt microelectrode was used to generate©*idized to p-benzoquinone by reduced GO, an
Fe(CN)* at the electrode tip from the Fe(GR) Tip increased tip current was observed (Fig. 9b). This
potential, -0.4 V vs Ag/AgCl. (Reprinted with positive feedback current over the hydrogel region

permission from Ref. 7c, copyright 1995, American indicates a significant catalytic feedback of the
Chemical Society.) hydroquinone and provides a direct image of theallo

enzymatic reaction.
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Figure 9. SECM images (56m x 50nmm) of a single
GO hydrogel-filled pore on the surface of a treated
membrane. Images were taken with a carbon
microelectrode tip (a 4.00m). (a). Negative
feedback with MV* mediator at tip potential -0.95 V
vs AgQRE. (b). Positive feedback with hydroquinone
mediator at tip potential +0.82 V vs AgQRE in 0.1 M
phosphate-perchlorate buffer (pH 7.0) containing 10
mM D-glucose, 50mM hydroquinone and 0.1 mM
MVCI,. Lightest image regions depict the greatest tip
current. (Reprinted with permission from Ref. 8a,
copyright 1993, American Chemical Society.)

G. Fabrication

The SECM can be used to fabricate microstrastu
on surfaces by deposition of metal or other sadidby
etching of the substrafe. Two different approaches
have been used, the direct m§deand the feedback
modé®. Typically, in the direct mode, the tip, held in
close proximity to the substrate, acts as a working
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electrode (in deposition reactions) or as the
counterelectrode (in etching processes). The feadb
mode of fabrication utilizes the same arrangemsriha
SECM imaging.

The tip reaction is selected to generate aisp¢hat
reacts at the substrate to promote the desiredigaac
i.e., deposition or etching. For example, a strong
oxidant, like Bp, generated at the tip can etch the area
of the substrate, e.g., GaAs, directly beneathtifh&'
The mediator reactant is chosen to be one thatsreac
completely and rapidly at the substrate, thus odmdj
the reaction to a small area on the substrate and
producing features of area near that of the tipnals
tip size and close tip-substrate spacing are reduir
high resolution.
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Model 1000B Series Multi-Potentiostat

The model 1000B series is a computerized 8 chgpoteintiostat. The system contains a digital fumctio
generator, a multiplexed data acquisition circyittymulti-potentiostat can work with eight indepenticells, or
eight working electrodes in the same solution vaeitbtommon reference electrode and a common coueierase.
The potential control range is £10 V for the albohels. All channels can be set at independennpateor the
identical potential as the primary channel, so thaly can sweep or step potentials together with gtimary
channel. Each electrode can be individually colgdylincluding on/off control, potential and sensiy settings.
The current range is £10 mA. The instrument is blpaf measuring current down to picoamperes.

The model 1000B series is an upgraded version frmmmodel 1000/1000A series. The instrument allows
eight independent cells, simultaneous or sequemedsurements, fast waveform generation and dagais#@n
speed (1M Hz @16-bit), and easy software updatggusiLASH memory.

Besides the commonly used cyclic voltammetry amdperometric i-t measurements, many other
electrochemical techniques are available in theOBOGeries. All eight channels can be used for wario
electrochemical techniques, except open circuigmicdl measurements. The parameters for all thengtsa should
be set before running experiments. You can not #ie parameter setting during experiments. Dururg you can
alter display mode between single data set disphalymulti-set data display (either parallel or ¢tesgiplots). After
a run, you can choose data sets of any channekraktel plots or overlay plots.

