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by Jaap de Zeeuw, Roy Lautamo, Chris English, Shawn Reese, and Gary Stidsen

Development of a New Platform of
Highly Inert Fused-Silica Capillary

Columns

Gas chromatography technology has
consistently improved sensitivity
for difficult-to-analyze compounds.
Increased sensitivity is especially impor-
tant in trace analysis, where the response
of components depends strongly on the
inertness and background of the system.
While the sensitivity of GC instruments
and detection systems has been improv-
ing continuously, column performance
has remained relatively constant over
the last several years. In order to further
increase sensitivity and make use of the
instrument improvements, it is necessary
to improve the column performance.
This can be realized by 1) stationary
phase stabilization, which reduces col-
umn bleed, and 2) better deactivation
techniques, which improve column
inertness. New deactivation technol-
ogy has made it possible to make a more
neutral column. As a result, more polar
compounds as well as bases/acids can
be analyzed with high response using
standard-type stationary phases.

Rxi® column technology (Restek
Corp., Bellefonte, PA) has been suc-
cessfully applied with nonpolar phases
such as 100% polydimethyl silox-
ane (PDMS) as well as 5-50% phe-
nyl PDMS phases. A simple test was
developed that provides an excellent
indication of column quality.

Measurement of trace
impurities

When measuring trace-level impurities,

concentrations to be detected. There
are two ways to maximize the S/N: 1)
decrease the noise level (decrease N),
and 2) increase the signal (increase S).

Decreasing the noise level

Many parameters need to be opti-
mized to reduce noise levels. The most
important are:

e (Carrier gas purity and the potential
for leaks in lines

e Injection/detection port liners and
connections with possible leaks

e Septa, needles, vials, and injection
protocols

e Transfer lines and temperatures

e Stationary phase type, film, column
length, and i.d.

By optimizing the GC system, not only
is an increase in sensitivity obtained,
but downtime is also reduced due to
less detector contamination. Systems
stabilize faster and, when using a mass
spectrometric detector, the mass spectra
will show better “match” factors because
fewer contamination ions are formed.

Increasing the signal

Benefits are also gained from maxi-
mizing the signal. Signal can be
increased by:

e Concentrating the sample: This
will take time and requires more
sample purification since the
matrix will also concentrate.

¢ Injecting more volume onto

e Optimizing detector settings: Opti-
mizing detector flows, tempera-
tures, and voltages will maximize
sensitivity.

e Using inert liners and considering col-
umn position: Injection and detection
port liners can be highly active. If the
column is not positioned correctly in
the detection port liner, the liner may
adsorb polar/sensitive compounds.

¢ [ncreasing gas velocity or tempera-
ture program rate: Using faster tem-
perature programs or higher flow
rate can elute a component faster,
resulting in a smaller peak width.
The peak area will be similar, which
will result in a higher response.

A factor that is often forgotten is the
inertness of the capillary column. The
shape of the eluting peak greatly deter-
mines the height of the signal and there-
fore the sensitivity. Rxi column tech-
nology was developed to improve the
inertness of existing capillary columns.

Reducing noise and
increasing signal

Low-bleed stationary phases have been
commercially available for some time.
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reduced sensitivity. To optimize sensi- volume injection techniques.

Figure 1 Schematic representation of Rxi bond-

tivity, the signal-to-noise ratio (S/N)
must be maximized. A lower noise level

Programmed temperature vapor-
izer (PTV) injection seems to be

ing process (cross-bonding, surface bonding, deacti-

vation, and shielding for minimization of impact of

quite promising here. ) and
[re]active silanols) .

will increase the S/N, allowing lower
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FUSED-SILICA CAPILLARY COLUMNS continued

a Comparison: 5 different brands b comparson: 7 different brands

Through the use of arylene-type sta-
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bilizing groups, the mobility of silox-
anes could be reduced significantly,
resulting in more stable polymers. As
a result, the breakdown reaction that
is the basis of stationary phase degra-
dation is less likely to occur.

With Rxi technology, the stabilization
has been taken one step further. Endcap-
ping the reactive silanol groups present
in the polymer and on the fused-silica
surface was the first step. Incorporation
of systematic cross-bonds made it pos-
sible to link up the siloxane chains to
thicker films, maintaining flexibility
without cleavage at higher temperature.

