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LICENSE
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1 INTRODUCTION
The Pro-K IV (Pro-Kineticist IV) software is primarily intended for analysis of time dependent spectra generated
by the Applied Photophysics SX, Pistar and LKS series of stopped-flow and laser flash spectrometers.
Multivariate datasets typically generated using the photodiode array (PDA) detector can be ‘globally’ analysed by
fitting the entire dataset to a given model. Additionally, single wavelength data, may be analysed and a facility is
available for generating simulated kinetic data. This user guide covers a full description of the installation and
use of the software in the analysis of time dependent spectra.

1.1 Security
Pro-K IV is protected from unauthorised distribution by means of a unique license for every PC Pro-K IV is
installed on. This license is obtained by sending a license request file to the Technical Support Department at
Applied-Photophysics Ltd. Applied-Photophysics Ltd will then return a unique license to the sender of the original
request file. The license can then be uploaded to the Pro-K IV software and activated.

1.2 System Requirements
Pro-K IV is a 32bit application designed to run on PCs or compatibles running Microsoft Windows. It is
recommended that a system of at least the following specification be used:







Pentium or compatible processor
128 MB RAM minimum
5 MB Hard disc space required during installation.
CD ROM for installation.
800x600 VGA or higher graphics resolution.
Windows Vista or Windows 7 or Windows 8.
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2 APPLICATION SUMMARY
Pro-K IV represents an advance in the analysis capability available to scientists studying wavelength dependent
reaction kinetics or time dependant spectra. The introduction of instrumentation capable of generating high
quality sets of time dependent spectra comprising many thousand individual absorbance (or fluorescence)
measurements has prompted the development of an analysis system which can exploit this data fully and
efficiently. The software may also be used to fit single wavelength kinetic data, fluorescence data etc. as well as
simulate data based on a given model. The software is user friendly and produces high quality displays of input
and output data.
Pro-K IV allows the scientist to globally analyse the complete dataset according to a proposed reaction scheme,
providing a best fit parameter set which will accommodate all kinetic behaviour across the entire measured
wavelength range.
A key feature of ‘global analysis’ is the optimisation of non-linear reaction parameters (rates) at all measured
wavelengths simultaneously. Because individual rates contribute to each kinetic record to differing degrees over
the measured wavelength range (depending on the spectral distribution of the reaction intermediates), analysis
of all records globally reduces the correlation of these parameters, since events at all wavelengths contribute to
the least squares minimisation procedure. This results directly in a more robust fit and the reliable identification of
minor intermediates. In addition, Pro-K IV outputs several useful features including calculated spectra for each
species and their concentration profiles throughout the reaction.

2.1 Key Numerical Elements of Pro-K IV (For more details on this subject see references 1 and 2)
2.1.1 Singular Value Decomposition (SVD) of Datasets
SVD of the original data matrix yields unbiased information about the minimum complexity of the underlying
chemical system by providing a model free indication of the number of coloured, linearly independent
components present. In doing so it outputs a reduced representation of the data matrix as an ordered set of
basis spectra and corresponding time dependent amplitudes. Successive pairs of these vectors approximate the
independent components featuring in the original data in a least squares sense. Significantly, only a subset of
this output therefore needs to be used for subsequent model analysis. This application of SVD as a data
reduction system is valuable in speeding up subsequent numerical calculation and reduces noise in the dataset.
2.1.2 Global Optimisation of Reaction Parameters using the Marquardt-Levenberg Algorithm
Either the original dataset or the SVD output may be analysed, exploiting the kinetic information at all
wavelengths simultaneously. Separation of the nonlinear (rates) and linear (amplitude) parameters is a crucial
element of the method, substantially reducing the parameter space allowing reliable convergence of the fitting
algorithm. Linear regression of best fit concentration profiles to the original dataset yields the individual
component spectra.
2.1.3 Fitting Performed Directly to Reaction Models using Numerical Integration
Fitting is conducted directly to concentration profiles generated by numerical integration. This allows fitting to
arbitrary reaction mechanisms including simple decays and multi-step reactions including parallel reactions,
second order reactions, equilibria etc. Models are entered using a simple reaction scheme editor. The user
provides starting concentrations and rate estimates but has no need to refer to explicit rate equations or
formulae. On completion, residual plots of kinetics and spectra at all wavelengths and times illustrate the global
accuracy of the selected model. To facilitate fitting of more complex schemes, which can possess more than a
single least squares solution, the analysis allows the introduction of fixed (i.e. known) spectra and the locking of
individual rate and equilibrium constants.
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2.1.4 Simulation
To supplement analysis, Pro-K IV includes a comprehensive simulation capability allowing the synthesis of
artificial sets of time dependent spectra of arbitrary complexity. These datasets can then be analysed as a
normal dataset using the facilities described above. This simulation capability is invaluable for learning the
systems capabilities, as well as providing an excellent tool for demonstrating and exploring the behaviour of
spectrally active reaction mechanisms.
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3 INSTALLATION
Pro-K IV is supplied on a CD. The software will not function unless the license has been loaded after the initial
installation of the software. Details of how to install and load the unique license are described in section 3.2.

3.1 Installation Procedure
Insert the Pro-K IV software CD into the CD-ROM drive of your computer. The Pro-K IV installation program will
start automatically. If the CD fails to auto-run, run the SETUP.exe file from the main directory of the CD. The ProK IV Setup installation window will open. Click Next to continue.

Figure 3-1: The Pro-K IV Setup installation window
The Choose Components window will then appear. Select Pro-K IV and click Next.

Figure 3-2: Choose Components window
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The Choose Installation Location window will then open. Choose the location for the application and click Install

Figure 3-3: Choose Installation Location window
A confirmation window will then appear. Click Finish to complete the installation.

