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Overview of Hybrid Configuration
About Hybrid Chemical lonization

Overview of Hybrid Configuration

About Hybrid Chemical lonization

The Hybrid configuration is one of the three operational configurations of the
4000 GC/MS system. In Hybrid configuration, reagent ions are generated in the
external source through Electron lonization of reagent gas. These reagent ions
are then drawn into the ion trap to react with analytes eluting from the GC
column. These ion-molecule reactions create analyte ions which are held in the
ion trap.

This approach has a number of potential advantages, including avoiding ion-
molecule reactions with the neutral reagent and avoiding losses of negative ions
that occur when they move from the external source to the trap.

Hybrid Cl is a softer ionization technique than EI. That is, Hybrid Cl imparts less
energy to the sample molecules than does EI. Thus, the ionized sample molecule
undergoes less fragmentation, and an ion indicative of the analyte molecular
weight is more likely to be observed. In addition to molecular weight confirmation,
Hybrid Cl mass spectra often provide other significant structural information that
may not be available from El mass spectra.

The Hybrid mode requires the external lonization option, chemical ionization
option, and a security chip to be present but does not involve any unique
hardware. In hybrid mode, the external source must be in place and the transfer
line must be positioned with the sample directly entering the ion trap. In common
with the other configurations, it is possible to perform ion preparation techniques
including Selected lon Storage (SIS) or with optional software and equipment,
Tandem Mass Spectrometry: Automated Methods Development (AMD), MS/MS,
MS", and Multiple Reaction Monitoring (MRM). Refer to the 4000 GC/MS
Software Operation Manual for help with setting up these experiments.

Filament E.M.
Endcap Endcap

. Lens

Structure
Electron

Multiplier

Filament ¢
Cl Volume

Assembly Transfer Ring Electrod
Line Tip ing Electrode

Schematic Diagram of the Hybrid lonization Configuration
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Hybrid CI Scan Function

In the Hybrid CI configuration, the external ion source is installed, but the transfer
line directs the sample into the ion trap. Cl reagent ions are generated in the
external source and only those reagent ions which are selected are stored in the
ion trap. These trapped reagent ions are allowed to react with sample molecules
as they enter the ion trap, forming Cl product ions by ion-molecule reactions.
Hybrid Cl may be used with either positively-charged or negatively-charged
reagent ions.

The ion trap operates in a pulsed mode. Reagent ions are created only during
the ionization pulse and are consumed during the reaction period to form analyte
ions. The number of analyte ions depends on the concentration of the analyte,
the initial reagent ion intensity, and the reaction time.

Space charge control in the Hybrid Cl mode is achieved by using the results from
an AGC prescan to calculate the ionization time and reaction time for the
analytical scan. Because the spectral intensity is proportional to sample
concentration and reaction time, linear calibration curves can be obtained.

EndMass ——»

RF

«—— Start Mass

lonization Reaction Scanning

Hybrid CI Scan Function (Analytical scan only)

During the Hybrid Cl analytical scan, the following steps occur:
A The reagent gas is ionized for the length of time determined by the prescan.

B The selected reagent ions are stored in the ion trap. Ejection of ions above
the Selected Reagent High Mass is accomplished by applying a broadband
waveform between the ionization and reaction periods.

C Reagent gas ions react with sample molecules to form sample ions.
(The reaction time is determined by the prescan.)

D Reagentions are ejected.

E The Hybrid Cl mass spectrum is acquired for the sample ions.

The ionization and reaction storage RF can be set at the same level or different
levels.
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Overview of Hybrid Configuration
View Reagent lons Function

View Reagent lons Function

The “View Reagent lons” function can be used to tune the isolation of individual
reagent ions (see the following figures). In the first figure, you can view all ions
as set in the Reagent lon Start and End Masses.

Because there is no Ejection Amplitude specified, all the ions in the range can be

viewed:
[~ Contiol and Stalus———————————— paipog  Active Segment | Checks and Adustments | Module Attibutes | “
Source: Hybiid Edit Method " .
Method: Hybrid LPS Upload M5 Melhod| | [ ™ethed Segment
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2.0 5
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0.0 b
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In the next figure, the Ejection Amplitude is set at 20 V, thereby eliminating the
ion at 100 m/z and 131 m/z.

Manual Control | Auto Tune | Temperstures | Disgnastics | Startup/Shutdown | Acaquisition |

|-Contiol andStatus —————————————— 1 pioihod  Active Segment Ichgcksandf.\diuslmmlsl Module Altnbulesl a
Source: Hybiid Edit Method
Method: Hybid LPS u rMethod Segmen!
pload MS Method
¥ lonization On Scan Type: | Full w| lonization: | O ~| ScanMode: |Nomal - Setpoints...
VacuumSystem 0K Damping Gas: O I =l CE ! = [
Temperatures:  OK Source: 0K Defaults
ol iz ey (LA VS General Parameters | lonization Contiol - Hybrid Parameters | Full Scan Parameters |
Reagent Gas: |CF3 - E r Polarity Emission Current
&
Reagent Low Mass: BSﬂ miz AELT Ermission Current: 253: uhmps
" Negative
Reagent High Mass: 753: m/'z
. i - r Reagent lons:
Ejection Amplitude: 203_ Volts 7 View
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Reaction Storage Level 253: miz Fo Mot ITD::,‘ e
Cl Background Mass: E[IE: miz =
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lon Gauge ¥ C Gas Acivale - -
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Hide Keypod | [Spectum =] [Ehanges Restore] Humber] - el chemmel 1] [N]
Aol o= 8
Sean Number: 42, Time: 0.67-5 min. Base Peak: §9.0, Base Amount: 3931
RIC: 13832, lon Range: 206 - 150.5 miz lon: 2500 us, Segment 2, Channel: 1
kCounE 59.0 7
E - <l
3_: .
= E
1 E
| i,
Tk h 75 180 135 1d0
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Steps to Create a Mass Spectrum

Sample analysis may be divided into several steps:

Reagent lon Formation

In the first step, reagent gas ions are formed as the reagent gas is ionized by
interaction with electrons emitted by the filament. These reagent ions will then be
used to react with GC analytes to create various ions in a process known as
Positive Chemical lonization (PCI).

Reagent ion formation can be a complex process. For example, when methane is
used as the reagent gas, reagent gas ions are formed as follows:

First, methane is ionized to form two primary ions:
CH, +e~ - (CH3)" + 2e~
CH,+e" > CHj +e + H-

These primary ions then react very rapidly to form predominantly the secondary
ions, CH and C,H{:

(CH3)* + CH, — CHg + CHg
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Overview of Hybrid Configuration
Steps to Create a Mass Spectrum

CHj + CH,; — C,H; +H,

Stable negative ions are formed in the external ion source under electron
ionization.

For example, methanol Cl reagent forms a stable negative ion of m/z 31:

CH4OH + e~ — (CH5OH)~
(CHyOH)** + CHyOH — CH,0® + CH;0~ +H,

Transferring and Trapping Reagent lons

The reagent ions are transferred to the ion trap by applying voltages of the
opposite polarity to the three lenses between the ion source and the ion trap.
Lens voltages are negative for Hybrid PCI and positive for Hybrid NCI. The
voltages on the lenses are tuned in Auto Tune to optimize the focusing the ions
toward the ion trap. The Trap DC offset voltage applied to the ion trap creates a
potential well to trap all ions above a mass determined by the RF Storage Level.
The default RF storage level is 35u, so only ions above this m/z are stored in the
ion trap. Therefore the Cl reagent ions at m/z 17 and 29 are not stored, and only
reagent ions above 35u are available to react with analyte molecules. This ability
to select the reagent ion can add to the selectivity of the Hybrid mode of
operation.

Sample Introduction

Compounds are introduced through a GC column via a transfer line to the
internal ion source.

Sample lonization

In the second step, sample molecules eluting from the GC column are ionized in
the mass spectrometer via either Positive Chemical lonization or Negative
Chemical lonization.

Positive Chemical lonization: lon-molecule reactions between the positively
charged reagent ions and the GC analytes.

There are four principal reactions between reagent gas ions and sample
molecules. They are:

(A) Proton transfer: (RH)*+M - (MH)* + R
(B) Hydride abstraction: R*+M— (M-H)* + RH
(C) Association: R*+M— (MR)*

(D) Charge transfer: R*+M—->M*+ R

whereR* is the secondary reagent gas ion and M is the neutral sample
molecule.

For Hybrid Cl using methane, proton transfer (A) is a major reaction, and
association (C) is the next most often observed reaction. In both cases the
resulting even-electron ions are often relatively stable, and strong (M+1)
protonated molecules or (M+29) and (M+41) adduct ions are often observed
even if the El spectrum of the same component shows no molecular ion.
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Methane is recommended as the most useful PCI reagent gas in the Hybrid
configuration.

