An Introduction to LECO's Comprehensive
Two-Dimensional Gas Chromatography (GCxGC)
with ChromaTOF® Software

LECO Corporation; Saint Joseph, Michigan USA

NOTE: This document is intended to provide an introduction to LECO's GCxGC systems. Suggestions and recommendations
are intended to help new users familiarize themselves with the technique and how the ChromaTOF® software is utilized.
Many advanced parameters and options in GCxGC-related Methods are not addressed in this document. It is not designed
and is not intended as a substitute for attendance at the LECO GCxGC Training Course. Methodology and Method Content
are discussed at a level intended to enable a new user to begin system familiarization at a basic level.

Introduction

Comprehensive Two-Dimensional Gas Chromatography (GCxGC) is a technique that utilizes two columns of different
selectivities, connected in series, to increase chromatographic resolution and peak capacity. The columns are joined by a
modulator. The purpose of the modulator is to collect segments of effluent from the first column or first dimension, focus it
into a narrow plug, and rapidly inject it onto the second column, or second dimension, where a rapid separation is
performed every cycle, or modulation period. The technique is “comprehensive” in that the modulator functions in such a
fashion that all effluent from the first dimension column is transferred onto the second dimension column.

In the most commonly used system configuration, a longer column, often 10 to 30 m in length, with a non-polar stationary
phase, such as polydimethylsiloxane, is used in the first dimension. A shorter, generally 0.5 to 2 m, narrower bore column
with a polar stationary phase, often a wax, is used in the second dimension. The conditions used are such that the elution
bands at the end of the first dimension are significantly wider than would be observed under conditions optimized for a
single column separation. This is done in order to obtain modulations across a band, often referred to as “slices”, in much
the same way as data points are obtained across a traditional 1D GC peak. As these elution bands exit the first dimension
column, they enter the modulator, where they are focused into a narrow plug and injected onto the short second
dimension, where a second rapid separation is performed. Figure 1 shows a conventional 1D GC peak and the same
peak run in GCxGC. The second dimension column is usually of a narrower bore than the first dimension column in order
to increase velocity on the second column. This is necessary because each second dimension separation must be
completed before the next cycle of the modulator. The signal, as seen from the detector, is that of a series of short second
dimension chromatograms, one for each modulation period.

Figure 1: (A) A peak, run in conventional 1D GC,
as detected by an FID. (B) The same peak, run in
GCxGC with a thermal modulator, as detected by
an FID. The peak has now been divided into
seven slices by the modulator. Note that the
shape of the unmodulated peak (the dashed red
line) has been intained after Julati
Another adv ge of GCxGC, specific to
5.0 5.1 52 53 5.4 5.0 51 52 53 54 thermal modulation, is the increase in signal

i ity due to fa ing of the peaks that occurs
as part of the modulation process.

Visualization and interpretation of the chromatogram is extremely difficult in this format. At this point, the data processing
software (ChromaTOF) converts the linear trace into a matrix. Figure 2 shows the process of converting the linear trace,
showing five modulations of a single 1st dimension peak, into a two-dimensional matrix. Before the individual second
dimension chromatograms are separated, a single retention time is associated with each data point, (Ex. the red peak in
Figure 2A has a retention time of 72.4 seconds). Within the modulation, the red peak has a retention time of 2.4 seconds.
When the matrix is formed, modulations have 1st dimension retention times increasing in increments of modulation
period (5 seconds in this case). The red peak's 1st dimension retention time would be 70 seconds, and its 2nd dimension
retention time would be 2.4 seconds. For the blue peak in the next modulation, its 1st dimension retention time would be
75 seconds, and its 2nd dimension retention time would be 2.4 seconds. The 1st dimension retention time identifies which
modulation the peak occurs in and the 2nd dimension retention time identifies a peak's retention time within the
modulation. The peak can be approximated in 3D in this matrix view. The peak's shape in the 2nd dimension can be taken
directly from the linear trace. The peak's shape in the 1st dimension is approximated by traces across the individual
modulations (see Figure 1B). These two sets of traces can then be combined to form a wire frame 3D representation of the
GCxGC peak (see Figure 2D).
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Figure 2: (A) The linear trace as seen by the d Each color seg of the trace repr an individual d col separation associated with a single
cycle of the modulator. The trace shown in this figure corresponds to data collected using a 5 second modulation period. (B) The linear trace is then divided into its
individual d di ion separati (C) The individual d col separations arranged by 1st dimension retention time on the x-axis and by 2nd

dimension retention time on the y-axis. The intensity of the detector signal is displayed on the z-axis. (D) A wire frame 3D approximation of a peak generated by
ChromaTOF from data similar to that shown in (C).

