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Copyright © 2020 - Arcoptix.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval
system, or transmitted, by any means, electronic, mechanical, photocopying,
recording, or otherwise, without written permission from Arcoptix.

This manual is sold as part of an order and subject to the condition that it shall not, by
way of trade or otherwise, be lent, re-sold, hired out or otherwise circulated without the
prior consent of Arcoptix in any form of binding or cover other than that in which it is
published.

Trademarks

All products and services herein are the trademarks, service marks, registered
trademarks or registered service marks of their respective owners.

Limits of Liability

Every effort has been made to make this manual as complete and as accurate as
possible, but no warranty or fitness is implied. The information provided is on an “as
is” basis. Arcoptix shall have neither liability nor responsibility to any person or entity
with respect to any loss or damages arising from the information contained in this
manual.

The instruments are often customized, and they undergo a very dynamic
development, therefore the information contained in this document may
partly become obsolete without any notice. Arcoptix will appreciate your
tolerance in such cases and we are committed to provide any relevant
information to assure your full satisfaction with the product.
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Warranty

This product is covered by a limited warranty. Using the equipment in a manner not
specified by this manual may impair the protection provided by the equipment.
Information in this document is subject to change without notice and does not represent
a commitment on the part of Arcoptix S.A. No responsibility is assumed by Arcoptix
S.A. for the use of this software, hardware or other rights of third parties resulting from
its use. The software described in this document is furnished under a license
agreement and may be used or copied only in accordance with the terms of the
agreement. The user may make a single copy of the software for archival purposes.

A limited warranty of 1 year is given. It starts 30 days after purchasing the
spectrometer.

Arcoptix S.A. (Arcoptix or Seller) warrants that its products will be free from defects in
materials and workmanship under normal use and service in general process
conditions for the effective period set out below. This warranty and its remedies are in
lieu of all other warranties expressed or implied, oral or written, either in fact or by
operation of law, statutory or otherwise, including warranties of merchantability and
fitness for a particular purpose, which Arcoptix specifically disclaims. Arcoptix shall
have no liability for incidental or consequential damages of any kind arising out of the
sale, installation, or use of its products. Arcoptix’s obligation under this warranty shall
not arise until Buyer notifies Arcoptix of the defect. Arcoptix’s sole responsibility under
this warranty is, at its option, to replace or repair any defective component part of the
product within the warranty period. Except in the case of an authorized distributor or
seller, authorized in writing by Seller to extend this warranty to the distributor’s
customers, the warranty herein applies only to Buyer as the original purchaser from
Seller and may not be assigned, sold, or otherwise transferred to a third party. No
warranty is made with respect to used, reconstructed, refurbished, or previously owned
Products, which will be so marked on the sales order and will be sold “As Is”.

BUYER'S SOLE AND EXCLUSIVE REMEDY UNDER THIS WARRANTY IS THAT
THE SELLER EITHER AGREES TO REPAIR OR REPLACE, AT SELLER’S SOLE
OPTION, ANY PART OR PARTS OF SUCH PRODUCTS THAT UNDER PROPER
AND NORMAL CONDITIONS OF USE, PROVE(S) TO BE DEFECTIVE WITHIN THE
APPLICABLE WARRANTY PERIOD. ALTERNATELY, SELLER MAY AT ANY TIME,
IN ITS SOLE DISCRETION, ELECT TO DISCHARGE ITS WARRANTY OBLIGATION
HEREUNDER BY ACCEPTING THE RETURN OF ANY DEFECTIVE PRODUCT
PURSUANT TO THE TERMS SET FORTH HEREIN AND REFUNDING THE
PURCHASE PRICE PAID BY BUYER.
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Place of Service

Seller shall use its best efforts to assist buyer to resolve all warranty related issues
through Arcoptix customer and technical support as soon as reasonably practicable
after notification by the Buyer of a possible defect. However, the Seller reserves the
right to require the Buyer return the Product to Seller's production facility,
transportation charges prepaid, when necessary, to provide proper warranty service.

Effective Date

The effective date of this warranty shall begin on the date of shipment/date of invoice,
whichever is later. Products are warranted to be free from defects in materials and
workmanship for parts and labor for 1 year with the exceptions indicated below:

Limitations

Products are warranted to be free from defects in materials and workmanship for parts
and labor for 1 year with the following exceptions:

* Any components of the system that are in direct contact with corrosive
materials are warranted to be free from defects in materials and workmanship
at time of delivery but cannot be further warranted due to the unknown nature
of the use of the product.

= Consumable items such as lamps, cuvettes and optical filters are excluded
from this warranty. If a lamp undergoes a catastrophic failure (e.g., no light at
all) within 90 days of shipment from the factory, it will be replaced at no charge.

» Loss, damage, or defects resulting from transportation to the Buyer’s facility,
improper or inadequate maintenance by Buyer, software or interfaces supplied
by the buyer, unauthorized modification or operation outside the environmental
specifications for the instrument, use by unauthorized or untrained personnel
or improper site maintenance or preparation.

» The sole and exclusive warranty applicable to software and firmware products
provided by Seller for use with a processor internal or external to the Product
will be as follows: Seller warrants that such software and firmware will conform
to Seller's program manuals or other publicly available documentation made
available by Seller current at the time of shipment to Buyer when properly
installed on that processor, provided however that Seller does not warrant the
operation of the processor or software or firmware will be uninterrupted or error
free.

» Products that have been altered or repaired by individuals other than Arcoptix
personnel or its duly authorized representatives, unless the alteration or repair
has been performed by an authorized factory trained service technician in
accordance with written procedures supplied by Arcoptix.

= Products that have been subject to misuse, neglect, accident, or improper
installation.
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The warranty herein applies only to Products within the country of original delivery.
Products transferred outside the country of original delivery, either by the Seller at the
direction of the Buyer or by Buyer’s actions subsequent to delivery, may be subject to
additional charges prior to warranty repair or replacement of such Products based on
the actual location of such Products and Seller's warranty and/or service surcharges
for such location(s).

The warranty period for data processing equipment, including data storage devices,
processors, printers, terminals, communication interfaces, tape drives, and/or all
similar devices, is in all cases limited to ninety (90) days from the date of shipment to
Buyer.

Repaired products are warranted for 90 days with the above exceptions.
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CHAPTER 1 Introduction

1.1 Product description

The ARCspectro FT ROCKET is a family of near-infrared (NIR) and mid-infrared (MIR)
scanning Fourier-transform (FT) spectrometers. They are high precision opto-
mechanical devices combining optics, micromechanical actuation and electronics. At
the heart of the FT ROCKET spectrometers is a white-light interferometer, whose
motion is measured with extreme precision by a solid-state reference laser. Dedicated
optical components bring the light through the interferometer mirrors to the detector.

The spectrometers are packaged in a friendly housing, including all necessary
electronics with the A/D converter and the USB data transfer, shown in Figure 1-1:

Figure 1-1 The Fourier-transform spectrometer FT-NIR Rocket. One distinguishes the input
connector for the optical fiber, bringing the light into the spectrometer. Data transfer to the
computer and power supply (for non-cooled detectors) are done by the USB connection.

The ARCspectro FT ROCKET family of fibered spectrometers includes :

FT-NIR ROCKET: covers a wavelength range of 0.9-2.6 micrometers with
InGaAs photodiodes (uncooled or thermoelectrically cooled versions). It can be
coupled via low —OH content NIR fibersand many commerciall available NIR
sampling accessories.

FT-MIR ROCKET: covers a wavelength range of 2.0-6.0 micrometers with
thermoelectrically cooled MCT detectors. It can be used with commercially
available Chalcogenide MIR fibers and MIR sampling accessories.

FT-IR ROCKET (OEM) ARCoptix also commercializes free-space (non-
fibered) versions of the FT Rocket for OEM applications, with wavelength
ranges covering up to 2-12 micrometers using thermoelectrically cooled MCT
detectors (wave-number range 830-5000 cm™). Please contact ARCoptix for
further information.

