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Broad Applicability in GC Means HEAT!!!

• Fixed Gases, O2, N2, H2, CO, CO2, H2S
• Sure, most micro GCs handle this type of application

• Low concentration level analytes require specialty detectors
• FID

• TCD

• FPD

• Dielectric Barrier Discharge as HID, PID and ECD

• For light hydrocarbons and beyond… to C50

• Up to about C6 can be done at lower temperatures BUT…

• >C6 requires HEAT… > than Si based technologies can take
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Broadly Applicable Fast and micro GC

• Requires the same parameters as traditional GC
• Split/splitless injectors

• Programmed temperature and/or isothermal separations

• Detection at temperature with the right technique for target 
analytes

• And most especially HEAT!
• For hydrocarbons, this means up to about 350o C

• Going beyond risks thermal cracking (we aren’t doing pyrolysis 
GC although a pyroprobe could enable it)
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And What about Column Switching?
(multidimensional gas chromatography)

• Single injections at up to 350oC

• Single column switching valve

• Two independently controlled 
column modules

• Two detectors, the same or 
different…

• Enables surprisingly powerful 
fast, high resolution, high 
sensitivity gas chromatography
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The Focus Is on Heartcut

• Several column switching schemes are possible
• Backflush

• Trap/bypass… but the heartcut enables many separations

• The technique uses
• Column 1 of one type of column phase

• Column 2 of another phase completing an incomplete separation

• Detector selection improves probability of the correct 
selectivity and sensitivity for target analytes

Here are a couple of examples
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Test Mix Specifications

•Defines boiling range 

where the heartcut

is done.

•Demonstrates 

operability of the 

Calidus CS system.

•Note 30 minute run.
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CRM through MXT-1,

No Heartcut

n-hexane (C6)

n-octane (C8)

n-decane (C10)

n-dodecane (C12)

n-tetradecane (C14)

n-hexadecane (C16)

n-octadecane (C18)

n-eicosane (C20)

2-ethyltoluene

3-ethyltoluene

toluene

1,2,4-trimethylbenzene

p-xylene

Note:
2 minute
run.
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CRM through MXT-1,

with Heartcut 

n-hexane (C6)

n-decane (C10)

n-dodecane (C12)

n-tetradecane (C14)

n-hexadecane (C16)

n-octadecane (C18)

n-eicosane (C20)

2-ethyltoluene

3-ethyltoluene

toluene

1,2,4-trimethylbenzene

This is the region 

heartcut into the 

MXT-Wax 

column. 
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CRM through MXT-1,No Heartcut Overlaid 

with Heartcut 

n-hexane (C6)

n-octane (C8)

n-decane (C10)

n-dodecane (C12)

n-tetradecane (C14)

n-hexadecane (C16)

n-octadecane (C18)

n-eicosane (C20)

2-ethyltoluene

3-ethyltoluene

toluene

1,2,4-trimethylbenzene

p-xyleneN-C8 & p-xylene 

heartcut into the 

MXT-Wax 

column. 
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CRM Heartcut from the MXT-1 

into the MT-Wax Column

n-hexane (C6)

n-octane (C8)

n-decane (C10)

n-dodecane (C12)

n-tetradecane (C14)

n-hexadecane (C16)

n-octadecane (C18)

n-eicosane (C20)

2-ethyltoluene

3-ethyltoluene

toluene

1,2,4-trimethylbenzene

p-xylene
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NAO Hexene Sample through the MXT-1 Channel, No Heartcut, 

Zoomed

Target for Heartcut
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NAO Hexene Sample through the MXT-1 Channel, No Heartcut, 

Zoomed More

Target for Heartcut
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NAO Hexene Sample through the MXT-1 Channel, with Heartcut, Y-

Axis Zoomed More

This is the 

heartcut into the 

MXT-Wax 

column. 
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NAO Hexene Sample Heartcut from the MXT-1 into the MXT-Wax 

Column, Y-Axis Zoomed

This is the tail of 

the large peak 

heartcut from the 

MXT-1 column. 
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How Does It Work in the Real World?  
Marker Detection

Expanded time scale of Initial Channel

Heartcut Switching Event

Material Heartcut into MXT-1 
including where Marker 
would elute

Full FID scan of Fuel

Marker cannot be detected at the required 
levels since fuel components are at much a 
higher level masking the Marker 
component at the ppb level

Fuel
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Marker at 500 ppb from the Heartcut Channel 
(attend Bill Winniford’s presentation)

Full FID scan of Heartcut Channel

Heartcut Switching Event
Material Heartcut
into MXT-1

Marker

Expanded time scale of Heartcut Channel

mailto:info@falconfast.net


info@falconfast.net Tel: (304) 647-5860
Copyright Falcon Analytical 11/12/2015

433 AEI Drive – Lewisburg, WV 24901 17

Sorry… it’s just column switching… 

• Parallel chromatography

• Multidimensional chromatography

• 2-D Gas Chromatography

• GC by GC… GCxGC

• Comprehensive 2-D GC

OK, now that I’ve had my fun…
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Applications of planar microfluidic devices and 
gas chromatography for complex
problem solving

Robert A Shellie
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“Significant progress [in multi-dimensional 
separations] will depend on a judicious choice of 
building blocks, the development of effective 
means for their combination, system 
optimization, and the development of 
sophisticated detection and data reduction 
systems.” (Giddings 1984)

Giddings JC. Two-dimensional separations: concept and promise. Anal. Chem. 

1984; 56:1258A–1270A.
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“Significant progress [in multi-dimensional 
separations] will depend on a judicious choice of 
building blocks, the development of effective 
means for their combination, system 
optimization, and the development of 
sophisticated detection and data reduction 
systems.” (Giddings 1984)

Giddings JC. Two-dimensional separations: concept and promise. Anal. Chem. 

1984; 56:1258A–1270A.
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• Migration from tube based flow 

systems to planar microchannel

systems delivers flexible and 

innovative chromatographic 

solutions

• Capillary flow technology (first 

generation)

• SilFlow technology (second 

generation)
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Like capillary flow 
technology:

Chemically inert

Low dead volume

Reliable operational 
stability (thermal cycles)

Easy to install and leak 
free

Unlike capillary flow 
technology:

Lower thermal mass

Substantially lower cost

Smaller in size = flexibility 
for system application

A genuine Australian 
product

SilFlow Planar Microfluidic Devices
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Bench Top

micro-GC
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– Three-port configuration:

– Splitting of inlet to two columns (parallel chromatography)

– Splitting of column effluent to two different detectors

– Four port configuration:

– Back-flush to vent

– Column isolation

– Five-port configuration:

– Multi-dimensional gas chromatography

– Comprehensive two-dimensional gas chromatography

– Two three-port configuration
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Five-port configuration: Multi-dimensional gas chromatography

Isoparaffins™ synthetic hydrocarbon 

solvent spiked with BTEX

Column	1	
1.6	mL/min	PCM	

Column	2	
3.0	mL/min	

Flow	
restrictor	
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Two three-port configuration: GC×GC

First dimension

column Second dimension 

Column 

Inlet

Pressure Control Module

Detector

Fused silica collector

0.5 m x 0.25 mm-id

Switching valve
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Sample: Wide cut diesel, 1 uL injection 

20:1 split

Comments: Pm = 2.5 s, Pi = 110 ms
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Questions

Thanks for your interest and attention.
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