£ Metrohm

SpectroECL

DropView SPELEC Software







£ Metrohm

www.metrohm-dropsens.com info.dropsens@metrohm.com

q

DECLARATION OF CONFORMITY

We: Metrohm DropSens, S.L.U.
Parque Tecnoldégico de Asturias

C/ Faya, 28

33428 Llanera (Asturias); Spain

certify that the product SpectroECL

Electromagnetic
Compatibility

g

Oviedo, March 2020

David Herndndez Santos, Managing Director

has been built and has undergone final type testing according to
the standards:

UNE-EN 61326-1: 2013
EN55011:2011/A1:2011,EN55011:2016
EN61000-4-2: 2010
EN61000-4-3:2007/A2:2011,

This instrument meets the requirements of the CE mark as
contained in the EU directives 2006/95/EC (LVD), 2014/30/CE
(EMCQC). It fulfils the following specifications:

EN 61326-1 Electrical equipment for measurement, control
and laboratory use — EMC requirements

Metrohm DropSens, S.L., Oviedo, Spain, will not accept any liability for damages caused
directly or indirectly by connecting this instrument to devices which do not meet the relevant
safety standards. SpectroECL is designed as a laboratory research instrument for use with
electrochemical, optical and/or spectroelectrochemical setups. Metrohm DropSens cannot,
under any circumstance, be held responsible for the outcome or interpretation of data
measured with SpectroECL.






£ Metrohm

CONTENTS
1 INTRODUCTION . ... 9
2 RECOMMENDATIONS ... 10
2.1 Voltage overload, current underload or overload and detector saturation............... 10
2.2 Resolution and optimal current range Selection.............ooovvveiiiiiii 10
20 T o 1= 11
3 HARDWARE DESCRIPTION ...t 12
700 R ) o A = o T 12
3.2 REAINPANEL.. e 13
3.3 PO SUPPIY e 13
4 GETTING STARTED: INSTALLATION AND SETUP .....ocvviiiiiiiiiiiiiiies 14
4.1  Software Installation 0N WINAOWS ..........uuiiiiiiiiiiiiiie e 14
4.2  Power supply and Set-up for Operation ... 20
4.3  Manual Driver iNStallation...........cooeiiiiieieiiee e 21
4.3.1  Manual FTDI Driver inStallation..............ccovvvuiiiiiiiiieeeceecees e 21
4.3.2  Manual WIinUSB Driver installation ................cooiiiiiiiiiiiieiee e 31
4.4  Shutting down the INStIUMENT..........oooiiii i, 32
5 Y@ ] I 32
5.1  Connecting and disconnecting the instrument to the software...............ccccevvvvennnn. 34
5.2 MBASUIING oot 34
5.2. 1 REAGINGS .eeeeiiiiiiieiieieeeeee ettt ettt ettt e e e eeeanaes 34
LI e | = 10.01] (= £ T 37
5.2.3  Limits of Some SPeCIfiC PArAMELEIS ........cuvviiiiiiiiiiiiiiiiiiieieiieee e 44
5.2.4  Validation Of ParameEtersS ..........uuuiiiiiiiiiiiiiiiiiii ittt 45
5.3 Working with the SOftWaAre ...........iiiiiiiie e 46
5.3.1  MENU BAF: FilE cooiiiiiiiiiiiiiiiiieeeeieeeeeeeee ettt 46
5.3.2  MENU BAF: DEBVICE ....ceiiiiiiiiiiiiiiiiiieeeeeeeeeeee ettt e e e eeeees 48
5.3.3 Menu Bar: EXPErMENLS ....cciiciiiiieiiiiee e 49
5.3 4 MENU BAI CUIVES ...ttt et e 65
5.3.5 Menu Bar: Data analySiS.........cccuvuuiiiiiiii e 71
5.3.6  Menu Bar: WOIKSPACE .....uuiiii i e et e e 79
5.3.7  MENU BAF: VIBW .oeiiiiiiiiiiiiiiieeiieeee ettt ettt ettt e e e e eeeeeeeeeeeees 80
B5.3.8  MENUBAI HeIP .o 84
B4 OO0 B oo 85
5.5  EXperiments CONrol Ar€a..........uuuiiiiiiiiiiiece e e e e 86
5,51  EXPeriment POPUP MEMNU.....cc.cceeiieriiiiiiieeeeeeeeiiiisaseeeeeeesanriaseeeeseeesnnnnnaeeeeeeens 87
5.5.2 EC curve and ECL Curve popup MENU...........uuuuiiiiieeereeeiiiiinieeeeeeeeenvnninnneeeeeeens 88
5.5.3  SPECLra POPUP MENU ..evvuniiiiiiiieeieiiieeeeette e e e eats e e e et s e e e et e e e eata e e eeara e eeera s 89
5.5.4  SPECIrUM POPUP MENU ...iiriiiiii et eeiieeetisae s e e et e e et esat s aet e e st s aeanaeesnnerennaaees 89
5,55  Curves VS TiMe POPUP MENU.......cuuuuuiiiieeeeeieiiiiiiaeseeeeeeeeairiseeeeeseeessrnnneeeeeeees 91
5.6 Graphics DiSPIay AlBa ......cccoiiiiiiiiiii it 91
D7 SHAIUS B .. 92
6 INSTRUMENT SPECIFICATIONS ..., 93
6.1 General SPECIfiICAtIONS. ... ..ciii i i i e a e 93
6.2 SPECITOMELEN CEIL.. ..ot e e e e eearaaa 93
6.3 PhOtOIOUE CEII.....uuiiiiiiiiiiiiiiiiiii e 96



£ Metrohm

FIGURES

Image 1. SPeCtrOECL INSIIUMENT ..o 12
IMage 2. FroNt PANEL.. ..o 12
IMage 3. REAI PANEI ... 13
Image 1 - Installation Splash SCreeN .......coooo oo 14
Image 2 - Software installation confirmation dialog..............ccoooiiiiiii 15
Image 3 - DropView SPELEC software installation wizard ..............ccccooeeiiiiii 15
Image 4 - Installation folder SEleCtioN ... 16
Image 5 - DropView SPELEC installation ProCeSS..........coovviiiiieiiiiiiiieeeeeeeeeeeeeeeeeeeeeeee e 16
Image 6 - FTDI Drivers installation wizard Step 1 ........cooooiiiiiiiiiii e 17
Image 7 - FTDI Drivers installation wizard Step 2 .........coooviiiiiiiiiii e 17
Image 8 - Drivers installation wizard agreement...........coooviiiiiieiii 18
Image 9 - Success driver installation dialog.............cooooiiiiiiii 18
Image 10 - Drivers installation Wizard..............ooooiiiiiioi 19
Image 11 - Drivers installation confirmation..............oooooiiii i 19
Image 12 - Success driver installation dialog..............ooooiiiiiiii 20
Image 13 - Success software installation dialog ..o 20
Image 4. Device ready t0 USE MESSATE .....cceeiiieieieeeeee e 21
Image 5. DeVviCe MaANAJET VIBW ......ccooiiiiieeeeee e 22
Image 6. DeVICE MANAJET ACCESS......ccoi i 22
Image 7. Settings > Control Panel..........oooo oo 23
Image 8. Control Panel > Hardware and Sound ... 23
Image 9. Hardware and Sound > Devices and Printers > Device Manager ....................... 24
Image 10. Access to Control Panel ... 24
Image 11. Control Panel > Hardware and Sound on WindowS 7 ..........ccccoovieeiiiiiiiiiiiieeeeeeee, 24
Image 12. Hardware and Sound-Devices and Printers-Device Manager Windows 7........... 25
Image 13. Device Manager View with no driver installed................cccccceeeiiiii e, 25
Image 14. Update Driver SOftWAIE ........coii i i e 26
Image 15. Browse my computer for Driver SOftware ...........ccccoevviieiiiiiiiii e, 26
Image 16. Search LOCAtION ............ovuuiiiii i 27
Image 17. Installing driver SOftWAIE.........c.ccoiiiiice e e 27
Image 18. Successful Driver Software Update .............ccoovviiiiiiiiiieiicei e 27
Image 19. Successful USB Serial Converter Driver installation .................ccoovvvvviinineeen, 28
Image 20. Update Virtual Com Port Driver SOftware ..........ccccoevvieeiiiiiiiii e, 28
Image 21. Browse my computer for Virtual Com Port Driver Software ............cccccceeeeeeeeeee, 29
Image 22. Search Location for Virtual Com POt ...........cooviiiiiiiii e 29
Image 23. Installing driver for Virtual Com POrt...........coooviiiiiiiii e 30
Image 24. Successful Virtual Com Port Driver Software Update ..........cccoooooeeiviiiiiiiinneeenn, 30
Image 25. Final view of Device Manager with drivers installed....................cccoviiiinee e, 31
Image 26. DropView SPELEC iNterface............ouiiiiiii i 32
Image 27. Photodiode or spectrometer cell SeleCtion ..........cccceevvieiiiiiiiiiiii e, 34
Image 28. Wavelength COeffiCIENTS .......ccoi i 36
Image 29. Error validation SIgNS...........coiii i 45
Image 30. Optical Error validation panel .............ccoooiiiiiiiiiiii e 46
Image 31. Select data to load dialog ..........covviiiiiiiiiiii e 46
Image 32. Overlay fiNal FEPOI........oeiiiee e e 47
IMmage 33. SaVe file dIalog.....cccooeeiiieee 47
Image 34. Dark and reference selector dialog........ccooeooviviiiiiiiii i 48
Image 35. Technigque selection dialog...........ooouviiiiiiii e 49
Image 36. Change NAame dialog ..........uuieiii i e e 50
Image 37. Interpolate ONlY EC.........oouiiii et 51
Image 38. Interpolate only OPLICAL........coeiiiiiiiiiei e 51
Image 39. Interpolate all data............uuviiiiiiiii e 52
Image 40. Spectra vs EC config dialog ............ouviiiiiiiiiiice e 53
Image 41. Spectra vs EC graphiC WINAOW .............oiiiiiiiiiiiiiiiiae e 54



£ Metrohm

Image 42.
Image 43.
Image 44.
Image 45.
Image 46.
Image 47.
Image 48.
Image 49.
Image 50.
Image 51.
Image 52.
Image 53.
Image 54.
Image 55.
Image 56.
Image 57.
Image 58.
Image 59.
Image 60.
Image 61.
Image 62.
Image 63.
Image 64.
Image 65.
Image 66.
Image 67.
Image 68.
Image 69.
Image 70.
Image 71.
Image 72.
Image 73.
Image 74.
Image 75.
Image 76.
Image 77.
Image 78.
Image 79.
Image 80.
Image 81.
Image 82.
Image 83.
Image 84.
Image 85.
Image 86.
Image 87.
Image 88.
Image 89.
Image 90.
Image 91.
Image 92.
Image 93.
Image 94.
Image 95.
Image 96.

Spectrum VS EC Film dialog .....ccvvvviiiiiiiiiiiiiiiiiiieeiieeeeeeeeeeeeeeeeeeeeeeeeeeeee e 55
Curve iNfOrmMation MESSAGE. ......uuuiieiiiiiiiiiiiiiieeeet ettt ettt ettt e e e e eeeeeeeeeeeeeeeeeeeeees 56
Spectra vs time graphic WINQOW ............covvviiiiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeeeeeeee e 57
EC range selection dialog...........ooooiiiiiiiii 58
Time range Selection di@log. .........uuuuuumiii e 59
‘Config smooth spectra’ di@log ...........eevviiiiiiiiiiiiiiiiiiiiiiiiieeeeeee e 59
Experiment film with ‘EC & Optical’ data............ccccoovviiiiiiiiii e, 60
Experiment film with Electrochemical data ..., 61
Experiment film with Optical Data.............coooviiiiiiiiiie, 61
3D configuration dialog WINGOW .............uuuuuuuemiiiiiiiiiiiiiiiiiiiieeees 62
3D SPECHIA POt ...ttt 63
1T 0 I T O o] (o ) 64
] 31 =( @ I o SO 65
Spectra VISIDIlity dialog ... ...ueeeurieiiiiiiiiiiiiiiiiiiii 66
Autobaseline using ‘modified polynomial fitting’................ccoo 67
Autobaseline using ‘modified polynomial fitting’ with defined limits..................... 67
Create baseling dialog...........ouviiiiiiiiiiiiiiiiiiiiiiiii e 68
Cyclic curve With DASEliNe ..........oovviiiiiiiiiiiiiiiieeeee e 68
Cyclic curve from Image 41 with its baseline subtracted............ccccccceevviieiiiinnnne, 69
Subtrahend Selection dIAlOg ...........uuuuuruuiiiiiiiiiiiiiiiii s 69
Same curve before and after the SMOOth ProCess .............uuveviiiiiiiiiiiiiiinnnns 70
Workspace axis Selector dialog ........ ... 71
EC and Spectrum information dialogs ..........coooviiiiiiiiiii, 71
MEASUIEIMENTS TIEE ...eeiii ittt et e et e e e et e e et neean e e et aees 72
Experiments tree with a selected CUIVe ... 73
Cursor tool, measurement can be seen in the status bar...........ccccccceevvieeiieennnnn, 74
Set on curve measurement in the 00l Dar ................uuuviiiiiiiiiiiiies 74
Curve with two 0N CUNVE MEASUIEMENTS.........uviiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeees 75
Measurements in detail in the measurementstree ...........cccccoeiiii . 75
Free measurement in the tool bar...........ccco 76
Curve with two free MeaSUIrEMENTS .........cevviiiiiiiiiiiiiiiiiiiiiieieeeee e 76
Measurements in detail in the measurementstree ...........ccccoeei . 76
Step measurement inthe tool bar............cccooooi i 77
Curve with two Step MeasSUreMENTS............uuiiiiii e e e e e e 77
The measurements in detail in the measurements tree ...........ccccceeevinnnnnnne 77
Automatic measurement tool in the tool Dar ...........cccooviiiiiiie 78
Curve with two automatic generated measurements .......cc.ceeeevvvvevviiiiieeeeeeeennnnns 78
Config automeasurement SEIECLION ..............iiiiii i e 78
Axis limit values selection dialog ............ccceeviiiiiiiiiiiii e 80
Upper plot with grid and legend, bottom plot without both...................ccceeo o 81
Line width selection dialog.............ouuiiiiiiii e 81
(00] (o] g el g loToT=1=T e [F= 1 oo PSSP 82
Menu that allows the user to change the electrochemical representation ........... 82
Grid WINAOWS arrangemENt..........oiiieiiiiiiiiiiie e e e e e e e e e 83
Default WIindows configuration ...........ccoooieeiiiiiiiiiii e 84
Device VErsion AialOg .......uuuiiiii e 84
F Y 010U | o 1= (oo R 85
Experiments Tree with EC and Optical data..............ccooovviiiiiiiiiccccceiee e, 86
EXPEriment POPUP MENU ..uuuuiiii e e e e e et s e e e e e e e e b e e e e e e 87
| O @[ 4V o To] o 11T o JN 1 1 1= 1 1 88
Sy 1= Tox d= T o To o U o 1 o 4 1= o 1 89
Sy oZ=Tox (0T oo To] o 18T I 4 = 1 1 I 90
CUrves VS TiME POPUP MENU ....ovuuuuieieeeeeeeeiiiiieaeeeeeeeeesitiaeeeeesseessssiaeaeeeeessrnnn, 91
Graphics display (Electrochemical, Optical, Real time and Workspace) ............. 91
Status Bar complete view with all components filled with data............................ 92

7



£ Metrohm

Image 97. Spectrometer Cell CIOSEM ........coooe i 93
Image 98. Spectrometer cell with a Screen Printed Electrode............ccccoiviiiiiiiiiiiiiiieeeeee, 94
Image 99. Spectrometer cell With the lid...........oooo i 94
Image 100. Photodiode Cell CloSEd ........ccooi i 96
Image 101. Photodiode cell open with a Screen-Printed Electrode .................ccceovvvennns 96



£ Metrohm

1 INTRODUCTION

SpectroECL is a portable (Bi)Potentiostat/Galvanostat combined with a
electrochemiluminescence cell with a microspectrometer (CMOS) that performs

electrochemiluminescence wavelength resolved measurements.

A BiPotentiostat/Galvanostat (+ 4 V potential range, + 40 mA maximum measurable
current) and a CMOS image sensor integrated in the cell (spectral response range
340-850 nm) are combined for offering a solution in the field of
electrochemisluminescence to be used with Screen-Printed Electrodes (SPEs). The
SpectroECL is controlled by the DropView SPELEC Software in order to make

SpectroElectroChemiLuminescence experiments (SpectroECL).

SpectroECL instrument allows you to work in electrochemiluminescence (ECL) mode,
choosing between the spectrometer or the photodiode cell ref. DRP-
ECLPHOTODIODCELL (not included), or in electrochemical mode (EC mode). Only in
electrochemical mode, the instrument is compatible with any kind of electrochemical
cell and it can be used in Bipotentiostat mode, with a two-working electrode system, a

reference electrode and an auxiliary electrode.
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2 RECOMMENDATIONS

2.1 Voltage overload, current underload or overload and detector
saturation

User must take precautions with current overload, current underload or voltage
overload in the electrochemical part.
Voltage overload can occur when:

+ The counter or the reference electrode is not properly connected,

+« The conductivity of the solution is too low, which is overcome adding supporting

electrolyte or increasing its concentration.

+« An air bubble isolates the reference electrode from the solution.
Measured current values are wrong when a current overload is detected. This occurs
when the current is above 4 times the applied current range.
If currents are below 0.05 of the selected current, a current underload occurs, since a
lower current range can be applied. An underload will yield measurements with a low
resolution.
Regarding the optical part, the detector used for the SpectroECL is a charge transfer
device (CCD) that has a fixed well depth (capacitor) associated with each
photodetector (pixel). When a well is fully depleted by leakage through the back-biased
photodetector, the detector is considered saturated and provides the maximum output
level. If the collected signal saturates the detector, the intensity of the collected light is
decreased by:

%+ Decreasing the integration time.

