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1 Introduction

Analyze 1Q Lab is a software package that uses stateof-the-art model-based
techniques, drawn from chemometrics and data mining, for the rapid analysis of
spectral data. The types of analysis that can be undertaken fall into two general
categories:

1. Classification (also known as Qualitative Analysis or Discrimination) : use
models to predict whether a sample belongs to aspecific category of materials;
for example, predicting whether or not a sample of an unknown liquid
contains a specific solvent.

2. Quantification (also known as Regression or Numerical Estimation ): use
models to predict a numeric value associated with a target substance; for
example, predicting the concentration of a substance in a mixture.

Analyze IQ Lab also allows users to build their own models that can be deployed
for the analysis of spectra. Analyze IQ Lab can be used for the following two core
activities:

1. Application of models to the analysis of unknown spectral data.
2. The building of classification or quantification models.

These two core activities are carried on separate pagésof Analyze 1Q Lab : the
Apply Model page and theBuild Model page. Spectral analysis can be carried out by
using models built by the user or by applying pre-built models that have been
included in Analyze IQ Lab . As part of the Analyze 1Q Lab installation, sample
models may be installed; if selected for the install, these models are ready for use
when Analyze 1Q Lab is first started.

This manual provides detailed instructions on the use of Analyze 1Q Lab for the
analysis of spectral data and for the generation of spectral analysis models, using the
variety of methods provided in Analyze IQ Lab . Itis laid out as described next.

Section 2 describes theAnalyze IQ Lab installation process.
Section 3 provides an overview on the principles of operation of Analyze 1Q Lab

Section 4 details how to use Analyze 1Q Lab for the analysis of spectral data. It

gives a detailed example of the application of a model for the analysis of a spectrum
stored in one of the many formats supported (including SPC AIQ, SpectroML

JCAMP-DX or simple text files) . It also details how to view the detailed contents of a
spectrum file and how to apply pre-processing methods to a sample spectrum.

Section 5 explains how to build your own model in Analyze 1Q Lab . An important
step in the building of new models is dataset preparation. This section tells you how

1A page is a group of windows that function together for performing a task.
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to import a dataset from Excel or Unscrambler, and how to generate a dataset from
an Analyze 1Q Spectra Manager database. The examples in Sections4 and 5
consider a classification task, in which the goal is identify whether a specific target
substance is present in the sample corresponding to the spectrum under analysis.

Section 6 presents a stepby-step example of the building of a new quantification
model and also demonstrates the use of a new quantification model for the analysis
of sample spectrum.

Section 7 describes how to perform a batch analysis of a set of spectra with a set of
models, using the Batch Analyze feature.

Section 8 explains how to badkup, restore and delete models, and transfer models
between computers, using theModel Manager .

Section 9 provides brief description s of all of the classification and quantification
methods that are available in Analyze IQ Lab for the building new analysis models.
It also describes the parameters for each of these methods.

Section 10 contains some information on technical support and sales, and finally
Section 11provides a list of references.

Note that Section 2 and parts of Section4 are also contained in the Analyze 1Q Lab
Getting Started Guide.
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2 Installa tion

Analyze 1Q Lab can be installed and run under all recent versions of the Windows
desktop operating system, including Windows XP, Windows Vista, and Windows 7. It
is 32-bit software and works fully on both 32 -bit and 64-bit operating systems.

2.1 USB Key Installation

To install from USB key, insert the USB key into a USB slot and follow the
instructions that appear after you open it .

If the installation screen does not appear automatically when the USB key is inserted,
navigate to the top level of the drive and run the StartHere.exe program to start
the Analyze 1Q software installation.

During installation, the Setup program installs a Java Runtime Environment. If you
already have the same one or a newer one installedyou can safely skip this step

2.2 \Website

If you wish to download Analyze 1Q Lab from the Analyze 1Q website,
www.AnalyzelQ.com, you must first register on it. To do so, go to the website and
click on Register under the login form. A confirmation email is sent to the address
that you entered into the registration form. This confirmation email includes a link
for activating your new Analyze 1Q account.

After you have registered as a user,you can download the Analyze IQ Lab software
package at the following address: http://www.AnalyzelQ.com/Download.html . This
page allows you to download the software setup file. After downloading the setup file,
start the installation process by double-clicking on it.

2.3 Gettinga License
At the end of the installation process, when you first run Analyze 1Q Lab , you will

be pr omgGetadicens® , 6 whi ch requires an internet

must be carried out in order to be able to run Analyze IQ Lab

T h eGet Analyze IQ Lab Licens& pr ogram i s fAmalyredlQ uLabd
program group; click on Start->All Programs ->Analyze 1Q->Lab.

If you are installing an evaluation copy of the software, you will enter your registered
username to get a licenseafter you install the software. Otherwise, you will enter a
Commercial License Code that is given to you by Analyze 1Q Ltd, or your software
supplier, when you purchasethe software.
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2.4 Upgrading Your Existing Insta llation

If you have a license for an older version ofAnalyze 1Q Lab , you may be entitled to
install new releases. If so, you are recommended to back up data on your computer
before proceeding.

Depending on your specific computer configuration and operating system, if you
have built your own models with an older version of Analyze IQ Lab , you may find
that you cannot see them in the newer version of Analyze 1Q Lab when you install
it. The models are easily transferred into the newer version; please contat Technical
Support for instructions specific to your <co

Please note that you should also take care when upgrading to a new release of
Analyze 1Q Spectra Manager that you do not overwrite spectra that you have
added to the database. Refer to theSpectra Manager User Manual or contact
Technical Support for further information.
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Before starting to use Analyze 1Q Lab

operation.

Analyze 1Q Lab

Principles of Operation

, it is helpful to under stand its principles of

is designed for accurate analysis of spectroscopic data, with

emphasis on the molecular spectra of mixtures of materials. Molecular spectroscopic
techniques such as infrared (IR), near infra -red (NIR), and Raman spectroscopy are
widely used in analytical chemistry to characterize the molecular structure of
materials, by measuring the radiant energy absorbed or scattered in response to

excitation by an external light source.

In practical applications, a given target substance to be identified is often not in pure
form, but mixed with other constituents that contribute peaks to the spectrum. These
peaks may mask or overlap each other, thereby causing difficulty for standard
identification procedures.

Analyze IQ Lab

employs a modeldriven approach to spectral data analysis, with

sophisticated techniques for constructing new models from data. Its architecture is

shown in Figure 1

Pre-
Prepared
Samples

Unknown

Spectra Database

Material

S—

Model Building
Module

Spectrum Model
Display Results
|
JL /\
hV4 ar
Preprocessing Model
& Settings ?Selection 9
Front-End

e

Model Library

Figure 1. Analyze IQ Lab System Architecture

Page8/100

Analyze IQLab Version 2.0

User Manual



‘ Intelligent
( analyze[Q Analytical Chemistry

Software

A key feature of Analyze 1Q Lab it its library of models, some of which are used for

gualitative analysis (e.g. identification of the presence of a target substance in a

sample) and others of which are used for quantitative analysis (e.g. determination of

the concentration of a substance in a sample). You can think of an Analyze 1Q model

as an abstraction of a large amount of data about what constitutes the essence of a

target substance, so that substance can be identified or its concentration determined

reliably under a wide range of conditions, including the presence of contaminants

and noise. In general, Analyze IQLab 6 s model s operate more rel
methods based on direct matching against spectral libraries, spectrum subtraction,

and standard statistical techniques suchas PCR and SIMCA.

When you wish to perform qualitative or quantitative analysis of a material, you open

its spectrum in Analyze IQ Lab , choose an appropriate model from the library

available to you, and apply it. The model results are then displayed. Forexample, you
will be informed whether a target substance has been detected or what the
concentration of a target substance is determined to be. Section 4 describes in
detail how to perform an analysis using an existing model.

Users are not restricted to using the models provided with Analyze IQ Lab . You can
add to the model library by building new models from your own spectral data. As
explained in Section 5, Analyze IQ Lab provides you with a step-by-step
procedure to make this procedure easy to follow.

To build a new model, data is required, so a range of substances of known
composition are prepared in advance; these may be stored using theAnalyze 1Q

Spectra Manager  software for spectral data management software, a spreadsheet
or a text file (see Section 5.2 for details). Then, analytical methods are used to
construct analytical models that compactly summarize all of the spectral data. These
models are embedded in the Analyze IQ Lab software, for future use. When the

spectrum of an unknown material is collected, its composition can be determined

instantaneously using the models that have been tuned to identify specific target
materials.

Analyze 1Q Lab provides a wide range of analytical techniques for building new
models, ranging from conventional statistical methods such as linear regression to
innovative proprietary algorithms including Weighted Spectral Linear SVM and
Spectral Attribute Voting. Details on these are provided in Section 9.

