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Introduction
Ammonia is a particularly useful reagent gas for
positive and negative chemical ionization. As a
reagent gas for positive chemical ionization
(PCI), ammonia has a very high proton affinity
(204 kcal/mole) and produces comparatively
little fragmentation for most molecules. As a
buffer gas in electron capture negative ion
chemical ionization (ECNI or NCI), ammonia
has approximately seven times the thermalizing
power of methane. This technical note
describes the operating procedures for using
ammonia as a CI gas on the 5973 platform. Both
performance and hardware will suffer if these
procedures are not implemented. This note
does not replace information in the hardware
manual which should be thoroughly read and
understood before operating the MSD.

Ammonia Gas Connection
Ammonia requires a special corrosion-resistant
regulator and a dual-stage regulator is recommended. These regulators have relatively
limited lifetimes, greatly shortened by exposure
to water, but improved by using high-purity
ammonia. The other primary exposure to
water occurs during cylinder switching. Some
users purge the regulator with dry nitrogen to
exclude contact with moist air and help extend
the regulator’s lifetime.

Reagent Gas Purity
No suitable gas filters are available for use with
ammonia, as there are for methane and isobutane. It is therefore imperative to use ammonia
of the highest purity available, certainly no less
than 99.998% pure. Water and oxygen are the
most common and critical contaminants and
should be present at no more than 5 ppm.
Water present in the methane reagent gas used
for tuning will result in split and broadened
peaks; it can be detected as a high 19/29 ratio
in the tune report. The presence of water
in ammonia will result in very short filament
lifetimes. The rate of ammonia use by the
Agilent 5973N MSD is very low, approximately
1 ml/min, and investing in the more expensive
gas will be more cost-effective in the long run.
Figure 1. Example of coil for vaporization of
ammonia reagent gas. Note that, typically,
ammonia in lecture bottles is of poor quality
and should be avoided.

1 Do not use copper tubing or brass fittings for ammonia
connections.
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Because ammonia is a liquid in the cylinder, the
regulator can actually deliver liquid ammonia to the
system. The cylinder should be below the reagent gas
Mass Flow Controller (MFC) to avoid siphoning liquid
ammonia into the manifold. A coil of stainless-steel
tubing1 that runs vertically to the fitting on the back
of the MFC enhances the opportunity for ammonia
vaporization before introduction to the manifold
(see Figure 1). The pressure of the regulator should
be set to less than 20 psi.

Operation with Ammonia
To minimize usage of ammonia and its throughput to
the mechanical pump, the reagent should be shut off at
the end of a sequence. A macro2 allows the user to turn
off the CI gas automatically at the end of a sequence or
method by invoking the command cigasoff as a postrun macro (Figure 3). Although the user can shut off
the reagent gas automatically, the converse of automatically turning on the CI gas is not allowed for obvious
reasons. (To obtain a copy of the necessary files,
please visit to the Agilent web site under “Contributed
Software”: www.chem.agilent.com/cag/servsup/
usersoft/main.html.) The G1701CA MSD Chemstation
Software includes the cigasoff command that can be
invoked at the end of a sequence or method.

If vaporization of the ammonia is incomplete, “bubbles”
of liquid ammonia will produce “negative peaks” in
the data baseline (Figure 2). These discontinuities in
reagent flow will compromise the data.

Figure 2. The effect of incomplete vaporization of the liquid ammonia prior to the ion
source. The “negative peaks” result from bubbles of liquid ammonia and indicate that either
siphoning is taking place or that an insufficient length of vertical coiled tubing has been
used to connect the reagent, or both.
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This macro is available as a patch for the G1701BA software which must be version B.01.00 with the latest update present.
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Figure 3. Implementing the cigasoff command at the end of a sequence in the BA version
of software. The letters cigasoff are simply inserted on the Post-Seq Macro/Cmd line, which
is displayed by clicking on the MORE button in the sequence panel.

Mechanical Pump Operation and Maintenance.

