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Electron, Finnigan product user, including application reports and technical reports.
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Tell usmore... Let us know more about how you use this product:

My Organization Is: (Check one only) My Primary Application Is: (Check one only)
Q Commercial (for profit) lab O Analytical
O Government lab Q Biomedical
4 Hospital / Clinic U Clinical / Toxicology
O Research Institute O Energy
O University / College O Food / Agriculture
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Q Other Q Pharmaceutical
O Research / Education
Q Other

Job Function: (Check one only)
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The instructions are easy to follow. 1 2 3 4
The instructions are complete. 1 2 3 4
The technical information is easy to understand. 1 2 3 4
The figures are helpful. 1 2 3 4
| was able to operate the system by using this manual. 1 2 3 4
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Regulatory Compliance

Thermo Electron San Jose performs complete testing and evaluation of its products to ensure full
compliance with applicable domestic and international regulations. When your system is
delivered to you, it meets all pertinent electromagnetic compatibility (EMC) and safety standards
asfollows:

EMC Certification

EN 55011 (1998) EN 61000-4-4  (1995)
EN 61326 (1998) EN 61000-4-5  (1995)
EN 61000-4-2  (1998) EN 61000-4-6  (1996)
EN 61000-4-3  (1996) EN 61000-4-11  (1994)
ENV 50204 (1995) FCC Class A

EM C issues have been evaluated by EMC TECHNOLOGY SERVICES, A Subsidiary of
UNDERWRITERSLABORATORY, INC (UL)

Safety Compliance
Low Voltage Directive EN 61010-1:2001

Please be aware that any changes that you make to your system may void compliance with one or
more of these EMC and/or safety standards.

Making changes to your system includes replacing a part. Thus, to ensure continued compliance
with EMC and safety standards, replacement parts should be ordered from Thermo Electron or
one of its authorized representatives.

FCC Compliance Statement

Note: This equipment has been tested and found to comply with the limits for a Class A
digital device, pursuant to part 15 of the FCC rules. These limits are designed to provide
reasonable protection against harmful interference when the equipment is operated in a
commercial environment. This equipment generates, uses, and can radiate radio frequency
energy. If it isnot installed and used in accordance with the instruction manual, it may cause
harmful interference to radio communications. Operation of this equipment in aresidential
areaislikely to cause harmful interference. In this case, the user will be required to correct the
interference at his’her own expense.
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Notice on Lifting and Handling of
Thermo Electron San Jose I nstruments

For your safety, and in compliance with international regulations, the physical handling of this
Thermo Electron San Jose instrument requires a team effort for lifting and/or moving the
instrument. Thisinstrument is too heavy and/or bulky for one person alone to handle safely.

Notice on the Proper Use of
Thermo Electron San Jose I nstruments

In compliance with international regulations: If thisinstrument is used in a manner not
specified by Thermo Electron San Jose, the protection provided by the instrument could be
impaired.

70111AMff
TE SJ- 8 April 2003
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Welcome to the Thermo Electron, Finnigan LCQ™ Series LC/IMSMS
system! LCQ Seriesinstruments are members of the Finnigan™ family of MS
detectors.

This Finnigan LCQ Series Hardware Manual contains a description of the
modes of operation and principal hardware components of your LCQ Series
system. In addition, this manual provides step-by-step instructions for
cleaning and maintaining your LCQ Series MS detector.

The Finnigan LCQ Series Hardware M anual includes the following
chapters:

Chapter 1: Introduction discussestheion polarity modes, ionization modes,
and scan modes of your LCQ Series system.

Chapter 2: Functional Description describes the principal components of
your LCQ Series system and their respective functions.

Chapter 3: Preparing for Daily Oper ation describes the checks of the LCQ
Series system that you should perform every day before you begin your first
analysis.

Chapter 4: LCQ Advantage MAX M S Detector M aintenance outlines the
mai ntenance procedures that you should perform on aregular basisto
maintain optimum LCQ Advantage MAX MS detector performance.

Chapter 5: LCQ Deca XP MAX M S Detector M aintenance outlines the
maintenance procedures that you should perform on aregular basisto
maintain optimum LCQ Deca XP MAX MS detector performance.

Chapter 6: System Shutdown, Sartup, and Reset provides procedures for
shutting down and starting up the LCQ Series system.

Chapter 7: LCQ Advantage MAX Diagnostics and PCB and Assembly
Replacement discusses procedures for testing the major electronic circuits
within the LCQ Advantage MAX MS detector and for replacing failed PCBs
and assemblies.

Chapter 8: LCQ Deca XP MAX Diagnostics and PCB and Assembly
Replacement discusses procedures for testing the major electronic circuits
within the LCQ Deca XP MAX MS detector and for replacing failed PCBs
and assemblies.

Chapter 9: LCQ Advantage MAX Replaceable Parts|lists the replaceable
parts for the LCQ Advantage MAX MS detector and data system.

Chapter 10: LCQ Deca XP MAX Replaceable Partslists the replaceable
parts for the LCQ Deca XP MAX MS detector and data system.
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Changes to the Manual and Online Help

To suggest changes to this manual or the online Help, please send your
comments to:

Editor, Technical Publications
Thermo Electron San Jose
355 River Oaks Parkway

San Jose, CA 95134-1991
U.SA.

You are encouraged to report errors or omissionsin the text or index.
Thank you.
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Abbreviations

The following abbreviations are used in this and other manuals and in the
online Help.