The instrument is controlled by an external PCeurtie Windows 98/NT/Me/2000/XP/Vista/7 operating
systems using USB (default) or serial port. Therimeents are easy to install and use. No plug-id ca other
hardware is required on the PC side. The commaatameters, and options are in terminology thatt oesmists
are familiar with. The toolbar allows quick acceesthe most commonly used commands. The systeraatic
complete help system provides context-sensitivp.hel

The instrument provides many powerful functions;hsas file handling, experimental control, graphic
data analyses, and digital simulation. Some of uhigjue features include macro command, workingtelde
conditioning, color, legend and font selection,adatterpolation, visual baseline correction, daténpremoval,
visual data point modification, signal averagingyuiter spectrum, and equations relating to elebieotcal
techniques. The maximum data length is 128K — 4096idts (selectable) if real-time data transfealiswed. The
software is 32-bit version and has a multi-docunietetrface.
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Differences of 1000B Series Models

Functions 1000B 1010B 1020B 1030B 1040H
Cyclic Voltammetry (CV)

Linear Sweep Voltammetry (LSV)
Chronoamperometry (CA)
Chronocoulometry (CC)

Differential Pulse Voltammetry (DPV/
Normal Pulse Voltammetry (NPV/)
Square Wave Voltammetry (SWY)

AC Voltammetry (ACV)*
2nd Harmonic AC Voltammetry (SHACV)
Amperometric i-t Curve (i-t)
Differential Pulse Amperometry (DPA)
Triple Pulse Amperometry (TPA)
Sweep-Step Functions (SSF)
Multi-Potential Steps (STEP)
Open Circuit Potential - Time (OCPT)

Full version of CV simulator
Limited version of CV simulator

&: Corresponding stripping mode can be performed.

Specifications
8-Channel potentiostat - SWV frequency:
(8 independent cells or a multi-working electrog#)c 1 to 100K Hz (sequential scan)
Potential range (all channels}10 V 1 to 3125 Hz (8 channel simultaneous scan)
Compliance voltage+12 V - ACV frequency:
Current range (each channel): 10 mA 1 to 10000 Hz (sequential scan)
Reference electrode input impedancé1@? ohm 1 to 312 Hz (8 channel simultaneous scan)
Sensitivity scale: 110° - 0.001 A/V in 7 ranges - SHACV frequency:
Input bias current: <50 pA 1 to 5000 Hz (sequential scan)
Current measurement resolution: <1 pA 1 to 250 Hz (8 channel simultaneous scan)
Data acquisition: 16 bit @ 1M Hz maximum - i-t sample interval:
- CV and LSV scan rate: le-6s to 100s (sequential step)
0.000001 to 5000 V/s (sequential scan) 8e-5s to 100s (8 channel simultaneous step)
0.000001 to 25 V/s (8 channel simultane@as s Current low-pass filters
- CC and CA pulse width: 0.0001 to 1000 sec Current analog output
. CA and CC sample interval: Cell control: purge, stir, knock
1e-6 to 50s (sequential step) Maximum data length128K-4096K selectable
8e-5 to 50s (8 channel simultaneous step) Dimension: 14.25"(W) 9.25"(D)" 4.75"(H)

- DPV and NPV pulse width: 0.001 to 10 sec

Overlay plot of 8 channel i-t Curve with different Overlay plot of 8 channel SWV with all eight chahne
potential setting for each channel potential scanned simultanousely
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Model 1100B Series
Power Potentiostat / Galvanostat

The Model 1100B series power potentiostat/galvatdst designed for electrochemical applicationg tha
require relatively large current and high compli&aneoltage, such as battery, corrosion, electralysisd
electroplating. The current range is + 2 A. The pbamce voltage is + 25 V. The instrument contairtsgh speed
digital function generator, a fast data acquisitystem, filters for the current signals, iR conmgsgion circuitry, a
potentiostat, and a galvanostat (Model 1140B). pbiential control range is £ 10 V. The function gextor can
update at a 10 MHz rate, and the maximum sampétegyis 1 MHz at 16-bit resolution. The 1100B seisesapable
of measuring current down to tens of picoamperaés. Steady state current of arhid disk electrode can be readily
measured without external adapters. The instrumevides very wide dynamic range on experimentaétscales.
For instance, the scan rate in cyclic voltammedtny be up to 1000 V/s with a 0.1 mV potential inceamor 5000
V/s with a 1 mV potential increment. The potentabsalvanostat uses a 4-electrode configuratidowalg it to be
used for liquid/liquid interface measurements alihieating the effect of contacting resistance ofieectors and
relays for high current measurements. The dataisiign systems allow an external input signal (swas
spectroscopy signals to be recorded simultaneauitiyelectrochemical data).