Figure 3-4: Confirmation window
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3.2 Licensing
Once the installation is complete the user will be prompted whether they would like to open Pro-K IV and the
attached readme.txt file. Please note that any changes or late-breaking information regarding the product will be
found in this file.
When Pro-K IV has loaded up for the first time (either via the Desktop shortcut, the start menu or from the
previous step) a dialog will be displayed informing the user that there is No valid license found.

Figure 3-5: The Pro-K IV licencing dialog box
To request a licence, click on the Create Request File button. The user will then be presented with a file dialog
to specify the name and location of the request file. Request files have the extension .req. A licence request is
generated and written to the specified file.
Send this file to Applied Photophysics (Support@photophysics.com) who will return a licence file which will have
the same name but a different extension .lnc.
Start Pro-K IV again to load the licence. In Windows XP the user must be an administrator to install a licence;
similarly in Windows Vista and Windows 7, the user is required to right click on the shortcut (or the entry in the
Start menu) and then select Run as administrator. The dialog will again be displayed informing you that there is
no licence available.
The licence can be loaded into the program in two ways: it can be loaded from a file or it can be typed into the
edit box. To load the licence from a file click on the Load from File button and choose or specify the licence file
in the resulting file dialog. Entering the licence manually is tedious and error-prone so this method should only be
used if the file is unavailable for some reason.
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Please note that the licence only applies to the PC from which the request was made. If you need to run the
software on more than one PC please contact Applied Photophysics on 01372 386537.
It is suggested that the Display configuration available from the control panel is set to use small fonts to make
best use of the graphics work area.

3.3 Uninstall Procedure
The Pro-K IV application should only be uninstalled using the add/remove programs option in the control panel.
This will cleanly remove and deregister the application.

Document 4100Q007C01 v1.01

Page 13 of 49

Pro-K IV User Manual

4 Pro-K IV USER CONTROL
4.1 Launching Pro-K IV
The Pro-K IV application is launched from the desktop by clicking on the icon below. This will open the Pro-K IV
user interface.

4.2 The Pro-K IV user interface
The main screen is divided into a number of sections as the following diagram shows:

Figure 4-1: The Pro-K IV user interface
4.2.1 Application Button
The Application Button provides access to file management, printing and other functions.
4.2.2 Quick Access Commands
The Quick Access Commands (QAC) section of the user interface is a repository for actions which are required
on a regular basis to avoid having to navigate through the ribbon options. Functions can be added or removed
from this list by clicking on the symbol to the right of the list and following the instructions or by right clicking on
any item in the list.
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4.2.3 File List Window
The File List Window of the user interface displays a list of the currently loaded files. An asterisk next to the file
name indicates the currently displayed file. To select a file for display, double click on the file name in the file list
window.
4.2.4 Ribbon
The Ribbon on the user interface constitutes the engine room of the system. It is here that the options and
actions are taken. The ribbon is divided into categories each of which is subdivided into panels which are further
subdivided into options or actions. To select a category, click on the associated tab at the top of the ribbon.
4.2.5 Data Display Window
The Data Display Window on the user interface is where information about the dataset, the results of an
analysis etc. are displayed.
4.2.6 Style Selector
The Style Selector on the user interface allows the selection of the style of the displayed windows (such as the
colour scheme).
4.2.7 Help
Clicking the Help button launches the help system.

4.3 Loading Data
Pro-K IV is capable of loading several different data files. Currently these are Applied Photophysics SpectraKinetic data (DSX) files or Comma-Separated Values (CSV) files. (See below)
To load a data file click the Add Files (s) icon using either the Application button or the Quick Access
Commands:

This will open the Open File selection window; select a data file to load it into Pro-K IV. If the file is of an
Applied Photophysics Spectra-Kinetic data format, then the file will be loaded and the data will be displayed
in the Data Display window as a three dimensional plot and the dataset will be listed in the File list window.
If the data is a CSV file then a CSV data dialog window will open. (See section 4.3.1)

4.3.1 Loading CSV Files
The processing of this file type has been implemented to allow users to process data from instruments other than
those provided by Applied Photophysics. Most systems will allow the export of data in CSV format and Pro-K IV
allows the processing of these CSV files.
A file of this type contains kinetic data held in a matrix of Time × Wavelength or Wavelength × Time. There is a
fixed format for this data as follows:
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The first cell (row 1 column 1) must be empty.
The rest of the first row consists of the values for the wavelength or time dimension.
The rest of the first column consists of the values for the wavelength or time dimension.
All subsequent rows consist of values for the property that is being analysed (i.e. Absorbance).
All cells must be separated by commas
All cells (other than row 1 column 1) must contain valid floating point numbers (scientific notation is
acceptable). No cell (other than row 1 column 1) may be empty.

For example, a 5*4 matrix in CSV format is shown below:
,1,2,3,4,5
200,0.1,0.2,0.3,0.4,0.5
250,0.2,0.4,0.6,0.8,1
300,0.2,0.4,0.6,0.8,1
350,0.1,0.2,0.3,0.4,0.5

Figure 4-2: Left- Simple example of CSV data. Right- The same data shown in a Microsoft® Excel® spread
sheet.

When a CSV file is opened, a CSV data dialog window will open as show below:

Figure 4-3: The CSV dialog window
Here it is necessary to confirm the property that the data represents i.e. Absorbance, Fluorescence etc. as well
as confirm the orientation of the matrix with respect to wavelength and time. It is also possible to add remarks to
the file. Once completed click OK and the data will be displayed in the Data-Display window.
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4.4 Data Display Window
Once a file is loaded, the data is shown as a three dimensional plot in the Data Display window as shown below.

