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1 Introduction
Pro-KineticistII (Pro-KII) is a program whose purpose is the elucidation of
reaction mechanisms and their associated parameters from kinetic (multitime) and multi-wavelength spectrophotometric data for reactions carried
out in solution. The parameters referred to are the rate/formation constants of
the reaction mechanism and proportionality constants or spectra that relate
detector response to the concentration of reaction species (eg. molar
absorptivity for absorbance measurements). Proportionality constants or
spectra are calculated using linear regression [1] and the rate/formation
constants are fitted using non-linear regression [2]. Fitting may be carried out
on a single spectrum at a single wavelength through to simultaneously fitting
to multiple data files each containing kinetic measurements at multiple
wavelengths (second order global analysis). There is great flexibility in the
reaction mechanisms that may be fitted. In particular reaction mechanisms
may contain both steps defined by reaction rate constants and steps
defined by formation constants allowing, for example, the inclusion of
protonation equilibria steps into a reaction mechanism defining a pH
dependent metal-ligand equilibrium.
In this introduction the algorithms behind the program are briefly explained.
Chapters 2 and 3 of this manual are a general description of how to use the
two major parts of the program, kinetic analysis and simulation. Kinetic
analysis allows the fitting of a reaction model to measured data. It provides
extensive flexibility in both the reaction mechanism and the types of
measured data that can be used. Simulation allows the simulation of data for
a particular reaction mechanism which can be saved, and if desired, read
back into the program for analysis. Chapter 4 gives instruction as to the data
manipulation functionality of the program (eg. extracting a single trace from
a data file), Chapter 5 details the function of all windows and menus and
Chapter 6 details the function of all toolbars.

The figure below is a simplified representation of program flow during fitting.

A Schematic representation of program flow during fitting.

In the above figure the data matrix Y is a matrix containing all of the data
from the loaded data files concatenated into one matrix. The matrix Ctot is
the matrix of concentration profiles for each data file concatenated into a
single matrix. This is illustrated in the figure below. Two types of fitting can be
used. "Global" fitting where a single global matrix A is calculated from Y and
Ctot and "Local" fitting where an individual A is calculated for each data file
using each C.

Ctot is a matrix formed by concatenating the calculated concentration
profiles for each data file. f = the number of loaded data files.

Concentration profiles are calculated using both an ordinary differential
equation (ODE) solver to carry out numerical integration and the NewtonRaphson algorithm for solving non-linear simultaneous equations. By using
these two methods it is possible for a reaction mechanism to contain steps
defined by reaction rate constants and also steps defined only by formation
constants.

2 Kinetic Analysis
Kinetic Analysis allows a reaction model of up to 15 elementary steps and/or
15 species to be fitted to any number of data files. Details of how to use the
Kinetic Analysis dialog box to load data and fit a reaction model to data are
given in this section.

2.1 The Kinetic Analysis Dialog Box
The Kinetic Analysis dialog box can be launched by pressing the button -

The Kinetic Analysis dialog box.

.

2.2 Loading Data/Results Files
Loading Data
Data files can be loaded by using either the "File Open" or the "Add File/s"
buttons/menu options which are located on the Main Window Toolbar/under
the File menu of the Main Window Menu:
- This button launches a file load dialog box in which a single data file or
multiple data files can be selected to load. All currently loaded data files are
removed before loading the selected data files.
- This button launches a file load dialog box in which a single data file or
multiple data files can be selected to load. All currently loaded data files
remain loaded.
Data files can be in either the glb, svd *, txt, csv, spc or kin format and any
combination of formats can be loaded.
The program allows data of two different types to be loaded simultaneously.
This data may be, for example, absorbance and fluorescence data or two
sets of absorbance data where each is over a different wavelength range. It
is a requirement for analysis that all data files of a particular data type have
the same wavelength range and number of wavelengths. The string "-----" is
used to indicate that a data type is not present and if a data file is loaded
with no data type name the name defaults to "Absorbance" or the first of the
currently loaded data types.
The currently loaded data files are listed in the tree control of the File
Window. Expanding the node of a file shows its data type, the number of
spectra, the number of wavelengths and any comments contained in the
file.
* - Data files in the svd format load much faster then files in the other formats
as it is not necessary to do the singular value decomposition for these files.
Significant time savings may be made, particularly when dealing with large
data files, by exporting the data files to the svd format and using them in this
format in the future.
Loading Results
The results of a fit can be saved in either a txt or csv format. A fit results file
can be loaded back into the program using the "Load Results" button
of
the Main Window Toolbar. The data for each data file listed in a results file is
loaded from the original file. If Pro-KII cannot find a file it will prompt you to
either try and locate the file or it will skip the file.

2.3 Loading a Reaction Model
A reaction model is what a reaction mechanism expressed in the format
required by Pro-KII is named. A reaction model may be loaded from a file or
entered directly into the Kinetic Analysis dialog box.
From a File - To load a reaction model from a file press the "Load Model"
button of the Kinetic Analysis dialog box and select the file containing the
reaction model. The file may or may not contain reaction model parameters.
The file format is the same as that used when a model is saved when using
the Kinetic Analysis or Simulation section of Pro-KII.
Directly - Enter the reaction model in the Model window of the Kinetic
Analysis dialog box and press the "Compile Model" button.
Reaction Model Format 











The direction of a reaction step is indicated by the symbol ">".
"<>" is used to indicate a reversible reaction step.
The parameter used when either ">" or "<>" is the rate constant.
A reaction step in equilibrium where the equilibrium constant is to be
used instead of forward and back rate constants is indicated by "="
instead of "<>".
Each reaction step contains only one of the symbols ">","<>" or "=" with
reactants listed to the left and products to the right.
Reactants and products within a particular step are combined using
the "+" symbol.
Species names can be single or multiple characters.
The stoichiometries of species in a particular step are indicated by an
integer to the left of the species name (no integer is assumed to mean
a stoichiometry of 1).
If a reaction step uses the "=" symbol to indicate an equilibrium it has
the following definition:
1. aA+bB+...+zZ=product
2. K = [product] / ([Aa]·[Bb]·...·[Zz]). See examples.
3. The parameter used when "=" is used for an equilibrium is log10 of
the equilibrium constant, logK.

Following is an example of converting a reaction mechanism from standard
chemistry format to the Pro-KII reaction model format:

2.4 Incorporation of Equilibria into a Reaction Model
As shown in section 2.3 equilibria can be incorporated into a reaction model
in two ways. They can be expressed as kinetically observable forward and
back reactions by using "<>" or ">" symbols.
Alternatively they can be expressed as equilibria where equilibration is
instantaneous at any particular time. To do this use the "=" symbol. In this case
the equilibrium is defined by its equilibrium constant/s and the concentrations
of the equilibrium species at a particular time is determined using the law of
mass action. This mode of calculation is particularly suited to equilibria where
equilibration is so rapid that it cannot be observed (eg. protonation
equilibria).