% Attenuating the light going into the spectrometer.

2.2 Resolution and optimal current range selection

The resolution of the current measurements is equal to 0.00025 times the applied
current range (for the lowest current range the current resolution is equal to 0.001
times the applied current range). The measurement range is -4 V to +4 V and 4 times
the applied current range. The best way of obtaining an optimal current measurement
resolution is to use the auto ranging (Current Range: Auto), but for measurements with
interval times lower than 20 ms it is recommended to use a specific current range.

A higher current range is selected when the current exceeds 3 times the applied
current range; a lower current range is selected when the measured current is lower

than 0.05 times the applied current range.

10
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2.3 Noise

Electrochemical sensors and cells are susceptible to noise.
Known sources of noise are:

+ AC-adapters. Laptop adapter induces noise. Sensitive measurements must be
performed without these adapters connected.

+ Electrical equipment. Measurements in the vicinity of electrical equipment might
be distorted by electrical interference. This might be eliminated by placing the
cell in a faraday cage which is connected to earth or ground.

+ Unshielded or too long sensor- or cell cables. The connection between
SpectroECL and the sensor or cell should not be extended. Especially
unshielded cables used with many commercially available reference electrodes
may result in high noise levels. Please shorten the cables when possible.

In case the noise levels remain too high, the use of a faraday cage is required. Connect
the metal cage to safety ground or to the green connector of the sensor cable.
If the optical signal you collect has too little light, the result is higher noise signal. You

can increase the light level i.e., increasing the integration time.

11
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3 HARDWARE DESCRIPTION

Image 1. SpectroECL instrument

3.1 Front Panel

% (>  SpectroECL

e ELECTRODE

|

STATUS

k
®

Image 2. Front panel

-  STATUS: LED indicator:

Green — uStatinstrument is switched on
Orange — uStatinstrument is Measuring
Red - uStatinstrument is Instrument reset

- ELECTRODE: To connect the DRP-CABSTAT cable (one included) in order to
work with conventional electrodes, DRP-CAST cable (one included) to work with
the standard SPEs from Metrohm DropSens, or to connect the DRP-BICAST
cable (not included) in order to work with the standard dual SPEs from Metrohm
DropSens. DRP-CABSTAT can also be used to connect the DRP-DSC connector

12



£ Metrohm

(not included) in order to work with the standard screen-printed electrodes from
Metrohm DropSens when working by placing a drop over the electrodes.

Electrode connector color codes
Red - working electrode (WE)
Vellevy - working electrode 2 (WE2)
Black - auxiliary electrode (AE)
Blue - reference electrode (RE)
Green - ground (=)

3.2 Rear Panel

© & @ i e |®

PHOTODIODE SPECTROMETER UsB

Image 3. Rear Panel

-  PHOTODIODE: Plug the Cell cable to connect the Si-photodiode cell (not
included) to the instrument.

-  SPECTROMETER: Plug the Cell cable to connect the microspectrometer cell
(included) to the instrument.

- USB: Connection for USB cable (included).

3.3 Power supply

SpectroECL is powered by USB (connected to a turned-on computer). The USB cable
(included) is a Dual USB 2.0 type A Male to Standard type B Male. Please connect
both type A USB connectors to the computer and the square type B to the instrument.

In case an extension cable is used to connect

13
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4 GETTING STARTED: INSTALLATION AND SETUP

Requirements:
+ Screen resolution of 1024 x 768 minimum and 1280 x 1024 advised.
+ USB cable (included).
« DropView SPELEC Software (included).
« SpectroECL instrument (included).
« PC or laptop (not included), running Windows Vista, 7, 8, 8.1, 10 and 11. The
computer must have at least 8 GB of free RAM memory; 16 GB total installed

RAM memory is recommended.

4.1 Software Installation on Windows

CAUTION
Do not connect the device to your computer before the software and drivers
are installed. Follow the instructions below to properly connect and configure

your system.

Insert the Software Installation USB Key in the computer and double click on “Install
Menu”.

The Installation splash screen will be shown automatically.

L) Metrohm 7

@ SPELEC NIR Manval
@ SPELEC RAMAN Manual

@ |Install DV SPELEC 32bit
@ Install DV SPELEC 64bit @ Browse USB

@ Install Java @ Driver
@ Install PDF Reader

- DropView

www.metrohm-dropsens.com -  e-mail: info@metrohm-dropsens.com

Image 1 - Installation splash screen

14
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To read the manual, the computer must have a PDF Reader installed. In case it is not

installed in the computer, click on “Install PDF Reader” option and follow the steps.

Depending on you Operating System (32 or 64 bits), choose one of the two options of
DropView SPELEC Software, “Install DV SPELEC 32bit” or “Install DV SPELEC
64bit”, and follow the steps; software installation will begin.

'5' Control de cuentas de usuario @

|@ ;Desea permitir que este programa de un publicador
desconocido realice cambios en el equipo?

Mombre del programa:  DropView_Spelec_installer_64bits_3.2.2

13A724 . exe
Editor: Desconocido
Origen del archivo: Unidad de red
V Mostrar detalles Si I [ Mo

Cambiar la frecuencia con la que aparecen estas notificacicnes

Image 2 - Software installation confirmation dialog

Accept to start the installation of the software.

@ DropView SPELEC 3.69.3 Setup - X

Welcome to DropView SPELEC
3.69.3 Setup

Setup will guide you through the installation of DropView
SPELEC 3.69.3.

It is recommended that you dose all other applications
before starting Setup. This will make it possible to update

n M h relevant system files without having to reboot your
etm m computer,

Click Mext to continue,

Cancel

Image 3 - DropView SPELEC software installation wizard

For the installation to continue click the “Next” button.

15
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@ DropWiew SPELEC 3.69.3 Setup - X
Choose Install Location
Choose the folder in which to install DropView SPELEC 3.69.3. @

Setup will install DropView SPELEC 3.69. 3 in the following folder. To install in a different
folder, dick Browse and select another folder. Click Install to start the installation.

Destination Folder

C:\Program Files\DropView SPELEC Browse...

Space reguired: 4529 MB
Space available: 411.3 GB

< Back Install Cancel

Image 4 - Installation folder selection

Select the default or a different folder to install the software. Then, click the “Install”

button.

@ DropView SPELEC 3.69.3 Setup =
Installing
Please wait while DropView SPELEC 3.69.3 is being installed. @

Extract: WinlUSBCoInstaller.dil

Show details

< Back Mext = Cancel

Image 5 - DropView SPELEC installation process

When the software installation is finished, a shortcut to DropView SPELEC will be
created at the desktop.
Then, the first wizard window will appear to install the FTDI drivers. Click the

“Extract” button to install the drivers.

16
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FTDI CDM Drivers EX

FTDI CDM Drivers

Click Extract’ to unpadk version 2. 12. 26 of FTDTs Windows
driver package and launch the instaler.

v ftdichip com

| Extract | Cancel

Image 6 - FTDI Drivers installation wizard step 1

Follow the instructions of the installation wizard. To start the drivers installation, click
the “Next” button.

Device Driver Installation Wizard

N Welcome to the Device Driver
Q\ Installation Wizard!
§

This wizard helps you install the software drivers that some
computers devices need in order to work

To continue, click Next

Next > Cancsl

Image 7 - FTDI Drivers installation wizard step 2

To continue with the procedure, it will be necessary to accept the installation of the

drivers. Check the correct option and click the “Next” button.

17
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Device Driver Installation Wizard

License Agreement \\
&

- To continue, accept the following icense agreement. To read the entire
% agreement, use the scroll bar or press the Page Down key

IMPORTANT NOTICE: PLEASE READ CAREFULLY BEFORE PN
INSTALLING THE RELEVANT SOFTWARE:

This icence agreement (Licence) is a legal agreement between you
(Uicansee oryou) and Future Technology Devices Intemational Limited

of 2 Seaward Place, Centurion Business Park, Glasgow G41 1HH,
Scotiand (UK Company Number SC136640) (Uicensor or we) for use of
driver software provided by the Licensor{Software)

BY INSTALLING OR USING THIS SOFTWARE YOU AGREE TO THE v
(®) | accept this agreement Save As Print

(O 1 dont accept this agreement

<Back || Nea> | | Cancel

Image 8 - Drivers installation wizard agreement

Then, a screen is shown when the FTDI drivers are installed, click the “Finish” button to

end this part of driver installation.

Device Driver Installation Wizard

Completing the Device Driver
Installation Wizard

The drivers were successfully installed on this computer

You can now connect your device to this computer, ¥ your device
came with instructions, pleasa read them first

Driver Name Status

\ FTDI COM Driver Packa.,. Readyto use
N/ FTDI CDM Driver Packa... Readyto use

e ] | cancel

Image 9 - Success driver installation dialog

If a red cross is shown instead of a green tick, the FTDI drivers must be installed

manually (see section 4.3). Click the “Finish” button in both cases.

18
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Now, the second wizard window will appear to install the WinUSB drivers. Click the
“‘Next” button to install the drivers.

Device Driver Installation Wizard

Ny Welcome to the Device Driver
‘ Installation Wizard!

This wizard helps you install the software drivers that some
computers devices need in order to work.

To continue, click Mext.

< Back [ ez ll Cancel

Image 10 - Drivers installation wizard

Select “Install” to proceed with the installation.

[Z] Windows Security >

Would you like to install this device software?

Mame: Metrohm DropSens, S.LLUL
Publisher: METROHM DROPSENS 5L

Always trust software from "METROHM DROPSENS Install Don't Install ]
SL",

| "} You should only install driver software from publishers you trust. How can | decide which
device software is safe to install?

[ R

Image 11 - Drivers installation confirmation

Follow the wizard to install the drivers.

19
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r

evice Driver Installation Wizard

Completing the Device Driver

:{*\ Installation Wizard

The drivers were successfully installed on this computer.

You can now connect your device to this computer. I your device
came with instructions, please read them first.

Driver Name Status

»" Metrohm DropSens, S.L.... Readyto use
»" Metrohm DropSens, S.L.... Readyto use
»" Metrohm DropSens, S.L.... Readyto use

Bac Finish ] Cancel

Image 12 - Success driver installation dialog

This screen is shown when the drivers are installed, click the “Finish” button to end the

driver installation.

If a red cross is shown instead of a green tick, the drivers must be installed manually
(see section 4.3). Click the “Finish” button in both cases.
@ DropView SPELEC 3.69.3 Setup -

Completing DropView SPELEC
3.69.3 Setup

DropView SPELEC 3.65.3 has been installed on your
computer.

Click Finish to dose Setup.

n MEI’I’Ohm Run DropView SPELEC 3.69.3

IW] Cance

Image 13 - Success software installation dialog

A shortcut for DropView SPELEC will be created both at the Windows® start menu and
at the desktop.

4.2 Power supply and Set-up for operation

CAUTION
Do NOT connect the USB to the computer until you install the DropView
SPELEC operating software. You must install the software application prior to

connecting the SpectroECL to the computer. DropView SPELEC software installs

the drivers required for the instrument operation. If you do not install the software
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DropSens

1. Insert the USB cable provided with the instrument.

2. Insert the square end of the cable into the USB port on the rear panel of the
instrument.

3. Insert the two rectangular ends of the cable into two different USB ports of the
computer and wait until the device is correctly installed. The operating system
will automatically recognize the device and configure it, this process could take
several minutes, and especially the first time you connect the device. When it is

finally installed you may see a message like the next one:

(L Your device is ready touse % X

] - - -
= Device driver software installed successfully.

Image 4. Device ready to use message

You are now ready to connect the instrument to the DropView SPELEC Software.

4.3 Manual Driver installation
4.3.1 Manual FTDI Driver installation

If some error has occurred during the automatic FTDI driver installation, the drivers
need to be installed manually:
During software installation, the FTDI drivers for SpectroECL are automatically installed
in the computer. After connecting the instrument to a USB port, the device will be
listed in Device Manager. The computer will automatically detect a new device. Wait
until the process has finished.
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M Device Manager - a X
File Action View Help
&% mHEm®

[ Monitors A

& Network adapters
v @ Ports (COM & LPT)

@ USB Serial Port (COM3)

= Print queues

[ Processors

B Software devices

iy Sound, video and game controllers

S Storage controllers

= System devices
v § Universal Serial Bus controllers

’ AMD USB 3.0 eXtensible Host Controller - 1.0 (Microsoft)

§ Standard Enhanced PCl to USB Host Controller
’ Standard Enhanced PCl to USB Host Controller
’ Standard OpenHCD USB Host Controller
i Standard OpenHCD USB Host Controller
§ USB Composite Device
§ USB Composite Device
. USB Composite Device
?
¢
¢
¢
¢
¥

USB Root Hub
USB Root Hub
USB Root Hub
USB Root Hub
USB Root Hub (xHCI)
USB Serial Converter

Image 5. Device Manager View

Device Manager can be found following the next steps:
- On Windows® 10, except if classic Start Menu is selected, by right clicking on

the Microsoft logo in the left of the taskbar and selecting Device Manager.

Programs and Features
Power Options

Event Viewer

System

Device Manager
Network Connections
Disk Management
Computer Management
Command Prompt

Command Prompt (Admin)

Task Manager
Control Panel
File Explorer
Search

Run

Shut down or sign out

Desktop

Image 6. Device Manager Access

- On Windows® 10 with classic start menu, Windows® 8.1 or Windows® 8:

move the mouse to the bottom right hand corner of the screen. When the
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following window pops up, select the Settings button and then select Control
Panel.

Settings

Control Panel

Notifications Power Keyboard

Change

Image 7. Settings > Control Panel

From the Control Panel window, select Hardware and Sound.

e Control Panel - oiEN|

1 B8 » Control Panel

Adjust your computer’s settings iew k

' System and Security 9

files with File <

35 and tasks

- - Network and Internet
“- Vi k stat

up and sharing options

Programs

Uninstall a program

/ Hardware and Sound ﬂ dd a langu
-ﬁ‘- View devices and printer ' St
&

Image 8. Control Panel > Hardware and Sound

Under Devices and Printers option, select Device Manager:
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Control Panel Home

System and Security
Network and Internet
Hardware and Sound
Programs

User Accounts and Family
Safety

Appearance and
Personalization

Clock, Language, and Region

Ease of Access

1T @& » Control Panel » Hardware and Sound »

Devices and Printers
Add a device ~ Advanced

o
78

Change Windows To Go startup options

AutoPlay
Change default settings for

Sound
Adjust system volume

Power Options

Choose a power plan

Display

i €0

Location Settings
Change location settings

Change system sounds

Change power-saving settings
Require a password when the computer wakes

Make text and other items larger or smaller
How to correct monitor flicker (refresh rate)

< Search Control P... ©

~

printer setup Mouse = ® Device Manager

media or devices | Play CDs or other media automatically

Manage audio devices

Change what the power buttons do
Change when the computer sleeps

Adjust screen resolution

Image 9. Hardware and Sound > Devices and Printers > Device Manager

- On Windows® 7 - Press the Windows start button to bring up the start menu

and select “Control Panel”.

—
jl Getting Started

e Windows Media Center

G2l Catculator

Sticky Notes

% Snipping Tool

‘,-f; Paint
% Remote Desktop Connection

Q/ Magnifier

Solitaire

All Programs

glunn
Documents

Pictures

Music

Games

Computer

Control Panel
Devices and Printers
Default Programs

Help and Support

Image 10. Access to control panel

From the Control Panel window, select Hardware and Sound.

'—Iﬁ » Control Panel »

Adjust your computer’s settings

%

Y

System and Security
Review your computer's status
Back up your computer

Find and fix problems

Network and Internet
Connect to the Internet

View netw
Choose homegroup and sharing options

Hardware and Sound

View devices and printers

k status and tasks

Uninstall a program

2
Ny
S

A

Viewby: Category ¥

User Accounts and Family Safety
& Add or remove user accounts
@ Set up parental controls for any user

Appearance and Personalization
Change the theme
Change desktop background

Adjust screen resclution

Clock, Language, and Region
Change keyboards or other input methods
Change display language

Add 2 device
Ease of Access

Programs @ Let Windows suggest settings
Optimize visual display

Image 11. Control Panel > Hardware and Sound on Windows 7
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Under Devices and Printers option, select Device Manager:
| P ]

@uvm » Control Panel » Hardware and Sound » v | 49 || Secreh Contre »p

Control Panel Home
and Printers

Add a printer Mouse | &

System and Security
Network and Intemnet

Hardware and Sound

Programs
User Accounts and Family
Safety

Appearance and
Personalization

Clock, Language, and Region

Ease of Access

Sound Effect Manager

Image 12. Hardware and Sound-Devices and Printers-Device Manager Windows 7

If no suitable driver is automatically installed, in the Device Manager window there
should be a device under Other Devices with a yellow warning symbol to indicate a
problem with the drivers. The name of this device could be slightly different in different

operating systems. In this example, the name is “USB Serial Cable”.

& Device Manager - a X

File Action View Help
e @dEE B EXE

v & embedded

iy Audio inputs and outputs
[ Computer

wa Disk drives
[l Display adapters

= DVD/CD-ROM drives

¥ Firmware
@ Human Interface Devices

*® IDE ATA/ATAPI controllers

o= Imaging devices

2 Keyboards

{1 Memory technology devices
@ Mice and other pointing devices
3 Monitors

&P Network adapters

K? Other devices

B4 USB Serial Cable

= Print queues

1 Processors

B Software devices

i} Sound, video and game controllers
S Storage controllers

¥ System devices

i Universal Serial Bus controllers

<

Image 13. Device Manager View with no driver installed

Right click on the other device (“USB Serial Cable” in this example) to bring up a menu.

