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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 (Az), Az1 e3 Az2.
This goal is accomplished here by measuring rate constants for the reverse process, thermal electron detachment by molecular
anions of azulene, Az2 3 Az 1 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 spectrometry
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 expected
to require accommodation of several relevant factors shown here to be important in the case of azulene, including the choice
of buffer gas, pressure, and ion source temperature. (Int J Mass Spectrom 195/196 (2000) 481–489) © 2000 Elsevier Science
B.V.
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1. Introduction

An important consequence of the introduction of
chemical ionization mass spectrometry [1,2] for
chemical analysis in 1966 was the recognition which
steadily followed [3–7] that negative ions, as well as
positive ions, can be readily produced within high
pressure ion sources by the attachment of near-

thermal-energy electrons to specific compounds. Sub-
sequently, methods that are based on the production
of molecular anions in high pressure ion sources by
electron capture (EC) reactions have proven to be
particularly useful in the environmental [8–11] and
biomedical [12–15] sciences, where exceedingly high
levels of sensitivity and chemical specificity are
required in order to detect trace levels of target
substances in complex samples. The high chemical
specificity of electron capture mass spectrometry
(ECMS) arises from the fact that only a minority of
compounds react with thermal-energy electrons
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[16,17]. In order to undergo an EC reaction, the parent
molecule must have a positive electron affinity and,
upon initial electron attachment, form a molecular
anion that either dissociates immediately or is suffi-
ciently long-lived to be stabilized by collisions with
buffer gas molecules [17]. The high sensitivity of
ECMS is attributed to the fact that the rate constants
of EC reactions can be very large, often exceeding the
rate constants of fast ion–molecule reactions by more
than two orders of magnitude [17,18]. In the detection
and analysis of substances by ECMS, it is often
preferred that the compound of interest undergo EC
predominantly by resonance electron capture (REC),
rather than by dissociative electron capture processes,
because REC reactions lead to intact molecular anions
which are directly indicative of the parent compound
of interest [17].

The elementary steps involved in REC reactions
are shown in

e 1 M L|;
k1

k2

M2* L|;
k3[B]

k4[B]
M2 (1)

By this mechanism, a short-lived excited molecular
radical anion, M2*, is first formed by the attachment
of a thermal-energy electron to M with second-order
rate constantk1. The M2* species contains significant
excess internal energy equal to the electron affinity of
M and will undergo autodetachment with first-order
rate constant,k2, if it is not first stabilized by
collisions with the buffer gas, B, with second-order
rate constant,k3, to form a thermal-energy molecular
radical anion, M2. Finally, the product, M2, can also
be collisionally reactivated back to the intermediate
state, M2*, with second-order rate constant,k4. This
reverse process is expected to be important, however,
only for compounds with relatively weak electron
affinities of less than about 20 kcal mol21 [17].

In reaction (1), it is clear that if thermal-energy M2

ions are to be efficiently produced by REC reactions,
the buffer gas pressure must be sufficiently high so
that collisional quenching of the M2* species occurs
rapidly relative to autodetachment (that isk3[B] ..
k2). This condition is called the high pressure limit
(HPL) of kinetic behavior for the REC process where

(assumingk4 is of negligible magnitude) the overall
observed rate constant,kREC, is expected [17] to equal
the initial attachment rate constant,k1. Unfortunately,
k2 values have been measured for only a few REC-
active compounds and these measurements have been
made primarily at room temperature. Therefore, the
buffer gas conditions needed to meet the HPL for
most compounds is generally not known.