A ampere

ac alternating current

ADC analog-to-digital converter

AP acquisition processor

APCI atmospheric pressure chemical ionization

AP atmospheric pressure ionization

ASCII American Standard Code for Information
Interchange

b bit

B byte (8 b)

baud rate data transmission speed in events per second

°C degrees Celsius

CD compact disc

CD-ROM compact disc read-only memory

cfm cubic feet per minute

Cl chemical ionization

CIP carriage and insurance paid to

cm centimeter

cm? cubic centimeter

CPU central processing unit (of a computer)

CRC cyclic redundancy check

CRM consecutive reaction monitoring

<Ctrl> control key on the terminal keyboard

d depth

Da dalton

DAC digital-to-analog converter

dc direct current

DDS direct digital synthesizer

DEP™ direct exposure probe

DS data system

DSP digital signal processor
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El
EMBL
<Enter>
ESD
ESI

ev

f

°F
fastafile
FOB

ft

FTP

g

G

GC
GC/IMS
GND
GPIB
GUI

HPLC
HV
Hz
ICIS™
ICL™
ID
IEC
|IEEE

1/O

KEGG
kg

electron ionization

European Molecular Biology Laboratory
enter key on the terminal keyboard
electrostatic discharge

electrospray ionization

electron volt

femto (101

degrees Fahrenheit

extension of a SEQUEST search database file
free on board

foot

file transfer protocol

gram

giga (10°)

gas chromatograph; gas chromatography
gas chromatograph / mass spectrometer
electrical ground

general-purpose interface bus

graphical user interface

hour

height

high-performance liquid chromatograph
high voltage

hertz (cycles per second)

Interactive Chemical Information System
Instrument Control Language™

inside diameter

International Electrotechnical Commission
Institute of Electrical and Electronics Engineers
inch

input/output

kilo (103, 1000)

kilo (21, 1024)

Kyoto Encyclopedia of Genes and Genomes

kilogram
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LAN

LC
LC/MS
LED

MSMS
MS

NCBI

NIST

oD

Pa

PID
P/IN
P/P

length

liter

local area network

pound

liquid chromatograph; liquid chromatography
liquid chromatograph / mass spectrometer
light-emitting diode

micro (10°°)

meter

milli (1039)

mega (10°)

molecular ion

Megabyte (1048576 bytes)

protonated molecular ion

minute

milliliter

millimeter

mass spectrometer; mass spectrometry
MS" power: wheren =1

MS" power: wheren =2

MS" power: where n = 1 through 10
mass-to-charge ratio

nano (107°)

National Center for Biotechnology Information
(USA)

National Institute of Standards and Technology
(USA)

outside diameter

ohm

pico (101?)

pascal

printed circuit board

proportional / integral / differential
part number

peak-to-peak voltage
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ppm
psig
RAM
RF
RMS
ROM
RS-232
s

SIM
solids probe
SRM
SSQ®
TCP/IIP
TIC
Torr
TSQ®

u

URL

V dc
vol

w

w
WWW

parts per million

pounds per sguare inch, gauge
random access memory

radio frequency

root mean square

read-only memory

industry standard for serial communications
second

selected ion monitoring

direct insertion probe

selected reaction monitoring
single stage quadrupole
transmission control protocol / Internet protocol
total ion current

torr

triple stage quadrupole

atomic mass unit

uniform resource locator

volt

volts aternating current

volts direct current

volume

width

watt

World Wide Web

Note. Exponents are written as superscripts. In the corresponding online
Help, exponents are sometimes written with a caret (*) or with e notation
because of design constraints in the online Help. For example:

MS" (inthismanual) MS"n (in the online Help)

10° (inthismanual) 1075 (in the online Help)
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Typographical Conventions

Typographical conventions have been established for Thermo Electron
San Jose manuals for the following:

e Datainput
e Boxed information

e Topic headings

Data Input

Throughout this manual, the following conventions indicate data input and
output via the computer:

e Messages displayed on the screen are represented by capitalizing the
initial letter of each word and by italicizing each word.

e Input that you enter by keyboard is represented in bold face letters.
(Titles of topics, chapters, and manuals also appear in bold face letters.)

» For brevity, expressions such as “choose File > Directories” are used
rather than “pull down the File menu and choose Directories.”

e Any command enclosed in angle brackets < > represents asingle
keystroke. For example, “press <F1>" means press the key labeled F1.

e Any command that requires pressing two or more keys simultaneously is
shown with a plus sign connecting the keys. For example, “press
<Shift> + <F1>" means press and hold the <Shift> key and then pressthe
<F1> key.

e Any button that you click on the screen is represented in bold face letters
and adifferent font. For example, “click on Close”.
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Boxed Information

Information that isimportant, but not part of the main flow of text, is
displayed in abox such as the one below.

Note. Boxes such as this are used to display information.

Boxed information can be of the following types:

Note — information that can affect the quality of your data. In addition,
notes often contain information that you might need if you are having
trouble.

Tip — helpful information that can make atask easier.
Important — critical information that can affect the quality of your data.

Caution — information necessary to protect your instrument from
damage.

CAUTION - hazards to human beings. Each CAUTION is accompanied
by a CAUTION symbol. Each hardware manual has ablue CAUTION
sheet that lists the CAUTION symbols and their meanings.

DANGER - laser-related hazards to human beings. It includes
information specific to the class of laser involved. Each DANGER is
accompanied by the international laser radiation symbol.

Thermo
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Topic Headings

The following headings are used to show the organization of topics within a

| Chapter 1
Chapter Name

1.2 Second Level Topics

Third Level Topics

Fourth Level Topics

Fifth Level Topics
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Safety Precautions

Observe the following safety precautions when you operate or perform
service on the M S detector.

Do Not Perform Any Servicing Other Than That Contained in the
Finnigan LCQ Series Hardware Manual.

To avoid personal injury or damage to the instrument, do not perform any
servicing other than that contained in the Finnigan LCQ SeriesHardware
Manual or related manuals unless you are qualified to do so.

Shut Down the M S Detector and Disconnect It From Line Power Before
You Servicelt.

High voltages capable of causing personal injury are used in the instrument.
Some maintenance procedures require that the M S detector be shut down and
disconnected from line power before service is performed. Do not operate the
MS detector with the top or side covers off. Do not remove protective covers
from PCBs.

Respect Heated Zones.

Treat heated zones with respect. The ion transfer capillary and the APCI
vaporizer might be very hot and might cause severe burnsif they are touched.
Allow heated components to cool before you service them.

