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Multiple Curve Deconvolution and fitting

MCDfit is a general program for fitting experimental spectra and for making spectral simulations.
A number of analysis tools are provided as modules that can be used in molecular spectroscopy.

What this program is (and isn’t):

MCDfit is for meant for spectroscopic analysis, not for producing publication quality figures. There
are many excellent existing open source programs for this purpose (QtiPlot, RLplot, SciGraphica,
Gnuplot ... ). Requests for layouts/layers/label enhancements/etc are not likely to get a response....

Background

The deconvolution of many overlapping absorption bands in spectroscopy can be difficult and
ambiguous. However if different spectroscopic measurements are made on the same sample,
additional information can be used to help constrain the problem. For example, polarized absorption
spectroscopy carries additional information as a molecule interacts differently with light polarized
along different directions. In this way an absorption spectrum will have the same electronic
transitions with different intensities (“selection rules™) for the different polarizations. However,
polarized spectroscopy usually requires an oriented sample, whereas most absorption spectra are
measured on dilute solutions, where the molecules are randomly oriented.

Circular Dichroism (CD) spectroscopy is the difference between the absorption of left and right
circularly polarized light. It is another form of electronic spectroscopy that has different selection
rules to a normal absorption spectrum. Thus a CD and an absorption spectrum both have the same
electronic transitions with the same peak positions and widths, but with different intensities. CD
spectroscopy does not require an oriented sample and simultaneously fitting both the absorption and
CD spectra should then be possible with a reduced number of parameters. However CD
spectroscopy does require that the molecule is chiral (has a “handedness™) and that only one of the
enantiomers of the mirror image pair of chiral isomers is present in the sample.

In Magnetic Circular Dichroism (MCD) spectroscopy the CD spectrum is measured with a
magnetic field parallel to the light direction, which induces a chirality, even in a non-chiral
molecule (“Faraday effect”). Like CD spectroscopy, MCD is a signed quantity with positive and
negative peaks and when used together with the absorption spectrum it allows electronic transitions
to be more easily deconvoluted. An absorption spectrum can be simultaneously measured with an
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MCD spectrum. The MCD spectrum also has a characteristic response as a function of temperature
and magnetic field strength and so is inherently a multi-dimensional technique.

MCD (Magnetic Circular Dichroism) spectroscopy is then ideally suited to analysis by the MCDfit
(Multiple Curve Deconvolution and fitting) software described here, although the program should
prove useful to many other types of molecular spectroscopy.

Some Current Features:

Global fitting of many spectra simultaneously

Linking various parameters

Peak-finding algorithms

A number of built-in peak shapes and baseline types

User definable peak shapes and functions

Interactive editing of peak shapes, baselines and user defined functions
Explorer view for (drag and drop) moving curves and linking parameters
Plot/Table Layouts for printing

Simple spectroscopic modeling (Franck-Condon analysis)

Fourier Analysis

Surface/contour plots

Some Future Features:

e The general spectral fitting paradigm is to fit an experimental spectrum to a calculated function
which is a linear sum of nonlinear peak shapes. This linear and nonlinear dependence of the
parameters could be exploited by a separable non linear least squares algorithm. A future version
of MCDfit will incorporate an adaptation of the variable projection technique (VARPRO).

Ref: G Golub, V Pereyra, Inverse problems, (2003), 19, R1-R26.
BW Rust, Comp.Science & Eng., (2003) March/April, 74-9.

e Import/export data in JCAMP-DX format.

P Lampen, et al., Pure & Appl. Chem. (1999), 71, 1549-56. IUPAC JCAMP-DX V5.01 standard.
¢ Fitting of variable temperature — variable field (VTVH) MCD curves, in the general case of
coupled spin systems. F Neese, EI Solomon, Inorg. Chem., (1999), 37, 6568-6582.

e The resolution of a number of data sets of single crystal optical spectra using polarized light, into
molecular spectra polarized along molecular axes. Need to be able to read crystallographic
information (space group, atomic positions..) from a *.cif file for a particular system and to be
able to define a molecular coordinate system.

' © Mark Riley 2007 m.riley@uq.edu.au
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Part I Overview

The program initially opens with a login dialog, after which the program will load the user
preferences and some settings in their previous use of the program. These will be stored at the end
of the session. (To turn this off: File>Preferences)

Alternatively you enter the program directly, bypassing the login screen, type the following in a
command window (or have shortcut icon with this a command):
> MCDfit -u username

mﬂecall Settings

Setting reload include a history of files
previously opened, bookmarks in the help All Setiings:
browser, home directories, etc... Choose default,
or click Cancel to open with default settings.

This setting:

The program opens with the main window:

Delete Cancel Ik,

1. MainWindow:

= MCDFit: Spectral Fitting {0.31.02) - 10| x|
File hodules “iew ‘Windows Files Curves Help

ls8 =71 aBEY |0 4"

File Toolbar Obiect Toolbar Modules Toolbar Models Toolbar

Status Normal Status File

|h=1|:|dules installed:Curve Fitting; FFT manipulation; User Functions Models installed:1D pes mor rr y

The MainWindow consists of a menubar, toolbar, workspace and a statusbar.

Different toolbars may be turned on/off by right-clicking in the toolbar area; or detached by
dragging (or double-clicking ) on the handles.
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The statusbar at the bottom of the MainWindow displays general messages on the left-hand side
(LHS) and the current active file on the RHS.

There is only one MainWindow, but the workspace may contain multiple other objects such as a
PlotWindow, Plot3DWindow, FitWindow, FFTWindow, TableWindow and LayoutWindow.

The first five windows are a visualization of a file. The LayoutWindow is a composition of
combinations of other windows that can be used for printing. Each file can contain one or more
curves. Many files (and many windows) may be open simultaneously. When an object is created, it
uses the contents of the current active file. The current active file is the file ticked in the Files menu.
The contents of different files cannot be displayed in the same object. For example, you need to
move the curves into a single file before opening a plot of the contents.

1.1 MainWindow Menu

E.] MCDfit: spectral Fitting (0.30.17)

File Modules “iew ‘“indows Files Curve:

[Mew File [

Most items here are self explanatory. = OpenFile.. Cirl+0
42 MCDexplorer

File Menu

File > Preferences

. o Mew Plot Cirl+P
The Preferences item allows you to choose
x¥ MNew Tahle Cirl+T

the User Settings submenu. 2=

Save Cirl+5
=

Save &5,

&h Frint.
[ Print POF...
Export Graghic...

1 default

[0 Cluit Cirl+0
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File > Preferences > User Settings

21x]
General | Toolbars | Directories | Numericall General  Toolbars | Diectories | Mumerical
v Uszer Lagin? Installed modules:
[~ Debugging on? compiled as eleaze. W peak fit Main Window Plot Windows Table Window
¥ Wamings on? v it
W dud trail on? I™ constants ¥ File Toolbar ¥ FormatToolbar [™ Table Tookar
[" Clear Recent Files? I~ formula
b asimum number of recent files: ™ functions M Modules Taokbar V' Funetions Toolbar
|5 i’ V¥ Franck-Condon analpsis
_ V¥ Models Toolbar ¥ Annatations Toolbar
Windows Style: [T MECD spectoscopy
|Windows><F' ;I I™ Zeeman speciraseopy ¥ Debug Taolbar ¥ Edit Toolbar
Syztem font size: |'ID 3:
Help | Cancel | | Ok, I Help | Cancel | ‘ Ok
&

The General tab allows the user to choose some general options, including whether "user login" is to
be used (takes effect the next time the program is opened) and which modules / models are active in

the program.

The Toolbar tab allows the user to set the default toolbars for the Main, Plot & Table Windows.
(The toolbars can also be selected by right-clicking in the top docking area of the windows.)

The Directories Tab allows the setting of the default home, data and help directories.

The Numerical Tab allows the precision to be set for the data output, display in tables and constants
output.

All options in Settings are saved as user preferences and are restored the next time you run the
program, if the "user login?" option is selected.

E.] MCDfit: spectral Fitting (0.30.17)

File | Modules Yiew ‘Windows F

Modules:
modules:

| =
Only the modules / models that are -, Start Fitting Chrl+F
available and selected in File > ™ Start FFT Crl+F
Preferences > User Settings above _
FE Define Globals

are shown here.
fim Define Farmula

fi& Define Function

Add models:
10 FE=

Femowe models »
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View

Contains menu items relevant to the
view of the current active window.

Shown above is the menu when a
PlotWindow is active. It controls
viewing options of the plot and

curves. Text labels are also allowed.

(Some items are duplicated in the
Toolbars below)

In the middle is the view menu
when a Plot3DWindow is active.

Below is the view menu when a
TableWindow is active.

Windows

A\ indicates the current active
window (the one that has focus).
There can be only one active
window at a time. You can change
the active window here or by
clicking the frame of the window.

Close Window closes the active
window only. It is the same as
closing the window by clicking the
top right x box of the window.

Files

A\ indicates the current active
file. There can be only one active
file at a time. You can change the
current active file here.

Close File closes the current active
file only.

[.] McDfit: spectral Fitting (0.30.17) - [Plot t
2| File Modules | View Windows Files

JJE”" i |£& £l Plot Options
; 7 =] Curve Options
@5

Add Annotation

E.] MCDfit: spectral Fitting (0.30.17) - [plot3

= File Modules | View ‘Windows  Files

| & | A o Ao
Il::all::. wavalues j:ﬂ Flotill Options
7] Axes v |
@l Grids '
# Type b
&5 Floor b
Color 3
Fant ¥

YWindows Files Curses Hel

Cascade
Tile
Tile Horizontally

YWindows open:
plot3DMWindow
Flot testd.dat

|v Tablet3_MCD_2.dat

Close “Window
Close All'Windows  FB

Files Curves Help

Files in memonry;

testd. dat

t1_haseline.dat
|v 13_MCD_2.dat

Close Fila
Close All Files  F?
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Curves Curees  Help

Curves (festd.daf)
A\ next to a curve indicates that IT e

a curve is active. Any number of
curves can be active. All active
curves will be plotted in a new
PlotWindow.

simoothed

Delete inactive curves

Fename curves

Curves can be dragged between
files in the MCDexplorer.