2.5 Setting Species as Uncoloured
If a species in the reaction model does not produce a detector response it
can be set as uncoloured. This may assist in successful fitting. This is done by
checking the uncol check box for the species in the Kinetic Analysis dialog
box. Be sure to use the check box for the data type for which the species is
uncoloured.

2.6 Analysis Type
The analysis type can be either global or local and can be selected using the
"Analysis Type" drop down menu in the Kinetic Analysis dialog box. Choosing
"Global" means global spectra and thus a global A (see Introduction) is
calculated for each data type. Choosing "Local" means a separate A is
calculated for each data file. Some examples of situations where using local
spectra would be necessary is if you were fitting measurements made at
different temperatures or there was known to be a significant baseline shift
between measurements.

2.7 Using a Known Spectrum
If the spectrum for a particular species is known for one or both data types it
can be fixed. Fixing a spectrum means that a known spectrum is used and
remains unchanged during fitting, thus it is not calculated reducing the
complexity of the linear regression step.
To fix the spectrum for a particular species and data type select the fix check
box in the Kinetic Analysis dialog box for the species and the data type.
Once all the fixed spectra for a data type have been set it is necessary to
select the files containing each spectrum.
If doing global analysis select the files using the dialog box launched by
pressing the "Data Type Spectra" button (Data Type is replaced by the name

of the data type) of the Kinetic Analysis dialog box. A dialog box will open for
each species. Use it to select the file containing the known spectrum.
If doing local analysis known spectra files must be selected for each data file.
If this is the case for each data file of the appropriate type a dialog box will
open for each species. Using it to select the file containing the known
spectrum for the data file/species combination.
In a plot of A, known spectra are plotted as a dashed line and calculated
spectra are plotted as a solid line.
The format of known spectra files is the same as other data files. If a known
spectra file contains more then one spectrum the first spectrum is used. If the
file containing the known spectrum also contains an initial concentration for
the known spectrum species, this concentration is used to calculate A (the
extinction coefficients) from the data:
A = known spectrum / initial concentration
If no initial concentration is given in the file it is assumed to be 1.
* - Due to the data reduction techniques used, plots of A may appear
distorted during fitting. This distortion is eliminated once fitting is completed.

2.8 Fixing a Parameter
To fix a parameter check the fix check box next to the parameter in the
Kinetic Analysis dialog box. Fixing a parameter means it remains invariant
during the fitting process.

2.9 Weighting Data Types
If two data types have been loaded you can set the files of each data type
to have a different weighting during a fit. An example of a situation where
this may be desired is if you have an absorbance and fluorescence data
type. If the fluorescence data was known to be more noisy then the
absorbance data you may wish to reduce its weighting during a fit.
To set the weighting of a data type enter the weighting in the "weight"
window for the data type in the Kinetic Analysis dialog box. When there are
two data types the default is equal weighting.

2.10 Stiff/Non-Stiff Integration
When fitting Pro-KII will use a stiff numerical integration routine for calculating
the concentration profiles if there are any two rate constants that vary in
magnitude by more then 1000. You can also force Pro-KII to use a stiff
numerical integration routing by checking the "stiff" check box of the Kinetic
Analysis dialog box.

2.11 Doing a Fit
Once all the data files and a reaction model have been loaded and all
other desired options have been set you are ready to do a fit. The maximum
number of iterations allowed for fitting can be set by entering the desired
value under "Max # Its" in the Kinetic Analysis dialog box (defualt is 20). To
begin a fit input initial guesses for the parameters in the "Parameters" section
and press the "Fit to Model" button in the Kinetic Analysis dialog box or the
button on the Analysis Toolbar.
A fit can be cancelled at any time be pressing the "Cancel Fit" button in the
Kinetic Analysis dialog box or the
button on the Analysis Toolbar. When
cancelling a fit wait for the "Fit cancelled" message to appear in the
Information Window before doing anything else.
During the fit all data relating to the state of the fit is updated. This includes
the "Square Sum" in the Kinetic Analysis dialog box. The square sum is the sum
of the squares of the difference between the calculated data and the
original data.
If a fit reaches the maximum number of iterations before the break criteria
have been reached the parameters are set to those that gave the smallest
square sum during the fit.

2.12 Saving Fit Results/Reaction Model
Saving Fit Results
The result of a fit can be saved by pressing the "Save Result" button on the
Kinetic Analysis dialog box. The result can be saved in either txt or csv format
both of which can be read in to Microsoft Excel or back into Pro-KII. You can
choose whether the calculated data or the original data is saved with the fit
results in Fit Settings of the Main Window Edit Menu.
Saving Reaction Model
The reaction model used for fitting can be saved by pressing the "Save
Model" button in the Kinetic Analysis dialog box. The model is saved in the
mod format which can be read in for Kinetic Analysis or Simulation.
If you wish to save a reaction model along with associated information such
as coloured/uncoloured species and known spectra this can be done by
using "Save Result". This can be done even if no data files are loaded.

2.13 Removing a Data File
A data file may be removed from the list of loaded files by right clicking on
the file name in the File Window and selecting "Remove File" from the File
Window Right-Click Menu. Another option is to select the file name in the File
Window and press the "Del" key.

2.14 Launching Plots
To launch the Plot Window for a data file double click on the file name in the
File Window. Only one Plot Window may be launched for each data file
name but any number of plots can be opened within a Plot Window. See
Chapter 6 for details of the available plots.

3 Simulation
Simulation allows a reaction model of up to 15 elementary steps and/or 15
species to be simulated. Details of how to use the Simulation dialog box to
simulate data is given in this section. The look and functionality of the
Simulation dialog box is similar to the Kinetic Analysis dialog box.

3.1 The Simulation Dialog Box
The Simulation dialog box can be launched by pressing the button -

The Simulation dialog box.

.

3.2 Loading a Reaction Model
A reaction model is what a reaction mechanism expressed in the format
required by Pro-KII is named. A reaction model may be loaded from a file or
entered directly into the Simulation dialog box.
From a File - To load a reaction model from a file press the "Load Model"
button of the Simulation dialog box and select the file containing the
reaction model. The file may or may not contain reaction model parameters.
The file format is the same as that used when a model is saved when using
the Kinetic Analysis or Simulation section of Pro-KII.
Directly - Enter the reaction model in the Model window of the Simulation
dialog box and press the "Compile Model" button.
Reaction Model Format 











The direction of a reaction step is indicated by the symbol ">".
"<>" is used to indicate a reversible reaction step.
The parameter used when either ">" or "<>" is the rate constant.
A reaction step in equilibrium where the equilibrium constant is to be
used instead of forward and back rate constants is indicated by "="
instead of "<>".
Each reaction step contains only one of the symbols ">","<>" or "=" with
reactants listed to the left and products to the right.
Reactants and products within a particular step are combined using
the "+" symbol.
Species names can be single or multiple characters.
The stoichiometries of species in a particular step are indicated by an
integer to the left of the species name (no integer is assumed to mean
a stoichiometry of 1).
If a reaction step uses the "=" symbol to indicate an equilibrium it has
the following definition:
1. aA+bB+...+zZ=product
2. K = [product] / ([Aa]·[Bb]·...·[Zz]). See examples.
3. The parameter used when "=" is used for an equilibrium is log10 of
the equilibrium constant, logK.