From the displayed menu, select “Update Driver Software...”.
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& Device Manager - | X
File Action View Help

e @ E BHE B EXE

v & embedded
i Audio inputs and outputs
[ Computer
> w Disk drives
[ Display adapters
«= DVD/CD-ROM drives
¥ Firmware
% Human Interface Devices
“® IDE ATA/ATAPI controllers
% Imaging devices
=2 Keyboards
£} Memory technology devices
' Mice and other pointing devices
B8 Monitors
&P Network adapters
K7 Other devices
B4 USB Serial Cable

<

= Print queues Update Driver Software...
[ Processors Disable
B Software devices Uninstall

» i Sound, video and g:

» S Storage controllers Scan for hardware changes

> @ System devices

§ Universal Serial Bus £

Launches the Update Driver Software Wizard for the selected device.

Image 14. Update Driver Software

Then, a screen for automatic or manual searching of drivers is shown. Select the

second option to browse manually.

B Update Driver Software - USB Serial Cable

How do you want to search for driver software?

—> Search automatically for updated driver software
Windows will search your computer and the Internet for the latest driver software
for your device, unless you've disabled this feature in your device installation
settings,

—> Browse my computer for driver software
Locate and install driver software manually,

Image 15. Browse my computer for Driver Software

In the address box, with Include subfolders ticked, write the exact location where the
drivers are. The exact location is:
%PROGRAMFILES%\DropView SPELEC\SpelecDriver\CDM v2.12.26
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X
& B Update Driver Software - USE Serial Port (COM3)
Browse for driver software on your computer
Search for driver seftware in this location:
\Program Files (x86)\DropView SPELEC\SpelecDriver CDM v2.12.16 M Browse...
Include subfolders
—> Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver
software in the same category as the device.
Concel

Image 16. Search Location

After entering or browsing for the address, click the “Next” button to start the
installation.
B Update Driver Software - USB Serial Cable

Installing driver software...

Image 17. Installing driver software

When the installation has finished, a screen with a successful message is displayed.
X

B Update Driver Software - US8 Serial Converter

Windows has successfully updated your driver software
Windows has finished installing the driver software for this device:

- USB Senal Converter

Image 18. Successful Driver Software Update
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Click the “Close” button to close this window and go back to the Device Manager
window.
If the Virtual Com Port option has been selected, then the Device Manager will show a
device under Other Devices but also a new entry under Universal Serial Bus
Controllers as the “USB Serial Converter”. This indicates the bus layer of the driver is
installed.

n x

Eile Action View Help
e @DE HE 8 B &S

4 |5 Other devices A
i USB Serial Port
i EB Portable Devices
» ¥ Ports (COM & LPT)
3 E;s Print queues
b n Processors
[ & Sound, video and game controllers
3 c— Storage controllers
[ (M System devices
4§ Universal Serial Bus controllers
i Renesas USB 3.0 eXtensible Host Controller - 0096 (Microsoft)
‘ Standard Enhanced PCl to USE Host Controller
§ Standard OpenHCD USB Host Controller
i Standard OpenHCD USB Host Centroller
‘ Standard OpenHCD USB Host Controller
§ Standard OpenHCD USB Host Controller
i Standard OpenHCD USB Host Controller
@ USB Mass Storage Device
§ USB Root Hub
§ USB Root Hub
¥ USB Root Hub
@ USB Root Hub
¥ USB Root Hub
§ USB Root Hub
§ USB Root Hub (xHCI)

[ § USB Serial Converter|

Image 19. Successful USB Serial Converter Driver installation

Installing the Virtual Com Port layer of the driver is one of the last few steps. Right click
on the other device (“USB Serial Port” in this example) to bring up a menu and from the

displayed menu select “Update Driver Software...”

n *

File Action View Help
e M| E HMm & FSS
4 [[f5) Other devices a
T
1 I Portable De Update Driver Software...
» YF Ports (COM Disable

» e Print queue Uninstall
+ 3 Processors

> % Sound, vide Scan for hardware changes
» & Storage cor
b (M System dey EaReetRes

4§ Universal Serial Bus controllers
.' Renesas USB 3.0 eXtensible Host Controller - 0096 (Microsoft)
i Standard Enhanced PCl to USB Host Controller
@ Standard OpenHCD USB Host Controller
§ Standard OpenHCD USB Host Controller
§ Standard OpenHCD USB Host Controller
¥ Standard OpenHCD USB Host Controller
@ Standard OpenHCD USB Host Controller
§ USB Mass Storage Device
# USB Root Hub

¥ USB Root Hub
§ USB Root Hub
@ USB Root Hub
¥ USB Root Hub
¥ USB Root Hub
# USB Root Hub (HCI)

# USB Serial Converter

Launches the Update Driver Software Wizard for the selected device.

Image 20. Update Virtual Com Port Driver Software
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Then, a screen for automatic or manual search of drivers is shown. Select the second

option to browse manually.

B Update Driver Software - USB Serial Cable

How do you want to search for driver software?

—> Search automatically for updated driver software
Windows will search your computer and the Internet for the latest driver software
for your device, unless you've disabled this feature in your device installation
settings.

—> Browse my computer for driver software
Locate and install driver software manually.

Image 21. Browse my computer for Virtual Com Port Driver Software

In the address box, with Include subfolders ticked, write the exact location where the

drivers are. The location is:
%PROGRAMFILES%\DropView SPELEC\SpelecDriver\CDM v2.12.26

X
< ! Update Driver Software - USB Serial Port (COMS)
Browse for driver software on your computer
Search for driver seftware in this location:
\Program Files (x36)\DropView SPELEC\SpelecDriver\CDM v2.12.1 8 Browse...
Include subfolders
— Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver
software in the same category as the device.
Concel

Image 22. Search Location for Virtual Com Port

After entering or browsing for the address, click the “Next” button to start the

installation.
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B Update Driver Software - USB Serial Cable

Installing driver software...

Image 23. Installing driver for Virtual Com Port

When the installation has finished, a screen with a successful message is displayed.

Windows has successfully updated your driver software

Windows has finished installing the driver software for this device:

USB Serial Port

Image 24. Successful Virtual Com Port Driver Software Update

Note that this screen also displays the COM port assigned to the device.
Click the “Close” button to close this window and go back to the Device Manager

window.
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File Action View Help
e @B HEE R&RS

4 '3 Ports (COM & LPT)
f? Communications Port (COM1)
"Z' ECP Printer Port (LPT1)
['5" USB Serial Port (COM3)|

[ @ Print queues

[ n Processors

by Sound, video and game controllers

[ c— Storage controllers
b M System devices
4 i Universal Serial Bus controllers
i Renesas USB 3.0 eXtensible Host Controller - 0096 (Microsoft)
i Standard Enhanced PCl to USB Host Controller
Standard OpenHCD USB Host Controller
Standard OpenHCD USB Host Controller
Standard OpenHCD USB Hest Controller
Standard OpenHCD USB Host Contreller
Standard OpenHCD USB Host Controller
USB Mass Sterage Device
USB Root Hub

USB Root Hub
USB Root Hub
USB Root Hub
USB Root Hub
USB Root Hub (xHCI)
USB Serial Converter

V
7
7
7
7
7
9
§ USB Root Hub
V
V
V
7
7
7

Image 25. Final view of Device Manager with drivers installed

After successfully installing the drivers, the Device Manager does not have an USB
Serial device under Other Devices but entries under Universal Serial Bus Controllers
and Ports (COM & LPT). The above screen shot displays a correct installation. The

device is now ready to use.

NOTE: Not all devices will install to COM3. The COM port allocation is determined

by the installation wizard based on the free COM ports of the computer.

4.3.2 Manual WinUSB Driver installation

Remember that to install correctly the drivers on Windows® 11, Windows® 10,
Windows® 8.1 or Windows® 8.0 is necessary to disable the “driver signature
enforcement” feature, enabled by default. SpectroECL instrument needs drivers that
are unsigned and when you try to install an unsigned driver, the following error
messages could be shown: “The third-party INF does not contain digital signature
information” or “The hash for the file is not present in the specified catalog file. Follow

the instructions on section 4.1.1 to restart the computer in the correct mode.
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To manually install the WinUSB drivers follow the next steps:

1. Confirm that the USB cable is connected to a USB port in the computer.

2. Go to Device Manager following the steps described on section 4.3 and find the
Metrohm DropSens spectrometer (it should be under the category Other Devices).

3. Right click on SPECTROECL spectrometer and select Update Driver Software.

4. Select Browse and then browse to the directory: C:\Program Files\DropView
SPELEC\SpelecDriver.

5. Click the “OK” button and then the “Next” button.

NOTE: You may get the message “Windows cannot verify the publisher”. Click on
Install Anyway.

The device driver installation starts.

The message “Your hardware was installed successfully” appears when finished.

4.4 Shutting down the instrument

When you have finished using the instrument and need to shut it down, please
disconnect the communication between de instrument and the software DropView
SPELEC (see section 5.1 for more information) and then unplug the USB cable as

needed.

5 SOFTWARE

DropView SPELEC software provides the control of all instrument functions. An
intuitive interface helps the user to control all the operating modes, which will be
described later. The next figure shows the software interface layout, with its different

areas:

z- ada 'ffl“f’lﬁ\u\ o i T @b e
[ )

F
Image 26. DropView SPELEC interface
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A — Menu Bar

B — Tool Bar

C — Parameters and Data analysis Area
D — Experiments Control Area

E — Graphics Display Area

F — Status Bar

A — Menu Bar

Includes the different menus to control all the features that are included in the software.

B — Tool Bar

Includes shortcut buttons to some of the most used options available in the Menu Bar.

C — Parameters and Data analysis Area

The “Electrochemical” tab is the area where the technique parameters for the
electrochemical part of the instrument are shown (editable parameters).

The “Optical” tab is the area where the technique parameters for the optical part of the
instrument are shown (editable parameters).

The “Data analysis” tab shows the measured peak data of all the recorded curves

shown in Graphics Control Area (selected or not).

D — Experiments Control Area
Shows the list of all the recorded experiments, showing the electrochemical and the

spectrum curves.

E — Graphics Display Area
Shows the graphic windows for the enabled panels, which are “electrochemical panel”,

“optical panel”, “real time panel” and “workspace panel’.
F — Status Bar

Shows real-time information about the software and hardware and about the

electrochemical part of the experiment when it is running.
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5.1 Connecting and disconnecting the instrument to the software
With the USB cable connected to the computer and correctly installed (see section 4),
Open DropView SPELEC. Press the “Connect” button located in the “Shortcuts Bar”
or click on “Device > Connect” in the “Menu Bar”.

Choose the mode SPECTROMETER (cell SPECTROMETER included) or choose the
mode PHOTODIODE if you are using the Metrohm DropSens Si-Photodiode Cell
(DRP- ECLPHOTODIODCELL) (not included).

Cell selector -

0 Please choose the cell to use

| PHOTODIODE | | SPECTROMETER |

Image 27. Photodiode or spectrometer cell selection

SpectroECL is connected to the software when “Status Bar’ Shows “Connected” and
the “Disconnect” button is available.

Establish connection to SpectroECL each time you run DropView SPELEC software.
Disconnect the software from the instrument by clicking on the “Disconnect” button

before closing the software.

5.2 Measuring

SpectroECL allows performing optical measurements combined and synchronized with
electrochemical measurements in one channel or in two channels simultaneously
(WE1, WE2 with same AE and RE) except in ECL mode where only one

electrochemical channel is available.

5.2.1 Readings
To prepare the instrument to perform measurements, you can follow the next steps:
+» Once the device is connected, select the technique for the experiment by using
“‘Device > New technique...” in the menu bar or the button “New technique”
from the tool bar. You will be warned about the information you may lose,
because the process will erase every experiment loaded.
« Select the electrochemical parameters in the “Electrochemical” tab (see also
section 5.2.2).
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Select the number of channels (one or two) using the “Bipotentiostat”
option and the parameters of its technique (not available for all
techniques).

Tick the “Leave cell on” option in the parameters tab if you want to leave
the cell on after a measurement at the last applied potential.

Select the specific parameters for the channels in the “CH1” or “CH2”
boxes (only available in Bipotentiostat mode).

Check the “Exp. Time (s)” field in order to know the estimated time of

the optical experiment.

+ Select the optical parameters in the “Optical” tab (see also section 5.2.2.4).
In SPECTROMETER mode:

o

o

“Int time”: the time the detector captures light to provide one spectrum.
“Scans to average”. Number of spectra captured to generate an
average spectrum, which is finally recorded.

“‘Boxcar width”: When this value is higher than 1, the spectra will be
smoothed using adjacent data points.

Set a dark at the beginning of the experiment. A dark spectrum can be
consider like a background spectrum because is the scattered radiation
coming from the sample before the beginning of the luminiscence
electrogeneration. A dark spectrum is stored by clicking the “Set dark”
button on the “Optical” tab or selecting the option “Set dark” under
“Device > Set dark” menu. Once a dark spectrum is stored, the status
“YES” is shown on the status bar.

The “Wavelength coefficients” button on the “Optical’ tab shows the

actual wavelength calibration coefficient where:

Apred!’cted = ‘qu + Bl‘Dl + szz + Bapa + Bq-EL + B:-,P:-,
B, =P’
ﬂpmdwmd: the wavelength of pixel Py
Ag: the wavelength of pixel 0
B, : the first coefficient (nm/pixel)

B,: the second coefficient (nm /pixel?)

B;: the third coefficient (nm /pixel?)

B : the fourth coefficient (nm/pixel®)

B the fifth coefficient (nm /pixel®)
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@ Calibration equations =

A

=]

3.179458119E002

B1 2.684203182E000

B2 -9109155036E-004

B3 -9.940793851E-006

B4  1.86501735E-008

BS -8.905087762E-012

|_ Load J I_ EEPROM Read J

[ Save J [ EEFPROM Write J

Image 28. Wavelength coefficients

o Click on “‘EEPROM Read” button to show the wavelength coefficients
that are storage on the spectrometer.

o Click on “Save” button to save a backup file on your computer with the
coefficients.

o The wavelength coefficients that use the spectrometer can be changed
writing directly the new coefficients on the text boxes.

o Or click on “Load” button to open the coefficients saved on a file
(backup coefficients or new calibration coefficients).

o If you want to modify the wavelength coefficients that use the
spectrometer, click on the “EEPROM Write” button and after that the
instrument start to use the new calibration. PLEASE DO NOT CLICK
ON EEPROM WRITE UNTIL YOU ARE SURE THAT THE FACTORY
CALIBRATION MUST BE CHANGED.

In PHOTODIODE mode:
o On this tab, ECL amplification X1, X10 or X100 can be selected.

% Click the “Run” button in the tool bar or click on “Device > Run” in the menu

bar to start the measurement.
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A measurement can be stopped with the “Stop” button in the “Shortcuts Bar” or using
the “Device > Stop” option in the “Menu Bar”.

During the measurement, one curve for each channel will be displayed in the
Electrochemical Graphics Display Area, and a reduced amount of the spectrums
collected will be displayed in the Optical Graphic Display Area. At the end of each
measurement, the recorded curves for each channel and the visible spectrums will be
listed in the Graphics Control Area.

Recorded experiments can be saved in different ways and combinations (see 5.3.1).

5.2.2 Parameters
SpectroECL provides the possibility to apply the following Electrochemical techniques:
Voltammetric techniques (techniques labelled with * are not available in photodiode

mode):
m Linear Sweep Voltammetry LSV
m Cyclic Voltammetry Cv
m Square Wave Voltammetry SWv
m Differential Pulse Voltammetry DPV
m Normal Pulse Voltammetry NPV
m Normal Differential Pulse Voltammetry NDPV
m Alternating Current Voltammetry ACV*
Amperometric techniques:
m Amperometric Detection AD
m Zero Resistance Amperometry ZRA
m Fast Amperometry FA
m Pulsed Amperometric Detection PAD
m Multipulsed Amperometric Detection MAD

Potentiometric techniques (techniques labelled with * are not available in photodiode

mode):

m Potentiometric Detection POT

m Fast Potentiometry FP

m Open Circuit Potentiometry OoCP

m Linear Sweep Potentiometry LSP

m Cyclic Potentiometry CP

m Potentiometric Stripping Analysis (galvanostatic) PSAG*
m Potentiometric Stripping Analysis (faradaic) PSAF*
m Multipulsed Potentiometric Detection MPD
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The “Electrochemical” tab contains the parameters required for each technique. It
keeps in separated boxes the “Options”, the “Pre-treatment” parameters and the
common parameters in the box “Parameters”. If the selected technique uses only one
of the channels the box “Parameters CH1” will be the only one in the screen, but if both
channels are going to be used, the “Parameters CH2” box will be displayed too.

With the “Current range” frame, the applicable current range during the measurement
can be selected. If “Auto” is selected, the instrument will select the most optimal current
range automatically (see section 2.2).

The “Optical” tab contains all the parameters for the spectrometer. It allows the user

also to set the dark and the reference spectra.

5.2.2.1 Parameters of voltametric techniques
Pre-treatment
Econd Conditioning potential. Potential applied before the deposition

stage. It is only relevant when tcond > 0 s.

Edep Deposition potential. Potential applied during the deposition stage. It
is only relevant when tdep > 0 s.

tcond Conditioning time.

tdep Deposition time.

tequil Equilibration time.

Measurement

Ebegin Potential where scan starts. The applicable range of the potential is
-4V to +4V.

Evtx1 (CV) Potential where scan direction is reversed. The applicable

range of the potential is -4V to +4V.
Evtx2 (CV) Potential where scan direction is reversed again or where scan

stops (if Evtx2 = Ebegin). The applicable range of the potential is -

4V to +4V.
Eend Potential where scan stops.
Estep Step potential.
Eamp Pulse Amplitude.
Epuls (DPV, NDPV) Pulse potential.
Ebase (NPV, NDPV) Base potential.
tpuls (DPV, NDPV) Pulse time.
tint (NPV, NDPV, ACV) Interval time.
tmod (NPV, NDPV, ACV) Modulation time.
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Freq
nscans

Srate

(SWV, ACV) Frequency.
Number of scans.

Applied scan rate.

The sequence of a measurement is:

1) Conditioning stage (if tcond is not zero): Apply Econd, during tcond.

2) Deposition stage (if tdep is not zero): Apply Edep, during tdep.