Note that the Windows, Files and Curves Menus are "tear-oft". The dotted line at the top of the
menu, while double-clicked, allows this menu to be detached and always open, a convenient way to
keep track of things.

Help Cuick Help F1

| About MCDfit
About Ot

h? ‘What's This?  Shift+F1

Help > About /' About MCDfit 2| x|

About | Updates | Lil::ensel

Popup menu with the | M C Dfi t

program version, Magnetic Circular Dichroism fitting

t version, libra ) . o
\?ersions build d?‘;e (aka Multiple Curve Decarwolution & fitting)

etc. b COfitwersion: 0.31.0; build: 15th bMarch 2008
FPowered by: goe 3.4.2 (MinGW)
Otwersion: 4.3.0; Owtwersion: 5.0.2
Ctplotad wersion: 0.2.7; muFarserversion: 1.27
thanksl

. 22003-8 bark Riley (mriley@ug.edu.au)

DIk,
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Help > Quick Help

A quick help guide is
incorporated inside a
simple HTML
browser. Navigation
tools and bookmarks
are provided. If you
have logged in with a
username, the
bookmarks are saved
and reloaded the next
time the program is
used.

The help buttons in
dialog windows are
linked to items in this
quick help guide.

E.] quick Help O] x|
File | Go  History Bookmarks
JJ © = Home ||he|p_html#lntr|:|dur:ti|:|n j

MCDfit Quick Help werosn: sz -

Introduction

This prograrm is & general curve fitting program for fitting experimental spectra
and making simple spectral simulations. A number of useful analysis tools are
provided for electronic and wibrational spectroscopy.

Dialogs:
Settings:

Accessvia File*Preferences»Setting:
All settings will he saved to the users settings file.
General Tab

Userlogin (default true): Select and the userwill either hawve to use the command
line aption MCOfit-u username to start the program, ar the userwill be prompted
fortheir login name. Takes effect the nexttime the program is run.

Warnings on (default trug): Select and the userwill be prompted with modal

dialog whenewverthere is a possibility of losing data. Far example: when afile is
being owverwritten.

bodules: Selectwhich modules are to be loaded at the start of the program. DnEILI
b

R 0N B AR P e PN e | Lt (I VIRT | It PN PYCPCE S ST 3 o e e 3 e | e
«

4
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1.2 MainWindow Toolbars

Main toolbar: (These duplicate items in the File Menu)

"]
L&~ File > Open File

"% File > File View

L’:":) File > New Plot ~

These are the main objects created in the program,
\ other objects are specializations of these. (ie
PlotWindows for Fits, PlotWindows for FFTs).

ﬂ Eile > New 3D-Plot

2¥ File > New Table

HE]
0H| File > New Layout J

i
il File > Save

== File > Print

2
Help > What's This?

Modules toolbar:
EIT
“% Modules > Curve Fit

IIIFFJl
"+ Modules > FFT

Jis Modules > Define Formula

Models toolbar:

IEI Models > PES This must be loaded first by selecting it in the Modules > PES menu.
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2. PlotWindow

1= MCDfit: Spectral Fitting {0.31.02) - [Plot test3.dat] - 10| x|
File Modules “iew ‘Windows Files Curves Help =181

lz@=%haf@E v =%

N B EE =R EE:
| h e 7 ——testl.dat,—

Drag Point View Edit Annotations| | Operations
TE 3
> 13
05 —
I:I __| T T T T T T T T T T T T T T T I T T T T T T T ]
420 440 460 430 500 520 540
Status Normal 2 Status Curve | — Status Coordinates
Feady.... | r ~
Flot Loaded |test3.dat
y

When a PlotWindow is opened by File > New Plot from the main menu, or by clicking the ﬁ icon.
Only "active" curves are plotted. Curves can become active or inactive by selecting/deselecting in
the Curves menu.

The PlotWindow has a status bar which gives information about the plot. Status Normal is where
most messages appear. Double-clicking selects a curve. The curve is high-lighted in red and the
name of the curve given in the Status Curve. Clicking inside the plot area gives the position of the
cursor in plot units at Status Coordinates.

Additional toolbars for the PlotWindow can be accessed by right-clicking on the top docking area.

The toolbars shown when a PlotWindow is opened is controlled by the settings in File>
Preferences> Settings.

2.1 PlotWindow Toolbars

: AwERY
Default Toolbar: B
[f'_"*-, Plot Drag point Can be used to drag a plot onto a LayoutWindow. The

plot can be resized and moved in the LayoutWindow but
cannot be otherwise changed.
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=
Save Curves:

[{j' Reload:

Plot Preferences: opens a dialog
where the various plotting preferences
such as range, auto-scaling, grids, tick
intervals, mirror axes, plot styles, etc
can be set.

This is where the plot title and axis
labels can be changed.

Curve Preferences:

=
Access by View > Curve Options or
clicking on the legend if visible.

Shows the various curve options of the
current active curve. These can be
changed except for: Name and number
of points.

The Line type (none, lines, sticks,
steps, dots, spline), style (none, solid,
dashed, dotted, dot-dash, dot-dot-
dash), width and colour.

The Symbol type (none, circle, square,
diamond, up triangle, down triangle,
left triangle, right triangle, plus,
cross), size, line width, line colour and
fill colour.

Change active curves by left-clicking

When a PlotWindow is created, a copy of the curves is
made from the current active file. Clicking this button
will save the curves from the PlotWindow back into that
file. (Typically after the curves have either their data or
their format changed.)

This re-reads the curves from the PlotWindow file
(including their attributes) into the PlotWindow. This can
be used to "undo" changes.

i '

" [Mon-Commercial] - Plot Preferences

Axis: | Left -
Lirnit:s Ticks [max. no
tir: |0 b ajor: | 8
b e |2 binor: |5
AutoScale? Step: |05
[arid Labelz
[ Maior () amis
L1 Miner [ ] mirrar axis?

tizcellaneous

] Lo

[] Auta Replat

1 [ Cancel ] [ ] ]
Style: | 0 v
[Mon-Commercial] - Curve Preferences
LRTT:
Marne: | tezt zpectiim w
w-awiz: | Bottom w
Mumber of Points: 1001
y-amiz: | Left L
Show Legend [for thiz cunee]
Sumbol Style:
Symbal: noke L
Line Style | | Size: 5 pirels " : d
Line type: lines W _ _ I
Line width; | —— 1pt |w
Line style; | = zalid W - : '
| Line colour: . black “
Line width: | ——— 1pt | Fill colaur: vellow w
Line colaur; . black. s | Paintsfspm: |1
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on them. The active curve is displayed

in the middle of the status bar.
Delete Curve:

Axes (toggle):

H AutoScale

Filter Toolbar:

Deletes the current selected curve. The curve can be
selected by double clicking on it. (You can also do this
from the Curve Menu.)

Toggles the axes and plot labels on/off.

AutoScales the plot to contain all values.

5B L

A PlotWindow has a default event filter which controls how the mouse and keyboard interacts with
the plot. These three toggle buttons install different filters for different mouse/keyboard interaction.
See section I1.1 for the detailed behaviour. Toggling the button off reverts to the default Plot Filter.

¥ Zoom:

IEI Target:

(safe way to examine data)

“dR?E Edit:

(warning changes data)

Foint:
A add point

A7 delete paoint

When on, an area can be zoomed by click-dragging a square using
the left mouse button. When doing successive zooms, clicking the
middle mouse button will step back through the previous zoom
steps one by one, while the right mouse button will un-zoom
straight back to the original size. Toggling the zoom button off will
freeze the window in the current zoom state.

Left-clicking on a curve will select the nearest point. The
coordinates of this point are displayed on the RHS statusbar. The
arrow keys «/-> shift the selected point to the previous/next point.
Holding shift down increases each step to 10% of the full scale
rather than to next point. The arrow keys /1 moves the active
point to the corresponding point in the previous/next curve. The
arrow keys wrap around.

When on, a point or whole curve can be selected by left or middle
double-clicking respectively.

If a point is selected; Left-click dragging will move the point.
Right-click will open the popup menu to:

Add a point between the current and next point.

Delete: delete the current point.

#5 revertto saved curve

Revert: to the last saved curve.

If a curve is selected; Right-click will open the popup menu:
Move horizontally: drag whole curve horizontally.

Move vertically: drag whole curve vertically.

Scale horizontally: stretches whole curve horizontally.

Scale vertically: stretches whole curve vertically.

Scale: stretches whole curve by corner dragging.

Delete: the curve.

Revert: to the last saved curve.
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« maove horizontally

1 move vertically
"¢ scale horizontally
A scale verically

i scale

delete curve

5 revertto saved curve

Selecting the green or red
cursor button, places a
vertical cursor at the next
position you click in the
PlotWindow. Select the
cursor by double clicking,
these can be dragged and
their position (and
difference) given in the
Coordinates status bar.

Functions Toolbar:

When selected the Edit button expands to show cursor buttons

fe?;ts dat

T T T
460 450

>
point test_spectrum, point210 =1=464.271; x2=472.022; Ax=7 7512

T T T T T T |
500 520 540

Any change made to the curve data are local changes on the
PlotWindow. Press . to save that data back to the file if you want

to keep the changes.

I T
‘; A ] [

The Functions toolbar has the following quick Icons:

&

[Fifs

I2| Convert to Absorption

cm'

Convert to Wavenumber

- [Mon-Commercial] - Convert to Absorption

x|

Sample CUrve: transmission_cume
Choose baseline curve:

Curves in current file:

[] Owenarite existing curve

nowalid curve

w| | OpenFile

Help

|

o )]

I nm=-=cm-1

\QI) nm-*crn-1 ar crm-1->nm?
-

| nrn->cm-1 | [ crm-1->nm ]
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—" Smooth

Uses a running average or Savitzky-
Golay smoothing.

