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Introduction to This Guide

The Echem Analyst™ is Gamry’s dedicated data-analysis program, the companion to
Gamry’s data-acquisition program called Framework™. Data files generated by
experiments in Gamry Framework then can be analyzed in the Echem Analyst. The
Echem Analyst is a single program that runs data-analysis for all types of experiments,
such as those used in DC Corrosion, EIS and Physical Electrochemistry.

The Echem Analyst is designed with the specific functions to make data analysis as
straightforward as possible. This manual will explain the most common analysis routines.
The tools discussed here in the examples are common to many data files created by
other experiments. This document is a guide, and is not intended to have the same scope
as the on-line help or a complete operating manual. In order to create a concise
document, we assume the user has a working knowledge of Windows®-based
applications. Details on common functions, such as opening, saving, and closing files, are
intentionally ignored, so as not to obscure the goal of this guide.

~

This textbox indicates a helpful hint to know about Echem Analyst. =it [

fOREr




General Information and Overview

Installation

Echem Analyst installs separately from other Gamry software. If Echem Analyst is
not installed yet, you can find it on the CD-ROM, or—if you already own one of
our potentiostats—on our website at www.gamry.com.

You may install copies of the Echem Analyst on multiple computers. Often users
prefer the convenience of performing data-analysis at an office workstation, rather
than the laboratory setting.

File Formats

Gamry data files acquired using Framework software have the extension * . DTA.
DTA files are ASCII text, and therefore may be opened directly into various
programs, such as Excel® or Origin®. When DTA files are opened in Echem
Analyst, then saved, their extension becomes * . GData. Gdata files include
information on curve-fits and graphing options, thus Gdata files are only viewable
in Echem Analyst.

QKGE
( Do not delete your DTA files! They are the raw data and may need
to be reloaded for certain analyses, such as area normalization.

To Open a Gamry Data File

There are several different methods to open data files in the Echem Analyst:
1. Launch the Echem Analyst icon on your desktop. Then use the

pre s |
]

File\Open function. s
2. Use the link on your desktop to open the My Gamry Data folder. Echem
Double-click on the data file. You may have to instruct your Analyst

computer to associate the * . DTA extension with the Echem
Analyst program.

3. There are two quick ways to open a recent Gamry Data File.
a. Arecently generated file can be opened using the hotlink in the Analysis menu in the
Gamry Framework. (The last eight generated data files are listed there for quick access.)
The Echem Analyst automatically launches and opens your selected data file.
b. A recently opened file in the Echem Analyst is shown at the bottom of the File menu. This
is similar to how other Windows®-based programs display links to Most Recently Used
documents.



By default, files acquired in the Framework are saved into the My Gamry Data
folder. A shortcut for My Gamry Data installs on the Windows® desktop. You can
change this default under Tools\Options, which opens the Gamry Analysis
Framework Options window. Choose the General tab, and change the Path for
each type of data file as desired.

&
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G
( Don't change the directory for Analysis Script Files. These are the
VBA programs that do the actual analysis.

The data set appears in the main window. The menu items, tabs, and toolbar are
adjusted for the particular type of data set you chose. In the example below, a
Potentiostatic EIS data set is shown:

& Gamry Echem Analyst - [Sample Potentiostatic EIS.DTA]
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& LCURVE (Sample Potertiostatic EIS.DTA) W 2 - ZCURYE {Sampls Potentiostalic B DTA)

Note the tab-based display. The Experimental Setup tab displays all the
information from the parameters used to run the experiment, such as Voltage,
Time, etc. The Experimental Notes tab stores any notes written into the setup
screen in Framework. The Open Circuit Voltage tab shows the voltage measured
during the Initial Delay of the experiment. The Hardware Settings tab records
information on the filters, ranges, gains. Additional information on date of last
calibration, software version, etc. is also stored here.



Working with Plots in Echem Analyst

Introduction

Echem Analyst boasts a number of graphical tools to help you get the most
information out of your data. Once you open a data set, these tools appear in the
toolbars immediately above the plot:

In the data file, Framework writes a line that indicates the type of experiment

used to generate that file. Echem Analyst displays both general and specific menus
containing the analysis routines pertinent to your experiment.

Toolbars:

= Gamry Echem Analyst - [Sample Cyclic Voltammetry - Ascorbic Acid DTA]

: 0 File Took indow Help Cyelic Voltammetry:  Common Tools - Quick Help -8 X

GG aE80 9 9@

1 Experimental Setup 1 Experimental Motes ] Electrode Settings I Hatcware Settings ]

[J k-&- DAEBE@ e eE| 285> J

B Se oy ||ABEH @

The main toolbars are:

General General functions for replotting and printing in various formats

Toolbar B v G v | ED @E@ RPpF LA | A

Selection  Tools to select and view data points
Toolbar 5 R W ®



The following charts are references for buttons on the default toolbars.
Descriptions of the most commonly used functions are highlighted in blue.

General Toolbar Functions

Button Name

Action

B Copy to
B clipboard
it - Gallery
& . Color
B Vertical Grid
“;1 Horizontal Grid

Data Viewer

Legend Bar
&
L&l

]

Properties...
3D/2D
¢¢’ Rotate
A Z-clustered
Zoom

A Print preview
Print

- Tools

Copy the selection to the Windows® clipboard. Can paste directly in
Microsoft programs for reports or presentations.

Choose, via the dropdown menu, from scatter (no line), line, curve, and
steps between data points

Choose the color of the selection from the dropdown menu. To change the
color menu, use the Palette button on the PaletteBar.

Toggle between showing and hiding vertical grid lines on the plot

Toggle between showing and hiding horizontal grid lines on the plot
Toggle between showing and hiding a legend bar underneath the plot
Toggle between showing and hiding numerical data to the left of the plot

Open the GamryChart Properties window, so that you can adjust effects,
colors, markers, 3-D effects, lines, etc.

Toggle between two-dimensional and three-dimensional graphing
Rotate the three-dimensional graph. Only active if the graph is 3D.

Offset two data sets so that they can be distinguished within one plot.

Only operates in 3D mode.

Zoom in on a selected region. Also open a zoom slider at the bottom of the
graph for continuous adjustment of zoom.

Open the Page setup window to adjust orientation of plot and printer
margins

Print the plot

Open a dropdown menu, for choices of various toolbars and viewers to
appear on the screen



Selection Toolbar Functions

Button

Name

Action

b

Show curve selector

Select x region
Select y region
Select Portion of Curve

using the Mouse
Select Portion of Curve

using the Keyboard
Draw Freehand Line
Mark Found Peaks
Apply Template

Save Template

Show Disabled Points

Open the Curve Selector area to the right of the plot, so that you can
choose which data are used as the x-, y-, or y2-coordinate, and
which curve is the active trace.

Select a desired region of the plot across the x-axis. Commonly used
to specify a region for Quick-Integrate.

Select a desired region of the plot across the y-axis Commonly used
to specify a region for Quick-Integrate.

Left-click on the active trace using the mouse to select a section of
the curve

Open an area to the right of the plot, in which you can choose a
segment of the trace numerically. See below for more details.

Draw a line on the plot

Place a tag on peaks that the software finds. A portion of the curve
must be selected first.

Open the Apply User-Defined Chart Template window, and
choose a previously created template to apply to the plot

Open the Save User-Defined Chart Template window, and save
the template

Show data points not being used in the plot



Changing the Axes on a Plot (the Curve Selector):

To choose a different variable plotted on an axis, use the Curve Selector button

as follows:
(The example shown below is a Differential Pulse Voltammetry plot.)

