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Preface

This guide describes how to use Thermo Scientific Mass Frontier™ for the management,
evaluation, and interpretation of mass spectra.

Contents

¢ Related Documentation
* Special Notices

* System Requirements

* Gertting a License

* Contacting Us

Complete a brief survey about this document by clicking the button below.
Thank you in advance for your help.

UMENTATION

SURVEY

Related Documentation

Mass Frontier includes Help and these manuals as PDF files:
* Mass Frontier User Guide

* Mass Frontier Quick Start Guide

% To view product manuals
Go to Start > Programs > HighChem Mass Frontier 7.0.
< To open Help
From the Mass Frontier window, choose Help > Contents Index.

For more information, visit www.thermo.com. You can find application notes at
www.thermo.com\appnotes.

Thermo Scientific Mass Frontier User Guide
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Preface

Special Notices

Make sure you follow the precautionary statements presented in this guide. The special
notices appear in boxes.

Special notices include the following:

IMPORTANT Highlights information necessary to prevent damage to software, loss of
data, or invalid test results; or might contain information that is critical for optimal
performance of the system.

Note Highlights information of general interest.

Tip Highlights helpful information that can make a task easier.

System Requirements

Mass Frontier requires a license. In addition, your system must meet these minimum

requirements.
System Requirements
Hardware * Computer with Pentium™ III-compatible or later processor, with a
minimum of 600 MHz

¢ 512 MB of RAM (1 GB or more recommended)
* SVGA or higher resolution color monitor
* 2 GB or more hard disk space

Software In addition to the software included on the Mass Frontier CD, you must

have the following applications:
¢ Windows 7, Windows Vista™, Windows XP (SP 2),
or Windows 2000 (SP 4)
¢ Microsoft™ Office XP (recommended)
* Internet Explorer™ 7.0 (SP 1) or later
e Xcalibur™ 2.0 installed with local user access (recommended)

X Mass Frontier User Guide Thermo Scientific



Preface

Getting a License

When you first start the Mass Frontier application, the activation window opens. The system
generates a unique serial number that you must send to Thermo Fisher Scientific Technical
Support. When contacting Technical Support, include your name, company, e-mail or fax
number, the serial number, and the type of license you need. Thermo Fisher Scientific
recommends copying and pasting the serial number and sending it by e-mail.

You will receive an Activation Key that you enter in the Activation Key box. When you click
Activation, the program is activated according to the type of authorization your license gives

you. You must run the Mass Frontier 7.0 application with administrator rights when entering
the activation key.

Three types of licenses are available:
* 60-Day Evaluation Version (free of charge)
* Full Version Single License

* Upgrade from 5.0 Single License

The evaluation version is full-featured and automatically expires 60 days after activation. Any
attempt to set back the system date automatically terminates this version. You can purchase
and then activate the full version of the Mass Frontier application at any time, during or after
the free evaluation, without reinstalling the software. The activation window with the serial
number is located under Help > About > Activation.

Each Activation Key is only valid for a single license. Any additional installation generates a
different serial number that requires a different Activation Key.

For questions regarding activation, contact Thermo Fisher Scientific Technical Support in

San Jose, CA, United States:
* E-mail: ThermoMSLicensing@thermofisher.com

* Fax: [1] (408) 965-6120

When your license is activated, go to www.highchem.com and download the latest service
release.

For technical questions or installation problems, contact HighChem Technical Support:
* E-mail: ms@highchem.com

Use Mass Frontier in the e-mail subject line.

Thermo Scientific Mass Frontier User Guide xi
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Contacting Us

There are several ways to contact Thermo Fisher Scientific for the information you need.

2
0.0

xii Mass Frontier User Guide

To contact Technical Support

Phone 800-532-4752
Fax 561-688-8736
E-mail us.techsupport.analyze@thermofisher.com

Knowledge base ~ www.thermokb.com

Find software updates and utilities to download at mssupport.thermo.com.

To contact Customer Service for ordering information

Phone 800-532-4752

Fax 561-688-8731

E-mail us.customer-support.analyze@thermofisher.com
Web site www.thermo.com/ms

To get local contact information for sales or service

Go to www.thermoscientific.com/wps/portal/ts/contactus.

To copy manuals from the Internet

Go to mssupport.thermo.com, agree to the Terms and Conditions, and then click

Customer Manuals in the left margin of the window.

To suggest changes to documentation or to Help

* Fill out a reader survey online at www.surveymonkey.com/s/PQMG6PG62.

* Send an e-mail message to the Technical Publications Editor at
techpubs-lems@thermofisher.com.

Thermo Scientific
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Introducing Mass Frontier

The Mass Frontier application is a software package for the management, evaluation, and
interpretation of mass spectra. Because of the large volume of information a mass
spectrometer can produce, management capabilities are essential in mastering your analytical
workloads. The Mass Frontier application provides tools for processing and organizing mass
spectral and chromatographic data. To read more about HighChem Ltd., refer to the
HighChem Web site.

Use the Mass Frontier application to review collected data and efficiently interpret mass
spectra. The Mass Frontier application can interpret mass spectra even when an unknown is
not found in your library or a commercially available library. The software package includes
the HighChem Fragmentation Library™ and a library of Spectral Trees™.

Contents
* Overview
* Installing the Mass Frontier Application
* New Features in Mass Frontier 7.0

e Application Limitations
pp

Thermo Scientific Mass Frontier User Guide 1
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1 Introducing Mass Frontier
Overview

Overview

2 Mass Frontier User Guide

The Mass Frontier application consists of multiple modules that are displayed as separate
windows:

Server Manager
% Structure Editor
| Database Manager
Fragmentation Library
E Chromatogram Processor
1 Components Editor
o Spectra Classifier

Spectra Projector

—H Neural Networks
Fragments Comparator

1z
¢ Isotope Pattern

Bl Periodic Table
Hljﬂ Formula Generator

ﬁiﬁ Fragments & Mechanisms

Report Creator

All the modules are located in the Mass Frontier application window. Four of the modules
(Fragments & Mechanisms, Neural Networks, Spectra Projector, and Components Editor) are
generated from your input data; they cannot be directly opened from the application window.

Although each of the modules is independent, the application can automatically establish a
link between several modules (see “Exchanging Mass Spectral Data Between Modules” on
page 65). For example, the Mass Frontier application can make a link between the Database
Manager module and the Fragments & Mechanisms module. In this case, the application
links the peaks in a mass spectrum in the Database Manager window with mass-to-charge
ratios in the Fragments & Mechanisms window. You can also link records in the Database
Manager window with objects in the Spectra Classifier and Spectra Projector windows.

Thermo Scientific
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1 Introducing Mass Frontier
Overview

The Mass Frontier application includes the Mass Frontier Server Manager, a stand-alone
application for management and administration of libraries on a Microsoft SQL Server™
relational model database server. Using the Server Manager, you can access libraries over a
computer network. The SQL Server stores libraries that you can access from individual
instances of the Mass Frontier application. Using the Server Manager, you create, install,
remove, delete, import, convert, back up, and restore spectral and fragmentation libraries in
one location for all instances of the application.

You can create libraries only on the same computer where the SQL Server is located. For
example, if your SQL Server is located on a network computer, you cannot create a library on
your local computer.

To access the Server Manager from the Mass Frontier main menu, choose Library > Server
Manager. This menu item is accessible only if the Server Manager application is installed on
the same computer as the Mass Frontier application. If the Server Manager is installed on a
network computer, you must start it from this location.

For a complete description of the features in the Server Manager window, see Chapter 5,
« . 3 »
Library Utilities.

Figure 1.  Server Manager window

fi& Mass Frontier Server Manager™

Thermo Scientific
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1 Introducing Mass Frontier
Overview

Structure Editor

The Structure Editor module is a structure drawing tool that automatically calculates the mass
of a selected fragment and the corresponding loss. You can use the chemical structures that
you created in this module throughout the Mass Frontier application.

For a complete description of the features in the Structure Editor window, see Chapter 4,
“Structure Editor Module.”

Figure 2.  Structure Editor window
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Database Manager

1 Introducing Mass Frontier
Overview

The Database Manager module provides several ways to organize and process mass spectra,
chemical structures, and libraries, and include the data in a spreadsheet format. This module

supports data exchange with the Microsoft Excel™ application. You can use the advanced

database query and search features of the module to access information needed for rapid

compound identification. You can also create your own libraries containing spectra, MS"

spectral trees, chromatograms, chemical structures, and extensive compound characteristics.

For a complete description of the features in the Database Manager window, see Chapter 2,
“Database Manager Module.”

Figure 3.

Database Manager window
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1 Introducing Mass Frontier
Overview

Fragmentation Library

Use the Fragmentation view on the Database Manager window to create and manage
fragmentation mechanism databases. The Fragmentation view contains a full-featured
graphical editor for entering fragmentation reactions that you can store in a database, together
with complementary information for the reaction. You can query all the fields of the database,
for example: authors, ionization method, or molecular mass. All the library structures from

the reactions are also fully searchable.

For a complete description of the features in the Fragmentation view, see Chapter 7,

“Fragmentation Library.”

The Fragmentation Library contains an expert system that automatically extracts a

decomposition mechanism for each fragmentation reaction in the database and determines

the compound class range where you can apply the mechanism. This expert system applies

database mechanisms to your structure and automatically predicts the fragmentation reactions

for a specified compound.

The Mass Frontier application includes approximately 31 000 fragmentation schemes that

contain approximately 130 000 individual reactions collected from mass spectrometry
literature. The collected mechanisms are stored in the HighChem Fragmentation Library.

Figure 4.  Fragmentation Library mechanisms
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1 Introducing Mass Frontier
Overview

Figure 5. Reaction page of the Fragmentation view
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Figure 6. Info page of the Fragmentation view
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Chromatogram Processor

The Chromatogram Processor module extracts and processes mass spectral data, including
GC/MS or LC/MS. By using the component detection and spectra deconvolution algorithms,
you can automatically extract individual spectra or spectral trees from complex
chromatographic data files. This module provides visual tools for selecting particular spectra
from MS" experiments.

For a complete description of the features in the Chromatogram Processor window, see
Chapter 8, “Chromatogram Processor Module.”

Figure 7. Chromatogram Processor window
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Components Editor

1 Introducing Mass Fronti

er

Overview

In the Components Editor module, you can edit, search, and organize chromatographic
components that are stored in a library or generated by the Components Detection and
Spectra Deconvolution feature. This module includes management tools that you can use to
delete unrelated components, add chemical structures, edit extensive data fields, process
spectral trees, annotate spectral peaks, or sort search hit lists for every component in a

processed chromatogram.

For a complete description of the features in the Components Editor window, see Chapter 9,

“Components Editor Module.”

You cannot open the Components Editor module directly from the Mass Frontier application
window. You must generate this module from your data in the Chromatogram Processor
window. For additional information, see Chapter 8, “Chromatogram Processor Module.”

Figu

re8. Components Editor window
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Hit Selector

Use the Hit Selector feature to list the best matches found during a library search in the
Components Editor window. For additional information, see “Searching Components” on
page 334.

Figure 9.

Hit Selector window
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Spectra Classifier

1 Introducing Mass Frontier
Overview

The Spectra Classifier module retrieves and organizes spectra intended for classification.
Because you can classify spectra according to various criteria (by structural, physical, and other

properties), organizing the spectra into different groups can be useful. You can visually

represent these groups of spectra in different ways (using colors, symbols, and numbers) to

highlight similarities or dissimilarities among the spectral groups.

For a complete description of the features in the Spectra Classifier window, see Chapter 10,
“Spectra Classifier Module.”

Figure 10. Spectra Classifier window
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Spectra Projector

The Spectra Projector module displays the results of the Principal Component Analysis (PCA)
and Fuzzy Clustering classification methods. You can classify mass spectral data by using 2-D
or 3-D projections where each point represents a spectrum. When you want to determine the
class membership of an unknown spectrum, open or paste it into an existing projection.

You cannot open the Spectra Projector module directly from the Mass Frontier application
window. You must generate this module from the Spectra Classifier window using data from
the Database Manager or Chromatogram Processor module.

For a complete description of the features in the Spectra Projector window, see Chapter 11,
“Spectra Projector Module.”

For additional information, see Chapter 10, “Spectra Classifier Module.”

Figure 11. Spectra Projector window
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Neural Networks

The Neural Networks module displays the results of the Neural Networks classification
method. Mass spectra are classified using the Self-Organizing Maps (SOM) method, which is
a special class of neural network. If two or more spectra activate the same neuron, the
corresponding compounds will likely exhibit similar physical or chemical properties, or
biological activities. For additional information, see “Self-Organizing Maps™ on page 343.

You cannot open the Neural Networks module directly from the Mass Frontier application
window. You must generate this module from the Spectra Classifier window using data from
the Database Manager or Chromatogram Processor module.

For a complete description of the features in the Neural Networks window, see Chapter 12,
“Neural Networks Module.”

Figure 12. Neural Networks window
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Fragments Comparator

The Fragments Comparator module displays a series of fragments in a table format. The
columns in the table represent individual compounds, and the rows display either
mass-to-charge ratios or the structures of fragments. This module provides an effective
comparison of the product ions of analogous molecules.

For a complete description of the features in the Fragments Comparator window, see

“Fragments Comparator Window” on page 241.

Figure 13. Table page of the Fragments Comparator window
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Isotope Pattern

The Isotope Pattern module displays the relevant isotopic profile when you select a structure
or fragment in the Mass Frontier application. You can also calculate the isotope pattern from
your molecular formula.

For a complete description of the features in the Isotope Pattern window, see Chapter 2,
“Database Manager Module.”

Figure 15. Isotope Pattern window
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Periodic Table

multi-atomic isotopic profiles.

Figure 16. Periodic Table window
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Formula Generator

Thermo Scientific

1 Introducing Mass Frontier
Overview

The Formula Generator module calculates a list of theoretical molecular formulas that best fit

an m/z value.

For a complete description of the features in the Formula Generator window, see Chapter 13,

“Formula Generator Module.”

Figure 17. Formula Generator window
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Fragments & Mechanisms
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The Fragments & Mechanisms module automatically generates fragments and detailed
fragmentation and rearrangement mechanisms from your chemical structure. This module
includes a comprehensive set of known reaction mechanisms and library mechanisms that
support automated prediction.

For a complete description of the features in the Fragments & Mechanisms window, see
Chapter 6, “Fragments and Mechanisms Module.”

You cannot open the Fragments & Mechanisms module directly from the Mass Frontier
application window. You must generate this module from your data in the Structure Editor or
Database Manager module. For additional information, see Chapter 4, “Structure Editor
Module,” or Chapter 2, “Database Manager Module.”

Figure 18. Fragments & Mechanisms window
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Report Creator

Use the Report Creator module to create customizable reports from modules displayed on the
screen. You can print or export reports as PDF files.

For a complete description of the features in the Report Creator window, see Chapter 15,

“Report Creator Module.”

Figure 19. Report Creator window
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Figure 20. Report Preview window
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Installing the Mass Frontier Application

To install the Mass Frontier application with its components, you must have access to an
administrator account on the Windows Vista operating system or an account with
administrator rights on the Windows XP operating system. You also have the option to install
the Xcalibur data system with local user access before installing the Mass Frontier 7.0
application.

From the installation CD, you can install the Mass Frontier application and libraries as a local
installation or as a client/server installation.

IMPORTANT Because of the high variability of Windows versions and service packs, you
might be prompted to install additional Microsoft system components that are in the
Setup Launcher.
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Local Installation

The Mass Frontier application and libraries reside on the same computer. To run the Mass
Frontier application locally, this computer must have the following applications:

* Microsoft SQL Server 2005 Express Edition SP3
* Mass Frontier Server Manager

* Mass Frontier

Note The Mass Frontier 7.0 application is bundled with Microsoft SQL Server 2005
Express Edition SP3 and the Mass Frontier Server Manager software.

< To install Mass Frontier 7.0 as a local installation
1. Click SQL Server Express 2005.

The installation of Microsoft SQL Server 2005 Express Edition begins. The installation
can take several minutes.

2. Click Server Manager.

The installation of the Mass Frontier Server Manager 2.0 application begins. This module
manages the creation, installation, conversion, and removal of libraries.

Note If you do not have the Microsoft Backward Compatibility Components
installed on the computer, you will be prompted to install them.

3. Click MSFileReader.

The installation of the Thermo MSFileReader begins. This module manages access to
Thermo Scientific raw data files.

4. Click Mass Frontier.

5. The installation of the Mass Frontier application begins.

Note If you do not have the Microsoft SQL Native Client installed on the computer,
you will be prompted to install it.
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Client-Server Installation

In a client/server installation, you can share libraries over the network.

To run Mass Frontier as a client/server application, the libraries reside on a designated
computer (server). This server must have the following applications:

* Microsoft SQL Server 2005 Express Edition SP3

* Mass Frontier Server Manager

Note The Mass Frontier 7.0 application is bundled with Microsoft SQL Server 2005
Express Edition SP3 and the Mass Frontier Server Manager software.

Other network computers (clients) must have the following applications:

e Mass Frontier

Thermo Scientific

Thermo MSFileReader

To install components on the server

. Click SQL Server Express 2005.

The installation of Microsoft SQL Server 2005 Express Edition SP3 begins. The
installation can take several minutes.

. Click Server Manager.

. The installation of the Mass Frontier Server Manager 2.0 application begins.

This module manages the creation, installation, conversion, and removal of libraries.

Note If you do not have the Microsoft Backward Compatibility Components
installed on the computer, you will be prompted to install them.

To install components on a client computer

. Click MSFileReader.

The installation of the Thermo Fisher Scientific MSFileReader application begins.

. Click Mass Frontier.

The installation of the Mass Frontier application begins.

Note If you do not have the Microsoft Backward Compatibility Components and the
Microsoft SQL Native Client installed on the computer, you will be prompted to
install them.
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New Features in Mass Frontier 7.0

The Mass Frontier 7.0 application includes new features in the Database Manager,

Chromatogram Processor, and Report Creator modules.

New Database Manager Features

The Database Manager module has new features in its tree comparison and automatic

fragment annotation algorithms.

* Tree Comparison

The Mass Frontier tree comparison function has added these new features:

You can insert the left tree from the current record, Clipboard, or searched tree (if the
current record is the result of a tree search). The right tree is the current record.

The first group of options (Type, Method, Match Stage, and Ignore Top Stage)
affects the calculation of the match factor. The meaning of the parameters is the same
as for the tree search in previous versions of the Mass Frontier application.

Sync Best Match: If you select a spectrum in the left or right tree, the most similar
spectrum is selected in the opposite tree. If no spectrum matches, the text “No sync
match found” appears under this check box.

Total Best Match: The two spectra with the highest match factors are selected in both
trees.

Copy to Compare Spectra: You can show selected spectra in the Compare Spectra

tab.

* Automatic Fragment Annotation

The automatic fragment annotation algorithm now includes the following new features:

Improvements that consider all precursors within the range of the isolation width.

Modifications of the explained peaks affecting the precursor fragments of all the
dependent nodes.

The ability to annotate peaks under the specified threshold.

For information about the new Database Manager features, see Chapter 2, “Database
Manager Module.”

24 Mass Frontier User Guide

Thermo Scientific



1 Introducing Mass Frontier
New Features in Mass Frontier 7.0

New Chromatogram Processor Features

Thermo Scientific

The Chromatogram Processor module in the Mass Frontier 7.0 application includes changes

to the FISh algorithm, thresholding, baseline correction, smoothing, joint component
detection, action handling, component search, and chromatogram access.

* FISh algorithm

Enhancements to the FISh algorithm include these features:

—  Use of the m/z list as a model.

—  Extending the model by mass shifts.

—  The ability to perform FISh with neutral loss analysis for MS/MS scans.

—  Detection of integrated components.

—  The ability to automatically localize the site of modification through color coding of

fragments common to the parent component.

— A more intuitive graphical user interface with flexible, comprehensive options and the

ability to define the FISh model with one click.
* Thresholding, correcting baselines, and smoothing
A new wizard is available for thresholding, baseline correction, and smoothing.
* Joint component detection
A new wizard is available for joint component detection.
* Tools

The Chromatogram Processor module includes two new tools:

—  Slide bars to help you visualize processing parameters.

— Actions that you can apply to chromatograms (base peak chromatograms, selected
ion chromatograms, forced mass tolerance, thresholding, FISh, baseline correction,
smoothing, and component detections) in the Chromatogram Processor window.

You can save these actions to a file and load them. You can also drag them and drop
them between Chromatogram Processor windows. In addition, you can activate and
deactivate them, and reorder, modify, and remove them.

Components search

You can directly access the component search and the hit selector from the
Chromatogram Processor window. The results of the component search appear in short
form in the ToolTips.

Save/open chromatogram

You can save and load chromatograms with components, extracted ion chromatograms
(XICs), selections, and actions in the new format.

For information about the new Chromatogram Processor features, see Chapter 8,
“Chromatogram Processor Module.”
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New Report Creator

With this new module, you can create comprehensive, flexible, reusable reports and then
customize them.

For complete information about the Report Creator, see Chapter 15, “Report Creator
Module.”
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Application Limitations

Thermo Scientific

Although the Mass Frontier application is fully featured, there are application limitations.

* The application deals primarily with small organic structures rather than peptides and

other biologically-related molecules. The Structure Editor and other modules dealing
with structures have a limit of 199 non-hydrogen atoms per structure. When you exceed
this number, a message appears, which reminds you of this limitation.

The application is designed for pure substances only. It does not accept mixtures. The
system considers a mixture to be two or more structures, depicted in the same window,
which are not connected by a bond (represented as a line). If you try to generate
fragments and mechanisms from a mixture, a message alerts you that this action is not
permitted. The Check Structures option will also detect mixtures as an error. For
additional information, see Chapter 4, “Structure Editor Module.”

However, library utilities support mixtures to ensure backward compatibility with
commercial libraries. You may add mixtures to a user library, but the Fragmentation
Library does not support mixtures.

New aspects of the Mass Frontier system have greatly extended the automated generation
of fragments and mechanisms, but some restrictions still remain. For additional
information, see “Previewing Unimolecular Reactions” on page 193. The Mass Frontier
application offers the ability to select reagent gases for chemical ionization. However, it
cannot modify the relative ionization potentials of reagent gases. Negative ionization
(deprotonation) is only supported using the Fragmentation Library. For additional
information, see Chapter 7, “Fragmentation Library.” There are no general rules for
negative ionization. Because “soft” ionization techniques are mainly low energetic
experiments, which often yield complex skeletal and “random” rearrangements, the
predictability of these fragmentation and rearrangement processes is not as high as what
can be attained by electron impact ionization. You can improve the degree of
predictability by using compound specific fragmentation mechanisms in the
Fragmentation Library module.

The Mass Frontier application is primarily designed for neutral and single charged
molecules. As a consequence you can attach the charge symbol (+ or -) to only one atom.
If the charge multiplicity is described, in general you can use the unspecified charge
location option in the Structure Editor window. None of the modules support biradicals.

This application supports high resolution mass spectra with an 7/z range of 1-3000 mass
units. Classification modules allow only 800 peaks per spectrum. If a spectrum contains

more than 800 peaks, the classification procedure selects the 800 most prominent peaks.
For additional information, see Chapter 10, “Spectra Classifier Module.”

* All spectral modules support spectral trees except Spectra Classifier, which uses total

composite spectra generated from spectral trees. For additional information, see
Chapter 3, “Spectral Tree Module.”

Mass Frontier User Guide 21






Database Manager Module

The Database Manager module manages spectral and structural information in a SQL Express
database.

Contents

* Using the Database Manager Window

* Using the Info Page

* Using the Mass Differences Page

* Using the Compare Spectra Page

* Using the Compare Trees Page

* Working with Spectral Records

* Displaying Isotope Patterns

* Assigning Fragments to Spectral Peaks

* Exchanging Mass Spectral Data Between Modules
* Using the Library Pane

* Processing Data-Reduced Chromatograms

* Using the Search Utilities

The Database Manager module includes library maintenance utilities that let you create and
organize spectral and chromatographic libraries with chemical structures. Because the Mass
Frontier application supports ion structures and spectral tree representation, you can also
create true MS" libraries. Advanced library query and search features provide access to the
information you need to identify compounds and can help you interpret unknown spectra.
The Database Manager module provides a flexible set of search restrictions to target your
search results.
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The following figure identifies key toolbar buttons, panes, and tabs in the Database Manager
window.

Figure 21. Database Manager window
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Editable Work library

30 Mass Frontier User Guide Thermo Scientific



2 Database Manager Module
Using the Database Manager Window

Using the Database Manager Window

Structural and spectral data are organized in spreadsheet-like pages with a variety of
supplementary information. To organize your libraries, search results, and other data, you can
move spectra-structure pairs from one Database Manager window to another.

The Database Manager module provides a customizable tool for creating reports that you can
either print directly or copy to a word processor to create more advanced reports.

For each record in the Database Manager window, you can view the mass spectrum, a list of
peaks, or the compound identification information and the neutral losses spectrum (when the
molecular mass is available). You can also compare two spectra.

This section includes the following topics:
* Opening a Database Manager Window
* Using the Detachable Panes
* Using Libraries in the Database Manager Window

* Using Records in the Database Manager Window

Opening a Database Manager Window

Thermo Scientific

The number of Database Manager windows that you can simultaneously open is limited only
by your system resources so that you have unconstrained flexibility in handling spectral and
structural data.

Follow these procedures:
* To open an empty Database Manager window
* To load mass spectra into the Database Manager window
* To load search results in a Database Manager window
* To zoom and pan in the graphical display
< To open an empty Database Manager window
Do one of the following:
Click the Database Manager button, , in the Mass Frontier toolbar.
—or —
Choose Tools > Database Manager from the Mass Frontier main menu.

An empty Database Manager window opens.
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< To load mass spectra into the Database Manager window
1. Choose File > Open > Mass Spectrum from the Mass Frontier main menu.
The Open Spectrum dialog box opens.
2. Select an .msp or .jdx file and click Open.

The mass spectra file opens on the Spectrum page.

Spectum | [nfo Data | Masz Differences | Compare Spectra | Compare Trees B
127.00
100.00—
75.00-]
] 8800
50.00-]
] 15500
25.00—|
21.00 21400
| 4200 A3.00
‘ ‘ ‘ | 57.00 102.00 158 00
S P AT T T T . .

rrrrrJprrrrrrrrprrroprrr e ED

40.00 &0.00 20.00 100.00 120.00 140.00 160.00 180.00 200.00

< To load search results in a Database Manager window
1. Choose Search > any criteria from the Mass Frontier main menu.

The Library Search dialog box opens for the selected type of search. Each dialog box
contains parameters specific to the type of criteria you are searching, but all Library
Search dialog boxes include a Libraries area and a merge results option.

2. In the Libraries area, select the Active option for all the libraries you want to search.

Librariez

# Active Mame
& # HighChem ESI Meg 2006 %
3 ## HighChem ESI Pas 2008

"y E HighCherm Fragmentatior s
>

T TE R MO

3. Select or clear the Merge Results into Active Database Manager Window option.

] tMerge results into active Database Manager window

* When selected, the application displays the search results in the current Database
Manager window and adds the search results to the Work spreadsheet.

* When cleared, the application displays the search results in a new Database Manager
window.

4. Click OK in the Library Search dialog box.

The application searches the selected libraries and adds the search results to the Work
spreadsheet in the specified Database Manager window.
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To zoom and pan in the graphical display

R LLE MEN

Click the Hand button, & , in the Mass Frontier toolbar and drag the hand to pan
horizontally or vertically.

Similarly, hold down the H keyboard key or the Spacebar to change the cursor to the
hand.

Click the Zoom Out button, (=) , in the Mass Frontier toolbar.
Click the Zoom In button, (*), in the Mass Frontier toolbar.

Click the Zoom to Box button, (5 , in the Mass Frontier toolbar and describe a
rectangle.

Similarly, hold down the Z keyboard key and describe a rectangle.
Click the Zoom Reset button, , in the Mass Frontier toolbar to return to full scale.

Click the Zoom Undo button, (¥} , in the Mass Frontier toolbar to undo the last zoom
operation.

Click the Zoom Redo button, T, in the Mass Frontier toolbar to restore the last zoom
operation.

Use the scroll wheel on the mouse to zoom the entire display.
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Using the Detachable Panes

Spectral tree and structure panes are detachable windows that you can place anywhere inside

or outside of a Database Manager window.

Follow these procedures:
* To detach the spectral tree or structure pane

* To turn the spectral tree or structure panes off and on

< To detach the spectral tree or structure pane
1. Click the header of the spectral tree or structure pane.

2. Drag the panes to a new location anywhere on your desktop.

¥ Database Manager: 1
D @AE -9 & | e | Ml l|8-%5-

Spectum [Infa | Data | Mass Differences | Compare Speetra | Compare Tress|

&
El

File M32 30510 oho e
26120 J\:O
HH
15118
23233 | e 308.47
521158 307.51
f freet] 16114 18117 19931 2T =85 || 3 Q.
File MS3 261.10 T T T T e T 2y
3209 100.00 12500 150.00 175.00 20000 22500 250,00 27500 300,00 325, @
15436 195 13 l : ESI Neg 2002 R] | # HighChem ES| Pos 2008 [R] | B HighChem Fi ion Library [R, CP] | "1 NI Hotf
= ss Formula Title iz 306 07

CieHuM2045  [Mopes ine

CaHpCNOs  [[144-chlorsbenzoyl}-5-methory-2-methylindol-3yllacetorylacetic acid

163.0303 CgHgNO35 Lg:-acetamido-f-mercaptapropionic acid
180.0423 CaHgOy acetylsalicylic acid
&)

At any time, you can reattach the pane to the Database Manager window.

3
A3

3. To reattach a pane, do the following:
a. Click the header of the pane.

b. Move your cursor to the left or right edge of the upper pane of the Database Manager

window.

When the pane is ready to reattach, the frame snaps to the location reserved for it in

the Database Manager window.

Tip The snap is triggered by the location of the cursor on the edge of the upper
pane, not the location of the detached pane.
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c. Release the mouse.

) Database Manager: 1
D @AEA N 9T |&a
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edge, the detached pane snaps
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Tip You do not have to attach the Spectral Tree pane to the left side of the
window and the Structure pane to the right side (the default locations). You can
swap sides or attach both panes to one side of the Database Manager window.
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% To turn the spectral tree or structure panes off and on
1. Click the Show Spectral Tree button, £ , to turn on the Spectral Tree pane.

This is a useful feature when, for example, you are dealing with single stage spectra (not
MS/MS) and do not need a spectral tree pane.

2. Click the Show Structure button, [{I, to turn on the Structure pane.

These toggle features work even when the panes are detached from the Database Manager

window.
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Using Libraries in the Database Manager Window

36
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In the Database Manager window, all installed libraries are represented as tabbed pages in the
lower pane.

Q Wwiark, H HighChem ES| Meg 2008 [R] H HighChem ESI Pos 2008 [R] fult) HighChem Fragmentation Library [R. CP]

To add a library to the Database Manager window, use the Install Library feature in the Server
Manager window. Similarly, to remove a library, use the Uninstall Library feature in the Server
Manager window. The Mass Frontier software package includes the HighChem Spectral Tree
Library (electrospray ionization (ESI) positive and negative) and the HighChem
Fragmentation Library.

To open a library, click the library tab in the Database Manager window. To switch between
spectral and fragmentation displays, click the Tree or Fragmentation tabs on the right side of
the upper pane.
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Using the Database Manager Window

A single record in the Database Manager window contains one spectrum with a structure

(when available) or one spectral tree with associated structures (when available) and
complementary information associated with the record. See “Using the Info Page” on page 38.

Each record is visually represented as a single row in the Spreadsheet view. Triangular
symbols, » or ¥, point to the active record. The structure, spectrum, spectral tree, and any
other available information are displayed for the active record in the upper pane of the
Database Manager window. See “Using the Library Pane” on page 66.

Figure 22. Displaying an active record in the Database Manager window
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Active record
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Using the Info Page

In addition to the mass spectrum or spectral tree and the chemical structure, each record on
the Info page can include compound identifications, property, and origin information. The
Info page contains editable fields organized by groups and subgroups. You cannot edit fields
that display information automatically calculated from a chemical structure (formula,
molecular mass, and so on) or acquisition settings adopted from a file. Text in noneditable
fields is grayed out.

Note Both the Tree and the Fragmentation pages have Info tabs. The contents are
identical.
The information on the Info page is divided into four groups:

* Compound
Names, ID numbers, physical properties, and biological activity information

¢ Tree (associated with the entire tree)
Comments, operator, instrument, and sample information

* Node (associated with a tree node [allows one chromatogram per tree node])
Chromatographic data

* Spectrum (associated with the selected parallel spectrum)

File, MS/MS, and scan information

Make sure you understand the connection between data on the Info page and the spectral tree
hierarchy.

Each parallel spectrum contains its own data in the Spectrum group because you can acquire
parallel spectra under different experimental conditions (collision energy, isolation width, and
so on) that you must store independently. In the Mass Frontier application, you can select
items that you want displayed on the Info page for each library. See “Using the Info Page” on
page 38.
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Figure 23. Info page
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When a record is saved in a library, all data on the Info page is automatically stored in the
SQL database. To permanently store any change, update, or deletion on the Info page, save
the corresponding record in the library.

The list of information associated with a record might contain a large number of items that

remain largely unused.

You can select items to appear on the Info page for each library.
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<

*

To exclude items from the information list

1. Choose Options > Info Tab Layout from the Mass Frontier main menu.

The Info Tab Layout dialog box opens. The left pane lists all the available information
groups and items that you can display in the Database Manager window. The right pane
mirrors the current Database Manager display for the selected library.
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H HighChem ESI Neg 2008 |'I-I HighChem ES| Pos 2008 | BB HighChem Fragmentation Library | ™ NIST | & User Library|
Hide Compound (| ~
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fgﬁ' E;rn;:ler = Physical Properties
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EC Murnber i Tree
BRM Comments
Merck Index
i t:
Beilstein Index CIULEL
RS Operator
Other ID's Cperator
=1 Physical Properties Institut
Bailing Point
Melting Point el
Ciptical Rotation E-mai 2
Physical Appearance e =
Stahility Soplvie:
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2. Click the tab for the library you want to edit.
3. To hide any item of information, do the following:
a.  Select the item in the left pane.

b. Right-click and choose Hide from the shortcut menu or click Hide at the top of the
pane.

The item is not available in the left pane. Until you click Apply, the items are still
represented in the right pane.

Note To show a hidden item, repeat step 3, clicking Show instead of Hide.
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. To hide an entire group of information, do the following:

a. Select the group heading in the left pane.

b. Right-click and choose Hide from the shortcut menu, or click Hide at the top of the
pane.

All items in the group are not available in the left pane. Until you click Apply, the items
are still represented in the right pane.

Note To show a hidden group, repeat step 4, clicking Show instead of Hide.

. In the Apply To area, do one of the following:

a. Select the Current Library option.

b. Click Apply.

c.  Verify your changes in the right pane.

d. To make changes to another library, repeat step 2 through step 5.

—or—

a. Select the Selected Libraries option.

b. Select the check box for each library that you want to apply the changes to.
c. Click Apply.

d. Verify your changes for each library in the right pane.

. To make changes to another libraries, repeat step 2 through step 5.

. Click OK.
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Using the Mass Differences Page

Use the Mass Differences page in the Database Manager window to select any peak and view
the mass differences to the right and left (possible precursor-product ions). You can move the
m/z scale using the track bar at the top of the page. When molecular mass information is
available, the zero value of the m/z scale automatically starts at the molecular mass—that is, a
standard neutral loss spectrum is displayed. In this case, a blue selection bar in the track bar
marks the shift of the 7/z scale with respect to molecular mass. You can enlarge the graphic to
see the number for less prominent peaks when there are a large number of peaks close to each
other.

Figure 24. Mass Differences page
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Using the Compare Spectra Page

Use the Compare Spectra page in the Database Manager window to compare two spectra.
* The bottom spectrum is from the active record currently selected in the Spreadsheet view.
* The middle spectrum displays the difference between the top and bottom spectrum.
* The top spectrum is initially blank.

You can add the currently selected record to the top spectrum or paste a record from the

Clipboard.

After a spectrum search, the first spectrum in the results list is automatically pasted to the top
pane so that you can view the peak differences of spectra in the active spectrum and the
queried spectrum.

The peaks in the top and bottom spectra have different colors. For the middle spectrum, the
application derives the difference peak color from the spectrum that has a more abundant
peak at a particular 7/z value.

Figure 25. Compare Spectra page
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Table 1. Compare Spectra parameters
Parameter Description
Add Adds the currently selected spectra to the top pane.
Paste Pastes the spectra on the Clipboard to the top pane.
Searched Adds the queried spectrum to the top pane.
Difference Spectrum Displays the difference between the top and bottom spectrum.
Active Spectrum The active record currently selected in the Spreadsheet view.
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Using the Compare Trees Page

Use the Compare Trees page in the Database Manager window to compare trees from
different Database Manager windows.

Figure 26. Compare Trees page
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Table 2. Compare Trees parameters

Parameter Description

Type Similarity or Identity

Method Specifies a HC Low, NIST, or HC Low-High peak comparison
method.

Martch Stage Uses an identity search with the MS" stage of the tree spectra. The
stage of both nodes must be the same.

Ignore Top Stage Excludes the top-level tree (full scan, source CID). Use this only
when you select Match Stage.

Sync Best Match Select the most similar spectrum in the second tree.

Total Best Match Select the most similar spectrum in both trees.

Copy to Compare Copies these to the Compare Spectra page. See “Using the

Spectra Compare Spectra Page” on page 43.
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Working with Spectral Records

In the Database Manager window, you can modify the records in a user library by copying
records from other libraries, importing records from Microsoft Excel spreadsheets, or
modifying the structures for the records.

You can exchange mass spectra between the Database Manager window and the Excel
spreadsheet by using the export and import features. For additional information, see
“Exporting Data to an Excel Spreadsheet” on page 388 or “Importing Spectra from an Excel
Spreadsheet” on page 391.

This section includes the following topics:
* Managing Spectral Records
* Exporting Data to an Excel Spreadsheet
* Importing Spectra from an Excel Spreadsheet

* Adding Structures to a Record
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Managing Spectral Records

46

You can copy or move records to different locations in the Spreadsheet view in the same

Database Manager window. This lets you organize and maintain your experimental data or

search results.

Follow these procedures:

Mass Frontier User Guide

To open a mass spectrum from a file

To save one or more spectra

To select multiple records in the Work spreadsheet
To select multiple records in a database spreadsheet
To copy records

To cut records

To paste records to the Work spreadsheet

To copy spectra from the Chromatogram Processor

To open a mass spectrum from a file

. Do one of the following:

Click the Open button, [Z - , in the Mass Frontier toolbar and choose Mass Spectrum
from the menu.

Choose File > Open > Mass Spectrum from the Mass Frontier main menu.

The Open Spectrum dialog box opens. By default, both NIST MSP and JCAMP-DX file
types are displayed.

. Select a file and click Open.

The application adds the records in the selected file to the spreadsheet in the Work library.

To save one or more spectra

. Select one or more records that contain the spectra you want to save.

See “To select multiple records in the Work spreadsheet” on page 47.

Do one of the following:

Click the Save button, [§ , in the Mass Frontier toolbar and choose Spectrum from
the menu.

Choose File > Open > Spectrum from the Mass Frontier main menu.

The Save MS Spectrum dialog box opens.
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3. Select the data format in the Save as Type list.

4. Type the file name in the File Name box and click Save.

Tip Mass Frontier is a 32-bit application, so you can use long names to save
structures. You can save spectra by their actual names, such as
1-Amino-2-hydroxyindane.mol.

To save a spectrum with a long name, use CTRL+C to copy the name from the Info
page, and then paste the name in the File Name box.

% To select multiple records in the Work spreadsheet
Do one of the following:
Select the first record, hold down the SHIFT key, and select the last record.

Drag the cursor from the first record to the last record.

% To select multiple records in a database spreadsheet

Hold down the CTRL key while you select multiple records.

Note In a read-only database library spreadsheet, you cannot use the SHIFT key or
drag the cursor to select a range of records.

< To copy records

1. Select the records in the Database Manager spreadsheet.

Note You cannot copy records from the copy-protected HighChem Fragmentation
Library.

2. Do one of the following:

Click the Copy button, -, in the Mass Frontier toolbar and choose Selected Rows
from the menu.

Choose Edit > Copy > Selected Rows from the Mass Frontier main menu.
Right-click and choose Copy > Selected Rows from the shortcut menu.

When you copy a record, the application copies the graphic of the selected mass spectrum to
the Clipboard. When you select more than one record, the application copies only the graphic
of the spectrum in the first record to the Clipboard. You can then paste this graphic into any
Windows application.
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To cut records

1. Select the records in the Database Manager spreadsheet.

You can cut only from an editable library.

. Do one of the following:

Click the Cut button, % = , in the Mass Frontier toolbar and choose Selected Rows
from the menu.

Choose Edit > Cut > Selected Rows from the Mass Frontier main menu.

Right-click and choose Delete > Selected Rows from the shortcut menu.

When you cut a record, the graphic of the selected mass spectrum is copied to the Clipboard.

When you select more than one record, only the graphic of the spectrum in the first record is

copied to the Clipboard. You can then paste this graphic into any Windows application.

R
*»*

To paste records to the Work spreadsheet

1. Select the Work spreadsheet.

2. Do one of the following:

Mass Frontier User Guide

Click the Paste button, [ - , in the Mass Frontier toolbar and select Rows from the
menu.

Choose Edit > Paste > Rows from the Mass Frontier main menu.

Right-click and choose Paste > Rows from the shortcut menu.

To copy spectra from the Chromatogram Processor

. In the Chromatogram Processor window, right-click the Spectrum page and choose

Copy > Copy MS Spectrum from the shortcut menu.

. In the Database Manager window, right-click the Spectrum page and choose

Paste > Spectrum from the shortcut menu.

You can now extract spectral scans and move them to the Database Manager window for
further processing.
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Exporting Data to an Excel Spreadsheet
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You can export four types of data from the Database Manager window to an Excel

spreadsheet: text tables, graphics, mass spectra in numerical table format, and spectral trees

(see “Copying and Pasting a Spectral Tree” on page 116). Because you can access all these
types at the same time, you must specify the type of data you want to move to the Excel
spreadsheet.

Follow these procedures:

To export data records
To export mass spectrum or mass differences graphics
To export a mass spectrum in numerical table format

To use an Excel spreadsheet as an editor

To export data records

. Select one or more records on the Spreadsheet page in the Database Manager window.

. Do one of the following:

Click the Copy button, = , in the Mass Frontier toolbar and choose Selected Rows
from the menu.

Choose Edit > Copy > Selected Rows from the Mass Frontier main menu.
Click the Excel spreadsheet to make it active.
Right-click the Excel spreadsheet, and choose Paste from the shortcut menu.

The application pastes the records into the spreadsheet.

A B C D E
1
2 * 229.0479 CEHBCINTO amipramidin
3 * 244.0882 C10H16MN2035 3"-[1-hydroxy-2-{methylam
4 * 239.1077 C13H1BCINO bupropion
5
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To export mass spectrum or mass differences graphics

. Choose Microsoft Office > New Microsoft Excel Worksheet from the Mass Frontier

main menu.

. Do one of the following in the Database Manager window:

Click the Spectrum tab.
Click the Mass Differences tab.

The mass spectrum or mass differences spectrum must be visible before you can copy it.
For detailed information about the content of the spectrum and mass differences pages,
see Chapter 2, “Database Manager Module.”

. Do one of the following;

Click the Copy button, - , in the Mass Frontier toolbar and choose Spectrum from
the menu.

Choose Edit > Copy > Spectrum from the Mass Frontier main menu.

. Click the Excel spreadsheet to make it active.

. Right-click the Excel spreadsheet, and choose Paste Special from the shortcut menu.

The Paste Special dialog box opens.

. Select Picture (Enhanced Metafile) and click OK.

The application pastes the spectra graphics into the spreadsheet.

E1 Microsoft Excel - Worksheet3

e

A B C D E F G H
1
2
30535

5 | 10000 HH;
4 o NH;
5 ] 03 0 .

— - 2
6| ™07 050
5 ] HgN@ n il
8 ] Loy 0350
g 5000 0 @ N
10 -
11 ] ENH
17| 2500 o
13 ] 2211 151.18 306.47

. 30751
. A I | 12214 I 181.17 23 44{5251_48237.25 { 5876
15 ) |||||||||||||||||||||||||I||||I|||||JT\|||I||||
16 000 9000 12000 15000 180.00 21000 24000 270.00 30000 33000 350.00
17
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< To export a mass spectrum in numerical table format

1. In a Database Manager window, click the Data tab to make the 72/z and abundance table
visible.

2. Do one of the following:

Click the Copy button, - , in the Mass Frontier toolbar and choose Spectrum from
the menu.

Choose Edit > Copy > Spectrum from the Mass Frontier main menu.
3. Click the Excel spreadsheet to make it active.
4. Right-click the Excel spreadsheet, and choose Paste from the shortcut menu.

The application pastes the record data into the spreadsheet.

£ Microsoft Excel - Worksheet1

[ A B C D

1 |m/z Abundance  Accuracy  Resolution

2 33.09 35493672 0.5 0.5
3 35.11 15956602 0.5 0.5
4 47.27 37226953 0.5 0.5
] 60.46 141307891 0.5 0.5
6 61.29 16430493 0.5 0.5
7 65.42 84593373 0.5 0.5
3 94.39 23626432 0.5 0.5
9 136.27 13775699456 0.5 0.5
10 137.3 1340118340 0.5 0.5
11 138.34 88444076 0.5 0.5
12 143.17 144335023 0.5 0.5
13 149.28 13502487 0.5 0.5
14 153.22 52275005 0.5 0.5
15 158.13 1056194728 0.5 0.5
16 159.12 109676827 0.5 0.5

< To use an Excel spreadsheet as an editor

Export a spectrum or tree to an Excel spreadsheet, edit it, and then import the edited
spectrum or tree into the Database Manager window.

Using the Excel application’s editing features is useful when, for example, you have an
experimental spectrum with several noise peaks at high 72/z values that you want to delete
or you want to extract part of a spectrum that is important to your report or presentation.
For obvious reasons, do not add, delete, or alter prominent peaks.
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Importing Spectra from an Excel Spreadsheet

You can import mass spectra or spectral trees stored in an Excel spreadsheet to the Database
Manager window (see “Copying and Pasting a Spectral Tree” on page 116). You can organize
spectral tables horizontally or vertically.

Note The Mass Frontier application supports standard tables with separated numbers, so
you can also import spectra from other applications.

% To import spectra from an Excel spreadsheet
1. Make sure your table contains mass spectra.
2. Select the table you want to export into the Mass Frontier application.
3. Right-click the Excel spreadsheet, and choose Copy from the shortcut menu.

4. Choose Edit > Paste > Spectrum in the Mass Frontier main menu.

< To correctly interpret m/z values and abundance
Follow one of these conventions:

* When the spectral table is vertical, the first column must be the 7/z value and the
second must be abundance.

* When the spectra are vertically oriented, the first column is abundance, and the
second column is the m/z value, label the first row of the first column “Abundance”
and the first row of the second column “m/z.”

* When the spectral table is horizontally oriented, the first row must be the m/z value
and the second row must be abundance.

* When the spectra are oriented horizontally, the first row is abundance, and the
second row is the m/z value, label the first column of the first row “Abundance” and
the first column of the second row “m/z.

IMPORTANT The third column can be accuracy in AMU. When the accuracy column is
not present, the application uses the default value from the Tolerance Settings on the
Options dialog box. See “Specifying Mass/Abundance Options” on page 381.
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Adding Structures to a Record

The Database Manager module uses chemical structures at every stage, and you can add these
chemical structures to a corresponding record. You can create user libraries with structures
including isotopes, ions, radicals, and optically active compounds. You can use structures in
the Database Manager window in connection with the Fragments & Mechanism window to
check the consistency of a mass spectrum and chemical structure. You can use the Database
Manager features to perform structural elucidation by modifying the input structure and
regenerating product fragments.
Follow these procedures:

* To add a structure to a record that contains a tree

* To add a structure to a peak

* To paste a structure to a record

* To import structures into records

* To assign a structure to a peak

* To add formatted text to a peak

* To add an annotation to a peak
< To add a structure to a record that contains a tree

1. Select the appropriate node by clicking any spectrum in that node.

When dealing with spectral trees, structures are associated with nodes and not with an
entire tree.

2. Assign fragments for product spectra.

This is useful for elucidation and database maintenance of collision-induced dissociation
(CID) spectra.

The top level node, MS!, holds structural information about the neutral compound. A
structure displayed in the Database Manager window is associated with a selected node. You
can add a structure not only to a spectrum or tree node but also to any peak.

% To add a structure to a peak

1. Click the Assign Structure to m/z Value button, t:ij , in the Database Manager toolbar.

Note Do not confuse this button with its generic equivalent in the Mass Frontier
toolbar, which opens a Structure Editor window that does not automatically connect
the fragment to its spectral peak.

The Structure Editor — Database Manager dialog box opens.
2. Draw a fragment or open a structure.

For detailed instructions about using the Structure Editor, see “Structure Editor Module”
on page 125.
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. When you finish the fragment, click OK.

Based on the fragment's 7/z value, the application automatically connects your structure
to its spectral peak in the Spectrum pane.

. To connect the fragment to a different peak, drag the connecting circle at the baseline to

any other peak.

To resize the drawn fragment, click the fragment and drag the handles.

Note Structures assigned to spectral peaks are not searchable.

3.
4.

To paste a structure to a record

. Copy the structure to the Clipboard.

You can copy a structure into the Database Manager window from anywhere in the Mass
Frontier application.

In the Database Manager spreadsheet, select the record you want to paste the structure
into.

When processing a tree, select the node you want to paste the structure into.

Choose Edit > Paste > Structure from the Mass Frontier main menu.

When you add a structure to a record or replace an existing structure, the word “Updated”
appears at the bottom of the structure pane. When you change anything in the record,
including the structure, a small circle is displayed in the ID Number column in the
spreadsheet. After you have added or changed a structure, the application automatically
calculates and updates the molecular formula and molecular mass.

When you add a structure to a tree node or replace an existing structure, the Restore Precursor
m/z button, [F , at the bottom of the structure pane becomes active, if the molecular mass of

the structure differs from the existing precursor 7/z value. Using this button, you can set the
precursor m/z value of the active product spectrum according to the molecular mass of the
drawn structure.

iz 21303 Updated
myfz (154, 00| (18342 - [1ad.82 ) ©F

0 N|H

ClL__N NP%Jr
w

HN™ "HT THH,
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< To import structures into records
1. In the Database Manager spreadsheet, select the records you want to add structures to.
2. Choose File > Open > Structure from the Mass Frontier main menu.

3. Select a .mol, .mcs, or.tml file and click Open.

< To assign a structure to a peak
1. In the Database Manager window, click the Data tab.
The Data page lists all peaks in the spectrum.

2. Select the row of the peak.

Spectum | Info Data |MassDifferences Compare Spectra | Compare Trees

mi'z | .t’-‘-.bundancel Res. [res. pow.) | lon Type | Fragment | Annotation |
1 33.09 0.26 BG.2
2 RN ni1z T8z
; by s g wmm
4 £0.46 1.03 121

3. Click the Structure Editor button, D, in the Fragment column.
The Structure Editor opens.

4. In the Structure Editor, create the structure you want to assign to the selected peak, and

click OK.

The structure is added to the peak.

Spectrurn || Infa Data |MassDifferences Compare Spectra | Compare Trees

mi'z | .-’-‘«bundance| Res [rez. pow.) | lon Type | Fragment | Annotation |
1 33.09 0.26 B6.2
2 [N 012 7.2
3 CE T N I
4 E0.4E 1.03 121

For details about using the Structure Editor, see Chapter 4, “Structure Editor Module.”