The model 1100B series is the upgrade from the hid@0/1100A series. The instrument utilizes FLASH
memory, allowing instrument updates to be distelduby e-mail instead of the shipment of an EPROM.ch

The 1100A series has a USB port (default) or aab&ot data communication with the PC. You can cele
either USB or serial port (but not both) by chamgihe switch setting on the rear panel.

A 16-bit highly stable bias circuitry is added famrent or potential bias. This allows wider dynamange
is ac measurements. It can also be used to retfzedc current output.

We provide several different models in the 1100Bese The following table compares the different
models. Other than what is listed, the specificetiand features of these models are identical. Mddé&0B/1110b
are basic models. while Models 1140B is more adedmgodels with a galvanostat.

Chronopotentiometric measurement
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Specifications

Potentiostat

Galvanostat (Model 1140B)

Potential range: -10to 10 V

Potentiostat rise time: <r&s

Compliance voltage* 25 V

3- or 4-electrode configuration

Currentranget 2 A

Reference electrode input impedancé1@? ohm
Sensitivity scale: 110*- 0.1 A/V in 12 ranges
Input bias current: <100 pA

Current measurement resolution: < 1 pA
Potential update rate: 10 MHz

Data acquisition: 16 bit @ 1M Hz

External voltage signal recording channel
External potential input

Automatic and manual iR compensation
Potential and current analog output

RDE control voltage output: 0-10V (1130B and up)

CV and LSV scan rate: 0.000001 to 5000 V/s

Potential increment during scan: 0.1 mV @ 1000 V/s

CA and CC pulse width: 0.0001 to 1000 s

CA and CC Steps: 320

DPV and NPV pulse width: 0.001to 10s

SWV frequency: 1 to 100 kHz

Automatic potential and current zeroing

Signal low-pass filters, covering 8-decade freqyenc
range, Automatic and manual setting

Potential and current analog output

Cell control: purge, stir, knock

Automatic potential and current zeroing

Current low-pass filters, covering 8-decade fregyen

range, Automatic and manual setting

Flash memory for quick software update

USB or Serial port selectable for data communicatio

Maximum data length: 128K-4096K selectable

Dimension: 14.25"(WJ 9.25"(D)" 4.75"(H)

Weight: 17 Lb.

Differences of 1100B Series Models

Fu nctions

1100B 1110B 1120B 1130B 11408

Cyclic Voltammetry (CV)

Linear Sweep Voltammetry (LSV})

Staircase Voltammetry (SCVf

Tafel Plot (TAFEL)

Chronoamperometry (CA)

Chronocoulometry (CC)

Differential Pulse Voltammetry (DPV)*

Normal Pulse Voltammetry (NPV)*

Differential Normal Pulse Voltammetry (DPNVj

Square Wave Voltammetry (SW¥)

AC Voltammetry (ACV)"%®

2nd Harmonic AC Voltammetry (SHACV)*®

Amperometric i-t Curve (i-t)

Differential Pulse Amperometry (DPA)

Double Differential Pulse Amperometry (DDPA)

Triple Pulse Amperometry (TPA)

Bulk Electrolysis with Coulometry (BE)

Sweep-Step Functions (SSF)

Multi-Potential Steps (STEP)

Chronopotentiometry (CP)

Chronopotentiometry with Current Ramp (CPCR)

Multi-Current Steps (ISTEP)

Potentiometric Stripping Analysis (PSA)

Open Circuit Potential - Time (OCPT)

Galvanostat

RDE control (0-10V output)

Full version of CV simulator

Limited version of CV simulator

iR Compensation

External Potential Input

Auxiliary Signal Measurement Channel

#: Corresponding polarographic mode can be peddrm
&: Corresponding stripping mode can be performed.
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Model 1200B Series Hand-held
Potentiostat / Bipotentiostat

The Model 1200B series is a computerized hand-petdntiostat/bipotentiostat. The instrument cossiét
a digital function generator, a data acquisitiostssn, and a potentiostat/bipotentiostat. The piatlerstinge is = 2.4
V. The current range is + 2 mA. This series is béwaf measuring current down to 100 pA. The stesidye
current of a 10m disk electrode can be readily measured. Theddigtee instrument is 7”7 (L) 4.5” (W)~ 1" (H).
The instrument is powered by the USB port of a B@muter, without need of an external wall transferror
batteries. It is therefore more compact and comrgniThe instrument can be used for electroanabysis sensor
studies. Due to its small size, light weight, aod lcost, it is particularly useful for field apmittons and teaching
laboratories.