1. With the plot open and displayed on the screen, click the Curve Selector

button /
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The Curve Selector area appears on the right side of the window.

2. Choose which trace is active by clicking on the drop-down menu in the Active
Trace area.
The Active Trace is the data series on which the analysis will be performed.
Use this, for example, if multiple files or cycles are displayed on the graph.

3. Choose which trace is visible on the plot by activating the checkbox next to the
desired trace(s) in the Visible Traces area.
Visible Traces also contain any data fits that are performed.

4. Choose which variable is plotted on the x-axis by highlighting the variable in
the X-Axis column.

5. Choose which variable is plotted on the y-axis by highlighting the variable in
the Y-Axis column.

6. Choose which variable is plotted on the second y-axis by highlighting the
variable in the Y2-Axis column.

A'D:o,('f l

oG
( If there is a data column graphed on the Y2-Axis, those data appear in
a different color and a different scale.




Selecting Portions of a Curve for Analysis

For certain types of analysis, you must select a region of the curve, for example,
within the Peak Find function in Cyclic Voltammetry or Tafel Fit function in
Potentiodynamic. You can select regions by mouse or keyboard.

1. Left-click the mouse on the Mouse button S in the Selection toolbar.

2. Use the left mouse-button to select each endpoint of the curve.
Each endpoint is marked with a blue cross. The selected portion of the curve
is shown as a thick blue line. (In the figure below, the color of the data has
been changed to red for contrast to the selected region).

S T

3. Another click on the Mouse button clears the selected region, and readies the
graph for a different region to be selected.
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Cutting and Pasting Images and Data

Many users want to present, publish, or otherwise share their data and charts
from the Echem Analyst. To create a bitmap image of the graph,

As a Bitmap:

1. Choose the Copy to Clipboard button - from the General Toolbar.
2. In the drop-down menu select As a Bitmap.

Bk-&- BREBEE PRAZ|»
&8 As aBitmap l ¥ t“

Az a Metafile
l Sample:

,;i; A5 Text (data only)

3. A bitmap image of the graph enters the clipboard. This bitmap may be pasted
into a presentation program such as Word® or Powerpoint®.

This is a quick and easy way to o
import a picture of the graph for *DO*&[
a presentation or report. (()KG I . .
Bitmap is not an editable format.
As Text:

Because Gamry Data Files are ASCII text, they can be opened easily in other
graphing programs, such as Excel® or Origin®. Right-click on the DTA file and
select Open With... and select for favored program. These programs, however, do
not contain fitting routines specific to the analysis of electrochemical data. This As
Text feature lets you fit the data in Echem Analyst and then copy and paste the
data and fit into another graphing program.

This is a quick and easy way to import both the data and the fit into another
graphing program.

ol

ol
fOREr
If you are using the As Text feature, be sure to note the currently
graphed parameters. The coordinates of this currently displayed graph are
copied and can be pasted to graphing programs.




Plotting Conventions

By right-clicking the mouse on a non-zero value on an axis, you can choose to
show that axis in logarithmic or linear scale, or to reverse the direction of the

numbers.
o o A
28 Edit title
Eont ..,
| CD|DI’
Reversed E!
E® Properties ...
0.0 nd, 1.000 pa, 104 100.0 pa,

Iim (A)

Alternatively, you can use the Transform Axes selection (if available) under the
Common Tools menu.

4:90,(

0

( Default plotting of graphs is auto-scale. Therefore, please note the
y-axis’s scale when a plot first appears. If bad data points obscure your data
because of auto-scaling, you can choose to disable and hide those offending
points.

To Get On-Line Help:

In the toolbar, choose Help.

a. Click Gamry Help to obtain
information about various
commands and functions within
Echem Analyst.

% Gamry Echem Analyst

File Tools Window | Help

=" R

IQ) Gamry Help
L2 what's This?

About the Gamry Echem Anakyst

A separate Gamry Echem Analyst Help
window appears. You can find much information about the details of Echem Analyst here, such as
plotting and analysis.

4:90,(

0
( On-line help is a great resource for more involved questions. Help
is divided up according to software package.

11
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&? Gamry Echem Analyst Help

B - <4 © [ @ & O

Hider Locate Facl Forwsc Stop Refresh Home Pt Options
Lontents | |ndex | Search | Favoites =
it St Soraen] Introduction
J Garry Help

w Fd‘a'“A”a'}“t \Welcome to the Gamry Echem Analyst™. This Analysis Framework 1s intended to provide you with a powerful

yet flexible means for analyzing your electrochemical data, This online help system provides all information
necessary for using and customizing your Analysis Framework, In the event that you have questions that
you are unable to find an answer to, please contact us immediately, and we will do our best to provide the
answer to your question.

anny
‘Warking with Verzion 3 Diata Fies
Standaid Menu Commands

@ Sciptapeciic Menus

‘Warking with Charts
Arialpsiz Libray

DC10S Help

CPT110Help

EN120Help

PHE200 Help

P22 Help

EI5300 Help

b. Click About the Gamry Echem Analyst to view the software version number.



Common Tools and Tabs

While each type of experimental data has its own method and parameters, there
are certain commands that are common to many analyses. This section shows you
these Common Tools.

Accessing Common Tools

1. Open a dataset.
In the toolbar, the function Common Tools appears.

2. Choose & Gamry Echem Analyst - [Sample Chronoamperometry.DTA]
Common
Tool 7 Ele Tools ‘Window Help  Chronoamperametry Welp
OO0IS.
A drop- =A™ == R =R=R=011 @ 2 fidd [ Constant
Linear Fit —

down — E L

{ Chart l Second Chart l Experimental Setup l Experimental Smooth Data ] Ha
menu ................... ;
appears.

3. Select the desired command.
In this example, chronoamperometry’s Common Tools includes three

commands, Add | Constant, Linear Fit, and Smooth Data.

ﬁ'ﬁ),{"f [

foRcer.

The list of Common Tools varies depending upon the type of

experiment.

List of Common Tools

Command  Type of experiment Result
Add E Cyclic Voltammetry, DC Voltammetry, Adds a constant
Constant Differential Pulse Voltammetry, Galvanic potential to all
Corrosion, Normal Pulse Voltammetry, Pitting  voltages in the plot.
Scan, Polarization Resistance, Used to easily
Potentiodynamic Scan, Square-Wave convert between
Voltammetry different Reference
Electrode’s scales.
Add | Chronoamperometry, Chronopotentiometry, ~ Adds a constant
Constant Cyclic Voltammetry, Galvanic Corrosion, value to all currents
Pitting Scan, Polarization Resistance, in the plot.
Potentiodynamic Scan
C from CPE,  Potentiostatic EIS, AC Voltammetry, Mott- Calculates
omega(max)  Schottky capacitance from
previously fit CPE

values and data
13
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C from CPE,
R(parallel)

Linear Fit

Post-Run iR
Correction

Smooth Data

Transform
Axes

Potentiostatic EIS, AC Voltammetry, Mott-
Schottky

Chronoamperometry, Potentiostatic EIS, AC
Voltammetry, Chronocoulometry,
Chronopotentiometry, Cyclic Voltammetry,
DC Voltammetry, Differential Pulse
Voltammetry, EMF Trend, Galvanic
Corrosion, Mott-Schottky, Normal Pulse
Voltammetry, Polarization Resistance,
Potentiodynamic Scan, Square-Wave
Voltammetry

Cyclic Voltammetry, Polarization Resistance,
Potentiodynamic Scan

Chronoamperometry, Chronopotentiometry,
Cyclic Voltammetry, DC Voltammetry,
Differential Pulse Voltammetry, EMF Trend,
Galvanic Corrosion, Normal Pulse
Voltammetry, Pitting Scan, Polarization
Resistance, Potentiodynamic Scan, Square-
Wave Voltammetry

Galvanic Corrosion, Pitting Scan, Polarization
Resistance, Potentiodynamic Scan

from the Nyquist
plot.