Placethe M S Detector in Sandby (or Off) Before You Open the
Atmospheric Pressure lonization (API) Source.

The presence of atmospheric oxygen in the APl source when the M S detector
is On could be unsafe. (the LCQ Series M S detector automatically turnsthe
M S detector Off when you open the API source; however, itis best to take this
added precaution.)

Make Sure You Have Sufficient Nitrogen For Your API Source.

Before you begin normal operation each day, make sure that you have
sufficient nitrogen for your API source. The presence of atmospheric oxygen
in the API source when the M'S detector is On could be unsafe. (the LCQ
Series M S detector automatically turns the MS detector Off when you run out
of nitrogen, however, it is best to take this added precaution.)

Provide an Adequate Fume Exhaust System and Contain Waste Streams.

It isyour responsibility to provide an adequate fume exhaust system. Samples
and solvents that are introduced into the LCQ Series MS detector will
eventually be exhausted from the forepump. Therefore, the forepump should
be connected to a fume exhaust system. Consult local regulations for the
proper method of exhausting the fumes from your system.

Thermo
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The API source can accommodate high flow rates. Therefore, provisions must
be made to collect the waste solvent. The API sourceisfitted with a6 mm
(0.25in.) ID connector for solvent drainage. A 6 mm (0.25in.) PVC drain
tube, which is provided with the system, should be connected between the
API source and an appropriate collection container. (The waste container can
be something as simple as an old solvent bottle with a modified cap.)

Do not vent the PV C drain tube (or any vent tubing connected to the waste
container) to the same fume exhaust system to which you have connected the
forepump. The analyzer optics can become contaminated if the API source
drain tube and the (blue) forepump exhaust tubing are connected to the same
fume exhaust system.

Your laboratory must be equipped with at least two fume exhaust systems.
Route the (blue) forepump exhaust tubing to a dedicated fume exhaust
system. Route the PV C drain tube from the APl source to the waste container.
Vent the waste container to a dedicated fume exhaust system.

Use Care When Changing Vacuum Pump Oil.

Treat drained vacuum pump oil and pump oil reservoirs with care. Hazardous
compounds introduced into the system might have become dissolved in the
pump oil. Always use approved containers and procedures for disposing of
waste oil. Whenever a pump that has been operating on a system used for the
analysis of toxic, carcinogenic, mutagenic, or corrosive/irritant chemicals, the
pump must be decontaminated by the user and certified to be free of
contamination before repairs or adjustments are made by a Thermo Electron
San Jose Customer Support Engineer or before it is sent back to the factory
for service.
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Solvent and Gas Purity Requirements

Use the highest purity solvents available. The LCQ Series M S detector is
extremely sengitive to solvent impurities. Some solvent impurities are
transparent to UV /Visible detectors, but are easily detected by the LCQ Series
MS detector. Liquid chromatography grade is the minimum acceptable purity.
Higher grade solvents are preferred. Distilled water is recommended.
Deionized water contains chemicals and is not recommended.

Thefollowing isalist of international sources that can supply high quality
solvents:

Solvent Source Telephone Number
Mallinckrodt/Baker, Inc. Tel: (800) 582-2537
Fax: (908) 859-6905
Burdick & Jackson, Inc. Tel: (800) 368-0050
Fax: (231) 725-6216
EMD Chemicals, Inc. Tel: (800) 222-0342
Fax: (856) 423-4389

The LCQ Series M S detector uses argon as a collision gas. The argon should
be high purity (99.995%). The required gas pressureis 135 + 70 kPa (20 + 10
psig). Thermo Electron has found that particulate filters are often
contaminated and are therefore not recommended.

The LCQ Series M'S detector uses nitrogen as a sheath gas and auxiliary gas.
The nitrogen should be high purity (99%). The required gas pressureis
690 + 140 kPa (100 + 20 PSl).
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Service Philosophy

Servicing the LCQ Series system consists of performing procedures required
to maintain system performance standards, to prevent system failure, and/or
to restore the system to an operating condition. Routine and preventive
maintenance procedures are documented in this manual .

Routine and preventive maintenance are the responsibility of the user during
and after the warranty period. Regular maintenance will increase the life of
the system, maximize the up-time of your system, and allow you to achieve
optimum system performance.

Service not described in this manual should be performed only by a
Thermo Electron Customer Support Engineer or similarly trained and
gualified technica personnel.

Level of Repair

Thermo Electron’s service philosophy for LCQ Series systems calls for
troubleshooting to the lowest part, assembly, PCB, or module listed in the
Replaceable Parts chapter of this manual.

For mechanical failures: A mechanical assembly typically isto be repaired to
the level of the smallest item listed in the Replaceable Parts chapter of this
manual.

For electronic failures. PCBs are not repaired to the component level except
in certain cases of fuses, relays, etc. When these exceptions occur, the
components can be found in the Replaceable Parts chapter.
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Reply Cards

Thermo Electron San Jose manuals contain one or two reply cards. All
manuals contain a Customer Registration / Reader Survey card and some
contain aChange of Location card. These cards are located at the front of each
manual.

The Customer Registration / Reader Survey card has two functions. First,
when you return the card, you are placed on the Thermo Electron San Jose
mailing list. As amember of thislist, you receive application reports and
technical reportsin your area of interest, and you are notified of events of
interest, such as user meetings. Second, it allows you to tell us what you like
and do not like about the manual.

The Change of Location card allows us to track the whereabouts of the
instrument. Fill out and return the card if you move the instrument to another
site within your company or if you sell the instrument. Occasionally, we need
to notify owners of our products about safety or other issues.
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The LCQ Advantage MAX and LCQ Deca XP MAX instruments are
members of the LCQ™ family of Finnigan™ MS detectors. The Finnigan
LCQ Series MS detector is an analytical instrument that includes a mass
spectrometer, a syringe pump, and a data system. See Figure 1-1. In atypical
LC/MS analysis, a sampleisintroduced into a high performance liquid
chromatograph (HPLC) either manually or by an autosampler. The sampleis
carried onto the LC column and separates into its chemical components asiit
moves through the column. The separated chemical components pass through
atransfer line and then enter the LCQ Series M S detector to be analyzed. You
can also introduce a sample directly into the M S detector with the syringe
pump or through the divert/inject valve.

