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Abstract

A principal motivation for the present study is to determine the ion source conditions required for achievement of the high
pressure limit (HPL) of kinetic behavior for the resonance electron capture (REC) reaction of azulene (Azg AzAz .
This goal is accomplished here by measuring rate constants for the reverse process, thermal electron detachment by molect
anions of azulene, Az— Az + e, by pulsed high pressure mass spectrometry by using a variety of buffer gases, methane,
argon, nitrogen, and helium, over a range of pressures, from 1 to 6 Torr, over a range of temperatures, from 150 to 200 °C
From these measurements, it is shown that the ion source conditions commonly used in electron capture mass spectrome
for the trace analysis of REC-active molecules would not be sufficient for achievement of the HPL of the REC reaction of
azulene and, therefore, would likely result in significantly reduced sensitivity to this compound. The problem highlighted here
for the case of azulene is undoubtedly shared by many other REC-active compounds. The resolution of this problem is expect
to require accommodation of several relevant factors shown here to be important in the case of azulene, including the choic
of buffer gas, pressure, and ion source temperature. (Int J Mass Spectrom 195/196 (2000) 481—-489) © 2000 Elsevier Scien
B.V.
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1. Introduction thermal-energy electrons to specific compounds. Sub-

sequently, methods that are based on the production

An important consequence of the introduction of of molecular anions in high pressure ion sources by
chemical ionization mass spectrometry [1,2] for electron capture (EC) reactions have proven to be
chemical analysis in 1966 was the recognition which particularly useful in the environmental [8-11] and
steadily followed [3—7] that negative ions, as well as biomedical [12—15] sciences, where exceedingly high
positive ions, can be readily produced within high levels of sensitivity and chemical specificity are
pressure ion sources by the attachment of near-required in order to detect trace levels of target

substances in complex samples. The high chemical
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[16,17]. In order to undergo an EC reaction, the parent (assumingk, is of negligible magnitude) the overall
molecule must have a positive electron affinity and, observed rate constati;c, is expected [17] to equal
upon initial electron attachment, form a molecular the initial attachment rate constakt, Unfortunately,
anion that either dissociates immediately or is suffi- k, values have been measured for only a few REC-
ciently long-lived to be stabilized by collisions with  active compounds and these measurements have been
buffer gas molecules [17]. The high sensitivity of made primarily at room temperature. Therefore, the
ECMS is attributed to the fact that the rate constants buffer gas conditions needed to meet the HPL for
of EC reactions can be very large, often exceeding the most compounds is generally not known.

rate constants of fast ion—molecule reactions by more  Johnson et al. [19] have provided some measure-
than two orders of magnitude [17,18]. In the detection ments of autodetachment lifetimes for the molecular
and analysis of substances by ECMS, it is often anions, M *, of a set of substituted nitrobenzenes
preferred that the compound of interest undergo EC formed at room temperature, and from these measure-
predominantly by resonance electron capture (REC), ments some speculation concerning the HPL for
rather than by dissociative electron capture processes,substituted nitrobenzenes can be provided. The mea-
because REC reactions lead to intact molecular anionssurements by Johnson et al. indicated thavalues
which are directly indicative of the parent compound for the molecular anions of substituted nitrobenzenes

of interest [17].
The elementary steps involved in REC reactions
are shown in

ky ks[B]
erM=M*——=M" (1)
Kz ky[B]

By this mechanism, a short-lived excited molecular
radical anion, M*, is first formed by the attachment
of a thermal-energy electron to M with second-order
rate constark,. The M * species contains significant
excess internal energy equal to the electron affinity of
M and will undergo autodetachment with first-order
rate constantk,, if it is not first stabilized by
collisions with the buffer gas, B, with second-order
rate constantys, to form a thermal-energy molecular
radical anion, M. Finally, the product, M, can also
be collisionally reactivated back to the intermediate
state, M *, with second-order rate constamy,. This

varied by approximately an order of magnitude with a
maximum value of about X 10° s * for the molee