Negative Chemical lonization in the lon Trap: Negatively charged low-energy
electrons attaching to GC sample molecules with high electron affinities.

Methane serves a different function in negative chemical ionization than it does in
PCI. Besides ionizing methane in the source, electrons striking methane transfer
much of their energy to the methane molecules and ions during the process.
When the methane pressure in the source is high enough so that there are many
collisions between methane molecules and electrons, this energy transfer
eventually thermalizes the electron energy to levels of less than 1 eV. When
electron energy is this low, attachment to molecules with high electron affinities is
possible.

lon Storage

Following reaction between the reagent ions and the analyte, analyte ions are
stored and stabilized in the ion trap cavity by an RF field applied to the ring
electrode of the ion trap. During ionization, the voltage of this RF field is relatively
low so that ions of the entire desired mass range are stored. An auxiliary helium
gas flow to the ion trap buffers the ion motion and focuses the ions more to the
center of the trap. Helium is used as the buffer gas because heavier gases would
give poor mass spectral resolution.

lon Preparation Options

Once ions are stored in the trap they can be manipulated, if desired. The 4000
MS can use a combination of waveforms applied to the ion trap electrodes to
isolate or remove specific ions once they have been formed and are stored in the
ion trap.

Options like Tandem Mass Spec (MS/MS) and Selected lon Storage (SIS) can
be performed on the ions stored in the ion trap before mass analysis takes place.
In MS/MS, a parent ion is isolated and then dissociated by energetic collisions
with helium buffer gas to form product ions. In SIS, resonant waveforms are
applied to eject unwanted ions within the stored mass range and fill the trap only
with ions in the mass range(s) of interest. Advantages associated with ion
preparation methods are similar to those of other sample preparation methods,
e.g., reduction of noise and increased selectivity.

The Hybrid configuration can have SIS, MS/MS, MS", and MRM as ion
preparation options. SIS is included with all instruments, while MS/MS, MS", and
Multiple Reaction Monitoring (MRM) are available with the MS/MS option
installed.

lon Analysis

The stored ions are analyzed by ramping the RF voltage applied to the ring
electrode to a high value, during which time ions from low to high mass are
successively destabilized and ejected from the trap. Supplemental dipole and
quadrupole voltages applied to the endcap electrodes improve the mass
resolution of the process. Upon ejection, the ions strike a conversion dynode,
initiating a signal multiplication process at the electron multiplier.

The ion trap has a maximum storage capacity beyond which mass resolution and
spectral quality deteriorate. The number of ions created is proportional to the
ionization time; more ions are produced the longer the ionization time. Automatic
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Overview of Hybrid Configuration
Selectivity Considerations

Gain Control (AGC) controls the ionization time to always create an optimum
number of ions in the trap.

The AGC scan function consists of a prescan and up to six analytical scan
segments. The number of ions detected in the prescan is used to calculate the
ionization time for the analytical scan.

All ions with masses above a chosen value set by the RF Storage Level are
stored in the ion trap and ions higher than the selected high mass limit are
eliminated by waveforms applied to the endcaps.

Scanning lons to Collect Mass Spectra

The scanning process for Hybrid chemical ionization is the same as for electron
ionization. After ionization, trapping, and ion preparation steps, ions are scanned
out to the conversion dynode and electron multiplier. Mass scanning is
implemented by increasing the RF voltage on the ring electrode; the mass
spectrum is collected in order from low to high mass over the user-designated
scan range. lons ejected from the ion trap are attracted to the conversion
dynode. In positive modes, electrons are ejected from the conversion dynode,
held at —10,000 V, and repelled to the electron multiplier. In negative mode,
positive ions are ejected from the dynode, held at +10,000 V, and repelled toward
the electron multiplier. The signal is amplified by ~10° by the multiplier and sent
through an integrator to collect an intensity for each m/z. MS data are stored as
sets of ion-intensity pairs for each m/z over the acquired mass range. A complete
mass spectrum is stored for each analytical scan. There are two types of mass
scanning in Hybrid CI. First there is a prescan to count the number of ions
formed in a short fixed ion time. After a calculation based on the prescan ion
count, ions are formed for the ionization time recommended by the AGC prescan
algorithm and the analytical scan is carried out.

Library Searching

There are no libraries of Hybrid PCI or NCI mass spectra included with 4000 MS
software; however, user libraries of these spectra may be created. For details on
how to create user libraries go to the section in the MS Workstation Manual.

Selectivity Considerations

Type of Sample Matrix

One of the advantages traditionally noted for Hybrid chemical ionization is
selectivity. In Hybrid PCI, hydrocarbons have poor response in methane CI. It
may therefore be much easier to locate target compounds in a hydrocarbon-
contaminated sample using methane PCI than using EI. Similarly, negative ClI
gives a good response only for species with a high electron affinity such as
halogenated compounds; chemical background from other types of species will
not even show up in the chromatogram.

Because of these selectivity considerations, it is often worth the time during
method development to analyze samples using the suite of different ionization
and ion preparation options available on your MS system.

Using Hybrid Mode to Obtain More Information

For many species, there is so much unimolecular fragmentation of molecular ions
that there is little or no intensity in the mass spectrum to identify the molecular
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mass. An examination of the NIST Mass Spectral Library confirms this statement.
When one is attempting to identify unknown species the ability to select the
reagent ion may allow highly selective reagent ion/analyte reactions to assist in
identifying the analyte molecular weight and isomeric configuration.

Conversion from Internal to Hybrid Configuration

Converting the 4000 MS from internal to hybrid configuration involves changing
only the ion source. The Internal ion source assembly is removed from the trap
assembly and replaced with the External ion source assembly.

The transfer line orientation remains in the Internal position.

For details on how to add/remove the source assemblies, go to the 4000 GC/MS
Hardware Operation Manual.

Checklist

¢ Remove the analyzer assembly from the MS manifold

e Change the ion source to external

e Move the heat shield to the forward position

¢ Remove the filament adaptor and connect the flex cable

o Replace the analyzer in the MS manifold

Conversion from External to Hybrid Configuration

Changing from External configuration to Hybrid configuration does not require
changing the ion source assembly. However, the transfer line needs to be
changed from front to rear position, and the transfer line tip must be changed to
the internal type.

Checklist

e Change the transfer line orientation from front to rear position.
¢ Replace the internal transfer line tip with the external tip.
e Cut the column 1 mm past the transfer line tip.

e Insert the Hybrid source plug.

Effects of Hardware Configuration Changes

When the configuration is changed, for example from Internal to Hybrid
configuration, several things will happen when System Control is restarted. When
the 4000 MS module connects, it compares the current configuration stored in
the current Module Attributes with the configuration reported by the hardware. If
these do not match, the Module Attributes are updated to the current
configuration. A similar process occurs for the default method (Default.mth).
Thus, after making the hardware configuration change, any method newly built
will have the appropriate instrument configuration by default.
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Starting the Instrument
Initial Pump-down

NOTE: The presetting of Module Attributes generated by the automatic sensing
of a configuration change requires that the user run all Auto Tune routines, as the
prior Auto Tune results will be invalid.

Starting the Instrument

Initial Pump-down
Things to check;
¢ Vacuum connections
e Make sure the transfer line is in
o Make sure the vent valve is closed fully clockwise
e Make sure the column is not broken

Turn on the power at the main power switch; the roughing pump should stop
gurgling after about 10 to 20 seconds. If the pump continues to gurgle, then

1. Check that the analyzer assembly is seated properly on the manifold (there
should be no gaps)

Check that the transfer line is in, and
Make sure the vent valve is sealed.
Start System Control; it will open to the Startup/Shutdown page.

M arual Controll Auto Tunel Temperaturesl Diagnostics  Startup/Shutdovin |Acquisiti0n|

— Status and Control r Current Set Points r Operating Conditions
r Heated Zones —Heated Zone:
Conditions: Analysiz Shut DDWnl Trap Temperature; 150C Trap Temperature; ]
State: Feady Manifold Temperature;  50C Manifold Temperature:  0C
Transferine Temperature; 170 C Tranzferline Temperature; 0C
Source Temperature; 180C Source Temperature; oc
% acuum System W acuum Syzstem Wacuum Systemn
Status: Feady Pump 5 pin Speed: 100 % Pump Spin 5peed: 100 %
Current: -1 mémps
- Prieumnatic: - Prieumatic: - Prigurnatic:
Damping Gas:  On Turr O | Flow Fate: 0.8 mlL/min. Flows Fate: 0.0 mLAmin.
Inlet Pressure: OPs1
Getter Contral Getter Control Getter Contral
(Heater: uli3 Tum On | | |7Temperature: OFF (Temperature: ac

Startup/Shutdown Page
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Check the Vacuum Status

Wacuum System
Turbo Pump
Status:  Mormmal
Speed: 100 %
Current: 251 mémps
Power,  10%/ atts
Temp: 31C

lon Gauge

Preszure: 0.0 uT o
Filament 1: OF.
Filament 2 Untested

Faoreline Pressure: B9 mTarr
Trap Damping Gas Flow: 0.8 mL/min.

