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In a recent report, Karancsi and SlŽgel [1] 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.  Reduc tion was p rom oted with p rotic solven ts like water and methanol, but

diminished or eliminated in dried acetonitrile or methylene chloride.  The occurrence of this reduction was

likened to tha t observe d for  nitroa rom atics  in a tra ditional chemical ionization (CI) source [e.g., 2], but no

deta ils of the possible mechanisms were discussed.  Our interest in 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 sp ectrometry (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 reduction of imines (RRâC=NH) to the corresponding amines (RRâCNH2)  during APCI-MS and

APPI-MS analysis.  We compared the ES mas s 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 c leanliness , (3) coron a discha rge curr ent, and (4 ) the solve nt system . 

A SCIEX  API365  triple quadr upole eq uipped w ith pneum atically-assiste d ES, AP CI and APPI sources was

used.  The stainless steel capillary ES emitter was held at 4.5 kV with N2 used for nebulization.  The APCI

source was us ed withou t mod ification with  N2 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 -phenylen ediam ine, 1, and thionin , 2, were  prep ared  in

aqueous methanol (or aceton itrile) containing  5.0 m M am mon ium ac etate (pH  7).  Ace tic ac id or fo rm ic 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 -phenylen ediimine , 1a, in a thin-layer flow-by electrode

electroc hem ical 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 involv es re active  spec ies ge nera ted in  the ion ization  plasm a.  Th is

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

com plete ly 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 that a surface process was involved (Figure 2).  The character

of the surface within the heated nebulizer probe (presence of hydro carb on re sidue) wa s also  foun d to p lay a

role  in the reduction process.  Water (and possibly other protic solve nts and additives) promoted the reduction

process wherea s it was diminished with nonprotic solvents (Figure 3).  We believe that  reactive hydrogen

radicals p roduce d in the ionization  plasm a ma y be involved  in the redu ction proc ess. 

Our resu lts sh ow th at red uctio n of im ines  to am ines  in APCI and APPI can be avoided or minimized through

the use of nonprotic solvents (acetonitrile), high heated nebulizer probe temperatures (500 oC), and a ãcleanä

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 oC), and by

using a ãdirtyä heated nebulizer probe liner.



Figure 1.  (a) ES, (b) APCI and (c) APPI mass

spectrum of 20 :M N-phenyl-1,4-phenylenediamine, 1.

(d) ES, (e) APCI and (f) APPI mass spectrum of

nom inally 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 heate d nebu lizer tempera ture was 400 oC,

solvent flow rate  was 50 :L/min, and the solvent was

water/methanol (1/1 v/v) with 5.0 mM am monium

acetate  (pH 4).  APCI corona discharge current was 2

:A.  APPI lamp current was 0.7 mA with an acetone

dopant flow of 10 :L/min.

Figure 3.  APCI ma ss spectra of 20 :M thionin,

2 prepared in diffe rent a queous  acetonitrile

solutions.  (a) 90/10 v/v acetonitrile/water, (b)

50/50 v/v aceton itrile/water, (c) 5/9 5 v/v

acetonitrile/water and (d)  5/94/1 v/v/v

ace tonitrile /wate r/form ic acid.  Heated

nebulizer probe temperature was 500 oC, the

solvent flow rate was 50 :L/min, and the

corona discharge current was 5 :A.

Figure 2.  (a) ES mass spectrum and (b, c, d, and

e) APCI mass spectra of 20 :M th ionin, 2

(water/m etha nol,  1/1 v/v, 5.0 mM amm onium

acetate, pH 3).  APCI s pectra were obtained at

heated nebulizer probe temperatures of (b) 499
oC, (c) 400 oC, (d) 300 oC, and (e) 200 oC.

Solvent flow rate was 50 :L/min.  A PCI corona

discharge current was 2 :A.

[1]  Karan csi, T.; SlŽgel, P.  J. Mass Spectrom. 1999, 34,

975-97 7.  [2]  Budzik iewicz, H.  Org. Mass Spectrom. 1988,

23, 561-56 5.  [3]  Robb, D. B.; Covey, T . R.; Bruins , A. P. 

Ana l. Chem. 2000, 72, 3653-3 659.  [4]  Deng, H.; Van Berk el,

G. J.  Anal.  Chem. 1999, 71, 4284-4293.  [5]  Deng, H.; Van

Berke l, G. J.   Elec troan alys is 1999, 11, 857-865.

Vilmos Kertesz acknowledges support through an

appointment to the Oak Ridge National Laboratory (ORNL)

Postdoctoral Research Associates Program administered

jointly by the Oak Ridge Institute for Science and Education

and ORNL.  APCI-, APPI- and ES-MS instrumentation was

provided through a Cooperative  Research and Development

Agreement with SCIEX ( CRADA  No. O RNL96-045 8).  T his

work was supported by the D ivision  of Ch em ical Sciences , Geo sciences, and Biosciences, O ffice  of Ba sic

Energy Scienc es, Unite d States  Depa rtmen t of Energ y under C ontract DE-AC05-00OR22725 with ORNL,

managed and operated UT-Battelle, LLC.


