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KnowlitAll Software Training
Mixture Analysis
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Mixture Analysis

How to Analyze Mixture Spectra

Purpose

This exercise demonstrates how to perform a mixture analysis using the KnowltAll Informatics System’s Searchlt application.

Objectives

This exercise will teach you:

» How to configure a mixture analysis

» How to interpret the results of a mixture analysis

Background
Training Files Used in This Lesson
The spectral analysis of mixtures in experimental data is a challenging task. Manual e Mixture of Two Steroids — ATR-IR.irf
separation of spectral components, even when they are known in advance, is a tedious job. KnowltAll Applications Used
Attempting to do this analysis in an automated fashion creates a whole new level of

e  Searchlt™

challenges.
e  Minelt™

This chapter introduces how to use the Searchlt application to perform Mixture Analysis.
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KnowltAll IR and Raman Search Algorithms

A background in the algorithms used by KnowltAll. For IR and Raman spectral comparison, KnowltAll has following algorithms:

Correlation

This is the default algorithm for searching in KnowltAll and it conforms to the industry standard for correlation algorithms. The Correlation algorithm
is similar to the Euclidean Distance algorithm. The difference between the two is in the way the spectra are treated before the comparison. Each
spectrum is mean centered prior to performing the dot product normalization. This approach can improve search results for noisy spectra and
spectra that have baseline issues, particularly with a baseline offset that is the result of a negative spike or chemical noise. It is slightly more time-
consuming than the Euclidean Distance algorithm. The search speed is slower because each spectrum in the database must be mean centered,
and then normalized prior to the comparison. The search results that are obtained with the Correlation algorithm are spectrally similar to the
unknown, even if the unknown compound is not in the database. The Correlation algorithm is heavily weighted by peak areas. Broad features are
weighted much more strongly than sharp features. The algorithm is most tolerant to peak shifts and non-linearities in relative band intensities.

Correlation (Classic)

The Correlation algorithm that was found in all versions of KnowltAll prior to KnowltAll 2020 is similar to the Euclidean Distance algorithm;
however, it did not conform to the industry standard for correlation algorithms. Beginning with KnowlItAll 2020, the Correlation algorithm does
conform to the industry standard and it is the default algorithm used for searching in KnowltAll. To provide backward compatibility for customers
who want to reproduce prior search results, the previous correlation algorithm is now provided as Correlation (Classic).

Euclidean Distance

The Euclidian Distance algorithm measures the point-to-point differences between a pair of spectra. The results that are obtained with

the Euclidean Distance algorithm are spectrally similar to the unknown, even if the unknown compound is not in the database. This algorithm,

however, can yield degraded search results when the unknown spectrum has a sloping or offset baseline. The Euclidean Distance algorithm is
heavily weighted by peak areas. Broad features are weighted much more strongly than sharp features. This algorithm is most tolerant to peak

shifts and non-linearities in relative band intensities.

First Derivative Euclidean Distance

Use this algorithm to reduce the effects of baseline slope or offset in the unknown. Although search speed is slightly slower than with

the Euclidean Distance algorithm, the First Derivative Euclidean Distance sometimes gives improved search results, especially when the unknown
spectrum is a mixture of two or more compounds. The First Derivative Euclidean Distance algorithm is heavily weighted by changes in slope.
Sharp features are weighted much more strongly than broad features. The algorithm is also very sensitive to peak shifts. Small shifts can make
the algorithm miss a similar result.

Second Derivative Euclidean Distance
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Use the Second Derivative Euclidean Distance algorithm to compare the second derivative of a reference spectrum to that of the query spectrum.

Optimized Corrections: A Breakthrough Technology for Spectral Searching

Spectral searching is one of the most important tools researchers use to classify or identify materials, yet it continues to be plagued by errors and
imperfections. During a spectral search, a sample spectrum is compared to a database of reference spectra. To ensure that an optimal match is
found in the database, spectra can be adjusted to compensate for differences between spectra caused by variability in instruments, accessories,
environmental conditions, and other factors.

According to ASTM's guide on spectral searching', various algorithms and manual methods exist to adjust spectra to get reasonable match scores
when two compared spectra of the same compound differ for various reasons. While these methods may work in selected cases, subtle
discrepancies such as a shift of the X-axis are very hard to identify and correct manually. The inflexible mathematical algorithms typically
employed do not compensate for these types of errors in spectra that are flawed.

