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The Use of Resample, a New ChromaTOF®
Feature, to Improve Data Processing
for GCxGC-TOFMS

Introduction

Comprehensive two-dimensional Gas Chromatography (GCxGC) peaks generally range from

100 to 200 ms wide. A Time-of-Flight Mass Spectrometer (TOFMS) is the only mass spectrometer
capable of proper GCxGC peak definition because it can acquire data at up to 500 spectra/second.
Also with TOFMS, a full mass spectrum from 5 to 1000 u can always be acquired if necessary. With
fast acquisition rates, full mass range acquisition, and the longer GC runs sometimes seen in
GCxGC, file sizes can be rather large (up to 500 MB or more), and automated and flexible data
handling is necessary. ChromaTOF®, LECO’s fully automated instrument control and data
processing software for the Pegasus® 4D, contains many features necessary to handle GCxGC data.
Some of these features (all automated) include baseline, peak find, spectral deconvolution,
Combine of peak slices, library search, calculate area/height, quantify, Compare, and reporting of
data. Recently, a new feature called Resample was added to ChromaTOF that provides additional
flexibility for GCxGC data processing.

Resample is a way to create a new data file that is reduced in size from an Acquired Sample File.
Often this can lead to faster and more efficient data processing. This note will demonstrate the use
of Resample for GCxGC-TOFMS data.

Samples

A petroleum standard containing paraffins, iso-paraffins, aromatics, naphthenes, and olefins
(PIANO mix) was used to demonstrate Resample with GCxGC-TOFMS, in addition to another
standard containing polybrominated diphenyl ethers (PBDES).

Experimental Conditions for Petroleum

GCxGC-TOFMS
GCxGC: Agilent 6890 Gas Chromatograph equipped with a LECO GCxGC thermal modulator and
secondary oven

Column 1: 100 m x 0.25 mm x 0.50 um Rtx-1 PONA (Restek)
Column 2: 2 m x 0.25 mm x 0.10 um Rtx-50 (Restek)
Carrier: Helium at 2.3 mL/min, constant flow

Injection: 0.05 puL split at 250°C, split ratio 250:1

Oven 1 Program: 40°C (0.2 min), 2°/min to 200°

Oven 2 Program: 5°C offset from oven 1

Modulation time: 2 seconds
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MS: LECO Pegasus TOFMS

lonization: Electron ionization at 70 eV
Source Temperature: 200°C

Stored Mass Range: 35 to 450 u

Acquisition Rate: 100 spectra/second

Experimental Conditions for PBDE Standard

GCxGC-TOFMS
GCxGC: Agilent 6890 Gas Chromatograph equipped with a LECO GCxGC thermal modulator and
secondary oven

Column 1: 9.5 m x 0.18 mm x 0.20 um Rtx-5 (Restek)

Column 2: 1 m x 0.25 mm x 0.25 pum Rtx-Dioxin 2 (Restek)
Carrier: Helium at 1.5 mL/min, constant flow

Injection: 1 L direct injection at 250°C, 4 mm Uniliner (Restek)
Oven 1 Program: 120°C (1 min), 10°/min to 340° (2 min)

Oven 2 Program: 20°C offset from oven 1

Modulation Time: 3 seconds

MS: LECO Pegasus TOFMS

lonization: Electron ionization at 70 eV
Source Temperature: 225°C

Stored Mass Range: 200 to 1000 u

Acquisition Rate: 50 spectra/second

Data Processing
LECO ChromaTOF software.

Results and Discussion

To reduce processing time for GCxGC-TOFMS data, it is often desirable to process only part of the
chromatogram. Figure 1 is a contour plot, or GCxGC chromatogram, of a PIANO mix that is marked
with yellow lines to illustrate an example of limited data processing. The only area of interest in
this example is the first dimension retention time region, approximately 1850 to 3550 seconds,
which contains the C3;-Cs benzenes. ChromaTOF already contains segmented processing capability
that allows peak finding for only this region (Figure 2), which can reduce the overall processing
time.

