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ABOUT THIBIANUAL

This manual is in two parts. Part 1 comprises a comprehensive description of the program
architecture and funtionality and provides a systatic guide to using it. Part 2 contsof

a series of worked examples demonstrating specific examplesatysis using prerepared
workbooks. All these are provided in the Excel examples folder in the application installation
package.They caralso bedownloaded independently from the weskite. Note, when they

are installed in the default program files ditecy they are automatically assigned readly

status but can of course be copied orgaved to a suitable working directory.

SYSTENREQUIREMENRSID INSTALLATION

Please refera ({K&Sa M5Y wSIdzZANBYSyidia FyR Lyadlfttlragaz,
and included with thav S I O (idowniad

CONTACT INFORMATION AND SUPPORT

support@jplusconsulting.com

www.jplusconsulting.com

Jplus Consulting Pty Ltd
8 Windsor Road

East Fremantle

WA 6158 Australia

ABN: 83135664-603
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PART 1: REFERENCE GUIDE

INTRODUCTION

wS I Ol [ I 0 nprovidedy®bhlbnalysigor fitting chemical reaction schemes and their
parametersto multivariate spectroscopic datalt also offers extensivereaction modeling
anddatasimulation capabilities.

Theprogram,including all algorithms and the GUI frontend has been develdpadatiab®
and compiled to produce the final deployable applicatioh requires the Matlab
Component Runtime (MCR) to be installed on themsaomputer. This allows the program
to run on computers without standard Matlab installed and is supplied as pathef
ingtallation package.

All raw data, model entry and raelis output are organised iExcel Workboak which are
launched from, and dynamically linked to, the S I O (i fpblioation It is therefore
necessary for Excel to be installed on the same computReastLaa.

The use of Excegdrovides a familiar spreadsheet format fall experimental and analysis
data and results, and allows the independent application of Excel tools and fedtures
further processing and graphical presentatioiit also provides he interface for entering
reaction models and all fit related parameters and numerical analysis optidhen a
workbook is saved it containall information and settings associated with the current
analysis sessioas well as the numerical data and resulThis allowsany number of data
analyses withdifferent model scenarios and parameter settings to be developed and saved
in a seltcontained format. These workbooks can be further analysegdw S I O U §sl 0 u
requiredor reviewed independenthjust using Ecel.

The program requires Excel analyg@kbools to retaina strict format, as is provided in the
examples and templates.

The process of analysing a data set using the program invtsueshingw S I O Gidnd © x
loading aworkbook prepopulated with measurement dataNote, the workbook can be
saved or reloaded at any timad will resynchronise wittw S I O (igrogramtaccording to
the most recentoperation. A selection of example workbooks accompanies the program in
an Excel temiate subfolder; they ge described in detail in Part 2 of this documeNbte

this manual describes the kinetic implemeation of Jplus global analysis Reactbab
Kinetics A separate manualescribes operation of the complementarmgquilibrium titration
analysis application Rethalm Equilibria

EXCELEMPLATES

To irspectan Excat S Ol [ I 6 nworkbodk ®ad lidirgctly into Excelor via theWoad
Excefbutton inthew S I O GGUI 6 «

Theworkbookis preformatted containingseveral worksheetsvhich provide spreadsheet
formatted data and results as well as purpose designed model and parameter entry
interfaces.

Jplus Consulting Pty Ltd 4 wSEFOU[Foun YAYSGAC
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Template Worksheets:

Main
Data
Results
Sim
Aux
SVD
About

= =4 =4 4 -4 48 -9

The format of thesesheets is important asv S I O (i depedds on everything g in

The principle model and parameter entry interface

Location for experimental or simulated data

Location forfitted or simulated concentration profiles and spectra

Simulation parameter entry interface
Usedfor managing known spectra

Dynamically created sheet for storing SVD or EFA analysis results
Sheet with contact irdrmation and the workbook format version

particular locationsFigurel illustrates the organisation and model ewtfields inthea I A Yy Q

worksheetwhich is the principlesheet of the workbook requiring user interactioifhe
various fields in this sheet will be described later on in this document.

H

Formatting *

Ni_ammonia_kinetics.xlsx -

Mic

] A‘d Normal 2

s | %8 ;% | Conditional Format ' Normal 2 6
o as Table ™

; +
153 i & c o £ 3 & H i J 3 C [} o
g 2]
: 0 | Model Editor
f
s Reactants "PACUOM progucrs  Labe  PArameters fit @ Labey | Auliary fit @
[ Type Kllog K Parameter
7 -l [ ¥l | 5845E+02 |4543E-00] ¥ 1ogK_IL| 2 750E~00 r
b [ WL WML [ 1114500 r TogK_NL2] 2 160E+00 r
B sl L2 L2 BEE+02 [1316E-00] P r
® uL2 WL+ | I - 516+ r r
[l L-H [H | logk_LH | 9.250E~! r T
2 H H | logk_BH | 9.000E+! r r
13 r r
i r r
% r r
® = r
A r r
1@ r r
+ 27 r
= n_species 9
2 n_par §
£ n_aux_par 2]
El
»
) [Species | w | T we [ me [ ©w | B | th | B4 | oH |

Figure 1. The Wa | Agrk3heet illustrating a fairly complexreaction model in

nit[] 1.00E-01| 2.50E-01 | 0.00E+00 [ 0.00E+00 [ 1.00E-01 ] 3.00E-01 | 0.00E+00 | 0.00E+00 | 0.00E+00
non-abs  nonabs  nonabs nonabs  non-abs

S e

[ Humerical calculation options ]
| Numerical Integration | | Equil. Speciation | | Non-linear reg | | Speetra linear reg |
[Sitserer [T [Convtol [ 1.000E15 [init marpar [ 0.000E+00]
Wax fter | 8.800E+01 [Furn difr OE06 |
Abstol  [T.000E06 [Conviim 0E04 |
Rel tol 1.000E-03 | |Ea: iter 0E+01 |
L
Stalus flags lessurement options Uiscellzneous
[2=ta || [Detta Tzero[ 0.000E+00 | I [-1.400E+01
comp — ] |Cell path | 1.000E+00
it | [ I

coordination chemistry

Important: ¢ K S

formulas (generally in grey)used to calculate data ranges for Reactiablt is
2NB | NR (G2 dzyLINPGSOG I|ye
aware that corrupting the layout or formulae will prevent the corréateraction of the

A0NXAIKGT

Jplus Consulting Pty Ltd
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spreadsheet with ReactLab One exceptioris (i K S
worksheets(see Figure1). These provide an increased cell range for complex models if
required. To activate these tabs first unprotect the sheet and then expand or contract the
cell ranges as required. Pleasepmtect the sheet afterwards. It is up to the user whether
to include a password for uprotection.