Additionally, surface deactivation was
developed that allowed surface bonding
of all Rxi polymers. The surface bond-
ing makes the Rxi polymers extremely
stable for mechanical attack of liquids
in, for instance, splitless injections.
This typically translates to longer col-
umn lifetime. Figure 1 shows a sche-
matic of the bonding processes used
to stabilize Rxi polymers. This deac-
tivation has an important function in
shielding any residual activity on the
surface, creating a highly inert column.
Polymers prepared with dimethyl,
diphenyl, and arylene-type stabiliza-
tion could be made highly inert using
Rxi column technology.

Figure 2 shows a comparison of the
degradation obtained on several com-
mercially available stabilized or “low-
bleed” phases. All columns tested were
treated under identical conditions.
Although most commercial columns
have low-bleed characteristics, the Rxi
columns clearly demonstrate very good
performance regarding column bleed.
This is particularly evident when using
thicker films (Figure 2b): The stabili-
zation resulting from the cross-bonds
helps to keep the bleed low. The dif-
ference is even more pronounced when
inertness is taken into consideration.

Inertness of the
capillary column

To maximize sensitivity, it is also
essential to use a highly inert capillary.
Ideally, a component elutes as a sym-
metrical peak. Rxi column technology
allows the manufacture of a more inert
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Figure 2
film, b) 0.5-ym film.

GC column, which translates to
several additional benefits:

¢ Inert columns will elute compo-
nents as sharper peaks, providing
1) higher response (lower detec-
tion limits with the same hard-
ware), 2) higher peak areas (less
adsorption and better sensitiv-
ity), and 3) no retention time shifting
(reduced chance of misidentification).

e Polar compounds can be measured
at increasingly lower levels; this is a
challenge for many laboratories.

e Derivatization is often not neces-
sary. Drugs can be analyzed without
derivatization, which saves time
and improves recovery.

e More analyses without mainte-
nance. Sharper peaks allow sample
load to be reduced, which results in
wider maintenance intervals and
longer column lifetime.

Inertness is critical because peak tail-
ing will increase significantly as activ-
ity in the capillary increases (Figure
3). This activity is typically based on

40

30+

-

Figure 3
adsorption in the column occurs.

pyridine 20 1 h
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350C
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Bleed comparison of different types of 5% diphenyl and aryl phases: a) 0.25-yum

Peaks starting to look
like “shark-fins”

« Loss of sensitivity
* Quantitation problems

\
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The typical peak shapes seen when

an adsorption mechanism, and the
stronger the adsorption is, the greater
the tailing will be.

Another problem associated with adsorp-
tion is that the retention time of the
compound depends on the activity of
the column. With increased activity, the
retention time becomes longer. A practi-
cal example is shown in Figure 4, where
the Rxi column technology is compared
with a commercial state-of-the-art cap-
illary column. Using pyridine as a test
component immediately reveals how
well a capillary is deactivated. The reten-
tion, peak shape, and peak height for
pyridine eluting from the Rxi-5ms col-
umns are significantly better than when
using the standard commercial column.

1 pyridine

30 4

2

Rt pyridine = 2.303 min

Figure 4
deactivation, b) Rxi column deactivation.

Rt pyridine = 2.260 min

Impact of column activity on retention of pyridine peak. a) State-of-the-art column
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Rxi-5Sil MS

Structure of Rxi-5ms (5% diphenyl) and Rxi-5Sil MS phase (arylene-stabilized

10 ng pyriding
2.5 ng pyridine

1.0 ng pyridine

- time

Impact of the amount of active compound injected on retention time and peak shape.

Peak shown: pyridine at 10, 2.5, and 1 ng on a conventional state-of-the-art column (30 m x
0.25 mm, df =0.25 um) . a) Individual runs, b) overlaid chromatograms.

Since quality of deactivation at this level
varies widely from column to column,
the position of active components will
vary. The impact becomes even more
relevant when looking at lower levels.

Peak elution becomes
a function of
concentration

If activity is present in a liquid phase
coated capillary, it will act as a second
retention mechanism. Figure 5 demon-
strates that the elution is a function of
the activity. Another effect of activity is
that the retention becomes a function of
concentration. Depending on the num-
ber of active sites and their contribu-
tion, a component will be “overloaded”
and elute earlier or later. In effect, this
means that when activity is present,
high concentrations will elute faster and
low concentrations will be more strongly
retained and will elute later.