Resample is a recently added ChromaTOF feature that allows segmented processing by creating a
new file for the desired retention time region, with the added benefits of choosing a sample
reduction rate (acquisition rate), and/or restricting the mass range for the new file. The sample
reduction rate allows a user to create a file of, for example, 50 spectra/second acquisition rate
from one of 100 spectra/second, which cuts the file size in half and can speed processing. The nice
thing about this part of the feature is that the "extra" spectra are not thrown away, but are instead
summed to produce a signal-to-noise enhancement. Mass range restriction, in addition to
decreasing file size which leads to processing time improvement, may have the added benefit of
improving spectral deconvolution when lower (or higher) m/z ions are discarded that are only from
matrix interferences.
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Figure 1. Contour plot of PIANO mix analyzed with GCxGC-TOFMS. The vertical yellow lines denote

the first dimension retention area for processing the C3-Cs benzenes. The horizontal yellow line is
used only to mark the second dimension separation of aliphatics and aromatics.
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Select the task or tasks you wizh to perform from the list below.
¥ Baseline - computes baseline.
[¥ Peak Find - finds peaks above the baseline.
[¥ Library Search - identifies all peaks found.
[¥ Calculate Area/Height - computes the area, height of peaks without a calbration.
I™ Retention Index Method.
I~ Classifications.
[ Quantify - computes the area, height, and concentration of peaks with a calibration.
I Compare - compares a sample to a reference,
™ Semi Quantification - computes concentration based on another analytes calibration curve.
[ Tune Check.
I_ Taiimg Factor Check - Checks to see if the analvtes heve an acceptable peak
[ C& r [t
I™ | Blank Check - Cheoks to make sure none of the analites enceed thei blank concentiation
I Report - prints selected reports for each sample.
[~ Export peak information in ASCI CSY format.
[~ Export Data in Andi MS format,

hape

[~ Export data file.
B,é
Enter baseline tracking info below:
# Start End Mode
1*  |Start of Run End of Run Default Add |
Remaove
. : Examples
Enter the bazeline offset belovw: 00 o i
IL‘I 5 05 thiough the middle of the noise
1.0 just above the noise
Enter the number of data points that should be averaged for smoothing below:
|2
Enter the expected peak width in seconds below: [as measwed from bazeline lo baseline]
[~ Peak widths broaden throughout the chromatographic nn
Peak Width Retention Time For broadening, two peak widthe may be specified at two
ID 1 I dilferent retention times. All peak widths will be
extrapolated from these bwa paints,
Enter the mawimumn rumber of unknown peaks to find: IIIII]
Enter segmented processing info below:
#  |start End Peak Find __ |S/N |Mass
1 |StartofRun 1850 Off 10.0 L e |
2% 1850 s 3550 s On 2000.0
. ! . < - R
3 3550 5 Endof Run | Off 100 ’_]“’"
K [ Jid|

Figure 2. Segmented processing capability of ChromaTOF where peak finding can be restricted
across a narrow retention time range.

Figure 3, a meld of screen captures from ChromaTOF, shows the Resample dialog boxes with new
entries for the Cs-Cg benzene retention time region of the PIANO mix. And Figure 4 shows the
process of Resample occurring, where the new file (peg file extension) is created. After creating the
new file in the directory of the user’s choice, it can be returned to the Acquired Sample Files
database by using Import for peg files.
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Resample Chromatographic Data -_

Enter the destination file:

I _Browse |
-~ Time

Select a sampls reduction rate:

I] YI

Enter the beginning retention time (in seconds):

60

Enter the ending retention time (in seconds):
480999

i

Enter the destination file:

Resample Chromatographic Data -_ ﬁl

~Ti

Broweel

ime
Select a sampls reduction rate:

I] vl

Enter the beginning retention time (in seconds):
1850

Enter the ending retention time [in seconds):
3550

Enter the: beginning mass:

Figure 3. Example of Resample of a PIANO mix Acquired Sample File where a new file will be
created for the retention time range of 1850 to 3500 seconds and the mass range of 35 to 250.
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Dezktop

[

My Documents

My Compuiter
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b . Fk hianme:
My Metwork P

Save a3 bppe:

|I:HomaTEIF"" Pegasus Raw Data File [".peqg)

H
|

| Save I
Cancel |

Dptimizing File-..