To get a practical demonstration o S I O (i §apabilities quickly refer to the Example
workbooks and corresponding descriptions in Part 2 of this manual. WeHatvs here is a
systematicoverview of the whole program.

When working withew measurementstart with an empty workbook templatéWe advise
making a copy oMaster ReactLab_Kinetic¥emplatexlgxlsx for this purpose The first
step is topopulate the W5 | wadrk€heetwith a new measurementmatrix Y (dimension
n_times by n_larpas well as the corresponding wavelength and time vedeesFigure2).

Important: when using Excel 1992003 compatible workbooks the maximum number of
wavelengths permitted is 253 (due tthe column number restriction in this version of
Excel). For Excel 200w S I O (i fan dnmprinciple handle $7000 wavelengths(the
program currently resolves 3 letter column headings =>26mbinations).Note therefore
that saving an xlsx workbooln xIs format can lead to truncation of large data sets.

The time vectoroccupies the left hand columiCg, C#tc.) and the wavelength vector the
top row O5, E5etc). The data are placed inan n_times x n_lam array for each
corresponding time and wavelength coordinate

Please note that several fields in the workbook areoauatically populated byExcel
formulas. For example theount ofthe number of wavelengths and numbef bmesat the

top left (B5 and B6)f Figure2 are evaluated by Excel from the number of time and
wavelength entries. These field formulas must not be altered. They are protected (using
Excel cell protection features) by default.

NER O2f2dz2NBR WOELJ Y|

A E 5 i] E F G H 1 J K L ] 1] [a] P a A = T
1
g | Data
3
4
5 n_times 51 400 410.0 420 430.0 440 450.0 460 470.0 480 490.0 S00 510.0 520 530.0 240 550.0 060 H
E n_lam 21 0.0 0626z 00301 0166 -09236 01574 -0.2754 05235 065T4 14835 13306 -0.0146 57336 20166 454607 825046 1011303 54.0065 4
7 2.0 21388 14001 -0.5%63 13036 0.5404 239338 13870 G.9026  MW.0732 220574 2ETIEY 300805 313275 458531 T14366 §15644 EVE0ES 4
8 4.0 -2.6133 12446 05232 0.2703 10385 -11613 46878 95410 257626 429333 487335 dBO0083 366873 d4.0834 539033 BE.EI07T SEE4EE 3
3 6.0 10271 00  -03306 00556 05018 52058 67884 14.0391 332743 54.0335 660430 550043 445657 413631 501359 555416 459634 2
o g0 04095 13663 11834 30448 2473 43336 84271 17.9038 393377 B6.9020 793379 39707 498707 382390 439083 453820 G4BT o
1 100 -19671 -0E301 17580 18865 35867 EEOD4 90219 226674 d3.9763 738244 90EEEI py9459 527308 39722 355084 36575 502791 1
12 120  -04233 0.7326 3.2061 2.2137 4412 5040 0.TTIZ 22400 S0.2111 G16694 355500 B4.8030 561893 363065 319094 321527 25.56V0 1
13 units 140 04353 01352 13256 33660 83623 80502 138612 264207 544045 BT.0963 WS.08T5 904830 534564 349040 276293 256125 1B.TEIE 1
14 Time(s) 16.0 4.2869 18685 -0581W 35710 88208 W72 19293 276795 557532 322073 T0E3ZT 905447 S.5105 323919 241564 ZIGGG1  B.TZIE | ¢
15 Wavelength (nm) 18.0 33678 05912 1301 4.1352 8.7647 127934 155020 286203 GST48T1 957Nz 113.4553 961567 59.6228 329595 20.0250 170676 134733 1
16 | Absorbance 200 14057 0.6280 42366  9.2853 W0.0221 121913 62661 230346 592028 959482 TZTS3T 933503 GBO.546E 314804 18.8774 13.2211 05381 ¢
hd 22.0 37243 15483 17961 91834 T0ZI6  BSITZ  BIIN  FIWIE 594083 97436 123048 STTIE0 604692 326386 15.9251 127975 W0.3050 ¢
8 24.0 10534 23023 45531 85450 13.73N 164374 217329 324445 G08ST 995173 TI7.3668 009622 S8.3708 301578 136345 05247 7.00W  t
1 26.0 0655 23351 39688 7654 157973 197863 235102 317333 616791 997356 19.3296 983346 59455 234745 120017 103483 7.0
20 28.0 10957 13527 58873 90356 188596 223213 229085 34.5937 B21817  38.8041 116.2434 963781 B0E23Z 274526 135617 85369 B4VES
21 30.0 00483 -03631 23134 W.V622 183408 237625 25,0552 341976 B2 9B.88T3 T6.5622 946436 SB.5B4G 25.201  10.40W T2 4.2308
2z 32.0 01671 0613 47588 128071 169323 264856 27.2482 557658 6255 9802680 71880 959574 SGES4S 256705 03668 47083 39755
23 34.0 207062 0360057 3964557 1.24302 2356673 2519963 2820512 369313 6203042 955233 113.364 96166 GE.0E75 24.5553 Sd6SSE 373272 3772283 3

Figure2: Key parameters ir®5 I (i | QTheé dngrBian®(in grey) are calculated
automatically from the data range pasted into the worksheet

Once the data is in pladke workbookcanbe savedinder a suitable name.

Important: prior to ReactLab Version 1.1 Build @3 newly populated workbook musbe
saved firg and re-loaded intothe w S I O (i grdgram(evenif previously opened by itin
order for the new data to be recognised by the application.

Jplus Consulting Pty Ltd 6 wSIOG[ | ox

YAYSUAC



In later versions ReactLab can be synchronised with new data in the linked workbook by
LINSAaAFHAOUIKSoWEI Gl Q o6dzit2y Ay GKS alAy D! L®

STARINGTHE MATLAB PROGRAM

Whenw S | O (ii§ laumahed it also requirehi¢ Matlab MCR to initialiseThis can take a
while and is very much dependant on computer performance, after whichwti&l QG [ | 6 u
GUI appearsas inFigure3.