Note You cannot search structures assigned to spectral peaks. Structures are assigned to
the m/z value so the annotation does not require a peak to be present in a spectrum.

< To add formatted text to a peak
1. In the Database Manager window, click the Data tab.
The Data page lists all peaks in the spectrum.

2. Select the row of the peak.
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Spectum | Info Data |MassDifferences Compare Spectra | Compare Trees

mi'z | .t’-‘-.bundancel Res. [res. pow.) | lon Type | Fragment | Annotation |
1 33.09 0.26 BG.2
2 RN ni1z T8z
; by s g wmm
4 £0.46 1.03 121

3. Click the Spectrum tab.
4. Click the Assign Text to m/z Value button, T
5. Move the cursor to the Spectrum page.

The cursor changes to a special text cursor.

Spectum | |nfo || Data

100.00 R
T 1

~

6. Click the Spectrum page where you want to place the text.
The Annotation dialog box opens.

7. Enter your text.

8. To draw a line connecting the peak to the annotation, select the Show Connection Line

check box.
9. Click OK.

The application places the text on the Spectrum page.

Note Text is assigned to the /z value, so the annotation does not require that a peak be
present in a spectrum.
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< To add an annotation to a peak
1. In the Database Manager window, click the Data tab.
The Data page lists all peaks in the spectrum.

2. Select the row of the peak.

Spectum | Info Data |MassDifferences Compare Spectra | Compare Trees

mi'z | .t’-‘-.bundancel Res. [res. pow.) | lon Type | Fragment | Annotation |
1 33.09 0.26 BG.2
2 RN ni1z T8z

a I R N ~ B R
3. Click the Annotation button, D, in the Annotation column.

The Annotation dialog box opens.

M5 Annotation g|
i} xF x, of
Mew annotation.

Show Connection Line
[ ak. ] [ Cahicel ]

4. Enter your text.

5. To draw a line connecting the peak to the annotation, select the Show Connection Line

check box.
6. Click OK.
7. To view the annotated text, click the Spectrum tab.

The Spectrum page displays the annotated text with the optional connecting line.

5 e
SU.DD—_
3'?.50—:
25.00—3 i
12.50—5 @
0.00 : 3911 4787 8046 | . N

3000 4000 5000 s000 7000 =000 S000 10000 11000 1
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Displaying Isotope Patterns

The Isotope Pattern module displays the relevant isotopic profile when you select a structure
or fragment in the Mass Frontier application. You can also calculate the isotope pattern from a
your molecular formula.

Follow these procedures:
* To display the isotope pattern for a structure
* To display the mass, abundance, and accuracy values
* To display the mass tolerance settings
* To save the spectrum as a NIST MSP file

* To zoom and pan in the graphical display

% To display the isotope pattern for a structure
1. Select a structure in the Database Manager window.
2. Choose Tools > Isotope Pattern from the Mass Frontier main menu.

The Pattern page of the Isotope Pattern window opens.

1. Isotope Pattern

= ¢
Pattem |‘-J'alues Parameters
10031 124 05
75—
50
25—
] 247.05
i 24804
0 i | 249..05 25005
rﬁ T T T T I T T T T I T T T T | T T T T I T T T T I
246 247 248 249 250 251
T Monoizotopic mdz; 246.05
CieHuMz025"" "

3. To copy the spectra image, click the Copy as Image button, [z .

58 Mass Frontier User Guide Thermo Scientific



2 Database Manager Module
Displaying Isotope Patterns

< To display the mass, abundance, and accuracy values

1. Click the Values tab.

The Values page of the Isotope Pattern window opens.

1. Isotope Pattern

HS b |[v] e

Pattern | Yalues |F'arameters|

mi'z Rel Abund. Accuracy [mnmu)

100.00

30606 17.10 506
307.06 .72 511
308,06 0.94 512
303.06 013 512
310.06 om 504

- Monoizotopic mdz; 305.06
CaHiaM2045

2. To copy the data, click the Copy as Data button, .

K2

< To display the mass tolerance settings
1. Click the Parameters tab.

The Parameters page of the Isotope Pattern window opens.

1. Isotope Pattern

H & ®

Pattern | Walugs | Farameters |
Marmalize Abundances
bax. Abundance: 100 3
tazz Tolerance
) Unit AM =2 05AMU
() Resolving Power M AM
) ppm 1000000 A
() Masz Tolerance A in AU
(%) Mass Tolerance A M in kLU
Walue: 500 :

I CraHigMa045

2. Enter a maximum abundance value.
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. Select a mass tolerance value.

The application supports these tolerance types:
* Unit
* Resolving power M/AM
« ppm 1000000 x AM/M
* Mass Accuracy (AM in AMU or AM in MMU)
where:
M = m/z (mass-to-charge ratio)
AM = M)-M; (M, M, are two adjacent peaks)

Peaks (m/z values) that fall into the AM band are merged into a single peak (7/z value).

. To open the Tolerance Settings dialog box where you can specify additional tolerance

parameters, click the Program Settings button, @. .

To save the spectrum as a NIST MSP file

. From any page of the Isotope Pattern window, click the Save button, [ .

The Save MS Spectrum dialog box opens.
Type a name for the NIST MSP file (.msp), and click Save.

The application saves the report in the ...\HighChem\Mass Frontier 7.0 \Spectra folder.

To zoom and pan in the graphical display

W INSINOISCIS TG

Click the Hand button, {"? , in the Mass Frontier toolbar and drag the hand to pan
horizontally or vertically.

Similarly, hold down the H keyboard key or the Spacebar to change the cursor to the
hand.

Click the Zoom Out button, (=) , in the Mass Frontier toolbar.
Click the Zoom In button, (*), in the Mass Frontier toolbar.

Click the Zoom to Box button, (5 , in the Mass Frontier toolbar and describe a
rectangle.
Similarly, hold down the Z keyboard key and describe a rectangle.

Click the Zoom Reset button, , in the Mass Frontier toolbar to return to full scale.

Click the Zoom Undo button, (¥} , in the Mass Frontier toolbar to undo the last zoom
operation.

Click the Zoom Redo button, [A), in the Mass Frontier toolbar to restore the last zoom
operation.

Use the scroll wheel on the mouse to zoom the entire display.
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Assigning Fragments to Spectral Peaks

Thermo Scientific

Use the Mass Frontier application for the automated prediction of fragments from a structure.

If you start the generation of fragments from Database Manager window and the active record

contains a structure (an MS! structure for Spectral Tree), the application automatically links

the generated fragments with peaks in the spectra according to their 72/z values. For additional

information, see “Linking Generated Fragments with a Spectrum” on page 216.

Follow these procedures:

To predict fragments from a structure
To automatically assign generated fragments to peaks

To manually assign a fragment structure to a peak

To predict fragments from a structure

. Choose Tools > Fragments and Mechanisms from the Mass Frontier main menu.

Note The selected record must contain an MS! structure in the spectral tree.

The Reaction Restrictions dialog box opens.

. Specify your criteria and click OK.

For details about using the Reaction Restrictions dialog box, see Chapter 6, “Fragments
and Mechanisms Module.”

The Fragments & Mechanisms window displays possible fragments for each explained

peak.

: Fragments & Mechanisms: 1

|',|—J * ] Mecharisms | < M+HTT

iz 4303 [ 440 | 60.06 | 86.03 | 143.01 | 145.03| 155.01 | 170.02) 171.01 | 17204 18803 19 ¢ | mez

Hl]w = Select pozsible fragments with mdz 43.0291 gg 318

86.03

14301
145.03
15501
170.02
170
172.04
188.03
194.08
195.02
196.00
197.03
212.04
213.03
214.06
215.04
230,06

‘TIH
-

fzd3 .03

Lo C i i i i i i i e

®  Default

Resulks for mfz 43,03 Fragment Mo; 1 Selected structure; CHaM 2—' %P
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The application links the generated fragments with peaks in the spectrum (spectra in the
spectral tree) according to their 72/z values. On the Spectrum page, the explained peaks
are highlighted in red. See “Linking Generated Fragments with a Spectrum” on page 216.

Spectum |Inf0 Data | Mass Differences | Compare Spectra | Compare Trees I -=
L)
230.10
100.00— 0 HH L_/———ﬂ
] Cl_N 4L
] : MH "NH,
57.50] | .
] H W™ "N™ "HNH, o N|H
75.00-] Cl:ﬂNf’LN&Jr
d HoH 7N 7 T HH,
62.50-
50.00
37.50
1 232.10
25,00
12,50
] 19518 25380
i | 2 |241.D3 |
: L L L L
50.00 75.00 100.00 125.00 150.00 175,00 200.00 22500 250.00 275.00

3. To display the mechanisms leading to an explained peak, click Mechanisms in the
Fragments & Mechanisms window and then do one of the following:

In the Fragments & Mechanisms window, select the 72/z value of a peak.

a.  On the Spectrum page of the Database Manager window, hold your cursor over a

highlighted peak.

A yellow triangle indicates the active peak.

2340

mfz 230,10+0,50 l
o WH

b. Click the peak.

The Fragments & Mechanisms window displays all mechanisms leading to the selected

peak.

Figure 27. Fragments & Mechanisms window

Fragments & Mechanisms: 1

@ = [ ] Fragments Lo
’ . . . . . ! . . ] W miz23006 | 4 ¢ [E17002 A
172.04 | 188.03 | 194.08 | 195.02 | 196.00 | 197.03 | 21204 | 213.03 | 214.06 21504| 0
| u 172,04
=) 188.03
gt =) 195.02
q M & hH H 5 13600
1 i) I%L Cl ) I%L = 157.03
-~ NH "HNH; ——» = NH THH, 5 21204
| - | - = 213.03
H 214.06
Hzil™  "N°  HHg HyN™ N7 TNH 5 2101
12230 06 :
Results For mjz 230.06 Fragment Mo: 1 Selected structure: none
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To automatically assign generated fragments to peaks

. Choose Tools > Fragments and Mechanisms from the Mass Frontier main menu.

The Reaction Restrictions dialog box opens.
Specify your criteria and click OK.

For details about using the Reaction Restrictions dialog box, see Chapter 6, “Fragments
and Mechanisms Module.”

The Fragments & Mechanisms window opens. This window must remain open to assign
the fragments to peaks in the Database Manager window.

In the Database Manager window, click the Spectrum tab.

Right-click the Spectrum page and choose Auto Annotation > Generated Fragments
from the shortcut menu.

Note This command is not available unless the Fragments & Mechanisms window
remains open.

The Auto Fragment Annotation of Peaks dialog box opens.

Auto Fragment Annotation of Peaks

O ptiohs

Threzhold: |10.00 : % of highest peak

Clear Exizting Fragments

Check Precursar

Ao Anhotation Layout

Apply to All Modes

T

5. Specify your criteria and click OK.

The application reports the number of new fragments that are added to the spectrum.
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To manually assign a fragment structure to a peak

. Click the Assign Structure to m/z Value button, %d;, in the Database Manager toolbar.

Note Do not confuse this button with its generic equivalent in the Mass Frontier
toolbar, which opens a Structure Editor that does not automatically connect the
fragment to its spectral peak.

The Structure Editor — Database Manager dialog box opens.

. Draw a fragment Oor open a structure.

For detailed instructions for using the Structure Editor, see “Structure Editor Module” on
page 125.

. When you finish the fragment, click OK.

Based on the fragment m/z value, the application automatically connects your structure to
its spectral peak in the Spectrum pane.

. To connect the fragment to a different peak, drag the connecting circle at the baseline to

any other peak.

To resize the drawn fragment, click the fragment and drag the handles.

Note You cannot search structures assigned to spectral peaks.
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Exchanging Mass Spectral Data Between Modules

Thermo Scientific

From the Database Manager window, you can import mass spectra directly from a file, the
Chromatographic Processor, an Excel spreadsheet, or the Xcalibur data system. You can open
as many Database Manager windows as your system allows and exchange mass spectra
between these windows. The Mass Frontier application can automatically establish a link
between Database Manager records and other modules that need to access spectral or
structural data.

You can link equivalent spectral information to access the original data that was supplied as
input for one of the many interpretation methods available in the application.

The direct feedback between source (records and mass spectra) and results (mechanisms, bar
code spectra, classes, and projections) helps you keep track of all the modules that originate
from a single source. This feature makes the simultaneous use of multiple modules easier,
further supporting more sophisticated problem-solving approaches.

For additional information, see “Linking Generated Fragments with a Spectrum” on

page 216, “Bar Code Spectra” on page 220, or “Accessing Spectra from a Spectra Projector
Window” on page 367.
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Using the Library Pane

The Library pane in the Database Manager window includes vertical tabs for the Spreadsheet
and Structures views and horizontal tabs for the installed libraries.

Library tabs

@ work| 1 HighChem ESI Neg 2008 [R] |# HighChem ESI Pas 2008 [R]| 2% HighChem Fragmentation Library [R, CF] | "8 NIST | & User Library| | £
1D Ac Mol Mass Formula Title ~ g
1 CuHigWNz045 M-p-sulfanilyliphenylalycine E
2 4150323 CxHizCINOg [[1-[3-chlorobenzawl]-S-methox-2-methylindol-3-yl]acetosy]acetic acid 2
3 163.0303 CeHgMNO 35 Lai-acetamida-f -mercaptopropionic acid ;9.‘_
4 180.0423 CaHg04 acetylzalicylic acid ﬂ
5 319.9991 CiyHz075 alizarine 5
[ R37.981 CogHyaM20p52 Cl AcidRed 27 3z
i 3
View tabs —

This section includes the following topics:
* Spreadsheet View

e Structures View
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Spreadsheet View
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The Spreadsheet view is organized with each record represented by a single row. The columns
contain supplementary record information. To move a row, use the cut-and-paste functions.
The Database Manager window does not support dragging rows. To sort a column, click the
column header.

When you open a Database Manager window, the Work spreadsheet is empty. You can add
records to the Work spreadsheet by conducting a search, opening spectra, or pasting records or
stand-alone spectra. A Work spreadsheet can contain a maximum of 32000 records. For the
current record, the application displays the associated spectrum or tree and structure
(optional) in the upper pane. An arrow, ¥, in the first column indicates which record is
current. You can select more than one record, but the row with the triangle symbol is always
the current one.

Figure 28. Spreadsheet view

@ wok | # HighChem ESI Neq 2008 [R] | # HighChem ESI Pos 2008 [R] | 23 Hi

10} Active Mol Mazs Farmula Title
1 060674 CigHqah 2045 M-p-gulfanilypherylglycine
Current "
compound
Selected
compounds
6 537.9811 CooHuMz0w5: |Cl. Acid Red 27
Active
compounds
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The Structures view displays the library compounds in graphical format.

<

% To preview all structures

1. Click the Structures tab.

The structures are organized in numbered cells.

@ work | # HighChem ESI Neg 2008 [R]| f# HighChem ESI Pos 2008 [R] | 2% HighChem Fragmentation Library [F,

T o 2
o
HNJk H g1
HQN"N NLO
—
OH
B E
TNE L
e S AL
Fai ) HQN H NH;

2. To resize a structure, drag the column or row dividers.

@ work| H HighChem ESI Neg 2008 ]| HighChem ESIPos 2008 [R] | 23 HighChem Fragmentation

1 2 3 4 -
o]
A 9
HH HN
"NUH
HN*NW Lo 1
L
OH [
B 5 10 11

Note In the Structures view, you can select only a single record (structure).
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Processing Data-Reduced Chromatograms

Library storage of data-reduced chromatograms is not a replacement for the standard certified
archiving procedures that the FDA (21 CFR Part 11) requires, but rather an accompaniment
to them.

Follow these procedures:

Thermo Scientific

To import a data-reduced chromatogram from the Chromatogram Processor
To edit or search components in data-reduced chromatograms
To preview a chromatogram in the Chromatogram Processor window

To access the original chromatographic data set

To import a data-reduced chromatogram from the Chromatogram Processor

. In the Chromatogram Processor, right-click any of the panes and choose Copy > Copy

Chromatogram from the shortcut menu.

For detailed information about using the Chromatogram Processor module, see
Chapter 8, “Chromatogram Processor Module.”

. In the Database Manager window, select the appropriate level in the Spectral Tree pane.

. Right-click and choose Paste > Chromatogram from the shortcut menu.

The application adds the chromatogram to the tree and replaces the Spectrum tab with a
Chromatogram tab.

> Chremnatogram | |nfo Data || Mass Differences | Compare Spectra | Compare Trees -

50,00
80.00-5
70003
60003
50.005
40,005

30.00-3
Comp . MZ3 12200 Comp . MZ3 21300 2000_5
1?1.01\ | 171.02 l 10.00—§
e HES e 0003
LA B o e e o S e
4 |Chr0m. 151 v|4f’5 L4 o0 230 500 730 1000 1250 1500 1750

Chromatograms are highlighted in blue in the Spectral Tree to easily distinguish them
from other records.

Tat. Comp. W51
Chromatogram

record

171.02
85597 l
: Sl

You can save data-reduced chromatograms in the Database Manager window to any
library using the same procedure as for saving spectra or trees.
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Components Editor: Buspirone. RAW

X'CHJ"%'QV' AUA'@JT @I. ﬂmmnsh

H-S-

PP M

2
0‘0

To edit or search components in data-reduced chromatograms

1. In the Chromatogram Processor, click the Components Editor button, A, .

File MS! + & ESIFul

268 .94

/

S —

Flle B2+ o d Full cld 28852107

186.93

1270268

File MST +c o [1/2 P

Note This feature is enabled only after you have generated components by using one
of the Components Detection and Spectra Deconvolution features in the

Chromatogram Processor.

Chromatagrarn |Infu:| | Data | Mass Differences | Compare Spectra | Compare Trees |

The Components Editor window opens.

- X
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2. To search trees, do the following:

a. Choose Search > Tree from the Mass Frontier main menu.
The Library Search dialog box opens.

b. In the Libraries area, select the libraries to search.

c. Click OK.

For additional information about the Library Search parameters, see “Spectral Tree

Search” on page 74.
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3. To search chromatographic scans, do the following:
a. Choose Search > Tree from the Mass Frontier main menu.
The Library Search dialog box opens.
b. In the Libraries area, select the libraries to search.
c. Click the Advanced tab.
d. In the Search In area, select the Chromatograms check box.

e. Click OK.

< To preview a chromatogram in the Chromatogram Processor window
1. In the Spectral Tree pane, select the chromatogram you want to preview.

2. Click the Chromatogram Processor button, , in the Database Manager toolbar.

The Chromatogram Database Viewer opens.

T Chromatogram Database Viewer: Buspirone.RAW (Read Only) |
S| A0 A i\ i
Amfz BE : v TIC IBD 'u'iew] o

Ms
- Ms2

[=)- MS2 Precursor myfz 391,107%
MS2 (mjfz 391,1078) 284 at 49533 r

FEE g}

27883

50.00;
16857

260,588 | 389 92 458 061
||||.I||I.I.I||||.|||||||II|IIII

100.00 200.00 300.00 400.00 500.00 &00.00 70000

0.00

ScantR: 49533 ScanMo. 234 Filker: + c d Full msz 391, 11@cid35.00 [95.00-795.00] Iso

The application recalls the file path to the original chromatographic data for every
chromatographic library entry.

3. To preview other chromatograms, click the record in the Spectral Tree pane.

< To access the original chromatographic data set
1. In the Database Manager window, locate the record in the library.
2. Click the Chromatogram Processor button, , in the Database Manager toolbar.
The Chromatogram Database Viewer opens.

3. Click the Reload Original Data File button, ﬁ , in the Chromatogram Database
Viewer toolbar.

The original data opens in a new Chromatogram Processor window.
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Using the Search Utilities

The Mass Frontier application features several query and search functions available for

retrieving spectra, trees, chromatograms, or structures from libraries. You can simultaneously

search every library using these search options.

Search menu commands

Search option
Tree

Description

Searches for the library spectral tree most closely matching an
unknown spectral tree or subtree. For additional information, see
“Spectral Tree Search” on page 74.

Spectrum

Searches for the library spectra most closely matching an
unknown spectrum. For additional information, see “Spectrum
Search” on page 79.

(Sub)Structure

Searches for an exact match for the query structure (structure
search), or searches for an exact match for the structure subset
(substructure search). For additional information, see
“(Sub)Structure Search” on page 84.

Name

Incremental name search. For additional information, see “Name
Search” on page 91.

Formula

Searches for compounds with a specified molecular formula. For
additional information, see “Formula Search” on page 92.

Molecular Mass

Searches for compounds with a specified molecular mass. For
additional information, see “Molecular Mass Search” on page 94.

ID Number

Searches for library entries with a specified ID number. For
additional information, see “ID Number Search” on page 96.

CAS Number

Searches for one or more compounds with a specified Chemical
Abstract Service registry number. For additional information, see
“CAS Number Search” on page 97.

Fragmentation Data

Searches for fragmentation data associated with a compound.
For additional information, see “Fragmentation Data Search” on

page 98.

Retention Time

Searches for library entries with a range of specified retention
times. For additional information, see “Retention Time Search”
on page 101.

72 Mass Frontier User Guide

Thermo Scientific



2 Database Manager Module
Using the Search Utilities

< To perform a search
1. Choose Search > your specific search type.
The Search <search type> dialog box opens.
2. Select the library or libraries to be searched.
3. Specify additional search criteria.
For detailed explanations of search criteria by search type, see the appropriate section:
* Spectral Tree Search
* Spectrum Search
e (Sub)Structure Search
* Name Search
* Formula Search
* Molecular Mass Search
* ID Number Search
e CAS Number Search
* Fragmentation Data Search
* Retention Time Search
4. Do one of the following:

In the Library Search dialog box, select the Merge Results into Active Database
Manager Window check box.

The application adds the search results to the end of the Work library in the Spreadsheet

view in an active Database Manager window.
Clear the Merge Results into Active Database Manager Window check box.

The application opens a new Database Manager window to display the search results.

Note If the Merge Results into Active Database Manager Window check box is not
available, there is no active Database Manager window. The application opens a new
Database Manager window to display the search results.

5. Click OK.

When the search is successful, the application stores the results in the Spreadsheet view in the
current Database Manager window or a new Database Manager window.

Thermo Scientific Mass Frontier User Guide 13



2 Database Manager Module
Using the Search Utilities

Spectral Tree Search

The Mass Frontier application processes MS" spectra in hierarchically consistent spectral trees
that you can search in spectral or chromatographic libraries. The Advanced page in the
Spectral Tree Search dialog box contains options for spectral tree searching. See “Advanced
page of the Spectral Tree Search dialog box” on page 77.

Each node in spectral trees can consist of four types of spectra (average, composite, parallel,
and source CID) and you can specify the type of spectra to search.

Search in Modes
fwerage Spechia Parallel Spectra
Compozite 5 pechia Source CID Specha

Use the Source CID Spectra option when dealing with source CID spectra. When you have a
library that consists exclusively of source CID spectra and your unknown spectrum is also a
source CID, you should exclude other spectra types from the search. If no such library is
available, you can search source CID spectra in product CID spectra, but pay careful
attention to the search results. Source CID spectra might contain fragmentation products
from all the ions present in the source, including adduct or cluster ions, while product CID
spectra are preferably generated from protonated or deprotonated ions.

Two combinations relate to the tree search:
* Search a single spectrum in library trees
See “Spectrum Search” on page 79.
* Search a tree in library trees

When you search a single spectrum in library trees, the Mass Frontier application compares
the spectrum to every spectrum in the tree hierarchy and individually calculates the match
factor. You can search a single spectrum in the top level only (full scan, source CID),
everywhere except for the top level (first stage) or everywhere in the tree.

Search Selected Spectiurn in M5 n Trees
(3 Top Level Only [SCID, Single Stage MS]

) Ignore Top Level [Full Scan with Unspecific lons]
(%) Evenpwhere

When you search a tree (unknown) against spectral trees in a library, the application compares
the spectrum according to a special logic. See “Searching an unknown against a library” on
page 75. It compares the corresponding spectra on an identical level (MS" stage) with a
common precursor 7/z by using an algorithm based on the optimized dot-product. The
application ignores a spectrum that appears on one side only, which does not adversely affect
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the search result. If there are several corresponding spectra (single node with average,
composite, parallel, or other spectra), the Mass Frontier application accepts the best match
(optimistic approach). The total match factor is calculated from all the non-zero match
factors.

Figure 29. Searching an unknown against a library

Metric for Trees Urknown Library

1. Missing information -
is ignored

fissing Information / \

does not deferiorate 1 o
match factor

/

—
B

2. Best match search
in node spectra

| Y —— R ———

Addifional info can 2

improve match w0
factor |

[}
A

You can search a spectral tree using two options. You can include or exclude the top tree level
(full scan, source CID) from a search, and the MS" stage of the tree spectra can be identical
(identity search) or not identical (subtree search):

Search Tree in M5 "n Trees

b atch Stage
[gnore Top Level [Full Scan with Unspecific |onz]

The Spectral Tree Search dialog box includes the following pages:
* Tree page of the Spectral Tree Search dialog box
* Advanced page of the Spectral Tree Search dialog box
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Figure 30. Tree page of the Spectral Tree Search dialog box
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Table 3. Tree parameters

Parameter

Selected Spectrum
Search

Description

Changes this search to a Spectrum search. See “Spectrum Search”
on page 79.

Tree Search

Default search type.

Libraries

Specifies the libraries to search. You can search both read-only
and user libraries.

Constraints

The On option applies the search constraints defined in the
Search Constraints dialog box. See “Search Constraints” on

page 103.

The Off option ignores the search constraints defined in the
Search Constraints dialog box.

Merge Results. ..

* When selected, the application displays the search results in
the current Database Manager window and adds the search
results to the Work spreadsheet.

* When cleared, the application displays the search results in a
new Database Manager window.

Paste Tree

Available when you have a copied spectral tree on the Clipboard.
Lets you search for a spectral tree other than the currently selected
spectral tree in the Database Manager window.

Mass Frontier User Guide
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Figure 31. Advanced page of the Spectral Tree Search dialog box
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Table 4. Advanced parameters (Sheet 1 of 2)

Parameter Description
Search Type
Identity Locates a library spectrum that closely matches an unknown.
Provides an exact match of query and library structure.
Similarity Retrieves spectra library entries of similar compounds when the
unknown is not in the library or its spectrum is distorted so badly
that a reliable match is not possible.
Search in Nodes

Average Spectra

Searches the average spectra in the spectral tree nodes.

Composite Spectra

Searches the composite spectra in the spectral tree nodes.

Parallel Spectra Searches the parallel spectra in the spectral tree nodes.
Source CID Spectra Searches source collision-induced dissociation spectra in the
spectral tree nodes.
Search In
Spectra Searches spectra.
Chromatograms Searches chromatograms: components, selected scans, or both.
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Table 4. Advanced parameters (Sheet 2 of 2)

Parameter Description
Method
HighChem Low Specifies a HighChem Low Res tree comparison method.
Res
NIST Specifies a NIST tree comparison method.
HighChem Low +  Specifies a HighChem Low + High Res tree comparison method.
High Res
Search Selected

Spectrum in MS”n
Trees

Top Level Only
(SCID, Single
Stage MS)

Searches only the top-level tree (full scan, source CID).

Ignore Top Level
(Full Scan with
Unspecific lons)

Excludes the top-level tree (full scan, source CID).

Everywhere

Searches the entire tree.

Search Tree in MSAn
Trees

Match Stage

Uses an identity search with the MS" stage of the tree spectra.

Ignore Top Level
(Full Scan with
Unspecific Ions)

Excludes the top-level tree (full scan, source CID).

Paste Tree

Available when you have a copied spectral tree on the Clipboard.
Lets you search for a spectral tree other than the currently selected
spectral tree in the Database Manager window.

Mass Frontier User Guide

Thermo Scientific



Spectrum Search

Thermo Scientific

2 Database Manager Module
Using the Search Utilities

The Mass Frontier application uses search algorithms developed by HighChem and the
National Institute of Standards and Technology (NIST). The HighChem Low Res and NIST
algorithms are based on the optimized dot-product function, and an additional term that is
based on ratios of peak intensities. The HighChem Low + High Res algorithm is based on
weight distance between spectra. The application includes peak accuracies when it calculates
the match factor.

The query spectrum can originate from the Database Manager, Components Editor, or
Chromatogram Processor modules by selecting a spectral scan in a chromatogram. In
addition, you can paste the query spectrum from the Clipboard into the search dialog box. In
this case, you can copy the spectrum into the Mass Frontier application only.

With the spectrum search option you can choose between Identity or Similarity searches.
Identity searching is designed to locate a library spectrum that closely matches an unknown.
You use similarity searching to retrieve spectra library entries of similar compounds when the
unknown is not in the library or its spectrum is distorted so badly that a reliable match is not
possible.

After doing a spectrum search, the application stores the search results in the Work library in
the Spreadsheet view. After the search is complete, the application adds a match factor column
(Match) to the Spreadsheet view. See “Spectrum search results” on page 80. The match factor
is a number from 1 to 999 that specifies the measure of similarity between the query spectrum
and the library reference spectrum. A match factor of 999 means a perfect match. To draw
your attention to a match greater than 930, a “lightning” icon, #, is displayed in the Match
column of the Spreadsheet view.

The Spectrum Search dialog box includes the following pages:
* Spectrum page in the Spectrum Search dialog box

* Advanced page in the Spectrum Search dialog box

Mass Frontier User Guide 19
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Figure 32. Spectrum search results
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If the Identity search does not provide an acceptable match—that is, the unknown has not
been positively identified—you might use a Similarity search. In this case, the algorithm does
not use the high mass peak index, but uses wider abundance ranges instead. The search results
from a Similarity search can be of value in deducing structure, especially in establishing a
structural proposal for an unknown spectrum.

To establish a structural proposal for an unknown, you can switch to the Structures view.
From the search results of similar compounds you might recognize some common structural
features, which are displayed in the structures grid. You can copy the structures to the
Structure Editor and put the pieces of the structural “puzzle” together to create an initial
structure. You can then paste this structure back into a Database Manager window to the
record that holds the unknown spectrum. After this, comparing the peaks in the spectrum
with generated fragments can provide valuable information about the consistency of the
proposed structure and unknown spectrum. If the #/z values of the fragments do not match
the spectrum, you can modify the structure and repeat this procedure. However, if the
structures in the search results are highly diverse and dissimilar, you must combine this
approach with other methods.
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Table 5. Spectrum parameters

Parameter Description

Selected Spectrum Default.

Search

Tree Search Changes this search to a Tree search. See “Spectral Tree Search” on

page 74.

Libraries Specifies the libraries to search. You can search both read-only

and user libraries.

Constraints The On option applies the search constraints defined in the

Search Constraints dialog box. See “Search Constraints” on
page 103.

The Off option ignores the search constraints defined in the
Search Constraints dialog box.

Merge Results. .. * When selected, the application displays the search results in
the current Database Manager window and adds the search
results to the Work spreadsheet.

* When cleared, the application displays the search results in a
new Database Manager window.

Paste Tree Available when you have a copied spectral tree on the Clipboard.

Lets you search for a spectral tree other than the currently selected
spectral tree in the Database Manager window.
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Figure 34. Advanced page in the Spectrum Search dialog box
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Table 6. Advanced parameters (Sheet 1 of 2)

Parameter Description
Search Type
Identity Locates a library spectrum that closely matches an unknown.
Provides an exact match of query and library structure.
Similarity Retrieves spectra library entries of similar compounds when the
unknown is not in the library or its spectrum is distorted so badly
that a reliable match is not possible.
Search in Nodes

Average Spectra

Searches the average spectra in the spectral tree nodes.

Composite Spectra

Searches the composite spectra in the spectral tree nodes.

Parallel Spectra Searches the parallel spectra in the spectral tree nodes.
Source CID Spectra Searches source collision-induced dissociation spectra in the
spectral tree nodes.
Search In
Spectra Searches spectra.
Chromatograms Searches chromatograms: components, selected scans, or both.
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Table 6. Advanced parameters (Sheet 2 of 2)

Parameter

Method

Description

HighChem Low
Res

Specifies a HighChem Low Res spectrum comparison method.

NIST

Specifies a NIST spectrum comparison method.

HighChem Low +
High Res

Specifies a HighChem Low + High Res spectrum comparison
method.

Search Selected
Spectrum in MS”n
Trees

Top Level Only
(SCID, Single
Stage MS)

Searches only the top-level tree (full scan, source CID).

Ignore Top Level
(Full Scan with
Unspecific Ions)

Excludes the top-level tree (full scan, source CID).

Everywhere

Searches the entire tree.

Search Tree in MSAn
Trees

Match Stage

Uses an identity search with the MS" stage of the tree spectra.

Ignore Top Level
(Full Scan with
Unspecific Ions)

Excludes the top-level tree (full scan, source CID).

Paste Spectrum

Available when you have a copied spectrum on the Clipboard.
Lets you search for a spectrum other than the currently selected
spectrum in the Database Manager window.

Thermo Scientific
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(Sub)Structure Search

You can make a structure or substructure query from the Structure Editor window, the
Database Manager window, or a fragment copied from the Fragments & Mechanism window.

Structure and substructure searches are important features for retrieving library entries. The
structure search is the most straightforward method for finding compounds in a library.
Because the rules of systematic nomenclature do not necessarily lead to a unique name for
each compound, a name search can be ineffective in many cases. Drawing or importing a
structure query is easier than typing a complicated name or CAS number.

While a structure search (Identity search) provides an exact match of query and library
structure, a substructure search retrieves compounds that contain a common structural subset,
called a substructure. The exact substructure must be embedded in each molecule retrieved.
The exact match in structure and substructure searches has a notable exception: it ignores
stereo bonds because optical activity does not play a significant role in mass spectrometry. All
other structural features such as bond multiplicity, atom state, and skeletal arrangement must
match exactly. You have the option to ignore charges, radicals, and unspecified charge sites,
and the option to disregard isotopes. See “(Sub)Structure Search Rules” on page 89.

A substructure search offers two additional search options: Substructure Best Match and
Substructure Match Ring Bonds. A substructure can sometimes fit at several locations of a
larger structure. When the Substructure Best Match option representing the closest match is
found, it appears in red on the Structure page. See “(Sub)Structure search results” on page 85.
Using this option lengthens calculation times. Because fragmentation mechanisms on rings
significantly differ from acyclic moieties, searching substructures that exactly match the ring
membership is useful for each bond. Using this option also lengthens calculation times.

Use a (sub)structure search for multiple purposes:
* To study mass spectra of structurally related molecules.

* To positively identify an unknown or to interpret a mass spectrum. Compounds retrieved
through a substructure search can provide analogies to the fragmentation processes in the
spectrum under consideration.

When searching structures with an unspecified charge site or substituents, be aware of the
search rules that apply. You can perform a structure similarity search using substituents.

Note A substructure search ignores the number and positions of hydrogen atoms.

The (Sub)Structure Search dialog box includes the following pages:
* Data page in the (Sub)Structure Search dialog box

* Advanced page in the (Sub)Structure Search dialog box
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Figure 35. (Sub)Structure search results
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Figure 36. Data page in the (Sub)Structure Search dialog box
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Table 7. Data parameters

Parameter Description

Libraries Specifies the libraries to search. You can search both read-only
and user libraries.

Constraints The On option applies the search constraints defined in the
Search Constraints dialog box. See “Search Constraints” on
page 103.
The Off option ignores the search constraints defined in the
Search Constraints dialog box.

Merge Results. .. * When selected, the application displays the search results in

the current Database Manager window and adds the search
results to the Work spreadsheet.

* When cleared, the application displays the search results in a
new Database Manager window.

Paste SubStructure

Available when you have a copied substructure on the Clipboard.
Lets you search for a substructure other than the currently
selected substructure in the Database Manager window.
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Figure 37. Advanced page in the (Sub)Structure Search dialog box

(Sub)Structure Search

Data | Advanced |

X

Search Type
() Identity () Substucture
lgnore Charges, Radical: and Adducts lgnore [zotopes

[ Substructure Best Match

Search in Root Structure
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(%) Top Lewel Only () Everywhere

Search it Fragmentation Scheme

() Top Lewel Only (3) Everywhere

[ Substructure Match Ring Bonds

I 1] l [ Cancel

Table 8. Advanced parameters (Sheet 1 of 2)

Parameter

Search Type

Description

Identity

Locates a library spectrum that closely matches an unknown.
Provides an exact match of query and library structure.

Substructure

Retrieves compounds that contain a common structural subset,
called a substructure.

Ignore Charges,
Radicals and
Adducts

Ignores charges, radicals, and adducts in the substructure search.

Ignore Isotopes

Ignores isotopes in the substructure search.

Substructure Best
Match

Available only with the Substructure option. A substructure can
sometimes fit at several locations of a larger structure. When the
Substructure Best Match option representing the closest match is
found, it appears in red on the Structure page. Using this option
lengthens calculation times.
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Table 8. Advanced parameters (Sheet 2 of 2)

Parameter Description

Substructure Match  Available only with the Substructure option. Because

Ring Bonds fragmentation mechanisms on rings significantly differ from
acyclic moieties, searching substructures that exactly match the
ring membership is useful for each bond. Using this option
lengthens calculation times.

Search in Root Searches for the specified molecular mass in the root structure.
Structure

Search in MS”n Trees

Top Level Only Searches only the top-level tree (full scan, source CID).

Everywhere Searches the entire tree.

Search in
Fragmentation
Scheme

Top Level Only Searches only the top-level tree (full scan, source CID).

Everywhere Searches the entire tree.

Paste SubStructure Available when you have a copied substructure on the Clipboard.
Lets you search for a substructure other than the currently
selected substructure in the Database Manager window.
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(Sub)Structure Search Rules

When searching structures with an unspecified charge site or substituents (see “Editing Atom
Properties” on page 141), the following search rules apply.

Table 9. SubStructure search rules (Sheet 1 of 2)

Search type Query Library Search result
1+ +
S O CO True
T4 T
S O CO False
+ -
I O . O a True
+
+
I @ O 'H True
+ Tt
I @ O False
Tt
S @ O Ma True
I\éa
S O O Tpat True

Thermo Scientific Mass Frontier User Guide 89



2 Database Manager Module
Using the Search Utilities

0

Table 9. SubStructure search rules (Sheet 2 of 2)

Search type Query Library Search result
I\éa
I 0. 'Mat True
() 9
Tt
S O H @ False
+
I @ + @ True
|
|
S @ [R_/\O False

S = Substructure search
| = Identity search
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The name search option provides incremental search capabilities, or a type-ahead feature. As
you start typing a portion of a name, the application displays a list of compounds that begin
with the letters typed. The chemical structure is displayed for the highlighted name. You can
use the up and down arrows to browse the displayed names.

The name search covers all three name types—IUPAC, Synonyms\References, and
Commercial Product—as defined on the Info page.

Spectruml Info | Data | Masz Differences | Compare Spectra | Compare Trees -
Compound [E]
Compound
Mames
1-3-Chlaropheryl}-2-[(1.1 -dimethylethyl)anmina]-1-propanone, [+ or -)-2
IUPALC . . .
[tert-butylamino]- 3-chloropropiophenone
bupropion
Synongms \ References & m-chloro-g-[tert-butylamina)propio-phenone

Figure 38. Name Search dialog box

Name Search

X

“Name |
Enter Marne: |peni Arpwhere in the narme
Libraries penicilinphel methyl
# | Actve | Mame -amino-p-hydrosybenzylpeniciling-[p-hydrosy \J\IEH
1 @ H HighChern E51 Neg 200¢ % E{D[-)-ot-amina-p-hydraspphenyl acetamidalpe S u o
i = E-[D|-}ai-aminopheryl acetarida]penicilanic : \;__é-
2 &  # HighChem ESI Pas 2008 — P o =}
penicillin G WA WY
3 & m HighChem Fragmentatior b penicillin 2 [0l
< @ am s || ©
Merge resultz into active Database Manager window
0k, l [ Cancel

Table 10. Name Search parameters
Parameter Description

Enter Name Text that the search process matches in the selected libraries.

Anywhere in the Name Matches the entered text anywhere it appears in the name.

Libraries Specifies the libraries to search. You can search both read-only
and user libraries.

Merge Results. .. * When selected, the application displays the search results in
the current Database Manager window and adds the search
results to the Work spreadsheet.

* When cleared, the application displays the search results in a
new Database Manager window.
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Formula Search

The formula search option searches for all compounds with a specific molecular formula. You
can use lowercase letters to enter the formula, unless it leads to an ambiguous query (for
example, “si” could be interpreted as Si or SI). Use the correct case to avoid misinterpretation.

The Formula Search dialog box includes the following pages:

* Formula page in the Formula Search dialog box

* Advanced page in the Formula Search dialog box

Figure 39. Formula page in the Formula Search dialog box

Formula Search

Farmula | Advanced

x)

Enter Formnula: || |

Librariez

Conztraints
B Active Mame O on
[1 # HighChem ESI Meg 200¢
## HighChem ESI Pas 2008 = ® off
] E HighChern Fragmentatior v

=

& o =

terge rezults into active D atabase Manager window

ok | | Cancel
Table 11. Formula parameters
Parameter Description
Enter Formula Specifies the formula to search for.
Libraries Specifies the libraries to search. You can search both read-only
and user libraries.
Constraints The On option applies the search constraints defined in the

Search Constraints dialog box. See “Search Constraints” on
page 103.

The Off option ignores the search constraints defined in the
Search Constraints dialog box.

Merge Results. .. * When selected, the application displays the search results in

the current Database Manager window and adds the search
results to the Work spreadsheet.

* When cleared, the application displays the search results in a
new Database Manager window.
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Figure 40. Advanced page in the Formula Search dialog box

Formula Search

Faormula | Adwvanced |

Search in Root Stuchure

Searchin M5™n Trees
(#) Top Level Only () Everpwhere

Search in Fragmentation Scheme

() TopLevel Only (%) Everpwhere

Ok l ’ Cancel
Table 12. Advanced parameters
Parameter Description
Search in Root Searches for the specified molecular mass in the root structure.
Structure
Search in MS”n Trees
Top Level Only Searches only the top-level tree (full scan, source CID).
Everywhere Searches the entire tree.
Search in
Fragmentation
Scheme

Top Level Only Searches only the top-level tree (full scan, source CID).

Everywhere Searches the entire tree.
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Molecular Mass Search

9%

The molecular mass search option retrieves all compounds matching the queried molecular

mass with a mass tolerance of 0.5 mass units. The results are ranked according to their
closeness to the queried molecular mass.

The Molecular Mass Search dialog box includes the following pages:

* Molecular Mass page in the Molecular Mass Search dialog box

* Advanced page in the Molecular Mass Search dialog box

Figure 41. Molecular Mass page in the Molecular Mass Search dialog box

Molecular Mass Search @

Molecular Mass | Advanced

Libraries

Enter Malecular Mazs I:I

Constraints

| Active  Mame

[# o ra =

[0 # HighChem ESI Meg 200: 4
#H HighChem E5| Pos 2008 = & Off
Il HighChem Fragmentatior v

terge rezults into active D atabase Manager window

2 0n

e

I 0K l’ Canel l

Table 13. Molecular Mass parameters

Parameter

Enter Molecular Mass

Description

Specifies the molecular mass of the compounds. The search
results include all compounds that match the specified whole
number with a tolerance of 0.5 mass units.

Libraries

Specifies the libraries to search. You can search both read-only
and user libraries.

Constraints

The On option applies the search constraints defined in the
Search Constraints dialog box. See “Search Constraints” on

page 103.

The Off option ignores the search constraints defined in the
Search Constraints dialog box.

Merge Results. ..

* When selected, the application displays the search results in
the current Database Manager window and adds the search
results to the Work spreadsheet.

* When cleared, the application displays the search results in a
new Database Manager window.
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Figure 42. Advanced page in the Molecular Mass Search dialog box

Molecular Mass Search

Molecular Mass | Advanced |

Searchin M5™n Trees

Search in Root Stuchure

(%) Top Level Only () Everpwhere

Search in Fragmentation Scheme

() TapLevel Only () Everywhere

ak. ] [ Cancel

Table 14. Advanced parameters

Parameter

Search in Root
Structure

Description

Searches for the specified molecular mass in the root structure.

Search in MS”n Trees

Top Level Only

Searches only the top-level tree (full scan, source CID).

Everywhere

Searches the entire tree.

Search in
Fragmentation
Scheme

Top Level Only

Searches only the top-level tree (full scan, source CID).

Everywhere

Searches the entire tree.
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ID Number Search
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Each library entry is individually numbered. The ID number option searches for a single ID
number or for a range of ID numbers. The ID search dialog box contains two edit boxes to
input the ID range: From and To boxes. To retrieve a single ID number, leave the To box
blank. The Max. ID box displays the maximum ID number that can be found.

Note When you delete a record from a library, the Spreadsheet view decrements the ID
numbers of records with a higher ID than the deleted record. This means that deleting
one or more records leaves no ID number gaps in the library.

Figure 43. 1D Number Search dialog box

ID Mumber Search gl

|0 Mumber |

From: To Max. 10: 1251

Librariez :
Conztraints
B Active Mame O on
1 ) #H HighChem ESI Meg 200¢
2 &  # HighChem ESI Pos 2008 = ® off
3 O E HighChern Fragmentatior v
<

terge rezultz into active Database Manager window

=

Ok l ’ Cancel

Table 15. ID Number parameters

Parameter Description

From/To Specifies a range of record numbers from the first column of the
library Spreadsheet view.

Max ID Specifies the highest record number in the Spreadsheet view.

Libraries Specifies the libraries to search. You can search both read-only
and user libraries.

Constraints The On option applies the search constraints defined in the
Search Constraints dialog box. See “Search Constraints” on
page 103.
The Off option ignores the search constraints defined in the
Search Constraints dialog box.

Merge Results. .. * When selected, the application displays the search results in

the current Database Manager window and adds the search
results to the Work spreadsheet.

* When cleared, the application displays the search results in a
new Database Manager window.
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CAS Number Search

The Chemical Abstract Service (CAS) registry number search option is available for all
libraries. Do not enter dashes when entering CAS numbers; the dashes automatically appear.

Figure 44. CAS Number Search dialog box

CAS Number Search El

CAS Mumber |

Enter CA5 Number: |111-22- 333

Librariez

Conztraints
B Active Mame O on
[1 # HighChem ESI Meg 200¢
## HighChem ESI Pas 2008 = ® off
] E HighChern Fragmentatior v

=

& o =
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Table 16. CAS Number parameters

Parameter Description

Enter CAS Number Specifies the 8-digit CAS number.

Libraries Specifies the libraries to search. You can search both read-only
and user libraries.

Constraints The On option applies the search constraints defined in the
Search Constraints dialog box. See “Search Constraints” on
page 103.

The Off option ignores the search constraints defined in the
Search Constraints dialog box.

Merge Results. .. * When selected, the application displays the search results in
the current Database Manager window and adds the search
results to the Work spreadsheet.

* When cleared, the application displays the search results in a
new Database Manager window.
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Fragmentation Data Search

The fragmentation data search option searches for a compound on the Info page. See “Using

the Info Page” on page 38.

The Fragmentation Data Search dialog box includes the following pages:

* Data page in the Fragmentation Data Search dialog box

* Advanced page in the Fragmentation Data Search dialog box

Figure 45. Data page in the Fragmentation Data Search dialog box

Fragmentation Data Search

Data | Advanced |

Title: |

Author: | |

Journal: | |

vmes[ |
[ ]

Page from:

Comment: | |

Instrument: | |

Libraries

# | Ackive | Mame

H Highchem ESI Meg 2008 ~
#H Highchem ESI Pos 2008

E HighChem Fragmentation Library —
M ISt b

OFOO

1
2
3
4

Merge resulks inko active Database Manager window

I Ok ] [ Cancel

Table 17. Data parameters (Sheet 1 of 2)

Parameter Description
Title Specifies the keywords to search for.
Author Name of any of the authors as specified in the Fragmentation

Scheme data on the Info page. See “Using the Info Page” on

page 38.
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Table 17. Data parameters (Sheet 2 of 2)

Parameter Description

Journal Name of the journal as specified in the Fragmentation Scheme
data on the Info page. See “Using the Info Page” on page 38.

Volume Volume number as specified in the Fragmentation Scheme data
on the Info page. See “Using the Info Page” on page 38.

Year Year of the publication as specified in the Fragmentation Scheme

data on the Info page. See “Using the Info Page” on page 38.

Page from / Page to

Page range as specified in the Fragmentation Scheme data on the

Info page. See “Using the Info Page” on page 38.

Comment Comment as specified in the Fragmentation Scheme data on the
Info page. See “Using the Info Page” on page 38.

Instrument Name of the instrument as specified in the Fragmentation
Scheme data on the Info page. See “Using the Info Page” on
page 38.

Libraries Specifies the libraries to search. You can search both read-only
and user libraries.

Merge Results. .. * When selected, the application displays the search results in

the current Database Manager window and adds the search
results to the Work spreadsheet.

* When cleared, the application displays the search results in a
new Database Manager window.
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Figure 46. Advanced page in the Fragmentation Data Search dialog box
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Table 18. Advanced parameters

Parameter

Records

Description

Active/Inactive/Any  Active status of records as specified in the Active column of the

Spreadsheet view for the library.

Polarity

+/—/Any Polarity as specified in the Fragmentation Scheme data on the

Info page. See “Using the Info Page” on page 38.

Ionization Method

Method of ionization as specified in the Fragmentation Scheme

data on the Info page. See “Using the Info Page” on page 38.

Mass Analyzer

Mass analyzer as specified in the Fragmentation Scheme data on

the Info page. See “Using the Info Page” on page 38.

Ton Activation

Method of ion activation as specified in the Fragmentation

Scheme data on the Info page. See “Using the Info Page” on
page 38.
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Retention Time Search

Each spectrum of a tree or stand-alone spectrum of a record can include a retention time value
(Spectrum Info/Scan Info/RT item on the Info page). Using the retention time search, you
can retrieve spectra whose retention time values fit into a range of retention values.

Figure 47. Retention Time Search dialog box

Retention Time Search fg|
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Table 19. Retention Time parameters (Sheet 1 of 2)
Parameter Description
Enter RT / +/- Retention time range to search.
Format
Decimal Specifies the retention time in base 10.
Hexagesimal Specifies the retention time in base 60.
Libraries Specifies the libraries to search. You can search both read-only
and user libraries.
Constraints The On option applies the search constraints defined in the
Search Constraints dialog box. See “Search Constraints” on

page 103.

The Off option ignores the search constraints defined in the
Search Constraints dialog box.
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Table 19. Retention Time parameters (Sheet 2 of 2)

Parameter Description
Search In

Spectra Searches spectra.

Chromatograms Searches chromatograms: components, selected scans, or both.
Merge Results. .. * When selected, the application displays the search results in

the current Database Manager window and adds the search
results to the Work spreadsheet.

* When cleared, the application displays the search results in a
new Database Manager window.
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Search Constraints
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You can restrict all search types, except the name search, by a set of constraints. The dialog
boxes for each of these searches contain an option for activating constraints and a button for
editing search constraints. When you click Edit, the Search Constraints dialog box opens for
setting specific criteria to search selected libraries for matches. See “Search Constraints dialog
box with default settings” on page 104.

Four constraint types are available: Molecular Mass range, Number of Atoms range, Allowed
Elements, and Good-Bad List. Searches conducted with activated constraints can be time
consuming because each library entry is examined to find those that match the criteria you
have set. The search constraints are especially useful when you have large libraries and want to
retrieve search results that are of interest for your specific problem.

Use the Good List (required substructures) when you want to focus your search results on the
particular compound classes you are most interested in. The Bad List (forbidden
substructures) eliminates from a result list all structures containing unwanted functional
groups. For example, you can use the Good-Bad List in a search of acids with a specific
molecular formula, or you can search for spectra similar to an unknown, with the requirement
that ketones may not appear in the result list.

