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Abstract

An atmospheric pressure chemical ionization mass spectrometer (AP-CIMS) was set up for the detection of the atmospheric
trace gases acetonitrile, acetone, and sulfur dioxide. This instrument, which was successfully employed in several, mainly
airborne, field campaigns, is described in detail. The ion source makes use of a corona discharge at near ambient pressure.
Acetonitrile and acetone are detected as protonated species after undergoing ligand-switching reactions with ions which have
an H3O+ core. Sulfur dioxide is detected as SO3

− produced in a reaction with CO3−. The instrument is calibrated using
permeation tubes. The instrument response was found to be highly sensitive to the sample humidity. This is accounted for by
applying a humidity dependent calibration; the AP-CIMS itself is used to measure the humidity. The detection limits are 10, 20,
and 80 ppt for acetonitrile, sulfur dioxide, and acetone, respectively. The analytical precision for all three measured compounds
is 18% or better for typical conditions and for an integration time of 3 s. Dimethylsulfide and methyl mercaptan were found
to be potential interferents, probably due to radical chemistry in the ion source region. This restrains the applicability of this
technique for sulfur dioxide measurements to regions with low dimethylsulfide and methyl mercaptan concentrations, i.e.,
outside the marine boundary layer. (Int J Mass Spectrom 223–224 (2003) 771–782)
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

In an atmospheric pressure chemical ionization
mass spectrometer (AP-CIMS), also called ion–mole-
cule reaction mass spectrometer (IMRMS), reactant
ions, A±, are produced in an ion source. These ions
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can react with trace gas molecules,X, present in the
sample, and produce new ions,B±, according to

A± + X
k→B± + Y (1)

where k is the rate coefficient. These reactions
take place at approximately atmospheric pressure to
achieve a high collision rate and, thus, a high sensi-
tivity. The AP-CIMS technique also causes relatively
little fragmentation, facilitating the interpretation of
measurements in a complex mixture such as air.
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The use of mass spectrometric techniques for at-
mospheric chemical studies was pioneered by Arnold
et al.[1] and Eisele[2], who analyzed naturally occur-
ring ions in the atmosphere. These measurements were
the starting point for the AP-CIMS technique, which
has been employed to detect compounds such as ace-
tone and other volatile organic compounds (VOCs),
nitric acid, sulfur dioxide, sulfuric acid, organic sul-
fur compounds, and, using indirect techniques, HOx

[3–9].
We employed an AP-CIMS instrument to detect

acetone (CH3COCH3), acetonitrile (methyl cyanide,
CH3CN), and sulfur dioxide (SO2) on several air-
craft campaigns, namely, INDOEX (Maldives, 1999)
[10–12], INTACC (Sweden, 1999)[13,14], and SA-
FARI 2000 (Namibia, 2000)[15]. Measurements of
these compounds were complicated by clustering reac-
tions that make the sensitivity of the instrument depend
on ambient humidity. We used a novel method to take
these effects into account. This method is based on
a humidity dependent calibration, for which the mass
spectrometer itself is used to determine the humidity.

Fig. 1. Scheme of the instrument used in this work.

2. Methods and experimental

2.1. The instrument

A scheme of our instrument is shown inFig. 1. The
instrument is manufactured by ABB Extrel, Pittsburgh,
Pennsylvania, USA. The ion source makes use of a
corona discharge. It is run at a voltage of typically 5 kV
DC and the current is limited to∼5�A by a resistor
of 1000 M�. The corona discharge burns between a
needle and the aperture lens.

The sample gas passes through the ion source. In
the ion source region the ion–molecule reactions ac-
cording toEq. (1) take place. This region is kept at
a temperature of 80◦C and a pressure of 280 hPa. To
achieve this pressure, the sample flow is regulated by a
control valve. This pressure is chosen to be lower than
the pressure in the aircraft sampling line to ensure that
it is constant even under these special circumstances.