Figure 6 shows the elution of 10, 2.5,
and 1 ng pyridine using a standard
capillary. The peak shape of pyridine
is already a nice indicator that deac-
tivation is not optimal. By overlaying
the chromatograms, it is clear to see
what happens with the lower levels
of pyridine. This could lead to a false
negative, misidentification, or even a

false positive. Particularly when multi-
component methods are used, it is very
important with trace analysis to set
wide windows to look for masses. Using
Rxi column technology results in a bet-
ter peak shape for pyridine. This trans-
lates to similar retention times, even at
much lower concentrations (Figure 7).

10 ng | Rt=2.46 min

New tests for inertness

Historically, column inertness has
been tested using test mixtures con-
taining components of different func-
tionality. For column quality, the
Grob test mixture has been used for
a long time. For differentiation of col-
umn inertness, these mixtures are not
good enough, since most columns look
comparable. A more stringent test is
needed to evaluate the quality of the
capillary column, and this is achieved
by choosing more critical compounds.

A simple, in-house, temperature-
programmed test was developed by
Restek Corp. that uses pyridine and 2,4
dinitrophenol, functioning as markers
for the column’s base and acid behav-
ior. The pyridine molecule is very sen-
sitive for surface residual acidity and
will always show some degree of tailing.
On the state-of-the-art type columns,
a clear difference can now be measured
by analyzing these two test probes when
introduced onto the column at nano-
gram level. A more critical isothermal
test was also developed for testing the
quality of columns in a production envi-
ronment. These tests have to be done
isothermally to generate reproducible
data on all relevant column parameters.

continved

Rt =2.45 min

Rxi: Retention times NOT
dependent on concentration

0.5ng Rt =2.48 min |

Es Tas Woa o R eSS FaS R es ve s SR TS 5ot

L P S S S e S e e s g "

e e e e e e e

Figure 7
sions as in Figure 8, using Rxi column technology.

Table1
Previous testing

Primary alcohol (octanol)
Aromatic dimethyl aniline
Dimethyl phenol

Peak shape and retention of 10, 1, and 0.5 ng pyridine on similar column dimen-

Typical components used for column quality testing

New testing

Di-alcohol (2,6-hexane diol)
Primary amine (decylamine)
2,6-Dinitrophenol
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FUSED-SILICA CAPILLARY COLUMNS continued

Rxi-5ms | Para- and Meta Xylene co-elute |
2- \\‘_\%“r
. | I
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Figure 8 Separation of xylenes on Rxi-5ms and Rxi-5Sil MS columns, both 60 m x 0.25 mm,

df = 0.25 ym, temperature = 35 °C.

Table 2 Equivalent selectivity of Rxi-5ms and Rxi-5Sil MS columns*
Rxi-5ms Rxi-5Sil MS
5% Diphenyl-PDMS Arylene-stabilized equivalent of
5% diphenyl-PDMS

Restek Rtx-5 Rex-5Sil MS
Agilent HP-5, HP-5ms, DB-5, DB-5ms
Ultra-2
Varian CP-Sil 8 CB VE-5ms, CP-Sil 8 CB LB/MS
Alltech AT-5 AT-5ms
Supelco Equity-5 MDN-12
SGE BP-5 BPX-5
Phenomenex ZB-5 ZB-5ms
Machery-Nagel Optima-5 Optima-5ms

*Agilent Technologies (Wilmington, DE); Varian (Palo Alto, CA); Alltech Associates
(Deerfield, IL); Supelco Corp. (Bellefonte, PA); SGE (Austin, TX); Phenomenex (Tor-
rance, CA); and Macherey-Nagel (Easton, PA).

[ 8
| | pyridine

Figure 9 Standard test of Rxi-5Sil MS columns. Column: 30 m x
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The primary change implemented was
the type of test probe (see Table 1).

The diol functionality reveals the inter-
actions with residual silanols, while the
primary amine and nitrophenol are
excellent probes for neutrality. Such
critical test probes are essential to test
and demonstrate the quality of the Rxi
line of capillary columns.

