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This application note discusses three injection techniques: hot splitless, cold split-
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less, and solvent vent mode available on the Multimode Inlet. The cold splitless and
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solvent vent mode injections allow analysts to achieve a lower detection limit by
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making large volume injections (LVI). A total ion chromatogram overlay of 40-ppb
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pesticide standards from 2-µL hot splitless, 10-µL cold splitless and 25-µL solvent
vent illustrates the improvement in signal-to-noise ratios using LVI.

Introduction

mode), Cold Split/Splitless (also in pulsed mode), Solvent
Vent and Direct mode.

A growing number of analysts are exploring large volume
injection (LVI) techniques to improve existing analyses. With
traditional liquid injection techniques in capillary gas chromatography, most inlets and columns can only handle
1 – 2 µL at a time. Attempts to increase the injection volume
can lead to broadened and distorted analyte peaks, large and
long solvent peak tails, and saturated or damaged detectors.

Hot Splitless (for 1 – 3 µL injections)
For most analysts considering LVI, their current methods are
using hot splitless injection. This proven and reliable sample
introduction technique has worked well for almost 40 years;
however, it does present some challenges to the sample
integrity and to the method developer. First, the inlet must be
hot enough to flash vaporize the solvent and analytes so that
the resulting vapor cloud can be transferred to the column.
The inlet liner volume must be sufficiently large to contain
this vapor cloud. If the liner volume is too small, the vaporized
sample can overflow the liner and reach reactive surfaces,
leading to analyte loss. In addition, the pressure wave generated by the vaporized sample can push back against the
incoming carrier gas and enter sensitive pressure and flow
control systems. Using the Agilent pressure/flow calculator
[1], a 1-µL injection of acetone into an inlet at 240 °C and
14.5 psig expands to 288 µL of gas. Most inlet liners for standard split/splitless inlets have a nominal volume of 1 mL. An
increase of injection volume to only 3.5 µL under these conditions creates a vapor cloud of 1 mL which could easily overflow the inlet liner.

The purpose of increasing the injection volume is normally to
improve detection limits in trace analysis. By introducing
more of the sample to the system, the mass of analyte reaching the detector will be proportionally increased, resulting in
larger peak areas and peak heights. If the baseline noise is
constant, larger peak heights mean greater signal to noise
ratios and lower system detection limits. An additional benefit
of LVI is the ability to reduce the amount of sample originally
processed. By injecting 10 – 100 times more volume of
processed sample and concentrating it in the inlet, the sample preparation can start with 10 – 100 times smaller sample
volume and still achieve the same mass of analyte on column.
Another advantage of using LVI (solvent vent) is the decrease
in solvent that actually reaches the detector. Usually, only 10
– 30% of the injection solvent actually enters the column and
makes it to the detector.

Hot splitless injection also creates a challenging environment
for thermally unstable or labile analytes. Compounds such as
the organochlorine pesticides DDT and endrin can rearrange
to form breakdown compounds. This process is accelerated
with the inlet temperatures normally used to analyze them.
Effective chemical deactivation of the liner can minimize analyte breakdown. However, high inlet temperatures can
decrease the lifetime of deactivated liners.

LVI can be applied to injection volumes ranging from a few
microliters up to 1 mL or more. In most LVI approaches, the
sample solvent is evaporated and removed from the inlet system before the analytes are transferred to the separation column. In this way, LVI is similar to nitrogen evaporation or
rotary evaporation of the solvent, with the added benefit of
being performed in the GC inlet rather than in a fume hood.
Analytes that would be lost during nitrogen evaporation may
be retained in the inlet and successfully analyzed via LVI.
Furthermore, the LVI process can be automated and is reproducible. As in the other evaporation techniques, the LVI
approach is a function of the solvent type, the inlet temperature, the vent flow of evaporation gas, and the analyte boiling
point. In addition, the inlet pressure during evaporation and
the inlet liner have an impact on the rate of solvent removal
and analyte recovery. These parameters will be discussed in
this application note.