By applying a color-scaled surface to the wire frame, a 3D chromatogram is generated, with retention times on the x- and
y-axis, and detector response on the z-axis. Figure 3 shows a section of an actual 3D chromatogram. In ChromaTOF, this is
referred to as a “Surface Plot”. The more common way to view these chromatograms in ChromaTOF is a two-dimensional
representation known as a “Contour Plot”. In the Contour Plot, the viewpoint of the observer is as if they were looking
directly down the z-axis. In this view, signal intensity is represented by a scaling of color.
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Figure 3: (A) A Surface Plot of a portion of a GCxGC chromatogram. (B) A Contour Plot of the same region displayed in (A).

ChromaTOF for GCxGC

ChromaTOF is LECO's proprietary software package for chromatography. ChromaTOF version 4.22, the most current
version as of this time, will be shown. Some features and software layout may be different or absent if using a different
version of the software. Three methods will be covered relating to the collection and analysis of GCxGC data, they are the



GC, MS, and DP Methods. Parameters of a method will be covered in a “top down” fashion, as they appear in the method.
Before working through the methods, it is critical to establish that the correct column configuration is specified. Many
method parameters are calculated according to information specified in these fields (i.e., flow, maximum temperature
limits, etc.). Column configuration is found under the “Instrument/Gas Chromatograph/Column Configuration” pull-
down menu (see Figure 4).
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The fields for the column configuration of the instrument are shown in Figure 5. These would be the correct configuration
entries fora20 mx0.25 mm I.D. x 0.25 um df Rxi-1ms primary column and a 1.25 mx 0.10 mm I.D. x 0.10 um df BPX-50
secondary column, operated in GCxGC mode, with the connection of the two columns occurring at the base of the
modulator. It is essential that any changes that are made to the column configuration (i.e., trimming length from the
column, changing column length, changing stationary phase, etc.) be updated in the Column Configuration to reflect the
current configuration of the system. *(Note: The column internal diameter is entered in um, not the mm value given on the
column box.)

Column Configuration @
Flow Path 1 Capilaries 1 Flow Path 2 Capillaries 1 Import / Export ]
# |Type Location Length(m) | Int. Diameter{p]| Max Temp(°C} | Film Thickness(u) [Phase [BI
1* |Inlet Front h
2 Capillary | GC Oven 20.000 250.00 330.0 0.25 Rxi-1ms
3 Capillary : Modulat 0.100 100.00 360.0 0.10 BPX-50
4 Capillary Secondary Oven 0.940 100.00 360.0 0.10 BPX-50
5 |Capillary :Detector or MS Transfer Line:0.210 100.00 360.0 0.10 BPX-50
6 |Detector TOF
- {1 2 Figure 5: The correct Column
Configuration entries for a 20 m x
: : 0.25 mm I1.D. x 0.25 pm df Rxi-1ms
Maote: The first st specifiy the inlet. The last st the detect
SRR s b S [o st ety she et primary column and a 1.25 m x 0.10
Add Delete Promote Demate Copy I Paste I mm I.D. x 0.10 pm df BPX-50
secondary column, operated in
GCxGC mode, with the connection
OK ‘ Cancel ‘ Help of the two columns occurring at the
base of the modulator.

GC Method

The GC method covers parameters necessary for operation of the GC. These include system configuration, oven temperature
programs, inlet parameters, etc., as well as parameters specific to modulator operation in the GCxGC mode.

At the top of the GC Method, the first piece of information that must be confirmed is the identification of the type of GC
that is being used. The choices available in ChromaTOF v. 4.22 are the Agilent 7890, the Agilent 6890, the Shimadzu GC-
2010 and a Generic GC. Immediately below the GC type are two options, one for LTM columns and one for GCxGC. The
box for GCxGC must be checked. Figure 6 shows this portion of the GC Method as it would look for an Agilent 6890
operating in GCxGC mode.
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The next section of the GC Method is the Column Configuration section. At the top of this section is a colored indicator
with a dialogue box. Its purpose is to give a quick indication of any problems in the Column Configuration. A green
indicator means there are no detected problems. A yellow indicator means a problem has been found, but this problem
does not prevent the system from operating. A red indicator means a problem has been found, and the system cannot
function until this problem is resolved. When a yellow or red indicator is present, the problem will be indicated in the
dialogue box. The column configuration defaults to the global configuration of the system at the time the new GC Method
was created. If the global configuration has been changed since the creation of the GC Method, the method can be
updated by right-clicking and selecting “Use Global Column Configuration” (see Figure 7). This will update the Column
Configuration to match the Instrument Global Settings.