The following example shows a Search Constraints dialog box with C, N, and O as allowed
elements. The Good-Bad list is set for esters as a required (good) functional group and for
naphthalene as a forbidden (bad) functional group.

Figure 48. Search Constraints example

Esters group is required (good).
Naphthalene group is forbidden (bad).

Carbon, Nitrogen, and Oxygen
are allowed elements

C T I

Constrairts |
Malecular Mazs Allowed Elements Good-Bad List
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Frorm: v Li  [Lithiurn] = | Ester.mcs 3
Be (Bemllium) = : Ethers.mcs
uran. mes
Too [3000 |2 B [(Boron) B Ketonemcs =
¥ L [Carbaon Maphtalene.mcs
v M [Mitrogen) | Mitriles. mcs I
< [ 0 I . bt
[#] Humber of Atoms —— :
F  [Fluoring) [ |gnore All l
Me [Meon)
From: -2 —
-" Ma [Sodium] Legend: [/ Required [Good
My, (agnesin) - PR
Ta 193 |2 A1 [luminum] Forbidden [Bad]
Si [Silicon] w
B - — ou can create your o ligt of
"Good-Bad" structures. See help
Allowal | | Disallow Al for detals.
Restore Defaults ak. ] [ Cancel
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Figure 49. Search Constraints dialog box with default settings
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Table 20. Search Constraints parameters

Parameter

Molecular Mass
From/To

Description

Searches for molecular masses in the specified range.

Number of Atoms
From/To

Searches for compounds with the number of atoms in the
specified range.

Allowed Elements

Specifies the elements you want to include in your search.

Allow All

Selects the check boxes for all elements.

Disallow All

Clears the check boxes for all elements.

Good-Bad List

Specifies the required (good) and forbidden (bad) substructures to
used to refine your search. Each check box can be in one of three
states: Required, Ignored, or Forbidden.

Ignore All

Clears all substructures in the Good-Bad list.

Legend

Displays the check box symbols used to indicate Required,
Ignored, or Forbidden substructures in the Good-Bad list.

Restore Defaults

Resets the default values for all areas on the page.
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The Mass Frontier application uses spectral tree representation for MS" spectra. The tree
structure best reflects the hierarchical spectra dependencies in tandem experiments. The
graphical user interface provides for the management and processing of spectral trees. You can
reconstruct spectral trees from data files, automatically extract them from data-dependent
chromatographic components, or manually create them. For additional information, see
“Using Components Detection and Spectra Deconvolution” on page 299.

All the spectral modules support trees except the Spectra Classifier, which uses total composite
spectra generated from trees. The Mass Frontier application uses a newly developed algorithm
for comparing spectral trees, which is integrated in the database search procedures.

Contents

* Spectral Tree Window
* Generating a Spectral Tree
* Copying and Pasting a Spectral Tree
* Spectral Tree Node Items
* Searching Spectral Trees
* Spectral Tree Chromatograms
With spectral tree components, you can do any of these tasks:
* Store and search trees in libraries.
* Annotate every node spectrum.
* Create chromatographic libraries.

* Exchange trees between modules using copy-and-paste commands.

* Export and import spectral trees from or to an Excel spreadsheet in text format.

Note Most management and processing actions distinguish between a single spectrum
and a tree. When handling data that contains trees, be very clear whether you want to
apply a particular action to an entire tree or a selected single spectrum. The displayed
information is also associated with the tree, the spectrum, or both depending on the
information type. For additional information, see “Using Records in the Database
Manager Window” on page 37.
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Spectral Tree Window

Spectral Tree ]
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Spectral Tree Arrangement

The Mass Frontier application uses spectral tree representation for MS" spectra. A spectral
tree consists of the following components.

Table 21. Spectral Tree components

Components Description

Levels Symbolize MS" stages starting at n=1.

Nodes Holders of node items.

Node connectors Graphical symbols of precursor 7/z values, or precursor m/z ranges

if the isolation width is included.

Node items Stand for the product or calculated spectra of identical precursor
m/z values or m/z ranges or for chromatograms.
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Node product spectra, called parallel spectra, represent spectra acquired at various collision
energies and isolation widths or that use wideband activation. They can also be zoom spectra,
source CID spectra, or any other spectra that enhance reproducibility in compound
identification. If a node contains more than two parallel spectra, the average and composite
spectra are automatically calculated. In addition to spectra, each node can contain a

chromatogram (see “Spectral Tree Chromatograms” on page 123).

Figure 50. Parallel spectra
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Parallel product spectra
from any precursor ion
can be stored and
searched (various
collision energies,
average and composite,
SCID, wide-band
activation, isolation
width).

Note Chemical structures are associated with nodes and not with entire trees. This means
you can assign fragments for product spectra. The top-level node MS! should hold the
structure of the neutral compound.
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You can store complete trees in a library and update them at any time. For additional
information, see Chapter 5, “Library Utilities.” Any complementary information associated
with a single stage spectrum or a chromatogram can be associated with a node spectrum or
node chromatogram (see “Using the Info Page” on page 38).
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Spectral Tree Layout

A spectral tree consists of levels, nodes, node connectors, and node items. Node items are

divided into five groups that are differentiated by the displayed color: Single, Average,

Composite, Source CID spectrum, and Chromatogram.

Because display and editing actions affect the selected node item, its color helps distinguish

item selection. For additional information, see “Manually Create and Edit a Spectral Tree” on

page 114.

< To change color settings

1. Choose Options > Settings from the Mass Frontier main menu.

The Options dialog box opens.

2. Click Spectrum in the Layouts section.

The Spectrum page of the Options: Spectrum & Tree Layout dialog box opens.

3. Click the MS Tree tab.

The MS Tree page opens.

i35 Options: Spectrum & Tree Layout

Main

Clipboard

General

Server
Reaction Restrictions
Search Constraints

Mass/abundance

Parameters

Formula Generatar

Structure
Spectrumm

Chramatagrann

Layouts

Reaction

Classification

4. Make your color selections and click OK.
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Generating a Spectral Tree

You can use any of these methods to create a spectral tree:
* Reconstruct a Tree from Multiple Raw Data Files
* Reconstruct a Tree from a Single Raw Data File
* Generate Trees from Chromatographic Components

* Manually Create and Edit a Spectral Tree

The tree reconstruction automatically assigns node spectra to specific node utilities in
addition to creating levels, nodes, and node connections.
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Reconstruct a Tree from Multiple Raw Data Files

The spectral tree reconstruction feature reads Xcalibur raw data files and automatically creates

a tree according to the precursor 72/z and isolation width values. All files (spectra) in a

directory should be from an identical chemical entity (compound or chromatographic
component)—one directory per tree per compound. This feature works on Xcalibur raw data
files acquired using direct injection and a single MS" stage. Each file in a directory can be

separately acquired at a specific collision energy and can be a wideband activation spectrum or

a zoom or source CID spectrum. The sample preparation can also be diverse (pH,
concentration, buffer, and so on). Example files are available in the following directory on a
Windows XP system:

C:\Documents and Settings\All Users\Documents\ HighChem\
Mass Frontier 7.0\Chromatograms

Note The directory location on the Windows Vista operating system varies depending on
the version.

2
0’0
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To import trees using tree reconstruction
1. Do one of the following:

Right-click the tree pane in Database Manager and choose Import > MS Trees from the
shortcut menu.

Choose File > Import > MS Trees from the Mass Frontier main menu.

The Select Directories dialog box opens.

Select Directories

Directories: Directories ready for import:
=) All Users -~
1) Application D ata |
I Desktop
1) Favorites
=1 Shared Documents ‘add
2-£) HighChern n directory
() Libraries
{3 Mass Frontier £.0
=-3) Maszs Frontier 7.0
=) Chramatograns
@] Chioramphen
{3 Direet Infugion
I£3) MassShifts 3
< | >
Selected Directon:
C:ADocuments and Settings\All Users\Document___\Chloramphenicol
5 raw filez in this directom
tal file: Chloramphenicol mal
Drezcription file: Chloramphenical bt Import l l Eancel

2. In the Directories pane, select a directory to import.

You can view the contents of the selected directory in the Directory Content pane.
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3. Click Add Directory.

The selected directory appears in the Directories Ready for Import pane.
4. Repeat steps 2 and 3 for as many directories as you want.
5. Click Import.

The imported directories create MS" libraries.
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Reconstruct a Tree from a Single Raw Data File

12

You can create a spectral tree for a reference compound by reading various MS" spectra

acquired through direct infusion in one run and stored in a single raw data file.

R
0’0

Mass Frontier User Guide

To create a spectral tree from a single run using tree reconstruction

1. Do one of the following:

Choose Tools > Chromatogram Processor from the Mass Frontier main menu.
Click the Chromatogram Processor icon, (g , in the Mass Frontier toolbar.

The Open Chromatogram dialog box opens.

. Select a direct infusion file and click Open.

The file opens in the Chromatogram Processor window.

A=/E

i Chromatogram Processor: directioninfusionbuspirone. raw

T Figh
ANG | AR-TRELA ST  @bA-AA- g2 3 | m
TIC ]30 Wiew | Info | -
Amfz |05 o v
-

SR ~| a0

M1 10,0008 min, 3

MS1 2 at0.0022 min,  — | 90—

MS1 3 sk 0,0043 min, 3

MS1 4 at 0.0063 min, S

MS1 5 st 0,0083 min, ]

MS1 6 st 0.0103 min, e

MZ1 7 2t 0.0124 min, ] B

MS1 & at 0.0144 min, I LA L B L L B L N BB B
FM51 9 at 0.0164 min. o0 03 08 0% 12 15 18 21 24 27 30 33
ME1 10 at 00184 min.

MS1 11 at 0.0204 min. e

Spectrum l Drata l Info ] 4=

326251

17704 239 116 305 140 WIS spazme 634.507 609 48757 ETIRIESI

ScantR: 0.0001  ScanMo. 1 Filker: ITMS + p ESI Full ms [150.00-850.00]

3. Do one of the following:

Click the Components Detection & Spectra Deconvolution icon and choose Direct
Infusion from the menu.

—Or—

Right-click and choose Component Detection > Direct Infusion from the shortcut
menu.

The Direct Infusion Spectral Tree Construction dialog box opens. For additional
information, see “Direct Infusion Algorithm” on page 315.
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Figure 52. Direct Infusion Spectral Tree Construction dialog box
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4. Specify your parameters and click Calculate.

5. When the process finishes, click Close.

6. In the Chromatogram Processor window, click a component triangle in the TIC pane.

The reconstructed spectral tree is displayed in the lower pane.

Figure 53. Chromatogram Processor window

Chromatogram Processor: directioninfusionbuspirone. raw
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Generate Trees from Chromatographic Components

You can generate spectral trees from chromatographic components. To create a tree from a
chromatogram, use the Component Detection & Spectra Deconvolution feature in the
Chromatogram Processor module. For additional information, see “Using Components
Detection and Spectra Deconvolution” on page 299.

Manually Create and Edit a Spectral Tree

You can manually create and edit spectral trees in the Spectral Tree pane in the Database
Manager window. You can construct a tree by creating an empty tree framework, adding new
nodes, and then successively pasting or importing spectra into the nodes.

Follow these procedures:
* To open a Spectral Tree window from the toolbar
* To add a new node
* To define the precursor m/z value

* To edit the node caption of a parallel spectrum or chromatogram

< To open a Spectral Tree window from the toolbar

Click the Spectral Tree icon, &, , in the Database Manager toolbar.

% To add a new node
1. Right-click the parent node and choose Add > Add Node from the shortcut menu.
This command is available only for editable libraries.

2. Fill an empty node with a spectrum from the Clipboard or import one from a file.

a. Right-click the node and choose Paste > Paste Parallel Spectrum.

This command is available only when the Clipboard contains a spectrum.

b. To add another empty node product spectrum (parallel spectrum), right-click the
node and choose Add > Add Parallel Spectrum.

A node can contain only one empty parallel spectrum. If you add more than one
parallel spectrum to the node, the application automatically generates the average and
composite parallel spectra, which are differentiated by color.

If you import a raw data file into the node, the application calculates the average spectrum
from all scans.

You cannot import a chromatogram raw data file into a spectrum node. To create a node with
a chromatogram, paste a data-reduced chromatogram from the Chromatogram Processor
module. For additional information, see “Spectral Tree Chromatograms” on page 123 and
“Searching Chromatographic Libraries” on page 182.
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% To define the precursor m/zvalue

Do one of the following:

3 Spectral Tree Module
Generating a Spectral Tree

Type the value in the edit box in the Structure pane.

—Or—

a. DPaste or draw the ionic product fragment into the Structure pane.

b. Click the Restore Precursor m/z icon, @ , in the lower right corner of the

Structure pane.

For additional information, see “To paste a structure to a record” on page 54.

A tree must have precursor 7/z values and the isolation width of the product nodes. The Mass
Frontier application automatically determines the default value of the isolation width, but you

can manually change it.

K2

< To edit the node caption of a parallel spectrum or chromatogram

Double-click the caption label and type the new formatted text into the Annotation

dialog box.

Spectral Tree
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Copying and Pasting a Spectral Tree

You can exchange trees among windows, records, chromatographic components, or
applications (for example, Excel).

For additional information, see “Using Records in the Database Manager Window” on
page 37 or “Processing Data-Reduced Chromatograms” on page 69.

Follow these procedures:
* To copy a spectral tree from a Chromatogram Processor to a Database Manager
* To copy a spectral tree from a Database Manager to an Excel spreadsheet

* To copy a spectral tree from a Chromatogram Processor to an Excel spreadsheet

Figure 54. Copying data in a Mass Frontier window
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< To copy a spectral tree from a Chromatogram Processor to a Database Manager

3 Spectral Tree Module

1. Right-click the Chromatogram Processor spectrum pane and choose
Copy > Copy MS Tree from the shortcut menu.

Spectrurmn |Data | Info |

100

136 5925

Right-click here

Copy

4 | Copy Seleckion

Hand
Zoam to Box

Zoom I Al+HMum +

lORCREONE

Zoom ouk AlEHMum -

% Zopy Chromatogram
EE Copy M3 Spectrum

Ea Copy [M3 Tree

27.454

J 2672230859

Copying and Pasting a Spectral Tree

Note There is no shortcut menu in the tree pane itself; you must right-click the

spectrum pane.

2. In the Database Manager tree pane, right-click and chose Paste > Tree from the shortcut

menu.

The application pastes your spectral tree and the associated spectrum in the Database

Manager tree pane.

< To copy a spectral tree from a Database Manager to an Excel spreadsheet

1. Right-click the Database Manager tree pane and choose Copy > Tree from the shortcut

menu.

File mS1

230.10

195.16 L254.93

1

|A\rrg. M32 23010

Import 171.01
4

h\l

Add  »

Delete »

X

Qb v | [

(¥ Tu Tt R n

Camp. M3 |

Paste » mm Spectrum
3556 u L |.|
1 . | ‘

Copy b | % Tree |
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2. In the Excel spreadsheet, right-click and chose Paste from the shortcut menu.

The application pastes your spectral tree graphic in the spreadsheet.

File iz

23010

19516 L254_93

Aurg. MSZ 23010
171.01
R A
) ]
Comp. 53 188,00 Comp. k53 21300
17101 171.00
e N T A7 | Lh

< To copy a spectral tree from a Chromatogram Processor to an Excel spreadsheet

1. Right-click the Chromatogram Processor spectrum pane and choose Copy > Copy MS
Tree from the shortcut menu.

Spectrurmn |Data | Info |

100 185329 . .
Right-click here
| Copy » | Copy Selection
@ Hand % Copy Chromatagrarn
B zoom to Box Copy M3 Speckrum
B ZoomIn  alk4+hum + % Copy M5 Tres
2

Zoom Qut Alk+Murmn -

27.454

| 28T TIENR 59

Note There is no shortcut menu in the tree pane itself; you must right-click the
spectrum pane.

2. In the Excel spreadsheet, right-click and chose Paste from the shortcut menu.

The application pastes your spectral tree graphic in the spreadsheet.

Flle M2 + c B2 Full |

460192 ‘
|

415.03|
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Spectral Tree Node Items

Thermo Scientific

Some mass spectrometry techniques can generate spectra whose appearance depends on the
experimental conditions and sample preparation. To manage and search diverse product
spectra with an identical precursor ion for a single chemical entity, the Mass Frontier
application uses spectral trees that can contain nodes with several node items. The node item
stands for any product or calculated spectrum of an identical precursor #/z value or m/z range
(node spectra), or for a chromatogram.

Node product spectra represent spectra that were acquired at various collision energies and
isolation widths or that use wideband activation. They can also be zoom spectra, source CID
spectra, or any other spectra that enhance reproducibility in compound identification. If a
node contains more than two parallel spectra, the application automatically calculates the
average and composite spectra. In addition to spectra, each node can contain a
chromatogram.

You might use node spectra for any of these reasons:

* They can significantly contribute to correct compound identification in a tree library
search.

* They allow the study of fragmentation processes by changing the experimental
conditions.

* They permit the efficient organization of product spectra.

The spectral node strategy strengthens the robustness of all the mathematical processing
methods and, compared to simple spectra averaging, does not distort the highly nonlinear
peak ratio progress.

You can easily access node spectra from a library and create or edit them using the graphical
interface. Every tree item has an editable annotation caption.

You can select node items by clicking the edge of the spectral or chromatographic node item,
or by browsing in the box displayed below the tree.
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Searching Spectral Trees

You can use the Mass Frontier application for processing MS" spectra in hierarchically
consistent spectral trees that can be searched in spectral or chromatographic libraries. Select
from various options on the Advanced page in the Spectra or Tree Search dialog box. Each
node in spectral trees can consist of four types of spectra (average, composite, parallel, and
source CID), and you can specify the type of spectra that is searched. For additional
information, see “Processing Data-Reduced Chromatograms” on page 69 or “Spectral Tree
Arrangement” on page 1006.

< To perform a spectral tree search

1. Do one of the following:

Click the Search button, % - , in the Database Manager window and choose Tree
from the menu.

Choose Search > Tree from the Mass Frontier main menu.

The Tree page of the Spectral Tree Search dialog box opens.

Spectral Tree Search gl

Tree | Advanced

L, l. bl

() Selected Spectrum Search (%) Tree Search

Libraries Constraints
# | Active Mame O on
1 #H HighChem E5I Neg 2008 ) @ off

2 # HighChem ESI Pas 2008 =

3 E HighChern Fragmentation Library b

Merge results into active D atabase M anager window

[ ok [ Cancd |

2. Select either the Selected Spectrum Search option or the Tree Search option.

3. In the Libraries area, select the Active check box for the libraries you want to search.
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4. Click the Advanced tab.

The Advanced page of the Spectral Tree Search dialog box opens.

Spectral Tree Search E]

Tree | Advanced |

Search Type Search in Modes

(7 Identity Awerage Spectia Farallel Spectra

() Similarity Composgite Spectra Source CID Spectra
Search In tethod

Spectra (") HighChem Low Res

[] Chramatogrars CIMIST

(%) HighChem Low + High Res

Search Selected Spectrum in MS™n Trees

Search Tree in MS"™n Treesz

lgrore Top Level [Full Scan with Unspecific lohz]

I oK ][ Canel ]

5. In the Search in Nodes area, select the types of nodes you want to search.

If you have a library that consists exclusively of source CID spectra and your unknown
spectrum is also a source CID, select only the Source CID Spectra check box. If no such
library is available, you can search source CID spectra in product CID spectra, but use
care regarding the search results. Source CID spectra might contain fragmentation
products from all the ions present in the source, including adduct or cluster ions, while
product CID spectra are preferably generated from protonated or deprotonated ions.

6. If you selected the Selected Spectrum Search option on the Tree page, select one of the
following search options.

Search Selected Spectium in M5 Trees
3 Top Level Only [SCID, Single Stage M5)

() Ignore Top Level [Full Scan with Unspecific [onz]
(%) Evenpwhere

The application compares the spectrum to every spectrum in the tree hierarchy and
individually calculates the math factor.

* Top Level Only—Searches only the top-level tree (full scan, source CID).
* Ignore Top Level—Excludes the top-level tree (full scan, source CID).

* Everywhere—Searches the entire tree.
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7. If you selected the Tree Search option on the Tree page, select one of the following search
options.

Search Treein M5°n Trees

lgnare Top Level [Full Scan with Unspecific lonz]

* Ignore Top Level—Excludes the top-level tree (full scan, source CID).

* Match Stage—Uses an identity search with the MS" stage of the tree spectra.

When you search a tree (unknown) against spectral trees in a library, the application compares
the spectrum according to a special logic. It compares the corresponding spectra on an
identical level (MS" stage) with a common precursor 7/z by using an algorithm based on the
optimized dot-product. The application ignores a spectrum that appears on one side only,
which does not adversely affect the search result. If there are several corresponding spectra
(single node with average, composite, parallel, or other spectra), the Mass Frontier application
accepts the best match (optimistic approach). The total match factor is calculated from all the
non-zero match factors.

Metric for Trees Unknown Library

1. Missing information -
is ignared

Missing information / \

does nof deferiorafe 103 am
maftch factor | | 100

2. Bestmatch search
in node spectra

Additional info can A
improve match w0 d
factor | W0
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Spectral Tree Chromatograms

Thermo Scientific

The Mass Frontier application supports spectral trees that can contain nodes with
data-reduced chromatograms. You can assign chromatograms to every node, which lets you
store product ion chromatograms for a particular precursor /z value.

For additional information, see “Searching Chromatographic Libraries” on page 182,
“Copying and Pasting a Spectral Tree” on page 116 or “Manually Create and Edit a Spectral
Tree” on page 114.

In contrast to spectra, the application limits you to only one chromatogram per node. Tree
chromatograms with components or selected scans are fully searchable. You can review or
reload a node chromatogram from the original data file in the Chromatogram Database
Viewer. For additional information, see “Processing Data-Reduced Chromatograms” on

page 69.
< To open the Chromatogram Database Viewer

Click the Show Complete Chromatogram icon, (&) , in the Database Manager toolbar.

The Chromatogram Database Viewer window opens.

5 Chromatogram Database Viewer: Buspirone.RAW (Read Only)
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o
G o HE A gy o
TIC ] 30 View | i

Amfz 85 : e

MS2 Precursar myfz 4320 QD'UD_E

M52 Precursar mfz 454 | 8000

M52 Precursor myjfz 436, 3

M52 Precursor myjfz 4402 ?D-DD_:

M52 Precursor myjfz 453, ED.UD—E
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MS2 Precursor myz 455.; | 500003
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A L s Ly L
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You can edit node chromatogram components or selected scans in the Components
Editor window. For additional information, see Chapter 9, “Components Editor
Module.”
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Structure Editor Module

Structural information is essential for interpreting and investigating structure-spectra
relationships because mass spectra reflect the structural features of molecules. With the
Structure Editor drawing tool, you can interactively handle all kinds of structural
information. Use the Structure Editor to edit, import, export, and check chemical structures.

Contents

* Working with the Structure Editor
* Customizing the Structure Layout
* Using Templates

* Modifying Atoms and Bonds

* Using Toolbar Functions

* Displaying the Monoisotopic Molecular Mass
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Working with the Structure Editor

You can open multiple Structure Editor modules in the Mass Frontier application. Use the list
in the Mass Frontier main window to switch between them.

?}i] Structure Editar: 2 W

The Structure Editor supports two kinds of structure formats:
* Molecular Design Ltd. MOL or SDF files with the .mol or .sdf extension

* HighChem, Maximal Compressed Structure format with the .mcs extension

These formats are also supported in the Database Manager module. Templates are stored in
MCS format, using the .tml extension. For additional information, see “Using Templates” on
page 137.

The Mass Frontier application restricts searches using a set of structural constraints or the
“Good-Bad” list. For example, you can instruct the system to conduct a library search
comparing an unknown spectrum with only the spectra of ketones. This feature provides
many possibilities for targeting your search results. For additional information, see “Search
Constraints” on page 103.

The “Good-Bad” structures are stored in the ...\Constraints directory, and the structures are
saved in MCS format (.mcs). The Mass Frontier application automatically retrieves all MCS
structures from the Constraints directory and puts them in a “Good-Bad” list in the
Constraints dialog box.

Follow these procedures:
* To open the Structure Editor window
* To begin drawing a chemical structure
* To change the size of the Structure Editor window
* To restore the default state of the Structure Editor
* To open a structure

¢ To save a structure
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To open the Structure Editor window

Do one of the following:

Click the Structure Editor button, ﬁ:ﬂj , in the Mass Frontier toolbar.
—or—

Choose Tools > Structure Editor from the Mass Frontier main menu.

The Structure Editor window opens.

Figure 55. Structure Editor window
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< To begin drawing a chemical structure
1. Click any of the buttons in the vertical toolbar.
The cursor changes shape to represent the current drawing mode.
2. Do one of the following:
Click the drawing area to place an element.
—or—
Drag the cursor to create elements such as single/double/triple bonds or a chain.

All elements are recursive—that is, the application draws a new element each time you click.

Note Holding your cursor over each drawing button displays a Tool Tip that describes the
type of structure each element creates.

< To change the size of the Structure Editor window
Drag the borders of the Structure Editor to change the width or height.

With a smaller window, you can have several open modules on your application window;
a larger window gives you more drawing area.

€ Structure Editor: 1 N | @
A S EHE| - i
v a5

s 0 5 _
# M+ /

4 - YV ARNIVARY _@;‘} =

T L S Y=

- . © v
El A T % | 2
@ B\B O Unspecified Charge Site:

CagHyz Mgz mfz 1200.07723

< To restore the default state of the Structure Editor
Do one of the following:
Click the Default Mode button, & , in the upper left corner of the window.
—or—
Right-click the drawing area and choose Default Mode from the shortcut menu.

By default, no drawing element is selected. The plain arrow cursor indicates that the
Structure Editor is in the default state.
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< To open a structure
Click the Open Structure button, (& , select a structure, and click Open.

When you open a file that contains more than one structure (.sdf file), only the first
structure in the file is loaded into the Structure Editor.

% To save a structure
1. Do one of the following:
Click the Save Structure button, [ .
—or—
Choose File > Save > Structure from the Mass Frontier main menu.

2. Specify a structure name in the .mol format.

Because Mass Frontier is a 32-bit application, you can save structures under their actual
names, regardless of length (for example, 1-Amino-2-hydroxyindane.mol).
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Customizing the Structure Layout

You can change the way structures and other objects are displayed in the Structure Editor
drawing area. The various layout items help tailor the graphics to your individual report or
publication needs.

The structure layout settings apply to all structures in the application. Changing a structure
layout item affects all structures in the Structure Editor, Database Manager, Fragments and
Mechanisms, and Fragments Comparator modules.

Follow these procedures:
* To open the Structure Layout dialog box
* To return all options to their defaults
* To display carbon symbols
* To display hydrogen symbols
* To display the symbols for hydrogen atoms attached to carbon atoms
* To edit the font for atoms
* To change the appearance of bonds
* To change the color of the background and selected atoms
* To enter a text note

* To change the text notes
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% To open the Structure Layout dialog box
1. Choose Options > Settings from the Mass Frontier main menu.
The Options dialog box opens.
2. Click Structure in the Layouts section.

The Atom & Bond page of the Structure Layout dialog box opens.

X/

% Options: Structure Layout

= T
©| Main atom & Bond | additional |
E Clipboard
H Atorn Sample
@ Serwer
~ £
* | Reaction Restrictions F°F Fort
E Search Constraints +
2 -
[}
E Maszfabundance Q
5 DShow carbon symbols
8 Formula Generator S
. : Il
Al D Show hydrogens automatically M.

Spechrum 'z 0603
2 Bond ’
H Chromatagran
ES
i Reaction Length: :

Clazsification

Thickness: — Middle (Printer] %
Restara Default o4 ] [ Cancel ] [ Apphy

% To return all options to their defaults

1. Click Restore Default.

The Restore Default Setup dialog box opens.

Restore Default Setup

Restare Cefault Sebup For

@Onl\,r For active category

(O all categories

L Ok ] [ Cancel ]

2. Do one of the following:

To reset the default values for only the options in the selected category (in this case, the
Structure pages), select the Only for Active Category option.

—Or—

To reset all the settings in the Options dialog box to their defaults, select the All
Categories option.

3. Click OK.
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< To display carbon symbols
In the Atom area, select the Show Carbon Symbols check box.

Carbon symbols are displayed in the Sample area.

miz 9603

< To display hydrogen symbols
In the Atom area, select the Show Hydrogens Automatically check box.
Hydrogen symbols are displayed in the Sample area.
On

I\
o

'z P6.03

By default, the Structure Editor displays hydrogen symbols for heteroatoms only. It does
not display the symbols for hydrogen atoms attached to carbon atoms.

< To display the symbols for hydrogen atoms attached to carbon atoms

In the Atom area, select both the Show Carbon Symbols and the Show Hydrogens
Automatically check boxes.

Hydrogen symbols and hydrogen atoms attached to carbon atoms are displayed in the
Sample area.

'z 9603

When you draw non-isotopic explicit hydrogen atoms, the application removes them in
the Fragments and Mechanisms module because they can make the mechanism network
unclear, especially for complex hydrogen rearrangement steps. A substructure search
ignores the number and positions of hydrogen atoms.

CH
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< To edit the font for atoms

1. In the Atom area, click the Font button, .

The Font dialog box opens.

Fant: Fant style: Size:
imes Mew Fo Regular 3 [1]4
i Reqular Fs
{} Tiebuchet M5 [talic LV —
()} Tunga Eold 11
€} Univers LT 5Std 45 Ligt Bold [talic 12
€} Urivers LT Std 47 Cr 14 —
() Urivers LT 5td55 16
€} Univers LT 5td 57 Cn % 18 >
Effects Sample
[ &trikeout —_
[ Underline yez
Calar:
|- M aroon v | Script:
|Westem w

2. Specify the way you want your font to appear and click OK.

% To change the appearance of bonds

In the Bond area, select the Length, Thickness, or Color for your symbols.

Tip (For black-and-white print only) If you have set bright colors for bonds or atoms,
the lines and fonts might appear indistinct. To avoid this problem, specify darker
colors for all structural items, including spectra, chromatograms, and mechanisms.
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<

*

To change the color of the background and selected atoms

1. Click the Additional tab.

The Additional page of the Structure Layout dialog box opens.

i% Options: Structure Layout

x)

General

Parameters

Layouts

Main Atom & Bond | Additional |
Clipboard

Calars Sample
Server

Background:

Reaction Restrickions

Search Constrainks
+

Massfabundance OH

Forrula Generatar

» @
15y -
Structure Selected atom(s): N

Spech
pasim miz 36.03
Chrarnatogran Text
Feaction Text Font
Classification F‘fF Fort
I:l Text Box

Calar:

o) [ | (o]

2. In the Colors area, do the following:

Mass Frontier User Guide

a.

Select a color for the background of the drawing area in the Structure Editor, as in the
following example.

4+

OH

iz 96.03

When you copy the structures to the Clipboard or print the structures, the
background color remains white.

Select a color for the selected atoms in the drawing area.

Use the Sample area to identify an appropriate combination of colors for the
background and selected atoms.
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< To enter a text note
1. Click the Text button, T
2. Click the drawing area to place the text.

3. Type the text.

] Structure Editor: 1

=
o
e - o
P @ /O
&
— H
# L e v Ny N~<f Ny
T ", =
]
r"r ;:q- O Buspirons
Gl Pg 2
o d | >
O + Unspecified Charge Site:
CoxHyuMNs02 m/z 385.24778

4. Confirm the text by clicking outside the text area or clicking any button in the Structure
Editor window.

You can label a structure or display a text note on the screen or on the printout. You can create
up to 127 separate text notes. To change the font, color, size, or background of the text notes,
see “To change the text notes” on page 136.

Note Text notes are not associated with structures. The Open, Save, Copy, and Paste
commands apply only to structures. When you use these commands, the Structure Editor
ignores the text notes even when you select a structure together with a text. Additionally,
you can perform structure-handling routines, such as resizing, rotating, or mirroring only
on structures.
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< To change the text notes

1. Click the Additional tab.

The Additional page of the Structure Layout dialog box opens.

2. In the Text area, click the Font button, .

The Font dialog box opens.
Fant: Fant style: Size:
I x Flom Reqular 9 E g I
nan Reqular |
{} Tiebuchet M5 | |ltalie L LV —
() Tunga Bold n
€} Univers LT 5Std 45 Ligt Bold [talic 12 E
(} Univers LT Std 47 Cn 14 =
() Urivers LT 5td55 16
€} Univers LT 5td 57 Cn % 1 &
Effects Sample
[ &trikeout —_
[ Underline yez
Calar:
|- M aroon v | Script:
|Westem w

3. Specify the way you want your font to appear and click OK.
4. To add a box around the text, do the following:
a. Select the Text Box check box.

b. From the Colors list, select a fill color for the text box.

Example filled text box:
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Using Templates
The Mass Frontier application comes with more than 200 predefined templates.

Follow these procedures:
* To open the Templates dialog box
* To insert a template structure into the Structure Editor
* To build your own templates
< To open the Templates dialog box
Click the Templates button, EQI .

The Templates dialog box opens.

5 Templates |z|

=) Templates
I Alkaloids
£ Alkanes Monocyclic
15 Amino Acids
|5 Antibictics
I Aramatic Rings
I Bases

= Rirnelies

[

=1 Select a group of templates

| <

< To insert a template structure into the Structure Editor
1. Select a group of templates in the directory list.

The upper pane displays the structures of the selected group.

M5 Templates - Alkaloids |E|
Caffeine Cocaine Ephedrine —
o} | OH
o} o]
KNJETT/ o RaN 1
A Az
0 r|~r N o]
<: ::3 *
\O
™

2. Click an atom or bond of a structure, depending on whether you want to attach the
template to an atom or a bond of a structure in the Structure Editor.

The Templates dialog box closes.
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138 Mass Frontier User Guide

Click the drawing area of the Structure Editor to place or attach the selected template
structure.

. Right-click and choose Default Mode from the shortcut menu to stop placing the

selected structure.

The application continues to place the selected template structure each time you click
until you return to default mode or select another drawing tool.

To build your own templates

. Draw a template structure in the Structure Editor.

. Click the Save Structure button, [§ , or choose File > Save from the Mass Frontier

main menu.
The Save Structure dialog box opens.

Select the Template (*.tml) format in the Save as Type list of the Save Structure dialog
box.

The application stores each group of templates in a separate subdirectory of the template
root directory. Subdirectories are named after compound groups (for example, Steroids).
The files within each subdirectory are named after actual structures using the .tml
extension (for example, Cholesterol.tml).

Navigate to the following directory:

Program Files\HighChem\Mass Frontier 7.0\Templates

To save your template to an existing templates folder, do the following:
a.  Select the folder.

b. In the File Name box, name the template.

c. Click Save.

To save your template to a new templates folder, do the following:

a. Right-click the Save Structure dialog box.

b. Choose New > Folder from the shortcut menu.

c.  Name and select the new folder.

d. In the File Name box, name the template.

e. Click Save.
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Modifying Atoms and Bonds

Any modification that you make to a structure applies only to the selected atoms or bonds.

When you initiate a (Sub)Structure search, the application automatically searches for the

selected atoms or bonds. For additional information, see “(Sub)Structure Search” on page 84.

This section includes the following topics:

Selecting Atoms and Bonds

Editing Atom Properties

Editing Bond Properties

Understanding Unspecified Bond Locations
Understanding Unspecified Charge Sites

Selecting Atoms and Bonds

Thermo Scientific

The Structure Editor uses function buttons and menus to manipulate the atom and bond

structures.

Follow these procedures:

K2
0‘0

To select a group of atoms
To select all of the atoms and bonds in the structure
To choose a selection mode

To move a structure

To select a group of atoms
Do one of the following:

To select a group of atoms that are adjacent to each other, drag the cursor to form a
rectangle around the atoms.

—Or—

To select a group of atoms that are not adjacent to each other, hold down the SHIFT key
and select the individual atoms.

To select all of the atoms and bonds in the structure
Do one of the following:

Click the Select All button, &:|.

—or—

Double-click anywhere in the drawing area of the Structure Editor, except on atoms or

bonds.
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< To choose a selection mode
Do one of the following:

Right-click the Default Mode button, & , and choose the appropriate selection mode

from the shortcut menu.

Right-click anywhere in the drawing area of the Structure Editor, and choose Lasso
Selection or Rectangle Selection from the shortcut menu.

Lasso Selection Rectangle Selection

% To move a structure
1. Select the atoms or bonds you want to move.

2. Drag the selected structures to the new location.
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Editing Atom Properties

Use the Atom Properties dialog box to change the charge state or isotope of an atom or to

change the entire element.

Follow these procedures:

K2
*

Thermo Scientific

To edit only the element of a single atom
To edit the element, charge, radical, or nucleon number of a single atom
To edit only the element of multiple atoms

To replace an element with a substituent

To edit only the element of a single atom

. Select the atom you want to change.

. Do one of the following:

To change an element that has a single-character symbol—C, H, N, O, B, E K, B S, 1, V,
W, Y, U, and R— press the appropriate key on the keyboard.

To change to chlorine (Cl) or bromine (Br), use SHIFT+C or SHIFT'+B, respectively.

The application applies the selected element symbol to the selected atom.

To edit the element, charge, radical, or nucleon number of a single atom

. Do one of the following:

Click the Atom Properties button, -A-, and then click the atom you want to change.

Right-click and choose Default Mode from the shortcut menu, and then double-click the

atom you want to change.
The Atom Properties dialog box opens.

Atom Properties

(x]

Element [[] Charge
C [e)(H] )0
E [ Radical
Carbon
]
[ ak l ’ Cahicel l
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2. Make changes by clicking the appropriate Element button, selecting the Charge and
Radical check boxes, or entering a value in the Nucleon Number box.

3. To change the atom to an element not listed in the Element area, do the following:

a. Click Periodic Table.

The Periodic Table opens. For additional information, see “Report Creator” on
page 19.

b. Select an element on the periodic table.

c. Click OK.
4. In the Atom Properties dialog box, click OK.

Changes you make in the Atom Properties dialog box affect only the selected atom.

< To edit only the element of multiple atoms
1. Hold down the SHIFT key and click each atom you want to change.

You can change only the element of multiple atoms. You cannot change the other
parameters available on the Atom Properties dialog box.

2. Do one of the following:

To change an element that has a single-character symbol—C, H, N, O, B, E K, B S, 1, V,
W, Y, U, and R— press the appropriate key on the keyboard.

To change to chlorine (CI) or bromine (Br), use SHIFT+C or SHIFT+B, respectively.

The element symbol is applied to all selected atoms.

< Toreplace an element with a substituent
1. Do one of the following:
Click the Atom Properties button, -A-, and then click the atom you want to change.

Right-click and choose Default Mode from the shortcut menu, and then double-click the

atom you want to change.

The Atom Properties dialog box opens.
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2. Click R-Substituent.

The Substituent Index area appears in the dialog box.

Atom Properties

X

Element Charge

R [c)H)(x (o] o
1 [] Radical
BERA

Subsgtituent
Substituent [ndex
Periadic T able Indes: =

I OF. H Cancel ]

3. Select a value for the substituent index, or clear the Substituent Index check box.

4. Click OK.

The symbol “R” represents a substituent. Substructure search and fragments generation
algorithms consider substituents with identical indexes as equal and substituents with
different indexes as not equal. For additional information, see Chapter 6, “Fragments and
Mechanisms Module.”

When searching structures with substituents, specific search rules apply. For additional
information, see “(Sub)Structure Search Rules” on page 89.
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Editing Bond Properties

Use the Bond Properties dialog box to change bond multiplicity, bond style, and bond color.

2
0’0

To change the multiplicity of a bond
Click . ,or 4 ,or # and then click the bond you want to change.

These commands are recursive; the application changes the selected bond each time you
click. The cursor indicates the type of bond you are using.

o s)

. _ £ L
This cursor creates =, K™%, c, o-¢
atriple bond —————— % 7 M- — > o N-

coo-c o=
WM W

To change the multiplicity, color, line style, or aromaticity of a hond

. Click the Bond Properties button, B\B , and then click the bond you want to change.

The Bond Properties dialog box opens.

Bond Properties E|

ruiltiplicity

Shle:
# Dauble — Thick A
---- Dashed

=g edged

Wedged i
Calar:

[ Force &romaticity

I Ok l ’ Cancel l

. To change the multiplicity of the selected bond, select Single, Double, or Triple in the

Multiplicity area.

. To change the line style used to display the bond, select a style in the Style list.

Only single bonds use Wedged line styles.

. To change the color used to display the bond, select a color in the Color list.

To force aromaticity to the selected bond, select the Force Aromaticity check box.

The Mass Frontier application automatically recognizes aromatic bonds in an appropriate
six-membered ring or in polyaromatic structures. However, if unusual semiaromatic or
aromatic resonance structures are required, the aromatic bond can be forced to a selected

bond or bonds.
Click OK.
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Understanding Unspecified Bond Locations

Mass spectrometry cannot always provide information about the exact position of a functional
group on a chain or ring portion of a structure. In several application areas, however, even
incompletely characterized molecules can be sufficient to study a particular phenomenon. A
typical example is metabolite characterization in an early drug discovery process where
knowing the precise location of the site of biotransformation action is of little importance.

For displaying and calculating the monoisotopic mass or the isotopic pattern of a fragment or
molecule with an unspecified bond location (see “Isotope Pattern” on page 15), use the Ellipse
tool, {_) . The ellipse visually defines the region on a structure where you can potentially
attach a functional group. To correctly interpret an unspecified bond location, the ellipse must
enclose one or more atoms of the core structure and a single atom of a functional group that is
not attached to the core structure.

Note The Ellipse tool is available only in the Structure Editor module. You cannot use a
structure with an unspecified bond location in other Mass Frontier modules. The Mass
Frontier application does not support the generation of fragments and mechanisms from

such structures.

Understanding Unspecified Charge Sites

Use the Mass Frontier application for processing structures where the charge site is not
specified. This kind of molecule representation is important when using ionic structures
because the favored ionization site or the explicit charge site during fragmentation reactions is
often unclear. You can choose from several ion types in the system.

& Structure Editor: 1 (=1 (0 1
h FRES 9 # ' v [
A ] A
s L
/;;

.
ST
& O
0 (8108
O
m
X
- s
S.p 1 1l ¥
Unzpecitied Charge Site: Tt -
CagHa3MOg H m/z 35816
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To create an ionic structure with an unspecified charge site
Select one of the ion types from the list at the bottom of the Structure Editor.

Every structure with an unspecified charge site has this symbol, 71 , on the upper left
part of the structure.

Be aware of potential complications when you use an unspecified charge site with
fragment prediction. If you attempt to generate fragments from a structure with an
unspecified charge location, the system internally predicts all the relevant combinations of
the structures with an explicit charge location. This process significantly slows the
calculations and increases the number of predicted fragments. When possible, avoid
unspecified charge sites in predicting fragments and mechanisms. For additional
information, see “Base Page” on page 201.

Thermo Scientific



4 Structure Editor Module
Using Toolbar Functions

Using Toolbar Functions
You can manipulate a structure using several buttons in the Structure Editor toolbar.

h EEHE - dBEXH | HCA &«v AL

Follow these procedures:
¢ To resize a structure
* To copy a structure or part of a structure to the Clipboard
* To paste a structure to the Structure Editor
e To rotate a structure in the Structure Editor
* To mirror a structure
¢ To clean a structure
¢ To check a structure
< Toresize a structure

1. Select the structure or part of the structure you want to resize.

2. Click the Resize button, 7 .

3. Drag one of the small rectangles on the structure edge and release the mouse button.
Dragging one of the diagonal rectangles keeps the aspect ratio constant during structure
resizing,.

< To copy a structure or part of a structure to the Clipboard

1. Select the structure or part of the structure you want to copy.

2. Click the Copy button, , or choose Edit > Copy from the Mass Frontier main menu.
Note The application copies only the selected atoms and their associated bonds.

The Mass Frontier application supports use of the Windows Clipboard for the exchange of
structural information between modules. In addition, you can use copy-and-paste functions
inside the Structure Editor. To efficiently draw larger structures, use the copy-and-paste
functions.

In addition to structure exchange between modules, you can use the Mass Frontier application
for structure export to other applications that deal with structural information. When you
copy a structure, the application automatically copies two different formats to the Clipboard:
structural information in .mol format and graphics in Windows Metafile Format (.wmf).
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When you paste a structure into the structure editing software, the application automatically
uses the .mol format. When you paste the structure into a text editor, spreadsheet, or other
application that works with graphics, the application automatically uses the graphical
information.

Figure 56. Structure Exchange using copy-and-paste commands

i1 Third Party Programs =1 E3

0

A HighChem Mass Frontier HEE

|| Database Manager |

/5 \

‘J Structure Editor |<;:| J Fragments & Mechanisms

< To paste a structure to the Structure Editor
Click the Paste button, E& , or choose Edit > Paste from the Mass Frontier main menu.

When you copy a structure or fragment anywhere in the application or in a third-party
structure drawing tool, you can paste it to the Structure Editor. If necessary, you can
change or correct the structure, and then return it to its original location. This is
especially useful for structural elucidation. For example, you can copy a structure from
the Database Manager window, paste it to the Structure Editor, make appropriate
changes, and then move it back to the Database Manager. If the spectrum and the
structural proposal are not consistent, you can repeat the process.

When you copy a structure or fragment in a program other than the Mass Frontier
application, you can paste this structure as long as the external structure drawing software
supports .mol format and this format is activated. The majority of drawing tools for
structures support .mol format with this format set as the default. If you paste a structure
from an external source, it might appear larger in the Mass Frontier application than in
the original software. If this occurs, make the structure smaller using the Resize tool.
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To rotate a structure in the Structure Editor

. Select the structure or part of the structure you want to rotate.

. Click the Rotate button, .

The center of rotation is indicated by a small circle with a cross in the middle, .

. Move the center of rotation by dragging the circle with a cross.

HN\_’J‘ ,{))
% .

. Drag any of the small rectangles on the structure edge to rotate the selected structure

around the center.

To mirror a structure

. Select the structure or part of the structure you want to mirror.
. Click the Mirror button, Ak .

. Click one of the small rectangles on the structure edge.

* The top and bottom rectangles flip the selected structure along a horizontal axis.

¢ The left and right rectangles flip the selected structure along a vertical axis.

To clean a structure

. Do one of the following:

Select an entire structure.

—or—

Select only the atoms you want to clean.
The selected atoms must be connected.

Click the Clean button, £ .

The Clean function helps you create a professional look for your structures.

o
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Note In some complicated cases, the Clean function can lead to structures that you might

not find satisfactory. If this occurs, choose Edit > Undo from the Mass Frontier main
menu.

After finishing a structure drawing, always check for errors before proceeding with any other
procedure. When you generate the fragments and mechanisms, the application automatically
checks the structure for errors and, if any error is discovered, the generation automatically
discontinues. Before you run Fragments and Mechanisms, the Fragmentation Library window
automatically performs a structure check.

< To check a structure

1. Click the Check Structure button, + .

The Structure check tool searches for formal errors and unusual structural features. If a
structure is formally incorrect or if the Structure check tool finds its validity questionable,
the Structure Check Results message box lists the errors and warnings.

Structure Check Results f5_<|

Emars:

[1] Misture containing 5 components

W arnings:

2. Click OK to close this dialog box.

The Mass Frontier application automatically selects the atoms and bonds that are
considered incorrect. The system considers structures that are not connected as mixtures
and reports them as errors, but it does not select the mixtures.

OH

F—

Note This option does not perform quantum mechanical or thermodynamical
calculations that address possible structural stability.
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Displaying the Monoisotopic Molecular Mass

Thermo Scientific

When you select part of a structure, the Structure Editor displays the molecular formula and
monoisotopic molecular mass of the selected atoms and the corresponding loss in the status
bar of the Structure Editor. For additional information, see “Monoisotopic Mass” on

page 381.

Information about the molecular formula and monoisotopic molecular mass is useful for
simple consistency checking of a mass spectrum and chemical structure.

Figure 57. Molecular formula and monoisotopic molecular mass
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Library Utilities

The Mass Frontier application provides several methods for creating and maintaining mass
spectral, chromatographic, and fragmentation libraries. To help you visually distinguish
between libraries, each library has its own icon. You can select an icon for the user libraries
you create, but the application automatically assigns icons to the HighChem MS" libraries.
You can install up to 255 libraries at once.

The Mass Frontier Server Manager is a stand-alone application for managing and
administering libraries on the Microsoft SQL Server (SQL Server).

The Mass Frontier application supports both low- and high-resolution mass spectra. You can
store mass spectra as single spectra or as MS" trees with multiple node spectra. You can also
store and search data-reduced chromatograms with selected scans or components. You can
update any record in a library except the HighChem MS" libraries, which are read-only.

The Mass Frontier application unifies spectral and fragmentation libraries into a single library
format.

Contents

* Using the Server Manager

* Using the Microsoft SQL Server 2005 Express Edition
* Using the HighChem Spectral Tree Library

* Managing Library Records in the Database Manager

* Searching Chromatographic Libraries
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Using the Server Manager

Not only can you access libraries over a computer network by using the Mass Frontier Server
Manager, but you can access a library on the SQL Server from multiple instances of the Mass
Frontier application. Use the Server Manager to manage spectral and fragmentation libraries

for all instances of the Mass Frontier application. You can also use the Server Manager to find
and manage servers over computer networks.

This section includes the following topics:

* Using the Server Manager

* Managing Servers

* Managing Libraries

* Importing the NIST/EPA/NIH Mass Spectral Database

* Error Logs

< To open the Server Manager

Choose Library > Server Manager from the Mass Frontier main menu.

This menu item is accessible only if the Server Manager is installed on the same computer
as the Mass Frontier software. If the Server Manager is installed on a network computer,
start the Server Manager from this location.

Figure 58. Mass Frontier Server Manager window
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5 Library Utilities
Using the Server Manager

To access the SQL Server through the Server Manager, you must configure both the firewall
protecting the SQL Server and the SQL Server browser so that they can receive incoming

connections.

At startup, the Server Manager attempts to find and connect to the server located on the local

computer. If it cannot find this server or if you want to work with servers on other computers,

you can do one of the following:

Choose Server > Add Server Manually to add a server (link) in the Server Manager

window.

—Or—

Choose Server > Enumerate Available Servers to search all available servers on the

network.

Note Enumerating servers on a computer network can be time-consuming,
depending on the network size. Some network configurations do not allow automated
identification of servers using enumeration. In this case, you must manually connect

the server. For instructions, see “To manually connect to a server” on page 156.

When you regularly or exclusively work with a specific server, you can set it as the default.

< To specify a default server

1. Choose Tools > Options from the Server Manager menu.

The Options dialog box opens.

Options
At Start-up
O Add Server Manually

(®) Add Server Automatic

(O Enumerate Availsble Servers

(® add as Default

[lEMx206\MASSFRONTIERSD |

(O Load Last Session

Automatically Connect Server

Automatically Yerify Library Yersion

Login Timeout: a0 * (sec)
-

I OK l ’ Caniel ]

2. Select the Add Server Automatic option.

3. Select the Add as Default option.
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4. Type the name of the default server or click Add and locate the server.

5. Click OK.

Note To connect to a server that was installed with the Mass Frontier 4.0, 5.0, or 6.0
applications, you must reconfigure the server for network functionality (see “To
reconfigure a previous version of the Mass Frontier SQL Server” on page 170). Server
configuration has no effect on the Mass Frontier application and its libraries.

Managing Servers

You can manage your server connections from the Server Manager window.

Follow these procedures:
* To manually connect to a server
* To connect to a preferred server from the Available Servers list
* To interrupt a server connection

* To remove a server from the Library Explorer list

< To manually connect to a server
1. Choose Server > Add Server Manually.
The Add Server dialog box opens.

