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I. Version and Extension Requirements

Version Requirements

These procedures require Igor Pro version 6.2 or later. Igor Pro is produced by
Wavemetrics, Inc. More information can be found at:

http: //www.wavemetrics.com/

Loading the MultiPeakFit XOP

Included in the Igor installation, but not loaded by default is the
MultiPeakFitting.xop extension. This file is required for data analysis and must be
loaded before the procedures are compiled, particularly for the curve fitting
functions. It can be found in the Igor Pro installation folder under More Extensions
- Curve Fitting > MultiPeakFitting.xop

Note: Compilation of these procedures will fail unless this extension in loaded!

To set up your Igor Pro environment to load this file by default at startup:
Create a shortcut (Windows) or an alias (Mac) for the files MultiPeakFit.xop and
MultiPeakFitHelp.ihf.

& IgorPro File Edit Data Analysis Macros Windows Misc [/
. Curve Fitting search ]

B = ) O | [~ Q Getting Started
ES /M) = About XOPs.txt

= Curve Fitting XOPs.txt

YOTCAMP .1 Curve Fitting B MultiPeakFit Help.ihf i9onHielplBrowser
wcintosh HD (1 Data Acquisition » 3 MultiPeakF...Ip.inf alias Help Topics
(] Data Analysis MultiPeakFit.xop Shortcuts

D {1 File Loaders E{«.;l MultiPeakFit.xop alias Command Help

pperNAS [ utilities Search Igor Files

pperNAS (AFP) {1 Visualization Manual

pperNAS (CIFS) Support

S Show Igor Pro Folder

- Show Igor Tips xo

xuments

“tures WaveMetrics Home Page |

isktop Support Web Page !
IgorExchange |

ad_Picoharp_Files_|...

‘H FOR . 1 License...
\dav b D)
5 items, 150.24 GB available

I T F AT L

About Igor Pro...
Updates for Igor 6.21

From the Igor Help menu, choose, “Show Igor Pro User Files.” Add these shortcuts
to the Extensions folder in the User files directory.

If Igor is already running, then it must be restarted for these changes to take effect.



Il. Working with Transient Absorption Data in Igor Pro

Data File Format Requirements

This package includes a set of functions for processing and graphing wavelength and
time-resolved absorption data. This code was designed to process data created by
the Helios Femtosecond Transient Absorption spectrometer produced by Ultrafast
Systems, LLC. However, it will work with any data with the format:

0, time_1, time_2, ..., time. M
wavelength_1, deltaOD_1_1, deltaOD_1_2, ..., deltaOD_1_M
wavelength_2, deltaOD_2_1, deltaOD_2_2, .. .,, deltaOD_2_M

wavelength_N, deltaOD_N_1, deltaOD_N_2, . . .,, deltaOD_N_M

where N, M are arbitrary integers.

Loading Data Files into Igor
1) Load and compile the appropriate procedures into a new Igor Pro
experiment, using the appropriate menu options.
File = Open File = Procedure...
TAData_Analyis_vX.XX.ipf
TAData_CurveFitting_vX.XX.ipf

e 0o TAData_Analysis_v4.3.ipf
#pragma riGlobals=1 /7 Use modern global access method. m
#*pragma lgorVersion = 6.2

#pragma version = 4.3

#include <Scatter Plot Matrix 2>
#include <All Gizmo Procedures>
#include <Autosize Images>
#include <Wave Arithmetic Panel>
#include <Multi-peak fitting 2.0>
#include <Global Fit 2>

/7 written by Matt Sfeir, Brookhaven National Laboratory Complle buttOIl
/¢ msfeir@bnl.gov
fév.4.3 June 29. 2012

/¢ Build menu items

Menu “Load Waves"
“Load Transient Absorption Data”, OpenTA()

End

Menu "TA Analysi
“Load Transient Absorption Data”, OpenTA()

“Import SX P olvent Fit Coeffs”, ImportCC{),
“Inspect Image Data”, ImageHookGen( ) A
/¢ "Kill Data Inspector”, KillHookGen{ )} v
[) & @ [(Templates v ) [Frocedures w ] (Compile) | €3 <>




2) Alternatively, open the Igor Packed Experiment file named “Transient
Absorption Template.pxp”. Note that this makes upgrading to a new
procedure file more difficult.

800
(<[>

¥ DEVICES
g BOOTCAMP Transient Absoprtion Template.pxp Today, 11:44 AM
My Passport a == Working with Helios Data in Igor v2.docx Feb 4,2011 4:14 PM 799 KB
E Macintosh HD @ Helios-multispec-FFT-example.pxp Jun 8, 2010 10:49 PM 7.3 MB
» [ ns demo Mar 4, 2010 2:49 PM -
RS > [ tests Nov 5, 2009 12:06 PM -

al-mahboob-pc
Eric Stach's Mac Mini

» (] CdSePDepend
== Working with Helios Data in Igor.docx

Sep 7, 2009 9:13 PM -
Jul 6, 2009 5:08 PM

& vircea Cotlet’s iMac @ P3HT-500.pxp May 15, 2009 12:15 PM 18.8 MB
Nikita | P3HT-TA-PL.png May 15, 2009 11:01 AM 102 KB
@ Qin Wu’s iMac /= P3HTO513.png May 14, 2009 11:21 AM 53 KB
ginwu || chlorobenzene2-ROI-CC.csv May 13, 2009 4:39 PM 115 KB
tiﬂn t] chlorobenzene2-ROl.csv May 13, 2009 4:38 PM 311 KB

e Q chlorobenzene? FitCoefficients.txt May 13, 2009 4:37 PM 4 KB L

ﬁ' - @ 090513-P3HT-vis-ROLtxt May 13, 2009 4:32 PM 4KB a

v Applications ~ s bt

s 090513-P3HT-vis-ROl.csv May 13, 2009 4:31 PM 541KB v

@ userame i Jalv

If the template is launched, a blank experiment will open which automatically
includes and compiles the necessary procedures.