e __________________________________________________________________________|]
Capillary Configuration;
Ma problems detected with column configuration.
Flow Path 1:
# | Tupe Location | Lenathim) | Int. Dismeterly] | Max Temp | Film Thickness))| Phase | Bleed Masses
12* lcnld'u Ergnctu s 018 DB
3 Dalt:“ Eltf}' THE Y8 Column Information : -
etectar
Inlet Configuration
Flow Mode
Split / Purge
Inlet Temperature
Oven Temperature
Figure 7: If the global
Add Creat=Gopy. .. o | Copy Paste configuration has been changed
——  Print Preview... since the creation of the GC
3 Method, th thod b
[ Enable Flow Path 2 Print... .—eJ od, b;ri";n-o" c.qnv :nd
= Use Global Column Configuration selecting “Use Global Column
Configuration”.

The next section of the GC Method relates to the carrier gas and inlet set-up. Use the pull-down menus to select the correct
settings for the instrument in question (see Figure 8). The example shown is for a system using helium carrier gas with a
Split/Splitless inlet operated in Split mode. It is important to note that the Active Inlet Location must match that specified in
the Global Column Configuration.

Carrier Gas:

| Helium j

-'u'_

Front Inlet Type:
| Spit / Spltless ~|

Frant Inlet Mode:
| 5pit ~|

Active |rlet Location:

& Front ~ The active inlet must be present in the capillary configuration. Figure 8: The section of the GC

Method relating to the carrier gas
and inlet set-up.




The next section of the GC Method is the Column Flow Mode section. At the top of this section is a colored indicator with a
dialogue box, similar to that found in the Column Configuration section of the GC Method. Immediately below is a check
box enabling the use of “Corrected constant flow via pressure ramps”. Note that when this box is selected, the pull-down
menu for column mode disappears. It is critical that Corrected Constant Flow be used in GCxGC mode. The reason for this
is that in the LECO GCxGC, a column ensemble is used. This column ensemble consists of two columns with different inner
diameters. The GC's Electronic Pressure Controller (EPC) is only capable of handling a single column's parameters. In
order to obtain correct flows for the system, ChromaTOF calculates a “virtual column” using the information in the GC
Method Capillary Configuration and generates a pressure ramp program for the EPC. This pressure ramp program allows
the system to maintain a constant flow during the course of the analysis. Failure to utilize Corrected Constant Flow is one
of the most commonly seen sources of problems with GCxGC methodology.
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Mo problems detected with prezsure / flow.

[v Conected constant flow via pressure ramps LIze thiz made when in GEXGT made ar using shart
[ < 5 m]=single column or two columns.

Column 1 # Front Inlet flow(s]:

# |Rate [ml/mire) Target Flow [ml/min] Diuration [min)
1% | Iritial 1.00 Entire Aun

Figure 9: The Column Flow Mode
section of the GC Method. The
“Corrected constant flow via pressure
ramps” box must be selected for
GCxGC methods.

The next section of the GC Method is the Oven Programming section. At the top of this section is a colored indicator with a
dialogue box, similar to that found in the Column Configuration section of the GC Method. The GC oven temperature
program is entered under “oven temperature ramp” (see Figure 10). In GCxGC, it is most common to utilize ramp rate in
between 5°C/min and 12°C/min and in some cases, as fast as 20°C/min. The check-box for “Enable Secondary Oven”
must be checked. The second dimension column is housed in the Secondary Oven. The term used in GCxGC to describe
the temperature relationship between the Primary Oven and the Secondary Oven is called the “Column Offset”. The
Secondary Oven's temperature program differs from that of the Primary Oven in its initial and final temperature. This
difference is the Column Offset and is a positive number for LECO's GCxGC. In the example shown in Figure 10, the
Column Offset is +5°C. The Secondary Oven's temperature program is identical to that of the Primary Oven except that its
initial and final temperatures are 5°C higher. In ChromaTOF, there is no field to enter the desired Column Offset; it must
be accounted for in the values you enter into the oven temperature programs. Column Offsets of +5°C to + 15°C are most
commonly used. The Column Offset is adjusted to modify retention in the second dimension. It can be decreased to
increase retention in the second dimension, or it can be increased to decrease retention in the second dimension.

