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Conclusions
A new type of siloxane polymer
coating has been developed that
exhibits reduced bleed and supe-
rior thermal stability without sig-
nificantly altering column charac-
teristics. The coating is stable to
450 °C for extended periods of
time and has negligible bleed
under standard operating condi-
tions.
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GC column bleed has been postulated to be caused by “back biting” of the

siloxane chain and volatility of noncrosslinked oligimers. A new type of

siloxane polymer phase consisting of a crosslinked covalent polymer network

such that the entire column coating is (or could be) a single molecule

(Unimolecular) has been developed. The new phase exhibits improved thermal

stability and reduced bleed properties.
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lassical chromatography columns consisted of non-bonded, not
cross-linked and, as a result, unrinsable polymer coatings. Sub-
sequent advancement including improved surface preparation

and the introduction of vinyl led to bonded, cross-linked, solvent rins-
able capillary columns that demonstrated enhanced thermal stability (1).

More recently, thermal stability has been improved by introducing
aromaticity into the polymer backbone to increase polymer rigidity and
thus reduce polymer backbiting (2). Introducing aromaticity into the
siloxane backbone, however, produces column selectivity different from
standard siloxane phases where the aromatic substitution is pendant to
the backbone. Another means of controlling backbiting is to reduce or
eliminate the terminal silanol groups that initiate the process. Studies
conducted in this laboratory indicate that improved thermal stability
may be attained by polymer end-capping to eliminate terminal silanols
and purification of the phase to remove oligimers.

We propose that the ideal methyl siloxane column coating (consider-
ing bleed and temperature limitations) would be one single molecule
with no terminal silanols. Introducing branching into the prepolymer
would reduce the amount of crosslinking required to form a single mol-
ecular network. The term “Unimolecular Phase” was coined to describe
the resulting phase. Figure 1 represents such a polymer structure.

A polymer of this nature was developed and used to coat both fused
silica and stainless steel tubing by standard static coating techniques.
The columns were crosslinked using a conventional procedure, and then
were conditioned overnight.

Results and Discussion
Thermal stability was measured with a stainless steel column as the tub-
ing is stable to higher temperatures. A 6 m � 0.5 mm i.d. � 0.15 �m
df column was tested first at low temperature with a standard mix, then
held at 450 °C for 72 h. Subsequent testing showed no loss of phase or
change in retention indices.

Because the polyimide coating is only marginally stable at tempera-
tures above 400 °C, fused silica columns were tested using less stringent
conditions. Fused silica columns were held at 400 °C for 12 hours and
then tested using standard methods. Column bleed was 0 pA at 320 °C,
0.8 pA at 340 °C, 2.2 pA at 360 °C and only 5.0 pA at 380 °C!
Figure 2 is a chromatogram of a PAH standard temperature pro-
grammed from 100 °C–400 °C.

C
Figure 1: Theoretical high-temper-
ature low bleed methyl siloxane
polymer structure.

Figure 2: Chromatogram of a standard PAH sample on a Unimolecular
VB-1 30 m � 0.25 mm i.d. � 0.25 �m; Conditions: Split Injection, Injec-
tor 280 °C, Detector 400 °C, Oven 100 °C for 2 min then programmed to
400 °C at 15 °C/min.
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