ular anion ofp-fluoronitrobenzene. In assessing the
minimum buffer gas pressure of methane required to
reach the HPL for REC bp-fluoronitrobenzene, it is
also necessary to know the efficienayg, of the
buffer gas collisions for removing energy from the
M~ * species, sincd; = ¢gKeol (Koo =~ 1.0 X 107°

cm® s 1 is the calculated collision constant [20] for
this ion in CH,). Since¢g for the excited molecular
anion of p-fluoronitrobenzene is not known, only a
rough estimate can be obtained from previous inves-
tigations of the collisional relaxation of other vibra-
tionally excited ions in a variety of buffer gases
[21-23]. From these studies, a rough estimatebgf
for this case might lie somewhere between 0.01 and
0.1. This, in turn, sets our estimate foy somewhere
between 1x 10 *and 1x 10 *°cm®s™ . Assum

ing a methane buffer gas pressure of 1.0 Torr and an

reverse process is expected to be important, however,ion source temperature of 150 °C (where [BR.3 X

only for compounds with relatively weak electron
affinities of less than about 20 kcal mal[17].

In reaction (1), it is clear that if thermal-energy M
ions are to be efficiently produced by REC reactions,
the buffer gas pressure must be sufficiently high so
that collisional quenching of the M species occurs
rapidly relative to autodetachment (thatkgB] >
k,). This condition is called the high pressure limit
(HPL) of kinetic behavior for the REC process where

10 molecules cm?®), ky[B] is then expected to fall
between 2x 10° and 2x 10° s™%, which is about
2-20 times greater thak, = 1 X 10°> s *. From
these considerations, it appears that the REC reaction
of p-fluoronitrobenzene would be just barely onto its
HPL of kinetic behavior under these buffer gas
conditions provided that thie, used here is valid at a
temperature of 150 °C. K, for p-fluoronitrobenzene

is substantially greater at 150 °C than at room tem-



D.H. Williamson et al./International Journal of Mass Spectrometry 195/196 (2000) 481—-489 483

perature, the HPL might then not be obtained for this ion source temperatures. The electron attachment step
compound in 1 Torr methane buffer gas at 150 °C. In (k,) has not been included in reaction (2) because this
addition, many other classes of compounds that step will be intentionally prevented in the present
readily undergo REC might be expected to h&ye study by the inclusion of an electron scavenger
values that are significantly larger than those of (CF,Cl,) in the buffer gas. From the set of TED
substituted nitrobenzenes due to differences in rele- measurements provided here, the buffer gas condi-
vant molecular parameters such as electron affinity tions under which the HPL might be expected to be
and the number of vibrational modes of freedom. reached for the REC reaction of azulene will be
Therefore, it cannot be assumed at this point that the deduced.
HPL of REC processes, in general, are achieved for
REC-active compounds over the 0.1-to-1.0 Torr
buffer gas conditions commonly used for ECMS. For 2. Experimental
those REC-active compounds for which the HPL is
not attained under standard ECMS conditions, the  The pulsed e-beam high pressure mass spectrom-
observed magnitude &z will be reduced relative  eter used here has been previously described in detail
to that of k; in accordance with the expression, [29-31]. In addition, a study of the TED reaction of
krec = Kiks[BI/(k, + Kg[B]) [17]. If k, > Kj[B] Az~ using a very similar PHPMS technique has also
under a given conditionkgec = Kiks[Bl/k, will been previously reported [24]. The significant differ-
become exceedingly small relative ke. ence between the present and former study of TED for
In the present study, additional insight into the Az~ by PHPMS is that the present study focuses
dynamics of a REC process is provided by an inves- much more intensely on the effect of buffer gas
tigation of the thermal electron detachment (TED) changes otfkgp for Az™. In the present experiment,
reaction of the molecular anion of azulene (Az a mixture of gases with suitable composition flows
C,Hg, under a variety of buffer gas conditions by into a thermostated ion source of 5.5 twolume at
pulsed e-beam high pressure mass spectrometryvarious rates selected to produce total ion source
(PHPMS). Although several studies of the TED reac- pressures between 1 and 6 Torr. In the present study,
tion of azulene have previously appeared in the this gas mixture exits the ion source only by passage
literature [24—26], the present study adds additional through the electron beam entrance and ion exit slits
detail to these by including the effects of buffer gas (both 25X 1000um). Gas mixtures were prepared in
and temperature changes over the pressure range, 1-@&n associated gas-handling plant and consisted of
Torr. The detailed steps in the TED reaction of Az  relatively small quantities of azulene and L,
are indicated in added to much larger amounts of either methane,
nitrogen, argon, or helium gas. Although it has been