Figure 1-1. LCQ Advantage MAX system

The LCQ Series M'S detector consists of an atmospheric pressure ionization
(API) source, ion optics, mass anayzer, and ion detection system. Theion
optics, mass anayzer, ion detection system, and part of the API source are
enclosed in avacuum manifold. lonization of the sample takes place in the
API source. The specific method used to ionize the sampleisreferred to asthe
ionization technigue. Theions produced in the API source are transmitted by
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the ion opticsinto the mass anayzer, where they are trapped in stable orbits
by atime-varying electric field. The polarity of the potentials applied to the
API source and ion optics determines whether positively charged ions or
negatively charged ions are transmitted to the mass analyzer. You can
configure the LCQ Series M S detector to analyze positively or negatively
charged ions (called the ion polarity mode).

Thelenses in the API source and ion optics act as a gate to start and stop the
transmission of ions from the APl source to the mass analyzer. The function
of these lensesis controlled by an automatic gain control (AGC) that sets
them to transmit the optimum number of ions to the mass analyzer.

The mass-to-charge ratios of the ions produced in the API source are
measured by the mass analyzer. Selected ions are gjected from the mass
analyzer and reach the ion detection system where they produce asignal. The
signal produced is then amplified by the detection system electronics.

Theion detection system signal is analyzed by the LCQ Series data system.
The data system serves as the user interface to the M'S detector, autosampler,
LC, and syringe pump. Refer to the online Help for more information on the
LCQ Series data processing and instrument control software.

Each sequence of loading the mass analyzer with ions followed by mass
analysis of theionsiscalled ascan. The LCQ Series M S detector uses severd
different scan modes and different scan typesto load, fragment, and gject ions
from the mass analyzer. The ability to vary the scan mode and scan type, as
well astheionization and ion polarity modes, affords the user great flexibility
for solving complex analytical problems.

This chapter provides an overview of the LCQ Series M S detector. Specific
topics covered are as follows:

e |on polarity modes

e lonization techniques

e Scan modes
e Scantypes
e Datatypes

Thermo
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1.1 lon Polarity Modes

You can operate the LCQ Series M S detector in either of two ion polarity
modes: positive or negative. The M S detector can control whether positive
ions or negativeions are transmitted to the mass analyzer for mass analysis by
changing the polarity of the potentials applied to the API source and ion
optics. Theion optics are located between the API source and the mass
analyzer.

The information obtained from a positive-ion mass spectrum is different from
and complementary to that obtained from a negative-ion spectrum. Thus, the
ability to obtain both positive-ion and negative-ion mass spectraaids you in
the qualitative analysis of your sample. You can choose the ion polarity mode
and ionization technique to obtain maximum sensitivity for the particular
analyte of interest.
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1.2 lonization Techniques

You can operate the LCQ Series M S detector using any of three ionization
techniques, asfollows:

» Electrospray ionization (ESI)
e Atmospheric pressure chemical ionization (APCI)
e Nanospray ionization (NSI)

For information about the theory and implementation of ESI and APCI, refer
to the Finnigan lon Max API Source Hardware Manual. For more
information on NSI, refer to the LCQ Series Nanospray |on Source
Operator’s Manual.

Thermo

Finnigan LCQ Series Hardware Manual ELECTRON CORPORATION




Finnigan LCQ Series

Thermo

ELECTRON CORPORATION

Introduction
Scan Power and Scan Modes

1.3 Scan Power and Scan Modes

lons that are produced in the ion source are often referred to as parent ions.
These parent ions can be mass analyzed to produce a mass spectrum.
Alternatively, by varying the RF voltages of the mass analyzer, the LCQ
Series M S detector can first gject al ions except for several selected parent
ions, and then collide these ions with helium that is present in the mass
analyzer. This helium is known as buffer gas. The collisions of the selected
precursor ions with the helium can cause them to fragment into product ions.
The product ions can be mass analyzed.

The number of stages of mass analysisis represented as MS" where n isthe
scan power. (Each stage of mass analysisincludes an ion selection step.) The
higher the scan power, the more structural information is obtained about the
analyte.

The two scan powers supported by LCQ Advantage MAX in its standard
configuration are as follows:

e MSscan mode (n = 1)

e MS/MS scan mode (n = 2)

LCQ Deca XP MAX, and LCQ Advantage MAX with special configurations
support n values of up to 10.

MS Scan Mode

The M'S or mass spectrometry scan mode corresponds to a single stage of
mass analysis (that is, a scan power of n = 1). The MS scan mode involves
only parent ions, and no fragmentation of the parent ions takes place. The M S
scan mode can be a full scan experiment or a selected ion monitoring (SIM)
experiment (see below).

MS" and MS/MS Scan Modes

The MS" scan corresponds to two or more stages of mass analysis. The MS"
scan isaspecia case (n = 2 scan power). The LCQ Advantage MAX MS
detector can give only MS/M S scans, while the LCQ Deca XP MAX MS
detector can give scan powers up to n = 10. In an MS" scan, parent ions are
fragmented into product ions in one or more stages. An MS/M S scan can be a
full scan experiment or a selected reaction monitoring (SRM) experiment.
Higher scan powers can be used for full scan experiments, SRM, or
data-dependent neutral 10ss experiments (see below).
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1.4 Scan Types

You can operate the LCQ Series M S detector in the following scan types:
e Full scan

e Selected ion monitoring (SIM)

e Selected reaction monitoring (SRM)

e ZoomScan™

Full Scan

The full scan scan type provides afull mass spectrum of each analyte or
parent ion. With full scan, in the last step of mass analysis (the ion scan-out
step) the mass analyzer is scanned from the first massto the last mass without
interruption.