Finally, users may be interested to note that Analyze 1Q Limited provides a range of
services including training, model building, custom software solutions, and
independent validation of analyses. Please refer to Section 10 for contact
information.
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4 Perform an Analysi s

This section details how to use Analyze IQ Lab for the analysis of spectral data. It
gives a detailed example of the application of a model for the analysis of aspectrum.
It also details how to view the detailed contents of a file and how to apply pre-
processing methods to a sample spectrum.

4.1 Gett ing Started with Analyze IQ Lab

When the Analyze IQ Lab application is first started, you are presented with the
Apply Model page as shown inFigure 2. (Note that this figure assumes that the
sample models were selected in the installation of Analyze IQ Lab .) This figure
highlights the five areas of this page, which are as follows:

1. Spectrum Details : shows details of the spectrum of the currently opened
file, such as date recorded, instrument manufacturer etc.

2. View Spectrum : displays a plot of the spectrum of the currently opened file.
3. Models : shows the current set of models that are available for the analysis of
the spectrum. Figure 2 shows three pre-built models packaged with Analyze

IQL ab.

4. View Results : when a model has been applied to a spectrum, the results of
the analysis are shown in this area.

5. Pre -processing : shows the pre-processing techniques that can be applied to
the currently opened spectrum. It also shows a history of what pre-processing
steps have already been applied.

When Analyze 1Q Lab is run for the first time, all areas of the Apply Model page
are empty, unless pre-built models have been shipped with your Analyze IQ Lab
package, in which case theAvailable Models area lists these models. In the example
of Figure 2, three models are available:

1. PCR Acetonitrile
2. SAV Acetonitrile
3. WS Linear SVM Acetonitrile

All of these three sample models have been designed for the identification of
acetonitrile; the difference between them is that each model has been generated
using a different analysis technique; see the descriptions for each model.
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¥ 4 Build New Model
EE File Contents =0 = O || [E7 Results =0

1
1

11. Shows Spectrum!
I File Details !

2. Graphical View
of Spectrum

: 4. View Results for !
1 a Model
1

This model has not been applied yet

PE] Pre-processing

There is no spectrum file open

, 4 Pre-process !

1 Current Spectrum :

=g | "
1

O PCR_... | O Polyn... | O SAV_.. 1 WsLin...

PCR Acetonitrile

Description

0 ws_Li...

Sample model for the identification of Acetonitrile. Model was genera There is no spectrum file open

o - ——
1

3. Available Models

1
Details :
1
1

Figure 2: Starting page of Analyze IQ Lab

4.2 Using a Model for Analysis

To perform an analysis of a spectrum with a model, such as thePCR Acetonitrile
model shown in Figure 2, you must carry out the following steps:

1. Open a spectrum file (see Section 4.2.1), or acquire a spectrum from an
instrument (see Section 4.2.3)
2. Select and apply a model (see Sectio.2.5).
3. View model results (see Section4.2.6).
The following sections explain these steps

4.2.1 Open a Spectrum File

A spectrum file can be opened either via the menu or the shortcut (seeFigure 3). In
either case, you are presented with anOpen File window, in which you browse to the
appropriate directory, select a spectrum file and click on Open, as shown inFigure 4.
The spectrum file opened in Figure 4 happens to be in SPC format and stores the
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spectrum of a mixture made up of 10% acetonitrile, 70% methanol and 20% water.
This spectrum file is one of the sample SPC files provided withAnalyze 1Q Lab . The
sample spectrum files can be found in a sub-folder of the main Analyze 1Q Lab
installation folder .

( Analyze IQ Lab - Apply Model | € AnalyzeIQ Lab - Apply Model e ——
File Model Batch Display Help [Fie] Model Batch Display Help
=  O-— = Open Spectrum File... Alt+Shift+ 0
Ak TR T = ¢ i _ |
Close $ectrumn File Alt+ Shift+C
ﬁﬁﬁ Build New Model | @ Apply Model | | | _ 1
+z| Instrument Setup...
5% File Content = O |
o- FlleLontents E2y Acquire From Instrument... Alt+Shift+A
Save Spectrum As ... Alt+Shift+5
Exit

Figure 3: Open Spectrum file using: (left) the menu; (right) the shortcut

[  Open File @1
@n@-vl J & 05(C) » AnalyzeIQVZ » Lab » SampleData - | 4 | | Search SampleData jel I
Organize « Mew folder =+ [ l@l

4 Downloads “ | MName . Date modified Type i
| Recent Places o .
- il & Acetonitrile-Methanol (50-507.aig 11,/06,2009 21:30 Analyze IQ Lab Al
i o B Acetonitrile-Methanel (50-50).5PC 29/07,/2006 16:30 Analyze I} Lab 5P
ﬁ_LlhrErIES B Acetonitrile-Methanol-Water (10-70-20).aiq 11/06/2009 21:42 Analyze IQ Lab Al
i E:Uc::nents | B Acetonitrile-Methanol-Water (10-70-20).5PC 29/07/2006 16:30 Analyze IQ Lab SP
] i B Acetonitrile-Methanol-Water (10-80-10).aiq 11/06/2009 21:47 Analyze I} Lab Al| =
= Pﬁctures r & Acetonitrile-Methanol-Water {10-80-10).5PC 29/07,/2006 16:30 Analyze IQ) Lab SP
E Videos & Acetonitrile-Methanol-Water (20-20-60).aig 11,/06,/2009 21:50 Analyze IQ Lab Al
® Acetonitrile-Methanol-Water (20-20-60).5PC 29/07/2006 16:31 Analyze I} Lab SP
ﬂa‘ Homegroup By Acetonitrile-Water (50-50).aiq 11/06/2009 21:54 Analyze IQ Lab Al
8 Computer B B Acetonitrile-Water (50-50).5PC 26/07/2006 18:34 Analyze IQ Lab 5P
- a 08 (Cy % Methanol-Water (80-20).aig 11/06/2009 21:58 Analyze IQ Lab Al
B Methanol-Water (80-20).5PC 2400772006 14:57 Analyze I} Lab SP -
—a Data Drive G (G:) ~ | P | n
File name: Acetonitrile-Methanol-Water (10-70-20).5PC - [AII Spectrum Files vl
[ Open |vl [ Cancel ]

Figure 4: Open Spectrum file window

4.2.2 File Formats
Analyze 1Q Lab supports severalpopular file formats ; seeFigure 5:

1. SPC: Thermo-Fi s h@RAKIS SPC file format
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2. SpectroML: NI STOs -ba¥eML format for spectroscopy and
chromatography data.

3. AIQ: The .AlQ file format is used to store data in a suitable format for Analyze
IQ. It is also used in Instrument Interfaces. AIQ files use an XML format that
is almost a subset of the NIST SpectroML format, except that it has an added
property, instrumentSet ting.excitationLine, that does not occur in SpectroML.

4. JCAMP -DX: 1 UPACO s p o p uDXdile forin&. ANbEe that there are
many variations of JCAMP-DX format; the Analyze 1Q software supports most
but may not support all. Contact Technical Support if you have problems.)

5. XY Text Files : These are simple files with either two rows or two columns of
data, the first with X values and the second with Y values. Seebelow for
further details.

(¢ Open File
.\;{,.\;} [1» _» OS(C) » AnalyzeIQV2 » Lab » SampleData ~ | 43 ||| earch SampleData Pl
Organize * New folder 2~ 0 @
= Recent Places i 2 Acetonitrile-Methanel (50-50)
|, Acetonitrile-Methanol-Water (10-70-20)
il Libraries B, Acetonitrile-Methanol-Water (10-80-10)
j Documents R, Acetonitrile-Methanol-Water (20-20-60)
o' Music E| @ Acetonitrile-Water (50-50)
| Pictures = Methanol-Water (80-20)
B videos @, Methanol-Water (39-1)

#d Homegroup

= _
& os(c)
a Data (E:]

Voo o A AFTTETY A

Ferrs ~  [SPCFiles (spe) ~|
All Spectrum Files

SPC Files (*.spc)
SpectroML Files (*xml) k‘
JCAMP-DX Files (*.cb *.jdx)

XY Text Files (*.csv: *.bd)
All Files (%)

Figure 5: File Formats

As noted above, anXY Text File format simply consists of two rows or two columns
of data, the first with X values and the second with Y values. Values may be separated
by tabs or commas; the latter are known as Comma Separated Values (CSV) files. You
may optionally include X and Y axis labels by putting them at the start of the two
rows/columns.

The XY Text File format is particularly useful when you need to import data into
Analyze IQ Lab from a software product that does not support any of our standard
formats. You can easily generate files in this format with a spreadsheet program
(such as Microsoft Excelor OpenOffice Calc) or a text editor.
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An example of the start of an XY Text File is shown below; this one is in two rows and

includes axis labels:

Intensity

Wavenumber (cm - 1)

250.0
2454.0

252.0
2439.0

254.0
2307.0

256.0
2202.0

Figure 6: Example of the start of an XY Text File in row format with axis labels

When the spectrum file in any format is opened, details of the file contentsare shown

in the left-hand pane and a graph of the spectrum is shown in the middle of the
Apply Model page (seeFigure 7 below).

