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2. Product Overview

Essential FTIR is a program that provides a potent environment for the acquisition,
manipulation and presentation of infrared data. Infrared data, whether in the form of
interferograms, raw energy spectra, transmission spectra or absorbance spectra, may be
represented as arrays consisting of an x vector (e.g. frequency) and a y vector (e.g.
absorbance). Essential FTIR can be used to manipulate process and analyze these vectors.
Though a large number of tools and options for the manipulation of such data are available,
Essential FTIR achieves simplicity by relying on a small number of organizing principles.

While this manual is intended as a reference for Essential FTIR, it will also focus on a
tutorial based approach, offering new users a chance to familiarize themselves with the many
tools and functions offered by the program. Taking each topic in a logical sequence, from
opening and saving data, through manipulating, editing and transforming spectra, to
presenting graphics, this manual aims to provide a complete guide to the functionality of this
scientific software. Some familiarity with FTIR operation and data handling will be assumed,
as it is beyond the scope of this manual to provide a ‘first principles’ explanation of all the
concepts encountered when exploring FTIR data, though as much detail will be provided as
possible throughout.



3. Installation

Essential FTIR is installed via its setup file. This may be obtained from the software CD,
or from a download. In either case the procedure for installing the software is the same. In
this example we will assume that the software was downloaded to a location on your hard
disk. Once the setup file is located, installation is initiated either by double clicking the
appropriate icon, or by right-clicking the icon and selecting Open from the context menu.

File Edit Wiew Favorites Tools Help 1".-'

K Back '\;;l Lﬁ f':,' Search || Folders '
File and Folder Tasks e = IE setup_eftir_300_005.exe
- I':E;T' Essential FTIR Setup
A

:'} Make a new Folder

@ Publish this Folder to the
ek

d Share this Folder

Other Places

Details

Figure 3-1 Essential FTIR setup icon

Initializing the installation delivers the window illustrated in Figure 3-2



J5) Setup - EssentialF TIR -

Welcome to the EssentialFTIR
Setup Wizard
Thiz will install EzsentialFTIR build 81 on your computer.

It is recommended that you close all other applications before
cantinuing.

Click Mext to cortinue, or Cancel to exit Setup.

Mext = l’ Cancel

Figure 3-2 Setup introduction screen

Clicking Next continues the installation. The installation program will then display the
license agreement, as shown in Figure 3-3. This should be accepted before clicking Next.

15 Setup - EssentialFTIR

License Agreement
Please read the following important irformation before continuing.

Please read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation.

This End User License Agreement (EULA)is a CONTRACT between you {either
an individual or a single entity} and Operart LLC, which covers your use of
"Essential FTIR" and relsted software components.

All such software is refered to herein as the "Software Product.” A software
license and a license key or seral number (" Software Product License”),
issued to a designated user only by Operant LLC or its authorized

agents, is required for each concument user of the Software Product. ff

you do not agree to the terms of this EUILA, then do not install or use

the Software Product orthe Software Product License. By explicithy =
accepting this EULA you are acknowledging and agreeing to be bound |

(#} | accept the agreemert

()| do not accept the agreement

< Back “ Mext = ][ Cancel

Figure 3-3 License agreement

Once the license agreement is accepted, the install button is displayed as shown in the next
figure.



15! Setup - EssentialFTIR

Ready to Install
Setup is now ready to begin instaling EssentialFTIR on your computer.

Click Ingtall to continue with the installation.

< Back ” Install II Cancel

Figure 3-4 Ready to install screen

Once the install button is pressed the installation will proceed. On concluding the
installation the setup program will display the window shown in Figure 3-5.

15! Setup - EssentialFTIR -

Completing the EssentialFTIR
Setup Wizard

Setup has finished installing EssertialFTIR on your computer.
The application may be launched by selecting the installed
icons.

Click Finish to exit Setup.

Run EssentialFTIR

Finish

Figure 3-5 Setup complete notification



A check-box is displayed in this window, which allows running of Essential FTIR
immediately upon clicking the Finish button, which concludes the installation. If this box
remains unchecked you may choose to start the program either from the Programs menu,
or by double clicking the shortcut icon. These methods of starting Essential FTIR are
shown in the following figures.

Microsoft Office Excel
2003

ﬂ AutoQuant Pro
E Essmha?Ffm
= .uorlu:l' vide Soccer Manager
2006

% Snaglt &
@ munes

Microsoft Office Word 2003

All Programs b

J My Documents
-_":‘\} My Pictures

l__jr Iy Music

i = :

M Favorites

y My Computer

‘;3 My Network Places

B‘ Control Panel

@, Set Program Access and
Defaults

e. Connect To
-

l;é Printers and Faxes

@) Help and Support

Figure 3-6 Program Menn

pe

Eszential
FTIR.
Figure 3-7 Desktop shorteut

Essential FTIR is now installed and ready for use. In the next chapter, we’ll begin to

explore the program.

EE] Log Off E Turn Off Computer
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4. Getting Started

The Essential FTIR Main Window

When starting the program you are presented with the Essential FTIR front end,
which we will refer to as the Desktop. This desktop is illustrated with its default
settings in Figure 4-1.

(5 Essential FTIR ¥3.00.001
Elle Qiplay Qpoons Took Qearch Help
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eFTIR I

Workspace I

Tool YWandow

Getting Started with Essential FTIR

‘| ¥
Hob [wokmacet | g [ + |
Data >
ke Pl W | ikl ey Bpclemerin Helgp |
Fla Brasar P e o R
Diapley Sonp :
iy e j i e IND EME s
Enshmumeris | - e S 1 W 7
M anpulshors | e ) S02_ o ice
oot s s I cumeclions | éd:::i:m:u
Foatim | = - et
Surthasize f Edt Do | e PP
adancad 8 — [c= -]
Erperimenial !.‘| | ﬂ 4 M 1 Wl i' e
Favortes | Patraan | Bromes | Epiern |

Brewss th ditk for data files

Figure 4-1 Essential FTIR desktop

At the highest level, the Workspace contains the data on which operations may be
performed. Multiple workspaces may be opened, though only a single workspace may be
active at any one time. A workspace may be viewed as a container which holds the data to
be manipulated. Many spectra may be displayed in a Workspace, but only one spectrum
may be active at a time, and this active spectrum is displayed along with associated header
information. The Toolbox contains Tools which are used to perform operations on
spectra. In Figure 4-1, the Essential FTIR startup scteen is shown. This screen can be
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changed to display any HTML document, to do so, use the Options / Setup / Miscellaneous
menu selection. In the Toolbox in the lower left, the ‘File Browset’ tool is selected.

In order to edit or manipulate a spectrum, it is often necessary to define a Region upon
which to perform operations. A Region is defined in Essential FTIR by clicking and
dragging over a portion of a spectrum in a manner familiar to Windows users. Regions may
be named, saved and stored for later use, further simplifying many complex operations.
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Workspaces

In Figure 4-2, one of the example files that is installed with Essential FTIR has been added
to a Workspace.
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File Dieplay Opbons Took Saanch Help

W | ¥ | Flenams
I 0§ |
=
,E 0. l
|
0y
5 |
M |
01
o] e e i M M
4000 2000 0 i 7000 1000
MULTE  OEsne [ da . ot 1y 11 4 — T QO
: TS Al 2 T A keI ULl L S 6
Hels | Wiakompeos 1 bﬂ‘ ] + -[
Data - l T .
= | E (W7 ikt Corond Wi | Ak e Wi | o Doctmerka | et |
Fie Erowmer m Rttt bl Gttt ttamriad ISk
[ | danaS0 1 Dpomspe e 0%l e, DOLODGE, T, 000w L T50M . o6
Dagiay Sop = | T i
ey e il e b IND E ME. s Ly
Erslmumenis ¥ 5
Meripisiions e =/ S02 0NN i0C 3 o
Corvwessiore b Comeckons il e b e g 0
S [ LR o]
Arbim: s derae =
SHHWFEQHH s -Eﬂﬂj.alul Ty i
agenced | . = =l I o a0 000 2000 1o
¢ - *
E I 2l I nmEesr Rl e e By
Favortes | uiean | Browss | B |
Brewss this ditk for date files

Figure 4-2 The Essential FTIR desktop

The Workspace, Toolbox, and Tool Window are separated by resizing bars. When passing
over boundaries between desktop elements, the cursor will assume the re-sizing arrows.
This change in cursor appearance is shown in Figure 4-3. Depending on the Windows
theme you have installed, the resizing bars may appear differently than as shown.
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Figure 4-3 Resizing cursor
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The Workspace window may comprise a number of Workspaces, which are selected as
active by tabs. These tabs are shown in detail in Figure 4-4.

-

New Workspace
YETENH 7= 1 0 RPN

5 s B

Figure 4-4 Workspace tabs

By default, the initial active Workspace Window is occupied by the Help interface. We will
discuss changing default settings in the Options section in chapter five — The Essential
FTIR Menus, where instructions are presented which enable you to display a pre defined
page on startup, or no page. Clicking on a Workspace Selection Tab renders that
workspace active. The Workspace is a flexible environment where we may view spectra,
and review any changes to our data that we make using the tools offered by the program.
There are two special tabs, labeled in Figure 4-4 as the ‘File Open Tab’ and the ‘New
Workspace Tab’. The File Open Tab’ will open a file open dialog box, allowing data to be
added to the workspace. The New Workspace Tab’ will open a new Workspace. These two
special tabs are convenient shortcuts allowing quick loading of data.

Right-Clicking on a Data Workspace tab brings up this menu of choices:
% Mew Workspace

Rernams

Close
Close All

Cancel

Figure 4-5 Workspace tab context menu
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We will look now in detail at an active Workspace with some example data loaded.
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@ure 4-6 The active Workspace

Figure 4-6 shows an active Workspace, with three sulfur dioxide absorbance spectra
displayed. These spectra are supplied with Essential FTIR, and may be loaded by
navigating to the directory containing them using the File Browser Tool. On the left of the
Workspace we see a browser panel. Let’s resize this panel by dragging its splitter bar to
view it in detail.

Filername temo

0: data'502_100ppm.zpc | agd 0.5cm-1,64:c,100.000C,1.0003atm, 2. 5500, c4f6
1: databS02_28ppm.zpo | agd 0.5cm-1.64:c.100.000C.1.0003atm, 2. 550K, cdfE
2 data\5072_B0pprn.zpc | agd 0.5cm-1,642c,100.000C,1.0003atm, 2. 5500, c46

<]| <l <l| <
® Ml x| =<

< |+

Figure 4-7 Workspace browser panel

The browser panel consists of four columns. The first column is labeled V, and consists of a
column of check-boxes — one for each loaded data file. The V'is short for visible, and by
default the visibility box is checked. Clearing this check-box renders the associated spectrum
invisible, though the data is not removed from the Workspace.

The next column is labeled X, and also consists of a button for each data file. Clicking on
the button associated with a data file will clear that spectrum from the workspace.
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The next column is labeled Filename, and contains the name of the data file. The final

column is labeled Memo, and contains any information held in the memo field of the data
file.

Right-clicking in this panel summons the context menu shown in Figure 4-8.

Remaove Fram Wi

Rermoe All

Remove All Mone-Yisible
Remove Others

Make All Wisibla

Wake Mone Yisibla

Invert Selection

Change Color

Copy to Internal Clipboard
Paste from Internal Clipboard
Copy to Wiorkspace

Edit Title

Cancel

Figure 4-8 Brower panel context menu

The menu may be used as a shortcut when selecting, removing or otherwise handling data in
the window.

The Workspace data display window is shown in Figure 4-9.
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Figure 4-9 The Workspace data display window
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Expanding / Zooming

The data display can be zoomed-in on by drawing a box with the mouse. Select a corner of
the area you want to zoom in on, press and hold the left mouse button, and move the mouse

to define the new display area.
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Figure 4-10 zooming in on the data

Figure 4-10 shows the box being drawn by the user. When the left mouse button is
released, the display will be adjusted to show only the area within the box, as in Figure
4-11.
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Figure 4-11 The zoomed-in display.

The data display can be quickly returned to the full limits, or ‘autoscaled’ by clicking the
left mouse button (that is, press and release the left mouse button without moving the
mouse). There are many other ways to control the display, which are attached to the
display icons that will be discussed below.

Graphic Display Controls
The display consists of a Cartesian plot of the data files. The y-axis is dependent upon the

type of data currently active in the Workspace. The x-axis may be labeled in wavenumbers,
nanometers or microns — or data points when viewing interferograms. Changing the axes
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labels is discussed in the Display menu section of chapter four. Two rows of buttons and
other items are clustered below the display window. These items are known as the Graphic
Display Controls, and are shown in more detail in Figure 4-12.

1H4E] (134081 | 1: datla\S02_Bppm cpo 802_FEppm spo: agl 0 Gom-1 Bdeo, 1 00 000C 1 003stm B G50, cifE - -.,] |.]
QEO0F L B DN b rapisXTe ML~ 0L HiE & &-@ v ®
Figure 4-12 Graphic display controls

These controls may be used to manipulate the data display. Some of these features are
replicated in the Display menu discussed in chapter four. . In the upper left corner of the
panel are two numbers. These numbers represent the position of the cursor on the data
display with reference to the Cartesian axes of the active data file. The number on the left
represents the position of the cursor on the x-axis, while the number on the right shows the
location on the y-axis. Next we see a drop down list. This list contains all data files currently
loaded in the active Workspace. Selecting a data file from the drop down list will make that
file the active sample in the Workspace.

All the remaining items are buttons. These form four distinct sets:

The File buttons

The Display Limit buttons
The Axis Navigation buttons
The Display Type buttons

b=

We will examine the function of each member of the four sets.
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File buttons

&)

Designates the previous spectrum in the Workspace as active

Designates the next spectrum in the Workspace as active

Undo changes to the data

@
Q
7

Allows you to change the color of the active spectrum (see Display menu in
chapter four)

=

Copies the active spectrum to the internal clipboard. This spectrum will then
be available for pasting into another Workspace

Pastes from the internal clipboard (not the Windows clipboard)

4 Creates a copy of the active spectrum in the current workspace - Cloning
I [+ | Save spectra to disk

& |+ | Print the data window

I~/ | Export the data window as a graphics file

Bl Export the data in the window as data files
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Display Limit buttons

Manually set the display limits. This allows fine control of the display.

@

Autoscale the data display

i

Auto-scales the y-axis without changing the x-axis

I -

Undoes the previous expansion — you may choose from a list of
previous expansions to undo from a drop-down menu, summoned by
clicking the “down” arrow on the Undo button

Force the units of the data in the display to be the same. Clicking on
this button will display this menu:

¥ axis in Absorbance

Y axis in Transmitbance

% axis in Wavenumbers
X axis in Microns

* axis in Nanometers

1

Enables you to define the axis limits of the display by left-clicking and
dragging a box around the desired area, known as “expand” or “zoom”

F

Enables you to drag all visible spectra around the data display, known as
“rOH”
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Axis Navigation buttons

q Moves all visible spectra to the left

b Moves all visible spectra to the right

= Moves all visible spectra down

“ Moves all visible spectra up

fd Z.00ms out on x-axis
o
Z.00ms 1n on x-axis

b .
< Z00oms out on y-axis

= . .
¥ Zooms in on y-axis

Display Type buttons

[Fe Toggles full screen display mode on and off

A | Displays data in Ovetrlay mode — all spectra retain their relative
proportions

T | Displays data in Stacked mode — all spectra are displayed in a separate
display area, with the active spectrum lowest in the stack

Jl. | Displays data in Superimpose mode, with spectral features matched on
the y axis

il. | Displays data in Paged mode — only the active spectrum is displayed.

Navigating through the spectra loaded into the Workspace will display

each in turn

Displays the menu shown in below.
Mew Workspace
Rename
Cloze

Close All

Zancel

Closes the workspace
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Many of the functions provided by these buttons are also accessible via the menu system,
described in chapter four of this manual.

The last feature of the Workspace that we will note in this section is that of the Workspace
tab context menu. This menu is summoned by right-clicking on a Workspace tab, and is
shown in Figure 4-13.

% Mew Workspace

Rename
Close
Close All

Zancel

Figure 4-13 Workspace fab context menn

This contains five items. The New Workspace option creates a new Workspace, selectable
by its tab. The Rename option allows you to provide a meaningful name for a Workspace.
The Close option exits the currently active Workspace. The Close All option dismisses all
open workspaces. The Cancel option dismisses the context menu without further action.

At the lower left of the Essential FTIR desktop we find the Toolbox Selection window, as

shown in Figure 4-14. This element of the desktop allows you to choose a set of Tools
relevant to their needs.
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Drata

File Erowzer
Dizplay Setup
Batch File Corversion
Expart to kLltifile
File Finder [hext zearch]
Idzer Librany Search
FOM Libramy Search
Ewpart Graphics
Saved Waorkzpaces
Header Infarmation
Edit Title
Andit Trail
Instruments
Manipulations
Cornversions & Cormections
Analyzis
Synthezize / Edit Data
Advanced

Favorites

Figure 4-14 Toolbox selection window

The items on the toolbox selection window form a two stage hierarchy. At the highest level,

the toolboxes are represented as gray tabs. Each of these tabs represents a collection of

tools, grouped according to their function. For example, the clicking the Data tab reveals
tools that will handle files, acquire new data, convert between file types and other data
handling functions. Similarly, the other tabs contain tools relevant to their labels. We will

discuss the toolboxes in detail in chapter five — Toolboxes and Tools..

The final element of the desktop is the Tool Window, an example of which is illustrated in
Figure 4-15. This element is context sensitive — when a tool is selected the appropriate tool

window is displayed.
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Try

Apply to Current

Apply toVizible

M ert Spectm

Save w

Help

[Jhda

Clone & Apply

Apply to Al

Presvious

Save bz,

Total Shift;

—

ﬂ : : ﬂ Sensitiviby: m

{« Shift Entire Spectum
" Shetch: Pin Left Side
(" Stretch: Pin Right Side

(" Stretch: Pin£ero

Figure 4-15 X-Shift Tool Window

Many tools require user input, for example when making an adjustment to the x-axis vector
of a spectrum using the X-Shift tool, it is necessary to define the amount of shift applied,
and whether to “stretch” the spectrum or shift the whole axis.

As an example of a typical operation often carried out in Essential FTIR, let’s look at how to
locate, open and correct the baseline of an absorbance spectrum. We may locate a spectrum
using the File Browser tool contained in the Data toolbox. If we assume that the desired
spectrum is located in the folder “data” and has the filename “SO2_28ppm?”, then we
should click on the file to highlight it as shown in Figure 4-16.

0wy

Name o
-%,--@data

| -l INDEME spc J 0.2
Ll 502_100ppm. spc
w502 28ppm.spe
w502 Blppm.spo 0154

Help

Add to Current ‘window | Add to Meww Window | Add to Bookmarks |

datat502_28ppm.spc; agd 0.5cm-1,64:c.100.000C,1.00034tm, 8. 5500, cdfE

+ demo

[ emulator
- [ERGCIR

- graphics
[ HyperCal 0.05
[ junk:

E lapout
+ lapaut,bak,

= 4000 3000 2000 1000
d b Wwavenumbers

426665 02157 W0 #p il id v S~ -

0104

Absorbance

Refresh | Biroswse | Explare |

Figure 4-16 Choosing a file for display

Once the highlighted file is displayed in the lower right hand window, clicking the ‘Add to
Current Window’ button will load the spectrum into the workspace.

Now that the spectrum is held in the workspace we are free to perform manipulations upon
the data. On inspecting the sulfur dioxide absorbance spectrum we notice that the y axis has
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a slope, with the high end at 4000cm™. Two tools are included in the Manipulations
toolbox which may be used to correct this problem — the Manual Baseline Correction and

Auto Baseline Correction tools.

tool, as shown in Figure 4-17.

i anipulationz

Zap

M arual B azeline Correction
Auto Bazeline Cormection
Fit B azeline

= Shift

Derivative

A atio

|nterferogram to Spectrum [FFT and R atio]

Subtract

Smoathing

Truncate
Scale/Offzet
|nterpolate/Decimate

b atch Spectra
Figure 4-17 Manipulations toolbox

In this case we will use the Auto Baseline Correction

Clicking on the Manipulations tab of the toolbox selection window reveals the tools
included in the Manipulations toolbox. Highlighting the Auto Baseline Correction tool
on the menu reveals the tool window for that function. This window is shown in Figure

4-18.

25



0.2
el The "Try" button The "Apply to
' shows the potential Current”" button
n result of the executes the
& D1 operation in gray. operation.
=]
e
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it ' Wavenumbers 2 Lk
43303 : ; 15 crn-1,642c,100.000C, 1.0003atm, 8 550M, 46 ]
QO HOMM N » Yl T-TIdm dbvapidbIe [T L2 S

f /
Try J .&ppl}ltnCurrenli ﬁppl}lto\-"isible] NeHlSpectrumI Save vl Help

Unda ] Clone & Spply ] Apply to Al | Previous I Save bz ]

Correction Order | Quadratic > || Mumber of terms in the corection matris i

MHommalize r ngfset the data min to 0 after comection |

Figure 4-18 Using auto baseline correction

In this example the baseline of the sulfur dioxide spectrum varies between approximate
absorbance values 0.05 at the high end and 0.00 at the low end. Options available are
“Correction Order” and “Normalize”. We have chosen “Quadratic” as the correction order
so as to remove any curve present in the sloping baseline. The “Normalize” checkbox
remains unchecked as increasing noise levels toward the lower extremes of the spectrum
result in “noise data points” well below zero, and normalizing to zero including these data
points would result in lifting the entire spectrum so as to place the lowest point on the y axis
at zero. Clicking the Try button displays the projected result of the operation in gray in the
workspace window. Clicking the Apply to Current button performs the operation and
replaces the visible spectrum with the corrected data. This data is NOT saved automatically
however, and closing the window or removing the data results in the spectrum being stored
unsaved. In order to save the corrected spectrum we must click the Save As... button,
which delivers the dialog box shown in Figure 4-19.
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i Choose a filename to save the data under

Look i |__3 # /datas l] 4= e =

=] INDEME .3pe

@ 502 _100ppm.zpc:
S02_28ppm.zpc
S02_50ppm.zpc

File name: |SI32_28ppm_aI:us Save
File type: | GRAMS SPC [ spc -l Carcel
Bookmarks | & ﬂ Maintain Bookmarks...

Figure 4-19 Save As... dialog box

After clicking the Save button on the dialog box, the data is saved to the selected folder. In
the example above we have renamed the file with the prefix “New”. If a different filename
is not supplied the file will be over written.

We have now covered all the basic elements of manipulating a spectrum in Essential FTIR:

e Locating and opening a data file
e Selecting an appropriate tool

e Carrying out the operation

e Saving the resultant file to disk

One more concept must be explored before we go on to examine in detail the tools and
features offered by Essential FTIR.

Creating and Working with Spectral Regions

The idea of Regions is central to the operation of the software. A region may be defined as:
“Region — A portion of the x -axis of a spectrum designated by the user to be
operated upon, or designated by the user to be representative of that spectrum for the
purposes of that operation.”

In Tools that work with Regions, Regions may be defined by right-clicking in the active
Workspace window. One right-click defines a Region Marker — a vertical line delineating
the edge of a Region. This Region Marker may be repositioned by left-clicking and
dragging, in a manner analogous the that previously described for re-sizing desktop
elements. Right-clicking in the Workspace window a second time completes the Region
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with a second marker, and the portion of the spectrum selected is shaded. The result of this
operation is shown in Figure 4-20, using the Zap Tool as an example.

0204

0.15

0.104

Abzorbance

0.0

000 it " i |

I I I I
4000 3000 2000 1000
W avenumbers

32378 0126290 | 1: 502_28ppm.zpc: agd 0.5cm-1.642c.100.000C1.00032tm, 2. 5500, c4f6

CQOHOEBANORLD®IL D-Ifd dbvapidIe T UL = .0 [

Figure 4-20 Region markers

The numerical values of the Region defined in this way are recorded in a Region Table, as

shown in Figure 4-21.

i avenumber... | W avenumber. ..
1 3517 1902 522

Figure 4-21 Region Table

Part of the power of the Regions concept is that regions defined as described earlier may be
saved to disk as a Regions file. This may be achieved by right-clicking on the region table
and selecting Save Table from the resulting context menu or by clicking the
‘Wavenumber.... column headers of the region table. The context menu is shown in Figure

4-22.

: Load Table. ..

. % Save Table. ..
Remove Selected Row
Remove All Rows

Cancel

Figure 4-22 Region table context menu

These Regions may then be loaded as needed, for example as part of an automated batch
processing routine — easily configured in Essential FTIR with no requirement for
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programming. This process is described in chapter five in the section on the Batch
Processor Tool.

When defining a Region from which includes an endpoint of the data, it is not necessary to
painstakingly position the cursor on the final data point. If you select a point outside of the
data range Essential FTIR will use the final point of the data.

The above summary gave us a general overview of operations in Essential FTIR. Many

operations may be carried out in series, before the final result is saved. In following chapters
we will examine each feature of Essential FTIR in detail.

29



5. The Essential FTIR Menus

In common with most programs running under Microsoft Windows, Essential FTIR uses a
combination of menus and buttons to provide the mechanics of the user interface.
Essential FTIR employs some redundancy in this regard — some options and functions are
accessible via either the menus or buttons, allowing you to access features in a manner
comfortable and intuitive to the individual. In this section we will examine the features
unique to the menu system — features accessible via the button interface will be detailed in
the chapter relevant to that button.

The Essential FTIR menus are shown in Figure 5-1

File Display Options Tools Help
Figure 5-1 The EFTIR menus

The menu concept is familiar to most computer users. The Essential FTIR menu is
located at the top left of the desktop, and comprises five headings, each containing sub-
elements relevant to that heading. We will examine each heading and sub-element in turn.
It is worth noting that each menu sub-element has a corresponding keyboard shortcut,
which is activated by pressing ctrl x, or alt x, where ctrl or alt is the “control” or
“alternative” key, and x represents the corresponding shortcut key. The actual shortcut keys
are listed on the menus to the right of the sub-element, where available. For example,
pressing ctrl O will deliver the Open File dialog box.

30



The File Menu

Clicking on the File heading displays the menu shown in Figure 5-2.

Open with Preview... Ctri+ 0
@ Open with Windows Dialog... Ctrl+D
(& Load a List of Files... Ctrl+L
[ Mew Workspace Ctrl+W

Cloze

Close All
. Save Ctrl+5
. Save A, Ctrl+W
. Batch 5ave... Ctrl+B
& Print Ctrl+P
& Print Preview 8 Templates...

Exit Ctrl+x

Recently Used Files... k

Figure 5-2 File menu

Clicking Open with Preview on the file menu displays the dialog box shown in Figure 5-3.
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i= Choose one or multiple files

=
[ INDENE spe

S02_100ppm.spc

1 Subfile {1

0204

Look in: | /=9 5:/data/ Drive Selector

datah502_28

: [T Load all subliles into eFTIR

for Mult-Files

0154

Bhzorbance

Filename edit box

Subfile Selectors -

File narme: 1"502_28ppm;{c"

File type: | &lFiles 2 7

—

Bookmarks i SN

El

_ﬂ Cancel

Maintain Bookmarks... {

Figure 5-3 Open file dialog box

The Open with Preview dialog box consists of a drop down menu which allows you to
specify a drive, a browser window, a filename edit box, a file format drop down menu, an
Open button and a Cancel button. On the upper right hand side of the window contains
the folder viewing option buttons, which are shown in Figure 5-4. These buttons are
common to most file handling dialog boxes in Microsoft Windows. Examining the options

from left to right we have:

Back button

Up one level button
New folder button
List view

Detail view

& 7] o EE

TR Ty

Figure 5-4 Folder viewing options
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Folders visible in the browser window may be double clicked to show the contents. Once
the desired file is located, clicking the Open button loads the file into the active workspace.
Clicking Cancel dismisses the dialog box without further effects.

Clicking Open with Windows Dialog will display the Windows operating system’s file
open dialog, as shown in this figure. This dialog is useful when you are working with
networked drives because it is much faster than the Preview dialog,.

i - LB B
8 Salect oneor mulﬁMs &J
@y V9| L « EFTIR » data » collect » 2013 » 201306 13 ~ | 44 || Search 2013 06 13 ol
Organize v Mew folder = > [ @'
backups A D :
ocuments library i ,
cLs ST Arrange by:  Folder =
| 20130613
compare (El =
MName Date modified Type =
| data
. collect & 2013 06_13 0834 53 130 _rif.spc 6,/13/2013 8:34 AM SPC File i
§ 2013 {#] 20130613 0834 53 130_rsh.spc 6/13/2013 8:34 AM  SPC File
| scripts & 2013 06_13_0835_03 626 _rif.spc 6/13/2015 8:35 AM SPC File
scripts.save 2] 2013 06_13 0835_03_626_rsh.spc 6/13/2013 8:35 AM  SPC File
data.new | 2013 06_13_0835_15 460_abs.spc 6/13/20138:35 AM  SPC File
dema & 2013 06 13 083515 460 _ifg.spc 6/13/2013 8:35 AM SPC File
emulator [#] 20130613 0835_15 460_sbm.spc 6/13/2013 8:35 AM  SPC File =
| GCIR s T | b
L File name: = - ’iﬁallfiletypes 'I
[ Open |v] [ Cancel ]

Figure 5-4 Open with Windows Dialog

The Load a List of Files selection will load files from a list contained in an ASCII text file.
The file must contain one filename per line. If the filenames do not contain the full path to
the file, Essential FTIR will then look in the folder that the text file is in. If any files cannot
be found, the user is prompted for the location of the files. This feature is useful when it is
necessary to handle groups of files. Also, see the “‘Workspace’ tool for another way to
manage groups of files.

Clicking New Workspace opens a new workspace window. These windows are tabbed and
may be renamed for clarity by right-clicking the workspace tab and using the context menu.
Essential FTIR context menus are examined in Chapter six — Context Menus. By default
multiple workspaces are numbered sequentially.

Clicking Close dismisses the active workspace.

Clicking Close All dismisses all visible workspaces.

Clicking Save will save the datafile in its current location, with its current name.
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Save As summons the File Save dialog

i=1 Choose a filename to save the data under

Look in: |3 s /data/ > @ £ i =

&= INDENE .spc
S02_100ppm.zpc
S02_28ppm.zpc

S02_A0ppm.zpc

File name: iSEIE_EEppm_aI:uS Save
File type: | GRAMS SPC [ spc) - Cancel
Bookmarls i o _:_| baintain Bookmarks...