The ion source region is separated from the declus-
ter chamber by the aperture lens, which has an orifice
of 0.25 mm in diameter. About 0.2 sL min−1 (standard
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liter per minute) sample air are drawn through the
ion–molecule reaction chamber and the aperture lens.
Downstream of the aperture lens the pressure is re-
duced to 0.5–1.0 hPa in the decluster chamber, which
is still sufficient for collisions to take place.

The ions enter the high-vacuum chamber through
the ion energy lens in a flow of remaining neutral
gas at∼10−3 sl min−1. In the high-vacuum chamber,
there is a lens system to improve the transmission, a
quadrupole rod system, and a channel electron mul-
tiplier to detect the ions. The pressure in the high-
vacuum chamber is about 10−5 hPa, which results in

Fig. 2. (a) Spectrum of positive ions at high humidity for a calibration run, obtained in a cloud layer at 550 m altitude over the South
Atlantic Ocean near the Namibian coast on 7 September 2000. (b) Spectrum of positive ions under dry conditions, obtained at 5700 m
altitude over Namibia on 16 September 2000. (c) Spectrum of negative ions for a calibration run, obtained at 1000 m altitude over the
South Atlantic Ocean near the Namibian coast on 14 September 2000; masses from 79.5 amu on are scaled up by a factor of 100, mass
80 amu is enhanced due to a calibration with about 4 ppb sulfur dioxide.

a mean free path length of several meters. Two turbo
molecular pumps that are backed by a rotary vane
pump produce the high vacuum.

2.2. Ion evolution

The corona discharge ionizes initially mainly the
most abundant gases oxygen and nitrogen. The ions
formed are the starting point for cascades of ion–
molecule reactions, which occur similarly in the at-
mosphere[16]. After ∼1�s positive charged ions are
mainly H3O+(H2O)n (seeFig. 2a and b). For negative
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spectra, O−, O2
−, OH−, NO2

−, O3
−, CO3

−, HCO3
−,

NO3
− and HCO4

− ions can be observed (seeFig. 2c).
H3O+ (H2O)n can undergo ligand-switching reac-

tions with trace compounds which have a higher gas
phase basicity than water, such as acetonitrile or ace-
tone[17,18]:

H3O+(H2O)n + CH3CN

→ H+CH3CN(H2O)n + H2O (2)

H3O+(H2O)n + CH3COCH3

→ H+CH3COCH3(H2O)n + H2O (3)

Several negative ions can undergo reactions with SO2,
leading to the formation of SO3−. Of these, CO3− are
the most important ones[4,19,20]:

CO3
−(H2O)n + SO2

→ CO2 + (n − m)H2O + SO3
−(H2O)m (4)

The product ions of reaction (2)–(4) are indicated in
Fig. 2.

Eqs. (2)–(4)can be understood as representations
of the generalEq. (1). The analysis of the kinetics of
these reactions allows at first approximation, to quan-
titatively analyze the trace compounds involved in the
ion–molecule reactions. The integration of the kinetic
equation and linear approximation of the logarithm
function leads toEq. (5)for the concentration ofX in
Eq. (1)of the neutral trace gas

[X] = 1

kτ

[B±]t=τ

[A±]t=τ

(5)

whereτ is the reaction time, which is∼60�s for our
instrument, and [A±] and [B±] are the concentrations
of the ionsA± andB± which are detected by the mass
spectrometer. According toEq. (5), [X] is proportional
to the count rate ratio of product ionsB± to reactant
ions A±. The quantity 1/kτ can be determine by per-
forming calibrations or by calculating it from the re-
action timeτ and the effective rate coefficientk for
the respective reaction. We chose the former to avoid
the uncertainties associated with the effective rate co-
efficient (seeSection 3.2).

3. Results and discussion

3.1. Linearity

The theoretically linear relationship between [X]
and the count rate ratio ofB± to A± was investi-
gated in multi-point calibrations. The linear correla-
tion was nearly perfect for acetonitrile and acetone
with squared correlation coefficientsr2 = 0.999 for
both compounds (seeFig. 3), and good for sulfur diox-
ide with r2 = 0.989. Thus, errors resulting from a po-
tentially non-linear response of the instrument in the
relevant range are∼1% or better.