Figure 4-4: Loaded data
The Data Display window contains several tabs that can be clicked on to display the associated window.

4.4.1 Plot Tab
The Plot tab of the Data Display window displays a plot of the data of the current active file.
3D plots can be rotated about both the X and the Y axes in order to change the perspective of the plot. This can
be done in two ways: The first way is less accurate but faster. Move the cursor to any point on the plot, press and
hold down the shift key, and move the cursor in the direction you want the plot to rotate (up/down/right/left). The
plot rotates in real time but for performance reasons it is replaced during the rotation by an empty box of the
same size. The second way is more accurate. Select Rotate in the 3D Rotation panel of the Display category
on the Ribbon. This will invoke the 3D Plot Rotation dialogue which allows the perspective to be specified in
degrees from the default. The current perspective of the 3D plot is displayed on the right hand side of the status
bar.
The Ribbon provides a number of options that can be used to change the display of the plot. Under the Home
category it is possible to select which type of data to display. When data is first loaded it is only possible to view

Document 4100Q007C01 v1.01

Page 17 of 49

Pro-K IV User Manual

the original data. Also under the Home category it is possible to select a 2 dimensional view of the loaded data
using the dropdown menu in the Display Format box. For example, the data in Figure 4-4 becomes:

Figure 4-5: 2 dimensional representation of Multi-wavelength data
In the Selection panel of the Display category it is possible to change the range of the displayed data as well as
select a single spectrum from a particular time point. Additionally, by clicking Start in the Animation panel, a 2D
representation of kinetic information is stepped through at a user defined speed.
Also, in the Display category it is possible to alter some of the plot display options (i.e. Colour, Gridlines,
Legends and Crosshairs). Zooming can be switched on and off by checking Zoom Mode in the 2D or 3D
Zooming panel.
In the Axes category, the axes can be given labels and the number of tick marks on each axis can be altered.
The axes can also be viewed on a linear or logarithmic timescale and the range of each axis can be varied. In
the Fonts panel, the formatting of the plot’s labelling can be altered.

4.4.2 File Information Tab
The File information tab of the Data Display window displays the information read from the original data file.
The nature of this data depends upon the type of the file.
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4.4.3 Model Tab
The Model tab allows the building/editing of a model (see section 4.5) as well entering parameters such as
starting concentrations and estimated rate constants that are used in the analysis.

4.4.4 Dataset Settings Tab
The Dataset Settings tab displays information about the pathlength (cell width) and initial concentrations of
the species used in an experiment.
The window consists of a row for each file in the File list. Each row is separated into columns. The first column is
the name of the file as it appears in the File list window. The second column is the path length or cell width
associated with the dataset. The subsequent columns are the initial concentrations of the species. Only those
species in the current model are listed. To adjust the pathlength or initial concentrations manually, double click
on the name (first column) of the file you wish to change. This will invoke the dataset settings dialogue where the
values can be changed:

Figure 4-6: Dataset Settings dialog window

4.4.5 Analysis Tab
The Analysis tab displays information about the data analysis. This is described in detail in section 4.7.
4.4.6 Simulation Tab
The Simulation tab allows the user to set up and run a simulation. This is described in detail in section 4.9.
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4.5 Preparation of a Model for Analysis
In order to analyse data in Pro-K IV, it is necessary to fit the data to a model. Pro-K IV provides a unique model
fitting capability. The key feature of the analysis is the global fitting of the entire dataset to a supplied chemical
reaction scheme.
4.5.1 Model Entry
A new model may be entered by clicking New Model in the Model panel of the Home Category or by clicking
Edit Equations in the Analysis tab of the Data Display window.
A model consists of the equations, species information, and parameters that constitute the reaction being
analysed.
The name of the species may consist of any number of alphanumeric characters but must start with an
alphabetic one. Species names are case sensitive. It is recommended that names be kept as short as possible to
improve performance and simplify reports.
An equation is a component part of a reaction model. It is expressed in terms of its reactants and products, with
forward and reverse conversions represented by the forward and reverse arrows respectively. The reaction
model to be fitted must be broken down into lines each defining a single reaction step (equation).







The arrow of a reaction step is indicated by the symbol >.
<> is used to indicate a reversible reaction step.
Each reaction step contains only one of the symbols > or <> with reactants listed on the left and products
on 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).

Each reaction step will be characterised by a parameter i.e. a rate constant. Rate constants are named
according to the following formats:
Forward reactions (denoted by >) have the name k+n where n is a unique number. For example the equation
a>b would be named k+1.
Reversible reactions (denoted by <>) are split into their component parts, the forward parts have names based
on k+n and the reverse part have names based on k-n where n is a unique number and is the same for both
parts of each equation. For example the equation a<>b would be split into 2 reactions: k+1 and k-1. Some
examples of models are described below:
Example 1: Consider the simple second order reaction shown in equation (1)
→
This reaction is first order in both A and B and therefore second order overall. If we were to enter this equation
into the Analysis Equations dialog box, it would be done so as shown below:
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Figure 4-7: Example Model
Running an analysis using this model will therefore retrieve a second order rate constant i.e. units of mol-1dm3s-1.
Commonly, it is desired to treat second order reactions as “pseudo first order”. To do this we need to remove the
species that is in excess from the model i.e. remove A if [A] is much greater than [B]. The equation is then
entered as B>C and the software will treat the reaction as first order with respect to B and output a first order
rate constant I.e. units of s-1.
Example 2: A more complicated reaction scheme is shown in equation (2).
→
→
→

(2)

This reaction scheme would be inputted into the Analysis Equations window as shown below:
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Figure 4-8: Example Model

The right hand panel contains reports of any errors resulting from the validation of the equations. These errors
must be corrected before the equations can be used for analysis. Clicking OK will load the model into the Model
tab where starting parameters of the model are entered.