3) Equilibration stage (if teq is not zero): Apply Ebegin, during teq.

4) Start measurement at Ebegin and continue until Eend with steps of Estep value, with

the specified Scan rate. In CV the scan starts at Ebegin and is continued by reversing

the scan direction at Evtx1. Scan direction is reversed again if Evix2 is different from

Ebegin.

5.2.2.2 Parameters of amperometric techniques

Pre-treatment

Econd
Edep
tcond
tdep

tequil

Measurement
E

Interval

Repeat
E1,2,...,9

Ei
t1,2,...,9

ti

Conditioning potential. Potential applied before the deposition stage.
It is only relevant when tcond > 0 s.

Deposition potential. Potential applied during the deposition stage. It
is only relevant when tdep > 0 s.

Conditioning time.

Deposition time.

Equilibration time.

(AD, FA) Potential during measurement. The applicable range of
the potential is -4V to +4V.

(AD, FA, ZRA, MAD) Time between two points of the measurement.
(MAD) Number of repetitions of all steps.

(PAD) Potential
t1,2,...,5).
(MAD) Potential at each step (applied during their corresponding
t1,2,...,9).

(PAD) Potential (applied during ti).

pulses (applied during their corresponding

(PAD) Potential pulse times (at their corresponding E1,2,...5).
(MAD) Step times (at their corresponding E1,2,....,9).
(PAD) Time (at Ei).

Total time of measurement.
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Steps (1,2,...,9)  (MAD) Number of steps.

Cell off (YES/NO) (MAD) Select NO if all the steps will be done with Cell on.

Limits (YES/NO) (MAD) Select NO if none of the steps will be controlled with current
limits.

Cell(1,2,...,9) (MAD) This option is only visible if you have selected “YES” in field
“Cell off”. Write 0 if the step will be done with Cell off. Write 1 if the
step will be done with Cell on (at its corresponding E1,2,...,9).

Lim(1,2,...,9) > (MAD) Current Threshold upper limit in Step1,2,...,9. This option is
only visible if you have selected “YES” in field “Limits”.

Lim(1,2,...,9) < (MAD) Current Threshold lower limit in Step1,2,...,9. This option is

only visible if you have selected “YES” in field “Limits”.

The sequence of a measurement in AD and FA is:

1) Conditioning stage (if tcond is not zero): Apply Econd, during tcond.
2) Deposition stage (if tdep is not zero): Apply Edep, during tdep.

3) Equilibration stage (if teq is not zero): Apply E, during teq.

4) Start the measurement at E during t seconds.

The sequence of a measurement in ZRA is:

1) Conditioning stage (if tcond is not zero): Apply Econd, during tcond.

2) Deposition stage (if tdep is not zero): Apply Edep, during tdep.

3) Equilibration stage (if teq is not zero): Wait teq seconds at open circuit.

4) Start the measurement during t seconds at open circuit.

Note: To perform ZRA measurements, current can be measured using WE and

Ground electrode connector ends for better stability.

The sequence of measurement in PAD is:

1) Conditioning stage (if tcond is not zero): Apply Econd, during tcond.

2) Deposition stage (if tdep is not zero): Apply Edep, during tdep.

3) Equilibration stage (if teq is not zero): Apply E1, during teq.

4) Start the measurement following the potential waveform in the order 1,2,3,4,5,i as
follows: Apply Potential pulses E1,2,...5 during their corresponding times t1,2,...5 (if

atis zero, its potential pulse is not applied); current is registered at Ei during ti.

The sequence of measurement in MAD is:
1) Conditioning stage (if tcond is not zero): Apply Econd, during tcond.
2) Deposition stage (if tdep is not zero): Apply Edep, during tdep.
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3) Equilibration stage (if teq is not zero): Apply E1, during teq.

4) Start the measurement performing the programmed Steps in the following way:

4.1.- Applying E1 during t1 seconds (or until Lim1> or Lim1< is reached); then

4.2.- Applying E2 during t2 seconds (or until Lim2> or Lim2< is reached); then

4.3.- Applying E3 during t3 seconds (or until Lim3> or Lim3< is reached); then

44.- ...
45.- ...

4.9.- Applying E9 during t9 seconds (or until Lim9> or Lim9< is reached); then

4.10.- If Repeat is not 0, all the Steps from 1 to 9 are repeated the number of times

indicated in the Repeat parameter.

5.2.2.3 Parameters of potentiometric techniques

Pretreatment

Icond

Idep

Econd

Edep

tcond
tdep
tequil

Measurement
Ibegin

Ivix1

Ivtx2

lend
Istep
Elimit

Conditioning current. Current applied before the deposition stage. It
is only relevant when tcond >0 s.

Deposition current. Current applied during the deposition stage. It is
only relevant when tdep >0 s.

(OCP, PSAG, PSAF) Conditioning potential. Potential applied
before the deposition stage is started. It is only relevant when
tcond>0 s.

(OCP, PSAG, PSAF) Deposition potential. Potential applied during
the deposition stage. It is only relevant when tdep > 0 s.
Conditioning time.

Deposition time.

Equilibration time.

(LSP, CP, POT, FP) Current where scan starts.

(CP) Current where scan direction is reversed.

(CP) Current where scan direction is reversed again or where scan
stops (if Ivtx2 = lbegin).

(LSP) Current where scan stops.

(LSP, CP) Step current.

(PSAG, PSAF) Potential limit.
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nscans

Srate

Interval

t

tmax

S. Cur.

Repeat

Steps (1,2,...,9)
Cell off (YES/NO)
Limits (YES/NO)

11,2,...,9
t1,2,...,9

l

t

cell(1,2,...,9)
Lim(1,2,...,9) <
Lim(1,2,...,9) >

(CP) Number of scans.

(LSP, CP) Applied scan rate.

(POT, FP, OCP, MPD) Time between two measurements.
(POT, FP, OCP) Total time of measurement.

(PSAG, PSAF) Maximum measurement time.

(PSAG) Applied current.

(MPD) Number of repetitions of all steps.

(MPD) Number of steps.

(MPD) Select NO if all the steps will be done with Cell on.
(MPD) Select NO if none of the steps will be controlled with
potential limits.

(PAD) Potential pulses (applied during their corresponding

t1,2,...,5).
(MAD) Potential at each step (applied during their corresponding
t1,2,...,9).

(PAD) Potential pulse times (at their corresponding E1,2,...5).
(MAD) Step times (at their corresponding E1,2,....,9).

(PAD) Curent (applied during ti).

(PAD) Time (at li).

(MPD) Write 0 if the step will be done with Cell off. Write 1 if the
step will be done with Cell on (at its corresponding E1,2,...,9).
(MPD) Potential Threshold upper limit in Step1,2,...,9. This option is
only visible if you have selected “YES” in field “Limits”.

(MPD) Potential Threshold lower limit in Step1,2,...,9. This option is

only visible if you have selected “YES” in field “Limits”.

The sequence of a measurement in LSP and CP is:

1) Conditioning stage (if tcond is not zero): Apply Icond, during tcond.

2) Deposition stage (if tdep is not zero): Apply Idep, the during tdep.

3) Equilibration stage (if teq is not zero): Apply Ibegin, during teq.

4) Start measurement at Ibegin and continue until lend with steps of Istep value, with

the specified Scan rate. In CP the scan starts at Ibegin and is continued by reversing

the scan direction at Ivtx1l. Scan direction is reversed again if Ivtx2 is different from

Ibegin.

The sequence of a measurement in POT and FP is:

1) Conditioning stage (if tcond is not zero): Apply Icond, during tcond.
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2) Deposition stage (if tdep is not zero): Apply Idep, during tdep.
3) Equilibration stage (if teq is not zero): Apply Ibegin, during teq (Only in FP)
4) Start the measurement at Ibegin during t seconds.

The sequence of a measurement in OCP is:

1) Conditioning stage (if tcond is not zero): Apply Econd, during tcond.

2) Deposition stage (if tdep is not zero): Apply Edep, during tdep.

3) Start the measurement during t seconds at open circuit.

Note: To perform OCP measurements, potential can be measured using RE and
Ground electrode connector ends for better stability.

The sequence of measurement in PSAG and PSAF is:

1) Conditioning stage (if tcond is not zero): Apply Econd, during tcond.

2) Deposition stage (tdep is not zero): Apply Edep, the during tdep.

3) Equilibration stage (if teq is not zero): Apply Edep, during teq.

4) Start the measurement applying S. Cur. (in PSAG) or without applying current (in
PSAF) until reaching Elimit or tmax.

The sequence of measurement in MPD is:

1) Conditioning stage (if tcond is not zero): Apply Icond, during tcond.

2) Deposition stage (if tdep is not zero): Apply Idep, during tdep.

3) Equilibration stage (if teq is not zero): Apply 11, during teq.

4) Start the measurement performing the programmed Steps in the following way:
4.1.- Applying I1 during t1 seconds (or until Lim1> or Lim1< is reached); then
4.2.- Applying 12 during t2 seconds (or until Lim2> or Lim2< is reached); then
4.3.- Applying I3 during t3 seconds (or until Lim3> or Lim3< is reached); then
4.4.- ...

4.9.- Applying 19 during t9 seconds (or until Lim9> or Lim9< is reached); then
4.10.- If Repeat is not 0, all the Steps from 1 to 9 are repeated the number of times

indicated in the Repeat parameter.

5.2.2.4 Parameters of the optical analysis

This analysis is not available in photodiode mode.
Int time (Ms) Integration time, in milliseconds, is the length of time that the

detector collects photons to provide each spectrum. This
parameter is analogous to the shutter speed of a camera.

Higher values of integration time, means thatthe detector
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employs longer times to collect the incoming photons, and in
that way, the optical intensity increases. Integration time
should not be confused with data transfer speed.

Scans to Number of discrete spectral acquisitions that the device

average accumulates to generate an average spectrum which is finally
recorded. The higher the value, the better the signal-to-noise
ratio (S/N).

Boxcar width Sets the boxcar smoothing width, a mathematical technique
that averages across spectral data. This technique averages a
group of adjacent data points. A value of 5, for example,
averages each data point with 5 points to its left and 5 points to
its right. The greater this value, the smoother the data and the
higher the signal-to-noise ratio. If the value entered is too high,
the result will be a loss in spectral resolution.

Exp. Time (s) This parameter is only available when the electrochemical
device is disabled (Device > Electrochemical unchecked). If
only an optical measurement is performed, this parameter fixes
the total time of the experiment.

N.spectra If this option is enabled, the device will capture the number of
spectra set by this parameter.

Get Spectrum If this option is enabled, the device will capture each spectrum

EC counter after the number of EC points set by this parameter.

5.2.3 Limits of some specific parameters

Pre-treatment

Conditioning stage | 0—-1300 s
duration:
Deposition stage duration: | 0 —1300 s
Equilibration stage | 0—-1300 s
duration:

General Parameters
Ebegin, Eend, Ebase, -4V to +4V
Evix1, Evtx2:
Step potential: 1 mV to 500 mV
Pulse potential: 1 mV to 250 mV
Scan rate: 1 ms up to 1.3 s per

step
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Technique specific Parameters
SWV Frequency: 1 Hz to 400 Hz
Amplitude: 1 mVto 250 mV
DPV, NPV, NDP Modulation time: | 1 ms to 1300 ms
Pulse time: 1 msto 1300 ms
ACV Frequency: 2 Hz to 250 Hz
Amplitude: 5 mV to 250 mV (RMS)
Chrono Methods Interval time: 0.1sto 1300 s
(AD, PD, OCP, | Run time: Hours (65000 points)
ZRA)
Fast Chrono Interval time: 1 msto 1300 ms
Methods Run time: Hours (65000 points)
(FA, FP)
PAD Pulse time: 1 msto 1300 ms
Interval time: 10 ms to 1300 ms
Run time: Hours (65000 points)
PSAG, PSAF Potential limit: 4V

Optical parameters

Integration time 62 — 10000 ms
Scans to Average: 1-10
Boxcar width: 1-5

5.2.4 Validation of parameters

After every changed parameter the method is automatically validated for errors. In
case any parameter is wrong or out of the specified limits, an error is shown by turning
the background of the wrong parameter in red. For more information about the error
you could go to the bottom right corner of the software window and click on the “Check

Parameters” (CP) button, which will show you a detailed message about the error.

Estep 01 v CcP
)
Parameter checker @

o - Srate too small

Image 29. Error validation signs

In the “Optical” tab, if a parameter is wrong or out of the specified limits, a pop-up

window with a detailed message about the error is shown immediately.
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DropSens

o Integration time error. Range [8-3600000]

(o<

Image 30. Optical Error validation panel

5.3 Working with the Software

During an experiment, one curve for each channel will be displayed in the
Electrochemical Graphics Dis.play Area and the visible spectrums will be showed in the
“Optical Graphics Display Area”. Also, the recorded curve for each channel will be

listed in the Graphics Control Area.

5.3.1 Menu Bar: File

The File menu includes the options dealing with file handling. Experiment files can be
saved, with the same extension regardless of the technique. Each one of them will
have the “.exp” extension. When an experiment is saved, the method that was used to
run the experiment is recorded with it, so when the experiment is loaded, the
associated technique and parameters are loaded too. The available options in this
menu are:

o Load experiment: Allows the user to load a previously saved experiment.

e Load workspace file: Allows the user to load a previously saved workspace

file.
e Load dark: Allows the user to load a previous ‘Dark’ spectra into the system.
e Overlay experiment: Allows the user the selection of multiple files. After
selecting the experiments to be overlayed, the user must choose the part of the

file the will like to load:

@ Select data to load for Ensayo 1_Indigo car..

(®) ANl data

() Electrochemical data

() Optical data

[ Accept ] [ Cancel J

Image 31. Select data to load dialog
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Once the process has ended, the system shows an alert with information about
the files that has been overlayed and the ones with error. This option is not
available when there is no experiment loaded into the system.

Overlay info *
Files loaded:
SmMM-TMB-HCIO1M-220AT exp
Diop 10 mi.exp
Files with errors:

ferro 10 mM.exp = Technigue errar;
- Technigue from file: Cyclic Voltammetry
- Technigue from system: Linear Sweep Voltammetry

Image 32. Overlay final report

Overlay workspace file: Allows the user to overlay a workspace file into the
workspace panel. This option is only available when the workspace panel
contains other curves.

Save experiment: Allows the user to save any of the experiments that are
currently displayed in the software. The saved file has all the curves of the
experiment, both visible and not visible, as well as the experiment parameters.

A new dialog is displayed to select the folder and the name of the file to be

saved:
@ Save oes— @
Lookin |(& SPELEC TJ & & | [E] B
FileName
TypeFiles |Experimentfile (.exp) TJ
s Cancel
Save ance .

Image 33. Save file dialog

After the file and folder have been selected, a new dialog is shown to the user.
In this dialog, the user should select if the experiment is going towill be saved
with the current dark spectrum used in the measurement (“Yes”). However, if for
comparison purposes, the last experiment performed is overloaded with a

previously one (File > Overlay experiments), the software allows the user to
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save the experiment with the last dark spectrum stablished (“Yes”) or with the
dark spectrum of the experiment loaded (“No”). Then, the experiment will be

saved in the file.

Dark and reference L&J
@ Do you want to save with actual dark and reference?
Yes Mo |

Image 34. Dark and reference selector dialog

Save workspace: Allows the user to save the data curves from the current
workspace into a new file.

Save dark and reference: Allows the user to save the current Dark and
Reference spectra into a new file.

Export to png: Allows the user to save the selected panel as an image in
“.png” format.

Export to svg: Allows the user to save the selected panel as an image in high
resolution “.svg” format.

Exit: Allows the user to close the software. Please, disconnect the instrument

before closing the software.

5.3.2 Menu Bar: Device

The Device menu includes the options dealing with hardware device control. The

available options in this menu are:

Connect: Allows the user to connect the device to the software. Connection
can take several seconds; a progress bar will be shown while the connection
progress takes place.

Disconnect: Allows the user to disconnect the device from the software.
Disconnection can take several seconds; a progress bar will be shown while the
disconnection progress takes place.

Run: Runs the configured experiment. If there is no dark selected, a
confirmation dialog is shown. After the user confirms the action, a progress bar
is shown while the parameters are sent to the device; after that, the experiment
starts.

Stop: This option allows the user to stop the running experiment.
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e New technique: This option allows the user to select the electrochemical
technique to be used in the next experiment. A dialog window will appear where
the user can select one of the electrochemical techniques.

@ Select new technique ot

Linear Sweep Voltammetry - LSV &
Cyclic Voltammetry - CV

Square Wave Voltammetry - SWY

Differential Pulse Voltammetry - DPY

Marmal Pulse Voltammetry - MPY

Marmal Dif. Pulse Voltammetry - MDPY

AC Voltammetry - ACY

Amperometric Detection - AD

Zero Resistance Amperometry - ZRA

Fast Amnerometry - FA |

[ Accept J [ Cancel |

Image 35. Technique selection dialog

After a technique is selected, a progress bar is shown while the software sends
the default technique parameters to the device.

e Set dark: If the device is connected to the software this option allows the user
to set the spectrum that will be used as “dark spectrum” for the following
experiments. If the shutter selector in the instrument is in TTL position, the
shutter will be automatically closed (if is open) to get the dark spectrum.

e Electrochemical: If the device is connected this option allows the user to
enable (tick shown) or disable the electrochemical part of the device.

e ECL: If the device is connected and the mode PHOTODIODE has been
selected, this option allows the user to enable (tick shown) or disable (tick not
shown) the ECL part of the device.

e Optical: If the software is connected and the mode SPECTROMETER has
been selected this option allows the user to enable (tick shown) or disable (tick

not shown) the optical part of the device.

5.3.3 Menu Bar: Experiments

The Experiments menu includes the options dealing with working with experiments.

