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Abstract: 

Electron ionization (EI) GCMS often yields fragmented spectra absent of molecular weight information.  In 

these cases, chemical ionization (CI) is used for softer ionization that can determine analyte molecular weight.   

A variety of gases are be used, and the most widely used gases at Eastman are methane, anhydrous ammonia, 

and methylamine.  While ammonia and methylamine have advantages, un-diluted use of anhydrous amine 

reagent gas is hard on regulators, instrument flow control modules, and an unexpected release of amine gas in 

the laboratory is an important safety concern.  Methylamine is even more corrosive to equipment and reliable 

use of methylamine is difficult.  The use of solvent mediated chemical ionization is a new way to perform 

reliable CI while improving safety in the laboratory while achieving equal results to methylamine.  A specialty 

blend of ammonia in helium provides the same CI performance as ammonia without the safety and equipment 

concerns of pure anhydrous amines.   

 

Introduction and Concept 

70eV electron ionization (EI) is a high-energy ionization technique that fragments analytes into searchable 

mass spectral fingerprints.  When ionized at high energy, many compounds fragment so much that molecular 

ions are not seen in the EI spectrum.   Chemical ionization (CI) is a well-established technique used for 

molecular weight confirmation that has a long history of use at Eastman.  Instrument manufacturers typically 

use methane and isobutane as CI reagent gases, but those gases are not effective for analyzing many 

functional chemistries found at Eastman.  During CI ionization ammonia normally forms protonated and/or 

ammoniated species which are interpreted for molecular weight confirmation.   

In the Corporate Analytical mass spectrometry lab, anhydrous ammonia is most often used for qualitative 

analysis because it is highly effective in the analysis of Eastman analytes.  Ammonia is inexpensive and does 

not foul the MS ionization source.   A liquid in bottle form it produces limited head pressure, and an 

unintentional release into the laboratory is a serious safety concern.  Safety datasheet (SDS) warnings include 

Category 1 classifications for serious eye damage, skin corrosion, and aquatic hazards, as well as a Category 2 

rating for flammability.   Even at low levels (PEL = 25ppm/8hr, TWA = 25ppm/8hr, STEL = 35ppm/15min) 

anhydrous ammonia gas is noxious and causes irritation and discomfort.  Ammonia gas is detectable by smell 

at around 5ppm.  Over recent years, the use of small volume lecture bottles has been eliminated and larger 

refillable containers are the current standard.  Larger bottles of condensed liquid mean even more potential 

for danger if an accidental release. 

Ammonia is known to condense in supply lines when line pressure is above 20psi, and a chemical exposure 

near miss was recorded in 2016 related to a failed regulator and chemical release of liquid anhydrous 

ammonia.  Pure anhydrous ammonia is known to degrade gas regulators and flow control valves and using 

corrosion resistant gas regulators is important when using ammonia.  Using pure anhydrous ammonia leads to 

reduced sensitivity in the chemical ionization signal vs. ammonia diluted in methane.  Using ammonia diluted 

in methane has been proven effective, but these mixtures are non-stock items and must be custom made by 
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Airgas or similar vendor.  This technical report will confirm that 5% ammonia in helium is a suitable 

replacement for pure anhydrous ammonia.  

While ammonia is effective at ionizing a wide range of functional groups, some molecules are still too labile for 

molecular weights to be determined.  A mixture of methylamine and methane has been used at Eastman to 

determine molecular weights of fragile analytes.  Routine analysis using methylamine consists of tuning the 

instrument with a flow of methane until chemical ionization is achieved in the ion source.  Then, a small 

amount of pure methylamine is mixed in using a custom-built manifold until m/z=32 is maximized.  The 

resulting analysis typically yields M+32 for molecular weight confirmation.  Methylamine has the same safety 

concerns as ammonia and is even harder on equipment.  Methylamine will foul valves and lines if used 

routinely, and the use of methylamine has caused equipment failures on more than one instrument.  With 

new instrument purchases, we have declined to use methylamine out of concern for instrument reliability.  

Finding a suitable replacement for methylamine will improve safety, equipment reliability, and the ability to 

do difficult analyses.   

Solvent mediated chemical ionization (SMCI) is an ionization technique introduced in 2020 by Shimadzu for 

use with their benchtop single quadrupole GCMS’s as an alternative to cylinder reagent gases.  As noted by an 

available Shimadzu technical bulletin, organic solvent chemical ionization (SMCI) is a new technique that does 

not use traditional CI gases.   