=% [Mon-Commercial] - Data Smoothing

B¥]

Curve to be average: transrission_curve .v.

Smoothing Method: PRunning average

points: 1

order: [

b

[ Hep [ cancel
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3. Plot3DWindow

When a Plot3DWindow is opened a default example function is loaded.
The ﬂ- icon in the top left corner is the drag point.
Use the &8 button will open a mesh file with the extension *.mes.

The Cale button will calculate a surface on the indicated grid using the chosen function ﬁ’"ﬁ'.

......

.......

case the variable limits are built into the function.

1 E MCDfit: Spectral Fitting {0.31.02) - [plot3DWindo - ||:||£|

‘122 File Modules “iew “Windows Files Curves Help =181 x|
i 1 s == _-EIT FF':'

@ ==l aRE 2 | & ||

A | L 55 (55 | fip|choose unction ]| calc| s |

Help

kouse

Jiild]

Floor offset:

j
4 |-

Fesolution

z kesh:
= (i)
| cpatplat3ct 0, Cells 8281 (3] Angles (30.:[ Shifts (0.0381 [Zoom1.22
|PIDt Loaded | |testH.dat y

Clicking the Std button will reset the window to a standard view, while the buttons XY, YZ, XZ
project the object onto those planes. These are useful for example when making contour plots.
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3.1 Mouse Manipulations
Left-click-drags of the mouse can be used to move the Plot3D object.

Move the mouse Up/Down (U/D), Left/Right (L/R) together with combinations of holding down
Shift, Alt or Ctrl keyboard buttons.

Rotate Scale
X U/D [ALT]L/R
Y [SH]L/R [ALT]U/D
Z L/R [ALT-SH]U /D

Shift horizontal [CNTL]L/R
Shift Vertical [CNTL]U/D
Zoom [CNTL-ALT]U/D

3.2 View Settings and Options

Several Plot3DWindow options become available from the View menu when a Plot3DWindow is
open.

m YWiindows  File

{98 it When a plot3DWindow is active there are many additional
; A Plot3D Optians options become visible in the View main menu.
(7 Axes b |
[ Grids 3
i Type y
&5 Flaar 3
Calar 3
Fant 3

(1) box
(' Grids P L frame
7 Type * |1 none

— -

example: View > Axes > box
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5 Type | hack
Color v |E7 left
Fant b | ™ ceiling

j \ i1 floor
1N

example: View > Grids > back

- goatter
& Floor Y| @B wire frame
Calar v | A hidden line
Font v | G pokgon
: A& filled mesh
10 5
Z1 - nodata

example: View > Type > hidden line

Floor L = Colour

Colar p |[£5 Ccontour

Font b |2 elewation

j \ {7 none
1 M-

example: View > Floor > contour

('adjust Floor offset,
plot3D Options > color contours)

example: Floor > elevation

(View > Type > polygon,
plot3D Options > color linewidth = 4)
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3.3 Defining Functions

A user defined function that has been previously defined with 2 variables can be plotted by
selecting it from the dropdown menu.

These functions can either be single-valued cartesian, or parametric (see section II 6). For the

e .
.......

single-valued cartesian functions, the x and y — values are equally spaced values over the range
(XMin, XMax) (YMin,YMax). With parametric functions the range of the parameters are built into
the definition.

Example of a user defined single-valued cartesian function:

L ﬁ
37 A E®e Jahn-Teller potential energy surface:
2 f(x,y) = %4 hw(x+y")
1- - [(A1X+A2(X2-Y2))*(A1X+A2(X2'l}’ )
| H(A1y-2Axy)*(A1y-2Axy) |
EI_: View > Style > no data
™ 1'_ XY projection
- 2—_
—34
—d PAN SN e e e

Example of a user defined parametric function:

A dz* orbital:

x(u,v) = (3*cos(u)*cos(u)-1)*sin(u)*cos(v)
y(u,v) = (3*cos(u)*cos(u)-1)*sin(u)*sin(v)
z(u,v) = (3*cos(u)*cos(u)-1)*cos(u)
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4. TableWindow

This displays the data in the active file in two tables, one with the curve data and the other with
curve formatting properties. All curves are displayed, not just the ones marked active.

The data can also be examined and changed using a table. The changes are made immediately to the
file. If an open plot is refreshed, it will reflect these changes.

The IE_L % and

data and formatting.

buttons allow table views of the data only, formatting only or views of both

The curve properties of the n curves are displayed in n columns of the property table, each column
header has the name of the curve.

Data Table:

The data table contains two columns per curve of x- and y-values. The column headers are
numbered i[x] and i[y] for curve i.

Double-click on the column headers of the data to change the precision and format of the data.
Double-click on the column headers of the format table to change the curve names.

Changes to the values can be made directly by editing points. If a PlotWindow and a TableWindow
of the same data are both open, then changes in the table are directly reflected in changes of the
PlotWindow.

= MCDFit: Spectral Fitting {0.31.02) - [Table test3.dat] 0] x|
File Modules Yiew ‘Windows Files Curves Help ==
@ =%l & el & ||
|E¥E] X fio

O[] 0[] ﬂ test_spectrum =
1 426 11.389e-11 npts: 1001
g 4251 |1.696e-11 ® units: -
3 4262 | 2.069e-11 4 Units: N
4 4263 |2521e-11 line type: lines |
5 4264 | 3.071e-11 line style: e
B 42065 |3.738e-11 line width: =
7 4zh b | 4.545e-11 line colar: B
il 4zh.7 |hhZ3e-11 symbal;
4 4zh8 |B.705e-11 symhbol size: b
in AEQ 1R 124~11 ll muaem bl i el R ;I
Table loaded test3.dat Y
Takle Loaded | testd.dat y
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4.1 Generating data from a formula.

Double clicking on X or Jw buttons of a Table will open dialogs that give an easy way to create

plots of functions.

=table Dialog

]

CURE SOUFCE: Itest_speu:trum

destination: Iteat_apeu:trum

2]
[
[

ey NEme; Itest_speu:trum
type: able
—“atiahle
Range MNurm.pts: 1001

hdin: IE

b Iﬁ

Exprassion(i): [425 + 0.1

Cancel CIK Help | Functions
.
£=table Dialog ed |
CUrE SOUFCE: Itest_speu:trum j
destination: Itest_speu:trum j
==l = Itest_spe:trum
type: Ifunn:tin:nn j
—Functian
Functions: R Load
fig= X validate
“ariahles: |1 3: Farameters: |1 3:
1|a0 1

=yalues: IIII[x] j IIII

= 425

= 425

yovalles: IEI[x] J IEI

~alues: IIII[x] J IIII :I |425

Cancel 0]

Help

Functions

7.

The "variable" type is an appropriate way to define x-
values.

Equally spaced points will be made between the Min and
Max values.

The destination is used to determine whether a curve is
overwritten or a new curve created.

The "function" type is appropriate to define y-
values.

A function can be:

1) chosen from the drop-down box
2) loaded from a previously defined function
3) typed into the f(x)= box directly.

The x- (y-, z-) values are taken from the indicated
curves.

A function must be defined in terms of lower case
x. The validate button will test the function for the
particular x- (y-, z-) values indicated.
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S. LayouthdOW == Print Layout =101
A layout is a canvas on which Plot, JJ - | i ﬁ ﬁ_ 'E'l 'El | Iil @
Plot3D and Table Windows can be 000000 =
placed for printing. ' T
Each of the Plot, Plot3D and Table " - =

. . : tact? rlat
Windows has an icon on the upper left : Bringto Frant  ChleE
of their toolbars which acts as a drag 5 e '
point, eangling them to be dropped onto : |3 L} Sendto Back  Chl+B —

i 0h 1
an open LayoutWindow. ; E AV

Once on the layout, the objects can be :
arranged and resized on the layout, they 1
cannot be edited or changed in the way :
they can when they are in their
windows. For example, you can no 5
longer rotate a Plot3D object with your -
mouse. Selecting an object makes a 5
frame with handles appear, that can be
dragged to resize the object. Right click
on a selected object allows you to

arrange objects that are overlapping, as *E| | Llj
shown below:

|||||'||||||||||||||||||||
420 4[4? 460 480 500 520 540
X

n
[
|

j—

1.0000 Feady....

ooa Opens a popup menu with template patterns that can be used to arrange objects.

4!-{ Zoom in
= Zoom out
'}

L Selects all objects
Deletes selected objects

x
% Deletes all objects
1]

Insert a Text object at the next place you click on the layout.
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5.1 Text Editing

Text objects, which can be added to the layout with the Iil button are exceptions, in that they have
extensive editing / formatting capabilities. A selected test object can be edited (right-click > edit
text), directly by typing in the text box. A right-click on text being edited allows a formatting
window to be open.

zﬁll Al K B, & | g | “l The toolbuttons at the top allow the seelcted text to
Sive be quickly formatted, ie sub/super-script, change
font to symbol, etc.
& Size tofit FDnt:ITimes vI
" Fixed Size;la 3: By default, the text will resize when the textbox is
resized on the canvas ("size to fit"). This can be
— Colaurs turned off by selecting Fixed.
Salect background: Ch
Al The colours of the background and text can be
=255 . ﬂ changed. Note that button at the right ~ will make
the background transparent.
™ Date Stamp
Clear
™ “erical Text?
Help | Cancel | K
A
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6. MCDexplorer
| o ——] FE — -_ElT IIFI
lszlhazBe e |B@® -
F:' hCDfit Explarer
ls Link Show Links UnLink
+
files points | xFange yRanoe
FiTs = [ testd.dat fileltem
- test_spectrum 1001 426, 625 1.38881e-11.2  curveltem
+
nude|
+ fits area | position| halwidth | shape
_ | & test_spectrum_fit fitltem
@ - [A] Peak_1 2hb.b 470 IR Goussial

Feak_0 [B14718 450 824187  Gaussia
6 parameterltems

4| | ]
models by all) alll | a| al
=B E] FES model 0 el

- transitions

. fransitiond 0.0126361 300
- fransitionz 00758163 200
- transition1 0303265 100
i etransitiond 0.BOBR3T O
=- parameters

4 transitionltems

- g8 pes 100 0 0 05 0 13 parameterltems
- B.5. PES 100 0 1 05 0
- gther ED:0 scalerl  tempil

4] | >

The MCDexplorer is a tree structure that allows you to examine, organize and link the experimental
data from files, the calculated data in models and the parameters in both models and fits.