3.2. Clustering reactions

As indicated inEqs. (2)–(4), product ions can occur
with different numbers of water molecules attached to
them. Additionally, an oxygen molecule can attach to
a SO3

− core ion and form a SO5− ion [19]. These
clustering reactions make the signals of the product
ions shared by many masses and can lead to inter-
ferences. This can be avoided by collision-induced
dissociation in a decluster chamber (seeFig. 1). The
decluster chamber is usually employed at a pressure
of 0.5–1 hPa, where the gas particles have typical free
mean path lengths of 50–100�m. The ions can be ac-
celerated in the electric field between the lenses to
control the energy of the collisions causing the declus-
tering[21]. In Fig. 2asignals from H3O+(H2O)n ions
with n = 0 to 3 are shown. In a humid environment,
also a small signal on mass 91 amu from H3O(H2O)4
can be observed, indicating that the declustering is not
complete, but no signals from clustered product ions
could be found in the calibrations, similar to the find-
ings of Sunner et al.[22].

Clustering affects the sensitivity of the instrument
and causes, therefore, a humidity dependence. The
sensitivity of our instrument varies up to an order of
magnitude for extremely different conditions. The sen-
sitivity can be influenced in two different ways. First,
the rate coefficient of the ion–molecule reactions can
depend on the number of water molecules clustered to
the primary ions; second, reverse reactions can lower
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Fig. 3. Multi-point calibration for acetonitrile and acetone and linear regressions. The error bars represent the standard deviation for the
measurement time of 2 min. The calibration gas was added to laboratory air. The relatively large background signals, especially for acetone,
are due to the enhanced concentrations in the laboratory.

the product ion to reactant ion ratio. The first effect
can only explain a relatively small change in sensi-
tivity [17,19,20,23,24]. For our measured species, the
maximum differences in rate coefficients are reported
for the detection of SO2, which reacts 2.7 times faster
with CO3

−(H2O) than with CO3
−(H2O)5, whereas the

observed differences in sensitivity can be in the order
of a magnitude. From this we conclude, that the effects
of reverse reactions dominate the humidity dependent
sensitivity.

To simplify the discussion, the effect of reverse re-
actions is demonstrated for the example of acetone,
i.e., for Eq. (3)and its reverse reaction:

H3O+(H2O)n + CH3COCH3

� H+CH3COCH3(H2O)n + H2O (6)

There exist reaction cycles such asEqs. (7)–(9), whose
net reaction equalsEq. (6).

H3O+(H2O)n + M � H3O+(H2O)n−1 + H2O + M

(7)

H3O+(H2O)n−1 + CH3COCH3

� H+CH3COCH3(H2O)n−1 + H2O (8)

H+CH3COCH3(H2O)n−1 + H2O + M

� H+CH3COCH3(H2O)n + M (9)

If more complex pathways such asEqs. (7)–(9)are
ignored and onlyEq. (6)is taken into account, then the
equilibrium constant forEq. (6), Kn, can be expressed
as

Kn = kf

kb

(10)

with kf being the rate coefficient for the forward re-
action,kb the one for the reverse reaction.Kn can also
be expressed byEq. (11):

Kn = e(−�G0
n/RT) (11)

where R is the universal gas constant,T the abso-
lute temperature, and�G0

n the standard reaction
Gibbs function for Eq. (6). �G0

n for n ≥ 1 is
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Table 1
Rate coefficients,kb, for the reverse reaction ofEq. (6) (see text), estimated from the rate coefficient of the forward reaction and
thermodynamical dataa

n �Gn at 80◦C, kJ mol−1 Kn kb, cm−3 s−1 Lifetimeb of
H+CH3COCH3(H2O)n, (s)

0 122.1 1.2× 1018 1.6 × 10−27 283
1 68.0 1.2× 1010 1.6 × 10−19 89
2 40.2 8.8× 105 2.1 × 10−15 6.8 × 10−3