Figure 5-5 File Save dialog box

The ‘File type’ list allows the file to be saved in the formats that Essential FTIR can write
to.
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Clicking Batch Save brings up this dialog box, which allows saving all of the data with
flexible file relocation and renaming options:

IJFII Save Data to Disk : ? g 28

i you need to export a set of spectra to a multifile, use the "Export Data to
Multifile” tool. f you want to convert the files to a different format . use
the "Batch Rle Conversion’ tool.

—What to Save —File Owenwrite Options
£+ Cument Sample (+ AMways ask first
£ Al visible files in window ¢~ Dant allow overwrite
= Al files in window " Mways overwrite, dont ask

—Where to save it

f* Same folder the files are in now

" The last folder used iC:‘\Users\F‘uhlic\Dnmmerﬁs‘eI-—I'IH‘\data

™ Abookmarked folder CUsersPublictDocuments = FTIR \data L!
= Somewhers else

| Browse for folder... l

—What Format to Use.

The data will be saved in this file format: | Galactic/GRAMS spc B

o~
P
&

—What to name it

Keep the cument filenames, dont rename them.
Prompt for each filename individually.
Rename the file using this scheme:

| <<|[SDATE  ~]

Mg yow can fpe in any fexd for the fename, and add mefachascies fom
the fisf. Flease click the Help buffon fo see examples.

Keep the filename, but change it:

[T prepend this tesd: I
I~ append this text: |
[T Erumerate the files

Rename and enumerate the files:

Mew filename: I
Riles wil be sufomaticall enumesfed

Start enumeration with this number; !'I

Preview the list of renamed files | Check far file over-writes |

oK | Canid | Help |

Figure 5-6 The Batch Save Dialog Box
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There are four sections to this dialog:

1. What to Save: choose which files will be saved.

2. Where to Save It: choose where to put the saved files.

3. What Format to use: the files can be saved in any of the formats that Essential FTTR
can write to.

4. What to name it: there are five naming strategies to provide flexibility in creating
copies of files.

5. File Overwrite Options: to allow or disallow overwriting of existing files.

At the bottom of the “‘What to name it’ section are two important buttons:

Preview the list of renamed files Presents a list of the new filenames for review

Check for file overwrites Check to see if saved files will overwrite existing files.
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The Print menu selection may be used to print the contents of the active workspace window
using the default Print template. Clicking the Print button displays the dialog box shown in
Figure 5-7.

f s 1
o B[]
General |
—Select Printer
[2] Add Printer i LexmarkFax
1 hp deskjet 3500 series ,é Microsoft Office Document Imag
“Lexmark 3300 Series &2 Snaglt 3
&l Il J 2]
Status;  Offline I Prnttofile Preferences l
Location:
e Find Printer... l
- Page Range 1
oA Number of copies: I'I 3:
7 Belection {7 Cument Page
" Pages: 0 ¥ Collate
Enter either a single page number or a single |
page range. Forexample, 5-12 |
Print Cancel l

Figure 5-7 Print... dialog box

The printers installed on the computer are listed in the window at the top of the dialog box.
An option of printing to a file is offered via a check box. The Preferences button allows
you to define the printing parameters, depending upon the printer selected, while the Find
Printer button allows searching of network printers. The page range is redundant in this
printing application, as only the active workspace is printed. The option to print multiple
copies is given on the lower right hand side of the dialog box. Clicking Print results in the
contents of the active workspace window being printed, while clicking Cancel dismisses the
dialog box without further action.

The Print Preview and Templates menu selection will bring up the Print Template
Editor. This Editor is discussed in the ‘Print Template Editor’ section of this manual.

Clicking Exit closes Essential FTIR.
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The Display Menu

Clicking on the Display heading yields the menu shown in Figure 5-8

Setup alk+5
Full Screen Alt+L
Butoscale AlE+4
Aukascale ¥ A+
Fixed Scale Alk+F
Orvetlay AlE+C
Stack #le+T
SUpErimposE A1
Page Mode Alt+-P
Change Diata Units. .. b

Figure 5-8 The Display Menu

absorbance

Transmittance

Wavenumbers

Microns

Manometers
Figure 5-9 The Change Data Units Menu

Clicking Setup results in the Display Settings parameter box being shown in the Tool
Parameters Window, as illustrated in Figure 5-10. This parameter box is also accessible
from both the Data Toolbox and the Options menu.

Dizplap lD:uIcurTal:ule Data Colors | Hide/Remave IXﬂHis Directian ]mms Fised Limits ]Xﬁ‘misTicks }\mmsFiHedLimits b

Dizplay Settings J
Diata Area Color Drata dvea color for &l data displays

Background Color Backaround color for all data displays

Grid [ Dverlay a gd on the data

Grid colar _ Girid exolor for all data displays

Grid Lin Style (Soid 7

Fegion Highlighting [+ Highlight Tool Regions

Highlight Color | Color for region highlight

Diefault Dizplay Mode m Mew data windows will uge this dizplay mode

Figure 5-10  Display Settings
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The Display Settings parameters are split into tabs, shown across the top of the window.
In Figure 5-10 the first tab, labeled Display is highlighted. Taking each of the tabs in turn:

Display

Provides fundamental options for the spectrum display. The Data Area Color button
allows you to choose the color of the backdrop to the spectra. Clicking the Data Area
Color button displays the Select color dialog box shown in Figure 5-11. This dialog box is

common to all functions in Essential FTIR which allow color specification.
L _\

£ Select color 3|

4

Basic colors

Custom colors =

EEEEEEERN Hue 1| Red: (258
EEEEEEEN Sst: 0| Green: (25 |

Diefine Custom Colors > o EEE B |:25—5—|

| ok || canca | [ Add to Custom Colors |

Figure 5-11 Select Color dialog box

The Select Color dialog box comprises a number of elements. A pre-defined selection of
colors are displayed on the top left hand side of the dialog, while you may specify an
intermediate shade using the custom color picker on the right hand side. These may then be
added to the Custom Colors palette on the lower left of the dialog by clicking the Add to
Custom Colors button.

The Background Color button summons a dialog box like that shown in Figure 5-11, and
allows you to set the frame color for the workspace window. An example of the use of these
two options together is shown in Figure 5-12, whete both the data area and the frame have
custom colors defined.
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Figure 5-12 Data area and background color changes

The Grid check-box imposes a grid onto the data area, which may be toggled on and off.
The Grid Color button summons the Select Color dialog box. The Grid Line Style drop

down menu offers a number of choices for the type of grid-lines. The options are Solid,
Dash, Dot, Dash-Dot and Dash-Dot-Dot.

The Region Highlighting check-box specifies whether regions currently selected for the
Tools in use for the displayed spectrum are shown on the data area. Regions are discussed
in detail in chapter five — Toolboxes and Tools. The Highlight Color button summons the
dialog box shown in Figure 5-11, and is used to set the color used to shade the region.
Hence the wotkspace shown in Figure 5-13, with dotted yellow gridlines, and a region
defined in the Zap tool may be configured — this is illustrated in Figure 5-13.
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Figure 5-13 Altered display configuration

The “Default Display Mode” allows you to chose which display mode will be in effect for
new data workspaces.
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Color Table

Colors used to display spectra are chosen sequentially from this table:

Data Color Table

Search Hit Calar Digplay libram search hikz with this color
Mumber of Colorz m Howw many colors from the data color table to use? [from 1 to 8)
Drata Calor 1 Color Table Entry 1

Data Color 2 Colar Table Entry 2

Drata Color 3 Color Table Entry 3

Diata Color 4 Colar Table Entry 4

Drata Color & Color Table Entry &

Data Color B Colar Table Entry B

Drata Colaor 7 Color Table Entry 7

Diata Color 8 Colar Table Entry 8

Figure 5-14 The Data Color Table

In this example, we have chosen that the color table consist of 16 colors, and then
selected the colors individually for each. So the first spectrum displayed will be green,
the second will be blue, and so on. After 8 spectra are displayed, ‘Data Color 1’ will be
used again.

The ‘Search Hit Color’ allows you display the library search hits in a unique color.

Data Colors

Allows you to set colors for each data file visible in the workspace, via the Select Color
dialog box. FEach data file has a corresponding color button, as shown in Figure 5-15.
Multiple rows can be selected in the table, and then changing the color of one spectrum will
change the color for all the selected spectra.

Display | Color Table | Data Colors | HideF

Filznarme Color
0: datah502_100ppm. spe:
1: datah502_28ppm.spc
2 datah502_B0ppm.zpo
Figure 5-15 Data colors tab

Hide/ Remove

The Hide/Remove tab is used to manipulate the visibility of data displayed in the
workspace. There ate six options available in the Hide/Remove tab, as detailed in Figure
5-16
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| X Ais Direction | X Ads Fixed Limts | X Adis Ticks

_ .Displa'_.' .Data Colars

Hide and Remove Data from the Window using these Buttons

Make All Visible Click to show allthe data in the window

Makee Mone Visible Click to hide all the data in the window

Imvert Selection Click to invert the data visibility

Remove Invisible Click to remove all non-visible data from the cument window
Remove All Data Click to remove all data from the cumrent window

Close Al Woarkspaces Click to close all data windows

Figure 5-16 Hide/Remove tab

The options are:

e Make All Visible - Renders all data loaded into the active workspace visible.
e Make Non Visible - Hides all data in the active workspace.

e Invert Selection - Hides visible data and shows hidden data.

e Remove Invisible - Closes data files not visible in the active workspace.

e Remove all Data - Closes all data in the active workspace

[ ]

Close all Workspaces — Exits all workspaces on the desktop.

These options are similar to those given when using the context menu for the data window
file list, shown in Figure 4-8.

X-Axis Direction

Enables you to choose ascending or descending values for the x-axis from left to right. The
X-Axis Direction tab is shown in Figure 5-17

Ciisplay ( Diata Colors .: Hide/Remove |
X Axis Display Direction

¥ Awis Foced Limits | % Audis Ticks

Wavenumbers Descending leT Display wavenumbers increasing from left to ight?
Microns (@nd nanometers) .-'-'-.su:_e!'u:ling_ |r] Diigplay microns increasing from left to right #
Imterferograms Ascending Qﬂ Display data points increasing from left ta rght 7

Figure 5-17 X-Axis Direction zab

Depending on the format of the data in the workspace, three options may be selected from
the drop down menus:

e  Wavenumbers
e Microns (and nanometers
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e Interferograms

The drop down menus for each file type offer a choice between ascending or descending left
to right values. The default for infrared spectra is to display the x-axis such that energy
(frequency) increases from left to right, which is why wavenumbers are displayed with high
values on the left.

X-Axis Fixed Limits

Allows you to specify and apply fixed limits for the x-axis, as shown in Figure 5-18

| Dieplay :i Data Colors | Hide/Remove il ¥ fodie Direction }(-‘-wsF[:-(edIerts X Puds Ticks
Fxed Display Limits for the X Axis

Low Micron _E-.E | Low Fixed Display Limit for Microns

High Micron ?E-.E: | High Fixed Display Limit for Microns

Low Wavenumber ﬁEE"J . Low Fixed Display Limit for Wavenumbers

High Wavenumber 'iEE;.E_ | High Fixed Display Limit for VWavenumbers

Ficed Scaling [ Click to Apply | Apply the Fixed Scale options {or use the display icon)

Figure 5-18 X-Axis Fixed Limits Zab

The edit boxes allow entry of desired axis limits for both microns and wavenumber scales,
while the Click to Apply button applies those fixed limits to the data visible in the
workspace.

X-Axcis Ticks

Allows setting of tick markers on the x-axis, as shown in Figure 5-19

[ Display ii.Data Colors :'-Hide,.-ﬂemu:-ve I X fie Direction I ¥ fods Feed Limits | -
Set X Axis Tick Marks

Auto-Tick Automatically place tick mankcs.  checked, the next 2 settings are ignored.
Tick At EE-._D | Place a tick mark at this position, only f Auto-Tick is unchecked

Tick Every i EL‘E _ _' Flace tick marks on this interval, only § Auto-Tick is unchecked

Tick Marks [ Clickto Apply | Apply the Tick Mark Settings

Figure 5-19 X-Axis Ticks
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The Auto-Tick check-box overrides the edit boxes below it. The Click to Apply button
implements the changes to the tick mark settings.

Y-Axis Fixed Limits

Allows you to define fixed y-axis limits on the display, as shown in Figure 5-20. The x and
y axis fixed limits settings define what happens when you click the fixed limits button on the
data window tools. Fixed limits allow data to be viewed in a consistent way, regardless of
the actual limits of the data.

| Display : Data Colors :l-Hide.-‘Hemuve ¥ fais Direction # fois Fixed Limits || X feds Ticks |
Fixed Display Limits for the Y Axis

Low Absorbance --E.‘I Low Ficed Cisplay Limit for Absorbance

High Absorbance . High Fixed Display Limit for Absorbance

Low Ficed Cisplay Limit for Transmittance

==

Low Transmittance

1
High Transmittance |120.0 . High Fixed Display Limit for Transmittance
g

(=l

Low Singlebeam KL Low Fieed Display Limit for Singlebeam

L

High Singlebeam |60000.0 . High Fixed Display Limit for Singlebeam
Fieed Scaling [ Click to Apply ] Apply the Fixed Scale options {or use the display icon)

Figure 5-20 Y-Axis Fixed Limits
The tab consists of six edit boxes, which hold the fixed limit values for the low and high

display values for absorbance, transmittance and single-beam data. A Click to Apply button
executes any changes made.

Y-Axis Ticks

Allows you to set y-axis tick marks in a manner analogous to the x-axis ticks tab detailed
above. The Y-Axis Ticks tab is shown in Figure 5-21

| Display | Data Colors | Hide/Remove | X As Direction | X Axis Ficed Limts | X As Ticks | Y A Fced Limits
Set Y Axis Tick Marks

Auto-Tick Automatically place tick marks. If checked, the next 2 settings are ignored.
Tick A 0.0 | Place a tick mark &t this postion, only  Auto-Tick is unchecked

Tick Every -1.3. J Place tick marks on this interval, only f Auto-Tick is unchecked

Tick Marks [ Clickto Apply ] Applythe Tick Mark Settings

Figure 5-21 Y-Axis Ticks

As before, the Auto-Tick check-box overrides any subsequent settings.
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Plot Labels

Display | Data Colors | Hide/Remowe | X Aus Direction || X fuds Fixed Limits || X Aws Ticks | Y Aws Foeed Limits | Y Awis Ticks

Plot Labels

i.iJ.rtomatic Labels Automatically Label the Data Plot. if checked, the next seftings are ignored.
:)( Zis Label X Audis Label Label the X ais of the data plot with this

| Auis Label Y Auis Label Label the Y ais of the data plot with this

[ Plot Title Title Title the data plot with this

Flot Labels Click.to Apply Aoply the Plot Label Seftings

Figure 5-22 Plot Labels
Five options exist in the Plot Labels options —

1. Automatic Labels: A check-box allows automatic labeling of axes, ignoring the
settings below.

2. X Axis Label: Title for the X-axis

3. Y Axis Label: Title for the Y-axis

4. Plot Title: Title for the whole plot

5. Plot Labels: The Click to Apply button executes the plot labels for the

active Workspace.
Printing
The Printing tab enables print options for the workspace to be set, as shown in Figure 5-23

Print Settings

Black on white [ Print black on white, ignore colors
Pet width | 1 ﬂ The pen ling-width far printing [and exporting graphics]
Print riow Click. to Print | Print the current data window

Figure 5-23 Printing tab options

The Black on White check-box may be checked to select black on white printing, with
colors disregarded. The drop down menu labeled Pen Width is used to select the weight of
the lines representing the data. The workspace may be sent to a printer using the Click to
Print button.

The subsequent options available on the Display menu are also accessible via two other

methods — the Setup menu item on the Options menu, and the Graphic Control buttons
underneath the display area of the Workspace.
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Reports

These parameters control saving of reports I

where to put reports | Wwith Sample j Repaorts can be put it the same directory as the sample, or in the Storage Directory (below)
Feport Storage Directony reports -+ || Put reports here if "where to put reports’ iz not 2t to "with Sample’

How to name reports | Ask the uzer j Reports can be named after the sample filename or time of day

Open report inword Processor [+ Launch the program associated with .itf files when the report iz generated

Open .xls files in Excel ~ Launch Excel when results tables are exported

Figure 5-24 Report Settings

The Reports tab controls how and where reports are saved to disk. Some of the tools in
Essential FTIR generate information that can be used to automatically create reports.
These tools will have a button labeled ‘Report” on them. The reports are generated in
RTF format, which stands for ‘Rich Text Format’. This format can be read and written by
Microsoft Word, but more importantly, it can be read and written by Write, also known
as WordPad, which is installed with all windows systems.

e  Where to put reports: reports can be out into the Essential FTIR reports folder, or
can be stored in the same folder as the datafile used to generate the report.

® Report Storage Directory: If the reports are not stored in the same folder as the
datafile, use this option to tell Essential FTIR where to put the reports.

e How to Name Reports: The choices are ‘Sample Based’, in which case the .rtf
file will have the same base filename as the FTIR sample datafile used to generate
the report; ‘Time-Stamped’ gives the reports a filename based on the time the
report was generated, and ‘Ask the User’ will prompt the user for a filename.

e Open Report in Word Processor. after the .rtf file is generated, it can
automatically be displayed in a word processor. The word processor program that
is used depends on your system configuration, eFTIR merely launches the
program that Windows has associated with the .rtf file extension.

e Open.XLS files in Excel: Tables of data can be exported from Essential FTIR
into the Excel spreadsheet .xIs file format. Optionally, Excel can be automatically
launched to display the .xIs file.
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Display Modes

We now return to the discussion of the Display Menu. After the Setup menu item, the
next element of the Display menu is the Full Screen option. Clicking this option toggles
between docked and full screen display of the active workspace.

The Autoscale menu item automatically sets the display limits of the workspace to
encompass all points of the active spectrum.

The Autoscale Y option expands the y-axis to encompass all data without altering the x-axis
display settings.

The Fixed Scale option sets the x and y axes to the limits specified in the X-Axis Fixed
limits and Y-Axis Fixed Limits on the Setup dialog — see Figure 5-18 and Figure 5-20.

The final four options concern the way in which active data are displayed in the workspace.
Selecting Overlay results in spectra being plotted on common x and y axes — hence they are
overlaid, as illustrated in Figure 5-25
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Figure 5-25 Data in Overlay display mode

The Stacked option displays the data vertically stacked sets of coordinates, as shown in
Figure 5-26
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Figure 5-26 Data in Stacked display mode.

Displaying the data in Superimpose mode matches the y axis magnitude of all active data.
This feature is useful for comparing spectra collected at different path lengths or
concentrations. An example is shown in Figure 5-27
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Figure 5-27 Data in Superimpose display mode

When viewing data in Superimpose mode, the y axis will automatically re-scale as the x axis
limits are changed. For example, in Figure 5-28 the area between 1000cm™ and 1300cm™ is
selected using the cursor in the display window. Notice that the visible absorbance features
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are re-scaled so as to match each others magnitude as closely as possible. No tick-marks are
placed on the y-axis because they would only apply to the active sample, and may be
misinterpreted as they do not apply to the other spectra in the display.
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Figure 5-28 Superimposition with zo0med x-axis

Selecting Paged mode displays only the active spectrum in the workspace window. Any
spectra loaded into the workspace may be selected as active, either by selecting the file in the
workspace browser to the left of the display window, or by selecting it from the list box on
the display window or by cycling through the spectra in the workspace using the arrow
buttons. Paged mode is illustrated in Figure 5-29
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Figure 5-29 Selecting spectra for display in Paged mode

The Change Display Units menu item has a submenu:
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Absorbance

Transmittance

Wavenumbers
Microns

MNanometers

Figure 5-30 Change Display Units.

These choices allow you to force conversion of all the data in a window to share the same
units, when such a conversion is possible. This is useful when you have a mixture of
absorbance and transmittance data, or a mixture of data calibrated in wavenumbers and
wavelengths. Using these menu choices will convert all of the data in the window so they
can displayed on the same scale with the same units.

The Options Menu

The Options menu contains the interface for the Setup parameters. Selecting Setup from
the Options menu delivers the interface shown in Figure 5-31
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Figure 5-31 Setup parameters

The Setup parameters are displayed as a workspace tab. On the left hand side of this Setup
tab is a secondary menu. This menu comprises options for the collection of data, data
processing, instrument alignment, and data storage. In addition, options concerning data
display and printing are available. These display options may also be accessed via the
Display settings.

The interface for the Setup menu is located in the main window of the Setup tab, on the
right hand side. This section of the tab is known as the Parameters Page. The appearance
of the particular page is dependant upon which option is currently selected as active. An
option is selected by left-clicking on that item in the menu. Once the desired set of
parameters is displayed, you may execute changes in those parameters using the drop down
menus and edit boxes provided. Each parameter is placed on a numbered row, and we will
use these numbers to reference each parameter.
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On each of the Parameter Pages, a series of options exist which are common to all pages.
We will deal with these options first. With the Reports option selected, as in Figure 5-31,
we see that rows 8 — 13 are occupied by a series of buttons. The functions of these buttons
are:

2 [ Unda ] lUnda Changes to all Parameter Pages

The Undo button rolls back all changes to parameters in the page since the last save.

g | Restors | Restore Factory Defaults
The Restore button rolls back all parameters in the page to factory default settings

10 | Load | Load Settings from Saved Disk Files
The Load button summons a dialog box used to locate and load a file containing pre-
defined settings for the parameters on that page. The settings file is in .ini format — see
Save.

11 | Save | Save Settings to Disk

The Save button enables you to save the parameters defined in that page to disk. The
parameters are saved in a .ini file.

12 [ Lock ] Lock Settings to Prevent Changes
The Lock button toggles a “safe” mode on and off, where the parameters in that page are
grayed out to prevent changes.

13 | Help | Display Help Page

The Help button is used to display help topics relevant to the parameters page.
As the above buttons are common to all parameter pages, we will not refer to them each

time we encounter them, but concentrate on elements unique to each page. Taking each
page in turn from top to bottom we have:
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Process Options

The Process parameters page is shown in Figure 5-32. These settings pertain to the Fast
Fourier Transform (FFT), and control the processing of data from interferogram to a final
data type of your choosing.

=l

1 These parameters control data processing
2 Final Data Type SingleBeam LI Process sample data to this data type
3 | Stating Wavenumber |500.0 From 0to 7899 wavenumbers. The first wavenumber value to save in the FFT'd data
4 Ending Wavenumber | 4500.0 From 0to 7899 wavenumbers. The last wavenumber value to save in the FFTd data
5 | Zero Filling 1 ;I Increase the resolution of the processed data through zerofiling
& | Apodization triangle ¥ || The apodization function to use with the FFT
7 Phase Comection magnitude ¥ || The phase comection method to use with the FFT
8 | Advanced options Advanced... FFT options that dont need to change often.
]
10 Undo Undo Changes to all Parameter Pages
1 Restore Restore Factory Defaults
12 Load Load Settings from Saved Disk Files
13 Save Save Settings to Disk
14 Lock Lock Settings to Prevent Changes
15 Help Display Help Page LI
rFH Advanced FFT Settings. Change these with carelnstrument settings may over-ride these when collecting data. [® | = . N
Advanced FFT Settings. Change these with care.
Instrument settings may overvide these when collecting data.
1 |Advanced FFT Settings m
2 Laser Wavelength 0.63259 The wavelength of the laser in microns (default 0.63255% for HeNe laser)
3 Laser Sampling Interval 10 LI How often samples are taken relative to the laser zero-crossings
4 Sampling Direction Forward _Zﬂ Iz data collected during forward or reverse mimor travel 7
h Interferogram Symmetry Single-Sided H When the ADC is tumed on
6 Nomalize Singlebeam r Afterthe FFT, ecale the singlebeam to nomalize it
73 Interferogram Baseline Comection | Offsst LI How to comect the Interfferogram Baseline
8 Mertz Points 256 _ﬂ How mary inteferogram poirts to use in Mertz Phase Comection
] Truncate the Intefferogram v Limit the spectral resolution by truncating the interferogram before the FFT
10 | Truncate Points 2048 F Truncate the Intedferogram’is checked, this many points will be used. Use the calculator to set.
11 | Limit Resolution Limit Resolution... I Use a calculator to determine Truncate Points'to attain a specified resolution LI
<] 2]
oK Cancel |

LFigure 5-32 Process and Advanced Process parameters
Parameters unique to the page begin at row 2:
2. Final Data Type: Sets the level of processing of the data. The data type is

selected from a drop down menu, in a hierarchy of increasing processing from
Interferogram, Single Beam, Transmittance or Absorbance.

3. Starting Wavenumber. Sets the lower limit of the wavenumber range to be
computed in the fast Fourier transform.
4. Ending Wavenumber. Sets the upper limit of the wavenumber range to be

computed in the fast Fourier transform.
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Zero Filling: Sets the interpolation factor via a drop down menu for smoothing
of acquired data. The interpolation factor may take the values 1, 2, 4, 8, or 16.
Zero filling increases the resolution of the data by Fourier interpolation.
Apodization sets the type of apodization function to use in the fast Fourier
transform to remove truncation artifacts. Triangle, Boxcar, Beer-Norton
Med, Beer-Norton Weak, Beer-Norton Strong, Happ-Genzel, Bessel,
Cosine, Blackman-Harris 3 Term and Blackman-Harris 4 Term ate
selectable via a drop down menu.

Phase Correction: Sets the type of phase correction function to be used.
Mertz and Magnitude are selectable via drop down menus. Another choice of
None is available. When None is selected, the complex un-phase-corrected
singlebeam is returned. The real and imaginary data points are interspersed, with
the real being in the even numbered array positions and the imaginary in the odd.
When selecting None, select 0 for the starting wavenumber and the Nyquist
frequency for the last wavenumber, in order to see the full bandwidth complex
spectrum.

Advanced Process Parameters are accessed by clicking on the ‘“Advanced' button.

2.

Laser Frequency: Used to define the nominal frequency of the HeNe laser
used as a clock in a Fourier transform infrared spectrometer. The actual laser
wavelength will remain unaffected by any changes to the Laser Frequency
parameter — historically this number was manipulated to correct for shifts in the
x-axis. It is recommended that the X-Shift tool is used for this purpose.

Laser Sampling Interval: The available settings are 0.25, 0.5, 1.0, 2.0, 4.0 and
8.0. The bandwidth (full spectral range) of the interferogram data is determined
by the Laser Frequency and the Laser Sampling Interval. For instance, if the
laser frequency is 0.63299, the wavenumber bandwidth is 10000 / 0.63299 / 2,
or 7899 cm-1 (the division by 2 is called for by the Nyquist theorem). However,
if data is sampled more often, say twice every laser cycle, the bandwidth is twice
that, or 15798 cm-1. The value of 0.25 corresponds to taking 4 samples every
laser cycle, 0.5 to 2 samples, 1.0 to 1 sample, and so on.

Sampling Direction: The available settings are Automatic Detection,
Forward, Reverse, or Both. An infrared spectrometer can take data when the
mirror is moving forward, backward, or in both directions. Essential FTIR will
automatically detect when the data is Bi-Directional (Both) or not. In the case
where the data is not bi-directional, it is assumed to be Forward. This setting is
can be used to manually tell the program how to handle the data. After the FFT
is done, the audit trail will contain information about what the software used for
interferogram direction. ~ When collecting and processing data from an
instrument, this setting is typically taken from the instrument and such an
instrument setting will over-ride whatever is specified here.

Interferogram Symmetry: The available settings are Automatic Detection,
Single-Sided and Double-Sided. Single sided interferograms are sometimes
called ‘asymmetric’ and double sided ‘symmetric’. An infrared spectrometer can
initiate data collection such that the ZPD is placed in the middle or near the
beginning of the interferogram. This setting can be used to tell the software how
to handle the data, because single and double sided interferograms are apodized
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10.

differently. Like the Sampling Direction setting,, the audit trail will contain
information about what the software used for interferogram symmetry. When
collecting and processing data from an instrument, this setting is typically taken
from the instrument and such an instrument setting will over-ride whatever is
specified here.

Normalize Singlebeam: After the data is FFT°d, some software will scale the
data by the inverse of the number of FFT points. This setting is here so the you
can produce data compatible with data from other software.

Interferogram Baseline Correction: An interferogram may contain a DC
offset, usually originating from the spectrometer electronics. The baseline must
be brought to zero or there will be a discontinuity between the interferogram and
the zero-filled portion. This discontinuity will create a sine wave in the
singlebeam after the FFT. The choices for baseline correction are offset and
linear. Offset baseline correction subtracts off the average value of the
interferogram, removing a DC offset.. Linear baseline correction subtracts off a
straight line calculated by performing a linear regression through the entire
interferogram. The linear baseline correction will get rid of a DC offset and a
higher order term, as could happen if the DC offset is not constant and slowly
drifts.

Mertz Points: Mertz phase correction uses a small portion of the interferogram
centered on the ZPD. The phase changes very slowly with wavenumber, so only
a low resolution interferogram is needed. This option allows control of the
resolution of the interferogram used to calculate the Mertz phase correction. The
default of 256 points is probably sufficient for most data.

Truncate Points: This is a ‘read-only’ field; it cannot be changed by direct
editing. Click #he Timit Resolution’ button to set this value. The interferogram can
be truncated before the FFT is performed, to achieve a specific optical
resolution.