Add Server le
Server name:  IBMXZ06%MASSFRONTIERTO

Computer: |IBM><206 "|

Server:

I Add l ’ Caniel ]

2. To specify the computer, do one of the following:

Click the Select Computer icon, , and browse to a computer.

—or—

Type the computer name.

The available servers for the selected computer are listed in the Server list.
3. To specify the server, do one of the following:

Select from the available servers in the Server list.

—or—

Type the server name (for example, MASSFRONTIER?70).
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. (Optional) To automatically enumerate computers on the network, click the Enumerate

Network Computers icon, .

. Click Add.

The server name appears in the Available Servers pane in the Server Manager window.

To connect to a preferred server from the Available Servers list

. Select the server in the Available Servers pane.

L Available Servers
'__ IBMX2068\MASSFROMTIERZD

H_IJ' SUCHYMASSFROMTIERT 00
0 SUCHMMASSFROMTIERTO

. Do one of the following:

Click the Connect Server icon, 4.
Right-click and choose Connect Server from the shortcut menu.

The application connects to the selected server and displays the server and the list of
available libraries installed on the server in the Library Explorer pane.

g -
= Library Explorer
= |_d 113510-DPOWE-PC 2 MASSFROMTIERY O
#H Highchem ESI Pos 2005
B3 Highhem Fragmentation Library
#H Highchem ESI Meg 2008

Note You can manage libraries (install, remove, create, or delete) only when a server is
connected.

To interrupt a server connection

. Select the server in the Library Explorer pane or the Available Servers pane.

. Do one of the following:

Click the Disconnect Selected Server icon, #4|, in the Library Explorer toolbar.
Choose Server > Disconnect Server from the Server Manager main menu.

You can reconnect to the server at any time. For additional information, see “To manually
connect to a server’ on page 156.
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< Toremove a server from the Library Explorer list
1. Select the server in the Library Explorer pane.
2. Do one of the following:

Click the Remove Server from Library Explorer icon, E , in the Library Explorer
toolbar.

Choose Server > Remove Server from the Server Manager main menu.

The Server Manager removes the server only from the Library Explorer list; it is not
removed from your computer. To return the server to the Library Explorer list, see “To
manually connect to a server” on page 156.
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Managing Libraries

You can store spectral data and fragmentation mechanisms in user libraries. Because creating a
user library is easy, you can organize your mass spectral, chromatographic, fragmentation, and
structural data in separate user libraries.

Follow these procedures:
* To create a new user library
* To install a library
* To remove a library
* To permanently remove a library
* To back up a library
* To restore a library from backup files
* To reindex a library
* To shrink a library
* To convert a library to Mass Frontier 7.0 format
* To refresh a library list

* To reconfigure a previous version of the Mass Frontier SQL Server
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< To create a new user library

1. Choose Library > Create Library from the Server Manager main menu.

The New Library window opens.

¥ New Library

Lo X

Libtary narne: |New Library

- General

QWNer; |

Mew Library_log Log Mat Applicable 1

Server:
IBMXZ08\MASSFRONTIER

Login:
admin

Hrog

@ Ready

| ~

Library ican:
Database Files:
Logical Mame  |File Type Filegroup |Initial Size (ME) |P.utoGrowth |Path
New Library Data PRIMARY |3 By 10 percent, restricted gr Ci\Documents and Setti

By 10 percent, unrestricked | CriDocuments and Setti

|

Create l ’ Close

2. Type the library name.

You can use only the characters a—z, A-Z, 0-9, and SPACE.

3. Select a library icon.

By default, new libraries use a blue beaker, but there are many icons from which to

choose.

a. Click the Path column in the Database Files table.

A browse button appears on the far right.

b. Click the button and navigate to a new directory.

5. To create the new library, click Create.

. If you must change the default directory (not recommended), do the following:

When the library is successfully created, the icon and name are displayed in the Library

Explorer.

You can create an unlimited number of user libraries, but the SQL Server can hold a
maximum of 255 libraries at one time. If you require more libraries and have reached the

maximum, remove a library that you do not need and then create or install a new library.

Note You can create a library only on the same computer where the SQL Server is located.
For example, if your SQL Server is located on a network computer, you cannot create a

library on your local computer.
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< Toinstall a library
1. Do one of the following:
Choose Library > Install Library from the Server Manager main menu.

Select the server name in the Library Explorer pane, right-click and choose Install
Library from the shortcut menu.

The Locate Library File browser opens.
2. Select a library file with the .mdf extension and click OK.

The Install Library dialog box opens.

& Install Library

Library ko install:

e
= General
Browse. ..

Database File Location
HighChem EST Meq 2008 CHDocuments and Settingsiall Users\DocumentsiHighCheniil
Sarver:
IBMX208\MASSFRONTIER:
< >
Lowgin: = =
adrnin File: details:
Marne File Type  File Path
Ready HighiZhem ESI Meg 2008 Data CiiDocuments and SettingsiAll Users\Documents',
HighiZhem ESI Meg 2008 _log  Log CiiDocuments and SettingsiAll Users\Documents',
< | >

I Install l ’ Close l

3. To install another library, click Browse and select a library file with the .mdf extension.
Repeat this step for as many libraries as you want to install.

4. Click Install.

When the library is successfully installed, a new library item appears in the Library
Explorer pane.

If the application encounters a problem installing a library, an error icon, €3, appears
next to the library item in the list of libraries. To see the details of the problem,
double-click the library item.

5. To remove a library from the list of previously chosen libraries, select the library item and
click Remove.

Thermo Scientific Mass Frontier User Guide 161



5 Library Utilities
Using the Server Manager

Note You can install a library only on the same computer where the SQL Server is
located. For example, if your SQL Server is located on a network computer, you cannot
install a library on your local computer. If you have a library file on a local computer, you
must copy it to the computer where the SQL Server is located.

Tip You can install a library only when the data is in the Mass Frontier library format
(version 4.0 or later). For libraries in NIST format (NIST Library and user libraries from
the Mass Frontier 3.0 and earlier versions), use the Import NIST Library command. For
additional information, see “Importing the NIST/EPA/NIH Mass Spectral Database” on
page 171.

< Toremove a library

1. Select the library in the Library Explorer pane.

Notes

* Too many installed libraries can slow the performance of the system; removing
unused libraries can improve system performance.

* You cannot copy or delete database files (.mdf) when a library is installed.

2. Do one of the following:
Choose Library > Uninstall Library from the Server Manager main menu.

Right-click and choose Uninstall Library from the shortcut menu.

The Uninstall Library window opens.

W Uninstall Library |._||_|E|
Mame Cwwner | Skatus
rf'ﬁﬁﬁﬁrfﬂ HighCherm EST Meq 2008 admin Morrnal
2F Connections (1)
Server:
IBMX208\MASSFRONTIER 70D
Login:
admin < | ¥
Ready [ Delete backup and restore history information For library
@ D Close existing connections
I Uninskall l ’ Close l

You cannot remove a library with an already established connection to the application.
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3. (Optional) To find out if another user is connected to the library, click &* Connections
in the Select a Page pane.

4. (Optional) To remove a library that has an established connection, select the Close
Existing Connections check box.

Applications that are connected to a removed library do not work properly. You can use
the Close Existing Connections feature if an application remains connected after an
unexpected termination.

5. (Optional) To remove backup information from the system database, select the Delete
Backup and Restore History Information for Library check box.

To optimize processing speed, keep this option cleared.

6. Click Uninstall.

Removing a library does not delete it. The application removes the library reference without
the loss of spectral, structural, and fragmentation information. At any time, you can reinstall a
library that has been removed. For additional information, see To install a library.

< To permanently remove a library
1. Select the library in the Library Explorer pane.
2. Do one of the following:
Choose Library > Delete Library from the Server Manager main menu.
—or—
Right-click and choose Delete Library from the shortcut menu.

The Delete Library window opens.

r Delete Library

Select a page Tarne Owwner | Skakus

o General HighiChem Fragmentation Library - admin - Mormal

El'-j Connections (1)

Server:

IBMXZ08MASSFRONTIERYOD

Login:

adrmin < Al | >

Delete backup and restore history information For library

|:| Close existing connections

’_ Delete ] ’ Close l

You cannot remove a library with an already established connection to the application.

3. (Optional) To find out if another user is connected to the library, click &* Connections
in the Select a Page pane.
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4. (Optional) To remove a library that has an established connection, select the Close

Existing Connections check box.

Applications that are connected to a removed library do not work properly. You can use
the Close Existing Connections feature if an application remains connected after an
unexpected termination.

. (Optional) To remove backup information from the system database, select the Delete

Backup and Restore History Information for Library check box.

To optimize processing speed, keep this option cleared.

6. Click Delete.

The Delete Library option irreversibly removes the library and all associated files from the
hard disk. No recovery action is possible unless you back up the library before deleting it. For
additional information, see To back up a library.

2
0‘0
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To back up a library

1. Select the library in the Library Explorer pane.

IMPORTANT Do not back up or restore libraries by using a copy-and-paste operation;
use only the Server Manager’s backup and restore procedures.

2. Do one of the following:

Choose Library > BackUp Library from the Server Manager main menu.
—or—

Right-click and choose BackUp Library from the shortcut menu.

The Backup Library window opens.

._a!. Backup Library

'ﬁGeneral Source
Database:  HighChem ESI Pos 2008

Backup set

Mame: |HighChem ESI Pos 2008-Full Library Backup

Description: |Fu|| library backup on 9)7/2010

Berver:

IBMX208\MASSFRONTIER:
Destination
Laogin:

admin Backup ko c:\Program FilesiMicrosoft SQL Replace. ..
I ServeriM3soL, 1\MSsQLBackupiHighChem ESI Pos 2008.bak.
Ready Remove
&

[ Backup J [ Close ]

Thermo Scientific



5 Library Utilities
Using the Server Manager

3. (Optional) Edit the text in the Name and Description boxes.

The text in these fields helps identify the specific backup when you restore a library. For
additional information, see To restore a library from backup files.

4. (Optional) To change the default destination of the backup file, click Replace and specify

the directory and file name.
5. (Optional) To see the size and time stamp of the backup file, click Contents.

6. Click Backup.

Use this backup procedure to continuously store changes from previous backups into the same
file. The application automatically creates a time stamp for each backup.

% Torestore a library from backup files
1. Select the source library in the Library Explorer pane.
2. Do one of the following:
Choose Library > Restore Library from the Server Manager main menu.
—or—

Right-click and choose Restore Library from the shortcut menu.

The Restore Library window opens.

.E, Restore Library

7 General s

£ Connections (1) (®) Database: HighChem ESI Pos 2008
(O File:

Select the backup set to restore:

Backup Mame Backup Description | Size (MB) | Start Date Finish Dake

HighChem ESI ...  Full library backup.., 109 Of5/2010 10:31:09 AWM 98(2010 10:31:16 AM

[ HighChem ESI ...  Full library backup.., 109 9/8/2010 10:28:25 AW 9/3/2010 10:28:35 AM

[1 HighChem ESI ... Full library backup... 109 Q712010 4:22:52 PM 972010 4:23:02 PM
pEnven Destination
IBMXZ08\MASSFRONTIER

Database: |HighChem ESI Pos 2008 v |

Lagin: (Seleck or tyvpe the name of new or existing library For wour restore operation)

admin

Data restoration is resources consuming operation. During restoration server may be busy and

@ Ready r l_\ therefore other actions may not wark praperly, Wait until restaration finishes.

[ Restore l ’ Close ]

3. In the Select the Backup Set to Restore list, select the check box of the data set you want
to restore.

Use the time stamp to identify the correct data set. You can restore library data from
previous backups into a new library or into an existing library.

Thermo Scientific Mass Frontier User Guide 165



5 Library Utilities
Using the Server Manager

166

Tip If you restore library data into an existing library, you will irreversibly overwrite
its data. Instead, restore the backup library to a new destination library with a unique
name.

4. Type a new destination library name in the Database list.

You can select a library name from the list, but this action irreversibly overwrites the data
in that library.

5. Click Restore.

You cannot restore a library with an already established connection to the application.

6. (Optional) To find out if another user is connected to the library, click &* Connections

in the Select a Page pane.

7. (Optional) To remove a library that has an established connection, select the Close

Existing Connections check box.

Applications that are connected to this library do not work properly. You can use the
Close Existing Connections feature if an application remains connected after an
unexpected termination.

Note Data restoration is a resource-consuming operation. During restoration, the server
might be busy so that other actions in the Server Manager might not work properly. Wait
until restoration finishes to proceed.
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< Toreindex a library

1. Select the library in the Library Explorer pane.

IMPORTANT Make backup copies of libraries before reindexing them. For additional

information, see “To back up a library” on page 164.

2. Do one of the following:
Choose Library > Reindex Library from the Server Manager main menu.
—or—
Right-click and choose Reindex Library from the shortcut menu.
The Reindex Library window opens.
Figure 59. Reindex Library window

FiReindex Library

Select a page Mame Owner | Status
i General HighChern ESI Pos 2008 admin Mormal

| Connection

Server:
IBMX206\MASSFRONTIERTO

Login:
adrnin

lprogress |

@ Readly

|A

| >

L Reindex ] [ Close

This feature defragments the library index and can increase performance.
3. Click Relndex.

Depending on the amount of stored data, reindexing requires from several minutes to
several hours to perform. The Progress pane reports the completion status.

@ 12% completed
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< To shrink a library

1. Select the library in the Library Explorer pane.

Note Make backup copies of libraries before you shrink them. For additional
information, see To back up a library.

2. Do one of the following:
Choose Library > Shrink Library from the Server Manager main menu.

Right-click and choose Shrink Library from the shortcut menu.

The Shrink Library window opens.

¥ Shrink Library
Marme Cwner | Skatus
i General HighChern ESI Pos 2008 admin Mormal
I
@ Ready
< | >
I Reindex l ’ Close l

Some operations, such as Conversion or Import Library, cause inflation of library files that
might require reducing the size of the library. For additional information, see “To convert a
library to Mass Frontier 7.0 format” on page 169 or “Importing the NIST/EPA/NIH Mass
Spectral Database” on page 171.

The Mass Frontier 7.0 application uses library formatting that is not compatible with
previous versions. To use libraries created in older versions of the application, you must
convert them to the new format. Converting a library requires connecting to its
corresponding SQL Server.

Because previous versions of the SQL Server were not configured for network operations, you
must reconfigure your previous version of the SQL Server to enable network operations. For
additional information, see “To reconfigure a previous version of the Mass Frontier SQL
Server” on page 170.
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< To convert a library to Mass Frontier 7.0 format
1. Select the library in the Library Explorer pane.
2. Do one of the following:
Choose Library > Convert Library from the Server Manager main menu.
—or—

Right-click and choose Convert Library from the shortcut menu.

Note If the selected library is already in Mass Frontier 7.0 format, the Convert
Library commands are not available.

The Convert Library window opens.

| Library to convert:
4 H Creme Status

& Connections (0) i f
CORTICOIDE  admn Normal
o 111 [}
Destination Server: [mmwgym?c =
Select comverted lbrary name

) ) @ CreateNew  CORTICODE el e l

Sarvert

SUCHY \MASSFRONTIER 70 | Orveerprite existing

Lagn:

admin [V] Shaw progress daleg

@ Ready

3. From the Destination Server list, select a server.
4. To select a destination for the imported library, do one of the following:
a. Select the Create New option to create a new library for the converted library.
b. Type the name of the new library and click Create New.
The New Library dialog box opens.
—or—

a.  Select the Overwrite Existing option to place data into an existing library on the
selected server.

b. Select the destination library from the list.

5. Click Convert.
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< Torefresh a library list
1. Select the library folder in the Library Explorer pane.

The application does not automatically update the list of available libraries. To see the
current list of libraries, you must manually refresh the list.

The Refresh Library List icon is enabled only when a library folder is selected.
2. Click the Refresh Library List icon, [2]|.

< To reconfigure a previous version of the Mass Frontier SQL Server

Note Because previous versions of the SQL Server were not configured for network
operations, you must reconfigure your previous version of the SQL Server to enable
network operations. For additional information, see To reconfigure a previous version
of the Mass Frontier SQL Server.

1. From the Windows taskbar, choose Start > Run.

2. In the Open box, type svrnetcn and click OK.

The SQL Server Network Utility dialog box opens.
Figure 60. SQL Server Network Utility dialog box

E s50L Server Network Utility

J

General | Netwark Libraries |

Instance(s) on this server: | USER\MASSFRONTIER70 x|

Disabled protocols: Enablad protocols:

MW LInk [P/ SFx MNamed Fipes
Enable »» TCRIP P
<< Disable

Properies...

[~ Farce protocol encryption
[~ Enable WinSock proxy

WinSock procey address:

WITSOCK @Ry Ear:

| 0K, I Cancel | Apply | Help |

3. In the Instances on This Server list, select an instance of SQL Server to configure.

4. In the Disabled Protocols list, select Named Pipes and TCP/IP.
5. Click Enable >>.

The application moves the selected protocols to the Enabled Protocols list.
6. Click OK.

7. Restart the SQL Server Service or restart your computer.
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Importing the NIST/EPA/NIH Mass Spectral Database

The Mass Frontier application supports NIST/EPA/NIH Mass Spectral Database 2005
(NIST 2005 Library). You can either install the NIST 2005 Library—if the library is in the
Mass Frontier format—or import it in NIST (.mdf) file format. While the NIST library is
importing, the data is converted to the Mass Frontier database format (SQL Server). This
process can take up to several hours.

Follow these procedures:
* To import the NIST Library or any user library in NIST format

* To specify mass spectra, ionization mode, or precursor-ion data from a NIST spectra

< To import the NIST Library or any user library in NIST format
1. Choose Library > Import NIST Library from the Server Manager main menu.
The Import NIST Library dialog box opens.

5 Import NIST Library |:||:,r5__<|

Library ko import:

2 General
@Options Browse. .. ] ’ Remove
‘_-'." Connections {0)

Library File Location Message
M ISTOEMO  CAMISTMSMSSEARCHIMISTOEMD  MIST User Library [2375 records]

< |

%

Destination server: 15520-DPCWE-PCEMASSFRONTIERFD v |

Diestination library

(3) Mew MISTDEMO | Create. ..

O Existing

Ezisting library records

Server:
U5510-DPOWE-PCZ\MASSFRONTIER 7O

Login:
adrmin

@ Ready

2. In the Library to Import area, click Browse and select the NIST library.

Close

3. In the Destination Server list, select a server.
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4. To select a destination for the imported library, do one of the following:
a. Select the New option to create a new library for the imported library.

b. Type the name of the new library and click Create.

The New Library dialog box opens. For additional information, see To create a new
user library.

c. Select the Existing option to place data into an existing library on the selected server.

d. Select the destination library from the list.

5. Click Import.

The Mass Frontier application does not recognize the mass spectra type, ionization mode, or
precursor-ion information from a NIST spectra.

< To specify mass spectra, ionization mode, or precursor-ion data from a NIST spectra
1. In the Select a Page pane, select Options.

The Options page opens.

Figure 61. Options page of the Import NIST Library dialog box

2] Import NIST Library

Type of Imported Spectra:

ons M3
EF Connections (00 [Jmsis

Calc Precursor my'z From Structure

N

@ Ready

Close

2. Specify the options for MS or MS/MS imported spectra.
3. Click Import.
When the import job is completed, the Import NIST Library dialog box closes.
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When the Mass Frontier application encounters problems with libraries or the Server

Manager, it saves the errors to two error log files: the native SQL Server error log and the

Server Manager error log.

Follow these procedures:

2.

3.

To open the Server Manager error log

To open the SQL Server error log

To open the Server Manager error log

The Manager Errors log file opens.
Figure 62. Manager Errors log file

. Choose File > Program Error Log from the Server Manager main menu.

ZE File - C\HighChem\Mass Frontier Server Manager\1.0\ManagerErrors. 3. log |Z||E|E|

Program start at: 928/2010 342,43 PM

Created: 992802010 3:42:43 PM
Cornputer name: US510-DROWE-PC2
Ciperating syskem: Windows P, Service Pack 3

(Process [0y 2772, ThreadID: 2976 Date: 9/258/2010 15:42:43 and 671 ms)

Date: 912812010 314613 PM

Murnber: 0 (0}
Descripkion: Connection Failed
Source: TConneckServerFrm, OnConnectServerThreadTerminate
(Process [0y 2772, ThreadID: 2976 Date: 9/258/2010 15:46:13 and 233 ms)

Date: 9/28/2010 5:10:40 PM

Tumnber: O {00
Description: Library ™IST' already exists in server MASSFROMNTIERTC
Source: TaLDatabases, AddhewDatabase

(Process ID: 2772, ThreadID: 3584 Date: 9/28/2010 17:10:40 and 819 ms)

|

1|

(e | [ cen |

Close

To copy the log text to the Clipboard, click Copy.

The Copy command copies all text in the log; you cannot select only a portion of the text

to copy.
To delete all entries in the log, click Clear.

You cannot undo this command.
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To open the SQL Server error log

1. Choose Server > SQL Server Error Log from the Server Manager main menu.

The SQL Server Error Log window opens.

SQL Server Error Log

_@ﬁ General

Error logs: |09;10;2010 13:34 v

Server:
USERVMASSFRONTIERT D

Login:
admin

2010-09-058 03:16:23.870

2010-09-05 03:16:22.760  Server
Feb 9 2007 22:47:07
Copyright {c) 1933-2005 Microsoft Corporation
Express Edition with Advanced Services on Windows NT 5.1 (Build 2600; Service Pack 3)

Microsoft SQL Server 2005 - 9.00,3042,00 {Intel x86)

|

2010-09-08 03:16:22.760  Server  {c) 2005 Microsoft Corparation.

2010-09-08 03:16:22.760  Server Al rights reserved.

2010-09-08 03:16: 22,760 Server  Server process IDis 792,

2010-09-03 03:16:22.760  Server  Authentication mode is MIZED,

2010-09-08 03:16:22.760  Serwer  Logging SOL Server messages in File 'c:\Program Files\Microsoft SOL

Server\MssoL, 1\ MSSOLILOGIERRORLOG',

2010-09-05 03:16:22,760  Server  This instance of SQL Server last reported using a process ID of 5§36
ak 9f8i2010 3:15:27 AM {local) 9/5/2010 10:15:27 AM {UTC). This is an informational message only; no user
action is required.

2010-09-05 03:16:22.780  Server
2010-09-05 03:16:22.780  Server
ServeriMSsgL., 1\MSSoL\DATA master . mdf
2010-09-05 03:16:22.780  Server
ServeriMssgL, 1\ MISQOLILOGIERRORLOG
2010-09-08 03:16:22.780  Server
ServeriMSSGL. 1YMSSOLIDATA maskog. [dF
2010-09-08 03:16:22.850  Server  SCOL Server is starting at normal priority base (=73, This is an
informational message only, Mo user action is required,

Reqistry skartup parameters:
-d c:\Program FilesiMicrosoft SQL

-e c:\Pragram Files\Micrasoft SQL

-l c:YProgram Files\Microsoft SGL

2010-09-08 03:16:22.850  Serwer  Detected 2 CPUs. This is an informational message; no user action is
required.
2010-09-05 03:16:23.700  Server  Using dynamic lock allocation, Initial allocation of 2500 Lock blacks

and 5000 Lock Owner blocks per node.  This is an infarmational message only, Mo user action is required.
Serwer  Database mirroring has been enabled on this inskance of SQL b

I E Save to File

Close

2. Select a specific log file from the Error Logs list.

The SQL Server maintains six error logs. Each time you start a new instance of the SQL

Server, a new log file begins.

3. To save the current log file to a text file, click Save to File.

The Save to File command saves all text in the log; you cannot select only a portion of the

text to save.
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Using the Microsoft SQL Server 2005 Express Edition
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The Mass Frontier library utilities are based on the Microsoft SQL Server 2005 Express
Edition (SQL Express). SQL Express is a database engine based on core SQL Server
technology. It is a reliable storage engine and query processor for desktop applications. SQL
Express is a royalty-free, distributable database engine that is fully compatible with SQL
Server. SQL Express is included in the Mass Frontier installation.

SQL Express is the background application for the Mass Frontier application. Library utilities
are integrated in the graphical interface; you do not directly interact with the database engine.

The SQL Express database engine creates databases with a maximum file size of 4 GB. Any
libraries created in the application cannot exceed this file size. If you try to store data above
this limit, the Mass Frontier application informs you that this action cannot be completed and
you should store the extra data in a new library.

This file size issue occurs more often with chromatographic libraries than with spectral
libraries. For example, the NIST 2002 database with 175000 spectra takes up 800 MB in the
SQL Express format. However, if you must create large spectral or chromatographic databases,
you can upgrade SQL Express to the higher SQL Server editions (for example, Enterprise,
Standard, or Personal) that have terra byte capacity. The Mass Frontier libraries are fully
compatible with other editions of the SQL Server. A database expert must individually set up
later SQL Server editions. For additional information on how to upgrade SQL Express,
contact Microsoft or the HighChem, Ltd. database group.

SQL Express is managed by the Mass Frontier Server Manager.

+ To start the Server Manager

Choose Library > Server Manager from the Mass Frontier main menu.

Figure 63. Server Manager window

[ Mass Frontier Server Manager™ |'._|['E‘E|
File Server Library View Tools Help
B | =13 Library Info
4 Available Servers Index|Name alue &
| § [BMX206|MASSFRONTIER 70 1 HighChem ESI heg 2008
| SUCHY\MASSFRONTIERED z C:\Dacuments and SettingsiAll UsersiDacumentsiHighChem| Libraries\MSSQLEMASSFROMTIER7 0| HighChem ESI Ne
40 SUCHYYMASSFRONTIER 700 3 H
4 )
5 Wersion 2.07
& Size 4723z
7 |status 0 3
< >
TR Library Files
= Library Explorer Library name: [pighChem ESI Meg 2008
(=L US510-DPOWE-PCZIMASSFRONTIER 70
#H HighChem ESI Pos 2008 Oaer
27 HighChem Fragmentation Library
H HighChem EST Neg 2008
Database Files:
Logical Mame: Filz Type  |Filegroup |Imt\al Size (MB) |AutnGrnwth |Path
H\ghChsmESINegZDDS . Data PRIMARY 44 By 10 percent, restricted growth to 4000 ME | C:\Documents an
@ Ready HighChem EST Neq 2008_log |Lag Mot Applicable 4 By 10 percent, unrestricted growth C:iDocuments an
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Using the HighChem Spectral Tree Library

The HighChem spectral trees (MS" spectra) are available in the Mass Frontier application.
This collection! contains high quality ion trap spectra of human and veterinary
pharmaceuticals, endogenous metabolites, drugs of abuse, and doping agents. The library
contains spectral trees acquired by electrospray ionization (ESI) in both the positive and
negative ion modes. Each spectral tree contains a name, structure, and CAS number. The
HighChem Spectral Tree Library contains more than 13 000 individual spectra of 1251
positive and 524 negative ESI spectral trees. In addition, 702 positive and 263 negative ESI
spectral trees are associated with fragmentation mechanisms?.

IMPORTANT HighChem owns all the intellectual property rights to spectral, structural,
and fragmentation data in the HighChem Spectral Tree Library. You may not copy,
translate, distribute, publish, or use this data in connection with other applications
without the written approval of HighChem, Ltd., Slovak Republic.

! Compiled by Dr. Ernst Pittenauer, Vienna University of Technology, Getreidemarkt 9/164, A-1060 Vienna,
Austria and Dr. Petr Simek, Academy of Sciences of the Czech Republic, Branisovska 3, CZ-37005 Ceske
Budejovice, Czech Republic

2 Dr. Ernst Pittenauer, Vienna University of Technology, Getreidemarkt 9/164, A-1060 Vienna, Austria
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Managing Library Records in the Database Manager

Thermo Scientific

Use the Mass Frontier Database Manager to add new records (spectra, trees, chromatograms,
structures, compound identification information, and fragmentation mechanisms) to a user
library. A user library is any library you created in the Server Manager module. For
instructions, see To create a new user library.

You can change and save any record information (spectra, trees, chromatograms, structures,
compound identification information, and fragmentation mechanisms) in a library. To
indicate a change in a record, the application displays a small circle in the ID number column
of the Database Manager Spreadsheet view. Changes in records are not automatically updated
in a database; you must manually save them. For additional information, see Chapter 2,
“Database Manager Module.”

Follow these procedures:
* To open the Database Manager window
* To add records to a user library
* To save changes in a library
* To delete library records
% To open the Database Manager window
1. Do one of the following from the Mass Frontier application window:
Choose Tools > Database Manager from the Mass Frontier main menu.
—or—
Click the Database Manager icon, , in the Mass Frontier toolbar.

The Database Manager window opens.
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Figure 64. Database Manager window
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You can add a new record in the Database Manager in the %@ Work tab only. You can update
an existing record in any library that is not read-only.
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< To add records to a user library

1. In the Spreadsheet of any library in the Database Manager, select the records you want to
add to the user library.

2. Choose Library > Add To Library from the Mass Frontier main menu.
The Add To Library window opens.

M Add To Library

Add Spectra & Stuctures |

Chooge Library Check Structure Redundancy

# | AddTo| MName (#) Check  If a duplicate structure is found, pou wil

B A be asked whether it should be added to
- the library.

4 O T NIST

b O} & User Librarw b

< | > () Do Mat Check

Freview of 1 record about to be added to the librang

Structure | Info
Source;  §HF Highhem ESI Pos 2008
QO NH . .
1 CIN WHEH, | Mame:  amipramidin
HoH'H HH;
Fommla: CgHaCIMN70

| add || Cos

3. In the Choose Library area, select the destination library.
4. (Optional) Turn off redundancy checking by selecting the Do Not Check option.

By default, the application checks whether the structure associated with the spectrum you
are adding to the user library is already present in the library. The application compares
each structure to be added to the user library with structures already in the library. If the
structure already exists in the library, the following message appears:

0 NH
cl. M %L
: NE HH,
| .
HH" THNT THH,

Dwplicate structure has been found. Do you
wanht to add thiz structure and its spectrum to
Uszer Library?

[Duplicated 1D: 1)

5. Click Add.

Note A single structure accompanying a spectrum in a user library cannot contain more
than 199 non-hydrogen atoms.
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< To save changes in a library
1. In the Database Manager, select the a library you want to save.

2. Choose Library > Save Changes In Library from the Mass Frontier main menu.

When you save a newly created record, the application redirects you to the Add To Library
dialog box. For additional information, see To add records to a user library.

Note If you close a Database Manager window or the Mass Frontier application with
unsaved changes, the application prompts you to save them.

< To delete library records

1. Use any search method to retrieve the record or records you want to delete.

IMPORTANT When you delete a library record, the information is irreversibly lost.
You cannot undo the delete library record function. You cannot delete library records
from read-only libraries.

2. Select the records you want to delete in the Database Manager Spreadsheet.
3. Choose Library > Delete from Library from the Mass Frontier main menu.

The Delete From Library window opens.

&n Delete From Library :||§|g|

Delete Spectra & Structures |

Coanfirrnation

(%) Confirm each 5 pectra/Structure pair before deletion () Delete withaut confirmation

Freview of 1 Spectium,/Structure about to be deleted

Structure | Infa

Lihrary: & User Library

Lo BN ) . )
1 O"S : LJN Marae:  arminosultopride
H,N Clj Fommla: CipHzpNz045

Delete l [ Claze

4. Carefully review the spectra and structures.
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5. Do one of the following:

a. To delete all displayed records at once, select the Delete Without Confirmation
option.

b. To delete record-by-record, select the Confirm Each Spectra/Structure Pair Before
Deletion option.

The application prompts you to confirm the deletion of each selected record in the
library, even if you selected only one. For example:

Library: & User Library

0 HNH
CIEN“\AI)—LNI%LNHQ Mame:  amipramidin

H.H™ "H™ "HH, Formula: CeHgCN70

Do you want to delete record #1 fram library User Librang?

s l ’ Mo

6. Click Delete.

When you delete a record from a library, the application automatically decrements the ID
numbers of records with a higher ID than the deleted record so that there are no ID
number gaps in the library.
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Searching Chromatographic Libraries

The Mass Frontier application can create searchable libraries of data-reduced
chromatographic data. You can export retention times, TIC profiles, selected scans, or
detected component spectra or trees to user libraries and search them using various criteria.
Use this feature to search a particular spectrum in a series of GC/LC/MS" library records
(target analysis) or to perform cross matching of all scans or components in a chromatogram
against spectral data of other chromatographic records (dereplication). Chromatograms are
organized in a similar manner to spectral libraries, the difference being that a single library
entry represents a data-reduced chromatogram rather than a simple spectrum or tree.

For additional information, see “Exporting Scans, Components, and Reduced
Chromatograms” on page 325 or “Searching Components” on page 334.
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Fragments and Mechanisms Module
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The Mass Frontier application can automatically generate possible fragments, including

complete fragmentation and rearrangement mechanisms starting from your chemical

structure. The Fragments & Mechanisms module provides information about basic

fragmentation and rearrangement processes that might occur in a mass spectrometer.

Contents

Features

Generating Fragments and Mechanisms
Using the Fragments & Mechanisms Window
Previewing Unimolecular Reactions
Generating Fragments for Multiple Structures
Specifying Reaction Restrictions

Working with Generated Fragments

Generated fragments and corresponding mechanisms are particularly useful for the following:

Checking consistency between a chemical structure and its mass spectrum

Confirming library search identifications

Recognizing the structural differences between spectra of closely related compounds

Interpreting the spectra of isotopically-labeled compounds

[lustrating the structure-spectra relationship for educational purposes
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Features

Features
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The Fragments & Mechanisms module uses a mathematical approach to simulating
unimolecular ion-decomposition reactions. For additional information, see “Previewing
Unimolecular Reactions” on page 193.

The system, which generates possible fragmentation and rearrangement pathways, is based on
these assumptions:

* General fragmentation and rearrangement rules

The system optionally predicts reaction pathways that are based on general fragmentation
and rearrangement rules. This feature does not include compound-specific mechanisms
that cannot be applied generally. At first, this might seem to be a disadvantage; however,
you can use this feature in combination with a substructure search for identifying specific
compound classes. For additional information, see “Unexplained Peaks” on page 219.

Fragmentation Library mechanisms

The system optionally accesses an intelligent fragmentation mechanism knowledge base
for predicting unimolecular decomposition reactions. HighChem Fragmentation Library
currently contains approximately 19000 individual mechanisms. You can also include
your own mechanisms in fragmentation prediction. For additional information, see “Base
Page” on page 201, Chapter 7, “Fragmentation Library,” , or “Using Library Reactions in
Fragmentation Prediction” on page 237.

Charge localization concept

Every ion-decomposition reaction that is generated is based on the charge localization
concept. The application determines exactly where the charge site in all precursor and
product ions is located. The system internally generates resonance reactions, which are
not displayed by default. For additional information, see “Resonance Page” on page 209.

These reactions can move charge sites to distant locations and, in some complicated
structures, the charge localization concept might appear to have been violated. If a
reaction step is not clear, you can set up the system to display mechanisms along with
resonance reactions. You can, however, use an unspecified charge location that is
internally transformed to all combinatorial structures with a localized charge.

Unimolecular linear reaction mechanisms

The Mass Frontier application generates only unimolecular reactions. The reaction
pathways are displayed as linear reaction mechanisms, which incorporate one
intermediate site on the left and one intermediate site on the right for each reaction step.
The application includes only ionic products in reaction pathways; it does not display
neutral fragments.
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6 Fragments and Mechanisms Module
Features

¢ Even-Electron rule

The application generates reaction mechanisms in accordance with the Even-Electron
rule. The Even-Electron rule says that the homolytic bond cleavages of an even electron
ion are energetically unfavorable. This means that the application never generates radical
cations from an even-electron ion.

Bond cleavages only

Using the General fragmentation and rearrangement rules option, the application can
only generate fragments from bond cleavages. It does not support bond creation, except
creation of an H-X'bond (X = any element) in hydrogen rearrangements. For this option,
the system does not include ring contractions, cyclizations, or skeletal and non-hydrogen
rearrangements. The Fragmentation Library option supports bond creation with all
rearrangements and ring transformations. For additional information, see
“H-Rearrangements Page” on page 207 or Chapter 7, “Fragmentation Library.”

Ionization methods

The application supports electron impact, protonation, deprotonation, cluster ion
formation, alkali metal adducts, and chemical ionization methods.

Formally possible solutions

The mechanisms generated by the Mass Frontier application contain formally possible
reaction steps. The system does not determine the stability of product ions from
thermodynamic data or rates of reaction. When evaluating generated mechanisms, keep
this rule in mind: Short and uncomplicated reaction pathways are more favorable than
complex mechanisms involving complicated, multistep hydrogen rearrangements.
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Generating Fragments and Mechanisms

186

You can generate fragmentation and rearrangement pathways from any structure you supply,
including ions and isotopically-labeled compounds. The structure can originate from the
Structure Editor, the Database Manager, or a Fragments & Mechanisms window. Before the
Mass Frontier application generates the program, it checks the input structure for errors. If it
finds any errors, a message box displays the errors and cancels the generation.

¢ When you start a generation from the Structure Editor, the application assumes that the
y g

Mass Frontier User Guide

complete structure is intended as input for the generation.

When you start a generation from the Database Manager window, the application
automatically links the generated fragments in the Fragments & Mechanisms window
with the corresponding spectrum in the Database Manager window. The application
highlights peaks that have the same 72/z value as the generated fragments. Selecting a

highlighted peak reveals all the pathways leading to it. By default, peaks are highlighted in
red.

To start a generation of possible fragmentation and rearrangement pathways

. Do one of the following:

Click the Fragments and Mechanism button, lﬂ , in the Mass Frontier toolbar.
Choose Tools > Fragments and Mechanisms from the Mass Frontier main menu.

The Reaction Restrictions dialog box opens. For detailed information about the Reaction
Restrictions dialog box, see “Specifying Reaction Restrictions” on page 198.

Figure 65. Reaction Restrictions dialog box
Reaction Restrictions rg|

Baze | |onization & Cleavage | H-Reanangement | Fesonance | Additional | Sizes

F.nowledge Baze

(®) General Fragmentation Fules () Fragmentation Library () Bath

Selected Fragmentation Library Fragmentation Library Options

#  Active  Library Name

Dizplay thiz window every time Generation of Fragments & Mechanisms iz started

5[ o
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2. Specify your parameters in the Reaction Restrictions dialog box and click OK.

The Generation of Fragments & Mechanisms dialog box displays the progress as the
application checks for structure errors. See “Generation of Fragments & Mechanisms

dialog box” on page 187.

When the checks are complete, the Fragments & Mechanisms window opens. See “Using
the Fragments & Mechanisms Window” on page 189.

Figure 66. Generation of Fragments & Mechanisms dialog box

Generation of Fragments & Mechanisms |;||:fg|

Status: Checking Fragments

PnglESS' [----------- ]
Already Generated m/'z Reactions Limit

| m/z 526,05 | Mo [3 o)
Irfo

hazs Frantier 7.0 iz a multithreading application, so vou can
continue wging other modules while the reactions are being
generated.

Pause Cancel

Table 22. Generation of Fragments & Mechanisms parameters (Sheet 1 of 2)

Parameter Description

Status Reports the current check.

Progress Status bar reports the relative completion state of the current
check.

Already Generated m/z  List of m/z values of the ions that have already been generated
and the total number of ions that have already been generated.
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Table 22. Generation of Fragments & Mechanisms parameters (Sheet 2 of 2)

Parameter Description

Reactions Limit Indicates approximately how many temporary internal
reactions have been generated from a particular structure.
Large and structurally complicated molecules can produce an
enormous number of reactions but consume a large amount of
memory. This memory consumption limits the number of
temporarily generated reactions. If the reactions limit is
reached, the generation stops and the application displays an
error message, but the fragments and mechanisms generated
up to that point are displayed. The most important fragments
are generated first, so even if a generation stops, the most
important fragments have likely been generated. However, if
you are missing an important fragment because you assume
the generation was interrupted, you can increase the reactions
limit. For additional information, see “Sizes Page” on
page 213.

Info With this multithreading strategy, you can simultaneously
perform multiple tasks. For example, while the application is
generating reactions, you can search libraries or analyze your
spectra. You can also run two or more generations of
fragments and mechanisms at the same time.

Pause Temporarily interrupts generation to redirect processing power
to other processes that might be simultaneously running in the
application or to other Windows applications.

Finish Stops the current generation. The application displays
fragments and any production mechanisms that are generated
up to that point.

Cancel Cancels the current generation. The application does not
display any generated fragments. It can take several seconds
before the window closes.
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Using the Fragments & Mechanisms Window

=

When the application finishes a reaction-generating process, a Fragments & Mechanisms
window opens. You cannot directly open this window from any menu or toolbar. A Fragments
& Mechanisms window displays either the complete mechanisms of ion-decomposition
reactions or only the resulting fragments.

— Show m/z Values for Explained Peaks Only
__ Compare Fragments

— Show Bar Code Spectrum

— Exclude m/z(Bar Code Spectrum,
Fragments Comparator, Clipboard)

Set m/z(Bar Code Spectrum, Reaction Mechanisms
Fragments Comparator, Clipboard) Overview

lonization Method
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Follow these procedures:
* To customize the m/z tab display
* To display a mechanism or fragment for an m/z value
* To copy fragments or mechanisms

* To display the isobaric fragments for a particular m/z value
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2
0‘0
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To customize the m/ztab display

1. Choose Options > Settings from the Mass Frontier main menu.

The Options dialog box opens.

2. Click Reaction in the Layouts section.

The m/z page of the Options: Reaction Layout dialog box opens.

5 Options: Reaction Layout @

Mair
Clipboard

@ Serwver

Reaction Restrictions
Search Constraints

Mass/abundance

& Formaula Gererator
Structure
Spechrum

Chromatogranm

Layouts

Reaction

Classification

myz | Arroy

Mizcellaneous

mfz Selector
(O Tabs Single Line
(O Tabs Multi Line

® Combo Baox

myfz Label undear Structure

Sample

mfz
ad(z)

(®) Show ahways ) Show only for result
o) (o) ()

3. Specify the display style for your m/z tabs.

The Sample area shows how each display style will look.

4. Click OK.

The next time you generate fragments and mechanisms, the application uses the specified

display changes. Current Fragments & Mechanisms windows are not affected.
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< To display a mechanism or fragment for an m/zvalue
Do one of the following:
Click the appropriate m/z tab.

m/z45.00 | 9205 | 12004 | 121.03 | 12206 | 138.05
0

Choose the m/z value from the m/z list.

mez 207.01 »

457.02
520.93
532.93

The display style depends on the settings you specified in the Options dialog box.

< To copy fragments or mechanisms
1. Click the Copy button on the Mass Frontier main menu and choose one of the following:
* Mechanism

This command copies mechanisms in both graphic format (Enhanced Windows
Metafile) and data format.

* Fragment

This command is available only when you have a selected fragment in the Fragments
& Mechanisms window.

* List of Fragments
This command copies all fragments listed in the Fragments & Mechanisms window.

2. Paste the copied element into a Structure Editor window, a Database Manager window, or
any Windows application.
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< To display the isobaric fragments for a particular m/zvalue

You can generate several possible isobaric fragments for a particular 7/z value. When
more than one fragment is generated for an /z value, the application displays each
numbered fragment separately.

To display the isobaric fragments with their corresponding mechanisms, click the
numbered button next to the hand pointer.

Fragments & Mechanisms: 1

k= x_ ° Mechanisms | &7 [M+HT+

" miz 4303 | 44.m || £0.05 || 8E.03 || 1430 || 14503 || 156.01 || 170,02 || 171.01 || 172.04 || 188.03 ||ﬁ S
| = Select poszible fragments with mdz 43.0291

440
60.06

96.03

14301
142,03
15501
17002
171.m
17204
188.03
134.08
132,02
136.00
197.03
212,04
213.03
214.08
215.04
230,08

TIH
-

rafzds 03

CAC AN AN ACACACAC S

® Default

Results for mfz 43,03 Fragment Mo: 1 Selected structure: CHzM 2_' T

The fragments are sorted according to the simplicity of their production mechanism, so
fragment No.1 is produced by the simplest (shortest) mechanism. The isobaric fragments
are usually isomers of the same fragments with a different charge, radical, or p-bond
location.
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Previewing Unimolecular Reactions

The Mass Frontier application uses general unimolecular reactions for prediction of
fragmentation, rearrangement, and resonance mechanisms.

R

% To preview unimolecular reactions

Click the Reaction Mechanisms Overview button, <3 , in a Fragments & Mechanisms
window.

The Reaction Mechanisms Overview window opens.

Reaction Mechanisms Overview
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Copyright & 1333-2010 HighChem, Ltd.
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Reaction Formalism

194

The reaction formalism used in the application follows these conventions:
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Cr

=+

+H*
-H*

rHa
tHe
tHe
rHg

I."H]_J

Lib

Alpha cleavage

Pi electron ionization

Sigma electron ionization
Charge stabilization
Mon-bonding electron ienization
Electron sharing

Inductive cleavage

Protonation

Hydrogen radical loss

Hydride abstraction

Radic al site rearranoe ment
Charge site rearrangement (=, B)
Charge site rearrangement (y)
Charge-rermote rearrangemeant
Hydrogen shift to adjacent position
Radical resonance

Fragmentation Library Mechanism
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Generating Fragments for Multiple Structures

The Mass Frontier application supports batch processing for fragment prediction. You can
generate fragments without mechanisms for multiple input structures in a single batch.

% To generate fragments for multiple input structures
1. Choose Tools > Batch Fragment Generation from the Mass Frontier main menu.

The Batch Fragment Generation: Input Structures dialog box opens.

_Batch Fragment Generation: Input structures

o o]

2. To add structures, do any of the following:
Click the Open button, [Z , and import structures from .sdf or .mol files.
—or—
Paste structures from the Clipboard.
—or—

Create structures in the Structure Editor window, and then copy and paste them.

_JBatch Fragment Generation: Input structures

= EH ¥ XEDDS ST
A e C
1]375.98 40595 R
OH © 3
O._ .0
Br F{O/ oy MiHpas
H 0
L o
H, L
Br DHjgy 0
0k l [ Cancel l
3. Click OK.

The Batch Processing Options: Reaction Restriction dialog box opens. The parameters in
this dialog box are almost identical to the Reaction Restrictions dialog box. See
“Specifying Reaction Restrictions” on page 198.
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4. Specify your parameters in the Batch Processing Options: Reaction Restriction dialog box
and click Next.

The Batch Processing Options: Output Parameters dialog box opens.

Batch Processing Options: Output Parameters

Cutput

()5ave to library

' Save az sdf file (all Fragments to one file]
(%) Add to Database Manager

Databaze Manager Options

Annotate Spectra

’ = Back l [Generate l [ Cancel

5. Select one of the following output options:
* Save to a library.
* Save in .sdf file format.

This file format, defined by Molecular Design Ltd. (MDL), is an ASCII file format

that can contain multiple compounds in .sdf file format.
* Add to a new Database Manager window.
6. To annotate the spectra, select the Annotate Spectra check box.
7. Click Generate.

The Generation of Fragments & Mechanisms dialog box reports the progress.

‘> Generation of Fragments & Mechanisms Z|.:

Status Batch Processing Completed

PTUQTESS: [IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘

HO
3y
M s
e}
Cahicel
HO
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8. When the batch is completed, click Close.

For each input structure, the application generates a separate set of fragments and saves
them in the specified output format.

Fragment generation is executed in its own thread, which means you can use other Mass
Frontier functions during the generation.
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Specifying Reaction Restrictions

Use the features in the Reaction Restrictions dialog box to change the default settings of the
ionization method and the basic fragmentation and rearrangement mechanisms.

The Reaction Restrictions dialog box automatically opens when you begin generating
fragments. You can also open the Options dialog box from the Mass Frontier main menu or
toolbar and access identical Reaction Restrictions parameters.

This section includes the following topics:
* Managing Reaction Restrictions Files
* Using the Reaction Restrictions Dialog Box
* Specifying Precision and Isobaric Differentiation
% To open the Reaction Restrictions pages of the Options dialog box
1. Choose Options > Settings from the Mass Frontier main menu.
2. Click Reaction Restrictions in the Parameters section.

The Reaction Restrictions pages of the Options dialog box open. The parameters are
exactly the same as the parameters in the Reaction Restrictions dialog box that
automatically opens when you generate fragments and mechanisms. See “Reaction
Restrictions dialog box” on page 186.

Managing Reaction Restrictions Files

198

Use the Reaction Restrictions dialog box to specify many parameters for a fragment. You can
save parameter values to a file and then import that file to apply the same parameter values to
other fragments.

% To save reaction restrictions to a file
1. Specify the restrictions for all pages of the Reaction Restrictions dialog box.
2. Click the Save button, .
The Save Reaction Restrictions dialog box opens.
3. Type a file name for the file.
The file type defaults to .rrs.
4. Click Save.

You can import these restriction settings when you generate fragments for similar compounds.

Note There is no Save option when you use the Reaction Restrictions pages of the

Options dialog box.
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< To import reaction restrictions from a file

1. Click the Open button, .

The Open Reaction Restrictions dialog box opens.

2. Select an .rrs file to import.

3. Click Open.

The application overwrites all parameters in the Reaction Restrictions dialog box with the
saved parameters in the file.

4. Click OK to make these restrictions active.

All changes in the Reaction Restrictions dialog box take effect after the regeneration of
fragments and mechanisms and affect all subsequent generations. The current Fragments
& Mechanisms windows are not affected.

Note There is no Open option when you use the Reaction Restrictions pages of the
Options dialog box.
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Using the Reaction Restrictions Dialog Box

200

The Reaction Restrictions dialog box automatically opens when you begin generating

fragments. You can manually open identical pages of parameters from the Options menu.

This section includes the following topics:

Mass Frontier User Guide

Base Page

lonization and Cleavage Page
H-Rearrangements Page
Resonance Page

Additional Page

Sizes Page

To restore default settings
Click Restore Defaults.

The application restores all default values in the Reaction Restrictions dialog box. These
values take effect after the regeneration of fragments and mechanisms and affect all
subsequent generations. The current Fragments & Mechanisms windows are not affected.

To hide the Reaction Restrictions dialog box each time you start fragment generation

Clear the Display This Window Every Time Generation of Fragments & Mechanisms
Is Started check box.

The application will not display the Reaction Restrictions dialog box when you start
fragment generation.

If you want to return to displaying the Reaction Restrictions dialog box each time you
start fragment generation, follow the next procedure.

To restore the Reaction Restrictions dialog box each time you start fragment
generation

. Choose Options > Settings from the Mass Frontier main menu.
. Click Reaction Restrictions in the Parameters section.

. Select the Display This Window Every Time Generation of Fragments & Mechanisms

Is Started check box, and click OK.

The Reaction Restrictions dialog box opens each time you start fragment generation.

Thermo Scientific
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Use the Base page to specify the type of knowledge base the system uses for predicting

fragmentation pathways. See “Base page of the Reaction Restrictions dialog box” on page 202.

Follow these procedures:

Thermo Scientific

To minimize the generation of useless fragments

To disable automatic simulation

To speed up fragment generation

To exclude mechanisms with unspecified charge sites
To minimize the generation of useless fragments

Some mechanisms of small fragments can fit virtually every structure and can generate an
immense number of useless fragments.

. In the Spreadsheet view for the library, clear the Active check box for these structures in

the Fragmentation Library.
For additional information about active records, see “Spreadsheet View” on page 67.
In the Reaction Restrictions dialog box, select the Active Records Only check box.

The fragment generation ignores the inactive records in the Fragmentation Library.

To disable automatic simulation

Select the Library Ionization Only check box and add an ionization mechanism to the
library.

Note When a neutral molecule is provided, the application automatically simulates
the ionization process according to the selected ionization mode on the Ionization &
Cleavage page. You must first disable this automatic simulation feature to use a
different ionization site. For additional information, see “lonization and Cleavage
Page” on page 204.