K,[B] Ky i i ich-
As Azt o Az 4+ 6 ) previously showr.1 [29,30] that concentration enr|ch
k,[B] ment of the heavier components of a gaseous mixture
3

will occur in an ion source of the present design (due
Inspection of reactions (1) and (2) indicates that the to mass-dependent molecular flow through its narrow
overall TED process is, in fact, the reverse of the slits), this factor is not important in the present study
overall REC process and that the rate constant as-because accurate knowledge of the component con-
signed to the individual steps in Sequences (1) and (2) centrations will not be required. Nevertheless, the
are the same. Although azulene is known to capture appropriate correction for this enrichment effect
thermal electrons rapidly [27], it is also known to [29,30] has been applied to all ion source concentra-
have an electron affinity, about 17 kcal/mol [24,28], tions reported here.

of only moderate magnitude. Therefore, TED by Az A short (30us) pulse of 3000 V electrons produces
can be readily observed with use of moderately high positive ions and electrons within the ion source. At
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25 ion. After about 5 ms, all of the secondary electrons
. have been captured and a first-order diffusional mode
[32] for the transport of all ions to the ion source walls
is established. When the relative concentrations of
CFE.Cl, and azulene were altered at this source-tem
perature, the only effect observed was that the relative
intensities of the two ions initially produced by the
two electron capture reactions were changed in pro-
portion to the altered concentration ratios of CE,
and azulene. The slopes of the observed log intensity
versus time plots for each ion were not altered by
Fig. 1. A typical PHPMS result obtained with use of a relatively these changes, however. In addition, if either,Cl;
low ion source temperature. The buffer gas is methane atapressureor azulene. alone. was added to the ion source along
of 3.0 Torr and temperature of 50 °C. The partial pressures of . ' ! .
azulene and CEEl, are 0.18 and 12 mTorr, respectively. Data With buffer gas at a relatively low temperature, the
points A indicate the observed time dependence of thei@i and time dependence of the resulting Cbr Az~ ion
data points B indicate the observed time dependence of the Az signal took the same form and displayed the same
ion. . . .
decay rate as shown in Fig. 1. These results indicate
that the only means of loss for either of these ions at

the total pressures used here, thermalization of the low ion source temperatures is their simple diffusion
secondary electrons occurs quickly and these elec-t0 the walls of the ion source and that dbns do not
trons are then rapidly captured by azulene and@Ty react with azulene molecules and that Amns do not

to produce Az and CI" ions, respectively. The react with CECIl, molecules, as expected [33]. From
number density of ions is sufficiently low so that the €Xperiments such as the one shown in Fig. 1, a
dominant loss of the total negative ion population is first-order rate constant for diffusional loss of Az

by first-order diffusion to the walls [32]. The diffu-  Vair (CHa, 3 Torr, 50 °C), is obtained [24] under these
sional wall current thereby established is measured by conditions  from the relationshipyy; = 2.303 %

an associated quadrupole mass spectrometer thaflope (where slope= Alog intensityAt over the pe-
monitors either the AZ or CI~ ions as a function of  riod of the first-order diffusional mode betwees 5
time after the e-beam pulse as the ions diffuse to all @nd 18 ms). The magnitude uf;; for Az at higher
points on the ion source walls. A multichannel scaler 10N source temperatures and other ion source pres-
accumulates the results of many such experiments thatSures is then deduced from;(CH,, 3 Torr, 50 °C)

are repeated at a frequency of about 10 Hz for a from the expected [24] relationshipy;(CH,, X Torr,
duration of about 1.0 min. Y °C) = v4if(CH,, 3 Torr, 50 °C)(3K)[(Y + 273)/