3 31.7 4.8× 104 3.8 × 10−14 3.8 × 10−4

4 29.1 2.0× 104 9.3 × 10−14 1.5 × 10−4

5 27.8 1.3× 104 1.4 × 10−13 1.0 × 10−4

aCalculated with data from Hunter and Lias[25] and Keesee and Castleman[26]
bWith respect to reverse reaction according toEq. (6) at 1% water mixing ratio, 280 hPa.

given by

�G0
n = �G0

n−1 + �G0
hyd(n−1→n)(H

+CH3COCH3)

− �G0
hyd(n−1→n)(H3O+) (12)

Here,�G0
0 is the difference in gas-phase basicity of

acetone and water,�G0
hyd(n−1→n)

is the Gibbs func-
tion for the hydration of a water molecule to a cluster
with n − 1 water molecules. WithEqs. (10)–(12)and
the thermodynamical data from Hunter and Lias[25]
and Keesee and Castleman[26], one can calculatekb.
The results are given inTable 1. They are approximate,
since more complicated pathways such asEqs. (7)–(9)
were ignored and because the large uncertainties in the
thermodynamic data are amplified in the exponential
law Eq. (11). However, these data are well-suited to
discuss the effect of reverse reactions. The rate coeffi-
cients for the reverse reaction ofEq. (6)with n = 0, 1
or 2 are so small that H+(CH3COCH3) has a lifetime
with respect to the reverse reaction much longer than
the reaction time of our instrument. This means, under
very dry conditions, where the small clusters domi-
nate, the reverse reaction can be neglected. However,
under humid conditions, the larger clusters will dom-
inate and the lifetime of protonated acetone clusters
is in the order of the reaction time. Therefore, under
more humid conditions, reactant ions and product ions
can be expected to be in thermodynamical equilib-
rium, which is largely influenced by the water mixing
ratio. Similar observations, showing that the reactions
in an AP-CIMS system can be either kinetically or

thermodynamically controlled, have been described
by Sunner et al.[22]. They made experiments at
relatively humid conditions and found ion–molecule
reactions involving H3O+(H2O)n ions and analytes
with gas-phase basicities larger than∼800 kJ mol−1

to be kinetically controlled, whereas reactions with
other analytes were thermodynamically controlled.

To measure traces gases with the AP-CIMS, the
humidity-dependent sensitivity has to be accounted
for. It has turned out to be a good solution to employ
the AP-CIMS itself to determine humidity by look-
ing at count rates of ions whose formation depends
on humidity. In addition to avoiding the usage of a
separate instrument for humidity measurements, this
method has the advantage that humidity is measured
exactly at the relevant place, that is to say in the reac-
tion chamber of the instrument.

For positive ion spectra, the count rate ratio of differ-
ent water cluster ions proved practical, e.g., the count
rate ratios of the ions H3O+(H2O)2 or H3O+(H2O)
to the bare H3O+ ion. In negative ion spectra, the
ions OH− and HCO4

− are well suited. Which of these
ions is preferable depends on the conditions in the
decluster chamber. Our laboratory experiments with
variable voltages on the decluster lens showed that
the usage of the OH− ions is preferable at high volt-
ages, at which dissociation suppresses the occurrence
of HCO4

− ions. Fig. 4 shows a comparison of the
humidity time series obtained with a Lyman� hy-
grometer and the AP-CIMS system. In this example,
the AP-CIMS measurements are based upon the count
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Fig. 4. (a) Comparison of the humidity time series obtained with a Lyman� absorption hygrometer (dew point temperature, black line,
left axis) and the AP-CIMS (count rate 77 amu, gray line, right axis). The measurements were made on a research flight over Scandinavia
on 14 October 1999. Between 1306 and 1307 UT and 1321 and 1323 UT, zero air measurements were performed which disturbed the
otherwise good correlation because the zero air filter averaged the humidity the AP-CIMS was exposed to. (b) Correlation plot of dew
point temperature obtained with the Lyman� absorption hygrometer versus the AP-CIMS count rate on mass 77 amu for the same period
as shown inFig. 4a, but omitting the periods when zero air measurements were performed.

rates of the HCO4− ions on mass 77 amu. The mea-
surements were performed during the passage of a lee
wave train, which is reflected in the large and regular
changes in humidity.

