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General Information

Chapter 1 General Information

This chapter contains general information about your instrument.

Introduction
Electrochemical
Techniques

Software Features
System Requirements
Hardware Specifications
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1.1

Introduction

The scanning electrochemical microscope (SECM) was introduced in 1989' as an instrument that could
examine chemistry at high resolution near interfaces. By detecting reactions that occur at a small
electrode (the tip) as it is scanned in close proximity to a surface, the SECM can be employed to obtain
chemical reactivity images of surfaces and to make quantitative measurements of reaction rates.
Numerous studies with the SECM have now been reported from a number of laboratories all over the
world and the instrument has been used for a wide range of applications, including studies of corrosion,
biological systems (e.g., enzymes, skin, leaves), membranes, and liquid/liquid interfaces.? The trapping
and electrochemical detection of single molecules by SECM has also been reported.

The model 900D/920D Scanning Electrochemical Microscope consists of a digital function generator,
bipotentiostat, high-resolution data acquisition circuitry, three-dimensional nanopositioner, positioner
controller, and a sample/cell holder, as shown in the Figure below. The three dimensional nanopositioner
has a spatial resolution of nanometers and allows a maximum trawveling distance of sewveral centimeters.
The potential control range of the bipotentiostat is +10 V and the current range is +250 mA. The
instrument is capable of measuring current in the picoampere range.

F *
Y working 1

. z
Stepper and Piezo i | referen‘t:e Bipotentiostat &
. counter ...
Positioner & Controller . " working 2 Data Acquisition

Lot
solution

with mediator sample

PC

The model 900D/920D is designed for scanning electrochemical microscopy, but is also capable of
many conventional electrochemical techniques for convenience.

Model 900D uses a stepper motor positioner that can travel 50 mm with 8 nm resolution. The Model
920D combines the stepper motor positioner with a three dimensional closed-loop piezo positioner.

Model 900D/920D is an upgrade to the 900B/910B SECM. The stepper positioner has better linearity
and resolution (8 nm versus 100 nm) and longer travel distance (50 mm versus 25 mm). Also, waveform
generation and data acquisition are significantly faster. The waveform update rate can be 10 MHz and
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the sampling rate can be 1 MHz at 16-bit resolution, while maintaining low noise lewels. AC
measurement techniques including electrochemical impedance spectroscopy have also been added.
Improvements also include very stable and accurate potential and current control, and dual-channel data
acquisition at high speed.

The instrument can be controlled by any PC running Windows 98 or higher. It is easy to install and use.
The user interface uses the classic Microsoft design, so if you are familiar with Windows applications,
you can likely use the software without referring at all to this user manual or the comprehensive, context-
sensitive help files that are included with the instrument software. The commands, parameters, and
options have been written using terminology that most chemists are familiar with. A customizable toolbar
allows quick access to the most commonly used commands.

The instrument provides many powerful functions, such as straightforward file handling, extensive
experimental control, flexible graphics, various data analyses, and efficient digital simulation. Additional
features include macro commands, working electrode conditioning, color, legend and font selection, data
interpolation, visual baseline correction, data point removal, visual data point modification, signal
awveraging, Fourier spectrum, and a convenient technique-specific electrochemical equation viewer.

This model series includes a USB port (default) and a serial port for data communication with the PC,
with hot-switching capabilities available on the rear panel of the instrument. Firmware is now stored in
flash memory, and as a result, instrument firmware upgrades can be downloaded electronically and
installed immediately, instead of the inconvenient shipment and installation of EPROM chips.

1. A. J. Bard, F.-R. F. Fan, J. Kwak, and O. Lev, Anal. Chem. 61, 132 (1989); U.S. Patent No.
5,202,004 (April 13, 1993).

2. A. J. Bard, F.-R. Fan, M. V. Mirkin, in Electroanalytical Chemistry, A. J. Bard, Ed., Marcel Dekker,
New York, 1994, Vol. 18, pp 243-373.
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1.2

Electrochemical Techniques

Scanning Probe Techniques

SECM Imaging: constant height, constant current, potentiometric
Probe Approach Curves

Probe Scan Curve: amperometric, constant current, potentiometric
Surface Patterned Conditioning

Sweep Techniques

Cyclic Voltammetry

Linear Sweep Voltammetry

Rotating Disk Electrode Voltammetry
Tafel Plot

Sweep-Step Functions

Step Techniques

Chronoamperometry

Chronocoulometry

Staircase Voltammetry

Tast Polarography

Differential Pulse Voltammetry and Polarography

Normal Pulse Voltammetry and Polarography

Differential Normal Pulse Voltammetry and Polarography
Square Wave Voltammetry

Sweep-Step Functions

Multi-Potential Steps

A.C. Techniques

A.C. Voltammetry and Polarography

Phase-selective A.C. Voltammetry and Polarography
Second Harmonic A.C. Voltammetry and Polarography
A.C. Impedance Spectroscopy

A.C. Impedance versus Time

A.C. Impedance versus Potential

Stripping Techniques

Linear Sweep Stripping Voltammetry
Differential Pulse Stripping Voltammetry
Normal Pulse Stripping Voltammetry

Square Wawe Stripping Voltammetry

A.C. Stripping Voltammetry

Phase-selective A.C. Stripping Voltammetry
Second Harmonic A.C. Stripping Voltammetry

Controlled-Current Techniques

Chronopotentiometry
Chronopotentiometry with Current Ramp
Multi-Current Steps

Potentiometric Stripping Analysis

Amperometric Detection Techniques

Amperometric i-t Curve
Differential Pulse Amperometry
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¢ Double Differential Pulse Amperometry
e Triple Pulse Amperometry
¢ Integrated Pulse Amperometric Detection

Other Techniques

e Bulk Electrolysis with Coulometry

e Hydrodynamic Modulation Voltammetry
¢ Electrochemical Noise Measurement

e Open Circuit Potential - Time

© 2014 CH Instruments, Inc.
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Software Features

User Interface

¢ Unicode tabbed-document application: compatible with 32- and 64-bit Windows

¢ monolithic architecture: minimal installation footprint and portable design bypasses the Windows
registry

e multiple instances: control multiple instruments by simply duplicating the program

e customizable toolbar: quick access to your most frequently used commands

complete, intuitive environment: run experiments, analyze data, and generate plots all in the same

window

dockable toolbar: quick graphical access to the most commonly used commands

status bar: technique, file status, and command prompt

WYSIWYG graphics

comprehensive context-sensitive help

File Management

¢ Unicode support: international file and folder names

¢ open data files: read directly from binary or plain-text files

¢ save data file: binary, plain-text formats for exporting data (e.g., to spreadsheet)
e list data file

e convert to text files: for exporting multiple data files

e text file format

¢ print present data

¢ print multiple data files

¢ print setup

Experimental Setup

¢ technique: a large repertoire of electrochemical techniques

e experimental parameters: extremely wide dynamic range

e system setup: line frequency, potential/current axis polarities
¢ hardware test: digital and analog circuitry diagnostic test

Instrument Control

run experiment: real time data display in most cases

pause/resume during run

stop running experiment

reverse CV scan direction during run

repetitive runs: automatic data sawe, signal averaging, delay or prompt

run status: stir, purge, smooth after run, iR compensation, RDE and SMDE control status

macro commands: edit, sawe, read, and execute any series of commands

open circuit potential measurement

working electrode conditioning before running experiment

analog filter settings: automatic or manual setting of i/V conwverter, potential, and signal filters

stripping mode: enable/disable, deposition potential and time, stir and purge conditions

cell control: purge, stir, cell on, SMDE drop collection, pre-run drop knock, and stabilizing capacitor

rotating disk electrode: rotation speed, on/off control during deposition, quiescent time, run, and

between runs

step functions: multiple cycles of step function generator, for electrode cleaning or other purposes

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

¢ SECM probe control: calibration and mowve probe in three dimensions

Graphical Display

© 2014 CH Instruments, Inc.
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present data plot: data plot with header, filename, parameters, and results

re-scaling and labeling: axis expression, re-scaling, and text insertion

overlay plots: plot multiple data sets on the same graph for comparison

parallel plots: plot multiple data sets side by side for comparison

zoom in: \visually selected zoom area

manual results: visually selected baseline

peak definition: shape, width, and report options

X-Y Plot: import arbitrary data sets

peak parameter plot: ip~v, ip~Vvl1/2, Ep~log(V) plots

semilog plot: current-potential semilog plot

graph options: display or printer options, axis, parameters, baseline, results, grids, axis inversion,
axis freeze, axis titles, data sets, XY scales, reference electrode, header, and notes

color and legend: background, axis, grid, curves, legend size, thickness, and display intervals
font: font, style, size, and color of axis labels, axis titles, header, parameters, and results

copy to clipboard: for pasting graphics in third-party applications (word processors, etc.)

3d plotting (NEW): interactive visualization of impedance data and SECM results; Laplacian
smoothing, Delaunay triangulation, and stereoscopic 3D anaglyph imaging (no special video card or
display required)

Data Processing

smoothing: 5-49 point least square and Fourier transform

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

numerical integration

convolution: semi-derivative and semi-integral

interpolation: 2x - 64x data interpolation

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

linear baseline correction: \isually selected baseline, slope, and DC level compensation
data point removal

data point modification: Jisual data point modification

background subtraction: difference between two data sets

signal averaging: awveraging multiple sets of data

mathematical operations: both Xand Y data arrays

Fourier spectrum

Analysis

calibration curves: calculate the unknown concentration and the slope, intercept, and correlation of
the curve; plot the calibration cune; save and read the calibration data

standard addition: calculate the unknown concentration and the slope and correlation of the standard
addition cunve; plot the standard addition curve; save and read the standard addition data

data file report: calculate the unknown concentration from saved data files based on user-defined
peak potential range, species, and calibration information; generate analytical report in text format; up
to four species of interest

time dependence: calculate the unknown concentration as a function of time from saved data files
based on user-defined peak potential range and calibration information; report and/or plot
concentration as a function of time

corrosion rate calculation

CV Simulation and Fitting

fast implicit finite difference algorithm

reaction mechanisms: 10 predefined mechanisms; in select models, any combination involving
electron transfer, first- and second-order chemical reactions

system: diffusive or adsorptive
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maximum equations: 12

maximum species: 9

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

save simulation parameters

read simulation parameters

real-time display of simulation data, concentration profiles

dimensionless current

equilibrium data

automatic detection and calculation of over-determined equilibrium constants

AC Impedance Simulation and Fitting

visually equivalent circuit input
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: convenient compilation of general and technique-specific equations

clock

toolbar

status bar

Help

comprehensive context-sensitive HTML help

on-the-fly switching between HTML help and legacy WinHelp
using help

about the application
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1.4 System Requirements

Operating System: Windows 98 / NT / Me / 2000/ XP / Vista/ 7/ 8
Communication between PC and instrument: USB or RS-232 serial port
Output device: any printer or plotter supported by Windows

© 2014 CH Instruments, Inc.
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1.5

Hardware Specifications

Micropositioner:
Piezo positional resolution: 1.6 nm
Stepper motor resolution: 4 nm
X, Y, Z total distance: 50 mm

Bipotentiostat:
Probe Potential: 10 V
Substrate Potential: 10V
Current: £250 mA
Compliance Voltage: #12V
Input Impedance of Reference Electrode: 10 Q
Current Measurement Range: 1072 - 0.1 A/V in 12 ranges
Low Current Measurability: 1 pA
Maximum Sampling Rate: 1 MHz (16-bit)
Waveform update rate: 10 MHz maximum
Cell Control: purge, stir, and knock
RDE Rotation Rate Control: 0-10V woltage output for O - 10000 rpm

Other Features:
External voltage input recording channel
Automatic and manual iR compensation
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Chapter 2 Getting Started

This chapter contains information about how to get started using your instrument.

Installation

Testing

Some Useful Tips
USB Driver Installation

11

© 2014 CH Instruments, Inc.