Mo problems detected with oven temperatures.
Oven Equilibration Time [ minutes J; Maote: All owen temperature ramps [ except the secondary oven |
will have the same duration. Thiz iz accomplished by extending the
1 final hold time.

Enter oven temperature ramp below:

# | Rate ['C/min] Taraet Temp [*C) Duration [min] Add
1 | Inibal 35.00 200
2 110.00 330.00 0.00 Remave

Coolant to Column Owven ¢ On 7 0Off

[v Enable Secondamy Oven

# | Rate [(C/min] Target Temp ['C) Duration [min] Add

1 | Iritial 40.00 200

2= |[10.00 335.00 0.00 R
emave

I

Figure 10: An example of the Oven
Programming section of the GC
Method. In this example, a +5°C
Column Offset is utilized.
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The GCxGC Parameters section is where modulator specific criteria are established. The first step is to ensure that the
check-box labeled “Modulator Enabled” is selected. Immediately below this is where the Modulator Offset is established.
The modulator serves two distinct functions, trapping segments of primary column effluent and acting as the injector for
the secondary column. As with a conventional GC inlet, it is beneficial for the temperature of the inlet to be higher than
that of the analytical column. This allows for the transfer of relatively narrow injection plugs from the inlet to the column.
In thermally modulated GCxGC, this is accomplished by maintaining the modulator, and its associated hot jets, at an
elevated temperature in relation to that of the secondary column. The difference in temperature between the
modulator/hot jets and the secondary oven is referred to as the Modulator Offset. In the case of LECO's thermally
modulated GCxGC, the modulator is located in the primary oven with the secondary oven located on top of the modulator
housing. Because of this configuration, the temperature differential between the primary oven and the modulator/hot jets
is actually the sum of Column Offset and the Modulator Offset. This sum of offsets is the value that is entered into the
“Modulator Temperature Offset” field in ChromaTOF. LECO recommends a Modulator Offset of +15°C as a starting point
in method development. In the example shown in Figure 10, a +5°C Column Offset is specified. If the LECO
recommended Modulator Offset of +15°C were used, the value entered into the Modulator Temperature Offset would be
“20". This corresponds to the sum of the two offsets (see Figure 11).

The “Purge Pulse Time" setting provides the ability to pre-chill the cold jets before operation of the cold jets commences.
The default value is “0” and this value should be sufficient the majority of the time. It may be necessary to enter a different
value, for example, if the dead time of the primary column were very short, the start of modulator cycling was delayed to
some point after injection, or it was necessary to modulate very volatile species such as butane. In that case, a value
between 1 and 10 seconds would be entered. If a value of “5” were entered, the colds jets would turn on for 5 seconds
immediately prior to the start of modulator cycling.

The “Modulation Timing” section establishes the timing of the various segments of the overall modulator cycle. The “Start”
and “End” correspond to the initiation and termination of modulator operation. The default values are “Start of Run” and
“End of Run”. The “Modulation Period” refers to the amount of time necessary to complete a full cycle of both stages of the
modulator. As a general rule of thumb, it is desirable to make the Modulation Period as short as possible, while obtaining
sufficient separation on the secondary column and avoiding wrap-around. Modulation Periods of less than 2 seconds
should be avoided due to temperature lag. The most common values for Modulation Period are between 4 and 7 seconds.
For a 5 second Modulation Period, each stage of the modulator would comprise 2.5 seconds. This time is then subdivided
again into the “Hot Pulse Time” and “Cool Time”. The Cool Time corresponds to the amount of time that the modulator is
focusing analytes. The Hot Pulse Time corresponds to the time that the modulator is functioning as the injector for the
secondary column. Only the Hot Pulse Time is entered by the user. The Cool Time is calculated by the software by
subtracting the Hot Pulse Time from the modulator stage duration and assigning the used portion of the modulator stage
duration as Cool Time. Hot Pulse Times between 0.60 s and 0.80 s should be sufficient for the majority of applications. It is
important to remember that there must be a compromise between the performance of the focusing and injecting
functions of the modulator. Increasing the Hot Pulse Time to improve injection performance will decrease focusing
performance and vice versa.