The available options in this menu are:
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e Visibility > Visibility: Allows the user to make visible/invisible a whole
experiment changing its current state. It does not change the visibility state of
the curves of the selected experiment.

e Visibility > Visible all curves: Allows the user to make visible all curves in the
selected experiment. In the case of spectra curves, only around 20 curves will
be shown for faster computer processing.

e Visibility > Non Visible but this: Allows the user to make visible the selected
experiment and at same time the rest of experiments will be made invisible.

e Change name: Allows the user to change the name of the selected experiment.
A dialog window to introduce the new name will be displayed.

Change name Lﬁ,l

6 Enter the new name:

lﬁj | Cancel |

'J

e Datatable: Allows the user to show, in a new window, a table with the

Image 36. Change name dialog

correlation of electrochemical (EC) points and recorded spectra In order to
facilitate the visualization of the data, although all wavelength points of each
spectrum are recorded, only several ones are shown in this table. In addition,
data shown in this table are displayed in interpolate mode or non-interpolate (all
real data) mode, according to the interpolate selection made by user in the
“Interpolate data” option of this “Experiments” menu (described below).

When Interpolate data are shown, the datatable is formed according to one of
these three options:

o Interpolate only EC: An electrochemical point will be interpolated for
each spectrum, thus ensuring that each spectrum has its corresponding
electrochemical point at the same recording time.

o Interpolate only Optical: An spectrum will be interpolated for each
electrochemical point, thus ensuring that each electrochemical point has
its corresponding spectra at the same recording time.

o Interpolate all data: the table will contain all the electrochemical points
and all the spectra recorded. Then, an electrochemical point will be
interpolated generated for each spectrum and an interpolated spectrum

for each electrochemical point. If an electrochemical point and a
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spectrum share the same time lapse, the information will be merged into

a unique row into the datatable.

@ Datatable *
t(s) [EW [Ty ) |7s7.02L  |81134L |83520L |85862L |88158L  |90408L |9

0.000 0.700000 1.838875 0.000 56.400321 277.3881.. 183.5121.. 126.2280.. 166.5625.. 113.6865.. 8 4

5.000 0.575000 0.757500 5.000 52713839 2669247 163.5546.. 1249145 1615209 1052549 af
10.000 0.443000 0.556542 10.000 55468124 2764562 154 4455 1297022 152 4118 1134323 8
15.000 0.323000 -0.354313 15.000 50.018912 274.0585.. 156.4537.. 132.0495. 158.1484.. 109.0004.. 8
20.000 0.198000 -49.850001 20.000 53.836742 26209638. 156.5427.. 126.3763.. 156.8816.. 107.3946. 8
25.000 0.073000 -291.7666... 25.000 56521412 259.2087.. 155.8376.. 122.9595.. 155.1597.. 108.3842. 8
30.000 -0.052000 -611.3749.. 30.000 51432085 256.8318.. 147.3504.. 126.0055.. 151.4267.. 106.0089.. &
35.000 -0.177000 -868.6458. 35000 54 041545 2550350 150.9854 121 4967 1465791 105 2266 8
40.000 -0.302000 -732.9166.. 40.000 50671488 254.0380.. 145.9210.. 118.4659.. 136.4304.. 1001619.. 8§
45.000 -0.373000 -592.8750.. 45.000 54674589 2421117 143.4837.. 109.5882.. 132.2983.. 1004362. 8
50.000 -0.248000 -509.9999.. 50.000 52787989 234.4641.. 1351573.. 106.0070.. 124.6497.. 92109379 &
55.000 -0.123000 -419.0625. 55000 52 436830 2276736 1259933 98 876516 1209089 88385391 7
60.000 0.002000 -213.2083... 60.000 55110985 211.0290... 122.9050.. 96127067 110.7025.. 82907227 7
65.000 0127000 92.374999 65.000 53790141 209.7084.. 115.8220.. 90399698 101.2466.. 80908478 7
70.000 0.252000 408.3333.. 70.000 53569811 200.6761.. 109.8393.. B6.789668 96.958674 73230712 7
75.000 0.377000 512.6666... 75.000 54569820 190.4913. 103.7210.. B81.688136 94.229997 71857833 7
80.000 0.502000 254 9166 80.000 50501976 1874410 1067717 79315328 90501365 68468059 @
85.000 0.627000 173.4374.. 85.000 54552850 139.9725.. 85.060002 67.773160 78.959368 &57.942707 7
90.000 0.751999 127.7085... 90.000 58603725 92504033 ©3.350036 56.230993 67417371 47417355 7

b

v
ELS i T
|| Apply baseline EC || Apply autobaseline spectra { Export all data... J [ Exportvisible table... J Exit

Image 37. Interpolate only EC

@ Data table X
t(s) [EW) [ 1 qusy [t(s) | 78702 [81134L |s3520L |e5862L |88158L | 90408l |9
0.000 0.700000 1.838875 0.000 56400321 277.3881.. 163.5121.. 128.2280.. 166.5625.. 113.6865.. Elh
0.080 0.698000 1771458 0.080 B56.341337 277.2207.. 163.5128.. 128.2070.. 166.4819.. 113.5516.. B')
0.160 0.696000 1709542 0.160 BE 282354 277.0533 163.5135 126.1859 166.4012 1134167 8
0.240 0.694000 1.655583 0.240 56.223370 276.8859.. 163.5142.. 126.1649.. 166.3205.. 113.2818.. 8
0.320 0.692000 1.606125 0.320 56164386 276.7185.. 163.5148.. 128.1430.. 166.2399.. 113.1469.. 8
0.400 0.690000 1.562042 0.400 56105402 276.5511.. 163.5155.. 128.1220.. 166.1592.. 113.0120.. &
0.480 0.688000 1520625 0.480 B6.046419 276.3836 163.5162 126.1019 166.0785 112.8771 8
0.560 0.686000 1.482208 0.560 55.987435 276.2162.. 163.5169.. 126.0809.. 1659979.. 1127422.. 8
0.640 0.684000 1.446333 0.640 55.928451 276.0488.. 163.5176.. 126.0996.. 165.9172.. 112.6073. &
0.720 0.682000 1.413417 0.720 55860468 275.8814.. 163.5182.. 126.0388.. 165.8365.. 112.4724.. 8
0.800 0.680000 1.382958 0.800 55810484 2757140 163.5189 126.0178 165.7559 112.3375 8
0.880 0.678000 1.354042 0.880 56751500 275.5466.. 163.5196.. 125.9968.. 165.6752.. 112.2025. 8
0.960 0.676000 1.327292 0.960 55.692516 275.3792.. 163.5203.. 125.9756.. 1655945. 112.0676.. &
1.040 0.674000 1.301500 1.040 55.633533 275.2117.. 163.5210.. 125.9548.. 1655139.. 111.9327.. 8
1120 0.672000 1277542 1.120 55574540 275.0443 163.5218 125.9338 1654332 111.7978 8
1.200 0.670000 1.254292 1.200 56.515565 274.8769.. 163.5223. 125.9127.. 1653525.. 111.6629.. 8
1.280 0.668000 1233417 1.280 55456581 2747095, 163.5230.. 125.8917.. 1652719.. 111.5280.. &
1.360 0.666000 1.212000 1.360 556397598 2745421.. 163.5237.. 125.8707V.. 1651912.. 111.3931.. 8
1.440 0.664000 1192667 1.440 55338614 2743747 1635243 125.8497.. 165.1105.. 111.2582. 8
1.520 0.662000 1.173250 1.520 55279630 2742072.. 163.5250.. 125.8287V.. 165.0299.. 111.1233.. 8
1.600 0.660000 1.155667 1.600 55220647 274.0398.. 163.5257.. 125.8077.. 164.9492.. 110.9884.. &
1.680 0.658000 1.138250 1.680 55161663 273.8724.. 163.5264.. 125.7866.. 164.8685.. 110.8535.. &
1.760 0.656000 1122083 1.760 55102679 2737050.. 163.5271. 1257656.. 164.7879.. 110.7186.. &
1.840 0.654000 1.106500 1.840 55.043695 2735376.. 163.5277.. 125.7446.. 164.7072.. 110.5837.. 8
1.920 0.652000 1.091667 1.920 54984712 273.3702.. 163.5284.. 1257236.. 164.5265.. 110.4485. &
2.000 0.650000 1.077000 2.000 54925728 273.2028.. 163.5291.. 125.7026.. 1645459.. 110.3139.. &
2.080 0.648000 1.063667 2.080 54866744 273.0353.. 163.5298.. 125.6816.. 164.4652.. 110.1789.. &
2160 0.646000 1.049792 2.160 54807761 272.8679.. 163.5305.. 125.6606.. 164.3845.. 110.0440.. B8
2.240 0.644000 1.037042 2.240 54748777 2727005.. 163.5311.. 125.6395.. 164.3038.. 109.9091.. &L
2.320 0.642000 1.023708 2.320 54.689793 2725331.. 163.5318.. 125.6185.. 164.2232.. 109.7742.. 8|¥
ELS T

|| Apply baseline EC || Apply autobaseline spectra l Export all data... J l Exportvisible table... J Exit

Image 38. Interpolate only Optical
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@ Data table X
t(s) | EQ) | 1{uA) | t{s) | 787.02L | 811.34L | 835.20L | 858.682L | 881.58L | 904.08L | &
0.000 0.700000 1.838875 0.000 56.400321 277.3881.. 1635121.. 126.2280.. 166.5625. 113.6865.. B8/a
0.080 0.698000 1.771458 0.080 56.341337 277.2207.. 1635128.. 126.2070.. 166.4819. 113.5516.. 8')
0.160 0.696000  1.709542  0.160 56.282354 277.0533.. 1635135. 126.1859.. 166.4012. 1134167. &
0.240 0.694000 1.655583 0.240 56.223370 276.8859.. 163.5142.. 126.1649.. 166.3205. 113.2818. &
0.320 0.692000 1.606125 0.320 B56.164386 276.7185.. 1635148.. 126.1439.. 166.2399. 113.1469.. 8
0.400 0.690000 1.562042 0.400 56.105402 276.5511... 163.5155.. 126.1229.. 166.1592. 113.0120.. &
0.480 0.688000 1.520625 0.480 56.046419 276.3836.. 1635162.. 12611019.. 166.0785. 1128771. &
0.560 0.686000 1482208  0.560 55.087435 276.2162.. 1635169.. 126.0809.. 165.9979.. 1127422. 38
0.640 0.684000 1.446333 0.640 55.928451 276.0488.. 1635176.. 126.0598.. 165.9172. 1126073. 8
0720 0.682000 1.413417 0.720 55860468 2758814 1635182 126.0388 165.8365 112.4724 8
0.500 0.680000 1.382958 0.800 55.810484 275.7140.. 1635189.. 126.0178.. 165.7559. 112.3375. &
0.880 0.678000 1.354042 0.880 55751800 275.5466.. 1635196.. 125.9968.. 165.6752. 112.2025. &
0.960 0.676000 1.327292 0.960 55.692516 275.3792. 1635203.. 1259758.. 165.5945. 112067V6.. 8
1.040 0.674000 1.301500 1.040 55.633633 275.2117.. 163.5210.. 125.9548.. 165.5139.. 111.9327. &
1.120 0.672000 1.277542 1120 55.574549 275.0443.. 1635216.. 125.9338.. 165.4332.. 111.7978. 8§
1.200 0.670000 1.254292 1.200 55.515665 274.8769.. 163.5223.. 125.9127.. 165.3525.. 111.6629.. 8
1.280 0.668000 1.233417 1.280 55456581 274.7095.. 1635230.. 125.8917.. 165.2719. 1115280.. &
1.360 0.666000 1.212000 1.360 55.397598 274.5421.. 1635237.. 1258707.. 165.1912.. 111.3931. 8
1.440 0.664000 1.192667 1.440 55.338614 2743747 1635243.. 125.8497.. 1865.1108.. 111.2882. &
1.520 0.662000 1173250  1.520 55279630 274.2072.. 1635250.. 125.8287.. 165.0299.. 111.1233. 38
1.600 0.660000 1.155667 1.600 55.220647 274.0398.. 1635257.. 125.8077.. 164.9492. 110.9884.. 8
1680 0.658000 1.138250 1.680 55161663 2738724 163.5264 125.7866 164 8685 110.8535 8
1.760 0.656000 1122083 1.760 55102679 273.7050.. 1635271.. 1257696.. 164.7879. 110.7186.. &
1.840 0.654000 1.106500 1.840 55.043695 273.5376.. 1635277.. 1257446.. 164.7072. 1105837. &
1.920 0.652000 1.091667 1.920 54.984712 273.3702.. 1635284.. 1257236.. 164.6265. 110.4483. 8
2.000 0.650000 1.077000 2.000 54.925728 273.2028.. 1635291.. 1257026.. 164.5459. 110.3139. &
2.080 0.648000  1.083667  2.080 54.866744 273.0353.. 1635298.. 125.8816.. 164.4652.. 1101789.. &
2160 0.646000 1.049792 2160 54.807761 272.8679.. 163.5305.. 125.6606.. 164.3845. 110.0440.. &
2240 0.644000 1.037042 2.240 54748777 2727005 1635311.. 125.6395.. 164.3039. 100.9091.. 8L
2.360 0.642000 1.023708 2.320 54.689793 2725331.. 1635318.. 1256185.. 164.2232.. 109.7742.. 8|¥
- e

|_| Apply baseline EC || Apply autobaseline spedral Export all data... | l Exportvisible table... | | Exit |

Image 39. Interpolate all data

When Non-interpolate data are shown, the datatable is formed according to one

of these two options:

o

If the number of electrochemical data points in the experiment is higher
than the number of spectra, the nearest in time spectrum recorded after
an electrochemical data point will be associated with that
electrochemical point and to the following ones until a new spectrum is
recorded, which will be associated to the nearest electrochemical point
previously achieved and to the following electrochemical points until a
new spectrum is recorded, etc. One electrochemical data point will have
only one spectrum associate, but the same spectrum can be associate
to more than one electrochemical data point.

If the number of spectra in the experiment is higher than the number of
electrochemical data points, the nearest in time electrochemical point
recorded after a spectrum, will be associated with that one and to the
following spectra until a new electrochemical point is recorded. In that
way, one electrochemical data point will have only one spectrum
associated, but one electrochemical point can be associated to more

than one spectrum.

Datatable... Apply baseline EC: If an EC curve with baseline is selected, it

allows to subtract the baseline for every value in EC column.
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Datatable... Apply autobaseline spectra: it allows the user to subtract the
auto baseline to the optical data.

Datatable... Export all data: Allows the user to export to a “.csv” file all the
data of the experiment [i.e. not only the wavelengths points of the spectra
shown in the datatable but all the recorded wavelength points of the spectra].
Datatable... Exit: Allows the user to close the datatable window and return to
the software.

Tip & Trick: Please note that by exporting the data of the Datatable you are only
exporting the points, data and wavelengths of the Datatable according to the
mentioned descriptions above. If you want to export ALL the experiment’s data (EC
points, spectra and wavelengths) please use the “Export to csv” option of this

“Experiments” menu (described below)

Spectra vs EC: If an experiment with both EC curves and spectra is selected,
this option allows the user to perform or load in a new window a graphic panel
with related EC and Optical data. If the experiment has been carried out in
bipotentiostat mode, a panel for curve selection will appear to indicate the EC
curve to use. After that, a dialog is open where the user should introduce the
wavelength that will be correlated with the EC curve. In this dialog, the user

should choose to apply the auto-baseline algorithm to all spectra curves.

) Wavelength and Autcbaseline selection >

Wavelength (nm):

534.868]

|| Apply autobaseline

| oK | | cancel |

Image 40. Spectra vs EC config dialog

After that, a new dialog is shown in which the user could select separately the
smooth to apply over the data in domain axis and to apply over the data in
range axis (if no smooth is required the cancel option should be selected).

Finally, the new window is shown with the resulting curve.
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@ Graphic representation »

I

Counts minus Dark (a.u) at 584 nm

1.500 1.525 1580 1575 1.800 14635 165 1675 1.7 1725 178 177 1.800

Potential (V)

[— Spectra vs EC at 354,87 I'-'n]

Film | | informatien | | Smooth.. | | Sendtows | | Exportcurve.. | | Resetcurve | | Dervalive | | Close

Image 41. Spectra vs EC graphic window

The Domain Axis of the curve will show the data of the Domain Axis of the EC
curve and the Range Axis will show the data of the range axis of the spectra
plot, at a certain wavelength. typical plots, among others, that can be
constructed are, for example:
e \Voltabsorptogram: Displays the evolution of absorbance at the
selected wavelength with the EC signal, voltage in this case.
e Chronoabsorptogram: Displays the evolution of absorbance at the
selected wavelength with the EC signal, time in this case.
e Amperabsorptogram: Displays the evolution of absorbance at the

selected wavelength with the EC signal, current in this case.

e Spectra vs. EC... Film: Allows the user to generate a film with the Spectra
and EC data recorded. In a new dialog, the user will be able to select the time
lapse from where the film will start, previsualize the video before the recording
and to record the film itself. For comparison purposes, the first spectrum is fixed
in red line during the whole film. Options available:

Slide component: controls the time lapse used to capture the images
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Delay (ms): controls the delay (in ms) between frames, and in that
way, the playback speed.

Rec: starts the recording. When clicked, the system will prompt the
user to introduce the name and the location of the film archive that is
going to be created. After conclusion or after the stop button is clicked,
the system will open a new file explorer window with the film archive
highlighted.

Play: plays the film without creating a new film archive on disk.

Pause: pauses the current playing.

Stop: stops the current playing or recording.

Apply baseline EC: if the user has created a baseline then this
baseline is subtracted to the EC curve.