Limit Resolution: Clicking this button bring up the ‘Limit Resolution’
calculator, explained in the next section.
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Limit Resolution Calculator

=8 Limit Resolution - . - - iy A

s IrrteﬁeroglamPoll'rtS |2D43 Interfferogram peints to use, includes both sides of @ double-sided interferogram

(" Target Optical Resoltion  [7 71339 Click the Calculate’ button to calculate Interferogram Points' for this optical resolution

Relevant FFT Settings. Any changes will be applied if the OK button is clicked. A s

Starting Wavenumber Jﬂ.ﬂ | From 0'to 21536 wavenumbers. The first wavenurnbe_-_J
Endingi Wav-enum.ber J'IE-DDD.D | From Dto 31596 wa\-renun.'lbers. The Ia.st-wa';'ﬁ;r;urnbé tratomarens Lot Fows } ZNE.
Zero Filing J 1 ﬂ Increase the resolution of the processed data throug.l OpticaI_F{_esqutic-n ] ?'-?1 335.
Léser Wa.velength ]D.ESZE!E! . -The- ;.\'E-welengith of t.he laserin rﬁi-:rons Iide;faurt. {!'634 it ilianic } ENE.
Laser Sampling Interval J 1.0 ﬂ How often samples are taken relative to the laser 260 Pl o | A
Interferogram S}mrﬁetr},r J Single-Sided L] When th.e ADC i-s turﬁed on B . . bt X | ?391'3D51.
- = Digital Poirt Spacing 7.71385
P ] ] LI_‘ Poil;rts in SDE:C‘tI"L‘II'I'I. . 'H}24-
OK ‘ Cancel I

Figure 5-33 The Limit Resolution Calenlator

The interferogram can be truncated before the FFT to produce a spectrum with an exact
optical resolution. The interferogram can also be zero-filled to produce an exact digital
resolution (data point spacing). This is useful to make spectra match exactly, and is a
better way of matching spectra than decimating or interpolating the singlebeam spectra
after the FFT.

Either a specific number of points or a target resolution can be specified. On the left side,
the FFT settings that affect resolution can be set. Clicking the ‘Calculate’ button will fill
in the grid on the left side with the values calculated from the settings on the left side.

Clicking the ‘OK’ button will copy any changes made to the table of ‘Relevant FFT
Settings’ table back to the ‘Interferogram To Spectrum’ settings. Also, the ‘Truncate
Interferogram’ check box will be checked, and the ‘Truncate Points’ field will be filled
with the ‘Interferogram Data Points’ value.

For a given resolution and laser wavelength the number of points on either side of the
ZPD is given by

7 “a_

| 2-10
floor| — |
;x)»._|aser-Resnlut|nnJ,

Where the interferogram is sampled every zero-crossing, the laser wavelength is in nm,
and the resolution is in cm-1.
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Storage Options

The Storage parameters page is shown in Figure 5-33

10
11

These parameters control gaving of collected data

Save these Sample Data Types ab. trh, sbm, ifg - |Wwhich Sample data types to save

Save these Background Data Types (sbm, ifg - |"which B ackground data types to zave

Raoat Storage Falder junk, - | '"wWhere to put collected data

Time-5tamped Folders [ Stare data in time-stamped sub-folders of the oot storage folder
Enable Backups [V Enable automatic backup of collected data

Foot Backup Folder backup - ||'where to put backup data (if backups are enabled)

File Maming Scheme | Sequentially Mumbered j How ko name newly collected files

Filename Prefis |mf5 Prepend this to all new filenames

Filename Seed Seed is 3395 - || Starting number far sequentially numbered files

Prompt For Filename v fizk the uzer where to zave the data after data iz collected

ﬁgure 5-33 Storage parameters

The storage parameters begin at row 2.

2.

Save these Sample Data Types: Offers the choice of saving any of four kinds
of data. On the right of the row, notice the edit button labeled with three
periods (...). Clicking this button summons a dialog containing four check
boxes. These are labeled Absorbance, Transmittance, Single Beam and
Interferogram. Checking Interferogram, while leaving the other options
unchecked, will save only the raw interferogram to disk. Adding the Single
Beam option will additionally save the Fourier transform of the interferogram to
disk. Checking the Transmittance box will enable saving of the ratio of the
single beam against the current or selected background. Finally, and as is
recommended, if all boxes are checked the Absorbance spectrum (negative
logarithm of the transmittance spectrum) will also be saved.

Save these Background Data Types: When recording background spectra,
two options are available for data storage. These are Interferogram and Single
Beam. Again, it is recommended that all data types be saved to disk.

Root Storage Directory: Defines the default directory to which data is saved.
Clicking the edit button (...) summons a dialog allowing you to specify or create
a folder for data collection.

Enable Backups: Toggles on or off automated backing up of data — see line 6.
If backups are enabled, new data is automatically copied to the backup directory
as it is generated.

Root Backup Directory: Enables you to set the directory for backups of
collected data. This may be on a different drive from the original data, thus
providing insurance against disk failure.

File Naming Scheme: A drop down menu allows specification of the system
for naming consecutively collected files. Three options are available — Time
Stamped, where files are named according to the time of acquisition (on the
computer clock), Sequentially Numbered, where each file is named with an
number which is incremented each time a spectrum is acquired, and
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Sequentially Numbered in 8.3 Format, where the incremental numbering is
observed in accordance with the old DOS format. This results in eight-character
filenames (padded with leading zeros) and three character file extensions, hence
the term 8.3.

Filename Prefix:: The editable text box in row 8 accepts a string, which is used
as a prefix for file names, unless the File Naming Scheme is set to “Time-
Stamped’ For instance, if the filename prefix is ‘br’ and the filenaming scheme is
‘Sequentially Numbered in 8.3 Format’, the first filename will be ‘br000001’, the
second ‘br000002’, and so on.

Filename Seed: Provides the starting number for sequentially numbered data
files. Note that if the 8.3 format detailed in option 7 is applied, an absorbance
file with the seed “1” will become 00000001.abs

Prompt for Filename: Checking this box instructs the program to offer a file
naming and saving dialog box after each data file is collected.

The Storage settings collectively control the names of acquired data files. As an
example, consider the results of settings where option 7 is set to Sequentially
Numbered in 8.3 Format, option 8 is set to “test”, option 9is set to “1” and option 11
is set to Use .spc Extension. The name of the fourteenth file acquired under this

scheme

would be: test0014.spc

Repeat Sampling Options

1 These parameters control frequency and duration of repeat sampling
2— Sample Fast ~ Sample as fast as possible; ignore Sampling Frequency
3— Sampling Frequency |DD:DD:DD Start & sample this often (HH:MM:55); only if "Sample Fast’is unchecked
4— How long to sample | Forever j How many repeat samples to collect
5_ Sampling Duration |I}I}:I}I}:DD Collect samples for this long (HH:MM:55); only if "How long to sample’ is Timedimited"
E_ Mumber of Samples |1|} Collect this many samples; only if "How long to sample’ is "Sample-imited”

7 Max Spectra |5I} The madmum number of spectra in the collection window

8 Save to a multifile i~ Save the data into a GRAMS multifile
5'— Start Mow N Start collection when "Start” is clicked, otherwise wait for the Starting Time (below)
? Starting Time |1E:I}I}:DD Start data collection at this time (HH:MM:55), in 24-hour time. Only f "Start Now' is unchecked
Figure 5-34 The Repeat Sampling settings

Sample Fast. Collects spectra immediately upon finishing the previous collection,

regardless o

f other settings specifying wait times.

Sampling Frequency: The edit box is used to specify a time interval for sampling. The
interval may be input in an HH:MM:SS format, where HH is hours, MM is minutes and SS is
seconds. This parameter is ignored if ‘Sample Fast’ is selected.

How long

to sample. The choices are ‘Forever, meaning to sample indefinitely, ‘Time-

Limited’, and ‘Sample-Limited’. ‘Forever’ means to collect data indefinitely. ‘Time-
Limited means to sample for the length of time specified by Sampling Duration. ‘Sample
Limited’ means to sample until the number of spectra specified by the ‘Number of
Samples’ setting is reached.
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Sampling Duration: An edit box in HH:MM:SS format allows specification of duration for
sampling. The instrument will sample continuously according to the Sampling Frequency
parameter until the duration is reached. This parameter is overridden by the previous
Sample Forever setting. Note, this is not a clock time, but a length of time for data
collection.

Max Spectra. During Repeat Sampling, every spectrum is displayed. When collecting
hundreds, or even tens of thousands of spectra, the program would quickly run out of
memory unless the number of spectra held in memory is restricted. This setting determines
the maximum number of spectra that will be displayed at one time. In the figure, the setting
is 50. After 51 spectra are collected, the 1™ spectra will be removed from the display so that
the 51" can be displayed. This setting does not have any affect on the saving and storage of
data, only on the display of the most recent data.

Save to a multifile: The spectra collected by Repeat Sampling can be saved in s single file
containing multiple spectra, known as a ‘multifile’.

Start Now: Start the Repeat Sampling data collection immediately, when the green ‘Start’
button is pressed.

The next five options on the menu — Display, X-Axis Direction, X Fixed Limits, Y Fixed
Limits and Printing are discussed in detail in the Display section, from Figure 5-8 to
Figure 5-22.

File Associations

1 Set File Aszociations for 20 Windows can uze Ezszential FTIR to dizplay files

2 |File Azzociations Click To Set Set the windows file assocations for spectral data to this program

Figure 5-35

File Associations tells Windows to use Essential FTIR to be the file handler for spectral
data files. Windows ‘File Associations’ are made by associating the file extension, which
is the part of the filename after the °.’, such as .spc. Windows uses can associated a
particular application with a particular filename extension, and use that application to
handle a file when that file is clicked on in windows file explorer.

Miscellaneons Options

The final option we are concerned with in this section is the miscellaneous parameters.
These parameters are shown in Figure 5-36.
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Mizcellaneous program control zettingz that don't fit elzewhere

Timme Format |2H:‘ZM:‘ZS The template for dizplaying time of day. See Python striftime(] docs
Drate Format |?£m.-"°/ou:|f'°/oY The template for dizplaying dates. See Python strftime(] docs

M at Handling | Replace with zem = ||How to handle data that containz [EEE MaMs?

Startup Help [ Show a help zcreen when the program starts up

Startup Help Screen [getting_started - || Dizplay thiz help soreen at startup

Figure 5-36 Miscellancous parameters

The Miscellaneous options run from row 2 to row 7.

1. Time Format The format in which the time is displayed — see table below.

2. Date Format: The format in which the date is displayed — see table below

3. NaN Handling. Sometimes  spectra  contain  ‘NaN’s, which are a
representation of missing or invalid values. This option tells eFTIR how to handle
these values, because a having NaNs in a spectrum will cause problems when doing
math on the spectrum. The NaNs can be replaced with zeros, or can be be replaced
with values interpolated from the nearest valid numbers.

4. Startup Help: This check-box selects whether a Help workspace window is

summoned upon starting Essential FTIR. If the box is left unchecked then no
help page will be shown when starting the software.

5. Startup Help Screen: The edit button (...) is used to choose which help page is

The

loaded upon starting the program, assuming the Startup Help check-box in row 6 is
selected. This option enables customization of the information shown to you on
starting Essential FTIR. The help pages are in the standard HTML format. With
this option the software can be customized to display information specific to the site
or application.

date and time formats may be set using the scheme shown below, in conjunction with

options 2 and 3.

%a
%A
%b
%B
%c

%d

Locales abbreviated weekday name.

Locales full weekday name.

Locales abbreviated month name.

Locales full month name.

Locale's appropriate date and time representation.
Day of the month as a decimal number [01,31].

%H  Hour (24-hour clock) as a decimal number [00,23].

%I
%

Hour (12-hour clock) as a decimal number [01,12].
Day of the year as a decimal number [001,366].

%m Month as a decimal number [01,12].
%M Minute as a decimal number [00,59].

% op
%S

%U

%ow

Locale's equivalent of either AM or PM.

Second as a decimal number [00,61].

Week number of the year (Sunday as the first day of the week) as a decimal number
[00,53]. All days in a new year preceding the first Sunday are considered to be in
week 0.

Weekday as a decimal number [0(Sunday),6].
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Week number of the year (Monday as the first day of the week) as a decimal number
[00,53]. All days in a new year preceding the first Sunday are considered to be in

%W week 0.

%x  Locale's appropriate date representation.

%X Locale's appropriate time representation.

%y  Year without century as a decimal number [00,99].

%Y  Year with century as a decimal number.

%27 Time zone name (or by no characters if no time zone exists).

%% A literal "%" character.

The Tools Menu

The Tools menu contains the Essential FTIR features which give the program its power.
The Tools menu is shown in Figure 5-37.

quls[%ﬁearch Help

Show Hide Toolbox I Tear-Off handle I

Data 3
Instruments 3
Manipulations 3

Conversions B Corrections

analysis 3
Synthesize [/ Edit Data »
Advanced »
Favarites »

Figure 5-37 Tools menu

Note the dashed line called the ‘Tear-Off Handle’. Clicking on this line in the menu will
make the menu float as a separate window above the application, making all the menu
choices available all the time, without having to pull down the menu.

The Toolboxes and Tools presented by the Tools menu may be accessed either using this
menu, ot by using the Toolbox Selection Window. The methods of access are equivalent,
though there are differing schools of thought on which method is more intuitive. The menu
system is a familiar feature of software running on Microsoft Windows systems, and many
users find that this familiarity allows them to feel comfortable with Essential FTIR more
quickly. However, the Toolbox Selection Window is designed to make all tools accessible
with a minimum of mouse movement, and once you are familiar with this interface it is
usually the faster method of access.

As with other program features where redundancy is employed in an effort to provide you
with the most intuitive and comfortable access options, we must make a choice concerning
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which section is most appropriate in which to present the features. As it will be necessary to
present a section on the Toolbox Selection Window, we will provide a detailed description
of all Toolboxes and Tools in that section. The only feature unique to the Tools menu is
the Show/Hide Toolbox option, which allows toggling of the Toolbox selection window.
This feature may be used to create more room at the bottom of the screen for tools,if you
intend to access features solely using the menu bars.

The Help Menu

The Help menu is shown in figure Figure 5-38.

Help
Help Index Ctrl+H %

Submit Bug Repaort
Activate License 3

Check for Mewer Version,..
Visit EssentialFTIR., com
About

Figure 5-38 Help menu

The Help menu provides a number of features. The first item on the menu, the Help
Index, allows you to display a page containing Links to instructions and information on the
functions of Essential FTIR. This Help is a separate file named ‘eftir.chm’, and is displayed
in the standard Windows help file viewer:

61



@ tosontil
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Hide Back Frint  Opticng

Conterts IlndeH ] §earch1

Getting Started

Iﬂ Product Overview
@ Installation
- lﬁ Getting Started
+ @ TheEssentd| | | The Essential FTIR Main Window
+ @ Workspaces
E Creating and

+ @ Tuitarial ﬁgure 30

' Frvestall WiB 41,10 buulid B Lot 1o St Plosman. 717 i et

EssentialFTIR

Getting Started with Essential FTIR Wardepao:

ko

P | W —)

£
Figure 5-39 The Help File.

The Submit Bug Report option may be used should you encounter any irregularities or
problems with Essential FTIR. The computer used must be connected to the internet in
order to use the option. This feature allows the producers to react quickly to any problems.
The Activate License feature is used whenever a user needs to upgrade a license for
Essential FTIR — for example, when switching from a trial version to the fully licensed
product. Two options exist for activation — Internet Activation or Manual Activation.
These options require a user name and a code for activation — these will be provided to
license holders.

The Check for Newer Version option contacts the Essential FTIR website —
www.essential 'TIR.com - to determine if a later version of the program is available, and if
such a version is found you will be prompted to download and install the updated version.
This will not affect any previously collected data. This option assumes that an internet
connection is present on the computer running Essential FTIR.
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+ @ TheEssential FTI| | | When starting the program you are presented with the Essemtial FTIR front end, which
¥ @ Tooboves and Te| ||| we will refer to as the Desktop. ‘This desktop is illustrated with its default settings in


http://www.essentialFTIR.com

The Visit Essential FTIR.com option may be used to connect to the official Essential
FTIR website — www.essentialFTIR.com -, which contains information and downloads
relevant to the program,

Finally, the About Essential FTIR option provides information on version number, build
number, copyright and other information regarding the software.
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6. Instruments: Collecting data from a spectrometer

Collecting Data

Although different instruments will have different capabilities and settings, Essential
FTIR uses a common interface for setting instrument parameters and collecting data. This
section of the manual will discuss the common features for all instrument data collection.

A data collection tool has a ‘Start’ button which initiates data acquisition, sometimes
referred to as ‘scanning’, or ‘collecting a scan’.

Start (+ Background ( Sample " Repeat Sample  Align

Background Spectrum: | Last Collected Background

Collection lPrc-cess l Storage ] Repeat Sampling

ﬂ Browse ...

Instrument

The number of sample scans to average

The number of sample scans to average

|| Spectrometer Resalution in Wavenumbers

| Spectrometer Gain

The template for generating sample titles
Click to Save the cument instrument settings

Number of Sample Scans |'IE

MNumber of Backaground Scans |'IE

Resolution l40

Gain |4

Title Template |SSCANSsc SDATE STIME
Save Setup Save...

Load Setup Load...

Click to Load instrument settings

Figure 6-1 A typical data collection tool, showing the ‘Collection’ settings tab.

To the right of the Start button are four radio buttons, which modify the action performed

by the Start button.

Background:
Sample:

O O O O

Align:

Repeat Sample:

Collect a background spectrum

Collect a sample spectrum

Collect samples repeatedly, under program control
Collect single-scan interferograms repeatedly. This

is used to optimize the instrument, for instance to adjust an accessory or
tweak the electronics.

Below the green Start button is a drop down list labeled ‘Background Spectrum’. A stored
background can be used by clicking the Browse button and selecting a stored spectrum. ‘Last
Collected Background’ is selected in the list, so Essential FTIR will automatically use the last
background when processing sample data.

Below the background selection list is a series of tabs, each of which contains a table of
parameters that control aspects of the instrument, data processing, and data storage.
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All supported instruments will have at least these tabs, as shown in Figure 6-1

e (Collection

e Process
e Align
e Storage

e Repeat Sampling

In addition, if the instrument has settings that don’t fit into the above categories, there may
be an additional tab labeled:

e Instrument

At this stage, it will be helpful to briefly summarize the steps involved in collecting valid
FTIR data.

e A background spectrum must be collected or loaded from disk. FTIR is a single
beam technique; therefore background data is needed in order to interpret the
sample data. This is apparent from Beer’s law, which states that T'= I, / I, where T
is the fraction of infrared energy of a given wavelength reaching the detector, I, is the
background single beam spectrum and [ is the sample spectrum.

e Depending upon the final data type selected from the Collection parameters, the
interferogram may be Fourier transformed from the time domain to the frequency
domain to create a single beam sample spectrum.

e The ratio of the single beam sample spectrum and the background spectrum may
then be computed to give the fractional transmittance spectrum.

e Finally, the negative logarithm of this transmittance spectrum may be computed to
give an absorbance spectrum. The absorbance spectrum is linearly related to the
concentration of absorbing species whereas the transmittance spectrum is
logarithmically related.

A background spectrum is collected by selecting the Background radio button and pressing
Start. A previously saved background spectrum may also be loaded from disk using the
Browse button. Once the background single beam spectrum is collected, and the final data
type (interferogram, single beam, transmittance or absorbance spectrum) is selected, the
radio buttons should be used to select either Sample or Repeat Sample. The repeat
sample parameters may be set as shown in chapter five. An example of the use of the
Collect New Data tool is given in Tutorial chapter.
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The Collection Tab

The collection tab is shown in Figure 6-1. This table of settings gathers the most
commonly changed instrument settings. Each line of the settings table has three columns:
a label, a visual control for changing the setting, and a brief description of the purpose of

the value.

Number of When collecting Sample data, this number of individual scans will be

sample scans averaged.

Number of When collecting a Background spectrum, this number of individual

background scans will be averaged.

scans

Resolution The optical resolution of the data that will be collected. The available
values will depend on the instrument. A typical range of values is 0.5
to 32 cm-1.

Gain A gain multiple, for increasing the signal gain of the instrument

Title Template | This template will be expanded to produce a title for all spectra. See
the ‘Title Template’ section below for more information. The title is
stored with the spectrum in the data file.

Save Setup Allows saving of all instrument parameters, allowing you to configure
the instrument for different experiments, and recall those settings at a
later time.

Load Setup Recall instrument settings that were previously saved with the ‘Save

Setup’ button.

Title Templates

A title template can contain any text, but some of the text is special ‘meta-text’, which is
replaced with information about the spectrum when the data is acquired from the
instrument. These are the available meta-text strings:

$SCANS Will be replaced with the number of averaged scans

$GAIN Will be replaced with the gain setting

$RES Will be replaced with the resolution setting

$DATE Will be replaced with the current data, formatted according to the data
formatting settings in the Tools/Options/Miscellaneous screen.

$TIME Will be replaced with the current time, formatted according to the data

formatting settings in the Tools/Options/Miscellaneous screen.

For instance, for the settings shown in Figure 6-1, and a title template of “Intake sample:
$SCANS scans; gain SGAIN; resolution SRES”, the resulting title assigned to a new
spectrum would be “Intake sample: 16 scans; gain 4; resolution 4.0”.
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Process

The Process settings are identical to those documented in the section about the Options /
Process menu. Please refer to that section of the manual for more information.

Storage

The storage parameters are show in Figure 6-2

Figure 6-2 The data collection Storage settings

These settings are identical to those documented in the section about the Options /
Storage menu. Please refer to that portion of the manual for more information.

Repeat Sampling

The Repeat Sampling parameters page is shown in figure Figure 6-3.

Save these Sample Data Types sbm - | Which Sample data types to save J
Save these Background Data Types [sbm - || Which Background data types to save
Root Storage Folder collect - || Where to put collected data
Time-Stamped Folders v Store data in time-stamped subfolders of the oot storage folder
Enable Backups ' Enable automatic backup of collected data
Root Backup Folder Click to set - || Where to put backup data {f backups are enabled)
File Naming Scheme | Time-5Stamped ﬂ How to name newly collected files
Filename Prefix | Prepend this to all new filenames
Filename Seed Seedis 1 - || Starting number for sequentially numbered files
Prompt For Filename N Ask the user where to save the data after data is collected
El

Figure 6-3 Repeat Sampling parameters

Sample Fast v Sample as fast 3= possible; ignore Sampling Frequency

Sampling Freguency |DI}:DD:I}D Start a sample this often (HH:MM:55); only if "Sample Fast’is unchecked

How long to sample | Farever j How mary repeat samples to collect

Sampling Duration |DI}:DD:I}D Collect samples for thiz long (HH:MM:55); only if "How long to sample’is Timedimited"

Mumber of Samples |1I3l Collect this many samples; only if "How long to sample” is "Sampledimited”

Max Spectra |5I} The madmum number of spectra in the collection window

Saveto amuttifile v Save the data into a GRAMS multifils

Start Mow [ Start collection when *Start” is clicked, otherwize wait for the Starting Time (below)

Starting Time |DI}:DD:I}D Start data collection at this time (HH:MM:S5), in 24-hour time. Only if "Start Now' is unchecked

These parameters are documented in the Repeat Sampling section of the 'Options Menu'

chapter of this manual.
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If ‘Start Now’ is unchecked, you can enter a time when data collection should begin. When
the green Start button is clicked, this dialog will be displayed:

#m8 Waiting to Start Repeat Sampling Data Collection... &l&]

Start Time: 18:00:00
Current Time: 17:08:30

Cancel Data Collection

Figure 6-4 The Delayed Start dialog

The start time is displayed, along with the current time. This ‘Delayed Start’ feature
allows for un-attended data collection to begin at a designated time.
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7. Printing and Print Templates

Printing of spectra is done using Print Templates. Print Templates control the layout of the
page. In addition to spectra, the template can include logos, text, tables of data, and legends.
Print Templates can be created and edited by using the Print Template Editor (PTE), which
is accessed through the File menu. A default template is installed with Essential FTIR, and
when you bring up the PTE the first time, it should appear as Figure 7-1

i Plot Layout:

urits | inches + ]

Select Printer
Fririt
Help

Dane

i

accimLm Y Yalue:

Save 1 1.04
Savebs..
Make Defaut || 1 D5
Drawing: &
12 0
Clear 1B
19
g
Select =
044
Spectra
Text
0.24
Graphic
Legend T T T T
4000 3000 2000 1000
File Info “Wavenumbers

Bl INDENE =pc
letter - Title: Indene
Date ¥ Time: hon Sep 11 1150000 2006
fo Landscape First ¥: 399.280
P Last ¥ 3998888 e ———
i boirts: 1867 oFTIR
[~ Show Guides ?\dinimum ¥ walue: 0035 ]
1.057

Figure 7-1 The Print Template Editor with the default template.
The PLE allows spectra to be printing in a user-customized format. Corporate Logos, page
orientation, legends, and custom text can be added to the page. The page above uses these

page elements: Spectra, Legend, File Info, and Graphic.

The buttons on the left side perform these actions:
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Opet.. Open an existing plot template file

Bewe Save the template using its current filename
Cave Az Save the template to a new file
Oiker Clear all elements on the template
Celect Select an element on the template for moving or resizing
Specha Draw a new spectral display box on the template
Text Draw a new text box on the template
Graphic Draw a new graphics box on the template
Legend Draw a new legend on the template
Fil= Irfo Draw a new File Information table on the template.
Page Size: Select the page size of the template.
letter -
{+ Landscape Select the page orientation of the template
" Partrait
[ Show Guides Show grid lines on the template, to help lay out the elements

urits [inches w|  The units for the grid lines, either inches or centimeters.

S elect Privter Select the printer to use for printing the template

Frirt Print the template as shown.

Creating a template involves placing elements on the page using the mouse. Elements are
placed in boxes. The boxes are drawn using the mouse.

Select the type of element by clicking the Spectra, Text, Graphic, Legend, or File Info
buttons.

Move the mouse into the template area.

Press and hold the left mouse button.

Drag the box to define the area of the element on the page

Release the mouse button.

After an element is drawn on the page, right-clicking the mouse on the element will bring up
a menu of choices relevant to that element.

For instance, after drawing a Text element on the page, the element will display like this:
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:The uzer will be prompted far text wwhen the layout is printed.
cighit Click for Men, :

Figure 7-2 A Text Box in the PLE

Right clicking will produce this menu:

Enter Text Maow:...

Prompt for text when printed
iChoose Font...
Remove

Cancel

Figure 7-3 Text Box Context Menu

By default, a Text box will prompt the user to enter text when the template is used to
produce a printout. This feature allows you to insert custom text at the time of printing.

However, you can enter text that will be a part of every printout produced with this template

by choosing ‘Enter Text Now...".

Other elements have their own menu choices. ‘Remove’ and ‘Cancel’ are common to all
elements.
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8. Toolboxes and Tools

In this section we will examine the toolbox window. The toolbox window is pictured in

Figure 8-1.

Data

Filz Browser

Display Setup

Batch File Conversion
BExport to Multfile

File Finder {text seanch)
Export Graphics

Saved Workspaces
Header Information
Edit Title

Audit Trail

Instruments

Manipulations
Conversions & Comections
Analysis

Quant & Identfication
Synthesize / Edit Data
-Mvanced

Favaortes

Figure 8-1 Toolbox window

The Toolbox window is the heart of Essential FTIR. It is from this window that you may
choose and apply many features to enhance, interpret and analyze spectral data. The
features offered by the Toolbox are also available from the Tools menu. However, the
Toolbox is designed to offer maximum utility with a minimum of cursor movement, and
many users find the Toolbox a more ergonomic way to access the tools offered by Essential
FTIR.

The Toolbox window organizes the Tools into categories. The categories are:

e Data
e Instruments
e Manipulations
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e Conversions & Corrections

e Analysis
e Synthesize / Edit Data
e Advanced

e Favorites

Each Toolbox is selectable by clicking on the appropriate tab in the Toolbox Selection
Window, and each individual Tool is accessed by clicking on its label.. We will examine
each Toolbox and its contents in turn.

The Favorites

The Favorites Toolbox gives a user a place to organize the tools they most often, and to
specify a particular tool that should be made active every time Essential FTIR is started.
Also, the name ‘Favorites’ can be changed to something else, for instance ‘Technician
Tools’.

When you first open the Favorites tool box, you will see a button labeled ‘Add Tools to
this Toolbox’:

Drata

Instruments

b anipulations

Corverziohs & Corections

Analyziz
Synthesize 4 Edit Data
Advanced

Favarites

Add Toalz Ta Thiz Toolbas...
Figure 8-2 The Favorites
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Clicking the button will bring up this Dialog box:

'EJ.Essential FTIR Favorites Setup

Label far the 'Favarites'T oolbox: IFavnrited

Axailable Toolz, by Categony:

Cateqany | Toolz |
lDiats

[+ Inztruments

[+ Manipulationz

[+~ Corverzions && Corections
E

E

E

Click the "+ symbal to expand the list
of tools in the categories.

Check this box to hide all of the other
tool categories in Essential FTIR

H- Analyziz
H- Synthesize / Edit Data
H- Advanced

The tool you select in this list will be
activated when Essential FTIR starts.

Flace a checkmg -_.,--:“.-:-'. T =vontes Toolbox

v Hide ather toolbores so only thiz group of tools iz wisible.

k. Cancel Help |

Figure 8-3 Setting up the Favorites

In this next picture, the name of the ‘Favorites’ has been changed, some tools have been
selected by placing check marks next to them, and one of the tools has been chosen as the
startup tool:
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EEssential FTIR Favorites Setup ' ﬂﬂ

Label for the 'Favaorites' T oolbox: IStudent Lab

Ayailable Tools, by Categony:

Categaory | Tools I =
= Data

Browszer

- [ Dizplay Setup

-+ [ File Finder

- [ File Conversion

I1zer Library Search

- [ FDM Library Search

-+ [ Export Graphics

- [ Export Data

- [ Saved Workspaces

- [ Header Information

- [ Edit Title

- [ dadit Trail

[=- Ingtruments

FTIR Spectrometer

“o O Select Instruments

[=- Maripulationz

- [ Fap

tanual B azeline Corection
- [ &t Baseline Corection
- [ Fit Bazeline

- [ 5 Shift

- [ Derivative

- [ FFT / Ratio

- [ Subtract

Smoothing

- [ Truncate

- [ ScaledDffset

- [ Interpolate/Decimate —
- [ Match Spectia

[+~ Corversions && Corections

[~ Analysiz

- O Integrate

Peak Picking

i O Manual Peak Ficking
[ beasire Pasks .ﬂ

Flace a checkmark nest o the tools you want bo put into the Favartes Toolbox

b ake this tool active at startup: | FTIR Spectrometer j

v Hide other toolboxes so only thiz group of taols is wisible,

k. Cancel Help |

Figure 8-4

The ‘Favorites’ button will display the label ‘Student Lab’, the ‘Student Lab’ toolbox will
have five tools: ‘FTIR Spectrometer’, ‘User Library Search’, ‘Manual Baseline
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Correction’, and ‘Peak Picking’. In addition, when the program starts, the ‘FTIR
Spectrometer’ tool will be displayed right away. Because the ‘Hide other toolboxes’
button is checked, only these tools will be available.