6.1 Dragging curves between files
To move/copy a curve from one file to another, right-click on the curve name and drag the curve to

the file name that you want to move it to. A popup menu with the options to move / copy will
appear.

6.2 Linking parameters
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The parameters of a fit are colour coded. The parameter type can be - (red), varied (green),
linked to another parameter (yellow); and another parameter [ifllkeaitoNt (purple). Double-click on
a parameter to get its name, value and limits.

To link one parameter to another, right-click-drag one parameter onto the other. The dragged
parameter will now have the value of the parameter that it has been linked to. Many parameters can
be linked to a single parameter, but the linking cannot be "chained". This means that a parameter
which has a link to it, cannot be linked to another parameter.

Links can be made by dragging and dropping, or manually by clicking on the "Link" button. The
"Unlink" button will remove all links to/from the next parameter you click on.

6.3 Example of using Linked parameters

The point of linking parameters is to reduce the number of independent parameters in a fitting
process. Some examples where this can be done:

1) Fit a spectrum to a series of peaks that all have the same width. This is appropriate, for example,
if you are fitting a Franck-Condon progression.

2) Globally fitting a series of spectra that have been measured on the same sample with different
techniques.

a) Electronic Spectroscopy: Absorption, magnetic circular dichroism, and/or circular dichroism
b) Vibrational Spectroscopy: IR and Raman specta

¢) Fluorescence Spectroscopy: Fluorescence spectra as a function of excitation.

d) Equilibria of different species

In each case the spectra consist of the same transitions and so will have the same transition energies,
but can have different intensities and bandwidths.
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7. Module Curve Fit:

Different modules can be selected from the Modules main menu item and also from the
MainWindow Modules toolbar.

EIT
Selecting the Modules>StartFitting menu item, or clicking on the Fit button, ™ %, starts a fit. If a
single curve is set "active" in the active file. (These are the curves ticked in the
MainWindow>Curves menu), then a single fitWindow (as shown below) is created. If there are
multiple curves active in the active file, then a new fitWindow is open for each curve. ie Each curve

to be fitted is opened in a separate window.

The ModulesToolbar on the MainWindow expands to the right side of the fit button:

| @[5 % Ao | R0 = D D

Each fitWindow also has a ModulesToolbar:

Note that there are settings and parameter dialog buttons at a global level as well as for each
fitWindow created.

E{[Nun—tnmmercial-] - MCDfit - Spectral Fitting - [-test'_spectrum_ﬁt]
o\ File Modules Yiew Windows Files Curves

EELAGE WE B MDD EH .
B9 X 8B U R A A
2=

/ \
: [\
|

Help

==
o
|

!

~ 1
A /

£r

| 1 1 1 il Lrl i 1 ] 1 | i 1
i
‘-.,.M

/ : 5
a o \e-f,,u g
T T T | T | T | T T T I T | T T T | 1
440 480 480 500 B2l
Reacdy.... fit:106.653
There are 1 active curyes inthe active file; that will be fitted. test3.dat
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7.1 MainWindow Fit Toolbar
3 s S-wup B |:|I> <1':| E

The Fit toolbar on the main window contains buttons that set global options of the fit.

Sty

=

This will reopen the dialog for the Global Preferences for the fit.

>

Global Fit Settings

iﬁ ) This will reopen the dialog for the global setting of parameters.
Global Fit Parameters  The parameters are set locally for each fitWindow (see below) but
this dialog allows all parameters to be view together.

D Monit Controls whether the fit updates the plots; turn off to speed up fit.
onitor

|:'I> Do a single iteration
One iteration

|||#> S Fit This starts the fit using the current preferences and parameters.

tart Fi

s Reverts all parameters to their previous values at the last save.

Revert Fit
Opens a dialog where you can saves the fit in a new file with the

Save Peaks

same name plus an added extension ".fit", and/or save parameters
to a "*.par" file.

You can optionally save the fit to a file in Igor format. This will
be opened and plotted when dropped into Igor.
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7.2 Global Fit Settings

Algorithm: A single fitting algorithm is 21x|
used in a multiple curve fit. — Fiting

Details: Opens the dialog below for
changeable algorithm parameters.

Maximum Iterations: The maximum
number of iterations before stopping.

Max. functions calls: The maximum
number of function calls.

It. Update: The number of iterations
between updates of the plotted curves.
(< must be selected)

Points to Sample: The experimental
data will be downsized to this number
of equally spaced points. (If 0, all
points used)

x> cutoff: The finishing criteria for the
fit. If x*>changes by less than this
number between iterations, the fit will
stop. Other stopping criteria are if
maximum iterations or maximum
function calls is exceeded.

tdaximum [terations:

[teration Update:

Faints to sample:
(zera far no sampling)

Algorithm: IGradientSearch

10

—
——

j Details |
e, function calls: |4IJIJ

%2 cutoff: |1E-UE
penalty factar: IEI

—hodel

™ platthe model?

™ hard limits?
todel Type MName
110 1-D PES model |PES model 0

—Help

Freferences |

Algarithm |

| Cancel

(014 |

stepChi: The stepsize will be changed
on each iteration to the step that
increase the parabola at the minima by
ChiStep*y* (Only active for a "Grid
Search")

stepDown: The stepsize
(Only active for a "Gradient Search")
lambda: The stepsize

(Only active for the "Marquardt"
algorithm)

Halgurithmnetails

Algorithm parameters:

2 x

stepChi; |2
stepDown: |0.1]
lambda:; |0.007
Cancel

K.

Models: The installed models are shown when the "Show available models" button is clicked. One
or more models can be selected to be included in the fit. The calculated transition energies and
intensities of a model can be linked to the peak parameters position and area respectively. The
parameters of the model are then fitted to the spectrum.

plot the model?: Plots the model(s) as a stick spectrum.
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7.3 Global Fit Parameters:

fie
Clicking on

shows the parameters and the results of a fit. To change the parameters, the curve

must be selected in the drop-down menu and the "change parameters" button clicked. This opens a
Curve Fit Parameters dialog (see below).

Links

This tab contains the parameters
for each fitted curve as a column
in the table. The parameters are
colour coded according to
whether they are fixed (red),
varied (green), (yellow) to
another parameter (purple).

Results

This tab summarizes all
parameter results after a fit, both
value and an estimate of the error
are given.

Correlations

Correlations Tab: A correlation
matrix is given as an NxN matrix
where N is the total number of

= [Non-Commercial] - Fit Parameters

Fitting Parameters:

test_spectum_fit

Curve:

Links iResuIts Correlations |

iv

change parametars

Ditest_spectrum),

0O~ 00 N Ia o Pa —

Help ‘ ‘ LCancel ‘ ‘ ok
- [Mon-Commercial] - Fit Parameters E]
Fitting Parameters:
Curve: testspecturn_fit iv‘
Links | Fesults ! Correlations
Marne “Walue Errar
1 Feak_0 Area; | 3.?5415_fixed
2 |Peak_0Peak: | 449,809 0.007145991
3 | Peak_0 Fwhh: | ?.DE44E_fixed
| 4 [Peak_0 Third: 0 fiwed
5 |Peak_1 Area: | 12.515?. 0.007145848
G |Peak_1 Feak: | 469.7582 0.0008577493
7 |Peak_1 Fwhh: | 11.??41lfixed
3 |Peak_1 Third: 0 fixed
Help ‘ ‘ Cancel ‘ ‘ oK




MCDfit Manual (0.31) 26-Jun-08 30/58

parameters that are varied. This
only calculated for the Marquardt
and Chi-sq expansion fitting
algorithms, not the Grid Search
and Gradient Search.

7.4 FitWindow Toolbar

Ewup
ﬁ iﬁl For each FitWindow, a local Fit toolbar has the following buttons:
if'{ Fit Settings This will open the dialog for setting the preferences for fitting this curve.

fu'”k Fit Parameters  OPens a dialog for setting the parameters.
ah

Find Peaks Automatic peak-finding routine. Uses settings in the Fit Settings dialog.

ﬂ Edit Peaks When selected the FitWindow goes into a PeakEdit mode, where a "peak

event filter" is installed, and the toolbar expands to "'—ﬁ % 5\ . In this
mode, peaks can be selected by double-clicking. A selected peak has
three peak handles, one at the peak position and two either side at the
full-width at half-height (FWHH) positions. The peak position, height
and halfwidth can be changed by dragging these handles. Right-clicking

when a peak is selected allows you to set the parameters for this

Fara

particular peak. Alternatively, the button SN

of any peak or baseline to be changed.

, will allow the parameters

b'_'v, Edit Function When selected the FitWindow goes into a FunctionEdit mode, and the

toolbar expands to '"'—FF} ’% ﬁ\ . In this, functions can be selected by
double-clicking. A selected function has function handles, the position of
which depends on the function.

You can define your own functions with your own design of mouse
interaction (see section II. 6.2).
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7.5 Curve Fit Settings

Setup
% [Mon-Commercial] - Curve Fitting Preferences
Data Feak Fick
Full paints 100 Threshald (% of masi: 10
Sampled FPoints: 201

................................................ Max pEElkS 2

[] Allow negative peaks? smoothing factor: 4

[] Restrictfiting range?