12 CH Instruments Model 900D Series

2.1 Installation
Important Note

After you unpack the instrument, please check the contents of the shipment carefully. You should find
the instrument, USB cable, electrode leads, software CD, and a printed copy of this User Manual
(optional). Electrodes and other accessories are sold separately; if you ordered electrodes and
accessories, please thoroughly check the shipment and compare its contents with the packing list. If
anything is missing, please search thoroughly inside the container, since the missing items may have
been mixed with the packing material over the course of shipping. Please report any missing or
damaged items immediately and do not throw away the shipping materials, as these may be used for
return shipping.
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2.1.1 Parts List

The CHI900D series SECM comes with the following parts:

Part # Item Quant.

[EEN

CHI900D |Bipotentiostat

CHI900D |Motor controller

Stepper motors with translation stages

3' 15F-15M cable for stepper motor control

Z-Stand

Piezo Positioner (CHI920D only)

Mounting Piece for Z stage or Piezo positioner (Black T-shaped)

Base, Sample holder

Probe holder (Teflon)

Mounting piece for probe holder

Nylon screws for piezo calibration

Nylon washers for piezo calibration

Brass pin with 10K ohm resistor for piezo calibration

Teflon cell with Pt wire counter electrode (for insulator substrate) with O-ring

Teflon cell with Pt wire counter electrode (for conducting substrate)

CHI303 [Pt disk electrode (as conducting substrate) with O-ring

CHI304 [Ag/AgCI reference electrode

CHI116 [10 mmm Pt disk probe

Tools (wrenches)

User manual (electronic copy)

NPl IPIR|IRID DR [R R P P |w|w|~

Power cord

6' USB A/B cable for communications

3' 25F-25M cable for connections between bipotentiostat and motor controller

Electrode leads

PR

Software CD

Please examine the contents of your shipment carefully and immediately report any missing parts to CH
Instruments, Inc..
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212

Software

The instrument can be controlled by any PC running Windows 98 / NT/ Me / 2000 / XP / Vista/ 7 /8. A
free USB port or serial port is required for communication between the instrument and the PC. Refer to
your Windows system documentation to gain familiarity with Windows operation.

Windows Vista can control the instrument properly, but will sometimes can experience graphical
glitches. The program may paint single pixel dots incorrectly or leave entire areas of the screen blank.
Choose other legends (such as circle, square, triangle or line) to plot data correctly. These glitches
appear endemic to Vista and do not occur in versions of Windows older or newer than Vista.

The software in-program documentation has been upgraded to compressed HTML (.chm) files, which
provide comprehensive context-sensitive help via the Shift+F1 keyboard shortcut and in dialog boxes.
Legacy documentation is also available in Microsoft's old WinHelp (.hlp) file format, and the program can
switch dynamically between .chm and .hlp files when the latter are available. This is particularly useful
when using newer software versions with older instrument models. Howewer, our old WinHelp files may
be out of date, and their use is discouraged. Moreower, starting with Windows Vista, Microsoft has also
dropped out-of-the-box support for 32-bit .hlp files (although strangely, 16-bit .hlp files from the Windows
3.x era are still supported). This issue can be resolved by installing WinHIp32.exe from the Microsoft
website; refer to article KB917607 for more information.

To install the software, insert the software CD. Double-click the "set###.exe" file on the CD to extract
the files to your hard drive. The default extraction directory is C:\CHI. The installation simply copies all
files to the extraction directory. After installation, you should find chi###.exe (the program executable),
chi##Ht.chm (HTML help file), and some test data files (*.bin) in this directory. Administrative rights are
not required to run the program, and UAC permissions introduced in Vista should not be an issue. If the
executable is copied or moved (say, to D:\My.Prog.exe) it must be accompanied by a help file with the
same name (say, D:\My.Prog.chm) for the comprehensive context-sensitive help to be available.

The program has been designed with ease of use in mind. It is self-contained and portable.

Double-click chi####.exe to start the program. The only file required to run the software and control the
instrument is chi####.exe, which can be placed in any directory for which you have write and execute
permission. This can be particularly useful in restricted user settings (teaching labs, portable
installations on removable media, etc.)--simply copy the .exe file and .chm file to, say, the user's home
directory.

The first time it is run, the program will automatically generate a binary configuration file (chi####.cfg)
containing (virtually) all user preferences and settings. This configuration file will have the same name
and location as the executable, and multiple instruments can be controlled using multiple copies of the
executable, each with its own configuration file (e.g., chi660d1.exe + chi660d1.cfg and chi660d2.exe +
chi660d2.cfg). Newer versions of the software will also generate chi###.ini, which harkens back to a
kinder, gentler time when ini files ruled the electronic earth, untrammeled by the unreliable tyranny of the
registry. Even now, our software awids the registry completely, storing all settings in the .cfg and .ini
files, streamlining the transfer of user settings between directories or computers to a simple file copy
operation.

In previous versions of the software, the auto-generated configuration files would be stored in the C:\CHI
directory, and if this directory was not found, the configuration files would be annoyingly spread
everywhere. This behavior should not occur in the current software version, and it should be safe to
extract the program to any directory on any drive or partition for which you have write and execute
permission.
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To uninstall the software, simply delete all program files: the executable (.exe), help (.chm and .hlp if
present), and configuration (.cfg and .ini). Since no settings are stored on the registry, an uninstaller is
unnecessary.

The software CD also contains a hyperlinked, electronic copy of this User Manual and the USB Driver. In
addition, you can find a Lab Manual from the 2003 SECM Summer School at the University of Texas at
Austin. Note that an older model 900 SECM was used in the Summer School; newvertheless, it contains
quite a bit of information that you may find useful.
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2.13

Hardware

System hardware installation is also easy and simple. After unpacking the instrument, you should
check your power lines. The AC voltage of the instrument was preset in the factory and is
indicated on the serial number label on the back panel. If the AC wiltage is correct, connect the
instrument to the power with the power cord.

There are two instrument boxes; you can stack them on top of each other as shown in Figure 2.1. The
box with three DA-9 connectors, a 4-pin round connector, and a DA-15 connector on the front panel is
the stepper motor and piezo controller. Connect the stepper motors to the 15-pin DA connectors labeled
"Stepper", labeled from left to right for the X, Y, and axes. For the model 920D, also plug connect the
piezo to the 4-pin round connector labeled "Piezo" and the sensor to the 15-pin DA connector. The other
instrument box contains the bipotentiostat, digital function generator and data acquisition circuitry. You
need to connect the two boxes together, plugging the 3-ft DB-25 cable into the two connectors labeled
"Cell Control" on their rear panels.

7 3 7. —
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Front View Rear View

Figure 2.1. Front and rear view of the instrument chassis for the stepper motor/piezo controller (bottom) and
bipotentiostat (top).

It is recommended to power the bipotentiostat on first. Turn the motor controller off first when powering
down the system. It is recommended to keep the motor controller turned off when the piezo block is not
going to be used in the next hour or longer (model 920D). The bipotentiostat can still be used when the
motor controller is turned off, and this will extend the lifetime of the piezo.

For model 920D, please make sure that the motor controller is turned off when powering up or
powering down the bipotentiostat. Otherwise, very high wltages will be applied to the piezo block,
greatly reducing the lifetime of the piezo.

The instrument communicates with the PC through an RS-232 serial port (default) or USB port (but not
both). If your computer has a free serial port (9-pin male connector), it can directly communicate with the
instrument without installing any drivers using a 9F-25M serial cable (not included). You may need to
change the instrument software com port setting (default COM1) using the System command under the
Setup menu. You don't have to worry about the baud rate. After changing the COM port setting, exit and
re-launch the program.

If you have a free serial port available on your PC, we recommend its use over a USB port. This is
because we implement USB connectivity using a USB-to-serial chip on the instrument, i.e., a physical
USB port is used on the PC, but the USB data are converted to serial by the driver software supplied by
the USB chip vendor.
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USB communication is achieved using a USB-to-serial chip built into the instrument, allowing serial
communication to occur through the USB port using drivers provided by the chip vendor. It therefore
provides no specific advantages over the serial port besides the difference in physical connectivity, and
both the instrument and the PC will interact as if connect by a serial connection. The reason we include
USB support is that newer computers may not include a serial port, and it may be impractical or
impossible to add a serial port card.

To use a USB port for data communication, you must first install the USB driver (included on the
software CD; also available from www.chinstruments.com). Depending on your model, you may also
need to change a jumper setting inside the instrument (see below).

If there is no available serial port on your computer, you can use a USB port for communication instead.
To do so, you need to change a jumper setting inside the instrument (Figure 2.2) and install the driver
software on your PC.

Figure 2.2 Serial port or USB po'rt switch selection using two jumpers (indicated by arrows). Leff: RS-232
serial port jumper setting. Right: USB jumper setting.

USB driver installation will be described in detail later in this chapter.

If you consistently encounter "Link Failed" messages, try a different PC. The instrument we delivered
was turned on for a week and tested. In nearly all cases, consistent "Link Failed" messages are caused
by the PC, either by port settings or problems.

You may occasionally notice unreliable data communication. This could be due to background tasks
that generate interrupts, since serial port data communication is interrupt-based. In recent versions,
Microsoft Windows has lowered the priority of the serial port interrupt. Other devices, such as disk
access, screen saver, virus scan, internet connection, etc. will all generate interrupts that could interfere
with the serial port data communication. Please disable your screen sawer, disconnect from the internet,
disable any virus scanners, and try again.

You should also not use a network card, which will generate a background interrupt that interferes with
data transfer between the PC and the instrument. Disconnect the connector to the network card.

If you continue to encounter get "Link Failed" messages after all these efforts, please try a different
computer.

Once the instrument and PC can communicate properly, you can connect the electrode leads to the rear
panel. The green clip is for the working electrode, white is for reference, and red is for counter. The black
clip is a sensing electrode.
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The Cell Control port on the rear panel is used for stepper and motor control when the nanopositioner is
used for SECM or other scanning probe techniques. This port can also be used to control purge, stir,
and mercury drop dislodge. Please see the Appendix for more information.

If you have a Pine Instrument AFMSRX or AFMSREC Rotator for RDE, it is possible for the instrument to
control the RDE with the instrument (select models). Two banana jacks on the rear panel will provide a
wltage of 0 - 10 V, corresponding to a rotation rate of 0 - 10,000 rpm.

This instrument is also capable of controlling a Pine Instrument AFMSRX or AFMSREC Rotator for RDE.
Two banana jacks on the rear panel will provide a woltage of 0 - 10 V, corresponding to a rotation rate of O
- 10,000 rpm.

© 2014 CH Instruments, Inc.



Getting Started 19

2.1.4 Nanopositioner, Stepper Motors, and Piezo

Nanopositioner Assembly

Figure 2.3. Nanopositioner and Cell/sample holder

When the instrument is shipped, all stages are dismounted. Please carefully follow the instruction
video included on the software CD to assemble the positioner. Follow the video exactly to
assemble the nanopositioner and cell/sample holder as shown in Figure 2.3. Please call or e-mail us if
you have any questions. Make sure not to unscrew the screws that are part of the stages. The XY Z
stages will all be mounted on top of the supporting stainless steel plate, with the Y stage under the X
stage. The cell/sample holder will also be mounted to the stainless steel base.

First, mount the Z stage on the Z stand. Tighten the four cap screws on the rear panel of the Z stand. Be
sure to place the Z stage as high as possible. This is important. Otherwise, when the Z stage mowves
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down, it will collide with the Y stage. This may cause the motor to stop and lose track of its position, as
well as reducing the trawvel distance for the Z stage.

Next, stack the Z stand on the X stage plate. Use four cap screws to secure the Z stand to the X stage.
The front edge of the Z stand should be aligned with the front edge of the X stage and not recessed in at
all, to ensure that when the Z stage does not collide with the X stage when it mowves up and down.

Please note that the positive direction for the X axis is to the right. The positive direction for the Y axis is
to the front. The positive direction for the Z axis is downward.

For the 920D, once all three stages are mounted, you need to mount the XYZ piezo block to the Z stage.
The piezo mounting piece, piezo positioner, and tip holder are shipped pre-assembled. Use two 5 mm
cap screws to mount the T-shaped mounting piece with the XYZ piezo block to the middle row of the Z
stage.