Manual corrections can be made by expert spectroscopists, but those less experienced in spectroscopy are often unaware of how to perform the
necessary corrections on their sample spectrum to achieve the best search result. To address this growing concern, Wiley has introduced
Optimized Corrections, a breakthrough patented technology that performs a computationally complex set of multiple corrections on query and
reference spectra in a search to find the optimal match between the query and each individual reference spectrum. This training guide will
demonstrate how the Optimized Corrections technology yields better matches between query and reference spectra than can be attained using
rigid search algorithms alone or with manual methods to optimize spectra for searching.

Optimized Corrections consider the full spectrum during a selected range(s) search.

TE2310-04 - Standard Guide for Use of Spectral Searching by Curve Matching Algorithms with Data Recorded Using Mid-Infrared Spectroscopy,
2009. ASTM International Web Site. http://www.astm.org/Standards/E2310.htm (accessed March 4, 2015).
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A typical mixture analysis workflow

Action Result
1 Navigate to the Data toolbox and open Searchit x
the Searchlt app“catlon 0 & N?  Search Profiles:  <no profile> - EfE

. Number of components: Search Method:
Search Categories | — P =

1 (Single) +| [correlation v [Query Spectrum is ATR [ Optimized Corrections Advanced Settings...
Spectrum FTIR

EXCLUDE RANGE BAR

Check Spectrum, and in the resulting

. . O Spectrum 1~ Mixture of Two Steroids - ATR
Open dialog box, navigate to ’.
KnowltAll Training Files > 4 - 0 peaks 075 t
Mixture Analysis and open Mixture of
Two Steroids - ATR-IR.  strucure ° Ll ‘1
| his
[ Property/Name 0.25-] L N' I ""I |\ | ‘“ “J ‘ |l “ \l’ H,' *‘|“|
. | J . \.‘ | \ L "w Ij '\ |
Set Search Method to Correlation. Search Databases | | 1 - ————
@® User-Select 4000 3500 3000 2500 2000 1500 1000 500
cm™?
O All Compounds

O Pure Compounds [] Apply Baseline Carrection to Query Spectrum Manuslly Edit Mask Ranges... Edit Spectrum

Hit List Size Limit: 30 12 [ All Hits Search

Mixture of Two Steroids - ATR X

108658-REV20220811 Copyright ©2022 by John Wiley & Sons, Inc. All rights reserved.

WILEY



H KnowltAll Training Mixture Analysis IR and Raman - 6 ||

Action Result
2 | Click on User-Select under Search Searchit

Databases. 0O & K? : search Profiles:  <no profile> - B
Search categories HAwailable for Searching:

Set Limit to spectral technique to IR. Spectrum ETIR Limit to spectral technique: |IR 7

Al Name
O Spectrum oE ATR-IR. - Sadtler Controlled & Prescription Drugs 1 - Wiley
MNetworks

ATR-IR - Sadtler Controlled & Prescription Drugs 2 - Wiley
Reference ATR-IR - Sadtler Controlled & Prescription Drugs 3 - Wiley

Click Add All at the bottom of

Avallable for searChlng menu. s p User ATR-IR - Sadtler Controlled & Prescription Drugs 4 - Wiley
o Hit List ATR-IR - Sadtler Flavors & Fragrances - Wiley
[ Structure ATR-IR - Sadtler Inorganics 1 - Wiley

ATR-IR - Sadtler Inorganics 2 - Wiley
<

[ AddAll Add

Search Databases | selected for Searching:

[ Property/Name

@® User-Select Name
ATR-IR - Sadtler Controlled & Prescription Drugs 1 - Wiley
O All Compounds ATR-IR - Sadtler Controlled & Prescription Drugs 2 - Wiley
ATR-IR - Sadtler Controlled & Prescription Drugs 3 - Wiley
) Pure Compounds ATR-IR - Sadtler Controlled & Prescription Drugs 4 - Wiley
<
Select by Browsing...