Johnson et al. [19] have provided some measure-
ments of autodetachment lifetimes for the molecular
anions, M2*, of a set of substituted nitrobenzenes
formed at room temperature, and from these measure-
ments some speculation concerning the HPL for
substituted nitrobenzenes can be provided. The mea-
surements by Johnson et al. indicated thatk2 values
for the molecular anions of substituted nitrobenzenes
varied by approximately an order of magnitude with a
maximum value of about 13 105 s21 for the molec-
ular anion ofp-fluoronitrobenzene. In assessing the
minimum buffer gas pressure of methane required to
reach the HPL for REC byp-fluoronitrobenzene, it is
also necessary to know the efficiency,fB, of the
buffer gas collisions for removing energy from the
M2* species, sincek3 5 fBkcol (kcol ' 1.0 3 1029

cm3 s21 is the calculated collision constant [20] for
this ion in CH4). SincefB 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 estimate offB

for this case might lie somewhere between 0.01 and
0.1. This, in turn, sets our estimate fork3 somewhere
between 13 10211 and 13 10210 cm3 s21. Assum-
ing a methane buffer gas pressure of 1.0 Torr and an
ion source temperature of 150 °C (where [B]' 2.3 3
1016 molecules cm23), k3[B] is then expected to fall
between 23 105 and 23 106 s21, which is about
2–20 times greater thank2 5 1 3 105 s21. 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 thek2 used here is valid at a
temperature of 150 °C. Ifk2 for p-fluoronitrobenzene
is substantially greater at 150 °C than at room tem-
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perature, the HPL might then not be obtained for this
compound in 1 Torr methane buffer gas at 150 °C. In
addition, many other classes of compounds that
readily undergo REC might be expected to havek2

values that are significantly larger than those of
substituted nitrobenzenes due to differences in rele-
vant molecular parameters such as electron affinity
and the number of vibrational modes of freedom.
Therefore, it cannot be assumed at this point that the
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
those REC-active compounds for which the HPL is
not attained under standard ECMS conditions, the
observed magnitude ofkREC will be reduced relative
to that of k1 in accordance with the expression,
kREC 5 k1k3[B]/(k2 1 k3[B]) [17]. If k2 .. k3[B]
under a given condition,kREC 5 k1k3[B]/k2 will
become exceedingly small relative tok1.

In the present study, additional insight into the
dynamics of a REC process is provided by an inves-
tigation of the thermal electron detachment (TED)
reaction of the molecular anion of azulene (Az2),
C10H8

2, under a variety of buffer gas conditions by
pulsed e-beam high pressure mass spectrometry
(PHPMS). Although several studies of the TED reac-
tion of azulene have previously appeared in the
literature [24–26], the present study adds additional
detail to these by including the effects of buffer gas
and temperature changes over the pressure range, 1–6
Torr. The detailed steps in the TED reaction of Az2

are indicated in

Az2 L|;
k4[B]

k3[B]
Az2* O¡

k2
Az 1 e (2)

Inspection of reactions (1) and (2) indicates that the
overall TED process is, in fact, the reverse of the
overall REC process and that the rate constant as-
signed to the individual steps in Sequences (1) and (2)
are the same. Although azulene is known to capture
thermal electrons rapidly [27], it is also known to
have an electron affinity, about 17 kcal/mol [24,28],
of only moderate magnitude. Therefore, TED by Az2

can be readily observed with use of moderately high

ion source temperatures. The electron attachment step
(k1) has not been included in reaction (2) because this
step will be intentionally prevented in the present
study by the inclusion of an electron scavenger
(CF2Cl2) in the buffer gas. From the set of TED
measurements provided here, the buffer gas condi-
tions under which the HPL might be expected to be
reached for the REC reaction of azulene will be
deduced.