B Reactlab KINETICS [=[@] = ]

About

B RS

Excel filename:

1 1
08 08 |
06 056 o
04 04
02 02

0 0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

1 1

0.8 0.8

06 06

04 04

02 02

0 0
0 02 04 06 08 1 0 02 04 06 08 1 Quit

Figure3: Matlab GUI control panel at startup

This GUI provides the main control intezéafor the program with a seriesf pushbuttons
on the right hand side for key functions. These providetlad wS I O (i proégiam
commandsand their operation is described over the following pages.

Note depending on the workbook status.g.whether a data or model are presergpme of
these functions may be disabled.

In addition anAbout menu item at the top left provide details of the S | O (iVersianand
licensing information.

Program Operation

Load Excel File

Presd_oad Excel Film thew S I O (1GUI t6 selecand linkto an Excel WorkbooK his will
launch a new instance of Excel and Idhd requested workbook independent of any other
open Excel workbook®nlyw S I O [ I 6 nworkbodk Sehplate§ can be loaded.

Important: Excel is launched as akctiveX server in amdependentprocesslinked to

w S | O U Wwhicld oommunicates with itthrough its Microsoft component object model
(COM) interface. The launch of Excel and ActiveX server linkaggated by the Matlab
program. inking to an already open workbooik Excel isNOTsupported. Ifa workbook is
prepared for analysi®llowing the steps abové shouldfirst be saved and repened from
the runningw S | O G dppligation.Note all Excel functionality is available to manipulate the

Jplus Consulting Pty Ltd 7 wSEFOU[Foun YAYSGAC
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workbook as normal whilé is linked to ReactLat To duplicate the following displays try
loading the AB.xIsxsample in the Examples folder.

When a workbook idirst loaded depending on its contents, various displays of data or
fitted results will be created in the Matlab GWYe will use the example workbook ABC.xIsx
to illustrate w S I O (i featuder. Thisworkbook contains a simulation ofin AR
reaction schemeThe data produced have then been fitted to that model for illustrative
purposes. Notehe graphics areestoredto reflect the resulf as inFigure4.

B Reactlab KINETICS =B8] %

mmmmmmmm

0 02 04 06 08 1 0 = o

400 40 50 &0 60 0 2 4 & 8 10
wavelength(nm) time(sec)

Figure 4. Thew S I O { GWI aigplay reflects the Workbook content when it is
loaded. This shows theata residuals, fitted concetration profiles and spectrafor
the reactionmodeledin the workbook ARC.xlsx

The toolbar offers zooming and rotating tools for the plots. These iafiilt Matlab
features Right clicking on a graph while in any of these modes provides a number of
supplementary options or constraints

Whendataare presentin the workbookthey arealsodisplayed in aeparatefigure window:

B Figure 1 — S —— = | B )
File Edit View Insert Tools Desktop Window Help F

Odde [ hARODEL- S| 0B | eDd

‘

y/ /////////////;//////// %)

-‘s:,.

//////////////,///

100 400

Figure5: 3D Data dis@y

Jplus Consulting Pty Ltd 8 wSEFOU[Foun YAYSGAC
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Close Excel File

Thiswill, on confirmation, clee the current workbook and linkrior to opening anotherif

any changes have been made to the workbook the user must first switch focus to the
workbook where he/she will be prompted as to whether the changes to the workbook need
to be saved.

Sync New Data

Press this to synchronise new or edited data in a wodkbwith ReactLab without having to
save and rdoad it(this was required prior to versioh 1l Build03. The new or modified data
will be displayed in the ReactL&igure window.

MODEL ENTRY AND COMPILATION

Before proceeding to analyse data or simulagw data it is necessary to enter a reaction
model and compile itln addition to the data and results all model information is placed in
the Excel Workbook.

The reaction schemis entered in the model entry ared the W a | woyk€heet seeFigure

6. The species names and reaction types (using drop down list options) are added to the list

Ay (0KS FTAStRaA KSIFRSR WYwNRPRDOMLHBEOMS AWBBEEH IGKISA 24/
reaction meclanism Note each reactionstep is entered individuallyAl't)8 and BI'yC which

allows for a ondo-one correspondence of eaakaction step to itparametervaluein the

WdarameteKrolumn Parameters values and labels are not required for compilation.

Reactants Reaction Products Label Parameters
Type k/log K
= B
B ~|

Figure6: Entering the ABIMC model

The parameters that can be fitted in this exampid bethe two forward rate constants

A second order step would be entered as:

A+B >
Figure7: Syntax for a 2nd order step

allowing asecond order rate constant to be fitted.

If the reactionis reversible with individual forward and reveres raths is entered as two
linesusing the following syntax

A+B c
c A+B

Figure8: Syntax for a reversible reaction

Jplus Consulting Pty Ltd 9 wSEFOU[Foun YAYSGAC



This wil allow the individualrates to befitted independently.Note the reverse reaction is

I QlGdz- f £t &8 SYGdSNBR Wol O146l NRAQ (2 | OKAS@PS (KAaA
If a reaction comprises a rapid (effectively instantaneous) equilibrium it is entered using the

WO A&Yo02f @ lythk dase fok grotonatidniaqilibfia.

BN -
Figure9: Using the '=' symbol foarapid equilibrium

In this case the parameter to be fittedas equilibriumconstant an equilibrium constant is
alwaysentered as its logarithmic (bask)) value This is always entered syntactically as an
association constarigsswith the associated product on the rightlote for such equilibria
the individual forward and reverse rates are not fitted.

In addition leading numbers prefixing a speciegeletor string will be interpreted as
stoichiometrycoefficient for the species in questiang. 2A > B. Similarly trailing numbers

are used to represent multiplspecies in a particular complexg. ML, ML2, ML3 etc.
9aasSydaAalrttesr Wy2NX¥IfQ OKSYF® fuitherNibim&idomady Sl dz
the syntax rules sepage?26.

In all cases a label for each parameten dze provided This allows easier reference to
mechanisms with multiple step3heselabek andthe parameter valueshemselvesare not
required prior to compilatio(seePARAMETER ENT#RYow). Figurel gives an example of
annotated rate and equilibrium constants.

This relatively simple syntax allows accurate models of realistigplexity to be correctly
modelled (see Examples).

Important: It is necessary for any new entry in the Excel workbook to be properly
completedi.e. by hitting return or pressing the arrow key to take the focus away from the

OStft Ay ljdzSatAazy 2y0S (GKS RSAANBR @I f dzsS KI
g2N] AaKSSG SYiNRBQ 6FNYyAya gAatf 0S NIFrAaSRd C
w S | O (i ffom aceessing the worksheet cell through the ActiveX interface.