The model 1200B series allow§.5 V compliance voltage, which ensures the workpogential range
+2.4 V for most of the electrochemical systemsldbaises dual 16-bit DAC and 16-bit ADC for higlsakition
and accuracy.

The instrument provides many powerful functionsgtsas file handling, experimental control, graphic
data analysis, and digital simulation. Some of dmque features include macro command, workingtelde
conditioning, color, legend and font selection,adatterpolation, visual baseline correction, daténpremoval,
visual data point modification, signal averagingyuRer spectrum, and equations relating to elebeotcal
techniques.

The CHI1200B series provides various instrument elootb meet different applications and budget.,iand
available in potentiostat (CHI1200B, 1210B, 1220R32B, and 1240B) and bipotentiostat versions (QB2B,
1212B, 1222B, 1232B and 1242B).

Specifications

Potentiostat / bipotentiostat CV and LSV scan rate: 0.000001 to 10 V/s
Maximum potential ranget 2.4 V CA and CC pulse width: 0.001 to 1000 s
Compliance voltage* 7.5 V CA and CC Steps: 1 - 320

Current ranget 2 mA DPV and NPV pulse width: 0.001to 10 s
Reference electrode input impedancé1@? ohm SWV frequency: 1 to 5000 Hz

Sensitivity scale: 110 - 0.001 A/V in 8 ranges Low pass filter for current measurements

Maximum data length: 128K-4096K selectable

Input bi t: <100 pA
nput bias curren P Power: UPS port of a PC

Current measurement resolution: <5 pA

Data acquisition: 16 bit @ 10 kHz Chassis dimension: 7" (W)4.5" (D)" 1" (H)
Differences of 1200B Series Models
Functions 1200B 1205B 1207B 1210B 1220B 1230B 1240B

/1202B | /1206B | /1208B | /1212B | /1222B | /1232B | /1242B

Cyclic Voltammetry (CV)*

Linear Sweep Voltammetry (LS\H*

Chronoamperometry (CA)*

Chronocoulometry (CC)

Differential Pulse Voltammetry (DPVA*

Normal Pulse Voltammetry (NP\/)*

Differential Normal Pulse Voltammetry (DPNWV)*

Square Wave Voltammetry (SW¥)

AC Voltammetry (ACV)**

2nd Harmonic AC Voltammetry (SHACV)*

Amperometric i-t Curve (i-t)*

Differential Pulse Amperometry (DPA)

Double Differential Pulse Amperometry (DDPA)

Triple Pulse Amperometry (TPA)

Open Circuit Potential - Time (OCPT)

Full version of CV simulator

Limited version of CV simulator

&: Corresponding stripping mode can be performed.
*. Second channel (bipotentiostat mode) can béopeed.
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CHI1550A Solution Dispenser

The CHI1550A solution dispenser is designed forimgkigh density and high accuracy solution arrays.
Solution arrays are widely used in chemical, biastaband medical applications. The solution disger®nsists of
a high resolution three dimensional positionerieagelectric jetting device, and a sample platfofime diagram is
shown in Figure 1.1.

Figure 1. Diagram of the solution dispenser

The three dimensional positioner can travel 50 distance for all three axes with 0.1 micrometer
resolution. This allows high precision patternimbis is particularly important when multiple soli components
need to be dispensed overlapped.

