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1. Introduction 
 
Chemical ionization gas chromatography/mass 
spectrometry (CI GC-MS) is broadly applicable in 
organic compound analysis, aiding in the 
assignment of molecular weights (18-23), 
especially in cases where stable molecular ions 
are not formed via electron ionization mass 
spectrometry (EI MS).  CI, discovered and 
initially developed by Munson and Field (1), has 
been discussed in a useful monograph (2).  
 
A wide variety of reagent gases and liquids can 
be used in CI analyses.  When compounds have 
functional groups, such as alcohols, amines, 
acids, mercaptans, ketones, amides, etc., they 
often do not produce stable molecular ions by 
EI MS. However, most species will produce an 
ion representative of the molecular weight 
under appropriate CI conditions.  While reagent 
gases such as methane and isobutane have 
broad utility, ammonia is often preferred for 
many classes of compounds, especially if they 
contain heteroatoms (19).   
 
Compounds will produce protonated molecules 
or adducted ions (M + NH4

+, M+NH3+NH4
+), 

depending on whether they have proton 
affinities (PA) greater or less than that of 
ammonia, respectively.  There are many cases 
where isomers exist that differ in the numbers 
of exchangeable hydrogens present, for 
example diethylamine versus butylamine.  

While some isomers can readily be 
distinguished by their EI spectra, this is 
frequently not the case. 
 
2. Determination of the Number of 
Exchangeable Hydrogens 
 
A valuable application of CI involves the use of 
deuterated ammonia as the CI reagent gas to 
determine the number of exchangeable 
hydrogens.  This technique can be successfully 
applied in the analysis of primary and secondary 
amines, amides, alcohols, phenols, thiols 
(mercaptans), and carboxylic acids. It can be 
used to help distinguish isomers and usually 
provides a spectrum that allows straightforward 
counting of the nun1ber of exchangeable sites 
when compared to a non-deuterated CI 
spectrum.  
 
Early work on this method was done by Hunt et 
al. (3). Other examples include structure 
elucidation of biogenic organohalogens (4), 
application to nitrogen containing polyaromatic 
hydrocarbons (5), and biomolecules (6,7).  The 
original study (3) used deuterated water.   Most 
of the other applications used deuterated 
ammonia, although some applications have 
involved higher amines.  Other ionization 
methods, including fast atom bombardment (6), 
electrospray ionization (8,9, 18, 20-23), and 
matrix-assisted laser desorption ionization (10) 
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have also produced similar results with 
deuterated reagents.   
 
The ion source chemistry in CI MS can be 
generalized as follows-where the deuterated 
ammonia reagent is present at relatively high 
concentrations with respect to the analyte: 
 

 

 
Many functionalized compounds produce low 
abundant molecular ions in their EI spectra.  
Sometimes the molecular ions are totally 
absent or ambiguous (a weak protonated 
molecule is sometimes present in the EI 
spectrum due to "self-CI" if the concentration is 
sufficient (11), especially in ion trap instruments 
, due to longer ion residence times.  
 
Most compounds with functional groups can be 
successfully analyzed using ammonia CI, 
producing either protonated molecules (M+H+) 
or ammonium ion adducted molecules 
(M+NH4

+).  The relative gas phase basicities of 
ammonia and the analyte molecules determine 
the extent of protonation of compounds of 

interest.  In general, amines protonate readily.  
Alcohols, while significantly less basic, are still 
successfully analyzed, because they readily 
form gas-phase adducts with ammonium ions.   
 
Some compound classes, such as amides, have 
intermediate basicities, and usually produce 
both protonated and adducted molecular 
species.  Either result usually leads to 
unambiguous assignment of the molecular 
weight.  A second analysis, using deuterated 
ammonia instead of ammonia (19), will usually 
provide additional information about the 
number of exchangeable hydrogen sites on the 
molecule. In addition, if the molecular weight is 
still uncertain after the ammonia CI analysis, the 
deuterated ammonia CI analysis result will 
usually clarify the situation.   
 