GC#GLC Parameters
v Modulator Enabled

todulatar Tenmperature Dffzet [ T, relative to the GC aven temperature |
20 +15 *C relative to the secondary oven iz recommended,

Purge Pulze Time [ zec );

e

M odulation Timing: For 10 GC zet second dimension time to 0
i T 13

g oo ot P o it T ot s St v 11

fmztt = . = Par of a GC Method. In
this ple, a +5°C Col Offset
and a + 15°C Modulator are utilized
along with a 5 second Modulation

_< > Period using an 800 ms Hot Pulse.

DP Method

The Data Processing (DP) Method covers parameters necessary for analyzing the data collected by the GCxGC. Some of
these include computing the baseline, establishing criteria for finding peaks, calculating the area and height of peaks,
and on GCxGC systems equipped with a Time-of-Flight Mass Spectrometer (TOFMS), and a library search of the spectra
against a library for analyte identification. Examples shown will assume the GCxGC is equipped with a TOFMS.

When a new DP Method is created, the only content the method will display is a selection of 16 un-checked boxes (see
Figure 12). In this example, only the 4 most commonly used tasks will be discussed (see Figure 13). The remaining
available tasks will be covered in the Training Class.



0@*5...“...“vﬁIVJjE"GCKGC'"“'J"
5
§

Select the tazk or tasks you wish to perfarm from the list below,

Bazeline - computes bazeline

Peak Find - find: peaks above the bazeline

Library Search - identifies all peaks found

Calculate Area / Height - computes the area and height of peaks without a calibration
Retention Index Methad

Classifications

Apply Calibration(z] - computes the absolute concentration of peaks bazed upon a calibration
Apply Referencels] - computes the relative concentration of peaks with respect to a reference
Semi Quantification - computes concentration bazed on another analwtes calibration curve
Ture Check,

EF& Method - selects the EPA Method

Report - prints selected reports for each sample
E xport peak information in A5CII C5Y format
Export data in Andi M5 format [.cdf)

E xport data file

Cache script results

o fm m lm

Figure 12: The selection of
available tasks in a new DP

- ] Method.

S T ———————————
Select the tazk or tazks vou wizh ko perform from the izt below.

Bazeling - computes bazeline

Pealk Find - findz peaks above the bazeline

Library Search - identifies all peaks found

Calculate Area / Height - computes the area and height of peaks without a calibration

Retention Index Method

Claszifications

Apply Calibration(s] - computes the absolute concentration of peaks bazed upon a calibration
Apply Referencelz] - computes the relative concentration of peaks with respect to a reference

Semi Quantfication - computes concentration based on anather analytes calbration curve
Tune Check

EPA Method - zelects the EPA Method
Repaort - prints selected reports for each sample
Ewport peak information in ASCI CS54 farmat

Figure 13: The selection of available

U o (Y I R

Export data in Andi M5 farmat [.cdf] tasks in a new DP Method with the 4
¢ most commonly used tasks (Baseline,

EHFII:IH: datg file: Peak Find, Library Search, and

Cache zcript resulks Calculate Area/Height) selected.

It is usually beneficial to use an unprocessed data file to assist in developing the DP Method. The linear trace is used to
determine peak widths in both the primary and secondary dimensions.

In the Baseline section, ChromaTOF calculates the baseline for the chromatogram. The first criterion that must be entered
is to specify what portion(s) of the chromatogram the baseline should be calculated for. The default values that
ChromaTOF populates the fields with are to calculate baseline from “Start of Run” to the “End of Run”. The next field
establishes the Baseline Offset. This establishes where the baseline will be drawn in relation to the noise. The default
value is 1.0, which draws the baseline just above the noise. The most commonly used values are 0.5 and 1.0 with analyst
preference determining the choice. The final information in this section is determining how data smoothing will be
performed. The default setting is “Auto”. In the pull-down menu, the analyst can specify “No Smoothing”, a specific
number of data points (3 to 49) to smooth, or “Auto”. The “Auto” setting determines the number of points to smooth by
using the expected peak width value from the Peak Find, and is described in the next section. Figure 14 shows an example
where the baseline is calculated through the middle of the noise—from the start of the run to the end of the run—and
automated smoothing is used.
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Enter bazeline tracking info below:

Start

End

Mode

1*

Start of Run

End of Run

Default

Add

Remaove

i

Enter the baseline offzet below [ 0.5-3.0]:

e

Examples:
05 T

hrowgh the middle of the noize

1.0 Juzt above the noize

Enter the number of data points that should be averaged for smoothing below;

Figure 14: An example of the section

j of the DP Method pertaining to

|Autn
of the b li

The next section of the DP Method relates to the Peak Find task. The first information requested is the expected baseline
peak width in the second dimension. The expected peak width should be in accordance with the minimum expected peak
width for the analysis. The most effective way to determine this value is to examine an unprocessed data file that the new
method will be used to process. The first step is to select an unprocessed data file in Acquired Samples, then display the
chromatogram for that sample (see Figure 15). Zoom in to a single modulation early in the chromatogram and locate a
narrow, well-shaped peak. This peak should be representative of the narrowest peaks you want the Peak Find algorithm
to identify as a peak. Peaks narrower than this peak will be considered noise. Zoom in on this peak in order to determine
its width at baseline. The peak shown in Figure 16 shows a baseline width of approximately 0.100 seconds. This is the
value that will be entered as the expected peak width in the DP Method (see Figure 17). If peak widths are expected to
increase significantly during the run, it is possible to specify an expected peak width at two different points during the run.
This option is covered in the training class. Immediately beneath this section is an entry for the “Maximum number of
unknown peaks to find”. The default value is 100,000. The value's basic starting point should be greater than or equal to
the number of peaks the analyst expects to see in the run. Further strategies for utilizing this field are covered in the
training class.
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Figure 15: An example of the linear
trace chromatogram for an

Enter the masimum number of unknown peaks to find: {5000

unpr
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g0000 1
40000 A
20000 -+
0 T T T T T . .
1st Time (s) 724 724 724 724 724 Figure 16: An example of a single
2nd Time (s) 0.8 0.85 0.9 0.95 1 peak in the linear chromatogram. In
—) this example, the peak has a
= baseline peak width of
[« 1 2 1 | | appr Iy 0.100 d
Enter the expected peak width in zeconds below: [ as measured from bazeling to bazeling |
[ Peak widths broaden throughout the chromatagraphic run
Peak width Retention Time Far broadening, two peak widths may be specifisd at bwo
||:|.-| oo | different retention timez, Al peak widths will be
extrapolated from these bwo paints. Figure 17: An ple of the expected

peak width section of the DP Method
where the minimum peak width for the
peak find algorithm is 0.100 seconds,
and the analyst expects to see 5000
peaks in the run.



The next section of the DP Method relates to segmented processing of the data. Segmented processing allows for the
processing of selected portions of the data. The default setting specifies that Peak Find process from the “Start of Run” to
the “End of Run” and specifies the minimum S/N ratio for the Peak Find algorithm to assign a peak. The use of multiple
lines in this table allow the analyst to either turn on/off Peak Find at different times during the run or change the minimum
S/N requirement throughout the run. There are two other fields in the table—masses and apexing masses. These fields
will be covered in the Training Class. An example of the segmented processing portion of the DP method utilizing Peak
Find throughout the chromatogram with a minimum S/N of 100 is shown in Figure 18.

Enter zegmented proceszing info below:

# Start End Peak Find S/H Masses
1* |Start of Run End of Run on 100.0 Add J

Remove

Figure 18: An example of the
g ted pr ing section of

the DP Method. In this example,

Peak Find searches the entire

v | > chromatogram for peaks with a

S/N of 100.

The next section of the DP Method is the GCxGC parameters section. The GCxGC Parameters check-box must be checked
in order for the GCxGC parameters to be visible in the method. The “Match Required to Combine” field is an important
criterion in how the peaks in the individual second dimension chromatograms, or slices of a component, are combined
into a single peak. The “Match Required to Combine” describes the minimum spectral similarity between peaks in
adjacent slices in order for them to be combined into a single GCxGC peak. The default value is 600.

W Figure 19: An example of the “Match
I_ G EHG I: F'EITEITIE-":ETS Required to Combine” field in the

GCxGC parameters section of the DP

f Tar=r Method with a mini spectral
M EItCh H Equ"Ed o CDITI':III"IE. EDD similarity of 600 required in order for the
peaks to to be combined.