Another challenge created by hot splitless injection is the
opportunity for needle fractionation or analyte discrimination.
The needle temperature increases as the sample is being
transferred from the syringe to the inlet because the needle is
in contact with the septum. The rise in needle temperature
can cause the solvent to "boil" away and deposit high boiling
analytes inside the needle. To avoid this fractionation problem, some analysts load a solvent plug into the syringe first
and then draw up the desired sample volume (available in
7693A Automatic Liquid Sampler). The thought is that the solvent plug will wash any deposits into the inlet. An effective
way to address this problem is to make a high speed injection. This minimizes the time the needle is in contact with the
septum and the time the sample touches the needle. Even
with these issues, hot splitless injection is a well-accepted
technique. An alternative technique, such as cold splitless
can address these concerns and improve the analysis results.

Experimental
MMI Operational Modes
The Agilent Multimode Inlet (MMI) uses the same liners and
consumables as a standard split/splitless inlet, making it
compatible with existing hot split and splitless methods. Its
operational modes include: Hot Split/Splitless (also in pulsed
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Cold Splitless (for 1 – 10 µL injections)

LVI Method Development

MMI's versatile temperature programmability allows it to perform cold split and splitless analyses. In cold splitless mode,
the MMI is cooled to a temperature below the normal boiling
point of the sample solvent so that when the sample is injected, no vaporization takes place. The injection is simply a liquid transfer from the syringe to the inlet. Once the syringe is
removed from the inlet, the inlet is heated to vaporize the
sample and transfer it to the column. The solvent vaporizes
first and moves to column, allowing analyte focusing to take
place as in normal hot splitless injections. The analytes subsequently vaporize and move to the column. The main advantage is that the analytes vaporize at the lowest possible inlet
temperature, rather than at a constant high temperature. This
minimizes thermal degradation while still allowing a wide
range of analytes to vaporize. Cold splitless operations also
do not thermally stress the liner as harshly as hot splitless
does, prolonging its usable life. Cold splitless can also extend
the amount of sample that can be injected in some cases. If a
slow inlet temperature program is used, the solvent can be
vaporized slowly and will not overflow the liner volume. As
long as the analytes can be refocused on the column, slow
inlet temperature programs cause no detrimental effects to
the chromatography.

An effective procedure for developing an LVI method on a
MMI is to run the existing method first to determine peak
areas for a small volume injection. Such results serve as a
baseline for evaluating the LVI method performance. The next
step is to switch to the solvent vent mode with a slightly larger injection volume (for example, 2 to 5 times larger). By comparing the resulting peak areas and accounting for the
increased injection volume, the analyte recovery can be calculated and conditions can be further optimized.

Backflush
A traditional bakeout step for removing late eluters can be
very time consuming for samples with complicated matrices,
even as long as the analysis time. Capillary flow devices (in
this case, a purged ultimate union) provide backflush [2, 3]
capability. "Backflush" is a term used for the reversal of flow
through a column such that sample components in the column are forced back out the inlet end of the column. By
reversing column flow immediately after the last compound of
interest has eluted, the long bake-out time for highly retained
components can be eliminated. Therefore, the column bleed
and ghost peaks are minimized, the column will last longer,
and the MS ion source will require less frequent cleaning. The
split vent trap may require replacement more frequently than
usual.

Solvent Vent (for 5 – 1000 µL injections)
The solvent vent mode is the method which enables MMI to
do LVI of more than 5 µL. In solvent vent mode, the inlet is
kept at a low initial temperature during sample injection.
Pneumatically, the inlet is in split mode with a low inlet pressure. The flow of gas through the inlet liner and out to vent
removes the evaporating solvent. The sample is injected
slowly so that the incoming liquid is deposited on the liner
wall and the solvent evaporates at a similar rate. Once the
entire sample has been injected, the inlet switches to a splitless mode for analyte transfer. The inlet is then heated to
vaporize the concentrated sample and any remaining solvent
and the vapor is transferred to the column. After a sufficient
period to ensure the sample transfer, the inlet is then
switched to a purge mode to allow any remaining material in
the inlet liner to be vented. During the sample injection and
solvent venting period, the GC oven has been held at an
appropriate temperature to allow the solvent to refocus the
analytes on the column. When this refocusing is complete,
the oven is then programmed to perform the separation.