Compile Model
When model entry is complete pregse Compile Model button.

w S I O (irpddsimthe model and translates it intan internal coefficientform necessary

for its subsequennumerial calculations of the concerdtion profiles of allparticipating
species It also extracts all the intermediate species names and lists them in a row in the
Wa I ExgeQworksheet to allow initial concentrations to be inserbedow, seeFigurel2.
Species headings are also written to #e antl@ w S & wiatkshéef3 Any grevious results
arealso cleared at this point.

Certain key values arealculated automatically by Exceahd are required by ReactLat

namely the number of reactionspecifiedin the model for which there is a rate or
equilibrium constant field(n_par), the number ofindividual chemicalspeciesin the

mechanism(n_specie¥ and the number of auxiliary parameters_@ux_paj. Do not

overwrite the formulae in these celldhey are protected in the templates supplied)

Jplus Consulting Pty Ltd 10 wSEFOU[Foun YAYSGAC



n_species K]
n_par 2
n_aux_par 0

FigurelO: Model information automatically generatedby Excel

Auxilizy parameters e an advanced feature whickan be ignored during program
familiarisation

PARAMETER ENTRY

Prior to fitting, numericalparameter estimates or known values should be entered in the
appropriate fields Figure 11). Ratesconstants are entered as absolute valulest for
equilibrium constants the parameter value must be expressed as its dag.3 for
Kas=10°M™ (This is numerically more stable fdret fitting routine).

The user must decide vether parameters will be either fixed (keptonstant) A , or fitted
(optimised) X, by ticking the appropriate tick box.

Reaction
Reactants Products Label Parfl:meters - = Fit {v)
Type kilog K
A = B 1.000E-01 #
B S G 1.000E-02 ¥

Figurell: Parameter value entry alongside the model in thiéa | dhgeQ

The initial concentration oéach speciesn the modelmust be entered below their name
and the spectral status of eactassignedWO2 f 2 NBIROQEEQ QWY2NI Wthe/ 2 6y Q
corresponding drop down box

Species A B c
init [] 1.00E+00 | 0.00E+00 | 0.00E+00

Spectrum PSRN colored non-abs T-

Figurel2: Species list, initial concentrations and setting spectral status

5STAYAY3I I &aLISOASaE a WwWO2f 2NBRQ YSIya Al Aa
measurement, i.e. it absorbs in the wavelength range covered by the measurement.

W/ 2f 2 NBRQS AALIS OdiNI OF £ Odzf G SR I YR 2ILAEAY A&HIIRO AR
will be fixed as colourless, meaning the species is invisible in the measureatiemolar

extinction coefficientsare ze® { St SOUAY 3 Wiy26yQ | ffppliedh |y S
for a species. For example this may be for a reagent or product whose spectrum can be
measured independently or for a species whose spectrum is known from other work. It

must be pasted under the corresponding species name in4He dsBe®t prior to an

Wpdate(2 Nt Htherwise an error will be raised. It is essential it is in a compatible format

to the experimental or simulated data with the same number of wavelengths and in correct

molar extinction unitgfor further information sed=IXED SPECT&¥page22).

Jplus Consulting Pty Ltd 11 wSEFOU[Foun YAYSGAC
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Maodel Editor |

Reactants "' progucts  Label Farameters + fit (v)
Type k/log K
o 2 B 1.000E-01 =
= 2 C 1.000E-02 4
e
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
n_species 3 _
4= 2 [ esg | (i
n_aux_par ]
Species | & | B | c |
init []
Spectrum [

Figurel3: Wa | ghgefoverall model entry area ready for fitting

Having completed these stephe W a I work€heetwill look like the example ifrigurel3
andis nowfully prepared for model fitting.

FITTINGHE MODEL TO DATA

Fit

Selectingrit initiates the data fitting algorithnmwhich proceeds to attempt to minimise the
residual square sunof ssq)which is a measure of the difference between the real data and
that predicted by the current model and prevailing parameters. It does lifigeratively
refining the freeparametersof the modelusing an adaptation of a Marquardlevenberg

algorithm and adjustinghe ¥ O 2 f 2 NB Ra@cordirigl$oCaildddt squares criterigithe
details of theMarquardtLevenberglgorithm are described in the reference matejial

Fitting progress carbe monitored graphicallyn the w S I O (i W @hich displays both
intermedate concentration profiles and spectra as wellthe 3D residual surfacef the
whole dataset [figurel4). The log of the ssq esodisplayed as a function of the number of
iterations, which indicates progress of the algorithiterations stop according to specific
convergence limifor atrue minimum or if the fit is not converging whengpe-setiteration
maximumis reached (seBlUMERICAL AND OTHER OPTo®N&ge21).

Jplus Consulting Pty Ltd 12 wSEFOU[Foun YAYSGAC
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) ReactLab KINETICS
About

G
S

comvergence

Excel filename: ABC xlsx

10

log sgsurm

10

m“L
1 2 3 ] 5

iteration

spectra

residual

T mw_‘!w‘.l‘ 4 |
_‘_r‘“,v.f#«%u. Wi

mol. absorbance

100
50
0

EEX

Load Excel File
Close Excel File
Sync new data
Compie Model
Simulate

SVD

jul
P ‘ I I I I I

Update

Graph GUI
Restore Options

400 450 500

wavelangth(nim)

560 GO0

time(sec)

Quit

Figurel4: ReactLalGUIfollowing fit convergence: Note random residual surface

Statistical output ineldes standard deviations for each fitted parameterc{uding auxiliary

parameters, as well as the surof-squares,ssq, and the standard deviation for the

NB & A R (Fgdreasy

Model Editor

Reaction

Parameters

Figurel5 Wa I wofk&@heet following fit convergence: Note optimisedarameters

and errors and the final ssq
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Reactants T Products Label k 71og K + Fit {v)
A B 1.002E+00 | 7.518E-03 i
B = 9.967E-02 | 3.548E-03 =
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
n_species 3 or 11114
n_par 2 ssq | 2568.1558 C
n_aux_par 0
Species | A | B | o | [ |
init[] 1.00E+00 | 0.00E+00 | 0.00E+00
Spectrum
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During iterations the intermediate and final best fit results atso updatedhumerically in

the Wa | ExtaD worksheet and the concentration and spectra matricethe Ww S & dzf G a Q

worksheet. Any Excel graphs linkiedthese data ranges will be updated accordingfligure