Fig. 5 shows laboratory measurements of the cal-
ibration factors for acetonitrile and acetone with fit
curves. Similarly,Fig. 6 shows calibration curves for
sulfur dioxide. One was obtained in the laboratory, the
other on a research flight over the South Atlantic and
Namibia, where large differences occurred between
the humid marine boundary layer on the one hand
and the dry continental boundary layer and free tro-
posphere on the other hand.

An interesting feature is that the sensitivity func-
tion of sulfur dioxide does not depend monotonously
on humidity. In the curve obtained in the field, a max-
imum is passed and the sensitivity decreases again
slightly when very dry air is probed. This behavior can
be explained if one assumes that under dry conditions,
Eq. (4)is kinetically controlled, since Seeley et al.[20]
found a maximum of the rate coefficient for the reac-

tion of SO2 with CO3
−(H2O)n with n=1 (seeTable 2).

If it becomes so dry that the CO3− ion is favored in the
source region rather than the CO3

−(H2O) ion, exactly
this behavior can be expected. At higher humidities
and, therefore, in the presence of larger cluster ions,
Eq. (4)becomes thermodynamically controlled, as can
be assessed from the changes in sensitivity too large
to be explained solely by kinetics. Thus, the case with
Eq. (4)and the SO2 detection seems to be comparable
to the case withEq. (6)and the acetone detection.

Table 2
Kinetic data for the reaction CO3−(H2O)n + SO2 → CO2 + (n −
m)H2O + SO3

−(H2O)m (from Seeley et al.[20])

n Kn, 10−9 cm−3 s−1

(T = 158 K)

0 0.88
1 1.65
2 1.59
3 1.31
4 0.86
5 0.62
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Fig. 5. Calibration curves for acetonitrile and acetone, obtained in the laboratory.

Fig. 6. Calibration curves for sulfur dioxide, obtained in the laboratory (filled circles) and in the field (open circles), obtained on a research
flight over Namibia and the South Atlantic Ocean on 14 September 2000.
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Obviously, the calibration curves obtained in the
field show more scatter than those obtained in the lab-
oratory. This is very likely due to fluctuations in the
temperature of the probed air. The air cannot reach
equilibrium with the temperature of the ion source re-
gion during the period of about 1 s spent in the heated
area. The reaction rates of ion–molecule reactions can
show a temperature dependence[17], and the thermo-
dynamical equilibrium is also influenced by tempe-
rature[23].

Under dry conditions, the instrument can be used
for methanol measurements as H+CH3OH. This was
done on several research flights over Namibia[27].
However, methanol has a lower gas-phase basicity than
acetone and acetonitrile and is a borderline case. The
sensitivity decreases rapidly for slightly higher humid-
ity, which limits the applicability of our instrument for
this compound.

3.3. Accuracy and precision

The accuracy of the calibration system is∼7%, with
the largest contribution due to unspecific fluctuation
of the permeation rates of the permeation tube, and
a smaller one due to the instability of the permeation
oven temperature. When performing a calibration, the
calibration gas is added to the sampling line. The cal-
culated mixing ratio of the compounds to be calibrated
depends on the flow in the sampling line. From this,
another error of∼4% arises, since flow meters suffer
a temperature dependency, which is especially notice-
able on aircraft campaigns, where during short peri-
ods air masses of very different temperatures are to be
probed.

Our method to account for sensitivity changes due
to clustering allows us to perform measurements in
the lower troposphere, where the humidity is high and
very variable. However, the scatter in the calibration
curves obtained in the field implies an error of∼10%
(seeFig. 6). This is probably the result of temperature
deviations of the probed air.

The count rate statistics can cause an error. The
standard deviation of statistical noise is

√
n, where

n is the number of counts acquired per data point.