The cell/sample holder should be mounted on top of the bottom supporting stainless steel plate, with a
rectangular plate on top of the columns. You can put the cell and sample on the plate for
measurements. If you want to adjust the tilt level of the cell and sample, you can mount three fine
adjustment screws on the rectangular plate and put the T-shaped stainless steel plate on top of those
fine adjustment screws. Each turn of screw corresponds to 317 um. The resolution is 1 pm.

On both the rectangular and T-shaped plates, there is a hole for a round plate or a ring. The round plate
and ring are interchangeable. Insert the platinum disk working electrode into the ring to use it as a
conducting substrate electrode. Alternatively, you can use the round plate to hold other samples. Use a
rubber O-ring to seal the sample and cell holder to prevent leakage. The Teflon cell should be mounted
on the rectangular or T-shaped plate using screws.

You may want to change the line frequency program setting (60 Hz or 50 Hz) using the System
command under the Setup menu. This will set the default sampling period to a multiple of the reciprocal
line frequency when applicable, which will help to reduce noise.

Connecting the stepper motors and XYZ piezo block

Use 15M-15F extension cables to connect the stepper motors to the 15-pin DA connectors labeled
"Stepper" on the front panel (marked for the X, Y, and Z axes from left to right). You should use the 3 ft
15M-15F extension cables included with the instrument. Other cables may have too high resistance,
which can cause serious errors in motor control.

To connect the piezo block to the controller, simply connect the 4-pin round plug to the 4-pin round
connector labeled "Piezo" on the front panel of the motor controller. Please be advised that there are
high wltages in the round connector. You also need to connect the sensor connector to the front panel.

Understanding the piezo block

The piezo lifetime depends essentially on the amplitude of the wltage applied to the piezo and how long
a high woltage is applied. At highest woltage (150V for this piezo), the lifetime is about 1000-1500 hours,
or 125-200 days for average usage of 8 hours per day. At 50V, it will last 30,000 hours or about 10
years. It is recommended to keep the motor controller turned off when the piezo block is not going to be
used in the next hour or longer. It is also recommended to image by scanning Xand Y from zero in the
positive direction. At the end of imaging, set the tip to return to the origin. This will ensure low piezo
wltage between experiments, extending the lifetime of the piezo, which is a relatively expensive part to
replace.
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The program will issue a warning if a high piezo wltage is detected for too long. If this happens, you

should either mowe the piezo back to zero or start the next experiment.
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2.2

USB Driver Installation
Part 1: Driver Installation

System Requirements
e Windows XP / Vista/ 7/ 8
e CH Instruments Software version 12.04 or newer

If your system does not meet the requirements abowve, please \isit our website for instructions and
downloads for all versions of Windows, starting from Windows 98.

Installation Procedure
1. Do not connect the instrument to the computer yet.
2. Double-click the USB Driver installer on your software CD.
3. Follow the on-screen instructions, accepting all default options in the affirmative.
- Make sure the "Launch the CP210x VCP Driver Installer" option is checked, when it appears.
- This should install files in two locations.
- Restart your computer if prompted to do so.
4. Finally, power on and connect your instrument to your computer. Windows should now recognize the
instrument automatically.
5. Please note that the latest driver requires our software version 12.04 or newer.

Part 2: Instrument Installation

Installation Procedure

1. Complete the USB Driver Installation Procedure from Part 1 abowe.

2. Disconnect the instrument from your PC, if applicable.

3. Connect the instrument to your PC and turn the power on.

4. Wait for any automatic system installation tasks to complete.

5. Open Device Manager (right-click [My] Computer > Manage > Device Manager).
6. Double-click the category "Ports (COM & LPT)" to display:
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Device Manager E]@

Eile Action Vew Help
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+ Q Batteries ~
+ j Computer i |
-+ Disk drives

+- % Display adapters
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(2, DVD/CD-ROM drives
[ Human Interface Devices
+-i=% IDE ATA/ATAPI controllers
-+ IEEE 1394 Bus host contrallers
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+-2» Keyboards
+-1") Mice and other pointing devices
] l, Modems
+- 3 Monitors
—|- Eg Network adapters
BR) 1394 Net Adapter
B8 Intel(R) PRO/100 VE Network Connection
B Intel{R) PRO/Wireless LAM 2100 38 Mini PCI Adapter
+- [§ PCMCIA adapters

to UART Bridge Controller (COMS)
7 ECP Printer Port (LPT1) |

7. Determine the COM number for the newly installed "CP2101 USB to UART Bridge Controller" or
similarly named device.
- In the figure abowe, this is COMS5.

8. Assign this COM number using the System command under the Setup menu in our software.

9. Run the Hardware Test command under the Setup menu to confirm that the instrument and computer
are communicating properly.

This completes instrument installation.

Part 3: Additional Information

In the future, if you encounter the “Can not open com port” message when starting the program, please
check Device Manager again and see what com port number is currently assigned to the instrument. If
the com port number assignment has changed, you need to set the com port number using the System
command accordingly. If you do not see the CP2101 device listed in under Ports (COM & LPT), please
make sure your instrument is turned on and the USB cable is properly connected.

The USB driver needs to be installed only once on your computer. Multiple instruments can be
connected to the same computer, and Windows automatically assign them to different COM ports.

USB communication is achieved using a USB-serial port converter chip inside the instrument. Our
software will behave as if this device is connected to a serial port, even though the physical connection
is by USB. Thus, you need to use Device Manager as described above to determine what serial port
number is assigned to this device.

You can double-click on the "CP210x USB to UART Bridge Controller" item in Device Manager to
display various status information: driver version number, whether the driver is functioning correctly, etc.

If you have a free serial port available on your PC, we recommend its use over a USB port. This is
because we implement USB connectivity using a USB-to-serial chip on the instrument, allowing serial
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communication to occur through the USB port using drivers provided by the chip vendor. USB therefore
provides no specific advantages over the serial port besides the difference in physical connectivity, and
both the instrument and the PC will interact as if connected by a serial connection. The reason we
include USB support is that most computers sold today do not include a serial port, and it may be
impractical or even impossible to add a serial port card.

Howeer, the supplied third-party USB-serial port drivers may not be perfect. We have tested them on
several computers in our office and they all seem to work, but if problems occur, since the Windows
drivers are closed-source, we have no way to modify, let alone debug them. Our only recourse in that
scenario would be to file a support ticket with the chip vendor, and it may prove more expedient to buy a
USB to Serial Adapter cable and a DB-25 male to DB-9 female cable (each ~$10 USD at the time of this
writing).

Depending on your instrument model, you may also need to set the USB/serial selection switch inside
the instrument (see Figure 2.2 abowe) to the appropriate setting.

For more information, please visit <www.chinstruments.com/downloads.shtml>.
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2.3 Testing

The instrument was thorougnly tested by our quality assurance team before it was shipped. The "*.bin"
files included on the software CD are the data actually acquired with the particular instrument you
received.

To test communication between the computer and the instrument, start the software and turn the
instrument on. Use the Hardware Test command under the Setup menu. If a “Link Failed” error appears,
should check the connection and port settings. Use the System command under the program Setup
menu to see if the port setting matches the port in use.

If hardware test results appear on the screen, the PC-instrument communication is working properly. The
hardware test results will provide further details regarding the status of your instrument.

To test hardware performance, you can use (say) a 100K ohm resistor as a dummy cell. Short the
reference (white) and counter (red) electrode leads and connect the 100K ohm resistor between the red/
white clips and working (green) electrode clip. Select the potential range to be 0.5 V to -0.5 V using the
Parameters command under the Setup menu. The sensitivity can be set to 1e-6 A/V. Run the
experiment using the Run command under the Control menu. You should obsene a straight line with
current from -5e-6 A to +5e-6 A.

To test software performance, open a data file using the Open command under the File menu to open
the test data files included on the software CD. These are the actual test results for this particular
instrument. To open the files, select the files and click OK, or double-click the filename. After reading
them in, you can display or process the data. Try the commands under the Graphics and DataProc
menus. To revert to the original data and undo all unsaved changes, simply close the file and reload the
data with the Open command.

When you assemble the SECM as shown in Figure 2.3 abowve, you need to calibrate the piezo first for
model 920D. Use the SECM Probe command under the Control menu (see Chapter 5).

To test the SECM, it is suggested to use 1 mM ferrocenemethanol in 0.1M KNO,. Ferrocenemethanol

can be purchased from Aldrich Chemical Co. It is water soluble and its redox reaction is reversible. It is
better than ferricyanide or rutheniumhexamine and gives more reproducible data. The cune is flatter in
the diffusion-limited region. Moreower, the electrode surface will not be contaminated, whereas
ferricyanide reaction products may adsorb to the surface of the electrode, decreasing current flow over
time.

First mount the platinum disk substrate electrode onto the SECM cell. The substrate electrode can be
inserted into the metal ring. Insert the substrate electrode into the bottom of the Teflon SECM cell. You
will need to insert a rubber O-ring between the Teflon cell and the metal ring to awid leakage. Screw the
Teflon cell to the stainless steel plate. Usually the counter and reference electrodes will be on the right
side when viewed from the front. Pour the solution into the cell. Insert the reference electrode into the
hole on the Teflon cell wall. Insert the tip into the tip holder.

You need to move the tip close to the substrate surface. Initially you should use the SECM Probe
command under the Control menu. You will find the XYZ move command at the bottom-left of the dialog
box, which mowes the tip fairly fast. Make sure sure it does not get too close to the surface. If the tip
touches the surface, the surface will be damaged (fortunately, the 10 um tip will not be damaged so
easily). On the other hand, you do not want the tip to be too far away from the surface, because the
following Probe Approach Curve experiment moves the tip rather slowly.
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Once the tip is reasonably close to the surface, you can use the Probe Approach Cunve technique to
bring the tip closer to the surface. You can set experimental parameters using the file PACxx.bin
included on the software CD. For ferrocenemethanol, the tip is held at an oxidation potential

around +0.5V vs. Ag/AgCI. The substrate potential is held at a reduction potential around 0 V vs. Ag/
AgCI. If the tip is ower the insulating part of the surface, current will drop as the tip approaches the
surface. If the tip is over the conducting part of the substrate, current will increase as the tip gets
approaches the surface. Tip approach will stop when the specified threshold current ratio or lewel is
reached. The threshold current ratio should be less than 100% for insulators and greater than 100% for
conductors; if the current ratio is improperly specified, approach will stop at a current ratio of 75% or
125%.

Once the tip is close to the surface, you can use the Probe Scan Curve (PSC) technique to scan across
the sample surface. For a platinum substrate electrode, it is useful to find the boundary between the
insulator and the conductor. A good test is to image this boundary. If the tip is close to the leftmost
boundary, a standard SECM scan of 80 um x 80um using X as the long axis should reveal a vertical
boundary because your scan area is much smaller than the curvature of the disk electrode. If you move
the tip to the frontmost edge and image using Y as the long axis, you should see a horizontal boundary
line.

Check your PAC, PSC, and SECM images to verify the correct operation of your SECM instrument.
These are not very exciting images or cunes, but they constitute a good test of the instrument.
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2.4

Some Useful Tips

If you are comfortable with Windows applications, you may not have any problem using the instrument.
Most of the following tips are intended for users who do not have much experience with Windows, but
may still be useful even for experienced users.

1. Familiarize yourself with with the toolbar (the bar with many buttons under the main menu bar), which
provides quick access to the most commonly used commands. Hover the mouse cursor over a button
without clicking to display a descriptive comment in the lower-left corner of the main window.

2. To select multiple filenames for multiple file printing, overlay plots, parallel plots, etc., left-click on the
name of the first file you want to select and drag the mouse while holding the left button to select
multiple files. If the files you want are scattered in the directory (i.e., non-consecutive), you can select
them by holding down the Ctrl key and clicking on each filename.

3. Ifthe Y axis title is oriented in the wrong direction, use the Font command under the Graphics menu
to change the rotation angle of the Y axis for printing.

4. To select a file or technique, you can double-click the item. This is equivalent to clicking the item and
then click OK.

