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Abstract

A flexible configuration of QuickSwap is presented that
allows use of larger id columns, pressure pulse injections,
and variable column flow rates without having to change
the restrictor or QuickSwap pressure. The split configura-
tion can be set up such that the MSD is run at optimal
flow rate. Examples are presented for several different
columns and experimental conditions.

Introduction

QuickSwap is a recently introduced Capillary Flow
Technology device designed to improve the usabil-
ity of GC/MSD systems. It allows you to change
columns and do inlet maintenance without venting
the mass spectrometer. It also facilitates use of the
backflush technique. The basic concepts, benefits,
and use of QuickSwap are described in several
Agilent Technologies publications [1-4] and are
illustrated in Figures 1 and 2.

@ o o . Application

for QuickSwap

As can be seen from Figure 1, if the column is dis-
connected from QuickSwap, a flow of inert gas
from the Aux EPC will prevent air from entering
the MSD.

MSD

17 cm restrictor*

Aux EP
Column ux EPC

QuickSwap

*QuickSwap restrictor, P, and T are selected for desired flow to MSD, usually the
maximum flow that the current application requires.

Figure 1.  General concept of QuickSwap.
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Column Effluent

Aux EPC In | l

MSD Transfer Line

QuickSwap is pictured on the left showing perma-
nent (Aux EPC In) and temporary connections. A pic-
ture of a normal QuickSwap installation is shown on
the right.

Figure 2.

In the standard configuration of QuickSwap, you
must determine before installation what the maxi-
mum expected flow will be from the analytical cap-
illary column being used. This value is in turn
used to select the proper restrictor size (the four
available sizes are 92 um, 100 um, 110 um, and

120 pum id), the transfer line temperature, and
QuickSwap pressure.

If the flow from the analytical column exceeds that
originally planned for, then the pressure at Quick-
Swap will exceed its setpoint and the GC will go
“not ready.” This can happen if you do any of the
following:

e Do pressure pulse injections, wherein the flow
during injection is typically two to three times
that during the run

e Increase column flow rate, as you might do
when doing a method speed-up with method
translation

MSD

17 cm x 100 pm
350 °C, 3.7 psig

Column
QuickSwap

e Do aretention time locking calibration, where
inlet pressure is increased 20% over the nomi-
nal pressure

e Change to larger-dimension columns

In these examples, you would need to increase
QuickSwap pressure and/or lower restrictor tem-
perature or cool the system and install a new
restrictor in order to accommodate the higher
flows.

On the other hand, if you were to use a restrictor
that allowed excess flow to the MSD, method per-
formance (for example, detection limit and linear
dynamic range) might be worse. So, it is important
to plan carefully when using the normal Quick-
Swap configuration to get the right balance in per-
formance and usability.

In general, when flow to the MSD changes,
e Tune parameters can change
e Response can change

e S/N and limit of detection can change

An alternate configuration was conceived of that
allows the MSD to be run at optimal flow rate and
improves flexibility and usability of QuickSwap
[QS] in a wider range of potentially useful situa-
tions. This configuration incorporates a split
between the Aux EPC module and QS and is illus-
trated in Figure 3.

This configuration has several advantages over the
standard configuration. It:

e Simplifies initial setup (restrictor choices)

e Simplifies changes to existing methods

72 cm x 250 pm

“In this example, the restrictor, transfer line temperature, and QuickSwap pressure were chosen to allow approximately

1 mL/min flow to the MSD —corresponding to its optimal performance regime.

Figure 3.
leading to QuickSwap.

Flexible configuration includes addition of a split vent path on the Aux EPC line



Simplifies retention time locking applications
with QS

Allows pressure pulse injections without having
to change QS restrictor

Allows more aggressive backflush conditions
than if larger restrictors were used

tions in GC/MS. MSD users are probably aware
that there is an optimum flow above which MSD
performance degrades. For most MSDs with elec-
tron impact sources and standard drawout lenses,
optimal performance coincides with a flow rate
range of 1 to 1.5 mL/min. Above that, signal and
S/N fall approximately linearly with respect to

fl te i .
o Allows method translation and speed up with- ow rate mcreases

out having to change QS restrictor

o Allows use of medium- and large-bore columns
with MSD

In some applications, there are some valid reasons
why you might consider larger-bore capillary
columns. These include:

e Higher sample capacity (solvent peaks don'’t tail
as much, polar solutes don’t front as much)

e Better robustness (better able to handle dirty
samples)