To speed up fragment generation

. Select the General Fragmentation Rules option in the Knowledge Base area.

The fragmentation library mechanisms must follow general fragmentation rules.

. Clear the Ignore General Frag. Rules in Library Reactions check box in the

Fragmentation Library Options area.
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< To exclude mechanisms with unspecified charge sites

Select the Charge Localization Concept Only check box in the Fragmentation Library

Options area.

This option excludes mechanisms in the fragmentation library that contain unspecified
charge sites from the generation process.

Note Structures with an unspecified charge site in the fragmentation library or in the
starting structure slow the generation process. When you use an unspecified charge site,
the system must consider a large number of combinations for each step. When possible,
avoid using unspecified charge sites in the fragmentation library.

Figure 67. Base page of the Reaction Restrictions dialog box
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Table 23. Base parameters (Sheet 1 of 2)

Feature

Knowledge Base

Description

General Fragmentation

Rules

Specifies general rules for generating fragments and
mechanisms.

Fragmentation Library

Activates the Selected Fragmentation Library and the
Fragmentation Library Options areas where you can
choose the libraries and options to use for generating
fragments and mechanisms.

The HighChem Fragmentation Library contains
approximately 19000 mechanisms, so calculation times
are significantly longer when you choose this library.
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Table 23. Base parameters (Sheet 2 of 2)

Feature

Both

Description

Uses both the general rules and the selected libraries to
generate fragments and mechanisms.

Selected Fragmentation Library

Specifies the fragmentation libraries to use for generating
fragments and mechanisms.

Fragmentation Library
Options

Active Records Only

Ignores records in the Fragmentation Library that are not
marked as Active. When this option is not selected, the
fragmentation generation function considers all
mechanisms from the selected libraries.

Library Ionization Only

Disables the automatic simulation of the ionization
process.

Ignore General Frag. Rules
in Library Reactions

Skips the checking of general fragmentation rules to
speed up the generation.

Charge Localization
Concept Only

Excludes mechanisms in the fragmentation library that
contain unspecified charge sites from the generation
process.

Display This Window Every
Time Generation of Fragments
& Mechanisms Is Started

Opens the Reaction Restrictions dialog box each time you
start fragment generation. Clear this check box if you
want to use the same parameter settings for subsequent
fragment generations and do not want to see this dialog
box each time.

If you clear this option and want to return to displaying
the Reaction Restrictions dialog box each time you start
fragment generation, follow the instructions “To restore
the Reaction Restrictions dialog box each time you start
fragment generation” on page 200.

Restore Defaults

Restores all default values in the Reaction Restrictions
dialog box. These values take effect after the regeneration
of fragments and mechanisms and affect all subsequent
generations. The current Fragments & Mechanisms
windows are not affected.

Open

Imports the restriction parameter values from an .rrs file.

Save

Saves the current restriction parameter values to an .rrs

file.
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lonization and Cleavage Page

204

Use the Ionization & Cleavage page to specify the ionization method.

When comparing generated fragments and mechanisms with a mass spectrum, carefully

choose the correct ionization method. The application warns you if the reaction restrictions

are set for protonation techniques or chemical ionization and you are attempting to compare

generated fragments with a spectrum from the NIST library, which contains only EI spectra.
However, if the spectrum is from a file, the application does not check mass spectrum type
and ionization techniques for consistency. For additional information, see “Importing the

NIST/EPA/NIH Mass Spectral Database” on page 171.

Figure 68. lonization & Cleavage page of the Reaction Restrictions dialog box
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Table 24. lonization & Cleavage parameters (Sheet 1 of 3)

Feature

Ionization Method

Description

Electron Impact

Electron Impact (EI) mode that produces M** ions.

Protonation

Positive ionization [M+H]*. The protonation mode
represents “soft jonization” techniques such as
Electrospray Ionization (ESI), Atmospheric Pressure
Chemical Ionization (APCI), Fast Atom Bombardment
(FAB), and other techniques.
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Table 24. |onization & Cleavage parameters (Sheet 2 of 3)

Feature

Deprotonation

Description

Negative ionization [M—H]". The deprotonation mode
represents “soft ionization” techniques such as
Electrospray lonization (ESI), Atmospheric Pressure
Chemical Ionization (APCI), Fast Atom Bombardment
(FAB), and other techniques.

The deprotonation option does not support General
Fragmentation Rules in the knowledge base. For
additional information, see “Base Page” on page 201.

You can only use deprotonation in connection with the
Fragmentation Library. For additional information, see
Chapter 7, “Fragmentation Library.”

Cluster Ion Formation

[M+NH4]"* or [M+H;0]*

Alkali Metal Adducts

[M+Li]*, [M+Na]*, [M+K]*

Chemical Ionization

The chemical ionization option offers three basic
ionization reactions: protonation, hydride abstraction (see
“Reaction Formalism” on page 194), and adduct
formation.

In addition, you can select one of six most common
reaction gases: methane (CHy), hydrogen (H,), isobutane
(i-C4H(), ammonia (NH3), water (H,0), and nitrogen
monoxide (NO).

Ionization On

Non-Bond El

Performs ionization on non bonded electrons.

Pi Bond [r]

Performs ionization on Pi bonds. Available only when
Electron Impact or Protonation ionization methods are
selected.

Sigma Bond [o]

Performs ionization on Sigma bonds. Available only when
Electron Impact ionization method is selected.

Cleavage

Alpha [a]

Use alpha cleavage when generating fragments and
mechanisms. Available only when Electron Impact
ionization method is selected.

Inductive [i]

Use inductive cleavage when generating fragments and
mechanisms.

Thermo Scientific
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Table 24. |onization & Cleavage parameters (Sheet 3 of 3)

Feature

Display This Window Every
Time Generation of Fragments
& Mechanisms Is Started

Description

Opens the Reaction Restrictions dialog box each time you
start fragment generation. Clear this check box if you
want to use the same parameter settings for subsequent
fragment generations and do not want to see this dialog
box each time.

If you clear this option and want to return to displaying
the Reaction Restrictions dialog box each time you start
fragment generation, follow the instructions “To restore
the Reaction Restrictions dialog box each time you start
fragment generation” on page 200.

Restore Defaults

Restores all default values in the Reaction Restrictions
dialog box. These values take effect after the regeneration
of fragments and mechanisms and affect all subsequent
generations. The current Fragments & Mechanisms
windows are not affected.

Open

Imports the restriction parameter values from an .rrs file.

Save

Saves the current restriction parameter values to an .rrs

file.
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H-Rearrangements Page

Use the H-Rearrangement page in the Reaction Restriction dialog box to specify the controls
for setting four basic hydrogen rearrangements:

rHy  Radical site rearrangement

rHe  Charge site rearrangement (o, B)

tHe | Charge site rearrangemetit ()

tHg  Charge-remote rearrangement

The hydrogen rearrangements that involve radical (odd-electron ions) rHy are set by default
for hydrogen transfer from a steric optimal atom, usually from a y-atom (McLafferty
rearrangement). A hydrogen shift to an adjacent position (rH1,2) is activated by default and
cannot be deactivated. For additional information, see “Reaction Formalism” on page 194.

There are two reasons for changing the default setup of rearrangements:

* You are missing an important peak and you suspect an unusual rearrangement. You can
compel hydrogen transfer from an a, B, y, or & atom.

* You might want to simplify a mechanism by deactivating rearrangements that cause
redundant reaction steps.

Figure 69. H-Rearrangement page of the Reaction Restrictions dialog box
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Table 25. H-Rearrangement parameters

Feature

In Odd-Electron Ion [rH,]/
Hydrogen Transfer from Atom

Description

Specifies one of the following hydrogen transfer methods:
* o
* P
* Y
L)
* Steric Optimal

In Even-Electron Ion/
Hydrogen Transfer from Atom

Specifies one of the following hydrogen transfer methods:
e o, B, [rHp]
* v [rHc]
* Charge-Remote Rearrangement [rHg]

Display This Window Every
Time Generation of Fragments
& Mechanisms Is Started

Opens the Reaction Restrictions dialog box each time you
start fragment generation. Clear this check box if you
want to use the same parameter settings for subsequent
fragment generations and do not want to see this dialog
box each time.

If you clear this option and want to return to displaying
the Reaction Restrictions dialog box each time you start
fragment generation, follow the instructions “To restore
the Reaction Restrictions dialog box each time you start
fragment generation” on page 200.

Restore Defaults

Restores all default values in the Reaction Restrictions
dialog box. These values take effect after the regeneration
of fragments and mechanisms and affect all subsequent
generations. The current Fragments & Mechanisms
windows are not affected.

Open

Imports the restriction parameter values from an .rrs file.

Save

Saves the current restriction parameter values to an .rrs

file.
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The application generates fragmentation and rearrangement mechanisms along with electron

shift reactions (resonance reactions). Because these reactions can cause a large number of
by-products even for relatively small structures, by default, the resonance reactions are not

depicted.

To keep the reaction network simple, the application reduces reaction complexity by not

displaying resonance reactions. As a result, elementary reaction steps that include resonance

reactions are merged into a single step. If you have difficulty understanding such reduced

mechanisms, you can display all resonance reactions.

Figure 70. Resonance page of the Reaction Restrictions dialog box
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Table 26. Resonance parameters (Sheet 1 of 2)

Feature

Resonance Reactions

Description

Specifies any of the following reactions:

* Electron Sharing [es]
* Charge Stabilization [er]
¢ Radical Isomerisation [rr]

Display Resonance Reactions

Yes

Displays all resonance reactions.

No (Recommended)

Does not display resonance reactions.
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Table 26. Resonance parameters (Sheet 2 of 2)

Feature

Display This Window Every
Time Generation of Fragments
& Mechanisms Is Started

Description

Opens the Reaction Restrictions dialog box each time you
start fragment generation. Clear this check box if you
want to use the same parameter settings for subsequent
fragment generations and do not want to see this dialog
box each time.

If you clear this option and want to return to displaying
the Reaction Restrictions dialog box each time you start
fragment generation, follow the instructions “To restore
the Reaction Restrictions dialog box each time you start
fragment generation” on page 200.

Restore Defaults

Restores all default values in the Reaction Restrictions
dialog box. These values take effect after the regeneration
of fragments and mechanisms and affect all subsequent
generations. The current Fragments & Mechanisms
windows are not affected.

Open

Imports the restriction parameter values from an .rrs file.

Save

Saves the current restriction parameter values to an .rrs

file.
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By default, the application does not activate cleavage on an aromatic ring. However, you
might activate bond cleavage on aromatic rings when working with small aromatic
compounds. For example, when you generate fragments and mechanisms of phenol, you can
generate the important fragment corresponding to the peak m/z 66 only after activating
cleavage on aromatic systems.

T+ .
OH OH 0 '3| .,
tHy + o +e -CO |L/
_— _— —_— _—
| | "
— m/z66
mz 04 mfz 94 tufz 54

By default, cleavage on aromatic systems is deactivated because of the quantity of fragments
that can be generated from large aromatic compounds and because the aromatic bond is a very
strong bond.

Figure 71. Additional page of the Reaction Restrictions dialog box
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Table 27. Additional parameters

Feature

Allowed on Aromatic System

Description

Specifies any of the following bonds on aromatic rings:
* Ionization
* Stabilization

* Cleavage
Hydrogen Radical Lost
Yes
No (Recommended)
Allowed Specifies any of the following:

Carbo - Cation/Anion

* Primary
* Secondary
e Tertiary

Display This Window Every
Time Generation of Fragments
& Mechanisms Is Started

Opens the Reaction Restrictions dialog box each time you
start fragment generation. Clear this check box if you
want to use the same parameter settings for subsequent
fragment generations and do not want to sce this dialog
box each time.

If you clear this option and want to return to displaying
the Reaction Restrictions dialog box each time you start
fragment generation, follow the instructions “To restore
the Reaction Restrictions dialog box each time you start
fragment generation” on page 200.

Restore Defaults

Restores all default values in the Reaction Restrictions
dialog box. These values take effect after the regeneration
of fragments and mechanisms and affect all subsequent
generations. The current Fragments & Mechanisms
windows are not affected.

Open

Imports the restriction parameter values from an .rrs file.

Save

Saves the current restriction parameter values to an .rrs

file.
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On the Sizes page in the Reaction Restrictions dialog box, you can limit the size and
complexity of a reaction pathway generation.

Increasing the maximum number of reaction steps can exponentially increase the number of
fragments produced for a specified reaction path. Generally, keep this number small, and if
you must generate additional fragments, you can select individual fragments to use as starting
points for additional reactions.

Large and structurally complicated molecules can produce an enormous number of reactions
but consume a large amount of memory. This memory consumption limits the number of
temporarily generated reactions. If the reactions limit is reached, the generation stops and the
application displays an error message, but the fragments and mechanisms generated up to that
point are displayed. The most important fragments are generated first, so even if a generation
stops, the most important fragments have likely been generated. However, if you are missing
an important fragment because you assume the generation was interrupted, you can increase
the reactions limit.

Figure 72. Sizes page of the Reaction Restrictions dialog box
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Table 28. Sizes parameters

Feature

Reaction Steps

Description

Max Number

Specifies the maximum number of cascaded fragment
reactions.

Reactions Limit

Value Specifies the number of temporary internal reactions.
Mass Range

From Specifies the lower end of the m/z range.

To Specifies the upper end of the m/z range.

Display This Window Every
Time Generation of Fragments
& Mechanisms Is Started

Opens the Reaction Restrictions dialog box each time you
start fragment generation. Clear this check box if you
want to use the same parameter settings for subsequent
fragment generations and do not want to see this dialog
box each time.

If you clear this option and want to return to displaying
the Reaction Restrictions dialog box each time you start
fragment generation, follow the instructions “To restore
the Reaction Restrictions dialog box each time you start
fragment generation” on page 200.

Restore Defaults

Restores all default values in the Reaction Restrictions
dialog box. These values take effect after the regeneration
of fragments and mechanisms and affect all subsequent
generations. The current Fragments & Mechanisms
windows are not affected.

Open

Imports the restriction parameter values from an .rrs file.

Save

Saves the current restriction parameter values to an .rrs

file.
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Working with Generated Fragments

The Fragments & Mechanisms module automatically generates fragments and detailed
fragmentation and rearrangement mechanisms from your chemical structure.

This section includes the following topics:
* Linking Generated Fragments with a Spectrum
* Eliminating Generated Fragments Not Present in a Spectrum
* Simulating Fragmentation Processes in MS/MS Experiments
* Unexplained Peaks
* Bar Code Spectra
* Marking Fragments

* Specifying Precision and Isobaric Differentiation
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Linking Generated Fragments with a Spectrum

216

Use the Mass Frontier application to link generated fragments with a mass spectrum, which
helps explain peaks in a spectrum. When you start a generation of fragments and mechanisms
from the Database Manager window, the generated fragments are automatically linked with
peaks in a spectrum according to their 7/z values. After a generation, highlighted (explained)
peaks are displayed in a different color—by default, red—in the original mass spectrum.
Selecting a highlighted peak reveals all the mechanisms leading to it. In addition, you can
automatically assign generated fragments.

< To automatically assign generated fragments

In the Database Manager window, right-click the spectrum pane and choose
Auto Annotation > Generated Fragments from the shortcut menu.

The corresponding Fragments & Mechanisms window must be open.

For additional information, see “Assigning Fragments to Spectral Peaks” on page 61.

When an unexplained peak is likely to be an isotopic peak of an explained peak, it is depicted
in a third color—Dby default, green. Selecting such a peak reveals all the mechanisms leading to
the fragment, which can produce this isotopic profile.

You cannot predict energies and barriers in ionized molecules, which prevents the prediction
of all the peaks in a mass spectrum. In addition, the fragment predictability range is usually
between 50 and 90 percent. However, a prominent unexplained peak can be of special value
for interpreting or identifying an unknown. An unexplained peak can indicate a
compound-specific mechanism that occurs in molecules with similar structural features or
with a common substructure. Several mechanisms that have been observed only in a specific
group of compounds cannot be applied generally when proposing fragmentation and
rearrangement pathways.

If you suspect a compound-specific mechanism of fragment formation, verify your
assumption by conducting a substructure search. Then you can compare the explained and
unexplained peaks in the spectra retrieved by the substructure search.
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Eliminating Generated Fragments Not Present in a Spectrum

Thermo Scientific

The Fragments & Mechanisms module shows all 72/z values that have been generated with the
specified Reaction Restrictions settings. When the generated fragments are linked with a
spectrum—that is, the fragments were generated from a Database Manager window that
contains the specified spectrum—you can eliminate the 7/z values that do not have
corresponding peaks in the spectrum. In some cases, the application generates a large number
of theoretically possible fragments with a variety of m/z values; therefore, showing only those
fragments that can be linked with a spectrum (explained peaks) is useful.

For additional information, see “Specifying Reaction Restrictions” on page 198 or “Linking
Generated Fragments with a Spectrum” on page 216.

% To eliminate m/zvalues that cannot be linked with peaks in a spectrum

Click the Show m/z Values For Explained Peaks Only button, ﬂ, in the Fragments
& Mechanisms window.

When you eliminate 7/z values that do not correspond to a spectrum, these values are not
permanently deleted. To restore the original display, click the Show #/z Values For
Explained Peaks Only button again.

This Show m/z Values For Explained Peaks Only button switches the display between
all generated m/z values and m/z values for explained peaks only.
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Simulating Fragmentation Processes in MS/MS Experiments

To simulate fragmentation processes in MS" experiments, you can generate the fragments and
mechanisms from neutral compounds or from ions or you can select a product fragment
(parent ion) in a Fragments & Mechanism window and start the generation from there. You
can simulate an unlimited number of consecutive secondary ion decomposition reactions.
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Unexplained Peaks

In some cases, the fact that the application cannot explain a peak (because the corresponding
fragment was probably formed by a compound-specific mechanism) can help in identifying
characteristic structural groupings that give rise to the peak. For example, the phthalates
produce a characteristic ion with m/z 149, which is formed by a highly specific mechanism.
You can easily recognize the peak at 72/z 149 as a contaminant from elasticized polymers. The
application is not able to explain this peak because its corresponding fragment is formed by an
unusual hydrogen rearrangement and cyclization, which are not supported. To distinguish
between a randomly unexplained peak and a compound-specific peak, you must find
examples in the library. Using a substructure search, you can retrieve compounds that contain
a phthalate group as a common substructure. For additional information, see “(Sub)Structure
Search” on page 84.

After the generation of fragments and mechanisms of the retrieved examples, the prominent
peak corresponding to the phthalate group remains unexplained in the majority of cases. For
example, a phthalate with a functional group at position 3, 4, 5, or 6 will have its prominent
peak shifted to higher masses by the mass of this functional group. Such an unexplained,
prominent peak, present in the spectra of structurally similar compounds, can be a strong
indicator of a compound-specific fragmentation process. This information can serve as
evidence toward identifying a substructure under investigation.
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Bar Code Spectra

The Mass Frontier application can automatically predict possible fragments from a chemical
structure using general rules and fragmentation libraries, along with initial determination of
the structural plausibility of generated ions. Predicting mass spectra is hindered by the
difficulty of predicting thermochemical data, thermodynamic stability of product ions, and
reaction rates. However, you can use generated fragments and their 72/z values for creating bar
code spectra. A bar code spectrum contains peaks at predicted #2/z values with identical
(maximal) intensity.

For additional information, see “Previewing Unimolecular Reactions” on page 193 or “Using
Library Reactions in Fragmentation Prediction” on page 237.

Follow these procedures:
* To create a bar code spectrum

* To compare multiple bar codes

< To create a bar code spectrum
1. Click the Bar Code Spectrum button, , in the Fragments & Mechanisms window.
The Select Target dialog box opens.

2. Select one of the open Database Manager windows, or click New Database Manager to
open a new window.

The created bar code spectrum is displayed in the selected Database Manager window.

¥ Database Manager: 4

O KR TN- 4T &A Mok 0G| SRS -
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Bar code spectra are automatically linked with their original Fragments & Mechanisms
windows. When you select any bar code peak in the Database Manager window, the
Fragments & Mechanisms window displays the corresponding fragments and their formation
mechanisms. This link remains in place as long as the corresponding Fragments &
Mechanisms window is open. For additional information, see “Linking Generated Fragments
with a Spectrum” on page 216.
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Working with Generated Fragments

You can use bar code spectra in several strategies for investigating spectra-structure
relationships. The primary purpose of generating bar code spectra is that they make
identifying spectral differences possible in structurally similar compound classes for which
mass spectra are not available. To study fragmentation dissimilarities between
structurally-related compounds, comparing multiple bar codes in the Database Manager
window is easier than manually comparing fragments and their 7/z ratios between multiple
Fragments & Mechanisms windows. For additional information, see “Using the Compare
Spectra Page” on page 43.

< To compare multiple bar codes

In the following example, you are interpreting an unknown spectrum and you have
established two structural proposals. To find out which structure belongs to the unknown
spectrum, do the following:

1. Draw both structures in separate Structure Editor windows.
. Generate fragments for both structures.

. Create bar code spectra and save them to the same Database Manager window.

A e N

Compare the bar code spectra on the Compare Spectra page in the Database Manager
window.

In the Difference Spectrum pane, you should see the specific peaks that this pair of
spectra do not have in common.

5. Compare these specific peaks with the unknown spectrum and take a closer look at the
fragmentation mechanisms of these peaks.

When a specific peak is present in the unknown spectrum and the mechanism of formation
seems to be simple and plausible, you can select the most likely structure. This approach,
using bar codes, is far superior to simply comparing explained peaks, because you can
simultaneously apply it to a large number of structural proposals.

In the following example, the abundance is proportional to the number of generated
m/z values that fit into a single integer m/z value.
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Figure 73.

Generated using 1ppm mass
precision (monoisotopic mass
settings)

Generated using unit mass
precision
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Comparing multiple bar codes
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Marking Fragments

Thermo Scientific

You can use the generated fragments for fragment comparison of different structures or for
export to an Excel spreadsheet. The automated generator can predict a large number of
theoretically possible fragments. To extract only selected fragments for use during further
processing, mark fragments (72/z values) that should be either considered or ignored.

The fragment marks apply to bar code spectra, the Fragments Comparator window, and
copying to an Excel spreadsheet.

For additional information, see “Bar Code Spectra” on page 220 or “Comparing Fragments”
on page 241.

< To mark an m/zvalue using the toolbar buttons
Select the tab for the 7/z value and click one of the following buttons:

Mark Description

Set < The Set mark has the highest priority. When any m/z values are
marked Sez, only these values are considered.

Exclude X When you mark fragments Exclude, the marked fragments are
: not considered.

Default When no fragments are marked (by default), then all the

fragments are considered.

< To mark an m/zvalue using the check boxes in the m/z list
1. Click the check box for an m/z value in the m/z list until it displays the correct state.
The check box can have one of three states:
* Set |
* Exclude
* Default

2. To mark all the m/z values as Default, click the Default button, & [Oisfault
at the bottom of the list.

Note Changes you make to marks are instantly reflected in the Bar Code spectrum. After
you send or copy a list of fragments with specific marks to the Fragments Comparator, the
application ignores all subsequent changes. The same applies for a fragment list copied to
an Excel spreadsheet. For additional information, see “Comparing Fragments” on

page 241.
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Specifying Precision and Isobaric Differentiation

Use the features of the Mass/Abundance pages to specify 7/z precision and isobaric
differentiation of calculated fragments.

% To set the m/z precision of calculated fragments
1. Choose Options > Settings from the Mass Frontier main menu.
2. Click Mass/Abundance in the Parameters section.
3. Click the Mass Precision tab.
The Mass Precision page opens.

For detailed information about setting the parameters on the Mass Precision page, see
“Precision” on page 384.

< To set the isobaric differentiation of calculated fragments
1. Choose Options > Settings from the Mass Frontier main menu.
2. Click Mass/Abundance in the Parameters section.
3. Click the Mass Accuracy tab.
The Mass Accuracy page opens.

For detailed information about setting the parameters on the Mass Accuracy page, see
“Accuracy” on page 381.
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Use the Fragmentation view in the Database Manager window to display fragmentation
reactions in all your libraries and to create and manage fragmentation mechanism databases in

your editable libraries.

Contents

Drawing Fragmentation Reactions

Editing a Fragmentation Scheme

Working with Records

Extracting Mechanisms

Using Library Reactions in Fragmentation Prediction
Searching for Fragmentation Criteria

Comparing Fragments

The Fragmentation view contains a graphical editor for entering fragmentation reactions,

which you can store in the library database with complementary information for the reaction.

You can search all fields of the database, such as authors, ionization method, mass analyzer, or

structures.

The fragmentation library uses an expert system to automatically extract a decomposition

mechanism for each fragmentation reaction in the database and determine the compound

class range to which you can apply the mechanism. This system applies database mechanisms

to your structures and automatically predicts the fragmentation reactions for a specified

compound.
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HighChem collated and entered fragmentation mechanisms published in all the available
printed media dedicated to mass spectrometry. Each reaction, along with related chemical
structures, was manually drawn in Reaction Editor and saved in the HighChem
Fragmentation Library, which currently contains approximately 130000 individual reactions.
See “Fragmentation mechanisms from the library” on page 227. Fragmentation pathways are
accompanied with complementary information such as the title, the authors, and the
information source. This library collection serves as a knowledge base for predicting
fragmentation pathways from your structures.

Total number of Stand as of 5/2009
Fragmentation Schemes 30.936
Individual Reactions 129.229
Chemical Structures 151.762

To ensure the data is of the highest quality, the software rigorously evaluates fragmentation
mechanisms in two stages: manual and automatic. The manual evaluation includes accuracy
and plausibility assessments of reaction mechanisms and consistency checking between
fragment masses and peak 7/z values if the spectrum is available. The automatic evaluation
includes simple element, charge, and radical consistency checks on both sides of the reaction
and newly developed algorithms for complex electron mapping that has revealed formally
erroneous mechanisms. Both stages have uncovered numerous problems and errors regarding
mechanisms, and HighChem has either made the appropriate corrections or excluded these
mechanisms from the library.
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Figure 74. Fragmentation mechanisms from the library
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Note The HighChem Fragmentation Library is a read-only library. You cannot copy,
paste, or edit anything in the library.
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Drawing Fragmentation Reactions

Use the Fragmentation view to enter and edit fragmentation reactions.

Follow these procedures:

228 Mass Frontier User Guide

To open the Fragmentation view for the current compound
To create a new structure

To edit an existing structure

To add a reaction arrow

To edit the arrow label

To open the Fragmentation view for the current compound
Click the Fragmentation tab on the right side of the Database Manager window.

The Fragmentation view for the selected compound opens.
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Drawing Fragmentation Reactions

To create a new structure

. Do one of the following to open the Structure Editor dialog box:

Double-click the Reaction page drawing area.

—or—

Click the Add/Edit Structure button in the toolbar.

—or—

Right-click a blank drawing area and choose New Structure from the shortcut menu.

The Structure Editor dialog box opens. For detailed instructions about using the
Structure Editor, see Chapter 4, “Structure Editor Module.”

Create your structure in the Structure Editor.

Figure 75. Structure Editor dialog box
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You cannot open another window until you close the Structure Editor dialog box.

3. Click OK.

The application adds your fragment to the Reaction page drawing area.
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The new, unconnected structure is indicated with yellow handles, O. If a scheme is
formally incorrect, the software places a red border around it.
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4. Click the Check button, v , to identify critical errors in the scheme.

You cannot save schemes with one or more critical errors (such as an unconnected
fragment or the presence of more than one scheme) to the database.

5. Drag the structure to any location on the drawing area.

< To edit an existing structure
1. Do one of the following to open the structure in the Structure Editor dialog box:
Double-click the fragment.
—or—

Select the structure and click the Add/Edit Structure button, Cr , in the Reaction page
toolbar.

2. Use the tools in the Structure Editor dialog box to edit the structure.
For detailed instructions, see Chapter 4, “Structure Editor Module.”
3. To confirm your changes, click OK.

The application updates the modified structure in the Reaction page drawing area.

% To add a reaction arrow
1. Do one of the following:
a. Click the Draw Straight Arrow button, /", in the Reaction page toolbar.
b. TPosition the cursor where you want the arrow on the drawing area, and click again.
P
a. Right-click a structure and choose New Arrow.
b. Click the arrow and drag it to the correct location on the drawing area.

2. To be certain that the arrow connects the correct structures, look for the red selection

squares.
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As you move a connection arrow, red selection squares appear around the structure or
arrow when the objects are close enough to connect.
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For the application to correctly extract mechanisms, you must properly connect the
structures in a reaction scheme with arrows (see “Extracting Mechanisms” on page 235).
The application considers stand-alone structures and disconnected arrows as errors and
ignores them.

When a structure is connected with at least one arrow, the Reaction page displays the
selection squares in green B. When a structure is not connected, the Reaction page
displays the selection squares in yellow O. The same color-coding applies to arrows.
When an arrow is connected with a structure, this arrow end appears in green. When the
arrow end is not connected, it appears in yellow.
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< To edit the arrow label

[a—r

. Double-click the arrow.

The Arrow Caption dialog box opens.

[\

. Type or paste the text into the dialog box.

3. Use the formatting tool in the Arrow Caption dialog box to format your text.

. Click OK.

I\
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Editing a Fragmentation Scheme

232

In addition to a fragmentation reaction, you can also maintain text data in a database record.

2
0‘0

Mass Frontier User Guide

To open the Fragmentation Scheme data for the current compound

1. Click the Fragmentation tab on the right side of the Database Manager window.

The Fragmentation view for the selected compound opens.

. Click the Info tab on the top of the Fragmentation view.

The Info page for the selected compound opens. By default, all records on the Info page
are expanded.

Note To hide all empty records, right-click and choose Hide Empty Values from the

shortcut menu.

. To display the Fragmentation Scheme data, do one of the following:

Click the plus sign next to Compound (to collapse the compound records).

Fleactiu:un| Info |

Compound
Compound

Scroll down to the Fragmentation Scheme section.

Figure 76. Fragmentation Scheme data on the Info page
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Working with Records

The Mass Frontier application applies the mechanisms of fragmentation reactions to your
structure and automatically predicts fragmentation reactions for the specified compound.
However, the application might apply some mechanisms that are erroneous or too general.
Some mechanisms of small fragments can fit to virtually every structure and can generate a
large number of useless fragments.

Excluding specific records can prevent the generation of a large number of fragments, which
dramatically slows the generation process and makes reviewing the predicted fragments
difficult. You can change record activity in the Active column of the Spreadsheet view.

Follow these procedures:
* To exclude a record from the generation of fragments
* To include or exclude multiple records from the generation of fragments
* To sort records in the Spreadsheet view

* To save changes to the reaction and fragmentation scheme

< To exclude a record from the generation of fragments
1. Select the record in the Spreadsheet view for the library.

2. Clear the Active check box.

Note Changes to an Active check box are immediately updated in the database and
do not need to be saved.

Figure 77. Active check box in Spreadsheet view
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10 O 1370477 C7H7MNO2 PAB & anti-gray-hair &

11 O 3631722 CypHerM045 aminosultopride
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< To include or exclude multiple records from the generation of fragments
1. Select the records you want to activate.

2. Right-click the records and choose Activate All Selected Records or Deactivate All
Selected Records from the shortcut menu.
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< To sortrecords in the Spreadsheet view
Click the column header.
You can sort any of the following criteria in ascending or descending order:

¢ Active and inactive records

ID numbers (sorted 1-7)
* Molecular mass (sorted from smallest to largest)

* Formula (sorted from fewest to most Carbons, followed by fewest to most
Hydrogens, and so forth)

* Title (sorted alphabetically)

< To save changes to the reaction and fragmentation scheme
Choose Library > Save Changes in Library from the Mass Frontier main menu.
The Mass Frontier application performs three sequential actions:

* Checks the fragmentation scheme on the Reaction page for formal correctness. If the
software detects an error, you are prompted to either save the scheme as it is or return
to the record to correct the problem.

* Extracts a fragmentation mechanism for every single unimolecular reaction in the
fragmentation scheme, using advanced algorithms. This process can take several
seconds for complex reactions. For additional information about extracting
fragmentation mechanisms, see “Extracting Mechanisms” on page 235.

¢ Stores the reaction scheme, additional text, numerical data, and extracted
mechanisms in the database.

When you save a scheme with just a single error, the application does not extract the
reaction mechanisms and ignores the entire record when predicting fragments and
mechanisms. At any time, you can return to an erroneous record to fix the problem so
that the software can perform fragmentation prediction for the record.

Reaction symbols and reaction abbreviations appear only when you save a scheme. For
additional information, see “Reaction Symbols™ on page 236 or “Reaction Formalism” on
page 194.
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Extracting Mechanisms

Thermo Scientific

The automated prediction of fragmentation and rearrangement pathways extracts
unimolecular decomposition mechanisms from reactions you provide. The application
decodes the underlying principle of fragmentation mechanisms from reaction drawings and
builds a knowledge base of fragmentation events, replacing the need for the manual input of
atom-atom correspondence in precursor and product ion pairs. For additional information,
see “Drawing Fragmentation Reactions” on page 228 or “Base Page” on page 201.

The application processes specific fragmentation details (similar to labeled or generic
structures) for use in experimental mechanistic studies to direct the dissociation route. Using
deuteria or substituents participation, the decoding algorithm unambiguously extracts the
underlying mechanism.

Figure 78. Extracted mechanisms

Two mechanistic possibilities can be extracted from Isotope labeling directs the decoding algorithm to
the depicted fragmentation reaction. the required rearrangement.
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Because many reactions stored in a fragmentation library follow general fragmentation rules
that can be predicted using preprogrammed unimolecular reactions, the library distinguishes
between class-specific mechanisms and general fragmentation reactions. After you save a
reaction to the database, the application attempts to identify a general fragmentation rule and
assigns the relevant reaction symbol above the arrow. You can edit the reaction symbol of every
reaction on the Reaction page by double-clicking the arrow and entering the new formatted
text into the annotation dialog box.

Note Reaction symbols do not appear immediately after the reaction is drawn, but only
after you save the record in a library. For a description of reaction symbols, see “Reaction
Symbols” on page 236.

With respect to fragmentation prediction, determining the preferred ionization site is as
important as detailed knowledge of the fragmentation mechanism. The application supports
the virtual generation of charged molecules based on library ionization reactions using the
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Reaction Symbols

exact location of the positive, negative, or unspecified charge location symbol that you can
assign to a structure drawing. For additional information about modifying the charge location
symbols, see “Modifying Atoms and Bonds” on page 139.

The Mass Frontier application automatically extracts fragmentation mechanisms from a
reaction drawing after you save a scheme. When a reaction follows one of the preprogrammed
general fragmentation rules, the arrow is labeled with the particular rule abbreviation. For
descriptions of these abbreviations, see “Reaction Formalism” on page 194.

Even when a reaction is formally correct, deriving a reaction mechanism from your drawing
might not be possible because you entered an unfeasible fragmentation mechanism or the
unimolecular reaction is incomprehensible to the application. When a mechanism cannot be
extracted, the application puts a cross through the reaction arrow ( 7 ). In this case, the
mechanism is reduced to the exact precursor and product structures and only the identical
neutral or ionic precursor is matched with your structure in the fragmentation prediction
process.

The application can sometimes decode a mechanism from a drawn reaction, but the
atom-matching procedure will not be able to find the corresponding atom counterparts on
both sides of the reaction leading to partially recognized mechanisms. When this occurs, the
reaction arrow appears with a small line through it at right angles. This kind of reaction can be
used only for fragment prediction for some input structures according to the decision of the
fragmentation algorithm. Even when your input fragment looks similar to the precursor in the
library reaction, a partially recognized reaction mechanism might not be selected for
fragments prediction.

To overcome such a problem with unrecognized or partially recognized mechanisms, try to
decompose complex one-step mechanisms into several simple reaction steps and then save
these in a fragmentation library.

Figure 79. Graphical indicators of unrecognized mechanisms
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Using Library Reactions in Fragmentation Prediction

Thermo Scientific

Library reactions create a database of fragmentation and rearrangement mechanisms that you
can apply to your structures to predict the fragmentation pathways occurring in a mass
spectrometer. The library mechanisms are extensions to the general fragmentation rules,
which might not cover all the complex processes for a broad spectrum of ionization and ion
activation techniques. For additional information, see “Previewing Unimolecular Reactions”
on page 193.

Library mechanisms provide flexibility in altering predicted fragmentation pathways and
entering highly specific mechanisms that apply to a limited class of compounds. Because the
Mass Frontier application contains approximately 130000 reactions, the fragmentation
predictability is much higher than if only general rules were applied. This is particularly true
for low energetic experiments such as ESI or APCI that often yield complicated skeletal and
hydrogen rearrangements, unusual ring closures, or complex fragmentations.

Any recognized and active mechanism that has been saved into a library serves as a knowledge
base for predicting fragmentation pathways. After drawing and saving a reaction into any
fragmentation library, you can use the mechanism template for predicting fragmentation
pathways for any structure to which the derived mechanism can be applied. The applicability
range depends on many factors, but structurally similar compounds with a common ring
scaffold usually exhibit identical fragmentation mechanisms.

Fragment stability and general ion energetics depend on many thermodynamical parameters,
and even a slight structural dissimilarity between two molecules can result in large differences
in the course of fragmentation pathways. For example, two identical structures with a simple
hydroxy group difference can occasionally exhibit completely different spectra and the derived
fragmentation analogy based on library reactions might not always reflect the real
fragmentation events for structural analogs.

When a fragmentation reaction is predicted using a library reaction, you can double-click the
Lib arrow label to see the corresponding mechanism. Both template and generated
fragmentation mechanisms are displayed in red in the Fragmentation view and in the
Fragments & Mechanisms window. See “Generated fragmentation mechanisms” on page 238.
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Figure 80. Generated fragmentation mechanisms
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Searching for Fragmentation Criteria

Thermo Scientific

Fragmentation libraries are fully searchable using various combinations of search criteria.

Because fragmentation libraries largely contain ionic structures that can undergo resonance
reactions, the Mass Frontier application can perform a resonance substructure search. This
search feature ensures the correct retrieval of all resonance structures, even when the query
structure is in a different resonance form than the library structure. This feature is fully
automatic, so you need not worry about the particular resonance state of the ionic structures.
However, be aware of this functionality when reviewing search results, as the query and library
structures in positive search results might appear different if the resonance reactions are
possible. In this case, do not consider this difference as an error, but rather be aware that there
might be complex resonance variations. For additional information about resonance
reactions, see “Resonance Page” on page 209.

You can ignore charges and radicals in (sub)structure searches if their location is ambiguous.
When searching structures with an unspecified charge location or substituents, review the
applicable search rules. For descriptions of these search rules, see “(Sub)Structure Search
Rules” on page 89.

Follow these procedures:
* To search Fragmentation data
¢ To search (Sub)Structure data
< To search Fragmentation data
1. Choose Search > Fragmentation Data from the Mass Frontier main menu.
The Fragmentation Data Search dialog box opens.
2. Select the libraries you want to search.
3. Type the search criteria on the Data page or select criteria on the Advanced page.

For a detailed description of the Fragmentation Data Search dialog box, see
“Fragmentation Data Search” on page 98.

4. Click OK.

Depending on the merge option you select, the search results appear in the Work library
pane of the Database Manager window or in a new Database Manager window.

% To search (Sub)Structure data
1. Choose Search > (Sub)Structure from the Mass Frontier main menu.
The (Sub)Structure Search dialog box opens.

2. Select the libraries you want to search.
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3. Select search criteria on the Data page or the Advanced page.

For a detailed description of the (Sub)Structure Search dialog box, see “(Sub)Structure
Search” on page 84.

4. Click OK.

The search finds all the reactions in the selected libraries with reaction precursor or
product structures that match your queried (sub)structure.

Depending on the merge option you select, the search results appear in the Work library
pane of the Database Manager window or in a new Database Manager window. The
search results display the query substructure in red in the library structure.
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Comparing Fragments

Use the Fragments Comparator module to process and compare fragments generated in the
Fragments & Mechanisms window. The fragments can originate from different structures.
This module supports fragments generated using any ionization method. Using fragment
marks in the Fragments & Mechanisms window, you can export a selected set of fragments
into the Fragments Comparator module. The fragments are organized in columns. Each
column represents a set of fragments provided by an associated Fragments & Mechanisms
window. The Fragments Comparator module can hold a large number of fragment sets,
limited only by system resources. For detailed instructions for marking fragments, see
“Marking Fragments” on page 223.

The Fragments Comparator was designed as an integral part of the Fragments & Mechanisms
module. When you double-click any fragment in the Fragments Comparator module, the
associated mechanisms appear in the Fragments & Mechanisms window. The Fragments
Comparator can recall only mechanisms that are present in an open Fragments &
Mechanisms window. When you close the associated Fragments & Mechanisms window, the
link is lost.

The comparison feature is especially useful when analyzing the fragmentation products of
structurally related compounds. Common fragments point toward a common substructure in
terms of fragmentation. Fragment differences can indicate fragments along with
corresponding peaks in a spectrum that are characterized by distinct structural details.
Predicted 7/z values of fragments that are different for structurally related compounds are
displayed on the Compare Spectra page in the Database Manager window. For a detailed
description of the Compare Spectra page, see “Using the Compare Spectra Page” on page 43.

Fragments Comparator Window

Thermo Scientific

The Fragments Comparator window consists of Table and Structures pages. The Table page
lists the numerical 7/z values of fragments, and the Structures page displays structural
drawings of possible fragments. Because the Fragments & Mechanisms module can generate
several isobaric isomers for a single 7/z value, the Structures page imports only the first
fragment for each generated 72/z value. The Mass Frontier application simultaneously imports
fragments into these two pages but manages the information independently. Moving or
deleting a column on one page does not affect the other page.

The Fragments Comparator window can display structures of fragments only as long as the
associated Fragments & Mechanisms window is open. When you close the associated
Fragments & Mechanisms window, the corresponding column of fragments on the Structures
page is removed.

On the Table page, you can select a column or a part of a column and copy the data. You can
then paste the 72/z values into an Excel spreadsheet or a similar application.

You can resize the cell on the Structure page with the Cell Size track bar, move columns in
both pages, and delete the columns for imported fragments (the leftmost columns).
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Figure 81. Table page in the Fragments Comparator window
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Figure 82. Structures page in the Fragments Comparator window
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Comparison Results

Both the Table and Structures pages in the Fragments Comparator window are divided into
two parts. The left side displays columns of imported fragments for each Fragments &
Mechanisms window. The right side displays three columns that show three types of
comparison results. The first result column shows all available fragments (logical OR), the
second column shows all common fragments (logical AND), and the third column shows

different fragments (logical NAND).

Note The Mass Frontier application compares all fragments by their 72/z values using
Resolution Settings (see “Accuracy” on page 381). The fragments are usually predicted in
several isomeric forms, making a structural comparison unreasonable. Because the
application compares the fragments by 7/z values, the calculated precision as defined in
the Resolution Settings significantly influences the comparison results.
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Chromatogram Processor Module

Use the Chromatogram Processor module for the extraction and processing of mass spectral
scans from GC/MS or LC/MS files or from MS" data. Use this module to perform
component detection, spectra deconvolution, spectral averaging, and background subtraction.

You can display three types of chromatograms: Total Ion Chromatograms (TIC), MS and
MS/MS chromatograms, and Extracted Ion Chromatograms (XIC). With the XIC feature,
you can display individual mass chromatograms of ions that are characteristic for a specific
compound.

Mass spectral scans, deconvoluted components, and various types of MS" data can be
classified using these methods: PCA, SOM, or Fuzzy Clustering. You can search spectra in a
library for positive compound identification or copy the spectra to a Database Manager
window for further processing and archiving. You can also simultaneously open multiple
chromatograms. Fully customizable chromatogram and mass spectrum layouts are available.

In the Chromatogram Processor window, you can copy chromatograms with extracted spectra
for importing into reports, spreadsheets, or other Windows programs. MS" data is displayed

in tree structures so that you can view the dependencies. This module does not include target
analysis or automatic quantitation of ions.

Contents
* Supported GC/MS and LC/MS Data File Formats
* Working in a Chromatogram Processor Window
* Using the Chromatogram Pane
* Averaging Scans
* Processing the Data
* Using the Extracted Ion Chromatogram Features
» Using Components Detection and Spectra Deconvolution
* Processing Extracted Spectra
* Working with Detected Components
* Processing MSn Data
* Exporting Scans, Components, and Reduced Chromatograms

* Annotating Chromatographic Peaks
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Supported GC/MS and LC/MS Data File Formats

The Mass Frontier application supports various data file formats for importing GC/MS and
LC/MS files:

e Thermo Xcalibur raw data files (MS and MS")
* Thermo Scientific LCQ™, GCQ™, ITS40, and Magnum
* Varian Saturn™ (Agilent)

* Agilent™ ChemStation™

JACAMP (DOS, Windows, and UNIX™)

You can import these files to the Chromatogram Processor, and you can save single scans in
JACAMP, MSP format, or as a HighChem Chromatogram file. The HCC format saves all

actions applied to chromatogram.
pp g

This application supports “centroid” type data and displays centroid mass spectra in a bar
graph. This application does not support “profile” type data for mass spectra.

Because of various netCDF standards for implementation, the application might not be able
to read some .cdf files.

Note The Mass Frontier application supports features connected with chromatographic

spectral trees for Xcalibur raw data (.raw) files only. For additional information, see
“Processing MSn Data” on page 323.
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Working in a Chromatogram Processor Window

Thermo Scientific

In the Chromatogram Processor window, you can copy chromatograms with extracted spectra
for importing into reports, spreadsheets, or other Windows programs. MS" data is displayed
in tree structures so that you can view the dependencies. Using text boxes, you can annotate

chromatographic scans or components. This module does not include target analysis,

structures, or automatic quantitation of ions.

Follow these procedures:

To make the chromatogram files editable

To open a Chromatogram Processor window

To export scans or components to a Database Manager window
To copy data to a Database Manager window

To copy components to a Spectra Classifier window

To make the chromatogram files editable

. In Windows Explorer, select all the files whose attributes you want to change.

The Mass Frontier software comes with GC/MS and Xcalibur MS™ demonstration files,
located in the C:\Documents and Settings\All Users\Documents\HighChem\Mass
Frontier 7.0\Chromatograms directory.

. Right-click the files and choose Properties from the shortcut menu.

. Clear the Read-only check box in the Properties dialog box and click OK.

Note You cannot open GC/LC/MS files from a CD-ROM. If you have files on a
CD-ROM, copy these files to the hard drive and disable the read-only file attribute to
make them accessible for importing.

To open a Chromatogram Processor window

. Do one of the following:

Click the Chromatogram Processor button, (& , in the Mass Frontier toolbar.
—or—

Choose File > Open > GC/LC/MS from the Mass Frontier main menu.

—or—

Double-click a HighChem chromatogram (.hcc) in Windows Explorer.

The Open Chromatogram dialog box opens.

Select the raw data file and click Open.

The Chromatogram Processor window opens. See “Chromatogram Processor window”
on page 250.
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248

2
0‘0
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To export scans or components to a Database Manager window

1. Select the scans or components.

2. Click the Add Selected Scans/Components to Database Manager button, '5?@1 .

Because copying components can take several minutes, use this method to monitor the

processing and, if needed, interrupt the operation.

The Export Chromatographic and Spectral Data dialog box opens.

Export Chromatographic and SpectralD... @

Specify range of chromatographic data you want ko add b
sach selected itamn:

{}Chrnmatngraphic data with all scans and components Cime
and memary consuming process)

@Chrnmatngraphic data with corresponding scan or
component only

{:} Mo chraratographic data

[ Continue ] [ Cancel ]

3. Select the option for the type of data you want to export.

4. Click Continue.

The Select Target dialog box opens.

Yn Select Target

Awailable Targets:

Cancel

Databaze Manager: 2
Dratabaze Manager: 1

Mew Database Manager ]
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5. Do one of the following:

Select the Database Manager window for the exported data, and then click Select.
Click New Database Manager.

The export process begins.

Slhakus: Imparting zcans...

Frogress: [I ]

& S

To stop the export process, click Cancel.

To copy data to a Database Manager window

. Select the components.

Right-click and choose Copy > Copy option from the shortcut menu.
You can copy a selection, chromatogram, MS spectrum, or an MS tree.

In a Database Manager window, right-click and choose Paste > option from the shortcut
menu.

For more information about exporting and importing chromatograms, see “Exporting Scans,

Components, and Reduced Chromatograms” on page 325.

K2
0‘0

To copy components to a Spectra Classifier window

1. Select the scans or components.

2. Click the Add Selected Scans or Components to Spectra Classifier button, &g .

The Spectra Classifier window opens, and the selected components are displayed in the
Available Groups of Spectra list.

*. Spectra Classifier

%

A ailable groups of spectra;

Delete One ][ Delete Al

Mass Frontier User Guide 249



8 Chromatogram Processor Module
Working in a Chromatogram Processor Window

Figure 83. Chromatogram Processor window
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Using the Chromatogram Pane
The Chromatogram pane includes the following pages:
¢ TIC Page
* 3D View Page

* Info Page

TIC Page

The Chromatogram Processor window displays Total Ion Current (TIC) chromatograms on
the TIC page.
Figure 84. TIC page in the Chromatogram pane

TIC ]3[:- view | Info | B

s

500 550 &.00 650  7.00 750 g.00 850  %.00 250 1000 1050

Follow these procedures:
* To zoom in on the retention time or the intensity axis
* To use the toolbar zoom and pan features
* To select a scan from the TIC display
* To use the chromatogram pane visualization options

* To use the spectrum pane visualization options

Thermo Scientific Mass Frontier User Guide 251



8 Chromatogram Processor Module
Using the Chromatogram Pane

< To zoom in on the retention time or the intensity axis

1. Drag the cursor in the horizontal (retention time) or vertical (intensity) scale to form a
rectangle around the region you want to enlarge.

Figure 85. Enlarging the retention time scale
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Figure 86. Enlarging the intensity scale
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2. To return to the original scale, right-click and choose Zoom > Zoom Reset from the
shortcut menu.
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< To use the toolbar zoom and pan features

R LLE MEN

* Click the Hand button, §™ , in the Mass Frontier toolbar and drag the hand to pan
horizontally or vertically.
Similarly, hold down the H keyboard key or the Spacebar to change the cursor to the
hand.

* Click the Zoom Out button, (=) , in the Mass Frontier toolbar.
¢ Click the Zoom In button, [, in the Mass Frontier toolbar.

* Click the Zoom to Box button, (5 , in the Mass Frontier toolbar and describe a
rectangle.
Similarly, hold down the Z keyboard key and describe a rectangle.

¢ (lick the Zoom Reset button, , in the Mass Frontier toolbar to return to full scale.

* Click the Zoom Undo button, (¥y , in the Mass Frontier toolbar to undo the last zoom
operation.

* Click the Zoom Redo button, [}, in the Mass Frontier toolbar to restore the last zoom
operation.

* Use the scroll wheel on the mouse to zoom the entire display.

< To select a scan from the TIC display
1. Click the chromatogram pane to select a retention time.

The scan corresponding to the selected retention time is displayed on the Spectrum page.
A vertical line in the chromatogram pane indicates the selected scan.

2. To move the scan point to the next or previous scan, click the keyboard arrow keys.

Retention times (tR), scan numbers, and scan filters of active scans are displayed in the
status bar.

ScantR: 11,8513 | Scan Mo, 695 Filker: + c d Full ms2 389, 35@cid35. 00 [95.00-790.00] Iso \Width: 387.9 - 390.9
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< To use the chromatogram pane visualization options
1. In the Chromatogram pane, click the Visualization Options button, —= .
The Visualization Options pane opens.