323F. Analogous measurements and this equation
were also used for determiningy; for Az~ in all

Log intensity

0 5 10 15 20
time (ms)

3. Results and discussion other experiments performed at higher temperatures
in nitrogen, argon, and helium buffer gases.
Fig. 1 displays the results typically obtained with In Fig. 2 a set of results obtained under conditions

use of a relatively low ion source temperature (50 °C). of moderately high ion source temperature (180 °C)
In this example, the ion source contains about 0.1 and methane buffer gas at 6.0 Torr pressure is shown.
mTorr azulene and about 6 mTorr &F,. The buffer For all experiments A—E, the ion source contains 0.1
gas is methane set to a total pressure of 3.0 Torr. mTorr azulene and the time dependence of the Az
Under these conditions, the only reactions of impor- signal, only, is shown (whereas a Clon of much
tance are DEC by CEl, to form the CI' fragment greater intensity is also observed when,CE is

ion and REC by azulene to form the Aanolecular present, the time dependence of this ion is not
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Fig. 2. Time dependencies of the Aion observed with use of a
moderately high ion source temperature for five different experi-
ments using five different partial pressures of,Ck. The buffer

gas is methane at a pressure of 6.0 Torr and temperature of 180 °C.
In all cases, the partial pressure of azulene was 0.1 mTorr. The
partial pressures of GEI, are (A) 0.0, (B) 5, (C) 10, (D) 16, and

(E) 29 mTorr.

required for subsequent determinationskgf for
Az~ and, therefore, has not been included in Fig. 2).
In experiment A of Fig. 2, no CfEl, was added to the
ion source and, therefore, only Azvas made by the
initial capture of the secondary electrons. At this
temperature it is noted that a simple first-order diffu-
sional loss rate of Az was not observed as it was in
Fig. 1 with use of a lower ion source temperature.
This is because the TED reaction of AZs much
faster at 180 °C and this maintains a relatively large
concentration of electrons within the ion source
throughout the course of the measurement. These
electrons either undergo another REC reaction with
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rapid scavenging of electrons by g, which elim
inates the diffusional loss complexities referred to
above that are operative when electrons as well as
negative ions are present in significant abundance
[24,32]. In addition, the presence of &H, prevents

the reattachment of electrons to azulene during the
period of diffusional loss. As a result, the,_ values
obtained from experiment B of Fig. 2 by the relation-
ship, v,,_ = 2.303X slope, can be expressed [24]

by
3)

In experiments C, D, and E in Fig. 2, progressively
greater amounts of the electron scavenger,GLk
were added to the buffer gas. Although this decreases
the amount of Az initially produced by the capture

of the original secondary electrons, it is seen that.

is not significantly changed by these large increases in
the concentration of CEl,. This indicates that elec
tron reattachment to azulene has been effectively
prevented in all experiments B—E in Fig. 2 and again
indicates that, as expected [33], Adoes not undergo

a bimolecular reaction with GEI.

As described previously, measurements gf and
V,,_ Were obtained in methane, nitrogen, argon, and
helium buffer gases over a pressure range from 1 to 6
Torr, a temperature range from 150 to 200 °C, with
10-20 mTorr CECI, present in the ion source. By
Eq. (3), determinations dkzp were then obtained
under each of these conditions. The valuekgfy