The next field allows for an analyst-specified amount of second dimension retention time shift for slices of a peak. In a
temperature-ramped oven program, the last slice of a peak will elute at a higher temperature than the first slice. This will
result in the last slice having a slightly shorter second dimension retention time than that of the first slice. For slices of the
same peak, the shift will always be to an earlier second dimension retention time. If this option is selected, the default
setting is to allow for a 0.100 second shift earlier in the second dimension (see Figure 20). This feature is more relevant
with larger, wider first dimension peaks that are modulated into 5 or more slices. The more slices a peak is modulated into,
the larger the shift to earlier second dimension retention times will be.

v Owveride the allowed second dimenszion B.T shift far combine

Figure 20: An example of allowed
d dii ion Retention Time
LatE-' |I:| l:":":l Shift in the GCxGC parameters

section of the DP Method.

The next section of the GCxGC parameters section of the DP Method concerns the expected peak width in the first
dimension. Since there is no detector at the junction of the primary and secondary columns, this value must be
extrapolated from the linear trace of second dimension chromatograms from an unprocessed run. Because the
modulator collects and focuses segments of effluent from the first column, retention times in the first dimension can only
be approximated in increments of modulation period. The method for extrapolating the first dimension peak width is to
identify how many slices a peak has been divided into, and multiply that number by the modulation period. In this
example, a single analyte chromatogram will be used. In Figure 21A, the linear trace of second dimension
chromatograms is shown. By drawing a line connecting the apexes of the second dimension peaks (Figure 21B), we can
approximate the shape of the first dimension peak. The first dimension peak was modulated into 7 slices in Figure 21A. If
the modulation period for this separation was 5 seconds, the extrapolated first dimension peak width would be 35
seconds.
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Figure 21: An ple of the procedure for
extrapolating the first dimension peak width from
the linear trace of second dimension
chromatograms. In (A) the linear trace of second
dimension chromatograms for a single analyte is

'l shown. By drawing a line connecting the apexes of
[ the d di ion peaks (B), we can

approximate the shape of the first dimension peak.

[ 1 ] [ | | | The first dimension peak was modulated into 7
slices In Figure 21A. If the modulation period for

RT (S) R T (S) this separation was 5 seconds, the extrapolated first
dimension peak width would be 35 seconds.

If peak widths are expected to increase significantly during the run, it is possible to specify an expected peak width at two
different points during the run. This option will be covered in the training class. Following the field for expected peak width
in the first dimension, there is a field for the minimum S/N required for a sub-peak to be considered part of a peak. This
field sets the S/N criterion for the earliest and latest sub-peaks of the overall peak, which are generally the smallest sub-
peaks. An example where 25 second wide first dimension peaks were expected is shown in Figure 22. The minimum S/N
for Sub-peak setting will be covered in the training class.

Enter the peak width in zeconds below [ first dimenszion )
[™ Peak widths broaden throughaut the chromatographic wn
Peak Wwidth Fetention Time
|25 | Figure 22: An example of the
| | pected first dii ion peak
width in the GCxGC
Subneak Seth parameters section of the DP
Uit ST Method, where 25 second
Mirimum 5/M; |6 Enter the minimurm required SN for the subpeak to be | wide first dimension peaks
retained. were expected.

The Integration Approach dictates how the integration of peaks are performed. The Traditional method is the default, and
will be discussed here. The Adaptive method will be covered in the training class. In the Traditional Integration Approach,
each sub-peak s individually integrated and the area reported for a peak is equal to the sum of the areas of its sub-peaks.
Figure 23 shows the Integration Approach Menu.

Integration &pproach:
i+ Traditional

" Adaptive
Figure 23: An example of the Integration
q oo o Approach of the GCxGC parameters section of
| Filter peaks by claszification the DP Method.

The remaining content of the DP Method is specific to instruments equipped with a mass spectrometer. The first section is
the Library Search, and is only applicable to Pegasus 4D's with the TOFMS. This section will not be visible on a GCxGC-FID
system. The first section relates to the library search mode. The default mode is a Normal search in the Forward mode.
Other modes will be discussed in the training class. The entry for “Tnumber of library hits to return” is where the analyst can
specify how many library hits will be in the Hit Table for that peak. In the example shown in Figure 24, the top 10 library
hits by spectral similarity will be returned in the Hit Table. The number of hits returned can be increased, but the size of the
data file will increase proportionately.

£ I ——

Library |dentity Search Mode:
& Momal 7 Quick

Library Search tMode:

*+ Forward © Reverse
Figure 24: An example specifying a Normal
Forward Library Search returning the top 10
library hits by similarity.

