Optimizing GCxGC Parameters for Petroleum Analysis Using a Free Web-Based Tool

Comprehensive two-dimensional gas chromatography (GCxGC) combined with fime-of-flight
mass spectrometry (TOFMS) is a well-established technique for characterization of petroleum
samples because of the ability to separate structural classes of hydrocarbons into distinct bands of
analytes that can then be identified with library-matched mass spectra. However, fransferring
traditional one-dimensional gas chromatography methods 1o optimized two-dimensional methods
can be daunting because of the sheer number of options available for setting up commercial
GCxGC systems—choosing orthogonal column phases, secondary oven temperature offsets,
modulator temperatures, and second dimension separation period lengths. Using a new online
tool, Simply GCxGC™, the process of translating an existing analysis into an optimized GCxGC
method is experimentally determined for a sample of diesel fuel. Calculations that maximize use of
two-dimensional space and minimize analyte wrap-around are applied to user-controlled
parameters to make the most of peak-capacity increases and further enhance the
chromatographic resolution gains from the additional dimension of separation.
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The purpose of the Guide Me mode is to provide logical, step-by-step instructions
that guide you through the process of developing an optimized GCxGC method.

Peak Capacity Gain: 6.2
Evaluate Sample Run Time: 26 min

Loading Acquisition Rate: 2935 sps

More Info
Determine Secondary
Oven Offset The Guide Me mode has two components:

Columns
Primary Column
Stationary Phase: Rxi-5Sil MS
30 mx0.25 mm x 0.25 ym
Secondary Column
Stationary Phase: Rxi-173il M3
0.30 mx 0.25 mm x 0.25 ym

Evaluate Stationary

Phase

1) A computational engine which calculates column dimensions and operating
parameters for optimum peak capacity.

Evaluate Peak 2) A logical experimental scheme for evaluating and modifying the separation.

:

A GCxGC separation depends on column dimensions and operating
parameters (peak capacity) which can be calculated; however, the actual Transfer Line

distribution of peaks in the two-dimensional separation plane depends largely 0.21 mx 0.25 mm x 0.25 pm
on the stationary phase chemistry and the particular sample components. Void Time

Therefore, the development scheme guides you through the experimentation Secondary Column: 0.21 sec
necessary to adjust the retention in the second dimension, optimize the
stationary phases, and modify (increase, decrease, redistribute) the peak Inlet

capacity as required by the goals of your application. Carrier Gas: Helium

Flow: 1.4 ml/min
Contact Us Inlet Pressure at 300 °C: 28 psi

m MNext Primary Column Velocity: 40 cm/sec
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Increase Peak Capacity

Increase Secondary
Column Peak Capacity

Decrease Run Time

Units / Settings

Temperature
Oven Temperature Program
Initial Temperature 40 °C for 0.20 min
10.2 °C/min to 300 °C
Secondary Oven Offset: 5 °C
Transfer Line Temperature: 340 °C

History

# Run Time PC1 PC2 PC Net

1 26 min 305 13 25060

GCxGC
Optimal Modulation Period: 1.1 sec
Method Modulation Period: 1.1 sec
Method Hot Pulse Time: 0.34 sec
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1D Diesel Sample on Rxi-56MS 30 m x 0.25 mm x 0.25 um column chromatogram is pictured above. The process
for “Guide Me"” conversion from this 1D run to a GCxGC sample is shown below.
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Evaluate Sample Loading

A zoomed view of the chromatogram

- of diesel sample collected with D
7 experimental GCxGC values for :
l6e7 evaluation of sample loading is shown
1.2e7 - on the left. The mass trace for m/z
i 57.07, a characteristic mass for alkanes
0.8e7 | expected to be present in diesel in
04e/ high concentrations, is displayed. To
0 ] AR WV S S - the right, a screenshot of the |
evaluation criteria as explained in the
zﬁﬁg((g)) ?1??0(2) 819108 0351030 Simp_ly GQXGC app is shown. Sample |
XIC(57.07+0.05) Io.odmg. is sho.vvn.’ro be acceptable AL
- : with Split 100 injection.

Determine Op’rimum@ GCXGC Parameters

What to Look For

Determine Secondary Oven Offset Two injections of the diesel sample with +5 °C and +40 °C

secondary oven offset are run to determine optimum secondary
oven offset and 2"? dimension separation time, so that all peaks of
interest are maintained in the sections between the void time line
(orange dotted line), and the void time+optimum 279 dimension
separation time line (yellow dotted line). Elution times of the last
eluting peak are entered into the Simply GCXGC app, which then
returns  optimum secondary oven temperature offset, 2nd
dimension separation fime, and hot pulse values for the current
column configuration and primary oven temperature ramp. This
m " step can be repeated multiple times as other configurations are
explored when the user desires more peak capacity.

