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: The performance of a differential mobility spectrometer was characterized at ambient pressure and
. ten values of water vapor concentration, from 1.0 X 10%to 1.7 X 10* ppm using a homologous series of
. seven ketones from acetone to 2-dodecanone. Dispersion plots at 30 °C with separation fields from 35 to
123Td exhibited increased alpha functions for the hydrated proton, protonated monomers, and proton
bound dimers with increased moisture levels. Increases in the level of moisture were accompanied by
decreased quantitative response with progressive suppression in the formation of the proton bound
dimer first and then protonated monomer. Product ions for 2-octanone at 7 ppb were not observed
. above a moisture level of 4.0 X 103 ppm, establishing a limit for observation of analyte ion formation.
. The observation limit increased from 1.1 X 103 ppm for acetone to 5.7 x 103 ppm for 2-dodecanone.
. These findings demonstrate that ketones can be determined with a differential mobility spectrometry
(DMS) analyzer near room temperature in the presence of elevated levels of moisture expected with the
. use of membrane inlets or headspace sampling of surface or ground waters. Moisture levels entering
: this DMS analyzer employed as an environmental monitor should be kept at 1.0 x 103 ppm or below and
. quantitative studies for individual ketones should be made at a fixed moisture level.

Differential mobility spectrometry (DMS) is an embodiment of ion mobility spectrometry (IMS) where ion char-
acterization and separation occur as a result of the non-linear dependence of ion velocity on the intensity of an
electric field. In DMS instruments, ions are carried by gas flow through a gap formed between two parallel plates.
The electric field inside the gap, which is perpendicular to plates, is generated by voltage of an asymmetric wave-
form"2. The maximum amplitude of the waveform is called the separation voltage (SV). Differences in mobility
. coefficients between the two extremes of the asymmetric oscillating electric field cause off-axis displacement and
© loss of ions during passage through the gap. Tons can be restored to the gap center and passed to a detector when
a weak electric field, the compensation field (CF), is superimposed on the oscillating field. Analytical information
from DMS instruments is contained in the differential mobility spectrum, the dependence of ion current on CE
The plot of ion abundance as a function of separation field (SF) and CF is called a dispersion plot.
The dependence of the ion mobility coefficient K(E/N) on the electric field E can be described by the formula:

K =1 +ol5) M

' Where Nis the number density of the gas (number of molecules per cubic centimeter), K, is the mobility measured
. under low field conditions and « is a function characterizing the dependence of mobility on electric field*. Since
. mobility coefficients are sensitive to gas temperature?, moisture>®, pressure’ and gas composition®, these param-
: eters should be controlled for the stable and reliable performance of DMS and other mobility analyzers. The sim-
- plicity of design and fabrication of DMS analyzer have encouraged applications in chemical measurements from

monitoring of air quality on the International Space Station’ to pre-filtering ions prior to mass spectrometry'’.
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Hand held DMS analyzers have been developed for military use to detect chemical warfare agents, demonstrating
an embodiment of DMS for demanding on-site measurements.

In chemical analysis performed with DMS, substances are ionized through reactions with precursor ions
formed in ionization regions at ambient pressure often, in purified air or nitrogen'!. In positive polarity, ioniza-
tion of a substance (M) occurs through displacement of water from hydrated protons forming relatively simple
product ions, typically a protonated monomer MH*(H,0), or a proton bound dimer M,H"(H,0),,. Such reac-
tions are known from studies using chemical ionization mass spectrometry (CI-MS), atmospheric pressure ion-
ization MS, and IMS-MS with moisture content in supporting gas atmospheres below 1 x 10? ppm. Response to
a broad range of substances is possible and can be extended using a range different ionization sources including
radioisotopes, photoionization'>!* and gas discharge'®. Simple spectral patterns from such ion sources enable
valuable analytical performance with comparatively low resolving power technology. The separation of ion peaks
in DMS for improved analytical performance in some instances can be enhanced by adding into the gas atmos-
phere up to 1.0 x 10° ppm of small polar molecules'>-"". Such substances, called vapor modifiers, increase the
differences in mobility coeflicients at asymmetric field extremes, resulting in increased separation of ion peaks in
the compensation field. Moisture can be considered a vapor modifier in DMS.