Vacuum System Field

The vacuum readings tell a lot about the state of the MS after pump down (and
during operation). Typical operating ranges for the 4000 MS in internal mode are:

Speed 100%

Current 200 — 300 mAmps
Power 9 - 13 Watts

lon Gauge Pressure <20 uTorr
Roughing Line <50 mTorr

If the Pump Spin Speed does not steadily increase, there may be a leak in the
system. Large leaks will be indicated by a turbo speed less than 100%. Small
leaks will show up as an increase in the pump current once at 100% or in the ion
gauge pressure (See Diagnostics). Small leaks are diagnosed by changes in the
ion gauge reading and can be pinpointed using the leak check section. For more
detail on troubleshooting leaks, go to the Troubleshooting section in the 4000
GC/MS Hardware Operation Manual.

Start Damping Gas Flow

The addition of damping gas may or may not improve sensitivity. Start without
damping gas and then increase to 0.5 mL/min to determine if sensitivity
increases.

When the turbomolecular pump speed reaches 100%, turn on the Damping Gas
and Getter Heater using the buttons in the lower left of the Startup/Shutdown
dialog. Once the flow has started you can check the rate in the Operating
Conditions field on the right side of the dialog. The buffer flow is necessary to
maintain mass spectral resolution; He flow also improves the trapping of ions
entering the trap from the external source. Although trapping efficiency and
therefore instrument sensitivity dependence on He flow rate is compound-
dependent, a good initial choice of flow is 3-4 mL/min.

NOTE: He buffer gas flow rate is set in the Module Attributes tab dialog in
Manual Control.
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Starting the Instrument
Set System Temperatures

Diagnostic Tests

The Diagnostics tab is used to monitor the current state of the instrument or to
perform hardware checks on the 4000 MS. The diagnostics can monitor the
vacuum system, the electron multiplier, the waveform system, temperatures, and
the ion source.

Moritoring | Diagnostic Tests |

Trap - OndOIfF lon Gauge
[v lon Source [ lon Gauge
* Filament 1 {* Filament 1
" Filarment 2 " Filarment 2
v MultiplierDynode
v fF Contral
« RF
O wiavefarm

Diagnostic Monitoring Options

Monitoring  Diagnostic Tests l

Clear Al |

O System Yerification
O aveform Generatar
O 5can and Acquisition Test

Diagnostic Tests

For more details on the diagnostic tests, go to the section on Diagnostics Mode
in the 4000 MS Operations Manual.

Set System Temperatures

Analysis Temperatures

lon trap temperature is an important variable for analyses performed in the
Hybrid Configuration as it must be high enough to prevent condensation of
analyte as it elutes from the GC column into the ion trap.

Changing the source temperature takes only a few minutes. However, there may
be subtle effects on lens tuning and mass calibration. We recommend that you
perform mass calibration and trap function calibration shortly after the desired
source temperature is reached and then again several hours later or the start of
the next day.
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The transfer line temperature should be set so that there is no cold spot between
the GC column oven and the MS. A transfer line temperature 20 °C below the
maximum column temperature of the active method should be adequate.

The default manifold temperature, typically 50 °C, is used to reduce any effects
of room temperature variation on the system.

System Bakeout

— Control and Status Analysis  Bakeout |

Conditions: Analysiz Skart Eakeautl

Trap Temperature; 220

I =
Slisliz izl tanifald Temperature: I 12['_'? C
Hold Time: 10.00 hours Tranzfer Line T ermperature: I 29['_% C
lor Source Temperature: I 25['_% C
Hald Timne: 12 Hours
Save | Restore |

Bakeout Settings in the Temperatures Dialog

To remove water that has adsorbed on the manifold while the 4000 MS has been
vented, the system should be baked out. Bakeout is done from the Temperatures
dialog in System Control. Bakeout can also be used to remove chemical
background from the MS after running heavy matrix samples such as
environmental or biological extracts.

Typical bakeout settings are shown in the figure above. When the Start Bakeout
button is clicked, the temperatures are raised to those set in the Bakeout tab
dialog. The Hold Time in the Control and Status field is then decremented until
bakeout is complete. System temperatures are then returned to those set in the
Analysis tab dialog. We recommend that you wait at least two hours after
bakeout is completed before attempting to AutoTune or run the 4000MS, to allow
all temperature zones to equilibrate thoroughly.

NOTE: The transfer line temperature should not exceed the maximum isothermal
temperature of the column.

Startup and Shutdown

Manual Controll Auto Tunel Temperaturesl Diagnostice  Startup/Shutdown |Acquisiti0n|

— Status and Control  Current Set Point: — Operating Conditions

Tranzferine Temperature: 170 C

Source Temperature: 180C

—Heated Zones —Heated Zone
Conditions: Analyzis Shut Downl Trap Temperature: 180 C Trap Temperature: oc
State: Feady kanifold Temperature:  50C Manifold Temperature:  0C

Tranzferling Temperature: 0C

Source Temperature: ac

WYacuum Spstem
’78tatus: Ready

—%Yacuum System

Purp Spin Speed: 100 %

—Yacuum System
Pump Spin Speed: 100 %

-1 mdmps

Current:
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Starting the Instrument
Startup and Shutdown

The Startup/Shutdown tab is used to start up or shut down the system in a safe
and orderly fashion.

Starting the System

When the system is first turned on System Control only operates in
Startup/Shutdown mode.

— Status and Control————————— 1~ Current Set Paint: — Operating Conditions
 Heated Zone: Heated Zone:
Conditions: Analysis Shut Downl Trap Temperature: 150C Trap Temperature: oc
State: Feady Manifold Temperature: 50 C Manifold Temperature:  0C
Transferline Temperature: 170 C Transferline Temperature: 0 C
Source Temperature: 180C Source Temperature: oc
rWacuum System rYacuum System rWacuum System
Statug: Feady Pump Spin Speed: 100 % Pump Spin Speed: 100 %
Current: -1 mamps
r Pheumatic: r Pheumatic: r Pheumatic:
Damping Gas:  On Turn Off | Flows R ate: 0.8 mL/min. Flows R ate: 0.0 mlL/min.
Inlet Pressure: 0Psl
Getter Control Getter Control Getter Control
(Heater: Qff Turn On | (Temperature: OFF (Temperature: oc

|| Hide Keypadl IEvent Meszages d

During system startup you will be able to observe the increase in Pump Spin
Speed in the Operating Conditions field. The software will be locked in the
Startup/Shutdown mode until the speed reaches 100%. You will also see the
temperature readings for heated zones begin to increase in the Operating
Conditions field. If the system is in External configuration, turn on the Damping
Gas flow and the Getter Heater in the Status Control field after the Pump Spin
Speed reaches 100%.

NOTE: Failure to reach 100% pump speed in a reasonable time indicates a
vacuum leak and corrective action should be taken. Go to the Troubleshooting
section in the 4000 GC/MS Hardware Operation Manual.

Shutting Down the System

To shut down the 4000 MS, click the Shut Down button in the upper left corner
of the screen. The heaters will be turned off and the speed of the turbo pump will
be gradually reduced to 35% of full speed. In the screen shown below the
shutdown command has been activated. Notice that the turbo pump speed is
being reduced as the temperature is decreasing.
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u 4000.56 - Not Ready

Manual Control I Auto Tune I Temperatures I Diagnostics  Startup/Shutdown | Acquisition I

— Status and Control—————— ~ Cumrent Set Point r Operating Conditions
Heated Zone: —Heated Zone:
Conditions: Analysis Shut Downl Trap Temperature: 180 C Trap Temperature: ac
State: Ready Manifold Temperature: 50 C Manifold Temperature:  0C
Transferline Temperature: 170 C Transferline Temperature: 0C
Source Temperature; 1a0C Source Temperature; oc
Wacuum System Wacuum System W acuum System
Status: Ready Purnp Spin Spesd: 100 % Pump Spin Speed: 100 %
Current: -1 mbmps
r Prheumatic: r Prheumatic: - Preumatic
Damping Gas:  On Turn OFff | Flow R ate: 0.8 mLAmnin. Flow R ate: 0.0 mLArmin.
Inlet Pressure: opsi
Getter Control Getter Control Getter Control
(Healer. uli3 Turn On | (Temperalure. aFF (Temperature. oc

Hide Keypadl IEvent tMessages LI

To restart the system after you have activated the shutdown, click the Start Up
button on the left side of the screen above. This will restart the pumps and turn
on the heaters.