The jetting device can dispense single drop éfifluTypical fluids successfully jetted in this dmvhave
viscosity less than 40 centipoise and surface d¢erisi the range of 0.02-0.07 N/m. Fluids with pntjes outside
these limits can be jetted if changes to the ptaggecan be achieved with solvents or changesipéeature. With
a default 60 micron orifice size, the jetting devian produce drops ranging from 100-200 picoliteslume
depending on the operating parameters and fluids.

The CHI1550A solution dispenser control softwargery user-friendly for creating binary, ternanda
quadruple arrays of spots containing mixtures aftsms. Instead of using a manually created lopkable for
solution dispensing patterns, the software wilisighe pattern creation. The software can alseigeocommonly
used patterns as default for binary, ternary aradigiple arrays. The positioner can memorize ceddtiical
positions, such as solution loading point and fiispense point. This will help the jetting devioago to these
positions easily and quickly.

The array pattern can be examined graphicallyirigulispensing process, the array pattern will akso
displays as the dispensing progresses.
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Figure 3. Micropositioner and sample stand

System requirements

Operating SystenPC with Microsoft Windows 98/NT/Me/2000/XP/Vista/
CommunicationlUSB or RS-232 serial port

Hardware Specifications

Micropositioner: Jetting Device:
Maximum range of travel: 50 mm Orifice side of the jetting device: 60 micron
Resolution: 0.1 um Droplet size: 100-200 picoliters
Stall Load: 50 N Control voltage: 0-150V
Maximum Speed: 4 mm / sec A protective holder for the jetting device

31



CHI200B Picoamp Booster and Faraday Cage

With the CHI200(B) Picoamp Booster and FaradayeCagrrent down to a few picoamperes can be
readily measured. The CHI200 is compatible withKtedlel 600/A, 700/A series of instruments, while th
CHI200B is compatible with Model 600B/C/D, 700B/CAnd 800B/C series. When used with 700/A/B/C/D and
800B/C series bipotentiostat, the Picoamp Boosikaftect the primary channel only.

The internal sensitivity of the 600B/C/D seriestie same as the Picoamp Boostéerl@*? A/V). However,
the bias current of the 600B/C/D series input camad high as 50 pA. The Picoamp Booster has loiasrdorrent,
and it also brings the preamplifier close to trectbde hence resulting in lower noise. The Far&thye also
makes it possible to make relatively fast measunésnef small currents.

When the Picoamp Booster is connected and thétiségsscale is at or below 110° A/V, the Picoamp
Booster will be enabled. Otherwise, it will be dikal. The instruments automatically sense whethBicaamp
Booster is connected. The enable/disable switcisiagso automatic.

The Picoamp Booster will be disabled for techngjusing automatic sensitivity switching, such agella
plots and bulk electrolysis (BE). However, it workgth ac impedance (IMP). However, for galvanostati
techniques, such as chronopotentiometry (CP), ndpotentiometry with Current Ramp (CPCR), Mulits&unt
Steps (ISTEP), and potentiometric stripping ansal¢BSA), the Picoamp Booster will not work.

Besides weak signal measurements, the Faraday isagseful for eliminating electrical interference,
especially line frequency noise. If the electroclkoaincell is picking up electrical noise from theveonment, the
additional use of Faraday cage is strongly recontteén

Dimension: 9.6"(W) 8.8"(D)" 11.8"(H) Weight: 10 Lb.

Cyclic voltammogram at an ultramicroelectrode. Differential pulse voltammogram at an
ultramicroelectrode.
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Model 680B Amp Booster

With the CHI680B Amp Booster, the current can beasured up to 2 A. The CHI680 is compatible with
Model 600, 600A, 600B, 600C and 600D series ofrimsents. You can stack the CHI600/A/B/C/D and the
CHI680B together. The CHI680B can also be conneittetle model 700B/C/D series, but it will only Wdor the
primary channel.

With the Amp Booster connected, the cell contighals such as purge, knock and stir are disabled.

The Amp Booster will also allow low current measments. You may need to use the Faraday Cage to
eliminate line frequency noise when the scan satbhbve 50 mV/s.

The frequency response of the Amp Booster is sdrmaevdower than that of the CHI600/A/B/C/D
instruments. For high speed experiments, the Amps&w should be disconnected.