4.5.2 Starting Parameters
A loaded model in the Model tab is shown in Figure 4-9:

Figure 4-9: A loaded model in the Model tab
In order to run an analysis, it is necessary to input a number of starting parameters. It is essential that an
estimate is provided for each rate constant. This value, which cannot be zero, is used as the first guess at the
rate constant by the analysis process. Defaults are provided based on the first parameter being 10 and each
subsequent parameter being 10% of the previous one. The estimated rate constant can be adjusted by typing a
new number into the edit box replacing whatever is there. The more accurate the estimate is, the fewer iterations
will be needed in the analysis process. Keep the Fixed box checked if the rate constant is of a known value; this
rate constant will then not be changed by the analysis process.
Additionally, the concentrations of species at the start of the reaction need to be provided. A default value of 1 is
provided for all species that are initially present and zero for species that are not. The initial concentration can be
adjusted by typing a new number into the edit box.
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4.5.3 Assigning colourless species and fixing known spectra
If the species does not absorb light in the specified wavelength range then it is "colourless". If a species is known
to be colourless, tick the Colourless box. The fitting procedure will then omit spectral contributions from this
species.
If the absorption spectrum of the species is already known then the spectrum can be loaded from a file. If this is
the case then the Known Spectrum box can be checked and the file containing that spectrum can be selected
by clicking on the Browse button which invokes a Windows file search dialogue. Only ‘Single spectrum’ files with
the extension .spc may be loaded into a model. To create a Single spectrum file it is necessary to load the
spectrum into the software; then select Save Single Spectrum from the save icon in the Quick Access
Commands as shown below in Figure 4-10.

Figure 4-10: Saving a Single Spectrum File
Once loaded, the concentration and pathlength at which the spectrum was recorded need to be entered into the
Model tab.

4.5.4 Maximum Number of iterations, Model Name and Stiff option
The Model Name box is for identification purposes only and can be changed by typing a new name into the edit
box.
The Maximum Number of Iterations box specifies the maximum number of iterations carried out by the
analysis process before stopping. It has a default of 20 though this can be changed by typing a new number into
the edit box. If there is a solution, it will normally be found within less than 100 iterations however some solutions
may require more iterations. See section 4.7.1 for details of the fitting algorithm.
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The Stiff checkbox determines the integration method to be used initially by the analysis process. This algorithm
is invoked for models when widely differing rates of concentration change are detected. If this box is checked
then all integrations will use the stiff method regardless of the relative rate constants, if the box is not checked
the integrations will use the normal method unless the relative rate constants indicate that stiff integration should
be used. The default is normal. Note that it is not normally necessary to specify stiff integration as it will be
selected automatically when required.
4.5.5 Saving a Model
The Save Model button is located on the Model panel of the Home category on the Ribbon. Clicking on this
button will save the current model complete with its equations, parameters and species. A standard save file
dialogue is displayed for the user to specify or select the file to which the model will be saved. Model files are
saved in XML format and have the extension .xml.
4.5.6 Opening a Previously Saved Model
The Load Model button is located on the Model panel of the Home category on the Ribbon. Clicking on this
button will delete the existing model and allow the user to load a new one complete with its equations,
parameters, and species from a file. Any open analyses based on the old model will be reset. A standard open
file dialogue is displayed for the user to specify or select the file to be loaded. Model files are saved in XML
format and have the extension .xml.

4.6 Singular Value Decomposition (SVD)
Prior to running the analysis it is possible (though by no means required) to perform a Singular Value
Decomposition on the dataset. This application of SVD as a data reduction system is valuable in speeding up
subsequent numerical calculation and may be used to reduce noise in the dataset.
4.6.1 Background
The singular value decomposition is a method by which a data matrix is decomposed into 3 matrices with the
form:

U is a matrix of column vectors where each column is an eigenvector in the time domain. V is a matrix of column
vectors where each column is an eigenvector in the wavelength domain. S is a diagonal matrix of eigenvalues,
the squares of which are the singular values. The number of significant singular values (SSVs) gives an
indication as to the number of coloured species that can be distinguished in a particular data file. Significant may
be defined as singular values whose magnitude is significantly larger than the smallest singular values.
This separation brought about by SVD of the data into its underlying linearly independent components provides
the basis for its usefulness in Pro-K IV analysis and data compression. SVD is therefore useful for the analysis
process as it reduces the amount of noise in the data and enables the analysis process to run on reduced data
therefore requiring fewer iterations.

4.6.2 Performing a SVD
The Calculate SVD button is on the Analysis panel of the Home category on the Ribbon. When this button is
clicked the single value decomposition (SVD) of the current data matrix is calculated. Once the SVD of a dataset
has been calculated the button text changes to SVD Calculated and the button is disabled.
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The No. of Basis Vectors edit box is on the Analysis panel of the Home category on the ribbon. This edit box
displays the number of basis vectors to be used in calculating the reduced data from the input data. The field can
be edited but can only take a value from 1 to 8.
Once the SVD has been performed, the superimposed plots of the basis vectors against time and wavelength
can be displayed side by side by selecting Basis Vectors in the Data to Display panel of the Home category on
the Ribbon. Time is on the left and wavelength on the right as shown in Figure 4-11. Additionally, the singular
value for each basis vector is listed to the right of the spectra. Typically the singular values will fall from the first
and largest value down (through intermediate values) to a minimum threshold which plateaus out (e.g. 7.9, 2.3,
0.79, 0.17, 0015, 0.0014, 0.0012...).

Figure 4-11: Superimposed plots of the basis vectors against time (left) and wavelength (right).