GASEX and GASEX PORTA MIR spectrometers coupled to a Gas cell
designed for gas mixtures analysis.

Arcoptix S.A.



1.2 Principle of operation

The heart of the FT-Rocket is dual retro-reflector interferometer, schematized in Figure
1-2. The two retro-reflectors are solidary to a common swinging arm, which rotates to
create an optical path difference in the two arms of the interferometer.

Figure 1-2 - The principle of operation of the FT Rocket interferometer

This type of design is called a permanentely aligned interferometer, as the alignment
of the system know to be the most rubust against vibrations and temperature drifts. It
never has to be realigned.

The swinging arm of the interferometer rotates on wear-free flexture system, making
this mechanical system extremely robust and long-lifed.

When monochromatic light enters an ideal interferometer, the signal recorded at the
detectors has the form:

2
1(8) = IyRgsTgs |1 + m cosTé‘]

where I, is the intensity of the light entering the interferometer, Rgs and T are the
beam splitter reflectivity and transmission, m is called the modulation coefficient (which
is close to 1). It is a sinusoidal function of the optical path difference §, whose period is
dependent on the wavelength of light.

The AC component of 1(§) is called the interferogram. Very basically, if the light
entering the interferometer is composed by a continuous spectrum S(v), where v = % is

called the light wave number, Then the recorded interferogram is the integral over all wave
numbers v:

14€(8) = J+OOS(v)m cos (2nu8)da
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The recorded interferogram I4¢(8) contains all information about the spectral
composition S(A) of the incoming light, which can be extracted by using mathematical
operation called a Fourier transformation:

S) = J+°OIAC(6) m cos (2nv8)ds

The spectrometer connects to a notebook or desktop PC via a USB 2.0 port.
Spectrometers also require an additional external 12V DC power supply. The optics,
mechanics and electronics share the same single housing.

The Arcspectro FT ROCKET can connect via the USB 2.0 (or USB 3.0) port to any PC
that uses a Windows 64 bits 7 or 10 operating system and has the spectrometer
operating software installed and configured for use with your Arcspectro FT ROCKET.

An EEPROM memory chip in each Arcspectro FT ROCKET spectrometer contains
calibration parameters and the serial number unique to each spectrometer. The
operating software reads these values from the spectrometer.

The Arcspectro FT Rocket has two or three input connectors, depending on the
version:

= one FSMA receptacle which accepts a fiber optic cable with a standard SMA-
905 connector

= one USB port which connects to a USB host (computer) via a standard USB
cable

» one connector for the external for a 12V power supply

= Optionally on Gasex porta devices an ethernet connector.

Important information and documentation accompany your Arcspectro FT ROCKET
spectrometer upon shipment. This includes:

= Software and manual USB key — Each spectrometer order comes with
Arcoptix software CD. This disc contains all Arcoptix software and manuals for
software operation. Documentation is provided in Portable Document Format
(PDF). You need Adobe Acrobat Reader to view these files.

= USB cable

= 12V DC Power supply (not with USB-powered spectrometer versions)

Arcoptix S.A.
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CHAPTER 2 Installing the Arcspectro FT spectrometer

Important: You must install the operating software application prior to connecting the
Arcspectro FT ROCKET spectrometer to the PC.

The Arcspectro spectrometer operating software installs the drivers required for
Windows to communicate with the Arcspectro FT ROCKET. If you do not install the
software first, the system might not properly recognize the Arcspectro FT ROCKET.

Follow the steps in this section to interface the Arcspectro FT ROCKET Spectrometer
via the USB port to a desktop or notebook PC.

To connect the FT ROCKET Spectrometer to a PC via the USB port, the PC must be
running windows 7/10 64 bits operating system. You must have administrator
privileges in order to run the installation package.

The setup is a semi-automated procedure including the following installation stages:

= Detection and installation of eventual missing packages like 2013 or
2015-2019 C++ redistributable packages.

» |Installation of the main software

= |Installation of the device drivers

= Connection of the device to the computer.

1. Disable or switch off eventual anti-virus or anti-malware application that may
bloc the installation.
2. Run the ARCspectroRocket 3.2.0 Installation Package.exe

3. The installer will verify if the requested versions of the .Net Framework and c++
redistributable 2015-2019 64 bits are already installed. Following message will
be showed:

¥, ARCspectro Rocket Setup *

|

Important Information
Please read the following irformation

1) Some software modules like the drivers may not be installed comectely or blocked by anti-
virus or anti-malware software installed on the computer. So Before starting the installation
make sure that anti-virus software is desactivated during installation

2) make sure that on windows 10 computer the feature NET framework 3.5 SP1 is tumed on
Please go to “Windows Features on or off” and select option NET framework 3.5. This will
install the feature

3) Notice that the installer will install also C++ redistibuable 2013 and 2015-2019

4) Click allow if you are asked to allow Aodaqwin exe software to make network connection
there is an intemal network {ntemal to the computer) connection between the arcoptix rocket
software and the AoDaqwin .exe that will be launch by the arcoptix software.

Thank you

Bk o
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If not, the installer will install the redistributable C++. However, it will not be able to

install missing .NET libraries.

4. Follow the installations steps

5. At the end of the installation device driver will be installed libusb-win 32

Device Driver Installation Wizard

Installation Wizard

the software you cumently have installed

Driver Name Status

% ARCoptix ARCspectro A... Ready to use
v libusb-win32 {ibusb() lib Ready to use

6. Software in now installed

Completing the Device Driver

The device driver installation wizard did not update any of your
software for your hardware devices because it was not better than

Cancel

7. Once the software and drivers are installed you may check in the device
manager of windows if the Gasex is correctly recognize by windows (if you
connect the USB to the computer (and switch on the device). It should be

recognized as a libusb-win32 device.

you can launch the application called ARCspectroMD.exe directly in the start
menu of windows or via the Explorer in the program Files / Arcoptix folder as

shown below

L ey item = T 1 Select all
(v
1| Easy access =~ Select none
Naw Properties
falder )
Mew Ipr Swloet
ARCoptix > ARCspectro Rocket 320 Aodag - x64

-

T AnDACWIn sie
B arcoptixico
| ARCoplucpng
ARCsoftARCspectroMd.dii
*| ARCsofrSenuencerdll
B ARCsof 18uagicn
T ARCsoft 4848 Tester ico
B ARCspectiomD exe
% ARCspectroMD.exe.config
Naticnalinsruments.Analysis.E

Nationalinstrumen:

Nationallnstruments. ULS|

Nationalinstruments. UL W

v sansation.ntf
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2.3 Hardware installation details

2.3.1 USB connection

The FT Rocket operates via a
USB 2.0 or higher connection.
You need to connect the
spectrometer to your PC
using the USB cable supplied
with the spectrometer.

2.3.2 Power supply connection
Connect the 12V  power
supply to the spectrometer.

2.3.3 Optical input

The standard connection for
the spectrometer is a SMA-
905 fiber port. Remove the
blue cap and screw in you
optical fiber.

Arcoptix S.A.



On the FT-IR 2-12 (and
some customized
systems), the fiber coupler
is external and removable.
This is useful if you want to
couple a free-space
propagating beam into the
spectrometer.

To remove the fiber
coupler, you need to use a
2.5mm Allen key.
Untightening the 2 screws
on the fiber coupler
diagonal will release the
fiber coupler.