3) When the procedures are properly loaded, a new menu will appear on the
task bar entitled, “TA Analysis.”

os Windows Misc Gizmo Zoom TA Analysis Help

$ v -[@root
Packages




4) Open your saved transient absorption data (.csv files) using the appropriate

menu option:
TA Analysis = Load Transient Absorption Data

1 M TA Analysis

Load Transient Absorption Data

Import SX Pro Solvent Fit Coeffs
Export Data as CSV

Incnart Imane Nata

: :

Select a file
(« »])(csp=m (G@TA 3] Q
¥ DEVICES - Name 4| Date Modified [
=L MYS Mac... ﬂ > [ tests November 5, 2009 12:06 PM r
=1 BOOTCA... Transient Absoprtion Template.pxp Today, 11:44 AM
Bl myp.. & | | water -chirp RepresentativeKinetics.csv May 8, 2009 4:35 PM
=} Macinto... B water —chirp.csv May 8, 2009 3:15 PM
water-500.pxp May 11, 2009 4:31 PM
» SHARED " water-550 -chirpcorr-ROl.csv May 12, 2009 3:54 PM
¥ PLACES g water-550-ROl.csv May 12, 2009 3:51 PM
/A Applicati... | water.dat.csv May 8, 2009 2:49 PM
(_ﬁ username Working with Helios Data in Igor v2.docx Today, 12:01 PM A
[ Documents ¥ Working with Helios Data in Igor.docx July 6, 2009 5:08 PM v
Enable: [ Helios TA Data Files (*.csv) ﬂ

( Cancel ) GOpen*)




Wave Format
5) This procedure loads the original data in filename and creates a new set of
processed waves (filename_zmat; filename_xc; filename_yc). The procedure
replaces all the NaNs and Infs in the original file with 0 and deletes extra
rows (for which the spacing is non-monotonic). It also creates several

additional waves for graphing purposes:

filename_zmat (corrected matrix)
filename_xc (processed row values)
filename_yc (processed column values)
filename_xim (x values for image plot)
filename_yim (y values for image plot)
filename_sca (xyz wave for scatter plot)
filename_par (3D parametric wave)

800 Data Browser
» Imot: I
Display [root Z
Waves
& i ® ¥ -[Aroot
E WS i —chirp—t00_zmat| O
[ strings rod_fs_415__chirp—t00_xc
Info rod_fs_415__chirp—t00_yc
Plot rod_fs_415__chirp__t00_xim
= rod_fs_415__chirp_t00_yim
MNew Folder... rod_fs_415__chirp_t00_sca

rod_fs_415__chirp_t00_par

i Loz W _WaveList
kinetics &
i spectrah
kineticsB
& spectrat :
P Packages v
(&) alide

Wave: rod_fs_415_ chirp_ t00_zmat
[Type: FP64 Size: 4104672 bytes
Rows: 511 Units: None Start: 0 Delta: 1
IColumns: 1004 Units: None Start: 0 Delta: 1
Note: file info:Date: 12/08/2009
[Sample: Au 25 Rods

[Solvent: Methanol

Pump energy: 0.3

Pump wavelength (nm): 415

ICuvette length (mm): 1

|Comments:

The footer information in the original file (beginning with “file info”) is
stored in filename_zmat as an Igor Note. This information can be viewed
directly from the Data Browser by highlighting the appropriate wave.
Alternatively, it viewed from any plot, by holding down Command-Option-
Control (Mac) or SHIFT+F1 (Windows) and clicking on the graph.

By default, the Image Inspector window hook is enabled for imported data
files. This allows you to graphically inspect the kinetic and spectral
information contained in a given data set. The waves, kineticsA, spectraA,



kineticsB, spectraB, and W_Wavelist are used by this procedure and can be
ignored.

Note: Starting in version 4.1, the procedure will now remove the original,
unprocessed data file and associated row and column position waves including:
RP _filename (wavelength labels for row data in nm); filename (original
uncorrected matrix in AOD); CP_filename (time labels for column data in ps).

These can be reintroduced by commenting out the following line in the

ProcessTA() function:
KillWaves $wName, $RPName, $CPName

Export Data as CSV
This procedure will export a file with comma separated data points in the
same format as the expected input file:
0, time_1, time_2, ..., time. M

wavelength_1, deltaOD_1_1, deltaOD_1_2, ..., deltaOD_1_M
wavelength_2, deltaOD_2_1, deltaOD_2_2, .. .,, deltaOD_2_M

wavelength_N, deltaOD_N_1, deltaOD_N_2, . . .,, deltaOD_N_M
where N, M are arbitrary integers.

This can be used, for example, to output processed data (chirp and/or time
zero corrected) to share with colleagues.

The time, wavelength, and data matrix waves are selected via a standard Igor
dialog box.

Select data to export to csv file

Enter X wave name (lambda):

C60_20nm_380nm_exc_6bul_xc ﬂ
Enter Y wave name (time): |

€60_20nm_380nm_exc_6u0_yc W |
Enter Z matrix name: |

C60_20nm_380nm_exc_6u0_zmat ﬂ
(" Cancel ) Continue ) (" Help )




lll. Plotting TA Data

Automatically Generated Plots

1) An image plot of your data will be automatically created with a visible cursor.