VYizuahzation Oplions J-rl
— [¥]5hew T1C

[#]5how Filtered Scans Only
—[#] show Calculated TIC
—[w]Shew x1c
—Shnw all Camponents

Show Selected Camponents

Sh-:w Shructure Annotations
[+]5how Text Annotations

[ showal || Hideal |

Press Chel key to deselect all but clicked
category

2. Select the options for the chromatogram display.

The effect is immediate; the options pane remains open while you experiment with
combinations of display options.

3. When you are satisfied with the display options, click the Visualizations Options button

again to close the pane.

% To use the spectrum pane visualization options
1. In the Spectrum pane, click the Visualization Options button, -z .

The Visualization Options pane opens.

Yizualization Options L-rl
- DShnw all Peaks
—Shnw Explained Peaks
[+]Show Mass Modification Peaks
—[w]=how Izctopic Peaks
Shnw Meutral Loss Peaks
[#]5how Precursor Peaks

=[] show Baze Peak Chramatogram

[ cCheckal | [ Uncheckall |

Press Ctrl key to dezelact all but clicked
category

2. Select the options for the spectrum display.

The effect is immediate; the options pane remains open while you experiment with
combinations of display options.

3. When you are satisfied with the display options, click the Visualizations Options button
again to close the pane.
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The 3D View page in the Chromatogram Processor window shows GC/MS or LC/MS data

in a two-dimensional plot (retention time versus 72/z value) where intensity as a third

dimension is color-coded.

Figure 87. 3D View page in the Chromatogram Processor window
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Info Page

256

The Info page in the Chromatogram Processor window shows additional information saved in
the data file. Each GC/MS or LC/MS file format contains a different list of items that
describe sample, instrument, experimental condition, and other information. The application

extracts information from the file and displays it on the Info page.

Figure 88. Info page in the Chromatogram pane
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Averaging Scans

The application can extract the average mass spectrum from several scans.

< To extract the average mass spectrum from several scans

1. Click the Show Scan Points button, #% , in the Chromatogram Processor toolbar.

20.00—

20200 20300 20400 20500 20600 20700 20300 20900 21000 21100 212.00

2. Click the Chromatogram Processing Utilities button, A -, and choose Scans
Average.

3. Drag the cursor in the Chromatogram pane to indicate the region of the scans to be
averaged.

The marked region is displayed in the same color as the active scan line (by default
purple). The average spectrum is displayed on the Spectrum page.

Figure 89. Averaged scans
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4. To cancel the spectra average mode and restore the single scan mode, click anywhere in
the chromatogram pane.
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Processing the Data

The interfacing of gas and liquid chromatography with mass spectrometry often produces a
signal that is not associated with the information you want. The Mass Frontier application
provides tools for GC/MS and LC/MS data processing to improve the useful signal.

This section includes the following topics:
* Fragment lon Search (FISh)
* Force Mass Tolerance
* Matrix Conversion
* Thresholding
* Baseline Correction and Noise Elimination
* Smoothing
* Base Peak Chromatogram

* Background Subtraction

Chromatographic data processing prepares valid data for automated detection and
deconvolution of chromatographic components. There are two principally different ways of
combining data processing and component detection:

* Preprocess data in advance by using a variety of methods for every processing type,
separate with several customizable options, and then begin component detection.

* Perform data processing at the same time as component detection, using predefined
methods and options (optimized for common chromatograms) in the same window that
is used for component detection. See “Using Components Detection and Spectra
Deconvolution” on page 299.

Fragment lon Search (FISh)

Fragment lon Search (FISh) is a data processing method used for intelligent extraction of
useful information from chromatograms. The FISh feature removes spectral peaks that are not
present in the predefined template. A list of fragments or m/z values serves as the input
template (Fragment Source). When you apply the FISh algorithm, all spectral peaks except for
the template peaks are removed from the chromatogram. You can use this feature to extract
structurally related spectral peaks, for example, peaks related to the parent drug in
metabolite ID, or to eliminate the noise or impurity peaks.

Follow these procedures:
* To apply fragment ion search to your data
* To drag actions from one Chromatogram Processor window to another

* To view an explanation of FISh results
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< To apply fragment ion search to your data

FI5h

1. Click the Apply Fragmentation Ion Search button, yjj , in the Chromatogram
Processor toolbar.

The FISh Filter dialog box opens. See “Model page in the FISh Filter dialog box” on
page 265.

2. Specify your fragment ion search parameters.

3. Click Calculate.

The application displays the status of the FISh processing.

Analyzing peaks ...

(w J

Note Do not click Cancel in this status box unless you intend to stop the FISh
process.

4. When the fragment ion search is complete, click Close.

The Chromatogram Processor window displays the detected components.

TIC ]30 view | Infa | -+

0 1 3 4 5 & 2 El 10 11 13 14 15 18 18 12 20

< To drag actions from one Chromatogram Processor window to another
1. Open multiple Chromatogram Processor windows.

2. Select, define, and calculate the filters and detection methods in the source
Chromatogram Processor window.

The application adds these calculated filters and methods to the Actions pane
Chromatogram Processor window.

3. Select an action in the Actions pane of the source Chromatogram Processor window.
= & x

w| Threshold Filter

- FISh Explanation * Comporents -
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4. Drag the action to the Actions pane of the target Chromatogram Processor window.

5. Drag as many actions as you want from the any open source window to the target
window.

The application copies each action and its associated parameters from the source
Chromatogram Processor window to the target Chromatogram Processor window.

The Actions pane reports that the actions are not synchronized.

EEH B XV

¥| Threshold Filter
v| Smoothing

v

Actions aren't synchronized

The detection method must always be the final action, but you can change the order of
other filters in the Action pane.

6. Select the action you want to move and click the up or down arrow in the Actions pane
toolbar.

EEH & X v a

v| Threshold Filter

g

FI%h Explanation + Components

The application moves the selected action.

EE X v v
v

¥| Threshold Filter
¥| FI5h Explanation + Components |

7. To apply these actions to the current raw data file, do the following:
a. Select the check box for each of the actions you want to process.

b. Click the Apply Actions to Chromatogram button, + , in the Action pane
toolbar.

The Mass Frontier application processes each of the selected actions for the current raw

data file.
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% To view an explanation of FISh results

1. After FISh processing, right-click a spectrum in the Spectrum pane and choose FISh

Explanation from the shortcut menu.

The application adds a FISh page and displays the results.

Spectruml Crata I Info  FISh |

=

Show Parent | Shaow L:j expl. ($)show all (Cshow Unique (C)Show First | Cell Size: [

mjz

240,25

L SSS——_————————————————

=)

Table 29. FISh parameters

Parameter

Parent

Description

Opens the Structure Editor where you can define the parent.

Show Parent

Highlights in red all fragments common to the parent.

Show Lets you select the maximum number of fragments to display
in this page.

Show All Displays all fragments.

Show Unique Displays only unique fragments.

Show First Displays only the first fragments in each m/z group.

Cell Size Lets you resize the cells to fit more or fewer fragments in the

display.
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Saving FISh Parameters to a File

Follow these procedures:
* To save all FISh processing parameters to a file
* To edit FISh parameters before saving them to a file
* To save FISh model parameters to a file

* To save FISh options parameters to a file

< To save all FISh processing parameters to a file

1. When all processing is complete, click the Save Actions to a File button, [g , in the
Actions pane of the Chromatogram Processor window.

= = X
w| Threshold Filter

 FISh Esplanation * Components -

The Save Chromatogram Actions dialog box opens.
2. Type a name for the Mass Frontier Chromatogram Actions (.hcca) file and click Save.

The applications saves the model and options parameters to the specified file.

< To edit FISh parameters before saving them to a file

1. Click the Change Actions Parameters button, [ , in the lower left pane of the
Chromatogram Processor window.

The Fish Filter dialog box opens. This dialog box does not have a Calculate button. You
can edit the FISh parameters on this dialog box, but you cannot begin FISh processing.

The Fish Filter dialog box includes the following pages:
* “Model page in the FISh Filter dialog box” on page 265
* “Options page in the FISh Filter dialog box” on page 267
2. When you have finished changing the parameters, click OK.

A message in the Actions pane reports that, because of your edits, the FISh parameters are
no longer synchronized with the previous filters. This is acceptable only for saving the
edited parameters to a file.

= & > v
v Threshold Filker

v I

Actions aren't synchronized
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< To save FISh model parameters to a file
1. On the Model page of the FISh Filter dialog box, select the Save FISh Model check box.
The Save FISh Flat File dialog box opens.
2. Type the name for the FISh Flat (.fish) file and click Save.

When you calculate the FISh filter, the application writes the model parameters to a .fish

file.

< To save FISh options parameters to a file
1. On the Options page of the FISh Filter dialog box, click Save.
The Save FISh Parameters File dialog box opens.
2. Type the name for the FISh Parameters ( fish.par) file and click Save.

When you calculate the FISh filter, the application writes the options parameters to
a .fish.par file.

Loading FISh Parameters from a File

Follow these procedures:
* To load all FISh processing parameters from a file
* To load FISh model parameters from a file

* To load FISh options parameters from a file

< To load all FISh processing parameters from a file

1. Click the Load Actions from a File button, [ , in the Actions pane of the
Chromatogram Processor window.

=& & X

¥| Threshold Filker
 FIsh Explanation * Components
The Load Chromatogram Actions dialog box opens.

2. Select a Mass Frontier Chromatogram Actions (.hcca) file and click Open.

When you calculate the FISh filter, the application uses the model and options parameters
from the specified .hcca file.
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To load FISh model parameters from a file

. On the Model page of the FISh Filter dialog box, select the FISh Model check box.

FISh Model

If enabled all ather optionz are
inactive

. Click the Open button, [ .

The Open FISh Flat File dialog box opens.

. Select a FISh Flat (.fish) file and click Open.

When you calculate the FISh filter, the application uses the model parameters in the
specified .fish file.

To load FISh options parameters from a file

. On the Options page of the FISh Filter dialog box, click Load.

The Open FISh Parameters File dialog box opens. Select a FISh Parameters (.fish.par) file
and click Open.

When you calculate the FISh filter, the application uses the options parameters in the

specified .fish.par file.
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Figure 90. Model page in the FISh Filter dialog box
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|
Table 30. Model parameters (Sheet 1 of 2)
Parameter Description
Fragments Defines the template list of fragments or 7/z values that are not

removed from a chromatogram.

Generated from Uses a list of fragments that you create in the Structure Editor
Structure module.
Fragments Uses a list of fragments that you can load from an SDF file.
Library Uses all fragments from the selected library.

Reference Spectrum Defines the m/z values to use as a reference spectrum.
Edit Opens the Input m/z List dialog box where you can create a list of

m/z values. These values do not have implicit tolerance values, so
enter these 7/z values with the proper number of decimal digits.
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Table 30. Model parameters (Sheet 2 of 2)

Parameter Description
Only Peaks that Enter a reference formula to limit the number of fragments.
Match Subset of
Formula
Modifications Specifies a modifications list.
Edit Opens the Modifications dialog box where you can create new

modifications or select predefined modifications.

FISh Model Use parameters from a saved FISh model (.fish.par) file. When

you choose to use a saved file, all other parameter options are

unavailable.
Save FISh Model Saves the active fragment source to the specified (.fish.par) file.
Buttons
Calculate Begins the fragment ion search process.
Reset Resets the chromatogram to its original (before fragment ion
search) state. Uses the determined Mass Merge Power value in
Baseline Correction and Noise Elimination, Smoothing, and the
JCD Component Detection Algorithm as the starting value.
Close Closes the fragment ion search dialog box.
Default Returns the Mass Merge Power parameter to its default value.
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Figure 91. Options page in the FISh Filter dialog box
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Table 31. Options parameters (Sheet 1 of 3)
Parameter Description
Filtering Target
Mark Peaks Marks the threshold peaks in red when they are large enough to be

above threshold value (the point where Mass Frontier preserves
peaks). Specifies that the predefined peaks are marked in pink and
corresponding TIC are drawn in green. No peaks are removed.

Remove Peaks Specifies that peaks that are not predefined in the template are
removed.

Detect Specifies JCD or TECD detection options.

Components
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Table 31. Options parameters (Sheet 2 of 3)

Parameter

Filter Scans

Description

Specifies that only peaks are removed from scans, in contrast to
the Filter Precursors option where entire scans are removed. The
Mass Frontier application displays these options when you have a
data-dependent chromatogram.

* Apply to Top Stage Only: When selected, the filter is applied
only to top stage scan (usually MS! scans). Data-dependent
scans are not affected in this case.

* Remove Data Dependent Scans: This option is active only if
Apply to Top Stage Only is selected. When selected, the
algorithm removes whole data-dependent scans for which the
precursor peak was removed. When cleared, the filter is
applied to a data-dependent scan in the same manner as a top
stage scan (individually to each peak).

Filter Precursors

Specifies that all spectra with a precursor ion not found in the
predefined list are removed from the chromatogram and precursor
ions are removed from parent spectra. This option is enabled for
data-dependent chromatograms only.

* Filter Top Stage Scans: Modifies the top stage scans (usually
MS! scans).

Isotopes

Use Monoisotopic

All other isotopes are ignored. This option uses the shortest

Peaks Only computation time.

Mark Isotopic If a monoisotopic peak is recognized, the application includes
Pattern when other existing isotopes in the result. Missed isotopes do not
Available influence the recognition of the peaks. This option produces the

highest signal and can produce false positive results.

Use Full Isotopic

The peaks are included in the results only if a significant part of

Pattern Only the isotopic profile is found in the analyzed spectrum. This option
produces the most accurate result but can omit some peaks of low
intensity and consumes the most time. The Mass Frontier
application changes the option to Mark Isotopic Pattern when
Available for data-dependent scans.

Constraints

Maximum Peaks with intensity higher than this value are not removed.

Eliminated

Abundance

Use only m/z Min/Max

Range
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Table 31. Options parameters (Sheet 3 of 3)

Parameter Description
Buttons
Save Opens the Save FISh Parameters File dialog box where you can

save your current parameters to a FISh parameters file (fish.par).

Load Opens the Open FISh Parameters File dialog box where you can
choose a FISh parameters file (.fish.par) to load.
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Force Mass Tolerance

270

Use the Force Mass Tolerance feature to change mass tolerance values for scans that you select.
When processing spectra with different mass tolerance settings of different origins, you might
want to force tolerance values to create comparable data. The Mass Frontier application uses
tolerance values when comparing two 7/z values.

Note Use the Force Mass Tolerance feature to check the correctness of search and
calculation procedures by creating unit resolution from high accuracy/resolution data. You
cannot improve accuracy using this feature.

K2
0‘0

1.

Mass Frontier User Guide

To run the Force Mass Tolerance process

Select the type of scans you want to process from the filter list.

Al v

A

+ c ESI Full ms
+ ¢ d Full cid ms2

If you select Force Tolerance Only to Current Filter in the Force Tolerance dialog box, the
software processes only visible scans.

. Click the Chromatogram Processing Utilities button, A ~ , and choose Force Mass

Tolerance.

The Force Tolerance dialog box opens. See “Force Tolerance dialog box” on page 271.

. Specify your tolerance parameters.

If you select Force Tolerance Only to Current Filter, the software processes only visible
scans.

. Click Calculate.

. When the process is complete, click Close.
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Figure 92. Force Tolerance dialog box
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Table 32. Force Tolerance parameters (Sheet 1 of 2)

Parameter Description

General

Force Tolerance Only  Entered mass tolerance is forced only to scans visible in

to Current Filter Chromatogram Processor.

Merge Similar Peaks The peaks that overlap are merged after forcing the tolerance.

Mass Tolerance

The application supports these tolerance types:
* Unit
* Resolving power M/AM
« ppm 1000000 x AM/M
* Mass Accuracy (AM in AMU or AM in MMU)

where:
M = m/z (mass-to-charge ratio)
AM =M, - M; (M, M, are two adjacent peaks)

Peaks (72/z values) that fall into the AM band are merged into a
single peak (m/z value).

Value Value of mass tolerance.
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Table 32. Force Tolerance parameters (Sheet 2 of 2)

Parameter Description
Buttons
Calculate Begins the forced mass tolerance process.
Reset Resets the chromatogram to its original (before forced mass

tolerance) state.

Close Closes the mass tolerance dialog box.
Default Returns all mass tolerance parameters to their default values.
Save Opens the Save Force Tolerance Parameters File dialog box where

you can save your current parameters to a Force Tolerance
parameters file (.tolerance.par).

Load Opens the Open Force Tolerance Parameters File dialog box where
you can choose a Force Tolerance parameters file (.tolerance.par)
to load.
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Matrix Conversion

Some processing utilities, such as Baseline Correction and Noise Elimination, Smoothing, and
the JCD Component Detection Algorithm, use internal matrix calculations. For high
resolution/accuracy data, how the matrix is created can have a significant influence on the
outcome of the processing utilities.

Note Use this feature mainly for visual determination of Mass Merge Power.

For additional information, see “Baseline Correction and Noise Elimination” on page 285,
“Smoothing” on page 290, or “JCD Algorithm” on page 301.

The Mass Frontier application automatically converts a chromatogram to a matrix, where the
first dimension is the scan number and the second dimension is an 7/z value. Values of matrix
cells are abundances. However, the oscillating 72/z values of an identical ion might overlap
with a different oscillating isobaric ion. In this case, it is very difficult to decide which m/z
value should be taken as an independent dimension. Using the Matrix Conversion feature,
you can control the alignment of oscillating 72/z values to a specific value and you can visually
control this process.

In the following example, the peaks are oscillating around m/z 402.15 and m/z 402.5 before
matrix conversion.

Figure 93. Oscillating peaks on the 3D View page
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In the following example, the peaks are aligned to discrete m/z 402.15 and m/z 402.5 after
matrix conversion.

Figure 94. Aligned peaks on the 3D View page
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Matrix conversion uses the Mass Merge Power parameter to determine the strength of the
alignment process. The software uses this parameter also in Baseline Correction and Noise
Elimination, Smoothing, and the JCD Component Detection Algorithm; however, when you
calculate matrix alignment, you can watch the immediate effect on the chromatogram.

< To apply matrix conversion to your data
1. Click the Chromatogram Processing Utilities button, 4 = , and choose Matrix.

The Matrix Conversion dialog box opens. See “Matrix Conversion dialog box” on
page 275.

2. Specify the mass merge power percentage.
3. Click Calculate.
4. To undo a conversion, click Reset.

The application returns to the Mass Merge Power value specified in Baseline Correction
and Noise Elimination, Smoothing, and the JCD Component Detection Algorithm as a
starting value.

5. When the conversion process is complete, click Close.
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Figure 95. Matrix Conversion dialog box
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Table 33. Matrix Conversion parameters

Parameter Description
Mass Merge Power Specifies the percentage of mass resolution calculated from all
scans in a chromatogram. It specifies the mass difference interval
within the algorithm and merges spectral peaks into one m/z
value. A low value can result in more individual 7/z dimensions
and a high value can result in merging more ions into one.
Buttons
Calculate Begins the matrix conversion process.
Reset Resets the chromatogram to its original (before matrix conversion)
state. Uses the determined Mass Merge Power value in Baseline
Correction and Noise Elimination, Smoothing, and the JCD
Component Detection Algorithm as the starting value.
Close Closes the matrix conversion dialog box.
Default Returns the Mass Merge Power parameter to its default value.
Save Opens the Save To Matrix Conversion Parameters File dialog box
where you can save your current parameters to a Matrix
Conversion parameters file (.matrix.par).
Load Opens the Open Matrix Conversion Parameters File dialog box

where you can choose a Matrix Conversion parameters file
(.matrix.par) to load.
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Thresholding

Thresholding is a data processing method that analyzes every scan to reduce ion intensities or
delete spectral peaks if algorithmic criteria have been met. The main purpose of thresholding
is to eliminate noise or peaks originating from minor components that are not of interest.
Thresholding requires fulfilling the condition that the intensity of noise peaks is smaller than
the intensity of a signal and that the noise peaks count is significantly higher than the signal
peaks count.

Note In contrast to Baseline Correction and Noise Elimination (see “Baseline Correction
and Noise Elimination” on page 285), which operates in a chromatographic time domain,
the thresholding feature processes each scan as a stand-alone, independent object that
ignores the previous or following scans. Setting thresholds can significantly shorten JCD
computation time for large chromatograms.

This section includes the following topics:
* Specifying Methods
* Using the Threshold Filter Wizard

< To apply thresholding to your data

1. Click the Chromatogram Processing Utilities button, A4 » , and choose
Thresholding.

The Threshold Filter dialog box opens. See “Threshold Filter dialog box” on page 277.
2. Specify your thresholding parameters.
3. Click Calculate.

4. When the thresholding process is complete, click Close.
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Figure 96. Threshold Filter dialog box
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Table 34. Threshold Filter parameters (Sheet 1 of 2)

Parameter Description

General

Remove Peaks Removes the threshold peaks.

Mark Peaks Marks the threshold peaks in red when they are large enough to be
above threshold value (the point where the Mass Frontier
application preserves peaks). No peaks are removed. The same

logic is applied for FISh filtering.

Apply Threshold  Specifies that only MS! (full scan) scans are processed.

to Top Stage Only

Minimal Specifies that the number of the most intense peaks specified in the
Remaining Peak ~ Minimal box is not affected by thresholding.

Count
Minimal Peaks per
Scan
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Table 34. Threshold Filter parameters (Sheet 2 of 2)

Parameter Description
Algorithmic Enables algorithmic thresholding parameters.
Method Specifies that one of the following algorithms is used: Linear Fit,

Histogram, or Median. See “Specifying Methods” on page 279.

Strength In the Linear Fit or Histogram method, the calculated threshold
value is multiplied by this value.
In the Median method, this value is used for calculation of filter

length.

Apply Threshold  Specifies that algorithmic thresholding is applied to spectra with

to Spectra with several peaks higher than the specified value.

Peak Count

Higher Than

Maximal Allowed ~ Specifies that the algorithmic threshold is applied to spectral peaks

Threshold with an intensity lower than the specified value.

Manual Enables manual thresholding parameters.

Threshold Specifies that all peaks that exhibit an intensity lower than the

specified value are deleted.
Buttons

Wizard Displays a simplified version of the Threshold filter parameters.
See “Using the Threshold Filter Wizard” on page 283.

Calculate Begins the thresholding process.

Reset Resets the chromatogram to its original (before thresholding) state.

Close Closes the Threshold Filter dialog box.

Default Returns all thresholding parameters to their default values.

Save Opens the Save Threshold Parameters File dialog box where you
save your current parameters to a threshold parameters file
(.threshold.par).

Load Opens the Open Threshold Parameters File dialog box where you

can choose a threshold parameters file (.threshold.par) to load.
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Specifying Methods
The threshold filter uses one of three options for methods:
* Linear Fit
* Histogram

e Median

Linear Fit

The process of determining a linear fit occurs as follows:

* The Mass Frontier application applies Intensity = a + b x (m/2) to a scan, and then applies
the test for outlier data (using Student's t-distribution) to each scan peak.

* The Mass Frontier application considers outlier peaks as signals and excludes them from
noise.

* In iterative form, the Mass Frontier application applies linear regression and exclusion of
outlier peaks (signal) to each considered peak while finding no new outlier points.

* The Mass Frontier application determines a threshold value as the intensity of the most
intensive noise peak (the highest peak that is not excluded from noise).
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Figure 97. Linear Fit method
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Histogram

A histogram is created from abundances of all peaks in analyzed scans (black circles on the
figure), and then each histogram is smoothed (red triangles) and the end of the peak or the
minimum between two peaks is considered as the threshold value (green line).

Figure 98. Histogram method
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Median

The median filter is applied to an analyzed scan (red line). The maximal filtered abundance is
used as the threshold value.

Figure 99. Median method
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The Threshold Filter wizard is a simplified version of the Threshold Filter parameters.

% To open the Threshold Filter wizard

1. In the Threshold Filter dialog box, click the Wizard button, [ ‘fizard < |-

The Threshold Filter dialog box minimizes to a simplified version.

2. To return to the complete version of the Threshold Filter dialog box, click Details.

Figure 100. Threshold Filter Wizard dialog box
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Table 35. Threshold Filter Wizard parameters (Sheet 1 of 2)

Parameter Description

Wizard
Remove Peaks Directly removes the threshold peaks.
Mark Peaks Mark the threshold peaks in red only with

corresponding TIC showing in red as well. No
peaks are removed.

Apply Threshold to Top Stage Only

Specifies that only MS! (full scan) scans are
processed.

Power

Specifies the percentage of mass resolution
calculated from all scans in a chromatogram on a
linear scale. This value specifies the mass
difference interval within the algorithm and
merges spectral peaks into one m/z value. A Soft
value can result in more individual 7/z
dimensions and a Strong value can result in
merging more ions into one.
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Table 35. Threshold Filter Wizard parameters (Sheet 2 of 2)

Parameter

Buttons

Description

Details

Displays the full version of the Thresholding
Filter parameters. See “Threshold Filter dialog
box” on page 277.

Calculate

Begins the thresholding process.

Reset

Resets the chromatogram to its original (before
thresholding) state.

Close

Closes the Threshold Filter dialog box.

Default

Returns all thresholding parameters to their
default values.

Save

Opens the Save Threshold Parameters File dialog
box where you save your current parameters to a

threshold parameters file (.threshold.par).

Load

Opens the Open Threshold Parameters File
dialog box where you can choose a threshold
parameters file (.threshold.par) to load.
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Baseline Correction and Noise Elimination

Thermo Scientific

Baseline correction and noise elimination algorithms analyze ion profiles (ion
chromatograms) of all ions appearing in spectra over the entire region of a chromatogram. In
contrast to thresholding, where the individual scans and their spectral peaks are independently
analyzed and modified, baseline correction and noise elimination analyze and modify spectral
peaks in a specified retention time range.

Note In contrast to thresholding, which processes each scan independently while ignoring
the previous or following scans, the Baseline Correction and Noise Elimination feature
processes data in a chromatographic time domain, following trends over a specified
retention time range.

< To apply baseline correction and noise elimination to your data
1. Click the Chromatogram Processing Utilities button, ~f = , and choose Baseline.
The Baseline & Noise dialog box opens. See “Baseline & Noise dialog box” on page 286.
2. Specify your baseline correction and noise elimination parameters.

3. Click Calculate.

4. When the baseline and noise process is complete, click Close.
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Figure 101. Baseline & Noise dialog box
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Table 36. Baseline & Noise parameters (Sheet 1 of 3)

Parameter Description

Mass Merge Power Specifies the mass difference within which the algorithm

merges spectral peaks into one m/z value. A low value might

result in more components (oscillating ions) and a high value

can result in fewer components (merging ions).

General

Clear Only Top Stage  Processes only spectra in MS! stage (full scan).
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Table 36. Baseline & Noise parameters (Sheet 2 of 3)

Parameter

Segmentation

Description

Divides the chromatogram into discrete parts to which the
algorithms are applied separately. This option can provide
better results if a chromatogram exhibits diverse shape, peak
density, and baseline characteristics over the retention time
scale. Avoid segmentation if you use a LOESS derivative filter
or if results obtained without segmentation are acceptable.

Use Baseline Correction

Applies one of the following methods to your chromatogram:
Top-Hat filter, Savitzky-Golay derivative filter, or LOESS
derivative filter.

Top-Hat Filter

A morphological two-step filter. First, the algorithm searches
the average value (opening) of signal on an area around the
analyzed peak and then it subtracts this value from the
original analyzed peak.

Savitzky-Golay

Derivative Filter

Baseline is defined by the point where the first derivation of a
smoothed ion profile (values from Savitzky-Golay filter) is
smaller than the value represented by the parameter Power.
This baseline is then subtracted from the original ion profile.
Time domain is determined by the Length parameter.

LOESS Derivative
Filter

Principally identical with the Savitzky-Golay derivative filter
but it does not require equidistant sampling.

Use Noise Elimination

Applies the following methods individually or simultaneously:
Counter filter reduces chemical noise and Quantile filter
reduces electronic noise.

Counter Filter

Counts the occurrence of non-zero peaks in ion profile. If the
percentage of signal occurrence is higher than the Length
parameter, the ion is considered as chemical noise and the
whole ion profile is removed.

Quantile Filter

Counts the occurrence of non-zero peaks in neighboring
space on both sides (2xLength + 1 peaks). If the percentage of
signal occurrence is smaller than the Fraction parameter, the
analyzed peak is removed. This filter removes narrow peaks.

Buttons
Wizard Displays a simplified version of the Baseline & Noise filter
parameters. See “Baseline & Noise wizard dialog box” on
page 288.
Calculate Begins the baseline correction and noise elimination process.
Reset Resets the chromatogram to its original (before baseline

correction and noise elimination) state.
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Table 36. Baseline & Noise parameters (Sheet 3 of 3)

Parameter Description
Close Closes the Baseline & Noise dialog box.
Default Returns all baseline correction and noise elimination

parameters to their default values.

Save Opens the Save Baseline & Noise Parameters File dialog box
where you save your current parameters to a threshold
parameters file (.baseline.par).

Load Opens the Open Baseline & Noise Parameters File dialog box
where you can choose a threshold parameters file
(.baseline.par) to load.

Figure 102. Baseline & Noise wizard dialog box
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Table 37. Baseline & Noise parameters (Sheet 1 of 2)
Parameter Description

Mass Merge Power Specifies the mass difference within which the algorithm
merges spectral peaks into one 7/z value. A low (Soft) value
might result in more components (oscillating ions) and a high
(Strong) value can result in fewer components (merging ions).

Clear Only Top Stage Processes only spectra in MS! stage (full scan).

Use Baseline Correction Applies the correction method specified in the detailed
Baseline & Noise dialog box.
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Table 37. Baseline & Noise parameters (Sheet 2 of 2)

Parameter

Preserve Small Peaks

Description

Preserves small peaks when baseline correction is used.

Use Noise Elimination

Applies the methods specified in the detailed Baseline &
Noise dialog box: Counter filter reduces chemical noise and
Quantile filter reduces electronic noise.

Buttons

Details Displays a detailed version of the Baseline & Noise filter
parameters. See “Bascline & Noise dialog box” on page 286.

Calculate Begins the baseline correction and noise elimination process.

Reset Resets the chromatogram to its original (before baseline
correction and noise elimination) state.

Close Closes the Baseline & Noise Filter dialog box.

Default Returns all baseline correction and noise elimination
parameters to their default values.

Save Opens the Save Baseline & Noise Parameters File dialog box
where you save your current parameters to a threshold
parameters file (.baseline.par).

Load Opens the Open Baseline & Noise Parameters File dialog box

where you can choose a threshold parameters file
(.baseline.par) to load.
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Smoothing

The Mass Frontier application performs smoothing to average ion profiles (not the total ion
chromatogram) for every ion (m/z value) found in the data file with their neighbors in a time
series. Smoothing can increase correct component detection and eliminate spikes, which cause
false positive results. For additional information, see “Using Components Detection and
Spectra Deconvolution” on page 299.

< To apply smoothing to your data
1. Click the Chromatogram Processing Utilities button, 4 = , and choose Smoothing.
The Smoothing dialog box opens.
2. Specify your smoothing parameters.

3. Click Calculate.

4. When the smoothing process is complete, click Close.

Figure 103. Smoothing dialog box

Smoothing: Buspirone. RAW

M azz Merge Power: | 35.00 : % of Mazz Resolution
Smoothing |

General Calculate
Smoaoth Top Stage Only Fesel

[] Segmentation;
Cloge

]
|:| Default

Method S ave
(%) 5 avitzky - Golay Smoothing

Lenagth: A« zcang
() Median Smoothing

() LOESS Smoothing

2|

R obuzt Smoothing

Load

290 Mass Frontier User Guide Thermo Scientific



8 Chromatogram Processor Module
Processing the Data

Table 38. Smoothing parameters (Sheet 1 of 2)

Parameter

Mass Merge Power

Description

Specifies the mass difference within which the algorithm
merges spectral peaks into one 7/z value. A low value might
result in more components (oscillating ions) and a high value
can result in fewer components (merging ions).

General

Smooth Top Stage
Only

Applies smoothing only to MS! stage (full scan).

Segmentation

Divides the chromatogram into discrete parts so that the
software can apply separate algorithms to each part. This
option can provide better results if the chromatogram exhibits
diverse shape, peak density, and baseline characteristics in the
retention time scale. Avoid segmentation if using a LOESS or
Median filter or if results obtained without segmentation are
acceptable.

Method

This list includes the following smoothing methods:
Savitzky-Golay, Median, and LOESS. In contrast to Median
and LOESS methods, the Savitzky-Golay method requires

time-equidistant scans.

Method

Median Smoothing

Smooths each ion profile in the chromatogram using the
Median filter. The Length parameter determines the filter
length.

Savitzky-Golay
Smoothing

Smooths each ion profile in the chromatogram using the
Savitzky-Golay filter. The Length parameter determines the
filter length.

This smoothing requires equidistant time steps between scans.
If smoothed results are not acceptable, use another method or
check segmentation.

LOESS Smoothing

Smooths each ion profile in the chromatogram using the
LOESS filter. The Length parameter determines the filter
length. This filter works in a similar way as the Savitzky-Golay
filter but is slower and does not require equidistant time steps
between scans. When Robust Smoothing is on, then the
smoothing is slower but more robust to outlier data in ion

profiles.
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Table 38. Smoothing parameters (Sheet 2 of 2)

Parameter Description
Buttons
Wizard Displays a simplified version of the Smoothing filter
parameters. See “Smoothing wizard dialog box™ on page 293.
Calculate Begins the smoothing process.
Reset Resets the chromatogram to its original (before smoothing)
state.
Close Closes the Smoothing dialog box.
Default Returns all smoothing parameters to their default values.
Save Opens the Save Smoothing Parameters File dialog box where
you save your current parameters to a smoothing parameters
file (.smooth.par).
Load Opens the Open Smoothing Parameters File dialog box where
you can choose a smoothing parameters file (.smooth.par) to
load.

292 Mass Frontier User Guide Thermo Scientific



8 Chromatogram Processor Module
Processing the Data

Figure 104. Smoothing wizard dialog box
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Table 39. Smoothing wizard parameters (Sheet 1 of 2)

Parameter

Mass Merge Power

Description

Specifies the mass difference within which the algorithm
merges spectral peaks into one 7/z value. A low value might
result in more components (oscillating ions) and a high value
can result in fewer components (merging ions).

General

Smooth Top Stage
Only

Applies smoothing only to MS! stage (full scan).

Segmentation

Divides the chromatogram into discrete parts so that the
software can apply separate algorithms to each part. This
option can provide better results if the chromatogram exhibits
diverse shape, peak density, and baseline characteristics in the
retention time scale. Avoid segmentation if using a LOESS or
Median filter or if results obtained without segmentation are
acceptable.

Method

This list includes the following smoothing methods:
Savitzky-Golay, Median, and LOESS. In contrast to Median
and LOESS methods, the Savitzky-Golay method requires
time-equidistant scans.

Method

Median Smoothing

Smooths each ion profile in the chromatogram using the
Median filter. The Length parameter determines the filter
length.

Thermo Scientific

Mass Frontier User Guide 293



8 Chromatogram Processor Module
Processing the Data

Table 39. Smoothing wizard parameters (Sheet 2 of 2)

Parameter

Savitzky-Golay
Smoothing

Description

Smooths each ion profile in the chromatogram using the
Savitzky-Golay filter. The Length parameter determines the
filter length. This smoothing requires equidistant time steps
between scans. If smoothed results are not acceptable, use
another method or check segmentation.

LOESS Smoothing

Smooths each ion profile in the chromatogram using the
LOESS filter. The Length parameter determines the filter
length. This filter works in a similar way as the Savitzky-Golay
filter but is slower and does not require equidistant time steps
between scans. When Robust Smoothing is on, then the
smoothing is slower but more robust to outlier data in ion

profiles.

Buttons

Details

Displays a detailed version of the Smoothing filter parameters.
See “Smoothing dialog box” on page 290.

Calculate

Begins the smoothing process.

Reset

Resets the chromatogram to its original (before smoothing)
state.

Close

Closes the Smoothing dialog box.

Default

Returns all smoothing parameters to their default values.

Save

Opens the Save Smoothing Parameters File dialog box where
you save your current parameters to a smoothing parameters

file (.smooth.par).

Load

Opens the Open Smoothing Parameters File dialog box where
you can choose a smoothing parameters file (.smooth.par) to

load.
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Base Peak Chromatogram

The Base Peak Chromatogram process calculates a TIC profile based on the most intense
spectral peak in each scan. This option is a display feature only; no data is modified.

R

< To apply the Base Peak Chromatogram to your data

Click the Chromatogram Processing Utilities button, #f ~ , and choose Base Peak
Chromatogram.

The application marks the most intense peak for each scan in the Chromatogram pane.

AEX MEMMKHMKEMMME
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Background Subtraction

To eliminate the background signal from an active scan or from the average of spectral scans,
you can perform a manual background subtraction.

R

% To set the location of two representative background scans

1. Click the Chromatogram Processing Utilities button, 4 = , and choose
Background Subtraction.

The cursor changes appearance, [/, to indicate this functionality.
v
2. Click a scan point in the chromatogram pane.

A green vertical line indicates the background scans. The Scan pane displays the resulting
spectrum.

3. To cancel a background subtraction, click the Chromatogram Processing Utilities
button, #f = , and choose Delete Background Subtraction.

The Extracted Ion Chromatogram feature can help you choose the two most
representative background scans. You can use these background scans in the Manual
background subtraction option in Automated Components Detection and Spectra
Deconvolution procedures.

For additional information, see “Using the Extracted lon Chromatogram Features” on
page 297 and “Using Components Detection and Spectra Deconvolution” on page 299.

< To see the effects of the background subtraction on a scan
1. Copy the extracted and the original spectra to a Database Manager window.
See “Working in a Chromatogram Processor Window” on page 247.

2. Compare them using the spectra comparison routine on the Compare Spectra page.
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Using the Extracted lon Chromatogram Features

Use the Mass Frontier application to display a chromatogram for an extracted ion in a
different color. The extracted ion chromatogram (XIC) is sometimes called an individual, or
single ion chromatogram, ion profile. The program can display up to 16 extracted ion
chromatograms per window.

You can use background subtraction in conjunction with the Extracted Ion Chromatogram
feature. In this case, the XIC profiles are extracted from background-subtracted scans.

< To display an XIC for a particular mass-to-charge ratio
1. Do one of the following:
Click a spectral peak in the Scan pane.
—or—
Click the Data tab and double-click the 72/z value in the mass-to-charge ratio table.
—or—
Click the Add/Edit Extracted Ion Chromatograms (XIC) button, &.

The Extracted Ion Chromatograms dialog box opens.

Extracted lon Chromatograms g|
k|

1D | *IC for mdz | +4~ Calor -

1 0.500 - E

2 |0.0000 o -

3 |0.0000 a -

4 (0.0000 o -

5 |0.0000 a -

£ [0.0000 o I:I

7 |0.0000 a I:I

8 [oooon 0 v
o] (coen ]

2. Change or add the mass-to-charge ratio.
3. Define XIC tolerance.

Set a value of zero (the default value) to compare the XIC for m/z value with peaks using
peak accuracy only.

Set a non-zero value of tolerance (+ m/z value) to compare the peak 7/z value/accuracy
with “XIC for m/z” + its tolerance.

4. Select a color for a particular 72/z value.
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5. Click OK.

The application extracts the XIC from the original file, a process that can be
time-consuming for chromatograms with a large number of scans. However, because the
application is multi-threading, you can still use other windows during the XIC extraction.

An extracted ion chromatogram is useful for verifying automated component detection and
spectra deconvolution results. An XIC helps you to recognize mixture components in a peak
region. Examine an XIC of model peaks for any component you might want to use in further
analysis. Some structural (alkanes) or optical isomers produce almost identical mass spectra,
and even if you can clearly see two or more maxima in a peak region, an XIC might not reveal
a multi-component profile.

An XIC can help you determine whether the composition of the background changes over the
course of a run. To view the background profile, extract the XIC of a base peak or a
prominent peak from a scan that is clearly in a non-peak region. If the XIC of a background
peak has a variable profile around the peak you are focusing on, choose two scans with
different XIC profiles for background subtraction.

Figure 105. Extracted ion chromatogram ion profiles
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Using Components Detection and Spectra Deconvolution

Thermo Scientific

The Mass Frontier application incorporates an automated system for detecting
chromatographic components in complex GC/MS or LC/MS runs and extracting mass
spectral signals from closely coeluting components (deconvolution). You can search individual
mass spectra or spectral trees obtained after deconvolution in libraries or you can classify them
using Principal Component Analysis or Neural Networks. For additional information about
PCA or Neural Networks, see “Principal Component Analysis (PCA)” on page 341 or
“Self-Organizing Maps” on page 343.

This Components Detection and Spectra Deconvolution system involves the combined use of
the following procedures:

* Noise examination, signal filtering, and smoothing
See “Processing the Data” on page 258.
* Baseline definition and demarcation of chromatographic peaks
* Background scan determination and background subtraction
* Component candidate detection and model ion selection (72/z)
* Correlation of model ion profiles and component confirmation or rejection
* Spikes elimination
* Calculation of exact component retention time

* Spectra deconvolution using linear algebra

This system is designed for broad types of chromatographic runs, for both GC/MS, LC/MS,
and GC/LC/MS" analyses, for clean and noisy signals, and for simple or complex
chromatograms (see “Processing MSn Data” on page 323). However, you might need to
change some parameters to optimize the system for specific applications. This automated
procedure is designed for small- and medium-sized organic compounds. Do not use this
procedure for the processing of proteins, peptides, oligonucleotides, or other biomolecules.
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Figure 106. Components detection and spectra deconvolution example
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The Mass Frontier application incorporates an advanced automated system for detecting
chromatographic components in complex GC/MS or LC/MS runs and extracting mass
spectral signals from closely coeluting components (deconvolution).

The application identifies components using the following algorithms:
* JCD Algorithm
* RCD Algorithm
* TECD Algorithm

* Direct Infusion Algorithm
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Joint Components Detection (JCD) is based on the statistical analysis of all ion profile
maxima. on profiles (ion chromatograms) with comparable shapes and maxima belonging to
a limited time range are considered as a single component. The algorithm extracts individual
mass spectral peak abundance profiles to produce a “purified” spectrum or spectral trees and
generates the peak shape of a representative component. For best results, use the JCD
algorithm, but be aware that it requires significant computer processing resources.

To significantly reduce computation time for large files, apply a threshold filter to the
chromatogram before performing JCD. See “Thresholding” on page 276 for more
information about applying thresholds.

% To run the Joint Components Detection algorithm

1. Click the Components Detection & Spectra Deconvolution button, zf ~ ,and
choose JCD.

The Joint Detection Algorithm dialog box opens.

2. Specify your JCD parameters.

Note These parameters are interdependent, so changing one parameter can affect
algorithms linked with other parameters.

3. Click Calculate.

4. When the detection process is complete, click Close.
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Figure 107. Deconvolution page of the Joint Detection Algorithm dialog box
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Table 40. Deconvolution parameters (Sheet 1 of 3)

Parameter Description

Mass Merge Power Specifies the mass difference within which the algorithm merges
spectral peaks into one /z value. A low value might result in
more components (oscillating ions) and a high value can result in
fewer components (merging ions).

Average Peak Width Specifies the chromatographic peak width in scans that the
algorithm uses to identify a potential component. If a value is too
high, the result might be the loss of narrow peaks. If a value is too
low, it might split a real component into two different
components. Average Peak Width is applied only for scans that are
specified in Analyze MS Stages parameter. For example, if Analyze
MS Stages is set to Top Stages, then Average Peak width is applied
to MS! scans only.

302 Mass Frontier User Guide Thermo Scientific



8 Chromatogram Processor Module
Using Components Detection and Spectra Deconvolution

Table 40. Deconvolution parameters (Sheet 2 of 3)

Parameter

Baseline Correction

Description

Applies an automated baseline correction for each ion profile
using the Top-Hat algorithm. Use this option only for
chromatograms with an elevated baseline.

Smoothing

Performs the smoothing of each ion profile using the Average Peak
Width value and the LOESS algorithm. If the Average Peak
Width parameter is too large or peaks are shorter than four to five
scans, then the smoothing can remove small peaks.

Noise Modification

Determines how to adjust the intensity values of spectral peaks
with comparable abundances to noise level. You can choose from
None, Elimination, or Transition.

None

Spectral peak intensities are not altered.

Elimination

Spectral peaks with intensities lower than the specified value are
eliminated. Use this method when low abundant peaks are not of
interest.

Min. Peak Height: The threshold value applied to each abundance
in an ion profile. This value is determined as a percentage of the
maximum of the analyzed ion profile. All abundances smaller than
this threshold are removed. This option speeds up calculations.

Transition

Default. Artificial noise is added to replace random spikes with
constant noise for better detection of low abundant components.
Abundances with zero value are replaced by artificial noise.

Analyzed MS Stages

Determines which MS stages are considered in the analysis of ion
profiles—that is, which MS stages are used for detecting
components. The remaining stages are only used for spectral tree
reconstruction. Select one of the following options:

* Top Stages level: Recommended in most cases.

* Lower Stages level: Useful if Data Dependent experiment is
set so that ions are isolated according to a predefined list of
m/z values and top-stage spectra are noisy.

o All Stages level: Useful for the preliminary analysis of complex
data.

Top Stages
(default)

Analyzes only the top stage ions present in the data, where “top”
means MSY, or MS/MS if MS! is not present. The algorithm
builds the component tree by joining the corresponding lower
stage spectra that meet the following criteria: they occur within
the component envelope and the software detected the precursor
mlz in the top stage as a component ion (if the deconvoluted MS!
spectrum contains peaks that have been further isolated, the
corresponding MS/MS spectra are assigned to the spectral tree).
Recommended option for most cases.
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Table 40. Deconvolution parameters (Sheet 3 of 3)

Parameter

Lower Stages

Description

Analyzes all ions except those from the top MS stages. The
algorithm calculates the spectrum of the top stage from the total
ion abundance of the top stage. The resulting spectral trees do not
have as much depth as those from the Top Stages option. This
option can be useful if the full-scan chromatogram is not well
resolved and the lower stages contain enough scans with the same
precursor value.

All Stages

Analyzes all ions regardless of the MS stage. The resulting spectral
trees do not have as much depth as those from the Top Stages
option. This option is useful in some cases when the FISh
algorithm is applied in metabolite ID (see “Base Peak
Chromatogram” on page 295).

Beginning of Tree
Branching

Determines MS stage where a spectral tree is divided into two or
more independent components based on the precursor ion.

Retention Time Range

Specifies only a part of a chromatogram to be analyzed (time
range), which can speed up your work. In this case, the algorithm
ignores regions outside of the specified range.

m/z Range

Determines the 72/z value range to be analyzed. Ignores other
spectral regions. This feature is useful when processing large
chromatograms.

Buttons

Wizard

Displays a simplified version of the component detection
parameters. See “Joint Detection Algorithm wizard dialog box” on
page 307.

Calculate

Begins the component detection process.

Reset

Resets the chromatogram to its original (before component
detection) state.

Close

Closes the component detection dialog box.

Default

Returns all component detection parameters to their default
values.

Save

Opens the Save JCD Parameters File dialog box where you can
save your current parameters to a JCD parameters file (.jcd.par).

Load

Opens the Open JCD Parameters File dialog box where you can
choose a JCD parameters file (.jed.par) to load.
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Figure 108. More page of the Joint Detection Algorithm dialog box
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Table 41. More parameters (Sheet 1 of 2)

Parameter Description

Baseline Threshold Specifies the peak baseline as a percentage of base peak height.

Allowed Local Maxima  Specifies the sensitivity to local minima of ion profiles. Peak ends
are detected if the local minimum of analyzed ion profile is greater
than this value. Value is determined as a multiple of estimated
noise.

Min. XIC Peak Height = Specifies the minimal ion profile peak height to be considered as a
potential component. Value is determined as a multiple of the
estimated noise.

Min. Component Specifies the minimal intensity of component peaks. This value is
Height determined as a percentage of intensity of the total ion
chromatogram at the position of the component maxima.
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Table 41. More parameters (Sheet 2 of 2)

Parameter Description

Merging Width Factor  Specifies a limit for the time difference of the ion profiles maxima.
Too high a value can cause the merging of randomly coeluting
components. Too low a value can split a component into more
false-positive components. The software merges ion profile peaks
within this range into a single component.

For additional information, see “Wide Component Merge Mode”
on page 314.

Peak Shape Tolerance  Specifies the degree (%) of similarity of ion profile shapes. If two
ion shapes meet the specified percentage for the sharpness
tolerance, as well as other parameters, the algorithm merges the
ions into a single component.

Wide Component Specifies whether to use a limit for the time difference of the ion

Merge Mode profile maxima in a combination of the following parameters:
Average Peak Width and Merging Factor. Select this check box
(default) to avoid splitting a component into ion peaks that are
detected as redundant components in chromatograms with wide
peaks. Clear this check box if an incorrect component merge
occurs. Recommended for most LC/MS experiments.
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Figure 109. Joint Detection Algorithm wizard dialog box
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Table 42. Joint Detection Algorithm wizard parameters (Sheet 1 of 2)

Parameter Description

Average Peak Width Specifies an automatically calculated average peak width, or lets
you specify the average peak width.

Power of Baseline Specifies the power of the baseline correction within a low-to-high

Correction range.

Smoothing Power Specifies the smoothing power applied to each ion profile within a

low-to-high range.

Components Specifies the overlap sensitivity within a low-to-high range.

Opverlapping Sensitivity
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Table 42. Joint Detection Algorithm wizard parameters (Sheet 2 of 2)

Parameter Description

Intensity of Detected ~ Specifies the intensity of detected components within a
Components low-to-high range.

Tree Branching Specifies one of the following:

|_’I_L_I Parent ions are merged into one component.
_l'_l_l j Each parent ion produces an individual tree.

308 Mass Frontier User Guide Thermo Scientific



RCD Algorithm

Thermo Scientific

8 Chromatogram Processor Module
Using Components Detection and Spectra Deconvolution

Rapid Components Detection (RCD) is based on a model ion that represents a characteristic
ion (m/z value in MS! spectra) for every detected component. The algorithm starts with
component candidate detection and model ion selection and continues with the correlation of
model ion profiles to confirm or reject a candidate.

< To run the Rapid Components Detection algorithm

1. Click the Components Detection & Spectra Deconvolution button, zf, ~ ,and
choose RCD.

The R-Component Detection Algorithm dialog box opens. This dialog box includes the
following pages:

* “Deconvolution page of the R-Component Detection Algorithm dialog box” on
page 310

* “More page of the R-Component Detection Algorithm dialog box” on page 312
2. Specify your RCD parameters.

Note These parameters are interdependent, so changing one parameter can affect
algorithms linked with other parameters.

3. Click Calculate.

4. When the detection process is complete, click Close.
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Figure 110. Deconvolution page of the R-Component Detection Algorithm dialog box
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Table 43. Deconvolution parameters (Sheet 1 of 3)

Parameter Description

Threshold of Total The program uses a different threshold level from the one

Signal specified in the data file. In especially noisy chromatograms,
setting the threshold higher can reduce the number of false
positive results. However, if you feel the algorithm is too restrictive
and is missing some chromatographic peaks, you can lower the

default value.
Minimum Model The algorithms search for spectral peaks (model ions) that have
Ion Abundance the most rapid rise and fall of a signal in a peak region. To

eliminate spikes and random fluctuations, a model ion should
exhibit a minimum abundance value.

Minimum Component Eliminates the components within a specified retention time
Spacing interval.
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Table 43. Deconvolution parameters (Sheet 2 of 3)

Parameter

Smoothing

Description

Use this option when you must analyze noisy data. The program
automatically determines the smoothing factor according to the
signal-to-noise ratio. You can change this value or switch off the
smoothing. The system uses an exponential filter similar to the
analog RC filter.

Spectra Difference
Factor

To eliminate false positive component detection, the adjacent
components must show some degree of spectral dissimilarity that
is represented as the match factor used in library searching. The
spectra Difference Factor value is the minimal match factor
between spectra that detected components should exhibit.