2. Experimental

The pulsed e-beam high pressure mass spectrom-
eter used here has been previously described in detail
[29–31]. In addition, a study of the TED reaction of
Az2 using a very similar PHPMS technique has also
been previously reported [24]. The significant differ-
ence between the present and former study of TED for
Az2 by PHPMS is that the present study focuses
much more intensely on the effect of buffer gas
changes onkTED for Az2. In the present experiment,
a mixture of gases with suitable composition flows
into a thermostated ion source of 5.5 cm3 volume at
various rates selected to produce total ion source
pressures between 1 and 6 Torr. In the present study,
this gas mixture exits the ion source only by passage
through the electron beam entrance and ion exit slits
(both 253 1000mm). Gas mixtures were prepared in
an associated gas-handling plant and consisted of
relatively small quantities of azulene and CF2Cl2
added to much larger amounts of either methane,
nitrogen, argon, or helium gas. Although it has been
previously shown [29,30] that concentration enrich-
ment of the heavier components of a gaseous mixture
will occur in an ion source of the present design (due
to mass-dependent molecular flow through its narrow
slits), this factor is not important in the present study
because accurate knowledge of the component con-
centrations will not be required. Nevertheless, the
appropriate correction for this enrichment effect
[29,30] has been applied to all ion source concentra-
tions reported here.

A short (30ms) pulse of 3000 V electrons produces
positive ions and electrons within the ion source. At
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the total pressures used here, thermalization of the
secondary electrons occurs quickly and these elec-
trons are then rapidly captured by azulene and CF2Cl2
to produce Az2 and Cl2 ions, respectively. The
number density of ions is sufficiently low so that the
dominant loss of the total negative ion population is
by first-order diffusion to the walls [32]. The diffu-
sional wall current thereby established is measured by
an associated quadrupole mass spectrometer that
monitors either the Az2 or Cl2 ions as a function of
time after the e-beam pulse as the ions diffuse to all
points on the ion source walls. A multichannel scaler
accumulates the results of many such experiments that
are repeated at a frequency of about 10 Hz for a
duration of about 1.0 min.

3. Results and discussion

Fig. 1 displays the results typically obtained with
use of a relatively low ion source temperature (50 °C).
In this example, the ion source contains about 0.1
mTorr azulene and about 6 mTorr CF2Cl2. The buffer
gas is methane set to a total pressure of 3.0 Torr.
Under these conditions, the only reactions of impor-
tance are DEC by CF2Cl2 to form the Cl2 fragment
ion and REC by azulene to form the Az2 molecular

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
CF2Cl2 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 CF2Cl2
and azulene. The slopes of the observed log intensity
versus time plots for each ion were not altered by
these changes, however. In addition, if either CF2Cl2
or azulene, alone, was added to the ion source along
with buffer gas at a relatively low temperature, the
time dependence of the resulting Cl2 or Az2 ion
signal took the same form and displayed the same
decay rate as shown in Fig. 1. These results indicate
that the only means of loss for either of these ions at
low ion source temperatures is their simple diffusion
to the walls of the ion source and that Cl2 ions do not
react with azulene molecules and that Az2 ions do not
react with CF2Cl2 molecules, as expected [33]. From
experiments such as the one shown in Fig. 1, a
first-order rate constant for diffusional loss of Az2,
vdif (CH4, 3 Torr, 50 °C), is obtained [24] under these
conditions from the relationship,vdif 5 2.3033
slope (where slope5 Dlog intensity/Dt over the pe-
riod of the first-order diffusional mode betweent 5 5
and 18 ms). The magnitude ofvdif for Az2 at higher
ion source temperatures and other ion source pres-
sures is then deduced fromvdif(CH4, 3 Torr, 50 °C)
from the expected [24] relationship,vdif(CH4, X Torr,
Y 8C) 5 vdif(CH4, 3 Torr, 50 °C)(3/X)[(Y 1 273)/
323]2. Analogous measurements and this equation
were also used for determiningvdif for Az2 in all
other experiments performed at higher temperatures
in nitrogen, argon, and helium buffer gases.