In the Shimadzu approach, a chamber containing methanol or acetonitrile is used in the flow line of an 

auxiliary gas such as nitrogen.  Solvent vapor in the headspace of a SMCI module follows the auxiliary gas flow 

into the ionization source and is used for chemical ionization.  The Shimadzu application note suggests the 

optimized solvent amount and 7-10psi auxiliary gas is optimal.  It is likely that the design of the solvent 

introduction device plays a role in SMCI optimization.  Shimadzu modules were not available for examination 

in our lab. 

For this report, a custom SMCI module was constructed using spare parts and several SMCI candidates were 

evaluated.  Suitable SMCI solvents should be non-PHS (safety), provide good chemical ionization, low cost, and 

be readily available in Eastman laboratories.   

 

Instrument Setup and Conditions 

Since the Shimadzu device is not available for off-brand (Thermo) equipment, a custom solvent introduction 

device was constructed using parts available in the corporate GCMS lab.  A spare Thermo DSQ GC injector was 

adapted to SMCI use (Fig.1).  The GC inlet has a septum purge line, a split vent line, and a helium supply line.  

Two of these were 1/16” in diameter and adaptable with normal Swagelok fittings.  The over-diameter line 

was welded closed, and a column nut with no-hole ferrule was installed as the bottom seal.  Using this design, 

glass tubes of solvent can be inserted into the injector for fast reagent changes.  Glass tubes were made in-

house by sealing the end of glass pipettes with a torch (Fig.2).  The glass vials fit the inside of the SMCI module 

perfectly with some headspace volume remaining at the top.  The glass solvent reservoirs allow for changing 

SMCI solvents without module contamination or the need for rinsing the module after use.  A diagram of the 

SMCI setup can be found in Fig.4. 
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Fig.1 - SMCI Module – Adapted GC Injector 

 

 

Fig.2 - SMCI Glass Tubes – Solvent Reservoir 

 

A Thermo DSQ single quadrupole GCMS was used for all analyses.  The DSQ instrument was already set up 

with a custom gas manifold that allowed for easy use of a variety of CI gases (Fig.3).  The manifold has an array 

of on/off valves, needle valves, and a common Valco multi-way union that allows the user to send gas to the 

instrument, switch gases, or purge lines to vacuum.   For SMCI experiments, one input channel was selected 
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on the manifold to interface SMCI with the GCMS.  A helium auxiliary gas line was installed with an in-line 

regulator on the upstream side of the SMCI module to down-regulate the gas from 80psi line pressure to 20psi 

for the SMCI module.  20psi is the normal gas pressure for CI gases going to the instrument.  SMCI module 

output goes through a flow controlling needle valve and then to the instrument ionization source.  An on/off 

toggle valve is in-line to turn off CI gas to the instrument when the instrument is in EI mode. 

 

 

Fig.3 - Chemical Ionization Gas Flow Manifold 

 

 

Fig.4 - SMCI Concept Diagram 
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A DB-1701 30m x 0.25mm x 0.25um column was installed in the instrument and a routine temperature ramp 

was used to evolve the chromatogram.  Column flow was set to 1.5mL/minute in constant-flow mode, and 

samples were injected at 250C in split mode.  Other chromatographic conditions varied slightly between 

analyses and depended upon the sample being evaluated.  Ionization source temperature ranged between 

200-220C for chemical ionization and 250C for EI.  A standard mixture containing a wide range of functional 

groups was made to evaluate CI performance (Fig.5).   

 

Reference CAS Molecular Weight 
Diethylene glycol 111-46-6 106 

2-ethylhexanoic acid 149-57-5 144 
2-Butoxyethanol 112-34-5 162 

Borneol Acetate 76-49-3 196 

1-Chlorodecane 112-52-7 204 
Diethylene glycol hexyl ether 112-59-4 190 

Methyl laurate 111-82-0 214 
Surfynol 104 (difficult to ionize) 126-86-3 226 

Texanol Isobutyrate 68456-50-0 286 
Caffeine 58-08-2 194 

Fig.5 - Chemical Ionization Test Mixture 

 

Balancing Auxiliary Gas and Solvent Addition 

The Thermo DSQ GCMS has a baseline foreline pressure around 40mTorr in EI mode.  Foreline pressure is a 

measure of vacuum at the ion source and is a combined value that includes ambient background, GC column 

flow, and CI reagent gas.   Since the DSQ does not have electronic flow control, the flow of the gas was 

adjusted manually to achieve chemical ionization by watching the ion formation on the tune page.  Experience 

with foreline pressures using conventional CI suggested that 65-80mTorr would be a reasonable range for 

SMCI.  Auxiliary gas balance was adjusted to fall in this range. 

