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In a recent report, Karancsi and SlZgel [l] showed that nitroaromatic compounds are reduced to the
corresponding amines in an atmospheric pressure chemical ionization source (APCI). The extent of
reduction, from a few percent to complete reduction, was found to be dependent on the compound and on
the nature of the solvent system. Reduction was promoted with protic solvents like water and methanol, but
diminished or eliminated in dried acetonitrie or methylene chloride. The occurrence of this reduction was
likened to that observed for nitroaromatics in a traditional chemical ionization (Cl) source [e.g., 2], but no
details of the possible mechanisms were discussed. Our interestin such reduction processes lies in the
possible use of APCI, or the new related technique, atmospheric pressure photoionization (APPI) [3], as
interfaces for on-line electrochemistry mass spectrometry (EC/MS) experiments. Electrospray (ES) has
proven to be very suitable for EC/MS and means have been developed to avoid the influence of the inherent
electrochemical process of ES on the EC occurring in the on-line cell [4,5]. The possibility of using APCI or
APPI for EC/MS experiments might expand the range of compounds amenable to study. In this work we
investigated the reductionofimines (RRaAC=NH}o the corresponding amines (RR&NH,) during APCI-MS and
APPI-MS analysis. We compared the ES mass spectra of select imines with the APCI and APPI| mass
spectra of these same imines obtained as a function of: (1) heated nebulizer probe temperature, (2) heated
nebulizer cleanliness, (3) corona discharge current, and (4) the solvent system.

A SCIEX API365 triple quadrupole equipped with pneum atically-assisted ES, AP Cl and APPI sources was
used. The stainless steel capillary ES emitter was held at 4.5 kV with N, used for nebulization. The APCI
source was us ed without modification with N, as the auxillary and nebulizer gas. Details of the prototype APPI
source are the same as those described elsewhere [3]. APPI lamp current was 0.7 mA with an acetone
(distilled) dopant flow of 10 L/min. N-phenyl-1,4-phenylenediamine, 1, and thionin, 2, were prepared in
aqueous methanol (or acetonitrile) containing 5.0 mM am monium ac etate (pH 7). Acetic acid or formic acid
were added to achieve pH 4 and pH 3, respectively. Solutions were either infused or flow injected at 50

L/min. 1 was oxidized on-line to N-phenyl-1,4-phenylenediimine, 1a, in a thin-layer flow-by electrode
electrochemical cell [4,5].

Our studies indicate that imines may be reduced to the corresponding amines in APCI and APPI by means
of a surface enhanced process that involves reactive species generated in the ionization plasma. This
complicates any use of APCI or APPI for the general analysis of these compounds or for use with EC/ES.
However, with proper control of solvent conditions and heated nebulizer temperature, the reduction can be
completely avoided or minimized. The reduction of imines to amines appears to be a general phenomenon
for this compound class (Figures 1 and 2). The extent of reduction observed increased with decreasing
heated nebulizer probe temperature indicating thata surface process was involved (Figure 2). The character
of the surface within the heated nebulizer probe (presence of hydrocarbon residue) was also found to play a
role in the reduction process. Water (and possibly other protic solve nts and additives) promoted the reduction
process whereas it was diminished with nonprotic solvents (Figure 3). We believe that reactive hydrogen
radicals produced in the ionization plasma may be involved in the reduction process.

Our results show that reduction of imines to amines in APCI and APPI can be avoided or minimized through
the use of nonprotic solvents (acetonitrile), high heated nebulizer probe temperatures (500 °C), and a 4cleana
heated nebulizer probe liner. Conversely, reduction of imines to amines in APCI and APPI can be enhanced
by using water as a solvent (>50% v/v), by using low heated nebulizer probe temperatures (<400 °C), and by
using a adirtya heated nebulizer probe liner.
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Figure 2. (a) ES mass spectrum and (b, c, d, and
e) APCI mass spectra of 20 M thionin, 2
(water/methanol, 1/1 v/v, 5.0 mM ammonium
acetate, pH 3). APCI spectra were obtained at
heated nebulizer probe temperatures of (b) 499
°C, (c) 400 °C, (d) 300 °C, and (e) 200 °C.
Solvent flow rate was 50 L/min. APCI corona
discharge current was 2 A.
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Figure 1. (a) ES, (b) APCI and (c) APPI mass
spectrum of 20 M N-phenyl-1,4-phenylenediamine, 1.

(e) APCI and (f) APPI mass spectrum of

nominally 20 M N-phenyl-1,4-phenylenediimine, 1a,
produced on-line by electrochemical oxidation of N-
phenyl-1,4-phenylenediamine, 1. For both APCI and
APPI the heated nebulizer temperature was 400 °C,
solvent flow rate was 50 L/min, and the solvent was
water/methanol (1/1 v/v) with 5.0 mM ammonium
acetate (pH 4). APCI coronadischarge current was 2

A. APPI lamp current was 0.7 mA with an acetone
dopant flow of 10 L/min.
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Figure 3. APCI mass spectra of 20 M thionin,
2 prepared in different aqueous acetonitrile
solutions. (a) 90/10 v/v acetonitrile/water, (b)
50/50 v/v acetonitrile/water, (c) 5/95 vlv
acetonitrileivater and (d) 5/94/1 viviv
acetonitrile /water/formic acid. Heated
nebulizer probe temperature was 500 °C, the
solvent flow rate was 50 L/min, and the
corona discharge current was 5 A.
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