5. To change parameters in a dialog box, you can use the Tab key to cycle through its fields. Text in the
edit box will become highlighted, and you can type directly to replace the highlighted text. This can
sometimes be much more convenient and faster than using the mouse. Advanced users should also
consider memorizing frequently used keyboard shortcuts (press the Alt key to mowve focus to the
menu bar, then type underlined letters to enter menus and run commands).

6. The internal noise of the instrument is quite low. The most common and most serious source of noise
is the line frequency (60 Hz or 50 Hz). The instrument contains analog low-pass filters to reduce this
noise. At a scan rate of 0.1 V/s, the automatic filter cutoff setting is 150 or 320 Hz, which does not
cower the line frequency, but at a scan rate of 0.05 V/s, the cutoff frequency of the filter is 15 or 32 Hz,
and the line frequency noise can be effectively reduced. Line frequency noise can also be reduced if
the sampling interval is set to a multiple of the period of the power line. For small signals or relatively
fast experiments, use of a Faraday cage is strongly recommended.

7. Use the Graph Options command under the Graphics menu to adjust the way data is displayed; see
Chapter 6 for more information on the wide variety of options available.

8. The latest version of the software includes interactive 3D graphics for visualizing SECM data. You can
also generate a 3D surface plot with the SECM image data in Microsoft Excel by converting the data
to text format. First use the Text File Format command under the File menu and check the Excel 3D
Format box. Consult the context-sensitive Help in the Text File Format dialog box to read the
procedures for making Excel 3D surface plot.
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Chapter 3 File Menu

The File menu offers the following commands:

New

Open

Close

Sawe As

Delete

Retrieve

Update Instrument Prog.
List Data File
Convert to Text

Text File Format
Import Text File
Print

Print Multiple Files
Print Preview

Print Setup

Send...

Most Recently Used
Exit

Creates a new document.

Opens an existing document or text file.

Closes an opened document.

Sawve current document; can convert to plain text, csv.
Delete existing data files permanently (legacy command).
Retrieve lost experimental data.

Update instrument firmware.

Display an existing data file in text format.

Convert multiple existing data files to text files.

Choose text file formatting options.

Import text file (legacy command superseded by Open).
Prints a document.

Print multiple documents.

Displays the document on the screen as it would appear printed.
Selects a printer and printer connection.

Sends the active document through electronic mail.

Open the most recently used documents quickly.

Exits the program.

29
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3.1

Open command

This command opens the File Open dialog box.

Use this command to open one or more existing documents each in a new window. You can open
multiple documents at once. The program displays the File Open dialog box so you can select the files

you want to convert.

Binary data files and text files saved from the program can both be read directly by this command, which
fully supersedes the Import Text File command.

When a file is read, the program places its data in memory and updates the display, technique, and
experimental parameters (some of which are only available in binary data files). You can only open files
generated by this or an older version of the software.

Use the Window menu to switch among the multiple open documents. See Window 1, 2, ... command.
You can create new blank documents with the New command.

This command has a toolbar button:

The Open command presents this dialog box.

x| « E cf E-
[ oz [ IMPD [ IMPER
[ v =3 P BN
[ v =3 IMPE1 = Lsvo
[ ovs = IMPE2 EETN=¥
(=3 oS00 = IMPE3 I ocPTi
BN = IMPE4 = psan

| | ol

File name: IE"-.-’EI | Open I

Files of type: | Binary Data Files [* bin) =] Cancel |
4

Binary data files and text files saved from the program can both be read directly by the Open command,
which fully supersedes the Import Text File command.

The following options allow you to specify which file to open:
File name

Type or select the name of the file(s) to be opened. The box abowe lists files with the extension you
select in the "Files of type" box. You don't have to type the extension; the program will automatically
attach the selected extension in the "Files of type" box to the filename (or the default “.bin” if All Files (*.
*) is selected). Multiple file names in the "File name" field are enclosed by quotation marks and
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separated by spaces, for example, "CV0" "CV1".
Files of type
Specifies the type of file you want to open (by default, all files are displayed):

Extension Description

.bin Binary data files
txt Plain text files
.CSV Comma-separated value files

31
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3.2

Save As command
This command opens the File Save As dialog box.

Use this command to save and name the active document. The program displays the Save As dialog
box so you can name your document.

When a non-binary file type is selected, this command allows you to perform the Convert to Text
operation on the currently active data file without having to navigate to the file.

This command has a toolbar button:

The Save As command presents this dialog box.

Save Ia chib j 4= =% ER-
ERE =D L2 IMPES
[ ova 2 1P EhiTo
[0 cva 3 IMPET 2 Lsvo
[ ovs = MPE2 ==X
(=3 o500 = IMPES EdoceT
BN = IMPE 4 [ psan

| | i

File name: | | Save I

Save as type: | Data Files [* bin] =l Cancel |
A

The following options allow you to specify the name and location of the file you're about to save:

File name

Specifies a file name to sawe the current data and system variables with a different name. You don't have
to type the extension; the program will automatically add the extension you specify in the "Sawe as
type" box. If an existing filename is used, the system will display a confirmation prompt before
proceeding.

Save astype
Specifies the type of file you want to save as. When saving in the ".txt" or ".csVv' formats, a
corresponding ".bin" file will be generated unless a binary file is currently open. The use of binary files is

encouraged, since they contain many system parameters that are not stored in other formats.

Extension Description

.bin Binary data files (recommended)
Axt Plain text files (compatible with most other programs)
.CSV Comma-separated value files (useful for spreadsheet programs)
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For a macro file, the extension is ".mcr". For a simulation file, the extension is ".sim". Other extensions
are not allowed.
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3.3

Delete command
Use this deprecated command to delete files permanently via the File Delete dialog box.

The Delete command bypasses the Recycle Bin that has been available starting with Windows 95, and
its use is discouraged for all but the audacious and the accustomed.

To send one or more files to the Recycle Bin (unless it has been disabled in your Windows system
settings), in the CHI program environment, select the desired file(s) in the, say, Open or Save As dialog
box and press the Del key. Windows will then prompt you for confirmation to send the file(s) to the
Recycle Bin. To delete files permanently in the same manner, press Shift+Del instead of Del.

The deprecated Delete command presents this dialog box.

File Deletion 2=

Loak in: Ia chib j 4= =% ER-
ERE =D L2 IMPES
[ ova 2 1P EhiTo
[0 cva 3 IMPET 2 Lsvo
[ ovs = MPE2 ==X
(=3 o500 = IMPES EdoceT
BN = IMPE 4 [ psan

. | »

File: namne: I | Open I

Files of tvpe: | Data Files (* bin) =] Cancel |
v

The following options allow you to specify the name and location of the file you're about to delete
permanently:

File name

Type or select the filename(s) you want to delete permanently. You don't have to type the extension; the
system will automatically attach the selected extension in the "Files of type" box to the filename. The
box abowe lists files with the extension you select in the "Files of type" box. To delete multiple files
permanently, point the mouse cursor to the files you want to select and click the left mouse button while
holding down the Ctrl key.

You will be prompted for confirmation before the files are deleted permanently.

Files of type

Select the type of file you want to delete permanently.
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3.4

Retrieve command

Use this command to retrieve data saved on the PC hard drive during an experimental run. In case your
experiment does not run to completion, e.g., due to external interference, interruption, or missed
communication, data can be recovered partially. This is useful for very slow experiments; hours of
experimental data can be recovered.

For performance reasons, this command is not enabled by default. For fast experiments, it may prove
more expedient to simply re-run the experiment instead of using the Retrieve command. In order to
enable the Retrieve command, use the System command under the Setup menu and check the "Save
retrieve data during run” option.

Data from the previous run must be retrieved before starting a new run. Once a new run has started, the
saved data for the last run will be lost and cannot be recowered.
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3.5

Update Instrument Program command

This command opens the Firmware Update dialog box.

Control of the instrument control is accomplished by two interacting components: the software that
resides on the PC, and the firmware that resides on the instrument. This command, available in all of our
newer models with flash memory, allows the user to install firmware updates, which are issued
occasionally by CH Instruments, Inc.. For more information about software and firmware updates, please

consult the Appendix of this User Manual or contact info@chinstruments.com.
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3.6 List Data File command
This command opens the List Data File dialog box.

Use this command to display a saved data file in text mode. Formatting options are available in the Text
File Format command.

The current data remains unchanged when this command is executed. To view the current data similarly,
use the Data Listing command under View menu.

The List Data File command presents this dialog box.

List Data File 2]
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A

The following options allow you to specify the name and location of the file you're about to display in text
mode:

File name

Type or select the filename you want to display. The box abowe lists files with the extension you select
in the "Files of type" box.

You don't have to type the extension. The system will automatically attach an extension of ".bin" to the
filename. Other extensions are not allowed.

Files of type

Select the type of file you want to list. Only ".bin" files (binary data) are available.
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3.7

Convert to Text command
This command opens the File Conversion dialog box.
Use this command to convert one or more binary data files to text (the format can be altered with the

Text File Format command in the File menu). The program displays the File Conversion dialog box so
you can select the files you want to convert.

The resulting text file can be read by other software, such as commercial spreadsheet or database
handlers.

The Convert to Text command presents this dialog box.

File Conversion ed

Look in: | ‘=3 chif ~| « & ¥ BE-
EIYE L2 IMPO L2 IMPES
[ w3 3 1MP1 BN
[0 cva 3 IMPET 2 Lsvo
[ ovs = MPE2 ==X
(=3 o500 = IMPES EdoceT
BN = IMPE 4 [ psan

. | »

File: namne: I | Open I

Files of tvpe: | Data Files (* bin) =] Cancel L
o

To select multiple files for conversion, point the mouse cursor to the filenames you want to select and
click the left mouse button while holding the Ctrl key, or left-click on two files while holding the Shift key
to select a range of files, or left-click and drag. To quickly convert the currently active file, use the Save
As command instead.

The following options allow you to specify the name and location of the binary file(s) that will be
converted to text format:

File name

Type or select the filename(s) you want to convert. The box abowe lists files with the extension you
select in the "Files of type" box.

Multiple files can be selected for conversion.

You don't have to type the extension. The program will automatically attach an extension of ".bin" to the
filename. Other extensions are not allowed.

Files of type

Select the type of file you want to convert. Only the ".bin" type (binary data file) will be available.
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3.8 TextFile Format command
This command opens the Text File Format dialog box.

Use this command to specify text formatting options for non-binary files generated by the Save As and
File Conversion commands.

The Text File Format command presents this dialog box.

-

Text File Format -ae [&J
¥ v Separator
I e f* Comma Cancel
¥ Parameter: " TAR
v Besults L Space Help
v Mumeric Dat: i Linefeed

MHumnber of Significant Fiqures ... |4
Diata Point Interval ... |1

DigiSimn Format for O and L5Y Data
Excel 30 Format for SECK Data
Manozcope Header for SECHM data

3 column impedance data
Segrment Separatar

Charge

CIC Bt Bl I T e

Tirmne

L™

Memo

Check this box to include date, time, technique name, labels, and notes in the output text file.
Parameters

Check this box to include experimental parameters in the output text file.

Results

Check this box to include experimental results such as peak/wawve potential, current, and electrode area
in the output text file. To select the item to be displayed on screen when an experiment is complete,
execute the Peak Definition command in the Graphics menu.

Numeric Data

Check this box to include numeric data points in the output text file.
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Separator

Select the separator (comma, TAB, space, or linefeed) to be used between data columns. For two data
points Xand Y, the resulting output will be:

Separator Output
Comma XY
TAB X Y
Space XY
Linefeed X

Y

This allows you to make the data format compatible with other commercial software, such as
spreadsheet or database handlers.

Number of Significant Figures

This option allows you to set the data precision of the text file up to a maximum of 10 significant digits
(figures). A larger number of significant digits will of course result in larger data files. The default setting
of 4 significant digits is sufficiently precise for most applications.

Data Point Interval

This option allows you to store or display a subset of the data points. For example, when the value is
changed to 3, only every 3rd data point will be stored or displayed. This option is useful for quick
examination of data or file size reduction. However, some details might be lost.