Automatic Ballasting of Edwards E2M1.5 Pumps

Ammonia gas reacts with water in the oil to raise the
pH and attack the pump seals. To remove ammonia
from the pump oil, it is necessary to ballast the pump
for 30 minutes every day after using ammonia gas.
The ballasting procedure, accomplished by rotating
the knob on the top of the pump counter-clockwise at
least two turns, increases the amount of air bubbling
through the pump oil to flush out volatile components
such as water, ammonia and solvents. This procedure
should be executed only when the system is not operating in CI or during downtime, because the overall
system pressure will rise slightly. (The 30-minute
ballast time is an approximation. To optimize the
ballasting time required for your application, the
user can test the pH of the pump oil by dipping a
strip of pH paper in the oil. A neutral range is normal
and indicates when the dissolved ammonia and water
is removed.) All necessary safety precautions and
considerations need to be followed.

If there is a period of the day that the instrument is
consistently inactive, then implementing automatic
ballasting may be convenient. Edwards supplies an
electrically operated gas ballast valve (Edwards Part
Number EBV20) that can be connected to a common
household timer. The part may be found by searching
for the Part Number at the Edwards Web site at
www.boc.com/evt/index.htm. However, it remains
imperative that the ballasting does not take place
during CI operation.

Pump Oil Change Frequency
The pump oil must be changed at least every three
months, preferably more frequently. Whenever
there is a significant change in oil color, the oil must
be changed. Frequent oil changes are a relatively
inexpensive insurance for good pump operation and
lifetime. The CA version of the ChemStation software
provides maintenance period reminders to notify the
user automatically.
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Summary
Key aspects of successful operation with ammonia
reagent gas:
• High-purity gas (99.998% or greater)
• a vaporizing connection to the CI reagent manifold
• daily ballasting of the mechanical pump for
30 minutes after CI operation
• frequent mechanical-pump oil changes
• utilizing the software shutoff of the ammonia
following unattended operation
Attending to each of these issues will ensure long-term
success with ammonia reagent gas.
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Using other reagent gases for CI operation
Applies to 5973A/N MSD

Using reagent gases other than Methane in CI mode:
This document describes the use of reagent gases for CI use other than the typical
Methane reagent gas. In particular this will describe the use of Isobutane and
Ammonia as the reagent gas. Before attempting the use of these alternate reagent
gases, the user should be familiar with CI operations of the 5973 MSD with Methane
gas since the system should initially be tuned using Methane.
Caution: Do not use Nitrous Oxide as a reagent gas since it will radically shorten the
life span of the filament.
Changing the reagent gas from Methane to Isobutane or Ammonia changes the
chemistry of the ionization process and yields different ions. If you are not with
these processes, it may be useful to review the theory of Chemical Ionization
operation in the CI or 5973N Hardware manual or search case base for Chemical
Ionization theory. If you are not experienced with Chemical Ionization operation this
will be very helpful before continuing with any CI operation.

This document is believed to be accurate and up-to-date. However, Agilent Technologies, Inc. cannot assume responsibility for the use of this material.
The information contained herein is intended for use by informed individuals who can and must determine its fitness for their purpose.
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Note: Not all setup operations can be performed in all modes with all reagent
gases. See the following table for details.
Reagent gas/mode
Methane / PCI