This plot can be generated manually using filename_zmat, filename_xim, and
filename_yim:

Windows - New - Image Plot

. NewlmagePot |

"] Use Newlmage command

") Only Waves from Target

Z Wave X Wave Y Wave
["root %] [root %] [root B
@ wave0 _calculated_ _calculated_
& wave0_zmat & waveo_xim & waveo_yim
& wave0_sca » B3 Packages » B3 Packages
& wave0_par
» &Y Packages
vyE— D! vy€E—_ Haln!
X Axis: | bottom B Y Axis: | left
Title: | style: [ _none_ =)

Display;Appendimage waved_zmat vs {wave@_xim,waved_yin};DelayUpdate
Modi fulmage wave@_zmat ctab= {*,*,Rainbow,d}

(Doit ) ( ToCmdLine ) ( ToClip ) (" Help ) ( Cancel ) A

Click the “Appearance” button to generate a color image.

550 600 650 700 750

Use the CTRL-I (CMD-I for Mac) key sequence to manually shO\;V the cursors.



3D Surface Plots

2) To generate a 3D Plot of your data:
Windows -> New -> 3D Plots -> Surface Plot

Object Name:

Source Type: [ Parametric wave ”

Surface Wave: [ wave0_par H

M Fill Surface [ Draw Grid Lines [ | Draw Points [ ] Calc Normals
Surface Color
(O No Color
(O Constant Color
@ Use Color Table [ Rainbow %) ( Details )
(O Color from Wave

Grid Lines and Points

[") Specify Linewidth |1

@ No Color
(O Constant Color
(O Use Color Table
() Color from Wave
o)
Modify as appropriate:

Gizmo -> Axis Range
Gizmo -> Rotation

GizmoO O O O Gizmo Box Limits

XMin[430 |
XMax 810 |
ymnlo |
Y Max '998—]
ZMin[-0.004 |
ZMax[0.005 |

Auto Scale All

) (O 7 GizmoO Rotation

Euler Angles (" Top View )
A [599 1
>

[ Lock Mouse Rotation [ Show Axis Cue

™
(4 spin) (®) (Spin »)
™




Scatter and Contour Plots
3) Similar procedures can be used to create 3D scatter plots and 2D contour

plots.

Image Plots
4) Image Plots can be generated in one of the following ways:

A. In the Gizmo rotation panel, click “Top View.”

000 Gizmo0

Euler Angles ( Top View )
A:[00 18]

B: [0.0 — 1B
i —1C

[) Lock Mouse Rotation  [] Show Axis Cue
frany

(«spin) (m) (Spin »)

(&)

B. The ProcessTA procedure generates axes which are approximately scaled
to generate an image (N -> N+1 points with no interpolation).
Windows = New - Image Plot

"1 Use Newimage command

] Only Waves from Target

Z Wave X Wave Y Wave
(root ) (oot %) (root T
@ wave0 _calculated_ _calculated_
& wave0_zmat & waveo_xim & waveo_yim
@ wave0_sca > m Packages > % Packages

&) wave0_par
» @) Packages

Title: | | Style: [ _none_ =

Display;AppendImage waved_zmat vs {waved_xim,waved_yim};DelaylUpdate
Modi fylmage wave@_zmat ctab= {*,%,Rainbow, @}

E( ToCmd Line ) ( ToClip ) ( Help ) [ Cancel ’4l




Click the “Appearance” button to generate a color image.

C. Interpolate a particular region of interest. Image interpolation can take
several minutes depending on the image size and the mesh. An example
command would be:

Imagelnterpolate /S={600,1,800,0,0.1,10} Voronoi wave(_sca

This will generate an interpolated image over the spectral range 600 - 800
nm (1 nm mesh) and time range from 0 - 10 ps (100 fs mesh). Ona 2.5 GHz
Intel Core 2 duo processor with 4 GB of RAM, this command takes ~ 9
minutes on an original XYZ data set that contains 109056 rows.

Nsw Ime Plot
"1 Use Newimage command
"] Only Waves from Target
Z Wave X Wave Y Wave
["root Q [root Q [root Q
— _calculated_ _calculated_
&) waveo_zmat » B3 Packages » B3 Packages
@ wave0_sca
&l wave0_par
& M_interpolatedimage 4
&) Packages v
(66— y< > ) y< > ) y< >
X Axis: (botom &) Y Axis: (leht :
Title: Style: [ _none_ ]
Display;AppendImage M_Interpolatedimage
(—Bv-h—a( To Cmd Line ) ( To Clip ) ( Help ) (Cance|) y
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IV. Visualizing Spectra and Kinetics from an Image Plot

Quick Visualization Using the Data Inspector

Spectra or Kkinetic data can be visualized through a set of windows that are
automatically created when an image file is loaded or generated via one of the built-
in processing functions.

The windows are named “kinetics” (vertical slices) and “spectra” (horizontal slices).
Cursors A and B can be used to look at your data at a fixed point in time or
wavelength.

000 kinetics

AWavelength [559.42 | B Wavelength | 652.6 Image [ rod_fs_415__chip__t00_zbg
X Scaling Auto ¥ Scaling | Auto

200 spectra

ATime 4.438 B Time 13.09 Image [rod_fs_415__chirp__t00_zibg

XScaling | Auto ¥ Scaling | Auto

i3 =
5 E5
T T T T T T
400 500 600 700 800 900 104
/|

5__chrp__1aa] pnt: [219,420]  X:559.42 ¥:4.438 2:0.0020443 | 4X:93175 42:-0.0021962
pnt: [297,847]  X:6526 V:13.09 2:-000015124 | aY:8.652 ", -20

et

T T T
400 500 600 700 800 900

The information displayed in these windows is automatically updated when the
cursors are moved or when a different image plot is activated.