Full scan scan type provides more information about an analyte than does
selected ion monitoring (SIM) or selected reaction monitoring (SRM), but full
scan does not provide the sensitivity that can be achieved by the other scan

types.
The full scan scan type includes the following:
e Single-stage full scan

e Two-stage full scan

Single-Stage Full Scan

The single-stage full scan type has one stage of mass analysis (n = 1 scan
power). With single-stage full scan type, theionsformed in the ion source are
stored in the mass analyzer. Then, theseions are sequentialy scanned out of
the mass analyzer to produce a full mass spectrum.

Single-stage full scan experiments can be used to determine the molecular
weight of unknown compounds or the molecular weight of each component in
amixture of unknown compounds. For example, you need afull scan to
determine the molecular weight of each component of a mixture of unknown
compounds, because you do not know what masses to expect from the
mixture.

To use the SIM or SRM scan type, you heed to know what ions you are
looking for before you can perform an experiment. Thus, for SIM or SRM
you can use afull scan to determine the identity of an analyte and obtainits
mass spectrum. Then, you might use SIM or SRM to do routine quantitative
analysis of the compound.

Thermo

Finnigan LCQ Series Hardware Manual ELECTRON CORPORATION




Finnigan LCQ Series

Thermo

ELECTRON CORPORATION

Introduction
Scan Types

Two-Stage Full Scan

The two-stage full scan type has two stages of mass analysis (n = 2 scan
power). In the first stage of mass analysis, the ions formed in the ion source
are stored in the mass analyzer. Then, ions of one mass-to-charge ratio (the
parent ions) are selected and all other ions are gjected from the mass analyzer.
The parent ions are excited so that they collide with background gasthat is
present in the mass analyzer. The collisions of the parent ions cause them to
fragment to produce one or more product ions.

In the second stage of mass analysis, the product ions are stored in the mass
analyzer. Then, they are sequentialy scanned out of the mass analyzer to
produce afull product ion mass spectrum.

The two-stage full scan type gives you more information about a sample than
does SRM, but two-stage full scan type does not yield the speed that can be
achieved by SRM. With two-stage full scan, you spend more time monitoring
the product ions than you do in SRM. Thus, two-stage full scan provides
greater information, but lower speed than SRM does.

To use the SRM scan type, you need to know what parent / product reaction
you are looking for before you can perform an experiment. Thus, for SRM
you might use one-stage full scan type to determine the parent mass spectrum
and two-stage full scan type to determine the product mass spectra for parent
ions of interest. Then, you might use SRM to do routine quantitative analysis
of the compound.

Selected lon Monitoring

Selected ion monitoring (SIM) isasingle-stage (n = 1 scan power) technique
in which aparticular ion or set of ionsis monitored. In the SIM scan type, the
ions formed in the ion source are stored in the mass analyzer. 1ons of one or
more mass-to-charge ratios are selected and all other ions are g ected from the
mass analyzer. Then, the selected ions are sequentially scanned out of the
mass analyzer to produce a SIM mass spectrum.

SIM experiments are useful in detecting small quantities of atarget compound
in acomplex mixture when the mass spectrum of the target compound is
known. Thus, SIM isuseful in trace analysis and in the rapid screening of a
large number of samples for atarget compound.

Because only afew ions are monitored, SIM can provide lower detection
limits and greater speed than a single-stage full scan analysis can provide.
SIM achieves lower detection limits because more time is spent monitoring
significant ions that are known to occur in the mass spectrum of the target
sample. SIM achieves greater speed because only afew ions of interest are
monitored; regions of the spectrum that are empty or have no ions of interest
are not monitored.
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SIM can improve the detection limit and decrease analysis time, but it can
also reduce specificity. In SIM, only specific ions are monitored. Therefore,
any compound that produces those ions appears to be the target compound.
Thus, afalse positive result can be obtained.

Selected Reaction Monitoring

Selected reaction monitoring (SRM) is atwo-stage (n = 2 scan power)
technique in which parent ion and product ion pairs are monitored.

In thefirst stage of mass analysis, theionsformed in theion source are stored
in the mass analyzer. lons of one mass-to-charge ratio (the parent ions) are
selected and all other ions are gjected from the mass analyzer. Then, the
parent ions are excited so that they collide with background gas that is present
in the mass analyzer. The collisions of the parent ions cause them to fragment
to produce one or more product ions.

In the second stage of mass analysis, the product ions are stored in the mass
analyzer. lons of one or more mass-to-charge ratios are selected and all other
ions are gjected from the mass analyzer. Then, the selected ions are
sequentially scanned out of the mass analyzer to produce an SRM product ion
mass spectrum.

Like SIM, SRM allows for the very rapid analysis of trace componentsin
complex mixtures. However, because you are monitoring pairs of ions (one
product ion for each parent ion), the specificity obtained in SRM can be much
greater than that obtained in SIM. Thus, you are very unlikely to get afase
positive result with SRM. To get afalse positive result, the interfering
compound must do the following: First, it must form a parent ion of the same
mass-to-charge ratio as the selected parent ion from the target compound.
Second, it must also fragment to form a product ion of the same
mass-to-charge ratio as the selected product ion from the target compound.

Data-Dependent Neutral Loss MS"

Data-Dependent Neutral Loss MS" experiments are another type of
Data-Dependent experiment. These experiments allow you to select and
fragment only those ions that exhibit a neutral loss that you specify. They are
similar to SRM experiments in that you are monitoring an ion reaction, but
they differ in that no single parent ion or product ion is selected for analysis.
Instead you specify how many ions to monitor (for example, the 10 most
intense parent ions), the M S detector identifiesthose ionsin the n-1 scan
order, then scans the nth fragmentation products for ions which represent a
specified neutral loss from the selected parents.

For example, an experiment of this type could be used to identify which
amino acid residues on a polypeptide have been phosphorylated. In the first
stage of mass analysis the peptideion isidentified and all other ions are
selectively gjected from the mass anayzer. In the second stage of mass
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analysis the peptide ions are subjected to alow-energy fragmentation to
remove phosphate groups, and the M S detector identifies product ions that
show amass | oss equivalent to one or more phosphate groups, then selectively
gectsall other ions from the mass analyzer. Finally, in the third stage of mass
analysis, those product ions are fragmented to provide amino acid residues,
and afull scan analysis provides the mass to charge ratios that allow you to
identify the dephosphorylated amino acids.