@ SpectrumVsEC Film - [m] x

Ferro 10 mM

-10
-15
-20
-25
-30
35
-40
45

Current (uA)

-4 -1z -1z -11 -10 £& 08 07 06 05 04 03 02 01 00
Potential (V)

26,400
£ 36,300
c
8 35,200
g
~ 36,100
e}
-7 36,000
3
& 35,000
B
T 35,800
=]

S 35,700

35,600

-4 -3 -12 -11 -10 08 08 07 06 -05 04 -03 02 01 00
Potential (V)

O

Delay (ms): ﬁ@ M@ J o

|| Apply baseline EC

Image 42. Spectrum vs EC Film dialog

e Spectra vs. EC... Information: Allows the user to see the information related

with the plot.
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Information >

6 Technique: Linear Sweep Voltammetry
EC View Mode: Currentvs. Potential
Pretreatment Parameters
@ Econd: 0V
& tcond:0s
@ Edep: 0V

& tdep: 05
& tequil: 35

Shared Parameters

@ Estep: 0.002V
@ Srate: 0.05 Vis
@ nscans: 1

Channel Parameters

& Ebegin: 15V
# Eend: 1.8V

Optical parameters

Spectrum View Mode: Counts minus dark
@ Integration time: 10.0
@ Scans to avg: 1
& Boxcar: 1
Selected parameters
Selected Wavelength (nm): 534.87

Image 43. Curve information message

Spectra vs. EC... Smooth: Allows the user to apply as many times as desired
a Savitzky-Golay filter to the curve. A dialog where the user must choose the
parameters of the filter is shown then the smooth is applied to the curve.
Spectra vs. EC... Send to ws: Allows the user to send the curve, as it is
represented in that moment, to the workspace. A dialog is shown to choose the
axis (primary or secondary) in the Work Space, where the user wants to
represent the curve.

Spectra vs. EC... Export curve: Allows the user to save the curve, as it is
represented in that moment, into a “.csv” file. A dialog for the user to select the
name of the file and the folder is shown and another dialog after that for decimal
separator selection is shown too. Then a progress bar and a successful
message at the end of the process is shown.

Spectra vs. EC... Reset curve: Allows the user to reset the data as were
recorded and start again the treatment.

Spectra vs. EC... Derivative/Normal curve: This button has two exclusive
options associated. When ‘Derivative’ is enabled the user can obtain the
derivative signal of the curve currently represented. When ‘Normal curve’ is
enabled it allows the user to reset to the original curve (this option erases the
smooth of the curve if it was applied). This option is very useful in order to

obtain the Derivative curves that are commonly used in spectroelectrochemistry
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to compare the information given by the electrochemical data with the
information given by the optical data.

Spectra vs. EC... Close: Allows the user to close the Spectra vs. EC
representation.

Spectra vs. Time: If an experiment with spectra curves is selected, this option
allows the user to generate, in a new window, a graphic panel that shows the
evolution of the optical signal at selected wavelength with time. The process is
the same as in the case of “Spectra vs. EC”, but always with Time in domain
axis. The time in domain axis refers to the time when the spectrum was
captured in the experiment, so this option could be used even when the
electrochemical data acquisition was disabled in the experiment.

0.0 0.5 1.0 15 20 25 3.0 3.5 4.0 45 5.0 55 6.0
Time (s)

[— spectra vs Time at 584.57 rm|

|_Fim | | informaion | | Smooth.. | | Sendtows | | Exportcunve.. | | Resetcune | | Dervatve | | Close |

Image 44. Spectra vs time graphic window

Options in this window are the same ones as in “Spectra vs. EC” window,
working all of them in the same way.
Interpolate data: Allows the user to control how the Datatable is created. The
available options are:

e Interpolate only EC

¢ Interpolate only Optical
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e Interpolate all data
If any of these options are ticked, data in the Datatable are shown in interpolate
mode; if none is selected, data in the Datatable are show in non-interpolate
mode (for detail information see “Datatable” menu, described above).

e Visible spectra at EC range: Allows the user to show in the “Optical” graphic
panel only the spectra captured within the selected EC range. If the experiment
has been made in Bipotentiostat mode, a panel for Curve selection will appear
to indicate the EC curve to use. After that a panel with the range for the
selection refers to the electrochemical associated curve and refers to the
domain range which is represented and displayed. There is also a selectable
option called “Forward” for experiments with cyclic voltammetry or cyclic
potentiometry. If ticked, the selected range refers to the forward part of the EC
curve; if not ticked the selected range refers to the backward part of the EC

curve.

Range >
Potential

Minimum (V). 0

Maximum (V) 1

| ok || cancel |

Image 45. EC range selection dialog

e Visible spectra at time range: Allows the user to show in the “Optical”’ graphic
panel only spectra captured in the selected time range. The range for the
selection refers to the time when the spectrum was captured in the experiment,
so this option could be used even when there is no electrochemical part in the

experiment.
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Range *
Time

Minimum (s). 0

Maximum (s) 1

[ Ok Jl Cancel |

Image 46. Time range selection dialog

e Visible spectra at EC point: After selecting the EC curve in the graphics
control area, click on a specific position of the EC curve and the spectrum
associated with that potential will be shown in the “Optical” graphic panel.
Several positions in the EC curve can be consecutively selected.

e Show dark: If a dark spectrum has been taken, it will be show in the
workspace. Primary or secondary axis in workspace can be selected.

e Show reference: If a reference spectrum has been taken, it will be shown in
the workspace. Primary or secondary axis in the workspace can be selected.

e Smooth visible spectra: Allows the user to smooth all the visible spectra in the
selected experiment. The default configuration of Savitzky-Golay filter can be
configured (number of points and degree) in the option “Config smooth spectra”
(“Experiments” menu).Reset to raw all spectra: Allows the user to reset to raw
data (i.e. non-smoothed) all the spectra in the chosen experiment.

e Config smooth spectra: Allows the user to configure the default value for the
Savitzky-Golay filter to apply these values when “Smooth visible spectra” option
is used. The filter can be configured using the dialog that is shown, which asks
the user the degree of the equation, in [0, 3] range and the number of left and

right neighbouring points used, in [0,20] range.

i@ Smooth canfig X
Left points [0 - 20] 10 E]
Right points [0 - 20] 10 E

Degree [0- 3] 0 E]

| Accept | | Cancel |

Image 47. “Config smooth spectra’ dialog
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e Experiment film: Allows the user to show in a new window a video which
shows the evolution of EC and spectra during the whole experiment. Spectra
can be smoothed according to user’s requirement. The window shown offers
different views according to the nature of the experiment:

e Experiment with electrochemical and optical data: if the experiment
has registered both electrochemical and optical data, the dialog allows
the user to choose which type of data is going to be shown in the film:
only EC, only Spectra or EC & Spectra

@ Experiment Film - m] *
(®) EC & Spectra (_) OnlyEC (_) Only Spectra
Rubpy_15uM.exp

5,000
< 2,500
2
= ]
T
=
3 -2,500

-5,000

-0.40 -0.35 -0.30 -0.25 -0.20 0,15 -0.10 -0.05 0.00 0,05 0,10 015 0,20 0.25 0.30
Potential (V)
— 9,000
i 8,000
> 7,000
& 6,000
2 5,000
=
‘& 4,000
3,000
5 2,000 A
332
3 \
© 1,000 {| W
o L&
250 500 750 1,000 1,250 1,500 1,750 2,000 2,250 2,500 2,750 3,000 32,250 3,500 3,750 4,000 4,250 4,500
Raman shift (cm-1)
©
. ° 0 o Spectrum_46, Time: 23.0 s
Delay (ms}): 500
|_| Apply baseline EC |_| Apply autobaseline spectra

Image 48. Experiment film with ‘EC & Optical’ data

e Experiment with only electrochemical data: The film will be created

with the electrochemical data
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@ Experiment Film — [m] x

Rubpy_15uM.exp

Current (UA)

-0.10  -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30

Potential (V)

Image 49. Experiment film with Electrochemical data

o Experiment with only optical data: The film will be created with the
spectrum curves registered.

@ Experiment Film - [m] X

9,500
9,000
8,500

8,000
7,500
7,000 1

-

3 6,500

Z

260007
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2 5,000
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3 3,500
3,000
2,500 1)
2,000
1,500 |
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250 500 750 1,000 1,250 1,500 1,750 2,000 2,250 2,500 2,750 3,000 3,250 3,500 3,750 4,000 4,250 4,500
Raman shift (cm-1)

Image 50. Experiment film with Optical Data
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If the experiment contains optical data, remember that the first spectrum is fixed
for comparison purposes and that, at the bottom right corner of the window, the
data of the spectrum that is being displayed is shown.

o Spectrum film... Delay: The spectra of the experiment are displayed
each number of ms fixed in the “Speed” option in the bottom left corner
of the window (i.e. a Delay of 100 ms means that each 100 ms a
spectrum will be displayed, so the smaller this number, the faster the
video will run).

o Spectrum film... Rec, Play, Pause, Stop: Video can be started with
“Play” button, can be paused with “Pause” button and can be stopped
with “Stop” button (it causes the progress bar to return to the beginning).
A MP4 file will be created if the “Rec” button is clicked.

o Spectrum film... Apply baseline EC: If the user has created a baseline
for the EC curve then this baseline is subtracted from the original curve.

o Spectrum film... Apply autobaseline spectra: The autogenerated
baseline will be subtracted from the original curve. To configure the

algorithm used by R engine, see the menu option ‘Config autobaseline’.

e 3D representation > 3D Spectra Plot: Allows the user to show, in a new
window, a 3D representation of all visible spectra of the selected experiment.
Before the 3D graphic is shown, a configuration dialog window appears, where
the user can select the wavelength range for the 3D representation, the quality
of 3D plot, the 3D generation mode (polygons/coordinates/lines), if a grid must

be displayed in the 3D plot and if the plot must have maximum size.

@ 3D Configuration x
3D Config

xMin | 3200

¥ Max 600

Quality | Nicest -
Generation mode | Folygons -

Show grid ||

Maximize ||

l Accept J | Cancel |

Image 51. 3D configuration dialog window

Tip & Trick: It is recommended to use “polygons” generation mode and “Advanced”

quality, without grid, to create continuous 3D surfaces.
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Tips for managing the plot in this window are described below:
Rotate: Left click and drag mouse

Z Scale: Roll mouse wheel

Z Shift: Right click and drag mouse

Animate: Double left click

Stop Animate: Left click

Save as .png: Click on key “s” and select the name and folder.

This 3D representation is only available if SPECTROMETER mode has been
selected at the connection.

r - -_— ve
@ Spectra3Dplot @M

[—2000.00

—1500.00

Counts

“——1000.00

500.000

600.0

1000

4000 |
‘Wavelength {nm) Time {s)

1500

Image 52. 3D spectra plot

o 3D representation > 3D EC: Allows the user to show, in a new window, a 3D
representation of the EC curves of the selected experiments. These curves are

represented in the following axis: Current, Potential and Time.
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Tips for managing the plot in this window are described below:
Rotate: Left click and drag mouse

Scale:Roll mouse wheel

Z Shift: Right click and drag mouse

Animate: Double left click

Stop Animate: Left click

Save as .png: Click on key “s” and select the name and folder.

@ EC 3D plot | S|

Current {ud)

0.g0n0 Fotential {my

Image 53. 3D EC plot

e 3D representation > 3D ECL: Allows the user to show, in a new window, a 3D
representation of the ECL curves of the selected experiment. These curves are
represented in three of the following axis, acoording with the EC measurement:
ECL, Current, Potential and Time.

Tips for managing the plot in this window are described below:
Rotate: Left click and drag mouse

Scale:Roll mouse wheel

Z Shift: Right click and drag mouse

Animate: Double left click

Stop Animate: Left click

Save as .png: Click on key “s” and select the name and folder.

This 3D representation is only available if PHOTODIODE mode has been
selected at the connection.
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@ ECL 3D plot — O %

1000 000—4""

ECL (a..)

so0.0o0—"

40.000

20,000

0.600
Fotential (W) 0.800 Time {3}
’ 0.000

Image 54. 3D ECL plot

e Export to csv: Allows the user to export all the data of the selected experiment
in a “.csv” format file. The user needs to select the folder and file where the data
of all the curves in the selected experiment are going to be saved.

e Remove experiments on run: If active, the software will erase every
experiment loaded when a new experiment is run; if it's not active, all the curves
and experiments before the run will remain displayed when a new experiment is
running.

¢ Remove experiment: Allows the user to remove the selected experiment after
a confirmation dialog.

¢ Remove all experiments: Allows the user to remove all the loaded
experiments after a confirmation dialog.

e Remove all non-visible curves: Allows the user to remove all non-visible

curves from the selected experiment.

5.3.4 Menu Bar: Curves

The Curves menu contains all functions that can be performed on a curve, no matter
which kind it is, like subtract curves, change names, smooth, etc. The available options

in this menu are:
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e Visibility: Allows the user to change the visibility of a curve. If it is visible, turns
it invisible and vice versa.

In the case of the spectra collection, the next dialog is showed:

i@ Visibility *
] Spectrum_1 " Visible |
B Spectrum_71 ')

B Spectrum_141

OO0 sSpectrum_211 MNon visible |
Bl Spectrum_281

B Spectrum_351

B spectrum_421 Selectvisible |
[ Spectrum_491

B sSpectrum_561

[H Spectrum_631 Visible each |
B Spectrum_701

B Spectrum_771

[1 Spectrum_841 Visible Nscan |
B Spectrum_ 911 L

M Spectrum 981 X

' Close |

Image 55. Spectra visibility dialog

In this dialog, a list of all the spectra in the experiment is shown. Spectra with a
white square are invisible, and the spectra with any other colour are visible. To
make a spectrum visible, the user should select the spectrum and click on
“Visible” button. To make a spectrum invisible, the user must press on
“Invisible” button after selection. To select all visible spectra, the user can use
the "Select visible" button. The user can make a multiple selection to apply
changes on by holding down the CTRL key and clicking on the desired spectra
or select a range of spectra with the Shift key and clicking on the spectra.

e Remove curve: Allows the user to erase the selected curve from the
experiment.

e Change name: Allows the user to change the name of the selected curve.

¢ Change color: Allows the user to modify the color of the selected curve.

e Baseline > Autobaseline: Allows the user to generate the curve that better
adjusts itself to the baseline of the selected curve using the R Engine
implementation included in the software. To configure the algorithm used by R
engine, see the menu option ‘Config auto baseline’ listed below. The
autobaseline option is only available for optical curves.

e Baseline > Config auto baseline: Allows the user to choose and configure the
algorithm that is going to be used by the R Engine to generate the baselines

automatically. The user may choose between the following algorithms:
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o Modified Polynomial Fitting: An implementation of CHAD A. LIEBER and
ANITA MAHADEVAN-JANSENSs algorithm for polynomial fitting. The
user must decide the degree to be used by the algorithm.

o Peak Detection: A translation from Kevin R. Coombes et al.’s MATLAB
code for detecting peaks and removing baselines. The user must decide
the values for:

= Window size for peaks width: to define the width of the baseline
peak. The width of the baseline peak must be in range to be
accepted

= Window size in peak removed spectra: to define the width of the
baseline peaks to be removed. If the width of a detected peak is
not in range, it will be rejected.

%] Optical 88

200 325 850 875 <00 925 250 975 1,000
Wavelength (nm)

Image 56. Autobaseline using ‘modified polynomial fitting’

The user can determine the side limits (min and max wavelength) where the

algorithm is going to be applied. If no value is given, the algorithm is applied to
all the points of the curve.

Optical 8a

950 975 1,000

<00
‘Wavelength (nm)

Image 57. Autobaseline using ‘modified polynomial fitting’ with defined limits

e Baseline > Create baseline: Allows the user to generate the curve that better
adjusts itself to the points selected on an original curve. The user must first

configure the number of points and the polynomial order and then select over
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the curve (click with the mouse pointer over the curve), the configured number
of points, or the double number of points if it is a cyclic curve (in this case two
baselines are going to be generated, one for the forward curve and other for the
backward curve). After all the points needed are selected the baselines are
automatically displayed as black lines in the plot.

Mumber of points b @
Polynomial order 3 E

Mote: For cyclic curves you must select 10 points

Acept Cancel

Image 58. Create baseline dialog

e 83555

0ERENE

Current (uA)
BREREEE

035 050 055
Potential (V)

Image 59. Cyclic curve with baseline

Baseline > Clear baseline: Allows the user to erase the baseline of the
selected curve. In case the baseline has been subtracted from the original
curve, this option will display the original curve and erase all the data of the
baseline.

Baseline > Subtract baseline: Allows the user to subtract the generated
baseline, which is displayed in the screen, from the original curve, thus

displaying inly the resulting curve.
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Current (uA)

DropSens

0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90
Potential (V)

Image 60. Cyclic curve from previous image with its baseline subtracted

Derivative: Allows the user to take the derivative of the selected curve and
send it to the workspace. A dialog is shown for the user to select which axis of
the workspace the derivative will be sent to.

Subtract curves: Allows the user to subtract one curve to the other one (both
curves need to be in the same plot). The user must select the minuend on the
tree of curves, after that the user must press the button "subtract curves". A
dialog will appear for the user to select the subtrahend. After clicking on accept,
if the subtraction can be performed, a new curve that is the result of the above
operation is created in the workspace (user must select the work space axis to

send the new curve).

Image 61. Subtrahend selection dialog
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Smooth: Allows the user to smooth a curve using the Savitzky-Golay algorithm.
The filter can be configured using the dialog that allows to modify the degree of
the equation, in [1,3] range, and the number of neighbouring points used, in
[1,20] range. Below an example of the curve before and after the smoothing
process:

2,250
2,000
1,750
1,500
1,250
}‘IJ]IJ
750

500

250

=250

200 2800 300 350 400 450 500 550 600 &50  FOO  OFS0 0 800 850 900

X

|— raw — with smooth |

Image 62. Same curve before and after the smooth process

Forward and Backward scan: Allows the user to obtain the generated
primitive curves (forward and backward) for a differential electrochemical curve.
PSA graph (dt/dE vs E): Allows the user to send the dt/dE vs E representation
of a selected electrochemical curve to the workspace; the electrochemical curve
must be generated with the PSAG or PSAF techniques.

Reset to raw data: Allows the user to reset the selected curve, recovering the
original data.

Set as dark: When a spectrum is selected, it allows the user to set it as the
dark spectrum in the system. Only available if SPECTROMETER mode has
been selected at the connection.