Instrument Parameters
GC
MS
Column
MMI
MMI liner
Septum purge
Purged Union
Restrictor
Syringes
ALS
MS parameters
Solvent delay
Gain factor
Mass range
Threshold
Samples
Tune file

3

Agilent 7890A
Agilent 5975C MSD
HP-5MS UI, 15 m × 0.25 mm × 0.25 µm
(19091S-431UI), from inlet to purged union
Constant pressure (~18 psi), chlorpyrifos-methyl RT
locked to 8.297 min, 2 psi at post run for backflush
Double taper deactivated, Helix (5188-5398)
3 mL/min
4 psi; 70 psi at post run for backflush
0.7 m × 0.15 mm deactivated fused silica tubing
(from purged union to MSD)
10 µL, for splitless injections (5181-3354)
50 µL, for solvent vent mode (5183-0318)
Agilent 7693A
2.5 min
1
44–550
0
2
atune.u

Oven

The parameters for the 25-µL Solvent Vent injection were
determined with the Solvent Elimination Calculator integrated
in the ChemStation. This calculator was designed to help
determine reasonable starting conditions for LVI methods.
When the MMI is put into the PTV Solvent Vent mode, an
additional button appears in the inlet screen, shown in
Figure 1.

Initial temperature
Initial hold time

70 °C
1 min

Rate 1
Temperature 1
Hold time

50 °C/min
150 °C
0 min

Rate 2
Temperature 2
Hold time

6 °C/min
200 °C
0 min

Rate 3
Temperature 3
Hold time

16 °C/min
280 °C
5 min

Total runtime
Post run
Oven post run temp

20.933 min
5 min (for backflush)
280 °C

In the first screen of the Solvent Elimination Calculator
(Figure 2), the sample solvent and desired injection volume
are selected and entered. The calculator "knows" the syringe
currently installed and will only allow 50% of that volume to
be injected at once. Larger injection volumes can be entered
into the calculator but the injection volume will not be downloadable. The calculator also requests the boiling point of the
earliest eluting analyte, as this allows the initial inlet temperature to be selected. If the boiling point is unknown, the temperature should be left at 150 °C as this will work for a wide
range of analytes.

Sample: 40-ppb pesticide standards in acetone (for a list of compounds, see
Figure 5).
Multimode Inlet (MMI)
Parameter

Hot Splitless

Cold Splitless

Initial temperature

280 °C

30 °C

Solvent Vent
35 °C

Initial time

–

0.01 min

0.35 min

Rate 1

–

700 C/min

700 °C/min

Final temperature

–

320 °C

320 °C

Vent flow

–

–

150 mL/min

Vent pressure

–

–

5 psig

Vent time

–
–

–
–

0.33 min (from
calculator, Figure 3)

Purge time

0.75 min

1.25 min

1.5 min

Purge flow

50 mL/min

50 mL/min

50 mL/min

Injection volume

2 µL

10 µL

25 µL

Injection speed

Fast
–

Fast
–

75 µL/min (from
calculator, Figure 3)

Cryo

–

On (liquid CO2) On (liquid CO2)

Cryo fault detection

–

On

On

Cryo use temperature

–

125 °C

125 °C

Time out detection

–

On (15 min)

On (15 min)
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Figure 1.

Multimode Inlet "Solvent Elimination Calculator" imbedded in ChemStation for easy method development.

Figure 2.