Complimented by advantages of simplicity, size, and low cost, the use of DMS analyzers for monitoring aque-
ous environments is also supported by prior success of drift tube IMS instruments for monitoring ammonia in
surface waters's, haloacetic acids in drinking water'®, thiotetronic acids in groundwater® and in general environ-
mental measurements?'. Environmental monitoring of water using DMS analyzers is nonetheless uncommon,
although some successes have been reported?»?*. Interfaces to aqueous samples such as headspace samplers or
membrane inlets?* and likely will introduce moisture into the DMS.

A central concern in this research program is the influence of moisture on DMS response and performance,
necessitating quantitative descriptions and managed parameters. Previous studies in MS, DMS, and drift tube
IMS have shown that increases in moisture suppress response, though this can be reversed with increased tem-
perature®?-28 Particularly, the recent work of Borsdorf, et al.? who systematically evaluated the effect of increased
moisture on the reactant ion peak in an ion mobility spectrometer at 80 °C and up to 2.0 x 10* ppm moisture.
Quantitative response with elevated moisture levels was diminished by >90% with aromatic compounds and
>70% with ketones. Response to high proton affinity aniline, 2-methyl aniline and substituted anilines was
diminished by <10%. In our DMS instrument, temperature was limited to 40 °C because the analyzer stage is
fabricated from printed circuit boards.

As part of a development program leading to a field-deployed instrument for water monitoring, understand-
ings of the quantitative influence of moisture on response and performance in DMS are necessary. Ketones were
chosen to benchmark performance over a wide range of moisture levels with some assurance of favorable ioniza-
tion chemistry from the considerably higher proton affinity of ketones compared with that of water. The embod-
iment of DMS chosen for water monitoring in Finland is a prototype instrument from Environics Oy with a
capacity to operate at room temperature with high levels of moisture and could be suitable for directly monitoring
aquatic enviroments. Findings in this study will inform designs of the next stage toward development of an inlet
or interface to aqueous samples and the levels of moisture suitable for response to volatile organic compounds.
Results on the influence of moisture on the ionization of ketones may be useful also in understanding DMS
response to other analytes using atmospheric pressure ionization in the positive mode.

The main aim of our project was to develop the AIMS2-DMS detector for environmental pollutant monitor-
ing. The aspiration module (AIMS) part of the equipment was not investigated in our study, however its features
are promising for selected applications. An advantage of DMS over drift tube IMS is favorable performance with
samples in humid air. In DMS, the changes in peak position or dispersion plots with differing moisture content
might provide quantitative information about moisture levels in a sample. Since DMS analyzers are simpler and
smaller than drift-tube IMS analyzers, they are highly suitable for portable applications.

Experimental

Instrumentation.  Differential Mobility Analyzer. A model AIMS2-DMS analyser (Environics OY, Mikkeli,
Finland) consists of an aspiration ion mobility spectrometer (AIMS) and a two-channel DMS detector as shown
in the analyzer structure (Fig. 1). The ionization source is > Am with 5.92 MBq activity. A DMS drift region
consists of two parallel rectangular electrodes 6 mm wide x 14 mm long, separated by a 0.25 mm gap defined by
a PTFE spacer. The DMS stage was provided an asymmmetric waveform with duty cycle of 5% and frequency
of 250 kHz. The DMS was operated at 30 °C and ambient pressure monitored by a pressure sensor in-line with
the analyzer. Sample flow was drawn into the DMS analyzer at a rate of 2.8 Lmin™" by the Venturi effect (Fig. 2).
Measurements were made using the SV from 200V to 650 V in 45 steps and the CV was scanned from —2V to
+12V in 400 increments. Amplifier dual time at each voltage combination was 150 ms. For each experiment, a
disperson curve was determined. Details of the AIMS2-DMS analyzer including sensitivity and resolving power
have been described?.