Fit: Min. [425 Mes. [525 FdHH:Rdin. |2 hex. 50
Feak Edit _ Background
Feak type: Gaussian ¥| Baseline: Mane v.
Show peaks? [ Labels on? Tie Faints: 0 .
Help Exit

Freferences H Algarithrm l l Cancel l l Ik

Data: The full and sampled points are given here, but cannot be changed. Use the global fitting
preferences to change the sampled points.

Show residuals: A residuals curve (exp-calc) curve is plotted in green.

Show zero line: A zero line is plotted as a dotted line.

Allow negative peaks: Usually peaks are restricted to being positive, but sometimes (CD, MCD)
negative peaks are desired.

Restrict fitting range: Fits can be restricted to a certain range of x-values.

Peak Pick: The automatic peak-picking routine can be controlled using these parameters. To be
picked, the peaks must be over the threshold value (as % of maximum y-value), with a FWHH that
lies between minimum and maximum values. The highest peaks up to Max.Peaks are returned. A
smoothing factor is used to minimize the effects of noise in the spectra.

PeakType: The shape of the peak to be fitted. (choices are: Gaussian, Poisson, Voigt, Lorentzian)
Show Peaks: Curves for the individual peaks are shown.
Labels On: Peaks labels. Right clicking on labels allows editing.

Baseline: Choices are: None, Offset, Linear, Polynomial, Spline.

Tie Points: The number of points used to represent the Polynomial or Spline. An nth degree
polynomial requires n+1 points.
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7.6 Curve Fit Parameters
s

The type of background can be changed with the
drop-down menu.

Peaks Tab: The peak parameters are given, with

+% [Mon-Commercial] - Fit Curve Parameters

L2Jes

Fitting Parameters:

a horizontal slider to change between peaks. The BEERgoume. i M
peaks are energy ordered from left to right. Spline | Polynomial | Peaks | Limits
Parameters can be fixed or variable. There must
be at least one variable parameter for a fit to be i
made. E:j; BElPEEle Typej A Gaussian |v
Limits Tab: Limits of the particular peak G el
selected in the Peaks Tab. Peak:|450 frecl
FuHH: 7.06446 fixed?
The Spline and Polynomial Tabs only become Third: 0 fixeci
enabled when the appropriate baseline is chosen. J
The Offset and Linear baselines are considered l' Exal | [vayai ] [(ven | [(ada ] [Des 'l
to be polynomials of degree 0 and 1. Both = == - = =
splines and polynomial backgrounds are
paramett?rlzed by tie points which are draggable l Help ” Gancsl ” K ‘
handles in peakEdit mode.
During the fit the y-values of the tie points can
be varied, the x-values remain where they have
been placed. A polynomial of degree n requires
n+1 points to be uniquely specified.
. [Mon-Commercial] - Fit Curve Parameters = [Non-Commercial] - Fit Curve Parameters
Fitting Parameters: Fitting Parameters:
Background: I:‘None v Background: Spline -
Spline | Folynomi Mone Spline | Faolynomial | Peaks | Limits
—a— Offset
E:;llﬂ( 0: Peak_0: b Linear Spline points: Viow! 0
\\_ Palynamial ; :
Area:|3.75416 || —= Xpo 425 Yoo 1918642011
_ Spli
Poak:asn  |WTN=FIME Yhigh: [1:31864e-011
FyHH: 7 06448 fixad? 3
Third: 0 fixed? ! ' |
Fi Al Wary All Add Paoint Delete Point
) .
[ Excal | [vayan] [ nven | [ Add ][ Delete | | SN T |
l Help ” Cancel ” 0K, ‘ l Help H Cancel ” (0];8




MCDfit Manual (0.31) 26-Jun-08 33/58

7.7 Peak Parameters

(right-click on active peak in PeakEdit mode ""—q )
++ [Mon-Commercial] - Peak Parameters ? B3
This dialog is obtained by right-clicking L ] — .
on a selected peak. It a}lows the Type: | 1.4 Geussisn -
parameters of that particular peak to be - )
changed.
Fealk: index: 0 name:| Peak_0
Walue Lot High  fix?
Area: 3.75415 375415 3.75415
Pealk: 450 450 450
Fw/HI | 7.06446 7 06446 706445
Third: 0 I I
| Fixvarny Al || Invert ]
Feset Limite‘ ‘ Help ‘ ‘ Cancel ‘ ‘ (0]4 ‘
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8. Module: Fourier Analysis

FFT
||| an

Invoke the FFT (Fast Fourier Transform) module with the Modules > Start FFT menu or the "+

JJ @ | A
button on the modules toolbar. The toolbar menu expands to I == = *| 4
first new button opens a dialog for general FFT settings.

FFT
e

Siting
Name: Curve being processed
Original points: in the original curve
FFT points: zero padded to be a power of 2.
Nyquist limit: the
f/t sampling: the

auto update windows?: When windows are dragged
the curves are automatically recalculated.

auto update forward FFT?: Changes in the
frequency domain are automatically updated in the
time domain window.

auto update back FFT?: Changes in the time domain
are automatically updated back into the frequency
domain window.

ﬁ AutoScale

FFT
I

Seting . The
810t Evaluation] Global FFT Sel 21x]
—FFT

narne: testcurve_f fft

original points: {100

FFT points: 256

Myquist limit: 3333

it sampling: 3333

™ auto update f

™ auto update windows?

orward FET?

™ auto update hack FFT?

—help

Preferences

Algarithm

Cancel

0]4
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Each of the frequency and time domain windows has a [FEEEEENERIEEEEITIT 2
|||_FF.T._ rFFT

settings dialog button *% This opens a dialog which IREEL L

allows the window type and parameters to be set.

The FFT windows are visible if M is toggled on.

The window parameters can be changed by double-
clicking and dragging the handles, and the window
type by right-clicking on a window.

Show Log in T domain?: Set the y scale to
logarithmic, as the FT usually has positive and
negative values, you will probable want to set the
Show T magnitude?, which will give the absolute
values of the FT.

The FT in the frequency domain is given with the
same x-axis as in the time domain, unless the Show
actual T-axis? is selected.

i!IHE saluation] frequency

¢ dormain

i, S *r|@|§

Hglhﬂ U.Ilhdﬁl.l ;EI%

lowe position: IZEIEIEI[I| lowe sill: I
high position: ISZ?SD high sill: ID

Frequency Window Type: |Square

— Tirme windaor
low position: IEDDDD low sill: ID
high position: |32?5[| high sill: IEI
Time VWindow Type ISquare j

I~ Show Log in T Domain?

log(min): |1e—1D logmin): |1e+1D

I~ Show T Magnitude?

™ Show actual T-axis?

—helg

Freferences Algarithm

Cancel Ok

Each window has the toolbar above, which allows the three curves displayed to be toggled on/off.

The *T button causes and explicit forward Fourier transform and updates the contents of the time

domain window. Likewise, the *¥ button in the time domain window causes an explicit back

Fourier transform and updates the contents in the frequency domain window. The @ button brings

up the "quick help" manual, usually to find out which colours correspond to which curves. The F

button refreshes the curves.

Frequency Window

Time Window

Driginal . . FFT — | FFT doesn't change
original curve el FT (black)
(black)
| zero pad,

x by window

Windon FFT — FFT

windowed curve
(blue)

Wirdwr  FT of windowed curve

changes as window in

(blue)

frequency domain changes

| x by window
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Black - FFT
FFT back FFT (green) itered filtered FT (green)

changes as window in time
domain changes

!I[H1Ewu 1ﬂnwﬂ#equ.

Se::i:.g *t“E‘@

Original | Window FFT

=lox

—n |
— a3 J:

=229 2
ra s oo oo

=

=]
[

20000 22000 24000 2000 28000 30000

T T T T T |
32000 34000

|Curve selacted |testeurve |[x=22788, y=0.927461 | y

FFT | FFT
Original | Window

FFT
Filtered

FT
W
Setling

=lox|

=
=
=
1

10

1

0.1

0.0

Lol vl v vl v vl v
=

0.007

I T T T T T T T T T T T T T T T T T T T T T T T T T
15000 20000 22000 24000 26000 28000 30000

32000 34000

|positionL=13775.9, silL=0, posiionH=22659.7, silH=1369.52 |timewindow |

v

In the above example, note that as you move the window in the time domain to cut off the high

frequency components, that the noise in the spectrum is reduced.
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9. Models: PES

Calculates transitions between two one-dimensional potential energy surfaces (PES). Assumes that
the transitions are allowed and the intensity is given by the overlap of the vibrational
wavefunctions.

This is appropriate, for example, for calculating the Franck-Condon pattern for displaced potential
energy surfaces, where the displacement is along a totally symmetric vibrational coordinate. It is not
appropriate fro transitions that are vibronically allowed, for example “ungerade” modes in
centrosymmetric molecules.

The potential surfaces are described by a polynomial up to 4™ order and the energies and
wavefunctions are calculated by evaluating the vibrational Hamiltonian using harmonic basis
functions and diagonalising the resulting matrix.

A 4" order polynomial is also capable of describing a double minima PES.

-~

F [Mon-Commercial] - One Dimensional Potential Energy Su...

