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Introduction 

olecular weight information is often 

absent in the qualitative analyses of 

organic compounds by electron 

ionization (EI) gas chromatography–mass 

spectrometry (GCMS). In these cases, chemical 

ionization (CI) is an essential technique for 

determining the molecular weights of unknowns 

[1-3]. A wide variety of gases can be employed, 

but the most common ones are methane, 

isobutane, and ammonia. 

 

Ammonia is a particularly useful CI reagent gas 

for compounds of interest to our laboratory. It 

usually forms protonated and ammoniated 

species, which are indicative of a compound’s 

molecular weight [4,5]. An abbreviated outline 

of the mechanism is shown in Equations 1-4 for 

the ionization of an organic compound, M. 

 

 
 

When the proton affinity of M is less than that of 

ammonia (202 kcal/mol) but greater than ~188 

kcal/mol, the ammonium ion adduct in equation 

4 is observed with reasonable sensitivity [6]. 

When the proton affinity of M is greater than the 

proton affinity of ammonia, then both ion 

adducts shown in equations 3 and 4 can be 

observed. The ratio of the ammonium adduct to 

the proton adduct will decrease as the proton 

affinity of M increases significantly above that 

of ammonia [5,7]. 
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The formation of ammonium adducts as noted in 

equation 4 is crucial for obtaining molecular 

weight information for acid labile compounds. 

However, the initially formed ammonium 

adducts can fragment due to the presence of 

chloro, bromo, acetyl, hydroxyl, thiol, and 

alkoxy leaving groups, X, in these compounds. 

In many cases, only fragment ions are noted and 

no molecular weight information is obtained as 

shown in Equations 5 and 6. 

 

 
 

Dimethylamine was noted in one reference 

[8] to yield significantly less fragmentation in 
the solid probe CI analysis of thermally labile 

three-membered ring sulfones compared to 

other CI reagent gases. The gases examined 

in their studies included methane, isobutane, 

ammonia, and dimethylamine. 

 
We have further explored the use of amine gases 

such as methylamine, dimethylamine, and 

mixtures of these gases in methane as CI 

reagents for molecular weight determinations 

[9]. Our objective was to determine if these 

gases yielded less fragmentation with reasonable 

sensitivity in gas chromatography-mass 

spectrometry (GCMS) analyses of heteroatom-

containing compounds of interest to our 

laboratory. 

 

Experimental 

 
Mass Spectrometer. The mass spectral data 

were obtained with a Finnigan TSQ700 GCMS.  

The samples were introduced through the 

capillary column GCMS interface. Typical 

separations were performed with a DB-5 

capillary column (J&W, 30 meter, 0.25 micron 

film thickness, 0.32 mm id). The source 

temperature was set at 150 
o
C. The m/z range 

scanned was normally 100-750. The scan time 

was set for 0.25 seconds/scan for quantitative 

measurements of sensitivity and 1.0 

seconds/scan for qualitative analyses. 

 

 

 

Compounds Used for Analyses. The 

quantitative sensitivity measurements were 

performed on 1,3-butanediol; 2-ethylhexanoic 

acid; 1,6-dimethylaniline; methyl decanoate; 

methyl undecanoate; dicyclohexylamine; 1,1-

bis((2-ethylhexyl)oxy)-2-ethylhexane (CAS 

Reg. No. 35082-20-3); and 5-decyne-4,7-diol, 

2,4,7,9-tetramethyl (CAS Reg. No. 126-86-3; 

Surfynol). The total ion current responses (m/z 

range of 100-490, chemical background 

subtracted) for the eight analytes were 

measured with eight different CI gases. The 

normalized responses for the analytes were 

average to obtain the relative sensitivities 

shown in Figure 1. 

 

CI Gases and Manifold. Normally for 

convenience, gas mixtures are prepared “in-situ” 

for our routine qualitative analyses by mixing 

the desired pure amine with methane. The 

mixing is performed with a custom-built 

manifold [10] which replaced the standard CI 

manifold on our Finnigan TSQ 70 GCMS.  An 

improved version of the manifold is described 

in the Supplementary Material at the end of this 

article. 

 

The methane reagent ions are optimized and 

then enough amine gas added to convert the CI 

reagent ions from those of methane to those of 

the amine of interest. Deuterated methylamine 

and dimethylamine CI can be performed in a 

similar manner by employing deuterated 

ammonia and either protonated methylamine or 

dimethylamine.  The mixtures employed for our 

quantitative studies in this paper were obtained 

from Matheson Gas and their concentrations 

shown in weight percent. 