Reagent ion masses
a

17, 29, 41

Flow adj ions:Ration

PFDTD Calibrant ions

28/27: 1.5 – 5.0

41, 267, 599

N/A

185, 351, 449

b

Methane / NCI

17, 35, 235

Isobutane / PCI

39, 43, 57

Isobutane / NCI

17, 35, 235

N/A

185, 351, 449

Ammonia / PCI

18, 35, 52

35/18: 0.1 – 1.0

N/A

Ammonia / NCI

17, 35, 235

N/A

185, 351, 517

57/43: 5.0 – 30.0

N/A

a. There are no PFDTD ions formed with any reagent gas except methane.
Tune with methane and use the same parameters for the other gas.
b. There are no negative reagent gas ions formed. To pre-tune in negative mode, use
background ions: 17 (OH-), 35 (CI-), and 235 (ReO3-). These ions can not be used
for reagent gas flow adjustment. Set flow to 40% for NCI and adjust as necessary to
get acceptable results for your application.
Isobutane CI use:
Isobutane use (C4H10) is commonly used for chemical ionization when less
fragmentation is desired in the chemical ionization spectrum. This is because the
proton affinity of Isobutane is higher than that of Methane; hence, less energy is
transferred in the ionization reaction. Addition and proton transfer are the ionization
mechanisms most often associated with Isobutane. The sample itself influences which
mechanism dominates.
Ammonia CI use:
Ammonia (NH3) is commonly used for chemical ionization when less fragmentation is
desired in the chemical ionization spectrum. This is because the proton infinity of
Ammonia is higher than that of Methane; hence, less energy is transferred in the
ionization reaction. Because many compounds of interest have insufficient proton
affinities, Ammonia chemical ionization spectra often result from the addition of NH4+
and then, in some cases, from the subsequent loss of water. Ammonia reagent ion
spectra have principal ions at m/z 18, 35, and 52, corresponding to NH4+,NH4(NH3)+,
and NH4(NH3)2+.
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Procedure for adjusting MSD for Isobutane or Ammonia Chemical Ionization use:
1. Perform a standard Positive CI auto-tune with Methane and PFDTD.
2. Under the [Setup] menu, click [Select Reagent gas] and select Isobutane or Ammonia.
This will change the menu to use the selected gas, and select appropriate
default parameters.
3. Select a new tune file name, or load an existing PCI tune file for the specific gas.
4. Turn Gas B on.
After the amber light stops flashing and the Purge light goes off, set the gas flow to
20%.
5. Select Isobutane or Ammonia Flow Adjust on the setup menu.
There is no CI auto-tune for Isobutane or Ammonia in PCI.
6. If you wish to run NCI with Isobutane or Ammonia, load tune file, NCICH4.U or load
existing NCI tune file for the specific gas in use.
Caution: Use of Ammonia affects the maintenance requirements of the MSD. Typically
resulting in the need to clean the source more often, as well as requiring
more frequent replacement of the rough pump oil. See maintenance chapter
for CI use or search case base for CI maintenance.
Caution: The pressure of the Ammonia supply must be less than 5psig. Higher
pressures can result in Ammonia condensing from gas to a liquid.
Always keep the Ammonia tank in an upright position. Coil the Ammonia
supply tubing into several vertical loops by wrapping the tubing around a can
or bottle. This will help keep any liquid Ammonia out of the flow control
module.
Ammonia tends to break down vacuum pump fluids and seals. Ammonia CI makes
more frequent vacuum system maintenance necessary.
Caution: When running Ammonia for five or more hours a day, the foreline pump must
be ballasted for at least one hour a day to minimize damage to pump seals.
Always purge the MSD with Methane after using Ammonia.
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Frequently a mixture of 5% Ammonia and 95% Helium or 5% Ammonia and 95%
methane is used as a CI reagent gas. This is enough Ammonia to achieve good
chemical ionization while minimizing its negative effects.
Carbon dioxide NCI
Carbon dioxide is often used as a buffer gas for negative CI. It has obvious advantages
of availability and safety.
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Abstract
The full power of chemical ionization (CI) mass spectrometry (MS) is now conveniently available through the complete integration of CI on the 5975 inert MSD (mass
selective detector). CI has been fully automated by providing auto-tuning with electronic control of the reagent
gases. All modes of MS operation in a single sequence,
completely free of operator intervention, are now possible. Analytes can be sensitively determined in samples by
implementing alternating positive- or negative-CI (PCI or
NCI) modes. On the 5975 inert MSD, CI is as easy as EI
(electron impact ionization).

Introduction

the compounds of interest, a choice between PCI
and NCI modes can be made and optimized. This
optimization requires selecting an appropriate
reagent gas and exploring the various parameters
such as source temperature, reagent pressure or
flow, etc., to obtain the desired performance. This
has been a manual process in the past but with the
new integrated electronic control of the CI gases
available in the 5975 inert MSD, many of these
tasks can be automated. In some cases the
analytical situation is not clear-cut and samples
contain analytes that require acquisition in PCI
and NCI modes. Because the parameters that optimize these two modes of performance are often
very different, manual implementation of the
appropriate methods was the rule. Again, integration of CI control makes it possible to alternate
modes without compromising the important
method parameters.
The new CI control provides –
• Automated EI ionization tuning of the CI source
allowing EI spectra to be acquired in series
with CI
• Completely electronic control of the CI gas flow
• Electronic selection of one of two possible CI
reagent gases
• Method optimization by survey of reagent flow

