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Experimental methods have been developed which permit operation of the standard ICR cell in a trapped ion
mode. Appropriate configurations of applied electrostatic fields permit trapping of ions in the source region of the
ICR cell. Detection is effected after a suitable delay by drifting the ions from the source through the analyzer
region where their power absorption is monitored with the usual marginal oscillator—detector. The minor modifi-
cations required do not inhibit normal operation of the cell, thus allowing for the full range of conventional ICR
experiments with the additional capability of examining variation of ion abundance with time. The latter mode
of operation greatly simplifies elucidation of reaction kinetics. The ion molecule reactions of methyl chloride have
been investigated using this new technique. Accepted values of reaction rate constants are reproduced, demon-

strating the accuracy of the method.

INTRODUCTION

The technique of ion trapping in the negative space
charge of an electron beam has been shown by Herod and
Harrison! to be well suited to the determination of ion-
molecule reaction rates in conventional mass spectrom-
eters. Fluegge and Wobschall? have described a method
for trapping ions for short periods of time (0-1.0 msec) in
an ICR spectrometer and, more recently, Mclver and
co-workers have demonstrated that a trapped ion analyzer
cell for ICR is a valuable tool for the determination of
ion-molecule reaction rates.®—® The simple analysis re-
quired to relate reaction rate constants to the varjation
of ion abundance with time obviates the difficult task of
calculating rate constants by iterative computer solution
of the ICR power absorption equations.”™ This increased
ease of calculation makes the variation of ion abundance
with time far more amenable to the determination of
reaction rate constants than the more usual study of the
variation of ion abundance with pressure. However, the
conventional cell remains well suited to routine study of
numerous aspects of gas phase ion chemistry. These in-
clude examination of elastic collisions by collision broaden-
ing of the absorption line,®:*! identification of reactions in
double resonance experiments,'? determination of product
distributions using source!®' and trapping!® ion ejection
techniques, study of the variation of reaction rates with
ion kinetic energy,'¢!® observation of collisional stabiliza-
tion of excited intermediates in ion molecule reactions,*2
and the routine recording of mass spectra without mass
discrimination.” While it is possible to perform many of
these experiments using the trapped ion cell described
by Mclver and co-workers®™® it is our opinion that the
conventional cell offers distinct advantages in most
applications, primarily in terms of operational simplicity.
Ideally, one would wish to be able to utilize the con-
ventional ICR cell in ion trapping experiments. This
paper describes -appropriate modifications to the con-
ventional ICR cell which provide this capability, allowing
the examination of variation of ion abundance with reac-

tion times up to 1 sec at a fixed pressure. The kinetic
parameters obtained in this manner complement the infor-
mation obtained from experiments in which the variation
of ion abundance with pressure at a fixed reaction time is
examined. It should be noted in the latter experiment that
reaction time is, in fact, not fixed since it will depend on
magnetic field strength which will be different for each
mass ion. It is this complication that accounts to a large
extent for the difficulty in obtaining kinetic data from
studies of the variation of signal intensity with pressure.”®

EXPERIMENTAL

The only physical alterations to the cell necessary to
effect ion trapping are the addition of a plate to the rear
of the source region (connected to either of the source
drift plates) and the mounting of 90% open mesh grids
between the filament and trapping plate on one side of
the cell and between the electron collector and the trapping
plate on the other. These grids, operated at the potential
of the adjacent trapping plate, shield the trapping region
of the cell from the bias voltages applied to the filament
and electron collector and were found to greatly reduce
ion losses during the trapping period. The standard ICR
cell, modified for trapping experiments, is shown in Fig. 1.
Included for comparison is the trapped ion cell described
by Mclver® which combines ion production and detection
functions in the same region. The design features of both
cells have been previously described.?*

In a typical experiment ions are formed by an electron
beam pulse of variable energy and duration. Trapping of
positive ions is effected by keeping the source drift plates
and the new rear plate at ground, the analyzer drift plates
at some negative potential, and the trapping plates at a
positive potential. This creates a potential configuration
in the source very much like that in the trapped ion
analyzer cell described by Mclver. The space potential
everywhere within the source is positive with respect to
the surrounding electrodes and adjacent resonance region.
This constrains the ions to move on equipotentials of the

Downloaded 21 Dec 2005 to 131.215.225.171. Redistribution subject to AIP license or copyright, see http://rsi.aip.org/rsi/copyright.jsp



510 T. B.

McMAHON AND J. L.

BEAUCHAMP

Fic. 1. Comparison of the Mclver trapped ion analyzer cell (shown on left)
with the conventional ICR flat cell modified for trapped ion mode of operation.

drift field which close on themselves within the source
region of the cell? To trap negative ions the polarity of
the voltage applied to the trapping and analyzer drift
plates is reversed.

Ton detection is effected by switching all voltages to
appropriate values for the normal drift mode of operation
as schematically illustrated in Fig. 2. The ions are thus
drifted through the analyzer region of the cell where they
are observed with a marginal oscillator detector. For
experiments described in this paper, pulsing and timing
sequences were provided by Tektronix 2600 series pulse
units. Timing measurements were made with a Heath
universal digital instruments model EU-805. The transient
output at the marginal oscillator was infegrated by a
Princeton Applied Research model 160 boxcar integrator
and the output displayed on an xy recorder. A schematic
of the pulsing sequence used is illustrated in Fig. 3.
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Fic. 2. Potentials ap-
plied to the trapped ion
cell in trapping and
detect modes.
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DATA ANALYSIS AND APPLICATIONS