For each SMCI gas experiment, foreline pressures were adjusted to 60-80mTorr while monitoring ions to see 

when chemical ionization was achieved.  In the propylamine example in Fig.6, SMCI gas was adjusted by 

needle valve until m/z=60 was the major ion in the scan range.  The reading of 73mTorr is well within the 

acceptable range for normal CI pressures for this instrument.  Since each instrument operates with different 

foreline pressures, actual values may vary.  CI gases should be set around 20-30mTorr higher than baseline 

vacuum readings or until good ion formation is observed.  SMCI ion profiles for solvents can be found in 

Appendix 1.   

For instruments with automated flow control, there are some issues to keep in mind.  Thermo instruments 

(ISQ, Orbitrap) are outfitted with two separate CI gas ports.  Because contamination of flow control modules 

and seals with high proton affinity reagents is likely, one port should be set aside for conventional CI 

(methane, ammonia).  SMCI should only be used on one port due to the higher proton affinities of some 

reagents listed in this report.  Experience has shown us that high-proton-affinity reagents like methylamine 

linger in flow control modules and switching back to a low-affinity reagent like methane may be difficult.  
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Using reagents like propylamine will contaminate the flow control module and propylamine will persist in the 

CI system.  Separating reagent gases by proton affinity is the same approach that the lab takes currently by 

keeping ammonia and methane in separate gas module ports.  A CI gas flow range of 1.0-1.5mL/min is 

reasonable for automated instruments, and 1.3mL/min is used for most analyses.    

SMCI Solvents were added to the injector module by placing the solvent in a glass reservoir.  Vials were 

custom made in-house by sealing glass pipettes with a torch and forming a round bottom glass vial.   The outer 

diameter of the pipette let the vial slide into the injector module and left some headspace available at the top 

of the module.  Glass inserts allow the user to rapidly switch between SMCI reagents with minimal cross-

contamination.  Forceps or tweezers are used to remove the vial.  Vials should not be filled completely, leaving 

10-30mm of space at the top. 

 

 

Fig.6 - Balanced CI Gas for Propylamine 
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SMCI Results (Methanol) 

For most compounds, SMCI using methanol proved effective at ionizing a wide range of analytes.  Ionization 

led to mostly simple protonation (M+H), but also showed some methanol adduct minus water (M+33-18), or 

M+15.  The background signal for methanol SMCI was clear above m/z=90.  Methanol was not effective for our 

test compound surfynol. 

  

  

  
Fig.7 – Methanol SMCI 
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SMCI Results (Ethanol) 

For most compounds, SMCI using ethanol proved effective at ionizing a wide range of analytes.  Ionization led 

to mostly simple protonation (M+H), but also showed some methanol adduct plus protonation (M+C2H6+H), 

or M+47.  The background signal for methanol SMCI was clear above m/z=119, but the m/z 119 could be 

residual propylamine dimer.  Ethanol was not effective for our test compound surfynol. 

 

  

  

  
Fig.7 – Methanol SMCI 
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SMCI Results (Acetonitrile) 

For most compounds, SMCI using acetonitrile proved effective at ionizing a wide range of analytes.  Ionization 

led to simple protonation (M+H), but also showed a small amount of acetonitrile adduct formation (M+42) for 

esters.  The background signal for acetonitrile SMCI was clear above m/z=100.  There did not seem to be much 

advantage using acetonitrile instead of methanol.  Acetonitrile was not effective for our test compound 

surfynol.  Acetonitrile is also a lab PHS, so safety should be considered before using acetonitrile. 

