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Instructions for the tutorial on
least-squares spectral fitting
using the ScanEdit program.

Part 2: Photosynthetic pigments

The second tutorial (demo 2) involves fitting spectra of photosynthetic pigments in fractions
eluting from a chromatography column.  Much of this is the same as tutorial #1, but we will be
repetitive in case one elects to try this one first. An extended version of this (demo3) involves
setting up the standard spectra and introduces a lot of other features of the ScanEdit
program.

Getting the program
Download the program and demos from sourceforge:
https://sourceforge.net/projects/scanedit/files/openspectralworks-1.0/tutorials.zip

This file contains the program executable as well as the tutorials and documentation. Unzip it
to a location on your hard drive or a flash drive (The size is about 6 MB, unpacks to 9 MB).  It
unzips to a directory "SCANLSF" with the executable (scanedit.exe) and five
subdirectories: speclib\, demo1\, demo2\, demo3\, docs\, and setup\. The
doc folder contains this and other documentation files.

On many (most?) systems no setup or installation is required to run the tutorials: the
program will run directly from the folder it is downloaded in. Test this by double-clicking
scanedit.exe in the top folder (SCANLSF). If you get an error message see setup.pdf in the
docs folder to resolve the issue.

To “uninstall”, simply delete the directory scanlsf and all its contents: running the program
from the scanlsf folder does not affect the registry or list of programs in start menu, or copy
any files to your hard drive, outside of the working directory and %TEMP% directory.

Getting familiar with the program, and running the demo
1. Examine the experimental spectra (spectra to be fit).

Open the scanlsf\ top folder in a window and make it small enough to open the
scanlsf\demo2 sub-folder in another window beside it. This will allow you to drag spectral
files onto the icon for ScanEdit, which is one way of starting the program. If you decide to
keep the program, you can put a shortcut on your desktop and associate filetypes. This and
and other customizations are described in the “setup” document

Now look in the demo2 directory. The files here are a series of spectra named
CHL071018s.nnn where n is 001 - 016. Drag CHL071018s.001 onto the scanedit icon in
the main (scanlsf) directory. The program will recognize from the .001 extension that this is
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part of a series, and it will keep loading successive spectra until it fails or fills the available
traces (59 spectra of this size). In this case there are only 16 spectra, so all are loaded.

These spectra are of successive fractions eluting from a chromatographic column
(packed with sucrose, loaded with a spinach leaf extract) with a solvent of hexane and a trace
of isopropanol.

Notice peaks in the short wavelength region ~400-500 nm which are due to chl and
carotenoids and perhaps other pigments. The peaks in the long wavelength range (640- 665)
are due to chlorophyll, and since relatively few natural products absorb in this range they are
very useful for analysis of chlorophyll.  In 1949 Arnon published a method for determining Chl
A and Chl B based on absorbance at two wavelengths, with correction for absorbance of
each species at the peak wavelength for the other. Chl A has a peak around 661 nm, while
the chl b peak is at a wavelength about 20 nm shorter (the exact wavelength of both peaks
depends somewhat on the solvent. Unfortunately these spectra are in hexane with a trace of
2-propanol, and won’t be useful for analyzing chlorophyll in the usual 80% acetone extracts. If
you have accurate digital spectra in acetone and are willing to share them, get in touch!).

Figure 2.1. Photosynthetic pigments "stacked" with first fraction on bottom, going up.
To see what happened in order, arrange the spectra offset vertically in sequence. This is

done with option “stack spectra” under the “operations” pulldown menu. Change the
“separation” value to 0.05, and set the wavelength range to start at 550 nm. Then just click
OK or hit enter.  A constant is added to each spectrum except the first to ensure it does not
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overlap the one before it within the range specified. The last few spectra will be offscale at
the default 0 – 2 Absorbance scale, but it is the early fractions we want to focus on.