Changes to the ‘Favorites’ toolbox require that Essential FTIR be closed and restarted to
be applied. When you click ‘OK’ on the dialog, you will see this message:

N x|

The changes will be applied the next time ywou skart Essential FTIR

Figure 8-5

When Essential FTIR is restarted, the toolbox will look like this, and will start up with
the ‘FTIR Spectrometer’ data collection tool.

Student Lab

Uzer Library Search

FTIR Spectrometer

M arwal B azeline Carrection

Smoothing
Feak Picking
Add Tools Ta Thiz Toolbox. ..
Help
Figure 8-6

The ‘Favorites’ Tool is a way to tailor the program to display only those tools that are
relevant to a particular task. It can make the software easier to use by gathering the tools
you use most often into one group.
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The Data Toolbox

The first Toolbox in the list is labeled Data. The Data section houses all the Tools
concerning data location, data loading, data acquisition, library searching, file and graphics
exporting and file header information. We will examine each Tool in detail.

File Browser

The first Tool in the Data Toolbox is the File Browser, which is shown together with its
associated Tool Parameters Window in Figure 8-7.

— ] e o) e ]
et L T 301 ppre ] Lo Fe 10000 L I S N o
7,
. Prvine
g E1i
il Lorwaman &
: 2
} o
£ ’ 3
i HE Illh
' .
L L I 8
Cormgnion [ Comese e : 2
o [ PYPTEr— | 0 o] fol 18
Nihid —
) : ; o e
St B D | [ | IR LM i
Eaned

Figure 8-7 File Browser Tool

Figure 8-7 the extreme left of the window is taken up by the Data Toolbox. The central
portion of the window is occupied by the File Browser itself. This tool allows you to
browse files in a way familiar to most users of Microsoft Windows. By selecting a drive —
cither a local disk or removable volume — and navigating to the desired folder the data may
be loaded directly into the active Workspace. 1f no Workspace is currently open then one
will be created. Two additional options exist for navigation, you may either use the Explore
from Here button — which launches the Windows file browser — or by clicking the Browse
Dialog button, which summons a traditional Microsoft Windows “open file” dialog. A
single click on a recognized data file displays that file in the browser pane on the right of the
window. The data file may be loaded into the Workspace, cither by clicking the Add to
Current Window button, or by double-clicking the data file. Additionally, the selected file
may be loaded into a new Workspace by clicking the Add to New Window button.

Multiple files may be selected in the standard manner — by holding the S/ key while
selecting the first and last files, or, for if the desired files are discontinuous, by holding the
¢trl key while selecting the files. The multiple files selected may be loaded by right-clicking
on the files and selecting either the Load all selected files in a new window or Load all
selected files in current window options from the context menu. The Add to Window
buttons function as normal.
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The directory may also be labeled as a favorite by clicking on the Add to Bookmarks
button. At the top of the File Browser are three tabs. By default, the first tab is active — the
Browse Files tab. The second option is the Load Files from Bookmarks tab, shown in
Figure 8-8.

=W |y

I ame 1

i+ Recently Visited

| Bookmark.s

[ Callection Directary
[ D' ata Directaon

|- Libraries

I¥k

=-F-F-

Refrezh | Browsze | Explore |

Figure 8-8 Load Files from Bookmarks zab

The tab displays a list of options for browsing, including a list of Bookmarked files, defined
using the Add to Bookmarks button described above.

The third option available is the Manage File Filters tab, shown in Figure 8-9.
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0| m| Y|

Deszcription | Filters

All Files e

Abzarbance *.abs *._abz.zpo

All ASCI *oay bl e T aze T.pm bt T
Analect/Ravleigh * aif *.azf *.bkh " bkl

Bruker B A AR R R
Buck * 3ch

Cany U415 -MIR * haw

Digital Micragraph * dm3

eFTIR Compiled Library " eftir_lib

eFTIR Protected D ata Archive * dark,

Gasmet * zpe *1ef * blkg

GRAMS SPC * 2o

HF IRD Chromatagram * g

| nterferagram *ifa *.igmn *.rif *.big

| nterzpectiumm " zpe

Jazco * jwz *.j1d

Jeamp-0ix * g *jde

kES * lab

Ozean Ophics " zoope * goope. bkt

Ormnic * zpa *.apg * ars

Perkin Elmer *zp Fanc b T pe tleo
SadtierLibrary * jam

Shimadzu * amf

Single Beam *zbm *.zb * _sbm.epc "rzh " bk
Spectacle * ire

SpectrallD B < N T |

55F * gaf

Tranzmittahce b Toras T_trnogpo

Yarian & Digi-Lab * hep

WinFirst *.abg ".raz ".ifg ".igm . sbm bl
WinFIRST Libram *ndw win " nam *.dat

«| | i

Figure 8-9 Manage File Filters zab

This option allows you to filter the files displayed in the browser window by format. As in
most cases it would be counter productive to list files not compatible with Essential FTIR.
A list of file formats is displayed, selectable via a checkbox next to each format.

Display Setup

The Display Setup Tool is identical to that detailed in Figure 5-11 through Figure 5-24.
Please refer to that section of the manual for information on this Tool.
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Batch

The Ba

File Convetrsion

tch File Conversion Tool is a utility that enables you to change the format of data

files. The Batch File Conversion parameters window is shown in Figure 8-10.

Apply Help

Source of Data | Al files in Current Window ﬂ Wbk ko Fill List' with

Fill the list Click. ta Fil | Fill the: 'List of Files to Process’

D estination atr_comection - || Directory b put the processed data in

Owertafite r Enable Overt/riting of exizting files

File Type | A5CI Table [[C5Y) j The format to use for converting the files

Digitz after decimal paints | B ﬂ Far ASCIH, the number of digits ta the right of the decimal point
Delimiter | COMMa ﬂ For &5CI, the character uzed to separate numbers

Lizt of Files to Process:

J:ddata/dni/CO020.4B 5 o
J:ddata/dni/C0O001 ARS

J:/data/dni/CO002 ABS

J:ddatadniACO003.ARS

J:/data/dniAC0O004 AR5

J:/data/dniACO005.4B 5

J:ddata/dni/CO00E.AR S

J:/datadhiACO007 ABS

J:ddata/dni/CO003.AB 5

J:ddata/dni/CO003.4B 5 ﬂ

Figure 8-10 File Conversion utility

At the t

op of the File Conversion parameters window are five inputs. Taking each in turn:

Source of Data: A drop down menu allows the selection of a number of options
for source data. You may choose Pick Files From Disk, All Visible Files In
Current Window, All files in Current Window or Entire Directory.

Fill the list: The Fill the list button populates the window at the bottom of the
parameters screen with the chosen files. If the Pick Files From Disk or Entire
Directory options are chosen then clicking the Fill the list button summons a file
browser dialog box.

Destination: The Destination option enables you to select a destination directory.
By clicking the edit button (...) a browser dialog is summoned that allows selection
of a folder or the creation of a new folder to accept the incoming converted files.
Over-Write: A check box toggles between states of over-writing any files of the
same name as the incoming files already present in the destination folder.

File Type: Specifies the format of the result of the conversion. You may choose
between Galactic, Perkin-Elmer, JCAMP-DX, Excel, Matlab, or ASCII formats.
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File Conversion Example

In this example, an entire directory of JCamp-DX files will be converted to Galactic .spc

format.

Uit

Fi Bl File Comversion

1. Chatsi the

Ligehy I 2. Pick the Sourca of the Dala

Taai Sense ol Dty | Enl Dicionp '

D ek [kl 3. Usa ik 0 FIF 12 rebesh the

" Fis Corveon Dowae | [l o T - :

Ussr Ly Semch Fleipe [ Galaee 5PE) B et s convating el A Pick a destination ki the

comered filns

FOM Lise Sich

«|| bistof Flos o Progesic :

Corind e e Fick the femnat o comert
vmaris J ftamod | DOCZAL) the data dles ic.
Harindattnd et el 501 FEISF ok :

I el 23_DELCF4 e

Jfhmmpl it PESF o

Eﬂm - ! J: Pep/chi TH5R 0¥ o

Syt | Edt Dt SR

""" i |tk 4R, RCZFR de "
Hucvanced bt 2
Figure 8-11

1. Select the File Conversion Tool in the ‘Data’ category.

2. Pick the source of the data. The choices are:

[98)

"Visible Files in Current Window"
"All files in Current Window"
"Pick Files From Disk"

"Entire Directory"

The “Click to Fill’ button can be used to refresh the list of files to convert.

Pick a destination folder for the converted files. In this case, note that the source
and destination are the same.

Pick the format the files will be converted to. The choices are:

"PE (.SP)"

"Galactic (.SPC)"

"JCAMP-DX (.DX)"

"ASCII Table (.CSV)”

"Excel (.XLS)"

"Matlab (MAT)"

"Spectra-Calc (fixed-point .SPC)"

Fixed-point .SPC is a Galactic format .SPC file, with the spectra stored in an older

81



integer format that was in use when the Grams program was known as ‘Spectra
Calc’. This is useful if you have array basic programs that only work with this
older format.

6. Click ‘Apply’

In this example, a folder of JCamp-DX files is converted to Galactic .spc format in-
place, meaning the source and destination folders are the same.

Also, take a look at the ‘Export Data’ tool. This ‘File Conversion’ tool exports single

spectra to individual Files. The ‘Export Data’ tool can export multiple spectra to a
single multi-dimensional file (known as a ‘multifile’).
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Export To Multifile

This tool gathers multiple spectra and stores them together in a single file, known as a
‘multifile’. While the ‘Batch File Conversion’ tool converts files that contain single spectra
between file formats, ‘Export to Multifile’ groups similar spectra into a single file. This is
useful if you are using Excel or Matlab to analyze spectra.

Apply | Mext 5pectum Previous | Help

Source of Data | All files in Current window ﬂ Data to export [F-bees must match for mulbiple spectra)
Export To | To Excel File j Where to expart the data to

Include XAz v [nclude the =-dsis values in the exported data

Drelimiter | Comma ﬂ What to zeparate the numernic values with [use T ab for Excel]
Decimal Places | 8 = ||How may decimal places to use

Figure 8-12 Export to Multifile

The ‘Source of Data’ selection is described in the ‘Batch File Conversion’ tool discussion,
above. The ‘Export To’ choices are Excel, Matlab, .CSV (comma-separated ASCII files),
clipboard, or GRAMS multifile.

Three buttons are situated at the top of the parameters window. The Apply button executes
the settings in the window. Next Spectrum makes the adjacent spectrum in the
Workspace active. The Previous button renders the preceding spectrum in the
Workspace active.

Five option rows are available. The row labeled Source of Data includes a drop down
menu, which is used to select the data to be exported. The current spectrum, all visible
spectra in workspace and all files in the workspace are the three options given.

The Export To option offers a drop down menu providing choices on the format of the
exported data. The options are:

e To the Windows clipboard, from where the data may be pasted into other programs.
e To Comma Separated Values file (.csv)

e Pasted into Excel

e To Excel files (xls)

e To Matlab files (.mat)

e To GRAMS multifile (.spc)

The Include X-Axis checkbox should be checked if x axis data (wavenumber, in the case of
absorbance files) is required.

When the data is exported to the clipboard or to CSV file, the data is in ASCII text format.

Two options are specifically for exporting ASCII text. The row labeled Delimiter is used to
define the character used to delimit the data — that is, to separate individual data points. Tab
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should be chosen as a general rule, but other circumstances may dictate the use of a comma
or other character. The choices available from the drop down menu are:

e Comma
e Tab
e Space

Although CSV stands for ‘Comma-Separated-Values, the actual separator will be the chosen
delimiter.

The final row is labeled Decimal Places. This also only applies to ASCII text (the
clipboard and CSV files). A drop down menu allows specification of the number of decimal
places to include in the exported numeric data. The data may be exported in scientific
format, or with decimal places numbering 1-9.

For export to a multifile, all the spectra in the list of files must have the same resolution
and spectral limits. If the spectra in the list of files do not match, this dialog will be
displayed:

i= Mismatched X-Axes

The ®-dxes of all the zpectra must match for export. These spectra are migmatched.
Fleasze edit these options ho make the uze the 'Match Spectra’ tool to make the spectra compatible for export,
The walues shown have been chozen automatically to make best uze of the information,

Starting ‘W avenumber |B43 834865335 ?First ¥ value
Ending Waverumber |4500.08805172 Last ¥ value

Dhigital Rezolution ::|EI.1 20529463354 Ewact Digital rezalution in cm-1

Template File :Match gtart, end cm-1 and rezolution |

] 4 Cancel

Figure 8-13: matching spectral limits and resolution

By clicking ‘OK’, the data in the multifile will automatically be converted to match these
settings.

An example of the output of the Export Data Tool, sct to export a single absorbance
spectrum visible in the Workspace to Microsoft Excel, is provided in Figure 8-14.
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5001873 -0.0012
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Figure 8-14 Exporting Data to Microsoft Excel
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The filename of the spectrum exported is visible in the cell 1B of the worksheet.
Also, take a look at the ‘File Conversion’ tool. The ‘File Conversion’ tool exports single

spectra to individual Files. The ‘Export Data’ tool exports multiple spectra to multi-
dimensional files.
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File Finder

The File Finder is, as its name implies, a method for searching disks for specific files or sets
of files. The parameters window for the File Finder Tool is shown in Figure 8-15.

‘wildoards: I * e LI
Containing Text: Iacid x| (optona
Starting Directary: |E:JDocuments and Settingzall Uzers/Documents/EFTIR /data ;I Browse. .. |

Start Search | v Include Subdiectaries [~ Search Curent Results Only [ Reverse Search

Add to Current Windowl Add to Mew Window Exportt - Help |

datab100C240] d=: of3cof, amb, 100ppm.m vs 3k B0n-cdacid & Blizo-c4

C:A\Documents and Settingsall Users\DocumentshEFTIRNdataha0_MNC4. dx
CADocuments and Settingshall Usersh\Documents\EFTIRYdatahCol 24.dx

0.2+

Absorbance

0.1

D' D_ L T T T T
4000 30\03 2000 1000
avenumbers

518805 0019548 0 M 11 T~ S -

Figure 8-15 File Finder Tool

The Tool has three main parts. In the upper portion of the File Finder window are three
drop down menus for the entry of wild card characters, text and the directory to search. On
the bottom left is a browser, used to select files identified by the search. The display window
in the bottom right of the screen shows any file highlighted in the browser window.

Addressing each of the File Finder elements in turn, let’s examine the three drop down
menus. The first — Wildcards — enables selection of file extensions to search for. In the
example used in Figure 8-15 the file extensions .dx and .jdx are included in the search,
which are the file extensions used by JCamp-DX. The wildcard characters * is used to
signify that the portion in front of the file extension is not relevant. In the second drop
down menu text may be entered or selected from previous searches. This text is then
included as part of the search. The search is not case sensitive, the text ‘acid’ will match
both ‘acid’, ‘Acid’ and ‘ACID’. Entering text to search for is optional, if no text is provided
then the Finder will find all files with the given extension(s). The third drop down menu is
used to select drives, directories and folders for searching. The search folders may also be
specified using the Browse button. This drop down list is pre-populated with book-marked
folders. If ‘Search Current Results Only’ is checked, then only the files listed in the file list
box are searched. This provides a way to narrow down the search using multiple search
texts. If ‘Reverse Search’ is checked, only files that do not contain the search text are listed.

Pressing the Start Search button begins the search. Subdirectories are included in the
search by checking the box next to the Start Search button. Once the search is concluded
the browser portion of the window is populated with a list of the files found. These may be
viewed in the display window by clicking once on the file. Multiple files may be selected in
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this list using the mouse in combination with the shift and control keys. The selected files
found may be loaded to the active Workspace by clicking the Add to Current Window
button, or loaded to a new Workspace by clicking the Add to New Window button.

Export Graphics

The Export Graphic Tool allows the Essential FTIR user to export presentation quality
graphics via a variety of formats. The Export Graphics parameters window is shown in

Figure 8-16.

Metafile Options:

units | Inches || The uniits for width and height J
Width |EI}| The width, in ‘units’, of the metafile

Height |4.|} The height, in ‘units’, of the metafile

Color choices | Black on White with Colored Data j Cortrol the color of the data and backaground

Line Width K The width of the data and grid lines, 1to &

Fort Size | 8 Larger sizes are needed for bigger bitmaps

Where to put it | Clipboard j Where to put the metafile

Bitmap Options:

Width |EDD The width, in pixels, of the graphic J
Height |=4I]'I]I The height, in pixels, of the bitmap

Color choices | Full Color ¥ || Control the color of the data and background

Line Width |1 The width of the data and grid lines, 1to &

Fort Size | g Larger sizes are needed for bigger bitmaps

Farmat | PNG j The format of the graphics for file saves

Where to put it | Clipboard j Where to put the bitmap

Figure 8-16 Export Graphics

The Export Graphics Tool has two main options, export to Metafile or Bitmap format.
These two choices have different options, so there are two tables of options, one for each
format. The resulting graphic can be written to a file, or placed on the Windows clipboard
for pasting the graphic into other program.

The Bitmap parameter window contains four rows. The row labeled Format, contains a
drop down menu that is used to select the output format for the Workspace graphic. The
available choices are:

e Portable Network Graphics (.png) - commonly used on internet web pages.

e Bitmap (bmp) — a Windows specific picture format.
e Joint Photographic Expert Group (.jpg) — the “standard” compressed image format.
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e X Pix Map (xpm) - used mostly on Unix systems with the X Window System.
The Width row contains an edit box which allows you to set the width in units of pixels of

the exported graphic. The Height row works in an analogous way. The Black On White
option may be used to export the graphic as a grayscale picture, ignoring colors.
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Saved Workspaces

The Saved Workspaces Tool allows you to save or load a Workspace window. Three
buttons are available. The Save All Windows button summons a dialog box enabling you
to navigate to the desired folder before saving all Workspaces. The Save Current Window
button summons a dialog box which allows you to browse to the desired directory before
saving the active Workspace. The Load a Workspace button summons a browser dialog
box which is used to navigate to a saved Workspace, which may then be opened by clicking
on the Open button on the browser dialog box. A Workspace is the window or windows
open in Essential FTIR and the data that they contain. If there are data that you work with
often, or if you want to return to particular data later, this tool allows you to save the state of
the program and restore it later without having to load all the separate data files. Please refer
to chapter three for a full discussion of Workspaces.

Header Information

The Header Information Tool is used to display information contained in the file header
of the active spectrtum. The Header Information parameters window is shown in Figure

8-17.

Export = | MestSpectrum| Previous Spectrum Report Help
1 Filenarne: S:/data/S02_100ppm. zpo
2 | Title aq4 0.5cm-1,645c,100.000C,1.0002atm,2.550M., c4fE
3 |Date / Time: Fritdar 24 10:37:00 2006
4 |First £43.895
B |Lasts: 4000132
& |Paints: 13899
7 |Minimum Y Value:  |22435
a b aimum t Yalue; | 35,830
9  |Data Paint Spacing: 024106

Figure 8-17 Header Information Tool

The header information is displayed in rows. The data may be inserted into documents from
the Windows clipboard via the Export to Clipboard button. The Next Spectrum and
Previous Spectrum buttons are used to navigate between spectra in the active Workspace.
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Edit Title

The Edit Title Tool is used to amend the information contained in the Title row of the file
information header. The Title is a memo field where you may store information regarding
the data. The Title should not be confused with the Filename. The parameters window is
shown in Figure 8-18.

Apply to Current | Apply toYizible | Mext Spectum Save -
Undo | Apply to Al Previous Save bs..
Title: |Enter ary title you ke into thiz field, and then uze an 'Apply* button.

Figure 8-18 Edit Title

The Title for the active spectrum in the currently active Workspace is displayed in the edit
box. Any changes made to the title may be executed using the Apply button. The Next
Spectrum and Previous buttons are used to navigate between spectra in the Workspace.
The Undo button provides an option to roll back any changes made. The Help button is
used to summon the help Workspace. The Save button saves the file in its current location,
while the Save As button summons a browser dialog box enabling you to select a filename
and folder for the modified file.

Audit Trail

In Essential FTIR, a record of all changes to the data is automatically generated, and this
record (audit trail) is automatically saved with the spectrum when you save the data. This
information may be viewed using the Audit Trail Tool, which records any changes made to
the spectral data. In the example shown in Figure 8-19, a region of the data has been lined-
out using the Zap tool.

Add Infarmation. . Mext Spectum Save

Help

E =port * | Previouz Spectrum Save bz

Avdit Trail for S:/data/S0Z_100ppm. spe:

[£AF]

Ezzental FTIR wersion 2.50 build 1

20120416 11:49 Uzer=Administrator

Original File = 5:/data/S02_100ppm.zpc

Zap Reagion with interpolated line

Region(z] [ avenumber [cm-1]) = (1856701 - 1419.329)
[END Z4P]

Figure 8-19 Audit Trail
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The Audit Trail window shows details of changes made to the active spectrum in the
Workspace. The Export button may be used to export the text to the usual choices of
Clipboard, Excel, or ASCII file. Next Spectrum and Previous Spectrum buttons are used
to navigate between spectra in the Workspace.

You can add information to the audit trail by clicking on the Add Information button.

The Manipulations Toolbox

The Data Toolbox provides all the options necessary to locate, open, view, edit information
and save spectral data. The role of the Manipulations Toolbox is to provide the features
needed to perform operations on the spectra. The contents of the Manipulations Toolbox
are shown in Figure 8-20.

b anipulations

Zap
M anual B azeline Correction
Auta Bazeline Correction
Fit Bazeline
= Shift
Derivative
Ratio
|nterferogram o Spectrum [FFT and R atio]
Subtract
Smoathing
Truncate
Scale/Offzet
|nterpolate /D ecimate
batch Spectra
Figure 8-20 T’he Manipulations Toolbox

Many of the Tools we are about to encounter use the concept of Regions. In the context
of Essential FTIR we may define a region as:

“Region — A portion of the x -axis of a spectrum designated by the user to be
operated upon, or designated by the user to be representative of that spectrum for the

purposes of that operation.”

A detailed treatment of the Regions concept is given in chapter three. Regions may be
defined by right-clicking in the active Workspace window. One right-click defines a
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Region Marker — a vertical line delineating the edge of a Region. This Region Marker
may be repositioned by left-clicking and dragging. Right-clicking in the Workspace window
a second time completes the Region with a second marker, and the portion of the spectrum
selected is shaded. The numerical values of the Region defined in this way are recorded in a
Region Table, as shown in Figure 8-21.

Try Apply to Current | Apply loVisible | Mest Spectum Save @ w

Jndo Clone & Apply Apply to Al Previous Save bs...

Fill itk | Interpolated Linej What to fill zapped regions with

Add Moise |0.0005 Gaussian dishibution expressed as standard deviation around 0
' avenurmber... | W avenumber. .

1 4030364 3483364

7 |2416.346 2260.251

3 |2020.07 1412142

4 |3B27IV 613.653

Figure 8-21 Region Table

The Region(s) listed in the Region Table may be saved or loaded via the context menu
summoned by right-clicking in the Region Table, as shown in Figure 8-21, or by clicking
on the Wavenumber column headers. The menu may also be used to remove rows from
the table. In this way once regions have been defined and found successful, they may be
retrieved later for use in similar circumstances. Please refer to chapter three for a full
discussion of the Regions concept.

Different tools in the Manipulations Toolbox (and indeed the Analysis and Synthesize /
Edit Data Toolboxes) use Regions in different contexts. For instance, the Zap Tool is an
example of a feature which uses the Region as a simple definition of a portion of the x-axis
of the active spectrum to be operated upon. Put simply, the selected Region is “zapped”,
leaving the remainder of the spectrum unchanged. This is not the case with all Tools.

Take the Manual Baseline Correction Tool for example. A Region selected is not the

only portion of the spectrum operated upon; rather that Region is taken to be representative
of the whole spectrum. The distinction will become clear as we examine each Tool in turn.
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Zap

The Zap Tool is used primarily to remove unwanted portions of a spectrum. For example,
if a reference absorbance spectrum representing a compound is contaminated it is desirable
to remove those absorbance peaks not attributable to the compound of interest. Figure
8-22 shows the Zap parameter window, together with the Workspace display.
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Figure 8-22 Zap Tool parameters and Workspace window

The Zap parameters window comprises three main elements. At the top of the window are
eight buttons:

Ty The Try button allows you to apply the current Zap settings without

committing to them. The parameters will be applied to a gray “ghost” spectrum, overlaying
the actual data.

MI The Apply To Current button is used to execute the Zap operation on the
spectrum. The original spectrum is replaced in the Workspace by the modified data.

_Apply toMisible| e Apply to Visible button will execute the Zap operation on all of the

visible spectra in the workspace.

Apply ko Al

T 777 | The Apply to All button will execute the Zap operation an all of the spectra
in the workspace, whether they are visible or not.
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Mext Spect .
M The Next Spectrum button Selects the next spectrum in the Workspace as

active.

w The Undo button allows you to roll back changes made to the spectrum. A
menu is summoned with the options to undo any one of a list of changes, or to undo all
changes to the spectrum.

Clone %828% | The Clone and Apply button creates a copy of the active spectrum before
performing the Zap operation upon the copy, thus preserving the original spectrum. The
new spectrum becomes the active spectrum in the Workspace.

Previous . . . . .
The Previous button navigates to the preceding spectrum in the active

Workspace.

The Batch Save brings up the batch save dialog, with many options for
saving multiple spectra, with many renaming options.

Save bz,

———— "1 'The Save As... button summons a navigation dialog box enabling you to
select or create a folder to contain the modified spectrum.

The above buttons are known as the Toolbox Buttons, and are common to many Tools in
the Manipulations Toolbox and other Toolboxes. Users will be referred to this section
for information on the buttons whenever they are relevant.

The center of the Zap parameters window contains an options table with two rows. The
table is shown in Figure 8-23.

Fil With | Interpalated Line v What ta fill zapped regions with
Add Maoise | (Gaussian distnution expressed as standard deviation around
Figure 8-23 Zap options table

The first row of the Zap options table contains a drop down menu with five options — to fill
with an interpolated line, fill with zeros, fill with the mean value, fill with the left-most value
or to fill with the right-most value. The second row allows you to add noise to the Zap
Region(s) to avoid an unnatural looking flat line.

The spectrum shown in the workspace in Figure 8-22 is a gaseous sulfur dioxide absorbance
spectrum at 0.5cm™ resolution, with 64 co-added scans, with the 10m gas cell heated to
100C, and regulated to a pressure of 1 atmosphere. We will use this spectrum, sometimes in
combination with others, throughout our examination of the Manipulations Toolbox.
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Note the four Regions sclected in Figure 8-24. 'The sulfur dioxide spectrum is
contaminated with water and carbon dioxide — two very common atmospheric contaminants
in gas-phase samples. The Regions are chosen so as to remove the absorbencies due to the
contaminants. This contamination is made more obvious in the expanded view shown in

Figure 8-24.
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Figure 8-24 Contamination from H20 and CO; in $O;

This contamination, while at relatively low levels, can still prejudice the results of a library
search, or bias a least squares fitting routine for quantification. If we press the Try button to

test the effects of the operation on the spectrum, we see the result in Figure 8-25.
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Figure 8-25 Applying the Zap with the Tty button

We see that the interferences have been replaced with a flat line, interpolated between the
Region Markers. Should we wish, we may apply synthetic noise to the Zap Regions, to
render the spectrum more “natural” in appearance. In Figure 8-26 we see the result of
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applying the operation using the Interpolated Line option and applying noise at a level of
0.00085 absorbance units.
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Figure 8-26 Applied Zap

The spectrum is now free of contamination. Notice that some artifacts have been
introduced to the baseline, notably the slope on the baseline below 1000cm™. We will
remove these artifacts with the next tool.
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Manual Baseline Correction

The Manual Baseline Correction Tool is used to remove defects from the baseline of a
absorbance spectrum. The associated parameters window and Workspace is shown in

Figure 8-27.
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Figure 8-27 Manual Baseline Correction parameters

The Manual Baseline Correction window comprises three parts. The first consists of the
Toolbox Buttons, identical to those of the Zap parameters window detailed in the previous
section. The middle portion contains the processing options, and the right side of the
window is taken up with a Region Table.

In this tool, the user selects points that will define a new baseline that is subtracted from the

spectrum. This new baseline can be either straight line segments, or a smooth curve, which
behavior is controlled by the ‘Baseline Fit” option.
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The ‘follow data’ option determines the behavior of the region markers, and the resulting
baseline correction. If ‘Follow Data’ is checked, the region markers will be forced to fall on
the spectrum. If unchecked, the region markers can be placed anywhere in the X)Y

coordinate space.

If the ‘Live Update’ option is checked, the results of the calculation can be viewed in real
time as the region markers are placed and moved. In practice, some may be necessary to
achieve the goal of removing baseline artifacts, so this live update can speed the process. In
Figure 8-28, we have selected new baseline points with ‘Follow Data’ checked, and ‘Baseline

Fit’ set to ‘Cubic Spline’. After clicking ‘Apply’, the result in Figure 8-29 is obtained.
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Figure 8-28 Baseline Correction
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Figure 8-29 Applied Baseline Correction
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Auto Baseline Correction

The Auto Baseline Correction Tool is used to repair simple baseline defects without the
requirement of defining Regions. The Auto Baseline Correction parameters window is

shown in Figure 8-30.

Ty Apply to Current | Apply to Vigible | Hext Spectrum Save -
|Ihda Clane & &pply Apply b Al Previouz Save bz
Carrection Method | Function Fit || The algorithm to use to comect the bassline
Correction Order Lirear || Mumber of terms in the carection matris for Function Fit anly
M armalize rd Offzet the data min to 0 after correction

Figure 8-30 Auto Baseline Correction parameters

Again, the eight common Toolbox Buttons are present. You should refer to the section on
the Zap Tool for detailed information on the functions of these buttons. Below the buttons
is a two row options box.
The Correction Method specifies the way the baseline correction is done. Two options are
available:
e Function Fit — Fit a polynomial of first through fourth order by solving a linear
regression equation.
e GIFTS Auto-Leveling- baseline slope and offset are removed by fitting a straight
line to the data and iteratively discarding points that do not fit the line well.
The second row, labeled Correction Order is used to specify the order of the polynomial
used to correct the spectrum when the ‘Function Fit’ correction method is specified. Three
options are available from the drop down menu.

e Linear- corrects the spectrum baseline with reference to a 1™ order polynomial
e Quadratic -corrects the spectrum baseline with reference to a 2™ order polynomial

e Offset- does not use a polynomial, but offsets the data so as to place the mean value
of the spectrum at zero.