Theoretically, the problem is more complex, since
the mixing ratios are obtained from count rate ratios.
However, the reactant ions have count rates so high
that their statistical errors play a negligible role. For
fairly clean conditions with typical mixing ratios of
acetonitrile, acetone, and sulfur dioxide of∼150,
1000, and 100 ppt (calculated with a typical sensi-
tivity of 1 count per second and ppt), the statistical
error is 8, 3, and 10%, respectively, for integration
times of 1 s. Under these conditions, it is appropriate
to prolong the integration time even on aircraft cam-
paigns, where temporal resolution is associated with
spatial resolution. The statistical error is proportional
to t−1/2 with t being the integration time.

The instrument shows blanks. For acetonitrile and
acetone, the blank signals are determined using a
heated catalyst, which is purged with nitrogen when
not in use. The blank stems most likely from a mem-
ory effect of the inlet system. The variability of the
blank of typically 10 ppt for acetonitrile and 80 ppt
for acetone is the detection limit of the instrument.
For sulfur dioxide, a blank variability of 20 ppt was
observed for measurements outside the marine bound-
ary layer. Zero air measurements are performed with
a basic impregnated paper filter. Sodium hydroxide
as the impregnator gave good results.

An overview on the precision is given inTable 3.
The statistical error, which is dependent on the abun-
dant mixing ratio and the used integration time, is not
taken into account. The relative significance of the
blank signal is based on the assumption of fairly clean
conditions; typical mixing ratios are given.

3.4. Possible interferences

Another source of error, which, however, is difficult
to quantify, is that of mass interference. Acetonitrile is
detected on mass 42 amu. It is hard to think of another
ion that could interfere on this low mass, especially
when one takes into account that a protonated ion with
an even mass number has to contain a nitrogen atom
with its odd valence number. The only possible com-
pound is the isomeric isocyano-methane, which has a
gas-phase basicity of 807 kJ mol−1 [25], high enough



780 C. Jost et al. / International Journal of Mass Spectrometry 223–224 (2003) 771–782

Table 3
Errors of the AP-CIMS system and their relative importance

Error source Acetonitrile (150 ppt) Acetone (1000 ppt) Sulfur dioxide (150 ppt)

Non linearity (%) <1 <1 1
Flow rate sampling line (%) 4 4 4
Calibration gas (%) 7 7 7
Scatter in calibration curve (%) 10 10 10
Variability of blank (%) 7 8 13
Overall (%) 15 15 18

so that it could be detected. Fragmentation studies
[18] suggest that the mass signal at 42 amu origi-
nates uniquely from acetonitrile, which means that
the atmospheric concentration of isocyano-methane is
negligible. However, the finding of the negligible iso-
cyano-methane mixing ratios in sporadic studies does
not exclude atmospheric sources of this compound,
assumed that its lifetime is too short to be present
in significant amounts distant from its sources. Then,
acetonitrile measurements near isocyano-methane
source could suffer an interference. Another com-
pound, 2H-azirine, plays very likely no role as an
atmospheric constituent, since it is rather unstable
due to its three-ring structure. A further interference
can occur from compounds with the formula C3H4

with one13C-atom, namely propyne, propadiene, and
cyclopropene, which have gas-phase basicities high
enough, so that they are detectable[25]. However, the
13C isotope makes up only 1.108% of all carbon, so
only ∼3% of these compounds contain a13C-atom,
which minimizes the interference.

Acetone is detected as the H+(CH3COCH3) ion
on mass 59 amu. Other candidates for this mass are
several isomeric compounds such as propanalde-
hyde (CH3CH3CHO), methyl ethyl ether, various
propenols, and some cyclic ethers and alcohols. Fur-
thermore, there exists a variety of compounds not
isomeric to acetone, but with roughly the same mass,
which would not be distinguishable from acetone
molecules with a quadrupole mass filter of the kind
used. Further compounds containing heavy isotopes
can interfere, but as in the case of acetonitrile, the
significance is low due to the low abundance of the
heavy isotopes.

Reiner et al.[18] showed by atmospheric dissoci-
ation studies based on background air measurement
that mass 59 amu in general stems uniquely from
acetone. Williams et al.[28] conclude the same from
evaluating variability–lifetime relationships. However,
as in the case for acetonitrile, one can argue that these
tests are only valid for source distant background air.
If a compound is released in substantial amounts to
the atmosphere, but is too short-lived to be measur-
able distant from its source, measurements of acetone
close to these sources could overestimate acetone.

