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Introduction

The electric potentials used with atmospheric pressure discharges and
electrospray nebulizers compromise the ability to focus ions at atmospheric
pressure into inlets of mass spectrometers, both apertures and capillaries
or tubes. The presence of a nebulizer or needle with a large electric
potential in front of an inlet at ground (for example electrospray, desorption
electrospray, or atmospheric pressure chemical ionization); or a metal
coated glass tube at high electric potential downstream of a grounded
electrospray nebulizer, or even some of the newer discharge sources where
a high potential is applied to a grid or plate in front of the inlet d all impart
high electric potentials which are dispersive and counteract (neutralize)

any focusing potentials that may be present in the ionization

chamber (see Figs. 1 and 2).

We present here the idea of remote ions sources to remove these large
electric potentials to create a field -free region.



Remote Field -Free lon Sources

The idea of a remote field  -free source is to generate reagent ions with
high electric potentials distal to (outside of) the ionization region and

then introduce the ions produced into the ionization region by viscous
forces. By separating the regions, both physically and electrically, these
high electric potentials can be reduced/eliminated. We first proposed this
idea of remotely generating ions in 1995 to introduce a beam of ions into
an adjacent region to impact onto a liquid surface to enhance the ion
production of an  electrospray source (see U.S. patent 6,147,345). This
was followed up with the proposed idea of remotely generating reagent
lons and introducing these ions in an ionization chamber (see U.S.

patents 6,888,132; 7,095,019; and subsequent patents). We present
here preliminary results of a Remote Reagent |on Generating (RRIG)
source (see Figs. 3 and 4).
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Fig. 1 Cut -away views of simulations (SIMION) of ion trajectories at atmospheric
pressure in an ionization source region with an immersion lens and a tube inlet (at a
negative potential): (left) a conventional ion source showing ions emanating from a
high voltage needle present in the ionization chamber and (right) ions emanating
from a field -free source.
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Fig. 2 Potential energy surfaces of the simulations in Fig 1, (left) illustrating
dispersive fields and the small collection volume of conventional ion sources needle;
(right) illustrating the large collection volume of a field -free source.



Methods

Remote Reagent lon Generating (RRIG) Discharge Source

A Remote Reagent |on Generating (RRIG) gun was designed and
constructed with a discharge needle, a counter -electrode, a saddle
electrode and a gas inlet (see Figs. 3 and 4). The orientation of the three
electrodes, size of openings, potentials and the effect of gas flow pass the
needle were determined from SIMIO simulations. In additional, SIMION
was used to support the observed results. The orientation and placement
of the needle, counter -electrode, and saddle electrode were chosen to.

A Reduce the flow of the reagent gas (helium and nitrogen) and
at the same time maximize the linear velocity of the gas.

A Minimize the spacing between electrodes to obtain sufficient
field strength to strike a discharge with the requirement for
high potentials. Various lens dimensions (thickness, aperture
diameters, and spacing) and high voltage resistors were
evaluated.



—— D Field -Free
v Region

Fig. 3 Crossectional view of the Remote Reagent lon Generator (RRIG): Needle or

capillary, counter -electrode, and saddle orientation. D = ~1/8 -inch for the RRIG
(from Sheehan, E. W., Wi |-ffeeaingpépbeyic nebRlizets.and A Fi el
di scharges, 06 Proceedings of the 55th ASMS Co

Allied Topics, Indianapolis, IN, June 3 -7, 2007.).