CI lends selectivity and specificity to the ionization
process and is a powerful tool in MS. As an alternative approach to EI ionization, CI can provide
enhanced analyte detection in complicated matrices or assistance in confirmation of compound
identity. In most cases, based on the particulars of

Most importantly, this allows the user to perform
EI, PCI, and NCI acquisitions within a sequence by
alternating between methods. This technical note
provides examples of some important features in
the enhanced CI control of the 5975 inert MSD.

CI Instrument Interface Enhancements
CI Reagent Control
Figure 1 shows the new CI control panel that
replaces the knob and buttons of the 5973N massflow controller (MFC). The gas flow setting is still
as the percent of the maximum 5 mL/min flow of
the MFC. This panel is accessible from the TUNE
View and from the Instrument Control View (under
CI Controls or by selecting Edit Mass Parameters).
Control of the gas flow is provided as well as selection between the A and B channels. The “Shutoff”
turns all gases off. Note that changes to the CI gas
flow and other tune parameters are saved with a
TUNE file and this file must be associated with a
method to be executed.

Automated CI tuning
In both modes of CI operation, the CI TUNE
WIZARD assists the user in configuring the reagent
or buffer gas, selecting reagent ions and their
ratios, and the tuning ions of the CI tuning gas
itself, perfluorodimethyltrioxadodecane (PFDTD).
As previously, PCI tuning with PFDTD is available
only in methane, and in NCI, both methane and
ammonia use the PFDTD tuning compound.
PCI tuning
Previously the user manually adjusted the methane
CI gas flow to obtain the proper reagent ion ratios
for PCI tuning. This is now automated in both
methane and ammonia PCI tunes. After flow
adjustment, a PCI Autotune can be executed from
the pull down menu.
Additionally, a survey can be conducted of the
reagent ion ratios as a function of reagent flow.
This allows the user to select various reagent ion
ratios to meet specific PCI criteria.
NCI tuning
Methane and ammonia NCI tuning are fully
automated, and the 5975 inert MSD software sets
default buffer gas flows for tuning for both gases
as an initial tune.

Application Examples
Figure 1.

The new CI control panel.

EI tuning of CI source
A menu command automatically executes tuning of
the CI source for EI operation, Figure 2. This
tuning procedure, like all CI tuning, requires that
methane be connected to the instrument at
channel A.

Figure 2.
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EI tuning of CI source.

In developing CI methods for a known list of compounds, the recommended procedure is quite
straightforward. Develop a suitable GC method in
EI, then switch to CI and acquire a standard in the
various CI modes. Figure 3 shows an example for
the sequence table for such a survey. When a particular mode provides the “best” analysis, optimize
that mode. The criteria for what is the “best” may
be most favorable spectra, or greatest response, or
it may include issues concerning the sample
matrix, such as minimizing mass spectral
interferences.

Figure 3.

Example of CI survey sequence.

Figure 4 shows the reconstructed total ion chromatogram (RTIC) for one of several phthalates
acquired in the two CI modes with two reagent
gases. As expected, the spectra in each mode are
all different. For these compounds, PCI with
ammonia reagent gas provides the greatest
response in full scan and the most distinctive
spectrum.
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Figure 4.

RTIC in PCI and NCI with methane and ammonia CI gases (middle panel) of a dioctyl phthalate.
Note the differing spectra and total responses indicated by the arrows.
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In Figure 4, the temperature of the source had a
profound effect on response and especially chromatographic peak shape. This is most pronounced
in NCI mode.
Figure 5 shows an example of optimizing source
temperature for the higher molecular weight
brominated diphenyl ethers (BDE). Typically NCI
favors lower source temperatures but in this case
the loss in sensitivity is offset by improved chromatography achieved by the better volatilization of
the analytes at higher source temperatures. This
data was produced by a sequence where the four
methods were the same except for the NCI tune
files which had different source temperatures.