 

Optimization of Reagent Ions and Gas 

Pressures. The chemical ionization conditions 

were optimized by adjusting the flow of reagent 

gas or gas mixture to the source. During this 

optimization, the electron multiplier voltage was 

decreased significantly to avoid damage to the 

detector and to keep the signal within the 

dynamic range of the instrument data system. 

The actual pressure in the chemical ionization 

source was not measured directly. 
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The CI experimental conditions were best 

reproduced by measuring the ratio of the reagent 

ions and only using the using the high vacuum 

pressure measured near the electron multiplier 

(see Table 1) as a cross-check. It is especially 

important to check the types of reagent ions 

formed when switching between amine reagent 

gases since the presence of a small amount of an 

amine with a higher proton affinity can 

significantly change the observed reagent ions. 

In addition, one must be sure that all the 

deuterium is flushed from the system when 

changing from deuterated to nondeuterated 

gases and vice versa. 

 

Table 1:  Ions Noted Tuning TSQ-700 for Chemical Ionization Experiments 

CI Reagent Gas Pressure x 10-5 torra Relative Ion Intensitiesb 

methane 1.9 29 (100), 17 (48), 18 (1.3), 19 (5.3), 28 (6),  
41 (24), 43 (2.4) 

isobutane 1.1 57 (100), 43 (3.0), 56 (5.0), 58 (6.0) 

ammonia 0.46 18 (100), 35 (15), 52 (2.4) 

3% methylamine in methane 1.7 32 (100), 17 (1.6), 29 (2.1), 41(1.2), 46 (3.0), 60 
(9.3), 63 (6.7), 72 (3.0), 91 (1.0) 

methylamine 0.17 32 (100), 63 (20) 

1% ammonia in methane 1.7 18 (100), 29 (10) 

3% dimethylamine in 
methane 

1.0 46 (100), 74 (15), 91 (20) 

dimethylamine 0.19 46 (100), 91 (10) 

deuterated ammonia 0.28 22 (100), 21 (2.7), 41 (1.3), 42 (13), 61 (1) 

deuterated methylamine in 
methanec 

1.4 35 (100), 22 (4), 34 (11), 54 (7), 55 (23), 67 (5), 
68 (19) 

a
Pressures measured in high vacuum region of mass spectrometer near electron multiplier 

b
Relative ion intensities noted in parentheses 

c
This in-situ mixture obtained by first optimizing the deuterated ammonia gas to obtain a ratio of approximately 10:1 for m/z 22 

to 42, then adding 3% methylamine in methane mixture or pure methylamine to obtain the final observed m/z ratios 

Results and Discussion 

 

Selection of Gases to Study. The amine gases to be 

considered in our studies were selected by 

examining their proton affinities with respect to 

compounds of interest to our laboratory [5].  The 

test mixture chosen for probing relative sensitivity 

contained alcohol, ether, aldehyde, ketone, acid, 

acetal, amine, and ester functional groups with 

proton affinities in the range of ~185 – 220 

kcal/mol [5].  The proton affinities of ammonia 

(205 kcal/mol), methylamine (214.1 kcal/mol), and 

dimethylamine (220.5 kcal/mol) are spread over a 

range useful for probing the relationship between 

sensitivity, fragmentation, and proton affinity. The 

relative sensitivity would be expected to decrease as 

the proton affinity of the amine gas increases [7]. 

 

Evaluation of Pure Methylamine and 

Dimethylamine. The use of pure methylamine and 

dimethylamine as CI reagent gases was found to 

significantly reduce the fragmentation for a variety 

of compounds including alcohols, amines, ketones, 

aldehydes, amides, trimethylsilyl ethers, 

trimethylsilyl esters, acetate esters, ketals, and 

acetals when compared to pure ammonia. Results 

for Surfynol are shown in Figure 2 and in 

Supplementary Figure 2. The dimethylamine CI 

mass spectral data also showed no fragmentation 

from the dimethylammonium adduct. 

 
Unfortunately, the sensitivity obtained with these 

gases was not satisfactory for the routine 

characterization of impurities noted at greater than 
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~0.1% by weight in our routine samples analyzed 

by GCMS.  The relatively small response for 

methylamine and dimethylamine compared to other 

CI reagent gases in our studies is shown in Figure 

1. 