This tool can be used to estimate the number of significant singular values (SSV) i.e. the number of independent
absorbing species in the reaction. The plateau amplitude is representative of the background noise level
meaning there is no worth in putting these basis vectors through the analysis. The number of useful basis
vectors (i.e. the number of SSVs) can be entered into the No. of Basis Vectors edit box. Once the number of
basis vectors has been specified, only those columns will be used to calculate the reduced data for analysis. This
enables those vectors contributing only random noise elements to be removed from the data and hence, the data
will appear smoother. When determining the number of SSVs, care must be taken not to discard vector pairs that
may be contributing significant information to the data. If in any doubt, do not discard the vector pair.
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4.6.3 Saving an SVD
A dataset which has had SVD data calculated can be saved in SVD format. This format consists of data stored
as the matrices U, S and V that result from carrying out an SVD on the data. The normal file extension for these
files is .svd
To save a dataset in SVD format select it in the File list window and make it current. Click on the Application
button and select Save. Select SVD either in the right hand panel of the Application button or on the Save File
Dialogue. Specify the filename in the resulting File dialogue and click on Save.

4.7 Data analysis
Once a file is loaded with an appropriate model and starting parameters, it is possible to perform an analysis.
4.7.1 Background
The aim of the analysis process is to calculate the rate constants which give a close fit to the original data. This
is achieved by performing several iterations of the non-linear least squares fitting process. Each iteration gives a
set of rate constants which lead to an approximation of the data; the output rate constants from each iteration
provide the input to the next. In this way progressively closer estimates are obtained. The accuracy of the
estimates is calculated by taking the sum of the squares of the differences between the original data and the
calculated data. When the difference in this sum of squares (SSQ) of two consecutive iterations is less than a
prescribed tolerance the analysis is complete. This is calculated using the following equation:

If the result of this calculation is <0.0001 then the analysis is said to be complete.
Reactions which have been specified as having a fixed rate constant do not have the rate constant adjusted.
Colourless species are not incorporated into the regression analysis. Species with a known spectrum are
incorporated into the linear regression that forms a part of the analysis process but the spectra of these species
are held constant.
It is possible that successive iterations may diverge in which case the analysis will fail to reach an acceptable set
of values within the specified maximum number of iterations. To reduce the likelihood of this, an adaptation of the
Levenberg-Marquardt method is used with a Marquardt parameter. The Marquardt parameter is a real number
which is used to prevent intermediate estimates for the rate constants from diverging during the analysis
process. It is ideally zero and should be zero when the analysis is complete.

4.7.2 Running an Analysis
The details of the analysis are listed in the Analysis tab of the Data-Display window which is shown below.
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Figure 4-12: The Analysis tab prior to running the analysis.
If no analysis has been performed; the Status should read Not Run and the Elapsed Time should be zero. The
Iteration number and Marquardt parameter should also be zero. The rate constant listed should be that given as
the estimate in the Model tab.

To run an analysis, click the Start Analysis button in the Analysis tab or click the Run Analysis button in the
Analysis panel of the Home category on the Ribbon. The button is disabled under the following conditions:




There is no dataset loaded
There is no model to work from
An analysis process is already running

It is possible to stop the analysis prematurely by clicking the Stop button. Once the analysis is complete, the
Analysis tab will show the results and will appear as shown below:
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Figure 4-13: Analysis tab after running an analysis
If the analysis is successful, the Status box will be coloured blue and will read Complete, indicating that the
analysis has been run and a reasonable fit has been found, i.e. the relative difference in this sum of squares of
two consecutive iterations is less than a prescribed tolerance, the analysis is complete (See 4.7.1). The elapsed
time in milliseconds will also be displayed. Alternative statuses are:




Incomplete - the analysis has been run but the fit is not complete. If the fit is labelled incomplete it does
not necessarily mean that the fit is not good. If the Marquardt parameter is at or near zero, the fit could
still be appropriate but the level of prescribed tolerance has not been reached.
Failed - the analysis failed for some reason which would have been displayed at the time.

Other details of the analysis are:
 Iteration (Max) - The current iteration number followed by the maximum number of iterations. When the
analysis is complete this shows the number of iterations actually used.
 Method - The integration method currently in use or, when the analysis is complete, the last method
used.
 Marquardt Parameter - The Marquardt parameter currently in use or, when the analysis is complete, the
last one used (should be zero if the analysis was successful).
 Variance - The variance of the residuals of the fit.
The result of the fit is shown under the Reactions heading where values for each of the fitted rate constants and
associated errors (standard error) are listed.
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4.7.3 Set Analysis Range
It is possible to analyse data of a particular wavelength range or time interval. This is done using the Analysis
Ranges dialog box which is opened from within the Analysis panel of the Home category on the ribbon.

Figure 4-14: The Analysis Ranges dialog box
The values in the boxes are in seconds and can be changed using the spinners. Pressing the Reset button will
return the corresponding wavelength or time to its original value (the minimum value for start and the maximum
value for stop).