Data-Dependent Neutral Loss experiments provide extremely selective tools
for isolating and identifying specific components of acomplex mixture.

ZoomScan

The determination of the mass of an ion from its mass-to-charge ratio may be
complicated by the fact that the charge state of the ion may be unknown.
ZoomScan is ahigh resolution M S scan type in which the LCQ SeriesMS
detector performs a high resolution scan that allows you to determine the
charge state and molecular weight of an ion. The MS detector conducts ahigh
resolution scan of 10 u width and evaluates the *2C /*3C isotopic separation of
aspecified ion or ions. If the isotopic peaks are 1 u apart, the ion has a charge
state of +1. If the isotopic peaks are 0.5 u apart, the ion has a charge state of
12. If the isotopic peaks are 0.33 u apart, the ion has a charge state of £3, and
so on. You can then determine the molecular weight of theion from a
knowledge of the charge state and mass-to-charge ratio of the ion. You can
conduct aZoomScan analysis of up to ten ions by specifying the
mass-to-charge ratios of theions.
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Introduction
Data Types

1-10

Finnigan LCQ Series

1.5 Data Types

You can acquire and display mass spectral data (intensity versus
mass-to-charge ratio) with the LCQ Series MS detector in one of two data

types:
- Profiledatatype
e Centroid datatype

Profile Data Type

In the profile data type, you can see the shape of the peaks in the mass
spectrum. Each atomic mass unit is divided into approximately 15 sampling
intervals. The intensity of theion current is determined at each of the
sampling intervals. The intensity at each sampling interval is displayed with
the intensities connected by a continuous line. In general, the profile scan data
type is used when you tune and calibrate the M S detector so that you can
easily see and measure mass resol ution.

Centroid Data Type

In the centroid data type, the mass spectrum is displayed as a bar graph. In
this scan data type, the intensities of each set of 15 sampling intervals are
summed. Thissum isdisplayed versustheintegral center of mass of the

15 sampling intervals. In general, the centroid scan datatype is used for data
acquisition because the scan speed is faster (but the resolution is lower) and
the disk space requirements are smaller. Data processing is also much faster
for centroid data.

Thermo
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Chapter 2
Functional Description

This chapter describes the principal components of the LCQ SeriesM S
detector system and their respective functions. The principal components of
the system are as follows:

e Autosampler (optional)

e Liquid chromatograph (optional)
e Syringe pump

e Divert/inject valve (optional)

e MS detector

e Datasystem

A functional block diagram of the LCQ Series M S detector system is shown
in Figure 2-1. A sampletransfer line connects the LC to the M S detector. The
autosampler and LC are usually installed on the left of the MS detector. The
syringe pump and divert/inject valve are integrated into the M S detector
cabinet.

Samples areinjected (either manually or by an autosampler) into the LC inlet.
The L C then separates the sample molecules by liquid chromatography. The
separated constituents from the LC flow through the transfer line and are
introduced into the atmospheric pressure ionization (API) source. You can
alsoinject (infuse) samplesinto the APl source with the syringe pump or the
divert/inject valve.

Upon entering the API source, sample molecules are ionized by electrospray
ionization (ESI) or atmospheric pressure chemical ionization (APCI). Theion
optics focus and accel erate the resulting sample ions into the mass analyzer,
where they are analyzed according to their mass-to-charge ratios. The sample
ions are then detected by an ion detection system that produces asigna
proportional to the number of ions detected. The ion current signal from the
ion detection system is received and amplified by the system electronics and
is then passed on to the data system for further processing, storage, and
display. The data system provides the primary LCQ Series M S detector user
interface.

Thermo
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Figure 2-1.  Functional block diagram of the LCQ Series MS detector system. The broad,
single-headed arrows represent the flow of sample molecules through the
instrument. The narrow, double-headed arrows represent electrical connections.
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Functional Description
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2.1 Autosampler

The autosampler is used to inject samples automatically into the LC inlet.
Thermo Electron Finnigan! (Surveyor, AS3000, and AS3500), Waters
(Alliance 2690), and Agil ent? (1050, 1090, and 1100) autosamplers can be
controlled directly from the LCQ Series data system computer. With an
autosampler, you can automate your LC/M S analyses.

Note. For other autosamplers, the LCQ Series MS detector provides contact
closure Start/Stop signals. Refer to LCQ Series Getting Connected for
information on connecting an autosampler to the LCQ Series M S detector by
contact closure Start/Stop signals.

You can configure the Xcalibur® data system for your autosampler from the
data system computer. You specify the model name and model number by
selecting the appropriate instrument button in the Instrument Configuration
window, which is available by choosing Start > Programs > Xcalibur >
Instrument Configuration. Refer to the Xcalibur online Help for a
description of Instrument Configuration.

You can also set up, monitor, and control the autosampler from the data
system computer from the Instrument Setup window, which is available by
choosing Start > Programs > Xcalibur > Xcalibur and then clicking on
the Instrument Setup button. Refer to the Xcalibur online Help for a
description of Instrument Setup.

Front-panel (keypad) operation of the autosampler and maintenance
procedures for the autosampler are described in the documentation provided
with the autosampler.

1 Formerly Thermo Separation Products (TSP)

2 Formerly Hewlett-Packard (HP)
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2.2 Liquid Chromatograph

The high performance liquid chromatograph (LC) separates a sample
mixture into its chemica components by liquid chromatography. In liquid
chromatography, the sample mixture partitions between a solid stationary
phase of large surface area and a liquid mobile phase that percolates over the
stationary phase. The molecular structure of each component of the mixture
determines when each component elutes from the LC and entersthe MS
detector.