Calculates
capacitance from
previously fit CPE
and fit R data.

When a region of
the plot is selected,
fits the data to

y = mx + b.

Corrects a previously
run scan for voltage-
drop caused by iR.

Smoothes the data.
Useful for locating
peaks in regions of
high data-density.

Changes x- and y-
axes from linear to
logarithmic, etc.




Experimental Setup

& Gamry Echem Analyst - [Sample Cyclic Voltammetry - Ferricyanide.DTA]
“ Ele Tools Window Help  Cyclic Voltammetry  Common Tools  Quick Help

Ed g A =230 (7

imertal Hctes | Settirgs | Hardwere Settios |
Iniital £ 1] [ 08 6ok O Egc Sean Limit 1 (V) l—lfi_ o s Eref O we Eoc
Sean Linit 21V) [ 0E 6 sk ©ovskoe Final E (4] [ 05 6 wEe vk
Date [Brnizna
Tt [deriifist |Cychic Voltammetry
Time mﬁ
Sean Rate (/) | 100
Step Size frit] | 1
Electiods Avea fca) [ ooy
Ecul Tirne (3] I 5
M Cuirert 1) [ ook
Conditioning ot | . [
Init. Dielay ok | i [
Cyeles (#) | 1
IR Camg Nore
(lpen Cicuit (V) [ i

This particular Experimental Setup tab is from a Cyclic Voltammetry experiment. This
example has many of the same parameters as other experiments. It shows:

Initial E, Scan Limit 1, The potentials defining the waveform, and whether measured

Scan Limit 2, Final E vs. a reference electrode (E,.) or the open circuit potential (E,,).

Test Identifier Read from the Framework Setup. This field also becomes the
default title of the plot.

Time Time the experiment was started

Scan Rate How fast (in mV/s) the scan was taken

Step Size The interval between potentials

Electrode Area The size of the electrode

Equil. Time How much time was spent letting the electronics settle before
the scan was started

I/E Range Mode Automatically adjusted or fixed I/E (Current) Range mode.

Max Current The current value that sets the I/E Range in Fixed Mode and
determines the range in which to start in Auto Mode

Conditioning Whether off or on, for how long, and under what potential.
This Potential is vs. Reference.

Init. Delay Whether off or on. This is when the E__is measured.

Cycles Number of how many voltammetry cycles were run

IR Comp If IR Compensation was used and the mode.

Open Circuit The value of the Open circuit voltage (Corrosion Potential). It is
the value of the last point in the Initial Delay.

Sampling Mode Data-acquisition mode (for Reference Family Potentiostats)

15
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Experimental Notes

Click the Experimental Notes tab:
Any notes entered in the Framework are automatically displayed here. You
may enter any additional comments about the experiment in the Notes...
field.

1] Gamry Echem Analyst - [Sample Cyclic Voltammetry - Ferricyanide.DTA]

& Tools  Window  Help Cyclic Yoltammetry  Common Tools  Quick Help

SH|E|gaa8m 9w

—m—]—m Experimental Motes l Electrode Settingz ] Hardware Settings

Motes Pt electrode

B Thd MaCl 10 ml

+200 ul 0.1k FeCME [ 2mM FelCM]E ]
+200 ul 0.5 HZ2504 [ 10 mkd H2504 |

This is a version of a modern laboratory notebook. Enter as many details about
your experiment as you can. Information here can help you avoid having long
strings of descriptive file names.



Hardware Settings

ol

(oﬁ(agf!

This section documents the hardware settings that were used when
the experiment was run, e.g., everything from the offsets, filters, and gains to
the last time the potentiostat was calibrated.

This information is used primarily by Gamry Technical Support staff to help
troubleshoot. Gamry determines defaults for these settings based on
experience. Advanced users can adjust these settings manually before the
experiment is run.

For DC Corrosion experiments, the Hardware Settings are set in the
experiment code. For Physical Electrochemistry experiments, users have
access to these features through the Advanced Panel, but Gamry recommends
that only advanced users make changes to these settings. Consult Help or
Gamry Technical Support for advice.

Click the Hardware Settings tab:

The hardware settings

displayed here are:

Potentiostat

Control Mode
Control Amp Speed
I/E AutoRange

Ich AutoRange

Ich Range

Ich Filter

Ich Offset Enable

Ich Offset

Positive Feedback IR
Comp

I/E Range Lower Limit

Ach select

[Fi5 e

[P w2 EA N [ 2

SEE e i

!

1

1

Figis: feoticel Bt (O] % ks et Ree s |
1

L ralisie A e

s

B

Shows the potentiostat’s label

How the experiment was controlled

Shows the speed of the control amplifier

Shows if the I/E autorange function was enabled
Shows if the |, autorange function was enabled
Shows the |, range (gain). 3 Volts = x1 Gain.
Shows the 1, cut-off filter frequency

Shows if 1, Offset was enabled

Shows the |, offset voltage

Shows if the IR positive feedback was enabled

Shows the lowest available I/E Range available to use in this
experiment

Shows the input connector for A,

17
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DC Calibration Date
Framework Version
Pstat Model
Current Convention
I/E Stability

I/E Range

Vch AutoRange
Vch Range

Vch Filter

Vch Offset Enable
Vch Offset

Positive Feedback
Resistance

Ach Range

Cable ID

AC Calibration Date
Instrument Version

Shows the date of last DC calibration

Gives the model number of the potentiostat

Shows which currents are positive

Shows the I/E stability speed

Shows the I/E (or current) range used

Shows if V, autoranging is enabled

Shows the maximum value for V,,

Shows the V, cut-off filter frequency

Shows if V, Offset was enabled

Shows the 1, offset voltage

Shows the positive feedback resistance applied to the system

Shows the voltage range of the auxiliary channel

(for Reference Family Potentiostats only.) Gives the type of
cable connected to the system

Shows the date of last AC calibration

Shows the Firmware Version of a Reference Family Pstat

Detailed explanations of these parameters are beyond the scope of this guide.



Open Circuit Voltage (Corrosion Potential) Data
Click the Open Circuit Voltage tab:

=3 Gamry Echem Analyst - [Sample Polarization Resistance.DTA] e @
X

: 0 Fle Tools window Help Polarization Resistance  Spmmon Tools — Cuick Help = A
Sl a2 E809 @

Chart ] Expetimertal Setup ] Exzperimental Motes Open Clrcuit Vol&e 1 Hardvware Settings

2 k- DEEER &b |20 S| >

Heveoms i Yk =

Open Circuit Yoltage
5000 pv

0000 v

S000 PV

Y vs Refl)

1000 py

=1al0 ph T
0000-s 5000 = 10.00 = 1500 =

Ti=)

- DCYCURYE (Sample Polsrization Resistance DT&)

Ready

Because default plotting of graphs is auto-scale, please note the
y-axis’s scale when the Open Circuit Voltage first appears.