Following is an example of converting a reaction mechanism from standard
chemistry format to Pro-KII reaction model format:

3.3 Incorporation of Equilibria into a Reaction Model
As shown in section 3.3 equilibria can be incorporated into a reaction model
in two ways. They can be expressed as kinetically observable forward and
back reactions by using "<>" or ">" symbols.
Alternatively they can be expressed as equilibria where equilibration is
instantaneous at any particular time. To do this use the "=" symbol. In this case
the equilibrium is defined by its formation constant/s and the concentrations
of the equilibrium species at a particular time is determined using the law of
mass action. This mode of calculation is particularly suited to equilibria where
equilibration is so rapid that it cannot be observed (eg. protonation
equilibria).

3.4 Setting the Spectrum of Each Species
The spectrum of each species is set by using the parameters in the "Species"
section of the Simulation dialog box. Each spectrum is represented as a single
Gaussian peak and is defined by its peak position, "Position", peak height,
"Height" and peak width at half height, "Width" . When a model is compiled
the default settings for the spectra are:
Minimum Wavelength ("Min Lambda"): 400
Maximum
Wavelength
("Max
400 + number of species x 20 + 20
Lambda"):
400 + 20 x species number (NB: the first
Peak Position ("Position"):
species is numbered 1, the second 2,
and so on)
Peak Height ("Height"):
1
Peak Width ("Width"):
10
These settings can be changed as required.

3.5 Setting Species as Uncoloured
Species may be set as uncoloured by checking the "uncol" check box next to
the species name in the "Species" section of the Simulation dialog box. If a
species is set as uncoloured its spectrum is set to zero and any spectrum
settings are ignored.

3.6 Setting Initial Concentrations
The initial concentration of each species is set by entering the desired value
under "Init Conc" in the "Species" section of the Simulation dialog box.

3.7 Setting the Number of Spectra/Wavelengths
The number of spectra (the number of time points) to simulate is set by
entering the desired value into the "Number of Spectra" edit window of the
Simulation dialog box. The default is 100.
The number of wavelengths to simulate is set by entering the desired value
into the "Number of Wavelengths" edit window of the Simulation dialog box.
The default is 60.

3.8 Setting the Start/Stop Time and Offset Time
The time point at which to calculate the first spectrum and the time point at
which to calculate the final spectrum are set by entering the desired values
into "Start Time" and "Stop Time" of the Simulation dialog box.
If the "Offset Time" check box of the Simulation dialog box is checked then
the initial concentrations are used as the initial concentrations at the entered
start time. If it is unchecked (default state) then the initial concentrations are
used as the initial concentrations at time zero.

3.9 Setting the Time Base
A time base with either linear or logarithmic spacing can be chosen for
simulation. To choose a linear time uncheck the "Log" check box of the
Simulation dialog box unchecked. To use a logarithmic spacing check the
"Log" check box. The value in the "Min Interval" edit box is the minimum
interval size to be used for the logarithmic spacing.

3.10 Setting the Data Type
The data type name given to the simulated data can be set using the "Data
Type" drop down menu of the Simulation dialog box. If the name is left blank
no name will be given to the data. Alternatively a name may be selected
from the options in the drop down menu or manually typed into the "Data
Type" edit window.

3.11 Setting the Noise Level
Noise is added to the data by randomly adding noise with a Gaussian
distribution. The magnitude of this noise is set by entering the desired value in
"Noise (Std. Dev.)" of the Simulation dialog box. This value is the absolute
standard deviation of the noise. The default value is 0.0002.

3.12 Stiff/Non-Stiff Integration
When simulating Pro-KII will use a stiff numerical integration routine for
calculating the concentration profiles if there are any two rate constants that

vary in magnitude by more then 1000. You can also force Pro-KII to use a stiff
numerical integration routing by checking the "stiff" check box of the
Simulation dialog box.

3.13 Doing a Simulation
Once a reaction model has been loaded and all other desired options have
been set you are ready to do a simulation. To begin a simulation input the
desired values for the parameters in the "Parameters" section and press the
"Simulate" button in the Simulation dialog box.
A simulation can be cancelled at any time be pressing the "Cancel Sim"
button in the Simulation dialog box or the
button on the Analysis Toolbar.
When cancelling a simulation wait for the "Simulation cancelled" message to
appear in the Information Window before doing anything else.
Once a simulation has been completed all plots relating to the simulation are
updated.

3.14 Setting the Comment
A comment may be saved with the results of a simulation. If you desire a
comment to be saved with the results of a simulation it must be entered in the
"Comment" edit window of the Simulation dialog box before saving.

3.15 Saving Simulation Results/Reaction Model
Saving Simulation Results
The result of a simulation can be saved by pressing the "Save Data" button on
the Simulation dialog box. The result can be saved in either the glb, svd, txt or
csv format. All of these format can be read in for Kinetic Analysis.
Saving Reaction Model
Also the reaction model used for fitting can be saved by pressing the "Save
Model" button in the Simulation dialog box. The model is saved in the mod
format which can be read in for Kinetic Analysis and Simulation. All of the
settings used for simulation (ie. peak positions, peak heights, etc) are saved in
the file. This information is ignored of the model file is loaded for Kinetic
Analysis.

3.16 Launching Plots
To launch the Plot Window for a simulation press the
button on the
Analysis Toolbar. Only one Plot Window may be launched for simulation but
any number of plots can be opened within a Plot Window. See Chapter 6 for
details of the available plots.

4 Data Manipulation
In this section the data manipulation functionality of Pro-KII is described.

4.1 Kinetic Analysis
4.1.1 Changing a Files Data Type
The data type of data may be changed from the name given in the original
file. This is done by right clicking on the name of the file in the File Window
and selecting "Change Data Type" from the File Window Right-Click Menu.
This launches a dialog box. The string "-----" is used to indicate that a data
type is not present.
If only one data type is loaded you can:
1. Change the name of the data type by manually overwriting its current
data type name with a new one. This will create a second data type.
If two data types are loaded you have two choices:
1. Change the name of the data type by manually overwriting its current
data type with the name of a new one. This will change all files of the
same data type to the new one.
2. Change the data type of the data from its current type to the other
available type. This is done by selecting the other type from the drop
down menu.
If you want the changes to the data type names to be written back to the
affected files check the "Save to File" check box. Otherwise the changes will
only persist as long as the affected files remain loaded.