-14 -
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2.3.4 Purge gas connection

Some of the Arcoptix spectrometers are
equipped with a descicant that filters out
the water vapour and CO2 present in
the interferometer. Since the
spectrometer is not fully hermetic to
gases from the outside (there is always
some leakage), the descicant will
saturate after a certain time (typically
one year). The descicant is placed in a < '

holder accesible from the top side of the - R
spectrometer. If the descicant becomes s
saturated, water vapour and CO2 absorption lines will become more pronouced. To
reduce the impact of those lines (that may interfer with gases the user wants to
measure), it is recommended to repalce the descicant with a fresh one. For doing so,
unscew the descicant cover (6 screws) and repalce it with the fresh the descicant
(with the inscriptiions looking upwards) as showed in the picture. Finally close the
holder again with the 6 screws. Notice that the descant saturates very quicly in an
open environment (outside his plastic package or outside the desciant holder). The
replacement operation has to be performed quickly (open the holder before openenin
the desciant package). You will have to wait for a few hours before the level of water
vapour significately reduces inside the interferometer (spectrometer). New
Descicants can be ordered directly from Arcoptix.

Arcoptix S.A.
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2.4 Example measurement set-ups

2.4.1 Transmission measurements
In a setup for transmission/reflection, you will need:

2 fiber optical cables. Take optical fiber with large core diameter (i.e. 600 um
to 1000 um) to assure optimal coupling condition and no loss of intensity.

A sample, cuvette holder or probe

A fiber-coupled light source

Light from the lamp is sent via optical fibers to a sample holder (or any other sampling
accessory). The sample transmission is collected via fiber optic and sent to the
spectrometer, as shown in Figure 2-1:

Optical fiber

ARCspectro
FT Rocket

Cuvette Holder / Probe

Computer

Figure 2-1 - Typical transmission measurement set-up

The following steps have to be performed to prepare for a measurement:

Connect the optical fiber to the lamp.

Connect optical fiber to the sample holder/probe for illumination. Note that there
are sample holders and probes that have different connections for illumination
and measurement.

Connect an optical fiber to the sample holder/probe and the spectrometer. It is
recommended to use fibers with core diameters of at least than 500 um.

Arcoptix S.A.
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4. Switch on the light source. If your light source has a shutter or an attenuator,
ensure that these are open.

5. Connect the spectrometer via USB port to a PC with Arcspectro software
already installed.

6. Start the Arcspectro program. This may take several seconds because of
initialization and calibration that have to be loaded.

7. Start a single measurement by pressing the “Read” button _

The spectrometer and its software are now operational and allow you to use all
features described in CHAPTER 3.

2.4.2 Reflection measurements

In similar way as transmission measurements, you can perform measurements in
reflection. A possible setup is shown below in Figure 2-2. Reflection probes are
available by different suppliers. These reflection probes usually contain several
illumination fibers and one analysis fiber.

NOTE: Choose fibered optical probes with large core diameter fibers (e.g. 600um) for
optimal performance.

USB

ARCspectro cable

FT Rocket

Lamp

Cptical
fiber

Probe
Optical fiber

Computer

Figure 2-2 - Example of a reflection measurement setup employing a fibered reflection probe

Arcoptix S.A.
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Lasers can be measured by directly shining laser light into the spectrometer via an
optical fiber of free-space entrance port.

Note that pulsed lasers (or pulsed sources in general) can only be measured if their
repetition rate is faster that the FT Rocket interferometer modulation frequencies.
Typically, only lasers with repetition rates above 25kHz can be measured. Please
contact Arcoptix for further information.

Another important aspect is the beam power limitation, in order to avoid detector
damage:

1) The CW, average or peak power of pulses longer then 1us must not exceed
25mW

2) The peak power of pulses shorter than 1us must not exceed 100W
3) For repeated irradiation with pulses shorter than 1 us, the equivalent CW

irradiation, i.e. average power over the pulse-to-pulse period should be less
than the cw maximum power  according to equation:

(Equivalent CW radiation power) =
(pulse peak power)*(pulse duration)*(repetition rate)

Failing to respect these beam power limitations will result in loss of warranty.

Arcoptix S.A.
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CHAPTER 3 Arcspectro FT software

The Arcoptix FT ROCKET spectrometer is controlled by an application program.
Spectral data is shown in the main window which is presented when the program is
opened, presented in Figure 3-1:

B ARCspectro FT - O X

SIAITHC] ¢ EERIEE]

File Tools Mesureoptions Help

Loar esaa

Detection Gain Low v || Spectrum Average |1 /2 |E| DomainPlot Wavelength  ~

2865

1000 -

1 | | | [ 1 1
2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000

‘Wavelength (nm)
Acquisition progress _
E3 Add Cursor Remove Cursor B Remove Cursors
Device Connected: ARCspectro iR602 (v2.235)5N1806-32-A-MIR-C-20-120 saturation [ NG

Notice that once the program is started, the spectrometer is still not connected to the
software and measurements cannot start directly. The user should first connect the
spectrometer to the software with the connect to spectrometer button (see below).

It is important to understand that the software works with two executables:

1) A “server program” called AoDAQWin-exe that will be started in background on
the computer. You may be requested (by windows security service) to authorize
this executable to be started. This AODAQWin will be responsible to
communicate with the spectrometer and also to make all the required signal
processing (as for example the Fourier transform of the raw signal). This
AoDaqgwin executable will be started in background when connecting to the
spectrometer (as explained below).

2) A“client program” as described in the figure above that is responsible to display
(load, save, zoom,...) the measured spectra (preprocessed before by the
AODAQWin executable that works in background.

Both programs described above will communicate with a (internal to the computer)
TC-IP connection.

Arcoptix S.A.
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In general, the program conforms to standard Windows conventions. For sake of
brevity, features that are common to other windows programs (e.g. the dialog box for
saving a spectrum is similar to that used for saving files in other programs) are not
described. The window contains a menu bar, a toolbar and some other option bars that
will be explained below. Above the measurement window the toolbar a line indicates
important parameters such as the amplifier gain, resolution and the plot type.

Arcoptix S.A.
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In order to connect the software to the spectrometer we need to setup a TCp-IP
connection. This connection can be either

1)
2)

Internal to the computer via the address 127.0.0.1 (of the current computer)
External if the device is connected to the network or directely to the computer.

More info can be found in Annex at the end of the manual.

In case the spectrometer is connected via USB to the computer it is the internal
connection to the computer that we will need to set-up.

1)

2)

3)

4)

Make sure that the spectrometer is connect to the computer and it is powered
(12V).
Click connect to spectrometer

\_3 ARCspectro FT

File Tools Mesureoptions Help
Qo
Detection Gain Lo =| | Spectrum

| Connect to cpectrometer L

Click connect to USB Device (if it is usb connected).
Notice that for a ethernet connected spectrometer either click search for device
and it will give all the connected spectrometers visible on the internal network
or enter directly the address of the device and click “connect to ethernet
device”.

Wait for a moment. There will be a server application called AoDAQWin-exe
that will be started in background on the computer. You may be requested to
authorize this executable to be started. This AODAQWin will be responsible to
communicate with the spectrometer and also to make all the required signal
processing. This application may require important CPU resources and it is
better not have many tasks running in parallel. Also notice that a message
“Aodaq process is already running” may appear. Just click ok it this case.
Waiting time maybe up to 1 minute.

Device connected you will see in the status bar the serial number of the device
appearing. You can now begin the measurements.

1 1 1 I
1000 2000 3000 4000 5000

Acquisition progress

Device Connected : ARCspectro iR602 (v2.235)SN1806-32-A-MIR-C-20-120

Arcoptix S.A.
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The File menu is used to access data storage and print functions.

D ARCspectro FT Open... Presents a standard
gl Fie [Foec R e catine Lkue Windows dialog box to open data. Only
; Open... . . . .

;“ Sp € binary files with the extension

“wk

.arcspectro” are accepted. The loaded
spectra will be shown in a different color
sl on the screen. To delete the most recently

Export Displayed Data of Last Opened Spectrum to Spreadsheet... I

Export Interferrogram to Spreadsheet...

Exit loaded spectra use the return button.

oo

g A In the case that no baseline was

measured with the original data the following message is shown.

Mo Baseline Detected

The newly loaded signal does not have a saved baseline,
Absorption and Transmission modes will be disabledfor this signal.