 

 
 

Evaluation of Mixtures of Methylamine and 

Dimethylamine with Methane. It is known [11] 

that a CI reagent gas composed of a mixture of 1% 

ammonia in methane significantly increases the 

sensitivity for some monofunctional compounds 

with proton affinities of 180-204 kcal/mol. This 

increase in the yield of the ammonium adduct is 

because dilution in methane decreases the 

concentration of neutral ammonia in the ion source. 

The neutral ammonia decreases the ammonium 

adduct response by the ligand-switching reaction 

[11, 12] shown below: 

 

 
 

Therefore, we examined mixtures of 

methylamine in methane and dimethylamine in 

methane in order to determine if dilution would 

significantly increase relative sensitivities for 

these gases in our studies. 

 
For convenience, our routine analyses are 

performed by mixing the amine of interest with 

pure methane employing a custom-built manifold. 

However, for comparative studies of gases and gas 

mixtures in this paper, mixtures were purchased. A 

concentration of either 3% methylamine or 3% 

dimethylamine in methane was chosen for our 

studies instead of the 1% concentration normally 

employed for ammonia in methane [11]. The 

higher concentration was chosen in our studies 

because the 1% in methane in methane mixture still 

showed significant concentrations of methane CI 

reagent ions for our instrument. The 3% 

methylamine in methane significantly reduced the 

methane CI reagent ions compared to 1% ammonia 

in methane (see Table 1). The amount of ammonia 

in methane needed to acquire good ammonia CI 

data can be instrument dependent. Others [13] have 

noted the need for as much as 5% ammonia in 

methane to suppress the methane chemical 

ionization reagent ions. 

 

Only 3% of either methylamine or dimethylamine in 

methane is needed to yield a high concentration of 

methylammonium or dimethylammonium ions in 

the chemical ionization plasma of the mass 

spectrometer. This is because both methylamine 

(214.1 kcal/mol) and dimethylamine (220.5 

kcal/mol) have higher proton affinities than 

methane (130.5 kcal/mol). Even though the methane 

is much more likely to be ionized due to its higher 

concentration in the mixture, the ionized methane is 

quickly and completely converted to an 

alkylammonium ion. A simplified description of 

this process is outlined for dilute concentrations of 

methylamine in methane in the following equations: 

 

The 3% mixture of methylamine in methane yields 

very little fragmentation for Surfynol (see Figure 1 

and Supplemental Figure 1), but increases its 

relative sensitivity by a factor of 8 compared to 

pure methylamine. A more dramatic example 

demonstrating the improved molecular weight 

information obtained for an acetal ionized with 

either methylamine or dimethylamine in methane 

compared to ammonia in methane is shown in 

Figure 3.  The ammonia/methane spectra showed 

no molecular weight information, but both the 

methylamine/methane and dimethylamine/methane 

mixtures showed very good molecular weight 

information. 
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The sensitivities for the compounds analyzed by 

methylamine/methane CI were better than that of 

dimethylamine/methane CI (see Figure 1), but both 

were acceptable. However, there was 

approximately10 times more chemical background 

(summed ion current between m/z 100-490) was 

noted for the latter gas mixture compared to the 

former one. The reduce sensitivity in combination 

with increased chemical noise makes the 

methylamine/methane gas mixture preferred over 

dimethylamine/methane mixture for most of our 

applications. 

 
A mixture of ammonia/methane would also be a 

better choice when absolute sensitivity is necessary. 

However, for routine qualitative analyses, we 

employ primarily pure ammonia. This is because it 

is readily available, yields acceptable molecular 

weight information in most cases, yields reasonable 

sensitivity, yields acceptable chemical noise, and 

causes no “carbon-formation” in the ion source. 

 
Complementary Molecular Weight Information. 

We also found it very useful to employ mixtures of 

methylamine and dimethylamine in methane to 

complement molecular weight information obtained 

with ammonia. In unknowns in which both the 

proton adduct and the ammonium adduct are not 

observed, the molecular weight of a compound is 

not always obvious. For example, the 

ammonia/methane CI data for Surfynol in Figure 2 

would support a molecular weight of either 226 or 

243 daltons. However, when both the 

ammonia/methane and methylamine/methane data 

are considered in Figure 2, Surfynol is clearly 

shown to have a molecular weight of 226 daltons. 