4.1.2 Editing a Files Initial Concentrations
The initial concentrations of reaction model species specified in a data file
may be edited by right clicking on the name of the data file in the File
Window and selecting "Edit Initial Concentrations" from the File Window RightClick Menu. This launches a dialog box in which the initial concentration may
be edited. If you want the changes to be permanently saved back to the
original data file check the "Save to File" check box. Otherwise the changes
will only persist as long as the data file remains loaded.
Alternatively if you wish to set the initial concentrations of a species to the
same value across all data files select "Edit All Initial Concentrations" from the
Main Window File Menu. This launches a dialog box in which the initial
concentration may be edited. If you want the changes to be permanently
saved back to the original data files check the "Save to File" check box.
Otherwise the changes will only persist as long as a data file remains loaded.

Only the initial concentrations of those species for which a number is entered
will be changed. The string "---" is used to indicate that the initial
concentrations of a species will not be modified.

4.1.3 Removing a Data File/s
To remove a data file right click on the file name in the File Window and
select "Remove File" from the File Window Right-Click Menu.
To remove all the data files in one go select "Remove All Files" from the File
menu of the Main Window Menu.

4.1.4 Editing Data File Comments
The comments contained in data files can be viewed by expanding the
nodes of the File Window tree control that lists the names of loaded files. If the
data file does not contain a comment none is displayed.
To edit a data file comment right click on the name of the data file in the File
Window and select "Edit Comment" from the File Window Right-Click Menu.
Enter the new comment in the edit window of the dialog box that is
launched. The new comment is saved back to the original file.

4.1.5 Exporting a Data File/s to a Different Format/s
Data files can be exported to any of the four available formats, glb, svd, txt
and csv.
Exporting a Single File:
To export a single file right click on the name of the file in the File Window and
select "Export" from the File Window Right-Click Menu. Then select the desired
format and choose a file name.
Exporting All Files:
To export all files select "Export All" from the File menu of the Main Window
Menu. When using this option the files are exported to files with the same
name as the loaded files with the appropriate file extension.

4.1.6 Viewing/Saving a Selection of Traces to a New File
The purpose of this feature is to allow the selection of traces in either the time
or wavelength dimension for viewing and or saving. Once the desired traces
have been selected they can be viewed or saved to a new file in any of the
four available data file formats, glb, svd, txt and csv.
The first step is to select which traces are to be viewed or saved to a file. To
do this a Plot Window needs to be opened for a data file by double-clicking

on the files name in the File Window. Then if you wish to view/save a selection
of spectra choose a 2D spectra plot by pressing the
button on the Plot
Selection Toolbar. If you wish to view/save a selection of wavelengths choose
a 2D wavelength plot by pressing the
button on the Plot Selection
Toolbar.
There are two methods by which you can choose which traces to view/save:
Auto Pruning
The auto prune option automatically selects traces to view/save. To use this
option right-click within the plot area choose "Plot Settings" from the menu.
You can also choose "Plot Settings" from the Edit menu of the Plot Window
Menu. Check the "Auto Prune" check box of the Plot Settings dialog box that
is launched. Then choose which traces to keep by adjusting the value in
"Auto Prune Every" by using the up and down arrow buttons. Choosing a
value of 1 will select every trace for saving, a value of 2 will select every
second trace, and so on. Once the desired value has been selected press
"Ok".
Once you have used auto prune fine adjustment of the selected traces can
be made by using the trace select option described below.
Trace Select
To enter trace select mode press the
button on the Plot Control Toolbar.
All the traces are plotted with those selected in colour and with a legend and
those not selected in grey with no legend. There are two options to
select/deselect a trace. You can place your mouse over the desired trace
and when it is highlighted in black, and its name is displayed double-click the
left mouse button. Alternatively you can use the trace select dialog box that
opens in the top left corner of the Plot Window when you enter trace select
mode. Either use the up/down arrows to scan through the traces (the current
trace is highlighted in black) or enter the index of the trace in the "Index" edit
window. Once you have found the trace you want press the
"Select/Deselect" button to the right of the trace name.
Also a range of traces may be selected/deselected by entering the index to
select from under "From Index" and the index to select to under "To Index"
and pressing the "Select/Deselect" button next to "To Index". Note when using
this option and deselected traces in the range will be selected and any
selected traces in the range will be deselect.
To leave trace select mode either press the
trace select dialog box.

button again or close the

Saving the Selected Traces
Once the desired traces have been selected and you have left trace select
mode you can save the selection to a data file. Right-click within the plot
area choose "Save Selection" from the menu. Select the format in which you
would like to save the selection and then choose a file name.

4.1.7 Compiling Multiple Files Containing Single Traces into One File
If you have files containing a single wavelength or single time trace in the
APL-ASCII format a set of these files can be combined into a single data file
that can be read into Pro-KII. This option can also be used to convert a single
file in the APL-ASCII format into a file that can be read by Pro-KII.
To use this option select "Compile Single Traces" from the File menu of the
Main Window Menu. Then select whether the files are single time traces or
single wavelength traces. You can then select the files to compile and then
select a name for the file in which to store the result. The resulting file will be in
the glb format.
When using this option to compile single time traces all the selected files must
have the same wavelength range. When using this option to compile single
wavelength traces all the selected files must have the same time range.

4.1.8 Editing the Reaction Cell Width
The reaction cell width or cell width is a scaling factor by which calculated
data is multiplied by. Its purpose is to account for the effect of the reaction
cell width on the measurement. The default cell width is 1. The cell width can
be edited by using either "Edit Cell Width" of the File Window Right-Click Menu
or "Edit All Cell Widths" of the Main Window File Menu.

4.1.9 Editing the First Time Point Used for Fitting
It is possible you may wish some initial time points to be excluded from fitting,
for example to allow for the mixing time of solutions when making stoppedflow measurements. This can be done for individual measurements by using
the "Set Start Time" option of the File Window Right-Click Menu. Select the first
time point to be included for fitting.
You can also set the start time of all loaded measurements simultaneously by
using the "Set All Start Times" option of the Main Window File Menu. The time
points presented to you to choose from will be all the available time points
from the currently loaded files. The search for all available time points may
take some time. If you select a start time that is not present in some files you
will receive the error message "Setting start time failed for file x." (x = the file
number) for each file for which this is the case.

4.1.10 Offsetting the First Time Point to Zero
If the initial concentrations for a particular data file are known at a time other
then time zero of the reaction this can be taken into account. If you select
the "Offset Time" option of the File Window Right-Click Menu then the initial
concentrations will be considered as the initial concentrations at the first time
point given for the data file. If the "Offset Time" option is not checked
(default) the initial concentrations are considered the initial concentrations at
time zero.
You can also use the "Offset All Times" option of the Main Window File Menu
to enable/disable the offset time option across all loaded data files
simultaneously.