Save... Presents a standard Windows dialog box to save data. The file is saved
as binary file and can be used for further data processing only with the ARCspectro
software. It can be opened with the “Open” command. Only binary data can be saved.
The extension is predefined as “*.arcspectro”. All data will be saved containing all
spectral information and a baseline.

A path and a filename have to be chosen and the data can be saved.
Export Displayed Spectrum to Spreadsheet...
Allows saving data in text spreadsheet format.

ONLY THE LAST RECORDER DATA WITH THE WAVELENGTHS RANGE AS
SHOWN ON THE SCREEN WILL BE SAVED.
This includes functionalities like absorption and transmission. For example, if a spectra
that shows absorption values in a narrow spectral range is exported you will only find
these data in text file. The output format of the TXT file is shown here below:
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| test.txt - Notepad — O X

Eile Edit Format View Help

Date: 2021/07/07 A
#Time: 15:42:56

#Gain: Low

#Wavenumber (cmt-1) Wavelength (nm) Displayed Spectrum

834 1199@.4076738609 476.988677978516

836 11961.7224880383 486.548706054688

838 11933.1742243437 A498.433807373047

84@ 11904.7619847619 508.818115234375

842 11876.4845605701 516.566772460938 -
Ln 1, Col1 100%  Windows (CRLF) UTF-8

Some indications about the measurements (3 first lines) and then 3 tab separated
columns indicating: the wavenumber in cm-1, corresponding wavelength in nm and
displayed spectrum in A.u.

Exported files have no extension and can be opened with conventional programs (such
as excel) for further processing.

Export Interferogram to Spreadsheet

Allows saving interferogram data in text spreadsheet format. Exported files have no
extension and can be opened with conventional programs (such as excel) for further
processing.
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3.2.3 The Tools Menu

The Tools menu allows the user to access the Sequence measurement function. It
gives the possibility to perform and analyze time series measurement. Two submenus
are available. Sequence measurement and Sequence viewer. Please

File _TcEis_] Mesure options  Help
Sequence Measurement.., E

Create Matrix from files

Jetecti Sequence Viewer.., et

253 Device Satus Params

Please refer to section 4.3.4 below in the manuel for further details about sequence
measurements.

3.2.4 Measure options
These are advanced features, they are discussed in chapter 4.3 .

Gle  Tools | Mesure options ] Help
] ﬁ Interferrogram Apodization ’ l
Activate Dark Substraction

tection Gain : z D
. Prepare Irradiance Function

2534 — Save Irradiance Transform to File
Loadlrradiance Transform from File
2000 - Load Reference Baseline
3.2.5 Help

Opens a window that provides information of the software version.

vlesure options

15
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About ARCspectro FTIR

ARCptix

Switzerland

ARCspectro Rocket
Version 3.2.0.0

Copyright © ARCoptix S.A. 2019
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)

Open spectrum - Presents a standard Windows dialog box to load
already saved data that were saved as binary files. Several graphs can
be loaded and shown in different colors on the screen.

2

Save Graphic - Presents a standard Windows dialog box to save the
active graph. Saved data represents all information with complete
spectral range and baseline. Data are saved in binary format. For text
format please EXPORT... data.

®

Remove last loaded spectrum - Remove spectral data in the graph
from the screen in the order of loading. The most recently loaded graph
is removed first.

pr
[14]
[ E
=t

Read - Starts a measurement. The button appears grey if the
measurement is in progress.

Read continuously - Collected spectra on a repetitive basis. Data
collection is initiated upon selecting this option, and is terminated by
pressing the button again.

Set baseline spectrum — Sets the current measurement as baseline
(reference) measurement and stores it for further treatment in local
buffer. This operation has to be done before transmission or absorption
measurements can be evaluated.

8§ 8 6

Set dark spectrum - Sets the current measurement as dark (no light )
measurement and stores it for further treatment in local buffer. This is
useful when a constant background is present and needs to be removed.
The dark substraction also has to be activated, see Chapter 4.3.2

Spectrum - Sets the measurement modus in spectra mode and shows
the raw spectral data recorded by the spectrometer.

B

Absorption - Sets the measurement modus in absorption mode and

shows the absorption relative to a white baseline measurement ¥ that
has to be done before.

ﬂ

Transmission - Sets the measurement modus in transmission mode

and shows the transmission relative to a baseline measurement a that
has to be done before.

O

Zoom Tool - Allows manual scaling by click and drag. Double click in the
. i
measurement window performs a autoscale
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Move graph - On activating the graph can be moved laterally.
B

Autoscale - Expands/contracts the vertical axis so that the minimum and
afale maximum intensity and spectral range of the spectrum are at the
minimum and maximum of the plot. Is also performed when the active
window is double clicked.

rT-! Show interferogram - Shows the raw data of the interferogram recorded
i by the device. The data are plotted against the optical path difference
OPD.

Cursor toolbar - Opens a courser toolbar at the bottom of the window.
Please see the detailed explanation below.

-@- Graphing options - Opens a graphing options window at the right of the
. window. Please see the detailed explanation below.

NOTE: If you are collecting data on a continuous basis or on a timed basis, some of
the buttons are not active.
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3.4 Options Bars

Detection gain Shows the amplification e  Toos Hep

setting of the detector electronics. Four values can
be chosen: Low, Medium, High, Extreme ﬁ . @ |@ . ‘ i

Detection Gain Law| | Boxcar |
5 flOW
T M
High
45— Extreme

Scans to average Several scans can be
averaged using this option, e.g. in order to reduce o
measurement noise. The acquisition can be i | @

[ o
Srale

stopped by pressing the @ button. (&1 scans toverage 1 [$i[E]| poman i

Domain plot Determines whether the x-axis scale

is given in Wave-number (cm™) or Wavelength @ | @@ @4 =3
(nm). ||ﬂ

:| Domain Plot |iavelengt| |:
Wavelength

Wavenumber

Arcoptix S.A.



-29 -
3.5 Status bars

On the lower left part of the console is an Acquisition Progress indicator.

Acquisition progress _

On the lower right part of the console is a Detector Saturation indicator. It gives
information on the signal level. If the indicator turns red the detector is saturated and
the detector gain level or the light intensity have to be lowered.

Optimal signal levels:

acquisition progress [

Device Connected : ARCspectro iR602 (v2.235)SN1806-32-A-MIR-C-20-120 sauretion [

The signal level varies between 100% and 10%

Saturation:
Acquisition progress |
Device Connected : ARCspectro iR602 (v2.235)SN1806-32-A-MIR-C-20-120 (ATTENTION: Noninear zone) Saturation -

Either the detection gain should be decreased of or light level should be reduced.

Signal level is too low:

|| Device Connected ; SH-2-005-01.01-08.11-01.01.01-FRO Saturation H

Detection gain or light intensity should be increased for optimal measurement
performance.

If the Detection gain is changed, a click can be heard from the instrument, confirming
that the operation was successful.

At the left of the bottom line the serial number of the actually used system is indicated.
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3.6 Cursor Toolbar

The cursor toolbar allows showing cursors on the screen to compare measurement
results and determine points of special interest. Cursors can be moved by click and
drag either on the cursor position or on the lines that guide the eye. Cursors can be
added and removed only when acquisition is switched off. Cursors stay visible when a
new acquisition cycle is started. Values of actual cursor positions are shown. The
screenshot below gives you and impression of the functionality.

B ARCspectro FT = [m] X
File Tools Mesureoptions Help
U B8 0B 80 8O B E
Detection Gain Low ~ | | Spectrum Average 1 :@ Domain Plot Wavelength ~ ~
0.15752 —
0.14 -
0.12 5
01+
£
E 008
< o005+
004 -
TR 8 (5963 8. 0.025695)
0.02 -M \ [ W WL M ——— \—M
00044687 1 1 [} 1 1 | I I | |
2161.8 3000 4000 5000 6000 7000 8000 9000 10000 11000 11988
‘Wavelength (nm)
Acquisition progress _
Device Connected : ARCspectro iR602 (v2.235)SN1806-32-A-MIR-C-20-120 el

Figure 3-2 - Sample measurement with cursor toolbar and two cursors. The cursors can be moved
by click and drag.