Note also that an Apply button is added to the PCR Acetonitrile pane; Analyze 1Q
Lab is now ready to apply this model (and any other models that are loaded) to the
opened spectrum. For details on applying a model, see the next section.

& Analyze IQ Lab - Apply Model = | 5 |
File Model Batch Display Graph Help
B Xeal Moo A AN EE
[ 4 Build New Model Apply Model
< File Contents =0 Acetonitrile-Methanol-Water (10-70-20) i3 = O||[Ef Results =0
Acetonitrile-Methanol-Water (10-70-20) PCR Acetonitrile
Select one of the following to see the L
details 50,000
> Header 45,000
*»  Sub-Header 40,000
5 Leg Data Settings £35, 000
*>  LogData 2
> log $ 30,000 This model has not been applied yet
2
= 25,000 |
20,000 | ”
15,000 | H
10,000 || |||_J
5,000 | U ’L
| IS — W M ),
= S = = ; - o - =
500 1,000 1,500 2,000 2,500 3,000 Pl Pre-processing g
Raman Shift (cm-1) Pre-processing Methods i
Originel Spect E Smooth (5-G)
rane pecTm Derivative (5-G)
[ PCR_Acetonit... | O] Polynomial_K... 1 SAV_Acetonit... | [ WS_Linear_SV... =8 Mormalize
Select an option PCR Acetonitrile Std Mormal Variate
. Equal Area Scale
Description
Internal Std Normalize
Sample model for the identification of Acetonitrile. Model was generated using the Truncate £
PCA + Linear Regression (Principal Compenent Regression) method. 6 PCs were used.
The training dataset comprised 72 spectra, The following pre-processing methods
were applied: Normalisation Apply Undo
Apply button appears when a Applied
Spectrum file is opened\
PR Sl
Figure 7: Apply Model page after Spectrum file is opened
4.2.3 Acquire from Instrument

With Analyze 1Q Lab

, you can acquire a spectrum directly from an attached

spectrometer, provided that appropriate drivers have been supplied with your

installation.
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You can select which instrument to use by using thelnstrument Setup menu option
as shown in Figure 7 below.This opens an Instrument Setup dialog box (not shown)
which shows the status of all installed instruments and allows you to select one.

After you have selected the instrument, you then can acquire a spectrum.To do this,
select the Acquire From Instrument € option from the File menu, as shown in the
figure below. An Instrument dialog box will appear, allowing you to specify settings
appropriate to the specific instrument. (This dialog box is not shown, and its
appearance varies from instrument to instrument. )

€ Analyze I} Lab - Apply Model
File | Model Batch Display Graph Help

= Open Spectrum File... Alt+Shift+0
# Close Spectrum File Alt+Shift+C
+z| Instrument Setup... |
g2y Acquire From Instrument... I} Alt+Shift+ A
|| Save Spectrum As ... Alt+5hift+5
Exit

Figure 8: Menu option sto select an instrument and acquire a spectrum directly from
the attached instrument

Press the Acquire button on the Instrument dialog box to begin data acquisition.
When data acquisition is finished, the Instrument dialog box will close and the data
will be displayed, just as if you had opened a file.

If you are satisfied with the spectrum that you have acquired from the instrument,
you will want to save it, as described next.

4.2.4 Save a Spectrum

The File i Save Spectrum As... menu function to save your data in either AIQ or
SpectroML format. All ancillary information, as displayed on in the Contents view, is
also saved.

Note that the spectrum d anthout i ay psegproeeskingi n it s
you may have performed, such as normalisation or computing a derivative (see

Section 4.3.1 for a description of pre-processing gerations). This is to avoid

problems subsequently arising with spectra bei ng
have been preprocessed in a way that greatly changes their appearance, such as with

a first derivative transform.

Note also that Analyze 1Q Lab does not currently support saving SPC fles; they are
Air eam!| y 0.
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4.2.5 Apply Model

To analyze the current spectrum with a model, click on the Apply button of the
model that you wish to apply (see Figure 9). In this example, clicking on the Apply
button of the PCR Acetonitrile model will determine if the material, for which the
current spectrum was recorded, contains acetonitrile or not (according to this
particular model).

] PCR_Acetonitrile | £ sav_Acetonitrile | £ WS_Linear_SVM_Acetonitrile = B
PCR Acetonitrile

Description

Sample model for the identification of Acetonitrile, Model was generated using the PCA +
Linear Regression (Principal Component Regression) method, & PCs were used, The training
dataset comprised 72 spectra. The following pre-processing methods were applied:
Mormalisation

Figure 9: Applying the PCR Acetonitrile  model

The next section describes how the results of applying a model are displayed.

4.2.6 View Model Results

When a model has been applied to a spectrum, the esults are displayed in the top
right -hand area of the Apply Model page. Figure 10 shows the results of applying the
PCR Acetonitrile model on the spectrum opened in Figure 7. There are two parts to
the displaying of results.

Firstly, the Results pane in the top right-hand area of the page lists the substances
that the model has identified to be in the material associated with the test spectrum.
In this example, the PCR Acetonitrilie model has predicted the presence of
acetonitrile in the material . This Results pane also lists details of any preprocessing
steps that are applied by the model.

Secondly, a new spectrum is shown in the spectrum viewing area of the page; this
illustrates the test spectrum after it has been pre-processed according to the
requirements of the model (which can be determined by clicking on the About button
for that model). Note that the pre -processing steps required for the model are
automatically applied to the original test spectrum as it appears when the spectrum
file is opened, i.e. any preprocessing steps that may have been applied in the bottom
right Pre-processing pane do not have any bearing on the application of a model. In
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this example, the PCR Acetonitrile model normalizes the sample spectrum, as can be

seenin the Results for PCR_Acetonitrile graph in Figure 10 (i.e. all intensity values
lie in the range O to 1).

F
Analyze IQ) Lab - Apply Model
o= PPly
File

G X gu [E ;Mo B
E= File Contents

Acetonitrile-Methanol-Water (10-70-20)

Select one of the following to see the
details

Ff 4 Build New Model [@ Apply Model

=0

%> Header
Sub-Header
Log Data Settings

Log Data

L
Ly
Ly

Select an option

A new window is opened

Model Batch Display Graph Help

Acetonitrile-Methanol-Water (10-70-20) &2

Ei Results =0
Results for PCR_Acetonitrile Model PCR Acetonitrile
o
1.0 Pre-processing
0.9 All the results were pre-processed according to the
- following settings £
,_.EI.F Number of points 1474
'ED.E Minimum range  250.0
8051 Maxi
T laximum range 32000
=04
0.3 ‘1 \l Methods Normalize
’ 1
0.21 I IU 1 Model Results
| _—
E; \JlL JJ lv\\__)" b J List of substances identified by the model. i
500 1,000 1,500 2,000 2,500 3,000 Bl Pre-processing =5

Raman Shift (cm-1)

— TestSpectrum

R_Acetonitrile Results

Original Spectr

R_Acetonit... | [ Polynomial K... | [ SAV Acetonit... | [0 WS_Linear_SV...
PCR Acetonitrile
Description

Sample model for the identification of Acetonitrile. Model was generated using the

=0

Pre-processing Methods

Smooth (5-G)
Derivative (5-G)
Normalize

Std Mormal Variate
Equal Area Scale
Internal Std Normalize

it Truncate
i PCA + Linear Regression (Principal Component Regression) method. 6 PCs were used.
ShOWIng Sp.e(:trum as The training dataset comprised 72 spectra. The following pre-processing methods
processed (lf at aII) by were applied: Normalisation Apply Unde
the model Applied
Normalize
Figure 10: The results of applying the PCR Acetonitrile  model

The Results pane of the Apply Model page (see Figure 11 also lists

the target

substances that the current model was designed to test for.One target substance,
acetonitrile, is listed for the PCR Acetonitrile model.

£ Results
PCR Acetonitrile
Pre-processing

All the results were pre-processed accarding to the following

settings

Number of points 1474

Minimum range  250.0

Maximum range 32000

Methods Normalize
Model Results 1
List of substances identified by the model.

Subs. Predicted Quantity Confidence

Acetonitrile N/A N/A

< m +

Pure spectra of the target substances

The test spectrum was tested for the following substances.
Select a checkbox to see the pure spectrum of each
substance.

[] Acetenitrile

Figure 11. A closer view of the Results pane
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Checking the box next to a listed target substance results in the spectrum of the
target substance in its pure form being plotted in the same window containing the

test spectrum (this pure target spectrum is also automatically pre-processed
according to the requirements of the model). Figure 12illustrates this feature, which

is useful for visually comparing a test spectrum with the spectrum of a target
substance of a model. A blue line is used for the plot of the pure target spectrum.