Data in these windows should not be fit or manipulated directly.  Use the
“Extract ...” functions described in the next section to save regions of interest.

11



Extracting 1D Data for Fitting and Plotting

1) Extract Spectra and Kinetics from an image from filename_zmat.
The simplest way is to use the automatically generated image plot. Place the
cursor in the spot where the data is to be extracted:

550 600 65C
A ColeqBachip copyd_zrw pnt: [220,69] ®:560.33 Y:0.1224 2:-0.004418
pnt: K s Z:

Select the appropriate function from the TA analysis menu:
TA Analysis = Extract Kinetics
TA Analysis = Extract Spectra

06060 Graph4:'CoTe480chirp copy0_zmat'

Enter matrix wave name:
["CoTMSOchlrp copy0_zmat"

Enter cursor postion for desired wavelength:
220

Enter wavelength wave name:

"CoTed80chirp copy0_xc"

( Cancel ) (" Continue )

550 600 650 700 750
O A: corcanachmeopn_aat |, pnt: [220,69]  X:560.33 ¥:0.1224 2:-0004418  aX: a2
[e: pnt: e ¥ 2: aY:

12



The procedure will attempt to auto-fill these values for you:

Matrix wave name: filename_zmat

Cursor position: element n [m] for (n,m) matrix for kinetics [spectra]

* note: this is not the actual wavelength or time value

Wavelength [time] wave name: typically filename_xc [filename_yc]

* note: this is not the waves used generate the image plot (which contain
N+1 points rather than the desired N)

If both Cursors A and B are on the graph, you will have the option of
extracting the data at either position or averaging between them:

Graphl:rod_fs_415_ chirp__t00_zibg 4
" 34
‘©
=
2
. |
Cenerate Spectra
Cursor used to generate plot:
| 'ROI Cursor A/B ] ;] _'
Enter matrix wave name:
73 "rod_fs_415__chirp__t00_zibg" ]
O
Enter cursor A postion for desired time: |l
420
]
Enter cursor B postion for desired time:
847
Enter time wave name:
T "rod_fs_415__chirp__t00_yc"
500 |
( \ : \
(" Cancel ) (" Help )
P Tt Tt I / \ /
19,420]  X:559.42
37,847] K:6526 ¥:13.09 2:-0.00015124 | AY:8.652 l ‘"’,_, -20

New waves will be generated with the suffix _kwavelength_pix or stime_pix
(pix: number of pixels in the average of A and B cursors). 1D plots will be
generated automatically if the expected file structure exists.

™ M M Graph0:'CoTe480chirp copy0_k560.3' vs 'CoTe480chirp copyO...
)

T

\

x10

13



V. Curve and Peak Fitting

1) Fits of the kinetic data can be made using the built in Curve Fitting functions.
Analysis = Curve Fitting >

Curve Fitting

[ Function and Data | Data Options Coefficients = Output Options ]

Function Y Data [ From Target
| neatTHF_36mWO0_xc v
¥ line
poly X Data
poly_XOffset If you have only a Y wave, select
gauss _calculated_
lor [ _calculated_ v
exp_XOffset
dblexp_XOffset
exp
dblexp

sin
E HillEquation
Sigmoid
Power
LogNormal
poly2D
Gauss2D
TA_SolventResponse |
TA_2ExpGauss
No  TA_3ExpGauss
TA_4ExpGauss
TA_SExpGauss

TA_DampedOsc (: a N N
G TA_ExpDampedOsc ToClip ) (_ Help ) (_ Cancel )

a—+bx

Ml

A few special fitting functions are added in this experiment:

TA_SolventResponse
TA_nExpGauss
TA_nExpGaussDampedOsc

These use the built-in ExpGauss function (from the MultiPeakFit extension)
to convolute the effect of impulsive excitation and exponential decay. The fit
functions are constructed so that a common pulsewidth and common time
zero is used for all exponentials.

14



2)

For examples, the parameters for TA_nExpGauss are described below. Initial

guesss must be entered in the Coefficients tab on the Curve Fitting Dialog

window:

y0: constanty offset, usually fixed at 0 during fitting

pw: pulsewidth can be usually set to .12 for initial guess.

* Note: This is the standard deviation of the Gaussian used to approximate
the laser pulse, not the FWHM. The conversion is FWHM ~ 2.355*pw.

t0: time zero (time of impulsive excitation)

ampn: amplitude of first exponential decay

Gn: the rate of the first exponential decay component

* Note: This is equal to the inverse of the lifetime

For a detailed description of fitting functions and their use, please refer to
Appendix B. This information will be updated as necessary.

Transient spectra can be fit using the Multi-peak fit dialog.
Analysis 2 Multi-peak Fit = Start New Multi-peak Fit

More information can be found in the Igor Help Browser.

15



VI. Data Processing Procedures

Time Zero Correction

1) Use this procedure to correct your image and spectra for an absolute time
zero. Place cursor A on your image at time zero and choose:
TA Analysis = Time Zero Correction

2) This procedure attempts to automatically pick the correct time files and will
choose the cursor position as the new time zero. These can be modified from
the dialog prompt:

(000 GraphO....

