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Introduction

Sections of capillary may be added to either the front or the back of a 
capillary GC column for a variety of functions.  These include:

• To protect the phase in the analytical column from non-volatile  
 components in the sample.

• For achieving a particular solvent effect or other injection effect 
 such as to reconcentrate analytes at the front of the stationary  
 phase. 

• As an inlet for on-column injection where a wide bore precolumn 
 is used to position the syringe needle in the column head.

• For large volume injections where a wide bore precolumn is used 
 to prevent flooding of the phase in the analytical column.

• To allow analytical columns to be used with injector or detector 
 temperatures beyond the column’s normal operating limits.

• To act as a restrictor on the analytical column at a vacuum 
 interface on a mass spectrometer, which improves column 
 performance by preventing the last few meters of column  
 running at vacuum rather than under positive pressure.

• As a phase free transfer line to allow the transfer line to be held  
 at continuous high temperature without the risk of phase  
 damage or bleed and associated high level of chemical noise.

Options available until now

Until now, connecting different capillary column types has required 
the use of bulky unions and careful positioning of column ends or 
push in connectors.  

To overcome the void problems associated with such connectors, 
some manufacturers have offered custom made columns with an 
integrated phase-free retention gap made out of a single piece of 
capillary tubing.  Preparing those columns requires either pyrolysis of 
the phase in the retention gap or leaving a section of column outside 
the oven during manufacture and then washing out the phase that is 
not cross-linked.  Neither method can give a clean product with sharp 
boundaries between the zones that are desired by end-users. 

Although the integrated guard columns address the problems of leaks 
and voids associated with other connectors, they limit the pre-column 
to the same diameter as the analytical column.  Mixed phase 
chemistries, different internal diameters and selectively unmasked 
base silica are not possible with integrated columns made from a 
single piece of tubing.  

The SilGuard™ Alternative

Manufactured from the same material as Siltite™ ferrules, SilGuard™ 
is the ideal product for factory fitted guards, retention gaps, restrictors 
and multiple dimension / mixed phase column sets.  The connectors 
are strong and light weight, offer flexible configurations of phase 
chemistry, column diameter and base silica activity and allow the 
simple manufacture of voidless integrated 2D-GC columns.
In addition to the flexibility of configuration and phase that SilGuard 
allows over single piece columns, the SilGuard connector offers 
significant advantages over conventional unions as they do not leak 
with temperature programming and they avoid the thermal lag of 
larger connectors when the column is used with temperature 
programming.  

The heating rate is related to the molar heat capacity (C) of the 
column, union or connector and the rate of change in temperature by 
a form of the first law of thermodynamics:

dq / dt  =  C dT / dt

For a fixed heating rate in the GC oven (comparing fittings under 
identical conditions), the molar heat capacity is inversely proportional 
to the rate of change in temperature.  Simply, the greater the thermal 
mass of the union or connector, the greater will be the thermal lag of 
the column temperature inside the connector relative to the rest of 
the column.  

C conventional union  >  200 x C SilGuard connector  

The thermal mass of the SilGuard connector is 100 times less than a 
SGE mini-union and more than 200 times less than a conventional 
column connector and it covers only one fifth of the length of column 
compared to a mini-union.  The small dimensions of the SilGuard 
connector means that it does not give column ‘cold-spots’ or thermal 
lag effects that are associated with larger connectors.

Retention gaps 

There are certain critical criteria of retention gaps which ensure it does 
not impact on sample analysis and these criteria include inertness, 
wettability, and retention power of uncoated, deactivated 
pre-columns. Retention gaps must be sufficiently inert to prevent any 
undesirable adsorption or decomposition of solutes. Wettability and 
retention power of the pre-column surface is often overlooked when 
considering the choice of retention gaps. Wettability influences band 
broadening and a low retention power is needed for the retention 
gap to give reproducible chromatography.  This is particularly 
important when the retention gap is trimmed in-service to remove 
non-volatiles that have accumulated immediately below the inlet. 

Figure 2A shows a typical chromatogram of a test mix that evaluates 
the various chemistries associated with chromatographic performance.  
The analysis is repeated with a 2 m retention gap as illustrated in 
Figure 2B. The symmetric peak shapes of all components when 
SilGuard is in place indicates that the neither the deactivated guard 
column nor the SilGuard connector are leaking or otherwise 
contributing to chromatographic performance.   Figure 2C 
demonstrates the effect of a poor connection. The reduction in peak
height and tailing of 4-chlorophenol (Peak C) is caused by a poor join
between the retention gap and the analytical column.  

The SilGuard joined columns retain their integrity even after extensive 
thermal cycling at high temperatures.  

CONCLUSIONS

The choice of the connector to join retention gaps, transfer lines or a 
second dimensional column to an analytical column is important as it 
is a potential source for band broadening and activity. Compared with 
alternative connectors, the SilGuard connectors can provide a reliable 
and leak-free connection to columns of various dimensions and offers 
the benefit of low thermal mass.  With SilGuard connections, hybrid 
column configurations are no longer limited by manufacturing of 
single piece columns or unsatisfactory connections associated with 
current connectors.

Figure 1. Comaprison of SilTite mini-union (top) and SilGuard connector (bottom).
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Figure 2A. GC chromatogram of a standard activity mix using a 15m x 0.25mm x 0.25µm BPX5. 
A: Solvent, B: Decane, C: 4-chlorophenol, D: Decylamine, E: Undecanol, F: Biphenyl, G: Pentadecane

Figure 2B. Repeat analysis of Figure 2A with an additional 2m x 0.25mm retention gap.

Figure 2C. Repeat analysis of Figure 2A with a poor connection using a commercial connector.