In Fig. 2 a set of results obtained under conditions
of moderately high ion source temperature (180 °C)
and methane buffer gas at 6.0 Torr pressure is shown.
For all experiments A–E, the ion source contains 0.1
mTorr azulene and the time dependence of the Az2

signal, only, is shown (whereas a Cl2 ion of much
greater intensity is also observed when CF2Cl2 is
present, the time dependence of this ion is not

Fig. 1. A typical PHPMS result obtained with use of a relatively
low ion source temperature. The buffer gas is methane at a pressure
of 3.0 Torr and temperature of 50 °C. The partial pressures of
azulene and CF2Cl2 are 0.18 and 12 mTorr, respectively. Data
points A indicate the observed time dependence of the Cl2 ion and
data points B indicate the observed time dependence of the Az2

ion.
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required for subsequent determinations ofkTED for
Az2 and, therefore, has not been included in Fig. 2).
In experiment A of Fig. 2, no CF2Cl2 was added to the
ion source and, therefore, only Az2 was 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 Az2 was not observed as it was in
Fig. 1 with use of a lower ion source temperature.
This is because the TED reaction of Az2 is 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
Az or diffuse to the walls of the ion source. The
simultaneous presence of electrons with negative ions
in the source gas introduces a complexity [24,32] to
the diffusional process which results in the nonlinear
relationship observed between log intensity and time.
Because of these complications, no meaningful infor-
mation has been extracted here from experiments
performed under condition A.

In experiment B of Fig. 2, it is seen that the
addition of 5.0 mTorr CF2Cl2 to the ion source causes
a dramatic change in the time dependence of the Az2

signal. It is then noted that the slope,Dlog intensity/
Dt, is much greater and is constant throughout most of
the experiment. This change has been caused by the

rapid scavenging of electrons by CF2Cl2, 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 CF2Cl2 prevents
the reattachment of electrons to azulene during the
period of diffusional loss. As a result, thevAz2 values
obtained from experiment B of Fig. 2 by the relation-
ship, vAz2 5 2.3033 slope, can be expressed [24]
by

vAz2 5 kTED 1 vdif (3)

In experiments C, D, and E in Fig. 2, progressively
greater amounts of the electron scavenger, CF2Cl2,
were added to the buffer gas. Although this decreases
the amount of Az2 initially produced by the capture
of the original secondary electrons, it is seen thatvAz2

is not significantly changed by these large increases in
the concentration of CF2Cl2. 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], Az2 does not undergo
a bimolecular reaction with CF2Cl2.

As described previously, measurements ofvdif and
vAz2 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 CF2Cl2 present in the ion source. By
Eq. (3), determinations ofkTED were then obtained
under each of these conditions. The values ofkTED

obtained at an ion source temperature of 190 °C, for
example, are shown in Fig. 3. From these measure-
ments, it is clear thatkTED is distinctly dependent on
the choice of buffer gas and on the magnitude of the
buffer gas pressure.

In order to better understand the variations ofkTED

shown in Fig. 3, it is useful to develop a more detailed
model of the processes represented in reaction (2).
The rate constant,k3, can be set equal to the rate
constant,kcol, for collisions of the M2* species with
the buffer gas molecules, B, times the efficiency,fB,
for stabilization of M2* by each collision (k3 5

fBkcol). If K is defined to be the equilibrium constant
for the first step in reaction (2) (that is,K 5 k4/k3),

Fig. 2. Time dependencies of the Az2 ion observed with use of a
moderately high ion source temperature for five different experi-
ments using five different partial pressures of CF2Cl2. 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 CF2Cl2 are (A) 0.0, (B) 5, (C) 10, (D) 16, and
(E) 29 mTorr.
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thenk4 5 KfBkcol. By application of the steady-state
approximation to the species, M2*, in reaction (2),
the following general expression forkTED is then
obtained:

kTED 5
k2KfBkcol[B]

fBkcol[B] 1 k2
(4)

The HPL for Eq. (4) would be obtained when
fBkcol[B] .. k2. Under this condition Eq. (4) would
be simplified to the form,kTED(HPL) 5 k2K, for
which no change inkTED would be expected with
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 Az2 has clearly
not reached its HPL of kinetic behavior under most of
the buffer gas conditions represented in Fig. 4.