Enter image time wave name:
[“Au 25- 880nm cross -chil_yim" ]

Enter 1D time wave name (0 to ignore):

"Au 25- 880nm cross -chil_yc"

Enter new t0:
-0.9396

b Cancel

CContinued) (el )

400 500 600 700 800 900
/.
O A 'y 25 BBAne cross -chid, = pnt: [394,116] R:768.7 Y:-0.9396 2:-0.01957 ax: az:
- [e: pnt: ®: Y& z: aY:

3) The first wave name, filename_yim is the y axis for the image plot (N+1 point)
and the second, filename_yc, is the y axis for extracted kinetics (N points). To
leave the kinetic plots undisturbed, enter “0” in this field. To choose a
different value for the new time zero, manually enter it into the appropriate
field.

16



Scattered Light Correction

1) Scattered light collected by the array detectors can be automatically removed
using the “Scattered Light Correction” procedure. The easiest way to do this
is to use an image plot of your data.

2) Place cursor A and cursor B on the image to select a range to be averaged for
the correction. Both of these cursors should be in the t<0 regime. Avoid
early times that contain empty pixels (due to chirp correction).

eno Graph0:'toluene-6200_zmat' D

4
:
:
.1

~N
e pe

YL

400 500 600 700 800 900
A ‘toluere- 6200_zrut’ z pnt: [194,13] ®:529.8 Y¥:0.26347 Z:-4e-05 AX:27.274 ag: -6e-05
B: ‘toluers-6200_z2rut’ pnt: [217,29] ®:557.07 Y:0.58773 Z:-0.0001 AY:0.32427

3) Choose the appropriate procedure from the TA Analysis menu:
TA Analysis = Scattered Light Correction

®en0n Get Cursor Positions

Scattered Light Correction

Cursor A: | 67 [ﬂ Cursor B: | 43 @

[ Preview ) ( Save )

matrix: toluene-6200_zmat

sca_bkgd: toluene-6200_scab

corrected:  toluene-6200_zibg

17



4) Click the preview button to view the set of curves that will be averaged to
make the correction file. The locations of the cursors will be sent
automatically, as will the wave names.

tempGraphl:dummyS_0,...;... l.docx
10 Modify Trz
Trace

dummyS_6  Lines

dummyS_7

dummyS_8

dummyS_9

dummyS_10 !

\ dummyS_11 !
dummyS_12 !

dummyS_13 !

dummyS_14

dummyS_15 -

dummyS_16 v

Line

) — Groupi
210 - Size: 1.00

o [ JErrc
Style: lo — ~ ] Offs

150 200 250 300

5) If this range is acceptable, close the window to return to the correction dialog
box and click “Save.” Make sure that the image file is the top graph, i.e., click
on it again to bring it to the front before clicking “Save.”

Alternatively, these procedures can be run from the command line interface.
The syntax is:

PreviewSLC(filename_zmat, imin, imax) for Preview
ApplySLC(filename_zmat, imin, imax) to apply SLC

where imin and imax are the indices of the time positions to be averaged.

18



6) A new matrix is produced with the wave name filename_zibg along with a
copy of the averaged t<0 file used for the correction (filename_scab).

A new image plot is produced with the corrected wave file. The “Extract
Spectra” and “Extract Kinetics” routines will also work with the new image
file.




Extract Region of Interest
For some visualization and analysis purposes, including for Singular Value
Decomposition, only a subset of the full dataset is required. For convenience, this
function allows you to extract a subset of the data matrix using an image plot and
the cursors.
1) Place cursor A and B on your image plot such that they define the boundary
of the new data set. Click on the image plot to make it the top graph.

2) Choose the appropriate procedure from the TA Analysis menu:
TA Analysis = Extract Region of Interest

GraphO:rod_fs_415__chirp__t00_zmat

Extract Matric Region of Interest

Enter matrix wave name:

"rod_fs_415__chirp__t00_zmat"

Enter miminum wavelength index:
118

Enter maximum wavelength index:
417

Enter minimum time index:
125

Enter maximum time index:
970

Cancel ) ( Continue ) Help )

O Airodtsars ch w0, pnt: [118,125]  X:44028  Y:-15415  2:6891e-06 a%:357.43 42:0.0039201
D B:rod_fs_a15__chrp__taa_ pnt: [417,970] R:797.7 ¥:15.585 2:0.003927 aY:17.127

400 500 600 700 800 900

3) The procedure will attempt to automatically generate the matrix wave name,
and matrix indices from the image plot. If the values are acceptable, choose
Continue.

4) A new set of waves will be generated along with an new image plot:
filename_zroi (subset of zmat)
filename_xroi (subset of xc)
filename_yroi (subset of yc)
filename_ximr (new image x coordinates)
filename_yimr (new image y coordinates)
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450 500 550 600 650 700 750

/|
& rod_ts_415__chirp__taa, pnt: [1,1] ®:441.43 Y:-1.521 2:0.0003187 I a¥: az:
B: pnt: ®: e 2 | av:

5) The new set of waves can be operated on by other procedures in the same
way as the original filename_zmat wave.
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Combine Data Sets

This function allows you to generate one matrix (for visualization and analysis)
from two different data sets that share either an identical time or identical
wavelength axis. This can be useful, for example, for combining long and short scans
provided that the data sets either starts at the same point on an absolute time scale
or are already carefully corrected for time zero.

It will generate a matrix with dimensions equivalent to the number of unique points
in the non-identical axis. Points that correspond to identical time (or wavelength)
will be averaged and the extra rows are removed so that an image plot can be
generated with custom x and y points.

1) To execute this function, choose:

TA Analysis = Combine Data Sets

2) Input the wavelength (x), time (y), and AA values for both sets of data to be
combined.