 

 
 
Ligon and Grade [13] employ a mixture of 

ammonia and N-15 labeled ammonia in methane to 

overcome this problem. Our approach is somewhat 

more time consuming since two analyses instead of 

one are employed. However, the methylamine in 

methane mixture yields molecular weight 

information that can be absent in ammonia/N-15 

labeled ammonia in methane mixture (see Figure 3) 

due to fragmentation. 
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Determination of Exchangeable Protons. The 

determination of exchangeable protons in organic 

compounds using deuterated ammonia is often 

useful in structure elucidation [5,10]. Deuterated 

ammonia more readily available and less 

inexpensive than deuterated methylamine or 

dimethylamine.  We have found that the number of 

exchangeable protons can be determined by mixing 

small concentrations of either undeuterated 

alkylamines or alkylamine/methane mixtures with 

excess deuterated ammonia. This produces a 

deuterated alkylamine CI reagent gas “in-situ”.  

 

The process for production of deuterated 

methylammonium reagent ion from a mixture of 

methylamine/methane and deuterated ammonia is 

outlined in equations 11-14. 

 

 
 

The reaction sequences noted in the above 

equations are an over-simplified description of the 

process. The exchange of protons for deuterium 

can occur in a variety of sequences and by 

pathways other than those noted above.  

 

Nonetheless, no significant ammonia or methane CI 

reactions are noted since the proton affinity of the 

methylamine is greater than ammonia or methane. 

This experiment is easily accomplished employing 

a custom-built manifold on our mass spectrometer. 

 
The results of this experiment for Surfynol are 

shown in Figure 4 and Supplementary Figure 4 and 

compared to those obtained using just deuterated 

ammonia. The presence of some unexchanged 

protons is noted at m/z 249 in the deuterated 

ammonia spectrum and at m/z 262 in the 

“deuterated methylamine”spectrum.  One could 

probably determine 4-5 exchangeable protons by 

the visual inspection of the “deuterated 

dimethylamine” CI data. This is more than 

adequate for most GCMS analyses. The 

determination of larger numbers of exchangeable 

protons as required by desorption chemical 

ionization (DCI) is greatly facilitated by calculating 

theoretical patterns with a computer program 

[14,15]. 

 

 
 

Conclusions 

 

Pure ammonia is still the primary reagent gas 

employed for molecular weight determinations of 

compounds of interest to our company. This is 

because it is readily available, yields acceptable 

molecular weight information in most cases, yields 

reasonable sensitivity, and causes no “carbon- 

formation” in the ion source. Nevertheless, the CI 

reagent gas mixtures of methylamine and 

dimethylamine in methane are often useful when 

ammonia CI yields no molecular weight 

information or ambiguous results.  In addition, the 

number of exchangeable protons can also be easily 

determined by CI employing small amounts of 

either methylamine, dimethylamine, or 

alkylamine/methane mixtures with excess 

deuterated ammonia. 

 

The methylamine in methane mixture is preferred 
over the dimethylamine in methane mixture when 

sensitivity and chemical background levels are 

considered. The use of pure methylamine and 

dimethylamine also yielded significantly less 

fragmentation, but the sensitivity for the analysis 

of organic compounds by GCMS was not 
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acceptable due to ligand-switching reactions. 
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Supplementary Figure 1:  Comparison of Relative Sensitivities of CI Reagent Gases 



Supplementary Figure 2: Chemical  Ionization Mass Spectra  
                                              of Surfynol 



Supplementary Figure 3: Chemical  Ionization Mass Spectra of an Acetal 



Supplementary Figure 4: Chemical  Ionization Mass Spectra  
                                              of Surfynol Illustrating Determination of Exchangeable Protons 



Supplementary Material Describing CI Reagent Gas Manifold 

Construction and Utilization 

The first section of this supplementary material includes information for the construction and utilization 

of the newest model of the interface.  The latter section includes the original design and instructions on 

its utilization.   

The newer design is much simpler to construct since the tubing employed is 1/16 inch tubing employed 

is easier to bend.  In addition, the multiport valve was replaced with a simpler multiport inlet valve 

(Z8M1).  However, the original design allowed the total manifold and associated gases to be moved 

between instruments as needed.   