The cursor toolbar below the measurement window has the following buttons:

Add Cursor — Activates a new curser.

a Remove Cursor — Re moves most recently activated curser

Remove Cursors — Removes all cursers

Note: Cursers cannot be moved when Zoom or Moving option are activated. Please
deactivate this function to move cursers.
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3.7 Graphing options

If you push the graphing option button a side menu becomes visible on the right
that allows you to change your graphing. There are four levels:

Graph Plot Zoom Colors
Flat | Zaom || Colors Graph | : Zoom || Colors Graph | Plat i i Graph | Plot ;
Samples Zoam on Axis Graph Plot and Background
[ Shaw Samples on Graph ‘X—‘Y 7 Backgtaund Color
Paint Size
4 =] ® O [} Plot Color
Apply to # adis -
i Baze Domain Range Line Width
Bz Min 2 =
Az 1000.00 = )
Xfﬁxls Scale - 54 fsis M
Ly (o [2600.00 5
¥ dis Scale ¥ iz Min
[Linear ™ j l0.00 =
bt M _
|2.00 =2
3.7.1 Graph

The graph submenu allows you to choose grids and to set linear or logarithmic scales.

F,' None - Removes the grid from the graph
/A

Major - Set a major grid.

Minor - Set a minor grid.

The axis check boxes for x and y axis scale gives you the possibility to set the axis
scale to predefined values (linear or logarithmic).

3.7.2 Plot

The plot submenu gives you the possibility to show the data points and to choose a

convenient point size. In samples box you can switch on and off the sampling points
and chose their point size.
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The following functionality has to be used together with the zoom button .

W When checked allows zoom in both axes.

When checked allows zoom only in x axis

When checked allows zoom only in y axis

The axis range can be set completely manually. In the box shown below axis
parameters have to be given. Depending on the either wavenumber or a wavelength
is chosen as “Domain Plot” option the values have to be wavenumber [per cm] or
wavelengths [nm].

Baze Domain Range
= Az Min

1000.00

X Az Man

2600.00
' Az Min

-0.04 )
' Aiz b an
1.28

<

[<l¥]

.v.'

Please press update to activate new numbers.

Color submenu allows changing background color, plot color and line width for the
screen. There are predefined values from which one can choose through scroll down
menus.
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CHAPTER 4 Measuring with the Arcspectro FT Rocket

The Arcoptix FT Rocket spectrometer is typically used to measure transmission
spectra using a cuvette and a sample holder. This chapter describes the general
approach to collecting data and presents a series of suggestions to optimize the quality
of measurement. Since the spectrometer can measure the spectrum of a broad range
of samples in a large number of applications, the information presented in this chapter
is somewhat general in nature. The analyst will likely find specific information about
sampling and collecting spectra for the specific sample in the general scientific
literature.

A cuvette and a sample holder are used when the spectrum of a liquid is to be obtained.
The standard cuvette has a 1 cm path length (although other lengths may be used)
and requires approximately 2 mL of sample. If the available sample is less than 2 mL,
a number of smaller cuvettes are available and an adapter can be used to reproducibly
position the cuvette.

NOTE: It should be noted that the absorbance of a sample is proportional to path
length, and using a thinner cuvette will be beneficial for samples with large absorbance
values.

The cuvette is an integral part of the optical system, and should be handled with care.
The following points should be noted to ensure the fidelity of collected spectra:

¢ In case of a transmission measurement with cuvettes: always place the cuvette
in the light path so that the same wall plane faces the incoming light to ensure
a constant path length.

o Do not get fingerprints on the optical faces of the cuvette. If you accidentally
touch an optical surface, wipe it off with a lint free tissue saturated with
methanol and allow the methanol to evaporate.

o If an optical surface of the cuvette is scratched, chipped or becomes cloudy,
position the cuvette in the sample holder so that the light does not go through
that surface.

e The sample should be dissolved in a suitable solvent and should be
homogeneous. Spectroscopic grade or other highly purified solvents should be
used whenever possible. If the source of the solvent is changed, verify that the
new solvent and the old solvent are equivalent and collect a new background
spectrum. If the sample contains particulate matter, make sure that it is filtered
to remove the solid material. If there are air bubbles in the sample, remove
them before taking a measurement. Air bubbles are occasionally observed in
aqueous samples that have been allowed to sit undisturbed for a period of time.
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Install the hardware system correctly by connecting fibers properly and switch on the
source. Connect the spectrometer and start the software. Adjust the intensity and the
detection gain to operate in the optimal range. A Halogen lamp of sufficient power is

recommended for operation. Click on “Read” to start an acquisition. Figure 4-1
below shows you a sample measurement in the wavelengths domain. Data are
collected in 2.5s, but the measurement takes typically 1.5s more because of additional

m
signal processing that has to be performed. If the option “show interferogram” is
activated, the interferogram related to the spectra is also shown.

\.& ARCspectro FT e O X
File Tools Mesureoptions Help
O B8 0EB80U BS0&E =GEE
Detection Gain Low * | | Spectrum Average | :@ Domain Plot Wavelength  ~

2934 —

i S

Spectrum

1 1 1 1 1 1 1
2000 3000 4000 5000 6000 7000 8000 3000 10000 11000 12000
Wavelength (nm)

4E+06 —

2E+D6 —
=
5 gl
-2E+06 — I

-3E+06 T 0
-0.0013 -0.001 -0.0005

|
0.0005 0.001 0.0013

0
OPD (um)
Acquisition progress _
Device Connected : ARCspectro iR602 (v2.235)5N1806-32-A-MIR-C-20-120 sawration ||

To get access to functionalities like absorption and transmission measurements, you
need to measure a reference spectrum. Place a reference sample (it is often just an
empty cuvette) in the sample holder and collect the background (baseline) spectrum.

S
Read

To do so, perform a measurement with “Read” i and then press the “Set baseline
spectrum” button . The following functions get accessible (highlighted):

Spectrum, Transmission, Absorption.
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Measure the reference sample again in transmission mode ( ). The result will be a
transmission value of 1, apart from measurement noise, all over the usable wavelength
range, as shown in Fig. 4 - 4 below.

\B' ARCspectro FT e O X

File Tools Mesureoptions Help

o8 EBnEB8nL soe BBaE

Detection Gain Low v |  Spectrum Average |1 |5 @ Domain Plot
2—
15
: —
=
o
-
05
0 I | I | 1 1 1 1 1 |
2000 3000 4000 5000 6000 7000 8000 5000 10000 11000 12000
Wavelength (nm)
Acquisition progress _
Device Connected : ARCspectro iR602 (v2.235)5N1806-32-A-MIR-C-20-120 saturation [

Figure 4-2 — Checking the noise level in the baseline

NOTE: If appropriate, the background spectrum can be taken using an empty cuvette.

The spectrum of a standard should be collected on a periodic basis (in many
laboratories, a sheet of a polymer is employed as a standard). The standard should
have a number of absorbance bands spread across the spectral region. When the
spectrum of a standard is collected, the analyst should check that the intensity of the
bands and the wavelength remains constant over time.
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4.3 Advanced Features - Measure Options Menu

The software offers some advanced options that are both accessible using the
Measure Options Menu. Before using these options, make sure that you understand
what they do by reading the following paragraphs.

Gle  Tools | Mesure options . Help
] ﬁ E Interferrogram Apodization » l
Activate Dark Substraction
Seclion G Prepare Irradiance Function -]
2934 —

Save Irradiance Transform to File
Loadlrradiance Transform from File

Load Reference Baseline

=T

4.3.1 Interferogram apodization
The spectrum that is produced by the software is, by default, produced by Fourier
transformation of the unapodized interferogram (None).