DigiSim Format for CV and LSV Data

This option applies only to CV and LSV data. When this box is checked, the text data file will be directly
readable by DigiSim (© Bioanalytical Systems, West Lafayette, IN) software.

Excel 3D Format

This option applies only to SECM image data (CHI 900 series). When this box is checked, the output
text data file can be read directly by Excel (© Microsoft Corp., Redmond, WA) to generate a 3D surface
plot.

To generate Excel 3D surface plots, follow these instructions:

. Start the Excel Program.

. Open the target text data file created by the CHI900/CHI900A/CHI900B program.

. The "Text Import Wizard - Step 1 of 3" dialog box will appear. Click "Next".

. The "Text Import Wizard - Step 2 of 3" dialog box will appear. Change the Delimiters setting to match
the data separator used in the output text file. Click "Finish". A spreadsheet containing the data will
appear.

. Select all data points in the spreadsheet.

. Click the "Chart" command in the "Insert" menu.

. The "ChartWizard - Step 1 of 4" dialog box will appear. Choose "Surface" and click "Next".

. The "ChartWizard - Step 2 of 4" dialog box will appear. Choose "Rows" and click "Next".

. The "ChartWizard - Step 3 of 4" dialog box will appear. Enter descriptive labels and change graph
options as desired. Click "Finish" when done.

10.A 3D surface plot will appear in the spreadsheet data area. You can resize the plot by left-clicking

A WNPFP

©O© 00 ~NO O
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and dragging on the edges of the plot.

11.Copy and paste the graph into a word processor for further usage or printing. Exporting the graph to a
picture format like JPEG or PNG (e.g., by pasting in Paint) and inserting the resulting picture into a
word processor document will generally reduces the final file’s size, but will also lower the resolution
of the plot.

If the data density is so high that the lines between data points cannot be seen clearly, set the data
point interval to more than 1 as described above.

Nanoscope Header

This option applies only to SECM image data (CHI 900 series). When this box is checked, the output
text data file will be directly readable by Nanoscope (© Veeco Instruments Inc., Santa Barbara, CA)
software to create a 3D image. Howewer, as Veeco Instruments frequently updates their Nanoscope
software, your generated text file may not be readable if your version of Nanoscope is older than the CHI
900B series software.
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3.9

Import Text File command
This deprecated command opens the Import Text File dialog box.

Use the Import Text File command to import text files; CHI and BAS text file formats are both
supported.

For CHI text files, this command will only succeed if Memo and Parameter fields are present.
For BAS text files, parameters will be converted to be CHI format.

This command can only import one text file at a time; to import multiple files, use the Open command
instead.

The Import Text File command presents this dialog box.

Import Text File llil
Look in: | ‘3 chi | & & c¥ BE-

File name: | Open

Files of type: | Data Files [* b =~ Cancel |

A
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3.10 Printcommand
Use this command to print a document.

The printer output is identical to what is displayed on the screen (What You See Is What You Get). Use
the Graph Option command in the Graphics menu to customize the print output.

The paper orientation must be set to landscape. If a warning pops up, use the Print Setup command to
set the paper orientation to landscape.

This command has a toolbar button:
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3.11 Print Multiple Files command
This command opens the Multiple File Print dialog box. Printer output is identical to what is displayed on
the screen (What You See Is What You Get). Use the Graph Option command under the Graphics
menu to customize the print output.
Use this command to print multiple data files.
The Print Multiple Files command presents this dialog box.
Multiple File Print 2=
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The following options allow you to specify the name and location of the binary data files you're about to
print:

File name

Type or select the filename(s) you want to print. The box abowe lists files with the extension you select
in the "Files of type" box. To select multiple files, hold down the Ctrl key and left-click on the desired
files.

You don't have to type the extension, the system will automatically attach a ".bin" extension to the
filename. Other extensions are not allowed.

Files of type

Select the type of file you want to print. Only ".bin" files (binary data) are available.
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3.12

Print Setup command

This command opens the Print Setup dialog box. Use this command to select a printer and a printer
connection. This command presents a Print Setup dialog box, where you specify the printer and its
connection.

[ Print Setup I &Jﬁ

r— Printer
Name: ~| _ FPropeties..
Status: Ready
Type: MS Publisher Color Printer
Where:  FILE:
Comment:
Paper Crientation
Size: |Lel'ter LJ " Portrait
| _J {* |andscape
Metwor... QK | Cancel

L

Printer Name

Specifies the printer you want to use. Use the default printer, or select one of the currently installed
printers shown in the box. You can install printers and configure ports using the Windows Control Panel.

Printer Properties

Displays a dialog box where you can make additional choices about printing, specific to the type of
printer you have selected.

Orientation

Specifies Portrait or Landscape. The paper orientation should be set to landscape in the CHI program
environment. If you choose Portrait and try to print, a warning may pop up, and you will have to use the
Print Setup command to set the paper orientation back to landscape.

Paper Size

Specifies the size of paper that the document is to be printed on.

Paper Source

Specifies the paper source, because some printers offer multiple trays for different paper sources.

Network
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Click this button to connect to a network location, assigning it a new drive letter.
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3.13 Exitcommand

Use this command to end your program session. The program prompts you to save documents with
unsaved changes. Upon exiting, settings including directory, system setup, control status, macros, data
processing, simulation, and graphics options, color, and font will be saved.
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Chapter 4 Setup Menu

The Setup menu offers the following commands:

Technique Select one of many electrochemical techniques.
Parameters Choose experimental parameters.

System Set system defaults.

Hardware Test Test system hardware.

49
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4.1

Technique command
This command opens the Electrochemical Techniques dialog box.

Use this command to select an electrochemical technique. This frequently used command is the
fountainhead from whence all experiments spring forth.

This command has a toolbar button:

The Technigue command presents this dialog box, which lists all electrochemical techniques available
on your instrument.

Technique Selection

There are multiple ways to perform technique selection:

¢ Double-click the desired technique

¢ Single-click the technique, then click OK

¢ Single-click the technique, then press Enter

e Use the Up/Down arrow keys, then press Enter.

Tech Help

Click this button to toggle technique-specific help. When this is enabled, information about the selected
technique will be displayed automatically. Tech Help is not compatible with the Old Help option. Also,
please note that the parameter value ranges and technical details shown here may not apply to your
instrument model; for model-specific information, click Help once a technique-specific dialog box is
shown.

Show on startup

When this option is checked, this dialog box will be presented each time the program starts.

Show for new documents

When this option is checked, this dialog box will be presented each time you create a new document.
Use current tech on startup

When this option is checked, the currently selected technique will become the new default when the
program starts, as well as for all new documents. This will not take effect if you click Cancel or the close
button.

Always confirm parameters

When this option is checked, a parameters dialog box will always be displayed after technique
selection, even if your selection has not changed.

Run prompt after params

When this option is checked, you will be asked whether to run the experiment immediately after
confirming parameter values.
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Polarographic Mode

When this option is checked, polarographic mode will be enabled, allowing the mercury drop to grow and
be dislodged for every data point.

Polarographic mode is available only for the following techniques:
¢ Differential Pulse Polarography (DPP)
e Normal Pulse Polarography (NPP)

Enabling polarographic mode will automatically disable stripping mode. To re-enable stripping mode, the
Polarographic Mode option must be unchecked.

View as tree
When this option is checked, the Technique Selection item will be displayed as a categorized list. The

categories can be expanded or collapsed by clicking the plus or minus boxes to their left. The program
will remember which categories you previously had expanded.
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4.2

Parameters command

This command opens a dialog box to set experimental parameters for the technique currently selected in

the Electrochemical Techniques dialog box.

This command has a toolbar button:

The following parameter dialog boxes available for your instrument series are listed below. For details

about each technique, please refer to the description of each dialog box.

Parameters for Cyclic Voltammet

Parameters for Linear Sweep Voltammet

Parameters for Staircase Voltammet

Parameters for Tafel Plot

Parameters for Chronoamperometry

Parameters for Chronocoulometry

Parameters for Differential Pulse Voltammetry
Parameters for Normal Pulse Voltammetry
Parameters for Differential Normal Pulse Voltammetry
Parameters for Square Wave Voltammetry
Parameters for A.C. Voltammetry

Parameters for 2nd Harmonic A.C. Voltammetry
Parameters for FT A.C. Voltammetry

Parameters for Amperometric i-t Curve

Parameters for Differential Pulse Amperometry
Parameters for Double Differential Pulse Amperometry
Parameters for Triple Pulse Amperometry

Parameters for Integrated Pulse Amperometric Detection
Parameters for Bulk Electrolysis with Coulometry
Parameters for Hydrodynamic Modulation Voltammetry
Parameters for Sweep-Step Functions

Parameters for Multi-Potential Steps

Parameters for A.C. Impedance

Parameters for Impedance - Time

Parameters for Impedance - Potential

Parameters for Chronopotentiometry

Parameters for Chronopotentiometry with Current Ramp
Parameters for Multi-Current Steps

Parameters for Potentiometric Stripping Analysis
Parameters for Electrochemical Noise Measurement
Parameters for Open Circuit Potential - Time
Parameters for Surface Patterned Conditioning
Parameters for Probe Scan Cune

Parameters for Probe Approach Cune

Parameters for Surface Interrogation SECM

Parameters for Scanning Electrochemical Microscope
Parameters for Z Probe Constant Current Control

Parameters for Sampling Scheme
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4.2.1 Cyclic Voltammetry Parameters dialog box

In Cyclic Voltammetry (CV), the potential is linearly swept from Init E to High E (or Low E, depending on
the Init P/N polarity parameter). The potential is then swept back in the reverse direction. The following
diagram shows the applied potential waveform as a function of time. Current is recorded as a function of

potential.
High E
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Init E
Low E
Segment 1 Segment 2 Segment 3 |
Time (s)
Parameter Range Description
Init E (V) -10 - +10 Initial potential
High E (V) -10 - +10 Upper limit of potential scan
Low E (V) -10 - +10 Lower limit of potential scan
Final E (V) -10 - +10 Final potential (if enabled)
Init P/N Pos. or Neg. Initial scan direction
Scan Rate (V/s) le-6 - 10000 Potential scan rate
Sweep Segments 1 - 1000000 Sweep segments (each is half cycle)
Sample Int. (V) 0.001 - 0.064 Data sampling interval
Quiet Time (sec) 0 - 100000 Quiescent time before potential scan
Sensitivity (A/V)  l1le-12 - 0.1 Sensitivity scale
Auto Sens Check or Uncheck Automatic sensitivity switching during run
Enable Final E Check or Uncheck Allow potential scan to end at Final E
Aux. Signal Rec. Check or Uncheck Record external signal
Electrode 2:
Potential (V) -10 - +10 Second working electrode potential
Differential E(V) -0.2 - +0.2 Potential difference with 1st channel if Diff Scan is enabled
Sensitivity (A/V)  1e-12 - 0.1 Sensitivity scale for second electrode
Off Select or deselect Second working electrode turned off
Constant E Select or deselect Hold second electrode at constant potential
Scan Select or deselect Scan 2nd channel with 1st channel
Diff Scan Select or deselect Scan 2nd channel at constant potential difference with 1st
channel

Notes

© 2014 CH Instruments, Inc.



54

CH Instruments Model 900D Series

The potential increment is 0.1 mV when the scan rate is below 1000 V/s, 1 mV at 5000 V/s, and 2 mV
at 10000 V/s.

High E and Low E should be at least 0.01 V apart.

If unreasonably values for High E or Low E are entered, the system will automatically readjust them.
Depending on the Init E, High E, and Low E values, the system will automatically readjust the initial
scan direction.

The maximum potential scan range is 13.1V.

The sampling interval can be 1 mV when the scan rate is below 1000 V/s, 2 mV below 2000 V/s, 5
mV below 5000 V/s, and 10 mV below 10000 V/s. The data sampling interval will be automatically
increased at high scan rates.