« Analyze IQ Lab - Apply Model = | B
File Model Batch Display Graph Help
& X gu M kg ot E
[ & Build New Model Apply Model
2% File Contents =0 Acetonitrile-Methanol-Water (10-70-20) &3 = O ||[Ef Results =0
Acetonitrile-Methanol-Water (10-70-20) i PCR Acetonitrile
Acetonitrile-Metl Results for PCR_Acetonitrile Model bk scetar .
Select one of the following to see the _—
details 1.0 List of substances identified by the madel.
0.9
> Header o Subs. Predicted Quantity Confidence
> | Sub-Header Acetonitrile N/A N/A
5 Log Data Settings =07
E
*5  LogData E 0.6 |
.g 0.5 H Pure spectra of the target substances
=04 | The test spectrum was tested for the following substances.
0.3 ‘1 I | Select a checkbox to see the pure spectrum of each
021 L‘ ” | '\I substance.
' | ] L
0.1 | |k Acetonitrile
00 ;JL N AN LNl
500 1,000 1,500 2,000 2,500 3,000 FE Pre-processing =5
Raman Shift (cm-1) .
Pre-processing Methods
{—TestSpe[tl um  — Acetonitrile ‘
Original Spectrum | PCR_Acetonitrile Result smoath (5-6)
riginal Spectrum __Acetonitrile Results Derivative [5-G)
I PCR_Acetonit... | ] Polynomial_K... | =] SAV_Acetonit... | [ WS_Linear SV.. | = O || | Normalize
Select an option PCR Acetonitrile Std Mormal Variate
L Equal Area Scale
Description
Internal Std Mormalize
Sample model for the identification of Acetonitrile. Model was generated using the Truncate
PCA + Linear Regression (Principal Compenent Regression) method. & PCs were used.
The training dataset comprised 72 spectra. The following pre-processing methods
were applied: Normalisation A
Applied
lor
Delete About

Figure 12: Displaying the spectrum of the pure target substance in the same graph that
cont ains the spectrum of the test sample

The example of applying a model described above demonstrated a scenario in which
the model returned a positive result, i.e. predicted the presence of the target
substance. Figure 13 shows the result of applying the samePCR Acetonitrile model
to another test spectrum, which is the spectrum of a mixture of methanol and water,
i.e. not containing acetonitrile. The Results pane in this example states that the
model 6s target substance (acetonitrile)
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 Analyze 1Q Lab - Apply Model | e .
File Model Batch Display Graph Help
G XeuH kB E

9 4 Build New Model

2= File Contents =0 Methanol-Water (80-20) 5% = 0|5 Results =0
Methanol Water (80-20) Results for PCR_Acetonitrile Model PCR Acetonitrile
X -
ielect one of the following to see the ol Number of points 1474
etails .
%y Header 0.91 Minimum range  250.0
*5  Sub-Header 0.8 Maximum range 32000 L
. i 0.7 | 3
*5  Log Data Settings = | Methods Normalize
%y Log Data E 0.6
Zos) 1 f } Model Results
=04 ‘ ‘ ’I This model’s target substance(s) were not found in the
0.3 1 ” L} test spectrum.
0.21 | N LB
011 'l Lx/l K s
0.0’ = =

500 1,000 1,500 2,000 2,500 3,000 Fi Pre-processing =g
Raman Shift {(cm-1)

— TestSpectrum

Original Spectrum | PCR_Acetonitrile Results

Pre-processing Methods

Smooth (5-G)
Derivative (5-G)

T PCR_Acetonit... | I Polynomial_K... | SAV_Acetenit... | ] 'WS_Linear_SV... =0 Normalize
Select an option PCR Acetonitrile Std MNermal Variate
Equal Area Scale

Description .
Internal Std Normalize
Sample model for the identification of Acetonitrile. Model was generated using the - Truncate
PCA + Linear Regression (Principal Component Regression) method. 6 PCs were used.
The training dataset comprised 72 spectra, The following pre-processing methods
were applied: Mormalisation Apply Undo
Applied
Normalize

Figure 13: The PCR Acetonitrile  model does not find its target substance in the test
sample; this is correct since the test sample is a mixture of methanol and water
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4.3 Pre -Processing Opened Spectra

4.3.1 Pre -Processing Methods Available

The pre-processing methods listed in the bottom right-hand corner of the Apply

Model page (see Figure 14) can be applied to the currently opened spectrum.

Different m ethods have different settings associated with them; when you select a
method, the associated settings are displayed beside it. For exampleFigure 14 shows
the settings associated with theSmooth (S-G) pre-processing method.

Pre-processing Methods

i Smooth (5-G)
Derivative (5-G)

Mormalize

Window |5 |2

Std Mormal Vanate Polynomial 7
Equal Area Scale Eclus ‘E’
Internal Std Mormalize clusien Zeros

Truncate

u Apply Jndo

Figure 14: Pre -processing methods in Analyze 1Q Lab

The details of the pre-processing methods are as follows:

1. Smooth (Savitzky -Golay): This is an method for smoothing curves, to
remove small, high-frequency fluctuations. It involves performing a local
polynomial regression (of degree k) over a sliding window of at least k+1
equally spaced points, to compute a moving average. Se&avitzky & Golay [1]
for more details on this pre-processing technique.

2. Derivative ( Savitzky -Golay ): This is an method to compute a derivative
of a curve. It is strongly related to the Savitzky-Golay Smoothing method; it
involves performing a local polynomial regression (of degree k) over asliding
window of at least k+1 equally spaced points to determine smoothed value for
each point, and then fitting computing the derivative based on the local
curvature of the polynomial. Note that selecting a zeroorder derivative is
equivalent to smoothing. See Savitzky & Golay [1] for more details on this
pre-processing technique.

3. Normalization: This performs 0/1 Normalization of spectra. Each sample is

reescal ed, so that the each oneds | owest
point corresponds to 1.
4. Standard Normal Variate: The SNV transform re-scales each spectrum,

so that the points on the spectrum end up having an average of 0 and a
standard deviation of 1. This is known to produce results that are very similar
to Multiplicative Scatter Correction (MSC), and in practice results in
spectra with similar p roperties for chemometric model ing [4].
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5. Equal Area Scale: This transformation rescales all spectra so that they all
have equal area under their curves. You can specify ascale factor , which
defaults to 1000. The larger the scale factor, the larger the overall height of the
scaled spectra.

6. Internal Standard Normalize: This is like the standard Normalization,
except that instead of the spectrum being scaled such that its overall highest
point is rescaled to 1, with Internal Standard Normalization, a point at the
specified X value is rescaled to 1. This is typically usedvhere a specific peak in
the spectrum corresponds to a component that is known and constant (the
internal standard), and all other spectra are to be normalized relative to it. In
using this, you must specify the X Location of the internal standard. To all ow
for minor variations in measurements between spectra, you can also specify a
Plus/Minus value (which defaults to 0), and the spectrum is then
normalized relative to the highest peak found in the range of the X * this
value.

7. Truncate: There are two forms of truncation supported, Crop and Notch :

a. Crop: The start and end of the spectrum are cropped; the sections of
the spectrum before the specified starting position and after the
specified ending position on the X axis are replaced with the
replacement value (which defaults to 0)

b. Notch: A notch is removed within the spectrum; a section of the
spectrum going from the specified starting position to the specified
ending position on the X axis is replaced with the replacement value
(which defaults to 0).

4.3.2 Settings for Smooth and Derivative Pre -Processing

The following is a description of the parameter settings used in the Smooth (S G) and
Derivative (S-G) methods:

1. Window: the length, specified in number of spectral data points, of the
window over which smoothing i s applied. (Default is 5.)

2. Polynomial Order: the order of the polynomial fitted to the spectrum for
smoothing. (Default is 2, i.e. second order.)

3. Derivative: The order of the derivative: applies to Derivative only. (Default
is 1, i.e. first derivative.)

4. Exclusion: determines whether wrapping is used (Wrap option) in the
smoothing calculation for the beginning and the end of the spectrum or not
(All zeros option). For example, if Wrap is selected, a window of length 5
centered on the last data point includes the previous two spectral data points
and the first two data points of the spectrum. Similarly, a window of length 5
centered on the first data point of the spectrum includes the second and third
data points and the last two data points of the spectrum. If All Zeros is
selected with a window length of 5, the first two data points and the last two
data points of the spectrum are set to zero as a result of the preprocessing.
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4.3.3 Example of Applying Pre  -Processing
For example, to apply a First Derivative, to the current spectrum (see Figure 15):

1. SelectDerivative (S -G) in the list under the Pre-processing Methods title.
2. Set the appropriate parameters. In this example, first -derivative (Derivative =
1, the default) using a secondorder polynomial (Polynomial = 2) with a

window size of 5 (Window =5, the default) is being applied.
3. Click on the Apply button.