After the temperature zones have cooled until all temperature zones are below
80 °C, turn OFF the main power using the switch at the rear of system. Manually
vent the system for at least 5 minutes using the valve on the front panel.

NOTE: Retract the transfer line before lifting the analyzer assembly from the
vacuum manifold. Failure to retract the transfer line can cause damage to the
transfer line tip and to the trap assembly.

Diagnostic Checks

Monitoring  Diagnostic Tests l

Clear Al |

O 5ystem Yerification
O ' aveform Generator
O 5can and Acquisition T est

After the turbomolecular pump reaches 100% speed, you can begin normal
operations with the MS. It is a good idea to check for instrument problems by
running all of the routines in the Diagnostic Tests tab dialog of the Diagnostics
mode. Click the Select All button and then click the Start Diagnostic button in
the Control and Status field to the left. If a test fails, refer to the relevant section
of the Troubleshooting Guide in the 4000 GC/MS Hardware Operation Manual.
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Adjusting and Tuning the 4000 MS
Checks and Adjustments

Adjusting and Tuning the 4000 MS

Checks and Adjustments

RF Tune

After doing MS maintenance, changing the analyzer assembly or changing the
MS configuration, adjust RF tuning in the Checks and Adjustments tab dialog of
Manual Control.

RF Ramp Adjustment

Highlight RF Ramp Adjustment in this dialog and click Start. Use a flathead
screwdriver to turn the RF Adjustment screw inside the front door of the 4000 MS
either clockwise or counterclockwise until the tuning display shows a straight line
and the intensity is at a minimum. The Status Bar in the Adjustment Results field
should read OK.

@ System Contral - 500-M5 - Mot Ready
Fle Edt Injsct Adtomstion Reckusts Instnment Windows Heb

85| oo o || e 6] YEIIR|E 1] W] NotReady
u 4000.56 - Not Ready
Morsil Cortl | o Turs | T | Dingrcstics | StatugShutdonm | |

Sanwos: Hyted | et
Methed Hybod LPS u.hdusn.&m' ——
n Mass C 4

Last Set Date: Mot Applicable
Fesult: Hot Adjusted
Higheat Count: 0O

Pacipat RF cod bureng 1o oblan & siaght ine n the:
orcal diplay ard manameze the s of the bar grach,
{0nce the mirimum is found. adiust the col 1/8 of a fum
[counterciockwize

Turing I Top I Cat At egment [~ Sean Function Channals
e ;;;:nm:w I” 06 =i F",’":; I r:,;-qgl [Nm =] AumuL DLy ] -F Cycle Umu.,ﬁq N
Al ol @) 10 =] W

e imber 1, Timé: 0 e

RF Tune Display

Calibration Gas Adjustment

The flow of perfluorotributylamine (PFTBA or FC-43) calibration gas should be
checked before Auto Tune procedures are performed. Highlight Cal Gas
Adjustment in the Checks and Adjustments tab dialog in Manual Control. Turn
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the Cal Gas valve inside the front door of the 4000 MS either clockwise to
decrease or counterclockwise to increase the flow. Adjust the flow so that the

status bar in the Adjustment Results field reads OK.

Marvadl Cortrol | At Ture | Tempesatues | Disgrosics | Stamup/Shutdovn | Acquisiion |

[ Corirol and Status Method | Actve Sogment  Checks and Adustments | Modde Atitutes |
Sousce Hybid

Method Hybed LPS 5 FF Flamg i st Set Date: Mot Applicable

F Tre Cal a T s Char
% i = [ﬁ Crcte Charent [ 12| 1)
A =] 8 1 =]
Baze Feak: 69, Base A
lon: 455 us, Segment: 1,
=]
anz
131
421
o 112 ﬂ
44
A Y
T S D

Calibration Gas Adjust Display

Cl Gas Adjustment

Before acquiring data in Hybrid chemical ionization (Cl) mode, adjust the CI
reagent gas pressure. Details on how to set up methane CI gas are found in the

section “Setting Up Cl Reagents” on page 22.

Air/Water Check

Too high a pressure of air or water in the system because of an air leak or a
need to bake out the system will result in poor performance. This checking

routine gives advice on the levels of air and water.

NOTE: The Air/Water Check uses the electron multiplier voltage giving a 10° gain
and not the manual setting. If the electron multiplier is replaced, auto tune of

Electron Multiplier must be done before the Air/Water Check.
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Adjusting and Tuning the 4000 MS

Auto Tune
Auto Tune
Contral and Statuz Auta Tune Method
Action: |dle v Auto-select prerequisite tuning functions.
State: |dle Select Al Clear Al

|ntearator Lero

Start Auta Tune Electron Lens Tuning
Set Electran Multiplier
lon Lens Tuning
RF Full Scale Adjust
hd azz Calibration
Trap Frequency Calibration
Trap DC Offzet Yoltage

Auto Tune Options

Depending on your configuration and settings, you may or may not see all the
available Auto Tune routings. Perform auto tune when the instrument is first set
up and whenever significant maintenance operations are performed. Also,
perform Mass Calibration and Trap Frequency Calibration whenever the
temperature or RF adjustment is changed.

Auto Tune works the same way in either El or Hybrid Cl modes; you do not need
to run a different automatic setup, tuning, and calibration program for Hybrid CI.

Integrator Zero

The Integrator Zero function obtains the average value of the signal level
coming from the integrator circuitry when the filament is off. When the filament is
off, the major source of signal coming from this circuitry is electronic noise. The
integrator zero is adjusted so that electronic noise does not create an artificial ion
but that ions from the trap striking the multiplier create a measurable signal.

Set Electron Multiplier

The Set Electron Multiplier routine determines two proper settings: the
multiplier voltage needed to achieve a multiplier gain of approximately 10° and
the Electron Multiplier voltage boost for optimum peak intensity and resolution.

Electron Lens Tuning

Electron lens tuning involves measuring the transient behavior of the emission
current immediately after the lenses have been switched on or off. If the lenses
are unbalanced, the emission current will change in time and be proportional to
the imbalance. If the balance is outside the range of 200 to 300 pA, the algorithm
will search the optimal values by changing values of four variables one at a time.
If it fails to find the best voltage setting for lens tuning, auto tune will generate an
error message, and restore the last values in the instrument.

When the Electron Lens Tuning Box is clicked, an additional “Turn on CI gas flow
during tune” option appears. For Cl methods in Hybrid mode, the electron/
repeller lens must be tuned with the CI plunger (Cl volume) in place and the CI
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gas turned on. The user should adjust the Cl gas flow in Manual Control before
this tune function is done.

lon Lens Tuning

The lon Lens system consists of three lenses (Lens 1, 2 & 3). These lenses are
tuned using Cal Gas ions at m/z 131 and 414. Optimum voltages are determined
based on weighted intensities of the two ions. This is an iterative process in
which transmission of both low and high mass ions is monitored as a function of
lens voltages.

RF Full Scale Adjust

The RF Full Scale Adjust routine sets the full scale adjust potentiometer to give
the correct mass assignment for high mass ions in the calibration gas spectrum.
This routine should always be run before Mass Calibration and Trap Frequency

Calibration.

Mass Calibration

The Mass Calibration function locates and correctly assigns the masses of the
PFTBA calibration gas ions at m/z 69, 131, 264, 414, 464, and 614.

lon trap temperature changes can shift the mass calibration axis, so this
procedure should not be run until the ion trap temperature has stabilized
for at least two hours. There could also be subtle effects on mass assignments
after ion source temperature changes. Mass calibration does not have to be
performed again after auxiliary He buffer gas flow rate is changed.

Trap Frequency Calibration

After the mass calibration has been completed, the Trap Frequency Calibration
must be performed. This calibration determines parameters that are required for
the operation of ion preparation methods such as MS/MS and SIS. These
parameters also help to isolate the range of ions to be acquired in full scan
acquisitions. The routine takes several minutes.

NOTE: Trap Frequency Calibration should always be run after Mass Calibration
is done.

Trap DC Offset Voltage

The trap DC offset is adjusted by this routine to optimize the ion signal for m/z
414 in the calibration gas.

Setting Up Cl Reagents

Although several liquid and gaseous reagents are useful in Hybrid configuration,
methane appears to be the reagent of choice. Liquid reagents like methanol and
acetonitrile give weak responses for most analytes in Hybrid positive chemical
ionization, PCI.
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Preparing a GC/MS Method for Data Acquisition
Building the MS Method

Installing Methane CI

For full details on installing a Cl gas, go to the section Installing a Cl Reagent
Gas in the 4000 GC/MS Hardware Operation Manual. Connect the two-stage
regulator of the methane gas cylinder to the back of the instrument through a
50 mL/min restrictor connected to the Cl inlet on the rear of the 4000 MS. Open
the methane tank and set the second stage of the regulator to 20 psi.