19



Analysis of Cyclic Voltammetry Data

20

This is a sample cyclic voltammetry file that installs in \My Gamry Data\ when
Framework installs.

& Gamry Echem Analyst - [Sample Cyclic Voltammetry - Ferricyanide, DTA]

T fle Took Window Help  Cwelic Voltammetry  Comon Tools - Quick Relp - B
e- 0~ B zsill= Bl BE=R=Wii| @ 1§

) =
B 5w |

B xveom| *H

Cyciic Votammetry

10,00 pA

0000 &

Im (&)

-10.00 pA

=2000 P&

=30 00 pa
10000y 2000wy 000 EY A0 O mY 000wy BO0.O Y

VIV vs, Ret)
& CLRVE! (Sample Cyolic Voltammetry - Fesricyanide DTA).

Fendy

Cyclic Voltammetry Special Tools

This menu analyzes the cyclic voltammetry data.
1. In the main menu, choose Cyclic Voltammetry.
A drop-down menu

appears. ] Gamry Echem Analyst - [Sample Cyclic Yoltammetry - Ascorbic Acid.DT2
2. ChOOSG the desired T Ble Tools ‘Windomw Help Cyclic Yaltammetry | Common Tools  Quick Help
tool:

JH ﬁ = | ﬂ E % TlingMax

ik Inkegrate F

l Experimental Setup ] Expeti Inteqrate

2k &~ DB

B s Ry Mormalize by Scan Rate
Mormalize by Square Root of the Scan Rake

Reqgion Baselines

Clear Regions

Peak, Find
Clear Peaks

Automatic Baseline

3.000 pa,

Peak Baselines
Clear Lines

2.000 pa, Delta Ep

Subtrack Background Fram File
Export ko DigiSimn

Options

1000 pA



Tool

Function

Notes

Min/Max

Quick Integrate

Integrate

Region Baselines
Clear Regions
Normalize by Scan
Rate

Normalize by
Square Root of the
Scan Rate

Peak Find

Clear Peaks
Automatic Baseline

Peak Baselines

Clear Lines

Delta Ep

Subtract
Background from
File

Export to DigiSim

Options

Finds the minimum and maximum
currents and voltages within the dataset.
Results appear in a window below the
plot.

Integrates to find the total charge. Results
appear in a window below the plot.
Integrates over a specified portion of the
plot to find the total charge.

Defines a line as the baseline for a
specified region.
Clears all baselines from the dataset.

Normalizes the dataset based on the scan
rate.

Normalizes the dataset based on the
square-root of the scan rate.

Finds peaks within a specified region of
the dataset.

Clears all peaks found within the dataset.
Finds the baseline automatically.

Defines a line as a baseline for a
specified peak.
Clears all lines from the dataset.

Finds the potential difference between
two peaks.

Subtracts a background amount from the
dataset.

Exports the file to a DigiSim®compatible
format.

Changes units and grids for plotting the
data.

For multi-cycle CV
experiments
Portion of the
curve must be
selected

Region must be
selected

Region must be
selected

Portion of the
curve must be
selected

Peaks must be
identified
Peaks must be
identified
Peaks must be
identified
Lines must be
associated with
graph

Peaks must be
identified

21



22

4. Right-click the mouse on

Integrating the Voltammogram

All integration methods integrate current versus time to get the total charge. There
are two different ways to integrate under a curve with Echem Analyst.

Quick Integrate

Quick Integrate breaks the data into “curves”. Each curve is integrated to a zero
current. Quick Integrate integrates the entire area of each curve, unless an area is
specified using the x-region icon.

Integrate

Integrate requires you first to select a portion of the curve. (See how to select a

portion of the curve in the “Starting Echem Analyst” chapter.) After an integration

is performed, you can change the baseline from the default O A to another line,

either a line that you draw, or an Automatic Baseline.

1. Open the data file.

2. Select the Draw a Freehand Line 7 File Taols Window Help | Cyclic Voltammetry Common Tools oL
button: SdE| Q28809 0w

Chart ]Experimental Setup ] Experimental Motes ] Electrode Settings ] Hardware Settings
L~ @~ | B R | e APAs|»

3. Left-click and hold on the graph " H =
to place an anchor point.

20,00 pa

Holding down the mouse button,
extend the line with the mouse.
Move or extend the line as you

wish.
10,00 p&

Directions to accept the o
W e W AETR e e |

line are printed at the S,
bottom of the window. s

the line and either Ac-

cept or Delete.

After you accept the

line, it turns from

dashed to solid.
5. Select the portion of the | ™=

curve to integrate.

This function is de- M (o

scribed in detail earlier.




6. Select Integrate from the
Cyclic Voltammetry — =%
menu.

This integrates the sec-
tion between the curve
and the zero amp line.

7. To change the baseline
to the desired user-
drawn line, select Region
Baselines from the Cyclic
Voltammetry menu.

EEE
A 908

s

Lo

I

Y- [Samipls Dyclie Yaltametes - Fs

gycic voltarirelvy | Domimon Tools Quidk sty

i)
s =

=fwn Ll

Hindis
Quch Imegs
Inbayrsta Y
RegEnRaEER

Slear Frpntt

sorire B2 by St Eal

Horws B by S3aere Rack of tha Soan R'e
2308 Fpd

Slear Feds

Spatorvitic Bumlin

Back el

Slear Lirss

Dabm g

Bubtzet Bakigreund Brow; File

b=
4

L = = |

Region Baseline Settings

— Select Regions and Baselines

St b (Vi

Reqion

Region 1 -28.41 pc

Baseline

Mone
Line 1

Slope = 2.08E-05 Inkercept = -1, 35E-05

The Region Baseline
Settings window appears.

8. Select the Region Baseline
from the available lines. You
may draw multiple lines from
which to choose.

Update Lists Close

Note that the

[T r—po—

A >

Sy otmry

integrated s86s 2380 e
region moves L b- O REED
(R R il
from the -
default O
Amps baseline s
to the user-
drawn line. e
T

1 000

- ELRE (haries i Vibirwehity -

.L

R

e 80
WV

A i1

—Lm1
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Modeling Polarization Resistance Data

Polarization Resistance Special Tools

This menu analyzes the polarization resistance data.
1. In the main menu, choose Polarization Resistance.

A drop- % Gamry Echem Analyst - [Sample Polarization Resistance.DTA]

down T File Tools Window Help Polarization Resistance Iﬂun Tools  Quick Help
menu S g # S8 oudkintsgate
appears. Plimy
....... E hart ..... l Experimental Setup ] Experi Palarization Resistance e ] Hardvware Settings
Bl @B B e b@alx
2. Choose the desired tool:
Tool function
Quick Integrate  Integrates to find the total charge. Results appear in a window
below the plot.
Min/Max Finds the minimum and maximum currents and voltages within
the dataset. Results appear in a window below the plot.
Polarization Within a selected portion of the curve, finds the polarization
Resistance resistance.
Options Changes units and grids for plotting the data.