Pl Pre-processing =0

Pre-processing Methods

Smooth (5-G)
Derivative (5-G) Window |5 |5
MNormalize

Std Normal Variate
Equal Area Scale

Internal Std Mormalize Exclusion

Truncate

= Apply Unde

Applied

Polynomial (2 |2

Derivative |1

Figure 15: Applying a Derivative (Savitzky -Golay) to current spectrum

After applying the First D erivative, the spectrum displayed in the middle of the Apply
Model page is modified accordingly (seeFigure 16).

<
 Analyze IQ Lab - Apply Model = B )
File Model Batch Display Graph Help
& R e[ Mo E
[ & Build New Model Apply Model
2= File Contents =0 Acetonitrile-Water (50-50) 22 = 0O || E¥ Results =0
Acetonitrile-Water (50-50) PCR Acetonitrile
Select one of the following to see the 20,000 |
details 15,000 1
K2
> Header 10,000 |
%> Sub-Header
5 Log Data Settings g 5,000 | J
*y  Log Data = Rl | ) P . i
3 I ( T ' This model has not been applied yet
c
= -5,0001
-10,000 |
-15,000 {
-20,000
500 1,000 1,500 2,000 2,500 3,000 B[] Pre-processing =8
Raman Shift (cm-1) .
Pre-processing Methods
El Smooth (5-G)
Original Spectrum Derivative (5-G) Window E 2
5 PCR_Acetonit... | 51 Polynomial_K... | =] SAV_Acetonit... | =5 WS_Linear SV.. | — O || | Normalize Polynomial | 2
i P Std N | Variat
Select an option PCR Acetonitrile ormal Variate

Derivative |1
Descripti Equal Area Scale
escription
Internal Std Normalize Exclusion
Sample model for the identification of Acetonitrile. Model was generated using the - Truncate

PCA + Linear Regression (Principal Component Regression) method. 6 PCs were used.
The training dataset comprised 72 spectra. The following pre-processing methods

were applied: Normalisation = Apply | | ® Undo

Applied

Derivative (5-G) (3, 2, 1, All zeros)

Figure 16: Result of applying first -order derivative to a spectrum
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Note that a history of all previously applied pre -processing steps is recorded under
the Applied section in the Pre-processing pane. Each of these previously applied pre-

processing steps can be undone by successive clicks of thendo button.

r
 Analyze IQ Lab - Apply Model

Select an option

Original Spectrum

1 PCR_Acetonit... | [ Polynomial_K... | ] SAV_Acetenit... [ WS Linear SV... | — O
PCR Acetonitrile

Description

Sample model for the identification of Acetonitrile. Model was generated using the
PCA + Linear Regression (Principal Component Regression) method. 6 PCs were used.
The training dataset comprised 72 spectra. The following pre-processing methods
were applied: Normalisation

Delete Apply | | About

o 15 [ |
File Model Batch Display Graph Help
G X gu [E ;Mo B
Y 4 Build New Model
E= File Contents =0 Acetonitrile-Water (50-50) &2 = O | Ef Results =0
Acetonitrile-Water (50-50) PCR Acetonitrile
Select one of the following to see the 20,000 |
details 15,000 {
ik
l: ?uas-d}jraader 10,000y ’
*)  Log Data Settings g‘ 5,000 J .
“*» LogData g 0 J, ( - J’v‘v /| This model has not been applied yet
= -5,000
-10,000
-15,000
-20,000
500 1000 1,50 2000 2500 3,000 Esaas =g
Ralglsmﬂ (ngl} Pre-processing Methods i

Smooth (5-G)
Derivative (5-G)
Normalize

Std Mormal Variate
Equal Area Scale
Internal Std Normalize
Truncate

= Apply | | ® Undo
Applied

Window 51 =
Polynomial | 2

Derivative |1

Exclusion |Allzeros =

Derivative (5-G) (5, 2, 1, All zeros)

Figure 16: Result of applying the Savitzky
note that the graph in the centre of

-Golay derivative pre
the screen has been redrawn

4.4 Viewing Spectrum Details : SPC Format

-processing method,;

When a spectrum file is opened (see Section4.2.1 on how to open aspectrum file),
you can view details of the file, by selecting one of the categories listed in the
Spectrum File Contents pane on the left-hand side of the Apply Model page. The
categories that are available depend on what kind of file you have opened.

Figure 17 demonstrates the details that are available when an SPCis open. In the
figure, the Log Data section of the currently opened spectrum file is displayed. Log
Data contains details such as the date the spectrum was recorded on, the detector
temperature, whether background was acquired, etc. Clicking on Header, Sub-
Header and Log Data Settings displays other details of the file.
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r 5
 Analyze IQ Lab - Apply Model = | 5 ||

File Model Batch Display Graph Help
& % pu (E M oE B

B 4 Build New Model

5 File Contents =0 Methaneol-Water (80-20) 22 = O||[Ef Results =0
Methanol-Water (80-20) PCR Acetonitrile
Select one of the following to see the Sy
details 40,000
3
»  Header 35,000
*»  Sub-Header
%y  Log Data Settings _.?30'000
: H @
(o> . logData i 5 25,000 ” This model has not been applied yet
-]
£ 20,000 | |
[General information] 15,000 1 H | lll
———————————————————————————————— 10,000 1 |‘ A |U |
\
5,000 | | b
Windows Login Mame: Marissa d q U k /
0

Executable name: C\Documents and

. . . 1 Pre- =8
500 1,000 1,500 2,000 2,500 3,000 Ple] Pre-processing
Settings'\Marissa\DesktophNUI May )
06\Ramanstation.exe Raman Shift (cm-1) Pre-processing Methods
=l

Date/Time Entire Collection Started: Original Spectrum Sm.ooth (5-G)
24/07/2006 14:58:11 Derivative (5-G)
O PCR_Acetonit... | O Polynomial K... | ] SAV_Acetonit... | ] WS Linear Sv.. | — 8 Normalize
Date/Time This Collection Started: :
P Std N | Variat
24/07/2006 14:58:48 PCR Acetonitrile ermal faniate
. Equal Area Scale
. . Description
Date/Time This Collection Ended:

24/07/2006 14:59:29 Sample model for the identification of Acetonitrile, Model was generated using the

Internal Std Normalize

Truncate 3
PCA + Linear Regression (Principal Compenent Regression) method, 6 PCs were used,
The training dataset comprised 72 spectra, The following pre-processing methods
were applied: Normalisation Appl Undo
Applied

Background acquired before each sample:
Yes

Detector Temperature when Background

Delete Apply | | About

Figure 17: View SPC file contents: Log Data section (left side of screen)

4.5 Viewing Spectrum Details: AlQ or SpectroML
Format

The data contained in AIQ or SpectroML files is in general more accessible to
interpretation than that in SPC files.

Figure 18 shows an example of what is displayed when an AIQ or SpectroML

formatted file is opened. There are three headings, Overview, Instrument Settings,

and Sample & Measurement. Click on a heading to display the relevant details. If a
specific detail has not been stored, the tex

In the figure, the Instrument Settings heading has been selected, and details such as

the experiment title, instr ument manufacturer, instrument model and resolution are
visible.
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> Application Software
Ramanstation.exe

= Application Version
10

= Application 0S
Windows XP

> Application Comment
(none)

= Resolution
2em-1

= Excitation Line
785 nm

o> Detector Type

O PCR_Acetonit... | O] Polynomial K... [ sAV_Acetonit... | ] Ws_Linear Sv.. | = O
PCR Acetonitrile

Description

Sample model for the identification of Acetonitrile, Model was generated using the -
PCA + Linear Regression (Principal Compenent Regression) method, 6 PCs were used.
Thetraining dataset comprised 72 spectra. The following pre-processing methods

were applied: Mormalisation

| &=

Software
r 5
& AnalyzeIQ Lab - Apply Model =NNC| X
File Model Batch Display Graph Help
= ST =g
[ % Build New Model Apply Model
2% File Contents =0 Methanol-Water (80-20) &3 = O||[E} Results =0
Methanol-Water (80-20) PCR Acetonitrile
Select one of the following to see the SR
details 40,000 |
_
£35,000 |
! 5
5 Sample & Measurement K] 30,000 |
= 1
25,00 |‘ This model has not been applied yet
0 Experiment Title - G200 ‘ ‘
o o
Methanol (80%) Water (20%) £ 15,000 ‘ | |
= Experiment Comment - | H
(none) 10,000 | | A |U |
| |
> Instrument Manufacturer 5 0001 | \ )
Avalon Instruments : /
0- = = = S 5 = =
Inst, it Model . =
= strument Mode S0 1,00 1500 2,000 2,500 3,000 Bl Pre-processing =
= Instrument ID Raman Shift (cm-1) Pre-processing Methods o
(none) _ =1 Smoath (5-G)
> Instrument Owner | Original Spectrum Derivative (5S-G}
(none) 3

Normalize

Std Normal Variate
Equal Area Scale
Internal Std Normalize

m,

Truncate

Appl Undo
Applied

Figure 18: View AIQ file contents: Instrument Settings section (left side of screen)

Note that files in other formats, such as XY Text Files or JCAMP-DX, are converted
internally to AIQ format. They are therefore displayed in the same way as the above,
although many of the details may be unspecified.
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5 Build a New Model (Classification Example)

After applying various models to spectrum files of different test spectra, the next step
is to build your own models using the chemometric and innovative machine learning

techniques provided in Analyze IQ Lab . This section details how to build a new
gualitative or quantitative model in Analyze 1Q Lab . For the purposes of
illustration, this section includes an example of building a classification model.