This Interferogram Apodization option allows you to apply a Weak, Medium or Strong
Norton-Beer type apodization (and some others) to the interferogram before the
Fourier transformation. The main effect of Interferogram Apodization is to smooth the
spectrum. It can also eliminate ripple effect on the spectra. Finally, it may also enhance
the linearity of absorption measurements if narrow bands are present such as in gases.

Generally, we recommend to work with Norton-Beer weak apodization.

File Tools | Mesure options ' Help

a E‘ Interferrogram Apodization ] | None E

d Activate Dark Substraction | Weak (Norton-Beer) ‘

Stechon e Prepare Irradiance Function Medium (Norton-Beer)

2865 4 Save Irradiance Transform to File Strong (Norton-Beer)

Loadlrradiance Transform from File Happ Genzel
Fet Load Reference Baseline Blackmann Harris 3
Blackmann Harris 4

2000 -} Triangular
g Hann
.E Tukey
i 1500 Cosine

As for the Interferogram Averaging, a clear and visible interferogram center burst must
be available for the method to operate effectively. When measuring very weak signals
or narrow spectra, set the apodization to None.
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One particular advantage of Fourier-transform spectrometers over dispersive
instruments is that detector dark current signal is not producing any dark (offset)
spectrum. This is because only the AC components of the detector signal (the

interferogram) are carrying spectral information.

In certain specific situations, a dark background signal may be present. In this case
background subtraction may be needed. For example, when connecting an internally
illuminated integrating sphere, some light is sent to the spectrometer even when no
sample is placed on the measurement port, as shown on Figure 3 - Dark signal

measured with an internally illuminated integration sphere

0~ I 1 1 I [
500 1000 1200 1400 1600 1800 2000 2200
‘Wavelength (nm)

Acquisition progress | e ]

Device Connected : SN1401-03-A-NIR-U-09-026 Saturation l

125 ARCspectro T
File Tools Mesureoptions Help
oeE. Ee (B0 B0 B8E
|
Detection Gain Medium ~ | Boxcar Width 100 Interf, Average T |5 i@‘ Domain Plot Wavelength
69 toolStripButtonl ’7‘

—— e e e W e

Press the Dark Reference button

to store this measurement as the dark

spectrum. Then go into the Measure Options menu and activate the Dark
Substraction option. The software will now substract the Dark Spectrum from the next

measured

spectra

You can now proceed as usually by measuring the (white) baseline reference spectrum

and then switch to any measurement mode (transmission, absorption).

The Arcspectro software disposes of an interface for calibrating the spectrometer for
irradiance measurements. In order to perform such an irradiance calibration, the user

needs:

= A calibrated light source
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= A data file containing the irradiance values of the calibrated light source at
wavelengths between 900 and 2600nm (or the equivalent wavenumbers).

Connect the calibrated light source to the spectrometer and tune the light intensity and
gain level to obtain a satisfying signal level.

b ARCspectro ANIR
File  Tools  Advanced Help

— ) = uo W ey
gL Eesal rEsossNGeE
Detection Gain  Low = |Boxcar ‘Width (nm}) |Spectrum fverage 1 F3;:| Domain Plot Wavelength -

B138 =

5000 —
4000 —

3000 —

Spectrum

2000 —

1 ] ] ] 1 ] ] ] ] ]
900 1000 1200 1400 1600 1800 2000 2200 2400 2600
Wavelength [nm]

Acquisition progress

Device Connected ¢ SM1008-01-A-HIR-L-09-026 Saturation i

NOTE: performing averaging (either by spectrum or interferogram averaging) in this
measurement is strongly advised to reduce noise, as noise in the light source
measurement will propagate as fixed pattern noise to subsequent irradiance
measurements.

In the Advanced menu, select Prepare Irradiance Functions:

Tools | Mesure options | Help
j E Interferrogram Apaodization »
Activate Dark Substraction

i L Prepare Irradiance Function

ave |rradiance Transform to File
Loadlrradiance Transform from File

Load Reference Baseline

This will open a new window interface helping you to prepare irradiance data:
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Prepare Irradiance Function

Wavenumber /W avelength Vectorz

S
Generate Wavenumber vector in cm”™-1 | SR I

Generate Wavelength vector in nm [ i avelengths.. |

Iradiance Rerefence

Load iradiance reference based on a wavenumbers vector [om”™-1] [ Load Ref - wavenumbers... J

Load iradiance reference based on a wavelength vector [nm) I Load Ref - wavelengths... ]

Cancel

The upper part of the window, Wavenumber/Wavelength vectors, allows you to
generate text-format files with the internal Wavenumber (or Wavelength) grid, while
the lower part , Irradiance Reference, allows you to load data into the system.

The calibration procedure can be realized either in wavenumbers or in wavelengths.
Pressing the Wavenumbers button in the Prepare Irradiance Function window will open
a dialog to save a file:

Save As E

Savein: |2 Iradiance Measurements

<|

=

B
;

= §
52
My Recent
Documents

Desktop

My Diocuments

==
58
My Computer
‘3 File pame: W avenumbers [s]
MyNework | Saveashpe | TestFiles [tu) [v]

The content of the file are wavenumbers in the units of [cm™]:

| wavenumbertxt.. — O X

FEile Edit Format Miew Help
B34 A
836

838

848

842

844

846

848

858

852

oc A

1000 Windows (CRLF) UTF-8
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Note that a similar file can be generated with wavelengths in the units of [nm] by
pressing the Wavelengthss button in the Prepare Irradiance Function window.

NOTE: due to the Fourier-transform functioning principle of the Arcspectro FT
ROCKET, the generated wavenumber vector is equally spaced but the wavelengths
vector is not.

In order to calibrate the spectrometer for irradiance measurements, the user needs to
interpolate irradiance data from the calibrated light source data file onto the
wavenumber (or wavelength) vector in the file just generated, with the help of an
external program (e.g. EXCEL or MATLAB). Then a text file must be generated with
two-columns [Wavenumber Irradiance] separated by a tab character as in the
following example:

| blackBody_nWem__attenuated 100x.txt - ... = [l X
File Edit Format View Help
2800 20377 .873279 A
2a2 20453 ,314686
304 20528.771659
306 20604 ,243588
808 20679,729865
a1e 20755.229884
812 20830.743040
814 20906.268731
816 20981 .806355
818 21857 .355312
820 21132.915085
822 21208.484837 v
Ln1, Col 1 100%  Unix (LF) UTF-8
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Once the two-columns text file is ready, go back to the Prepare Irradiance Function
window and press the Load Ref — wavenumbers button (or Load Ref — wavelengths
button if you prepared a reference file based on wavelengths).

Prepare Irradiance Function

whavenumber /W avelength Yectarz

Generate Wavenumber vectar in om™1 [ il ey iinbe S ]

Generate Wavelength vectar in nm [ i avelengths.. |

lradiance Reretence

Load iradiance reference based on a wavenumbers vector [cm™-1] l Load Ref - wavenumbers. . |

Load iradiance reference based on a wavelength vector [nm) I Load Ref - wavelengths... ]

Cancel

In our example, we prepared a two-column file called
BlackBody3450K_Wavenumbers.xt :

[ Open @

Look n: | |9 Iradiance Measurements ~ 3 * G-

5 i
£) [Z] wavenumbers.bxt

My Recent
Documents

Desktop

My Documents

F
e
My Computer

‘_} File name: | BlackBody3450K_ ‘W avenumbers tt | |
My Netwark Files of tupe | Tent Files () [+

Choose the file and press Open.

Once the file is loaded, you are allowed to press the OK button to validate the
calibration:

Prepare Irradiance Function

Wavenumber /W avelength Wectorz

S
Generate Wavenumber vector incm”™-1 [ e ]

Generate Wavelength vector in nm [ ‘wavelengths... |

Iradiance Rerefence

Load iradiance reference based on a wavenumbers vector [cm™-1] [ Load Ref - wavenumbers... J

Load iradiance reference based on a wavelength vectar [nm) I Load Ref - wavelengths... ]

[ Cancel H 0K ‘
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IMPORTANT NOTE: interpolating the irradiance data onto the spectrometer
wavenumber (or wavelength) vector is NOT made internally by the Arcspectro
software, as this procedure may differ depending on the resolution of the irradiance
data file thus requiring expertise by the user.