Experimental

e More amenable to large-volume injections—
especially the solvent vapor exit version An 80-ppm mixture of semivolatiles and surrogates

was selected based on a validated “fast” USEPA

8270 method [5]. A reference chromatogram is

shown in Figure 4.

e Less problematic cool on-column injections
(more rugged larger id needles can be used)

However, the problem of higher flow rates associ-
ated with larger id columns has limited applica-
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Figure 4. Reference chromatogram for Fast 8270 method.



Restrictor and setpoints were chosen for the
flexible split configuration such that approximately
1 mL/min would go to the MSD. Several different
combinations of QuickSwap restrictor and set-
points could be used to yield a flow rate in the
optimal range for MSD with EI source. These are
listed in Table 1.

Table 1. Restrictor and Setpoint Combinations Corresonding to
the Optimal Flow Rate Range of the MSD

QuickSwap QuickSwap Transfer line  Flow to MSD

restrictor pressure temperature  (mL/min)

id (pm) (psig) (°C)

92 (G3185-60361) 4.0 250 1.0

92 4.0 195 1.2

100 (G3185-60362) 3.7 350 1.0

100 2.7 250 1.2

110 (G3185-60363) 0.5 350 1.0

110 14 325 1.2

Referring back to Figure 3, now let’s examine the
flexible QuickSwap configuration in more detail. In
this study, the 1/16-inch Swagelok union connect-
ing the line from QuickSwap to that coming from
the Aux EPC was replaced with a stainless steel tee
(refer to the parts list). To the third leg of the tee, a
restrictor was added leading to a flame ionization
detector (FID) to allow monitoring of vented mate-
rial. In an alternate configuration, one can put the
tee outside the oven by cutting the Aux EPC tubing
on the top of the GC, and then plumb the restrictor
to a separate split vent trap (such as that used to
trap vented sample on the split/splitless inlet; refer
to the parts list). This configuration is recom-
mended to capture potentially noxious sample

Table 2.

components that are vented if an FID is not being
used to combust them. The split vent trap cartridge
is also easily replaced with a fresh one if and when
it is necessary.

The dimensions of the vent restrictor is not as crit-
ical as the one used for QuickSwap. The vent flow
rate needs to be more than that reasonably
expected for the analytical column used and exper-
iments to be conducted. However, there is little
downside to using a restrictor with “moderately
excessive flow,” except that one is wasting clean
purge gas from the Aux EPC. In this example, the
restrictor was chosen to yield approximately

10 mL/min at the initial oven temp (50 °C) and
QuickSwap pressure (3.7 psig).

For experiments where the column flow is less
than the 1 mL/min nominal flow to the MSD,
makeup gas would be supplied by the Aux EPC to
make up the difference and pure purge gas would
vent through the FID. In those cases where the
column flow exceeds 1 mL/min, the excess would
back up the Aux EPC line to the tee, where it will
mix with the purge gas and be vented to the FID
and detected. In effect, any flow > 1 mL/min is
vented while the flow to the MSD remains constant
at its optimum.

To test the flexibility of this configuration, several
different sizes of columns and several different
flow rates were examined using the same semi-
volatiles sample used earlier. The columns and con-
ditions are listed in Table 2. Again, constant
pressure mode conditions were chosen to yield
approximately the same void times for the three
different columns so that solute retention times
would be similar. Later, other flows were tried as
were constant flow modes.