Each spectrum was given a descriptive comment when it was recorded. To see the
comments, click the “console”  button near the bottom right corner of the graphics window.
This opens the Trace Selection window, with a numbered list of the spectra and their
comments. Try to arrange the windows so both are visible at the same time. Unless you have
a very wide screen, you will not be able to avoid some overlap.  The comments are
numbered, and the numbers have a colored background which matches the color of the
corresponding spectrum in the graphics screen. The comments are listed with first on top, the
opposite of how we have the traces plotted in the graphics window right now. Spectrum #1
(solvent baseline) corresponds to the bottom spectrum (blue). It is a flat line because it has
been subtracted from all. Trace #2 is fraction 1 from the column, tail of the flow-through.  It is
almost flat, but has a small peaks in both the short and long WL regions. Successive traces
contain the successive fractions, except that a few were skipped because they appeared
colorless.  The peaks in the absorbance spectra get larger and smaller, and change shape,
as different components elute from the column with considerable overlap.

Figure 2.2. The "console"  window lists the spectra in memory and allows selecting spectra.
The buttons at the bottom perform operations involving selected spectra.
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Each spectrum has a checkbox to select spectra for various operations (which we will
not go into now).  Check the box for one of the spectra, and click the button below labeled
“identify”.  The corresponding spectrum flashes for a second or two, to help identify it.  Then
middle-click one of the spectra in the graphics window. The spectrum flashes (so you can see
that you clicked the one you intended to), a box pops up telling which spectrum that is (click
OK to dismiss it), and the corresponding spectrum in the list gets check-selected.  These
features can be valuable when there are a large number of spectra, as the colors repeat after
15.

2. Examine the standard basis spectra.
These are stored in a different file format, designated by the .mtx extension.  This format is
used for holding a number of spectra that will be used together for a specific purpose. In this
case, SPECLIB\CHLOROCAROT.mtx,  they are the basis spectra for fitting the column
fractions containing different photosynthetic pigments.

The .mtx extension is short for matrix. We have
been using the extension .mat for these files, but that
can cause complications if you have MS Access or
matlib installed, as they associate this extension
differently. The documentation and even the program
may still refer to .mat files in some places; consider
them the same as .mtx.

You could just exit the program and drag the icon of
CHLOROCAROT.mtx onto the SCANEDIT icon, but if
scanedit is still running, let’s open it from inside the
current instance instead. From the FILE menu on the
graphics window select “LOAD” (or hit <ctrl-O>) to bring
up the file dialog.
Use the dialog box to navigate to the speclib folder. This
is a rather antiquated file dialog: It will be looking at the
current directory, demo2. Double-click on the directory
above (scanlsf) then under it (scroll down to the
bottom) doubleclick speclib.  Now in the file list below
select ChloroCarot.mtx, and from the list of options
on the left click “load .MTX”.

OK to the warning that old spectra will be cleared as number of points is different (this
version requires all files in memory to have the same number of points).  The fact that the
experimental spectra cover a wider wavelength range than the fitting spectra is not a problem
for fitting- provided all the points covered by the fitting spectra are included in the
experimental spectra, the fitting program will selectively load the subset of points it needs.
The screen is redrawn with the new wavelength range and the spectra are plotted.  <ctrl-
L><enter> to rescale the display.  Click the “console”  button to refresh the list of comments.
These are the basis spectra we will use for fitting the photosynthetic pigments. The first
spectrum (blue) is some unknown chlorophyll-like pigment that elutes early (non-polar), and
the second and third (green and cyan) are Chl a and Chl b. The fourth is a carotenoid,
perhaps beta-carotene or a mixture of that and lutein. These spectra were actually derived
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from four of the spectra we will be fitting, so you might expect some of the fits to be
unreasonably good.  Finally, to allow for baseline offset and low curvature baseline
differences due to e.g. turbidity, traces 6 and 7 contain a constant offset and a slanted
baseline.