Enter the number of library hits to return:

10




The next section of the Library Search is where specific spectral requirements for the search are entered. The first piece of
information is which mass range the Library Search should be performed on. In general, the best approach is to use all
masses collected (*) in the field. The Minimum and Maximum Molecular Weights Allowed should be set to the range that
was specified in the Mass Spectrometer (MS) Method. Additional strategies for Library Searching will be covered in the
training class. The Mass Threshold setting allows the analyst to filter individual m/z peaks below certain abundance from
both the library and caliper spectra. The entry entitled “Minimum similarity match before name is assigned” allows the
analyst to assign a threshold for naming peaks. In order for a peak to be assigned the name associated with the first entry
in its Hit Table, the peak's spectrum must have a similarity greater than, or equal to, the specified value, when compared
against the library spectrum. Peaks that have a similarity less than the specified value, when compared against the library
spectrum, are assigned a peak identification of “Unknown”. When a peak is identified as Unknown, it does not mean that
this peak cannot be identified. It merely means that the peaks similarity to the library spectrum did not meet the criterion
specified by the analyst. Determining the necessary similarity is important, as the cut-off value is absolute. If the threshold
is 700, a peak with a similarity of 699 will be identified as an “Unknown” peak. In Figure 25, an example is shown where
all masses collected are searched; the peak's spectra are compared against the library spectra over the range of m/z from
35 to 350. An ion in the peak's spectrum or the library spectrum must have a relative abundance of at least 20 (2.0% of
base peak's intensity) to be considered in the similarity score, and the peak's spectrum must have a similarity greater than,
orequal to 700, when compared against the library spectrum for a name to be assigned to the peak.

Enter the mazses tao librany search below: Examples
= all mazzes collected
¥ 31:99 mazzes 31 through 99
1:99.200:211  mazzes 31:99 and 200:211

inirum molecular weight allowed:
A

b amirmurn molecular weight allowed:

IR0 Figure 25: An example of the Library
Search section of the DP Method where
all masses collected are searched; the
Masz Threshold [ Relative abundance of baze ion [0 - 998 ] ) :f"'f’ spectra are compared against
e library spectra over the range of
20 m/z from 35 to 350. The base ion of the
peak's spectrum must have a relative
abundance of at least 20, and the

kirirnurn gimilarity match befare name iz azsigned [0 - 939 | peak's spectrum must have a similarity
greater than, or equal to 700, when
TO0 compared against the library spectrum

for a name to be assigned to the peak.

The final area of the Library Search section of the DP Method is where the libraries to be used in the Library Search are
specified. The only libraries that can be selected are libraries that have been loaded and recognized by the ChromaTOF
software. These can include user generated libraries as well as commercially available libraries like those available from
NIST or Wiley. Only the libraries specified in the DP Method will be used in the Library Search. Figure 26 shows an example
where the mainlib and replib from NIST will be used in the Library Search.

Add the libraries to use for zearching below:
mairlib Add...
replib
Remove
Fromote
Figure 26: An example where the mainlib and
Dernate replib from NIST will be used in the Library
Search.
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Examples

Enter mazs to use for area £ height calculation: .
i Urigue mass

||_| T TIC
8 Apexing mazzes
EE mi'z 55 uzed for every peak
[ Allow skimming off small riding peaks
I Approsimate Concentration of Unknowns [ This uses the nearest 15 and a RF of 1]
Figure 27: An example where the
Unique Mass is utilized for the

area/height calculation.

The last section of the DP Method is where criteria for area/height calculation is specified. The default setting for this field
is “U”, which specifies that the Unique Mass be used for area/height calculations. Use of the Unique Mass is optimal for
ChromaTOF's deconvolution algorithm. It is also possible to use specific masses, the Apexing Masses, or the Total lon
Count. The example shown in Figure 27 utilizes the Unique Mass for the area/height calculation.

Conclusions

This document is intended to provide an introduction to LECO's GCxGC systems. Suggestions and recommendations are
intended to help new users familiarize themselves with the technique and how the ChromaTOF software is utilized.
Examples in this work are not put forth as suggested methods for customer use. They are examples of how methods are
created and how criteria in the method are determined. LECO strongly suggests that users attend the GCxGC training
class as soon as possible after installation of their GCxGC instrument.
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