However, you would follow the same procedure in building a quantification model.

Refer to Section6 for an example of building a quantification model.

The main steps in the building of a new model are as follows:

1. If the Apply Model page is currently open, switch to the Build New Model
page (see Sectiorb.).

Prepare a training dataset (see Sectiorb.?2).

Apply pre-processing to the training dataset, if required (see Section5.3).
Select a Classification/Quantification method (see Section 5.5).

Evaluate the selected method (see Sectiorb.6).

Enter model details (see Section5.8)

Generate the final model (see Section5.9).

NoosrwN

The above steps are described irthe following sections. As will be demonstrated, you
carry out each of the main steps in building a model by clicking on the Next button in
the top right -hand corner of the Build New Model page. To move back to a previous
step in the model building process, click on the Back button.

Note that the examples given in the following sub-sections are based on the building
of a model for the classification of acetonitrile. If you are interested in building
guantification models, you are recommended to read this section and then read the
example of building a quantification model given in Section 6.

5.1 Switch To Build New Model Page

You can switch to the Build New Model page by either selecting the shortcut on the
left-hand side of the application window (see Figure 19) or by selecting Build New
Model under the Model - Tasks menu (seeFigure 20).

¢ Analyze I} Lab - Apply Model
File Meodel Batch Display Help

= ® g Be o= E
| 4 Build Mew Model Apply Model
5= File Contents L\@ -0

Figure 19: Switching tothe  Build New Model  Page using shortcut
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¢ Analyze IQ Lab - Apply Model
File [Model | Batch Display Help

= Tasks b Apply Model
= Eackip MoHeb i Build New Model I,} |
o= F Delete Models... Other...
Restore Models... I

Figure 20: Switching to the Build New Model Page using the menu

After switching to the Build New Model page, the user is presented with the page
shown in Figure 21

 Analyze IQ Lab - Build New Madel I l = ﬂ_hj
File Model Batch Help o

& X g

& Apply Model

EE Model Generator =0

»

Options for Dataset Preparation

Back Thefirst step in building a model is to select a dataset of spectra to be used as input to the model building method. The following optiens are available.

@ Spectra Manager

() Import from Single File
) Import from Multiple Spectrum Files

m

Figure 21: Build New Model Page
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5.2 Preparingthe Dataset

The first step to building a model is to prepare a dataset of sample spectra, on which
the new model is to be based. Typically, samples of pure materials and mixtures are
prepared with specific compositions under laboratory conditions and their spectra
are collected prior to building a model.

As shown in Figure 21, three options are available for supplying a dataset toAnalyze
IQ Lab :

1. Spectra Manager (described in Section5.2.1)
2. Import from Single File (described in Section 5.2.2)
3. Import from Multiple Spectrum Files (described in Section 5.2.3)

As will be described in Section5.2.4,t he 61 mport fr omca@beugede Fi | ¢
to transfer data frOm other software packages, such as the Unscrambler chemometric
package.

5.2.1 Spectra Manag er

The Spectra Manager option can be only used if Analyze IQ Spectra Manager

(the spectral data management software package) has been installed on your
machine. The alternatives are to import data from a single text file containing data
from multiple spectra, as described later in Section 5.2.2, or to import from multiple
spectrum files in a folder, as described later in Section5.2.3.

To generate a spectral dataset from data stored in Spectra Manager, select the
Spectra Manager option and then click on the Next button. You are then presented
with the details of the connection, as shownin Figure 22.

¢ AnalyzeIQ Lab - Build New Maodel =naeEa X

File Model Batch Help
& X

Y | %8 Build Mew Model Apply Model

EE Model Generatar =0

Spectra Manager Settings
ILI Press the button to connnect to the database. Click the link if you need to change connection settings first,

Next [J Connect | jdbcsglserver//localhost:1433:databaseMame= ANAIQ

m

Figure 22: After selecting Spectra Manager option for spectral dataset pr eparation
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The connection settings can be changed, butthis is not advised, unless you arean
advanced database user. See Sectiorb.2.1.8 for more details on changing the
database settings.

5.2.1.1 Connectto Spectra Manager  /View Spectral Data

The first step in generating a dataset from Spectra Manager IS to connect by
clicking on the Connect button (see Figure 23), which results in the contents of its
database being displayed, as shown irFigure 24.

€ Analyze IQ Lab - Build New Madel

File Model Batch Help
= ¥ g
| 8 Build New Model | @ Apply Model

0% Model Generator

I Spectra Manager Settings
l&/ Press the button to connnect to the database. Click the link if you need to change connection settings first,

MNext [J Connect | jdbcisglserver//localhost1433:databaseMame= ANAIQ

Figure 23: Connectto Analyze 1Q Spectra Manager

5.2.1.2 Terminology Used for Data Stored in Spectra Manager

Spectra Manager stores a list of spectra, where each spectrum is assigned a unique
ID within the database. Spectra Manager stores its spectra grouped according to
substancesand constituents:

1 It stores a list of substances where a substance is a compound that is defind
by a CAS number and an [IUPAC name.

9 It stores a list of constituents, where a constituent refers to a particular
specimen of a substance and is described by the following properties:
Substance Manufacturer , Lot Number, Catalog Number, Purity , Location
and Date Opened For example, a substance with IUPAC name Acetonitrile
and CAS Number 000075-05-8 is stored in the Spectra Manager list of
Substances A sample of Acetonitrile manufactured by Aldrich with 99%
purity and Lot Number 3725 is an example of one constituent. For each
substance recorded in Spectra Manager , one or more constituents are also
recorded.

1 It stores a set of spectra, where each spectrum represents either apure
sample, which comprises a single constituent at 100% concentration, or a
mixture of two or more constituents, where the sum of the constituent
concentrations is equal to 100%.
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-
¢ Analyze IQ Lab - Build New Madel o

File Model Batch Graph Help
= X o [H]
i (% Build New Medel | @ Apply Model
5= Model Generator El=
Spectra M. Settings
[ Back | o the button to comnmect to the dotabane, Chck the i 7 you need to change connection settings first.

[ mee | [ O Connect] jdbcsalsenver/localhost1433:datobasehzme=ANAIQ

Spectra Manager: list of spectra

Double click a substance to select/deselect it as target. Then select and add the spectra you want to build the model, or use Auto-Select.

Change Connection or Display Settings

Find @ Qualitative ) Quantitative

Df@ 000096-37-T:Cyclopentane, methyl- = 1D Mixture/Pure
Dﬁ@ 007533-40-6::1-Pentanol, 2-amino-4-methyl-, (25)-

D&B 002142-01-0::1H-Iscindole-1,3(2H)-dione, 2-(phenylmethyl)-
[7] £# 000696-59-3:Furan, tetrahydro-2,5-dimethoxy-

[7] £# 000104-76-7::1-Hexanol, 2-ethyl-

7] &# 000097-61-0:Pentansic acid, 2-methyl-

D&B 002740-83-2::Benzenemethanamine, 3-(trifluoromethyl)-
[7] ¥ 000156-87-6::1-Propanol, 3-amino-

Df@ 002417-90-5:Propanenitrile, 3-bromo-

[7] £# 006933-10-4::Benzenamine, 4-broma-3-methyl-

[7] £# 000611-94-9::Methanone, (4-methoxyphenyl)phenyl-

[7] £# 000134-84-9:Methanone, (4-methylphenyliphenyl-

[7] £# 000919-30-2::1-Propanamine, 3-(triethoxysilyl)-

[7] £# 000108-90-7::Benzene, chlora-

Df@ 002002-24-6::Ethancl, 2-amino-, hydrochleride (1:1) -
i > < I 3

& &l =)

€

T Target substance fﬁ’ Substance &= Component Target:

“F PureSpectrum % Mixture Spectrum Mo. of Samples (Target/Non-Targ

Figure 24: Displaying contents of Analyze 1Q Spectra Manager  database

As can be seen inFigure 24, the contents of a spectral database are displayed on
the left-hand side of the Build Model page in a tree structure. At the top level of
this tree, all Substances are shown. These group t@ether all spectra that are

defined by the same CAS number and IUPAC nameFor each substance listed, the

database contains one or more constituents, either as sole constituentsin pure

samples, or as constituent within mixture s, or both.