Retention time on primary column (seconds):

1190

Retention time on secondary column with offset of 5 °C (seconds):

1.410

Retention time on secondary column with offset of 40 °C (seconds):

093
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Evaluate Peak Capacity

PC1:296
PC2:13
PCNet: 2523

e ————————

1200 1700

GCxGC Diesel Sample on Rxi-5MS 30 m x 0.25 mm x 0.25 ym coupled to Rxi-17SiIMS 2 m x 0.25 mm x 0.25 um
column using calculated optimal GCxGC parameters of 0.3 m in secondary oven, 10.3 °C/min ramp rate from
50 °C to 300 °C, carrier gas flow rate of 1.4 mL/min, +16 °C secondary oven offset, 24 dimension separation
time of 1.1 s with 0.33 s hot pulse, and spectral acquisition rate of 309 spectra/s.
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Normal Phase

Rxi-5MS 30 m x 0.25 mm x 0.25 um coupled to
Rxi-17SIIMS 2 m x 0.25 mm x 0.25 um

PC1: 296
PC2: 13
PCNetft; 2523
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Optimal GCxGC parameters of 0.3 m in secondary oven, 10.3 °C/min ramp rate from 50 °C to 300 °C, carrier
gas flow rate of 1.4 mL/min, +16 °C secondary oven offset, 2"d dimension separation time of 1.1 s with 0.33 s hot
pulse, and spectral acquisition rate of 309 spectra/s. Total peak capacity calculated at 2523.
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PC2:18
PCNet: 3858
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Optimal GCxGC parameters of 0.3 m in secondary oven, 4.2 °C/min ramp rate from 50 °C to 300 °C, carrier gas

flow rate of 1.4 mL/min, +9 °C secondary oven offset, 2nd dimension separation time of 2.4 s with 0.73 s hot
pulse, and spectral acquisition rate of 192 spectra/s. Total peak capacity calculated at 3858.
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Rxi-5MS 30 m x 0.25 mm x 0.25 ym coupled to
Rxi-17SIIMS 2m x 0.18 mm x 0.18 um

PCI1: 329
PC2: 20
PCNet: 4145
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Optimal GCxGC parameters of 0.3 m in secondary oven, 4.7 °C/min ramp rate from 50 °C to 300 °C, carrier
gas flow rate of 1.4 mL/min, +10 °C secondary oven offset, 2nd dimension separation fime of 2.2 s with 0.60 s
hot pulse, and spectral acquisition rate of 234 spectra/s. Total peak capacity calculated at 4145.
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Optimal GCxGC parameters of 0.45 m in secondary oven, 2.7 °C/min ramp rate from 50 °C to 300 °C, carrier
gas flow rate of 1.4 mL/min, +15 °C secondary oven offset, 2nd dimension separation time of 3.6 s with 1.10 s hot
pulse, and spectral acquisition rate of 178 spectra/s. Total peak capacity calculated at 5620.
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Nng the Right Results

column phase used.

Reverse Phase

Rxi-17SIIMS 30 m x 0.25 mm x 0.25 um coupled to
Rxi-SMS 2 m x 0.25 mm x 0.25 um

PC1:296
PC2:13
PCNet: 2523
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Optimal GCxGC parameters of 0.3 m in secondary oven, 10.3 °C/min ramp rate from 50 °C to 300 °C, carrier
gas flow rate of 1.4 mL/min, +32 °C secondary oven offset, 2"d dimension separation time of 1.1 s with 0.33 s hot
pulse, and spectral acquisition rate of 309 spectra/s. Total peak capacity calculated at 2523.
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Optimal GCxGC parameters of 0.3 m in secondary oven, 4.1 °C/min ramp rate from 50 °C to 300 °C, carrier gas
flow rate of 1.4 mL/min, +9 °C secondary oven offset, 2"4 dimension separation time of 2.4 s with 0.73 s hot pulse,
and spectral acquisition rate of 193 spectra/s. Total peak capacity calculated at 3903.
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Rxi-17SiIIMS 30 m x 0.25 mm x 0.25 um coupled to

PC1: 304
PC2: 16
PCNet: 3055
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Optimal GCxGC parameters of 0.45 m in secondary oven, 9.6 °C/min ramp rate from 50 °C to 300 °C, carrier
gas flow rate of 1.4 mL/min, +9 °C secondary oven offset, 279 dimension separation time of 1.2 s with 0.30 s hot
pulse, and spectral acquisition rate of 349 spectra/s. Total peak capacity calculated at 3055.

n PC1:335
i PC2: 21
PCNeft: 4485
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Optimal GCxGC parameters of 0.45 m in secondary oven, 4.7 °C/min ramp rate from 50 °C to 300 °C, carrier

gas flow rate of 1.4 mL/min, +9 °C secondary oven offset, 2nd dimension separation time of 2.2 s with 0.65 s hot
pulse, and spectral acquisition rate of 248 spectra/s. Total peak capacity calculated at 4485.

Using the Simply GCXGC tool to set up experiments yields excellent two-dimensional separations. While initial parameters
may not result in the highest peak capacity, Simply GCxGC provides a helpful guide for the next steps that lead to
greater peak capacity results and better chromatographic resolution for any given sample, regardless of the inifial
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