 



Basic Instructions for Constructing and Using a Versatile  

Chemical Ionization Manifold 

We have used the chemical ionization (CI) manifold described below in many different configurations 

during the last 30 years.  The following is the most recent version which we employ on our Thermo DSQ 

GC-MS instrument.  We found the original CI manifold supplied with the instrument to be very 

inflexible, and that residual gases from higher proton affinity gases such as ammonia and methylamine 

were very difficult to purge from the lines.  With our current system, we can easily switch between gases 

and optimize the CI response. 

Optimization of CI Response:  The chemical ionization conditions are optimized by adjusting the ratios 

of the reagent ions between m/z 10-100 using a needle valve after an appropriate equilibration time (see 

tips below).  During this optimization, the electron multiplier gain is decreased dramatically to avoid 

damage to the electron multiplier and to keep the signal within the dynamic range of the instrument’s data 

system.  The relative ion ratios observed for the reagent gases and the pressures noted in the high 

vacuum region of the mass spectrometer are listed in the text of the journal article.  The instrument is 

normally scanned from 100-1000 daltons for qualitative analyses. 

 
It is critical to check the types of reagent ions formed when switching between amine reagent gases 

because the presence of residual concentrations of an amine with a higher proton affinity can significantly 

change the observed reagent ions. In addition, one must be sure that all the residual hydrogen containing 

ions are flushed from the system when performing deuterated CI studies and vice versa. 

 

Diagram for CI Manifold:  Figure 1 shows a generic diagram of the manifold and Table 1 shows the 

associated parts.  An earlier design was described in the literature [1].  The parts utilized will vary 

depending on the GC-MS instrument for which the manifold is designed and the number of CI gases to be 

employed.  Pictures 1-5 show the CI manifold for our Thermo DSQ GC-MS system.  Several useful 

technical bulletins are also available on the internet for performing CI on Agilent MSD systems [2-5]. 

 

Selecting Gas Regulators:  The gas regulator is chosen depending on the reagent gas to be dispensed.  

Many regulators are not designed to be exposed to a vacuum or to amine reagent gases, so one must be 

cautious when changing and purging gas lecture bottles.  Suppliers of reagent gases and equipment should 

be contacted for selection of the proper regulator for the application. 

 

The lifetime of regulators employing either alkylamines or ammonia will be much less than those 

employing isobutane and methane.  Some regulator manufacturers suggest purging the regulator when not 

in use or evacuating the regulator with vacuum to increase its lifetime.  Of course, the regulators 

employed must be capable to perform these functions. 

 

Adjusting Needle Valves:  Frequently the needle valves will need to be adjusted when received from the 

manufacturer.  Both the distance between the needle and the valve seat and the force needed to rotate the 

knob can be adjusted.  Do not over tighten the needle valves when they are in contact with the needle seat 

because the seats can be easily damaged. 

 

General Tips for Using the Manifold:  Several tips for utilizing the manifold are listed below: 

 

 The regulator used for methylamine or dimethylamine will become contaminated and will not be 

useful for regulating ammonia, a lower proton affinity gas. 

 Keep regulators set at the same pressure when mixing gases, normally around ~5-10 psi. 

 When mixing two gases, optimize the signal for the reagent ions of the lower proton affinity gas, 



then adjust the flow of the higher proton affinity gas to obtain the desired reagent ions. 

 Isolate the manifold from the mass spectrometer with a valve when CI experiments are not being 

performed, close all valves to reagent gas, and evacuate the central manifold lines with the rough 

pump vacuum line on the manifold. 

 The rough vacuum pump line on the manifold is very useful for purging lines when changing 

lecture bottles, but be careful not to damage regulators that are not designed to withstand vacuum. 

 Turning on a reagent gas to the mass spectrometer will often initially give a higher pressure, thus 

it is useful to momentarily open the rough vacuum pump line to the CI manifold for 3-5 seconds 

with the CI gas switched on to help equilibrate the pressure, then close the rough vacuum pump 

line to the manifold and wait a few minutes to allow further equilibration of the reagent gas flow 

before adjusting the needle valve to set the proper intensities of reagent ions. 