Settings
qround ztate
bagiz zize: |1 q number to calculate: |1

ewcited ztate

basis size: 10 number to calculate: |10

[] Calculate energies only

Orly include energies: [ | betweenrange: |0 1]

Orly include tranzitions: [ ] abowve threshold: |0

Recalculate | | Tranzitions
Farameters
around state encited state
b [g): 100|[+] fis? b [e): 100|[w] fis?
al: 0|[w] fix? al: 0|[w] fix?
a: 0.5 [v] fix? ag: 0.5 [w] fis?
a3 1] fi? a3 1] fis
ad: 0|[w] fin? ad; 0[] fis?
ED x| B fix? scale: |1 fix?
energy [cm [ ’ ‘ ’

Temperature [K]: |0
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F [Mon-Commercial] - Transitions

Bx]

Energy [cm-1] | Intensity Linked to:
1| o} 0.135335
2 100 0.270671
3 200 0.270671
4 300 0.180447
] 400 0.0802235
B OO 0.03608594
7 GO0 0.0120253
i 700 0.00343709
g §00 0.000859272
10 500 0.00014905449
Cancel | | 0] |
= [Mon-Commercial] - Limits
ground state excited state
[ow  walue high [ow  walue high
hV(g): 100 100 100 hV(e): 100 100 100
aq: 0 0 0 a1 0 2 2
3z 0 0.5 0 dz 0 05 2
a 0 0 1] 2 0 1] z
a4 0 0 0 a4 0 0 2
[y value high
transition energy (n::m'1]| 0 0 0
En
normalisation Ag: |1 1] 1
+-10% || ++25% || ++50% || Cancel || oK

The ground and excited state potential energy surfaces are described as polynomial expansions up
to 4™ order

4 |
Ve(X)= Zay X
i=1

where n = g, e for ground and excited states respectively. The vibrational Hamiltonian to be solved

1S
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)
0

H, = +77(x)

¥
!

12| —

ox
For very simple cases, analytical formula are available (cases 1&2 below), otherwise the
Hamiltonian must be solved numerically by matrix diagonalization. In these cases, it is important to
include enough basis functions so that the solutions are correct. N basis functions means that an
NxN matrix needs to be diagonalise for each calculation, so it can be time consuming for large N. It
is easy to test that you have sufficient basis functions by increasing the basis size and seeing if the
value of the energies / intensities change.

Beware that if the potential becomes unbound for large values of x. This will happen if the highest
order non-zero coefficient is negative. For example, if you use a negative a; to reflect the
anharmonicity of a vibration. For an unbound potential, you will never converge the eigenvalue, no
matter how big you make the basis size.

The temperature determines how many ground state levels are populated. Set to zero to find
transitions from the lowest ground state level only.

You can restrict the calculations to energies only, energies that fall in between a particular range
and intensities that are above a particular value. Otherwise all possible combination will assume to
contribute to the spectrum.

Some examples:

1. Undisplaced harmonic potentials hv(g) = hv(e); D=0
2. Displaced harmonic potentials hv(g) = hv(e); D=2

3. Transitions into a double minima PES.

4. Transitions into an asymmetric double minima PES.

1 2 3 4
V, Ve V, Ve V, Ve Vi Ve
a |0 0 0 2 0 0 0 0
a | % 7z 7z 2 2 v v vy
a; |0 0 0 0 0 0 0 0
a |0 0 0 0 0 0 0 0

Energy® | Intensity | Energy” | Intensity | Energy® | Intensity | Energy” | Intensity

0—0 | 0.0 1.0 0.0 0.13533
—1 (1.0 0.0 1.0 0.27067
—212.0 0.0 2.0 0.27067
—313.0 0.0 3.0 0.18044
—414.0 0.0 4.0 0.09022

a) Energy in units of hv, relative to the transition energy Eqo.
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10. Functions

10.1 Convert to Absorption

The selected curve (or the only curve if there is only one in the active PlotWindow) is treated as a
transmission curve. Other curves in the file are listed in a drop down list as possible baseline curves.
The absorption is calculated as

A=log,o[ly/I,]

where I is the baseline curve and I the transmission curve of the light going through a sample. The
baseline curve Iy must cover the range of the transmission curve Iy and must be in the same units (ie
cm’’, nm, etc..). The spacing need not be the same, appropriate values for Iy will be interpolated.

10.2 Data Smoothing

The curve in the file will be in the drop-down list with the selected curve the current item.
Smoothing algorithms include a simple running average and Savitzky-Golay smoothing.

+ N 1
& N 2N+ Jboy

Running average:

The number of points averaged is 2N+1, which must be an odd number. If points=1, this is the same
as no averaging.

+ M
= >
Jra—

i Cj ﬁ+u.r'

g

Savitzky-Golay: j==N

Here the number of points to the left and to the right are set equal Ni = Nr = N. The coefficients c;
are chosen to preserve a particular moment M of the fitted region. If M=0, then the zeroth moment
(or area under) the fitted region is preserved. In this case the coefficients reduce to 1/(2N+1), and
the Savitzky-Golay smoothing is the same as a running average. Higher moments preserve sharp
features, but do less smoothing on broad features. (see [3] ch.14.8)

10.3 MCD Analysis

Using this option, the shape function used to fit the spectra will be of the form
Ad — (7 A ' ‘ O
AA=C ug BIA( )+ (By+Co /KT f]

where f and f' is the shape function and its first derivative; C is a constant, pp is the Bohr magneton,
and B the magnetic field strength (Tesla). A;, By, Cy are parameters used to describe the MCD
spectrum. See [2].
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Part II Reference

1. Mouse / Key actions

Mode Double-Click Left-click Middle Right-click
Plot |Left: On curve: show - If a curve is selected, a curve
On curve: Selects curve name. format dialog opens.
(highlights) the current On text/line: Allows
curve. Only curves, not the item to be If a text/line is selected, a
peaks are considered. dragged. popup menu opens with options
On text/tag/line object: for add/cut/copy/properties/ etc.
Select current object, If "add text/line"
once selected it came be | previously selected
dragged and edited (with |from the right-click
right click) popup, then the
items will be added
at the cursor
position.
All button clicks show the coordinates at the cursor at RHS status.
Current curve name is shown in the middle status bar.
Zoom |- Start a zoom selection. | Go Go back to beginning of zoom
Selection will finish back stack and autoscale.
o when button released. |one in
zoom
stack.
Edit |Left Allows a selected - Popup context menu
Selects a point which point to be dragged. If point selected options are:
ol |can then be dragged. delete
* | Point highlighted. 5 add (after current)
(right-click for popup uﬂﬂbﬂ E:I I:D revert to saved curve
options) If curve selected options are:
Middle: move vertically
Selects a curve which move horizontally
can then be dragged. scale vertically
Curve highlighted. scale horizontally

(right-click for popup
options)

scale arbitrary
delete
revert to saved curve

Target

Selects a point
Position shown in
status bar.

«— — move to next point. (+shift key moves by =10% of full range)
1] move to next curve. (wraps around)
The selected point (not cursor) shown in RHS status bar.
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Mode Double-Click Left-click Right-click
PeakEdit Select/deselect peaks |If a peak is selected: | If peak is selected: A dialog

oy
3 Y

When the tick / cross
is toggled, peaks are
added / deleted at the
next cursor click.

or baselines for
editing. The peak
handles are
highlighted.

(Only peaks, not
curves are considered)

Left-click drag at the
anchor points of the
peak handle.
Similarly, the handles
of a baseline can also
be dragged.

opens that allows you to
change the parameters of
the selected peak.

If a baseline is selected: a
right-click opens a popup
menu where the baseline
handle points can be added
or deleted.

FunctionEdit

M

b VX
When the tick / cross
is toggled, functions
are added / deleted at
the next cursor click.

Select/deselect
functions for editing.
The function handles
are highlighted when
selected..

Selected functions can
be dragged by the
handles

If a function is selected, this
will open a dialog allowing
you to change the
parameters of the selected
function.

You can also change the
function type to any that
have been previously
defined.

Note: Plot mode is the normal for mouse actions, unless one of the other toggle buttons is on. Only
one of the toggle buttons is allowed to be active at any one time.

PeakEdit and FunctionEdit are only allowed when a fit is in progress.
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2. Shortcut Keys:

Key Menu Equivalent Action

F1 Help > Quick Help Brief Help: Command line options; Mouse actions;
Fitting curve colours.

F2 Help > Users Guide Full User Guide. (This document).

F3

F4

F5

Fé6 Windows > Closes all windows.

Close All Windows

F7 Files > Close All Files Closes all files.

F8

F9

F10

F11

F12

Crtl+F | Operations > Start Fit Starts fit & opens the Fit Toolbar.

Ctrl+O | File > Open Opens a new file.

Ctrl+P | File > New Plot Opens a new window with a plot, with curves from the
current file. Default plot if no file open.

Ctrl+S | File > Save Save current file.

Ctrl+T | File > New Table Opens a new window with a table, with entries from curves
in the current file. Default table if no file open.

Ctrl+Q | File > Quit Quit MCDfit.

Shift+F1 | Help > Whats This? Enables context help on next item clicked. Turns off after

this.
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3. Command Line Options

The program can be run by typing MCDfit at the prompt.

The command line options for a normal user are as follows:

> MCDfit [-user user] [-uuser]  start with username user
[-help] [-h] display this help and exits
[-version] [-v] displays program version and installed modules

4. Settings File & User Login:

There is a file MCDfit.ini that is always read when the program starts up. It is in the home directory
which where the MCDfit.exe program is. This contains a list of users.

When the program is started with a login name ie >MCDfit -u name, then a file name.ini is read from
the home directory. This file contains some previous settings of the user when they last exited the
program normally.

One can also dispense with the logins by deselecting the User Login checkbox
(File>Preferences>User Settings). If this is deselected, the next time the program is run will be with
the default settings.
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5.0 Fitting algorithms

The fitting algorithms are non-linear least-squares fitting routines taken from “Data Reduction and
Error Analysis for the Physical Sciences” P.R. Bevington & D.K. Robinson, 3" Ed. McGraw-Hill,
2003. The routines can be obtained from http://www.mhhe.com/bevington and are C++ translations
from Fortran77.

The * function to be minimized is given by:

V=2 { [yiry(x)]*/ o }

where x; and y; are the measured values and o; is the uncertainty in y;, and y(X;) are the calculated
values of the fitting function at x;.

Successful fitting of non-linear functions can depend on the choice of method, the choice of starting
parameters and the choice of step-size. Unlike linear least-squares, one is required to provide both
starting values and step-sizes.