Hit List Size Limit: 30 [ Al Hits

Mixture of Two Steroids - ATR X

3 | Click Search. One component search result returns to the Minelt application.
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Action

Result

Minelt x
D@ = B BaBp By P 46 K? Lookup Compound PubCIhem | Displey Profikes: - <no profie> - g
Bt [0 ® o aidn ekt [l T 0 D[ e A2
i Structure/Properties. - ax
—~ Mixture of Two Steroids - ATR
084
oH
06— gy Y =
. Ea
; |‘ Y il 2
A~ T~
04 f \ A W‘ A
A A
] | 1 ‘ 07 ~F
02 ‘ ‘ ' ‘A I
7 ' |
| ‘ﬂ‘ ‘ Al I
1 L ANARLLRL
o J ) IPELY B Jﬂ
T R s i s o g R P S Substructs Sel. Substructs Original Data Files
em All Properties Attachments Preferred Properties
[ x| Name Value a
Name Ethisterone

ATR-R

Table  Plot  Related Compounds View

HQl ¥ Tag. CoDB. ID . Name _ Spectrum __<auto> (IR/ATR-IR) - i
Classification
1 DwX| 935 |Ethisterone I I PI Formula C21H2802
InChi InChi=15/C21H2802/c1-4-21(23)12-9-18-16-6-5-14-13-15(

CAS Registry Number 434-03-7
Catalog Number ~ A6100-000

Progestogenic

4 Highlight the first hit.

From the Edit menu, select Copy
Active Spectrum.
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Click the Spectrum FTIR button to
bring up the query spectrum.

Update the Number of components to
2 (Mixture).

. Number of components: Search Method:
Search Categories s

Spectrum FTIR

Correlation ~

2 (Mixcture) v

UDE RANGE BAR

Action Result
5 Go back to Searchlt, [Searchit =
[ A2 : search Profiles:  <no profile> - EE

[ Query Spectrum is ATR Optimized Corrections

Advanced Seftings...

1 - Wixture of Two Steroids - ATR
[ Included Components |
[ Excluded Components | |° 8 I \
[ Structure 0.6 ‘ |
] | I
\ |
[ Property/Name 0.4~ ‘ | | ‘ r‘ JI.' ”
| R
Search Databases 2] \Jl 1‘\| ‘ i \'\II Iﬁ l”"\“ | |‘ W I‘W‘\
@ User-Select ] ! ‘ WY I ;J W|"|‘| | \ |
— L / ' Wil Jd
B S — — ulf
O All Compounds 0 . . . . . , .
4000 3500 3000 2500 2000 1500 1000 Edﬂ
O Pure Compounds cm™

Manually Edit Mask Ranges... Edit Spectrum

Summary [ Apply Baseline Correction ta Query Spectrum

Hit List Size Limit: 50 [&] [JAllHits

Mixture of Two Steroids - ATR X

The Included Components and Excluded Components checkboxes show up now.

6 Check the Included Components.

Searchlt

Search Profiles:

e

O &

%2

<no profilex -

Paste the copied spectrum.

Search Categories

Spectrum FTIR

O Structure

Included Components

[0 Excluded Components

Included Components:

i

T T T T T T T
3000 2000 1000
DWX #935; Ethisterone
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Action Result
7 Click the Spectrum FTIR button to
bring up the query spectrum. Minelt .
Display Profiles: | <ng profile> v E 0O & % B3 Em % K2 Lookup Compound:
Click Search. b 4 Ll O hn st L [l s T A2 2 bl i A AT
7 - Mixture of Two Steroids - ATR (Corr.
- Composite Spectrum (Corrected)
075
05
0.25-
o4
4000 3500 3000 2500 2000 1500 1000 500

cm™

ATR-IR MS (GO) NMR

Table | Plot | Related Compounds View
HQl ¥ Ratio . Exclude Co DE, ID ~ Name

. Composite Spectrum

DWX #935; Ethisterone
(Corrected)

0.38 O (@ DWX 907 Epiandrosterone ,d:ﬁj“j w

N.A. Residual Spectrum

1 95.48 N.A.

062 O]

Now we have a good two-component match.

Notes: Each composite spectrum (row 1) is accompanied by the individual component spectra (middle rows) that
comprise the composite, as well as the residual spectrum (last row)—the difference between the query spectrum
and the composite. The composite spectra are ranked by how closely they resemble the query spectrum. A
relatively flat residual spectrum indicates that the software has correctly identified the individual components of the
mixture. The Weight value for each component spectrum indicates how much it contributes to the composite
spectrum.