In order to determine the magnitudes of some of
the individual constants included in Eq. (4), it is
useful to rearrange Eq. (4) into the following form:

1

kTED
5

1

Kk2
1

1

fBkcolK[B]
(5)

Equation (5) predicts that a plot of 1/kTED versus
1/[B] should produce a straight line for a set of
measurements made with a specific buffer gas at a
specific temperature and that the intercepts and slopes
of these plots should be equal to (Kk2)21 and
(fBkcolK)21, respectively. In Fig. 4 the experimental

results shown in Fig. 3 have been replotted in the form
of Eq. (5) and it is seen that straight lines are then
obtained. The results obtained at all other tempera-
tures also produced linear plots of this type and their
intercepts and slopes are listed in Table 1. From these
intercepts and slopes, it would be possible to deter-
mine the magnitudes ofk2 and fB under each ion
source condition if the magnitudes ofkcol andK were
both known. Although values forkcol can be reliably

Fig. 3. Rate constants observed for the TED reaction of Az2 as a
function of ion source pressure at a temperature of 190 °C. The
buffer gases used are methane (triangle), nitrogen (circle), argon
(square), and helium (diamond).

Fig. 4. Rate constants for TED by Az2 at 190 °C plotted in the form
of Eq. (5). The buffer gases used are methane (triangle), nitrogen
(circle), argon (square), and helium (diamond).

Table 1
Magnitudes of slopes, intercepts, andk2/fB deduced from plots
of 1/kTED vs. 1/[B]

150 °C 170 °C 190 °C 200 °C

CH4 buffer gas
Intercept (s) 1.33 1023 5.13 1024 1.63 1024 1.23 1024

Slope (s cm23) 1.13 1013 7.33 1012 3.33 1012 3.13 1012

k2/fB (s21) 8.33 106 1.53 107 2.03 107 2.53 107

Ar buffer gas
Intercept (s) 1.43 1023 4.93 1024 1.83 1024 1.33 1024

Slope (s cm23) 2.73 1013 1.73 1013 9.63 1012 8.13 1012

k2/fB (s21) 1.13 107 1.93 107 2.93 107 3.43 107

N2 buffer gas
Intercept (s) 1.33 1023 5.03 1024 1.73 1024 1.23 1024

Slope (s cm23) 2.03 1013 1.23 1013 7.33 1012 5.13 1012

k2/fB (s21) 9.93 106 1.53 107 2.73 107 2.73 107

He buffer gas
Intercept (s) 1.33 1023 4.53 1024 2.23 1024 1.33 1024

Slope (s cm23) 3.83 1013 2.73 1013 1.43 1013 9.13 1012

k2/fB (s21) 1.63 107 3.33 107 3.63 107 3.73 107
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calculated [20] by means of the Langevin equation
(for buffer gases CH4, N2, Ar, and He, kcol is
predicted to be 1.013 1029, 0.643 1029, 0.543
1029, and 0.543 1029 cm3 s21, respectively, at all
temperatures), the magnitudes ofK at 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 whereK
cancels out and is expected to equal the quantity,
k2/fBkcol. Since kcol is known, the ratio,k2/fB, is
thereby obtained from these measurements and this
quantity 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, (Kk2)21, and should not vary significantly
with changes in the identity of the buffer gas at a
given ion source temperature. This expectation is seen
to be reasonably well met. On the other hand, the
observed slopes are expected to be equal to the
quantity, (fBkcolK)21, and are expected to vary
somewhat with changes in the identity of the buffer
gas due to their differences infB and kcol. This
expectation is also met and, since thekcol 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 thefB

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 used
here, it is useful to also define the term relative
collision efficiency,f9B 5 fB/fCH4

. By assessing the
observed slopes in this manner, thef9B values for each
buffer gas were obtained at each of the four temper-
atures and have been plotted in Fig. 5. The averagef9B
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 off9B 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 kTED measurements that were previously pre-
sented in Fig. 3 can now be presented in the alterna-
tive manner shown in Fig. 6 where thekTED values

observed in all buffer gases at 190 °C have been
plotted as a function of the combined quantity,
kcolf9B[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 Az2 is being
reached only under the conditions shown where the
collective term, kcolf9B[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 ofkTED made at all
four temperatures. Inspection of the curves shown