Background
Subtraction

When you select the Automatic option, the program attempts to
find a region of relatively constant signal intensity before and after
every peak and sets two background scans there. To use the
Manual option, set the background scans by clicking the
Chromatogram Processor Utilities button and choosing
Background Subtraction before starting the detection and
deconvolution process (see “Background Subtraction” on

page 296). You can set two manual background scans anywhere in
the chromatogram. When you select the None option,
background subtraction is not performed.

Precursor Ion
Subtraction

When a product ion chromatogram is being deconvoluted, you
can subtract the selected precursor ion from all scans to improve
component detection. However, if a component does not
fragment and you can only observe a precursor ion, you should
not apply the subtraction because you can overlook this
component. Note that this application does not support scan
events that are often used in connection with product ion
scanning.

Scale Component
Profile

Scale the component profile (envelope) to fit the intensity of a full
scan.

Retention Time Range

Where you specify only a part of a chromatogram to be analyzed
(time range), which can speed up your work. In this case, the
algorithm ignores regions outside of the specified range.

m/z Range

Determines the 72/z value range to be analyzed and ignores other
spectral regions. This feature is useful when processing large
chromatograms.
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Table 43. Deconvolution parameters (Sheet 3 of 3)

Parameter

Spectra Deconvolution

Description

You can apply two extraction algorithms, the choice depending on
the intended use for the component spectra. When components
are intended for a library search (see “Spectrum Search” on

page 79), use Sharp spectra deconvolution. When the purpose of
component detection is target analysis, use Soft deconvolution.
Generally, Sharp deconvolution subtracts peaks from coeluting
components with a higher multiplication factor, and so it
produces spectra with fewer peaks and lower intensities of isobaric
peaks than Soft deconvolution.

Restore Defaults when
Program Starts

Resets these parameters to the default values each time you start
the Mass Frontier application.

Buttons

Calculate Begins the component detection process.

Reset Resets the chromatogram to its original (before component
detection) state.

Close Closes the component detection dialog box.

Default Returns all parameters to their default values.

Save Opens the Save RCD Parameters File dialog box where you can
save your current parameters to a RCD parameters file (.rcd.par).

Load Opens the Open RCD Parameters File dialog box where you can

choose a RCD parameters file (.rcd.par) to load.

Figure 111. More page of the R-Component Detection Algorithm dialog box
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The TECD (Total Extraction Components Detection) algorithm creates spectral trees for
every section of a chromatogram that starts with an MS! scan. Each generated tree is then
divided into subtrees based on the value of the Minimal Tree Depth parameter. Generated
subtrees are merged into components based on the precursor ion /z value identity and the
spectral tree match factor similarity.

You can apply the TECD algorithm to data-dependent chromatograms only. This algorithm
creates components according to precursor values and spectra similarity only. It is not as
advanced as JCD but it is significantly faster.

% To run the Total Extraction Components Detection algorithm

1. Click the Components Detection & Spectra Deconvolution button, zf, ~ ,and
choose TECD.

The Total Extraction Component Detection Algorithm dialog box opens.

2. Specify your TECD parameters.

Note These parameters are interdependent, so changing one parameter can affect
algorithms linked with other parameters.

3. Click Calculate.

4. When the detection process is complete, click Close.
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Figure 112. Total Extraction Component Detection Algorithm dialog box
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Table 44. Total Extraction Component Detection Algorithm parameters (Sheet 1 of 2)

Parameter

Beginning of Tree
Branching

Description

Specifies the minimum number of tree sections the algorithm
creates from the initial spectral tree. The value determines the MS
stage where a division of a spectral tree takes place.

Tree Match Factor

Specifies the minimum percentage that two spectral trees within
adjacent tree sections must match before the algorithm considers
the two spectral trees as the same component. Matching spectral
trees is defined as having identical precursors up to the level
specified by the Minimal Tree Depth value and a Tree Match
Factor value that exceeds the specified value.

Wide Component
Merge Mode

Enables a comparison of the spectral trees for potential matching
and merging, not only in adjacent sections, but also in sections up

to the distance specified by the Allowed Gap value.

Allowed Gap

When comparing the spectral trees for potential merging, specifies
the maximum distance between nonadjacent tree sections.

Analyze only Current
Filter

Processes only visible scans (scans chosen by scan filter) using the

TECD algorithm.
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Table 44. Total Extraction Component Detection Algorithm parameters (Sheet 2 of 2)

Parameter

Retention Time Range

Description

Specifies only a part of a chromatogram to be analyzed (time
range), which can speed up your work. In this case, the algorithm
ignores regions outside of the specified range.

m/z Range

Determines the 72/z value range that is analyzed. Ignores other
spectral regions. This feature is useful when processing large
chromatograms.

Buttons

Calculate

Begins the component detection process.

Reset

Resets the chromatogram to its original (before component
detection) state.

Close

Closes the component detection dialog box.

Default

Returns all component detection parameters to their default
values.

Save

Opens the Save TECD Parameters File dialog box where you can
save your current parameters to a TECD parameters file
(.tecd.par).

Load

Opens the Open TECD Parameters File dialog box where you can
choose a TECD parameters file (.tecd.par) to load.

Direct Infusion Algorithm

The Direct Infusion algorithm is a spectral tree construction utility. Use this algorithm to

create one or more spectral trees from a single raw file by reading various MS™ scans acquired
g y g q

in one run and constructing a tree according to their MS stage and precursor ion m/z values.

< To run the Direct Infusion algorithm

1. Click the Components Detection & Spectra Deconvolution button, zf ~ ,and
choose Direct Infusion.

The Direct Infusion Spectral Tree Construction dialog box opens.

2. Specify your Direct Infusion parameters.

Note These parameters are interdependent, so changing one parameter can affect
algorithms linked with other parameters.

3. Click Calculate.

4. When the construction process is complete, click Close.

Thermo Scientific

Mass Frontier User Guide 315



8 Chromatogram Processor Module
Using Components Detection and Spectra Deconvolution

Figure 113. Direct Infusion Spectral Tree Construction dialog box
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Table 45. Direct Infusion Spectral Tree Construction parameters (Sheet 1 of 2)

Parameter Description
Beginning of Tree Specifies the MS stage that should only have a single precursor.
Branching The value determines the MS stage for a tree branch division.

When you use the default value of 1, the algorithm creates a single
tree from all the scans in a run (file). When you use a value of 2,
and the analyzed run contains MS/MS spectra with different
precursor m/z values, the algorithm creates separate trees for each
MS/MS scan with a unique precursor ion 72/z value.

Threshold Ion Removes spectral peaks of lower intensity than specified from each
Intensity analyzed scan.

Include Upper Spectra  Adds actual scans in the stage above the level set in Minimal Tree
Depth to the resulting spectral trees. When you clear this option,
the spectra above the stage set in Minimal Tree Depth contain
spectra with a single peak equal to the precursor ion of the product

spectra.
Average Scans Specifies that every tree node only contains average spectra.
Calculate Envelope When selected, the software calculates the ion profile (envelope)

for each tree. You can then preview scans that belong to a
particular tree.
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Table 45. Direct Infusion Spectral Tree Construction parameters (Sheet 2 of 2)

Parameter

Retention Time Range

Description

Specifies only a part of a chromatogram to be analyzed (time
range), which can speed up your work. In this case, the algorithm
ignores regions outside of the specified range.

m/z Range Determines 7/z value range for analysis. Ignores other spectral
regions. This feature is useful when processing large
chromatograms.

Buttons

Calculate Begins the spectral tree construction process.

Reset Resets the chromatogram to its original (before spectral tree
construction) state.

Close Closes the spectral tree construction dialog box.

Default Returns all spectral tree construction parameters to their default
values.

Save Opens the Save Direct Infusion Parameters File dialog box where
you can save your current parameters to a Direct Infusion
parameters file (.infusion.par).

Load Opens the Open Direct Infusion Parameters File dialog box where

you can choose a Direct Infusion parameters file (.infusion.par) to

load.
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Processing Extracted Spectra

Use the Database Manager or Spectra Classifier windows to further process a spectrum
obtained from the average of scans, from scans with a subtracted background, or from
component deconvolution. You can also directly search for the spectrum in a Chromatogram
Processor library.

You can classify mass spectra obtained in the Chromatogram Processor using Principal
Component Analysis, Neural Networks, or Fuzzy Clustering methods.

For additional information, see “Organizing Spectra” on page 345, “Principal Component
Analysis (PCA)” on page 341, “Fuzzy Clustering” on page 344, or Chapter 12, “Neural
Networks Module.”

Follow these procedures:
* To choose scans or deconvoluted spectra for classification
* To search the extracted spectra
* To transfer the extracted spectrum or tree to a Database Manager window
* To transfer the extracted spectrum or tree to a Spectra Classifier window

* To copy a spectrum to a Windows application

% To choose scans or deconvoluted spectra for classification
1. Select the scans or components that you want to classify.
You can select scans from the chromatogram pane or components from the filter list.
2. Click the Add Selected Scans or Components to Spectra Classifier button, &g .

The Spectra Classifier window opens.

Figure 114. Spectra Classifier window with spectra from a Chromatogram Processor

" Spectra Classifier
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Celete One ” Delete &l
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To search the extracted spectra

. Click the Search button, '}:ﬁ .

The Component Search dialog box opens.

. To perform a tree search, see “Spectral Tree Search” on page 74.

. To perform a spectrum search, see “Spectrum Search” on page 79.

To transfer the extracted spectrum or tree to a Database Manager window

. Select the components.

. Right-click and choose Copy > Copy option from the shortcut menu.

You can copy an MS spectrum or an MS tree.

. In a Database Manager window, right-click and choose Paste > option from the shortcut

menu.

. To process the components, see Chapter 2, “Database Manager Module.”

To transfer the extracted spectrum or tree to a Spectra Classifier window

. Select the components.

. Click the Add Selected Scans or Components to Spectra Classifier button, &g .

The Spectra Classifier window opens.

To process the components, see Chapter 10, “Spectra Classifier Module.”

To copy a spectrum to a Windows application

. Select the spectrum.

Right-click and choose Copy > Copy MS Spectrum from the shortcut menu.

The application copies the chromatogram graphic and the spectrum from the Scan page

to the Clipboard.

Open any Windows application and paste the contents of the Clipboard.

Note Use the Paste Special command in the Windows applications to paste these
graphics.
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Working with Detected Components

Detected components are marked with a triangle in the original chromatogram (see “Using
Components Detection and Spectra Deconvolution” on page 299). Because the program
calculates the precise retention time (tR) of each component, the component triangle can
appear between scan points.

15.80 14.00 14.20 14.40 14.60 14.80 15.00 15.20

Note To display a deconvoluted spectrum of a component rather than of a scan, click the
triangle that marks the detected component in the chromatogram pane. To display an
original scan at the position of a detected component, click above the triangle.

When you pause the cursor over a component triangle, a ToolTip displays the component

number, precise retention time, and model ion 7/z value that were used in the automated
detection and deconvolution processes.

T A EAAABANALN

1400 Scan Mo, = 835 tR = 14.0867min Abund, = 19.0%

To edit or search chromatographic components in the Components Editor window, click the
Components Editor button, %A .

To process detected components in the Database Manager or in the Spectra Classifier
modules, you must select them, copy them, and paste them into the Database Manager or
Spectra Classifier windows.

For details about processing detected components, see “Processing Data-Reduced
Chromatograms” on page 69 or Chapter 10, “Spectra Classifier Module.” .

Follow these procedures:
* To select a component
* To select a range of components
* To select all detected components in a run
* To copy the selected components to a Database Manager window

* To copy the selected components to a Spectra Classifier window
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< To select a component
Click the triangle on the peak.

A deconvoluted spectrum appears in the scan pane.

mﬁhﬂﬂﬂﬂﬂﬁﬂﬁﬁﬂﬁﬂwﬁmd
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704 600
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70320 70410 70440 70470 70500 70530

Comp, tR: 14,2217 Component Mo, 42 Mo Filker

You can process this spectrum the same way you would any spectra, for example, search
for it in a library or copy it to a Database Manager window.

< To select a range of components
1. Click the Select Components button, [ .

2. Draw a rectangle around the components.

The application makes a strict distinction between original scans and detected
components and does not mix them. When selecting a chromatographic region, the
application prefers components over scans. When you select a chromatographic region
that contains both scans and components, the software selects only the components.
When you select a region that does not contain any components, the software selects all
scans in that region.

% To select all detected components in a run

Right-click the chromatogram pane and choose Select > Select All Components from
the shortcut menu.
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To copy the selected components to a Database Manager window

. Select the components.

. Right-click and choose Copy > Copy option from the shortcut menu.

You can copy a selection, chromatogram, MS spectrum, or an MS tree.

. In a Database Manager window, right-click and choose Paste > option from the shortcut

menu.

. To process data-reduced chromatograms, see Chapter 2, “Database Manager Module.”

To copy the selected components to a Spectra Classifier window

. Select the components.

. Click the Add Selected Scans or Components to Spectra Classifier button, &g .

The Spectra Classifier window opens.

. To process the components, see Chapter 10, “Spectra Classifier Module.”
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Processing MS" Data
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In the Chromatogram Processor window, you can view and process Xcalibur data-dependent
experiments and product ion scanning raw data files and extract spectral trees (MS" spectra)
from chromatograms. When you open Xcalibur data in a Chromatogram Processor window,
the window displays a tree view control. Use this tree view control to select one or more
product scans at any MS" stage. Deconvoluted components that are present are listed at the
bottom of the tree control.

For additional information, see “Using Components Detection and Spectra Deconvolution”
on page 299, “Spectral Tree Arrangement” on page 106, or “Working with Detected
Components” on page 320.

When you apply component detection and spectra deconvolution procedures to
data-dependent chromatograms, the application generates components as spectral trees. You
can process the tree components in the same way as regular spectra. You can edit them in the
Components Editor window, search them in spectral libraries, or classify them using the
Spectra Classifier module. You can only view spectral trees in the Chromatogram Processor; to
edit them, paste them into a Database Manager window to access all editing utilities.

For additional information, see Chapter 9, “Components Editor Module,” or Chapter 10,
“Spectra Classifier Module.”
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Figure 115. Xcalibur data in a Chromatogram Processor window
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Exporting Scans, Components, and Reduced Chromatograms

Thermo Scientific

You can export scans, components, and chromatograms from the Chromatogram Processor
window to a Database Manager or Spectra Classifier window for additional processing.

Follow these procedures:
* To export selected scans and components to a Database Manager window

* To export a data-reduced chromatogram to a Database Manager window

< To export selected scans and components to a Database Manager window

1. Select the scans or components.

For details about selecting scans or components, see “Working with Detected
Components” on page 320.

2. Click the Add Selected Scans/Components to Database Manager button, 5’@1 .

The Export Chromatographic and Spectral Data dialog box opens.

Export Chromatographic and Spectral D... @

Specify range of chromatographic data you want o add to
each selected itern:

C}Chrnmatngraphic data with all scans and components (time
and memary consurming process)

@Chrnmatngraphic data with corresponding scan ar
cormponent only

{:} Mo chromatographic data

[ Continue ] [ Cancel

3. Select one of the export options.
4. Click Continue.
The Select Target dialog box opens.

5 Select Target

Awailable Targets:

Cancel

[ratabasze Manager: 2
Dratabaze Manager: 1

Mew [ratabase Manager ]

Mass Frontier User Guide 325



8 Chromatogram Processor Module
Exporting Scans, Components, and Reduced Chromatograms

326

5. Do one of the following:

Mass Frontier User Guide

Select one of your open Database Manager windows and click Select.
Click New Database Manager.

The application imports the selected data to the Database Manager window.

To export a data-reduced chromatogram to a Database Manager window

. Select the scans or components.

For details about selecting scans or components, see “Working with Detected
Components” on page 320.

Right-click and choose Copy > Copy Chromatogram from the shortcut menu.

In a Database Manager window, right-click and choose Paste > Chromatogram from the
shortcut menu.

You can save data-reduced chromatograms in a Database Manager window to any library
using the same procedure that you would use to save spectra or trees.

Chromatographic scans or trees are fully searchable. For additional information, see
“Searching Components” on page 334 or “Processing Data-Reduced Chromatograms” on

page 69.
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Figure 116. Copying a chromatogram from Chromatogram Processor to Database Manager
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Annotating Chromatographic Peaks

You can add chemical structures and formatted text to any chromatographic peak in the
Chromatogram Processor window.

Note You cannot search structures assigned to chromatographic peaks.

Follow these procedures:
* To add a chemical structure to a chromatographic peak

* To add formatted text to a chromatographic peak

< To add a chemical structure to a chromatographic peak
1. Click the Assign Structure to Scan button, ;.

2. Click the scan where you want to place a structure.

e
AN A A AN AN N N AN

A new Structure Editor window opens where you can draw a fragment. For information
about drawing fragments in the Structure Editor window, see Chapter 4, “Structure
Editor Module.”

3. After you finish drawing, click OK.

The application connects your structure with the selected scan.
HO
H, N

MMA&&

4. To connect the added structure to a different scan, select the structure and drag the
connecting circle to the required scan.

5. To resize the structure fragment, select the structure and drag one of the corner rectangles.
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< To add formatted text to a chromatographic peak
1. Click the Assign Text to Scan button, T .

2. Click the scan where you want to place the text.

RT
AN A AW W LN N N N NN
The Annotation dialog box opens.

T Annotation

tlew anmotation.

Shaw Cannectian Line

3. Type your text.

4. To draw a line connecting the peak to the annotation, select the Show Connection Line

check box.
5. Click OK.

The application connects your text to the selected scan.

6. To connect the added text to a different scan, select the text and drag the connecting
circle to the required scan.
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Components Editor Module

The Components Editor module consists of a complete set of management tools to delete
unrelated components, add chemical structures, edit extensive data fields, process spectral
trees, annotate spectral peaks, and sort search hit lists for every component in a processed
chromatogram.

Contents

* Using the Components Editor Window

* Searching Components

Using the Components Editor Window

Use the Components Editor window to edit, search, and organize chromatographic
components stored in a library or generated by the Components Detection and Spectra
Deconvolution feature.

You cannot open the Components Editor module directly from the Mass Frontier application
window. You must generate this module from your data in the Chromatogram Processor
window.

% To open a Components Editor window

1. From a Chromatogram Processor window, click the Components Detection & Spectra
Deconvolution button, PR and choose one of the component detection algorithms.

See “Using Components Detection and Spectra Deconvolution” on page 299.
2. Identify the detection parameters and click Calculate.
For detailed descriptions of the detection algorithm parameters, see the following:
* “JCD Algorithm” on page 301
* “RCD Algorithm” on page 309
* “TECD Algorithm” on page 313
* “Direct Infusion Algorithm” on page 315
3. When the detection and deconvolution process finishes, click Close.

The TIC page identifies the detected components with a triangle at each detected peak.
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4. In the Chromatogram Processor window, click the Components Editor button, A .
The Components Editor window opens. See “Components Editor window” on page 333.

The Components Editor window closely resembles the Database Manager window;
however, the processing item is a chromatographic component rather than a database
record. To distinguish between the modules, the Components Editor window has a light
blue bar on the left side. Both modules behave almost identically. For a detailed
explanation of the panes and their functionality, see Chapter 2, “Database Manager
Module.”

Each chromatographic component is represented by a single row. The columns contain
supplementary component information. One of the columns lists Model Ion values that
have been used for component detection. These values help you orient yourself and find
components of interest. In most cases, the model ion is the base peak in the full-scan
spectrum; however, if closely coeluting components have isobaric base peaks, the
algorithms select different model ions to distinguish these components.

5. Make your changes to the chromatogram.
6. To save your changes and close this module, click OK.

The application keeps changes with the chromatogram. To save the chromatogram to a
chromatographic library, see “Processing Data-Reduced Chromatograms” on page 69.

Note You can also edit associated components of a library chromatogram (see “Searching
Chromatographic Libraries” on page 182).
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Figure 117. Components Editor window
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Searching Components

334

You can use the Components Editor window to search one selected subset or all the

chromatographic components in the spectral or chromatographic libraries. For additional

information, see “Searching Chromatographic Libraries” on page 182.

Follow these procedures:

Mass Frontier User Guide

To search for a component from the processed chromatogram
To search all the components from the processed chromatogram
To remove a component from the hit list

To process the hit list of a component

To search for a component from the processed chromatogram

. Select the components in the Spreadsheet view.

Click the Search button, %z - , and choose Search Selected Components.
The Spectral Tree Search dialog box opens.
Enter your search criteria and click OK.

For details about the Spectral Tree Search parameters, see “Searching Spectral Trees” on
page 120.

When the search is successful, the application stores the results in the Spreadsheet view in
the Components Editor window.

The highest match factor for each component search appears in the Match column of the
Spreadsheet view. If the search did not find any plausible hits, the match factor is not
displayed.

The match factor is a number from 1 to 999 that specifies the measure of similarity
between the query spectrum and the library reference spectrum. A match factor of 999
means a perfect match. Matches greater than 930 display a lightning bolt, ¥, in the
Match column.

|h-1at|:hf |ID Murm, |F|T |h-1u:u:|e||u:|n|MDIIMaSS|FnrmuIa Title

A 934.2+ 1528  458.2671 4571584 | CagHazpMOy  Ampgdalin

To search all the components from the processed chromatogram

. Click the Search button, %z - , and choose Search All Components.

Note Scarching a large number of components can take a long time, depending on
the library size.

The Spectral Tree Search dialog box opens.
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Searching Components

2. Enter your search criteria and click OK.

For details about the Spectral Tree Search parameters, see “Searching Spectral Trees” on
page 120.

When the search is successful, the application stores the results in the Spreadsheet view in
the Components Editor window. The spreadsheet displays the title for all hits in red.

The highest match factor for each component search appears in the Match column of the
Spreadsheet view. If the search did not find any plausible hits, the match factor is not
displayed.

The match factor is a number from 1 to 999 that specifies the measure of similarity
between the query spectrum and the library reference spectrum. A match factor of 999
means a perfect match. Matches greater than 930 display a lightning bolt, ¥, in the
Match column.

|h-1at|:hf |ID Murm, |F|T |h-1u:u:|e||u:|n|MDIIMaSS|FnrmuIa Title

A 934.2+ 1528  458.2671 4571584 | CagHazpMOy  Ampgdalin

To remove a component from the hit list

. Select the component row.

Click the Reject Library Hit button, [E .

| Title

Carmporient 1

Etkglamitie, M M-dirmethyl-2-[[o-phenyl-o-talylosy]- [EC17CLECH

Component 2

To process the hit list of a component

. Select the component row.

. Click the Hit Selector button, .

| Title

Carmporient 1

Etkglamitie, M M-dirmethyl-2-[[o-phenyl-o-talylosy]- [EC17CLECH

Component 2

The Hit Selector window opens.

To distinguish the Hit Selector window from the Components Editor and Database
Manager windows, the Hit Selector window has a yellow bar on the left side.

The Hit Selector window lists the best matches found during the library search. The
match factor describes the similarity of the match to your component.
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Figure 118. Hit Selector window
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3. In the Hit Selector window, review the hit list and do one of the following:

* To accept a library record that corresponds to the component, select the component

in the spreadsheet and click OK.

When you accept a library record for a component, all relevant information
(structure, name, molecular mass, ion types, and so on) are adopted and entered in
the component fields.

* To reject all components in the hit list, click Cancel.
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Spectra Classifier Module

Use the Spectra Classifier module to retrieve and organize spectra, which you can then submit
to Principal Component Analysis (PCA), Neural Networks Self-Organizing Maps (SOM), or
Fuzzy Clustering.

Contents

Thermo Scientific

Classification Methods Background

Advantages of Classification Methods in the Mass Frontier System
Spectra Classification Methods

Organizing Spectra

Working in the Spectra Classifier Module

Example Workflow

Mass Frontier User Guide 337



10 Spectra Classifier Module
Classification Methods Background

Classification Methods Background

Classification greatly enhances library search and fragmentation prediction methods. The
Mass Frontier application uses classification methods that close the triangle of
computer-oriented methods for interpreting mass spectral data. The computer-oriented
methods available in this application complement each other but are based on different
principles. These methods provide the means to create alternative strategies and enable
comprehensive data interpretation.

Advantages of Classification Methods in the Mass Frontier System

338

In contrast to statistical software packages, the Mass Frontier system applies classification
methods directly to mass spectral data. All preprocessing procedures, which are essential to
using classification methods, are automatic. This built-in process ensures that you use
classification methods correctly, even if you have minimal knowledge of the multivariate
statistic.

The primary goal of spectral classification is to find a correlation between the properties of
compounds and their mass spectra. Because physical and chemical properties and biological
activities of chemical compounds are to a large extent a function of molecular structure, the
results of classification analysis reflect structural features that are determined by fragmentation
ions appearing in a mass spectrum. The important advantage of classification methods is that
you do not need a detailed knowledge of the complex spectra-structure relationship to get
satisfactory results. Classification strategy in this application is based on graphical
presentation of the results, which you can easily view on the screen (see “Working in the
Spectra Projector Window” on page 361).
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Spectra Classification Methods

Thermo Scientific

Computer methods of analyzing mass spectral data center on three fundamental
methodologies: library search techniques, expert system procedures, and classification
methods.

For additional information, see “Using the Search Utilities” on page 72, “Previewing
Unimolecular Reactions” on page 193, or “Example Workflow” on page 357.

This application contains three classification methods:
* Principal Component Analysis (PCA)
* Fuzzy Clustering
* Self-Organizing Maps

Self-Organizing Maps (SOM) is a special class of neural networks. Use these methods, based
on different principles, to explore complex data from various perspectives. Principal
Component Analysis (PCA) uses multivariate statistics, fuzzy clustering assigns data to
clusters, and SOM is based on competitive learning.

In the multivariate statistic, you can consider each spectrum as a single point in an
n-dimensional space, with the intensities being the coordinates of this point. A dimension
(axis) of that space represents a mass-to-charge ratio, 7/z, of the considered peak. This means
that the dimensionality is determined by the 7/z value of the last peak in the spectrum. For
example, the EI spectrum of hydrogen exhibits two peaks at 7/z =1 (intensity 2%) and m/z =
2 (100%). You can view this spectrum as a point in a two-dimensional space with the
coordinates [2, 100].

Figure 119. Multivariate statistic example
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In reality, spectra have a far higher dimensionality than two. When the dimensionality is too
high, or several coordinates are equal to zero (usually a mass spectrum does not have peaks at
every m/z value), the classification methods might not provide the required results. As a result,
a reduction of dimensionality is carried out either before a spectrum is placed in
n-dimensional space, or during the classification process.
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The basic hypothesis of multivariate statistical methods assumes that the distance between
points (spectra) in an #-dimensional space is related to a relevant property of the compounds
that represent these points. When the points are close enough to form a cluster or a separated
region, you can assume that the compounds that correspond to these points exhibit common
or similar properties. To ensure the results of the classification methods have statistical
significance, place a large number of spectra (usually one or more groups, each with 10-1000
spectra) in the same 7-dimensional space. Then apply multivariate statistical methods, with
various parameters, to evaluate these points (spectra). The objective of a classification process

is to separate these points (spectra) into two or more classes according to the desired structural
or other properties.
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Principal Component Analysis (PCA)

Thermo Scientific

Principal Component Analysis reduces the dimensionality of a data set where a large number
of interrelated—that is, correlated—variables exist, while retaining as much as possible the
variation present in the data set. In mass spectrometry, the data set consists of the mass spectra
of different compounds. The mass spectra are expressed as the intensities of individual m/z
ratios, or variables.

PCA attempts to find a new coordinate system that can be expressed as the linear combination
of the original variables (72/z) so that the major trends in the data are described.
Mathematically, PCA relies on eigenvalue/eigenvector decomposition of the covariance or the
correlation matrix of the original variables. PCA decomposes the data matrix X as the
multiplication of two matrices P (the matrix of new coordinates of data points) and 7"
(transposition of the coefficients matrix of the linear combination of the original variables):

X=P.T

Generally, the data can be adequately described using far fewer coordinates, also called
principal components, than original variables. PCA also serves as a data-reduction method
and a visualization tool. When the data points are plotted in the new coordinate system, the
relationships and clusters are often more apparent than when the data points are plotted with
the original coordinates.

Figure 120. Geometrical interpretation of PCA
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Geometrical interpretation of PCA: The axes of the new coordinate system—principal
components pl and p2—are created as the linear combinations of the original axes. New
coordinates (principal components (PC)) are orthogonal (perpendicular) to each other. There
is greater variation in the direction of p1 than in either of the original variables, but very little
variation in the direction of p2. For data sets with more than two variables, the first PC
describes the direction of the greatest variation in the data set, the second PC describes the
direction of the second greatest variation, and so on.
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Self-Organizing Maps

Thermo Scientific

Self-Organizing Maps, sometimes called Kohonen networks, are a special class of neural
networks. A self-organizing map consists of neurons placed at the nodes of a two-dimensional
lattice. The neurons become selectively activated to various input mass spectra, or classes of
spectra, in the course of a competitive learning process. The neurons compete among
themselves to be activated or excluded. You can view SOM as a nonlinear generalization of

PCA.

The principal goal of self-organizing maps is to transform a set of #-dimensional input spectra
into a discrete two-dimensional map and to display this transformation. Each input spectrum
presented to the network activates a neuron according to a complex set of interrelationships
between spectra. In SOM, each mass spectrum must always activate a neuron and this
spectrum is shown on the particular neuron. Spectra that activate the same neuron belong, in
terms of classification, to the same pattern. To ensure that the self-organizing process has a
chance to develop properly, the networks should be exposed to a certain number of different
spectra. As a result, this application requires a minimum of 10 spectra in a self-organizing
process.

Figure 121. SOM architecture as used in the Mass Frontier application

Activated neuron by
spectrum 1

Activated neuron by
spectrum 2

Each spectrum activates
1 a neuron in the map.

wirsl.
o - a1 H ] & NED

Note The SOM classification method exhibits one atypical feature to be aware of: an
identical data set produces different results if the input data is processed in a different
order. This ordering is an inherent feature of neural networks and is not a result of faulty
algorithms.
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Fuzzy Clustering

Cluster analysis is a technique for grouping data into clusters to find common structural
features in spectral data. Membership degrees between zero and one are used in fuzzy
clustering, instead of crisp assignments of the data to clusters. Fuzzy clustering is based on the
dot-product distance between the center of clusters and experimental spectral points. The
dot-product is calculated from mass spectral #z-dimensional space with the intensities being
the coordinates and 7/z values dimensions. The number of peaks whose intensities are above
the predefined threshold determines the dimensionality of spectral space. The number of

clusters is usually pre-defined. For additional information, see Chapter 11, “Spectra Projector
Module.”

Figure 122. Fuzzy clustering example
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Organizing Spectra

Thermo Scientific

Spectra are organized into groups that can have their own names and graphic representations.
When spectra are organized into groups, you can distinguish between the classes of spectra
that should arise from the submitted groups of spectra after the classification process.

You can use the Mass Frontier application for the classification of spectra according to
physical or chemical properties (point of origin, toxicity, aromaticity, and so on). For spectra
that cannot be found in a library, classification can involve identification of substructure types
or compound classes (structure elucidation) to establish and confirm structural proposals.
Classification can also be useful in cases when you must retrieve only structurally related
compounds from a complex chromatogram (metabolite research).

In classification analysis, distinguishing between two terms, groups and classes, is important.
You can assign classes only after the classification method (Principal Component Analysis,
Fuzzy Clustering, or Neural Networks (SOM)) clearly shows the occurrence of clusters or
regions that consist of spectra with the desired properties. Before classification, you can only
allocate spectra to groups according to preselected criteria. Often the objective of the
classification process is to obtain classes that closely resemble groups of spectra submitted to
classification.

You can save and open records with the .ref file extension, which are present in the Database
Manager spreadsheet. This feature is especially useful for maintaining groups of spectra that
are sent from the Database Manager to the Spectra Classifier window.

When you have retrieved spectra for classification, you might want to save these records,
rather than save the spectra as ASCII files, such as JCAMP-DX (.jdx) or NIST MSP (.msp)
files. In contrast to .jdx or .msp files, a reference file stores the locations where all the relevant
information about each spectrum is saved (spectrum, structure, experimental conditions, and
so on). These files are easy to manipulate; you can add or remove one or more records to
them. You cannot save deconvoluted spectra from the Chromatogram Processor window as
records (see “Working with Detected Components” on page 320).

Mass Frontier User Guide 345



10 Spectra Classifier Module
Working in the Spectra Classifier Module

Working in the Spectra Classifier Module

The Spectra Classifier window is the gateway to PCA, Neural Networks (SOM), and Fuzzy
Clustering classification. When you send or paste any spectra to the Spectra Classifier
window, the spectrum or spectra are automatically assigned to a group. The application
automatically gives a name to a new group, which you can rename. You can add up to 255
groups of spectra to Spectra Classifier, and each group can consist of an unlimited number of
spectra. Conversely, it is also possible for a group to only contain a single spectrum.

This section includes the following topics:
* Opening the Spectra Classifier Window
* Managing Groups of Spectra
* Viewing Spectra Data
* Classifying Spectra

* Spectra Classifier Window

Opening the Spectra Classifier Window

You can open an empty Spectra Classifier window or select spectra from the Database
Manager or Chromatogram Processor window and populate those spectra to a Spectra
Classifier window.

Follow these procedures:
* To open a Spectra Classifier window
* To select spectra for classification from the Database Manager

* To select spectra for classification from the Chromatogram Processor

% To open a Spectra Classifier window
Do one of the following:
Click the Spectra Classifier button, Zm , in the Mass Frontier toolbar.
—or—
Choose Tools > Spectra Classifier from the Mass Frontier main menu.

An empty Spectra Classifier window opens. See “Spectra Classifier Window” on

page 355. You can open only one Spectra Classifier window at a time in the system. If a
Spectra Classifier window is already open, it becomes active (and might already contain
spectra).
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% To select spectra for classification from the Database Manager
1. Select the records in the Database Manager window.

2. Click the Add Selected Records to Spectra Classifier button, '?“1 - , and choose
Spectra Classifier.

The Spectra Classifier window opens.

Figure 123. Spectra Classifier window with spectra from a Database Manager
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< To select spectra for classification from the Chromatogram Processor
1. Select scans or components in the Chromatogram Processor window.
You can select scans from the chromatogram pane or components from the filter list.
2. Click the Add Selected Scans or Components to Spectra Classifier button, &g .

The Spectra Classifier window opens.

Figure 124. Spectra Classifier window with spectra from a Chromatogram Processor
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Managing Groups of Spectra

In the Spectra Classifier window, you can select the spectra you are ready to classify, remove

spectra groups from the Spectra Classifier window, or assign names to the spectra groups.

Follow these procedures:

348 Mass Frontier User Guide

To copy and paste spectra for classification

To add an available spectra group to the ready-for-classification list
To remove a spectra group from the ready-for-classification list

To delete a group of spectra from the Spectra Classifier window

To assign an appropriate name to each group

To copy and paste spectra for classification

. In a Database Manager window or a Chromatogram Processor window, select the spectra

you want to classify.

. In the Spectra Classifier window, click the Paste button, [ .

The application adds the selected spectra to the Available Groups of Spectra list.

To add an available spectra group to the ready-for-classification list

. Select the group of scans in the Available Groups of Spectra list.

. Click Add.

The application moves the selected group to the Groups of Spectra Ready for
Classification list.

Awailable groups of specha; Groups of spectra ready for classification:

5 zcans from Chromatogram Processor: DEMO . MS

1 scan from Chromatogram Pro DEMO.MS Add =

The application automatically assigns a graphic to each group in the Groups of Spectra
Ready for Classification list.

Groups of spectra ready for clagsification:

® 1 zpectum from Databaze Manager: 1

B 1 spectrum from Databaze Manager: 1

& 1 zcan from Chromatogram Proceszor: DEMO MS
& 4 scans from Chromatogram Processzor DERMO WS

To change the group’s graphic, choose Options > Settings from the Mass Frontier main
menu, and then choose Classification in the Layouts area. The colors and types of
graphics are used only to distinguish the groups in the plots and have no influence on the
results of the analysis.
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< To remove a spectra group from the ready-for-classification list
1. Select the group of scans in the Groups of Spectra Ready for Classification list.

2. Click Remove.

The application moves the selected group to the Available Groups of Spectra list.

< To delete a group of spectra from the Spectra Classifier window
1. Select the group of scans in the Available Groups of Spectra list.
2. Do one of the following:
Click Delete One to remove only the selected scan.
—or—
Click Delete All to remove all scans in the Available Groups of Spectra list.

The application deletes the specified scans from the Spectra Classifier window.

Note You can delete scans only from the Available Groups of Spectra list. You cannot
delete scans from the Groups of Spectra Ready for Classification list.

% To assign an appropriate name to each group
1. In either list of spectra groups, select a group.

2. In the Selected Group of Spectra box, change the name of the group of spectra.

Note You can use the copy (CTRL+C) and paste (CTRL+V) commands.
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Viewing Spectra Data

In the Spectra Classifier window, you can view the spectra and structures for a spectra group
or open the source (Database Manager or Chromatogram Processor) module for a spectra

group.
< To preview spectra records
In either list of spectra groups, select a group.

The table displays spectra, structures, and additional information.

Figure 125. Spectra records
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< To open the source for a spectra group
Double-click a spectra group in either of the two lists.

The Database Manager window or Chromatogram Processor where the corresponding
spectra originated opens with these records selected.

IMPORTANT The Spectra Classifier can hold only spectra that are still present in the
original Database Manager or Chromatogram Processor window. After you create a
group of spectra in the Spectra Classifier, do not move the spectra from the original
Database Manager window or clear the component spectra from a chromatogram in
the Chromatogram Processor. If you violate either of these conditions, the target
group of spectra is removed from the Spectra Classifier.
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Classifying Spectra

Thermo Scientific

After you have selected all the groups you want to classify and chosen the classification
method, you can classify the spectra groups. While the application is running the
classification, you can continue to work in other Mass Frontier windows. Depending on the

type of classification method you choose, the application displays the results in a Spectra
Projector or a Neural Networks window.

Follow these procedures:

* To begin Principal Component Analysis classification
* To begin Neural Networks (SOM) classification

* To begin Fuzzy Clustering classification
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< To begin Principal Component Analysis classification
1. In the Classification Method area, select the Principal Component Analysis option.

Clazzifization Method:

() Principal Component Analysis

Principal Components: :

() Meural Metwarks [SOM)

e
]

() Fuzzy Clustering

2. Specify the number of principal components to be calculated.

3. Click Classify Now.

The application classifies all groups of spectra in the Groups of Spectra Ready for
Classification list according to the selected classification method.

Note You can continue to work in other Mass Frontier windows while the application
processes a classification.

The application displays the results of a Principal Component Analysis classification in a

Spectra Projector window. For a complete description, see Chapter 11, “Spectra Projector
Module.”

Figure 126. Spectra Projector window resulting from PCA classification
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% To begin Neural Networks (SOM) classification

1. In the Classification Method area, select the Neural Networks option.

Clazzification b ethod:

() Principal Component &nalysis

5]

(#) Newral Networks [S0M)
Lattice Dimenszion:
(%) Optimal
() Usger defined: |:|

£]

() Fuzzy Clustering

2. Select the Optimal option (recommended), or select the User Defined option and
specify an x and y value.

3. Click Classify Now.

The application classifies all groups of spectra in the Groups of Spectra Ready for
Classification list according to the selected classification method.

Note You can continue to work in other Mass Frontier windows while the application
processes a classification.

The application displays the results of a Neural Networks classification in a Neural Networks
window. For a complete description, see Chapter 12, “Neural Networks Module.”

Figure 127. Neural Networks window resulting from spectra classification
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Lattice: 15 x 9 Total Spectra: 756

Mass Frontier User Guide 353



10 Spectra Classifier Module
Working in the Spectra Classifier Module

< To begin Fuzzy Clustering classification

1. In the Classification Method area, select the Fuzzy Clustering option.

Clazzifization Method:

() Principal Component Analysis

]

() Meural Metwarks [SOM)

e
]

(%) Fuzzy Clustering

2. Click Classify Now.

The application classifies all groups of spectra in the Groups of Spectra Ready for
Classification list according to the selected classification method.

Note You can continue to work in other Mass Frontier windows while the application
processes a classification.

The application displays the results of a Fuzzy Clustering classification in a Spectra
Projector window. For a complete description, see Chapter 11, “Spectra Projector
Module.”

Figure 128. Spectra Projector window resulting from Fuzzy Clustering classification
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Group Down
Group Up
Show Source

Available groups of spectra:

10 Spectra Classifier Module
Working in the Spectra Classifier Module

Classification Layout

Paste Spectrum
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Table 46. Spectra Classifier parameters (Sheet 1 of 2)

Parameter Description

Available Groups of Lists groups of spectra that have been sent (or copied) from a

Spectra Database Manager or Chromatogram Processor window.

Groups of Spectra Ready  Lists the groups of spectra to classify when you click Classify

for Classification Now.

Add —» Moves the selected group to the Groups of Spectra Ready for
Classification list.

< Remove Moves the selected group to the Available Groups of Spectra list.

Delete One Removes only the selected scan from the Spectra Classifier
window.

Delete All Removes all scans in the Available Groups of Spectra list.
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Table 46. Spectra Classifier parameters (Sheet 2 of 2)

Parameter Description
Classify Now Classifies all groups of spectra in the Groups of Spectra Ready for
Classification list according to the selected classification method.
Selected Group of Editable name of the currently selected spectra group.
Spectra
Classification Method
Principal Specifies the PCA classification method and the number of
Component coordinates used to describe the data. For a detailed description,
Analysis / Principal ~ see “Principal Component Analysis (PCA)” on page 341.
Components
Neural Networks Specifies the SOM classification method, which is a
(SOM) self-organizing map that consists of neurons placed at the nodes
of a two-dimensional lattice. For a detailed description, see
“Self-Organizing Maps” on page 343.
Optimal (Recommended) Specifies an optimized two-dimensional lattice.
User Defined  Specifies the x and y dimensions of the lattice.
Fuzzy Clustering Specifies the fuzzy clustering classification method that groups

data into clusters to find common structural features in the
spectral data. For a detailed description, see “Fuzzy Clustering”
on page 344,

Mass Frontier User Guide

Thermo Scientific



10 spectra Classifier Module
Example Workflow

Example Workflow

O Sppitn Ot o Rl T
Py Re e
bR Gma TP IR Lengs of Lpus b sy ke hyinibe e
ST TETTIN
i - s ==
Wsruere a1 [ [EE]
k FHE | 0| L BB
B NCA | DS S
s O b i P Comgat et
& @B . o = | Py Frraapan Comgawetens § 2
e - b g W™
- Ppa= o ER\ e
= 5 o N N : | Add-selectred-records: |
L] 2 e
Qa0 - {1 toSpectra-Classifier
BECL G e ) | eyt TR T
Unsped pd Charge Sta: none [ | ﬂ}.l_..._ | '-‘sllf-“ o | [ 15 e Caemiteg
CaHuNO2 mfz 194.0804 -
Substructure- search
I~ =8 Aol [T ——— \B — e
D @A OM:-tT f fF bl RS- O @NEaf- ST £ |7 AbuB R-%
Sperae o | Doin | s Csewn)  |Compess Specis - |5 | Sptcran e | Dmin | Lo ntemmnc | Gompenes Spaecen - x!i_
i . .
aQ 1 !
Ll 3 — o el |
W —h .
e P S I L o i T ;.i
el [rolre S
W i BaE i | 0 0 0 A 0 e T MO | | e
P Tomsi | | v 50 g Toad | 8 g+ + | & won W ST Papicane | 1B T [ 5 Pt Tommi | [H igiChen 1158 ki Toned | a8 g * 'Ia'-
-y " CaFnhgily 1 i Fovepabi] dezep 1 41 [
ekl TRERE by Teshietwesed [ | Select-all-records E
- W RN CxFnHyty Pl 1] My T o H
- T MEIRY  Cwtighigl)  Acswee W{imbyisseopeg LS
- HME Catsptivly L MOsedopwre Lo Pl dmetyiee ™

This example workflow demonstrates how to classify the derivatives of nicotine and caffeine.

You have an EI spectrum of an unknown compound that you suspect is a metabolite of either

nicotine or caffeine, and you must find out which of these two compound classes it belongs
to.

Thermo Scientific

1. Retrieve a sufficient number of spectra for each group (for example, nicotines and
caffeines).

2. To form clusters of each group, submit to a principal component analysis.

a.

Perform a substructure search, where the search query is the structure of nicotine and
caffeine.

When a sufficient number of spectra for each group is found (more than 10 spectra),
select these records and add them, separately for each group, to the Spectra Classifier.

3. Assign an appropriate name to each group using the Selected Group of Spectra text box.

You can use the copy (CTRL+C) and paste (CTRL+V) commands.
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4. Select a line in the left pane of Spectra Classifier and click Add, and then repeat this for
the next group.

Note Spectral trees are supported by all the spectral modules except the Spectra
Classifier, which uses total composite spectra generated from trees.

5. When all the groups of spectra that you want to classify are in the Groups of Spectra
Ready for Classification list, launch the classification process by clicking Classify Now.

After the generation is finished, a new Spectra Projector window opens.

You have retrieved two groups of spectra: nicotine and caffeine derivatives. You now want
to examine an unknown metabolite that likely originated from nicotine or caffeine.

6. After preparing the two groups of spectra in the Spectra Classifier window, generate a
Spectra Projector window by using the PCA option.

The following figure shows that the two groups are separated into clusters.

Figure 129. Nicotine and caffeine separated into clusters
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7. Add the unknown metabolite to the projection plane by pasting or opening its spectrum
in Spectra Projector.

The projection of this external spectrum clearly shows that it belongs to the nicotine class
(squares).

8. Confirm or reject this result using the fragmentation pattern of nicotine.



Spectra Projector Module

The Spectra Projector module displays the results of a Principal Component Analysis (PCA)
or Fuzzy Clustering method. In a Spectra Projector window, mass spectra are projected as
points on a two-dimensional (2-D) plane or a three-dimensional (3-D) twistable space,
according to principal components or fuzzy cluster combinations. The objective of
classification analysis is to find classes of spectra on the projection that exhibit common or
similar properties. You can use the Spectra Projector window to place an external spectrum
onto a projection to examine its class membership.

You can apply classification to spectra that cannot be previously distributed into groups by
classifying only one group of spectra and attempting to find points on the projection that
represent compounds with the expected properties. In the Spectra Projector window, you can
select these points to examine their spectra and structures.

For additional information, see “Principal Component Analysis (PCA)” on page 341 or
“Fuzzy Clustering” on page 344.

Contents

* Generating a Spectra Projector Window

* Working in the Spectra Projector Window

* Using 3-D Projection Mode

* Opening and Saving Classification Results

* Accessing Spectra from a Spectra Projector Window

* Adding External Spectrum to a Projection
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Generating a Spectra Projector Window

You cannot directly open a Spectra Projector window from the Mass Frontier application. You
must generate it from the Spectra Classifier module by specifying the Principal Component
Analysis or the Fuzzy Clustering option for classification. You can open an unlimited number
of Spectra Projector windows in the Mass Frontier application. For additional information,
see Chapter 10, “Spectra Classifier Module.”

You cannot alter classification results after they have been generated. To remove a spectrum

(point) from a projection plane, remove this spectrum from the input data and then launch a
new classification process.

Figure 130. Spectra Projector generated with the PCA classification method
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Working in the Spectra Projector Window

Thermo Scientific

The Spectra Projector window displays spectra as points on a 2-D plane or in a 3-D space.
You can select a combination of two principal components, which make up the 2-D
projection plane. When you are viewing PCA results using the 3-D projection mode, you can
select a combination of the three associated principal components.

For example, when you click a 2-D projection tab labeled “2-5,” the spectra are projected onto
the plane of the 2"¢ and 5™ principal components. The number of tabs is determined by the
number of principal components that have been selected in the Spectra Classifier module.
The Spectra Projector window displays a tab for every possible combination of the selected
principal components. For example, when you generate the Spectra Projector module with
three principal components, three tabs are available (1-2, 2-3, and 1-3). When you use the
five default principal components, 10 tabs are available (1-2, 1-3, 1-4, 1-5, 2-3, 2-4, 2-5, 3-4,
3-5, and 4-5).

Figure 132. 2-D projection plane
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In the 3-D mode, the number of combinations of principal components for more than five
components is significantly higher in comparison to the 2-D projection plane. As a result,
when you want to analyze your spectra in the 3-D mode, use no more than five principal
components. Set the number of principal components in the Spectra Classifier window before
you begin the PCA calculation. For additional information, see Chapter 10, “Spectra
Classifier Module.”
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Figure 133. 3-D space
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The status bar in a Spectra Projector window displays the number of selected principal
components and the number of spectra that have been classified (the total number of spectra
from all groups).

IH: PZ2 Vi PC3 Z:PC4 Total Spectra: 17

Follow these procedures:
* To scale the projection plane
* To show a legend of spectra

* To zoom and pan in the graphical display

< To scale the projection plane
1. Select the tab for the projection you want to view.
You can view each projection at a different scale.

2. Right-click the Spectra Projector window and choose Zoom > zoom option from the
shortcut menu.

* Use Zoom to Box to define a rectangle that enlarges to fill the window.
* Use Zoom In to display less of the projection plane at a larger scale.
* Use Zoom Out to display more of the projection plane at a smaller scale.

3. To return to the original scale, right-click the Spectra Projector window and choose
Zoom > Zoom Reset from the shortcut menu.
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To show a legend of spectra

Right-click the Spectra Projector window and choose Zoom > Show Legend from the
shortcut menu.

The application displays a list of spectra with their symbols.
Figure 134. 3-D plot with a legend
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To zoom and pan in the graphical display

NN

Click the Hand button, {"? , in the Mass Frontier toolbar and drag the hand to pan
horizontally or vertically.

Similarly, hold down the H keyboard key or the Spacebar to change the cursor to the
hand.

Click the Zoom Out button, (=) , in the Mass Frontier toolbar.
Click the Zoom In button, (), in the Mass Frontier toolbar.

Click the Zoom to Box button, (3 , in the Mass Frontier toolbar and describe a
rectangle.

Similarly, hold down the Z keyboard key and describe a rectangle.
Click the Zoom Reset button, , in the Mass Frontier toolbar to return to full scale.

Click the Zoom Undo button, (¥} , in the Mass Frontier toolbar to undo the last zoom
operation.

Click the Zoom Redo button, ¥}, in the Mass Frontier toolbar to restore the last zoom
operation.

Use the scroll wheel on the mouse to zoom the entire display.
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Using 3-D Projection Mode

The principle of PCA classification and Fuzzy Clustering is to reduce the dimensionality of a
spectral space to a level comprehensible to the human eye. Because a paper or screen plot is
inherently 2-D, the method of choice is usually 2-D PCA or Fuzzy Clustering. However, if a
3-D projection on a 2-D computer screen is accompanied with motion, you can better
perceive this simulation as a 3-D space. In the Spectra Projector window, you can rotate the
plot to help you perceive this simulation in 3-D mode.

Spectra classification of complex data set in a 3-D space can be more effective and reliable
than a simple 2-D plot. When analyzing PCA or Fuzzy Clustering results, do not rely entirely
on 2-D plots. Two or more clusters that overlap in a 2-D plot might be separated in 3-D
space, or two seemingly separate clusters discernible in a 2-D plot might appear in 3-D mode
to be too close together to be considered as two different objects.

< Toview and rotate PCA or Fuzzy Clustering results in 3-D mode
1. Click the 3D Projection button, &3 .
The application displays the classification plot in 3-D space.
2. Click the Show Axis button, [z .

The application overlays the x, y and z axes on the display.

Figure 135. 3-D projection with axes
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3. Click the Rotate button, ¢ .