Select solvent of choice and enter the injection volume to start the calculation.
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Several variables for determining elimination rate can be set
by the user in the lower portion of the window. A small
change in inlet temperature has a significant impact on elimination rate. Vent flow has a linear effect such that a decrease
by a factor of two in vent flow gives an equal decrease in
elimination rate. As the vent pressure decreases, the elimination rate increases. Bear in mind that the vent pressure also
impacts the amount of solvent that reaches the column during
venting. As the vent pressure is increased, more solvent is
loaded onto the column before the analytes are transferred.
Finally, the type of solvent, specifically its normal boiling
point, has a substantial impact on the elimination rate.

Figure 3 shows the calculation screen. The calculator uses an
initial set of inlet conditions to determine the solvent elimination rate according to fundamental theory [4]. This
"Elimination Rate" does not account for other factors (for
example, local cooling due to solvent evaporation) specific to
LVI and is normally faster than that determined from practical
experience. The "Suggested Injection Rate" does consider
these factors and is designed to leave a small amount of solvent in the liner at the end of the venting period. This solvent
serves as a liquid "trap" for the more volatile analytes and
promotes their recovery. The "Suggested Vent Time" is determined by dividing the injection volume by the "Suggested
Injection Rate."

Figure 3.

The calculator calculates the injection rate and vent time according to the selected inlet temperature and vent flow.
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The download screen in Figure 4 shows all of the method
changes that are downloaded to the edit parameters screen.
The check boxes allow the user to accept (by checking) or
reject any of these parameters. The oven initial temperature
and hold times are not automatically checked in case the current method requires these values to be unchanged (for
example, a Retention Time Locked method).

Figure 4.

Confirm values suggested by the Calculator and download to ChemStation.
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30 °C. In this TIC, the on column amount for each analyte is
400 pg. Lastly, the top TIC is from a 25-µL solvent vent injection with MMI starting temperature at 35 °C. In this TIC, the
signal-to-noise ratio is significantly better than the TIC from
hot splitless injection (bottom TIC), as noted in the
Introduction section. The peak shape and resolution are maintained, even with the 25-µL injection volume. This implies that
the solvent was mostly eliminated during the injection.

Results and Discussion
Figure 5 compares the responses of a 40-ppb standard solution from three injection modes.
The bottom total ion chromatogram (TIC) is a typical 2-µL hot
splitless injection. Some of the 40-ppb pesticides are barely
visible (80 pg each on column). The middle TIC is from a 10-µL
cold splitless injection. The MMI starting temperature was

Leptophos

Fenvalerate I

Cypermethrin I

Hexazinone
Propargite

Dieldrin
p,p’-DDE

Methyl parathion
Heptachlor Chlorpyrifos Methyl
Bromacil
Malathion
Chlorpyrifos

25-µL Solvent vent (35 °C)

Chlorothalonil

Ethalfluralin
Trifluralin
Prometon
b-BHC atrazine
Lindane

Mevinphos
Vernolate

Dichlorvos

Mirex

Significant Improvement in Responses from LVI

10-µL Cold splitless (30 °C)

2-µL Hot splitless (280 °C)
4.00

Figure 5.
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Overlay of total ion chromatograms (TICs) from three injection modes, plotted on the same scale.
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Conclusion
The new Agilent Multimode Inlet (MMI) has the same form
factor and uses the same consumables (for example, liners,
o-rings and septa) as the existing split/splitless inlet, allowing existing hot splitless methods to be replicated. In addition,
the temperature programmability permits both cold splitless
and large volume injection (LVI) methods for improved detection limits. An integrated Solvent Elimination Calculator provides a complete set of initial conditions for easy LVI method
development. The application results show a significant
signal-to-noise improvement (lower detection limits) comparing the 25-µL solvent vent injection to the 2-µL hot splitless
injection.
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For More Information
For more information on our products and services, visit our
Web site at www.agilent.com/chem.

9

www.agilent.com/chem
Agilent shall not be liable for errors contained herein or
for incidental or consequential damages in connection
with the furnishing, performance, or use of this material.
Information, descriptions, and specifications in this
publication are subject to change without notice.

© Agilent Technologies, Inc., 2009
Printed in the USA
June 18, 2009
5990-4169EN