The check-box labeled Normalize sets the minimum j-axis data point to zero after
correction. If noise is present to a significant degree in any part of the spectrum (as is often
the case in the high and low extremes of the x-axis) then this option is not desirable. An
example of the Auto Baseline Correction Tool in action is given in Figure 8-31.
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Figure 8-31 Auto Baseline Correction example

MLl & By v x

The example given in Figure 8-31 uses the sulfur dioxide spectrum we have used previously.
The parameters were as set out in Figure 8-30. The gray spectrum was invoked by pressing

the Try button.
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Fit Baseline

The Fit Baseline Tool is like a combination of the Zap tool (above) and the Manual
Baseline Correction tool (above). Unlike the Zap tool, the region markers are not used pair-
wise to define separate distinct regions for zapping. The region markers define points to use
to fit 2 new baseline, as in the Manual Baseline Cotrection tool. Unlike the Manual Baseline
Correction, those points defined by the region markers are not pulled to zero to ‘correct’ the
baseline. Rather, the region markers define points to use in fitting a cubic spline, which
spline is then used to generate new points over the total area defined by the region markers.

This tool is useful in creating synthetic backgrounds from single beam spectra. In open-path
spectroscopy, often the sample spectrum is made to serve as its own background by
smoothing or lining-out (i.e. zapping) regions of interest. This tool makes it easier to fit a
curve to the regions of interest.

In the following figure, a singlebeam spectrum has been loaded and zoomed into the region
of interest. In this case, we want to analyze the spectrum for ammonia.

2000

700004 | |

Single Beam

BO000H

500004

1200 1100 1000 300

Wavenumbers
120387 720445 [ 00905 291 =]
COHOEOAD =0 ® il - dbvake¢Xe KL= L LS &l
Figure 8-32 A singlebeam spectrum
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Now the user has laid down region markers:
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After clicking the ‘Apply’ button, the data over the area defined by the region markers is
replaced with an interpolated curve:
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Figure 8-34 Applied Fit Baseline
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The modified singlebeam spectrum can now be used as its own background. Using the

FFT/Ratio tool, this absorbance spectrum is produced by ratioing the singlebeam in Figure
8-32 against the ‘Fit Baseline’ result in Figure 8-34, which can now be used to analyze the

spectrum for ammonia.
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Figure 8-35 An absorbance spectrum produced by ratio with itself.
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X-Shift

It is often useful in FTIR to employ library spectra in the course of a measurement. Often
however, these library spectra were acquired on an instrument other than the spectrometer
used to obtain the sample spectra. While this is theoretically not a problem, when spectral
features are very narrow (as is often the case with gas phase spectra) then any small
uncertainties in the x-axis of either sample or library spectra are readily apparent. These
discrepancies, or x-shifts, can cause problems for quantitative analysis. The Essential
FTIR X-Shift Tool provides a simple and powerful method of correcting these x-shifts.

The parameters window for the X-Shift Tool is shown in Figure 8-36.

Try Apply ta Current | Apply ko Visible | MNext Spectrum Save ¥

[ndo Clore & &pply Apply oAl Previous Saveds.
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{« Shift Entire Spectum
(" Stretch: Pin Left Side
(" Shetch: Pin Right Side

{ Stretch: Pin£era

Figure 8-36 X-Shift parameters

The common Toolbox Buttons are present. Below these buttons three main features are
evident — a Clock Dial, a series of radio buttons and two edit boxes, together with a Return
button.

The X-Shift Tool provides three methods of shifting a spectrum. Clicking on the arrows on
either side of the Clock Dial shifts the active spectrum in the direction indicated by the
arrows. The degree to which the active spectrum is shifted by a given rotation of the Clock
Dial is set using the Sensitivity box - using the up and down arrows sensitivity to rotation
may be set between 100cm™ and 0.001cm™. The Clock Dial provides an interactive way of
shifting a spectrum — the x-shift applied is shown by a “ghost” gray spectrum. Clicking
Apply will execute the shift. The third method is to enter a number directly in the “Total
Shift’ edit box and then pressing the ‘enter’ key or clicking the ‘return key’ icon to the right
of the edit box. An example showing carbon monoxide spectra with relatively x-shifted
absorbance bands is given in Figure 8-37.
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Figure 8-37 Relatively shifted carbon monoxide peaks

We see that in order to match correctly the absorbance bands shown in Figure 8-37 must be
shifted. Figure 8-38 shows how this is accomplished.
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Figure 8-38 X-Shift corrected carbon monoxide

The Clock Dial is used with a Sensitivity setting of 0.01cm™ to shift the active spectrum to
match the carbon monoxide spectrum, as judged by the gray “ghost” spectrum. We see
from the Total Shift box that the degree of shift necessary to match the two spectra is -
0.230cm™. The Total Shift box may be used in place of the Clock Dial to shift spectra,
simply by entering the numerical value for the desired shift. As with other tools, clicking the
Apply button executes the change, and the spectrum may be saved.
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Detrivative

The Derivative Tool may be used to show the #” order derivative of a spectrum, where 7
may take the values 1-4. The Detivative parameters window is shown in Figure 8-39.
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Figure 8-39 The Derivative Tool
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Figure 8-40 Detivative parameters and result

We see from Figure 8-39 that along with the usual Toolbox Buttons the Derivative Tool
uses a slider bar to select the order of the derivative to be applied. In this case we have
selected a 1" order derivative, which is often used to precisely locate the x-axis position of
the masxima and minima of absorbance features.
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Ratio

Try ‘ Help
lUndo | Clone & Apphy | Apphy ta Al | Previous | Save As.. ‘
Divide data by this spectrum: | Last Collected Background ﬂ Browse...

Final Data Type | Transmittance ﬂ The final data type for the ratiod data

Figure 8-41 The Ratio Tool

FTIR is a ratio technique. Typically, a sample spectrum is derived from two singlebeam
spectra: the background singlebeam and the sample singlebeam. Dividing the sample
singlebeam by the background singlebeam yields a Transmittance spectrum. This ratio of
sample by background divides out features that are both spectra (such as CO2 or Water
vapor), leaving only the spectral features of the sample.

The ratio tool in Essential FTIR can be used to ratio any two spectra. Usually these will
be two singlebeam spectra to produce a Transmittance spectrum, but the tool is more
general-purpose. Any spectrum can be divided by any other spectrum, regardless of the
data types of the two, providing there is overlap in the x-axes of the two.

If the endpoints of the two spectra do not match, the intersection of the two spectra is
used automatically. If the data point spacing of the two spectra do not match, the
background (that is, the divisor) is automatically interpolated to the data point spacing of
the sample (that is, the numerator).

Interferogram to Spectrum (FFT | Ratio)

An absorbance spectrum usually represents the final stage in spectral processing. An FTIR
spectrum begins life as an interferogram. In order to glean information regarding the
infrared absorbance at any given frequency the interferogram must be Fourier transformed
to yield a single beam spectrum. This single beam sample spectrum is then divided by a
background single beam spectrum. This ratio forms a transmittance spectrum. An
absorbance spectrum is the negative logarithm of this transmittance spectrum, as infrared
transmission is logarithmically related to the concentration of the absorbing species at a
characteristic wavelength, whereas the absorbance spectrum is linearly proportional to this
concentration.

There may arise circumstances where a user might wish to convert between these data types,
and the Interferogram to Spectrum Tool provides a method to achieve this. Note that the
parameters for the Tool are duplicated on the Collect Tool and in the Settings, and
changing the parameters in one place will also change the parameters in the other. The
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parameters window for the FFT Interferogram to Spectrum Tool is shown in Figure
8-42.
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Figure 8-42 Interferogram to Spectrum parameters window

Ignoring the common Toolbox Buttons, we see that the parameters window shows a drop-
down menu labeled Background Spectrum. This feature allows you to specify any
interferogram or single beam spectrum for the purposes of division, to produce a
transmittance spectrum from two single beam spectra.

If the background spectrum is an interferogram, it will automatically be processed to a
singlebeam using the same parameters, before it is used in the ratio. Note that the spectrum
in the ‘Background Spectrum’ box is always read from disk, even if it is in an Essential FTIR
workspace. Therefore, if you modify a spectrum in a workspace for use as a background in
this tool, please save it to disk so that the changes you made will take effect.

The main feature of the parameters window is the options box, containing seven rows of
options. Examining each option in turn:

1) Final Data Type: A drop down menu allows selection of absorbance,
transmittance, single beam or interferogram.

2) Starting Wavenumber. An edit box allows specification of the lowest
wavenumber to be processed.

3) Ending Wavenumber. An edit box allows specification of the highest
wavenumber to be processed.

4) Zero Filling: A drop down menu allows selection of the degree of interpolation
in the processed spectrum. Positive integer values between 0 and 3 are allowed.

5) Apodization: 'The apodization function used to remove processing artifacts

from the fast Fourier transform (FFT). Triangle, Boxcar, Beer-Norton Med,
Beer-Norton Weak, Beer-Norton Strong, Happ-Genzel, Bessel, Cosine,
Blackman-Harris 3 Term, Blackman-Harris 4 Term and Cosine 3 are
selectable via a drop down menu.

6) Phase Correction: You may select either Mertz or magnitude methods of phase
correction.
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7) Advanced: Refer the ‘Process’ section of Chapter 6 for a discussion of the
advanced settings. Click here to go to that section. Pay close attention to the
advanced settings, or the calculated spectrum will not be correct.

The FFT / Ratio Tool can also be used to simply ratio two single beam spectra. If the
active spectrum is a single beam, then this Tool may be used to ratio it against a background
spectrum.

The FFT /Ratio Tool can also be used to change a specttum between Transmittance and
Absorbance, although the Y axis conversion’ tool is better suited for this task. The FFT /
Ratio tool always tries to convert from the starting data type of the active spectrum to
whatever the final data type is.

Subtract

The Subtract Tool is used to remove unwanted absorbance features from a sample
absorbance spectrum by subtracting a reference spectrum from the sample spectrum. This
reference spectrum is known as the Subtrahend. The parameters window for the Subtract
Toolis shown in Figure 8-43.

Ty | Apply to Eurrent‘ Apply to'\)'isible‘ NEH[SDECUUI‘H‘ BatchSave...| Help

Unda | Elnne&.i‘-.pply‘ Apphy to All ‘ Previous ‘ Save As. |

Subtract thiz spectum; | 0: CO_134 SPC carbon monoside, 120014, 26C, 1 atm M2, 1127 ppm-m j Browse...

. - Subtraction Factor.  [1.0000000 |
ﬂ - - ﬂ Sensitivity: [ 1 El:

“Wavenumber... | W avenumber... |
AutoSubtract

Figure 8-43 Subtract parameters window

The ten common Toolbox Buttons are present. Below these is a drop down window, used
to select the Subtrahend from a list of spectra in the Workspace. If the desired
Subtrahend is not present in the Workspace then the Browse button may be used to
locate and load it.

A Clock Dial interface, similar to that used in the X-Shift Tool is available to interactively
adjust the degree of subtraction applied to the active spectrum. The indicator in the dial may
be adjusted using the arrow buttons on each side. The Sensitivity box is used to set the
degree of subtraction applied when the Clock Dial indicator is advanced by one tick mark.
The Subtraction Factor box shows the multiple of the Subtrahend applied to the
subtraction, for instance if the Total Subtraction box reads 0.5000 then the Subtrahend is
multiplied by 0.5 and subtracted from the active spectrum. A subtraction may also be
applied by entering a factor in the Subtraction Factor box and clicking the Return button.

109



The subtraction may be automated by setting wavenumber limits. This is achieved by right-
clicking in the Workspace window to set Regions for evaluation of the subtraction. Pressing
the Auto Subtract button then applies the Subtrahend to the active spectrum, automatically
removing the interfering absorbance peaks over the wavenumber range specified.

Smoothing

The Smoothing Tool is used to convolve the active spectrum with a choice of smoothing
coefficients. Smoothing may be undertaken for a variety of reasons, such as the need to
improve the quality of a least squares fit for a low resolution spectrum, or removing large
absorbance features from a single beam spectrum to create a background spectrum for use
in open path FTIR analysis. The Smoothing Tool parameters window is shown in Figure
8-44.

Try | Apply to Current‘ Apply toViSibIe| Ne:-:tSpectrum‘ BatchSave...| Help

Undo | Clane & Apply ‘ Apply to All | Frevious ‘ Savebs . |
|’ :
Smoothing Window: |5 ,'.l

Haow to handle the end paints: | Extrapolate, then Truncate j

Smoathing Method Smooth Region:
(¢ Savitzky-Golay Quadratic / Cubic Iv Full Specturm Smooth

" Savitzky-Golay Quartic / Quintic ‘wavenumber... ‘wiavenumber...

" Moving Average
™ Running Median
™ Hanning ‘Window

™ Hamming ‘Window

Figure 8-44 Smoothing Tool parameters window

The common Toolbox Buttons are all present, beneath which is a slider bar, which may be
used to select the number of smoothing points. Alternatively, the number may be directly
entered into the edit box labeled Smoothing Window. Pressing the Return button will
apply the change.

Five smoothing algorithms are available, selectable via the radio buttons on the left of the
window. To the right of these is a Regions window. When the Full Spectrum Smooth
check-box is un-checked, a single Region may be selected by right-clicking on the active
spectrum in the Workspace, and will be visible in the Smooth Region window. The
smoothing will then be applied over the specified range.

An example of using the Smoothing feature to create a background spectrum for open path
FTIR is shown in Figure 8-45.
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Figure 8-45 Application of Smoothing Tool

The uppermost specttum shown in Figure 8-45 is an untreated open path single beam
spectrum. The center of the figure shows the same spectrum after the smoothing
parameters shown in Figure 8-44 have been applied. The lower specttum has the wide
features removed using the Zap feature. This would not be possible without the
intermediate smoothing step, as the true “zero” background of the single beam is obscured
by water and carbon dioxide bands.

Truncate
The Truncate Tool enables you to trim a spectrum, retaining only the data range defined by
the Region. This Region is set in the usual way — by right-clicking on the active spectrum

in the Workspace to define Region Markers. Figure 8-46 shows the parameters window,
together with an example Workspace.
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The Truncate Tool parameters window contains the common Toolbox Buttons. Below
these buttons lies a Regions window, which displays the data range marked for retention
after the truncation. In the example shown in Figure 8-46, a carbon monoxide spectrum
has the main absorbance feature captured by the Region markers. In Stacked display mode
the Clone and Apply button was used to truncate the spectrum and display the result in the
lower data display. This truncated spectrum may now be saved as a new file, or saved over
the original data.
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Scale / Offset

The Scale / Offset tool may be used to perform arithmetic operations on spectra using a
constant. The Scale / Offset parameters window is shown in Figure 8-47.

Try | Apply to Current ‘ Lpply to Vizsible | Mext Spectrum ‘ Batch Save... | Help

Unda | Clune&.&ppl_l,l‘ Apply to Al | Previous ‘ Save Az, |

ﬂ P C ﬂ Factor; |1-0 +

il - Sergitvity: [0 F

" Scale By Factor
™ Scale To Factor
(" Offset By Factaor

(¥ QOffzet To Factor

Figure 8-47 Scale / Offset parameters

The Toolbox Buttons are present. Below these buttons lies a Clock Dial interface, which
allows application of the operations interactively. The Factor edit box contains the value
dialed in. This value may also be entered directly into the edit box. The Return key
executes the operation as a Try — delivering a gray “ghost” spectrum showing the result of
the operation. The Sensitivity box is used to set the magnitude of the change in the Factor
applied when the Clock Dial indicator is advanced by one tick mark.

Four radio button occupy the lower left of the parameters window. Dealing with each
button in turn:

e Scale By Factor: The data will be scaled according to the constant displayed in the
Factor edit box.

e Scale To Factor: The dynamic range of the data will be re-scaled from n, where n is
the constant specified in the Factor edit box.

e Offset By Factor: Adds the constant specified in the Factor edit box to the data.

e Offset To Factor: Sets the minimum value in the spectrum to the value specified in
the Factor edit box.

Interpolate | Decimate

The Interpolate / Decimate Tool enables you to alter the digital resolution of a spectrum.

Digital resolution is the actual distance between data points in a spectrum, the ‘point
spacing’, also referred to as ‘delta X’.. It is not the same thing as Optical Resolution,
although it can affect the apparent optical resolution of the data. The Interpolate /
Decimate parameters window is shown in Figure 8-48.
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™ Change Mumber of Points | |;:T;‘3

Reset to Sample |

Figure 8-48 Interpolate / Decimate parameters window

The parameters window houses the usual Toolbox Buttons. You can enter the point
spacing directly in the edit box to the right of the ‘Change Point Spacing’ radio button, or
you can enter the number of points that will be in the resulting spectrum, and the point
spacing will be calculated from that. The formula used to calculate the point spacing is:

deltaX = (lastX — firstX) / (points -1)

where lastX is the x-value of the last point in the spectrum, and firstX is the x-value of the
first point in the spectrum.

The ‘Reset to Sample’ button will set the New Values to be the same as the Current Values.

The cubic spline interpolation method is used. It is important to note that while decimating
data usually yields a spectrum resembling a reference spectrum acquired at the new
resolution, interpolating a spectrum does not add new information to the data, and therefore
will not re-generate narrow absorption features not captured by the original data acquisition
parameters. That is, interpolating a spectrum to a higher resolution does not increase the
optical resolution of the spectrum.

Match Spectra
A common task in handling spectra is make all of their starting and ending values and

digital resolution match each other, or some standard set of parameters. This tool makes
it easy to do this to groups of spectra at a time.
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Reset To Sample Click... | Reset Starting/Ending values and resolution to the curent sample
Figure 8-49

The Match Spectral window

A very powerful and convenient feature of this tool allows you to select a spectrum as the
‘template’. When you choose a template spectrum, the starting and ending wavenumbers
and the digital resolution of this spectrum are put into the table and will be applied to
spectra that you perform this operation with.
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The Conversions & Corrections Toolbox

Many different methods of sampling are available to the infrared spectroscopist. The sample
matrix usually dictates the sampling method - attenuated total reflectance, diffuse reflectance
and transmission are the most commonly used methods. These techniques deliver data with
differing characteristics. The Conversion & Corrections Toolbox houses a set of Tools
that may be used to convert between the characteristic data sub-types acquired using
different sampling methods, or to correct a spectrum so that it may be compared — “apples
to apples” — with a spectrum acquired using a different sampling technique. We will
examine each tool and its applications in turn.

Y-Unit Conversions

This tool converts the Y-Axis units between various common infrared spectroscopy units.
The Kubelka-Munk conversion is used when handling diffuse reflectance spectra, and
provides a more linear relationship with concentration than absorbance spectra.

Ty Apply to Current | Apply toisible | Mest Spectrum | Batch Save...
Jndo Clone & Apply Apply to Al Previous Save bz,
Corvert Ta

" ToAbsorbance
" Ta Transmittance
" To Kubelka-tunk
" Tolog1/R

" To Reflectance

Figure 8-50
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X-Unit Conversions

Historically, wavenumbers (cm') are used as the x-axis units for infra red spectra.
Wavenumbers are a convenient unit for infrared data, but sometimes it is desirable to use
wavelength units, such as nanometers or micrometers The X-Unit Conversion parameters
window is shown in Figure 8-51.

Ty Apply to Current | Apply toYisible | Mest Spectrum | Batch Save...
Jndo Clone & &pply Apply to Al Previous Save ba...
Corvert Ta Optionz
" wavenumbers [om-1] i+ Preserve Amray Size
{« Microns [um) i Optimize Resolution

" Manometers [nm]
Figure 8-51 X-Unit Conversion parameters

The Toolbox Buttons are used to try, apply and save the transformed spectrum. Three
options are available through the conversion options — wavenumbers cm™, nanometers (nm)
and micrometers (um).

The application of a conversion will impact on the number of data points contained in the
converted spectrum, as converting from wavenumbers to linear units requires linearization -
that is, wavenumbers are cm’, or reciprocal centimeters, 1/cm. The two systems of units
are inversely related. Two options are provided which enable you to manage the size of the
resultant array — Preserve Array Size and Optimize Resolution, which are selected using
the radio buttons on the right of the parameters window. The Optimize Resolution
option creates a new data array that is approximately a factor of ten larger than the original.
When using this option the high wavenumber end of the array is used to calculate the x-axis
spacing necessary to preserve all spectral features. At the low wavenumber end of the
spectrum, points are interpolated between the existing points. Thus, the Optimize
Resolution option preserves spectral features at the high wavenumber end of the spectrum.

The Preserve Array Size option creates a new data array that will contain the same number
of points as the original. Resolution must be degraded in order to satisfy this condition. Data
points are interpolated at the low wavenumber end of the spectrum and averaged at the high
wavenumber end of the spectrum.

It is important to note that when using either option, converting back and forth between

formats will quickly increase the data array size to unmanageable proportions very quickly —
the Undo button should be used to convert back to the original x-axis units.
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Advanced ATR Correction

When using attenuated total reflectance (ATR) sampling techniques, spectra take on
characteristics which are dependent on the angle of the infrared beam incident on the ATR
crystal, the refractive index of the crystal and on the refractive index of the sample.

In order to compare a reference spectrum acquired using traditional transmission
spectroscopy, it is necessary to correct the ATR data before making any quantitative
calculations. The ATR Correction Tool may be used to carry out this correction. The
ATR Correction parameters are shown in Figure 8-52.

Ty Apply to Current | Apply to Wigible | Mext Spectrum | Batch Save...
Jndo Clone & Apply Apply to Al Fresious Save bz,
Angle Of Incidence |45 1] In degrees

Rzl I— Refractive Index of Sample

Ric] l— Fefractive Index of Crystal
Murmnber of reflections I— Mumber of reflections

Thickness [cm) W Tranzmizsion Pathlength for result

Corwvergence 0.00a1 Correlation to the actual reflectance must be thiz close
b airnum [terations IEI:I— The calculation will stop, f convergence iz not reached
Show the K. zpectrum Click.... Generate the K. [&bsorption Coefficient] spectum
Show the N spectrum Click... Generate the N [Fefractive [ndex] spectum

Figure 8-52 ATR Cotrection parameters

The usual collection of Toolbox Buttons are available. Below these buttons, a three row
options box contains the following options:

e Angle Of Incidence: The angle at which the infrared radiation strikes the ATR
crystal.

® R(s): The refractive index of the sample.

® R(c): The refractive index of the ATR crystal.

e Number of reflections: How many bounces the beam makes in the ATR accessory.

e Thickness: The equivalent thickness of the transmission sample.

e Convergence: The ATR correction is an iterative calculation. The calculated
reflectance spectrum is compared to the actual measure reflectance spectrum, and
the calculate stops when sequential results differ by this amount.

e Maximum Iterations: If convergence is not obtained, stop after this many
iterations and return the best result.

e Show the K Spectrum: The algorithm generates a spectrum of the Absorption
Coefficient. After the correction is run, clicking this button will display the K
Spectrum.
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e Show the N Spectrum: just like ‘Show the K Spectrum’, for the Refractive Index
spectrum.

The refractive index of the ATR crystal should be supplied in the literature from the
accessory manufacturer, as should the angle of incidence (many ATR accessories now boast
adjustable incidence angles). Powders of organic materials and aqueous solutions possess
refractive indices of approximately 1.7. A table of common crystal materials is provided in
the on-line help for this feature.
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Kramers-Kronig

Absorbance spectra generated using reflectance spectroscopy differ in character from data
acquired using traditional transmission spectroscopy. In order to quantitatively compare
absorption data from the two sampling techniques it is necessary to employ a Kramers-
Kronig transformation. This transformation has many applications in the field of non-linear
optics, as it relates the imaginary and real parts of a function. Essential FTIR uses the
Maclaurin series to compute the Kramers-Kronig transformation. There are no parameters
to enter for the Tool, simply use the Toolbox Buttons to apply and save the data. A
warning box may be generated if the data contains zeros; if this is the case then use the Scale
/ Offset tool to remove these before computing the transform.

Raman Shift

The Raman Shift Tool may be employed to correct for differences exhibited in Raman
spectra acquired on different instruments at different excitation frequencies. The parameters
window for the Raman Shift feature is shown in Figure 8-53.

Ty Apply to Current | Apply to Wigible | Hest Spectrum
Jndo Clone & &pply Apply to Al Fresious Save bz,
Ewcitation Frequency |EI.EI [ wavenumbers [cm-1]

Figure 8-53 Raman Shift parameters

The edit box labeled Excitation Frequency is used to enter the frequency of the laser used in
the Raman experiment. The Toolbox Buttons are used to try, apply and save the result.

Normalization

Normalization is used to remove variation from data to bring spectra into line with each
other.

Try Apply ta Current | Apply to Yizible | Mext Spectrum
|Jhdo Clare & &pply Apply koAl Previouz Save bz
Mormalization Method | Min-tax || How to nomalize the data
Mirrnum |EI.EI Offset or Miniurmurn % alue
b airnurn 1.0 b v W alue

Figure 8-54 The Normalization Tool
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The options for ‘Normalization Method’ are:

i Offzet

TR %

“Wector Hormalization

Figure 8-55 Normalizaton Methods

Offset: change the minimum value in the spectrum to the value given as ‘Minimum’.
This will offset the baseline of the spectrum.

Min-Max: The baseline of the spectrum is set to the ‘Minimum’, as in Offset
Normalization, and then the spectrum is scaled so that its maximum value is that given as
‘Maximum’. This changes the baseline and the dynamic range of the spectrum.

Vector Normalization: The average Y-value of the spectrum is subtracted from the
spectrum (this is called ‘centering’ the spectrum). Then the spectrum is divided by the
square root of the sum of the squares of the Y-values. This makes the vector norm of the

spectrum equal to 1.
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The Analysis Toolbox

In some applications, particularly in quality control and quality assurance, it is valuable to
have the capability to carry out qualitative and quantitative tests on data, in a manner that
minimizes human involvement. The role of the Analysis Toolbox is to provide this

capability. We will examine each Toolin turn.
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Integrate

The Integrate Tool may be used to calculate and assign a numerical value to the area
beneath an absorbance feature. The Integrate Tool parameters window is shown in Figure

8-56.
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Figure 8-56 Integration parameters
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Three of the set of Toolbox Buttons are present in the Integrate Tool parameters window
— Apply, Next Spectrum and Previous Spectrum, and a Report button. Below these
buttons is a Regions window, which displays the Region(s) to be integrated, which are set
by right-clicking on the active spectrum in the Workspace. An options box immediately to
the right of the Regions window provides two options, selectable via radio buttons. The
first option — Integrate To Zero — computes the numerical area defined by the data and the
Region Marker’s intersection point with the zero line. The second option — Integrate To
Baseline — calculates the numerical value of the area defined by the data and the Region
Marker’s intersection point with the baseline. The baseline is calculated in a local way, by
drawing a straight line between the Region Markers at their intersection with the data.

Once the Apply button is clicked, the numerical integral (evaluated in arbitrary units) is
displayed in the area at the bottom of the parameters window, together with the filename
and the limits of integration. The Decimal Places edit box allows you to set the desired
precision of the measurement. The data may be pasted to the clipboard using the Export
button, and erased using the Clear button.

The Report button will generate a word-compatible document including the spectral display
and results table. How the report file is named, and where it is saved, are controlled by the
Report settings from the Options/Setup menu selection. Using these settings, the file can
also be loaded automatically in the editor for viewing and editing.
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Peak Picking

When comparing one spectrum with another, it is useful to have some repeatable definition
of what constitutes an absorbance peak. When operating on absorbance features of low
intensity, this line can become blurred due to the increasing noise component of the data.
The Peak Picking Tool allows you to set parameters to define unambiguously the peaks
present in a spectrum. Figure 8-57 shows the Peak Picking parameters window.
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Figure 8-57 Peak Picking parameters

The Workspace window in Figure 8-57displays a sulfur dioxide spectrum at 1000ppm-m
which has been expanded to the region of interest. In the parameters window itself are four
of the set of eight Toolbox Buttons.

Below these buttons is an edit box labeled Peak Detection Threshold. This value may be
entered directly, or defined by right-clicking on in the Workspace and dragging the resulting
horizontal gray line to the desited position. The threshold is identified in Figure 8-57 by a
call out box. This Threshold will exclude any peaks which do not meet or exceed the
Threshold value, defined in absorbance units. We see that only the Q-branch of the SO,
spectrum is identified by the Threshold and Sensitivity settings used.

The next feature is the Sensitivity edit box, which should not be confused with the
Threshold. The Sensitivity value may be input directly to the edit box, or interactively
entered using the slider bar to the right of the edit box. The slider bar may be clicked and
dragged, or the buttons on either end of the bar used to position the indicator to the desired
position. The Sensitivity value determines how far an absorbance feature must differ from
its local baseline before being considered a peak. The sensitivity is interpreted as the
percentage of the peaks to keep, based on their height above the local baseline.
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If the Interpolate Peak Positions check box is checked, The five points surrounding the
peak are interpolated using a cubic spline to a digital resolution 100 times greater, and the
peak position and height are determined using the interpolated data.

The Peaks Go Up and Peaks Go Down radio buttons allow you to over-ride the program’s
default sense of whether the data’s peaks go up or down. For instance, if the data is
Absorbance the program will assume the peaks go up, and if Transmittance, the peaks go
down. You can over-ride this behaviour with these radio buttons.

The Detect Label Collision check box adjusts the positions of the peak labels so that they do
not obscure other labels. For the same peaks as the figure above, the display will look like
this:
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Figure 8-58 Peak Labels with ‘Detect Label Collision’ checked

At the bottom of the parameters window is a Peak Table. The Peak Table displays the
results of applying the currently set Peak Picking parameters. The peaks so defined are
also displayed as annotations to the active spectrum in the Workspace window. As with
the Integration Tool, the precision of the numerical data generated may be specified using
the Decimal Places edit box. The data in the Peak Table may be exported to the
clipboard or Excel using the Export button, or removed using the Clear button.