Adjusting CI Gas Flow

Go to the Checks and Adjustments tab dialog in Manual Control.

Method Segment  Checks and Adjustments | Module Attributes |

Cal Gas Adjuztment Parameters—————— 1 Cl Gaz Adjustrment
: - Last Set Date: 1/5/2004 11:17 AM

RF Famp Adjustmert Heagent.l Methane j B 1t: Hich

Airwf ater Check gIulL: 1y
Feagent: Methane
Ionization Time: 1000
Total Ion Count: 58779

[ Slp Cancel | Atior: Adjusting

—Adjustment Besults

The resultz are currently incomplete. Additional data is
being collected.

L 0K High

([

Highlight CI Gas Adjustment and click the Start button. Use the Cl Gas Adjust
Valve (#3) inside the front door of the 4000 MS. Turn the knob clockwise to
increase the flow or counterclockwise to decrease the flow. The objective is to
set the ion gauge pressure within the range of 70 — 100 uTorr.

Preparing a GC/MS Method for Data Acquisition

Building the MS Method
Building a New Method
From the Workstation Toolbar, open the Method Builder. @

Select the instrument. You can build an offline method by selecting the Custom
configuration and selecting the desired modules.
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Select Configuration E2

Select an existing instrument configuration for the method or
zelect a custan configuration far the method. Then click Mest tao

continue.
—Select a Configuration—  — Configuration Description
™ Custom
todule | Address |
* Instrument 1 53800 44

T 4000 B

< Back I Mest » I Cancel I

Select which detectors (MS and/or GC) will have data handling.

Select detectors For post-run processing

Select the detectar(s) far which yau want to add post-run
proceszing to the method. Then click Mest to continue.

[w] 4000 tazs Spec at address 56

Select All |

< Back I Mest » I Cancel I

Select what data analysis sections are required; Standard MS Reports and/or MS
Data Handling.
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Preparing a GC/MS Method for Data Acquisition
Building the MS Method

Create sections for post-run processing E

% For the following module: 4000 at address 56
Select the channel(z] to Select the Pozt-Run
PIOCEsE: processes to perfom;
[WLhannel 1=MS Data [v]5tandard M5 Reports

[w|tS D ata Handling

Unzelect Al |

< Back I Mext > I Cancel I

The method will contain the following sections: 3800 GC Control, 4000 MS
Control, Standard MS Reports and MS Data Handling.

Confirm configuration

—Added configuration

El 3800 - Address 44

¢ 1.3800 Contral
- 4000 - Address 56 Click Finish to add the module control
‘... 4000 Control ahd/or post-run pracessing to the
thod.
= Channel 1=M5 Data e
Standard M5 Reparts ou may click Back to go back and
‘o W5 Data Handling change any configuration information.

< Back I Firizh I Cancel
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Name the Method
Use the command File... Save As. Enter a name for the method and save it.

Save Method File As HE
Save jn: IaVarianWS j - £k B

40005ys [ IManuals
data CImMCData
Diacn Data CAmMsELOs
EPData CAMsTutorials
Examnplas [ SakSys
IRData [15cData

i
File name: IEDItest_EHtemal_F'rofiIe.mth Save I
Save as lype: IMethUds [*.mth) j Cancel |

¥ Motes Recent Files >|

Setting the 4000 MS Instrument Configuration

The configuration defines what ionization modes can be used for data
acquisition. In Hybrid Mode, the configuration is Chemical lonization (Cl). The
instrument Configuration is set in the upper-left corner of the MS Method Editor
by selecting from the drop-down list box.

|rgtrument Configuration Acguigition Data Type
|Internal El and CI ﬂ O Centroid  © Profile
Internal EI and C

Ewternal EI

E:-:tenal I . St_art
Huybrid Low Prezsure Source P [min. ]

Hybrid Configuration Options

Hybrid methods can be performed only in positive or negative ion Cl modes (PCI
or NCI) except when Auto Tune methods requiring EI mode are being run. For
both these methods, Cl reagent ions are formed in the external ion source and
drawn into the ion trap to react with compounds eluting from the GC column.
Note the Hybrid HPS and LPS options in the selection menu. Hybrid HPS (High
Pressure Source) is performed with the Cl volume inserted into the ion source
whereas the LPS (Low Pressure Source) option occurs in the El source.

Select the Acquisition Data Type

Centroid data is the default acquisition data type, as data handling, library
searching, and spectral comparison can only be done from this type of data.
Centroid data is reported as ion/intensity pairs to one described point.

Profile data is typically used mainly for diagnostic purposes. Profile files are also
approximately 10 times larger than centroid files, but they can be converted to
centroid after acquisition.

Profile data is collected at 10 points per m/z and is displayed as peaks similar to
a chromatogram. The display allows you to observe the true dispersion of the
response and determine if adequate resolution has been obtained.
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Preparing a GC/MS Method for Data Acquisition
Edit the 4000 MS Method Segments

Edit Chromatographic Time Segments

The Chromatographic Time Segments table allows you to time-program analysis
conditions to get the best results for each segment in the analysis. Up to 250
time segments can be created for runs up to 650 minutes in length. By default,
there is a Filament/Multiplier Delay segment at the start of the run so that the
system will not be stressed during the elution of the chromatographic solvent.
Following this segment, one could just acquire the mass spectra in full-scan with
a single analysis segment. However, one can tailor variables such as acquired
mass range, insert MS/MS segments for individual analytes, and otherwise set
up the instrument to acquire the best data for each analyte.

= Chromatographic Time Segments

- Start | End e = Add
Segment Descrption (min.] | (min.) Scan Description j —I o
| 1 |FILMUL DELAY 3.00 Filament OFf Delete
| 2 |Full-scan for early compounds 3.00 10,00 El Auto - Full —_
3 5/M5 for compound 14 10,00 11.00  El Auto - M5/M5 D efaults
4 JFull scan again | 1100 1900 El Auto - Full Fiestoe |
5 S/M5 for compound 22 19.00 2000 ElAuto - M5S/ME
I3 ~| Special Applications. .. |

Chromatographic Time Segments Table

Adding or inserting a segment will copy all of the parameters from the previous
segment to the newly created segment. Double-click on the required field to edit
the Segment Description, Start Time, or End time of a segment.

Edit the 4000 MS Method Segments

In this section we describe editing of parameters for Hybrid Cl methods. For
more advice on performing Hybrid Cl, go to the section Building GC/MS Methods
- Hybrid PCI and NCI in the 4000 GC/MS Software Operation Manual.

Scan Function Settings

Under Scan Type, one can choose from a variety of types including full scan and
different MS/MS methods. In Hybrid configuration, it has already been noted that
the Instrument Configuration governs whether one can acquire El or Cl data, so
there is only one choice in the lonization menu.

Method Active Segment | Checks and Adjustments I Module &ttributes I

Method Segment

¥ lorization On Scan Type: IFull vl lonization: IEI vl Scan Mode: INormaI 'l Setpoints...

Full

AMD Defaults |
MS /S
General Parameters | lonization Cor{MS “n rneters | Full Scan Parametersl

usis |
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General Parameters Tab

Method Segment
v lonization On Scan Type: - lonization: |C »| Scans

General Parameters l |atization I:u:untn:ull Hybrid F'arameters] Full San Parameters]

SetPoints
Scan Time: 1.00— seconds/scan

Scans Averaged: 43: uScans
Data Biate: .00 Hz

Mazs Defect: DEl: rnrnukd 1000
Multiplier Offzet: I:IE: +/- wolts

Centroiding Parameters

Count Threshald: 1 3:
Customize

General Parameters Tab

Scan Time, Scans Averaged, and Data Rate are all linked. The number of
scans averaged is updated when the scan time is adjusted and vice versa. The
best way to set the scan time is to set the mass range from the Scan Parameters
tab and then change the scans averaged to three. Three scans averaged gives
the best compromise between a high chromatographic data rate and good
spectral averaging.

The Mass Defect allows for a systematic correction of the difference between
the nominal mass of an atom (or ion) and its exact mass. Its importance arises
from the fact that the NIST library reports molecular weights to the nearest
integer mass unit only. The Varian MS Workstation software must decide to
which mass to assign measured intensity. If the exact mass of an ion happens to
fall close to the dividing line between integer masses, the software may make an
incorrect mass assignment. This scenario is more likely for molecules with higher
molecular weights, since the mass defects for several atoms may add together to
produce a sizable mass defect. For example, the exact mass for the lightest
isotope form of C,Brgis 497.51002, which could easily be assigned as either 497
or 498.