When a large number of sweep segments is inwlved, the data sampling interval will be automatically
increased up to 0.02 V. If the scan rate is higher than 0.5 V/s (or 3 V/s using fast com port speed),
the number of sweep segments will be limited by the instrument memory size (64K points). If the scan
rate is lower than 0.5 V/s (or 3 V/s using fast com port speed), the maximum data length specified by
the System command will take effect. When the scan rate is low, the specified sweep segments will
be executed, but only a limited number of segments will be stored. Large sweep segments can be
useful for, say, electrode conditioning.

When the scan rate is below 0.01 V/s, the sensitivity scale during the run can be automatically
adjusted according to the current level. When Auto Sens is enabled, the value of the Sensitivity field
will have no effect on the measurement. Howeer, the smallest available automatic sensitivity will be
1le-6 A/V instead of 1e-12 A/V. The Picoamp Booster will not work either. In order to specify smaller
sensitivities, the automatic sensitivity switching option must be disabled.

The Enable Final E option will allow you to scan complete cycles when the number of Sweep
Segments is odd and Initial E is different from High E and Low E. Check the Enable Final E box and
set Final E equal to Initial E, and the last segment will stop at Initial E instead of High E or Low E.

It is possible to record external woltage signals (e.g., spectroscopic signals) simultaneously with the
wltammogram (maximum scan rate may be limited). Use the 9-pin D-connector on the rear panel for
signal input. Consult the User's Manual for the pin-out and signal lewvel requirements.

When the second electrode is in Scan mode, it will have the same potential as the primary electrode
throughout the experiment. The potential of the second electrode is therefore not independent.

When the second electrode is enabled, the maximum scan rate is reduced to 100 V/s and the
sampling interval will be doubled at high scan rates.

When the second electrode is enabled, the auxiliary signal recording channel will be disabled.
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4.2.2

Linear Sweep Voltammetry Parameters dialog box

In Linear Sweep Voltammetry (LSV), the potential is scanned from Init E toward Final E. The following
diagram shows the potential waveform applied as a function of time. Current is recorded as a function of

potential.
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Scan Rate (V/s)
Init E
Time (s)

Parameter Range Description
Init E (V) -10 - +10 Initial potential
Final E (V) -10 - +10 Final potential
Scan Rate (V/s) le-6 - 20000 Potential scan rate
Sample Int. (V) 0.001 - 0.064 Data sampling interval
Quiet Time (sec) 0 - 100000 Quiescent time before potential scan
Sensitivity (A/V)  le-12 - 0.1 Sensitivity scale

Auto Sens

Aux. Signal Rec.

Electrode 2:
Potential (V)
Differential E (V)
Sensitivity (A/V)
Off

Constant E
Scan

Diff Scan

Notes

Check or Uncheck Automatic sensitivity switching during run
Check or Uncheck Record external signal when scan rate < 0.1 V/s

-10 - +10
-0.2 - +0.2
le-12 - 0.1

Select or deselect
Select or deselect
Select or deselect
Select or deselect

Second working electrode potential

Potential difference with 1st channel if Diff Scan is enabled
Sensitivity scale for second electrode

Second working electrode turned off

Hold second electrode at constant potential

Scan 2nd channel with 1st channel

Scan 2nd channel at constant potential difference with 1st
channel

e |nit E and Final E should be at least 0.01 V apart.

¢ The maximum potential scan range is 13.1 V.

e When the scan rate is high, the data sampling interval will be automatically increased.

e When the scan rate is below 0.01 V/s, the sensitivity scale during the run can be automatically
adjusted according to the current level. When Auto Sens is enabled, the value of the Sensitivity field
will have no effect on the measurement. Howewer, the smallest available automatic sensitivity will be
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1le-6 A/V instead of 1e-12 A/V. The Picoamp Booster will not work either. In order to specify smaller
sensitivities, the automatic sensitivity switching option must be disabled.

Linear polarization resistance plots can be generated using the Special Plots command under the
Graphics menu.

The potential increment is 0.1 mV when the scan rate is below 1000 V/s, 1 mV at 5000 V/s, and 4 mV
at 20000 V/s.

The sampling interval can be 1 mV when the scan rate is below 1000 V/s, 2 mV at 2000 V/s, 5 mV at
5000 V/s, and 20 mV at 20000 V/s. The data sampling interval will be automatically increased at high
scan rates.

If the scan rate is below 0.1 V/s, it is possible to record external wltage signals (e.g., spectroscopic
signals) simultaneously with the woltammogram. The input full scale range is +/-10V. Use the 9-pin D-
connector on the real panel for signal input. Consult the User Manual for the pin-out and signal level
requirements.

When the second electrode is enabled, the auxiliary signal recording channel will be disabled.

When the second electrode is in Scan mode, it will have the same potential as the primary electrode
throughout the experiment. The potential of the second electrode is therefore not independent.

When the second electrode is enabled, the maximum scan rate is reduced to 100 V/s and the
sampling interval will be doubled at high scan rates.
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4.2.3 Staircase Voltammetry Parameters dialog box

In Staircase Voltammetry (SCV), the potential is incremented from Init E toward Final E, and it may be
scanned back. The following diagram shows the potential waveform applied as a function of time. Current
is sampled after every potential increment and recorded as a function of potential.
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Parameter Range Description
Init E (V) -10 - +10 Initial potential
Final E (V) -10 - +10 Final potential
Incr E (V) le-3 - 0.05 Increment potential of each step
Segments 1 - 1000 Number of scan segments
Sampling Width (s)le-4 - 50 Data sampling width for each point
Step Period (s) 0.001 - 50 Potential step period or dropping time
Quiet Time (sec) 0 - 100000 Quiescent time before potential scan
Sensitivity (A/V)  le-12 - 0.1 Sensitivity scale
Electrode 2:
Potential (V) -10 - +10 Second working electrode potential (if not scan)
Sensitivity (A/V)  1e-12 - 0.1 Sensitivity scale for second electrode
On Check or Uncheck Second electrode at constant potential
Scan Check or Uncheck Scan the second electrode potential
Notes

e |nit E and Final E should be at least 0.01 V apart.

e Sampling Width should be no more than half of Step Period; otherwise the system will automatically
readjust the former.

e Data sampling always occurs at the end of each step.

e When the second electrode is in Scan mode, it will have the same potential as the primary electrode
throughout the experiment. The potential of the second electrode is therefore not independent.
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4.2.4

Tafel Plot Parameters dialog box

In the Tafel Plot technique (TAFEL), the potential is scanned from Init E toward Final E. The potential
may be held there and then scanned back. The following diagram shows the potential waveform applied
as a function of time. The logarithm of current is recorded as a function of potential.
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Parameter Range Description
Init E (V) -10 - +10 Initial potential
Final E (V) -10 - +10 Final potential
Incr E (V) le-3 - 0.05 Increment potential of each step
Sweep Segments 1 - 2 Sweep segments; each segment is half cycle
Scan Rate (V/s) le-6 - 0.01 Potential scan rate
Quiet Time (sec) 0 - 100000 Quiescent time before potential scan
Sensitivity (A/V)  le-12 - 0.1 Sensitivity scale

Auto Sens

Notes

Check or Uncheck Automatic sensitivity switching during run

e |nit E and Final E should be at least 0.01 V apart.
e Corrosion rate calculations can be performed using the Special Analysis command under the Analysis

menu.
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425 Chronoamperometry Parameters dialog box

In Chronoamperometry (CA), the potential is stepped from Init E to either High E or Low E depending on
the Init P/N and may then be stepped back. The following diagram shows the potential waveform applied
as a function of time. Current is recorded as a function of time.
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Parameter Range Description
Init E (V) -10 - +10 Initial potential
High E (V) -10 - +10 Upper limit of potential step
Low E (V) -10 - +10 Lower limit of potential step
Init P/N Pos. or Neg. Initial step direction
Number of Steps 1 - 320 Number of potential steps
Pulse Width (s) le-4 - 1000 Potential pulse width
Sample Interval (s)le-6 - 10 Data sampling interval
Quiet Time (s) 0 - 100000 Quiescent time before potential step

Sensitivity (A/V)  le-12 - 0.1 Sensitivity scale
Aux. Sighal Rec. Check or Uncheck Record external signal when sample interval >= 0.005s

Electrode 2:

Potential (V) -10 - +10 Second working electrode potential if not step
Sensitivity (A/V)  1e-12 - 0.1 Sensitivity scale for second electrode

On Check or Uncheck Second working electrode at constant E

Step Check or Uncheck Step the second electrode potential

Notes

¢ High E and Low E should be at least 0.001 V apart.

e |f unreasonably values for High E or Low E are entered, the system will automatically readjust them.

¢ Depending on the Init E, High E, and Low E values, the system will automatically readjust the initial
scan direction.

¢ The maximum potential scan range is 13.1V.

¢ A shorter sampling interval will increase data density but also reduce the signal-noise ratio. If earlier
transient data points are important, a shorter sampling interval is recommended. If later data points are
of interest, a longer sampling interval is recommended. However, a minimum of 100 points per step is
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required.

If the sampling intenval is shorter than 0.002s (or 0.0005s with fast com port speed), data will not be
transferred in real time, but rather after the experiment is completed. The cell is turned off during data
transfer unless the Cell On between Run option has been enabled using the Cell command. The total
number of data points will be limited by the instrument memory size (64K points). The sampling
interval may be automatically adjusted to fit the data points in a reasonable range.

If the sampling interval is longer than 0.002s (or 0.0005s with fast com port speed), data will be
transferred in real time during the experiment. The number of data points for each step will be limited
by the instrument memory size (64K points). The sampling interval may be automatically adjusted to
fit the data points in a reasonable range.

If the sampling intenval is greater than 0.005s, it is possible to record external wltage signals (e.g.,
spectroscopic signals) simultaneously with the woltammogram. Use the 9-pin D-connector on the rear
panel for signal input. Consult the User's Manual for the pin-out and signal level requirements.

When the second electrode is set to Step, its potential will be the same as the primary electrode; it is
not independent.
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42,6 Chronocoulometry Parameters dialog box

In Chronocoulometry (CC), the potential is stepped from Init E to Final E and may then be stepped back.
The following diagram shows the potential waveform applied as a function of time. The charge passing
through the working electrode is recorded as a function of time.
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Parameter Range Description
Init E (V) -10 - +10 Initial potential
Final E (V) -10 - +10 Final potential
Number of Steps 1 - 320 Number of potential steps
Pulse Width (s) le-4 - 1000 Potential pulse width
Sample Interval (s)le-6 - 10 Data sampling interval
Quiet Time (s) 0 - 100000 Quiescent time before potential step

Sensitivity (A/V)  1le-12 - 0.1 or Sensitivity scale
le-9 - le-6 C/V

Notes

e |nit E and Final E should be at least 0.01 V apart.

¢ The maximum potential step range is 13.1 V.

¢ A true integrator (charge-to-wltage converter) can be employed, in which case the sensitivity is 1e-9 to
le-6 C/V. If charge exceeds 8e-6 coulombs, the capacitor of the integrator will be discharged and the
new charge will be added to the previous value. This allows higher charge to be measured with the
integrator. There may be discontinuities in the charge-time curve due to this capacitor discharge.
These discontinuities should be negligible, but if they turn out to have a significant effect on the
measurement, you can use the current-to-woltage converter instead and use the software integrator to
conwert current to charge.

e A current-to-woltage converter is not ideal for chronocoulometry, particularly if early transient data are
important as in double layer capacitance or surface reactions. A charge-to-wltage converter (true
integrator) is a better choice.

e [f the current-to-wltage converter is employed due to high total charge, a shorter sampling interval will
increase data density but also reduce the signal-to-noise ratio. If earlier transient data are important, a
shorter sampling interval is recommended. If later data points are of interest, a longer sampling interval
is recommended. Howewer, a minimum of 1000 points per step is required unless the sampling rate
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does not allow it.

If the sampling intenval is shorter than 0.002s (or 0.0005s with fast com port speed), data will not be
transferred in real time, but rather after the experiment is completed. The cell is turned off during data
transfer unless the Cell On between Run option has been enabled using the Cell command. The total
number of data points will be limited by the instrument memory size (64K points). The sampling
interval may be automatically adjusted to fit the data points in a reasonable range.