Mass 80 amu (SO3−) used for the SO2 detection can
also stem from NO3(H2O)−, but its presence could be
ruled out after adjusting the conditions in the decluster
chamber. No other ion is expected to cause an interfer-
ence on this mass. However, it was surprisingly found
that dimethylsulfide and methyl mercaptan account
for a sulfur dioxide signal with a comparable sensitiv-
ity as sulfur dioxide itself. Likely, it is due to the fast
decomposition of these compounds by the radicals
produced in the corona discharge, causing formation
of SO3

−. This view is supported by the finding that
the compounds causing problems are those reduced
sulfur compounds with the shortest atmospheric life-
time with respect to radical reactions[29], whereas
other sulfur compounds such as hydrogen sulfide,
carbon disulfide, carbonyl sulfide, methane sulfonic
acid, and sulfuric acid do not cause an effect.

This finding suggests that AP-CIMS with a corona
discharge as ion source could be inappropriate for
the detection of sulfur dioxide in the marine bound-
ary layer, where high and variable mixing ratios of
dimethylsulfide and, to a lesser extent, methyl mer-
captan are to be expected (e.g.,[30] and references
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therein). If the mixing ratios of these compounds are
constant, they do not cause a problem, because then,
their influence is accounted for in the zero air mea-
surements (seeSection 3.3).

4. Conclusions and plans

We have set up an AP-CIMS for fast measurements
of acetonitrile, acetone, and sulfur dioxide. A corona
discharge is used as ion source. Acetonitrile and ace-
tone are detected as protonated species in the positive
ion mode and can be monitored simultaneously. Sul-
fur dioxide can be monitored in the negative ion mode,
where it causes a signal of SO3

− ions.
The problem of clustering that can cause the sensi-

tivity of an AP-CIMS to be dependent on the humidity
of the sample gas was solved with a novel method. The
method is based on determining a humidity dependent
calibration curve. It could be shown that the mass spec-
trometer itself can be used to measure the humidity.
This way, one is able to perform fast measurements
of the humidity in the ion–molecule reaction chamber
without employing additional instruments.

The detection limits are between 10 and 80 ppt for
the different species. The precisions of the measure-
ments are 18% or better under typical conditions if
an appropriate integration time is used to minimize
statistical errors. An appropriate integration time in
this sense is 3 s under typical conditions. The actual
measurement frequency is lower, because also the re-
actant ions of the involved ion–molecule reactions
and the ions to determine the humidity of the sample
have to be monitored. The measurement frequency is
also influenced by the number of species monitored.
In several aircraft campaigns, an effective measure-
ment frequency of 1 in 15 s after averaging has proven
to be appropriate. Under special circumstances, such
as strong pollution near sources, a measurement fre-
quency of 1 in 1 s is possible. The instrument is a
good tool to determine concentrations of atmospheric
trace gases, especially in situations where a fast tech-
nique is necessary, i.e., for airborne measurements or
eddy-correlation measurements[12]. Beside humidity,

the temperature of the sample gas in the ion–molecule
reaction volume influences clustering and, thus, the
sensitivity. With the current set-up, the temperature
may be slightly variable under certain field conditions.
This could be improved by pre-warming the sample
gas before it enters the ion–molecule reaction region
to achieve a better precision of the instrument.

It turned out that the radicals produced in the corona
discharge cause interferences with dimethylsulfide and
methyl mercaptan when measuring sulfur dioxide. An
ion source based on a radioactive substance instead
of a corona discharge to produce fewer radicals is
not a good solution for an instrument employed in
international campaigns because of safety regulations.
Berresheim et al.[9] report on the addition of propane
as a radical scavenger to prevent HO measurements
by AP-CIMS from suffering artifacts from radicals
produced in the ion source. This could be a method
to dispose of the interferences from reduced sulfur
compounds in our future sulfur dioxide measurements.
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