16). The implementation of such graphs is entirely at the discretion of the user, and these
can of course bereated and manipulated entirely independently of Reactt.ab

A

14 1.0000

18 08000

21 0.4000

23 0.2000

26 0.0000 -

23 00999
24 0.0904
2.5 0.0818
2.6 0.0740

07721
0.7739
0.7748
0.7748

01280
0.1357
01435
01512

N [¢]

B c D E F G H | J K L M
| Concentration profiles and spectra |
Conc A B c Spectra A B c
0 1.0000 0.0000 0.0000 400 0.5401 0.0938 1.3060
0.1 08047 0.0948 0.0005 410 05246 -0.1205 6.3608
0.2 08185 0.1797 00019 420 05570 -03605 214157
0.3 0.7405 0.2555 0.0040 430 05296 0.3056 49.9357
0.4 0.669% 0.3232 0.0069 440 03398 0.8245 83.4019
1.2000 g_ 160.0000 ‘
0.3 140.0000
g‘ 120 ppplchErt Ares /\
0zl [\
5of 100.0000
o TR M0 550000 / \ /\
0.6000 X 5 9o / \ / \
331 500000
< e / V
/ \ 427 400000 +—— /
9.8]
N 13 20000 T
66¢ = AN N
108 4 4
5 N . s . n 5 5 osoa ™ 450 500 530
2.2 01104 07643 01203

Figure 16. Result©2worksheet showing user defined graphs of the concentration
profiles and spectra. These along with the data are constantly updated during fitting

Update

Updateprovides auseful precursor to fittinglt allowscheckingof a model and the starting

parameters witlout actually executing a fit which attempts fiteratively optimise the
parameters The intermediate concentrdion and absorbance matricesrea calculated

according to the current model and current parameter values. The results of these
calculations along with the residuals are shown graphically and will indicate whether the

model andinitial parameter values are remotely consistent with theremt data or indeed

have been entered incorrectlyf the discrepancy between measured and calculated data is
excessivat is improbable that a fit will converg&xperimentwith different initial guesses

until the resultsof an updateare more reasonable

Residuals

At the end of the fittingorocedureor after an update the residual matrix is copied into the
RSAONALIIAZ2Y 2

Residual®

calculated is given below.

According to Beef | Y56 SNIi Qa

g2N] aKSSh o

?S NE

ONAKST

f | ¢Dcanibé 8ecofmposdead inty thaipkaliugt of

a concentration matrixC and a matrix A of molar absorptivities. However, due to
experimental noise the decomposition is not perfect and the difference makes up ttrekma

Rof residuals:

Jplus Consulting Pty Ltd
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2y S Datad2 BB RJ A K S 8 EGandiAkr® stordd inNX OS &

¢ KS NIDZLAdRDAretstored aNtBe eizofy Lddzi S |

62 NJ

aKSSio

residuals

time

Figurel7: The residuals as a&DB plot in the excel format

The residuals can be represented mExceB-D plot as demonstrated iRigurel?7. They are

alsodisplayed irthe Jplus GUI as shownhkigurel4.

The main purposef exporting the rsidualsis to enable the construction of plots that
demonstrate the quality of the analysis in a readily publishable format. Naturally, the user
can also apply any additional statistical analysis to the residual matrix.

¢ KS

g 2 NFitaFo&S (0 K 48 ncude& yh thé examples and template files to

demonstrate the use of Excel functionalfiyr the preparation of plots that compare the
measured data pointsto the fitted curves at a selectiorof five wavelengths. The
experienced excel user will be ablegrgpand the number of curves/wavelengths with little

effort.

70.0000

60.0000

50.0000 +

30.0000

20.0000

40.0000 -

O Y_meas 400
© Y_meas 440
A Y_meas 480
X Y_meas 520
+ Y_meas 530
Y_calc 400

——Y_calc 440

10.0000

——Y_calc 480
——Y_calc 520

0.0000 El;

-10.0000

——Y_calc 530

Figurel18: Plot of the measured data (different markers) and fitted curves (lines) in

the Wit Plot
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Figurels8a K2 ga (KS RSTI Bitf PiotDF 26N (8 KSYE G PK & F W) SNA =
colours can badaptedby the user to any preferred format in the usual excel way.

A B [ D E F G H J K L M N (o)

wavelength] 400 | 440 | 480 [ #20 [ &30 |

Y _calc Y cale Y_cale Y_calc Y_calc
400 440 480 520 530

Y_meas Y_meas Y_meas Y_meas Y_meas
1 time 400 440 480 520 530
2 "o -00896 -2.0090 07738 214366 496348 05401 03398 02020 210850 499985
3 "o 12226 04496 59728 249731 46.5428 04982 04257 67512 257139 48.0247
4
[

@ @~ oo | n

"0z 06168 10808 128666 293000 4R A744 04614 NAR11 12 RIMR P4 8385 46 2114
"o03 0.1967 23174 177614 336171

B

70.0000
16 " 04 00278 00218 222416 331660

27 T 05 02950 32511 286412 392590
138 T 06 10839 3.0304 292808 422774 s00000
149 To07 06162 27675 328288 461831
1510 " o08 4117 19870 37.0269 474703
18111 " o9 18548 27080 410980 474954 500000

Figurel9: Sectionofii KS WCA {
the blue cells D2:H2

The worksheet is populated by a selection fofe wavelengthscovering the complete
wavelength rangén the blue cells D2:H2. The user can change the wavelengths wmtlzery
values, the rest is done automatically by excel. Invalid wavelengths results in removal of the
trace, thus if the measuremés at only one wavelength are requirethe remaining four
entries are set to an invalid number, i.e. outside the measuredea

tfSrasS y20S (KS WCA { bytthe Adihar€o dénonslradekhe 8g@ ofA &  LIN.
Excel functionality to process and chart data frelsewhere ithe workbook in this specific

case for presenting residual plots. It is not neceskarReactabanalysis functionality and

canbe deleted from all workbooks if it is not required.

Graph GUI

This will launch a standalorn@UlFgure which allows close inspection of individual fitted
spectra and reaction profiles either togethesr individually. The real data can be
superimposed orthe best fit curves along with separate residual plotsslidler control is
available for easilyscanning through the individual traceModes for autescaling are
availableas well as the optiorto plot the y-axis logarithmically. Thisan be useful for
visualising intermediates occurring at very low concentratiofise best fit concentration
profiles and intermediate spectra can also be displayed here. Again a toolbar provides
access to plot@ming.