Vaz— = Krep + Vgir

Az or diffuse to the walls of the ion source. The Obtained at an ion source temperature of 190 °C, for

simultaneous presence of electrons with negative ions €xample, are shown in Fig. 3. From these measure-
in the source gas introduces a complexity [24,32] to Ments, it is clear thakgp is distinctly dependent on
the diffusional process which results in the nonlinear the choice of buffer gas and on the magnitude of the
relationship observed between log intensity and time. buffer gas pressure.
Because of these complications, no meaningful infor-  In order to better understand the variation&gfp
mation has been extracted here from experiments Shown in Fig. 3, itis useful to develop a more detailed
performed under condition A. model of the processes represented in reaction (2).
In experiment B of Fig. 2, it is seen that the The rate constants;, can be set equal to the rate
addition of 5.0 mTorr CECl, to the ion source causes constantk.,, for collisions of the M* species with
a dramatic change in the time dependence of the Az the buffer gas molecules, B, times the efficien¢y,
signal. It is then noted that the slop®log intensity/ for stabilization of M * by each collision ks
At, is much greater and is constant throughout most of ¢gk..). If K is defined to be the equilibrium constant
the experiment. This change has been caused by thefor the first step in reaction (2) (that i& = k,/k3),
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Fig. 3. Rate constants observed for the TED reaction of Az a Fig. 4. Rate constants for TED by Azt 190 °C plotted in the form
function of ion source pressure at a temperature of 190 °C. The of Eq. (5). The buffer gases used are methane (triangle), nitrogen
buffer gases used are methane (triangle), nitrogen (circle), argon (circle), argon (square), and helium (diamond).

(square), and helium (diamond).

results shown in Fig. 3 have been replotted in the form
thenk, = Kogk.., By application of the steady-state  Of EQ. (5) and it is seen that straight lines are then

approximation to the species, M, in reaction (2), obtained. The results obtained at all other tempera-
the following general expression fdtgp is then tures also produced linear plots of this type and their
obtained: intercepts and slopes are listed in Table 1. From these
intercepts and slopes, it would be possible to deter-
Ko = KoK dpgkeol Bl @ mine the magnitudes df, and ¢z under each ion
PekealB] + ko source condition if the magnitudes k., andK were

The HPL for Eq. (4) would be obtained when both known. Although values fdt,,, can be reliably

dekeo[B] => k,. Under this condition Eq. (4) would

be simplified to the formkyep(HPL) = kK, for Table 1 _

which no change irk would be expected with Magnitudes of slopes, intercepts, akgdg deduced from plots

L _,TED . of 1krep vs. 1/[B]

changes in either identity of the buffer gas or the ion

source pressure. Since such changes are, in fact,

evident in Fig. 3, the TED reaction of Azhas clearly CH, buffer gas » ~ » »

not reached its HPL of kinetic behavior under most of 'S”Itoel;ge(ztéfn% 1.1i3<>< 1813 iéi 1812 ;:gi 1812 éii 1812

the buffer gas conditions represented in Fig. 4. Kby (51 83X 1P 15x 107 2.0x10 2.5x 107
In order to determine the magnitudes of some of

the individual constants included in Eq. (4), it is Arbuffergas ~ - B B

. . . Intercept (s) 1.4<10°2 49x 10 % 1.8X 104 1.3x10°*
useful to rearrange Eq. (4) into the following form: Slope (s cm?) 2.7x 102 1.7x 10 9.6X 1012 8.1x 10%2

Kol g (574 1.1x10° 1.9x 10" 29x10° 3.4x 10

150 °C 170°C 190 °C 200°C

1 _ 1, 1
kTED Kkz d)BkcolK[B]

(5) N, buffer gas

Intercept (s) 1.3 1073 5.0x 10 % 1.7X 10°“ 1.2x 10°*

Equation (5) predicts that a plot of Ky versus  Slope (s cm?) 2.0x 10** 1.2x 10'° 7.3x 10** 5.1x 102
—1 4 Y4 Y4

1/[B] should produce a straight line for a set of K/$s(s™) ~ 99x10° 15x107 27x10° 27x10

measurements made with a specific buffer gas at a g pyffer gas

specific temperature and that the intercepts and slopesntercept (s) 1.3 1072 45x 1074 22X 107* 1.3x 107

of these plots should be equal tkK,) ' and Slope (s cm?) 3.8X 10'* 2.7x 10*® 1.4x 10*® 9.1x 10'2