If you try to load a file with wavenumbers (or wavelengths) differing from the required
ones, the system will display the following error:

| Bad Wavenumber Values @

Please make sure that vou are using the properly generated
wavenumbers For the connected device,

If this happens, check the format of your file and the wavenumbers (wavelengths) data
and try loading it again.

Back in the main GUI window, a new button will appear in the Tools bar. Click on
it to display irradiance values.

\_a ARCspectro FT = O X
Fnle Tools Mesure options  Help
Sl To R RS [ATTI TS ﬁ&i I
Detection Gain Low * | Spectrum Average 1 ’E Domain Plot
609 =
500 —
400
8
£
'E 300 -
-
200 —
100 —
134 1 1 | 1 | I 1 | 1
83333 1500 2000 2500 3000 3500 4000 4500 5000
Wavenumber (cm™1)
Acquisition progress —
E3 Add Cursor [ Remove Cursor 3 Remove Cursors
Device Connected : ARCspectro iR602 (v2.235)SN1806-32-A-MIR-C-20-120 S, |——

Now you can perform irradiance measurements by pressing the read button .

Saving and reloading Irradiance calibration files

Once you have completed the irradiance calibration, the result can be saved and
reloaded for further use. To save calibration data, select Save Irradiance Transform to
File in the Advanced Menu:
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| Mesure options Help

Interferrogram Apodization »

T

Activate Dark Substraction

L) >

Prepare Irradiance Function
'.| Save Irradiance Transform to File I

Loadlrradiance Transform from File

Load Reference Baseline

This will open a dialog window for saving the calibration in a *.itans file.

-

Save As =

Save it ‘Ll‘jlrradiance Measurements |i| € il e M

D

My Recent
Documents

=

Desktop

My Documents

¢

typ Computer

Filz name: |BlackBody3450K v [ sae_|

My Network, Save as type: |\rr. Trans, File [".itrans) |ﬂ [ Cancel ]

To reload the calibration, select Load Irradiance Transform from File in the Advanced
Menu:

Tools | Mesure n;ﬁi-cns“: Help
j E Interferrogram Apaodization »
Activate Dark Substraction

n Gain ‘

Prepare Irradiance Function

—

Save |rradiance Transform to File
Loadlrradiance Transform from File

Load Reference Baseline

NOTE: Modifying the coupling optics from the light source to the spectrometer (e.g.
changing the fiber or focusing optics) is likely to alter the spectrum entering the
spectrometer, thus invalidating the irradiance calibration.
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The Arcspectro software allows you to save a time-series (sequence) of
measurements. To keep operation flexible, the feature allows saving data in two
different formats. The functionality is accessed via the Tool menu that allows opening
two windows.

\5 Sequence Measurement X

Sequence parameters Save format

Sequence pause || 2 |msec

Saves all the data.

Can be opened by this program only.

Limited to 1000 measures (select * txt format for more
[] Use First Measure as Baseline

Total measures |2

| [[<f¥

Seguence name |SequenceName

EC. \Users\jeanj\Deskiop ' Browse

Start

Sequence progress 0

Sequence measurement allows choosing the total number of measurements, the delay
between measurements and a sequence name. “Sequence pause” can be given in
milliseconds (msec), seconds (sec), minutes (min) and hours.

NOTE: The acquisition time is not counted in the “sequence pause” parameter. You
will add the measurement time (which depends of the computer and resolution of the
device).

The save format scroll down menu gives to options for saving: Binary Format or text
format. If you want to use the data outside the measurement program for further
processing you should use the option Spreadsheet-text format.

A box in the save format area allows you save the first dataset as baseline. If not

checked the internal reference as set before by the baseline measurement button
will be saved with the data.

You have to give a sequence name and specify the path where the date should be
saved. There will be an automatic numbering of the file names. If text format is used,
the time when the measurement was performed is part of the file name and all data
are saved in text format that can be read with compatible programs like EXCEL or
MATLAB.
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If a sequence is saved in binary format it will be available for further processing.
Choosing in the Tools menu the option Sequence viewer opens a standard Windows
dialog box that allows you to load a sequence. Note, only binary data can be loaded.
Choose your measurement sequence and confirm with OK. The data will be shown in
the active window. It might be necessary to rescale the graph. At the same moment,
the following screen will appear. It gives an overview over the recorded sequence and
allows saving selected data into spreadsheets via a scroll down menu.

& Sequence Viewer

Sequence  Export Signals  Statistics

S-ignal attime 0 | Sequence Info

| Signal + 1 minute il g

| Signal + 2 minultes Start 109.01.2009, 10:07:.50
Slonal & 3 miites Erd 09,01, 2009, 10:3%:27

| Sighal + 4 minutes

Signal + B minutes
| Signal + B minutes
| Signal + 7 minutez
| Signal + 8 minutes
| Signal + 9 minutes

Measure Count 130

Delay btw Measures | 00:01:00

| Signal + 10 minutes Selected Signal Info

| Signal + 17 minutes :

| Sighal + 12 minutes Time of Measure 03.01.2003, 10:07:50
Signal + 13 minutes

| Signal + 14 minutes Delay from previous | 00:00:00

| Signal + 15 minutes . :

| Signal + 16 minutes Delay from first 00:00:00

[ Signal + 17 minutes -

The spectrums are listed in the box at the left side of the Viewer Window. The upper
right side displays some relevant sequence information and the lower right side shows
signal-specific information.

Use the Open option in the Sequence menu to open a new sequence. The Clear option
of the same menu clears all the displayed sequence spectrums.

You can export a selected signal to a spreadsheet format using the Export Selected
Signal to Spreadsheet option of the Export Signal menu.

Finally you can display an average of the sequence spectrums by checking the Plot
Average option in the Statistics menu. The average spectrum will be displayed on top
of the sequence signals with yellow squares. The following figure illustrates 10
consecutive measurements of a 1500nm long-pass filter.
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Creating a Matrix of measurements from files

It is possible to make a txt file where a group of selected measurement are
concatenated together in a tab separate txt file. Such files may be used for importing
the measurements in a separate third-party analysis program.

First, select the Create Matrix from files... option in the Tools menu.

P ARCspectro FT

Device Satus Params

This option brings up the following dialog box.

You can add the signals you want to export using the Add Signal button. You can keep
the dialog box open as you make a measurement then add the resulting signal, make
another measurement, add it and so on. You can always select and view a signal
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before saving the matrix to a file (using the Save File button) and you can also delete
a selected signal or clear the whole list using either the Remove Signal or Clear all
Signals buttons.

This is what the dialog box looks like after having added 3 signals:

\_& Matrix Creation X
g-a8a

Measre1 ‘ Name fline name) |Measured
Measure 2

(Measured [

i i
10000 12000

You can select the signals using the left-sided list box. Doing so shows a preview of
the signal in shown in the graph. You can change its name in the Name (Line name)
textbox if so desired.