Select data sets to join and sort

Enter X wave for data set 1: Enter Y wave for data set 1:

| Cul_toluene_20_xc ﬂ | Cul_toluene_20_yc T]
Enter Z matrix for data set 1: Enter normalization factor for data

| Cul_toluene_20_zmat B 1
Enter X wave for data set 2: Enter Y wave for data set 2:

| Cul_toluene_2_long0_xc T] | Cul_toluene_2_long0_yc T]
Enter Z matrix for data set 2: Enter normalization factor for data

| Cul_toluene_2_long0_... T] 1

(" Cancel ) ( Continue ) (" Help )

Ne————

3) A scaling factor can be applied to either data set if needed.

4) Click continue. A new data set will be generated with the default name,
“JoinedDataSet_n_,” with the appropriate suffix (xc, yc, zmat, xim, zim)
corresponding to the different wave types. These waves are now be operated
on with any of the other functions.
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5) As an example, here are the kinetic traces for the two original and combined
data sets:

— Cul_toluene_20_k501_0
2.0 — Cul_toluene_2_long0_k501_0
— JoinedDataSet_0_k501_0
1.54
0
o 1.0-
k”:
0.5-
0.0 vv«
T T T T T T
80 100 120 140 160 180
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VII. Chirp Correction Procedures

Import Fit Coefficients Generated with SX Pro
If you have already generated a set of Fit Coefficients from solvent data, then these
can be easily imported and used in Igor. Choose:

TA Analysis = Import SX Pro Solvent Fit Coeffs

A new 2D matrix, filename_sxfcn will be generated with the lambda values in the
first column and the corresponding time zero points in the second column. Extra
information contained in this file, such as amplitude coefficients, is discarded. This
file can then be used to correct subsequent data sets using the “Generate t0 wave
from Fit Coefficients” and “Chirp Correction from t0 Wave” procedures.

Generate Fit Coeffs from Solvent Response

This procedure attempts to simplify chirp correction by automatically extracting,
fitting, and storing and kinetic data using the “SolventResponse” fit function. It will
generate a 2D matrix with sets of lambda, time zero pairs in the first and second
columns. Alternatively, a similar file can be generated by hand (using and fit
function) and used with subsequent chirp correction procedures.

Click on the target image window and position one of the cursors at the wavelength
to be fit. Choose:
TA Analysis = Generate Fit Coeffs from Solvent Response

This procedure will first run the “Generate Kinetic” procedure with the standard
dialog for matrix wave name, cursor position, and wavelength wave name. See
section IV for more details.

) O ) neatTHF_36mWO_kp:neatTHF_36mWO0_k578_0 v...

L:\‘

zmat

Enter guess for t0:
[135 |

0.5 Use gaussian component:

[yes

Cancel

0.0

400 500 600 700 800 900
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Next, a dialog will ask for an initial guess for time zero. I have found that the fit is
most sensitive to this value, so be careful with this input. The other initial guesses
for amplitudes and pulse width and automatically generated. If you find that this
gives you poor fits, then you should generate the appropriate initial guesses using
the Curve Fitting Dialog. By default, the fitting procedure uses first and second
derivatives of a Gaussian to fit the coherent response of the solvent. If an additional
Gaussian component is appropriate, choose “yes” for this option in the dialog box.

¥% O O O neatTHF_36mW0_kp:neatTHF_36mWO0_k578 0 v... o=
= =
\
39 Coefficient values + one standard deviation
| A =0.0002996  0.000614
2 B =8.3257e-05 + 2.06e-05
. [ =3.3686e-06 £ 1.03e-05 | A |
s t0  =1.3819 £ 0.0467
20 A, sig  =0.059277 +0.0144 — IPT !
v | 1 1 !
17 [[ ,1' .ﬂ P { “\” i
| I )
2 uil &% TI" s
i \[n\ \Illlll\
T T T T T T il .' L\l
0.0 0.5 1.0 1 Store Fit Coefficients

Enter target 2D tO Fit Coefficient Wave to Append:
[ New Wave )

Enter name of new FC target wave:
["FC_tD" ]

Lambda position:
577.8762675

0.5

Time zero position:
1.38187762765663

Cancel

0.0

4

If a good fit is obtained, then click continue to store the lambda and time zero values
in an appropriate matrix. Choosing “New Wave” lets you write values to a new
matrix. Otherwise choose the appropriate wave so that values may be appended.

This should be repeated with as many points as possible which yield an accurate
time zero determination, typically 5 or more.

Generate t0 wave from Fit Coeffs

Once a matrix of lambda, time zero pairs are generated (either manually or using
one of the above methods), then they can be used to correct transient absorption
data. The “Generate t0 wave” procedure generates an empirical fit to the t0 Fit
Coefficients using an appropriate function.

Generate t0 wave omi

Choose 2D wave with wavelength, t0 pairs:

[ matt_to B
Choose x matrix wave name (lambda values):

[ neatTHF_36mW0_xc =
Choose fit function:

( Poly Order 3 @
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Choosing the function, TA Analyis = Generate t0 wave from Fit Coeffs, brings up a
simple dialog:

Enter the appropriate wave names as is described. Clicking “Continue” will generate
two waves, one with a set of data points generated by the Fit Function which are
used for plotting and evaluating the success of the fitting procedure (fit_tOpoly).
The second is namedfilename_t0. This is alD wave consisting of t0 values for each
lambda point contained in the corresponding data file for a given set of AA data.

eSO Graphl:matt_t0 vs matt_t0;...
1.8
1.7
1.6
[}
1.5
L ]

144 o

(]

T T T T
600 650 700 750

This process should be repeated for each new data set that needs to be chirp
corrected.