 Ammonia is a liquid in the cylinder.  Agilent application notes recommend that the ammonia tank 

and regulator be mounted below the CI reagent gas mass flow controller to avoid siphoning liquid 

ammonia into the manifold.  They suggest using a coil of stainless steel tubing running vertically 

on the back of instrument to enhance the conversion of ammonia liquid into gas [2,4]. 
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Table 1:  Parts Used to Build CI Gas Manifold 

No.
a
 Part Description Part No. Supplier 

1 1/16” Stainless steel tubing, cleaned with 
methanol then methylene chloride and dried with 
nitrogen gas stream or house vacuum 

- - 

2 SS 1-Piece 40G Series Ball Valve, 0.1 Cv, 1/16 in. 
Swagelok Tube Fitting 

SS-41GS1 Swagelok 

3 Needle valve, SS Low-Flow Angle-Pattern Metering 
Valve, 1/16 in. Swagelok Tube Fitting 

SS-SS1-A Swagelok 

4 8 way manifold, 8 inlet, 1 outlet; (other parts 
available with 4,6,8,10,12, and 14 inlet) 

Z8M1 Valco (VICI) 

4a Clamp ring for mounting manifold CR4 Valco (VICI) 

5 Regulator - - 

6 SS 1-Piece 40 Series Ball Valve, 0.2 Cv, 1/8 in. 
Swagelok Tube Fitting 

SS-41GS2 Swagelok 

7 SS Swagelok Tube Fitting, Union Cross, 1/8 in. 
Tube OD, or tee, etc. to connect to instrument 

SS-300-4 Swagelok 

a
Numbers used to label items in diagram of gas manifold, see Figure 1  
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Figure 1:  Diagram of CI Manifold, See Table 1 for Descriptions of Labeled Parts 
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Picture 1:  GC-MS Unit with Manifold Sitting to Left of Instrument 

 

 
 

Picture 2:  Side View of Manifold 

 

 
  



Picture 3:  By-passing Standard Instrument CI Manifold 

 

 
 

Picture 4:  Gas Cylinder Storage on Sheet-Metal Rack on Back of Computer Desk 

 

 
 

Picture 5:  Additional Fitting Added to Secondary Roughing Pump for Rough Vacuum Pump Line on CI 

Manifold 
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Construction and Use of a Versatile Chemical Ionization Manifold
James L. Little

Eastman Chemical Company, Building 150
Kingsport, TN  37662

Introduction

Our laboratory uses over 15 different chemical ionization (CI) gases or gas mixtures.  This requires the
ability to easily switch between a variety of corrosive and non-corrosive gases. Our Finnigan TSQ-70 mass
spectrometer was initially capable of using only one CI gas which was not easily changed.  Furthermore,
the seats in the instrument solenoid valves were easily contaminated with calibration compound
(perfluorotributylamine) and/or CI reagent gases.

The manifold described in this article overcame these limitations by allowing easy selection among six
different reagent gases and the mixing of two reagent gases.  The manifold can be employed with only
minor modifications on any commercial mass spectrometer.

Experimental

The manifold was built in the Mechanic Shop Services of Eastman Chemical Company and was initially
used on a Finnigan TSQ-70 mass spectrometer.  Changes in ICL (Instrument Control Language)
procedures specific to the Finnigan TSQ-70 can be obtained from the author.

Construction of Manifold.  Diagrams for the construction of the manifold (body constructed from
aluminum) are shown in Figures 1 and 2.

Purchased supplies are shown in Table 1.  All the fittings were used as received without cleaning and no
significant chemical noise was observed.  If oxidizing gases such as oxygen are used as reagent gases, the
valves should be cleaned by the manufacturer with approved standard methods to remove excess
lubricants on wetted surfaces [1].

The needle valves are mounted very close to the 7-way valve to minimize the size of the CI manifold.  The
center of the stand has a welded bottom that allows the storage of sealed gas cylinders.  Gas cylinders
equipped with regulators are mounted (item No. 8 in Table 1) on the outside of the stand.  The direction of
gas flow is indicated on the top of the manifold with strips of black tape.

Installing the Manifold.  The rough pump on the mass spectrometer is utilized for evacuating lines in the
manifold.  This can even be accomplished on Hewlett-Packard Mass Selective Detectors that are equipped
with only one mechanical pump by placing a tee in the rough pump line.  However, it is preferable to
employ a pump not used to “back” the diffusion or turbomolecular pump on the mass spectrometer if more
than one is available on the system.

The manifold was placed at the rear of the TSQ-70 mass spectrometer and connected with 1/8” o.d.
stainless steel tubing to a union tee placed between the source and the solenoid valve nearest the source.
Thus, all but one of the standard Finnigan solenoid valves and associated lines were by-passed to avoid
contamination from solenoid valve seats.  The CI gases only contact the side of the solenoid valve seat
closest to the source and this yielded no significant chemical background.