Export to csv: Allows the user to export to a “.csv” file the displayed data of the
selected curve (i.e. if the curve -electrochemical or optical- is smoothed, the
smoothed data will be exported; if the optical curve is in Absorbance mode,
data in this mode will be exported; etc.).

Export raw data to csv: Allows the user to export to a “.csv’ file the raw
original data of the selected curve (i.e. if a smoothed curve is displayed, the
exported data saved will not be those of the smoothed curve but those of the

original non-smoothed curve -raw data-; for optical spectra the exported data
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are always in counts; for electrochemical curves the time for each point is also
exported; etc.).

e Send curve to ws: Allows the user to send the selected curve to the
workspace. The user must select the axis in which the curve will be placed.

Select Range Axis “

Axis for: EcCurve_ch1

(®) Principal axis
) Secondary axis

[ Accept J [ Cancel J

Image 63. Workspace axis selector dialog

e Copy to clipboard: Allows the user to copy the data of the selected curve to
the Operating System clipboard. The data copied is the same as if the "Export
to csv" option is used.

e Information: Allows the user to see the information associated to the selected
curve, showing the experimental parameters used to obtain the electrochemical

and optical curves:

#® Information X @ Information *

EcCurve: EcCurve_chf Spectrum: Spectrum_61

Representation mode: Currentvs. Potential
# Representation mode: Counts

Te‘:hnique: Cyclic VOItammetry @ Integration time: 1000.0 ms
Cell on: No @ Scans to avg: 1
@ Boxcar: 1
Pretreatment Parameters & Experiment total time: 80.0 5
O BT L Run Parameters
atcond: 0s
& Edep: 0V
@ tdep:0s @ Capture time: 60.072 s
& tequil: 15 @ EC Channel 1: -0.398 V
@ Laser power. 0.50V
Shared Parameters & Laser wavelength: 785.0
@ Estep: 0.002V Baseline applied

« Srate: 0.02V/s
@ nscans: 1 i
@ Package: Baseline

& Method: Modified Polynomial Fitting
# Min wavelength: 825.0

& Maxwavelength: 975.0

& Degree: 10

Channel Parameters

& Ebegin: 0V
& Evix1: 04V
& BEvix2: 0.4V

Image 64. EC and Spectrum information dialogs

5.3.5 Menu Bar: Data analysis

The Data analysis menu contains all the options to handle measurements done in the
obtained curves. The options included in this menu are related to the measurements

shown in the measurement area. The options available are:
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Clear selected curve measurements: Allows the user to remove the
measurements from the selected curve.

Clear selected experiment measurements: Allows the user to remove the
measurements from the selected experiment.

Remove selected measurement: Allows the user to remove the selected
measurement.

Remove all measurements: Allows the user to remove all the measurements
of all the experiments.

Export selected curve measurements: Allows the user to export all the
measurements of the selected curve to a “.csv” file.

Export selected experiment measurements: Allows the user to export all the

measurements of the selected experiment to a “.csv” file.

r IEI Experiment_1
¥ & EcCurves
v B EcCurve_ch1
v AR
Height: 34.239 nA
Width: 0.036
Peak position: 0.054 v
Charge (Peak): 43.125 nC
Area: 76.283 nA*V
Peak Area: 1.725 nA*vV
Start 0.034V
End: 0.126 V
v AB
Height: 59.519 nA
Width: 0.024 V
Peak position: 0.246 V
Charge (Peak): 32.201 nC
Area: 47.133 nA*Y
Peak Area: 1.4 nA™Y
Start 0226V
End: 0.282V
¥ [ Spectra
v W Spectrum_1
v AR
Height: 4 156 counts
Width: 0.69 nm
Peak position: 859.273 nm
Area: 264 995 counts*nm
Peak Area: 23.585 counts*nm
Start: 850.035 nm
End: 875.956 nm
v AB
Height: 4. 312 counts
Width: 0.869 nm
Peak position: 927.039 nm
Area: 186.208 counts*nm
Peak Area: 3.257 counts*nm
Start: 913.05 nm
End: 931.375 nm
M Spectrum_2

Image 65. Measurements tree
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For each measurement, the system shows the following items:

- Height: height from the baseline to the maximum of the peak.

- Width: it refers to the ‘full width at half maximum’ (FWHM). It is calculated
considering the width of the curve, parallel to the baseline, at the half of the
height of the measured peak.

- Peak position: it refers to the position of the measured peak.

- Area: area of the curve measured from the domain axis to the height of the
peak between the baseline limits defined by the user.

- Peak area: area of the curve measured from the baseline to the height of the
peak between the baseline limits defined by the user.

- Start: initial point of the measurement.

- End: final point of the measurement.

Firstly, the user must select a curve

lv a8 Spelec
v || Experiments
v |3 Experiment_3
¥ @ EcCurves

EQCurve 1#013

Y &3 Specira
W 102
W 202
M 302
M 402
W 502
W 502
¥ 32 Workspace
¥ &4 Primary axis
W 102

G Secondary axis
Image 66. Experiments tree with a selected curve

After that, the user must activate the tool, using the menu or the tool bar. The

available measurement options in this menu are:

e Set cursor: This tool allows to show the relative position of the cursor in the
displayed plot. The value is shown in the Status Bar of the software window. To
work with this tool, a curve must be selected previously. This tool is also used

as the exit tool for other tools, ending their working process.
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= s 11D

@ DropView SPELEC (=] E e

File Device Experiments Curves Measurements Workspace Tools View Help

L D ddi OO /5% VA ©® 3520 | ART VI E TS

{ Measurements } ﬁ Electrochemical E ¥ =& Spelec

J Electrochemical T Optical w 125 ¥ [ Experiments

v E’ Experimeni_3
¥ =l EcCurves

Amperometric Detection

i Ontions W EQCurve_1#013
¥ [ Spectra
W 102

Leave Cell On Bipotentiostat 75

Pretreatment

50 M 202
W 402
a5 W 502
W 602
v E Workspace
Parameters ¥ = Primary axis
| | W 102
25 = Secondary axis

Current (UA)
¥

Parameters CH1

01 0.0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9
Potential (V)

— EQCurve_1#013 TK. ) =

Disconnected | | |[x:n 640, y=09 7571]

= = =

Image 67. Cursor tool, measurement can be seen in the status bar

e Set on curve measurement: This tool allows the user to measure the peak

between two points of the selected curve.

Measurements Workspace Tools View Help
00 YL &%
T L ]

Image 68. Set on curve measurement in the tool bar

To create a measurement, the user needs to select two points on the curve. It is
not necessary to select points precisely on the curve, as the tool will
automatically search for the nearest point of the curve, from the point the user
has clicked.

A straight line between the two selected points and a vertical line wherever the
height is maximum are drawn. The measurements done are organized and

added to the measurements tab in the parameters and measurements area.
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Charge: 11117 474 uc}
St 0362V
Enc 0900V

8
Height 56,885 uA
Wi 0198

Peakpostion 0170V,

End 0374V

B 8 & 83 ¥ 8 8

'
Current (uA)
3

°

5

I

-0.15 -010 -005 000 005 010 015 020 025 030 035 040 045 050 055 060 D065 070 075 080 085 090

Potential (V)

— EQCurve_1#013

Image 69. Curve with two on curve measurements

[ Electrochemical | Optical

>

Image 70. Measurements in detail in the measurements tree

e Set free measurement: This tool is close similar to "set on measurement" tool,
but with the difference that the selected points are not automatically adjusted to
the nearest points of the curve, the measurement is done taking into account
the points selected by the user. The process is similar to the previous tool, but

in this case, “set free measurement” tool must be selected. Measurements are

v G Spelec
v Experiments
A\ Experiment_3
¥ &1 EcCurves
A .LQCUN& 1#013

v&ﬁ

Height: 92 896 uA
Width: 0.222 %

Peak position: 0.566 W
Charge: 11117 474 uC
Start: 0,362V

End: 0.900V

v B

Height: -56.885 us
Width: 0.198 v

Peak position: 0170V
Charge: 6020.904 uC
Start: -0.094 v

End: 0.374V

Spectra
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also shown in the measurements tab in the parameters and measurements

LN IS

Image 71. Free measurement in the tool bar

area:

L8 ¥ 8 8 E 885 o 3wy ¥ E S

.15 <010 005 000 005 010 015 0.20 0.25 030 035 040 045 0.50 055 060 065 070 075 0.80 08s 0.90
Potential (V)

[— EQaurve_17013

Image 72. Curve with two free measurements

Electrochemical Optical

v il Spelec
¥ Experiments
A\ Experiment_3
v ﬁ EcCurves
v W EQCurve_1#013
v B
Height: -45.778 uA
Width: 0.166 v
Peak position: 0.170 V|
Charge: 3747.940 uC
Start: 0.032V
End: 0.300V
¥ A
Height: 79.352 uA
Width: 0.196 V
Peak position: 0.566 V|
Charge: 8176.869 uC
Start: 0.432V
End: 0.836 V

Image 73. Measurements in detail in the measurements tree
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Set step measurement: This tool allows the user to measure “steps” on a
curve. This tool requires that the selection of 3 points on the curve by the user:
the first two points establish a straight baseline between them, while the third
one defines a parallel line to the baseline. For the first point, the nearest point of
the selected curve will be taken, but the next two points must be precisely
selected. The third point will mark the distance between the baseline and the
point, which will be the height value of the measurement. This tool can be

selected in the tool bar:

x b ADA

Image 74. Step measurement in the tool bar

As in the previous cases the measure is added to the measurements tree in the

......

......

parameters and measurements area.

Electrochemical
Optical Measurements

¥ (& Spelec

A Experiments
¥ [ Experiment_1
p————

v [l EcCurve_ch1
v fie A
Height: -0.273 uA
Start: 42.600 s
End: 64.900 5
v & B
Height: -0.287 uA
Start: 89500 5
End: 122300 s
G Spectra
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Image 75. Curve with two step measurements

Image 76. The measurements in detail in the measurements tree
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e Automeasurement: This tool allows the user to perform automatic
measurements on a curve:

L WINVNYE LS kol

Image 77. Automatic measurement tool in the tool bar

File Devce Esperiments Curves Measuremenis Workspace Toots View Help

| B ddi 00 KPL/ 5L VA O == 1 ART 5@

Paak postion 0 188V
Charge: 7038120 uC
St 0056V

Peak posibon. 0114V
Chargs: 7544300 uC
st 02z v
End 0150V

& Specira

Current (uA)

005 .10

0.20

0a1s
Potential (V)

— EcCurve_chi

Image 78. Curve with two automatic generated measurements

Before selecting the Automeasurement option in the tool bar, the curve on
which it will be applied must be selected:

e Config automeasurement: Allows the user to configure the automeasurement
algorithm. There is a specific configuration defined for each kind of curve: EC
Curve, ECL Curve (only available for SpectroECL instrument) and Spectra
Curve

Data ana

Setcursor A ° 3Ds

On curve measurement tool

Free measurement tool
Step measurement tool I S [

Automatic measurement tool e RARSRRTET e
Config automatic measrurement tool » Eclanyen
Clear selected curve measurements ECL curves

Clear selected experiment measurements Spectra curves

Remove selected measurement
Remove all measurements

Export selected curve measurements
Export selected experiment measurements e I

'I-meige 79. Config automeasurement selection
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The parameters involved in the automatic measurement configuration are always

the same, no matter the type of curve is selected:

o Smooth configuration: Allows the user to smooth the curve, one or two

times, before starting the automatic measurement algorithm. The

smoothing is done using the Savitzky-Golay algorithm and the user can

configure:

First degree [0-3]: Degree to use in the first smoothing. If set to
zero, no smooth is applied.

Second degree [0-3]: Degree to use in the second smoothing. If
set to zero, no smooth is applied.

Points [0-20]: Number of neighbouring points to use in both

smoothing execution.

o Peak filter configuration: Allows the user to determine if the peak

found is going to be accepted or rejected.

Peak threshold [0.0-1.0]: Allows the user to define the minimum
value of height to be accepted. The value is defined using a
relative value that depends on the height of the greatest peak
found. For example, if the user indicates ‘0.3’, the peak is going
to be accepted if its height is greater than the 30% of the height
value of the greatest peak.

Slope [0.0-1.0]: Allows the user to define the minimum value of
the slope of the partial curve where the peak is located. To
accept peaks with high slope, a value near 1.0 must be
introduced. If required the elimination of noise peaks it is a good

choice to decrease the value of slope parameter.

5.3.6 Menu Bar: Workspace

The Workspace menu contains all functions that are related to the workspace. The

options in this menu are:

Enable: Allows the user to enable or disable the workspace plot, making it

visible or invisible. Disabling the panel does not erase the curves contained in it.

As this option is a switch, a tick mark will appear if the workspace is enabled.

Two axes: Allows the user to enable or disable the secondary axis of the

workspace plot, making it visible or invisible. Disabling the second axis of the
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workspace will erase the curves contained in it. As this option is a switch, a tick
mark will appear if the workspace is enabled.

e Set axis name: Allows the user to change the name of the workspace axis and
to set the title of the plot.

e Clear ws: Allows the user to erase all the curves that are in the workspace
regardless of the axis in which are represented.

e Export to csv: Allows the user to export all the curves that are in the

workspace to a “.csv” file. It will separate them in first and second axis curves.

5.3.7 Menu Bar: View

The View menu has the options that allow the user to change the mode in which the
data and plots are seen. They are classified in three sections:

R/

+ Graphic plot properties

R/

+ Representation Types

R/

+ Plot window arrangement

The Graphic plot properties section has the options that allow the user to modify the
selected plot. Any time a different plot is selected these options are updated with the
values of the proper plot. The available options are:
e Autoscale: When this option is selected the plot adjusts its limits to fit all the
information that is displayed.
e Manual scale: In order to select the values of the limits, a dialog will be shown.
The dialog will have available the second axis values only when the option is

used for the workspace.

r@ Bounds ﬁ

Values

¥ Min | RS
¥ Max 892507
¥ Min  -290.99

¥y Max 236371

| | Acept | | Cancel |

Image 80. Axis limit values selection dialog
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Show grid: This option allows the user to activate or deactivate the grid of the
selected plot. As it is a switch option, a mark will appear if the grid is enabled.
The below figure shows the upper plot with grid and the bottom one without it.

&2 B
125
100
75
—_ 50
=
3
£ 25
i
5
Q o
-25
-50
-75
-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 065 0.70 0.75 0.80 085 0.90
Potential (V)
— EQCurve_1#013
Opical [=]5]

Counts

175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800 825 850 875 900 925
Wavelength (nm)

Image 81. Upper plot with grid and legend, bottom plot without both

Show legend: This option allows the user to activate or deactivate the legend
of the selected plot. As it is a switch option a mark will appear if the legend is
enabled. Figure above shows the upper plot with legend and the bottom one
without it.

Line width: The user may use this option to choose the thickness of the lines in
the selected plot; the value will be selected using a dialog between four
possible values being the lowest the thinnest.

@ Line width —_—
Select line width: 1 B

[ Acept J [ Cancel J

L

Image 82. Line width selection dialog

Background color: This option allows the user to change the background color
of the selected plot. The user will be able to select the color of their choice

using a special color chooser dialog.
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[ ® Color chooser N _/___.— @

J swatches | Hsv | HsL | ReB | cuvk |

Recent:

Preview )
O -
D Sample Text Sample Text l
| [ OK J [ Cancel J [ Reset J
(— —

Image 83. Color chooser dialog

e Spectrum representation: This section is only available if the
SPECTROMETER mode was selected at the connection. It allows the user to
change the spectra representation between the two available options: Counts
and Counts minus Dark. For using the Counts minus Dark, a Dark spectrum
should have been settled in the system.

o Counts: Represents the spectra as a function of the light intensity.
o Counts minus dark: Represents the spectra as a function of the light
intensity minus the light intensity of the dark spectrum versus the

wavelength (in nm).

e EC representation: This section has the options that allow the user to change

the spectra representation from among the multiple available options.

EC representation Default

Perspective [ 2

Fotential V= Current
Fotential Vs Time
v Current Vs Potential
CurrentVs Time
Time Vs Current
Time V= Potential
Log (I)vs Potential

AN

Image 84. Menu that allows the user to change the electrochemical representation
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Every electrochemical technique has one default representation. If you changed

the representation and you want to return to the default one you can use the
"Default" option.

e Curves Vs Time: This section is only available if mode PHOTODIODE has
been selected at the connection. It allows the user to change the representation
between the two available options: Potential Vs Time or Current Vs Time. Click
on “Visibility” to enable a new plot window called “Curves Vs Time”.

e Perspective > Grid: Since the graphic plots are floating windows, they can be
moved or resized. Grid option allows the user to resize all windows to the same

size and place them on a virtual grid (empty spaces can be left if an odd
number of plots are on screen).

=J Electrochemical

Optical [=]5]
125

2,250

i)
o)
B

2,000

1,750

50 1,500

1,250

Current (UA)
b}

Counts

01 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.8

Potential (V) 300 250 300 30 400 450 SO0 S50 600 650 700 750 800 850 900

|— EQCurve_1#013 Wavelength (nm)

()

Workspace

Image 85. Grid windows arrangement

o Perspective > Default: This option allows the user to return the software to the

default view, resizing all windows in order to use all the space possible.
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Image 86. Default Windows configuration

5.3.8 Menu Bar: Help

The Help menu has the options that allow the user to see the information about the
software and connected device:

e Device version: Shows a dialog with information about the version of the

connected device and the connection port used. Only available if a device is

connected.

Device version b4

DropView SPELEC

SpectroECL
MbHwMbFWMdHw-03/0367
OHIOF-C13016/1.08
Connection Port: COMS

Exit

Image 87. Device version dialog

e About: This option shows a dialog with information about the software version.
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About hod

DropView SPELEC

Version: 3.2.2 18LZ04

Copyright Metrohm DropSens, S.L.