The cursor changes to a rotation sphere, @
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4. Click the classification plot and drag the cursor to rotate the plot.

Pl

aPCl YiPC2 ZDPC3 Total Spectra: 17
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Opening and Saving Classification Results

366

In the Spectra Projector window, you can save or open projection planes that have been

generated with particular initial settings (number of principal components).

Follow these procedures:

* To open spectra projection planes

* To save spectra projection planes

R
0’0

1.

Mass Frontier User Guide

To open spectra projection planes
Do one of the following:

Click the Open button, @, in the Mass Frontier main toolbar and choose PCA

Projections.
Choose File > Open > PCA Projections from the Mass Frontier main menu.

The Open Spectra Projections dialog box opens.

. Select a Projection File (.pca2) file and click Open.

The selected file opens in a new Spectra Projector window.

To save spectra projection planes

. Do one of the following:

Click the Save button, | EH|, in the Mass Frontier main toolbar.
Choose File > Save from the Mass Frontier main menu.

The Save Spectra Projections dialog box opens.

. Type a name for the saved file and click Save.

The application saves projection planes as graphics, without the possibility of recalling the
original spectra, which are displayed as points. To access the spectra with structures from
projection planes, save the records in the Database Manager, as described in the Spectra
Classifier chapter. In this case, you must regenerate the classification from the original
data set that was saved as records; you can, however, add an external spectrum.

For additional information about saving records, see “Using Records in the Database
Manager Window” on page 37 or “Organizing Spectra’ on page 345.
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Accessing Spectra from a Spectra Projector Window

Thermo Scientific

An important part of classification analysis is knowing which spectrum is represented by a

point on a projection plane. As the application links corresponding modules, it recalls spectra

w.

ith structures or chromatographic components from any projection plane.

Note The Spectra Projector module is able to recall only records that are present in an
open Database Manager window. When you close the Database Manager window that is
the source of the input data for classification, the link between a point and its spectrum is
interrupted. The application automatically warns you if you try to close a Database
Manager window that is linked with one or more Spectra Projector windows. To keep the
links between points and spectra intact, do not move records in or between Database
Manager windows using cut-and-paste commands.

When the data originates from Chromatogram Processor, keep the window open (see
“Processing Extracted Spectra” on page 318).

K2

< To access a single spectrum, scan, or deconvoluted component

Double-click a point on the projection.

The linked module opens on top of all other windows, and the application selects the
corresponding record or component and displays the spectrum.

For additional information about saving spectra to records, see “Using Records in the
Database Manager Window” on page 37 or “Working with Detected Components” on
page 320.

To access several spectra in a region

Do one of the following:

a. Right-click and choose Select from the shortcut menu.

b. Draw a region around the spectra.

—or—

a. Click the Select Spectra and Show Their Origin button, .
b. Draw a region around the spectra.

* When the selected spectra originate from a Database Manager window, you are
prompted to copy the records with spectra and structures to either the last active
Database Manager window or to a new one (see “Example Workflow” on

page 357).

* When your spectra originate from a chromatogram in a Chromatogram
Processor window, the corresponding scans or components appear in the same
color as they appear in the PCA or Fuzzy Clustering plot.
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Adding External Spectrum to a Projection

The objective of principal component projections of mass spectra is to find classes of
compounds with common or similar properties. You can then use sufficiently separated classes
to investigate the class membership of an unknown spectrum (see “Example Workflow” on
page 357). Use the Spectra Projector window to add an external spectrum, which was not
used for classification, to the projection plane. When the added spectrum is clearly projected
into a particular class region, you can assume that this compound has similar, usually
structural, properties.

The following figure shows that two groups are separated into clusters. You can add the
unknown spectrum to the projection plane by pasting or opening its spectrum in a Spectra
Projector window. The projection of this external spectrum shows that it belongs to the
nicotine class (squares, PCA; or triangles, Fuzzy Clustering). You can confirm or reject this
result using the fragmentation pattern of nicotine.

Figure 136. Nicotine and caffeine separated into clusters
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The Neural Networks module displays classification results from Self-Organizing Maps
(SOM), which are a special class of neural networks.

Contents

* Generating a Neural Networks Module
* Using the Neural Networks Window
* Accessing Spectra from a Neural Networks Window

A self-organizing map is a network of neurons arranged in the form of a
two-dimensional (2-D) lattice. You can define the size of a lattice or let the application
automatically calculate it. During a classification, neurons become selectively activated to
various input spectra as a result of a competitive learning process.

The objective of classification analysis using SOM is to find classes of spectra on the map that
exhibit common or similar properties. When one or more spectra activate the same neuron,
you can assume the spectra belong to a common class. In this case, the spectra should exhibit
certain similarities. You can consider spectra that activate neighboring neurons and those
neurons that have low Euclidian distance between each other (shown by borderline thickness),
to be related.

In neural networks, each mass spectrum must always activate a neuron and this spectrum is
shown on the particular neuron. Neurons are displayed as rectangles. Spectra are represented
as symbols or numbers, and are placed onto neurons. Because the spectra are located in
discrete objects, the interpretation of SOM is relatively easy in contrast to PCA and Fuzzy
Clustering where you do not have diffuse clusters. However, when a single spectra activates a
larger numbers of neurons, this advantage is lost.

Spectra that activate the same neuron belong to the same classification pattern. All spectra
drawn inside a neuron box are equal for classification purposes and their graphical positions
within a neuron are irrelevant.

Note The SOM classification method exhibits one atypical feature to be aware of:
Different results are produced for an identical data set if the input data is processed in a
different order. This impact of order on results is an inherent feature of neural networks
and not a result of faulty algorithms.

For additional information, see “Self-Organizing Maps™ on page 343 or “Fuzzy Clustering”
on page 344.
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Generating a Neural Networks Module

370

Use the Spectra Classifier module to generate a Neural Networks module. You cannot directly

open a Neural Networks window from the Mass Frontier main menu (similar to the Spectra

Projector). After you generate the network, you cannot alter the classification results. To

remove a spectrum (symbol) from a network, you must remove this spectrum from the input

data and then launch a new classification process. You can open an unlimited number of

Neural Networks windows at any time in the application.

R
0’0

To generate a Neural Networks module

1. Select spectra from the Database Manager or Chromatogram Processor window and

populate those spectra to a Spectra Classifier window.
For detailed instructions, see “Opening the Spectra Classifier Window” on page 340.
In the Spectra Classifier window, select the data you want to classify.

For detailed instructions, see “Managing Groups of Spectra” on page 348.

. To begin the Neural Networks classification process, select the Neural Networks option

and click Classify Now.
For detailed instructions, see “Classifying Spectra” on page 351.

The application displays the results of a Neural Networks classification in a Neural
Networks window.

Figure 137. Neural Networks window resulting from spectra classification

= Neural Networks: 1

Lattice: 15 x 9 Total Spectra: 756
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Using the Neural Networks Window

Thermo Scientific

A Neural Networks window displays a topological map of neurons, represented as rectangles.
Every neuron has a minimum of two and a maximum of six neighboring neurons. Spectra are
displayed as symbols or numbers within neurons.

The status bar in a Neural Network window displays the lattice dimension and how many
spectra have been classified (the total number of spectra from all groups).

Latkice: 4 x 4 Total Spectra: 10

Follow these procedures:
¢ To show distances between neurons
¢ To scale the lattice
* To use the zoom and pan features
* To open a neural networks file

¢ To save neural networks to a file

< To show distances hetween neurons

Click the Show Distances Between Neurons button, @

To show the approximate distances between neighboring neurons, the application applies
different thicknesses to their borders.

Lattice: 15x 9 Total Spectra: 756

You can use information about neuron distances when classifying an unknown spectrum.
The distances show how a neuron that has been activated by an unknown correlates with
neighboring neurons. The distances can also suggest that spectra from a common neuron
might have been activated by multiple, close neurons.
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Although neurons are displayed in a regular 2-D lattice, the actual Euclidian distances
between neurons vary. The line thickness is proportional to the distance between
immediate neighbors. The thinner the line, the closer together are the neurons.

Note Spectra that activate the same neuron belong to the same classification pattern.
g

This means that all spectra drawn inside a neuron box are equal for classification

purposes and their graphical positions within a neuron are irrelevant.

To scale the lattice

. Right-click the Neural Networks window and choose Zoom > zoom option from the

shortcut menu.
* Click Zoom to Box to describe a rectangle that enlarges to fill the window.
* Click Zoom In to display less of the neural networks lattice at a larger scale.

* Click Zoom Out to display more of the neural networks lattice at a smaller scale.

. To return to the original scale, right-click the Neural Networks window and choose

Zoom > Zoom Reset from the shortcut menu.

To use the zoom and pan features

NN

Click the Hand button, {"? , in the Mass Frontier toolbar and drag the hand to pan
horizontally or vertically.

Similarly, hold down the H keyboard key or the Spacebar to change the cursor to the
hand.

Click the Zoom Out button, (=) , in the Mass Frontier toolbar.
Click the Zoom In button, (*}, in the Mass Frontier toolbar.

Click the Zoom to Box button, (3 , in the Mass Frontier toolbar and describe a
rectangle.

Similarly, hold down the Z keyboard key and describe a rectangle.
Click the Zoom Reset button, , in the Mass Frontier toolbar to return to full scale.

Click the Zoom Undo button, (#} , in the Mass Frontier toolbar to undo the last zoom
operation.

Click the Zoom Redo button, ¥}, in the Mass Frontier toolbar to restore the last zoom
operation.

Use the scroll wheel on the mouse to zoom the entire display.
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12 Neural Networks Module
Using the Neural Networks Window

To open a neural networks file
Do one of the following:

Click the Open button, @, in the Mass Frontier main toolbar and choose Neural
Networks.

Choose File > Open > Neural Networks from the Mass Frontier main menu.

The Open Neural Networks dialog box opens.

. Select a Neural Networks (.nn2) file and click Open.

The lattice for the selected file opens in a new Neural Networks window.

To save neural networks to a file

. Do one of the following:

Click the Save button, E, in the Mass Frontier main toolbar.
—or—

Choose File > Save from the Mass Frontier main menu.

The Save Neural Networks dialog box opens.

Type a name for the saved file and click Save.

The Mass Frontier application saves neural networks as graphics, without the possibility of
recalling the original spectra, displayed as symbols. To access the spectra from a lattice, save

the spectra to records in the Database Manager window as described in the Spectra Classifier

chapter. In this case, regenerate the classification from the original data set that was saved.

For additional information about saving spectra to records, see “Using Records in the
Database Manager Window” on page 37 or “Organizing Spectra” on page 345.
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Accessing Spectra from a Neural Networks Window

An important part of classification analysis is knowing which spectrum is represented by a
symbol on the lattice. As the Mass Frontier application links corresponding modules, it recalls
spectra with structures or chromatographic components from any neural network.

Note The Neural Networks module is able to recall only records that are present in an
open Database Manager window. When you close the Database Manager window that is
the source of the input data for classification, the link between a symbol and its spectrum
is interrupted. The application automatically warns you if you try to close a Database
Manager window that is linked with one or more Neural Networks windows. To keep the
links between symbols and spectra intact, do not move records in or between Database
Manager windows.

When the data originates from a Chromatogram Processor window, keep the window
open (see “Processing Extracted Spectra” on page 318).

< To access a single spectrum, scan, or deconvoluted component
Double-click a symbol on the lattice.

The linked module opens on top of all other windows, and the application selects the
corresponding record or component and displays the spectrum.
% To access several spectra in a region
Do one of the following:
a. Right-click and chose Select from the shortcut menu.
b. Draw a region around the spectra.
—or—
a. Click the Select Spectra and Show Their Origin button, .
b. Draw a region around the spectra.

—  When the selected spectra originate from a Database Manager window, the
application copies the original data to the Database Manager window. For
additional information, see “Example Workflow” on page 357.

—  When your spectra originate from a chromatogram in a Chromatogram
Processor window, the corresponding scans or components are selected in the
original Chromatogram Processor window and appear in the same color as they
appear in the Neural Networks window.
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Use the Formula Generator module to calculate a list of theoretical molecular formulas that
best fit an m/z value. Because the number of possible molecular formulas for a specified m/z
value is closely related to the mass tolerance, elements used, and the maximum allowed
number of atoms for each isotope, always carefully evaluate these parameters before starting a
generation.

Contents

* Generating Formulas from Peaks

* Specifying Mass/Abundance Options

You can either manually enter the 72/z value or have the software automatically retrieve the
value from any spectral peak in the Database Manager window or the Chromatogram
Processor window. In the Formula Generator module, you can also calculate the isotopic
pattern for any generated formula.
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Generating Formulas from Peaks

Use the Formula Generator module to calculate the possible elemental composition for any
spectral peak by selecting the peak in a Database Manager or Chromatogram Processor
window.

Follow these procedures:
* To open a Formula Generator window
* To specify molecular formula options
* To automatically calculate the m/z tolerance value

* To generate possible formulas for a peak

< To open a Formula Generator window
1. Do one of the following:
Click the Formula Generator button, '3,4”0 , in the Mass Frontier main toolbar.
P
Choose Tools > Formula Generator from the Mass Frontier main menu.
The Formula Generator window opens.

Figure 138. Formula Generator window

Y% Formula Generator E|

Optionz...
mz Talerance: | .55 — | armnu W |

[ ] &cquired from Source

Formula Delta (amu)
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To specify molecular formula options

. In the Formula Generator window, click Options.

The Molecular Formula Settings dialog box opens to the Peaks page.
Review the default settings on the Peaks page.
See “Peaks page” on page 377.

Click the Limits tab to see the Limits page. Verify that the Charge setting matches the
polarity of the MS mode you used for spectral acquisition.

See “Limits page” on page 378.

Click the Elements tab to see the Elements in Use page. Verify the maximum number of
elements used for calculation.

See “Elements in Use page” on page 379.
When you have verified the options, click OK.

Use the options in the Molecular Formula Settings dialog box to speed up calculations,
restrict the number of possible formulas, or set the charge state and polarity.

Figure 139. Peaks page

Molecular Formula Settings

Peaks | Limitz | Elements in use

Labeling
Clear Existed Labeling

Formulae Count: :

] Show Thearetical mdz value

Show mdz Delta  Delta Units: | amu w

[]Shaw RDEE

Show Pattern hMatch

(o ] (oo

Table 47. Peaks parameters (Sheet 1 of 2)

Parameter Description

Clear Existing Labeling Removes all columns from the formula list except the
Formula column. This option is meaningful only in the
Auto Annotation > Generate Formulas feature in the
Database Manager window.

Formula Count Limits the number of formulas displayed in the formula
list.
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Table 47. Peaks parameters (Sheet 2 of 2)

Parameter

Show Theoretical m/z value

Description

Displays the Theoretical 7/z column in the formula list.

Show m/z Delta Displays the Delta (#nits) column in the formula list.

Delta Units

Show RDBE Displays the Ring Double Bond Equivalents (RDBE)
column in the formula list.

Show Pattern Match Displays the Pattern Match (%) column in the formula

list.

Figure 140. Limits page

Molecular Formula Settings

Peaks | Limits | Elements in use

Frarm: EI -

Charge: -
Consztraints
Mitrogen Rule: | Do ot wse w |
Hydrogen Count [Jwalence Test

Rings plus Double Bonds E quivalent [RDBE)

To :

Restare Defaults

I ok l [ Cancel

Table 48. Limits parameters

Parameter Description
Charge Charge state.
Nitrogen Rule Specifies whether to use the nitrogen rule in the elemental
composition calculation. The choices include:
* Do not use
* Even-electron ion (for example, radical-cation)
* Odd-electron ion (for example, protonated)
Hydrogen Count Specifies whether to use an algorithm for the exclusion of

implausible formulas with improbably high numbers of
hydrogens.

Valence Test

Specifies whether to exclude formulas if the atoms cannot
be connected in any way using valences common in
organic chemistry.

Ring plus Double Bond
Equivalent (RDBE)

Displays only formulas for which RDBE is within the
From—To range. RDBE limits the calculated formulas to
those that make sense from a chemical perspective.
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Figure 141. Elements in Use page

Molecular Formula Settings

Peaks | Limitz | Elementz inuse |
|zotope |Min |Ma:-: |Mass |Valence |
Iy L 96 1.008 1
12 1 g2 12000 4
ey 1] 5 14.003 3.5
180, il 28 15995 2
g 1] 1 30974 3.5
[ Add ] [ Delete ] [Formula...]
Restore Defaults [ QK l [ Cancel ]

Table 49. Elements in Use parameters (Sheet 1 of 2)

Parameter

Elements in Use

Description

Specifies whether Mass Frontier will consider isotopes of
particular elements with a maximum number when
calculating formulas. For information about isotope
patterns, see “Displaying Isotope Patterns” on page 58.

Add

Opens the Select Element dialog box where you can
specify a new element. The application uses the new
element when calculating formulas.

Select Element

Element Optiong

0 [ r] e [2 ]2
3 C) E [ e

E] Inimal: EI -

Carban b amimnal: :

Periodic Table

[ 1]8 ] ’ Cancel ]
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Table 49. Elements in Use parameters (Sheet 2 of 2)

Parameter Description

Delete Removes the selected element from the Elements in Use
list.

Formula Opens the Enter Molecular Formula dialog box where

you can specify a new formula. The software uses the new
formula to derive upper limits for individual elements
(see “Elements in Use page” on page 379). These limits
are considered when the software calculates formulas.

Enter Molecular Formula

Formula: |HEOC30M10015510) |

[ 1] ] ’ Cancel l

< To automatically calculate the m/ztolerance value
Select the Acquired from Source check box.

When you generate possible formulas for a peak, the application automatically calculates
the m/z tolerance value from the source spectra.

< To generate possible formulas for a peak
1. In the Formula Generator window, click the Pick a Peak button, [, .

The Formula Generator window minimizes to a bar.

h Formula Generator

| ij_,_[| Click on a peak or click the buttan again to cancel operation

2. Click a spectral peak in the Database Manager or Chromatogram Processor window.

The Formula Generator window lists all possible formulas. All the decimal places are
accurately transferred to the Formula Generator. To choose which columns of
information are displayed in this list, see “Peaks page” on page 377.

12 JILl

Formula Pattern Match (%) Delta (amu]

B CooHoeha0aCl T
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Specifying Mass/Abundance Options

This section includes the following topics:
* Monoisotopic Mass
* Accuracy

e Precision

Monoisotopic Mass

All the calculated masses displayed in the Formula Generator window are monoisotopic
masses. The monoisotopic mass of an ion is the mass of the isotopic peak, which is composed
of the most abundant isotopes of its elements. Because the system calculations support only
single-charged ions (z=1), the calculated exact masses (not measured) in structure-based
modules are equal to their 7/z value.

Accuracy

The Mass Frontier application uses two parameters associated with 72/z value: Accuracy and
Resolution. Resolution is the smallest difference in m/z of two centroid peaks that a detector
can distinguish Accuracy is the estimated difference between the observed and the real m/z
value of a peak.

The Mass Frontier application determines these values from the raw data file. If you select the
Use User Defined option in the mass accuracy page, the software sets both values to the same
user defined value.

Use accuracy settings for the differentiation of adjacent peaks (spectra) and m/z values
(calculations). Because the application processes only centroid spectra, the differentiation is
defined as the spacing between resolved peaks (spectra) or as the smallest distinguishable
difference in m/z values (calculations). No additional parameters, such as peak width, are
taken into account.

Note Changing the accuracy in the Tolerance Settings dialog box does not affect spectra
that you open in the Chromatogram Processor or fragments that the application has
already calculated in the Fragments & Mechanisms and Fragments Comparator modules.
When you require spectra or fragments with a new setting, you must reload the spectra or
regenerate the fragments.

< To specify accuracy settings
1. Choose Option > Settings from the Mass Frontier main menu.
The Options dialog box opens.

2. Click Mass/Abundance in the Parameters section.
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The Mass Accuracy page in the Tolerance Settings dialog box displays options for
specifying accuracy settings.

Figure 142. Mass Accuracy page

i'% Options: Tolerance Settings

General

Param eters

Layouts

Main
Clipbaard

Server

Reaction Restrictions
Search Canstraints
Massfabundance

Formula Generatar

Structure
Spactrurmn
Chrormatogran
Reaction

Clazzification

Mass Accuracy | sz Precision | Thresholds

Accuracy for Calculated Data Accuracy For Experirmental Data
Uit AM =+ 05 AMU (%) Determine fram Source
(IResolving Power rf M (") Uze User Defined
Use accuracy of calculated data o your
Cippm 1om0000x  pMM left
(IMass Accuracy AMin AMU
@Mass Accuracy AMin mimu

[ Ok ] [ Cancel ] [ Apphy ]
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3. Define the appropriate type, value, and unit in the Accuracy for Calculated Data area.
The application supports these tolerance types:
* Unit
* Resolving power M/AM
* ppm 1000000 x AM/M
* Mass Accuracy (AM in AMU or AM in mmu)
where:
M = m/z (mass-to-charge ratio)
AM =M, - M; (M, M, are two adjacent peaks)
Peaks (m/z values) that fall into the AM band are considered to be identical (#/z value).

4. To set a tolerance for imported spectra or GC/LC/MS chromatograms from a processed

file, do one of the following in the Accuracy for Experimental Data area:
Select the Determine from Source option to adopt the tolerance settings saved in a file.

Select the Use User Defined option to use the same tolerance settings specified for
calculations in the Accuracy for Calculated Data area.
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You cannot improve the resolution of experimental data by choosing a user-defined type.
Avoid setting tolerance values that are better than the resolution of the mass spectrometer
that you use for data acquisition. The Use User Defined option can artificially reduce the
resolution of experimental data when working with low- and high-resolution spectra in
the same data set: spectra search, target analysis, or classification.

For additional information, see “Using the Search Utilities” on page 72 for spectra search,
“Searching Chromatographic Libraries” on page 182 for target analysis, Chapter 10,
“Spectra Classifier Module.” for classification, or “Supported GC/MS and LC/MS Data
File Formats” on page 246.
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Precision
Precision refers to m/z values and is defined as the position of the last digit relative to the
decimal point that is displayed. Precision settings are used only for the display of 7/z values
and peak positions on the 7/z scale. In contrast to tolerance, the Mass Frontier application
ignores precision settings in all calculations, always using the highest possible precision. To
assure the correct display of m/z values, you must set the precision to the same or a higher
order than the tolerance.
Note When working with experimental spectra, some of the digits of the displayed
m/z values might not be significant.
. T H 1cl H
< To specify precision settings
1. Choose Option > Settings from the Mass Frontier main menu.
The Options dialog box opens.
2. Click Mass/Abundance in the Parameters section.
3. Click the Mass Precision tab.
The Mass Precision page in the Tolerance Settings dialog box displays options for
specifying precision settings.
Figure 143. Mass Precision page
K% Options: Tolerance Settings E|
Main Mass Accuracy | Mass Precizsion | Threshalds
E Clipboard
£ Drecimals
B Serwer
@From Accuracy
R.eaction Restrictions
E Search Constraints (C)Mumber of decimal digits I:I
[1]
E Maszfabundance
E Formula Generator
Shruchure Maote:  Precision settings are only used for the display of mfz walues and peak positions on the mjz scale. In
contrast ba bolerance, precision settings are ignored in calculations as the highest possible precizion is
Spectrum always used, To ensure the correct differentiation of peaks from the depicted myz values, the precision
" must be zet at the sarme or a higher order than the resolution,
E Chrarmatogramn
z
= Reaction
Clazzification
5 (o) (e
4. Do one of the following:
Select the From Accuracy option to use settings specified on the Mass Accuracy page.
Select the Number of Decimal Digits option and, in the adjacent box, specify the
number of decimal places to use.
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Microsoft Office

The Mass Frontier application supports the Object Linking and Embedding (OLE) features
of the Microsoft Excel spreadsheet and the Microsoft Word applications —that is, you can
open these applications and their native data files inside the Mass Frontier main window. This
feature is useful for data exchange between the Mass Frontier modules and Excel worksheets.

Note The Mass Frontier application does not support the direct import or export of
native Excel files (.xls) to the Database Manager module.

Note The Mass Frontier installation package does not include the Microsoft Office
application. To use the Object Linking and Embedding features of Excel and Word, you
must purchase the Microsoft Office application separately. Install Microsoft Office before
you install the Mass Frontier software (see “Installing the Mass Frontier Application” on

page 21).

Contents

* Exchanging Data
* Exporting Data to an Excel Spreadsheet

* Importing Spectra from an Excel Spreadsheet
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Exchanging Data

You can use copy-and-paste commands to exchange text tables, graphics, mass spectra, and
trees in table format between the Microsoft Excel and the Mass Frontier applications.

R
0’0

1.
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To use a Microsoft Word document

Choose Microsoft Office > Open Microsoft Word Document from the Mass Frontier
main menu.

The Open Microsoft Word Document dialog box opens.

. Select a document and click Open.

A Word document opens in the Mass Frontier window. The Word menu and toolbars are
displayed below the Mass Frontier toolbars. The Word menu and toolbars do not include
the Open or Save commands.

. To save a Word document, choose Microsoft Office > Save Microsoft Word Document

from the Mass Frontier main menu.

. Use copy-and-paste commands to exchange data between the Mass Frontier modules and

the Word document.

To use an Excel document

. Choose Microsoft Office > Open Microsoft Excel Document from the Mass Frontier

main menu.

The Open Microsoft Excel Document dialog box opens.

. Select a document and click Open.

A Microsoft Excel spreadsheet opens in the Mass Frontier window. See “Embedded Excel
spreadsheet” on page 387.

The Excel menu and toolbars are displayed below the Mass Frontier toolbars. The Excel
menu and toolbars do not include the Open or Save commands.

. To save an Excel document, choose Microsoft Office > Save Microsoft Fxcel Document

from the Mass Frontier main menu.

. Use copy-and-paste commands to exchange data between the Mass Frontier modules and

the Excel spreadsheet.
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Figure 144. Embedded Excel spreadsheet
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Exporting Data to an Excel Spreadsheet

388

You can export text tables, graphics, mass spectra in numerical table format, and spectral trees

from the Database Manager to an Excel spreadsheet. Because you can access all these types at

the same time, you must specify the type of data you want to copy to the Excel spreadsheet.
For instructions for copying spectral tree data from the Mass Frontier application, see
“Copying and Pasting a Spectral Tree” on page 116.

Follow these procedures:

Mass Frontier User Guide

To export data records
To export mass spectrum or mass differences graphics
To export a mass spectrum in numerical table format

To use an Excel spreadsheet as an editor

To export data records

. Select one or more records on the Spreadsheet page in the Database Manager window.

. Do one of the following:

Click the Copy button, = , in the Mass Frontier toolbar and choose Selected Rows
from the menu.

Choose Edit > Copy > Selected Rows from the Mass Frontier main menu.
Click the Excel spreadsheet to make it active.
Right-click the Excel spreadsheet, and choose Paste from the shortcut menu.

The application pastes the records into the spreadsheet.

A B C D E
1
2 * 229.0479 CEHBCINTO amipramidin
3 * 244.0882 C10H16MN2035 3"-[1-hydroxy-2-{methylam
4 * 239.1077 C13H1BCINO bupropion
5
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To export mass spectrum or mass differences graphics

main menu.

Click the Spectrum tab.

Click the Mass Differences tab.

. Choose Microsoft Office > New Microsoft Excel Worksheet from the Mass Frontier

. Do one of the following in the Database Manager window:

The mass spectrum or mass differences spectrum must be visible before you can copy it.
For detailed information about the content of the spectrum and mass differences pages,

see Chapter 2, “Database Manager Module.”

. Do one of the following;

Click the Copy button, - , in the Mass Frontier toolbar and choose Spectrum from

the menu.

Choose Edit > Copy > Spectrum from the Mass Frontier main menu.

. Click the Excel spreadsheet to make it active.

The Paste Special dialog box opens.

. Right-click the Excel spreadsheet, and choose Paste Special from the shortcut menu.

. Select Picture (Enhanced Metafile) and click OK.

The application pastes the spectra graphics into the spreadsheet.

E1 Microsoft Excel - Worksheet3

0 A B C D E F G H
1
2
30535
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4 o NH;
5 ] 0 ?{O— .
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g 5000 0 @ N
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11 ] ENH
17| 2500 o
13 ] 2211 151.18 306.47

. 30751
. A I | 12214 I 181.17 23 44{5251_48237.25 { 5876
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To export a mass spectrum in numerical table format

visible.

. Do one of the following:

. In a Database Manager window, click the Data tab to make the 7/z and abundance table

Click the Copy button, - , in the Mass Frontier toolbar and choose Spectrum from

the menu.

—Or—

Choose Edit > Copy > Spectrum from the Mass Frontier main menu.

The application pastes the record data into the spreadsheet.

£ Microsoft Excel - Worksheet1

i A
1 |m/z
2 33.09
3 35.11
4 47.27
] 60.46
6 61.29
7 65.42
3 94.39
9 136.27
10 137.3
11 138.34
12 143.17
13 149.28
14 153.22
15 158.13
16 159.12

To use an Excel spreadsheet as an editor

B

Abundance

35493672
15956602
37226953
1413073591
16480493
84393373
23626432
13775699456
1340118340
83444076
1443359023
13502487
52275005
1096194728
109676827

. Click the Excel spreadsheet to make it active.

Accuracy

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

Resolution

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

. Right-click the Excel spreadsheet, and choose Paste from the shortcut menu.

Export a spectrum or tree to an Excel spreadsheet, edit it, and then import the edited

spectrum or tree into the Database Manager window.

Using the Excel application’s editing features is useful when, for example, you have an

experimental spectrum with several noise peaks at high 72/z values that you want to delete

or you want to extract part of a spectrum that is important to your report or presentation.

For obvious reasons, do not add, delete, or alter prominent peaks.
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14 Microsoft Office
Importing Spectra from an Excel Spreadsheet

Importing Spectra from an Excel Spreadsheet

You can import mass spectra or spectral trees stored in an Excel spreadsheet to the Database
Manager window (see “Copying and Pasting a Spectral Tree” on page 116). You can organize
spectral tables horizontally or vertically.

Note The Mass Frontier application supports standard tables with separated numbers, so
you can also import spectra from other applications.

% To import spectra from an Excel spreadsheet

1. Make sure your table contains mass spectra.

2. Select the table you want to export into the Mass Frontier application.

3. Right-click the Excel spreadsheet, and choose Copy from the shortcut menu.

4. Choose Edit > Paste > Spectrum in the Mass Frontier main menu.

< To correctly interpret m/z values and abundance

Follow one of these conventions:

Thermo Scientific

When the spectral table is vertical, the first column must be the 7/z value and the
second must be abundance.

When the spectra are vertically oriented, the first column is abundance, and the
second column is the m/z value, then label the first row of the first column
“Abundance” and the first row of the second column “m/2”.

When the spectral table is horizontally oriented, then the first row must be the m/z
value and the second row must be abundance.

When the spectra are oriented horizontally, the first row is abundance, and the
second row is the m/z value, then label the first column of the first row “Abundance”
and the first column of the second row “m/2”.

When you import more than one spectrum at a time, then the first column or row
(depending on the orientation) must be the 72/z values and all the other columns (or
rows) must be abundance.
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Report Creator Module

Thermo Scientific

To create customizable reports, use the Report Creator module to extract text and graphics
from other modules in the Mass Frontier application. You can also specify the order in which
objects from the module appear in the report. You can print or export reports to PDF files and
save the report layout.

You can extract text and graphics from the following modules:
* Database Manager
* Structure Editor
* Chromatogram Processor
* Spectra Projector
* Neural Networks

* Fragments and Mechanisms

You can create reports only from open windows. You cannot report data that is simply stored
in the Mass Frontier application; it must appear on the screen before you can add it to a report
in the Report Creator window.

This section includes the following topics:
* Adding Graphic Elements to a Report
* Adding Data Elements to a Report
* Aligning Elements on a Report
* Saving, Printing, or Exporting a Report

* Example Reports
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15 Report Creator Module
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< To open the Report Creator window

1. Open the modules with the data you want to use in a report.

2. Do one of the following:
Click the Report Creator button, , in the Mass Frontier main toolbar.
—or—
Choose Tools > Report Creator from the Mass Frontier main menu.

The Report Creator window opens.

Figure 145. Report Creator window
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15 Report Creator Module

The Report Creator window is divided into three panes:
* The leftmost pane displays a thumbnail of each of the pages of your report.
* The center pane displays the contents of your report.

* The rightmost pane displays the commands you can use to add and modify elements in
your report.
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15 Report Creator Module
Adding Graphic Elements to a Report

Adding Graphic Elements to a Report

Use Report Creator features to add common graphical elements to the report.

= Common

dpe Text
Pickure
EI Shape
D\n Line

Date & Time

1

Follow these procedures:
* To add a page to a report
* To add text
* To load a graphic
* To draw a line

* To add a data/time stamp

< To add a page to a report
1. Click the Add Page button, [ .
The application adds a blank page to the end of the report.

2. Use the thumbnail views in the leftmost pane to move between pages.

< To add text

1. Click Text and click on the report where you want the text.
2. Double-click the rectangle.
The Formatted Text Editor dialog box opens.

" Formatted Text Editor g@

= i
B | = = = =
B 7 Double-click to enker the bext
u x*
B wf
®
oK l ’ Cancel
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15 Report Creator Module
Adding Graphic Elements to a Report

. Select the default text and type your text.
. Use the text editing features to format your text.
. Click OK.

. To verify that your text looks as you expect, choose File > Preview from the Report

menu.

The Preview page shows a print view of your report, without a background grid or
positioning rectang]es.

. To close the Preview page, click the Close button, , or press ESC.

To load a graphic

. In the Report Creator window, click Picture and click on the report where you want the

graphic.

. Double-click the rectangle.

The Picture Editor dialog box opens.
Click Load.

The Load Picture dialog box opens.
Locate a graphic and click Open.

The application supports these graphic formats: .gif, .jpg, .jpeg, .bmp, .ico, .emf,
and .wmf.

The application displays the graphic in the Picture Editor dialog box.

Picture Editor

Gkl Parindic Tulils -
RLLE hmdra larndd hodea,
g [FR] ("3 o Zancel
- THIRIGTRERY gy o | E G [Lg+d
L [EECRT PR HE LT W TR MY W)
H r
e .
. .
uowe s
1 H
Un My i
p e . -
K Ca B Ti ) ] Hn Fu Cu ki Cu Zn
e P R R S PP R e A
e A e e T T e T
L1 L T =] HL He le Ku Hh L' au v
SRV O WV o U V-SSR
- E i H ~ i)
e s In m In w e ns I [N Au 1A
[ N Ty T [V SRR R PV v
N B Byl i) —
Fu A B Rl nh an Eb H-- Ll n Mo Thdy
ERE I R e e e
b | k) o =l el - L+ B £ [+] i
Hil P LTy Fi =l Th e H Fi Ta M 1
[ wran romn wo| o pte | i | e [ e [heonfe s e e d o
' et - 2 a - - . - £ EH al " n c o
I Fu u My Pu LT L Eh L kv Fn L} Hu u
E'.‘A -k
I Load. .. l [ Save. .. ] [ Clear ] [ Paste From Clipboard ]

6. Click OK.
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15 Report Creator Module
Adding Graphic Elements to a Report

If the aspect ratio of the graphic is not similar to the rectangle in the Report Creator

window, the graphic might be misshaped.

. Stretch the graphic rectangle to fit the aspect ratio of the graphic.

from the shortcut menu.

menu.

. To resize the graphic rectangle, right-click and choose Position > Scale or Position > Size

. To verify that your graphic looks as you expect, choose File > Preview from the Report

The Preview page shows a print view of your report, without a background grid or

positioning rectangles.

. To close the Preview page, click the Close button, ﬁ , or press ESC.

To draw a line

. Click Line and click on the report where you want the line.

The application places the line at the bottom edge of the rectangle. You cannot draw a

vertical line.

. To change the color of the line, double-click the rectangle.

The Color dialog box opens.

Basic colors T
I felh | |
HMrEETEEN
AN EEEEN
ENEEEEEN
AEEEEEEEN
L i 0 Inl I
Custarn colors:
- )
AEEEEEEN
Sat: EI Green: EI
Diefine Custom Calars » > ColorSolid EI Blue: EI
[ Ok ] l Cancel ] l &dd to Custorn Colors l

3. Select a color for your line and click OK.

4. To resize the graphic rectangle, right-click and choose Position > Scale or Position > Size

398 Mass Frontier User Guide

from the shortcut menu.

These commands do not change the thickness of the line.
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15 Report Creator Module
Adding Graphic Elements to a Report

To add a data/time stamp

. Click Date & Time and click on the report where you want the time stamp.

The application inserts the current date and time in a rectangle.

EE,I'ZI,I'ZEIIEI 2:24:2‘3 Pra E

. To change the date and time, double-click the rectangle.

The Date & Time dialog box opens.

Date & Time [z|

Yalle |

Date Time

Sun Maon Tue Wed Thu Fri Sat

1 2 3 4

5 6 7 & 9 10 11

12 13 14 15 18 17 18

19 20 BEal 22 23 24 25
26 27 28 29 30 3

[ IToday: 12/21/2010

[ Ok ] [ Cancel ]

You do not have to use the current date and time on the report.
To change the date, click a new date on the calendar.
To change the time, click the up or down arrows in the Time box.

Click OK.
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Adding Data Elements to a Report

Adding Data Elements to a Report

Use Report Creator features to add data elements from a Database Manager or

Chromatogram Processor window to a report.

=l Database Manager =l Chromatogram Processor
[::_':ﬂ [Main Skruckure Chramakogranm

[::_'i} [Main Structure Descripkion % Tree

[::_':ﬂ Mode Structure [ Speckrurn

[::_'i} Mode Struckure Descripkion

% Tree

| Speckrum

WC; Fragmentation Scheme

Compare Spectra
Compare Trees

Speckrurm myz Lisk

Spectrurn my'z Lisk

Camman Infa

| | I ) |

Chramataagrar Info

| | | | | | | |

Follow these procedures:

400 Mass Frontier User Guide

To copy a graphic from the Database Manager or Chromatogram Processor window
To add a structure

To add a tree

To add a spectrum

To add a fragmentation scheme

To add Compare Spectra graphics

To add Compare Trees graphics

To copy a graphic from the Database Manager or Chromatogram Processor window

. Copy a tree or structure in a Database Manager or Chromatogram Processor window.

The application saves this graphic to the Clipboard.

In the Report Creator window, click Picture and click on the report where you want the

graphic.
Double-click the rectangle.

The Picture Editor dialog box opens.

. Click Paste From Clipboard.
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15 Report Creator Module
Adding Data Elements to a Report

Note If the Paste From Clipboard button is not enabled, there is nothing on the
Clipboard to paste. You cannot copy a graphic to the Clipboard while this dialog box
is open. You must cancel this dialog box, copy a graphic to the Clipboard, and return

to this dialog box.

The application displays the graphic in the Picture Editor dialog box.

Picture Editor E]

HO
w]}
HH

O ey
MS e

=0

HqH
l Load. ., l l Save, ., l [ Clear ] I Paste From Clipboard

5. Click OK.

If the aspect ratio of the graphic is not similar to the rectangle in the Report Creator
window, the graphic might be misshaped.

6. Stretch the graphic rectangle to fit the graphic.

7. To resize the graphic rectangle, right-click and choose Position > Scale or Position > Size
from the shortcut menu.

8. To verify that your graphic looks as you expect, choose File > Preview from the Report
menu.

The Preview page shows a print view of your report, without a background grid or
positioning rectangles.

9. To close the Preview page, click the Close button, [l , or press ESC.
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Adding Data Elements to a Report

% To add a structure
1. Click Main Structure and click on the report where you want the structure.
The application pastes the current structure in a rectangle.
2. Double-click the rectangle until the structure you want is displayed.

As you double-click, the application cycles through all available structures.

Note When the original structure is smaller than the required structure, stretch the
rectangle to an appropriate size.

3. To view all the available structures, click the Main Structure down arrow.

@ fain Struckure F

Database Manager: 1

Database Manager: 2

OH

H,N i

Database Manager: 3

NH,

b

4. To add the chemical formula and molecular mass, click Main Structure Description and
click on the report where you want the description.

The application adds the chemical formula and molecular mass for the structure.

n
Z14H14Mz 045
05,07
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15 Report Creator Module
Adding Data Elements to a Report

< To add a tree
1. Click Tree and click on the report where you want the tree.
The application pastes the current tree in a rectangle.
2. Double-click the rectangle until the tree you want is displayed.

As you double-click, the application cycles through all available trees.

Note When the original tree is smaller than the required tree, stretch the rectangle to
an appropriate size.

3. To view all the available trees (one from each open Database Manager or Chromatogram
Processor window), click the Tree down arrow.

% Tree E

[Database Manager: 1

>

[ 1)

Database Manager: 2
File h51 I

s8.00 136.09
2905

}

File W52 136,10

92.03
58.81

Database Manager: 3
X

152.1g|

1

PR TP T

|135.15

o W 25210
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Adding Data Elements to a Report

% To add a spectrum
1. Click Spectrum and click on the report where you want the spectrum.
The application pastes the current spectrum in a rectangle.
2. Double-click the rectangle until the spectrum you want is displayed.

As you double-click, the application cycles through all available spectrum.

Note When the original spectrum is smaller than the required spectrum, stretch the
rectangle to an appropriate size.

3. To view all the available spectra (one from each open Database Manager or
Chromatogram Processor window), click the Spectrum down arrow.

[l Spectrum [
Database Manager: 1 (-
Database Manager: 2
100—
] 12555 32208
2l IH‘ ||1‘| | "4 |.1
|IIII|IIII|IIII|IIII4T T
100 200 300 400
Database Manager: 3
100—
i HyH -
50
1821115114
oLl [1%93 v
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15 Report Creator Module
Adding Data Elements to a Report

< To add a fragmentation scheme
1. Click Fragmentation Scheme and click on the report where you want the fragment.
The application pastes the current fragment in a rectangle.
2. Double-click the rectangle until the fragment you want is displayed.

As you double-click, the application cycles through all available fragmentation schemes.

Note When the original fragment is smaller than the required fragment, stretch the
rectangle to an appropriate size.

3. To view all the available spectra (one from each open Database Manager window), click
the Spectrum down arrow.

#4, Fragmentation Scheme E
~

Database Manager: 1

Datahase Manager: 2
LT ST

P ﬁiﬁf”ﬁ Il
.@’ JIZI'“

Database Manager: 3 |

/

Ny

_.q\'ﬁ

‘_]r_, e -
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Adding Data Elements to a Report

% To add Compare Spectra graphics
1. Click Compare Spectra and click on the report where you want the compared spectra.
The application pastes the current compare spectra data in a rectangle.
2. Double-click the rectangle until the correct compare spectra data is displayed.
As you double-click, the application cycles through all available compare spectra data.

3. To view all the available compare spectra data (one from each open Database Manager
window), click the Compare Spectra down arrow.

Compare Spectra F

H

iDatabase Manager: 1

Database Manager: 2

05.35

3
8911 151.1a 261.48 {

137.13 [17230
1 . | 1 n Iz?120

137.13 ‘1?890
92 |

\305 35
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15 Report Creator Module
Adding Data Elements to a Report

< To add Compare Trees graphics
1. Click Compare Trees and click on the report where you want the compared trees.
The application pastes the current compare trees data in a rectangle.
2. Double-click the rectangle until the correct compare trees data is displayed.
As you double-click, the application cycles through all available compare trees data.

3. To view all the available compare trees (one from each open Database Manager window),
click the Compare Trees down arrow.

Compare Trees 4
Database Manager: 1 S
Flie MS1 [ =
30927 54640 |
23502
58637 |
Flle ME2 X030 =
i B S
28118
32513 J.
R f —" ) __

Database Manager: 2
o Fle M1 I

e,

41407
17919 |

Flie MZ2 U410

I 3201 | | b’
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Aligning Elements on a Report

408

The alignment toolbar includes commands to align all selected elements in your report.

Mass Frontier User Guide

=
IE
—

=
I=
=

iff

=
=

b

of 5 ¥ m & 2 B EF | | = el

| | |
Le_ft | qu | B Shrink to _ | = Cen_terselection
align | align | smallest width | B (horizontal)
Center align & Center align | B Expand to L& Center selection
(horizontal) | (vertical) | largest width | 5 (vertical)
Right |l Bgttom | ”ﬁ Shrink to . ‘
align | align | smallest height |
No space | & No space | _T_?_ﬂ Expand to ‘
or overlap | * oroverlap | largest height |
(horizontal) | (vertical) | ‘

To align elements

. Hold down the SHIFT key and select all elements you want to align.

The alignment toolbar buttons are available only when elements are selected.

. Click the appropriate alignment button in the toolbar.

If the effect is not what you want, click the Undo button, 3 .
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Saving, Printing, or Exporting a Report

Saving, Printing, or Exporting a Report

Use the Report Creator to save a report as a Mass Frontier format file (.mfrf), or as a Mass

Frontier Snapshot file (.mfrs), or as a template to use as a base for creating other reports.

You can also export a report as a PDF or TIFF file.

Follow these procedures:

To save a report

To save a report as a template
To preview or print a report

To export a report as a PDF file
To export a report as a TIFF file

To save a report

. Click the Save button, [ .

The Save As dialog box opens.

Note If you have previously saved this report, the application immediately saves your
changes and does not open the Save As dialog box.

Type a name for the Mass Frontier Report File (.mfrf), and click Save.

The application saves the report in the ...\HighChem\Mass Frontier 7.0 \Reports folder.

To save a report as a template

. Choose File > Save As from the Report Creator menu.

The Save As dialog box opens.
Open the Templates folder.
Type a name for the Mass Frontier Report File (.mfrf), and click Save.

The application saves the report in the ...\HighChem\Mass Frontier 7.0\
Reports\Templates folder.

You can use this report as a base for making another report by choosing File > Open and

navigating to the Templates folder.

Thermo Scientific
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Saving, Printing, or Exporting a Report

< To preview or print a report
1. Click the Print Preview button, [& .
The Preview window opens.

2. Click the Print button, 5§ , to print the report.

You can save the report as a print preview (.ppv) file by clicking the Save As button, -E- .

3. Click the Close button, ‘_E , to close the Preview window.

< To export a report as a PDF file
1. Choose File > Export As PDF from the Report Creator menu.
The Save As dialog box opens.
2. Navigate to a location for the PDF file.
3. Type a name for the PDF file.
4. Click Save.

The report opens in an Adobe Acrobat window.

% To export a report as a TIFF file
1. Choose File > Export As TIFF from the Report Creator menu.
The Save As dialog box opens.
2. Navigate to a location for the TIFF file.
3. Type a name for the TIFF file.
4. Click Save.

The report opens in a Windows Picture and Fax Viewer window.
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Example Reports

Example Reports

The following example reports show added graphics, structures, spectra, spectral trees, data,
and text.

Example Metabolite ID Database Report

Metabolite ID Database Report 1/18/2011 8:43:04 AM

Thermo

SCIENTIFIC

oiNV

Component Information: C-JomDonent Structure:

Compound

Names
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HO
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Example Reports

Example Metabolite ID FISh Chromatogram Report

Metabolite ID FISh Chromatogram Report 1/18/2011 9:12:33 AM

Thermo

SCIENTIFIC

Number of Scans 3374
FISh Chromatog ram Comments 2.1x150 1.7u Waters Acquity, H20/ACN, 0.1%HCOOH gradient
W|th Com ponents Instrument Model LTQ Orbitrap
Instrument Serial Number 0001
Selected Component in Green Instrument Hardware Version Levell
Tonization Method Electrospray ionization
Tonization Mode Positive
Sample Type Unknown
Sample Name 0.5uM Buspirone; 15 min, +NADPH, B
8
=
6
] |
5]
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3 \
2
1{ Y 1 v v
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Numerics
3D projection mode 364

A

accuracy 381

activation xi

Active Spectrum parameter 43

add external spectrum to projection 368
Add Server Manually 156

APCI 237

aromatic systems, bond cleavage 211
automated components detection 299

Average Spectra parameter 77, 82

background subtraction 296
backup library 165

bar code spectra 220

Base Peak chromatogram 295
Baseline correction algorithm 285
bond cleavages only 185

bond location, unspecified 145

c

CAS number search 97
charge localization concept 184
Chromatogram Processor module
3D View page 255
automated components detection 299
background subtraction 296
base peak chromatogram 295

baseline correction and noise elimination algorithms 285

change file attribute 247
chromatographic peak annotation 328
components detection algorithms 300
data file formats 246

data processing 258

description 8
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Direct Infusion algorithm 315

exporting scans, components, reduced chromatograms 325

Fragment Ion Search 258
histogram method 281
Info page 256
Joint Component Detection 301
linear fit method 279
load file 247
Mass Force Accuracy 270
matrix conversion 273
median method 282
processing extracted spectra 318
processing MSn data 323
Rapid Component Detection 309
Scans Average button 257
selected ion chromatogram 297
selecting a scan 253
Show Scan Points button 257
smoothing 290
thresholding 276
Total Extraction Component Detection 313
Total Ion Current chromatograms 251
visualization options, chromatogram 254
visualization options, spectrum 254
window 250
working with detected components 320
chromatograms
spectral tree 123
chromatographic peak annotation 328
Compare Spectra page 43
components detection algorithms 300
Components Editor
search components 334
searching components 334
window 333
Components Editor module
description 9
Composite Spectra parameter 77, 82
connect to server 157
convert library 168
Copy to Compare Spectrum parameter 44
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Index: D

copying records 47
copying spectra 48
create user library 160
cutting records 48

data exchange with Microsoft Office 386
data exchange, between modules 65
data file formats 246
Database Manager module

add structure to record 53

CAS number search 97

Compare Spectra page 43

copying spectra 48

data-reduced chromatograms 69

description 5

detachable windows 34

exchange spectral data between modules 65

export to Excel 49

fragment assignment 61, 61

ID search 96

include/exclude items in list 39

Info page layout 39

libraries 36

Mass Differences page 42

name search 91

open spectra from file 46

open window 31

pasting records 48

record information 38

records 37

retention time search 101

saving spectra 46

search constraints 103

search utilities 72

select record 47

spectral tree search 74

spectrum search 79

substructure search 84

substructure search rules 89

window 30

Work spreadsheet 67
data-reduced chromatograms 69
data-reduced chromatographic data 182
deconvolution from chromatographic component 114
delete library entries 180
detected components 320
Difference Spectrum parameter 43
Direct Infusion algorithm 315

disconnect server 157
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E

electron shift reactions 209
eliminate m/z values that cannot be linked with peaks 217
Ellipse tool 145

error logs 173

ESI 237

even-electron rule 185

exchange spectral data between modules 65, 67

export from Database Manager 49

export scans, components, reduced chromatograms 325
exporting data to Excel 388

extracted ion chromatogram (XIC) 297

F

FISh (Fragment Ion Search) 258
Force Mass Accuracy 270
formally possible solutions 185
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Fragment Ion Search (FISh) 258
fragmentation and rearrangement rules 184
Fragmentation Library
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description 6
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HighChem fragmentation library 226
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Fragments & Mechanisms module
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reaction formalism 194
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simulate MS/MS experiments 218
unexplained peaks 219
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Fragments Comparator module
description 14
fuzzy clustering, classification 344

G
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HighChem Low Res parameter 78, 83
HighChem spectral tree library 176
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ID search 96
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installation
local 22
Ionization & Cleavage page 204
ionization methods 185
Isotope Pattern module
description 15, 58

J

JCD (Joint Component Detection) 301
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Knowledge Base 201
Kohonen networks 343
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library
backup 165
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converting 168
creating 160
Database Manager 36
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HighChem spectral tree 176
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refresh 170
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restore 165
save changes 177
shrinking 168
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manually add server 156
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Mass Differences page 42
Mass Frontier Server Manager 154
Mass Spectral Database 171
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