Repairing the Manifold. The 7-way valves and toggle valves normally last five to six years before failing.
They cannot easily be repaired and are replaced.

The gas regulator normally employed (item No. 11 in Table 1) for ammonia in our laboratory will operate
properly for one to two years. The seat is normally the only part that needs to be replaced (items No. 17
and 18 in Table 1). When the regulator fails, the regulator pressure usually increases to the head-pressure
of the lecture bottle.  THEREFORE, BE SURE THAT THE PRESSURE IS BLED FROM THE ALL OF
THE CHAMBERS IN THE REGULATOR BEFORE REPAIRS ARE MADE BY REMOVING THE
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REGULATOR FROM THE TANK IN A LABORATORY HOOD AND OPENING THE REGULATOR
VALVE!

Results and Discussion

Changing or Installing Reagent Gases.  Gases can be easily changed or installed in the manifold by
employing the rough pump toggle valve to remove air or gas from lines and regulators.  The regulator and
the supply line between the regulator and the needle valve should be alternately evacuated with vacuum
and purged with reagent gas.  This process should be repeated two to three times to insure removal of air
and/or any previous CI gas.  The following precautions should be taken:

-insure that toggle valve to the mass spectrometer is in off position
-open the needle valve (five or six complete turns beyond normal position) during process to increase
speed of pumping lines and regulator
-insure that the lecture bottle valve is completely turned off before opening toggle valve to rough
pump to evacuate lines or regulators
-carefully evacuate regulators by quickly opening and closing the rough pump toggle valve, MOST
REGULATORS ARE NOT DESIGNED TO WITHSTAND VACUUM!
-set regulators at 3-5 psi

Switching between CI Reagent Gas. The use of a separate needle valve for each reagent gas makes
switching between installed reagent gases simple.  The needle valve will normally not need adjusting after
initially being set for a specific gas.  However, we always check the ratio of the reagent ions before
employing the gas to insure the proper CI performance of the instrument by the following method:

-insure that the rough pump toggle valve is in the off position
-reduce multiplier voltage (e.g. 500-800 volts) to minimize damage to detector
-select the desired gas with the 7-way valve or by opening the extra reagent gas toggle valve
-equilibrate source pressure by quickly opening and closing the toggle valve to the rough pump (only
do this for a second to minimize the amount of gas pumped from the CI gas cylinder).
-set the m/z range at 10-100
-adjust needle-valve to optimize desired CI reagent ions and maximize overall intensity

The observed reagent ion intensities that yield the optimum CI results in our work are noted elsewhere
[2].  When the manifold is not being employed, the toggle valves to the mass spectrometer and the rough
pumps are closed and the 7-way valve is directed to the off position.

Adjusting Needle Valve Off-Position.  Often the needle valves will need to be adjusted after receipt from
the manufacturer.  Do not over-tighten the valves because the valve seats can be easily damaged.  Adjust
the off position with the set screw (top one, larger of the two) on the handle of the needle valve.  The off
position is determined by the relative position of the needle knob on the valve stem.  The other set screw
(bottom one, smaller of the two) on the valve is used to adjust the amount of force needed to turn the
valve.

Selection of Gas Regulators.  Regulators with CGA (Compressed Gas Association) 170 fittings are used
for non-corrosive gases and regulators with 180 fittings are used for corrosive gases.  The selection of
regulators for non-corrosive gases such as methane and isobutane is not critical.  The selection of
regulators employed with corrosive gases such as methylamine, dimethylamine, and ammonia is very
critical.

Ammonia is much less corrosive to regulators than methylamine and dimethylamine.  The regulator used
for ammonia (item No. 11 in Table 1) will last approximately 1-2 years under continuous use and can
easily be repaired (see Experimental Section).  This regulator should not be used for either methylamine
or dimethylamine because they quickly decompose its plastic housing.  A corrosion resistant regulator
with a stainless steel housing (e.g. item 16 in Table 1) is suggested for these gases.  However, this type of
regulator still tends to fail in a few months of continuous use with these gases due to corrosion of its seats.
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Manufacturers suggest that corrosion resistant gas regulators be purged with an inert gas when not being
employed to increase their lifetime.  This could be done by adding a union tee between the lecture bottle
and the regulator for introducing an inert gas, but this approach is inconvenient and is not employed in
our laboratories.