Dimension: 12.5"(WJ 11"(D)" 4.75"(H)
Weight: 18 Lb.

CHI684 Multiplexer

CHI684 is a multi-channel multiplexer for the mod&0/A/B, 600A/B/C/D, 700A/B/C/D, 800B/C, 900B
and 1100A/B series. The multiplexer switches fanesd (working, sensing, reference, and counteraf@ingle
potentiostat, second working, reference and codaotea bipotentiostat). You can have maximum 64s¢célut only
one cell can be connected at a time.

The multiplexer is controlled from the "Miplexer" command under the Control menu. You celect any
channel and run experiments in a sequence of teeted channels. The files will automatically beeshafter each
run. You can also set a prompt before each channel

It is allowed to set arbitrary channels iethiately. An experiment can then be run for thatipaar channel.

Two Macro commands are available for thdtiplaxer. One is "mch:##". It allows the user thoose an
individual channel. The other macro command is "micfhis is used in a For...Next loop to select thannel
according to the For...Next loop counter.

The minimum number of channels for the G4l@re 8. The channel increment is 8. The maximumbrer of
channels are 64.
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Highlights

User Interface

32-bit Windows application

- Multi-Document Interface

- toolbar: quick access to
frequently used commands
- status bar: technique and
command prompt

- pull-down menus

- WYSIWYG graphics

- comprehensive and context
sensitive help

File Management

reopen saved data files

- save data file
- delete files
- list data file

- convert to text files:for
exporting data to other

software, such as spreadsheets -
- text file format

- print present data
- print multiple data files
- print setup

Setup

- technique: a large repertoire
of electrochemical techniques
- experimental parameters:
extremely wide dynamic range
- system setup:cchoice of
communication port, line
frequency, choice polarity of
potential and current axis

- hardware test: digital and
analog circuitry diagnostic test

Overlay plots.

Instrument Control
- run experiment: real time data

display in most cases

- pause/resume during run
- stop running experiment
- reverse scan direction during

run: for cyclic voltammetry

- repetitive runs: automatic data

save, signal averaging, delay or
prompt between runs, up to 999
runs

- run status: stir, purge, iR

compensation, smooth after run,
RDE and SMDE control status

- macro commands:edit, save,

read, and execute a series of
commands

- open circuit potential

measurement

iR compensation: automatic and
manual compensation, solution
resistance, double layer
capacitance and stability test

- analog filter setting: automatic

or manual setting of potential,
i’V converter, and signal filters

- cell control: purge, stir, cell on,

SMDE drop collection, and pre-
run drop knock

- step functions: initial and two

step potentials, duration of steps
and number of steps, particularly
useful for electrode treatment

- working electrode conditioning

before running experiment:
programmable 3 steps

Automatic j, ~ V? plot.
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- rotating disk electroderotation
speed, on/off control during

deposition, quiescent time, run,
and between runs

- stripping mode: enable/disable,

deposition potential and time, stir
and purge conditions

Graphlc Display

present data plot

- 3D surface plot:front, rear, side,

top and bottom view

- overlay plots: several sets of

data overlaid for comparison

- add data to overlay:adding data

files to overlay plot

- parallel plots: several sets of

data plotted side by side

- add data to parallel: adding

data files to parallel plot

- zoom in/out: visually selected

Zoom area

- manual results: visually

selected baseline

- peak definition: shape, width,

and report options

- Special Plots: x-y, iy-V, ip-v'?,

Ej-log v, semilog plots, linear
polarization resistance plot

- graph options: video or printer

options, axis, parameters,
baseline, results, grids, axis
inversion, axis freeze, axis titles,
data sets, XY scales, current
density option, reference
electrode, header, and notes

Automatic semilog plot.