FLAND Mic3

C:\Program Fles\Leco\Pegasus 2 22 beta\PegFiles\8c8. peg

Cancel

Figure 4. File being created from Resample parameters seen in Figure 3.
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Table 1 contains the information used to construct the new file from Resample and illustrates the
resulting file size reduction. It is important to note that the original file is completely intact and
could even be used again to construct a new file with different Resample parameters.

Table 1. Resample parameters and reduced file size.

Resample Parameter Old File New File
Sample reduction rate 1 1
Beginning retention time (sec.) 60 1850
Ending retention time (sec.) 4810 3550
Beginning mass 35 35
Ending mass 450 250
File size (Mb) 377.9 70.4

For the previous example of Resample, it was not necessary to use the sample reduction rate
parameter, as the peak widths generated for GCxGC of the PIANO mix mandated the 100
spectra/second acquisition rate. During a GCxGC-TOFMS analysis for PBDEs though,
decabromodiphenyl ether (BDE 209), which is notoriously tough to chromatograph, showed very
broad peaks (slices) that were over-sampled at the 50 spectra/second rate that was appropriate for

other PBDEs (Figure 5).
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Figure 5. Linear chromatograms showing modulated peaks for BDEs 47 (tetrabromo) and 209
(decabromo). 50 spectra/second is an appropriate acquisition rate for the 200 ms wide peaks of
BDE 47, but the rate is too fast for the broad peaks of BDE 209 (which results in a sensitivity

decrease).
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Using Resample with sample reduction rates of 2, 5, and 10 (a dialog box demonstrating this, with
retention time and mass range reductions, is shown in Figure 6) better peak responses are seen for
BDE 209 (Figure 7). As mentioned earlier, this enhanced peak response is due to spectral
summing.

Enter the destination file:
iC:'\DDcuments and E»é-ttings'\D:uchran'\My Document Browse I

Select a sample reduction rate:
|2 vI

Erter the beginning retention time (in seconds):
1386

Enter the ending retention time [in seconds):

|135|5

Mazs
Entet the beginning mass:

e Figure 6. Dialog box showing Resample

Enter the ending mass: for BDE 209. Because the data
W acquisition rate was too fast for the

broad peaks, a sample reduction rate of
2 was used for the retention time range
ok | Cancel for where BDE 209 eluted.

90000

80000

70000

60000

50000

e Figure 7. Linear chromatograms for
modulated BDE 209 at original acquisition

0 rate of 50 spectra/second (orange) and
when sample reduction rates (of 2, 5, and

00 10) were used in the ChromaTOF Resample
feature to produce new files at 25 (green),

- 10 (red), and 5 (blue) spectra/second. The
enhanced peak responses are due to spectral

b summing.
0 T T T T T T

T T
st Time (s) 136 1386 1389 1389 139 1392 1392 1392
nd Tire (s) 1 2 0

1 2 0
— B00B0E 2950 S00B0E 20925 —— B00BOE 209 10— B00BOE 295
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Conclusions

Resample is a new ChromaTOF feature that adds flexibility to GCxGC-TOFMS data processing.

New files can be created that reflect sample rate reductions, restricted retention time regions, and
narrower mass ranges. The resulting smaller file sizes speed up automated processing routines.

In addition, spectral deconvolution may be better due to elimination of low or high m/z matrix ions.
When Resample is used to match peak widths properly to acquisition rates through the sample rate
reduction, a sensitivity enhancement can occur. No matter how Resample is used, the original data
file is still intact.

Acknowledgment

Victoria Jacobs at AccuStandard, Inc. provided the PIANO mix and Frank Dorman at Restek
Corporation supplied the GC columns.

- ® LECO Corporation e 3000 Lakeview Ave. e St. Joseph, MI 49085-2396
’ Phone: 800-292-6141 e Fax: 269-982-8977 e info@leco.com e www.leco.com
IS0-9001:2000 e No. FM 24045

Form No. 203-821-259 02/05-REVO LECO is a registered trademark of LECO Corporation 8




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