The ‘Options’ button will bring up this dialog:

| = Peak Table Options 2 x

Include Timestamps W Include a column containing the timestamps of data
Include Title v Inzlude a column containing the tile of data
ok Cancel

4

Figure 8-59 Peak Table Column Options
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This will determine which information is included in the tables. The ‘Include Timestamps’
setting is useful when doing studies of peak height versus time.

The ‘Apply’ button has a drop-down menu that allows you to batch process many files at
once.

| Apply - NE:-:tSpeu:truml Prewviou:

Apply ko Current

apply to All Wisible Files in Window
Apply to All Files in Window
Cancel

Figure 8-60
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Manual Peak Picking

Sometimes automatic peak picking is not the right tool. When data is very noisy, or the
peaks of interest are small relative to other peaks, or the baseline is curved, or the peaks of
interest are small peaks superimposed on a broad absorbance band, manual peak picking is
necessary.

For instance, automatic peak picking will do a poor job on this spectrum:
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Figure 8-61

With manual peak picking, one can zoom and expand in and out of the regions of interest
and manually label peaks and remove the peak labels.

To pick a peak manually, hold the mouse over or near the peak to be labeled, and click the
right mouse button. The peak label will be added to the display, as in this figure:
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Figure 8-62 Manual Peak Picking
The peak is also added to the peak table at the bottom of the tool.
Peak labels can be removed from the display and the peak table by holding the mouse over

the peak label in the data display and right clicking. When the mouse is over a peak label the
cursor will change as shown in this figure:

3314.560 -A— {

Figure 8-63 Removing a peak label
And right clicking will remove that peak label.

Using the manual peak picking tool allows you do things that are not possible with automatic
peak picking, as in the next figure.
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Figure 8-64 This is not possible with automatic peak picking.
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The ‘Interpolate Peak Postions’, ‘Peaks go up’, ‘Peaks go down’, and ‘Detect Label collision’
buttons work as described in the section on automatic Peak Picking, above.
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Measure Peaks

It is sometimes useful to manually assign a defined peak position to an absorbance feature,
and to be able to measure the width of a peak. This task may be accomplished using the
Measure Peaks Tool The left and right extremes of the peak are defined by you. You
must also set the center of the absorbance feature to be measured. Figure 8-65 shows the

Measure Peaks parameters window.
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fpply ‘ Next Spectrum ‘ Previous Spectrum 1 Report ‘ Help
| Left ‘Center... 1 Right... J [+ Interpolate Peaks
1 3154026 3066.521 2983.224 [ Bl Diosest Peale

« 1 >1ﬂ

Decimal Places: |4 E: Bqpot  w | Clear
Fiename | Left | Center | Right Height | FrHM |
1 |INDEMEs=pc |3154.0260 30665210 |2383.2240 0.2335 6’?5393

Figure 8-65 Measure Peaks parameters

Three Toolbox Buttons are present. Immediately below these buttons is a Regions
Window, displaying the left, right and center of the peak as specified by the user defined
Regions. Clicking the Apply button results in the peak data being displayed in the results
table at the bottom of the page. The results data include the filename, the Regions used,
peak height, and FWHM, which is the Full Width at Half Maximum. The degree of
precision may be set using the Decimal Places edit box. The data may be placed on the
clipboard using the Export button, or erased using the Clear button.

The peak height is measured to a baseline drawn between the left and right points. The
FWHM is the width of the peak at half of this height.
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Two options are available that affect the calculation.

If 'Interpolate Peaks' is checked, the peak data is interpolated to a 10 times higher resolution
before calculating the peak height and width.

If ‘Find Peak' is checked, the center peak position is taken as the nominal position of the
peak, and the actual peak position is found as the closest peak to the nominal position.

This is important because the peak may shift over a series of files. This has the advantage of
accounting for any small variations of the position of the peak maximum which may be
missed by measuring only the peak height at a single value.
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Data Point Picker

Essential FTIR’s peak picking is easy and accurate, but is sometimes not the right tool. If
you are interested in just knowing the Absorbance value at a certain point in the spectrum
where there may not be a peak, or to find the the value of a peak shoulder, the Data Point

Picker is a useful tool.

Consider this spectrum, and assume you need to know the position of the shoulder on the
larger peak. The gray spectrum is the overlaid, inverted, 2™ derivative of the spectrum,
which can be a visual aid in picking out the exact position of such small spectral features.
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Figure 8-66 Point Picking

The buttons on this tool are very similar to the Peak Picking tool, with the addition of the
‘Overlay inverted 2" derivative’ check box.
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Figure 8-67 The results of Data Point Picking.
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Signal to Noise Calculator

This tool calculates Root noise in a noise band area. Typically this is used to verify
instrument performance using a standard sample.

Apply - | Ne:-:tSpectrum| Previous Spectrum| Report | Help

Start | End |

Noise Band 2400 2600

Decimal Places: |10 3: E=port v| Clear |

Filename RMS | SHR Mean | 5td. Dev. | Noise Bard Start | Moise BandEnd |
1 [awopsfbmi1_abs00000BESE5T 291424888600 0007380909 (00002532697  |2400.0000000000 (2600000000000

Figure 8-68 The signal-to-noise calculator

e RMS: Root Mean Square of the data values in the noise band.

e SNR: The mean value in the data in the noise band divided by the standard
deviation of the data in the noise band.

e Mean: The mean value of the data in the noise band.
e Std Dev: The standard deviation of the data in the noise band.
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The Quant & Identification Toolbox

Spectral Library Search

The infrared spectrum of a pure substance is unique, and can be thought of as a molecular
fingerprint. The spectrum can be compared against known spectra of compounds to
identify unknown substances. The Spectral Library Search tool in Essential FTIR
automates the process of comparing a sample spectrum against collections of known
spectra. For each spectrum in the library, a number known as the ‘metric’ or ‘score’ or
‘hit quality index’ (HQI) is produced. This number is a measure of how well the library
spectrum matches the sample. The results are ordered (sorted) by the HQI and presented
in a list, known as the ‘hit list’.

Interpreting Library Search Results

A library search will always produce a result and a top hit. That does not mean that the
top hit identifies the sample. For one, a spectrum of the sample may not even be in the
search libraries. Also, noise and artifacts can make dissimilar spectra the top hit, and
likewise give similar spectra a poor HQI.

Library Search attempts to do what a human analyst does visually by reducing the
comparison to a single number, but should not be a substitute for careful visual
comparison of the sample with the proposed matches in the hit list. Library search is
useful to very quickly narrow down the possible identification of a sample, but should not
be relied on to produce definitive results. Always compare the spectra visually, don’t
rely on the HQI alone. The shapes and relative heights of peaks may be slightly
different, but missing or extra peaks in either spectrum require further analysis.

User Libraries

Users may build their own libraries of spectra for searching. In Essential FTIR, a user
library is nothing but a disk directory containing individual data files. Users may add and
remove spectra from ‘libraries’ simply by using Windows file explorer to move files in
and out of these directories. The files can be in any format that Essential FTIR supports.

Search is faster if all the spectra in the library have the same resolution and spectral data
limits. You can use the ‘Match Spectra’ tool to make the data have the same resolution
and spectral limits. Spectra in libraries can be in Absorbance or Transmittance, but
spectra are always automatically converted to Absorbance before the spectra are
compared.
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Commercial Libraries

Commercial libraries of infrared spectra are available from many vendors, offering
hundreds of thousands of high-quality spectra for different applications. A list of library
vendors is on the Essential FTIR website at http://www.essential FTIR.com/libraries.html.

The Spectral Library Search tool

Search Samples « | Browse Library Contents | Browse Peaks | Search Text: | |

Full Spectrum Search using Comelation Coefficient [~ Searchfor Text in cument results | Rewerse Text Search Back

Libraries lResuhs lSeﬂings&Regions ]

Search Mame Properties
Search Enabled JMibg\NIST_EPANRMndividual_Files\EPANSPC 3108 spectra in folder J:\ibs\NIST_EPAMRY

Install Library -

Load a Search Method |

Save a Search Method |

Show All 77 Installed Libraries |

Enable Selected |

Disable Selected |

Remove Selected | L] | |

Figure 8-69 The spectral Library Search tool showing the ‘Libraries’ tab active

The tool consists of a row of buttons that perform search actions, as shown below. Below
the buttons are three tabs that allow selecting which libraries to use, how the search will
be performed, and the search results. Each of these action buttons will be discussed.

Search Samples v Perform a library search. The drop-down menu allows multiple
samples to be searched at the same time.
Browse Library Contents A list of all the spectra in the selected libraries will be displayed
in the ‘Results’ tab.
Browse Peaks Absorbances in the library spectra can be searched using
- integrated areas of peaks.
Search Text: Search the library for given text.

Figure 8-70 The action buttons on the Library Search Tool.
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Search Samples

Clicking this button will initiate a search of one or more samples against the selected
libraries. This button has a drop-down menu with these choices:

IT Search Current Sample
Search All Visible Files in Window

Search All Files in Window

Cancel

Figure 8-71 The sample search choices

The ability to ‘batch search’, to search more than one sample with a single click, is a
powerful time-saving feature.

The results of the library search are discussed below, in the section about the Results
Tab.

Browse Library Contents

Clicking this button will fill the Results list with the names of all the spectra in the
selected libraries. The spectra are listed in the order they are within the library.

Library | Name Entry
1 El SPC Benzene, 1-chlono-4-nitro- 0: 100-00-5.5pc
2 Benzene, 1-methoy-4-nitro- 1: 100174 spc
3 Acetophenone, 4 nitro- 2 100156 5pc
4 Benzeneethanol, 4-nitro- 3100276 8pc
5 Benzene, 1-ethoog-4-nitro- 4. 100-25-8 spc
& 1.2-Bthanediaming, M, N-disthnd- B 100-36-7 spc
Fi Ethanal, 24{diethylamino)- 6 100-37-8 5pc
8 Cyclohexens, 4-ethemd- 7 100-40-3 5pc
5 Benzyl chlorde 8 100-44-7 spc
10 FCyolohexene-1carboxaldehyde 9. 100-50-5 5pc
1 Benzaldehyde 10: 100-52-7 spc

Figure 8-72 The contents of the library. Clicking on an entry in the list will display the
spectrum.

137



Browse Peaks

Browse Peaks allows you to search for absorbance peaks in a library, independent of any
sample. To use it, define one or more regions (see Creating and Working with Spectral
Regions) using the right mouse button. The summed integrated areas of the defined
regions will be calculated for all the spectra in the selected libraries, and displayed in
descending order in the results list.

For example, assume that you want to find all nitrile compounds in a library. Define a
spectral region from 2265 to 2234 wavenumbers, and click “Browse Peaks”. Here’s the
results:

4000 3000 2000 1000
Wavenumbers
404611 0698824 ] 5: SPC\4737-21-7 spc: 4737-21-7 spc: Isocyanic acid, trityl ester _ﬂ @ Q

QEAMNR LWL - T dbvamedIe L= L W S el

Search Samples « ‘ Browse Library Contents ] Browse Peaks ] | Search Tex: ‘ I
Full Spectrum Search using Comelation Coefficient [~ Search for Text in cument results [~ Reverse Text Search Back
Libraries | Results lSeﬂings&F{egions ]
Expot - ] Repart I Clone Library Spectrum I
Ares MName Library | Ertry

1 Isocyanic acid, trityl ester

2 1 81"925' Mitrous Cide SPC 22|

3 14{:-5232 2-Furancarbonitrile |sPC | 2174

4 D 32253_’ Benzene 'I-|soc‘,'anato -2-methoey- SPC 2472|

5 D?‘dZS-‘.lB Butaneritrls, 4bromo- jspc | 1783

& DEEED-M Propanenrtnle }[{Zﬁhlomphenﬂ}emmo} SPC | 25'84

7 Dﬁd5215 Butanenrtnle 4-ch|0ro :SPC 2283 |

8 D. 541{}98 2 Nen'_mmc amd me‘th','l ester SPC 337 |

9 uszswa Hexanedinitrle |src | 3m0|

Figure 8-73 The results of ‘Browse Peaks

The hit list now shows the library contents sorted by integrated area in the nitrile region.
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Search Text

Search Text: | |
[ Search for Test in cument results | Reverse Texd Search Back

Figure 8-74 Text Search

Enter text into the edit field to the right of the “SearchText” button and then click the
button or press the ‘Enter’ key. The library will be searched for all text that matches what
you have entered. The search is not case-sensitive.

The “Search for Text in current results” check box allows you to narrow a search down
with sequential searches. The “Reverse Text Search” searches for all text that does not
match the text you entered.

When narrowing a text search down using sequential searches, you may hit a dead-end,

and need to back up. The “Back” button resets the results in the hit list to the results of
the last spectral, peak, or browse results so you can start over.
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The Libraries tab

The Libraries tab has seven buttons and a list of libraries.

Install Library ~ | | Displays a menu of choices, see below.
Load a Search Method Load a saved search method.
Save a Search Method Save the current list of libraries and search settings

Show All 77 Installed Libraries | | Show a list of all the currently installed libraries

Enable Selected Enable search for the libraries that are selected in the list of
libraries.

Disable Selected Disable search for the libraries that are selected in the list of
libraries.

Remove Selected Remove the selected libraries from the list. This does not
remove the libraries from the computer, only from the list of
displayed libraries.

Figure 8-75
Install Library

Add a Folder of Spectra '

Add eFTIR Likrary

Add SpectrallD Library
Add FDM Library

Add WinFirst Library
Add Sadtler User Library

License the selected Library...
Get More Spectral Libraries...

Cancel

Figure 8-76The ‘Install Library’ menu.

Add a Folder of Spectra: a ‘choose directory’ dialog will be displayed. The directory
(folder) of spectra will be added to the list of libraries. Please see the ‘Folder of Spectra
section below for notes about creating and maintaining such libraries.

b

Add eFTIR library: An eFTIR library has the file extension .eftir lib. This format
contains spectra and information about those spectra into a single file. Some library
vendors distribute data in this format. If you have an interest in supporting this format,
please contact Essential FTIR.

Add Spectral ID Library: Spectral ID libraries are the format used by the GRAMS
software. All commercial library vendors support this format.

Add FDM Library: These are libraries distributed by Fiveash Data Mangement.
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Add WinFirst library: these are libraries that were distributed by Mattson Instruments.
Add Sadtler User Library: Sadtler is a distributer of commercial libraries. Their software
allowed users to create libraries using the user’s own data.

License the Selected Library: Use this to install a license for an eFTIR library or a FDM
library.

Get More Spectral Libraries: this will launch a web browser and navigate to the
Libraries page on the EssentialFTIR.com website.

The Results Tab

In this example, a spectrum of Indene is searched against a folder of spectra. The folder
of spectra contains the individual spectral data files that comprise the EPA vapor phase
library. The results of the search are displayed in a sorted list, known as the ‘hit list’, with
the best match, or ‘hit’, at the top. The spectrum of the top hit is displayed automatically
after the search is complete..

Libraries | Results lSeﬁings&HegiDns l

Export - | Repart | Clane Library Spectrum |
| Sample | Metric | Mame | Librany | Entry

1 = indene spc | 0.585733| Indene SPC 2552: 55-13-6.5pc
2 0.827723| Benzoblthiophene SPC 2953 55-15-8 spc
3 0.758450| Benzonitrle, 2-methyl- SPC 1770: 529191 spc
4 0.752572 | 1,2-Diphenylethylamine SPC 1227 25611-78-3.5pc
5 0.741552 | Azulene SPC 1266: 275-51-4spc
6 0.739270 | Isothiazole, 4-phemyl- SPC 2965: 936-46-9.spc
7 0.736037 | o-Temheryl SPC 2797 B4-15-1.5pc
8 0.730445| 1,1-Biphemyl, 3-methyl- SPC 2353 643-93-65pc
5 0.717683 | Naphthalene, 1-chloramethyd)- | SPC 2814: B6-52-2 5pc
10 0.711833| 1.1-Bipheryl, 4-methyl- SPC 2355 644-08-6.5pc

Figure 8-77 The search results. Clicking on an entry in the list will display its spectrum.

The Metric is a measure of how well the library spectrum matches the sample. In this
case, the Correlation Coefficient algorithm was used (search algorithms are discussed
below). The Correlation Coefficient offers a value that has statistical significance. A
value of 1.0 would indicate a perfect match. The 0.98 value for the best hit is a good
match.
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Figure 8-78 The Indene sample spectrum is in blue, the library spectrum in red

It is always necessary to visually compare the best hit to the sample spectrum, so, after a
search, the best hit is automatically overlaid on the sample spectrum. Please see the
section ‘Interpreting Library Search Results’ earlier in this chapter. In this example, the
best hit is a good visual match to the sample spectrum, because there are no missing or
extra peaks in either the sample or library spectrum.

Above the hit list are three buttons:

Ewpot -

Export the hit list to the clipboard, a text file, or to Excel.

Report

Generate a report based on the spectral display and the
information in the hit list.

Clone Library Spectrum

Make a copy of the currently displayed library spectrum. To
avoid confusion and congestion, one library spectrum a time is
displayed. ‘Cloning’ the library spectrum makes a copy of it so
that it persists in the spectral display window.
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Settings and Regions

The Search Options

Search Algorithm | Choose how the search is performed. See below for details.
Derivative Search | Perform the search on the first derivative of the data. See below.
Region Search Restrict the search to selected regions of the spectra.

Number of hits How many hits to display in the hit list

The Report Options

Report Hits How many hits to report in the printed report.

Report Scores Do or do not include the search metric in the reports.

Search Algorithm

Different algorithms are available for the library search. The algorithm is the method that
is used to do a point-by-point comparison of a sample spectrum with a library spectrum.
The result of this comparison is always a single number, referred to as the ‘metric’ or
‘search metric’.

Any of the algorithms offered will perform a satisfactory search. However, special
situations exist where one algorithm may be favored over another. The options available
for selection from the drop down menu are:

Correlation Coefficient. This is the most widely used search algorithm because it gives
the best results. The equation is:

o - =xy-y)
Bl o)

Where x and y are the data points on the sample and library spectra, and x-bar and y-bar
are the means of the data. It is the covariance of the spectra divided by the product of
their standard deviations. A higher number indicates a better match.

The other search algorithms yield relative scores, but Correlation Coefficient yields an
absolute result with statistical meaning. 1.0 means a perfect correlation and -1.0 is a
perfect anti-correlation. Generally, a result of 0.98 or better is a good match, but a visual
confirmation is always necessary.

The Correlation Coefficient is not affected by baseline slope and offset. All other

algorithms here are affected by baseline artifacts. The Correlation Coefficient is similar
to Euclidean Distance, except that spectra are mean-centered before multiplying them.
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This mean-centering will correct for negative dips in the spectrum, and other baseline
artifacts.

Euclidean Distance — This algorithm is similar to the Correlation Coefficient. A smaller
number indicates a better match. This algorithm is not as sensitive to differences in
spectra, so it is useful when the sample is a mixture. The equation for Euclidean
Distance is:

HQI:\/EX\/I— (X x7)

VX x X xyJYxY
Where X is the library spectrum and Y is the sample spectrum.

Absolute Difference — The simplest of the algorithms. This method emphasizes peak
heights and does not enhance spectral differences as much as the others. The equation for
Absolute Distance is:

Z |xi _yi|
HQ]:l:l—
n

Where x and y are corresponding points on the sample and library spectra. A smaller
number indicates a better match.

Squared Difference (also known as Least Squares)

The equation for is:

n

Z(xi -V )2
HQI =2
n

HQI is the sum of the squares of the residuals, y is the library data and x is the sample
data. A smaller number indicates a better match.

First Derivative Search
When this option is checked, the first derivatives of the sample and library spectra are
compared. The first derivative of a spectrum removes baseline artifacts, so it is very

useful when baseline slope and offset are present or there are slowly varying, broad
background features. This is useful when searching Raman or Near Infrared spectra.
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Region Searching

Region Search permits searching of library spectra over a defined region or regions
(multiple regions can be used). The region is set by right-clicking on the sample spectrum
in the Workspace to set the two extremes of the region to be used in the search. The
region is then displayed in the Region Table at the right of the window. Please refer to
the section Creating and Working with Spectral Regions for a detailed discussion of
Regions.

Region searching is useful when the sample spectrum is a mixture. It can limit the search
to spectral regions that are the result of one component of a mixture.

If your sample spectrum has totally absorbing bands, better results will be obtained if
those bands are excluded from the search.

Folders of Spectra used as Search Libraries

By definition, a Search Library contains edited and curated spectra, meaning that the user
acts as the editor / collector to ensure quality, integrity and internal consistency. All the
spectra in a Search Library should share these properties:

o X-axis data type (for instance, wavenumbers)

o Y-axis data type (for instance, absorbance)

o Starting and Ending X values (the endpoints of the spectra)

o The data point spacing (digital resolution, also known as ‘delta X”)

Spectra that share these values are said to be ‘compatible’. Essential FTIR will
automatically match the spectra endpoints and data point spacing for the search, so these
two properties are not critical. Problems can arise when the X and Y data types of the
sample and the library spectra do not match, or if the library folder contains spectra of
different types.

Essential FTIR has tools to make the spectra in a folder compatible. The ‘Batch
Processor’ tool in the ‘Advanced’ category, and the ‘Match Spectra’ tool in the
‘Manipulations’ category are especially useful for ensuring compatibility.

Sometimes the units in a spectral datafile are mis-assigned. For instance, the spectra are
in absorbance, but the datafile header may say that the data has ‘arbitrary’ units. This
situation can be handled by using the ‘Change Header Fields’ operation in the Batch
Processor.

Note that the majority of commercial FTIR libraries are in units of wavenumbers vs.
absorbance. Better search results are obtained with absorbance units vs. transmittance.
However, Essential FTIR does not force or assume the use of any particular units for a
folder of spectra.
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If the sample and library spectrum are of different Y-axis types, such as the sample being
in Transmittance and the library being in Absorbance, Essential FTIR will automatically
perform the conversion for the purpose of the search. When library spectra are later
retrieved for visual comparison with the sample spectrum, they will be converted to
match the sample data type.

For mismatched X-axis types, Essential FTIR is less forgiving. The sample’s X units

must match the library spectra X units or an error will be recorded. Search errors are
placed at the top of the hit list so they can be noted and corrected.
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FDM Library Search

Fiveash Data Management (FDM, www.fdmspectra.com) makes libraries of spectral
reference data available to users of Essential FTIR. FDM Library Search is documented
in a separate manual. Clicking the ‘Help’ button in the FDM Search Tool will display the
FDM documentation.
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QC Compare

A common feature of QA/QC procedures is the comparison of materials, whether raw or
finished product or any intermediate stage. The QC Compare Tool compares a sample
spectrum against reference spectra. The reference spectra can reside in a directory on
disk, a spectral library, or as data loaded into a window. For example, a user could save a
set of spectra representing a day of manufacturing to a directory, the contents of which
are then compared against the reference standard.

The QC Compare tool has several tabs which contain the settings which comprise a
‘method’. A ‘method’ is the collection of data and parameters to be used for a comparison.

Figure 8-79 shows the QC Compare Methods tab:

Fiun Analysis... | M et Spectrum| Presious Spectrum| Feport |

Methods lTargetSpectra l Regions l Preprocessing l Results l

Current kM ethod: |

Load kMethod... | Create a Mew kethod | Save Method Save bz

Mumnber of R esults |'I 1] The number of results to report in the results table, from 1 to 50

Senzitivity | harmal = ||Higher Sensitivities emphasize small differences

Figure 8-79  QC Compare methods tab

The Buttons:

e Load Method: brings up a file open dialog box to load a method that has been saved
earliet.

e (reate New Method: start a new, clean, method.
e Save Method: save the existing method to disk.
e Save As: save the existing method under a new filename.

The Parameters:

e Number of Results: display only the top N results, regardless of how many spectra
are compared. In this case, the 10 best results will be reported.

e Sensitivity: The Comparison is done using a correlation coefficient calculation, but
the correlation can be made more sensitive, to pick out small differences in the
spectra. The choices are: Normal, High, and Super.

The Target Spectra Tab:
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Methods | Target Spectra lHegiDns l Freprocessing l Fesultz l

Add Targetz- | Remowve Targel(z)] | Wiew Spectra~ |
Figure 8-80

Reference spectra are included and removed from the method using the controls on this tab.
Clicking on the ‘Add Targets’ button reveals a drop-down menu:

| Add Targetz = Remowve Tanget(z]| Yiew Spectra» |

M

older and sub-folders...

Selected Files...

All Files in Window

All Vigible Files in \Window
Library...

Figure 8-81

The “Target’ sources are comprehensive, and include being able to use library spectra for the
comparison. Multiple sources of target spectra can be added. Commercial spectral libraries
can also be used in the analysis.

The Regions Tab:

kM ethiodz l Target Spechra . Regions Preprocessing l Results l

Create Regionz Interactively on any data window with the night mouse button,

[w Full Spectrum Analpsiz

“Wavenumber. .. Wavenumber... Load a Reqion Table. ..

Save thiz Region T able

Remowve Selected Row

Remaove All B o

Figure 8-82
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The comparison can be restricted to user-specified regions. This can make the comparison
more accurate by excluding, for instance, Carbon Dioxide or Water from the analysis.

The Preprocessing Tab
M ethods l Target Spectra ] Regiorns | Preprocessing l Fesults l
[ Derivative
Derivative Order |1 il The order of the derivative, 1-4
Smoothing Points |5 il The number of zrmoothing pointz, 5-39
Smoothing Method | Cuartic/uintic S avitzkp-Golay J How to do the smoothing
Tail Handling | Extrapolate, then Truncate J Haow to handle the end points

Figure 8-83 QC Compare Preprocessing options

The data can be optionally be preprocessed before the comparison using the first or second
derivative. This can improve results, and is indeed necessary for most Near Infrared spectra.

Upon clicking the Analyze button, Essential FTIR begins to compare the data against the
active spectrum in the Workspace. The results of the comparison are ranked in order of
their correlation coefficient, as listed in the Results Window. The results are displayed
along with the associated filename, directory and memo field. This results table may be
placed on the clipboard, saved to a file, or exported to Excel using the Export button.
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Beers Law Quant

This chapter will explain how to use the Beer’s Law Quant tool in Essential FTIR. It
serves as both user documentation and a tutorial. In this tutorial we will build a method
from scratch. A sample method named ‘glycine in_ water.eftir quant’ is installed with
Essential FTIR. The spectral data included in this method will be used.

Background

Beer’s law (also known as the Beer-Lambert law) states that as the concentration of a
substance increases, it will absorb more light. The equation is expressed:

A =abC  Absorbance is linearly proportional to the concentration

where:

A Absorbance

a The absorptivity constant, a measure of how strongly a substance absorbs at
a specified wavelength

b The pathlength or thickness of the sample

C The concentration of the substance

For a fixed pathlength, the equation reduces to 4 = kC, where k is a constant.

The absorbance ‘A’ in the equation is also called the measured response, or just response.
In practice it is either the absorbance at a fixed wavelength, the maximum absorbance
within a specified region, or the integrated area of a specified region. For this reason,
Beer’s Law Quant is called a univariate quantitative analysis, because a single number is
extracted from the data and used in quantitation.

A rule of thumb in spectroscopy is that the linear relationship expressed in Beers’ law is
usually obeyed by samples with absorbances less than .8.

Beer’s Law assumes that the absorbance at a frequency results from only one substance.
If there are interfering substances with overlapping absorbances, there will be errors in
the calibration and subsequent prediction. In the case of interferences, CLS or PLS must
be used.

In the this discussion, the terms wavelength, wavenumber, and frequency are used
interchangeably for the X units of the spectra. The terms ‘spectral region’ and ‘band’ are
synonymous. The ‘measured response’ is the number that is extracted from a band for use
in the quantitation.

Developing a Method

A Quant Method is a model that describes the behavior of the substances of interest. A
method can model a mixture of substances, as long as those substances don’t interfere,
meaning that they each have a unique spectral region where the absorbance is due to
only one substance.
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A method is developed by preparing a set of standards. The concentrations of the
standards should span the expected range of concentrations that will be encountered when
analyzing unknown samples.

A quantitative analysis method can be divided into three parts: selection of analytical
wavelengths, calibration using standards, and measurement of samples of unknown
concentrations.

Selection of Wavelengths

A spectral region, also called the analytical band, or just band, has to be selected for each
substance in the method. The measured response within that band may be either the
absorbance at a fixed wavelength, the absorbance maximum found within that region
(that is, the peak), or the integrated area of the region.

When using single absorbances at a fixed wavelength, only one data point is used. There
is more possible error, due to instrument drift or interferents, when using a single point. A
single point measurement is often used when the absorbance of interest is a shoulder
sitting on an interfering band. Using the absorbance peak within a region is more robust
and can be used when there are non-overlapped bands which shift with changing
concentration. Many points are used in calculating integrated areas, so the calibration
model should be more robust because it is less susceptible to an error in measuring a
spectrum at a single point.

The best analytical wavelengths for an analyte correspond to absorbance peaks which
don’t overlap the peaks found in spectra of other substances found in the mixture.
Essential FTIR leaves the selection of analytical regions to the spectroscopist because this
situation does not always occur, and the correct choice of band is critical to making good
quantitative predictions.

Usually a baseline correction is applied to the analytical band. The baseline correction
can be ‘None’, ‘Offset’, or ‘Linear’, and the ‘Linear’ baseline correction is most
commonly used. The baseline region can be different from the analytical band, and
usually is wider than the analytical band.

In addition, it may be necessary to define a reference band. The reference band is used in
situations where the pathlength is unknown or varying, such as with polymer films. The
ratio of the analytical band measurement and the reference band measurement will
correct for deviations in the pathlength. A baseline correction region for the reference
band may also be used.

Region selection is critical to developing a model that fits the data.

Calibration using the standards

The standards are used to generate the calibration by fitting a curve to the Absorbance
and Concentration data for the standards. The calibration coefficients are then stored with
the method and are used to calculate the concentration of unknown samples.

Standards can be single substances or a mixture of substances, but the concentrations of
the components in the standard must be known.
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During the calibration step, the method must be validated by evaluating how good the fit
to the standards is. This is done both visually, by looking at plots of the calibration curve,
and by statistics generated by the curve fitting mathematics.

During the validation step, outliers can be spotted and removed from the method. An
outlier can result from an error in the spectrum and/or an error in concentration.