Jplus Consulting Pty Ltd 16 wSEFOU[Foun YAYSGAC
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Figure20: Example displayin the Graph GUI window

Right clicking within the display area will open a context sensitive menu allowing the current
graph to be pasted to the Windows clipboard for direct transfer to other apptinatsuch
as Micosoft Word.

It is alsopossible to print any pk from this GUlnd a print preview facility is provided to
align and size the output graph.

—
B rint review il
o o] Zoom (o <] o] g | Coe ] Lo ]
Layout | Lines/Text Color | Advanced| = : T W 2 i
nnnnnnnnn
© Auto (Actusl Size, Centerec)
manual iz 0
I
Left 25
e i |
Width:
Height: 5
E 8l
; w0H
uuuuu 20
Format: | A4 .
Width, 2881 54
Height: 098 [
BH
Units: Orier
20
Inches =
Centimeters | @ Londseape
P Rotatec d —
L[]

Figure21: Print preview launched from the Graph GUI window

SIMULATION

Simulation enables the creation of artificial data setsrfardel evaluation and comparison

with real scenarios. It is an extremely useful adjunct to the fitting functionality and very
AYF2NXYIGAGS 6 KSyYy dudaSdallowsitheleasigsbuelrtaifamilidiisation 2 2 f @
with thew S | O G dpplication.
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The first step in simulation involves provision and compilation of a model as described
earlier (page9 onwards) and providing parameter values for the reaction steps. However
instead of calculating the concentration profiles aprecursor to fitting the model to
experimental datathese areinsteadcombined with artificial spectra to synthesise a new
simulateddata set

Gaussian curves are used for the artificial specttae parameters defining these are
provided along witha time and waelength rangerequired for the simulated datan the
Bim(Excel worksheeshown inFigure22.

A B & D E F G H | J K L T
1 | EXPAND|
i | Simulation |
4
5
6 wavelength range [ noise % |
7 start | step | end
8 400 | 10 [ 600
9 time range
10 start | step | end
1 0 [ 2 [ 0o
12
13 Gaussian
14 Spectra A B &
15 Position 550 500 450
16 Height 1000 1500 1200
17 Width 40 40 40
18
19

Figure22: The W{ MiTKk3heet showing data simulation parameters

It is necessary to provid@iree parameters foreachGaussiarspectrum- the position on the
wavelength axisthe Gaussian peakalf-width (in wavelength units) ands height this
creates a vector of molar absorptivities for each species in the shape of a Gaussign curve
Simply leavetlte Gaussian parameters blank if it is intended that a species be modelled as
colourless (or set its height to zerolhe overall wavelengthand time rangesand their
resolution are entered in correspondingtartQ ¥tepQand ¥ndQfields The resulting
absorption spectra are shown ikigure 23. The noise parameter will add an overall
percentage of Gaussian noisglative to the maxnum overall absorbarecof the simulated

data set.

160.000

120.000 /\
100.000 / \
80.000 A / \ /\ -
60.000 / \ / \ —z
[V \
20.000 +— / /\ \
0.000 / / \ \

400.000 450.000 500.000 550.000 600.000

Figure23: The absorption spectra created by the parametersrafure22

Note: When a simulation is calculated all pegisting data and results in the worksheet will
be overwritten or removed.

Note the model species liss automaticallycopiedto the W{ Aww¥rksheetat compilation
time. Initial concentrations of species for simulation mhbstentered inthe Wa I 4hgeQin

Jplus Consulting Pty Ltd 18 wSEFOU[Foun YAYSGAC



the usual placeNote howeverthe spectra settings inth&?a | A K QS INBDRORDRY 2 5 Y |
etc.) are ignored during simation.

Simulate

Selecting A Y dzfwill (n@Qcreate a synthetic daté S | Yy R  LJ25L0datandli S K S
W S & deforfishe@ts with the results of the simulation

Data created by simulation can now be analysed in the same way as experimentasihgta

the fitting procedures leady described abové& hs allowsdifferent model scenarios to be

tested as candidate mechanisma particular providing a means of testing for the

WNB 328 DI DR EARKS RIFIGFKY2RSE O2Yo0AYylGA2Y A

Simulation also provides annvaluable general educational tool for learningand
understanding the behaviour ddiinetic processed~or exampldt provides an easy route to
Ay@SaidAaardAay3a GKS A YLR NIih thdetermigalon dzadnplex ¥ W1 Yy
models, since theGaussian spectraised in the simulation and which now appear in the

Ww S & dhEeticdn®e simply cut and paste to e dtte€ for experimentation.

FACTOR ANALYSIS

Factor analysis is provided as an additional thal can be usedo estimatethe number of
coloured canponents in the data set thereby providimgsight into reaction complexity. The

two principle algorithms used are singular value decomposition (SVD) and in conjunction
with the results of this, evolving factor analysis (EFA). The critical difference drettives

and the model fittingfunctionality is that these analyses are model fraad do not yield
reaction mechanisnor rate constaninformation.

SVD is an incredibly useful algorithmathematicaly decomposing a matri¥ into three
matrices such that¥=U-SV. Put very simply,Hese matrices compristhe eigenvectors and
eigervalues of theoriginal data matrix. These define the datén terms of the linearly
independent componentgalong with their significanceThiscorrelates with the underlying
chemica complexity by (a) defining the minimum number of species required in a reaction
model and (b) the maximum no of independent coloured species in the mdbeluser is
referred to the references on pagi for further information.

SVvD

This gens a new GUI window which graphically displayeduced subset ahe singular
value decomposition of the data matrikigure24).
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SVD_GUI = S |

05 — Singular Yalues

&.1486
3.3244

1858
011193
0.096938
0.09gra
(0.055047
0.033091
0.079504

00 @ th L R =

— Basis Wectors

Reduce to first.. 4|

Save all from EFA wincow

Ao 450 500 550 600
wavelength

Figure24: TheSVD GUI

The graphs display the selected number of kinetic and spectral basis vesftaise
decomposition (essentially the eigenvectorsYokhich reside in the columns &f and rows

of V) and listghe corresponding singular valuésom the diagonal matri). The number of
significant singular valug®quivalent to the number of principle eigenvectors,ev) over

the noise background is e@ilito the number of linearly independent coloured components
in the system The corresponding eigenvectors, whilst not representing real spectra or
kinetic profiles represent the set of linearly independent vectors from which all the data can
be recomposel by linear recombination.The number selected here is used to determine a
reduced decomposition to save in the Excel workshégaving of SVD and complimentary
EFA results idone from the EF&UI below).