After first con necting to Spectra Manager , alist of all substances is shown In
the example shown in Figure 24, both the name and CAS (Chemical Abstracts
Service) number are listed for each substance. To change the details shown for
each substance, see Sectiob.2.1.7.

Under the Substance level, the spectra are grouped byindividual constituents,
where aconstituent is distinguished by the following properties:

Manufacturer

Catalogue Number (from manufacturer)
Lot Number

Date Opened

Purity

Location

oukrwnE

To view all the constituents contained in a substance group, expand the branch
associated with that group (see Figure 25). As can be seenAnalyze 1Q Spectra
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Manager is designed to allow users to include multiple entries for a single material,
for the purposes of quality control/assurance and analysis model development.

= Dfpﬁ} 000068-12-2::Formarmide, M,M-dimetheyl-
+-[ ] &= 143aldrich:: 270547 U1 7530
+-[ &= 232:aldrich:: 227056;:00202MP
+-[ ] &= 333nAldrich::227056::502814-021
+ ‘Dutm 13558 B0H: 1 1032260 326K 19590595

Figure 25: Displaying al members ofa S ubstance Group inthe database

In the example shown in Figure 25, all constituents (individual specimens) that

correspond to the N,N-Dimethylformamide (DMF) substance in the database are
being displayed. Three of theseconstitiuents are from the same manufacturer, but
differ in either catalogue or Lot number. To view the list of spectra for an individual

constituent, expand the branch associated with thatsubstance

Under the Constituent level, individual spectra are listed. In Figure 26, the four
constituent lists for the DMF substance have been expandedto show all spectra for
DMF in the database. Thefirst three constituent lists contain on spectrum each, but
thee last constituent list contains several individual spectra: one corresponding to the
substance in pure form (100% concentration) and the others corresponding to
spectra of mixtures in which that substance is present in various concentrations;
these vary from 50% to 99%, as can be seen in the figure.

= Df@ 000068-12-2: :Formamide, M,MN-dimethwl-
=-[]&= 143 Aldrvich:: 270547 ::U17530
(1% 150:Clear::NjR:: 100,0
=-[]&= 2321 Aldvich:: 227056 :00202MP
(1% zao:cClear::NjR::100.0
=[] &= 333 Aldrich: 227056, :502814-021
(1% a52:Clear::NjR::100.0
=[] &= 1386::60H: 11032261 326K 1 9590595
¥ 2171 Clear MR 1000
4 21720 ClearnNyR::99.0
4 21730 Clear s NJR::95.0
7 2174 ClearnNR::90.0
7 2175 Clear:NJR::50.0
7 2176 Clear s MR 700
4 21770 Clear s NyR::60.0
7 2175 Clear:NJR::50.0

Figure 26: Listing spectra for a substance
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The icon placed beside each spectrum listed indicates whether it is a spectrum of the
substance in its pure form or as aconstituent of a mixture. The legend below the list
of spectra explains each icon. In addition, pure spectra are listed in black text

whereas mixture spectra are listed in purple text.

In the example of Figure 26, the Spectrum ID (each spectrum is uniquely identified
by this ID in the database), the cola, consistency (N/R = not recorded) and
concentration of the constituent in the mixture (100% when the spectrum is of a
substance in its pure form) is shown for each spectrum. For example, one of the
spectra listed in Figure 26 is Spectrum 2175, which is a spectrum of a mixture that
contains 80% DMF (manufactured by BDH) and is clear in color; consistency is not

recorded.

For information on changing the details listed for each spectrum, see Sectiorb.2.1.7.

5.2.1.3 Select a Target Substance for Building a New Model

The Spectra Manager

contents viewer described above allows the user to select a

subset of spectra to be used as the spectral dataset for building a model. The right
hand side of the Build Model page shows the contents of the currently selected
spectral dataset; it is empty initially (see Figure 27). Before selection of spectra, it is
recommended to select the target substance This is done by double-clicking on the
substance that is to bethe target for either the classification or the quantification

model.

Once selected a

red

0TO

symbol

appears besi

substance. In Figure 27, DMF has been selected as the target substance; the name of
the current target is also indicated under dataset window on the right -hand side.

Double click a substance to select/deselect it as target. Then select and add the spectra you want to build the model, or use Auto-Select.

Change Cennection or Display Settings

Find

<

& 217701
4 2178:Clear:N/R:50.0
4 2179::Clear:N/Ra40.
4 2180::C)
oF 2181401
o 2182:C1

4 2173:Clear:N/R:95.0
& 2174:Clear:N/R:90.0
& 2175:C1
& 2176:C

a T 000068-12-2:Formamide, N,N-dimethyl-
4[] &= 143:Aldrich:270547::U17530
“oF 150 Clear:N/R:100.0
a @ 232::Aldrich::227056:00202MP
¥ 239:Clear:N/R:100.0
4[] &= 333uAldrich:227056::502814-021
4o+ 352uClear:N/R:100.0
# K19890598

T Target substance {# Substance

% Pure Spectrum

42 Mixture Spectrum

&= Compenent

Figure 27: Selection of the Target substance

o> Add
<= Remove
Auto-Select

@ Qualitative Quantitative

D Mixture/Pure Target

] m o

Target: DMF (1032261-326K19390598)

No. of Samples (Target/Mon-Target):

Page32/100

Analyze IQLab Version 2.0

User Manual

de



Software

Intelligent
( analyzeIQ Analytical Chemistry

Note that only one target substance may be set at any one time; you may change the
current target substance by double-clicking on a different substance branch. If no
target substance is selected, an error message will appear when you try to move to
the next step in model building (i.e. whe n the Next button is clicked).

Acetonitile Find

f@’ 000075-05-8::Acetonitrile -
f@’ 000098-86-2::Ethancne, 1-phenyl-

J# 000506-96-T::Acetyl bromide

J# 000079-06-1::2-Propenamide

J# 000124-04-9:Hexanedioic acid

S8 000302-72-7::4lanine

f@’ 001118-84-9::Butanoic acid, 3-oxo-, 2-propen-1-yl ester

fe? 000106-95-6::1-Propene, 3-bromo-

J# 002916-14-5:Acetic acid, chloro-, 2-propenyl ester (3CT)

J# 000109-75-1::3-Butenenitrile

4# 000109-57-9::Thiourea, N-2-propen-1-yl-

f@’ 000555-31-7::2-Propancl, aluminum salt (3:1)

f@’ 007784-27-2::Mitric acid, aluminum salt, nonahydrate (CL9CT)

J# 001009-67-2::Benzenepropanaic acid, a-methyl-

J# 005329-14-6::5ulfamic acid

J# 002582-30-1::Carbonic acid, compd. with hydrazinecarboximidamide (1:1)

f@’ 010308-82-4::Hydrazinecarboximidamide, nitrate (1:1)

f@’ 000631-61-8:Acetic acid, ammanium salt (1:1)

fe? 002012-65-5::1,2,3-Propanetricarboxylic acid, 2-hydroxy-, ammonium salt (1:2)

fe? 003458-72-8:11,2,3-Propanetricarboxylic acid, 2-hydroxy-, ammonium salt (1:3) =

4 (] F

Figure 28: Searching for spectra by substance name

The Find button above the list of spectral contents can be used to search for spectra

by substance name. For exampl e, the name ©O6a
text box in Figure 28. After clicking on the Find button, the closest matching

substance is displayed at the top of the database contents window.

5.2.1.4 Select a Training Dataset of Spectra

To add an individual spectrum to the dataset, click on the box at the start of the
branch for that spectrum and then click the Add button (see Figure 29). After each
addition or removal of spectra from the current dataset, the details under the dataset
window are updated to show the current number of samples in the dataset and the
breakdown between those containing the target substance and those not cataining
the target substance (provided the target has been selected)Figure 29 shows that the
current dataset contains a single spectrum, which is of a sample thatcontains the
target, DMF.

Page33/100 Analyze IQab Version 2.0 User Manual



Intelligent

( analyzeIQ Analytical Chemistry

Software

- (s ] MixturefPure Target
2175 Mixture ‘es (30,0
= [m] T 000068-12-2::Formamide, M,M-dimethyl- -~
=[] &= 143:: Aldrich:: 270547::1117530
¥ 1805 Clear MR 100,0
=-[]&= 232:Aldrich::227056::00202MP
2 2390 Clear: NfR.:100.0
=[] &= 333 Aldrich::227056::502814-021
¥ 3520 Clears MR 100,0

=-[H] &= 13581:B0H:: 1032261 326K 19590595

2 21710 Clear MR 100,0
F 217EnClear MR 99,0
F 21730 Clear MR 95.0
(1% 2174 Clear: bR 90,0
B 2175 Clear: MR :E0.0
F 21760 Clear MR 700
(1% 2177 Clears bR 60,0

‘ﬁb 217anClear MR 50,0 w
£ > ¢ 3
Target: DMF (103226L-326K19390598)
Figure 29: Adding a single spectrum to the training dataset

All of the spectra associated with one constituent can be added to the dataset by
selecting the box at the start of branch for that constituent, followed by clicking the
Add button (see Figure 30).