Highlights

- color and legend: background,
axis, grid, curves, legend size,
thickness, and display intervals

- font: font, style, size and color
for axis labels, axis titles, header,
parameters, and results

- copy to clipboard:for pasting the
data plot to word processors

Data Processing

- smoothing: 5-49 point least
square and Fourier transform

- derivatives: 1st - 5th order, 5-49
point least square

- integration

- convolution: semi-derivative and
semi-integral

- interpolation: 2 - 64 data
interpolation

- baseline correction:visually
selected baseline, slope and dc
level compensation

- baseline fitting and subtraction:
selectable fitting function,
polynomial order and potential
range for best fitting and baseline
subtraction; particularly useful for
trace analysis

- data point removing

- data point modifying: visual data
point modification

- background subtraction:
difference of two sets of data

- signal averaging

- mathematical operations:both X
and Y data array

- Fourier spectrum

Analysis
- calibration curve:calculation
and plot

Concentration-time dependence plot.

- standard addition:calculation

and plot

- data file report:analytical

report from existing data files

- time dependence report
- corrosion rate calculation

CV Digital Simulator

fast implicit finite difference
algorlthm

- reaction mechanismsio

predefined mechanisms (low
end models); or any
combination involving electron
transfer, first- and second-order
chemical reactions (high end
models)

- systemudiffusive or adsorptive
- maximum equations12

- maximum species9

- simulation parameters:

standard redox potentials, rate
of electron transfer, transfer
coefficient, concentration,
diffusion coefficient, forward
and reverse chemical reaction
rate constants, temperature,
electrode area, and
experimental parameters

- simultaneous display of

voltammogram and
concentration profiles

- automatic search and

determine over-determined
equilibrium constants

- dimensionless current
- equilibrium data

Fourier spectrum.
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Impedance Simulator
and Fitting Program
- visual entry of equivalent
circuitry
- automatic equivalent circuit
parameters fitting

View

- data information: date, time,
filename, data source,
instrument model, data
processing performed, header
and notes

- data listing: data information
and numerical data array

- equations: general equations
and equations relating to
various electrochemical
techniques

- SECM probe statusprobe
position and current display

- clock

- toolbar

- status bar

Help

- context sensitive help
- help topics
- about the application

System requirements

- operating system:Microsoft
Windows 95/98 / NT / Me /
2000/ XP

- serial communication port or
USB port

Nyquist plot of impedance data.



Highlights

System setup allows any convention of current
and potential polarity.

A large repertoire of electrochemical techniques.

The Macro command allows a series command
to be executed in a sequence..

Experimental parameter dialog box for Cyclic
Voltammetry.

User interface for digital simulator.
Experimental parameter dialog box for SECM.
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Highlights

Digital Simulator displays both current response e

concentration profiles of different species during simulation Equations relating to various techniques
process. can be viewed on line.
Impedance data plot. Chronocoulometric data.
Multi-cycle chronopotentiometric data. Multi-segment sweep-step functions data..
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Accessories

