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Introduction 

Experimental 

Instrument     Agilent 7890B / 5977with Reverse Inject Modulator 

Inlet MMI 

Detectors FID 200 Hz, FID 20 Hz  

Carrier Gases   Hydrogen and Helium 

First Dimension Column 20 m x 0.18 mm x 0.36 um DB-5MS UI 

Second Dimension Column 5 m x 0.25 mm INNOWax    

Modulation Period 2.0 s to 4.0 s 

Modulator Inject Time 0.10 to 0.15 

Flow Mode Constant flow for both dimensions 

Channel Fill Restrictor Various 50 and 100 micron lengths 

1st Dimension flow rates 0.4 to 0.6 mL/min 

2nd Dimension flow rates    21 to 30 mL/min 

MSD   5977 with Extractor source 

Modulator Interfacing to FID’s and MSD 

Results and Discussion 

Summary 

       Modulator Flow Paths 
 (not representative of actual dimensions) 

 Improved modulated peak symmetry 
 

 Ability to handle a higher concentration range of analytes 
 

 Better definition of analytes in 2D images improving quantitation 
 

 Expanded GC X GC modulation periods possible 
 

 Use of Hydrogen and Helium as carrier gases 
 

 Compatible with a Mass Selective Detector through a unique CFT interface 
 

  Operation in comprehensive and non-comprehensive  modes by adjusting the fill restrictor 
 

 
 

A new second generation flow modulator is described, that while more complex in design, shows performance 
benefits over the original CFT device.  In the standard flow modulator, flow from the Pressure Control Module (PCM) 
directs or “injects” contents of the collection channel into the second dimension column in the same direction as 
flow from the first column is used to fill the channel. In other words, analytes in the channel continue to flow in the 
same direction as they entered when injected. 
 
The second generation design reverses flow direction in the channel during the inject part of the modulation cycle. 
This is accomplished by use of a channel fill restrictor. The channel fill restrictor can be either vented external to the 
GC or interfaced directly to a second FID as a monitor to assist in determining appropriate restrictor size for the 
application.  

• One piece device fabricated using diffusion bonding 
 

• Chemically etched channel of fixed size 
 

• All internal channels deactivated 
 

• No un-swept voids 
 

• Column connections with Flexi ferrules for leak free seals 
 

• Can be operated in comprehensive and non-comprehensive modes 

To evaluate the basic performance 
of the new CFT modulator , a set of 
complex samples were selected that 
contain  high and low concentration 
components.  Samples include: (1) 
hydrocarbon mix consisting of high 
concentration alkanes and lower 
concentration aromatics and 
unsaturates, (2) citrus oils 

Analytes separated on column 1 enter at the center 
port  of the modulator and fill the fixed size collection 
channel which is connected to the bottom channel fill 
restrictor port. This occurs for typically  3.0 seconds at a 
first dimension column flow of 0.4 to .6 mL/min.  Then 
when the 3-way micro valve switches PCM flow to the 
bottom post the channel is flushed or injected for 
typically 0.12 seconds in the reverse direction of the fill 
flow into the second dimension column at 20 to 30 
ml/min typically. The modulation cycle then repeats. 

1. Agilent Technologies, 412 Ying Lun Road, 200131 Shanghai, China 
2. Dow Chemical Canada, Highway 15, PO Bag 16 Fort Saskatchewan,  Canada 
3. Agilent Technologies , Carretera Nacional VI, Km 18.2, 28232 Las Rozas, Spain 
4. Agilent Technologies Italia S.p.A. – Via Piero Gobetti, 2/c, CentroDirezionale Villa Fiorita, Cernusco sul Naviglio, Milano, MI 20063, Italy 
5. Agilent Technologies, 2850 Centerville Rd,  Wilmington DE, 19808 

Raw data: Modulated FID and monitor FID. Operation here is 
In a non-comprehensive mode where some material exits through  
the channel fill restrictor. 

Performance of a second generation CFT-based Flow Modulator 

Orange Oil 

Monitor FID 

1 2 3 4 

1. D- Limonene 
2. Ƴ-Terpinene 
3. Β- Pinene 
4. Thujene 

Lemon Oil 

Symmetric modulated 
peaks are produced with 
base peak widths of 
approximately 150 ms. 
Helium carrier 
 in this example. 
Hydrocarbon mix. 

Lemon and orange oil extracts: These samples 
illustrate performance where a few 
components dominate the sample. Excellent 
peak shapes are seen for all compounds with 
no evidence of overload. Modulated peak 
tailing from overload or other factors would be 
evident by excessive streaking in D2 on a 2D 
plot. 

Complex detergent fragrance formulation 
showing raw chromatograms for the TIC, FID 
(analytical), and FID (monitor fill restrictor). 
Excellent peak shape is obtained.  Fill restrictor 
is sized so a small amount of material is 
allowed to exit the collection channel prior to 
reverse sampling. D1: 30 m x 0.25 mm x 0.36 
um DC-200, D2: 5 m x 0.25 mm x 0.15 um 
INNOWax. 

Dodecane 3-methyl 1-undecane 

Oven: 40 °C (1.0 min) to 200 °C @ 3 °C/min 
Helium carrier, FID 
Modulation period – 3.00 s, Inject – 0.12 s 

1-dodecene 

1-methyl butyl benzene 

5-undecene 

Pentylbenzene 

TIC 

1 2 3 

1. 1-methylbutylbenzene, 2. 1,3-dimethylbutylbenzene, 3. 1-hexyl-
2-methylbenzene  

C12 C13 C11 C10 

Hydrocarbon test mix 

FID 

Scan: 29 to 190 amu 
12,500 u/s  
Period: 2.80 s 
Inject 0.12 s 

monitor 