During the validation step, it will become apparent if a linear, quadratic, or cubic curve fit
should be used. It’s up to the method developer to determine the equation that describes
the data. In the real world, there can be deviations from ideal adherence to Beer’s law.
These cases can sometimes be handled by using second and third order polynomials fits,
providing there are enough standards. The minimum number of standards needed
depends on the order of the equation, the curve fit, which is used. For a linear first-order
equation y = ax + b, a minimum of two standards, or one standard and the origin, are
needed. For a second order quadratic fit, y = ax’ + bx + ¢, at least three standards (or two
and the origin) are needed. For a third order cubic fit, four standards (or three and the
origin) are necessary. (In Essential FTIR, the method developer can choose force the
curve to pass through the origin. This serves as a virtual standard saying that there is zero
absorbance when the concentration of a substance is zero).

Measurement of Samples of Unknown Concentrations
Once a robust calibration has been developed, it can be applied to samples of unknown
concentration. The absorbance spectrum of the sample is collected, and the quant method

extracts the measured response from the spectrum, and uses the calibration coefficients to
calculate the predicted concentration of the substances in the method.

Tutorial

Start eFTIR and navigate to the ‘Beer’s Law Quant’ tool, which is in the ‘Quant &
Identification’ toolkit. At the top of the tool is a row of tabs:

Methods l}-‘-nal*_.ftes l Spectra l Pre-Processing l Regions ]‘u"alidatin:nn l Batch Predict l Settings l

These tabs organize the information and activities that will be used to develop and use a
quant method.

153



The Methods tab

Methods l}-‘-nal*_.ftes l Spectra l Pre-Processing l Fegions l Validation l Batch Predict Settings

Current Method: |

Load Method... | Create a New Method | Save Method | e |

Method Saving Options
| Embed Spectral Data in the method file.

[ Protect the spectral data from being exported.

[ Do not allow users to modify the method settings.

[ Do not allow users to add new data to the method.

The Methods tab buttons

Load Method... Load a previously saved method. Method files have the extension

‘.eftir qaunt’

Create a New Method | | Clear any previously loaded method from memory, creating an

empty method.
Save Method Save the current method.
Save fs... Save the current method under a different filename.
Method Saving Options

The spectral data used in the method can be stored in the method file itself, or left on disk
as external datafiles. If the data are embedded in the method file, they can also be
protected from export. These options effectively confer ownership rights of the data to

the developer of the method.

[ Embed Spectral Data in the method file.

The spectra will be included in the method
file.

[ Protect the spectral data from being exparted.

The spectra cannot be exported from eFTIR

| Do not allow users to modify the method settings.

The method user cannot modify the method.
All the method are locked except for the
option to add new data to a deployed method.

[ Do not allow users to add new data to the method.

The method user cannot add new data to the
method. Sometimes new data become
available that needs to be added to a deployed
method. Checking this option keeps the
method locked against added new data after
deployment.
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The Analytes tab

An analyte is a substance which is the target of the quantitative analysis.

Methods | Analytes lSpectm l Pre-Processing l Regions ]"u"alidatinn l Batch Predict lSeﬁings l

Add Analyte... | Edit Anahytes... | Remove Analyte |

1 [2 E |4 E |
1
: Curve Zero
2
Analyte Status Units Type Intercept

The Analytes tab buttons

Add Analyte... Add an analyte to the method.
Edit Analytes... Edit the properties of one or more selected analytes.
Remove Analyte | | Remove one or more selected analytes from the method.

The first step in developing a method is to click ‘Add Analyte’. In this example, we are
analyzing for glycine in water. After clicking the button, you will be prompted for the
name of the analyte. After that, the table will look like this:

1 2 3 4 E |
1
2 |Analyte |Status Units Curve Force
Type Origin

3 |glycine |inu:|u|:|e jl ? || Linear j [
Analyte The name of the analyte
Status Either include or exclude, determining if the analyte is actually being

used.

Units The units of concentration of the analyte in the method standards.
Curve Type | The choices are Linear, Quadratic and Cubic. This determines the type of

line that is fit to the standards. What to use depends on what is learned
during the Validation step.

Force origin

The curve can be forced to go through the origin (0,0). In theory, with a
Linear curve, only one standard is needed for an analyte if Force Origin is
checked.

For Curve Type, you must have a minimum of 2 standards for Linear, 3 for Quadratic and
4 for Cubic. Using ‘Force Origin’ counts as a standard, because the origin will be a data
point used in the calibration.
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Selecting a row or rows in the Analyte table and clicking ‘Edit Analytes...” will bring up
this dialog which allows changing the properties of the analyte. Note that the name of the
analyte cannot be changed. Here, the ‘Units’ has been changed to ‘mg/L’.

ke Add/Edit Analyte(s) -2 [

Provide irformation about Anahytels)

Status lincude ¥ Include this analyte in the method __J
.Lln'rts ]‘rngfL—h IUnits to report results for this analyte |
-Eﬁn.r;a Tpe .m: 'I'.hn.a.t'_..ﬁe. D‘f ;:.un-'e to f'ri tu-thn.a.u.;.la.te; .
Force Orgn [ |Foros the i Ine though the orign I‘

|«

OK Cancel |

The Spectra tab

The words ‘Spectra’ and ‘Standard’ are synonymous here. A Standard is a Spectrum
containing known quantities of all of the analytes that have been added to the method.
The word ‘Sample’ is used to mean a spectra unknown concentrations that are predicting
using the Quant method.

Methods lﬂnahftes - Spectra Pre-Processing l Regions l"u"alidatiu::n l Batch Predict lSeﬂings l

Add Samples... + | Change Path - Set Selected - Export
Femove Sample | View Spectra = | Flip Test<=Calibration Undo

1 |2 |3 |4

Data Set Path Filename |Subfile

The Spectra tab buttons

Add Samples... Add spectral files to the method.

Remove Sample Remove one or more selected spectra from the method
Change Path + Change the disk path to the selected samples.

View Spectra ¥ View the spectra

Set Selected  « | | Change the ‘Data Set’ that the selected samples belong to.

Flip Test<>Calibration | | Flip the ‘Data Set’ assignment for all samples in the method. This is

useful for testing and validating the method.

Export ¥ Export the Spectra table to Excel,

Undo Will attempt to undo the last change to the standards table.
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After adding an Analyte to the method, the next step is to add spectra. Clicking the ‘Add
Samples’ button displays this menu:

IT Individual Spectra..]-.

Entire directory...

Choose ‘Individual Spectra’, then the ‘Choose one or multiple files’ dialog will open.

Navigate to the eFTIR Quant directory. On Windows 7 this will be usually be

C:\Users\Public\Documents\EFTIR. On Windows XP it will usually be C:\Documents
and Settings\All Users\Documents\EFTIR. The installed samples are in the
‘glycine_in_water’ sub-folder. Choose the files glycine 01 through glycine 15.spc, and
click ‘Open’.

ghycine_03 spc
ghycine_05 spc

ghycine_in_water\alycine_15spc: 15,1355 ¢

=) glycine_09.spc 5 10

gh.rc:ine_'IE.spc B

gh_.rcine_15.spc -ﬁ 0.5

gl}rc:ine_cuncermatiuns.bd = 0.0-L : ; T
= - AD0DD 1000
ghycine_unknown_1 spc 3”%avenumﬁm

ghycine_unknown_2 spc

¥ Choose one or multiple files %
Look in: | /=3 ic/Documents/EFTIR/Quant/glycine_in_water/ | <= = :E|_
& diycine_01 spe 15ubfile |1 =] I Load all subfiles into eFTIR

: 660126 0.196243 [ - -
ghtine_unknu:um_ﬂ.spc: 1"" ﬁ H’ 1""
File name: I:‘ine_ﬂﬁ.spc" "ghycine_09.spc” "ghycine_12.spc” "glycine_15.spc” Cpen
File type: | All Files (") | Cancel

Bookmarks IC:'\.Llsers‘-.F‘ubliciDocumerrts“-EI-—I'IH'\data

_ﬂ Maintain Bookmarks...

B

L

The Spectra table will now look like this:

Data Set |Path Filename Subfile |glycine
1 |calibration j C:/users/Public/Documents,/EF TIR/Quant/glycine _in_water |alycine_in_water\glycine_1spc - | 0| enter conc.
2 | calibration + | C/users/Public/Documents/EFTIR/Guant/alycine_in_water |alycine_in_water'\glycine_03spc | 0| enter conc.
3 |calibration ¥ | C:/users/Public/Documents/EF TIR/Quant/glycine_in_water |alycine_in_water\glycine_05spc | 0| enter conc.
4 | calibration + | C:/users/Public/Documents/EFTIR/Guant/alycine_in_water |alycine_in_water'\glycine_09spc | 0| enter conc.
5 |calibration ¥ | C:/users/Public/Documents/EF TIR/Quant/glycine_in_water |alycine_in_water'\glycine_12spc - 0| enter conc.
& |calbration + | C:/users/Public/Documents/EFTIR/Guant/alycine_in_water |alycine_in_water'\glycine_15spc | 0| enter conc.

Notice the ‘enter conc.” Text in the glycine column. The concentration of glycine in each
of the standards must be entered here. It’s OK if you don’t have the concentration for all

standards, which can happen when you have multiple analytes in a method. Just leave the

concentration entry for that standard alone, and the software will know that that standard
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does not apply to the analyte with a missing concentration. Any non-numeric entry for a
concentration value will mark that value as ‘missing’.
Rather than enter all of those concentrations, you can paste them from the clipboard. In
the same directory as the standards is a file named “glycine concentrations.txt”. Open
this file in a text editor, and copy all the text in the file to the Windows clipboard. Then
right-click on the first glycine cell in the table. This menu will appear:

glycine

enter conc. . _
Mark concentration as missing

enter conc.
Paste concentration values from clipboard
enter conc.

enter conc. Copy to clipboard
enter conc. Cancel
enter conc. |

Select ‘Paste Concentration values from clipboard’.
The concentration values will be pasted into the table:

glycine

I 1]

12
15

You can use this same paste method to paste multiple columns of concentrations, or
individual columns, or single numbers. Just highlight the first cell that you want the data
to go into, and the software will parse the clipboard text into the table.

The Pre-Processing tab

Preprocessing is operations that are performed on the standards before calibration. The
same operations are performed on samples before prediction.

Methods ]Spe-:tla lﬁnah{tes | Pre-Processing lHegiDns l"u"alidatiu::n l Batch Predict lSeﬂings l

Analyte: | j Apply These Settings To All Anahtes |

Data Pre-Processing Steps:  Launch Sequence Editing Dialog... | View Pre-Processed Data... |

The Pre-Processing buttons

Anahyte: | | Choose the analyte to assign
preprocessing for.
Launch Sequence Editing Dialog... Launch the preprocessing dialog
View Pre-Processed Data... Apply the preprocessing to the data and
view the result
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Apply These Settings To All Analytes Apply the pre-processing assigned to the
selected analyte to all analytes.

The Pre-Processing Dialog

Clicking the ‘Launch Sequence Editing Dialog’ button will bring up a dialog very similar
to the Batch Processing Sequence dialog available in the ‘Advanced’ section of the
Essential FTIR manual, except that the available processing options are limited to those
that are useful for quantitative analysis. The only pre-processing options for quant are
Smoothing and Derivative. Smoothing is used to enhance information in noisy data.
Derivatives are used to remove baseline artifacts. Also, if the analytical region overlaps a
band from some other component, the derivative may help avoid the interference from
the overlapping band.

The Regions tab
1 |2 3 4 E |
i i Analysis Reference
1 |Region Analysis ¥: Reference i
Baseline Baseline
2 | Region T‘ypd;’-‘-rea || None || Mone || None |
3 |First 0.000 | 0.000 |0.000 | 0.000
4 |Last 0.000 | 0.000 0.0 | 0.000
R Interactive... | Interactive. .. | Interactive. .. | Interactive. .. |

Assigning analytical regions to the analyte standards is perhaps the most difficult thing
about setting up a quant method. A region of the spectra must be found where absorbance
increases with concentration, and where the other analytes in the method do not have
absorbances that will interfere with the analyte.

In addition, the analysis region can be baseline corrected using a wider region than the
analysis region.

A reference region can be assigned, which can also have its own baseline correction
region. A reference region is useful when the pathlength of the samples is varying. As
pathlength increases, absorbance will increase, and the calculated concentration based on
that absorbance will increase. By ratioing one peak or area against another, the effect of
varying pathlength is corrected.

The Regions Buttons

Analyte: | | Choose the analyte to work with
View Spectra » View spectra from the method to help with
region selection
Getting Started .. Displays a brief help hint about how to
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| assign analysis regions to an analyte.

Assigning regions to an analyte

First, click the “View Spectra’ button to display some or all of the methods’ spectra.

Absorbance

1.5+

1.0

0.9+

0.0

v

I'ﬁll

i

400

3000 2000 1000
VYWavenumbers

Zoom in on the peak at 1330 cm-1:

Ab=orbance

0.34-
0.32
0.30
0.28-
0.26
0.24-

—_— 3

/N

1360

1240 1320 1300 1280
Wavenumbers

This is the peak we will use to quantitate glycine in water.
Change the Analysis type to ‘Peak’, and then click the ‘Interactive’ button in that column.
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1 2 3 4 5
. ; Analysis Reference
1 |Region Analysis i Reference i
Baseline Baseline
2 | Reqgion deF‘eak || None || MNone || None ]
3 _|First 0.000| 0.000 0.000 0.000 |
4 |Last 0.000 b ] 0,000 0.000 |
L1 Interactive. .. Iry N Interactive.. Imteractive...
Change the Analysis Type to
'Peak’
Click the 'Interactive’ Button

This dialog will appear:
-
Region Picker

Click the nght mouse button to choose the start of the region.
Use the left mouse button to zoom in.

h = —

Move the mouse into the data display, and right-click the mouse when the cursor is at
about 1324 wavenumbers in the display. An X,Y cursor readout is in the lower left corner
of the display window. All of the display controls on the data window are active, and
you can use the left mouse button to zoom in on the data.

After right-clicking, a marker will appear in the data window, and the selected
wavenumber value will be entered into the table. The dialog text will change to prompt
you to pick the second point for the region:

o
Region Picker

Click the nght mouse button to choose the start of the region.
Use the left mouse button to zoom in.

h = —

Move the mouse until it is at about 1336 wavenumbers, and right click. This second value
will be entered into the table, and the table will look something like this:
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1 2 3 4 5

1 |Region Analysis Anary_sm Reference Refer_ence
Baseline Baseline

2 | Reqgion Type| Peak || Nore || None || Nore R

3 |First 1323.971 0.000 0.000 0.000

4 |Last 1335.899) 0.000 0.000 0.000

After initially selecting the region, the markers can be moved interactively, or the

numbers in the table can be edited directly, so you don’t have to be too fussy about
selecting the exact values because they can be easily tweaked once there are First and

Last entries in the table. Note that we could have just edited the cells in the table directly,
but it is easier and more interactive to use the mouse within the data window.

Now a baseline correction region must be entered. Change the ‘Analysis Baseline’ to

‘Linear’;

Analysis
Baseline

Maone

hd

MNone
Cffset

Then click on the Interactive button and select First and Last baseline points at 1228 and
1363 wavenumbers. The table will then look something like this:

1 2 3 4 5
1 |Region Analysis Anatygs Reference Hefer_ence
Baseline Baseline
2 | Reqion Type¢| Peak || Linear || None ]| Nore =]
3 First 1323.706 1225114 0.000 0.000
4 Last 1336779 1363256 0.000 0.000
51 Interactive... Interactive... Interactive... Interactive...
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The Validation Tab

After assigning an analysis region for each analyte, the method must be validated.
Validation ensures that the method (the standards, concentrations, curve type, and
analysis regions) correctly models the variation of absorbance with concentration.

Methods l;’-"-nah.ftes l Spectra l Pre-Processing l Regions | Validation lBatu:h Predict l Settings l

Analyte: | ﬂ Validate
=l

Diagnostic Test: | Predicted ws True

[ Include Test Spectra

The validation buttons

Analyte: | | Select the analyte to validate
Diagnostic Test: | Predicted Concentration vs Actual ~| | What type of chart to display
[~ Include Test Spectra If there are test spectra in the method,
should they be included in the chart
Validate Perform the validation

In this example for glycine in water, the graph of Predicted Concentration vs. Actual is
generated:
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Predicted Concentration vs Actual for glycine

2 Calibration Equation: ¥ = -0.140428 + 155.811"X
glycine 15 spc
15 In
= -
- - = -
'E‘Ig. glycine_12.spc
E .
g -
£ -
5 10 - -
= ghycine _09.spc
T -
[F] -
I~ + -
n - -
glycine_05.spc” r
5 O
- - -
glycing 03 .54
_ A
glycine_01 spe” [ calibration Spectra
_.a - - - Ideal Line
I:I = T T T T T T T 1 T 1 T 1 T 1 T
1] 2 4 G g 10 12 14

Actual Cone. (mg/L)

The dashed line is the expected line for a linear fit.
A useful plot to look at is the ‘Actual Concentration vs. Measured Response.
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Actual Concentration vs Measured Response for glycine

=0 Calibration Equation: ¥ = -0.140428 + 155.811"X
glycine 15 zpc
154 |

- glycing 12 spc
3 ]
E
o
g 101 .
S glyn:lneDEIEl.spc:
=
=
k]
<

. glycine 05 spc

glycine 03 .zpc
O
glycine_01.spc O calibration Spectra
O - — - ldeal Line
I:I T 1 T 1 T 1 1) 1 T 1 T 1 T T T 1 T 1 T
0.0a 0.m 0.0z 0.03 0.04 0.05 Q.06 0.07 0.05 0.09 n.1a 011
Measured Reponse
The Batch Predict tab

The Batch Predict tab is used to run samples with unknown concentrations of analytes
against the method to predict the quantities of the analytes in the samples. The Batch
Predict tab contains two tabs itself, labeled Data and Results. On the Data tab, select the
source of the data you want to analyze. The results will be displayed on the Results tab.
Included with the example glycine in water quant method are three unknowns, named
glycine unknown 1, 2, and 3. They are installed into the same directory as the method.
Load them into a window, and then click ‘Predict’.
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Methods |Pﬂah'tes ISpectlEl | Pre-Processing | Regions | Validation | Batch Predict ISeﬂings |

Data IHesuhs |

Predict... |

Pathlength Comection Factor

1.0

A multiplier used to comect for pathlength diferences between the

Decimal Places

4

;I How many decimal places to report for results

Source of Data

Visible Files in Cumrent Window || What to “Fill List' with

Fill the list

Click to Fill

Fill the “List of Files to Process”

<

List of Files to Process:

After the prediction is performed, the results will automatically display on the ‘Results’

tab.

1

2

3

File

glycine (mg/L) |5Std Ermmor

ahycine_in_water'ghycine_unknown_1 .spc

ghycine_in_water’ghycine_unknown_2 spo

| G R —

ahycine_in_water'ghycine_unknown_3.spc

0.1371
4.3738| 01371

7.9527 0137

Note that unknown 2 is highlighted in red. This is because the result for this unknown has
been extrapolated, meaning that the predicted concentration is greater than the most
concentrated standard included in the method. An extrapolated result is not as reliable as
an interpolated result, such as when the predicted concentration lies between the

concentrations of two standards in the method.

The Batch Predict buttons

Expot The results table can be exported to the clipboard, Excel, or to a file.

Clear The results table will be cleared.
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The Settings tab

Methods lﬂnah'tes lSpectm l Pre-Processing Fegions Validation Batch Predict | Settings l

Starting X value  [0.0 First 2 value. f 0, use first standard J
Ending X value I[:'E'i Last X value. K 0, use first standard

Detta X value |I}D7 Exact Digital resalution (data pairt spacing)

Template File -+ | Match starting, ending and delta X from this file

Reset To Template Click... Reset starting, ending and delta X values to the template file

Set to Sample -+ | Set to the first non-excluded sample in the method ’J
. b

Ideally, all of the Standards in the method would have the same resolution and
wavelength/wavenumber range. If they don’t, they need to be interpolated to a common
resolution and range. When the first standard is added to the method, these numbers are
filled in using that standard. If you need to change them, you can do it on this table.
Usually this action is not needed, as the Standards will all be collected on the same
instrument at the same time using the same data collection settings.
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Partial Least Squares (PLS)

PLS is an add-on package for Essential FTIR. It is documented in a separate manual.
Clicking the ‘Help’ button in the PLS tool will display the PLS documentation.
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Classical Least Squares (CLS)

CLS is an add-on package for Essential FTIR. It is documented in a separate manual.
Clicking the ‘Help’ button in the CLS tool will display the CLS documentation.
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Custom Quant Application

Custom Quant Application allows the creation of a custom, simplified, user interface to
Essential FTIR’s quantitative analysis. The user interface is simplified to allow only the
selection of an analysis method, loading or collecting sample data, and running the
analysis. Custom Quant Application makes repeated running of samples easier and less
error-prone by removing the possibility of changing any options that may affect the
results, and increases productivity by focusing on the simple task of collecting and
analyzing sample data.

Custom Quant Application can work with any Beer’s Law, PLS, CLS, or QC Compare
methods created in Essential FTIR.

Here is an example of how a custom application looks when it is running. This is all that
the operator sees. The logo and caption of the screen can be changed to anything.

i= Essential FTIR Custom Application

cFTIR

[T teTull |5 - /P S Ahutarial/totonial eftir_pls Erowsze for Method. ..
Sample: |S:HF'LS.f'tutorial.f'trials.f'TriaI_EIE!_‘I.spc Brnw&efanampIe...l Collect Sample... | Collect Backaround...

Run Analyziz | Export v| Report | Clear ‘

Filename JSampIe Mame ]Methnd Marme lWater lMethannl |.~'—‘«cet0nitrile |
1 Filename ESampIeName | Method Name iWater | Methanal i.t’-'«c:etnnitrile |
2 |Trial_09_1.spc |sample 1 |tutorialeftic_pls | 31.020785 35373677 33557710

Figure 8-84 The Custom Quant Application
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To create a Custom Quant Application, start with the ‘Application’ tab.

Fun...
Application l Shartcut ] Insturment ]
Caption |Essential FTIR Custom &pplication The window caption
Logo layouthefti_logo.prig -+ || Chooze a bitmap araphic for the program logo
Show Spectra [ Shaow the Spectral Display
Show LD Readout [ Show the LCD Readout
Allows Cantinuous Analpsis | Enable continous zampling and analyziz
Figure 8-85

On the application tab, select the Caption and Logo that you want to use.

The other options further customize the screen:

Show Spectra: If this is checked, the user will see the spectra that are loaded or collected.
If unchecked, the spectra will not be displayed.

Show LCD Readout: A large readout of calculated values can be displayed, which is
useful when continuously monitoring a single value.

Allow Continuous Analysis: Adds the ability to continuously and automatically collect
and analyze samples, rather than having to manually collect and analyze single samples.
If all three of these are checked, the Custom Quant Application interface will look like
this:
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il Essential FTIR Custom Application

cFTIR

Method: |S:HPLSa’tutoliaI.-’tutolial.eftir_pls Browse for Method. ..
Sample: |5:a’PLSa’luloliaI.-’triaIsHTriaI_DS_'I.spc Browze far Sample. .. | Collect Sample... = | Collect Background...

trials“Trial_09 1.spc: Sample 3 ‘water 30.72%; Methanol 35.16%; Acetonitile 34.13%

Abzorbance

R PERh

e e

10000 5000 £000 7000 5000 5000 4000
Wavenurmbers
54726 1683915 0 il DYy S~ -

Run Analysiz | Export - | Report | Clear |
Filerame | Sample Name | Method Mame | Water | Methanal | Acetonitrile
1 Filename Sample Mame | Method Hame  [\Water | Methanol | Acetonitrile
Trial_09_1.spe |sample T utorial.eftt_pls | 31.02078%| 35.378677] 33557710

Compound to dizplay:

Mumber of Decimals: |3 =

=

Figure 8-86 Custom Quant Application with spectrum, results table, and readout visible

The three sections of the spectrum, the results table, and LCD readout, are separated by
splitter bars that allow the sections to be resized.

The next tab, labeled ‘Shortcut’, can be used to create a desktop shortcut that will launch
the Custom Quant Application directly.
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Application | Shortout llnstrument l

Shartcut Mame |quanbﬁ|:||:| The name for the dezktop shorbcut

Create Shartout Create Create a shortout ta this application an the windows desktop

Hide eFTIR [ Hide eF TIR when thiz applization runs

Exit eFTIR [ Ewit from eF TIR when thiz application iz finizhed [only when run from deskiop shorkzut)
Figure 8-87
Shortcut Name The Desktop shortcut will be labeled with this name
Create Shortcut Click this button to create the shortcut
Hide eFTIR If checked, Essential FTIR is hidden while the custom application
runs.
Exit eFTIR If checked, eFTIR closes when the quant application is closed.

By using ‘Hide eFTIR’ and ‘Exit eFTIR’, the user of the Custom Quant Application never
sees Essential FTIR at all, only this custom interface is seen by the user at any time.

The Instrument Tab chooses which instrument, and set of instrument parameters, to use

when collecting data in the Custom Quant Application. The ‘Instrument Options’ file has to
first be created using the Instrument’s data collection tool, and then selected here.
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The Synthesize / Edit Data Toolbox

In this section we turn out attention to a set of features likely to be of interest to the research
scientist — the Synthesize / Edit Data Tools. These routines have a wide vatiety of
applications, and may be used to offer solutions to problems that seem intractable using any
of the more “traditional” Tools. We will examine each feature in turn.

Add Peaks to Data

The Add Peaks to Data parameters window is shown in Figure 8-88

Ty Apply to Current | Mest Spectrum | Batch Save...
[Inda Clane & Apply Previouz Save bz
% Gaugsian |'I 0.0 Percent Gauzsian of the synthetic peak. from 0t 100
Left Center Right

Figure 8-88 Add Peaks to Data parameters

The Toolbox Buttons are positioned at the top of the parameters window. Below these
buttons is an edit box, labeled % Gaussian. This value, from 0 — 100%, determines the
Gaussian proportion of the synthetic peak. Any remainder of the peak will be Lorentzian —
for example, if the value 45% is entered, the synthetic peak will be 45% Gaussian and 55%
Lorentzian in character. The range of the peak is defined by Regions, selected by right-
clicking on the active spectrum in the workspace and dragging to the desired locations. This
range in turn dictates the full width at half maximum (FWHM) of the peak. Clicking within
the region markers allows dragging of the peak maximum to the desired absorbance value.
Figure 8-89 shows the process of shaping the peak.
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Figure 8-89 Shaping a synthetic peak

The Regions defined in Figure 8-89 dictate the extent of the peak over the wavenumber
axis. The cursor is visible in the center of the peak, and has assumed the double-arrow form,
which is used to left-click and drag the peak center to the desired height. The limits of the
synthetic peak are shown in the display window. Figure 8-90 shows a synthetic absorbance
feature generated in this way.
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Figure 8-90 Synthetic sulfur dioxide peaks

The upper spectrum in Figure 8-90 represents sulfur dioxide. The lower spectrum is a
synthetic version created by first summoning a “flat line” absorbance spectrum using the
Artificial Spectra tool discussed later in this section. Peaks were then added to this
spectrum to create a reasonable facsimile of the original spectrum. An arbitrary level of
detail is possible by overlaying peaks.
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Average / Add

It is often desirable to average or co-add a large collection of spectra together, to eliminate
noise and to bring out low intensity absorbance features. The Average / Add Tool
provides this capability. Figure 8-91 shows the parameters window for this Tool.

e  Erve Derectoey sl Whow i Tl Lt v | ek 10 Cmeny Wiz | (2 o e vimaaw | | Savede |

ot 1o EAL: Spréhaie: spacinun by svarsgng

Figure 8-91 Average / Add parameters window

The Fill List button is used to populate the file window in the lower left of the window.
The Try button performs the operation and shows the result in the preview window, in the
lower right of the screen. In the upper left of the window is the options box. There are two
options, each selectable via drop down menus. The first option is Source of Data. The
options available are Visible Files in Current Window, All Files in Current Window,
Pick Files from Disk and Entire Directory. The second option determines what to do
with the data once the list is filled. The options are Average, Add and Add with weights.
Once the Try button has been pressed and the result displayed in the preview window, the
processed spectrum may be saved, added to the current Workspace, or added to a new
Workspace using the buttons above the preview window.
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Edit Data

The Edit Data Tool allows direct access to the numerical data in the array representing a
spectrum in a familiar spreadsheet format. The Edit Data parameters window is shown in

Figure 8-92.

[ Try ] [ Anphy ] [Nead Spedrum] [ Save ]
[ LUnda ] [ Apply to MNew ] [ Previous ] [ Save As.. ]

Right-Click on the spectrum to scroll the table to that point. Double-click in the ‘Intensity’ column to begin editing.

Wavenumber Intensity [A_ i

1 649,895 0.0847717 L
3 £50.136 0.064406

7 650.377 0.0506555

4  |690618 10.0683345

5 650.8559 0.0710875

5 £51.100 0.0634663

7 651.341 0.0784117

g £51.582 0.0734267

g 651.823 0.0574162

10 |652.064 0.0692625

1 652 305 0.0733658

17 |652.547 0.0509363

13 652 788 0.0563744

14  |653.029 |0.0607552

15 653.270 0.0565856 [

Figure 8-92 Edit Data parameters window

The full complement of Toolbox Buttons is available. Beneath these buttons is the data
array, contained within an editable spreadsheet interface. Right clicking on the data in the
Workspace scrolls the numerical data to that point, and double clicking on a cell in the
Intensity column of the spreadsheet renders the cell active for editing. In this way, data
may be directly edited by the user.

Use the left mouse button to select data in the table and then right-click to bring up a menu
that allows copying the selected contents to the Windows clipboard.
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Artificial Spectra

The Artificial Spectra feature may be used to generate purely synthetic spectra. If precise
line positions are known then it is theoretically possible to create highly realistic absorbance
spectra using this Tool. A simple example of an artificial spectrum, together with the
parameters used to generate it are shown in Figure 8-93.
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Figure 8-93  Synthetic spectrum generated with the Artificial Spectra Tool

The Try button is used to show the results of the current parameters in the preview window.
Below the Try button is an options box, with eight rows. Examining each in turn:

Starting Wavenumber: Defines the low wavenumber value for the spectrum.
Ending Wavenumber: Defines the high wavenumber value for the spectrum.
Digital Resolution: Specifies the digital resolution for the spectrum.

Resolution Calculator: Calculates the digital resolution for the spectrum based on
other entered parameters.