Conditions for Constant Pressure Mode Experiments (Void times nomi-

nally matched at 1.239 min. Conditions: Oven program: 50 °C (1 min) —
350 °C (3 min) @ 20 °C/min; QuickSwap restrictor = 17 cm x 100 pm id
at 3.7 psig and 350 °C, yielding 1.0 mL/min flow to MSD; 0.5 pL splitless

injection with a 2-min purge delay, inlet at 275 °C)

Head Initial flow Ending flow
Dimensions pressure (@50 °C) (350 °C)
20 mx 180 pm 20.5 psig 0.70 mL/min 0.23 mL/min
30 m x 250 ym 23.4 psig 2.18 mL/min 0.72 mL/min
30 m x 530 pm 7.93 psig  6.85 mL/min 2.26 mL/min

Relative

capacity
1X
22X

18X



The results of the comparison are shown in
Figure 5. Several points are worth stating.

from Table 2 that the flow rate decreases from
the optimal flow rate of 0.7 mL/min at the start
of the run to well below that at the end. This

1 ,CC}?;%IE (‘Zelir: qﬁ;ﬁgﬁ:ﬁgj}iﬁgg??“ venting will cause peaks to be wider than they would be
Y ). at optimal flow. In contrast, the flow rate of the
2. No pump down, retuning, or equilibration time 250-um id column starts higher than the
were required prior to applying new pressure 1 mL/min optimal flow but remains at an opti-
setpoints and acquiring data for the different mal or faster-than-optimal rate for most of the
columns. run. This will cause the peak widths for the
3. The retention times are approximately the same 250-pm id C(?lumn to be narrower than that of
A the 180-um id column.
on each column—a result of determining the
setpoints that would yield the same void time. . The benzoic acid peak (#4) is less distorted on
4. Peak widths, shapes and heights reflect a com- the 530-um id colump asa .co.n sequence of the
. . larger column capacity. This is one of the bene-
posite of chromatographic phenomena such as . . .
. . .. fits of using larger id columns.
relative stationary phase capacities, column
efficiencies, deviation of actual flow from opti- . The relative elution order is the same for the
mal flow, and the amount of post-column split three columns. This is a consequence of match-
to vent. For example, one might think that the ing void times and using constant pressure
180-um id column should have the narrowest mode. This would not be the case when using
peaks (highest efficiency); however, one can see constant flow mode (see Figure 7).
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Figure 5. Constant pressure mode analysis with three different column dimensions; 0.5-pL splitless injections of 80-ppm semi-

volatiles test sample, with flow conditions from Table 2.



As can be seen in Figure 6, the FID signal indicates
what was split to the FID when column flow
exceeded the 1 mL/min flow to the MSD. At no
time does the 180-um id column flow exceed

1 mL/min, so there is nothing vented and no FID
signal. For the 250-um id column, the flow at initial
conditions is > 1 mL/min, and the excess flow is
split to the FID, as indicated by a solvent peak. Yet
as flow decreases during the run (a normal conse-
quence of constant pressure mode conditions),
column effluent all goes to the MSD and FID signal

remains flat. For the 530-um id column, flow is
always > 1 mL/min, so some flow is always being
vented through the FID. This is easily seen in the
inset of Figure 6, where the scale is expanded and
peaks can be seen throughout the FID chro-
matogram.

column is its optimal flow, the higher is 2X optimum.
Other instrumental paramters were the same as those
used for constant pressure mode experiments.)

Dimensions OQutlet flow
20 m X 180 pm 0.72 mL/min
20 m X 180 pm 1.44 mL/min
30 m X 250 pm 2.5 mL/min
30 m X 250 ym 1.0 mL/min
30 m X530 ym 2.1 mL/min
30 m X 530 pm 7.0 mL/min
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Time
Figure 6.  FID signal of vent stream shows what is vented when column flow exceeds flow to MSD.
Table 3. Constant Flow Mode Conditions (Lower flow for each Constant flow mode was also evaluated. Condi-

tions for constant flow modes are given in Table 3.
Two flow rates were chosen for each column: opti-
mal flow rates (the lower of the two) and 2X opti-
mum.

The MSD TIC for each column at optimal flow rates
is shown in Figure 7, with the corresponding FID
vent signal in Figure 8. It can clearly be seen that
for the 250-um and 180-mm id columns, no column
effluent is split to the FID. Since the flow rate of
the 530-um id column is approximately 2X the flow
the MSD, half of the column effluent is split to the
FID.
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FID vent signal for three columns under optimal flow conditions. Only the 530-pm id column has a flow that exceeds the 1



Results for the 2X optimal flow conditions are
shown in Figures 9 and 10. The flexibility of the
QuickSwap split configuration is highlighted here
in that no adjustments were made to QuickSwap
restrictor size, transfer line temperature, or Aux
EPC pressure in order to accommodate all of the
flow changes. Only the columns and their individ-
ual flow conditions were changed. The QuickSwap
split passively accommodated all excess flow.