When all the desired measurements are loaded in the list, you can press the save
button and save all the measurement together in a tab separated matrix. The saved
file is a TXT format file as shown here below:

_| matrix.txt - Notepad = [m] >

File Edit Format View Help

|Measrel Measure2 Measure3 A
© ©.634537954736128 ©.128657215121404 0.305271260083957
2 ©0.348351267609869 ©.305746891069352 0.297381684173682
4 9.642001401230322 ©.131200544506718 0.297874201252379
6 ©.351029547648023 0.307568443896435 0.295100452692076
8 ©.638898443775912 ©.133427202919423 0.303403525022805
1@ ©.356380130068255 ©.309418411821745 ©.293759021112671
12 0.647473220845689 ©.149228694426187 ©.304135571691884
14 ©.356057763589404 @.316147374398197 ©.29759168958978
16 0.660854558346697 ©.158977009687639 ©0.309417263629288
18 0.36851832670787 ©.328185419519238 0.300737403854473
20 ©.672831109109205 @.176207868675975 ©.319518063851301
22 0.374241472584306 @.341789786648394 ©.303551410156047
24 ©.688255363721544 ©.204940577509591 ©.333747957929795
26 ©.387504340234167 ©.366598081619042 ©.31325382896575
28 ©.713283652213434 ©.228714867343029 ©.358573565046229
30 0.488358752135698 ©.389610384483185 0.317989969431148
32 0.744775151390981 @.265756611798071 ©.385780469066198
34 0.424081184754374 ©.422565217318337 ©.332161139425851
36 0.774060221850774 ©.303210946648484 ©.433117419198496
38 0.462904923661656 ©.472367079215951 ©.345913529779065
40 0.8202406203510217 ©.351172173293183 ©.490856194573181
42 ©.512352531411787 ©.536633690278374 ©.3637857952389
44 0.854962974897669 ©.414412751094584 ©.597697253757646
46 0.584495561280064 0.627362765236306 ©.411576688449534 bz

Ln1, Cal 1 100%  Windows (CRLF} UTF-8

First column is the wavenumber and the following columns are the measurement

“Measure1, “measure?2”, “measure3d’,....

This Txt file may be handy for exporting your measurement results to another program
for analysis.
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The device status window permits to have an overview of the general hardware status
and parameters of the device:

o5 Get Device . = O x

Laser TEC Alam Status [Tue |
Detector TEC Alam Status iTt\iB
Source Alam Status i‘rma
Scanning Status i‘ﬁue

Laser Mean Level |-914123264
Device Fimware |2235
Drive Fimware 120
AoDAQ Version [1.0.0
Device Temp [C] |375

Source Volage [V] |12.3954286

Spectrometer resolutio cm-1 |4em-1 v

Source Temp [C] |EEE ]

Cancel Ok

Laser TEC Alarm: indicates if the temperature of internal control laser is on
target

Detector TEC Alarm: indicates if the temperature of the detector is on target.
Source Alarm Status: indicates if the source is ok (or maybe broken) (if
installed)

Scanning Status: indicates whether the interferometer is scanning correctly
Laser mean Level: indicates the intensity level of the control laser

Device, Drive and AoDAQ versions number indicates which versions of drivers
and software is installed in the device.

Device temperature indicates the temperature on the electronic board next to
the interferometer (should not exceed 50 °C)

Source voltage: Voltage on the source ( if installed)

Source Temp: temperature of the source electronic board.

Notice that the values indicated are sometimes misleading and not always useful. This
is mainly for servicing purposes and sometimes debugging or repairing purposes.

The transmission (T) of a sample is defined by:
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where [ is the power of the light that is transmitted by the sample, I, is the power of
the light incident on the sample.

The absorbance (A4) of a sample is the logarithm (base 10) of the reciprocal of the
transmittance:

1
A = _1olog10T = 10l0g10T

Beer’s Law, can be used to determine the concentration of the compound of interest.
A = acL

where: A is the absorbance, a is the molar absorbance coefficient, which is a constant
for a compound in a given solvent at a given temperature, c is the concentration of the
compound L is the sample thickness.
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CHAPTER 5 Troubleshooting
If the instrument appears to be working in an acceptable manner (e.g. the spectra of

the standard is acceptable) and unacceptable sample spectra are obtained, it is
probable that the difficulty is related to the sample. Typical sample related issues are

indicated in the following Table:

Sample Related Issues

Problem

Cause

Solution

The absorbance is weak
or % T is very high (noisy
spectrum)

The sample is too thin or
too much light is lost

In transmission use thicker
samples

Increase the number of
averages in order to
increase the SNR

The absorbance is too
strong or % T is near zero

The sample is too

concentrated or thick

Dilute the sample or use a
thinner sample.
Sometimes an  ATR
measurement may help
(low penetration).

Intensity of peaks or
signal vary in time.

Sample variation
(evaporation) or
temperature  variations.
Fiber vibrations or
displacement,

Control the temperature or
make baseline and sample
measurement as close as
possible in time. Control
that vibrations are not
present (like ventilator
running on the table)

Reproducibility

Temperature  variation,
Sample variation, setup
variation (particularly with
fibers)

Variation of a percent are
common when doing
spectroscopy.

Since the Arcspectro FT ROCKET is employed in a system that includes a light source,
a sample probe and a sample, all troubleshooting activities should include all
components of the system. Troubleshooting can be simplified by a consideration of the

following guidelines.
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In principle the light source can easily be check by bear eye. Sample probe and sample
can be the cause of the problem but the variety of samples and measurement methods
are so large that we will not discuss this here.

First of all, as for many device, a switch off and switch on followed by a restart may
solve the problem. Also some software bugs that are related a to a particular
combination of operations are not excluded. If an error message is presented, press
the Continue button indicated on the Error Message dialog box. If this does not
remedy the problem, turn off the spectrometer, disconnect the USB cable, reconnect
and restart the software.

If the error persists (and you can still connect to the spectrometer, you may have a
look at the device status windows (see in the manual). Alarms (first 3 items in the list)
should be false, Scanning Status value should be true, Laser mean level around 10
Exp 7 (however this value is variable from device to device and may be also at 10 Exp
6), Device Temp (below 60°). Other values are not relevant for all devices.

Run a standard (or a series of standards) on a periodic basis to verify that the system
is performing properly. When abnormal data is obtained, collect the spectrum of a
standard and compare the spectrum to one that was previously obtained.
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Symptom Cause Solution & Checks
Cannot connect (offline) | USB cable is loose, | Check cables for good
Reset port problem, | contact. Rest the computer
Driver problem | (sometimes for portables
spectrometer problem. | remove the battery a few
AODaqwin.exe  server | seconds). Check driver in
did not start in | device manager. Check in
background Task manager in the
AOdagwin.exe serveur is
starting in bakground
No signal or only noise Problem with setup | Make a simple standard
(make a standard | measurement where all the
measurement). Problem | other parameters are sure
with light source, | and known. Check lase
problem with the | level in device params.
detector or internal | Restart software,
control laser spectrometer and
computer.

A lot of variation or drift in
the signal

Thermocooler defect, or

internal control laser.
Setup problem.
interferometer
misaligned.

Check Alarms in the device

status. Check
reproducibility ~ with  a
simple setup.

Wavelength Shift

In principle not possible

Contact arcoptix

Strange signal

Detector saturated or not
enough signal. Defect
laser. Or interferometer
misaligned.

Contact Arcoptix or its local
representative. Check with
a simple setup the results.

Strong water vapor lines

desiccant saturated

Replace desiccant.
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Appendix 1 - Dimensions

FT-NIR & FT-MIR (fiber input)
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Appendix 2 - Installation

Use the provided installer file “ARCspectroRocket 3.X.Y Installation Package.exe” to
install the new software. The installer will also install the USBLIB driver.

Once the software installation is complete, re-connect the spectrometer and open the
Device Manager to check if the “ARCspectro ANIR-MD” is properly recognized as
“libusb-win32 devices” as shown below.

M Device Manager — O

File Action View Help

e« mEH HEm B

~ % DESKTOP-GG4RGS5A
i} Audio inputs and outputs
@ Batteries
| Biometric devices
e Bluetooth
@ Cameras
B3 computer
== Disk drives
Il Display adaptors
! Firmware
¥ Human Interface Devices
- Imaging devices
== Keyboards
v ' libusb-win32 devices
§ ARCspectro ANIR-MD
() Mice and other pointing devices
E3 Monitors
P Network adapters
K7 Other devices
7= Print queues
M Printers
n Processors
B7 security devices
[ sensors

¥ Software components
B crfhnmra davicas

Now you can start the new ARCspectro Rocket software to control the spectrometer.
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