The mass differences in the molecular ion 
species in ammonia and deuterated ammonia CI 
spectra can be used to differentiate primary 
from secondary from tertiary amines. It can also 
differentiate alcohols from ethers.  Remember 
that the mass difference between NH4

+ and 
ND4

+ is 4 Da, if adducts are being studied.   
Some examples will illustrate the clarity of this 
type of data.   
 
Figures 1-3 show spectra for three isomeric C8 
aliphatic amines.  Their EI spectra (a)  are all 
very similar and it is not possible to assign 
structures based on the differences between 
these spectra, if references are not available.  A 
low abundant molecular ion is present in each 
case.  To the right in each figure is the 
molecular ion region from the ammonia (b) and 
deuterated ammonia (c) spectra for each 
species.  The structure shown in Fig. 1 contains 
two tertiary amine sites and no exchangeable 
hydrogens.  The M +H+ ion at m/z 145 in the 
ammonia CI spectrum and the M+D+ ion at m/z 
146 in the deuterated ammonia CI spectrum 
clearly show this.  
 

 



3 
 

 

 
The structure in Fig. 2 has a tertiary amine and a 
secondary amine and one exchangeable 
hydrogen.  The ammonia CI spectrum confirms 
that the molecular weight is 144 Da and the  

deuterated ammonia spectrum shows that one 
exchangeable hydrogen is present, with the 
molecular species now appearing at m/z 147, 
from (M + D - H)D+.   
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The structure in Fig. 3 has two secondary amine 
sites and two exchangeable hydrogens.  The 
ammonia CI spectrum confirms that the 
molecular weight is 144 Da and the deuterated 
ammonia spectrum shows that two 

exchangeable hydrogens are present, with the 
molecular species now appearing at m/z 148, 
from (M +2D -2H)D+.  
 

 

 
 

An example of application of this technique to 
hydroxy groups is shown in Fig. 4. This 
surfactant, 2,4,7,9-tetramethyl-5-decyn-7-diol, 
is a commercial product known as Surfynol  
104. The MW is 226 and no molecular ion is 
detected in the EI mass spectrum (a).  Because 
the molecule has a low proton affinity, 
adduction with the ammonium ion dominates 
the ammonia CI spectrum (molecular ion region 
shown, b), producing an ion at m/z 244.  In the 
deuterated ammonia CI spectrum (c), the ion is 
mass-shifted to m/z 250, because of the four 
mass unit difference between the ammonium 

adduct ion and the deuterated ammonium 
adduct ion, and two additional mass units for 
the two hydroxy hydrogens that have been 
exchanged with two deuteriums, that is (M + 
2D-2H)ND4

+.  The abundance of the ion at m/z 
249 in Fig. 4c is probably due to incomplete 
exchange, which can result from incomplete 
flushing of the CI gas manifold with deuterated 
ammonia.  This can occur on an instrument that 
is frequently switched between EI, ammonia CI 
and deuterated ammonia CI operation. 
 



5 
 

There are cases where the results of the CI 
experiment are more ambiguous.  Some 
compounds can produce complex spectra under 
CI conditions, in cases where structure 
isomerization can lead to exchange of hydrogen 
sites not conventionally thought of as being 
exchangeable.  Imines and pyrroles are two 
examples of classes of compounds observed to 
undergo this type of exchange (see Figures 5 
and 6).  In the former, allylic hydrogen atoms 
become acidic after protonation of the nitrogen 
atom, so that these hydrogen atoms in the 
protonated imines subsequently can be 
exchanged with deuterium in 
multiple collisions with ND3 as shown by Fig. 
5b.  A reasonable mechanism for the deuterium 
exchange for pyrrole, where eventually all 
hydrogens are exchanged with deuteriums, is 
shown in Scheme 1. 
 