, . . . Koldg (5 16X 107 33x 100 36x 10 3.7x 10
(bgkeoK) %, respectively. In Fig. 4 the experimental % (57
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calculated [20] by means of the Langevin equation
(for buffer gases Ck N,, Ar, and He, k., is
predicted to be 1.0k 107° 0.64x 10 ° 0.54 X
107°, and 0.54x 10" ° cm® s, respectively, at all
temperatures), the magnitudeskofat each tempera-
ture cannot be reliably obtained by independent
means. It is therefore useful to also consider the
slope-to-intercept ratio of each of these plots where
cancels out and is expected to equal the quantity,
Ko/ dgkeor Sincek., is known, the ratiok,/¢g, is

thereby obtained from these measurements and this

guantity is also indicated in Table 1 for each ion
source condition.
In assessing the data shown in Table 1, the ob-

served intercepts are expected to be equal to the

quantity, (Kk,) *, and should not vary significantly

with changes in the identity of the buffer gas at a
given ion source temperature. This expectation is see
to be reasonably well met. On the other hand, the

observed slopes are expected to be equal to the

quantity, gk K) ', and are expected to vary
somewhat with changes in the identity of the buffer
gas due to their differences iy and k... This
expectation is also met and, since thg, values are
known, the ratio of observed slopes at a given
temperature (whereK will be a constant value)
provides a means of determining the ratio of the
values for the four different buffer gases. Since the
collision efficiency for methane is consistently ob-
served to be the greatest among the buffer gases use
here, it is useful to also define the term relative
collision efficiency,pg = bg/dcy,. By assessing the
observed slopes in this manner, tgvalues for each
buffer gas were obtained at each of the four temper-
atures and have been plotted in Fig. 5. The avedsgge
values in nitrogen, argon, and helium at all tempera-
tures were found to be about 0.85, 0.75, and 0.55,
respectively. The degree of variation noted in these
measurements @fg from one temperature to another
is thought to result merely from uncertainties associ-
ated with the measurements and not from real effects
of temperature change.

The kygp measurements that were previously-pre
sented in Fig. 3 can now be presented in the alterna-
tive manner shown in Fig. 6 where tlkgcp values
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temperature ('C)
Fig. 5. Relative collisional quenching efficienciels = ¢g/dcp,,

observed for nitrogen (circle), argon (square), and helium (dia-
mond) at four different ion source temperatures.

observed in all buffer gases at 190 °C have been

pplotted as a function of the combined quantity,

K.o®s[B]. When plotted in this form, the expected
differences in quenching rates of the different buffer
gases are accounted for and a relatively continuous
curve is then observed. From this curve, it is apparent
that the HPL for the TED reaction of Azis being
reached only under the conditions shown where the
collective term, k.,¢g[B], is relatively large. In
addition, these data suggest that the HPL is reached in
methane buffer gas only if the ion source pressure is
set at 3 Torr or greater. In Fig. 7 the same type of plot
is shown for all measurements kfg, made at all

dour temperatures. Inspection of the curves shown
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1000 | ¢
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Fig. 6. Rate constants for TED by Azat 190 °C as a function of
the collective termk ., $g[B], using buffer gases methane (trian
gle), nitrogen (circle), argon (square), and helium (diamond).
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Fig. 7. Rate constants for TED by Azmbserved at 150 (diamond), ~ Fig. 8. Estimates of the autodetachment rate conskantfor the

170 (square), 190 (circle), and 200 °C (triangle) in all four buffer Az * species as a function of ion source temperature in buffer

gases as a function of the collective terky, dg[B]. gases methane (triangle), nitrogen (circle), argon (square), and
helium (diamond).