The Multiplier Offset adjusts the EM voltage by as much as +300V relative to
the current multiplier setting in the Module Attributes tab dialog in Manual Control
(this is usually the 10° gain value from Auto Tune). Sometimes better sensitivity
is achieved, particularly in techniques such as MS/MS, when the multiplier
voltage is increased. Note that this adjustment can be made on a segment-by-
segment basis.

The Count Threshold is normally 1; a value of 2-3 counts will reduce the
number of low-level ions reported in the mass spectrum. This approach may
improve library searches and reduce data file size at the cost of somewhat less
detailed information in the mass spectra. The count threshold is shown only if the
Customize button is active.
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Preparing a GC/MS Method for Data Acquisition
Edit the 4000 MS Method Segments

lonization Control

b ethod Segment
[v lomization On Scan Type: | Full - lorization: | C »| Scan5

General Parameters  lonization Cantral l Hybrid Parameters] Full Scan F'arameters]

Automatic G ain Control

Target TIC: =~ counts

The Target Total lon Current, or TIC is specified here. The Automatic Gain
Control (AGC) algorithm uses the ion count from a prescan at fixed ion time,
along with this target value, to calculate an ion time necessary to fill the ion trap
with the target number of ions during the analytical scan. The objective is to fill
the trap with an optimal number of ions during each analytical scan. The Target
TIC is usually not set below 10,000 for full scan acquisitions, but it should also
not be set too high or spectral distortions due to space charge may result (loss of
MS resolution and/or shift in mass assignments for strong chromatographic
peaks). Typically, a Target TIC between 20,000 and 40,000 counts gives the best
results.

The default Target TIC for positive or negative chemical ionization is 5,000. The
target can be set as high as 65,000. When the Customize button is clicked (see
below), one has the option to run fixed ion time experiments with ion times as
high as 65,000 psec or to change the Maximum lon Time for Cl Auto
experiments. One can turn on the Cl Gas and the ion trap in Manual Control and
check the ion time in Cl Auto mode.

General Parameters  |onization Control | Hybrid Parz

—&utaratic Gain Control

Target TIC: I RO00 3: coLnts

r— lonization Tirme

[™ Fixed lonization Time

lonization Time; 100= uzeconds

Mas lan Time: I 25003: Lzeconds

i Customize |
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Hybrid Parameters
_ hd |

- Method Segment

W lorization On  Scan Type: [ Ful v| lonizstion: [0 x| ScanSpeed [Nomal =] Setpont:

General Parameters | lorization Control  Hybrid Parameters | Full Sean Parameters |

1~ Hybaid lonization Parameaters

Select Reagent lon % Reagent Gas: [CF3 | Save...l Polarity
; & Posii .
Mass Range \ ResgrilowMass [ &5 e | ;:::’-l— Choose Cl Polarity
Reagent High Mass: 5= m'z i -

Eject Other Cl 1ons s | Ejoct 5] vos Fiangent lone
| = r i i
| M Rt Tiv | !mq— Click here to see Cl ions

. : = | it in hanual Control
| Beaction Storage Levet 253: 'z End Ma m o
1 Background Mass: Sﬂa. m'z

The Reagent Low Mass and Reagent High Mass values are set to bracket the
Cl reagent ion mass range of interest. The Reagent Low Mass must be set to at
least 10u below the mass of the lowest reagent ion of interest without a loss of
intensity for that reagent ion. It is helpful to adjust these parameters in Manual
Control with the View box checked in the field to the right of this dialog. The
Reagent Low Mass parameter sets the RF storage level to exclude ions below
the selected m/z. This is not a precise way to perform isolation. By contrast, the
Reagent High Mass isolation step occurs after the ionization time, when resonant
waveforms are applied to the ion trap endcaps to eliminate ions with m/z above
the selected Reagent High Mass.

Ejection Amplitude is the voltage of the waveforms for high mass isolation of ClI
reagent ions. The default value is 15V.

Max Reaction Time is the maximum time in usec allowed for ClI reaction. If the
ion time is reduced below the maximum based on the results of the prescan, the
ion time will be scaled back proportionately. The allowed range for this parameter
is 1-2000 psec.

The Reaction Storage Level is the RF storage level in the ion trap during ClI
reaction, following the ionization period. It should not be set above the m/z of the
Cl reagent ion with which you wish to perform the Cl reaction, else these ions will
be ejected from the ion trap.

The Cl Background Mass is the lowest m/z counted during the CI prescan. It
can be higher than the low mass of the acquisition range but is usually set to be
at or below the Start Mass value.

Polarity is selected for either positive or negative hybrid ClI.

Set the Start Mass and End Mass ions to View in this dialog. Click the View box
when the method is opened in Manual Control to observe the effects of Reagent
Start Mass and Reagent End Mass isolation adjustments. Remember you must
manually turn on the ion trap and CI gas icons to observe the Cl reagent ions in
this way.
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Preparing a GC/MS Method for Data Acquisition
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Scan Parameters Tab Dialogs

Each of the MS scan types has different parameters that need to be specified.
Below are examples of the two most common scan types used in the Hybrid
configuration, Full Scan and MS/MS. For detailed information on all scan types,
go to the section Building GC/MS Methods in the 4000 GC/MS Software
Operation Manual.

Full Scan Parameters

General Parameters I lonization Control I Hyhbrid Parameters ~ Full Scan Par

—Maszz Range
Low Mass | High Mass
[m/z] [m/z)
1 50 1000
2
3
4
5
6
Insert | Add | [elete

It is typical (see above) to use only a single mass range segment in Cl, in which
case one simply enters the desired values for Low Mass and High Mass of the
acquisition range. However, as shown below, one can enter up to six non-
contiguous mass ranges (separated by at least 10u). This feature can also be
time programmed on a chromatographic segment basis. It is then possible to
tailor the Cl acquisition ranges for Cl to different target analytes depending on
the mass spectrum of each compound. An example of a three-range acquisition
is shown here:

—Mazsz Range
Low Mass | High Mass
[m/2) [m{z]
1 150 200
2 300 350
3 400 425
4 |
5
6
Ileert | Add | [elete |

Setting Parameters for an MS/MS Method Segment

Tandem mass spectrometry, or MS/MS, uses ion preparation steps after the
analyte ionization step and before mass analysis. MS/MS may be performed
after either electron or chemical ionization. Briefly, all ions are eliminated from
the stored mass range except at the m/z of a precursor ion. The precursor ions
are then excited by waveforms applied to the ion trap. When enough energy is
deposited in this way, collisions of precursor ions with helium buffer gas cause
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dissociation of the precursor ions to lower mass product ions. The remaining ions
are then scanned to collect an MS/MS spectrum.

When well designed, an MS/MS method will:

o Fill the ion trap with only the selected precursor ions, so that trap
capacity is used so that in many cases, co-eluting interfering compounds
are excluded from the trap.

¢ Create product ions via a unique dissociation pathway, eliminating
chemical noise.

NOTE: MS/MS is useful only when the target compounds of an analysis are
known. It is not useful for general qualitative analysis except to the degree one is
determining a set of isomers of a given class, such as PCBs or Dioxins.

The MS/MS Parameters Tab Dialog is shown below.

General Parameters] lanization Eonlrol] Hybrid Parameters  M3/M3S Parameters l

P55
Precursor Isolation Low High High Mass Excitation | Excitation Excitation M
lon (m?z) Window  Offset Offzet Ejection Waveform Type| Storage | Amplitude Time
[m/z) [m/z) [m/z) [volts]) Level [mfz] [wolts) [mzec)
131.D| 5.0 0o 0o 15.0 Rezonant - | 57.7 0.20 20

| ] »

"'q"" Calculator Customize

Precursor lon (m/z): The precursor ion is the desired ion m/z that will be
isolated in the MS/MS isolation step. This Precursor lon m/z value is used in both
Resonant and Non-Resonant Methods of MS/MS.

Isolation Window (m/z): The full mass isolation window range is 1.0 to

14.0 m/z. The actual range is dependent on the precursor ion. The default value
is 3.0 m/z. Integral and fractional mass isolation window values are both
accepted. If an isolation window smaller than 1.5 m/z is used, then the exact
mass of the precursor ion should be entered in the Precursor lon Mass field.

If the Low or High Edge Offset range is not sufficient to completely isolate the
desired ions, either increase (in the case of desired ions not being present) or
decrease (in the case of unwanted ions being isolated) the Isolation Window
value.

Low Edge Offset: The mass offset to optimize the ejection of the mass just
below the precursor ion mass. The Low Edge Offset range is -0.5 m/z to 0.5 m/z.
The default value is 0.