Thermo Electron Finnigan (Surveyor, P2000, and P4000), Waters (Alliance
2690), and Agilent (1050, 1090, and 1100) L Cs (and the corresponding UV
detectors) can be controlled directly from the LCQ Series data system
computer. Refer to L CQ Series Getting Connected for information on
connecting an LC to the LCQ Series M S detector.

You can configure the Xcalibur data system for your LC and UV detector
from the data system computer. You specify the model name and model
number by selecting the appropriate instrument button in the Instrument
Configuration window. Refer to the Xcalibur online Help for a description of
Instrument Configuration.

You can also set up, monitor, and control the LC and UV detector from the
data system computer from the Instrument Setup window. Refer to the
Xcalibur online Help for a description of Instrument Setup.

Front-panel (keypad) operation of the LC and maintenance proceduresfor the
L C are described in the documentation provided with the LC.

Thermo
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2.3 Syringe Pump

The LCQ Series M S detector includes an electronically-controlled, integrated
syringe pump. The syringe pump delivers sample solution from the syringe
into the API source. See Figure 2-2. When the syringe pump is operating, a
motor drives a pusher block that depresses the plunger of the syringe at arate
of 1% of the syringe volume per minute. Liquid flows out of the syringe
needle and into the sample transfer line as the plunger is depressed. The
syringe is held in place by a syringe holder. Refer to LCQ Series Getting
Sarted for instructions on setting up the syringe pump.

You can start and stop the syringe pump from the Syringe Pump dialog box,
which can be reached from the Tune Plus window (which is available by
choosing Start > Programs > Xcalibur > LCQ Tune). You can aso
specify the Purge mode, in which the flow rate is 5% of the syringe volume
per minute. Refer to the X calibur online Help for instructions on operating the
syringe pump from the data system.

The syringe pump LED (see Figure 2-4) isilluminated green whenever the
syringe pump is pumping. The LED isilluminated yellow if the syringe pump
is at the end of itstravel.

LC Union Needle Syringe  Syringe Holder  Pusher Block

Figure 2-2.  Syringe pump

Finnigan LCQ Series Hardware Manual 2-5




Functional Description
Divert/Inject Valve

Finnigan LCQ Series

2.4  Divert/Inject Valve

The divert/inject valve is located on the front of the LCQ Series M S detector
to the left of the API source. See Figure 2-3. You can configure (plumb) the
divert/inject valve asaloop injector (for flow injection analysis) or as adivert
valve. Procedures for plumbing the valve in the loop injector or divert valve
configuration are given in LCQ Series Getting Connected.

You can control the divert/inject valve from the data system. You specify the
parameters of the divert/inject valve in the Divert/Inject Valve dialog box,
which can be reached from the Tune Plus window, or the Divert Valve page,
which can be reached from the Instrument Setup window. Refer to the online
Help for instructions on operating the divert/inject valve from the data system.

You can also use the divert/inject valve button to divert the LC flow between
the M S detector and waste when the valve isin the divert valve configuration,
or switch between load and inject modes when the valveisin theloop injector
configuration.

- o g LEDs
L oad Mect

e Divert/Inject
w Valve Button

Divert/Inject
Valve

Sample Loop

Syringe Port

Figure 2-3.  Divert/inject valve
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2.5 MS Detector

The MS detector provides sample ionization and mass analysis of injected
samples or samples eluted from aliquid chromatograph. The LCQ SeriesMS
detector uses a quadrupol e ion trap mass analyzer with an ion source external
to the mass analyzer. Several important features of the LCQ SeriesMS
detector are asfollows:

e Universal, selective, and specific detector

e High sensitivity

e m/z50to 2000 mass range

e ESI, APCI, and NSl ionization techniques

e Positive and negative ion polarity modes

e MSand MS/MS scan modes

e Full scan, SIM, SRM, and ZoomScan scan types

The M S detector includes the following components:
e Controls and indicators

e API source

e lonoptics

e Massanayzer

e lon detection system

e Vacuum system and inlet gasses hardware

e Cooling fans

e Electronic assemblies

Controls and Indicators

Six light-emitting diodes (LEDSs) are located at the upper right side of the
front panel of the M S detector. See Figure 2-4.

The LED labeled Power isilluminated whenever power is supplied to the
vacuum system and el ectronic assemblies of the M S detector. The color of the
LED depends on whether the M'S detector isin the Normal, Warning, or
Failure condition, as follows:

e Inthe Normal condition, the temperature in the embedded computer is
lessthan 37 °C and its +5 V dc supply level is between +4.98 and
+5.25V dc. The Power LED isilluminated solid green.
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e Inthe Warning condition, the temperature in the embedded computer is
marginal, or its+5V dc is marginal. Marginal temperature is between 37
and 45 °C. Marginal +5 V dc supply level is between +4.75 and
4.97 V dc. The Power LED flashes yellow.

e Inthe Failure condition, the temperature in the embedded computer is
greater than 45 °C or its+5 V dc supply level islessthan +4.75V dc. The
Power LED isilluminated solid yellow and the M S detector isheld in
Reset mode until the failure condition is cleared.

The LED labeled Vacuum isilluminated green whenever the vacuum
protection circuitry indicates that the vacuum is OK and the safety-interlock
switch on the API source is depressed (that is, the API flangeis secured to the
spray shield). If the LED labeled Vacuum is not illuminated, high voltageis
not applied to LCQ Series M S detector components.

The LED labeled Communication isilluminated yellow when the M S detector
and the data system are trying to establish a communication link. The
Communication LED isilluminated green when the communication link
between the MS detector and the data system has been made.

The LED labeled Systemisilluminated yellow whenever the MS detector isin
Standby (that is, high voltageis not supplied to the API source, mass analyzer,
and ion detection system, but the M S detector power ison). The System LED
isilluminated green whenever the M S detector is On (that is, high voltageis
supplied to the API source, mass analyzer, and ion detection system).

The LED labeled Scan flashes blue whenever the M S detector is On and
scanning ions.