J

A

Image 88. About dialog

5.4 Tool Bar

The Tool Bar displays the icons that allow fast access to the options that are most
commonly used. The available options in this bar are (all of them already described in

previous sections):

Option Icon

Connect

Disconnect

New technique

Load experiment

Overlay experiments

Save experiment

Run

Stop

Set cursor

On curve measurement tool

Free measurement tool

Step measurement tool

Automatic measurement tool

o ERW%EJ OO bl m wlils

Clear selected curve measurements
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Smooth spectra w
Reset to raw spectra ﬁx
3D spectra plot 3Ds
3D EC 3De
3D ECL 3Decl
Counts I
Counts minus dark I-lo
Default view "{5
Grid view a

5.5 Experiments Control Area

Shows the list of all the recorded experiments, showing the electrochemical and the
spectrum curves.

The information is shown grouping the elements by its nature: EC curves, ECL curves,
CurvesVsTime and Spectra. ECL curves and CurvesVsTime are available only if mode
PHOTODIODE was selected at the connection.

¥ = Spelec
¥ || Experiments
v [ Experiment_1
¥ & EcCurves
W EcCurve_ch1
&2 EciCurves
& CurvesVsTime
¥ = Spectra
M Spectrum_1
M Spectrum_2
M Spectrum_3
W Spectrum_4
M Spectrum_5
M Spectrum_&
O Spectrum_7
M Spectrum_&
M Spectrum_9
M Spectrum_10
A Spectrum_11
M Spectrum_12
[ Spectrum_13
M Spectrum_14
M spectrum_15
[ Spectrum_16
M Spectrum_17
M Spectrum_18

Image 89. Experiments Tree with EC and Optical data

The user is allowed to interact with these elements by using the options displayed in

the proper popup menus.
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5.5.1

Experiment popup menu

Clicking over ‘Experiment’ node with the right mouse button the following popup menu

is displayed:

¥ & Spelec
v E Experiments
¥ [&] Experiment_1
¥ & EcCurves | Visibility

M EcCurve| Change name...
& EclCurves
& CurvesvsT|
¥ &= Spectra
W Spectiun
M Spectrun
M Spectrur
B Spectrur{ Show dark...

B Spectrun File name
W Spectrun
O Spectrun _
M Spectrum_8

M Spectrum_9
M Spectrum_10
M spectrum_11
M Spectrum_12

Datatable...

Visible spectra at EC range...
Spectravs EC..

Experiment film...

Setdark

Remove experiment

M spectrum_13
M spectrum_14
M Spectrum_15
[ spectrum_16
M Spectrum_17
M Spectrum_18

Image 90. Experiment popup menu

The available options are:

Visibility: shortcut to ‘Experiments > Visibility’ menu option.

Change name: shortcut to ‘Experiments > Change name’ menu option.
Datatable: shortcut to ‘Experiments > Datatable’ menu option. Only available in
SPECTROMETER mode.

Visible spectra at EC range: shortcut to ‘Experiments > Visible spectra at
EC range’ menu option. Only available in SPECTROMETER mode.

Spectra vs EC: shortcut to ‘Experiments > Spectra vs EC’ menu option. Only
available in SPECTROMETER mode.

Experiment film: shorcut to ‘Experiments > Experiment film’ menu option.

Set dark: shortcut to ‘Experiments > Set dark’ menu option. Only available in
SPECTROMETER mode.

Show dark: shortcut to ‘Experiments > Show dark’ menu option. Only available
in SPECTROMETER mode.

File name: displays the file name associated to this experiment.

Remove experiment: shortcut to ‘Experiments > Remove experiment’ menu

option.
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5.5.2 EC curve and ECL curve popup menu
Clicking over an EC curve or over an ECL curve with the right mouse button the
following popup menu is displayed:

¥ == Spelec
v @ Experiments
v \EI Experiment_1
¥ [ EcCurves

&2 EclCunves Visibility
&2 CurvesVsTime Change name
¥ & Spectra Change color...
B spechur.
Baseline il Create baseline
M Spectrum_2 T
ake derivative Clear baseline
M Spectrum_3 Subtract curves
B Spectrum_d - Subtract baseline
W Spectum 5 Smooth...
B Spectum._6 Resetto raw...

O Spectrum_7 Exportto csv..

M Spectrum_8 Export raw data to csv..
M Spectrum_9 Copy to clipboard

M Spectrum_10 | |nformation..

M spectrum_11
M Spectrum_12
W Spectrum_12 Remove curve
M Spectrum_14

M Spectrum_15

O spectrum_16

M Spectrum_17

M Spectrum_18

Image 91. EC Curve popup menu

Sendtows

The available options are:

e Visibility: shortcut to ‘Curves > Visibility’ menu option.

e Change name: shortcut to ‘Curves > Change name’ menu option.

e Change color: shortcut to ‘Curves > Change color’ menu option.

e Baseline > Create baseline: shortcut to ‘Curves > Create baseline’ menu option.

e Baseline > Clear baseline: shortcut to ‘Curves > Clear baseline’ menu option.

e Baseline > Subtract baseline: shortcut to ‘Curves > Subtract baseline’ menu
option.

e Take derivative: shortcut to ‘Curves > Derivative’ menu option

e Subtract curves: shortcut to ‘Curves > Subtract curves’ menu option.

e Smooth: shortcut to ‘Curves > Smooth’ menu option.

¢ Reset to raw: shortcut to ‘Curves > Reset to raw data’ menu option.

e Export to csv: shortcut to ‘Curves > Export to csv’ menu option.

e Export raw data to csv: shortcut to ‘Curves > Export raw data to csv’ menu
option.

e Copy to clipboard: shortcut to ‘Curves > Copy to clipboard’ menu option.

e Information: shortcut to ‘Curves > Information’ menu option.

¢ Send to ws: shortcut to ‘Curves > Send to ws’ menu option.

e Remove curve: shortcut to ‘Curves > Remove curve’ menu option.
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5.5.3 Spectra popup menu
Clicking over the ‘Spectra’ collection with the right mouse button the following popup

menu is displayed:

¥ == Spelec
v Experiments
v @ Experiment_1.exp
¥ &2 EcCurves
M EcCurve_ch1_1
&1 EclCurves
& CurvesVsTime

Spectra Visibility...

Auto baseline visible spectra
Clear baseline visible spectra
Substract all baseline

Show all baseline

Smooth visible spectra
Resetto raw all spectra

¥ %5 Workspace
¥ & Primary axis
M Spectrum_16
¥ &2 Secondary axis
M spectrum_1

Image 92. Spectra popup menu

The available options are:

e Visibility: shortcut to ‘Curves > Visibility’ menu option.

e Auto baseline visible spectra: executes the autobaseline algorithm to all the
visible spectra of the experiment.

e Clear baseline visible spectra: removes all baseline applied to any visible
spectrum

e Subtract all baseline: the current baselines are going to be subtracted of their
own spectrum

¢ Show all baseline: the system displays each spectrum and its linked baseline at
the same time

e Smooth visible spectra: allows the user to apply the smooth algorithm to the
selected spectrum

e Reset to raw all spectra: alows the user to remove the baseline and the smooth

information linked to the spectra collection

5.5.4 Spectrum popup menu
Clicking over a ‘Spectrum’ curve with the right mouse button the following popup menu

is displayed:

89



£ Metrohm

¥ == Spelec
v Experiments
v Experiment_1.exp
¥ & EcCurves
M EcCurve_ch1_1
G2 EclCurves
= CurvesVsTime
¥ 3 Spectra
M spectrum_1
[ spectrum_186
M Spectrum_31

Visibility...

Change name
Change color...

v Ev Set as dark

Y=
Baseline >
Take derivative. ..

Subtract curves...

Smooth...
Resetto raw...

Export to csv...
Export raw data to csv..
Copy to clipboard

Information...
Sendto ws

Remove curve

Image 93. Spectrum popup menu

The available options are:

e Visibility: shortcut to ‘Curves > Visibility’ menu option.

e Change name: shortcut to ‘Curves > Change name’ menu option.

e Change color: shortcut to ‘Curves > Change color’ menu option.

e Set as dark: shortcut to ‘Curves > Set as dark’ menu option.

e Baseline > Auto baseline: shortcut to ‘Curves > Auto baseline’ menu option.

e Baseline > Manual baseline: shortcut to ‘Curves>Create baseline’ menu option.

e Baseline > Clear baseline: shortcut to ‘Curves > Clear baseline’ menu option.

e Baseline > Subtract baseline: shortcut to ‘Curves>Subtract baseline’ menu
option.

e Take derivative: shortcut to ‘Curves > Derivative’ menu option

e Subtract curves: shortcut to ‘Curves > Subtract curves’ menu option.

e Smooth: shortcut to ‘Curves > Smooth’ menu option.

¢ Reset to raw: shortcut to ‘Curves > Reset to raw data’ menu option.

e Export to csv: shortcut to ‘Curves > Export to csv' menu option.

e Export raw data to csv: shortcut to ‘Curves > Export raw data to csv’ menu
option.

e Copy to clipboard: shortcut to ‘Curves > Copy to clipboard’ menu option.

e Information: shortcut to ‘Curves > Information’ menu option.

¢ Send to ws: shortcut to ‘Curves > Send to ws’ menu option.

e Remove curve: shortcut to ‘Curves > Remove curve’ menu option.
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5.5.5 Curves Vs Time popup menu

Clicking over the ‘CurvesVsTime collection with the right mouse button the following
popup menu is displayed:

v . Spelec
¥ [&] Experiments
v Ensayo 2_5Sexp-3_amp x10_2.e:

¥ & EcCurves
M EcCurve_ch1_1

¥ [ EciCurves

M EciCurve_ch1_1
& Spectra
v . Workspace
¥ [ Primary axis
[ spectrum_16
¥ [ Secondary axis
M spectrum_1

Image 94. Curves Vs Time popup menu
The available option is:

¢ Visibility: shortcut to ‘View > Curves Vs Time > Visibility’ menu option.

5.6 Graphics Display Area

In this area, the graphic windows for the Electrochemical and the Optical curves and for
the opened files are shown.

Normal mosaic view allows seeing every window at the same time

Current (uA)
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o
8]
[

o
o
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200 300 400 500 800 700 800 900
Wavelength (nm)

Image 95. Graphics display (Electrochemical, Optical, Real time and Workspace)
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It is also possible to drag the available windows, change their size and place them in
the desired custom position.

Using the “View” menu in the “Menu Bar” or in the “Shortcuts Bar” it is possible to
change several properties of the Graphics Display Area or of each individual window
plot. In addition, by right clicking on a window, it is possible to zoom or scale the plot,
as well as printing it or saving it as a *.png image file.

5.7 Status Bar

At the bottom of the software window, you can see the status bar that shows to the
user the state in which the software is at a certain moment.

e Disconnected: When the software is not connected to the device the status
Bar only shows the word “Disconnected”.

e Connected: When the software is connected to the device, the Status Bar
shows that it is connected, the name of the device, the mode connected
(SPECTROMETER or PHOTODIODE) and the state of the device
(Stopped/Running). During an experiment, the Status Bar changes the Running
word to adjust it to the process that the device is in that moment
(Conditioning/Deposition/Equilibration/Running) it also shows the time that it
has been in that process. In the Running process, it shows more information
that the time, if it is available; including the potential and the Current (it could be

measured or selected for that time).

Connected | SpectroECL (SPECTROMETER) | Running | Time: 3.720 5, Polential: 0.286 V, Cument -0.003 uA| x=0.116, y=-0.003 Dark YES

Image 96. Status Bar complete view with all components filled with data

e Cursor tool: When the user has the tool “Set Cursor” and moves the

cursor over the selected panel, the “x” and “y” position of the cursor in

the selected panel will be shown in the Status Bar.
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6

6.1

INSTRUMENT SPECIFICATIONS

General specifications

General Specification:

- Power

- PC interface
- LED indicators

- Dimensions
- Weight

Potentiostat/Galvanostat:

- Operating modes

- DC-Potential range

- Current ranges

- Maximum measurable current

- Voltage ranges

- Applied Potential Resolution

- Measured Current Resolution

- Applied Current Resolution

- Measured Potential Resolution

- Potential Accuracy

- Current Accuracy

6.2

Spectrometer cell

5V DC via USB

USB

Power, Status, Measuring
25cmx19cmx 6 cm (L x W x H)
1650 g

BiPotentiostat, Potentiostat, Galvanostat
4V

+1nAto £ 10 mA (8 ranges)

40 mA

+100 mVto +1V (2ranges)

1mVv

0.025% of current range

(1 pA on lowest current range)

0.1% of current output range

0.012% of potential range

+0.2%

< 0.5 % of current range at 100 nA to 10 mA

Image 97. Spectrometer cell closed
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SpectroECL is a portable Bipotentiostat/Galvanostat that combined with the
Spectrometer Cell performs SPECTROELECTROCHEMILUMINESCENCE studies
with Metrohm DropSens Screen-Printed Electrodes. The Spectrometer Cell has an

innovative open-close system (no screws needed) and an easy sensor replacement.

Image 98. Spectrometer cell with a Screen Printed Electrode

Place the Screen-Printed Electrode on the base of the Cell. Then drop around 30 pL of
sample in order to cover the three electrodes system.

Place the lid slowly and make sure that the working electrode is located below the lid’s
hole designed for entrapping the electro-chemical cell. Then add around 20 puL of
sample through the lid and close the cover, with the microspectrometer sensor inside,

carefully.

Image 99. Spectrometer cell with the lid
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Then, connect the suitable CAST Connector to the electrode and fix the Cell with the
Clamp.

Warning: Do not allow any vapour or liquid to penetrate inside the

microspectrometer sensor.

Warning: Do not dispense more than 50 uL over the electrode. Any kind of

liquid can penetrate inside the microspectrometer sensor.

The Bipotentiostat/Galvanostat is the instrument in charge of starting the
electrochemiluminescence reaction by applying voltage or current pulses.
Electrochemical and Spectral data, perfectly synchronized, are shown in real time
using DropView SPELEC Software.

Cleaning:
Avoid the use of solvents as much as possible for cleaning the microspectrometer. If

such use is unavoidable, please use alcohol solvents such as ethyl alcohol.

Handling:
The use of gloves is recommended when handling the Spectrometer cell. Please avoid
touching the microspectrometer sensor with bare hands. Dirt or strains on the window

may cause a drop in light transmittance through the window.

Spectrometer:

- Detector: High sensitivity CMOS image sensor
- Wavelength range: 340 nm — 850 nm

- Optical resolution: Max. 15 nm (Typ. 12 nm) FWHM

- Stray light*: -25dB

- Slit size: 50 pm x 500 pm (H x V)

- Optical NA: 0.22

- Pixels: 288

- Pixel size: 14 um x 200 pm (H x V)

- Cell Material: Polytetrafluoroethylene (PTFE)

* When spectral line of 580 nm is input, spectral stray light is defined as the ratio of the
count measured at the input wavelength, to the count measured in a region of the input

wavelength +40 nm.
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6.3 Photodiode cell

Image 100. Photodiode cell closed

SpectroECL is a portable Bipotentiostat/Galvanostat that can be combined also with
the already available Metrohm DropSens Si-photodiode cell
(DRP-ECLPHOTODIODCELL) performs ELECTROCHEMILUMINESCENCE studies
with Metrohm DropSens Screen-Printed Electrodes. The Photodiode cell, with a Si-
photodiode, has an innovative open-close system (no screws needed) and an easy
sensor replacement.

Image 101. Photodiode cell open with a Screen-Printed Electrode

Place the Screen-Printed Electrode on the base of the Cell. Then drop 50 uL of sample

in order to cover the three-electrode system.
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Place the lid slowly and make sure that the working electrode is located below the lid’s
hole designed for entrapping the electro-chemical cell. Then add around 20 uL of

sample through the lid and close the cover, with photodiode inside, carefully.

Warning: Do not dispense more than 50 uL over the electrode. Any kind of

liauid can penetrate inside the photodiode.

Warning: Do not allow any vapour or liquid to penetrate inside photodiode.

Then, connect the suitable CAST connector to the electrode and close the cell with the

clamp.

The Bipotentiostat/Galvanostat is the instrument in charge of starting the
electrochemiluminescence reaction by applying voltage or current pulses.
Electrochemical and chemiluminescence data, perfectly synchronized, is shown in real

time using DropView SPELEC Software.

The background signal of all PHOTODIODE cells has been calibrated under laboratory
conditions @ 25°C & 50% HR. If during an experiment you observe that some parts of
the ECL curve are lower than zero, please turn the offset knob slightly
counterclockwise (1/4 round should be enough) and repeat the experiment until all ECL

signals has been displayed.

Cleaning:
Avoid the use of solvents as much as possible for cleaning the photodiode. If such use

is unavoidable, please use alcohol solvents such as ethyl alcohol.

Handling:
The use of gloves is recommended when handling the SpectroECL. Please avoid
touching the photodiode with bare hands. Dirt or strains on the window may cause a

drop in light transmittance through the window.
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Photodiode:

- Detector:

- Wavelength range:

- Optical resolution:

- Peak sensitivity wavelength:
- Photo sensitivity at 960 nm:
- PGA Gain:

- Operating Temperature:

- Storage Temperature:

- Cell Material before April 2017:

- Cell Material after April 2017:

Silicon photodiode with preamp (Active Area 10x10 mm)
340 nm = 1100 nm

Max. 15 nm (Typ. 12 nm) FWHM

960 nm

0.62V/nW (310 ECL units/nW)

x1 - x10 - x100

-20 to +60 °C

-20 to +60 °C

Polytetrafluoroethylene (PTFE) (Black Teflon)
Acrylonitrile butadiene styrene (Black ABS)
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Processing of electric and electronic equipment at the end of their service

This symbol, affixed to the product or its packaging, indicates that the product must not
be processed with household waste. It must be brought to an electric and electronic
waste collection point for recycling and disposal. By ensuring the appropriate disposal
of this product you also help in preventing potentially negative consequences for the
environment and human health. The recycling of materials helps preserve our natural
resources. For further information regarding the recycling of this product, please

contact your municipality or local waste disposal centre.
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