 In this scheme first the ND4

+ ion transfers a 
deuteron to neutral pyrrole in an exothermic 

reaction (PA(pyrrole) =209.2 kcalmol-1 ; PA(NH3) 
=204.0 kcalmol-1 (12)) to give the ion m/z 69 
with the proton located at one of the alpha-
carbons that has been calculated to be the site 
of highest proton affinity (13).  In a subsequent 
collision of this ion with another ND3 molecule, 
a portion of the ion-molecule complexation 
energy may fuel 1,2-proton/deuteron shifts 
along the pyrrole ring--a process similar to that 
observed in protonated alkylbenzenes (14)--
concomitant with H/D exchange with ND3, 
followed by separation into the exchanged ion 
and exchanged ammonia products.  It is not 
known how many H/D exchanges occur in the 
ionized pyrrole/ND3 complex.  That will depend 
upon its lifetime under the experimental 
conditions.  Yet, in successive collisions of the 
exchanged ion with ND3, all hydrogens of the 
ionized pyrrole species can be exchanged with 
deuteriums in this way.   
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Aromatic ring compounds can often produce 
spectra with a similar feature (14,15).  Ortho- 
and para-substituted benzenes undergo more 
exchange than meta-substituted species, but all 
show some exchange.  The spectra will often 

show intermediate exchange results, similar to 
Figs 5 and 6. This can be useful for 
interpretation, indicating the presence of 
double bonds and potential for hydrogen 
migrations and double-bond shifts.
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Some compounds fail to produce ions indicative 
of the molecular weight under ammonia CI 
conditions.  In such cases, 1% methylamine in 
methane has been successfully used.  This 
reagent mixture can easily be produced in-situ 
with a custom CI manifold (19).  Deuterium 
exchange CI analyses can then be done by 
mixing deuterated ammonia with a 3% 
methylamine/methane mixture or methylamine 
dynamically using this manifold.  The 
concentration is adjusted to optimize the signal 
for m/z 35 (ND3CH3)+.  The mixing of 
methylamine with an appropriate reagent gas 
with lower proton affinity than methylamine 
itself such as methane is very advantageous.  
This mixing increases the efficiency of 
ammonium adduct formation with the analyte 
by reducing the ligand-switching effect (16,17, 
19).  
 
The use of deuterated chemical ionization 
reagent gases can aid in structure elucidation 
and assignment, distinguishing among 
structural possibilities and isomers.  It is easy to 
perform these experiments and it should be a 
standard tool in the organic mass 
spectrometrist's toolbox.   
 
Appendix A: Notes on the Experimental Setup 
 
An improved interface and detailed 
experimental approach is described in the 
literature (19).  It is similar to the approach 
briefly described in this article. 
 
Make certain that all components of the 
instrument that will be in contact with the CI 
reagent gas are compatible with ammonia.  The 
major gas-phase species present in a typical CI 

ion source under standard ammonia CI pressure 
conditions of 1-2 Torr will be NH4

+ (m/z 18), but 
a lower level ofN2H7

+ (m/z 35), and N3H10
+(m/z 

52) will also be present (19).  The ratio of m/z 
18: m/z 35 should be about 10:1 for ammonia 
CI.  The analogous ions should dominate the 
reagent gas spectrum when deuterated 
ammonia is used.  
 
This ratio is best optimized by scanning the 
instrument from m/z 10-100 while adjusting 
reagent gas flow. The multiplier gain should be 
significantly decreased during these processes 
to avoid signal saturation and multiplier 
damage.  During sample analysis, the multiplier 
gain is set at or above the voltage normally 
employed for EI MS and the MS scanned above 
about m/z 90.  
 
When deuterated ammonia CI analyses have 
been completed, make certain that all traces of 
the deuterated reagent gas have been 
completely flushed from the system.  If not, the 
continuing presence of deuterium will cause 
confusing mass shifts in subsequent normal CI 
spectra. It is useful to install a dedicated gas line 
for deuterated ammonia as close to the 
instrument's CI gas manifold as possible, 
complete with its own shut-off valve (19). This 
will minimize the tubing that must be flushed 
and the amount of deuterated ammonia that 
will be used each time to flush the lines and 
bring the gas into the 
instrument.  An example is shown in Fig. 7. The 
parts listed in Fig. 7 are shown in Table 1.  In 
addition, a somewhat similar but improved 
version of the interface is described in a later 
publication (19). 
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