() Mixture/Pure Target
il 2171 DMF (103226L-326K1989...  ‘Yes {100,

2172 Mixture ‘es (39,0

=[] T' 000068-12-2::Formarnide, M,N-dimethyl- ~ 2175 Mixture Yes (95.0
=-[]&= 143:aldrich: 1 270547 117530 2174 Mixture Yes (90,0
2 150:Clear: MR 11000 2175 Mizture Yes (30.0

2176 Mixture ‘es (70,0

=[] &= 232 aldrich:: 227056::00202MP

©F 2301 W/R:100.0 2177 Mixture ‘es (60,0
T sClear: MR 100, 2178 Mixture Yes (50.0
=[] &= 333::8ldrich:: 227056::502814-021 2179 Mixture es (40.0

4? 3525Clear:NfR:100.0 2180 Mixture ‘es (30,0

=-[H] &= 1388::EDH:: 103226L::326K1 9890598 2181 Mixture Ves (20,0
2182 ves (10.0

F 2171 ClearsNiR100.0 Miture
F 217zndlearn R 99,0
[E%F 2173::Clears:MjR.:95.0
B4 2174::Clear::MjR.::90.0
F 21750 Cear MR E0.0
F 217enClearn R 700
F 21770 Clear NR:E0.0

[E]%F 2178::Clear:NjR.::50.0 v
£ > < 3
Target: DMF (103226L-326K19390598)
Figure 30: Adding all spectra associated with an individual constituent t o the dataset

Finally, all of the spectra for a substance can be added to the current datasetby first
selecting the box at the start of the branch for that substance, and then clicking the
Add button . This is shown in Figure 31
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jin] Mixture /Pure Target
il 150 DMF (103226L-326K1989.., ‘es (100,

Z39 DMF {103226L-326K1989,,,  Yes (100,

=-[E T 000068-12-2::Farmamide, M,N-dimethyl- e 352 DMF (103226L-326K1989..,  Yes (100,
=-[E] &= 143::8drich: 27054717530 2171 DMF(103226L-326K1959,..  Yes (100,
150 Clear MR 100.0 2172 Micture Yes Egg.n

- P . S - 2173 Mixture Yes (95.0
Ee fii:;drir"22;?:6'1'332002'“'3 Z174  Mixture Yes (90.0

3 e 2175 Mixture Yes (50,0

=-[E] &= 333Aldrich: 227056::502614-021 Z176  Mixture Yes (70,0
4? 3520 Clear MR 1000 2177 Mixture ‘es (60,0

=-[E] &= 1388::B0H::103226L::326K1 9890598 2178 Mixture ves (50.0
2179 Yes (40.0

o i e Mizxture
bt 21710 Clear::NjR:100.0 atoselot | | 2180 Mixture Yes (30.0
O 217EnClearMRD9.0 Z181  Mixture ves (20.0

‘ﬁb 21730 ClearM/R95.0 2182 Mixture Yes (10,0
F 21740Clear MRE90.0
F 2175 ClearnNiR180.0
F 217enClear MRETO0
F 2177 ClearnNiR60.0
‘ﬁb 21780 ClearM/RG50.0 -
4 L < >

Target: DMF (103226L-326K19590598)

Figure 31: Adding all spectra for one substanc e to the training dataset

5.2.1.5 Auto -Select Feature

A convenient and powerful alternative to selecting spectraindividually or in groups is
to use the Auto-Selectfeature. This automatically constructs a training dataset based
on the target substance that has been selected. To use this feature, select a target
substance and click on the Auto-Select button. A dataset is constructed by
automatically selecting a range of mixtures from the database, some of which contain
the target substance and others that do not contain the target substance. The dataset
is also constructed to contain pure samples of the target subsance and pure samples
of the diluents, if present in the database. The automatic dataset construction feature
is a proprietary Analyze 1Q technique that is useful when comparing the performance
of different classification or quantification methods over a sngle dataset.

Acetonitile Find © Qualitstive ) Quantitative
T 000075-05-8:Acetonitrile B D Micure/Pure Target

&= 11:Aldrich:27,071-7:00301009 60 | Water Mo
B & 1416NULLN/AGN/A
&= 1688:Aldrich:270717:00301009 :g; mimc'l (EDH-201928... :ID "
£ 000098-86-2:Ethanone, 1-phenyl- e es (9.0..
£ 000506-96-T::Acetyl bromide 1029 | Mixture Ves 030...
5 000079-06-1::2-Propenamide 1031 | Mixture Ves (900
3# 000124-04-9: Hexanedioic acid 1033 | Miture Ves B00..
3 000302-72-T:Alanine 1038 Midure No
£# 001118-84-9:Butancic acid, 3-oxo-, 2-propen-1-yl ester _ 1059 Mixture Ves (70.0...
38 000106-95-6::1-Propene, 3-bromo- = Add 1062 Mixture Ves (60.0...
¥ 002016-14-5:Acetic acid, chloro-, 2-propenyl ester (9CT) e 1064 Miture Ves (500..
£ 000109-75-1:3-Butenenttrile [ GRemore ] 1065 Misture Ves @0..
£# 000109-57-9: Thiourea, N-2-propen-1-yl- Auto-Select 1068 Misture Yes (300..,
£ 000555-3L-7::2-Propanol, aluminum saft 1) : ’ 1069 Misture Yes (200..,
£ 007784-27-2:Nitric acidl, aluminum salt, nonahydrate (BC19CT) 1070 Misture Yes (100...
£# 001009-67-2:Benzenepropancic acid, a-methyl- 1102 Methanol (BDH-20192E... Mo
£ 005329-14-6:Sulfamic acid 110 Water No
.}B 002582-30-1:Carbonic acid, compd. with hydrazinecarboximidamide (1:1) 1200 | Water No
§ 010308-82-4:Hyoromnecorbormidemide, nitate (1) 1213 | Viethanol (BDLLZ192E... | No

) 2% 000631-61-8:Acetic acid, ammeriu salt (1) o 1214 | Mocure No

1115 Miture No i
T Targetsubstance ¥ Substance &= Component Target: Acetonitrile, Cyanomethane
‘2 PureSpectrum % Mixture Spectrum No. of Samples (Target/Non-Target): 72 (52/20)

Figure 32: Using the Auto -Select feature

An example of the operation of the Auto-Selectfeature is shown in Figure 32. In this
case, acetonitrile is selected as the target substance. After clicking theAuto-Select
button, a dataset is constructed, which comprises 72 samples in total: 52 containing
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acetonitri le and 20 without the target substance. The Auto-Selectfeature is the most
convenient way to quickly create a dataset.

After selecting a dataset, either manually or using the Auto-Selectfeature, press the
Next button to move on to the next step, which is to apply pre-processing to the
dataset; see Sectiorb.3.

5.2.1.6 Removing Spectra from the Selected List

To remove an individual spectrum from the selected list, click on it in the list on the
right -hand side of the screen, and press theRemove button, highlighted in Figure 33.

To remove all spectra from the selected list, type Ctrl -A to select all, and then press
the Remove button .

(] MixturePure Targe #
13 Acetonitrile, Cyanomethane  Yes (1

164 Water Mo
437 Methanal (BDH-291926L-K... Mo
1027 Mixture es (9
1029 Mixture es (9
1031 Mixture es (9
1033 Mixture Yes (5
1039 Mixture Mo
1059 Mixture es (7
1062 Mixture es (6
II 1064 Mixkure Yes (5
1065 Mixture Ves (4
10658 Mixture es (3
: d | 1069 Mixture Yes (2
1070 Mixture es (1
1102 Methanol (EDH-2919ZBL-K... Mo
1110 Water Mo
1200 Water Mo
1213 Methanol (EDH-29192BL-K... Mo
1214 Mixture Mo
1215 Mixture Mo “
< >

Figure 33: The Remove button

5.2.1.7 Change Spectra Manager Tree Display Settings

To change the tree settings in the display of theSpectra Manager  contents, click
on the blue underlined Change tree settings link shown previously in Figure 24, to
open up the window shown in Figure 34. Note that this is the same window used for
specifying the details of the connection to the spectral database server, as will be
described in Section 5.2.1.8 below. This window shows the different fields that can
be displayed at each level of the database tree viewSubstances Components (which
is an alternative term for Constituents) and Spectra. To have a particular field
displayed in the database tree view, click on the checkbox beside the field name. For
example, you can list the CAS Number and common for each substance in the
database.
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Figure 34: Database tree display  settings
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