Chirp Correction from t0 Wave

The final chirp correction function, TA Analysis = Chirp Correction from t0 Wave,
can be called once you have generated filename_t0 for each data set that needs to be
chirp corrected. The following files are generated:

Cenerate XYZ Wave

Enter x matrix wave name (lambda):

| water_550_ROIO0_xc s ]
Enter y matrix wave name (time): |

[ water_550_ROIO0_yc W |
Enter zmat wave name:

| water_550_ROI0_zmat ﬂ
Enter t0 wave name:

( water_550_ROI0_t0 B

* filename_ccp (parametric wave with non-interpolated z data and chirp
corrected time values)
* filename_xcc (1D wavelength data)
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filename_ycc (chirp corrected 1D time data from first lambda value)
filename_zccm (z matric of interpolated AA data)

filename_xcim (wavelength values for image plot)

filename_ycim (corrected time values for image plot)

NOTE: The chirp correction process necessarily generates interpolated DA data for
all wavelength points after the first. Kinetic fitting should be accomplished using
non-interpolated data. This files should be used for visualization of spectra with the
understanding that the data has been processed.

The parametric wave, filename_ccp is not interpolated and can be visualized with
Gizmo in 3D plots.

A chirp corrected image file will be automatically generated from filename_zccm
along with filename_xicc and filename_yicc. The standard analysis, extraction, and
visualization tools can be used with this image.

19006 Graph2:water_550_ROI0_zccm

1.0

0.5

o,o-_tr

T T T T T T T T
450 500 550 600 650 700 750 800

27



VIIl. Data Analysis Using Singular Value Decomposition

Introduction

Singular value decomposition is an analysis method that allows you to identify the
number of linearly independent components within a given data set. When applied
to time resolved absorption data, it is possible to obtain the number of distinct
kinetic species and their associated wavelength dependent absorption coefficients.
Furthermore, the SVD routines can be used to significantly improve signal/noise
and to remove unwanted spurious features from a given data set. It can be used,
among other things, for accurate determination of the characteristic lifetimes
contained within a given data set by global fitting the results of the SVD.

These matrix analysis methods are native to the Igor Pro programming environment.
These set of procedures provided are meant to provide a quick, User-friendly, and
consistent interface to some common Igor functions. In this section, I will review
some common uses of SVD for analysis of transient absorption data.

Additional reading on the subject:
Singular Value Decomposition: Application to Analysis of Experimental Data. E. R.
Henry and J. Hofrichter, Methods in Enzymology 210 129 (1992).

Visualization of transient absorption dynamics - towards a qualitative view of
complex reaction kinetics. H. Satzger and W. Zinth, Chemical Physics 295 287 (1993).

Singular Value Decomposition

Briefly, singular value decomposition takes your data matrix and decomposes it into
3 matrices such that AA = USVT. If AA is (n x m), then the resulting U is (n x n), S is
(n Xm), and Vis (m x m). The S matrix is a diagonal matrix whose elements are the
singular values. In the Igor implementation, S is a column vector of length n
composed of the singular values.

The matrices U and V are mathematical constructs. Without further processing,
they have no physical meaning. However, the do represent linear combinations of
the different spectral (U) and kinetic (V) components of the data set.

One major goal is to determine the rank of the matrix, in other words, the number of
species or factors present in the experimental data. This can be determined by the
number of non-zero singular values obtained in the decomposition. However, the
presence of noise in the measurement can often make an unambiguous
determination of the rank challenging. To assist in the analysis, the SVD procedure
plots the singular values on a log scale. The challenge is to identify the cutoff, i.e.,
the noise level.
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Here, we use an artificial data set with a set of 3 decaying Gaussian absorption
profiles to illustrate the behavior of the procedures. We have added some Gaussian
noise to the data set simulate the magnitude of the real experimental noise.

3000 3 L
i

o
1 |

2500
2000
1500
1000

500

800 1000 1200 1400 1600

V

1) Click on the image file to make it the top graph. If necessary, extract a clean
region of interest for the SVD analysis. Choose:
TA Analysis = Singular Value Decompostion
2) The procedure will generate the SVD matrices and plot the first 10 singular
values on a log scale for inspection:
filename_psU (U matrix from SVD)
filename_svW (list of singular values)
filename_pkV (V matrix form SVD)
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Rank SVD Matrices
1) It is now necessary to determine the rank of the data set by choosing the
appropriate number of non-zero singular values. From the above data set, it
is obvious that the correct number is 3 before the noise floor. However, for
real data this is often a significant challenge. Choose:
TA Analysis = Rank SVD Matrices

2) The following files are generated:
filename_ps[1...r] (1D principal spectra)
filename_pK|[1...r] (1D principal kinetics)
filename_Arsv (reconstructed data matrix from ranked SVD)
filename_DDAr (AAA? = (AA Data Matrix - filename_Arsv)?)

3) By default, only an image plot of filename_DDAr is automatically generated
along with plots of the first r columns of the U and V matrices. You can
choose to scale them by the square root of the respective singular value for
visualization and analysis purposes. However, for fitting, you will need to
make sure you generate unscaled principal spectra and kinetics.

~

SD_ng_PK:SD_ng_pk1 vs SD_ng_yc;...

0154
} — SD_ng_pk1
0.10 — SD_ng_pk2
— SD_ng_pk3

T T T T T T T
0 500 1000 1500 2000 2500 3000

~ N

SD_ng_PS:SD_ng_ps1 vs SD_ng_xc;...