EFA

This opens a GUI window providibhgsic modéfree evolving factoanalysisof the current
data (Figure25).

Evolving Factor Analygsovides a model free approach to predicting concentration profiles
and spectra of coloured components in the datardsults insome indication of spectral
shgpes and the evolution of irgpendent species during the measurement, which can offer
useful ingght into approprate reaction models for fittingFor example compare the
concentration profiles and spectra iigure25 with the fitted equivalents irFigurel4. Note
however that whilst the shapes are similar EFA does not provide any quantitative reaction
mechanism dtail or associated parameters.
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Save allto Excel
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time N
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Figure25: TheEFA GUI

Wlax N_eWrepresents the number of singularalues (and corresponding eigenvectors)
selected in the SVD GUI. Ttepresents the maximum possible number of components that
can be modelled with EFA. In fact only digant species should be included ihig
calculation and anyoise vectorsn the groupexcluded. This can be adjusted in thednp

edit box. The Threshold parameter is adjustable to reject baseline noise so that the
C_window display reflects as accuilgteas possible the emergence and disappearance
thresholdsof the independent speciesver the reaction time course.

An option toWdve all to Exc€ls providedhere. AnW { +wBsheet is created ¥ A U
exist alreadyand the current SVDU( S and V matrices truncatedto N_ev vectors and
singular valuesandthe EFA results are all savldre, seeFigure26 for an overview for an
example of this worksheelf apre-existing SVD/EFA worksheet exists the user is prompted
whether or not to overwrite a previous output.
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NUMERICAL OPTIONS

+

g 2N

aKSSi

u

A number of numerical and measurement options maypbesetA y M#nQ W2 NJ a KSS
See page3for details.

Restore Options

Thisbutton will restore theprogramdefault options ifthey have been adjusted previously
by auser. For details see p&R3.
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QUITTING REACTLHAB
Quit

This will ask for confirmation before botlosing the Excel workbook arigden ReactLah.

FIXED SPECTRA

In addition to the gtion to define species as coldess, the knowrspectrum feature allows
predetermined spect to be assigned to model specipsor to mockl fitting. During the
fitting the fixed spectra are not adjusted. The benefits of using fixed spect significant
and discussed in theoatext of worked examples Part 2

When a model is compiled, a correspondingspi Sa f A &0 A dzv@KsEReti SR Ay

Known spectra should be cut and pasted under the appropspéeies name. That species
should be selected a8 | Y 2Agyy QldknQuorksheet.

Note: Fixed spectra must be provided in units of molar absorptivity (i.e. ftbgonal
absorption spectrunof a 1M solutiormeasured ira 1cm pathlengtituvette).

The easiesway to experiment with this feature i®tsimulate data to a particulanodel and
copy and paste the simulated spectra from tHResuld K S S i AugshéeKspecidl
columns. These then correspond to the spectra from which the simulated datwaet

A 2 s oA

OFf OdzZA F ISR YR OFy ©06S aStSOGSR Fa W|ly2syQ T2

AUXILIARY PARAMETERS

The Auiiary parameter ¢ature is unique tow S I O (i fntl @epends on the parallel
execution available through the independent Excel process.

Auxiliary parameters are treated likHormaKxeaction parameters during fitting but can be
used to define arbitrary relationships between vitly any of the workbook data or
conventional parametergvolved in the fitting calculations.

The feature work using Excdbrmulas and depends on the fact that at key points of each
fit iteration parameters are written out and read back froBxcel butnot before the
execution of the an¥xcekell formula defining relationships between them.

Thus an auxiliary pameter can be set up to define the ratio of twora@ntional rates for
example(seeFigure27). This can be achieved by expressing the dependsatet value(in
cellF8)as a formulavhich calculateshe ratio of the primary ratdin cell F7}o an auxiliary
parameter(in cell K7)Because the ratio is defined as an auxiliary parameter it can be fitted
as well @ the primary rate if required.

Note that the target ofthe calculation¢ the parameter value in F7 must be defined as a
fixed parameter otherwise it too will be optimised rather than being a valesved from
other parameters.
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Figure27: Entering a simple auxiliary parameter example

This example demonstrates the approach to using an auxiliary parameter but in this case
could be done more trivially by directly defining the second rate as a fixed ratio of the first
explicitly without involving the auxiliary parameter feature, buthé relationship is more
complex and it is necessary to allow the relationship to be optimised the auxiliary parameter
mechanism can do it.

A less trivial but more controversial use of the auxiliary parameters feature would be to fit
the initial concentraibn of a reactant. While the application of kinetics as an analytical tool
is neither common nor robust, it is certainly a possihilisge the section onAuxiliary
Parameterson page 44. There are numerous other possibilities to use taexiliary
parameters feature.

NUMERICAL AND OTHER OPTIONS

A range of numerical calculati@nd otheroptionsare provided in thél a | dhgef@thatcan
be adjustedThere are also a number of software flags.

| rMumerical calculation options |

| Mumerical Integration | | Equil. Speciation | | Mon-linear reg. | | Spectra linear reg. |

|stifsoer | T Conviol | 1.000E-15 Init marpar_| 0.000E+00 [Monneg | T ]
Iax iter 9.900E+01 Mum diff 1.000E-06

Abs tol 1.000E-06 Convlim 1.000E-04

Rel tal 1.000E-03 Iax iter 5.000E+01

| Status flags | | Weasurement options | | Wiscellaneous |

data 1 Delta Tzero| 0.000E+00 llogkw [-1.400E+01]

comp 1 Cell path 1.000E+00

fiit 0

Figure28: The array of optiordefinitions

Numerical

Several of the numerical options and are included for catgoless rather than intended for
routine customer use.

Numerical Integration

1 Stiff solver:
This is switches the numerical integration routine used during the calculation of
concentration profiles during update or fitting. It is relevant when very large
differences in rates of change occur in concentration profiles. Particularly with
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multistep reactions with fast second order interactions. The standard solver [& a 4
order RungaKutta which is usually reliable and fast, but under stiff conditions can
slow down significantlyif the numerical integration takes too long ReactLab issues a
warning am suggest a switch the stiff solvdf.you suspect you are facing a stiff
problem select the Stiff solver option or indeed select it by default prior to saving the
workbook.