Finding the Polarization Resistance
Method 1: Manual Eentry of the Tafel Constants

1. Select the desired portion of the curve. (See section....)
2. In the main menu, choose Polarization Resistance.

A drop- % Gamry Echem Analyst - [Sample Polarization Resistance.DTA]
down T File Tools Window Help Polarization Resiskance | Common Tools  Quick Help
menu S g # S8 oudkintsgate
appears. Plimy
l Expetimental Setup ] Experi /r Polarization Resistance He ] Hardweare Settings
. Opkions 1
B ko« @ | BRI : DA LA
3. Choose Polarization Resistance.
The Polarization Resistance window Polarization Resistance @
opens. Seed Values
4. In the Seed Values area, enter anodic Betas | 01z
(Beta A) and cathodic (Beta C) Tafel
constants. Betal | 0.12

5. Click the Calculate button.— — |

The calculated Corrosion Rate appears in \ClDSE\'“’QaIculate ‘

a window below the plot.




Method 2: Automatic Selection of Voltage Region

Gamry offers another way to select automatically the voltage region over which
this analysis is done.

1. In the Polarization Resistance menu, choose Options.

o Gamry Echem Analyst - [Sample Polarization Resistance.DTA]

7 Ele Tools ‘window Help | Polarizabion Resistance | Commaon Tools  Quick Help

=A™ M=91= RE = 0= = Cuidk. Inkeqgrate
MinMax

Ehartl Experimental Setup l Experi Polfirization Resistance He ] Hardware Settings

Opkions

ko @ v | R e . DAl >
The Polarization Resistance Options window opens.

2. Select this Automatic radio
button, specify the region
around Ecorr to use, and Save
as Defaults. You are prompted
directly for Tafel constants B Ui fois nen e D e
when a polarization resistance

Polarization Resistance Options

nits For Time

| Sengnds ﬂ mamel Factor

. Units For Yoltage Data Grid
file is opened.
" ws, Eoc - Display grid For each data
- table
.. * s, Eref
This is how Gamry’s RpEc Trend
experiments calculate corrosion N
p Units For Current P ——
Automatic
rate. " Current Density l—
* Current
{* Manual

Alternate Iy

Save as Defaults
* Yolage on Y Axis

" Yolkage on 2 Axis

Apply
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Modeling Potentiodynamic (Tafel) Data

A Tafel experiment is also a very popular electrochemical corrosion technique.
The following analysis is performed on the sample Potentiodynamic data file.

Tafel Fit

1. Select the region over which to perform the Tafel fit.
This region must encompass the Ecorr (Open Circuit Potential).
2. Select Tafel Fit from the Potentiodyanmic menu:

¥ Gamry t=hem Analyst - [Sample Potentiodynamic [Dummy Cellp.DTA]

_

3. A Tafel Fit window appears where you may S X

input seed values optionally for the fit.
The better the information we provide the | 5 I use seed values

fitting routine, the more likely it will be able Iterations 150
to generate an acceptable fit. seed ohics
Icorr 0.000001 N

If you have reasonable starting parameters |l  eor | azvesss
for the fit, input them in the Seed Values

Beta & 0.1z
area, and check the Use Seed Values

BetaC 0.1z
checkbox. If you do not have any \_ y
confidence at all in your range of Weighting
parameters, do not check the Use Seed “log O Linear C pwerage

Values checkbox.

Close Calculate

We recommend using the seed values
supplied by the Echem Analyst.

4. Click the Calculate button.
When the Calculate button is pressed, the changes can be subtle. The
following events occur:
e The parameters in the Tafel Fit window become the fit parameters.



e Afitline is displayed on the graph.
e Anew Tafel tab is created (to the right of the Hardware Settings tab) that
holds the information about the fit.

? Gainry Echein Analal - [Sainple Polesilkubyiamic Doy Cell)OTA]
T el ol o Tk ik

Tafel Fit X

[ Use Seed Yalues

Iterations 150

Seed Yalues

Icorr 1.43E-04
Ecorr -5.26E-05
e
Beta f 21224
Beta C 21115
Weighting o -
* Log " Linear " Ayerage

Close ‘ Calculate

E Log I Fit

The E Log I fit is a useful fit if you want to fit the data one branch (anodic or
cathodic) at a time. This can be important if one branch doesn’t show linear
behavior, but the other does.

The fit is called E Log I because of the semi-logarithmic nature of a Tafel plot. The
x-axis is the logarithm of current, while the y-axis is potential on a linear scale.

Method

1. Select a portion of the curve.
Here you need only the linear section of one of the
branches. This selection does not include Ecorr (Eoc

Ecorr -0,28802E-06)  Volks

(open circuit potential)). Close ‘ Caleulate ‘

2. In the E Log I Fit window, enter an approximate
value for Ecorr.

3. Click the Calculate button.
A single branch of the Tafel Z
data is fit. The fit is shown '
on the graph, and the results
of the fit are contained in a
new E Log | tab.

LellLDTAL

‘‘‘‘‘‘‘

You can run a Polarization \ll
Resistance fit on this \

) : . Y
Potentiodynamic data, if the \
axes of current are changed L N N

to the linear scale. Generally =

we suggest running a separate experiment on a new sample of the same
material because of the more-polarizing, more-destructive nature of the
Potentiodynamic experiment.
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Modeling EIS Data

28

The data-analysis features shown here are common to many of the AC-based
techniques. By far the most popular type of AC experiment is Potentiostatic EIS.

Bode and Nyquist Plot View

Click the Bode tab or the Nyquist tab of the plot you prefer to work with. All fits
are displayed on both the Bode and Nyquist plots. Because they are different
representations of the same data, the fit results are identical.

% Gamry Echem Analyst - [Sample Potentiostatic EI5.DTA]

© Bk Twh Wi Weo e | Gommo ook Qick el SAw
Jd|iid BN 0 )

[E——
gk e

Bode plot

& Garmry Echem Analys! - | Senpl= Polentiostatic EIS,0TA]

L ook dincow sk Prpscaron  Comeon Toas Qs
=0 = Eeels e B WL

Bade | Hooed | 2 parinarielSetup | Sroernents fotes | oman Srcus vonsgs | Heroiews Setis
Q- R EEEG e S YL 2
s BRI Yl |

[T

Nyquist plot

1200 kam

Zrsgishm)
£

E
a0 chn 1000 Sohn 0 kchn Im0kenn A0 ko,

Fiwd (b
 ZCURHE (Sampls Palerlnstutc B2.0TE)

Frscs



EIS Special Tools

EIS data-analysis uses an equivalent-circuit approach. This menu creates and runs
fits for EIS data. Commands in this menu allow you to build an equivalent-circuit
model in the Model Editor, then fit that model to your data. This menu also lets
you run advanced procedures, such as Subtract Impedance, and run Kramers-
Kronig transforms.

1.

In the main menu, choose Impedance.
A drop-down menu appears.

. To create or gy

edit an 47 Gamry Echem Analyst - [Sample Potentiostatic EIS.DTA]
equiva|ent T File Tools ‘Window Help pedance | Common Tools  Quick Help
circuit, =2" M= ==k Model Editar

choose Fit: & Model {Levenberg-Marguardt Method) =
Model l Ry ojuist ] Expetimertal Setu Fit & Model (Simple: Method)
Editor. subtract Irmpedance. .,

The 2 l_ ~ & - |Q |@|I kramers-Kronig

Impedance e T E . Clear &l Fits

Model Options

Editor

window appears. See the next page for how to use it.

. To fit the data using the Levenberg-Marquardt method, choose Fit A Model

(Levenberg-Marquardt Method).
The Select Model File window opens.
Choose the appropriate model file, and click the OK button.