0.154

— SD_ng_ps1
— SD_ng_ps2
— SD_ng_ps3

0.10

0.05

0.00

-0.05

-0.10 T T T T
800 1000 1200 1400 1600

‘@00 SD_ng_3DDA:SD_ng_DDA3

3000 i

2500 3
600
2000

- x
1500 400 3
1000 200

500 &

0
800 1000 1200 1400 1600
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4) Although the reconstructed matrix is not plotted by default, it is often useful
for noise reduction. You can generate the image plot manually and then use
the appropriate extraction procedures for presentation and analysis.

(NN GrablﬁiﬁD_ng_Ast

3000

2500

2000

1500

1000

500

0

800 1000 1200 1400 1600

Global Fit
This menu item provides a convenient shortcut to Igor’s native Global Fitting
procedure. It can also be found in the menu:

Analysis = Global Fit

It required the Global Fit 2.ipf procedure which can be found in the Igor Pro Folder

under:
Igor Pro Folder - WaveMetrics Procedures = Analysis = Global Fit 2.ipf

It can be used to fit the individual principal kinetic files produced by the Singular
Value Decomposition procedures or to fit multiple extracted spectra. Please refer to
the Igor Pro help files for details and instructions.

Species Absorption from Global Fit
This menu item is under development. This section will be updated in the next
release.
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IX. Export a Progressive Time Axis for Data Acquisition

This procedure generates a set of measurement times in a 1D row format for use
with common TA acquisition software. It uses an exponentially increasing spacing,
similar to Megerle et. al., Applied Physics B 96 215 (2009).

1)

2)

3)

4)

Choose the procedure from the TA Analysis Menu:
TA Analysis -> Generate Progressive Time Axis

Enter the value of absolute time zero location in the dialog box. This
value is referenced from the position of smallest delay on you mechanical
stage, in units of ps.

Enter the value of the step size for the time window from -1 ps to +1 ps
(relative delay to to). In this range the step size is constant. From 1 ps
until the end of the scan (entered into dialog box in relative ps) the
number of points is reproduced over each order of magnitude in time (1 -
10 ps, 10 - 100 ps, etc.). The sparse pre-points option will insert 10 data
points in the 100 ps before time zero if desired for display and baseline
determination.

Generate Progressive Time Axis @@
Enter time zero value (absolute ps):
184.1

Enter t0 step size (ps):
0.02

Enter max delay time [relative ps):
3200

Use sparse pre-points?

] yes vi

The procedure will automatically generate a dialog box so that the file can
be saved in the correct format (.csv). It will automatically be given a
name that defines the start and stop points (absolute and relative time
respectively) based on the input parameters.
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Choose a location to save the progressive time file

Savein | 63 8 @l QZ e E

My Recent
Documents

g File name: |PTA_start_BS.1_end_32l]l1csv @I I Save l

My Network ~ Save as type: |A|I Files (%) @I [ Cancel ]

5) Load the file into the appropriate data acquisition software. The name of
the file will give you the appropriate start and end points. If sparse pre-
points are used, this will be 101 ps before time zero. Otherwise, it will be

1 ps.

C:\Documents and SettingsiUseriMy Documents),
mattipta\PTA_start_83.1_end_3200
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Appendix A: Automatically Generated Wave Names
For an imported data file, the first 22 characters of the filename will form the base
for all automatically generated waves (herein referred to as filename).

Load TA Data:

filename_zmat (corrected matrix)

filename_xc (processed row values [wavelength])
filename_yc (processed column values [time])
filename_xim (x values for image plot [wavelength])
filename_yim (y values for image plot [time])
filename_sca (xyz wave for scatter plot)
filename_par (3D parametric wave)

Extract Kinetics:
filename_kwav_n (kinetic data at wavelength wav averaged over n pixels)

Extract Spectra:
filename_ktim_n (spectrum at time tim averaged over n pixels)

Scattered Light Correction:
filename_scab (averaged background spectrum)
filename_zibg (corrected data matrix)

Extract Region of Interest:
filename_zroi (subset of zmat)
filename_xroi (subset of xc)
filename_yroi (subset of yc)
filename_ximr (new image x coordinates)
filename_yimr (new image y coordinates)

Import SX Pro Solvent Fit Coeffs
filename_sxfcn (2D matrix of lambda, time zero pairs)

Generate Fit Coeffs from Solvent Response
filename_kwav_n (kinetic data at wavelength wav averaged over n pixels)

Generate t0 wave from Fit Coeffs

fit_tOpoly (result of order 3 polynomial fit to Fit Coeffs)
filename_t0 (1D wave of t0 values for each lambda point)
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Chirp Correction from t0 Wave

filename_ccp (parametric wave with non-interpolated z data and chirp
corrected time values)

filename_xcc (1D wavelength data)

filename_ycc (chirp corrected 1D time data from first lambda value)

filename_zccm (z matric of interpolated AA data)

filename_xcim (wavelength values for image plot)

filename_ycim (corrected time values for image plot)

Singular Value Decomposition:
filename_psU (U matrix from SVD)
filename_svW (list of singular values)
filename_pkV (V matrix form SVD)

Rank SVD Matrices:

filename_ps[1...r] (1D principal spectra)
filename_pKk|[1...r] (1D principal kinetics)

filename_Arsv (reconstructed data matrix from ranked SVD)
filename_DDAr (AAA? = (AA Data Matrix - filename_Arsv)?)

Generate Progressive Time Axis:
PTA_start_pos1_end_posZ (time spacing between positions pos1 and posZ2)

Note: The following files are generated by the Image Inspector and should be ignored:
kineticsA ; kineticsB ; spectraA; spectraB
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Appendix B: Description of Fitting Functions and Coefficients
This section outlines the structure and parameters of the supplied fitting functions.

Under development.
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