Figure 2.3. Standards for fitting photosynthetic pigments (ChloroCarot.mtx).
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5. Least-squares decomposition of spectra into linear combinations of standard spectra.
If you have followed up to this point, the scanedit program is running with its data directory
being scanlsf\demo2 (Loading .mtx files doesn’t change the working directory). If the
“console” window is still open, dismiss it to reduce clutter.  If you are starting here, drag one
of the *.nnn files in the speclib/ directory onto the scanedit icon, which will start the program
and set its data directory to this folder (and load the spectra, but that is irrelevant because
any spectra in memory are discarded when the fitting procedure starts).

Select “LSQ fit” from the LSQ fit dropdown menu - It is the only item there.
This brings up the Least-squares fitting setup dialog (Figure 2.4) :

Figure 2.4: The least-squares fitting dialog box.

Basically there are three things to set:
1. The standard basis spectra to be used for fitting: The top row of items on the gui is all
about the basis spectra. Uncheck the box that says “start in lib dir” (since you haven’t set up
speclib as your library directory). Press the “choose“ button to bring up a file dialog box, and
navigate to the scanlsf\speclib\ directory. Select “ChloroCarot.mtx” and click OK.

2. The spectrum or series of spectra to fit: The second and third rows define the spectra to be
fit. Click “Browse” in the third row, navigate to the scanlsf\demo2\ directory (it should start
there), and select CHL071018s.001.  While you are there, note that the last file in this
series is CHL071018.016. Click OK, and the “Data dir” and “Spectra to fit” and “start” boxes
are filled in from your selection. Manually enter 16 in the “Last” box (or click the “Last”
button and select the last file to be fit).
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3. Desired output:  The results of fitting can be saved in a number of formats listed in the
bottom half of the GUI, to be selected by checking boxes. For most people the .csv
spreadsheet format will be the most useful, and it is checked by default. With this program we
try to avoid the “black box” feeling where you give it your spectra and you get a bunch of
numbers with no feeling for where they came from. Therefore during the process each
spectrum is displayed, together with its best fit and the residual trace. This allows visual
inspection to decide whether the fit is satisfactory. A bad fit probably means there is some
component in the spectrum that is not accounted for in the basis spectra.  These plots can be
saved in a postscript or pdf document (pdf requires GhostScriptTM to be installed- see setup
doc) which you can go back to, to assess the reliability or to try to understand what is going
wrong, without running the fit again. The residuals can be saved as spectra, which is useful
for working out a basis for unknown spectra.  For now we will just go with the .csv.  Autofill
the output filename boxes with the name of the basis spectra by clicking the “fill” button,
but don’t check any of the other boxes (unless you want to).

Ignore the “ignore range” line in the middle of the window. This is for ignoring a spectral
range where a peak goes off scale or another component interferes; leave it unchecked.

Now click “begin”. The experimental spectra being fit will flash by one after the other in
rapid succession. The actual calculation of the least-square fits takes place during this stage.
Then in a second pass the fits are displayed and the residuals calculated. One at a time,
each spectrum is displayed (magenta), together with the best fit linear combination of basis
spectra (green) and the residuals (red).  On the first spectrum you will only see a red line,
because this is the baseline that has been subtracted, giving zero, which is fit perfectly by
using zero of each basis spectrum, so the zero error curve overwrites the other two. Hit enter
to move on to the second spectrum.On the right below the screen is given the spectrum
number and comment, and the rms error of the fit (in units of .001 AU).  This is Fraction 1,
and the fit is very bad, so you can easily distinguish the three curves just described.  Some
un-accounted for spectral species makes it impossible to fit this spectrum with our basis, and
you would be well advised not to put much reliance on the values obtained here.

Note that if you were using Arnon’s method based on two wavelengths, the output would
be just two numbers, and as long as both were positive you would have no idea how reliable
they were. The program autoscales the display in this process: actually as you may
remember the spectrum of Fr 1 was very small, so the errors are not that great in terms of the
whole experiment: all four concentrations are close to zero; but the error as a percentage will
be huge!.  Hit enter again again to go to the next spectrum, fraction 3. This fits very well,
partly because fr 3 was used in constructing the basis (see tutorial #3).