Scan 75 to 975 u; ECNI CH4 at varying ion source temperatures

Deca-BDE

200 ˚C

Octa-BDE
150 ˚C

200 ˚C

Nona-BDE

150 ˚C
200 ˚C

250 ˚C
300 ˚C

250 ˚C
300 ˚C

Figure 5.

Effect of optimizing NCI source temperature.

CI reagent flow is especially important. In a continuation of the polybrominated diphenyl ethers
example, Figure 6 shows the dramatic influence of
buffer gas flow into the source. In PCI mode with
ammonia reagent gas, this is especially important
as ammonia source pressure has a profound effect
on the ratio of protonated species ([M+H]+) to the
adduct species ([M+NH4]+) of the analyte molecule
([M]).

4

150 ˚C

250 ˚C
300 ˚C

2.0 mL CH4/min

Scan 75 to 975 u; ECNI CH4 at varying ion source pressures
for same PBDEs in Figure 5

1.0 mL CH4/min

Figure 6.

Influence of source pressure on NCI response.

Figure 7 presents such data for the benzophenone
PCI checkout compound. Using the reagent ion
ratios allows the user to optimize the ratio of the
target and qualifying ion for their analysis and to
reproduce the results in future tunes. A convenient
way to gain this information is through the FLOW
SURVEY menu item in CI tune. This feature steps
the reagent flow over a user selectable range and
presents the results for the response and ratio of
responses for two reagent gas ions. It is knowledge
of this ratio that is key to optimizing and
reproducing PCI performance.

[M+NH4]+
[M+H]+

0.05

Figure 7.

0.09

0.32

0.53

0.75

PCI with ammonia reagent gas. Influence of source pressure on benzophenone spectrum as a
function of source species seen in the ratio of m/z 35 : m/z 18.
5
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A convenient way of conducting a series of flow
experiments is by employing the command “setflow #” in a sequence, where “#” represents the
setting of the reagent MFC. See Figure 8. This
allows a single CI method to be used with different
reagent gas flows in a sequence. Similarly, the ability to shutoff the CI gas at the end of a sequence is
given by the sequence commands CIGASOFF and
PAUSE, Figure 8.

CI on the 5975 inert MSD. CI has been fully automated by providing auto-tuning with electronic
control of the reagent gases. Now all modes of
mass spectrometric operation in a single sequence
that is completely free of operator intervention is
possible. This allows analytes to be sensitively
determined in samples by implementing alternating PCI or NCI modes. On the 5975 inert MSD, CI is
as easy as EI.

Conclusions

For More Information

The full power of CI/MS is conveniently available
for the analyst through the complete integration of

For more information on our products and services,
visit our Web site at www.agilent.com/chem.

Figure 8.

Commands for changing and shutting off CI gas flow in a sequence.
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No suitable gas filters are available for use with
ammonia, as there are for methane and isobutane.
It is therefore imperative to use ammonia of the
highest purity available, certainly no less than
99.998% pure. Water and oxygen are the most
common and critical contaminants and should be
present at no more than 5 ppm. Water present in
the methane reagent gas used for tuning will tesult
in split and broadened peaks; it can be detected as
a high 19/29 ratio in the tune report. The presence
of water in ammonia will result in very short filament lifetimes. The rate of ammonia use by the
Agilent 5975 inert MSD is very low, approximately
1 mL/min, and investing in the more expensive gas
will be more cost-effective in the long run.
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Abstract
This note describes the operating procedures for using
ammonia as a Cl gas on 5975 inert MSD platforms.

Introduction
Ammonia is a particularly useful reagent gas for
positive and negative chemical ionization. As a
reagent gas for positive chemical ionization (PCI),
ammonia has a very high proton affinity
(204 kcaljmole) and produces comparatively little
fragmentation for most molecules. As a buffer gas
in electron capture negative ion chemical ionization (ECNI or NCI), ammonia has approximately
seven times the thermalizing power of methane.
This technical note describes the operating procedures for using ammonia as a CI gas on 5975 inert
MSD platforms. Both performance and hardware
will suffer if these procedures are not implemented. This note does not replace information in
the hardware manual which should be thoroughly
read and understood before operating the MSD.