. To fit the data using the Simplex method, choose Fit A Model (Simplex

Method).
Simplex method weighs the user’s seed values less. We recommend using the
Simplex method.

. To subtract an impedance from the data, choose Subtract Impedance....

The Impedance Subtraction window appears.

Choose:
Element  Choose a circuit element from the drop-down menu.
Model Browse for a previously defined model.

Spectrum Browse for a data-set.
Click the Close button.

. To use the Kramers-Kronig method,

Choose Kramers-Kronig.

Kramers-Kronig is a model-independent transform that checks the EIS data for
consistency.

The Kramers-Kronig window appears.

. To clear all fits from the plot,

Choose Clear All Fits.

. To change time or impedance units,

Choose Options.
This option let you normalize the data and fits to the normalized area.
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The Model Editor

The Impedance Model Editor allows you to create an equivalent circuit, via a

drag-and-drop method.

B Impedance Mode| Editor - [untitled] ®
i
A I R A WA PWH PWAH 2 -G

There

are several pre-
loaded models.
Often users find it
convenient to start
with one of these
models and edit it as
needed.

=

Circuit Elements

Symbol  Element Comments
AN Resistor Abbreviated as R. Z = R
—— Capacitor Abbreviated as C. Z = —i/aC
.99 — Inductor Abbreviated as L. Z = iLw
— (7 Constant Models an inhomogeneous property of the system, or a
Phase property with a distribution of values. Often abbreviated as
Element CPE.
Wire Connects one element to the next.
— (s Gerischer Models a reaction in the surrounding solution that happened
element already; also used for modeling a porous electrode. Often
abbreviated as C.
% Infinite Models a linear diffusion to an infinite planar electrode.
Warburg Often abbreviated as W.
—4 Bounded Models diffusion within a thin layer of electrolyte, such as
Warburg electrolyte trapped between a flat electrode and a glass
microscope slide. Often abbreviated as T.
—4 Porous Models diffusion through a thin layer of electrolyte, such as
Bounded electrolyte trapped between an electrode and a permeable
Warburg membrane covering it. Often abbreviated as O.



Building an Equivalent Circuit

1. Adding an element
a. Click on an element symbol.
The element appears in the central window.
b. Place the mouse cursor over the element. Left-click and drag to move the element to its

desired position.
. &
2. Connecting elements “fDﬁ"‘Tf[
a. Click on the Wire symbol (0%{ °
b. Left-click one end of the wire and drag the Be sure to connect
end to the element. the circuit to the reference-
The element’s border turns green when the wire’s
end reaches the element. electrode symbol R.E.  and the
3. Deleting an element -
a. Right-click on the element. working-electrode symbol ...
The Delete command il appears.

b. Left-click on the Delete command.
The element vanishes.

Here is an example of a simple equivalent circuit (a Randles model) constructed
in the Impedance
Model Editor:

E Impedance Model Editor - [randles.mdl] E]@|E|

File Tools About

B S

v R B s e —

4. Relabeling and
fixing parameters

for an element
This lets you rename the

element, and specify a RE — WE.

Lower and Upper Limit _W

for its value. Renaming o
the element helps you
distinguish between =
elements of the same type i
during fitting. Giving the

program limits on the parameters may

example, we know values are generally
positive, so a Lower Limit = 0 is Parameter Name: |Hzolution

reasonable to set. Initial Value: | 10000 ohms

a. Left-click on the name of the
element (here, R4).

Lower Limit Test

The Parameter window appears. [ Enable | ohms
b. Enter a new Parameter Name.
c. Enter an Initial Value, i.e., the Upper Limit Test
first trial value for fitting.  Enabl
d. Inthe Lower Limit Test and nable | ohms
Upper Limit Test fields, enter
lower and upper limits, and oK Cancel

check the Enable checkbox, as
desired.
e. Click the OK button.
The Parameter window closes, and the element is set to these parameters.
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Compiling the Equivalent Circuit

When the equivalent circuit is complete, the circuit can be compiled before use
to check for connectivity of the wires. Compiling is only used to check
connections

1.

w

. Choose Compile or click the Test Compile button

File Save As X
. The File Save As window Save | E3 Model ek
o L
appears. €D lscmw Brar e
The default folder for Saving <1 MyRecent i cpe with ffusicn MDL 355 trial modsl.mdl
. . . . Doci’?mls "E; cpe.andl TGO
model equivalent circuits is [@ Brecin
o GMDL
the Models folder. e
. Name and save the file here, ) Sron
. by iy
or choose a different folder. e
- -j,:t_m =5,
The model shown above gl Eewmzpend
. My Compuiter
was saved as trial -

«. Fite name; trial modelmal = Save
mOde.l -mdl. . My Netwodk Saveas vpe: |Maodel Sauce " MOL) = Cancel
The File Save As window e
closes.

In the toolbar, choose Tools.

ﬂ Impedance Model Edif]
A drop-down menu appears.

ile | Tools | About

Compile FS

in the toolbar.

The software compiles the equivalent
Ci rcu It @ gllwréngrEr;LDr; components has missing wires,
If there is a problem, such as a missing
connection, an error message appears,
and a red box outlines the problem
element:

Compile Error

. Click the OK button to continue.
. Inspect the schematic and make necessary corrections.

If the equivalent circuit

compiles properly, the Model Editor B3
Model Editor window Model Test Compile Complete, The model is properly construcked.
appears:
. Click the OK button to
continue.
) T N
. You mfiy save t.he'eqw.valfent circuit with a * .md1l B8 Impedance Model Editor - [trial mod
extension by clicking File in the toolbar, and Fie | Took  About
choosing Save or Save AS. mm 18 bew Cirt+
i”' QEEH Chrl4+o -
E Save Chrl+5 i

Save As

Exit

|‘ [+ 1) .. iModelsitrial model,mdl




Fitting the Data to the Equivalent-Circuit Model

1. With the data open #F Gamry Echem Analyst - [Sample Potentiostatic EIS.DTA]
and p|0tted, CliCk T File Tools Window Help | Impedance | Common Tools  Quick Help
Impedance, and choose S d & & 2 =5 3| Modelotor
. . Fit & Madel (Levenberg-Marquardt Method) =
Zt /?thO)del (SlmpIeX Bode] MygList | Experimental Sem —>Fit 4 Model {Simples Method)
etnoa,. Subtract Impedance. ..
The Select Model File D - BE[  wamersrong
window appears. ER oW Gy AV
2. Choose the desired Qptians
model.
The default folder for models is the Models folder. This Models folder is in the
: Select Model File 7
g \[.)ocimlents and =
ettlngs . . Loak jn: |_J Models lJ * c¥ B~
Users\Application . — =TT |
Data\Gam I‘y & 5 cpemdl 1 KB Gamry Impedance ... 2/9/21
Bﬂ}' Hecert'lt 1, FuelCellMDL 2KB Gamry Impedance ...  2/9f21
|n5trumentS\EChem Dfimens 8 G.mMoL 1KE GamryImpedance ...  2/16f:
'r| 0 LMDL 1 KB Ganiry Impedance ... 2016
AnalySt\MOdels De.sktop I_.EL;_paint.mdl 1 KB Garmry Impedance ,.. 20921
L5, PEMWY.MDL 1KB GamryImpedance ...  3/29%;
by default. As our 4 0.MDL 1¥B Gamry Impedance ... 2/16[:
example, we choose o R oL 1KE Gamry Impedance...  216)
, My Documents i randles, mdl 1KE Gamry Impedance ...  2/9/21
the mOdel trlal ?‘Ei_reap2cpe.mdl 2KE Gamry Impedance... 2/9/2
1 i rebar.rmdl 1KE Gamry Impedance ... 2/9/21
model.mdl created -jlj 17} Reetated Disk,MDL LKE Gamry Inpedance ... 2/9/2)
1 by C t m 1KE GamryImpedance ... 126
preVIOUS|Y' SR 3 WML LKE Gamry Impedance ... 2/16f o
i‘d £l | B |
MyF'Taect:Isork File name: |tria| rnodel. mdl LJ Open |
3. Click the Open Files of bype: [Model Filesf* mdi] - Cancel
button. '

The Select Model File window closes, and the Impedance Fit by the Simplex
Method window appears.