4.2 Simulation
4.2.1 Viewing/Saving a Selection of Traces to a New File
The purpose of this feature is to allow the selection of traces in either the time
or wavelength dimension for viewing and or saving. Once the desired traces
have been selected they can be viewed or saved to a new file in any of the
four available data file formats, glb, svd, txt and csv.
The first step is to select which traces are to be viewed or saved to a file. To
do this a Plot Window needs to be opened for the simulation by pressing the
button on the Analysis Toolbar of the File Window. Then if you wish to
view/save a selection of spectra choose a 2D spectra plot by pressing the
button on the Plot Selection Toolbar. If you wish to view/save a selection
of wavelengths choose a 2D wavelength plot by pressing the
button on
the Plot Selection Toolbar.
There are two methods by which you can choose which traces to view/save:
Auto Pruning
The auto prune option automatically selects traces to view/save. To use this
option right-click within the plot area and choose "Plot Settings" from the
menu. You can also choose "Plot Settings" from the Edit menu of the Plot
Window Menu. Check the "Auto Prune" check box of the Plot Settings dialog
box that is launched. Then choose which traces to keep by adjusting the
value in "Auto Prune Every" by using the up and down arrow buttons.
Choosing a value of 1 will select every trace for saving, a value of 2 will select
every second trace, and so on. Once the desired value has been selected
press "Ok".
Once you have used auto prune fine adjustment of the selected traces can
be made by using the trace select option described below.

Trace Select
To enter trace select mode press the
button on the Plot Controls Toolbar.
All the traces are plotted with those selected in colour and with a legend and
those not selected in grey with no legend. Their are two options to
select/deselect a trace. You can place your mouse over the desired trace
and when it is highlighted in black and its names is displayed double click the
left mouse button. Alternatively you can use the trace select dialog box that
opens in the top left corner of the Plot Window when you enter trace select
mode. Either use the up/down arrows to scan through the traces (the current
trace is highlighted in black) or enter the index of the trace in the "Index" edit
window. Once you have found the trace you want press the
"Select/Deselect" button.
To leave trace select mode either press the
trace select dialog box.

button again or close the

Saving the Selected Traces
Once the desired traces have been selected and you have left trace select
mode you can save the selection to a data file. Right- click within the plot
area choose "Save Selection" from the menu. Select the format in which you
would like to save the selection and then choose a file name.

4.2.2 Offsetting the First Time Point to Zero
If you check the "Offset Time" check box of the Simulation Dialog Box then
the start time will be considered time zero and the initial concentrations will
apply to this time.

4.3 Memory Issues
If memory usage by Pro-KII becomes a problem the amount of memory used
can be reduced by discarding the original data once it has been loaded.
This option can be selected in Fit Settings. This means that once the data is
loaded and a singular value decomposition (SVD) has been carried out on
the data, the original data is discarded and only the results of the SVD are
kept. This can greatly reduce memory requirements, particularly for large
data sets. However, this does mean that any displayed or re-saved data must
first be recalculated from the SVD results and there may be minor differences,
specifically in areas of high noise, between the original and recalculated
data.

5 Windows and Menus
In this chapter the function of all of the programs windows and menus are
outlined. Right-click menus are not shown on the figure below. However, for a
window for which they are defined they are launched by right-clicking inside
the particular window.

Pro-KII windows and menus.

5.1 Main Window (see picture)
The Main Window is the window that contains the File Window, Information
Window and Summary Window.

5.2 Main Window Menu (see picture)
The Main Window Menu is the menu located along the top of the Main
Window.

5.2.1 File
Open - Select data files to load. All currently loaded data files are removed.
Add File/s - Select files to load. All currently loaded data files remain loaded.
Load Results File - Load a fit results file.
Print - Print the Summary Window.
Print Preview - Print preview the Summary Window.
Print Setup - Launches the Print Setup dialog box.
Edit All Initial Concentrations - Launches the edit all initial concentrations
dialog box. The initial concentrations of species for which a number is
entered will be changed in all loaded files. "---" indicates that an initial
concentrations of a species will not be changed.
Edit All Cell Widths - Edit the reaction cell width of all loaded files
simultaneously.
Edit All Start Times - Edit the first time point used for fitting for all loaded files
simultaneously. You will be given the choice of all loaded times but changes
will only be applied to files for which the chosen time is present.
Offset All Times - If some or none of the loaded data files have the first time
point offset to zero time all loaded files will be set to have the first time point
offset to zero. If all loaded files have the first time point offset to zero offset
time will be disabled for all files.
Export All - Export all currently loaded data files to the selected format. The
original file names are used with the appropriate file extension appended.
Remove All Files - Removes all currently loaded data files.
Compile Single Traces - Compile multiple APL-ASCII files containing single
traces into a single file in the glb format.
Exit - Exit the program.
5.2.2 Edit
Fit Settings - Launches the Fit Settings dialog box in which fit parameters can
be changed. In general these parameters should be left as their default
values.

Marquardt Relative Error

Marquardt Increase Factor

Marquardt Decrease Factor

Derivative Step Factor

SVD Type

Vector Iteration Accuracy

Default Number of Eigenvalues

When the relative change in the sum of
squares reaches this value during fitting the
fit is completed. Default = 10-4.
If the Marquardt parameter is introduced
during fitting it is multiplied by this value
when it is increased. Default = 10.
If the Marquardt parameter is introduced
during fitting it is divided by this value when
it is decreased. Default = 10-0.5.
When calculating the derivative of the
residuals during fitting this factor is multiplied
by each parameter to determine the size of
the step over which the derivative is
calculated. Default = 10-6.
Two routines are available for carrying out
singular value decomposition. A LINPACK
routine and Vector Iteration routine.
LINPACK is the default routine.
If the Vector Iteration singular value
decomposition routine is selected this is the
accuracy used for the break criteria. Default
= 10-9.
*It is not recommended that this value be
changed from the default. It is the number
of
eigenvalues/eigenvectors
used
to
represent during fitting. Using too few

eigenvalues/eigenvectors may result in loss
of significant aspects of the data.
ODE Solver Accuracy
This is the accuracy used by the ordinary
differential equation solver routines when
calculating concentration profiles. Default =
10-4.
Equilibrium Accuracy
This is the accuracy used by the algorithm
that calculated the concentrations of
species in equilibria. It is a non-linear root
finding algorithm. Default = 10-10.
Saving Options
When saving fit results you can either save
the calculated data or the original data.
Display and Data Re-Saving When loading data files you can choose
Options
whether the original data is kept or
discarded. If you choose to keep the original
data then it is used, unmodified, for display
and saving purposes. If you choose to
discard it the original data is recalculated
from the singular value decomposition
results for display and saving.
Discarding the data reduces the amount of
computer memory used but may result in
there being minor differences, specifically in
areas of high noise, between the
recalculated data and the original data.
Simulation Settings - Launches the Simulation Settings dialog box in which
simulation parameters can be changed. In general these parameters should
be left as their default values.