Low Edge Offset affects the isolation window on the low mass side of the
precursor ion. Increasing the mass offset (increasing the default from 0 to

0.1 m/z) makes the isolation window on the low mass side of the precursor ion
larger. Decreasing the offset (decreasing from the default 0 to -0.5 m/z)
decreases the window on the low mass side. The offset should be adjusted to
minimize the amplitude of the adjacent masses below the precursor ion. Initially,
adjust in 0.2 m/z increments.
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High Edge Offset: The mass offset to optimize the ejection of the mass just
above the precursor ion mass. The High Edge Offset range is -0.5 m/z to
0.5 m/z. The default value is 0.

High Edge Offset affects the isolation window on the high mass side of the
precursor ion. Increasing the mass offset (increasing the default from 0 to

0.1 m/z) makes the isolation window on the high mass side of the precursor ion
larger. Decreasing the offset (decreasing from the default 0 to -0.1 m/z)
decreases the window on the high mass side. The offset should be adjusted to
minimize the amplitude of the adjacent masses below the precursor ion. Initially,
adjust in 0.2 m/z increments.

If the Low or High Edge Offset range is not sufficient to completely isolate the
desired ions, either increase (in the case of desired ions not being present) or
decrease (in the case of unwanted ions being isolated) the isolation window.

High Mass Ejection: Amplitude of broadband waveform used to eject masses
above the isolated precursor ion. Default is 35 volts. If precursor ions are lost due
to dissociation, reducing this amplitude may help. However, some ions with a m/z
higher than the precursor ion may not be ejected.

Waveform Type: The waveform type is either resonant or non-resonant.
Resonant waveforms are harmonious with the frequencies of electrons held in
the ion trap. Non-resonant waveforms are not harmonious with the frequencies
of the electrons held in the ion trap.

Excitation Storage Level (m/z): The RF storage level in m/z when the
dissociation waveform is applied following isolation. The excitation storage level
range depends on the precursor mass, but the lowest product ion must be more
than several mass units above the excitation storage level. A starting excitation
storage level for a precursor ion can be calculated using the “q” calculator. The
“g” calculator is accessed by right-clicking on any of the fields in the MS/MS

parameters table.

The optimum excitation storage level is a tradeoff between a storage level high
enough to allow fragmentation of the precursor ion and a storage level low
enough to allow efficient trapping of the lowest m/z product ion. A higher
excitation storage level allows more energy to be imparted to the precursor ions
by allowing a higher excitation amplitude to be used.

Excitation Amplitude (volts): Voltage used to excite the precursor ion causing it
to dissociate into product ions. The amplitude range for non-resonant excitation
is 0 to 120 volts. For resonant excitation, the range is 0 to 60 volts. The default
values are 0.2 volts for the resonant excitation method and 20 volts for the non-
resonant excitation method.

If the excitation amplitude used is too large, the precursor ion and product ion
spectra will be absent because both ions will be ejected from the trap. If the
value is too small, the precursor ion spectrum will be dominant and the product
ion spectrum will be weak or missing.

Excitation Time: The excitation time is the time required for collision-induced
dissociation (CID) by ion excitation. The excitation time range is 0 to 650 msec.
The default excitation time is 20 msec for both resonant and non-resonant
excitation.
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Viewing Method Parameters in Manual Control

After a method has been created in the Method Builder section of the Varian MS
Workstation, it can be previewed in Manual Control. All of the MS parameters
can be edited and previewed before a run. However, the number of segments -
or the start and end times of existing segments - cannot be changed unless one
clicks the Edit Method button and goes directly to the Method Builder to make
those changes.

Activating a Method

To activate a different method, use the File... Activate Method command to see
a selection menu.

31 System Control - Yarian MS #1 - Not

File Edit Inject Automation Recalculate

Activate Method, ..
Upload Active Method From Maodules, ..

Mew SampleList. ..
Open SampleList. ..

Choose a method and click Open. The new GC/MS method will be downloaded
to the instrument. The eight most recent methods are available under the Recent
Files button (see below).

Activate a System Control Method File H
Lok in: I o Yarianw's j = |‘=_°F Ef-
1 40005ys CAmMsaLoG
" data C1SCDhata
_1EFData 1 screen captures
1 Examples ClsvsLoG
|~ 11RData %8 2000 test mth
_1MCData 525 031125.mth
KN I— o
File name:  [525 031125, mth Open |

Files of type: IMethods [*.rnth) j Cancel |
¥ Mates FlecentFiIes>|

The active method is displayed in the tool bar.

E System Control - ¥arian MS #1 - Mot Ready

File Edit Inject Automation Recalculate Instrument  Wwindow

2e3| 3] R52s 031125.mth6 A=

m 4000.56 - Mot Ready

Displaying lons

To view ions using the method, turn on the ion trap, and select a method
segment to view. You may turn on the calibration gas or Cl gas by selecting the
appropriate box.
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You cannot turn on the ion trap in a segment where ionization is OFF as in the
Fil/Mul Delay segment #1. Change to an ionization segment:

Active Method Segment Active Method Segment
|;4umher: 1 _I FILAMUL DE L&y |7Numl:|er:| 2_% PaH
—

The ion trap controls will now be active:

: .
Canning [ lonGauge [ Cl Gas Activate

] | e = |

Bestaore

[T Trap [T Calibration Gaz - Method Segment—‘

Turn on the Trap:

: .
Canhihg [ lonGauge [ Cl Gas Activate

Restore

¥ Tiap [ Calibration Gas |' kethod Segment—

The current mass spectrum will be displayed:

Gesritm ¥ Tiap I™ Calibration Gas — Module Athibutes Aclive Method Segment Scan Function Channels Mass Data Type
™ lonGauge [ ClGas Activate = =1|| © Centiod
Number| 2= FaH ¥ Cocle Channel #] 1] d
Fide Keypad | [Spactum — 5] | e oz = || & Piofie
Scan Humber 28, Time: 0.252 min. Base Peak: 30.9, Base Amount: 832 _
RIC: 11237, len Range: 37.4- 4505 miz lon: 5574 us, Segment 2, Channal: 1

Counts] e
02
300+

Interrsity Nermalization
€ Bylonization Time
& None

700+
500
H00—
Gy 38
300 270
200+

T T Y B N B R |
{
L

100

b bbbt
U 165\ 2dﬂ 360 qdﬂ

Acquired Range  miz| -

Editing a Method in Manual Control

In a subset of tab dialogs, one can examine and edit all the parameters in the
active MS method and observe the effects of these changes on the mass spectra
currently being acquired. The exact set of tab dialogs depends on the ionization
and ion preparation modes in the current method segment. After editing a
parameter, you can implement the change by clicking the Activate Changes
button below all the Parameters tabs.

Saving a Method

To save changes to the method, click the Upload MS Method button above the
lon Trap icon. Note that you can also go directly to the Method Builder to edit the
method by clicking the Edit Method button in this area.
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Source: External Edit Method |
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Wacuum Syatem: OF. Damping Gas: OF.
Temperatures:  OF. Source: (]

lon Gauge Pressure; 11.6 uTarr [Fil 1 Yalid]
— Trap
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If you do not upload changes, the method is still checked to see if changes were
made when another segment is selected or when you leave Manual Control or
the Method Segment. If changes have been made then you will be given the
option to save these changes or discard them.

4000.56 - WARNING

& ¥au have made changes ta the method, Would vou like vour changes ta be activated on the instrument? (Clicking "Ma™ will discard vour changes.)

s Mo |
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Acquiring Data
Acquisition

Acquiring Data

Acquisition

Selecting the Acquisition button activates the 4000 module for analysis. If you
start an analysis while the instrument is in another mode, the software will
automatically shift the MS module into Acquisition mode.

‘ (=0 1 P il e Il ™ 53 sl ] () soomssnzosws v | moet ocipests E-b |

°S System Control - ¥arian 4000 GC/MS - Not Ready

File Edit Inject Automation Recalculate Instrument Windows Help

BS|S| Bstatupt.mh || E|En| »B|J S|l 10 [p-| ] Not Ready

m 4000.56 - Ready M=
Manual Cantrol | Auto Ture | T | Diagnestics | down Acaistion |
[ Stotus &nd Cortil WS Methad Tperating Cond

Fiun Time: 0,00 minutes Start Acaquisiion| | | Segment Number, 1 of2 L

End Time: | 10,00 rrirutes S Hatrod | || Segment Desoipton Soan Nurber 1

5 Stan Descriptiors  Filamnt (f ozt Tire: 1

@ NoFaut I ‘wait For Fisadln | | Sean Fange a00- 205 lonCount 0

Hide Keypad | |Spectrum and Chromatogriam x|
4| +lg| =| O = W & a6

| #|g] 1] =u] 4] @

[ Instrument 1 : Jan 08 15:55:05 Module 4000.56: lon Gauge Filament 1 is bad.

svart ||| 1A @ 0 Wi 6 5) [©) B D || [Hsysteme.. Y0000 opor,..| Blmbox- ... | #untited -p... | Ejciporme.. | Fldagnostcs .| [EI@R  asapm

Within a few moments of entering Acquisition mode, you should see the yellow
(Not Ready) light turn to green (Ready). This is an indication that the 4000 MS
module is ready for analysis. If the GC is not ready you will see a Not Ready
message at the top of the screen. Once the GC and AutoSampler come to a
ready state, the Not Ready message will change to Ready. To determine the
individual ready states of the components, you can go to the top pull down menu
under Windows and see the states for the 4000, 3800, and Combi PAL modules.
Once all components are ready, you can start an analysis.