indicates that the point at which the HPL for the TED

reaction of Az is reached also varies significantly  ments and our interpretations of them with a previous
with ion source temperature. At 150 °C, the HPL report by Chaney et al. [27], who observed a lifetime
appears to be reached at a magnitude,gtz[B] that of about 7 us against autodetachment for Az

is approximately 1/4 as great as that required to reach formed by its REC reaction with near thermal elec-

the HPL at 200 °C. trons at room temperature.
In order to deduce the magnitudes lof values

from the measurements &f/dg listed in Table 1, it

would be necessary to know the magnitudeggfor 4. Conclusions
each buffer gas at each temperature and this informa-
tion is not available. Therefore, in the interest of It has been shown here that the HPL for the TED

obtaining rough estimates of the values operative  reaction of AZ is not reached in methane buffer gas
here, it will be momentarily assumed that the effi- unless the ion source pressure is elevated to levels of
ciency of methane for collisional stabilization of the about 1 Torr at an ion source temperature of 150 °C
Az * species of interest is the same as that reported and to levels of about 4 Torr at an ion source
by Ahmed and Dunbar [23] for the collisional stabi- temperature of 200 °C. Because the individual steps
lization of photoexited bromobenzene positive ions, associated with REC reactions are the same as those
for which they foundgcy, = 0.025. If it is assumed ~ associated with TED reactions, it is reasonable to
that this¢cy, value can be applied at all temperatures assume that the buffer gas pressures required for
used here, the correspondirg values for the other  attaining the HPL for REC reactions will be the same
three buffer gases at each temperature are then also seds those required for the corresponding TED reac-
by the relationshippg = 0.025p5, and thedpg values tions. Therefore, the present study provides evidence
indicated in Fig. 5. Thek, values thereby obtained for an important point of concern in the application of
from all measurements &,/¢g indicated in Table 1 ECMS for the sensitive detection of REC-active
are shown in Fig. 8. From Fig. 8, the lifetime K1) of compounds. In common applications of the ECMS
the Az species against autodetachment is suggestedtechnique, methane buffer gas is typically used and is
to decrease continuously with increased temperatureset at some pressure between about 0.1 and 1 Torr.
from about 5us at 150 °C to about s at 200 °C. Due to limitations of the pumping systems commonly
There appears to be at least an approximate level of associated with ECMS instruments, the lower value of
agreement, therefore, between the present measureabout 0.1 Torr is most often selected. In addition, the
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ion source temperature is typically greater than
150 °C and is commonly in excess of 200 °C. The
selection of lower ion source temperatures is difficult

with routine ECMS instruments because of the close

proximity of an e-beam filament. Therefore, the

present results suggest that the HPL for the REC

489

Mass Spectra of Environmental Contaminants and Related
Compounds, VCH, New York, 1988.
[8] E.A. Stemmler, R.A. Hites, Anal. Chem. 57 (1985) 684.
[9] J.A. Laramee, B.C. Arbogast, M.L. Deinzer, Anal. Chem. 58
(1986) 2807.
[10] J.B. Campbell, D.A. Griffin, M.L. Deinzer, Org. Mass Spec-
trom. 20 (1985) 122.
[11] M. Oehme, Anal. Chem. 55 (1983) 2290.

reaction of azulene would not be reached in an [12] j.T. Martin, J.D. Barchas, K.F. Faull, Anal. Chem. 54 (1982)

attempt to detect azulene using standard ECMS in-

1806.

strumentation. In fact, the sensitivity achieved in such [13! K-F. Faull, J.D. Barchas, Methods Biochem. Anal. 29 (1986)

an analysis would fall far short of that which could

325.
[14] D. Durden, Biol. Mass Spectrom. 20 (1991) 367.

potentially be achieved using some other specialized [15] D.A. Durden, A.A. Boulton, in Encyclopedia of Analytical

ECMS instrument designed specifically to ensure that
the HPL for this reaction was reached. For example,

with use of an ECMS ion source condition of 0.1 Torr

Science, R. McCrae (Ed.), Academic, London, 1995.