4. Set parameters. .
Choose the maximum Impedance Fit by the Simplex Method E|

number of [terations to loop

Caloulate ‘ ‘ Previe ‘ Close ‘
before stopping the fit. Enter
estimates for all the circuit Fit Parameters
elements in the MOdel Madrmurn Tter ations 300 Actual Iterations 1]

Parameters area. Fix
particular elements by
enabling their Lock

Model Parameters

Reset ko Default Walues

checkboxes. Rp 2500 ohms
In our example, we try 100 Ru 100 ohms
Q for Ru, 2500 Q for Rp, o[ 1ed F

and 100 nF for Cf and leave

all of them free (unlocked).
5. Click the Calculate button to start the fit.

The software attempts to fit the model to the data. When finished, the fitted

parameters appear next to each circuit element.
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Our model results give —
Rp =3 kQ Impedance Fitting

Rsolution = 199.7 Q
Cf = 980 nF

Previsw ‘ Close
Fit Parameters

Ikerations 150

Model Parameters

Reset ko Defaulk Yalues

Rp 300083 ohms [ Lock
Rsolution 1997 ohms [ Lock
f 9801e-9 F [ Lock

Like other Echem Analyst fits, the fit also appears superimposed upon the data
and a new tab is created that contains those results.

3 Gamry Echem Analyst - [Sample Potentiostatic EIS.DTA]

: 0 Fle Tools Window Help Impedance  Common Tools  Quick Help - 8 X

SWlE G 8 EET 9 e

Hode: ]Nyqu\s‘t | Exoerimental Setup | Experimental Hotes | Open Gireut Yotage | Hardware Settins | TRIAL MoDEL
M= N 5 g ; = =
Bl-@r-  DEEER PP 20 % |~
WA 2| ®
Potertiostatic EI5
1000 kohm | 000"
Eeszsssssmesmmzssssasg,, oooo®
L aslg
annn=
e i
5 1000 kakm | o
| &
G anone =
000
{00 abm ECi
10,00 mHz 1000 mHz 1.000 Hz 10.00Hz 1000 Hz 1.000 kHz 10,00 kHz 1000 kHz 1,000 MHz 10,00 MHz
Freg (Hz)
& ICURVE (Sample Potentiostatic EIS.DTA) — Fit 1 [TRIAL MODEL]
B 2 - ZCURVE [Sample Patentinatatic EI5.DTA) ¥2 - Fit 1 [TRIAL MODEL]
Ready

If you try another fit using the same model, this fit will be overwritten. If you fit to
another model, the fit results of both models will be displayed.
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& Gamry Echem Analyst - [Sample Potentiostatic EIS.DTA]

7 FEile Tools ‘Window Help  Impedance Common Tools  Quick Help = P
ZdE S AaE809 e
Bode. I Nyqd‘ts‘l I Experimental Setup I Experimental Motes: I ‘Open Circut Yoltage l Hardware Settings
- r |%alue  tError  |Units. ‘ 5 : = . | o i
&5 Al pEQEn Ol i 2 > - =l & ¢ : :
R :ccie 1905 crms 2le-d-DEEEE @@ 2AL >
[l 1997 895763 hms J [ v o b [ | | =
i 90450 75309 F : -
Goodness of Fit 53726 RANDLES || Fractional Residusl Errors
Sample Patertiostatic EIS DT - s000m B.000'm
>
< - 4moom
0.000
- 2000m
- &
b @
& §
o @
. -
o z
W
o 0.000 g
: ! 3
s g
-5000 m
-2.000'm
-10.00m VLTI MR 0 U I ] R R e v -~ OO
10.00 mHz1 00.0 mHz 1 .000 Hz 10.00 Hz 100.0Hz 1.000 kHz10.00 kHz 100.0 kHz1.000 MHz1 0.00 MHz
Freg (Hz)
& toResiduslsRAMDLES | & ¥2 - thiResidualsRANDLES I

Ready | | | |

This new tab shows the residual errors and goodness of fit, along with the various
plotting tools. Residuals are a point-by-point Goodness of Fit, which quantifies
how closely the data match the fit. A smaller number indicates a better fit.

The blue data (Zreal) correspond to the y7-axis (on the left); the green data
(Zimag) correspond to the y2-axis (on the right).
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Headings in Data-File Columns

DC Data Files

Abbreviation
Pt

-

Vm, Vf

Im

Vu

Sig

Ach

IE Range

Over
0

EIS Data Files

Abbreviation
Freq

Meaning

Point number

Time

Measured voltage

Measured current

Uncompensated voltage

Signal from the signal generator

Auxiliary channel

I/E (Current Measurement) range on which measurement was
made

Any overloads. Numeric record of different overload types
No overloads

Meaning
Frequency

Zreal, Zimag, Zmod, Zphz Calculated values of impedance

Idc, Vdc
Yreal, Yimag

DC component of current and voltage,
Admittance (calculated from Z)



Current Conventions According to Framework™ and
Echem Analyst

The current convention in the Framework for all experimental packages is that an
anodic/oxidation current is positive.

To change the current convention (whether anodic/oxidation currents or
cathodic/reduction currents are positive), in the menu Tools\Options\Units tab,
specify the current you want represented as positive. The current convention can
be changed by editing the experimental script (contact Gamry or your Gamry
representative if you need to do this). Regardless of the current convention used
in the Framework, it can be changed in the Echem Analyst to the one you desire
by the user (see below for exceptions).

The current convention affects all experiments run under the
PHE200 Physical Electrochemistry and PV220 Pulse Voltammetry
heading. No other data files are affected.

To change the current convention in the Echem Analyst, in the menu
Tools/Options/Units tab specify the current you want represented as positive.

To change the current convention in other experimental packages (DC105,
EIS300 etc) please contact Gamry or your Gamry representative.

To Edit Visual Basic Scripts:
1. In the toolbar, choose Tools.

A dropdown menu appears. Pbeb Tocks W window  Help
Lj ﬂ Scripts

Run Mamed Script

Create Mew Analysis Script
Edit Exisiting Analysis Script
Echem Analyst runs on “Open Source” Otians
scripts written in VBA. Most customized
analysis routines are done by Gamry in the
factory for you, the user, and that makes
Echem Analyst extremely flexible. The typical
user will never need to edit the scripts for

electrochemical analysis.
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Simulating an EIS Curve

It is often useful to simulate the response of an equivalent circuit.

1. Launch the Echem Analyst.
2. Select Tools/Run Named Script/select EIS Model Simulation Script.Gscript.

This opens a blank chart.