Template File: Allows you to select a template for the synthetic spectrum, via a
browser window summoned by the edit button (...). The synthetic spectrum will be
matched to the template in terms of starting and ending wavenumber, and
resolution.

Synthetic Noise: Specifies the magnitude of synthetic noise added to the artificial
spectrum in absorbance units.

Baseline Offset: Specifies the amount by which the baseline should be offset from
zero in absorbance units.

Baseline Slope: Defines the gradient of the baseline.

Below the options box is a Peak Table, into which values for peak center position, full
width at half maximum (FWHM), peak height and the percentage of the peak defined by a
Gaussian curve. As with the Add Peaks to Data Tool, any remainder is generated as
Lorentzian. Below the Peak Table are four buttons. The Add New Peak button generates
a new row in the Peak Table, into which new values may be entered. The Remove button
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erases the selected peak. The Save Table button enables you to save the table to disk, while
the Load Table button allows you to load a pre-fabricated table from disk.

Once the Try button has been pressed and the result displayed in the preview window, the

processed spectrum may be saved, added to the current Workspace, or added to a new
Workspace using the buttons above the preview window.
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Blackbody Spectra

There are occasions, particularly when working with data generated using open-path FTIR,
when a comparison of black body spectra is useful. The Blackbody Spectra Tool provides
the capability to generate synthetic black body spectra. Figure 8-94 shows the parameters
window for the Blackbody Spectra Tool.
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Figure 8-94 Blackbody Spectra parameters window
The options box for the Tool has seven rows. Dealing with each in turn:

1. Temperature: The temperature in degrees Celsius at which the black
body curve is to be calculated

2. Distribution: The distribution of the synthetic curve. Options of
Photons or Radiance are available from the drop-down menu.

3. Starting Wavenumber: The lowest wavenumber in the curve.

4. Ending Wavenumber: The highest wavenumber in the curve.

5. Digital Resolution: Specifies the exact digital resolution of the black body
spectrum.

6. Resolution Calculator: The button associated with this feature summons a
calculator which enables you to calculate the precise value based on laser wavelength
and optical resolution.

7. Template File: Summons a browser dialog which allows specification

of a spectrum file to act as a template for the synthetic black body. The new
spectrum will match the resolution and starting and ending wavenumber values of
the template file.

The Try button on the upper left of the window applies the current options to a synthetic
spectrum, which is displayed on the right side of the window. The buttons labeled Add to
Current Window, Add to New Window and Save As may be used to display the spectrum
in the current active Workspace, display in a new Workspace, or save the file to disk.
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Change Header Fields

Sometimes spectra are recorded with incorrect information. For instance, the data in a

file may be Absorbance, but the information in the header file be set to Transmittance, so
the data will be displayed incorrectly. This tool allows you to change the header of the
data file. It does not change the data itself at all, it just changes the information about that
data so that the data can be correctly displayed and interpreted. For instance, choosing

"Transmittance' for the Y units does not change the data values to Transmittance.
It only changes the header field associated with the data.

Ty Apply | Mewxt Spectrum Save *

Undo ApplytoNew | Previous | | Saveds.. |
I Be Careful 11l |!!! Take Care Il Y'au can mess up vaur data if vau are ot carefull
& etz | Micrometers j Twpe of & units
' Unitz | Leave bz 2 || Type of ' units
First & |Leave Az s # coordinate of first point, Leave alone if blank
Last » Leave Az |z ¥ coordinate of last point. Leave alone if blank
Reverse B Reverse the data along the = asis
I Be Careful 11l |!!! Take Care Il Y'au can mess up vaur data if vau are ot carefull

Figure 8-95 The Change Header Fields window

Please take heed of the !!!Be Careful!!! entries in the options table. This capability is
provided as a convenient way to correct problems in data file headers. Do not do this

unless you are very sure about what you are doing; you can render your data
meaningless!
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The Advanced Toolbox

The final toolbox in the collection is called the Advanced Toolbox. This collection of
Tools is home to the more flexible and powerful elements of Essential FTIR. The
Advanced Toolbox is shown in Figure 8-96

Advanced
Batch Processzor

Uzer Scripts

Calculator

Figure 8-96  The Advanced Toolbox

We will explore each Tool in turn.
Batch Processor

The Batch Processor Tool is used to identify a group of spectral files, perform a pre-
defined set of operations upon the selected data, and save the modified data to a specified
directory. The Tool is used to automate any repetitive tasks that may arise in the course of
data processing. The parameters window for the Batch Processor Tool is shown in Figure
8-97.

[F!un Sequence] [Create and Edit Sequences...]

Command Sequence tutorial.seg | Pick tha sequence to run !
Source of Data | Entire Directory [ise] What to °Fil List' with |
Fill the list [ Click to Fill ] Fill the 'List of Files to Process !
Destination Eftir Test Data =+ | Directory to put the processed data in |
Chver-Write Enable Over-WWriting of existing files !
File Type Galactic {.5PC) |V| The format to use for saving the files to disk |

List of Files to Process:

C:/Documents and Settings. Documents,/Diata,uma Library 1/Carbon Monoxide \CO_1000ppm spc
C:/Documents and Settings. Documents,/Datauma Library 1/Carbon Monoxide \CO_100ppm spc
C./Documents and Settings. Documents/Data,Yuma Library 1/Carbon MonoxideNCO_11_8ppm.spc
C./Documents and Settings. Documents,/Datauma Library 1/Carbon Monoxide \CO_1250ppm.spc
C:/Documents and Settings. Documents,/Diata,uma Library 1/Carbon Monoxide \CO_1500ppm spc
C:/Documents and Settings. Documents,/Data,uma Library 1/Carbon Monoxide " \CO_1800ppm spc
C./Documents and Settings. Documents/Datauma Library 1/Carbon Monoxide\CO_200ppm.spc
C./Documents and Settings. Documents,/Datafuma Library 1/Carbon Monoxide \CO_2500ppm.spc
C:/Documents and Settings. Documents,/Datauma Library 1/Carbon Monoxide \CO_25ppm spc
C:/Documents and Settings. Documents,/Data,uma Library 1/Carbon Monoxide \CO_3000ppm spc
C./Documents and Settings. Documents/Datauma Library 1/Carbon Monoxide\CO_300ppm.spc
C./Documents and Settings. Documents,/Data,uma Library 1/Carbon Monoxide \CO_3500ppm.spc
C:/Documents and Settings. Documents,/Diata,uma Library 1/Carbon Monoxide \CO_4000ppm spc
C./Documents and Seftings. —._...... ........... .., Documents/Data,"Yuma Library 1/Carbon Monoxide'CO_400ppm.spc

Figure 8-97 Batch Processor parameters

The Batch Processor Tool uses the concepts of Regions and Sequences, which are defined
and saved to disk for later use. Two buttons are located in the upper left of the parameters
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window. The Run Sequence button is used to execute the currently set parameters in the
options box. The button labeled Create and Edit Sequences summons the Build Batch
Processing Sequence dialog box, which is shown in Figure 8-98.
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Editing Batch Sequences

B
X

' Build Batch Processing Sequences

Available Commands: Sequence: C:/Documents and Settings/All Users/Documents//EF TIR/sequenceswater seq
| Add To Sequence = | . Name Remove
| Manual Baseline Comsction

!:‘-\bsorbance to Transmittance
| ATR Comection

Automatic Baseline Comection
Auto-Subtract

Deerivative

Interpolate

Kramers-Kronig Transform
Manual Bassline Comection

| Offset To

Rato
| Scale By

| Scale Ta Done

| Smocthing —_—

Sebrect iall™ -7

iTlansmd‘tance to Absorbance This cormmand has no options to display.

| Truncate

| Wavenumbers To Microns

| XeAuds Shit

| Zap Regions

Figure 8-98 Build Batch Processing Sequence dialog box

The Build Batch Processing Sequence dialog box consists of four main areas — the Tools
list, the Sequence, the Settings and Regions window, and the button panel. We will
examine each area in turn.

The Tools list

The panel on the left lists all Tools available to the Batch Processor. Each Tool may be
selected with a mouse click and added to the Sequence window by clicking the Add To
Sequence button. Alternatively, these steps may be combined by double clicking a Tool in
the list, which adds that Tool to the Sequence without using the Add To Sequence
button.

The Sequence window

The upper central area is called the Sequence window. In this area all operations to be
carried out on the spectra selected for Batch Processing are listed.
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The Settings and Regions window

The window occupying the lowest portion of the dialog box is called the Settings and
Regions window. There are two tabs; the Settings tab and the Regions tab. Under the
Settings tab, the options and settings associated with the Tool currently selected in the
Sequence window are displayed. The Regions tab displays the Regions to be used by the
currently selected Tool, if applicable. The Load Regions button allows the loading of a
pre-defined set of Regions for the operation currently selected.

The Buttons panel

The Buttons panel comprises nine buttons. Taking each in turn:

Remove .
Removes the currently selected operation from the Sequence.

Remaove Al .
Removes all operations from the Sequence.

Move U . . L. .
- : Shifts the selected operation up one position in the order of operations.

Maove Down

Shifts the selected operation down one position in the order of operations.

Lt Summons a dialog box allowing you to load a pre-defined Sequence.

save Saves the Sequence currently being edited.

=S Displays a Save As dialog box for the Sequence currently being edited.

aas Displays the Essential FTIR Help files for the Batch Processor.

H b

Dismisses the dialog box.

Batch processing options

Six options are available, as shown in Figure 8-97. Taking each option in turn:
1. Command Sequence: The path to the Sequence file currently loaded.
2. Source of Data: Defines the source of the unprocessed data. There

are four options — Pick Files From Disk, All Files in Current Window, All
Visible Files in Current Window and Entire Directory.
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3. Fill The List Populates the list with the source files.

4. Destination: Defines the destination directory for the processed
files. The Edit button (...) summons a browser dialog box enabling you to create or
choose this directory.

5. Over-Write: A check box selects whether to over-write files in the
destination directory
6. File Type: A drop down menu allows you to specify the format

of the processed files.

Once all options have been adjusted to your satisfaction, clicking the Run button executes
the currently loaded sequence.
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User Scripts

Python is a programming language used in the creation of Essential FTIR. The User
Scripts Tool enables you to select and run Python scripts (.py files). The User Script
parameters window is shown in Figure 8-99.

This document only talks about the user interface of this tool. For technical details about
how to write scripts for eF'TIR, a separate document named ‘eftirScripting.html’ is installed
in the Essential FTIR program directory. That document can be viewed by clicking the
‘Help’ button.

Script Filename | Olutput lTrace l Fesultz l
testdutoSubtract. po
testCompare. py E wpart v| Clear |

tezthd athid perations. py
testE woephion. py
testFFT.py
testFunctions. py

testH elpers. py
testinputFileList. py
test0 phionS ave. py
testPrint. py
testPrintTiles. py

testA eparts. py

testS can.py
Run.. - Help
Irztall... Rermove
kove p ko Down

Figure 8-99 User Scripts
The screen shot above shows the sample scripts that are installed along with eF'TIR.

The parameters window has six buttons. The Run button executes the currently selected
Python script. The Install button is used to install a Python plug-in. The Remove button
erases a script. The Move Up and Move Down buttons shift the selected script up and
down the list of scripts. The Help button summons the help files for this feature.

Figure 8-99 shows the test scripts that are automatically installed with Essential FTIR.
The scripts are installed as Python source code files into the ‘scripts’ directory, which is
usually located at “C:\Documents and Settings\All Users\Documents\EFTIR\scripts.

Examining these scripts is a good place to start learning how to write scripts for Essential
FTIR.
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The Run button has this drop-down menu attached to it:

Run... = Help | ‘

Fun with Current Sample

Run with All Yisible Files in Window
Fun with &l Files in Window

Cancel

Figure 8-100

This allows selection of data that the script will act on. The affect this has, and whether or
not the script requires data to be delivered to it this way, depends on how the script is
written. To take advantage of passing data into the script from the user interface requires
the script be written to utilize such data.

The tabs on this tool:

Cutput lTran::e l Results
Figure 8-101

capture output from the script. The eFTIR Scripting document (eftirScripting.html) tells
how scripts can use this. Briefly, ‘Output’ captures Python ‘print’ statements, ‘Trace’
captures program trace statements, usually for debugging, and ‘Results’ can display data
in a table format.
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Calculator

The calculator provides a way to manipulate spectra quickly, easily, and directly using
arithmetic and algebraic expressions.

The tool buttons are a subset of the usual buttons. In addition, there are the buttons you
would see on a standard four-function calculator. The ‘Data’ list box lists all of the
available data you can work on. The ‘Functions’ list box is a list of the available math
functions, and the ‘Final Data Type’ allows changing the data type of a result.

You do not have to type anything, these buttons and lists are to help users become
familiar with the calculator, but it is really much easier to just type expressions into the
calculator and press the Enter key to evaluate those expressions.

ype expressions
here.
Prewvious o ey =E]
|$EI "4 _T_! Clear Histary |

Back | Data:
| 0 502 _100pprm. zpc: agd O Ecm_l
Funchions:

al:usu:ulute LI
Final Diata Type:
| Absorbance L!

Mest Spectum | Save - |

g
1]
=
-

(] ||
Figure 8-102 The Calculator

Referring to data in the calculator. Data is referred to by its ‘index number’, which is
the number you see wherever spectra is displayed in eFTIR.

Filename temo

0 data’502_100pprm.zpc | agd 0.5
1: databS02_28ppm.zpc | agd 0.5cr
2:‘ datah502_50ppm.zpc | agd 0.5or

<l =l x| =
EA R

The 'Index' is
displayed in
front of the
fillename.

Figure 8-103
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426152 0163166 {, S02_100ppm.zpc: agd 0.5cm-1, 645, 100.000C.1.0003atm, 8. 5500, c4fE

Figure 8-104

To use a spectrum in the calculator, enter ‘$N’, where ‘N’ is the Index of the spectrum. For
instance, type in ‘90 * 2’ and press the Enter key (or click on the button with the equals sign),
and spectrum 0 will be multiplied by 2 and redisplayed.

The results of any expression are assigned to the first spectrum in the expression. For
instance the result of ‘§0 * 2’ will be assigned to ‘$0’. This is true no matter how complicated
the expression is. For example ‘(2 * $0) / ($1+$2+$3)/3) will multiply spectrum O by 2 and
then divide it by the average of spectra 1,2,and3, and place the result back into spectrum 0.

Undo: All calculator functions can be undone using the ‘Undo’ button.
Simple Arithmetic.

Numbers can be used directly:
> 2%*2
> 3/4
> etc...

Spectra can b added, multiplied, and divided by, and subtracted from, other spectra.
» To multiply spectra: $1 * $2
» To divide spectra: $1 / $2
» To subtract spectra: $1 - $2
» To add spectra: $1 + $2

Entering multiple expressions. Multiple expressions can be entered in the calculator and
separated with semicolons ;. For instance, ‘30 * $1; $§0 * $2’ will multiply spectrum 0 by
spectrum 1, and then divide spectrum 0 by spectrum 2.

Applying the calculation to other spectra. Use the ‘Next Spectrum’ and ‘Previous’ buttons to
increment the target spectrum of the calculation. For instance, if the expression is:
$0 * 2, and you click the Next Spectrum’ button, the expression will be changed to $1 * 2.

Using a spectrum as a constant in a calculation. A spectrum index can be held constant
in an expression by referring to it with the “#’ sign instead of the ‘§” sign. For instance, if you
want to subtract the same spectrum from a series of spectra, use the expression $0 - #10.
Clicking the ‘Next Spectrum’ button will change the expression to $1 - #10.

Using math functions. Standard math functions are available. The functions can operate
on the entire spectrum. These are the functions available now:

190



Standard Math Functions:

absolute absolute($0) returns the absolute value of each element

ceil ceil($0) returns array of elementwise least whole number >= x.
exp exp($0) returns array of elementwise e**x.

e 2.718281828

fabs fabs($0) returns array of elementwise absolute values.

floor floor($0) returns array of elementwise least whole number <= x.
floor_divide Floor divide the arguments elementwise.

fmod fmod($0,$1) is remainder($0,$1)

log log($0) returns array of elementwise natural logarithms.

log10 log10($0) returns array of elementwise base-10 logarithms.

min return the minimum value in array $0.

max return the maximum value in array $0.

multiply Multiply the arguments elementwise.

negative negative($0) == -x elementwise.

pi 3.141592654

power power($0, y) : returns returns array of values in $0 raised to the yth power
remainder returns remainder of division elementwise

sqrt sqrt($0) returns array of elementwise square roots.

sum Sum the array

Available Essential FTIR functions:

deriv1 take the first derivative. Optional arguments are the number of points to use in the
convolution (default 5, can be 5 - 99) and the order of the polynomial (default 1,
can be 0 for Quadratic/Cubic or 1 for Quartic/Quintic).
examples: deriv($0) is equivalent to deriv1($0, 5, 1)

deriv2 take the second derivative. Optional arguments are the same as for deriv1

smooth perform Savitsky-Golay smoothing. Optional arguments are the number of points to
in the smoothing (default 5) and the order of the smoothing polynomial (as in deriv1).

Interpolation Rules. When using multiple spectra in a calculation, the starting and ending
wavelengths and digital point spacing of spectra must match when they are used together in
a calculation. If it is necessary to make the spectra compatible, this matching is done
automatically. The spectra are matched to the highest resolution (minimum point spacing) of
all spectra in the expression. This can have the side effect of changing the resolution of the
target spectrum, but doing it this way ensures that no information is lost.

Changing the data type of the result: Set the 'Final Data Type' before executing the
expression. For instance, if §1 and $2 are two singlebeam spectra, set the Final Data Type to
Transmittance and then execute the expression '$1/$2'.

If you forget to set the Final Data Type: If you just enter ‘$0” as the expression, and
choose the data type you want $0 to be, and then click the ‘equals’ button, the data type of
$0 will be changed. This is very useful when you have forgotten to change the data type of a
spectrum in a calculation; you can easily change it later.
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Some examples: Some complex manipulations can be done with the calculator, including
many interactive features that are built in to Essential FTIR.

Bringing the minimum of a spectrum to zero ~ $0 — min($0)
Normalizing a spectrum to be between 0 and 1$0 — min($0); $0 / max($0)

Inverting data $0 * -1
Converting transmittance to absorbance -log10($0)
Converting absorbance to transmittance power(10, (-1*$0))

Common Error Messages

Index out of range.

name 'N' is not defined
Math domain error

You will see this error when you use a spectrum index that does not exist.
For instance, if there is no spectrum with the index 10",

and you refer to $10 in a calculation, you will get this error

an uknown function was called: N($0)

Usually this is a divide by zero, or logarithm of a negative number.

unexpected EOF while parsing Usually an incomplete statement such as '$0+'
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9. Tutorial

This section is intended to aid the inexperienced user in performing a set of tasks. As with
most skills, the surest way to learn is to follow along, and it is anticipated that you will grow
more confident in the use of Essential FTIR after completing this tutorial. We will work
through various common procedures - acquiring data, correcting the spectra for
contamination and baseline defects, analysis of the spectrum and the building of a batch-
sequence for the automated processing of a directory of similar files. While following along,
you may wish to substitute alternative values for some of the parameters. Understanding of
the Tools employed in this section will be enhanced by observing the results. The spectra
acquired for use in this section are supplied with this manual, and it is suggested that you
begin to follow along immediately after the data acquisition section.

The screen shots in this tutorial were generated using an earlier version of Essential FTIR,
but the changes are mostly cosmetic and do not impact the actions outlined here.

Data Acquisition

The first step in any analysis is to ensure that the spectrometer used has adequate
throughput, and to diagnose any issues that may exist with the hardware. This task is
accomplished using the Align screen, shown .
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Figure 9-1 The Align Screen
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The Align screen is viewed by selecting the Collect New Data Tool from the Data
Toolbox, then selecting the Align tab from the parameters window. In this example the
instrument is scanning at a resolution of 0.5cm™.

Note the numbers visible between the display windows and the parameters windows. These
numbers relate to the magnitude of the interferogram produced by each scan. Looking at
the top row of the numbers, the values indicate the maximum peak to peak value of the
interferogram magnitude, the current value and the lowest value. The bottom row of
numbers indicate the maximum (positive values), current maximum, minimum (negative
values) and minimum.

Once satisfied that the instrument is functioning correctly, the next stage is to take a
background spectrum. The procedure for this step will vary, according to the instrument
and sampling technique employed by the user. In our example we have used a 10 meter gas
cell, which was purged with dry nitrogen — as a homo-nuclear diatomic molecule, N, is
invisible to infrared radiation.

Once the cell was purged, the radio button labeled Background was selected, and the Start
button was pressed. Note that the Start button changes from green to red upon beginning
data acquisition, and the Start label changes to Stop. The acquisition may be terminated at
any time by pressing this Stop button. The background was taken at 0.5cm™ resolution,
using 8 co-added scans, over the wavenumber region 4000cm™ to 1800cm™. The result is
shown in Figure 9-2.
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Figure 9-2 Background spectrum
After viewing the background spectrum, and ensuring that it appears free of contamination,

the radio button labeled Sample was selected. The target analyte used for this example was
carbon dioxide, at a concentration of 18%, in nitrogen balance gas. Sample gas was
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introduced to the gas cell at a flow rate of 1.5lmin"', and the Start button was pressed. Once
satisfied that the absorbance spectra were being generated correctly, the radio button labeled
Repeat Sampling was selected, and the Start button pressed. A spectrum from the Repeat
Sampling stage is shown in Figure 9-3.
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Figure 9-3 Repeat Sampling

The acquisition will now run as specified in the Repeat Sampling parameters window, on
the lower right of Figure 9-3. These parameters, along with all others involved in data
collection, are discussed in detail in chapter four. In this example, the check-box labeled
Sample Forever was checked, and the run continued until manually terminated using the
Stop button. We now have some data to work with. Let’s explore the absorbance spectra
further.

Processing the Data

Now that we have some data, the first step is to ensure that it is representative of the target
analyte. Ideally, with perfectly clean samples and a baseline that never drifts, this would not
be necessary. In the real world, baselines do drift over time, and samples do contain
contamination. If the spectrum is to be used as a quantitative standard, any impurities could
bias results low when looking for the contaminant as a target analyte. If, when recording
such reference spectra, you are unsure regarding which spectral features are foreign to the
target analyte, the surest corroboration is to pull up a library spectrum of that compound and
compare the two qualitatively.

Turning to our data, let’s load the first absorbance file in the collect directory, with the
filename 2006_10_04_1353_46.abs. 'This filename indicates that the collection parameters
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specified Time and Date Stamped for the acquisition, and that the collection began in
2006, on October 4™, at 1353 hours and 46 seconds, as measured by the clock on the data
collection computer. Using the File Browser Tool in the Data Toolbox, navigate to the
directory holding the files and click once on the file. The file will be displayed in the preview
window at the lower right of the screen. Once satisfied that the correct file is selected, click
the Add to Current Window button. This action will load the file into the Workspace.
The Workspace display window showing the file is pictured in Figure 9-4

2006_10_04_1353_46 abs: Tsc 1gn 0.5cm-1 10/04/2006 13:53:46,

0.8

0.6

0.4+

Absorbance

0.2+

0.0+

4000 1500 1000 2500 2000

Wavenumbers
Figure 9-4 Workspace display showing spectrum 2006_10_04_1353_46.abs

Figure 9-4 was generated using the Export Graphics Tool, located in the Data Toolbox.
The first thing to notice is that the baseline appears sloped. This gradient is most
pronounced at the edges. Secondly, some water contamination is evident, particularly at the
left and center portions of the spectrum. We will remove this contamination using the Zap
Tool from the Manipulations Toolbox.

Selecting Zap from the Manipulations Toolbox delivers the screen shown in Figure 9-5.

196



LY A, | P TS 150 125 st b hon I Som-] 1ETAGEES “3ME
Clicse) 11 SR
-
|
] M M i ; | |
| f
”#I-MLMJ H. o ¥
ALl
a1
F] =] 3 =0 F1 0
0t e,
OO0 HSE A ] . - 3 ey Frre e e e =
&l a BER i N N A raneIe fOLTALE @
[ ugsza T | Eackgrid E
= p —
Minguition [ J[ s |[tccisces|] s | lree |
= ] =L e || smsmiee || fracs || od;wae |

ol Baraira Commzen Fi Wtk inbemcimed Linm st bt 1o Fill 2ecoed mepiom it
Fuin Baswirm Lomechon fcidd Moo | LAY Li.snar ceirfulion aeome! 4 rissdesd destsion sound 2

3 Gl

Cormamncre § Cormecsorne

Fraigen

St Bt Dt
il

Do il Moy O s o ol e e roygn o e g g e Ladie, mure el L

Figure 9-5 Zap parameters for 18% CO:

The baseline is zoomed to show the Zap sections clearly. The Regions selected for the
Zap Tool are displayed graphically on the data display, and numerically on the Regions
window toward the lower left of the screen. For a full discussion of Regions, please see
chapter three. Once you have defined these Regions (or similar Regions, feel free to
experiment, the Undo button is always available) then we may save them as a Regions file.
Right click on the numeric Regions window, and select the Save Table option from the
context menu. Note that this menu is also available by left clicking on the Wavenumber
column heading of the Regions window. Now that the Regions are saved, we may call
them in to use as a set when building automated Sequences. We will save Regions for all
operations we perform on this spectrum, so that we may automate the process for the
remainder of the data in the directory.

Clicking the Try button results in a gray “ghost” spectrum showing the potential results of
the operation. In our example, the Interpolated Line option is used, and noise has been
added to the data at a level of 0.0015 absorbance unit, which was a value that closely
resembled the actual noise level. This method of noise approximation is a useful semi-
quantitative way of evaluating noise in a baseline. Clicking the Apply button performs the

operation, as shown in Figure 9-6.
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Figure 9-6 Zapped CO; spectrum

Now that we have removed any unwanted absorbance, we may address the baseline defects
introduced by the Zap process. In this example, let’s use the Manual Baseline Correction
Tool, which is found in the Manipulations Toolbox.

The Manual Baseline Correction Tool uses the parameters screen shown under the data
display in Figure 9-7.
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Figure 9-7 Manual Baseline Correction

The gray spectrum shows the result of applying the Regions. Again, use the Try button to
experiment with Regions — remember that the object is to ensure that all portions of the
baseline that should be at zero on the y-axis are at zero. Zoom in on portions of the
spectrum by left-clicking and dragging a box in the data display, and zoom out by double-
clicking. Once satisfied, click Apply to perform the operation. Save the Regions with a
different name to those used for the Zap operation.

Automating the Processing Steps

Now that the spectrum has been corrected, let’s build a sequence to automate the procedure
for the rest of the data in the directory. Select the Advanced Toolbox from the Toolbox
Selection Window. The first item on the list is the Batch Processor, discussed in detail in
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chapter five. Click the Create Sequence button to summon the sequence editor dialog box.
Press the Remove All button on the right side of the dialog to clear the sequence. Now we
need to add in the operations we wish to perform on the spectra. First, highlight the Zap
Regions item on the browser window on the left of the dialog. Pressing the Add to
Sequence >> button will now place the operation in the sequence editor window.

Notice the tabs at the bottom of the dialog, labeled Settings and Regions. First select the
Regions tab, and click the Load Region Table button. Select the appropriate table from
the browser and click Open.

Next, select the Settings tab. As before for the Zap Tool, we will choose Interpolated
Line, and a noise level of 0.0015 absorbance units. The first step is now configured. Figure
9-8 shows the sequence editor window for the Zap Tool.
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Figure 9-8 Sequence editor window

Now we must configure the Manual Baseline Correction Tool for the automated
sequence. As before, select the Tool from the list on the left, and press Add to Sequence.
We should then load the appropriate Region table, which we saved while performing the
operation manually. Once this is done, press the Save As button to save the sequence file.
Clicking Done will then dismiss the dialog.
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We have now configured our sequence. We must now tell Essential FTIR where to find
the data we wish to process, and whete to put the processed files. Figure 9-9 shows the
options for the Batch Processor Tool. In this example we have opted to Pick Files From
Disk, which summons an “open file” dialog, which we use to browse to the files of interest.
If files of different type are available in a directory, e.g. absorbance and interferogram data,
then they may be filtered using the File Type drop down menu on the dialog. Select the
files you wish to process ($4i-Clicking the first and last files will select all). Press the Open
button on the dialog to open the files. Clicking the Click to Fill button populates the list at
the bottom of the screen, which shows the files to be processed.
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Figure 9-9 Batch Processor options

We tell the program where to put the files using the Destination option. The Destination
button summons a dialog used to navigate to, and / or create a destination directory. Set the
options you desire with regard to final file type and over-writing, and we are ready to go.

After ensuring that the correct sequence is loaded by inspecting the Command Sequence
option, clicking Run Sequence will execute our process. While the Batch Processor is
running the window shown in Figure 9-10 will appear.

...Saved 2006_10_04 1354 38spc...
rocessing 2006_10_04 1354 40.abs.

...Z£ap Regions...
...Manual Baseline Comection. ..
..Saved 2006_10 04_1354 40spc...
rocessing 2006_10_04_ 1354 43abs.

] 51%

Cancel

Figure 9-10 Running the Batch Processor

Once the indicator reaches 100% the window will be dismissed and we may browse our
results. Let’s load up a file from the result directory and take a look. Figure 9-11 shows the
result spectrum with the filename 06_10_04_1356_06.spc
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Figure 9-11 Result of batch sequence
The sequence has removed the interfering absorbance, and corrected the baseline defects.

As a final stage, let’s analyze this carbon dioxide spectrum in more detail.

Select the Analysis Toolbox from the selection window, and choose the Integrate Tool
from the list. This Tool will allow us to assign a rigorous numerical value to the area under
an absorbance feature. The parameters window, together with the Regions chosen, are

shown in Figure 9-12.
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Figure 9-12 The Integrate Tool

Select the areas bordering an absorbance feature as a Region. In this example, we have
chosen to Integrate to Baseline, but now that the baseline is corrected, this should be
equivalent to using the other option, Integrate to Zero. Clicking Apply shows the filename
and the numerical value of the integral in the lower spreadsheet window. This data may now
be transferred to another program, using the Export button.

Essential FTIR is a potent tool for the acquisition, manipulation and analysis of infrared
data. The software boasts many features, all of which will show their value over a long
period of use. The new user should feel free to experiment with the different Tools and
options in order to become more familiar with the capabilities of the software.
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