We employ two different approaches to prolong the lifetimes of regulators used for methylamine and
dimethylamine.  The first is to remove the gases with vacuum after use.  This is very convenient with the
regulator we employ for alkylamines (item No. 16 in Table 1) because it is designed to withstand the full
vacuum from our mechanical pump.  Most common regulators (e.g. items No. 11 and 12 in Table 1) are
not designed to withstand this amount of vacuum.

The second approach is to dilute the methylamine or dimethylamine to the 1-3% level in methane.  This
significantly prolongs a regulator’s lifetime by one to two years even with continuous exposure and offers
increased sensitivity for mono-functional compounds [2, 3].

It is very difficult to share regulators between different amines.  For example, the presence of residual
amounts of methylamine amine in a regulator being used for ammonia CI can yield primarily
methylamine CI ions because the methylamine has a significantly higher proton affinity than ammonia
[2].  The regulator will require extensive purging with an inert gas and/or flushing with ammonia many
times (see Changing or Installing Reagent Gases Section above) to totally remove the reagent ion typical
of methylamine.

Liquids as Reagent Gases.  Liquids can be used as CI reagent gases by  attaching a glass ampoule or metal
tube to the manifold containing the liquid.  The tube or ampoule is immersed in a water bath to maintain
its temperature as the liquid evaporates.  Only volatile solvents such as acetone and methanol are
employed with this method.  Higher boiling solvents could lead to contamination since the manifold is not
heated.

Using Deuterium Labeled Gases for Exchange Reactions.  Deuterated amines are routinely used for
determining the number of exchangeable protons in compounds [2, 4].  After using deuterated CI reagent
gases, the instrument source is "washed" with normal ammonia to convert all deuterated water in the mass
spectrometer source into protonated water.  If this is not done, partial exchange of protons bound directly
to oxygen, nitrogen, and sulfur can be noted in electron impact spectra if the instrument is used
immediately after employing deuterated ammonia.  If the instrument is not to be used for 30 minutes to an
hour, the "washing step" is not necessary.
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Table 1:  List of Parts for Chemical Ionization Manifold (All Fittings Stainless Steel Swagelok)

No.a Description Part No. Supplier Costb

1 7-way  valve with 1/8" female fittings SS-43Z6FS2 Whitey $370
2 on/off toggle valve 1/8" fittings SS-OGS2 Whitey 55
3 needle valve 1/8"  fittings SS-SS2 Nupro 90
4 union cross, 1/8"  fittings SS-200-4 Swagelok 30
5 union tee 1/8" fittings SS-200-3 Swagelok 16
6 reducer, 1/8" tube to ¼" port SS-200-R-4 Swagelok 7
7 316 stainless steel tubing, GC chromatography

grade, 1/8" OD, 0.019" wall thickness, 100 foot
roll, annealed, clean, sealed ends, conforms with
specification STC-106

165

8 tank bracket (lecture bottle, wall mount) Model 504 Matheson 22
9 bulkhead union, 1/8" fittings SS-200-61 Swagelok 16
10 plug, 1/8"  fitting SS-200-P Swagelok 4
11 regulator (corrosive gas) equipped with shut-off

valve,  specify 1/8" stainless steel Swagelok outlet
(CON-0099-SA), connection with 180 CGA5
Fitting

3332-180 Matheson 400

12 regulator (non-corrosive gas) equipped with shut-
off valve,  specify 1/8" stainless steel Swagelok
outlet (CON-0099-SA), connection with 170
CGA5 Fitting

3320-170 Matheson 190

13 union tee  1/4" fittings SS-400-3 Swagelok 16
14 1/8" tapered pipe thread to 1/8" connection, used

to adapt regulator
SS-200-1-2 Swagelok 6

15 Coupling 1/8" pipe thread, used to adapt
regulator

SS-2-HCG Swagelok 5

16 regulator (corrosive gas) equipped with shut-off
valve, specify 1/8" Swagelok stainless steel outlet
(CON-0099-SA), connection with 180 CGA
Fitting

3513-180 Matheson 560

17 Kit to rebuild Matheson Regulator (item No. 13
above), seat (Part No. A22021394)

Kit-0256-XX Matheson 125

18 Matheson Drawing No. 03405 for corrosion
resistant gas regulator (item No. 13 above)

Matheson

aNumber refer to  parts shown in Figures 1 and 2 and in text
bApproximate cost in U.S. Dollars