T Be Todls Wndow bR E%Smulstor CommonTack QukHel =i

SW EidlAaSE0 e

Vo D Azl

ey

3. Select EIS Simulation/Simulate (use the Model Editor to build or edit the model).
The EIS Model Simulation window appears.

EIS Model Simulation Ed

Model Filename -
| sttingshall Users\application DatalGamry InstrumentsiEchem analystiMadelstrandles. mdl

Frequency Information

Edit Madel...
Start 0.001  Hz Points/Decade 5
10

Close
Skop 300000.0  Hz
Simulate
Model Parameters Parameters may be edited in
the boxes to the left. Press
Rp 8,373 ohms Simulate to see the results.

Ru 1.000  ahms
f 86.63e-12 F

4. Select the saved model, and input parameters for the experiment (frequencies
and data-point density) and values of all circuit elements.

5. Click the Simulate button.
The simulation appears under new tabs.
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& Gamry Fehem Analyst - [EIS Simulation]
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This is a simulated Bode plot.
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This is a simulated Nyquist plot.
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Index

*.DTA
*.GData
*.mdl

3D/2D

AC Calibration Date
Accept

Ach

Ach Range

Ach select

Active Trace area
Add E Constant
Add | Constant
Analysis menu
Apply Template

Apply User-Defined Chart Template window

As a Bitmap

As Text

ASCII

Automatic Baseline

Automatic radio button

Beta A

Beta C

bitmap image
Bode tab

Bounded Warburg

C from CPE, omega(max)
C from CPE, R(parallel)

Cable ID
Calculate button
Capacitor
CD-ROM
Changing the axes
Clear All Fits

Clear Lines

Clear Peaks

Clear Regions
Color

Common Tools
Common Tools menu
Compile
Conditioning

Constant Phase Element

Control Amp Speed
Control Mode
Copy to clipboard

Copy to Clipboard button
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32

18
22
36
18
17

13
13

10
10

3,10

22
25

24
24
10
28
30

13
14
18
33
30

3

8
29
21
21
21

6
13
11
32
15
30
17
17

6
10

Corrosion Rate 24
Current Convention 18
Current conventions 37
Curve Selector 8
Curve Selector area 7,8
Curve Selector button 8
Curve Selector button 8
Cutting and pasting 10
Cycles 15
Cyclic Voltammetry 20, 23
Data Viewer 6
DC Calibration Date 18
Delete 22, 31
Delta Ep 21
DigiSim® 21
Draw a Freehand Line button 22
Draw Freehand Line 7
E Log I Fit window 27
ELog!tab 27
Ecorr 27
EIS Model Simulation window 38
Electrode Area 15
element 31
Element 29
Enable checkbox 31
Equil. Time 15
equivalent circuit 29, 30, 31, 32, 38
Excel® 3,10
Experimental Notes tab 4,16
Experimental Setup tab 4,15
Export to DigiSim 21
File 32
File Save As window 32
Final E 15
Firmware Version 18
Fit A Model (Levenberg-Marquardt Method) 29
Fit A Model (Simplex Method) 29, 33
Framework 20
Framework Version 18
Framework™ 2,37
Freq 36
Gallery 6
Gamry Analysis Framework Options window 4
Gamry Echem Analyst Help window 11
Gamry Help 11
GamryChart Properties window 6
General tab 4
General Toolbar 5,6,10
GCerischer element 30



Goodness of Fit

Hardware Settings tab
help

Help

Horizontal Grid

I/E AutoRange
I/E Range

I/E Range Lower Limit
I/E Range Mode
I/E Stability

Ich AutoRange
Ich Filter

Ich Offset

Ich Offset Enable
Ich Range

Idc36

IE Range

Im 36
Impedance

35

4,17,27
11
11

17
18
17
15
18
17
17
17
17
17

36

29

Impedance Fit by the Simplex Method window 33

Impedance Model Editor

Impedance Model Editor window

Impedance Subtraction window
Inductor

Infinite Warburg

Init. Delay

Initial Delay

Initial E

Initial Value

Installation

Instrument Version

Integrate

Integrating the voltammogram
IR Comp

Iterations

K

Kramers-Kronig method
Kramers-Kronig transforms
Kramers-Kronig window

Legend Bar
Levenberg-Marquardt method
Linear Fit

Lock checkbox

Lower Limit Test

Mark Found Peaks
Max Current
Min/Max

Model

Model Editor

29, 30, 31
29

29

30

30

15

4,15

15

31

18
21, 22,23
22
15
33

29
29
29

29
13,14
33
31

7

15

21, 24

29

29, 30, 38

Model Editor window 32
Model Parameters area 33
Models folder 32,33
Mouse button 9
My Gamry Data folder 3,4
N
Normalize by Scan Rate 21
Normalize by Square Root of the Scan Rate 21
Notes... field 16
Nyquist tab 28
O
OK button 29, 31, 32
open 3
Open button 33
Open Circuit 15
Open Circuit Voltage tab 4,19
Open function 3
Open With... 10
Options 4,21,24,25,29
Origin® 3,10
Over 36
P
Page setup window 6
Palette button 6
PaletteBar 6
Parameter Name 31
Parameter window 31
Path 4
Peak Baselines 21
Peak Find 21
Peak Find function 9
plots 5
Polarization Resistance 13, 14, 24, 25, 27
Polarization Resistance window 24
Porous Bounded Warburg 30
Positive Feedback IR Comp 17
Positive Feedback Resistance 18
Post-Run iR Correction 14
Potentiodyanmic 26
Potentiostat 17
Powerpoint® 10
Print 6
Print preview 6
Properties... 6
Pstat Model 18
Pt 36
Q
Quick Integrate 21,22, 24
Quick-Integrate 7
R
Randles model 31
Region Baseline 23
Region Baseline Settings window 23
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Region Baselines
Resistor
Rotate

Sampling Mode

Save

Save As

Save as Defaults

Save Template

Save User-Defined Chart Template window
Scan Rate

Seed Values area

Select Model File window

Select Portion of Curve using the Keyboard
Select Portion of Curve using the Mouse
Select x region

Select y region

Selecting portions of a curve

Selection toolbar

Selection Toolbar

Show curve selector

Show Disabled Points

Sig36

Simplex method

Simulate button

Simulating an EIS curve

Smooth Data

Spectrum

Step Size

Subtract Background from File

Subtract Impedance

Subtract Impedance. ..

T 36

Tafel constants
Tafel Fit

Tafel Fit function
Tafel Fit window
Tafel tab

Test Compile button
Test Identifier
Time

toolbars

Tools

Tools.

Transform Axes
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21,23
30

15
32
32
25

15
24,26
29,33

~N

o
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38
38
13, 14
29
15
21
29
29

24,25

26
27
32
15
15

6, 32
37
14

Transform Axes selection

Units tab
Upper Limit Test

Use Seed Values checkbox

Vch AutoRange
Vch Filter

Vch Offset

Vch Offset Enable
Vch Range

Vdc

Vertical Grid

Vf 36

Visible Traces area
Visual Basic

Vm

Vu 36

website
Wire
Word®

X-Axis column

Y2-Axis column
Y-Axis column
Yimag

Yreal

Z-clustered
Zimag
Zmod
Zoom
Zphz

Zreal

\Y

11

37
31
26

18
18
18
18
18
36

37
36

30, 31
10

36
36

35, 36
36

36
35, 36