The LED labeled Syringe Pump is illuminated green whenever the syringe
pump is pumping. The Syringe Pump LED isilluminated yellow when the
pump reachesits end of itstravel. The LED is extinguished when the syringe
pump is not on and not at the end of its travel.

_ - DO

Power Vacuum Communication
System Scan Syringe Pump

Figure 2-4.  Front panel LEDs of the MS detector

Two additional LEDs and a push-button switch are located on the front panel
above the divert/inject valve. See Figure 2-5. When the divert/inject valveis
set up for loop injections, the divert/inject valve button toggles the valve
between load and inject modes and the labels Load and I nject apply. When the
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divert/inject valve is set up for divert valve operation, the divert/inject valve
button toggles the LC flow between the M S detector and the waste container
and the labels Detector and Waste apply.

Load Inject <— Inject Mode
Labels
Labels

am»

Figure 2-5.  Divert/inject valve button and LEDs

The main power circuit breaker switch (labeled Main Power) islocated on
the power panel at the lower right corner of the right side panel of the M S
detector. See Figure 2-6 and Figure 2-7. In the Off (O) position, the circuit
breaker removes all power to the M S detector, including the vacuum pumps.
In the On (|) position, power is supplied to the M S detector. In the standard
operational mode, the circuit breaker is kept in the On (|) position.

The electronics service switch (labeled Electronics) islocated on the power
panel. In the Service position the switch removes power to all components of
the M S detector other than the vacuum system. In the Operating position
power is supplied to al components of the MS detector.

Note. To shut off all power to the MS detector in an emergency, place the
main power circuit breaker switch (labeled Main Power) in the Off (O)
position. Do not use the electronics service switch (labeled Electronics).

Finnigan LCQ Series Hardware Manual 2-9




Functional Description
MS Detector Finnigan LCQ Series

Electronics Service Main Power Circuit
Switch Breaker Switch

Reset Button

Figure 2-6. LCQ Advantage MAX Power Panel

Electronics Service Main Power Circuit
Reset Button Switch Breaker Switch

Figure 2-7.  LCQ Deca XP MAX Power Panel
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Thereset button (Iabeled Reset) is aso located on the power panel. When you
press the reset button for longer than 3 s, LCQ Series M S detector softwareis
reloaded from the data system. Refer to the topic Resetting the M S Detector
in the System Shutdown, Startup, and Reset chapter for information on
resetting the M S detector.

APl Source

The atmospheric pressure ionization (API) source forms gas phase sample
ions from sample molecules that are contained in solution. The API source
also serves as the interface between the LC and the M S detector. You can
operate the API source using either the electrospray ionization (ESI),
atmospheric pressure chemical ionization (APCI), or nanospray ionization
(NSI) technique.

For information about the ESI and APCI probes, refer to the Finnigan 1on
Max API Source Hardware Manual. For moreinformation on NS, refer to
the LCQ Series Nanospray lon Source Operator’'s Manual.

API Stack

The API stack consists of the components of the API source that are held
under vacuum, except for the atmospheric pressure side of the spray shield,
and the components of theion sweep. The API stack includesthe spray shield,
ion sweep cone, spray cone, ion transfer capillary, heater assembly, vent
prevent ball valve, extension mount, tube lens, skimmer, and tube lens and
skimmer mount. See Figure 2-8. The same API stack is used for ESI, APCI,
and NSI ionization techniques.
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The spray shield isa stainless steel cylindrical vessel that, in combination
with the ESI, APCI, or NSI flange, and the spray cone, forms the atmospheric
pressure region of the API source (also called the spray chamber). The spray
shield inserts into an opening in the vacuum manifold and serves as a base for
the API stack. An opening in the bottom of the spray shield servesasadrain
for waste liquid. Two flange retainer bolts on the ESI, APCI, or NSI flange
secure the flange to the atmospheric pressure side of the spray chamber.

Theion sweep cone is the outer stainless steel cone that is held by the spray
cone. The spray coneis a stainless steel cone that fastensto the spray shield.
The ion sweep coneis usualy placed in one of two positions on the spray
cone. This allows the distance between the opening of the ion sweep cone and
the opening of theion transfer capillary (see below) to be set to one of two
definite values. Nitrogen can be made to flow in the gap between the ion
sweep cone and the spray cone, and to exit the openings of the ion sweep
cone.

Theion transfer capillary is an elongated cylindrical stainless steel tube that
is attached to the spray cone. Theion transfer capillary assistsin desolvating
ionsthat are produced by the ESI, APCI, or NSI probes. lons are focused into
theion transfer capillary in the atmospheric pressure region and transported to
the skimmer region of the vacuum manifold by a decreasing pressure gradient
and electrostatic forces. Theion transfer capillary can be heated to 300 °C.
Typical temperatures of theion transfer capillary are 200 °C for ESI, 150 °C
for APCI, and 165 °C for NSI.

The heater assembly is adual cartridge heater that surrounds the ion transfer
capillary but is not connected to the ion transfer capillary. Theion transfer
capillary passes through a vent prevent ball valve that automatically seals if
theion transfer capillary isremoved. Therefore, theion transfer capillary may
be removed and replaced without venting the instrument.

The extension mount is a combined tube and flange-like part that mounts to
the spray shield. The extension mount surrounds the ion transfer capillary and
isamount for the tube lens and skimmer mount.

lons from the ion transfer capillary enter the tube lens. The tube lens has a
mass dependent potential applied to it to focusthe ions towards the opening of
the skimmer (see below). An additional potential of between 0 and £200 V
(positive for positiveions and negative for negativeions), called thetube lens
offset voltage, can be applied to the tube lens to accelerate the ions into
background gas that is present in the skimmer region. Collisions with the
background gas aid in the desolvation of the ions and increase sensitivity. If
the tube lens offset voltage is too high, however, collisions with the
background gas can be energetic enough to cause the ions to fragment. This
fragmentation, called ion source collision induced dissociation (CID),
decreases sensitivity. When you tune LCQ Advantage, you adjust the tube
lens offset voltage to maximize sensitivity by balancing desolvation with
fragmentation.
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