The instantaneous power absorption of ions at reso-
nance is given by”®
N(O)g*E ¢t
AW)=—— €Y

m

where N (0) is the number of ions with mass to charge
ratio m/q, E.¢ is the radio frequency electric field strength
and { is the time the ions have been in the analyzer region.
The drift velocity of ions in the resonance region is deter-
mined by the static electric field strength E and the
magnetic field strength H according to the relation®

¢EX
—. (2
2

Vp=

Thus, knowing the drift velocity from Eq. (2) and the
length / of the resonance region the drift time through the
resonance region is given by

r=[H/cE, 3)

when H and E are perpendicular fields. Hence, the power
absorption increases linearly with time, rising to a maxi-
mum at £=r, beyond which it falls to zero as the jons leave
the resonance region. The boxcar detector utilized in the
present experiments integrates the transient power ab-
sorption, giving the measured signal intensity
2F 3.2
1=NOy T @
8m
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Fic. 3. Pulsing sequence used for trapped ion cell experiments.
Typical pulse widths are 3 msec ion formation pulse and § msec
detect pulse. The detect pulse simultaneously gates the potentials
applied in the detect mode as shown in Fig. 2 and initiates sampling
by the boxcar integrator.

At a fixed observing frequency, higher mass ions come into
resonance at proportionately higher magnetic field
strength. Thus from Egs. (3) and (4) it follows that the
integrated power absorption will be directly proportional
to ion mass. Hence, to obtain true relative signal intensi-
ties, the detector output must be divided by ion mass.
The usefulness and accuracy of the method has been
demonstrated by the satisfactory reproduction of rate
constants in methyl chloride. A typical trace of intensity
vs time for the positive ions observed in methyl chloride
at 13.0 eV and 2.1 X107® Torr?’ is shown in Fig. (4). The
reaction sequence occurring in this system is?.26-%

CH,Cl*+CH,Cl 5 CH,CIH*+CH,Cl,  (5)
CH,CIH*+CH;Cl = CH,CICH#+HCL.  (6)

A solution to-the kinetic equations for a simple primary
(P), secondary (S), tertiary (T') ion system such as this
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Fic. 4. Typical trace of variation of ion intensity with time for
ions observed in methyl chloride at 13.0 eV and 2.1X10~¢ Torr.
Each trace represents a 5 min scan. The observing oscillator was
operated at 307 kHz and the magnetic field was varied to observe
each resonance.

yields the abundances of the various ions as

P=P(0)e "k, (7N
£2P(0)
S= (e-—ﬂkll_ —nl.zt), (8)
ky—k
k k P O l_e‘—'nklt e—nkzt__l
i) + ) 9)
Ba—kr \ By ks

where P(0) represents the initial concentration of primary
ions. A plot of logie(relative ion abundance) vs time for
each of the ions in methyl chloride is shown in Fig. 5. The
negative slope in Fig. 5 for the disappearance of CH;Cl*
gives k1=1.2X10"% cm?-molecule™?-sec™'. This compares
favorably with the values of 1.5X10™® cm?®-molecule™
-sec”! obtained by Herod ef al.,2® 1.94X107° cm?®-mole-
cule!-sec! obtained by McAskill,?” and 1.25X107* cm?
-molecule™-sec obtained by conventional ICR tech-
niques.? The rate constant for formation of the dimethyl
chloronium ion was obtained from the limiting negative
slope in Fig. 5 for the disappearance of CH;CIH*. The
value of k,=1.8X10" cm?®-molecule™*-sec obtained
agrees fairly well with the reported results of Herod et al.2®
(1.0X 107 cm?®- molecule™ - sec™) and of Beauchamp ef al.®
(14X 10719 cm? -molecule ™ -sec™).

Ion losses are minimal. The data illustrated in Fig. 4
indicate a decrease in total ion abundance of ~39%, after
100 msec. Storage of > 10° ions in the same region leads to
excessive losses which can be attributed to space charge
effects. Space charge effects due to trapping of electrons
with negative ions are particularly severe. This can be
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F16. 5. Plot of logo(relative ion abundance) vs time for
the three ions of the methyl chloride system.
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avoided by ejecting electrons by excitation of their
oscillatory motion in the trapping field.!s
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A continuous wave carbon dioxide laser Doppler radar has been developed and applied to remote measurement
of atmospheric wind velocity and turbulence. The carbon dioxide laser illuminates residual particulate matter
in the atmosphere. Radiation scattered by these particles is homodyned with a local oscillator to provide the
Doppler signal. The performance of the instrument is verified by comparison of wind velocity data recorded
simultaneously by the laser Doppler system and a cup-anemometer-wind-vane system. Data were recorded,
for 45 min intervals, of a single component of the horizontal wind velocity at an altitude of 10 m above the ground.
The principle of the laser Doppler system and the theory of the system configuration are presented first, followed
by the evaluation of the system. Sample data of a 20 min duration test run of a laser Doppler system are com-
pared with conventional anemometer data. Further comparisons are given of the power spectral densities derived
from the two time histories. All data comparisons indicate very close agreement of the two systems. Data
inconsistencies are within the accuracy limitations of the conventional anemometer system. The range of the
laser Doppler system during these tests was confined to approximately 30 m. Laser Doppler wind velocity data
were observed at ranges exceeding 300 m; however, no conventional anemometer was set up at these ranges for
data comparisons. Tests are planned for the near future, at which time comparison data at extended ranges
will be recorded. These tests will also incorporate an on-line data processing system.

INTRODUCTION

When a beam of radiation is scattered or reflected by a
target which is in motion relative to the source, the
frequency of the scattered radiation differs from that of
the incident by an amount dependent upon the target

velocity, angle of scattering, and wavelength of the
incident radiation. A measurement of this frequency
change, the Doppler shift, can in turn be used to measure
the velocity of the target. The advent of high power,
highly monochromatic lasers has made possible the
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