  

  

  
Fig.8 – Acetonitrile SMCI 
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SMCI Results (Propylamine) 

SMCI using propylamine proved effective at ionizing a wide range of analytes.  Propylamine was selected 

because it is the lowest molecular weight amine that is a liquid at room temperature (BP 48oC) and it is low 

cost.  Ionization led to simple protonation (M+H) but showed mostly adduct formation (M+60).  The results 

achieved using propylamine are equivalent to the performance of methylamine CI.  The background signal for 

propylamine SMCI was clear above the m/z=119 dimer and there was a sensitivity reduction vs. ammonia or 

methanol CI.  Ionization examples are shown in Fig.10. 

Propylamine was unique compared to the other solvents in this report because it was used for several real-

world samples to ionize difficult analytes.  A phenomenon was noticed on two occasions while using 

propylamine.  Ionization effectiveness decreased when running samples throughout the course of several 

hours.  The foreline pressure appeared to creep up, increasing in one case to around 79 mTorr.  In effect, the 

level of propylamine delivered to the ion source increased over time and the over-abundance of propylamine 

hindered ionization.  After the system was rebalanced to the minimum needed for CI (in this case 58 mTorr), 

efficient ionization and sensitivity returned.  The conclusion was that the amount of reagent needed for good 

CI can decrease over time as SMCI modules gain headspace concentration and reach equilibrium.   When using 

propylamine, the user may need to allow for a long equilibration time or rebalance SMCI flow if a decrease in 

sensitivity is observed.   

One untested question is the effect of long-term use of propylamine for SMCI.  It is reasonable to believe that 

post-regulator addition of propylamine will be better for instrument reliability than using pure anhydrous 

amines.  However, the impact on ion source fouling and reliability has not been studied.  After using several 

SMCI solvents, the ion volume was examined and showed more fouling than ammonia or methane.  It is 

unclear which solvent causes the most fouling.  Pure isobutane is known to foul ion source parts, but there is 

not any information in literature about SMCI solvents explored here.   A photo of external fouling can be found 

in Fig. 9.  The inside of the ion volume did not show evidence of fouling.  Ion volume fouling is normal and 

happens during EI and CI.  It can be accelerated by using difficult gases or repeated injection of large samples. 

 

 

Fig.9 – Used ion volume 
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Propylamine was effective for our test compound surfynol and several real-world samples, but extra care in 

routine use may be needed.   

  

  

  

Fig.10 – Propylamine SMCI 
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SMCI Results (Cyclohexane) 

Cyclohexane was selected as analogous to isobutane CI.  There was significant background 

below m/z =138, but ionization and sensitivity were excellent for some compounds.  Ionization 

showed mostly M+H, but ionization was not effective for our test compound surfynol. 
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Fig.11 – Cyclohexane SMCI 

Mixed SMCI (Methanol/Propylamine) 

Mixed CI solvents can have some benefits.  Since methanol SMCI shows mostly M+H and 

propylamine SMCI shows mostly M+60, a combination of the solvents can be used to get 

reliable confirmation by both M+H and M+60.  Varying the solvent ratios can affect M+H and 

M+60 ratios, but a 3:1 methanol/propylamine mixture is demonstrated below.  The mixed 

solvents were effective at ionizing all test compounds.   

 

  

  

  
Fig.12 – Mixed SMCI 
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Other SMCI Solvents 

Acetone, methylene chloride, diethylamine, and THF were also evaluated for use with SMCI.  

Acetone provided ionization of some compounds but did not perform very well.  Methylene 

chloride was the poorest performer of the solvents that were tried.  Methylene chloride had 

high mass background and ineffective ionization.  The compounds that ionized with methylene 

chloride had complex spectra and would be difficult for a user to interpret.  THF gave 

ionization equal to acetonitrile but had a strong dimer ion at m/z=145.  Data lower than 

m/z=145 would be hard to deconvolute from the background.  THF provides little benefit over 

other effective solvents.  Diethylamine was highly effective at ionizing difficult compounds like 

surfynol, but sensitivity was poor and a dimer ion at m/z=147 led to high background.  An 

added concern is system contamination with such a low-volatility amine. 

 

Comparison of auxiliary gas 

Both helium and argon were evaluated as auxiliary gases during SMCI solvent evaluation.  