ODE Solver Accuracy

Equilibrium Accuracy

SVD Type

Vector Iteration Accuracy

Default Number of Eigenvalues

This is the accuracy used by the ordinary
differential equation solver routines when
calculating concentration profiles. Default =
10-4.
This is the accuracy used by the algorithm
that calculated the concentrations of
species in equilibria. It is a non-linear root
finding algorithm. Default = 10-10.
Two routines are available for carrying out
singular value decomposition. A LINPACK
routine and Vector Iteration routine.
LINPACK is the default routine.
If the Vector Iteration singular value
decomposition routine is selected this is the
accuracy used for the break criteria. Default
= 10-9.
*It is not recommended that this value be
changed from the default. It is the number
of
eigenvalues/eigenvectors
used
to
represent during fitting. Using too few
eigenvalues/eigenvectors may result in loss
of significant aspects of the data.

5.3 Information Window (see picture)
This window displays information to the user about what the program is doing.

5.4 File Window (see picture)
This window displays a list of loaded data file in a tree control when doing
kinetic analysis. Expanding the nodes of the tree control lists the:
- Data type name
- The number of spectra
- The number of lambda
- Data file comments

5.5 File Window Right-Click Menu (see picture)
This menu is launched by right-clicking on the name of a data file in the File
Window.
Change Data Type - Change the data type of a file/s.
Edit Initial Concentrations - Edit a files initial concentrations.

Remove File - Remove a data file.
Edit Comment - Edit a data file comment.
Edit Cell Width - Edit the reaction cell width of the data file.
Edit Start Time - Edit the first time point to be used for fitting.
Offset Time - Check this option if the first time in the data file is to be used as
the time zero.
Export - Export the data file to the selected format.

5.6 Summary Window (see picture)
This window lists a summary of either the kinetic analysis or simulation currently
being done. What is listed in the Summary Window is:
Kinetic Analysis
- Reaction model
- Data files, the standard deviation of the residuals of each file and the initial
concentration of each species for the data files. If a species has zero initial
concentration for all data files its initial concentrations are listed in red.
- Fit information including the Sum of Squares, the standard deviation of the
residuals and the parameters along with their estimated errors.
Errors in the parameters are estimated as follows:
Let n = degrees of freedom, ssq = sum of squares of the residuals, s = sum of
the residuals, n_spec = total number of spectra, n_lam = total number of
wavelengths
σy (standard deviation) =

( ssq - ( s2 / n ) / n )

Error in a Parameter = σy *

( the parameters covariance )

For data with normally distributed errors (eg. simulated data) standard
deviation at the minimum Sum of Squares would be expected to equal the
standard deviation of the error in the data. However due to the data
reduction techniques used by Pro-KII the calculated standard deviation and
σy and thus the resulting estimated parameter errors will be less then
expected.
NB: The purpose of these error estimates is to give an indication of the
statistical goodness of the fit based on the data input into the program. They
should not be used as estimations of the true error.

Simulation
- Reaction model
- Initial concentration of each species
- Reaction model parameters

5.7 Plot Window (see picture)
A Plot Window is launched by double-clicking on the name of a data file in
the File Window. Only one Plot Window will open for each data file. The Plot
Window allows plotting of all of the data associated with a data file.
5.7.1 Rotating 3D Plots
If viewing a 3D plot it can be rotated by clicking and holding down the left
mouse button within the plot area and moving the mouse pointer to rotate
the plot. When the desired viewing angle has been reached release the left
mouse button.
5.7.2 Zooming 3D Plots
3D plots can be zoomed in on and zoomed out from by using either the
"Zoom In" and "Zoom Out" options of the Plot Window Right-Click Menu or the
and
buttons of the Plot Controls Toolbar.
5.7.3 Zooming 2D Plots
Zooming for 2D plots can be turned on by selecting either either the "Zoom In"
option of the Plot Window Right-Click Menu or the
button of the Plot
Control Toolbar. Zooming is done by clicking and holding the left mouse
button and dragging a box around the area to be zoomed. When the left
mouse button is released the plot is zoomed. Selecting "Zoom Out" from the
Plot Window Right-Click Menu or the
button from the Plot Control Toolbar
will step the zoom back one step. Pressing it a second time steps the plot
back to no zoom.

5.8 Plot Window Menu (see picture)
5.8.1 File
Print - Print the selected plot according to the print options selected in Plot
Settings.
Print Preview - Preview printing of the selected plot according to the print
options selected in Plot Settings.
Print Setup - Launches the Print Setup dialog box.

Close - Close the Plot Window.
5.8.2 Edit
Copy - Copy the currently active plot to the clipboard.
Plot Settings - Launches the Plot Settings dialog box. If a 2D plot is open the
2D Plot Settings dialog box will launch and if a 3D plot is open the 3D Plot
Settings dialog box will launch.
For a 2D Plot:

X-Axis - The horizontal axis.
Y-Axis - The vertical axis.
Label - The label given to the axis. It can be edited.
Tick Marks - The number of tick marks to display on the axis. It can be edited.
Scale - Select either a log10 scale or a linear scale.

Set - Check this check box to force the plot to display only that portion of the
plot that falls within the values in Maximum and Minimum.
Font Settings - Press the "Text" button to specify the font and style parameters
to use for displaying text and press the "Numbers" button to specify the font
and style parameters to use for displaying text.
Show Legend - Check to display the plot legend.
Show Grid - Check to display the background grid.
Colour - Check to display the plot in colour. If unchecked the plot is displayed
in grey scale.
Legend - The names displayed in the legend. They can be edited.
Trace Options - If "Dashed" is chosen then when a plot plotting fitted against
original data is viewed the fit is plotted as a solid trace and the original data
as a dashed trace of the same colour. If "Solid" is chosen then the fit and the
original data are plotted as solid traces of different colour.
Auto Prune - Used for selecting traces when viewing spectra and wavelength
plots.
Zero Line - If checked a dashed black line is displayed at zero for both axis. It
is only displayed if the axis minimum is less then zero and the maximum
greater then zero.
Printing Options
- Print Plot: Print the active plot.
- Print Plot + Summary: Print the active plot and the summary window.
- Print Report: Print the plots Y, R, C_col and A and the summary window.
For a 3D Plot:

X-Axis - The horizontal axis across the screen.
Y-Axis - The vertical axis.
Z-Axis - The horizontal axis out of/into the screen.
Label - The label given to the axis. It can be edited.
Tick Marks - The number of tick marks to display on the axis. It can be edited.
Scale - Select either a log10 scale or a linear scale.
Font Settings - Press the "Text" button to specify the font and style parameters
to use for displaying text and press the "Numbers" button to specify the font
and style parameters to use for displaying text.
Colour - Check to display the plot in colour. If unchecked the plot is displayed
in grey scale.
Trace Limit - The maximum number of traces to be plotted along the x-axis
and the z-axis. The smaller this value the faster the plot will draw but the lower
the resolution.