If the sampling interval is longer than 0.002s (or 0.0005s with fast com port speed), data will be
transferred in real time during the experiment. The number of data points for each step will be limited
by the instrument memory size (64K points). The sampling interval may be automatically adjusted to
fit the data points in a reasonable range.

If the current-to-wltage converter is employed, during the run, an “Overflow” warning may appear. This
is caused by the current transient immediately following the potential step. If the intercept (which gives
information about double layer capacitance and adsorption) of the Anson plot (Q-t*1/2 plot) is not your
primary interest, you need not worry about this. Howeer, if data distortion can be obsened visually,
you should lower the sensitivity scale.

In some cases, you may want to use the i/E conwerter filter to slow the system down, but make sure
that the time constant of the filter (1/cutoff freq) is much shorter than the pulse width.

In order to reduce noise and enhance measurement accuracy, it is recommended to use the highest
sensitivity scale possible.
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4.2.7 Differential Pulse Voltammetry Parameters dialog box

In Differential Pulse Voltammetry (DPV), the base potential is incremented from Init E toward Final E. A
potential pulse is applied. Current is sampled before the potential pulse and at the end of the pulse. The
difference between these two current samples is recorded as a function of potential. The following
diagram shows the potential waveform applied as a function of time and the current sampling scheme.
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Parameter Range Description
Init E (V) -10 - +10 Initial potential
Final E (V) -10 - +10 Final potential
Incr E (V) 0.001 - 0.05 Increment potential of each pulse
Amplitude (V) +0.001 - +0.5 Potential pulse amplitude
Pulse Width (s) le-3 - 10 Potential pulse width
Sample Width (s) le-4 - 10 Data sampling width
Pulse Period (s) 0.01 - 50 Potential pulse period or dropping time
Quiet Time (s) 0 - 100000 Quiescent time before potential pulses begin

Sensitivity (A/V)  le-12 - 0.1 Sensitivity scale

Electrode 2:

Potential (V) -10 - +10 Second working electrode potential if not step
Sensitivity (A/V)  1e-12 - 0.1 Sensitivity scale for second electrode

On Check or Uncheck Second working electrode at constant E
Scan Check or Uncheck Scan the second electrode potential

Notes

e |nit E and Final E should be at least 0.01 V apart.

¢ Pulse Width should be no more than half of Pulse Period; otherwise the system will automatically
readjust Pulse Width.

e Sample Width should be no more than half of Pulse Width; otherwise the system will automatically
readjust Sample Width.

¢ When Amplitude is negative, the pulse direction will in the opposite direction of the potential scan.

e When the second electrode is set to Scan, its potential will be the same as the primary electrode; it is
not independent.
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4.2.8

Normal Pulse Voltammetry Parameters dialog box

In Normal Pulse Voltammetry (NPV), the base potential is held at Init E, and a sequence of potential
pulses with increasing amplitude is applied. The current at the end of each potential pulse is sampled
and recorded as a function of the pulse potential. The following diagram shows the potential waveform
applied as a function of time and the current sampling scheme.
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Parameter Range Description
Init E (V) -10 - +10 Initial potential
Final E (V) -10 - +10 Final potential
Incr E (V) 0.001 - 0.05 Increment potential of each pulse
Pulse Width (s) le-3 - 10 Potential pulse width
Sampling Width (s)le-4 - 10 Data sampling width
Pulse Period (s) 0.01 - 50 Potential pulse period or dropping time
Quiet Time (s) 0 - 100000 Quiescent time before potential pulses begin
Sensitivity (A/V)  1le-12 - 0.1 Sensitivity scale
Electrode 2:
Potential (V) -10 - +10 Second working electrode potential if not scan
Sensitivity (A/V)  1e-12 - 0.1 Sensitivity scale for second electrode
On Check or Uncheck Second working electrode at constant E
Scan Check or Uncheck Scan the second electrode potential
Notes

Init E and Final E should be at least 0.01 V apart.

Pulse Width should be no more than half of Pulse Period; otherwise the system will automatically
readjust Pulse Width.

Sample Width should be no more than half of Pulse Width; otherwise the system will automatically
readjust Sample Width.

When the second electrode is set to Scan, its potential will be the same as the primary electrode; it is
not independent.
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4.2.9

Differential Normal Pulse Voltammetry dialog box

In Differential Normal Pulse Voltammetry (DNPV), the base potential is held at Init E, and a sequence of
dual potential pulses is applied. The magnitude of the first pulse increments after every iteration, and the
second pulse has a constant amplitude relative to the first. Current is sampled at the end of both
potential pulses, and the difference of these two values is recorded as a function of the first pulse
potential. The following diagram shows the potential waveform applied as a function of time and the
current sampling scheme.
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Parameter Range Description
Init E (V) -10 - +10 Initial potential
Final E (V) -10 - +10 Final potential
Incr E (V) 0.001 - 0.05 Increment potential of each pulse
Amplitude (V) 0.001 - 0.5 Potential pulse amplitude
1st Pulse Width (s) 0.001 - 0.02 First potential pulse width
2nd Pulse Width  0.001 - 0.02 Second potential pulse width
Sampling Width (s)0.001 - 0.5 Data sampling width
Pulse Period (s) 0.05 - 50 Potential pulse period or dropping time
Quiet Time (s) 0 - 100000 Quiescent time before potential pulses begin
Sensitivity (A/V)  le-12 - 0.1 Sensitivity scale
Open Circuit Check or Uncheck Hold Step 1 at open circuit or constant potential
Notes

Init E and Final E should be at least 0.01 V apart.

Pulse Width should be no more than half of Pulse Period; otherwise the system will automatically
readjust Pulse Width.

Sample Width should be no more than half of Pulse Width; otherwise the system will automatically
readjust Sample Width.

In Differential Normal Pulse Voltammetry, consists of three steps (constant potential levels) per cycle.
The potential of the first step is normally held at Initial E, where no electrochemical reaction will occur.
The second step and third steps are incremented by Incr E every cycle, with the third step always
more positive (negative) for a positive (negative) scan than the second potential by Amplitude. Current
samples are taken every cycle at the end of the second and third steps, and the difference between
the two current samples is reported as a function of the second potential.
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4.2.10 Square Wave Voltammetry Parameters dialog box

In Square Wawve Voltammetry (SWV), the base potential is incremented from Init E towards Final E. A
square wave potential is superimposed onto the base potential, which increments after each cycle of the
square wave. Current is sampled at the end of the forward and reverse steps and recorded as a function
of the base potential. During the experiment, only the difference between the two current samples is
displayed. After the experiment, the forward and reverse currents will also be available for display. The
following diagram shows the potential waveform applied as a function of time and the current sampling

scheme.
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Parameter Range Description
Init E (V) -10 - +10 Initial potential
Final E (V) -10 - +10 Final potential
Incr E (V) 0.001 - 0.05 Increment potential of each pulse
Amplitude (V) 0.001 - 05 Square wave amplitude
Frequency (Hz) 1 - 100000 Square wawe frequency
Quiet Time (s) 0 - 100000 Quiescent time before potential pulses begin
Sensitivity (A/V)  le-12 - 0.1 Sensitivity scale
Electrode 2:
Potential (V) -10 - +10 Second working electrode potential if not scan
Sensitivity (A/V)  1e-12 - 0.1 Sensitivity scale for second electrode

On
Scan

Notes

Check or Uncheck Second working electrode at constant E
Check or Uncheck Scan the second electrode potential

e |nit E and Final E should be at least 0.01 V apart.

e Forward, reverse, and difference currents are recorded. Use the Graph Option command under the
Graphics menu to specify data display options.

e When the second electrode is set to Scan, its potential will be the same as the primary electrode; it is

not independent.
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4.2.11 AC Voltammetry Parameters dialog box

In [Second Harmonic] AC Voltammetry ([SHJACV), the base potential is incremented from Init E toward
Final E, and a sequential sine waveform is superimposed. Current is sampled when the AC signal is
applied, and it[s second harmonic component] is analyzed using a software lock-in amplifier. During the
experiment, only the absolute [second harmonic] AC current is displayed. After the experiment, the
phase-selective [second harmonic] current at any phase angle will also be available for display. The
following diagram shows the potential waveform applied as a function of time.
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Parameter Range Description
Init E (V) -10 - +10 Initial potential
Final E (V) -10 - +10 Final potential
Incr E (V) 0.001 - 0.05 Increment potential of each pulse
Amplitude (V) 0.001 - 05 AC amplitude
Frequency (Hz) 0.1 - 10000 AC frequency
Sample Period (s) 0.1 - 50 Data sampling period or dropping time
Quiet Time (s) 0 - 100000 Quiescent time before potential pulses begin

Sensitivity (A/V)  le-12 - 0.1 Sensitivity scale
Bias DC Current  off - range - on Enable DC current bias during run
Auto Sens Check or Uncheck Automatic sensitivity switching during run

Notes

e |nit E and Final E should be at least 0.01 V apart.

¢ Depending on the frequency range, it may not be possible to generate the requested AC frequency; in
this case, the closest available frequency will be applied.

¢ When the AC frequency is 2 Hz or lower, the Sample Period parameter should be at least 2 seconds;
if not, the system will automatically readjust the Sample Period.

¢ Both absolute current and phase-selective current are available. Use the Graph Option command
under the Graphics menu to specify data display options.

¢ When DC current is high and AC current is low, sensitivity cannot be increased because the DC
current will overflow. This problem is more serious when the frequency is relatively low. The application
of a DC current bias allows higher AC signal amplification. A 16-bit DAC is used for this purpose. On
the other hand, if the DC current is not expected to be large and the frequency is high, a DC current
bias may be unnecessary.
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4.2.12 2nd Harmonic AC Voltammetry Parameters dialog box

In [Second Harmonic] AC Voltammetry ([SHJACV), the base potential is incremented from Init E toward
Final E, and a sequential sine waveform is superimposed. Current is sampled when the AC signal is
applied, and it[s second harmonic component] is analyzed using a software lock-in amplifier. During the
experiment, only the absolute [second harmonic] AC current is displayed. After the experiment, the
phase-selective [second harmonic] current at any phase angle will also be available for display. The
following diagram shows the potential waveform applied as a function of time.
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Parameter Range Description
Init E (V) -10 - +10 Initial potential
Final E (V) -10 - +10 Final potential
Incr E (V) 0.001 - 0.05 Increment potential of each pulse
Amplitude (V) 0.001 - 05 AC amplitude
Frequency (Hz) 0.1 - 5000 AC frequency
Sample Period (s) 0.1 - 50 Data sampling period or dropping time
Quiet Time (s) 0 - 100000 Quiescent time before potential pulses begin

Sensitivity (A/V)  le-12 - 0.1 Sensitivity scale
Bias DC Current  off - range - on Enable DC current bias during run
Auto Sens Check or Uncheck Automatic sensitivity switching during run

Notes

Init E and Final E should be at least 0.01 V apart.

Depending on the frequency range, it may not be possible to generate the requested AC frequency; in
this case, the closest available frequency will be applied.

When the AC frequency is 2 Hz or lower, the Sample Period parameter should be at least 2 seconds;
if not, the system will automatically readjust the Sample Period.

Both absolute current and phase-selective current are available. Use the Graph Option command
under the Graphics menu to specify data display options.

When DC current is high and AC current is low, sensitivity cannot be increased because the DC
current will overflow. This problem is more serious when the frequency is relatively low. The application
of a DC current bias allows higher AC signal amplification. A 16-bit DAC is used for this purpose. On
the other hand, if the DC current is not expected to be large and the frequency is high, a DC current
bias may be unnecessary.
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4.2.13 FT AC Voltammetry Parameters dialog box

In Fourier Transform AC Voltammetry (FTACV), the DC potential is scanned from Init E to Final E in
increments of 0.3 mV. On top of this DC scan, a sine waveform is superimposed, applied continuously
without interruption. The resulting current is sampled and displayed directly at all times (cf. ACV). Once
the experiment is complete, data analysis by Fourier transform yields the absolute AC current, DC
current, first, second, third, and fourth harmonic components, as well as the complete response
spectrum. Hence, a very rich set of information can be obtained from a single measurement.