[16] W.E. Wentworth, E.C.M. Chen, in Electron Capture, Theory
and Practice in Chromatography, A. Zlatkis, C.F. Poole
(Eds.), Elsevier Scientific, New York, 1981, p. 27.

methane buffer gas and 200 °C, the present measure{17] W.B. Knighton, L.J. Sears, E.P. Grimsrud, Mass Spectrom.

ments indicate that only about 8% of the initially
formed Az * ions would be stabilized by collisions

Rev. 14 (1996) 327.
[18] L.J. Sears, J.A. Campbell, E.P. Grimsrud, Biomed. Environ.
Mass Spectrom. 14 (1987) 401.

with the buffer gas, resulting in a corresponding 0SS [19] J.p. Johnson, D.L. McCorkle, L.G. Christophorou, J.G.

of sensitivity. It seems likely that the problem sug-

Carter, J. Chem. Soc. Faraday Trans. 2 71 (1975) 1742.

gested to exist here for the case of azulene will also be [20] T- Su. M.T. Bowers, in Gas Phase lon Chemistry, M.T.

operative for many other REC-active compounds.

Acknowledgement

This work was supported by a grant from the
Chemistry Division of the National Science Founda-
tion (grant no. CHE-9816643).

References

[1] M.S.B. Munson, F.H. Field, J. Am. Chem. Soc. 88 (1966)
2621.

[2] A.G. Harrison, Chemical lonization Mass Spectrometry, 2nd
ed., CRC Press, Boca Raton, FL, 1992.

[3] R.C. Dougherty, J. Dalton, F.J. Biros, J. Org. Mass Spectrom.
6 (1972) 1171.

[4] I. Dzidic, D.I. Carroll, R.N. Stillwell, E.C. Horning, Anal.
Chem. 47 (1975) 1308.

[5] D.F. Hunt, F.W. Crow, Anal. Chem. 50 (1978) 1781.

[6] R.C. Dougherty, Anal. Chem. 53 (1981) 625A.

[7] E.A. Stemmler, R.A. Hites, Electron Capture Negative lon

Bowers (Ed.), Academic, New York, 1979, p. 84.

[21] M.S. Kim, R.C. Dunbar, Chem. Phys. Lett. 60 (1979) 247.

[22] N.B. Lev, R.C. Dunbar, J. Phys. Chem. 87 (1983) 1924.

[23] M.S. Ahmed, R.C. Dunbar, J. Am. Chem. Soc. 109 (1987)
3215.

[24] E.P. Grimsrud, S. Chowdhury, P. Kebarle, J. Chem. Phys. 83
(1985) 3983.

[25] R.S. Mock, E.P. Grimsrud, Int. J. Mass Spectrom. lon
Processes 94 (1989) 293.

[26] K.E. Sahlstrom, W.B. Knighton, E.P. Grimsrud, Int. J. Mass
Spectrom. lon Processes 179/180 (1998) 117.

[27] E.L. Chaney, L.G. Christophorou, P.M. Collins, J.G. Carter,
J. Chem. Phys. 52 (1970) 4413.

[28] P. Kebarle, S. Chowdhury, Chem. Rev. 87 (1987) 513.

[29] W.B. Knighton, R.S. Mock, D.S. McGrew, E.P. Grimsrud, J.
Phys. Chem. 98 (1994) 3770.

[30] D.S. McGrew, W.B. Knighton, J.A. Bognar, E.P. Grimsrud,
Int. J. Mass Spectrom. lon Processes 139 (1994) 47.

[31] D.H. Williamson, W.B. Knighton, E.P. Grimsrud, Int. J. Mass
Spectrom. lon Processes 154 (1996) 15.

[32] P. Kebarle, in Techniques for the Study of lon Molecule
Reactions, J.M. Farrar, W. Saunders (Eds.), Wiley, New York,
1988, p. 221.

[33] W.B. Knighton, E.P. Grimsrud, J. Am. Chem. Soc. 114 (1992)
2336.