Local Minima: A common problem is the existence of multiple local minima. For an arbitrary
function there may be more than one minimum in the > function within a reasonable range of
parameter values. A particular choice of starting parameters may drive the solution towards a local
rather than the global minimum.

Bounds: Another problem may be that the search may converge towards parameters that are known
to be unreasonable; for example a particular problem may be restricted to positive peaks (or positive
peak areas). This situation is avoided by specifying lower and upper limits or bounds on each
parameter and a “penalty” is added to the y* function that depends on the extent that the parameter
penetrates the forbidden region.

Step-size: The step-size is different for different parameters and is related to the slope of the x*
function. Very small step-sizes will be slow to converge, very large steps will overshoot. In these
routines the initial step-size proportional to the initial value of the parameters and adjusted through
the search.

Convergence: The problem is said to converge when the change in the x> function per degree of
freedom (y” / dof) falls below a certain value. This may result in a search stopping in a very flat
valley. In which case one can restart from a different starting position or set a tighter convergence
criteria.

The four routines used are described in chapter 8 of the Bevington & Robinson book [1].

1. Grid Search: The ¥’ function is minimized with respect to each parameter a; separately. The
disadvantage of this method is that if the parameters are strongly correlated, then the
convergence may be slow. The calculated uncertainties correspond to the diagonal elements of
the error matrix and are therefore inaccurate if correlations are important.

2. Gradient Search: In this method all parameters a; are incremented simultaneously with relative
magnitudes adjusted so that travel is along the maximum variation in ¥ in the direction of
steepest descent. The efficiency of this type of search decreases as the minimum is approached
and the gradient decreases. The Gradient Search is usually much quicker than the Grid Search;
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however it may tend to get stuck in long shallow valleys compared to the Grid Search which
eventually reaches a right answer.

3. x> Expansion: Instead of searching the hyperspace of y* as a function of parameters a;, 3 is
approximated by a parabolic expansion. This requires the inversion of a matrix of the
dimension of the number of parameters and the 1* and 2" derivatives > with respect to the
parameters.

4. Marquardt Method: One disadvantage of the above procedure is that although it converges
rapidly from nearby points, it cannot be relied to converge outside the region where the ¥
hypersurface can be approximated as parabolic. In contrast, the Gradient Search is ideal for
approaching the minimum from a distance. The actual path directions for the Gradient and
Expansion methods are nearly perpendicular to each other and the optimum direction is
somewhere in between. This strategy was used by Marquardt in a Gradient Expansion (or
Marquardt) method. The Marquardt method is reasonably insensitive to the starting values of
the parameters and provides a full error matrix.

5.0.1 Error estimates of the fitted parameters

The fitted parameters also return uncertainties of their values as standard deviations, o;. How they
are calculated, depends on the fitting algorithm used.

For the Grid Search and the Gradient Search methods, an estimation of the uncertainties, o; is set
as the values of the parameters a; required to increase the parabolic approximation to the y?
function by 1 from its minimum value.

For the xz Expansion and Marquardt methods, a full error matrix is calculated which given
where the errors are the square roots of the diagonal elements and the covariances between
parameters a; and a; are the off-diagonal elements g;;. These have been divided by o; and o;j, so
values near +1 indicate that parameters a; and a; are highly correlated.

Errors on fitting the file Test3.dat

Ay err Py err A err A, err P, err A> err
Grid Search 8.8627 | 1.1195 | 450.00 | 0.6316 | 8.3259 | 1.2144 | 26.2892 | 1.3657 | 470.00 | 0.3906 | 12.3486 | 0.7633
Gradient Search | 88609 | L1194 | 450.00 | 0.6322 | 83240 | 1.2071 | 26.2873 | 1.3656 | 470.00 | 0.3909 | 12.3473 | 0.7567
+* Expansion 87949 | 14375 | 449.99 | 0.6403 | 82629 | 1.6911 | 25.984 | 1.8146 | 469.97 | 0.3906 | 12.1884 | 1.1157
Marquardt 8.8087 | 0.0352 | 449.99 | 0.0199 | 8.2818 | 0.04077 | 25.9978 | 0.04289 | 469.97 | 0.0122 | 12.1981 | 0.0258

A, P; and A; are the area, peak and FWHH of peak i.

5.1 VARPRO: Separable nonlinear least squares: the variable
projection method.

Background: The variable projection method for solving separable nonlinear least-squares problems
[7, 8] is suited to those problems where the model function is a linear combination of nonlinear
functions. Taking advantage of this special structure, the method of variable projections eliminates
the linear variables obtaining a more complicated function that involves only the nonlinear
parameters. This procedure not only reduces the dimension of the parameter space but also results
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in a better-conditioned problem. This method is ideally suited to spectroscopic problems which are
usually modeled as a linear combination of (non-linear) peak functions.

If there are S sets of N observables of the dependent variable: Yy, ... Yns, where each Yy
observable corresponds to the positions of the IV independent variables T;;, Ti» ... Tiv, the
algorithm makes a (weighted) least-squares fit to a function, ng, which is a linear combination of the
non-linear functions ®.

L
n(a, B; T) = 2 Bik @i(0; T) + Prai(a; T)
j=1

That is, determine the linear parameters B for j=1,2,....L, K=1,2,...,S, and the vector of the NL
non-linear parameters o by minimizing the Frobenius norm of the matrix of residuals:

S N
Norm® = Y 3 Wi[Yik-n(a, B; T) ]
k=1 i=1

In the version used here, addition there is an implementation that considers sets of observables that
depend on the same independent variables and have different values of the linear coefficients, 3, but
are constrained to have the same nonlinear parameters o [9].

The @y 4, is for a constant non-linear function. When S >1 the multiple right hand sides are allowed
to have different values of the linear coefficients, 3, but are constrained to have the same nonlinear
parameters a [8]. The above form for ni(a, B; T) is called "separable", a non-separable case is when
L=0 and just using ®r+;(a; T). A linear least squares case is that where NL = 0. The algorithm
requires the partial derivatives of @ with respect to a. An advantage of the VARPRO algorithm is
that no initial guesses are required for the linear parameters.

5.1.1 Application of VARPRO in MCDfit

The VARPRO method is ideally suited to spectroscopic problems which are usually modeled as a
linear combination of (non-linear) peak functions. In addition the sets (S>1) of data are ideal for
multiple curve deconvolution, where spectra over the same wavelength range are used. The same
peak functions can be assumed for the spectra that have been measured using techniques that
depend on different selection rules (ie the spectra have the same transitions). It may be that some of
the spectral peaks will be zero in some spectra. In some spectra like the Raman and IR spectra of
centrosymmetric molecules, there will be no peaks in common. The peaks corresponding to the
transitions are the same in both spectra, but peak appearing in one spectrum will have zero intensity
in the other (mutual exclusion rule).

6. User defined functions

6.1 Built in functions

There are a number of "hard-wired" shapes to use in spectral fitting:
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Gaussian

Lorentzian

Gaussian derivative
Lorentzian derivative

It is also possible to define your own functions that can be used in the fit. To do this, provide an
expression in terms of the variable "x" and parameters values "a0", "al", "a2", .... The expression
for the function is parsed and evaluated using proper precedence by the "muParse"[4] parser. The
function expression can use any of the following built in operators/functions:

unary operators

negation

binary operators

+-*/

arithmetic operators

A

raise to a power

defined functions

abs(x)

acos(x)

acosh(x)

asin(x)

asinh(x)

atan(x)

atanh(x)

avg(x1,x2,x3,...) Average value of a list of arguments separated by commas

bessel jO(x) Regular cylindrical Bessel function of zeroth order, JO(x).

bessel j1(x) Regular cylindrical Bessel function of first order, J1(x).

bessel_jn(x,n Regular cylindrical Bessel function of nth order, Jn(x)

cos(x)

cosh(x)

exp(x)

gamma(x) Computes the Gamma function, subject to x not being a negative integer

gammain(x) Computes the logarithm of the Gamma function, subject to x not a being negative
integer. For x<0, log(|Gamma(x)|) is returned

if(e1,e2,e3) if e1 is true, e2 is executed else e3 is executed

In(x) natural log of x

log(x) decimal log of x

log2(x) base 2 log of x

min(x1,x2,x3,...)

Minimum of the list of arguments

max(x1,x2,x3,...)

Maximum of the list of arguments

rint(x)

Round to nearest integer

sign(x)

Sign function: -1 if x<0; 1 if x>0

sin(x)

sinh(x)

sqrt(x)

tan(x)

tanh(x)

6.2 Definition of function handles
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Part of the usefulness of the curve fitting module is the interactive nature of being able to drag the
functions using drag-handles. These adjust the parameters of the function to the shape that is being
dragged. To enable this for a user defined function, you must provide the following information:

The handle positions as a function of the parameters.

The parameters as a function of the handle positions

Whether the handles can be dragged (or not) in the vertical/horizontal directions.
Adjustment of the x-values of the handles to guarantee the function will be single valued.
How the handle positions are linked.

The default & limiting values of the parameters for a particular plot.
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To illustrate this we will specify the above for one of the built in functions.

y(X) = a; + ay exp[-(x-ap)/a; | forx >ay (1)
=a X <Qag

Such a function could be used, for example, to fit an exponential decay of a fluorescence lifetime
measurement.

A 1 (ao, a1tay)

y(x)

(apt+ a3z In(2), a;+' ay)

The function is plotted above with the three handles. A choice of handles is not unique, but you
need at least n/2 handles to specify n parameters. The definition of the handles in terms of the
parameters is a non-trivial exercise. It is well-worth giving it some thought to make the handles
intuitive to used.

A. The positions of the handle points shown above can be expressed as a matrix:

h=Aa @)
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Once you have defined the matrix A above, the rest is straight-forward.