Parameter Range Description

Init E (V) -10 - +10 Initial potential
Final E (V) -10 - +10 Final potential
Frequency (Hz) 0.1 - 50 AC frequency

Amplitude (V) 0.001 - 0.5 AC amplitude
Total Data Point 8192 - 65536  Total number of data points sampled

Data Points Per 4 - 256 Number of data points per AC waveform period
Sine

Sweep Segments 1 - 2 Single or cyclic DC potential scan

Quiet Time (s) 0 - 100000 Quiescent time before potential scan

Sensitivity (A/V)  le-12 - 0.1 Sensitivity scale

Notes

Init E and Final E should be at least 0.01 V apart.

For a given frequency, the more data points per sine wawe, the faster the sampling rate will be. Faster
sampling will result in less noise (more signal averaging), but lower data density. If the specified
sampling rate exceeds 3 KHz, data will be be displayed at the end of the experiment instead of in real
time.

The total measurement time in seconds is equal to the total number of points / points per sine wave /
frequency.

The potential scan rate in turn is equal to the specified potential range divided by the total
measurement time.

The absolute AC current, DC current, first, second, third, and fourth harmonic components, and the
complete response spectrum can be plotted using the Graph Option command under the Graphics
menu.
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4.2.14 Amperometric i-t Curve dialog box

In the Amperometric i-t Curve technique (i-t), a constant potential is applied, and current is recorded as a
function of time. The following diagram shows the potential waveform applied as a function of time and
the current sampling scheme.
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Parameter Range Description
Init E (V) -10 - +10 Initial potential
Sample Interval (s)le-6 - 50 Data sampling interval
Run Time (s) 0.001 - 500000 Total measurement time
Quiet Time (s) 0 - 100000 Quiescent time before potential step
Scales During Run 1, 2, 3 Number of current display scales

Sensitivity (A/V)  le-12 - 0.1 Sensitivity scale
Aux. Sighal Rec. Check or Uncheck Record external signal when sample interval > 0.005 s

Electrode 2:

Potential (V) -10 - +10 Second working electrode potential

Sensitivity (A/V)  1e-12 - 0.1 Sensitivity scale for second electrode

E2 On Check or Uncheck Second working electrode on/off control

i2 0On Check or Uncheck Second working electrode current measurement on/off
Notes

The data sampling interval should be chosen according to the length of the experiment. The longer the
experiment, the longer the sampling interval should be. A longer sampling interval results in more
signal averaging and less noise.

During an experiment, whenewver the data exceed the maximum allowed points, the data storage
interval will be doubled automatically. Therefore, data points will not overflow for an unexpectedly long
experiment.

It is possible to record external woltage signals (e.g., spectroscopic signals) simultaneously with the
amperometric i-t response (minimum sampling interval may be limited). Use the 9-pin D-connector on
the rear panel for signal input. Consult the User's Manual for the pin-out and signal level requirements.
When only 1 current scale is displayed during a run, the data will be automatically scaled to fit. When
2 current scales are displayed during a run, they will be 1/100 and 1/10 of full scale. When 3 current
scales are displayed, they will be 1/100, 1/10, and 1/1 of full scale.

E2 On will turn the 2nd electrode potential control on without current sampling. This is useful if the 2nd
electrode is used for some kind of generator electrode. In order to measure current from the 2nd
channel, check i2 On.
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4.2.15 Differential Pulse Amperometry Parameters dialog box

In Differential Pulse Amperometry (DPA), a cleaning potential can be applied for electrode conditioning,
during which current is not sampled. Two potential pulses are applied after the cleaning step, and the
current at the end of each pulse is recorded as a function of time. During the experiment, only the
difference between the two current samples is displayed. After the experiment, the current responses to
the two potential pulses will also be available for display. The following diagram shows the potential
waveform applied as a function of time and the current sampling scheme.
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Parameter Range Description
Init E (V) -10 - +10 Initial potential
Cleaning E (V) -10 - +10 Electrode cleaning potential
Cleaning Time (s) 0 - 32 Electrode cleaning time
Pulse E1 (V) -10 - +10 First pulse potential
Pulse T1 (s) 0.01 - 32 First pulse time
Pulse E2 (V) -10 - +10 Second pulse potential
Pulse T2 (s) 0.01 - 32 Second pulse time
Number of Cycles 10 - 100000 Number of Repetitive Cycles
Quiet Time (s) 0 - 100000 Quiescent time before potential pulses begin

Scales During Run 1, 2, 3
Sensitivity (A/V)

Number of current display scales

le-12 - 0.1 Sensitivity scale

Open Circ. Clean. Check or Uncheck Cleaning step held at constant or open circuit potential

Notes

The experimental sequence consists of a cleaning step, the first pulse, and the second pulse. This
sequence is repeated until the total number of cycles is reached or the experiment is interrupted by
the user. There is no data acquisition during the cleaning step; if the cleaning time is zero, this step
will be ignored. Data are sampled for first and second pulses and the difference is reported.

Data sampling occurs during the second half-period of pulses 1 and 2. The longer the pulse width, the
longer the sample interval will be, resulting in better signal averaging and less noise.

During an experiment, whenewver the data exceed the maximum allowed points, the data storage
interval will be doubled automatically. Therefore, data points will not overflow for an unexpectedly long
experiment.

When only 1 current scale is displayed during a run, the data will be automatically scaled to fit. When
2 current scales are displayed during a run, they will be 1/100 and 1/10 of full scale. When 3 current
scales are displayed, they will be 1/100, 1/10, and 1/1 of full scale.
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4.2.16 Double Differential Pulse Amperometry dialog box

Double Differential Pulse Amperometry (DDPA) alternates between two instances of differential pulse
amperometry, with two sets of data recorded and displayed. In each instance, a cleaning potential can
be applied for electrode conditioning, during which current is not sampled. Two potential pulses are
applied after the cleaning step, and the current at the end of each pulse is recorded as a function of
time. During the experiment, only the difference between the two current samples is displayed. After the
experiment, the current responses to the two potential pulses will also be available for display. The
following diagram shows the potential waveform applied as a function of time and the current sampling

scheme.
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Parameter Range Description
First DPA:
Cleaning E1 (V) -10 - +10 Electrode cleaning potential
Cleaning Time (s) 0 - 32 Electrode cleaning time
Pulse E1 (V) -10 - +10 First pulse potential
Pulse T1 (s) 0.01 - 32 First pulse time
Pulse E2 (V) -10 - +10 Second pulse potential
Pulse T2 (s) 0.01 - 32 Second pulse time
Open Circ. Clean. Check or Uncheck Cleaning step held at constant or open circuit potential
Second DPA:
Cleaning E2 (V) -10 - +10 Electrode cleaning potential
Cleaning Time (s) 0 - 32 Electrode cleaning time
Pulse E1 (V) -10 - +10 First pulse potential
Pulse T1 (s) 0.01 - 32 First pulse time
Pulse E2 (V) -10 - +10 Second pulse potential
Pulse T2 (s) 0.01 - 32 Second pulse time
Open Circ. Clean. Check or Uncheck Cleaning step held at constant or open circuit potential
Init E (V) -10 - +10 Initial potential
Number of Cycles 10 - 100000 Number of Repetitive Cycles
Quiet Time (s) 0 - 100000 Quiescent time before potential pulses begin
Scales During Run 1, 2, 3 Number of current display scales

Sensitivity (A/V)  le-12 - 0.1 Sensitivity scale

Notes
¢ The experimental sequence consists of the first DPA cleaning, a first pulse, and a second pulse,
followed by a second DPA cleaning, a third pulse, and a fourth pulse. This sequence is repeated until
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the total number of cycles is reached or the experiment is interrupted by the user. There is no data
acquisition during the cleaning steps; if the cleaning time is zero, the cleaning step will be ignored.
Data are sampled for first and second pulses and the difference is reported.

e Data sampling occurs during the second half-period of pulses 1 and 2. The longer the pulse width, the
longer the sample interval will be, resulting in better signal averaging and less noise.

¢ During an experiment, whenever the data exceed the maximum allowed points, the data storage
interval will be doubled automatically. Therefore, data points will not overflow for an unexpectedly long
experiment.

e When only 1 current scale is displayed during a run, the data will be automatically scaled to fit. When
2 current scales are displayed during a run, they will be 1/100 and 1/10 of full scale. When 3 current
scales are displayed, they will be 1/100, 1/10, and 1/1 of full scale.

¢ To specify options to display data for the first or second DPA or both, use the Graph Option command
under the Graphics menu.
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4.2.17 Triple Pulse Amperometry Parameters dialog box

In Triple Pulse Amperometry (TPA), three potential pulses are applied. The first two pulses are for
electrode conditioning or cleaning. Current is sampled at the end of the third potential pulse and
recorded as a function of time. The third potential pulse can be constant or incremented after each
cycle. The following diagram shows the potential waveform applied as a function of time and the current
sampling scheme.
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Parameter Range Description
E1l (V) -10 - +10 First pulse potential
Duration 1 (s) 0 - 32 First pulse duration
Open Circuit Check or Uncheck Hold step 1 at open circuit or constant potential
E2 (V) -10 - +10 Second pulse potential
Duration 2 (s) 0 - 32 Second pulse duration
E3 (V) -10 - +10 Third pulse potential
Duration 3 (s) 0.01 - 32 Third pulse duration
Incr E (V) 0 - 0.02 Increment potential for third step
Init E (V) -10 - +10 Initial potential during quiescent time
Final E (V) -10 - +10 Final potential for scan
Number of Cycles 10 - 100000 Number of Repetitive Cycles
Quiet Time (sec) 0 - 100000 Quiescent time before taking data
Scales During Run 1, 2, 3 Number of current display scales

Sensitivity (A/V)  le-12 - 0.1 Sensitivity scale

Electrode 2:

Potential (V) -10 - +10 Second working electrode potential
Sensitivity (A/V)  1e-12 - 0.1 Sensitivity scale for second electrode
On Check or Uncheck Second working electrode at constant E
Pulse Check or Uncheck Step the second electrode potential
Notes

¢ The experimental sequence consists of three pulses. This sequence is repeated until the total number
of cycles is reached or the experiment is interrupted by the user. There is no data acquisition during
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the first two pulses, which are used for electrode cleaning purposes; data are sampled only for the
third pulse. If the first or second pulse time is zero, the corresponding step will be ignored.

e [f the increment potential is non-zero, the experiment will start at E3 and end at Final E. E3 and Final
E should be at least 0.01 V apart. The number of cycles will have no effect.

e Data sampling occurs during the second half-period of pulse 3. The longer the pulse width, the longer
the sample interval will be, resulting in better signal averaging and less noise

e During an experiment, whenever the data exceed the maximum allowed points, the data storage
interval will be doubled automatically. Therefore, data points will not overflow for an unexpectedly long
experiment.

e When only 1 current scale is displayed during a run, the data will be automatically scaled to fit. When
2 current scales are displayed during a run, they will be 1/100 and 1/10 of full scale. When 3 current
scales are displayed, they will be 1/100, 1/10, and 1/1 of full scale.
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4.2.18 Integrated Pulsed Amperometric Detection Parameters dialog box

In Integrated Pulse Amperometric Detection (IPAD), six segments of potential sweeps or steps are
applied. Current is sampled and integrated during the first four segments. Electrode conditioning or
cleaning occurs during the last two steps. The integrated current is averaged and recorded as a function
of time. The following diagram shows the potential waveform applied as a function of time and the current
sampling scheme.
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Parameter Range Description
Step 1: Start
Start E (V) -3.276 - +3.276 Start potential (constant)
Hold Time (s) 0.05 - 1 Start potential duration (current integration for last 10 ms)
Step 2: For. Scan
Peak E (V) -3.276 - +3.276 Potential is scanned Start E to Peak E
Scan Time (s) 015 - 1 Potential scan time (current integration continues)
Step 3: Rev. Scan
Return E (V) -3.276 - +3