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Electrolytic reactions in the ES emitter sustain the production of charged droplets and gas-phase ions by the
ES ion source. It is shown here that Ag*, Cu?*, and Hg?* ions in solution can be electrolytically reduced and
deposited as the respective metals onto the surface of the high voltage contact in the ES emitter in negative
ion mode. The deposited metals may be liberated from the surface back into solution, by switching the ES high
voltage polarity to operate in the positive ion mode, where they are detected in the ES mass spectrum (egs 1,
2, and 3)
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was programmed to record the ion
signals at the respective m/z values in both positive and negative ion mode while switching between positive
ion mode (10 min), negative ion mode (25 min), and positive ion mode (15 min) during the course of one
experiment. A sample was injected at 7.5 min into the first positive ion mode section of the experiment. The
injection was stopped after 10 minutes into the negative ion mode portion of the experiment (10.5 min injection).

Figure 2 shows the summed ion current profiles in four separate experiments in which (a) a sample blank, (b)
0.25, (c) 2.5, and (d) 25 uM Ag* were injected into the ES-MS setup shown in Figure 1. The timing sequence
above the panels shows the high voltage applied to the upstream stainless steel capillary (254 um-i.d.) and the
time window of Ag® injection. The i measured during each of the 3 segments of the experiments is also
shown. lon current profiles are normalized relative to the largest signal in panel (d). The observation of
“delayed” Ag" stripping peaks confirms that Ag is deposited on the upstream high voltage contact in the ES
emitter during the negative ion mode of operation. This deposit is oxidized when the ES high voltage polarity
is switched for operation in positive ion mode. Oxidation of the Ag deposit releases (strips) Ag* back into
solution where it flows downstream and is detected by the mass spectrometer as it exits the fused silica spray
capillary.

A semi-quantitative analysis of these data reveals that the plateau signals for the three sample injections
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deposited, ranged from 25 to 50% of the total Ag” in the original solution injected. Thus, the concentration of
the Ag" exiting the emitter in negative ion mode was significantly decreased relative to the concentration in the
original solution entering the emitter. However, the fraction of the total Ag* transported through the system that
deposited was not a linear function of the injected Ag*" concentration.

Cu?* and Hg? may also be deposited electrolytically onto the surface of the high voltage contact in the ES
emitter (results not shown). To observe a significant stripping peak required a minimum injected concentration
of the Cu®" and Hg?" that was higher than for identical experiments employing Ag" (i.e., >1.5 uM for Cu®" and
> 25 uM for Hg?"). The exact reasons for this are not clear. Of course, in the case of both Cu?* and Hg*, only
half the amount of metal could theoretically be deposited compared to Ag* under identical conditions (i.e., 2e
vs le  reactions). Also, Cu?* (eq 2) is substantially harder to reduce than Ag* (eq 1), and therefore, the
efficiency of this reduction reaction may be less (i.e., other reactions may occur preferentially). In the case of
Hg?*, which is very easy to reduce (eq 3), the limited stability of a Hg film in contact with a flow stream might
restrict the ability to deposit this metal.

The electrochemical nature of the ES ion source could have repercussions for metal determinations and metal
speciation studies attempted by ES-MS. Ag*, Cu?*, and Hg*" and other metals that can be electrolytically
reduced within a reasonable potential range may be deposited as a metallic film onto the inner surface of the
high voltage contact to the solution in the ES emitter during negative ion mode. The valence state of metals
might also be altered by the electrochemical processes in the ES emitter. Thus, ES electrochemistry might
be expected to alter in some cases either the intensity or identity of the gas-phase metal ions eventually
detected in ES-MS.
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