B. When the handles are dragged by the mouse, the parameters are changed according to the
positions of the dragged handles:

a=Bh (3)
OX

a 2 0 12 0 0 0Yo,

a | | 0 56 0 U6 0 13]q
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The 4x6 matrix B is the "pseudo-inverse" of the 6x4 matrix A. It should have the properties:

B A = a 4x4 identity matrix
A B = a 6x6 symmetric matrix

Use Octave/Mathematica to do the work.
C. The movements of the three handles are restricted such that handle 0 can only be dragged

vertically, handle 1 both horizontally and vertically, and handle 3 horizontally only. The 4 degrees
of freedom are required to be able to change all 4 parameters of equation (1) above.
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With these choices, handle 0 determines the vertical offset a;, 1 determines both the amplitude a,
and the horizontal offset ag, while 2 while determine the time constant as. This behaviour is built
into equation (2). The "draggability" can be expressed as:

0.\ (F 0,) (T
I [=| T =T )
2. ) T 2,] \F

D. Equation (2) will make the x-values of the handles 0 and 1 equal. This is undesirable as we wish
to always have single valued functions, so we move 0y to the next lowest value, which will be ay-0x,
where 9x is the stepsize of the fitting function.

The adjustment vector & is added to h after it is calculated from (2) and before h is plotted.

Similarly, after a handle has been dragged, the vector 8 is subtracted from h before the parameters
are calculated from (3). In this example adjustment vector & is given by

X

()

===

Here the 6x is the smallest distance between two x-values, the x-value spacing. In practice, these
adjustments are very rarely necessary in defining handles.

E. When a handle is dragged, the behaviour can be more complicated then just a single point of the
handle moving. For example, when 0 is dragged vertically to change a;, ideally we would want the
handles 1 and 2 to also shift vertically by the same amount. Otherwise if only 0 moved, then both a,
and a3 would change, as well as a;, when 0 is dragged.

Other desirable "linked" behaviour includes:

When 1 is dragged horizontally: Oy and 24 should also move.

When 1, is dragged vertically, 2y should also move so that it remains halfway between 0y and 1,.

The following matrices link the handle movements to give the above behaviour. i.e. a mouse drag of
2 so that A2, changes, also causes Aly to change. The columns marked e indicate handle directions
that are not draggable (in this case A0y and A2y).
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F. The default values of the parameters, and therefore size, of a defined function depends on the
particular scale of a plot being made. We defined the default values and the minimum and
maximum values in terms of the range of x- and y-values of the plot.

ap 12 1/2 0 0 \( Xmin
aj 0 0 0 0 || Xmax
default: = . (7)
a 0 0 1/2 1/2|| Ymin
as -1/5 -1/5 0 0 )\ Ymax
ap 0.8 0 0 0 Xmin
aj 0 0 1 0 Xmax
low: = . 8)
an 0 0 —1/20 1/20 || Ymin
as —1/10In(2) 1/10In(2) 0 0 )\ Ymax
ap 0 1.2 0 0 )( Xmin
o aj 0 0 0 1 || Xmax ©
1g20n: =
¢ a, 0 0 -1/2 1/2]| Ymin
as —-1/In(2) 1/In(2) 0 0 )J{ Ymax

The above choices are arbitrary, but will result in reasonable behaviour. These values are commonly
used to set values when the function has changed.

6.3 Editing a function

The userFunction Dialog (modules > Define Function) allows you to construct a user defined
function, including the definition of the handles expressed by the matrices in (2)-(6). It will also test
the definition to make sure that it is sensible.

Once you have defined a useful working handle, save it to a file *.fun. These files are then available
to load at later sessions.
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7. File Formats

7.1 ASCII data format (*.dat)

The basic input file is an ASCII text file (can be read by any simple text editor) with the extension
".dat'. If a line starts with a '#' (in column 1) and the next word is not a 'keyword' then the line is
treated as a comment. There may be an arbitrary number of comments in the file. If a line does not
have a '#' in column 1 then it is treated as data.

If the '#' is followed by one of the following keywords, then it sets some properties of the curves.

Currently defined keywords:

# curve name Each contiguous name on this line is the name of a curve.
There can be many curve names on this line. The names may be separated by
whitespace (space, comma, tab, ) default: "# curve name curve 1, curve 2, ...

The data may be either given as single x, y pairs, one pair per line, or multiple curves with common
x-values in the form:
x1,yll,y21,y31 ... yml (commas can also be spaces or tabs)
x2,y12,y22,y32 ... ym2
x3,y13,y23,y33
x4, yl4, y24, y34

xn, yln, y2n, y3n ... ymn

In this case there are m curves, each with the same number of n points and with the same x-values.
The first m curve_names are assigned to these curves, or default values used if less than m
curve_names provided.

A '# can be used to separate different blocks of data. ie You can have a curve as a block of x,y
pairs; followed by a block of 3 curves with common x-values, following by a block of 2 curves with
common Xx-values, each block being separated by a line with a "#". Alternatively these 6 curves can
be given as 6 separate blocks of x, y pairs.

7.2 Other file formats (*.par, *.itx)

A *.par file contains parameters from a previous fit. Since it is written by MCDfit program, you
don't need to know the exact format. Make sure you have a fit open before you reload the
parameters of a previous fit from a *.par file.

A *.itx file, is an Igor text file. Only the data is read, all formatting is lost.
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7.3 Grid data format (*.mes)
As specified in qwtplot3d [6]

7k:11051895-17021986 //

magic string

MESH // MESH file (other keywords in future versions)
327 466 // %,y grid
557726 567506 // domain boundaries (x values)
5.10821e+006 5.12216e+006 // domain boundaries (y values)
682 682 682 682 912 924 928 928 932

element [327*%466-1] // the single z values

7.4 Function definition (*.fun)

The input specification of the formula/function files enables different types of formulae (in
cartesian, cylindrical, and spherical coordinates). The formula must be a valid C expression. A
formula parser [4] recognizes operator precedence and constants that can also be defined in the
function. It generates byte code, which makes it extremely fast.

A function is a formula that also has information about handles that allows mouse interaction.

In general a line that is read in as a string will also read any trailing comments. Therefore don't
leave comments in the lines marked with red. data read as a known number of numerical values are
OK.

# comment MCDfit version:0.31 //

formulaName /l
formulaLabel /l
formulaComment /l

// nV, nP, nC, nH, nCond
// all constant names on single line
// all constant values on single line
/I each constant comment on new line (line repeated nC times)
// each condition on new line (line repeated nCond times)
/I each conditionFormula on new line (line repeated nCond times)

nV, nP, nC, nH, nCond
constantsName (i), (i=1, nC)
constantsValue (i), (i=1, nC)
constantsComment (i)
Condition (i)
ConditionFormula (1)

formulaEq // if nP!=0, this line repeated 3 times
———————————————————————————————— Above here is a formula; below defines function
positive[0] ... positivel[i] // i form 0 to nC-1
default[0]1[0], default[0]1[4] //
default[i][0], default[i] [4] //ifrom0tonC-1
low[0] [0], low[0] [4] /1
low[i][0], low([i] [4] //'i from 0 to nC-1
high[0][0], .. high([0][4] /
high[i][0], .. high[i][4] /i from 0 to nC-1
———————————————————————————————— // below here only for nH>0.

(3] //'j from 0 to nC-1

aToH[i][0],
draggableX([i],

aToH[1] [3]
draggableY[i]

dx[0] .. dx[i]

ATOA[0] [0], euunnn.. hToA[0] [§]

ATOA[1]1[0], euunnn.. hToA[i] (7]

1inkX[0][0], 1inkX[0] [§]

1inkX[i][0], 1inkX[i] [§]
1inkY[0] [§]

linkY[O][O],

linkY[i][O01], linkY[i][7]

//'i from 0 to 2*nH-1
// for i from 0 to nH-1

/i from 0 to nH-1
//'j from 0 to 2*nH-1

/i from 0 to nC-1
//'j from 0 to nH-1

// i from 0 to nH-1
//'j from 0 to nH-1

// ifrom 0 to nH-1
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7.5 User Defined Constants (*.con)

The file data\constants\userConstants containing global constants is read in at startup. The user
can define constants by editing this file. Each constant is defined in 2 lines:

pi 3.141592654 // name (must be contiguous) and the value.
Trigonometric pi // comment (may be blank).

k 0.695 // name
Boltzmann’s constant in units of cm-1 / K // comment

Constants can also be edited in the User Globals Dialog, where the constants in the table are those
currently in memory. Constants can be added (Add) and delete individually (select row & Delete) or
the whole table deleted (Clear). Additional constants may be loaded from a file (Load) or current
constants save to a file (Save).
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8. GPL Licences

Documentation copyright: ©2007 Mark Riley m.riley@ugq.edu.au

Permission is granted to copy, distribute and/or modify this document under the terms of the GNU
Free Documentation Licence, version 1.1 or any later version published by the Free Software
Foundation, with no Invariant Sections, with no Front-Cover Texts, and with no Back-Cover Texts.

Program copyright: ©2004-8 Mark Riley m.riley@ugq.edu.au

This program is free software; you can redistribute it and/or modify it under the terms of the GNU
General Public License as published by the Free Software Foundation; either version 2 of the
License, or (at your option) any later version.
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Part III Debugging

In a debug version of the program can be built by defining the preprocessor flag:  DEBUG. The
following toolbar is added to the main window toolbar:

Debug toolbar: (hidden in release versions)

@ expands to @ Do and adds a debug toolbar to every open plot/fit window :

The button M ists all Widgets in a tree structure.

File > Preferences > Debug

This controls whether debugging information is
sent to the console. (This menu item is disabled
on release versions of the program.)

Debugging a Class means that lots of output will
be printed to the console.

If -ctor and/or -dtor is used without and -class
options, then all constructor and destructor calls
are traced. If -ctor and/or -dtor is used with any
number of -class options, then just these
constructor and destructor calls are traced. The
information returned is in the form:

> ctor classname (n) address

(n) is the number of classname objects that exist
after the constructor or destructor has been
called.

.
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