Column technology
applied to Rxi-5Sil MS
columns

Rxi column technology has been
available commercially for approx.
three years using the Rxi-5ms and
Rxi-1ms phases. The Rxi-5Sil MS col-
umn is a nonpolar stationary phase
that incorporates arylene groups for
extra stabilization. The selectivity of
this phase is different from the Rxi-
5ms column, as the arylene group will
produce different interactions. Both
phases have different structures (Fig-
ure 5). There is a misconception in
the industry because several column
manufacturers have claimed that an
arylene-stabilized siloxane (type 5ms)
is identical to a 5% diphenyl/95%
dimethyl-type phase. These phases are
significantly different, however, and
can produce complete elution order
reversal. Figure 8, for instance, shows
the separation of xylene isomers. On
the arylene-stabilized phase, the sep-
aration of para- and meta-xylene is
near baseline, while on a 5% diphenyl
there is no separation at all. One can

Amines Nitro compounds
Phenols Acids
Ethers Hydrocarbons

Chlorinated hydrocarbons  Aromatics

Alcohols Polyaromatic hydrocarbons

0.25mm, df =0.25 um. 1) 2,6-hexanediol, 2) 4-chlorophenol, 3) meth-  Figure 10 A multicomponent environmental analysis such as U.S.
ylnonanoate, 4) 1-decylamine, 5) tridecane, 6) undecanol, 7) acenaph- EPA 8270 is usually analyzed using an Rxi-5Sil MS column. All groups
thylene, 8) pentadecane. of compounds elute as symmetrical peaks. (See Table 3 for conditions.)

14 JUNE/JULY 2008  AMERICAN LABORATORY



Volume 40, Number 12

Table 3

Column:

Conditions for U.S. EPA 8270
Rxi-5Sil MS column (30 m x 0.25 mm x 0.25 pm with a 5-m

Integra-Guard™ (Restek), 10 ng of each compound injected on

the column

Oven: 40 °C (hold I min) — 280 °C at 25 °C/min — 310 °C at 5 °C/min

Carrier gas: He, 1.2 mL/min

Procedure: All injections were made in the pulsed-splitless mode with a Siltek®
4-mm-i.d. Drilled Uniliner® (both Restek) using an Agilent 5975.
One-microliter injections were made with an injection port
temperature of 250 °C. Carrier flow rate was set at 1.2 mL/min,
constant flow. Standards were 10 ug/mL for all compounds except
for the internal standards, which were 20 pg/mL.

imagine that aromatic compounds in
particular will have different interac-
tions with the in-chain arylene groups
versus the side-chain diphenyl groups.

Restek Corp. has applied the Rxi col-
umn technology to both phases. The
Rxi-5Sil MS column is a direct substi-
tute for all arylene-stabilized station-
ary phases (Table 2). By choosing the
correct equivalent, the same separation
and elution order will be achieved, but
with very low bleed and improved peak
symmetry for difficult components such

-«

2Ny tic

as diols, acids, and primary amines. Fig-
ure 9 shows the elution profile of the
developed critical test mixture on the
Rxi-5Sil MS column. Note the symme-
try of the acid, base, and diol peaks.

Analyzing U.S. EPA 8270 pollutants is
a very common application for the Rxi-
5Sil MS phase. This is a challenging
application because there are many dif-
ferent classes of components to be mea-
sured in one method. A 93-component
8270 standards mix was analyzed at lev-
els of 10 pg/mL. All of the analytes per-

formed well at 10-ng load onto the col-
umn. Peak shape and separation were
excellent for all components, including
the challenging pyridine peak (Figure
10). Equipment and procedures are
described in Table 3.

Conclusion

Rxi column technology has been applied
successfully to the manufacture of 100%
methyl, 5% diphenyl, and arylene-
stabilized phases such as the Rxi-5Sil MS.
This platform of capillary columns meets
the increasingly stringent demands on
column quality by combining low bleed
with exceptionally high inertness. Trace
analysis will become less challenging with
these advances because more polar com-
ponents can be measured without deriva-
tization at increasingly lower levels.

Mr. Lautamo, Mr. English, Dr. Reese, and
Mr. Stidsen are with Restek Corp., 110
Benner Cir., Bellefonte, PA 16823, U.S.A.;
tel.: 814-353-1300. Mr. de Zeeuw is with
Restek Corp., Middelburg, The Netherlands;
e-mail: jaap.dezeeuw@restek.com.
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