4.7.4 Model Validity
Convergence of a fit indicates that a least squares minimum for that model to the data has been found. An
informative gauge to the quality of fit is the wavelength residual plots (see section 4.8.2 and section 5.2.1). Any
systematic deviations (as opposed to random noise) apparent here indicate that either a genuine spectral event
has been missed (or not accounted for), or that an instrumental artefact is corrupting the data. The contribution of
the latter should be minimal or of an obvious form (spikes or other abrupt deviations). However, non-random and
systematic variation of these curves indicates that the model is inappropriate for the data.
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4.7.5 Convergence Problems
It is important to appreciate that convergence is not necessarily guaranteed. Minimisation to a unique set of
parameters requires either that changing a parameter affects the overall residual and that the effect of changing
one parameter on the residual is not compensated by a change in another.
The minimisation procedure can, and should be, repeated with alternative models as required (starting with the
simplest), by repeating the cycle of model entry, parameter initialisation and minimisation. In particular, with more
complex schemes, the identification of a satisfactory model may take several attempts and stepwise refinement.
In some cases there may not be sufficient information in the data to successfully fit to an elaborate model even
though there is other evidence for it. This situation can for example occur when the observed spectral changes
accompany only slow events in a proposed mechanism, but fast events such as ligand binding equilibria are
known to precede them. To include the fast part of the mechanism (unless its rates are fixed) in the fitting may
well cause problems, since it is poorly characterised.
Wherever possible, always start with a simple model and build on a successful fit. Look for areas where the
residuals are poor and consider adding an appropriate step to account for the behaviour. Where possible, fix
rates and spectra in order to constrain the fit. In many cases this will enable convergence which previously was
impossible.

4.7.6 Saving the Analysis/Configuration
All the datasets, the model, and any analysis results currently held comprise a Configuration. Configurations can
be saved to disk and subsequently loaded to allow a user to continue analysing the data. The Save
Configuration option is found in the Configuration Commands section of the Application Button. Selecting
this option will save the current configuration including all the datasets, the model and all analysis results.
A Save File dialog is displayed allowing the user to specify a file where the configuration data file will be saved. If
the file already exists, the user is warned of this and given the option of overwriting the existing configuration
data file and all associated archived data and analysis files.
The configuration data is saved as an XML format file. The data files and any associated analysis files are
archived in a subdirectory with the name of the configuration data file with _Data appended to it. For example if
the configuration data is saved as "SavedConfig.xml" the archived data and analysis files will be saved in a
subdirectory called "SavedConfig_Data". Note that deleting or otherwise modifying any archived data or
analysis files will result in the saved configuration becoming invalid and may not subsequently load.
Once a configuration has been successfully saved it can be loaded using the Load Configuration option.
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4.8 Displaying Results
Following completion of the data fitting process, it is possible to view the Calculated Data (the modelled best fit
dataset), residual, Calculated Spectra and Concentration Profile displays. To do this, go to the Plot tab in the
Data Display window. Here, the Data to Display panel in the Home category of the Ribbon gives a number of
possible data types that can be viewed. Ticking one of the boxes will display a graph of the relevant
4.8.1 Original and Calculated Data
Original data is the raw data that was uploaded into the software. The calculated data is the data resulting from
the analysis process. Data can be displayed as either a pseudo 3 dimensional surface plot or plots containing
either time or wavelength on the X-axis. The type of graph can be changed using the dropdown menu in the
Display Format panel of the Display category. These plots are shown for some example data below:

Figure 4-15: Calculated data. Top Left- Pseudo 3D plot. Top Right- Absorbance against time at multiple
wavelengths. Bottom – Absorbance against wavelength at multiple times.
4.8.2 Residuals
Ticking the Residuals box will show the residuals which are the results of subtracting the calculated data from
the original data. The data is also available for display in 3D or 2D formats by selecting the desired format in the
Display format panel. Some example residual plots are shown below:
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Figure 4-16: Residual Plots. Top Left - Three dimensional. Top right - Two dimensional (Wavelength). Bottom –
Two dimensional (Time)
4.8.3 Overlaid Data
The Overlaid data plot is a plot of the calculated data superimposed on a plot of the original data. The original
data is shown on the plot as a dotted line and the calculated data as a solid line. This can be shown as a two
dimensional plot with either time or wavelength on the X-axis.

Figure 4-17: Overlaid Data Plots
4.8.4 Concentration Profiles
The Concentration profile comprises the plots of the concentration of each of the species against time
throughout the course of the reaction calculated from the fitted model. The plot for each species is colour coded
with a legend in the top right hand corner. Some example concentration profiles are shown below:
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Figure 4-18: An example of species concentration profiles
4.8.5 Component Spectra
The Component spectra comprise plots of molar absorptivity of each of the species at each wavelength. It can
be displayed in the Plot window by selecting Component Spectra on the Data to Display panel. The plot for
each species is colour coded with a legend in the top right hand corner. The data is available for display in 2D
format only and the units are only meaningful for absorption data.
Here is an example:

Figure 4-19: An example Component Spectra of an analysed reaction
4.8.6 Sum of Squares
As the analysis progresses it calculates the sum of the squares of the differences between the original and
calculated data and uses the result to determine whether the analysis is complete. This sum of squares at the
end of each iteration are displayed as the "Sum of Squares" plot on the plot tab. The Sum of Squares Plot is
displayed by selecting Sums of Squares on the data to display panel. Here is an example for a completed
analysis:
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Figure 4-20: Sum of squares plot

4.8.7 Exporting data
The Export panel of the Files category on the ribbon allows the user to export data in CSV format. This tool
enables the user to export Original Data, Calculated Data, Reduced Data, Residuals Concentration Profile, and
Component Spectra.
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4.9 Simulation
In addition to the global analysis facilities, Pro-K IV provides a data simulation facility. This allows the creation of
artificial sets of time dependent spectra (including added noise) for experimentation and analysis. These are
synthesised according to reaction models and spectral characteristics provided by the user. The data can then
be analysed as if it had been collected during an experiment. This tool is invaluable for learning the behaviour of
the data analysis facilities with respect to different datasets of varying complexity. For example, if a dataset is
synthesised according to a particular model, does that mean it can be fitted directly to the same model without
locking rate constants or spectra. It also allows the user to get a feel for how chemical mechanisms behave and
account for observed spectral characteristics (e.g. isosbestic points).
4.9.1 Creating a Simulation
A simulation is created using the Simulation tab (shown below). Before the simulation can be made, a model
must be available.