Fig. 5. Relative collisional quenching efficiencies,f9B 5 fB/fCH4
,

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

Fig. 6. Rate constants for TED by Az2 at 190 °C as a function of
the collective term,kcolf9B[B], using buffer gases methane (trian-
gle), nitrogen (circle), argon (square), and helium (diamond).
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indicates that the point at which the HPL for the TED
reaction of Az2 is reached also varies significantly
with ion source temperature. At 150 °C, the HPL
appears to be reached at a magnitude ofkcolf9B[B] that
is approximately 1/4 as great as that required to reach
the HPL at 200 °C.

In order to deduce the magnitudes ofk2 values
from the measurements ofk2/fB listed in Table 1, it
would be necessary to know the magnitudes offB for
each buffer gas at each temperature and this informa-
tion is not available. Therefore, in the interest of
obtaining rough estimates of thek2 values operative
here, it will be momentarily assumed that the effi-
ciency of methane for collisional stabilization of the
Az2* species of interest is the same as that reported
by Ahmed and Dunbar [23] for the collisional stabi-
lization of photoexited bromobenzene positive ions,
for which they foundfCH4

5 0.025. If it is assumed
that thisfCH4

value can be applied at all temperatures
used here, the correspondingfB values for the other
three buffer gases at each temperature are then also set
by the relationship,fB 5 0.025f9B, and thef9B values
indicated in Fig. 5. Thek2 values thereby obtained
from all measurements ofk2/fB indicated in Table 1
are shown in Fig. 8. From Fig. 8, the lifetime (1/k2) of
the Az2 species against autodetachment is suggested
to decrease continuously with increased temperature
from about 5ms at 150 °C to about 2ms at 200 °C.
There appears to be at least an approximate level of
agreement, therefore, between the present measure-

ments and our interpretations of them with a previous
report by Chaney et al. [27], who observed a lifetime
of about 7 ms against autodetachment for Az2*
formed by its REC reaction with near thermal elec-
trons at room temperature.

4. Conclusions

It has been shown here that the HPL for the TED
reaction of Az2 is not reached in methane buffer gas
unless the ion source pressure is elevated to levels of
about 1 Torr at an ion source temperature of 150 °C
and to levels of about 4 Torr at an ion source
temperature of 200 °C. Because the individual steps
associated with REC reactions are the same as those
associated with TED reactions, it is reasonable to
assume that the buffer gas pressures required for
attaining the HPL for REC reactions will be the same
as those required for the corresponding TED reac-
tions. Therefore, the present study provides evidence
for an important point of concern in the application of
ECMS for the sensitive detection of REC-active
compounds. In common applications of the ECMS
technique, methane buffer gas is typically used and is
set at some pressure between about 0.1 and 1 Torr.
Due to limitations of the pumping systems commonly
associated with ECMS instruments, the lower value of
about 0.1 Torr is most often selected. In addition, the

Fig. 7. Rate constants for TED by Az2 observed at 150 (diamond),
170 (square), 190 (circle), and 200 °C (triangle) in all four buffer
gases as a function of the collective term,kcolf9B[B].

Fig. 8. Estimates of the autodetachment rate constant,k2, for the
Az2* species as a function of ion source temperature in buffer
gases methane (triangle), nitrogen (circle), argon (square), and
helium (diamond).
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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
reaction of azulene would not be reached in an
attempt to detect azulene using standard ECMS in-
strumentation. In fact, the sensitivity achieved in such
an analysis would fall far short of that which could
potentially be achieved using some other specialized
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
methane buffer gas and 200 °C, the present measure-
ments indicate that only about 8% of the initially
formed Az2* ions would be stabilized by collisions
with the buffer gas, resulting in a corresponding loss
of sensitivity. It seems likely that the problem sug-
gested to exist here for the case of azulene will also be
operative for many other REC-active compounds.
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