Printing Options
- Print Plot: Print the active plot.
- Print Plot + Summary: Print the active plot and the summary window.
- Print Report: Print the plots Y, R, C_col and A and the summary window.
5.8.3 Window
Cascade - Cascade the open child windows.
Tile - Tile the open child windows.
Arrange Icons - Arrange the icons of minimised windows.

5.9 Plot Window Right-Click Menu (see picture)
Copy - Copy the plot to the clipboard.
Plot Settings - Launch the Plot Settings dialog box.
3D Orientation - Manually set the angle of rotation about the horizontal and
vertical axes for a 3D plot.
Zoom In - Zoom in on a 3D plot or turn zooming on for a 2D plot.
Zoom Out - Zoom out of a 3D/2D plot.
Reset Zoom - Reset the plot to no zoom.
Save Plot - Save the plot to a file in either a txt or csv format.
Save Selection - This option is for saving selected traces if the plot is a 2D
spectra (including A) or wavelength plot.

5.10 Sum of Squares Window (see picture)
The Sum of Squares Window is a plot of the changes in the Sum of Squares
during fitting. It is launched by pressing the
button on the Analysis Toolbar.

5.11 Sum of Squares Window Menu (see picture)
5.11.1 File
Print - See Plot Window Menu
Print Preview - See Plot Window Menu

Print Setup - See Plot Window Menu
Close - See Plot Window Menu
5.11.2 Edit
Copy - See Plot Window Menu
Plot Settings - See Plot Window Menu

5.12 Sum of Squares Window Right-Click Menu (see picture)
Copy - See Plot Window Menu
Plot Settings - See Plot Window Menu
Zoom In - See Plot Window Menu
Zoom Out - See Plot Window Menu
Reset Zoom - See Plot Window Menu
Save Plot - See Plot Window Menu

6 Toolbars
In this chapter the function of all toolbar button is outlined.

Pro-KII toolbars.

6.1 Main Window Toolbar (see picture)
Open to select data file to load for kinetic analysis (more).
Open to select files to add to the currently loaded data files (more).
Load a results file (more).
Print preview the Summary Window.
Print the Summary Window.

6.2 Analysis Toolbar (see picture)
Enter kinetic analysis mode and launch the Kinetic Analysis dialog box.
Enter simulation mode and launch the Simulation dialog box.

Launch the simulation Plot Window.
Launch the Parameter Sliders dialog box. The parameter sliders allow
the reaction model parameters to be adjusted using slider bars. All
plots and fit/simulation information is updated when the sliders are
moved.

If doing kinetic analysis start doing a fit.
Cancel the current operation.
Launch the Sum of Squares Window.

6.3 Plot Selection Toolbar (see picture)
A 3D plot of the original data, Y from the introduction.
A 3D plot of the calculated data, Ycalc from the introduction.
A 3D plot of the original and calculated data overlayed.
A plot of all the concentration profiles, C from the introduction.
A plot of the concentration profiles of coloured species.
plot of the calculated spectra, matrix A from the introduction.
A 3D plot of the residuals, Y-Ycalc from the introduction.
A 2D plot of time traces. Both original and calculated traces are
plotted. Depending on what is selected in "Trace Options" of "Plot
Settings" the original data will be plotted as a dashed/solid line and the
calculated data will be plotted as a solid line. The original data is
plotted first and the calculated data second.
A 2D plot of wavelength traces. Both original and calculated traces
are plotted. Depending on what is selected in "Trace Options" of "Plot
Settings" the original data will be plotted as a dashed/solid line and the
calculated data will be plotted as a solid line. The original data is
plotted first and the calculated data second.
A 2D plot of time traces from the residual matrix (
).
A 2D plot of wavelength traces from the residuals matrix (
).
A plot of the time basis vectors resulting from the singular value
decomposition of the original data.
A plot of the wavelength basis vectors resulting from the singular value
decomposition of the original data.

6.4 Plot Control Toolbar (see picture)
Launch a new plot.
Copy the active plot to the clipboard.
Print preview the active plot according to the print options selected in
Plot Settings.
Print the active plot according to the print options selected in Plot
Settings.
Zoom in on a 3D plot or turn zooming on for a 2D plot.
Zoom out of a plot.
Enter/leave trace select mode. All the traces are plotted with those
selected in colour and with a legend, and those not selected in grey
with no legend. There are two options to select/deselect a trace. You
can place your mouse over the desired trace and when it is
highlighted in black and its names is displayed double click the left
mouse button.
Alternatively you can use the trace select dialog box that opens in the
top left corner of the Plot Window when you enter trace select mode.
Either use the "Single Trace Select" tab to select/deselect single traces
or use the "Range Select" tab to select/deselect a range of traces. To
leave trace select mode either press the
button again or close the
trace select dialog box.
Launch the Parameter Sliders dialog box. The parameter sliders allow
the reaction model parameters to be adjusted using slider bars. All
plots and fit/simulation information is updated when the sliders are
moved.

6.5 3D Plot Toolbar (see picture)
Draw a 3D plot as a wire frame.
Draw a 3D plot as a surface.
Draw the 3D plot as a contour plot. Peaks are in white and valleys are
in black.

7 Examples
In this chapter a number of examples are given of using Pro-KII for both
simulation and fitting.

7.1 Simulation and Fitting of the Michaelis-Menten Mechanism
All of the data files and the reaction model used for fitting can be found in
the directory "\Examples\Example 1".
In this example a Michaelis-Menten mechanism was simulated with a number
of different initial concentrations. This is an example of an enzyme-catalysed
reaction. The mechanism is listed below.

In this example E - enzyme, S - substrate and P - product.
The model we used for simulation was:
E+S<>ES
ES>P+E
with the following rate constants:
k+1
k-1
k+2

2
0.1
4

The first step in doing the simulation was to enter the reaction model into the
Simulation dialog box and compile it. Once compiled the parameters we
wanted to use for the simulation were set. The spectra were left as there
default values. The values we changed from default were setting the stop
time to 5, setting the number of spectra to calculate to 200, setting the noise
level to 0.001 and choosing "Absorbance" as the data type. In the data file
comment we put the level of noise used.

We then simulated and saved 4 data files. The files are in the
"\Examples\Example 1" directory and are named "MM Data File 1.glb", "MM
Data File 2.glb", "MM Data File 3.glb" and "MM Data File 4.glb". We also saved
the model in "MM Model.mod". The data files all had an initial concentration
of 1 for S and the initial concentration of E was varied over 0.2, 0.6, 1 and 2.
The Kinetic Analysis dialog box was then launched and the data files were
read in for analysis. The saved reaction model was then loaded. The
parameter sliders were then launched as was a Plot Window. The kinetic
analysis dialog box was closed to allow easier viewing of the plot and sliders.
A residuals plot was selected in the plot window and the sliders were shifted
from the correct parameters.