While analyzing a real-world sample that needed a high proton affinity CI reagent, helium and 

argon were compared.  Argon and helium are equivalent gases to use as a SMCI auxiliary gas 

but helium gave a slightly higher +60 ion intensity for some compounds when evaluated with 

propylamine SMCI.  Shimadzu documentation explains that nitrogen is also a suitable auxiliary 

gas.  Based on work done for this report, it is concluded the auxiliary gas is not critical, and 

nitrogen, helium, or argon are all suitable.  The choice of auxiliary gas should be made based 

on availability, cost, and convenience.  For instrumentation in the B-150 lab, it is easy to tap 

into existing helium lines and down-regulate the line pressure to 20psi.  Tapping into helium is 

easier for this lab than using stand-alone gas tanks.  Chromatogram and ionization 

comparisons are shown in Fig. 13 and Fig. 14.  
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Fig.13 – Auxiliary Gas Comparison 

 

Fig.14 – Auxiliary Gas Ionization 
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Anhydrous Ammonia vs Ammonia in Auxiliary Gas 

One goal of this work was to consider eliminating pure amine reagent gases in the laboratory 

to improve safety and equipment reliability.   To investigate dilute ammonia reagent before 

spending money on a custom mix, ammonia was diluted on the instrument to make a dilute 

mix for testing.  Using the custom CI gas manifold, one port was outfitted with a helium 

makeup gas that was down-regulated to 20psi.  The auxiliary gas flow was added to the 

instrument until it reached 65mTorr.  Pure anhydrous ammonia was added by needle valve at 

20psi until the instrument reached 68-70mTorr.  This technique was not calibrated, but 

demonstrated ionization using a dilute gas.  Earlier work has also shown dilute gas to be an 

acceptable option.  See Reference 1.   

Chemical ionization was compared between pure ammonia and the dilute mixture.  Dilute 

ammonia provided ionization for all the same compounds that pure ammonia ionized.  Using 

pure ammonia led to a greater total signal on the mass spec and the ion ratio of protonated 

(M+H) and adduct (M+18) ions was better in the anhydrous ammonia experiment.  Although 

there was a slight decrease in signal for the dilute ammonia analysis, the ionization still 

provided the same ions as anhydrous ammonia.  This experiment showed that dilute ammonia 

in an auxiliary gas can be substituted in place of anhydrous ammonia.  See Fig.15-16. 

 

 

Fig.15 – Anhydrous Ammonia vs Dilute Ammonia CI 



                                                                                  Approved for External Use 

 

Fig.16– Anhydrous Ammonia vs Dilute Ammonia CI Performance 

 

Conclusions and Recommendations 

Solvent Mediated Chemical Ionization (SMCI) is an effective tool for confirming molecular 

weights on routine and difficult analytes.  The most useful solvents for SMCI that were 

evaluated were methanol, ethanol, acetonitrile, and propylamine.  These reagents give the 

user the ability to ionize a wide range of functional groups.  Auxiliary gas selection is non-

critical and should be made based on what inert gas is available (nitrogen, argon, or helium).  

SMCI may require user interaction to get good results and long-term use has not been 

explored.  Substitution of dilute ammonia blends in place of anhydrous ammonia gives 

adequate ionization performance and should improve lab safety and equipment reliability. 

Based on this study, the recommendation is to eliminate use of anhydrous ammonia and 

anhydrous methylamine in the B150 MS laboratory.  Anhydrous ammonia should be replaced 

with 5-10% ammonia in helium and phased into use for all instruments as capital allows.  New 

instruments should be outfitted with mixed ammonia from the start. 

 

For methylamine replacement, SMCI with propylamine can be considered a equivalent option.  

Methylamine CI analyses represent less than 1% of CI done in the B150 lab, so there is more 

risk than reward in using pure anhydrous methylamine in the lab.  A custom gas blend such as 

5% methylamine in helium or methane can be ordered as a drop-in replacement for anhydrous 
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methylamine in the lab.  However, the infrequent use of methylamine may not warrant the 

expense.  SMCI could be used for the rare occasion when methylamine is needed for very soft 

ionization.  SMCI using the custom module created in the lab can be dropped in and connected 

to any of our GCMS instruments, but it is important to use a separate CI line for SMCI than is 

used for methane or ammonia CI.   

Not discussed in this report, the lab also has anhydrous ND3 reagent gas for determining 

exchangeable protons.  With advancements like the Orbitrap GCMS and using BSTFA 

derivatization to count protons, ND3 is not an important part of daily analytical.  The B150 lab 

has not used ND3 CI in several years, so this is another candidate for disposal. 
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Appendix 1 – SMCI Ion Profiles 
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