Notice in Figure 9 that the higher the excess
column flow, the less of the sample goes to the
MSD (more is split to vent, as seen in Figure 10).
The fact that less sample is getting to the MSD
might be considered a serious disadvantage for

101

some analyses, but this is tempered by the fact that
the larger column has higher sample capacity, so
larger sample volumes could be injected without
suffering overload (peak distortion). In addition,
the larger diameter columns usually generate
wider peaks, so a larger value can be selected for
MSD sampling (for example, samples = 22 or 24
instead of 2%). This will result in higher S/N. So, if
one seeks the benefits of larger id columns for MS
analysis, one can easily accommodate them with
this QuickSwap configuration with only a small
compromise.
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Figure 9. Comparison of MSD TIC chromatograms for three columns run at 2X optimal constant flow mode. Scale is con-

stant for the three, showing the absolute amount of sample reaching the MSD.
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Figure 10. FID vent signals for the two largest columns operated at 2X optimal constant flow rate conditions.

Pressure-pulse injection is often used to minimize
the time labile samples stay in the inlet and to
avoid inlet overload when large volume sample
injections. With this technique, pressures are typi-
cally two to three times the starting pressure of
the standard analysis. As such, the flow through
the column is increased significantly. In the stan-
dard QuickSwap configuration, this higher flow
can exceed the ability of the chosen QuickSwap
restrictor to handle at the selected QuickSwap
(Aux EPC) pressure. When this happens, pressure
exceeds the setpoint, the GC goes “not ready,” and
automated injection does not proceed. With the
flexible split configuration for QuickSwap
described herein, the extra flow during pressure
pulse injection is vented, so there is no issue with
maintaining setpoint.

A pressure pulse injection was done with the
250-um id column to verify that the split configura-
tion would accommodate the extra flow. The pulse
pressure was 50 psi (approximately two times the
standard pressure) for 1 min, after which the pres-
sure returned to 23.41 psig for the remainder of
the run. For the standard run, the pressure was
23.41 psig for the whole time. No other changes
were made to experimental conditions.

Figure 11 compares MSD TIC chromatograms for
the standard and pulsed-pressure experiments.
One can see a slightly earlier retention time for the
first couple of peaks in the pressure pulse experi-
ment (this is typical due to the higher initial
column flows). Other than that, the chromatograms
are indistinguishable.
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Figure 11. Comparison of standard and pressure-pulse injection modes. No adjustment of QuickSwap pressure was required for
the pressure-pulse mode —a henefit of using QuickSwap split configuration.

As can be seen from the FID vent signal, period (1 min), the column flows are the same in
(Figure 12), more solvent is vented in the pressure- the two cases and decrease to near or below

pulse injection than in the standard because of the 1 mL/min. As a result, there is no excess column
higher initial flow. Yet for the analytical portion of flow to split to the FID and the FID baseline is flat.
the run after completion of the pressure pulse

~&—Pressure pulse

~€— Standard splitless

I 1 T T
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Figure 12. FID vent signal for pressure-pulse injection versus standard splitless injection.
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accommodating a wide range of column flows.
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Parts List
Part Description Part number
QuickSwap Kit G3185B
QuickSwap restrictors 92 pm (G3185-60361
100 pm G3185-60362
110 pm G3185-60363
1/16" tee Regular 0100-0782
ZDV 0100-0969
SilTite 1/16" ferrules For connecting 1/16" SS lines (G2855-2055
Deactivated FS 250-pum id FID vent restrictor 160-2255-5
Split vent trap Kit—vent alternative to FID G1544-60610
1/16" straight union 0100-0124
SilTite ferrules for capillary 250 ym 5188-5361
column connections 320 pm 5188-5362
530 pm 5188-5363
20 m X 180 mm X 0.36 mm DB-5.625 121-5622
30 m X 250 mm X 0.5 mm DB-5MS 122-5536
30 m X530 mm X 1 mm DB-5 125-503J

"
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