The model was then fitted and the changes in the parameters and the
residuals were observed during the fit. The small discrepancy observed
between the parameters used for simulation and the results of the fit are due
to the added noise.

7.2 Simulation of an Extended Michaelis-Menten Mechanism
All of the data files and the reaction model used for fitting can be found in
the directory "\Examples\Example 2".
The mechanism in this example is an extension of the Michaelis-Menten
mechanism of the above example. This is an example of enzyme recycling
where the enzyme concentration is much less then the substrate
concentration but the enzyme is recycled throughout the reaction. The
mechanism used for this example was:
E+S<>ES
ES>F
F<>E+P
with the following rate constants:
k+1
k-1
k+2

5
2
10

k+3
k-3

5
1

In this example the spectra were changed from the default and the
spectrum P was set uncoloured. The settings used are shown below.

Three data files were simulated. The initial concentration of S was maintained
at 1 and the initial concentration of E was varied between 0.1, 0.2 and 0.4.
The results of the simulations were saved in the files "MM Ex Data File 1.glb",
"MM Ex Data File 2.txt" and "MM Ex Data File 3.csv". The reaction model used
was saved in "MM Ex Model.mod". These files can be found in
"\Examples\Example 2".
Also a known spectrum for S was simulated by giving all species except S 0
initial concentration and simulating a single spectrum (number of spectra =
1). This was saved in the file "Spectrum S.glb".

The Kinetic Analysis dialog box was then launched and the data files and
model were loaded. Species S was set to have a known spectrum and the
file containing the spectrum was selected. The species P was set as
uncoloured. The parameters were then changed to incorrect values and a
Plot Window was launched to view a plot of A during the fit.

The model was then fitted and the changes in the parameters and the
spectra were observed during the fit. The small discrepancy observed
between the parameters used for simulation and the results of the fit are due
to the added noise.

7.3 Fitting Rates of Association for Ni(II) Ethylenediamine Complexes
All of the data files and the reaction model used for fitting can be found in
the directory "\Examples\Example 3".
NB: At the time this example was prepared the initial concentrations used
were known to be inaccurate (due to Ni(en)32+ crystals used containing an
unknown amount of water) and the reaction model used was thought to be
inadequate. The reaction model most likely also requires the inclusion of
complexes between Ni2+ and the singly protonated enthylenediamine ligand.
For these reasons this example should only be considered as an example of
using the program, the results obtained from this example should not be
considered comparable to any other published results.
The example we are going to consider here is the decomposition of a Ni and
ethylenediamine (en) complex. Two solutions with different initial
concentrations of Ni(en)32+ were mixed with two solutions having different
concentrations of HNO3 using an Applied Photophysics Ltd stopped-flow
spectrophotometer. The reactions were observed by making absorbance
measurements between 355-640nm. The reaction was carried out under four

different sets of initial conditions by mixing all possible permutations of the
different Ni(en)32+ and HNO3 concentrations.
The proposed mechanism for the reaction was (water has been omitted from
complexes for brevity):

The reaction rates we wished to determine were the reverse rates for the 3
steps involving Ni-en complexes. The reaction was carried out at different pHs
to vary the amount of H+ available and thus vary the time taken for and the
extent of the decomposition of the Ni(en)32+ complex.
The particular stopped-flow that was used produced a single data file for
each wavelength containing the absorbance at each measurement time.
The files were in the APL-ASCII format. The absorbance was measured at
15nm steps producing a total of 20 data files for each set of initial reaction
conditions. The set of files for each set of reaction conditions were compiled
into a single file by using the Compile Single Traces option of Pro-KII.

This resulted in four data files that were read into Pro-KII. Upon inspection of
the data it was decided to remove the first 2 milliseconds of the data to allow
for the mixing of the solutions in the reaction cell. This was done using the 2D
spectra plot, trace select mode and data exporting. To save on space and
time the cut data files were saved in the svd format.

Once this was done the uncut data files were removed and the newly
created data files with the first 2 milliseconds removed were read into Pro-KII.
The four cut data files can be found in the "\Examples\Example 3" directory.
The file names are "Ni-en Data File 1.svd", "Ni-en Data File 2.svd", "Ni-en Data
File 3.svd" and "Ni-en Data File 4.svd". These four files are also in the
"\Examples\Example 3" directory in the glb, txt and csv formats.
Now that the data was prepared it was time to compile a reaction model.
The reaction model used was:
L+H=LH
LH+H=LH2
W+H=WH
ML3<>ML2+L
ML2<>ML+L
ML<>M+L
In this model L - en, H - H+, W - water, M - Ni2+.

The "=" symbol is used for the protonation steps because these steps are so
fast that equilibration cannot be observed. Thus they are defined by their
formation constants rather then forward and back rate constants.
The model was entered in the Kinetic Analysis dialog box "Model" window.
The model was then compiled. Once the model was compiled the species L,
H, LH, LH2, W, and WH were all set as uncoloured since none of these species
produced a signal in the wavelength range over which we measured.
The formation constants for the protonation of en and water are known (Ref
1) so these were entered in the Kinetic Analysis dialog box and fixed. The
rates for each of the decomposition steps k+1, k+2 and k+3 have been
independently determined (Ref 2) so these were fixed to their determined
values.

The data files didn't contain the initial concentrations of any of the species.
So now that the model was compiled we entered the initial concentrations of
each species for each data file. This is done by selecting "Edit Initial
Concentrations" from the File Window Right-Click Menu. Water is included in
the reaction model to account for solvent effects and the concentration for
water in dilute solutions is 55.5M. To ensure we wouldn't need to enter the
initial concentrations again in the future we checked the "Save to File" check
box so the initial concentrations would get saved back to the data file.

Since each measurement was thermostated to the same temperature (25oC)
the spectra should be the same for each data file so we fitted using global
spectra by selecting "Global" for the "Analysis Type" in the Kinetic Analysis
dialog box.
Now everything was ready so we pressed the "Fit to Model" button to do the
fit. The model and initial guesses we used can be found in the model file "Nien Model.mod" in the "\Examples\Example 3" directory.
The fit took 12 iterations to complete using the default settings for all the fit
parameters. The fitted rates were:
k-1:

6.26x104

k-2:
k-3:

4.00x105
9.45x104

To check if the fit was reasonable we looked at the final spectra by viewing a
plot of A. The spectra matched well with the known spectra for ML3
(Ni(en)32+) , ML2 (Ni(en)22+), ML (Ni(en)2+)and M (Ni2+). Since we used global
spectra the spectra for each data file are the same so it didn't matter which
file we chose to use to view A. If we had used local spectra each data file
would have a different A.
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