1 Abs tol/Rel tol
Do not adjust. Used to determine tolerances in the numerical gragon
calculations.

Equilbrium Speciation

1 Conv tol/Max Iter
Do not adjust. Used for speciation calculations by Newton Raphson algorithm. Not
relevant for models with no rapid equilibria.

Nontlinear regression

1 Init marpar
Initial value for the Marquardtparameter used to determine the nonlinear
regression algorithm strategyf there is serious divergence from the beginning it is
worth trying to start with a Marquardt parameter

1 Num diff
Accuracy term used in the numerical partial differentiation of gagameters in the
non-linear regression algorithm. Do not adjust.

1 Conv limit
Reduction in ssq accepted to define convergence. Defalile: 1&' or .01%

1 Maxiter
Maximum number of iterations before exiting ndinear regressionDefault is 50
but can be reduced or increased if preferred. Note exit of a fit at this limit means
convergence is not valid.

Spectral linear Regression

1 Nonneg
Switches the normal linear regression algorithm used for spectrum calculation to an
algorithm that enforces nomegativity (from Anderson C.A.
http://www.models.kvl.dk/source). This can be very useful for monopolar data such
as absorbance or fluorescence but not for bipolar measurements such as circular
dichroism.

Measurement

1 Delta Tzero
This is particularly important for measurements made using rapid reaction
instruments such as stopped flow where the true thxero does not correspond
exactly to the apparent zero time measurement (due to instrument deae). This
means reactant spectra appetr have lower amplitude than they should since the
reaction has proceeded during the dead time but could not be measured. If this
value is known empirically it can be inserted here (+ve only). The data time vector
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will be adjusted during the calculation dibat whilst the time vector in the
spreadsheet data will remain starting at zero the calculated concentration profiles
and therefore the reactant spectra will take this into account.

1 Cell PatHicm)
Pathlength of the cell in which the data is measuredsTéiused to allow calculation
of correct molar absorption spectra.

Miscellaneous

1 logKw
This is an advanced feature and allows adjustmdrihe log of the ionic product of
water Kw (1.00x10*M?) if required LogKw is-14 for pure water at room
temperature but changes with mixed solvents and temperature. This equilibrium is
includedwhen modelingreactions involving protonation equilibri@ correctly deal
with [H] and therefore pHSee below for more details

Status Flags

1 data/compl/fit
Not for user adjustment. These flags are assigned and used by Excel&hdO G [ | 0 «
to allow synchronization of a workbook when it is loaded.

HANDLINGROTONATION EQUILIBRH], [OH] and Kw

In some cases reaction models in aqueous solution may includer@ton equilibria. In

such instances the autoprotolysis of water has to be taken into account. This is done
automatically byw S QUGN ¥ oluy e 2F (GKS O02YLRySyda Ay GKS
is interpreted as a proton. This is one of the veny failes about the names of components

or species in ReactLabAs a consequence of the presence of protons it is assumed that the
reactionis performed in aqueous solution and the equilibrium

H +OH¥%t%, H

is internally added to the preseninodel. Further the hydroxide, OH, will be added
automatically to the list of species.

The ionic product is represented as:
Ky = [H ] [OH

The unionized water is omitted from the expression as its concentration is essentially
constant. Thevalue of Ky is then 1.00x18* M? for pure water at room temperature. If
measurements are taken at a different temperature, solvent or ionic strengthctiveect
value for loglis stored inceWL g p QM#HENE W2 NJ a KSSG @

If protons are involved in a process and the autoprotolysis of water should not be

AYLX SYSYGSR Ldzi2YFIGAOLfEtes Iy Srae 2LIA2y Aa
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MODEL ENTRY SYNTAX RULES
1 A Kkinetic reaction step is indicated by the symbol ‘&

A+B>C
T ¢KS LI NFIYSGSNI I aaz2OAl SBr2%okdérk aphé Aa | NI
1 Reversible kinetic stepslowequilibria) are expressed over two linies.
A+B>C
C>A+B
In this case both forward and reverse rate constants are independently defined and

can befitted.

A rapid (instantaneous) equilibriums indicated by "=".
TKS LI NFYSGSNI 3a20AF0SR gAGK aré Aa Ly ¢
but the microscopic forward and reverse rates are not accessible.
1 The parameter when "=" is used for an equilibrium is logl0 of the association
equilibrium contant, logK.Note this means it can be negative or positive depending
on whether the equilibrium constant itself is less or greater than 1.
Each equilibrium can dnhave one product.
No two equilibria can have the same product.
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 stepiadécated by an integer to the
left of the species name (no integer is assumed to mean a stoichiometry of 1).
T ¢KS &aLISOASa yIYS WwWIQ Aa OGNBFGSR a | &Ll
automatic incorporation of calculations to account for the autmplysis of water. In
GKAA aAdda GAz2y Wwhi Q gAaft ftaz2z o0S IRRSR G2
f In this version ofv S I O (i QH @annot participate in a kinetic steponly in the
auto- equilibrium with H (above)

= =

= =4 -4 4 A

Thus equilibria can be incorporated into a reaction model in two ways. They can be
expressed as kinetically observable fordrand back reactionsachby using ">" symbol,
allowing the individual rates to be potentially fittedlternatively they can be expressed as
equilibria, dz& A y 3 ( K S witefe the efjidlibtati@nfislinstantaneous at any particular
time. In this case the equilibrium is dedid by its equilibrium constantand the
concentrations of the equilibrium species at a particular time determined usinghe law

of mass action. This mode of calculation is particularly suited to equilibria where
equilibration is so rapid that it cannot be observedgprotonation equilibria).
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Part 2:EXAMPLES

Example 1: Consecutive Reaction Scheme A w394 B w324 C
(AtoBtoC.xIsx)

The Experiment

The experiment is aimed at the determination of the rate constants for the consecutive
reaction scheme:

Ayt Btzs C (0.0)

Absorption spectra are measured as a function of time, starting soon after dissolution of
componentA and introducing the solution into the spectrophotometén. the example, e

first spectrum is measured at tin&0 s and then subsequent spectra are acquired80 s
intervals for a total otlose toone hour. Spectra are acquired in the wavelength range 400
to 800 nm in 20 nm intervals. The data set is representdeignre29.

Figure29: The measurement, spectra measured as a function of time

The Data

The data required for analysis by S I O (i donsigtst of the followingA seriesof spedra
recorded as dunction of time, the vector ofimes at which the spectra were measured and
a vector of wavelengthat which absorption measurements were taken. The three parts of
the completedata set are transferred into a copy of theS I O (i Extetspreadsheet
template supplied
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