In KnowltAll 2023 release, “Weight” column is labeled as “Ratio” as this value is the ratio of a component spectrum
curve.
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Action Result

8 The circle in the Exclude column can
be checked to exclude a component =

. . - Mixture of Two Steroids - ATR (Corr.
from consideration. - DWX #807, Epiandrosterone (Correc
0.754

Check to exclude DWX 907.The 054
Repeat Search button shows up for
user to repeat Mixture Analysis without 025
considering DWX 907.

0—
T T T T T T T
4000 3500 3000 2500 2000 1500 1000 5(5(]
cm™
ATR-IR
Table Plot Related Compounds View
Hal ¥ Ratio | Exclude |Co/ DE.|ID  Name ~| Chemical Structure Spectrum <auto> (IR/ATR-IR)
1 95.48 N.A. [0} Composite Spectrum ’ds@ —AMM
DWX #935; Ethisterone
i ® (Corrected) MMLIM
‘ 0.38 0 DW{ 907 |Epiandrosterone
N.A. Residual Spectrum
{ Repeat Search...
2 95.48 N.A. @ Composite Spectrum (\k@b L I Lhh T

Note: In KnowltAll 2023 release, “Weight” column is labeled as “Ratio” as this value is the ratio of a component
spectrum curve.
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Action Result
9 Click Repeat Search. The new result does not contain excluded DWX 907.
] = Mixture of Two Steroids - ATR (Corr...
1 = Composite Spectrum (Corrected)
0754
0.5+
0.25—4
0 A
—— T T T[T T T T [ T[T T[T T[T T T[T
4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600
cm™
O ATRR MS(GC) | NMR
Table Plot Related Compounds View
Hal ¥ Ratio | Exclude Co DE, .| Chemical Structure Spectrum <auto> (IR/ATR-IR) - ~
1 Composite Spectrum
DWX #935; Ethisterone
s ® (Corrected) MW
0.36 (O @vsAA 5052 Epiandrosterone .ﬁ. M
N.A. Residual Spectrum
S
Notes:
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You do not have to specify Included
or Excluded components to perform
a mixture analysis. You can simply
open a spectrum in Searchlt and
specify Number of components to a
value larger than 1.

Number of components:

3 (Mixture) >

1 (Single)

2 (Mixture)

4 (Mixture)
5 (Mixture)

You can add Included or Excluded
components from files by clicking the
Add button.

Search Categories
[] Spectrum FTIR

Included Components

Excluded Components

Included Components:

N

L el

2000
DWX #935; Ethisterone

Add...

You can exclude spectrally similar
records.

Excluded Components:

2000
DWX #907; Epiandrosterone

<
[1Apply Bas Image Size: I

Spectrum

Exclude compounds that are similar within a limit of:

Add...

Delete
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Add all components together

Action Result

1 In the Data toolbox, open the Searchit
application.

Check Spectrum.

In the resulting Open dialog box,
navigate to KnowltAll Training Files > 4
- Mixture Analysis.

Open Mixture of Two Steroids - ATR-
IR.

Set Search Method to Correlation.

Set Number of components to 2
(Mixture).

2 Check Included Components.

Add the following files from KnowltAll
Training Files > 4 - Mixture Analysis >
Components folder:

e Epiandrosterone ATR-IR
o Ethisterone ATR-IR

Note: Use the Ctrl key to select multiple
files in the Open dialog box.
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0.62 @
0.38 @
N.A.

Action Result
3 Click Search.
7] = Mixture of Two Steroids - ATR (Corr
Note Toggle between d|fferent spectra 1 - Composite Spectrum (Corrected)
display modes by selecting available 0.75+
options from View > Display Mode.
0.5
0.25+
0
4000 3500 3000 2500 2000 1500 1000 500
cm™”
AR | MS(GO | NMR |
Table Plot Related Compounds View
HQl ¥ Ratio ~ Exclude | Co|DF. ~ | Name ~| Spectrum <auto> (IR/ATR-IR) -

Ethisterone ATR

Epiandrosterone ATR J—)\‘Mﬂ

Residual Spectrum

—_——— )

database search.

In this case, KnowltAll simply returns possible combinations of two provided components without going through a
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