After you have examined each fit, press <enter> to go on to the next. If you enter X
before pressing <enter>, it will proceed through the rest with a short delay for inspection of
each. If you enter Z it will zip through the rest without waiting.  The rest of the spectra fit fairly
well until Fraction 17. By this time  Chl A and B have all eluted, and some other pigments,
perhaps different carotenoids and chlorophyll derivatives are eluting. Since we don’t have the
proper basis spectra, the fit is lousy and you would not believe the reported concentratins
from these samples. Again note, with the 2-wavelength method you would get numbers for
concentration and not realize how unreliable they are.
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After the last spectrum is displayed, you are left in the idle program with a blank screen
and no spectra in memory. However the values in the setup dialog are retained, so you can
re-run by selecting LSQ fit and pressing begin again. Otherwise exit or minimize and find the
.csv file saved in the directory with the spectra being fit (“demo1” in this case). If you have MS
Office installed, it will have an icon like an Excel file. Double-click it to open in Excel.

Figure 2.5. Fitting results, in .csv form, opened with MS Excel

The first column is about the spectra being fit: the first cell is the basename and below that
the numbers of each spectrum. The first cell of the second column is the name of the file with
the basis (fitting) spectra. Below that are the comments from each spectrum being fit. Make
the second column wide enough to expose the full length of the comments.

To the right of that are columns for each basis spectrum. In the first row is the comment
describing that spectrum (too wide for the cell, click in cell and read it in the formula bar), and
below are fitting coefficients used for that spectrum in fitting each of the experimental spectra.
If the basis spectra are for unit concentration, e.g. mg/L as they are here, then these fitting
coefficients can be taken as the concentration of that component in each sample.  Here the
first basis component (column 3) is an unknown Chl derivative that was prominent in fraction
3 (and it has not been normalized so concentration is in arbtrary units. The second and third
are Chl A and B, and the fourth is the carotenoid.
 The last two columns give the rms “magnitude” of the spectrum being fit and the rms error in
fitting (both in “units” of absorbance).
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Figure 2.6. Plotting the results vs fraction number for column profile.

Now we can plot the elution profile of each component vs fraction number. Insert a new
column between columns B and C (between the comments and the first spectral component),
and fill in the fraction numbers for fractions  to 17. You can also insert a new row in position 2
and enter short names for the fitting components. Now select the area From C2 to F18,
excluding row 3 (the baseline; use ctrl key to select disjoint regions) and click the chart
wizard. Select scatter plot, with  symbols on the points and curves between, and click next to
see a preview of the chart. Add any labels or titles you want and click finish to get something
like Figure 2.6.

Note instead of column fractions the spectra could have been time points in the maturation of
an algal bloom or rapid-scan spectra from a stopped-flow or flash-induced experiment, and
the plot would show progression of each pigment or each intermediate during the time
course.

Other things to try:

Go back to scanedit and open LSQ dialog from the LSQ dropdown menu. If you have
not closed the program it will be still set up for the fit.  If you have restarted set it up as
before. Now on the line that says "Ignore range?", enter 550 in the first textbox.  Note the
checkbox becomes checked. You can enter 720 in the second box, or just leave unchecked.
This will prevent the spectra beyond 550 from being used in the fitting, but the spectra
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calculated from the resulting fit will still be plotted. In other words you will be using the data in
the short-wavelength region to predict the spectrum in the long wavelength region. Change
the output filenames for the .csv and any other output you have selected- maybe add O for
"omit" to the end. By the way if the desired output csv file is currently open in excel, running
LSQ will cause scanedit to crash. This is because Excel locks the file, and scanedit doesn't
check for that before trying to write to it. Go ahead and push the "begin" button, and see how
it goes. Where the fit was ok on the first pass, the predictions are pretty good here (except
the turbid baseline is not correct for fraction 1). Where the fit was obviously wrong (the two
eluted fractions) the prediction is hopeless.