Ammonia Gas Connection
Ammonia requires a special corrosion-resistant
regulator and a dual-stage, low-flow regulator is
recommended. These regulators have relatively
limited lifetimes, greatly shortened by exposure to
water, but improved by using high-purity ammonia.
The other primary exposure to water occurs
duriJ.lg cylinder switching. Some users purge the
regulator with dry nitrogen to exclude contact
with moist air and help extend the regulator's
lifetime.
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MSDs
Because ammonia is a liquid in the cylinder, the
regulator can actually deliver liquid ammonia to
the system. The cylinder and regulator MUST be
located below the CI reagent gas Mass Flow Controller (MFC) to avoid siphoning liquid ammonia
into the manifold. From the regulator to the rear
of the CI manifold on the 5975 inert MSD, stainless
steel tubing must be used with stainless steel fittings. A coil of stainless-steel tubing that runs vertically to the fitting on the back of the MFC
enhances the opportunity for ammonia vaporization before introduction to the manifold
(see Figure 11).
The pressure of the regulator should be set to
<20 psi. If vaporization of the ammonia is incomplete, "bubbles" of liquid ammonia will produce
"negative peaks" in the data baseline (Figure 2).
These discontinuities in reagent flow will compromise the data. The "negative peaks" result from
bubbles of liquid ammonia and indicate that either
siphoning is taking place or that an insufficient
length of vertical coiled tubing was used to connect
the reagent, or both.
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Figure 1.

Example of coil for vaporization of ammonia reagent
gas. Note that, typically, ammonia in lecture bottles is
of poor quality and should be avoided.

Operation with Ammonia
When operating in CI mode, the gas setting is automatically implemented with the CI acquisition
method which allows the user to alternate between
positive and negative CI methods with either of
two CI gases in a single sequence. We recommend
the user consult Agilent publication 5989-4347 [ 1]
describing new chemical ionization functionality.
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The effect of incomplete vaporization of the liquid ammonia prior to the ion source.
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Figure 3.

Implementing the cigasoff command at the end of a sequence.

To minimize usage of ammonia and its throughput
to the mechanical pump, the reagent should be
shut off at the end of a sequence. A macro allows
the user to turn off the CI gas automatically at the
end of a sequence or method by invoking the comman<i cigasoff as a macro command at the last line
of the sequence (Figure 3).

Mechanical Pump Operation and
Maintenance
Typically "condensables" that are introduced to
the mechanical pump are removed by applying
"gas ballasting" of the mechanical pump. This has
always been a good approach when pumping a lot
of water such as after a pump down of the MSD.
However, ammonia gas reacts with water in the oil
to raise the pH and attack the pump seals. Introducing more water by ballasting would only accelerate this destructive process. The new mechanical
pumps handle condensables better by operating at
higher temperatures and therefore no gas ballasting should be applied when the system is operating
or has been operating with ammonia.

Hi Reliability Ammonia Compatible
Oil-Free Pump
Agilent part number G3170-80032, is the recommended oil-free (dry) pump alternative for MSD
systems running routine ammonia applications.
This pump has internal components designed and
proven to be ammonia tolerant. Oil-free operation
eliminates oil maintenance issues and the attendant risk of oil back streaming into the MSD analyzer. Ballasting is also NOT recommended with
the G3170-80032. The recommended
service/replacement interval is 12 months. The
refurbished replacement pump part number is
Agilent part number G3170-89032.

Summary
Key aspects of successful operation with ammonia
reagent gas:
• High-purity gas (99.998% or greater)
• A connection to the CI reagent manifold that
aids vaporizing of the ammonia reagent
• Frequent mechanical-pump oil changes

Pump Oil Change Frequency
Pump oil must be changed at least every three
months, preferably more fr~quently. Whenever
there is a significant change in oil color, the oil
must be changed. Frequent oil changes are a relatively inexpensive insurance for good pump operation and lifetime. The ChemStation software
provides maintenance period reminders to notify
the user automatically.

• No oil change is necessary with the oil-free,
ammonia compatible G3170-80032
• Using the software for automatic shutoff of the
ammonia following a completed sequence
Attending to each of these issues will ensure
long-term success with ammonia reagent gas.
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