An analysis can be run as a single sample or through an automated sequence. If
you wish to run a single sample, go to “Injecting a Single Sample: on page 38. If
you want to run in automation, go to “Injecting Using a SampleList” on page 39.
Additionally, both single samples and sample lists can be run from QuickStart.

For more information on using QuickStart, go to the 4000 GC/MS Software
Operation Manual.
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Status and Control

— Status And Control

Fun Time: 0,00 minutes Start .-’-'-.u:quisiti:::nl
End Time: | 10.00 minutes Edit Method

' Feady
£ Mo Fault ™ Wit For Readyln

Before an acquisition has been started, the Status and Control field on the
acquisition page will look like the screen above. The Run Time will be 0.00
minutes because the run has not started. The End Time will be the run length
specified for the 4000 MS module in the active method. Ready and No Fault
lights should be green. The Start Acquisition button can be used to override
automation and start a run even before the system comes to Ready. However,
the file name of a run started in this way will be named as 4000.x.sms, not the file
name specified for automation runs. Clicking the Edit Method button will allow
you to open the Method Builder and modify the method. You will be prompted to
re-activate the method after you save changes and return to System Control.

NOTE: A change in the End Time for the MS module does not change the GC
End Time. You must access the GC module from the Windows pull-down menu
and change the GC End Time separately or change the method on the keypad
on the front panel of the GC.

Activating a Method

To activate a GC/MS method, use the File... Activate Method button to see a
selection menu. Choose a method and click Open. This method will be
downloaded to the instrument.

Injecting a Single Sample

You can inject a single sample from System Control by using the Inject Single
Sample dialog.

31 System Control - Yarian 4000 GC/MS - Ready
File Edit | Inject Automation Recalculate  Instruren

:@lﬁl W Inject Single Sample. ..
m 4000.56 - Ready

Display the Inject Single Sample dialog by selecting it from the Inject menu
command Inject... Inject Single Sample... or by clicking on the Inject Single

Sample button on the toolbar ﬂ If enabled, an Instrument Parameters dialog
will be displayed. Otherwise, the Inject Single Sample dialog box is displayed.
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Inject Single Sample [ x]

] - | Injection| Injectors| Amount Std | Unid Peak| 4, 1 MulliChanne
Autolink | Vial | 'y e | Used | (IS, NXZ only)| Factor | Multiplier MultiStandar

Divisor

Sample Hame Sample Type Injcction Hates

Detaul Name [onalss 7 hone I 10 Pos1 v 7 0 [ [ none
41T IO
Inject the Sampls using the Method
[ Wariartw/S\Coltest_External mih Browse Defaults.
I | Clear Cosflicients before Calirating
Cancel DataFiles...| RecalcList..

Enter a sample name in the upper left corner. If an AutoSampler is configured,
enter the vial number where you have placed the sample. Check that the
injection volume and injector used are correct. If you need to change the default
values for any parameter, click the Defaults button. To create a name that
includes more information such as date and time, or to change the directory for
data file storage, click the Data Files button. When you are ready to acquire the
sample, click the Inject button.

If the MS is not in Acquisition mode, it will be changed to that mode
automatically. If an AutoSampler is doing the injection, it will proceed when
instrument modules are all Ready. If you are doing a manual injection, wait until
the System Control title bar reads “Waiting for Injection of Sample” and there is a
blinking yellow Waiting light on the right of the System Control toolbar. Then
inject the sample.

31 System Control - ¥arian 4000 GC/MS - Waiting for Injection of Sample

File Edit Inject Automation Recalculate Instrument  Windows Help
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End Tirme: | 15.00 minutes Edit Method Seagment Dezcription: FIL/MUL DE LAY Scan Murber: 0

O} Ready Scan Description:  Filament OFff lonization Time: 0
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Injecting Using a SampleList

You can create and edit a SampleList in the Automation File Editor or in System
Control. In this section, you will learn how to edit a SampleList and inject multiple
samples from System Control.

Edit Inject  Automation  Becalculate

Activate Method...
Upload Active Method from Modules...

Mew SampleList...
Open SampleList...

QEW H ECal CEISE. o

Open RecalcList...

Mew Sequencelist...
Open Sequencelist...

FErint
Frinter Setup...

Exit
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Choose to open either a New SampleList or an existing SampleList from the File
menu. The SampleList window for the open SampleList is displayed. It contains
fields that are specific to the sampling device configured in the instrument. If a
sampling device such as the 8400 AutoSampler is configured, the corresponding
SampleList is used, as depicted in the following image.

1 8400 SampleList: New_Samples.smp |- (O] x]

Injection
Volume

Injectors| Amount Std
Used | (I5. NX only] Add

d Insert
Delete

Fill Dawn

Add Lines

Defaults...

| Sample Name Sample Type |EVBL| Inji. | Injection Notes AutoLink | Vial

Detault Name |Analysis 1 nane none 0 1.0 Pos1

[efelfmfinf ]|
ol K K A N A K RN
RN RN KN KN K

-
=}

L[ i

Begin || Suspend || Fesime Data Filss RecaloList

Spreadsheet columns can be sized by dragging their border using the left mouse
button. Right click on the column headers for formatting options. When the table
is scrolled to the right, the Sample Name column doesn't scroll so you can easily
tell for which sample you are entering additional parameters. Click the Add
button to add additional samples. Enter the name, sample type, and vial number
for all samples. Then click the Begin button in the lower left corner to start the
SamplelList.

Monitoring the Status of Runs

After an injection is performed, the status of the run can be monitored in the
instrument window.

40 of 41



Acquiring Data
Monitoring the Status of Runs

‘ = P P i el 53 ) 1] (Bsconseman s b | Elycamest Eernaint b

°S System Control - ¥arian 4000 GC/MS - Running

Right-click For options
515

Fle Edit Inject Automation Recalculate Instrument Windows Help

D] Bcotest_Extemalmth ve| Bn|En| pE| % Sl sl 1n]»|m| Running
m 4000.56 - Running [ =] <]
Manual Cantrol | Auto Ture | T | Diagnostis | Startup/Shutdown Acquisiion |
[ Status And Contiol S Methed Opeigting Condiions——————————
Fiun Time: 1095 minutes Stop Acquisition| | | Segment Number: 2 of 2 DatsFil:  8081_Lin_Colunn_Test
15.00 minutes o Segment Description: Scan Mumber; 394
@ Running Scan Description:  El Auto FULL lonization Time: 2683
@ Mo Faut I~ \wiait For Readyin | | Scan Range 40-300 lon Count: 115117

Hide Keypad | [Spectium and Chiomatogram
4 #l8] =| G- = B &l

Sean Humber: 005, Time: 10.8967 min
RIC: 228626, lon Range: 90 - 300 miz

Base Peal: 43, Base Amount: 44030 _

lon: 1386 us, Segment: 2, Channel: 1
kCounts] K E
3D_§ 5 a7 a3 4
I a1 E|
E = 101
™3 128 157 K
] R 5 I S N
f h 100 140 2do E i
Acquired Range  miz| =
4| 0] I =8| A
kCounts] RIC All B0B1_Lin_Column_Tesi_1 SMS
3004 E
ENE
1004 =
o] T T T T T '
25 50 75 10.0 125
minutes| -
[ | 1:Jan 12 13:24:29 Module 4000.56: Filament 2 not OK.

hstore|| 1) @ 52 B @ G (©) [T || F)4000_oper... | [inkiox - .. | Byciporume.,, | &lurtted - ... |[Hsystemc.. | (al soltaire [EBRER  rzm

The module status is shown in the status and control windows and on the
Toolbar. You can monitor the chromatogram and spectra here in System Control,
or you can click the far right button in the Chromatogram toolbar to transfer to MS

Data Review, where you can perform operations like library searching while the
data file is being acquired.

For more information on data acquisition features, go to the section “Acquiring
GC/MS Data” in the 4000 GC/MS Software Operation Manual.
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