Part No. Description Unit Part No. Description Unit
CHI101 2 mm dia. Gold Working Electrode 1| | CHI130 Thin-Layer Flow Cell 1
CHI101P | 2 mm dia. Gold Working Electrode 3/pk | CHI131 GC Working Electrode for Flow Cell 1
CHI102 2 mm dia. Platinum Working Electrode 1 [ CHI132 Au Working Electrode for Flow Cell 1
CHI102P | 2 mm dia. Platinum Working Electrode 3/pk | CHI133 Pt Working Electrode for Flow Cell 1
CHI103 2 mm dia. Silver Working Electrode 1| | CHI134 Reference Electrode for Flow Cell 1
CHI104 | 3 mm dia. Glassy Carbon Working 1 CHI135 25 um Spacer for Flow Cell 4/pK
Electrode CHI140A Spectroelectrochemical Cell 1
CHI104P | 3 mm dia. Glassy Carbon Working 3/pk 012167 Ag/AgCIl Reference electrode for 1
Electrode CHI140A
CHI105 | 12.5mm dia. Gold Microelectrode 1 012171 éAF?I/ﬁ?C;rAl\\Ion Ageous Ref electrode for] 1
CHILO5P | 12,5 dia. Gold Microelectrode 3lpk CHI150 Calomel Reference Electrode 1
CHI106 | 25mm dia. Gold Microelectrode 1 CHI151 Mercury/Mercurous Sulfate Referenceé 1
CHI106P | 25mn dia. Gold Microelectrode 3/pk Electrode .
CHIZ07 | 10 dia. Platinum Microelectrode 1 CHI152 StgatlrlgggMercurous Oxide Reference 1
CHILO7P | 10mm dia. Platinum Microelectrode 3ok | ch72 Electrode leads for a particular 1
CHI108 | 25mm dia. Platinum Microelectrode 1 Model # instrument model number
CHI108P | 25mn dia. Platinum Microelectrode 3/pk g::;gg Qcoamp goos:er and Faraday Cage 1 1
CHI111 Ag/AgCl Reference Electrode 1 CHI202 F;(;?jr:pcgoes er 1
CHI111P | Ag/AgCI Reference Electrode 3/p CHI220 Simple}é:ell %tanﬁ 1
CHil12 é\:ggt-égléleous Ag/AgReference ! CHI221 Cell Top (including Pt wire counter 1
CHI112P | Non-Aqueous Ag/AjReference 3/pk gatlzgggiéﬂosttgnr%placement part for the
Electrode*
CHI115 Platinum Wire Counter Electrode 1 g::;éé $e|:|1§f1 Cézl:? 1 L
CHI116 | 10mm dia. Platinum SECM Tip ! 012125 IDA Gold Electrode 1
CHIL16P | 10 dia. Platinum SECM Tip 3/pk | 012126 IDA Platinum Electrode 1
e 23 dia. Platinum SECM Tip - [ 022085 €53 Remote Contotaie CaTSand 1§
CHI117P . . . 3/pk - emote Controllable Ce an
25Mm dia. Pla}tln_um S§CM Tip P 011121 QCM Flow Cell Kit (no ref electrode) 1
nglgo Elticthroge Pollsglr:jg K Jod TOOA T 1 012026 EQCM Flow Cell Kit (no ref electrode
AHll 5 58(;3 E é(ﬁglgryitélhgo()rqu%Ml AT+ 1 TE100 Printed Electrodes (3-electrodes) 40
CH27 EQCM Cell 1 SE101 3mm dia. Printed carbon electrode 40
CHI128 Reference Electrode for EQCM Cell 1
CHI129 Pt Wire Counter Electrode for EQCM Cell 1
Notes:

1. A Ag’ solution (typical 10 mM) should be prepared wiik supporting electrolyte and AgN@ot included).
This solution is then filled into the referenceattede compartment using a syringe (not includ&d®
instructions will come with the components.

2. The electrode polishing kit contains 1 bottleldf micron Alpha alumina powder, 1 bottle of 0.&mn Alpha
alumina powder, 3 bottles of 0.05 micron Gamma abanpowder, 2 glass plates for polishing pads g&¢s of
73 mm diameter 1200 grit Carbimet disks (grey itogp5 pieces of 73 mm diameter Mastertex polighpads
(white in color), and 10 pieces of 73 mm diametécrbtloth polishing pads (brown in color).

3. Picoamp Booster and Faraday Cage allows themumeasurement down to 1 pA. It is fully automatic
compatible with Model 6xxC and 7xxC series instratseHowever, it only works for the primary chanoéthe
7xxC series .

4. Made of stainless steel and Teflon (see figetevd). Not remote-controllable. Four glass cells are included

5. Not a replacement part for the CHI220 Cell Stand
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Accessories and Instrument Chassis

CHI130 Thin-Layer Flow Cell Front and rear view of the Model 400A,
600B, 700B, 800B, 900B, 1000, and
1100A series instruments
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Bridge on Colorado River,
Austin, Texas

Our office building in
Austin, Texas.

Warranty:

One-year warranty on electronic parts and lab@w&y warranty on mechanical parts.

Demo Software:

Free demo software available upon request.

CH Instruments, Inc.

3700 Tennison Hill Drive Austin, TX 78738 USA
Tel: (512) 402-0176 Fax: (512) 402-0186

E-mail: info@chinstruments.com

Web Page: http://www.chinstruments.com

O July 2010 CH Instruments

Send to:
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