Figure 4-21: Simulation Window

For any simulation it is possible to define the required number of spectra, the start spectrum and the time
intervals between each spectrum. The default settings are number of spectra=100, time interval = 0.01 and start
spectrum = 0.
It is also possible to set the number of kinetic traces (number of wavelengths), the initial wavelength and the
interval between each wavelength value. The default settings are number of Wavelengths = 60, interval between
wavelengths = 1 and start wavelength = 1. (Note that the start time and first wavelengths are for reference
purposes only and do not participate in any calculations).
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If required you can also simulate Gaussian noise by entering a number in the noise box. The desired starting
concentrations and rate constants can be entered alongside their labels. It is then necessary to type in values for
spectra calculation. Each spectrum (for each species) has one Gaussian peak, characterised by its peak
Position, its Width and its Height.




Position: A number corresponding to the intended λmax of the peak
Width: This provides the spread of each peak. The smaller the value (minimum 1), the narrower the peak
width. Note that this cannot be zero unless the height is also zero.
Height: This will be the relative peak height for each component. To set up a colourless species, type
in 0 (zero) for its height parameter - its peak position and width parameters will be ignored.

Having set up and compiled the model and entered all the parameters press Simulate. After a few seconds the
synthesized data will be displayed in the Plot tab. A new dataset called Simulation n, where n is a unique
number, is added to the file list window and made current.
Once the simulated data has been displayed, proceed with SVD or analysis exactly as if this were a real dataset
loaded from a file.
4.9.2 Saving a Simulation
Simulations can be saved to disk as spectra/kinetic files. To save a simulation select it in the File list window
and make it current. Click on the application button and select Save. Select Simulation either in the right hand
panel of the application button or on the Save File Dialogue. Specify the filename in the resulting File dialogue
and click on Save. When the file has been saved, the name of the simulation in the file list window will change to
the saved file's name.
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5 Examples
Please note – These examples are merely for demonstration of the program and the results obtained should not
be considered comparable to any other published results. (All these examples are included in the installation of
Pro-K IV and are located in C:\Program Files (x86)\Applied Photophysics\Pro-KIV\Samples. In Windows 7, it
is possible to access these files from the start menu: Start > All Programs > Applied Photophysics > Pro-K IV
> Samples.

5.1 Simple pseudo first order reaction
5.1.1 Reduction of Potassium Dichromate by Hydrogen Peroxide
In acidic conditions, potassium dichromate reacts with hydrogen peroxide to initially form a ‘blue peroxychromic
acid’ complex , CrO(O2)2 :

The Peroxychromic acid is then further reduced to Cr(III). The details of the reaction mechanism are complex
however in excess acid and H2O2, the formation of CrO2(O)2 follows first order kinetics on a millisecond
timescale. The subsequent decay of CrO2(O)2 is over a much longer timescale allowing the first step of the
reaction to be studied using stopped-flow spectroscopy.3
Potassium dichromate absorbs strongly at around 330 nm whereas Peroxychromic acid absorbs light at
wavelengths >450 nm. Performing this reaction in an Applied Photophysics Ltd SX-20 Stopped-Flow
spectrometer with the Photodiode Array accessory, allows the observation of both chromium species. With
hydrogen peroxide in excess (100mM in 100mM H2NO3), the reduction of potassium dichromate follows pseudo
first order kinetics. The recorded traces are shown in Figure 5-1. The data file can be loaded into Pro-K IV which
will display the data as a 3 dimensional plot (also shown in Figure 5-1).

Figure 5-1: Left- Traces obtained when mixing K2Cr2O7 (1 mM) with H2O2 (100mM in 100mM H2NO3). RightSame data loaded into Pro-K IV

As this reaction follows pseudo first order kinetics, we can create the reaction model as a single exponential
2decay of Cr2O7 and enter the reaction model into the Analysis Equations window as shown in Figure 5-2
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Figure 5-2: Entrance of the first order reaction model into the Analysis Equations window
It is then necessary to fill in the experimental details in the Model tab. The initial concentrations are 1mM and
0mM for Cr1 and Cr2 respectively. An estimated value for the rate constant, k+1, also needs to be entered
(arbitrarily set at 1 here). The Model tab should therefore appear shown below in Figure 5-3.

Figure 5-3: Model window
Clicking Run Analysis in the Ribbon will perform the analysis. The results of the analysis are then shown in the
Analysis tab:
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Figure 5-4: Analysis Tab
From Figure 5-4 we can conclude that the analysis was successful with a value of 41.329 s-1 for the apparent first
order rate constant k+1. The estimated standard error is very small (< 0.1%) which along with the fact that the
residual plot in Figure 5-5 shows no major systematic variations implies that the fit is valid.

Figure 5-5: Wavelength residual plot of the fit.

It is then possible to view different plots of the fit which all give insightful information regarding the reaction such
as the calculated data, overlaid data, concentration profiles, and component spectra. These are shown below in
Figure 5-6:
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Figure 5-6: Data from the analysis: Concentration profiles (Top left), Calculated Data (Top right), Component
Spectra (Bottom left), and Overlaid Data (Bottom right)

5.2 Multistep reactions
5.2.1 Acid-induced Dissociation of tris (ethylenediamine) nickel(II) chloride
The metal-ligand complex formed when Nickel (II) nitrate is treated with a three molar excess of ethyldiamine in
aqueous solution is called tris (ethylenediamine) nickel(II), (Ni(en)32+). In acid, Ni(en)32+ undergoes a series
dissociations to produce the hexa-aqua ion, Ni(H2O)62+. Each species in the reaction scheme is colored
differently, allowing each step to be monitored spectroscopically. The reaction scheme is shown in Figure 5-7;
each step is effectively irreversible and first order in nickel. 4

2+

Figure 5-7: Reaction scheme of the acid induced dissociation of Ni(en)3
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Figure 5-8 shows data obtained when a 50mM solution of Ni(H2O)62+ is rapidly mixed with hydrochloric acid (1M)
in an Applied Photophysics Ltd SX-20 stopped flow spectrometer fitted with a Photodiode Array detector.

Figure 5-8: Observed traces from acid induced Ni(en)32+ dissociation
We can load this file into the Pro-K IV user interface and enter in the three step model for the reaction.

Figure 5-9: Entered model based on scheme in Figure 5-7
Ni(H2O)62+ is the only species present at the start of the reaction and has an initial concentration of 50mM. On
clicking Run Analysis in the Ribbon you are taken to the Analysis tab which displays the results from the fitting
procedure. (Figure 5-10)
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Figure 5-10: Results of the Analysis
The fitted rate constants indicate that (assuming correct model) the first step is quickest, followed by the second
step with the third step being slowest. The fitted concentration profiles are shown in Figure 5-11. It is necessary
to zoom into the first 70ms to see the data corresponding to the first reaction step.

Figure 5-11: Top – Concentration profiles throughout the reaction (0-20s). Bottom – Zoomed in view at start of
reaction (0- 71ms)
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As explained in section 4.7.4, one way of assessing the validity of the model can be assessed by looking at the
wavelength residuals Figure 5-12.

Figure 5-12: Wavelength residuals
Although two spectra corresponding to the first two time points are slightly out, there are no large systematic
variations in the residuals, indicating that the fit is likely to be valid. It is interesting to see what happens to the
residuals if model is altered. If we fit a two-step model rather than a three step one, the residual plot shown in
Figure 5-13 is observed:

Figure 5-13: Wavelength residuals (two step model)
Here, there are significant systematic variations and the residuals are higher in general.

Some more of the data obtained calculated from the analysis shown in Figure 5-14:
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Figure 5-14: Plotted output data from Pro-K IV. Top left- Three dimensional calculated data. Top rightComponent spectra. Bottom – Overlaid data
5.2.2 Oxidation of Mn(III)TMPyP
The Manganese (III) complex, Mn(III)TMPyP, is believed to undergo oxidation by KHSO5 to an Mn(IV) species
via a Mn(V) intermediate.5 Figure 5-15 shows the data acquired from mixing an equimolar quantity of
Mn(III)TMPyP with KHSO5 in an SX-20 stopped flow spectrometer fitted with a PDA accessory (100 points over
1.5 seconds). Mn(III)TMPyP absorbs light with λmax at 462nm. Figure 5-15 shows that on oxidation with KHSO5,
this species disappears and a new species with its λmax at around 430nm appears. There does however seem to
be another short-lived intermediate species with a λmax between these two. We can therefore construct a model
that incorporates this intermediate, to which the data can be fit.
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Figure 5-15: PDA traces of Mn(III)TMPyP oxidation
We can fit this data to a two-step model as shown in the Model tab in. KHSO5 does not absorb light in the
wavelength range and so the Colourless box can be ticked.

Figure 5-16: Model tab
The analysis can then be run and the results are displayed in the Analysis tab (Figure 5-17):
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Figure 5-17: Analysis tab

Figure 5-18 displays the component spectra; this feature allows us to see a calculated spectrum of the
intermediate species despite it being short lived. The concentration profiles show us how the concentration of the
species changes over time.

Figure 5-18: Component spectra and concentration profiles

The wavelength residuals plot (Left in Figure 5-19) shows that there are no systematic deviations indicating that
the data fits well to the model. It is interesting to note how this plot changes when we fit the data to a one step
model. (Right in Figure 5-19).

Figure 5-19: Wavelength residuals for the 2 step model (left) and the 1 step model (right).
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The residual plot for the one step model displays large systematic deviations at the wavelength that the
intermediate appears to absorb. This is an example of the data not fitting well to the model, giving us evidence
that an additional reaction step may be required.

5.3 Simulation
The simulation facility in Pro-K IV generates data based on a given model. This provides a powerful way of
obtaining insight into the details of complex reactions. Once the simulated data is fitted to the model, the
concentration of each species at any point during the reaction can be evaluated with the Concentration
Profiles. The effects of changing different variables (initial concentrations, rate constants) can then easily be
analysed.
5.3.1 Enzyme Kinetics
Here we will simulate an enzyme catalysed reaction that has three steps; such a reaction scheme is shown in
Figure 5-20 .

Figure 5-20: Three step enzymatic reaction
After entering the model in the Model tab (this is the model shown in Figure 4-8) we can enter values for the rate
constants and initial concentrations into the Simulation tab as shown in:

Figure 5-21: Simulation tab
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Based on the input parameters, the interval and number of spectra need to be adjusted so that the simulated
data covers as much of the reaction as required. For example we have changed the interval from 0.01 seconds
to 0.3 seconds. E, ES, and Ea are set as colourless by setting their heights to zero. Clicking Simulate will then
generate the data which is shown under the Plots tab (Figure 5-22).

Figure 5-22: The Plots tab.
The Data can then be analysed by clicking Run Analysis. (Ensure initial concentrations and colourless species
in the Model tab are set as those chosen in the simulation). The results can then be observed; the most useful
feature is the Concentration Profile (Figure 5-23) which shows how the concentration of each species varies
throughout the reaction.

Figure 5-23: Concentration Profile

By viewing the concentration profiles, it is possible to see what the effect of changing the rate constants, initial
concentrations etc. has on the outcome of the reaction.
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