Vapor Generator. Four ml or more of a chemical were placed in a permeation tube, built from a stainless steel
tube capped with a polydimethylsiloxane membrane 3 mm thick x 1 mm diameter, and held at 30 °C for a mini-
mum of one week before use. The permeation rate was determined gravimetrically over two or more weeks. Flow
from the permeation tube (in the V-OVG chamber) was introduced into the DMS analyzer as shown in Fig. 2.
The vapor generator (Gen-Sys, Owlstone Ltd., Cambridge, UK) was equipped also with a model OHG-4 humidity
generator and model OFC-1 (dilution flow) flow controller to allow humidity and vapor concentration to be accu-
rately adjusted. The accuracy of adjustment for flow rate is 0.1 ml min™' and of temperature for V-OVG is 0.1°C.
The generator provided air, purified through an activated carbon filter (Carbon Capsule Filter, Pall Laboratory,
VWR) and a mixed bed of 4 A, 5 A, and 13X molecular sieve. The air supply was an Atlas Copco SF 6 FF oil free
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Figure 1. Graphic of analyzer region of differential mobility spectrometer (top frame) showing location of ion
source and two mobility stages based on differential mobility spectrometry (DMS) and aspirator IMS region
including three detectors. Schematic in bottom frame shows side shows principle of two stage analyzer. In these
studies, only performance of the first (DMS) stage was explored. The analyzer was equipped with an inline
pressure sensor.
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Figure 2. Schematic of sample vapor and gas flows including DMS analyzer, mass flow controllers (MFC), and
vapor generator comprised of dilution flow (OFC1), humidifier (OHG4), and permeation chamber (V-OVG).
Flow though the DMS analyzer was controlled using the Venturi effect. Excess flows, shown as Vent, entered a
fume hood.

compressor. Vapor concentration was adjusted to 7 ppb using generator flow, split flow, and dilution flow contain-
ing known moisture level from OHG-4. Gas pressure provided to the vapor generator was maintained at 40 psig.
Sample flow was at a rate greater than that sampled by the DMS analyzer with the excess vented into a fume hood.
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Figure 3. Dispersion plots for the reactant ion H"(H,0), at moisture levels of (A) 1.0 x 102, (B) 6.00 x 10°, and
(C) 1.71 x 10* ppm in purified air; average values at these levels for n are 3.95, 5.83, and 6.50, respectively.

Chemicals. Seven ketones of analytical standard grade (Sigma-Aldrich Corp., St. Louis, MO), acetone,
2-butanone, 2-hexanone, 2-octanone, 2-nonanone, 2-decanone, and 2-dodecanone represent a homologous
series. Deionized water for the humidity generator was from an Arium® mini purifier (Ultrapure Water System,
Sartorius, Germany).

Procedures. Studies of Response with Different Moisture Levels. Control measurements for the reactant ion
were made without analyte from 1.0 x 10% ppm to 1.71 X 10* ppm moisture in 37 steps. Measurements were then
repeated for the individual ketones at 7 ppb over the same moisture levels.

Data Analysis.  Data sets were processed using MATLAB (The MathWorks Inc., Natick, MA) to determine CV
for peak positions and peak intensities at each SV and stored as a data matrix. Electric field intensities (SF and CF)
were calculated on the basis of corresponding voltages (SV and CV) using gap width (0.25 mm). Values of electric
field were normalized to number density (N) as E/N with units of Townsends (1 Td=10"2! V m~?). Barometric
pressure inside the DMS separator was nominally 94.9 kPa over the course of these measurements, which gives
at 30°C the number density of 2.27 x 10* molecules m~2. Thus, a value for SV of 500 V produced a field of 2.0
x 10*Vem™!, and E/N =88 Td.

Results and Discussion
DMS spectra for the reactant ion for a wide range of moisture. Mobility spectra obtained in
the absence of analyte were repeatable showing a single peak, due to the reactant ion, the hydrated proton,
H*(H,0),2**. The field dependence of this peak is seen in the characteristic DMS dispersion plot in Fig. 3A for
1.0 x 10? ppm moisture. The shape arises from the difference in mobility coefficients between the hydration levels
of H*(H,0), at extremes of the separation field intensity. The alpha function (Eq. 1) from this plot is relatively
shallow for a 13 mm long analyzer region yet consistent with the 5% duty cycle of the asymmetric waveform,
against 30% for similar DMS analyzers>!.

A moisture level of 1.0 X 10? ppm was the minimum employed for the study of ketones since lower levels were
deemed unrealistic for in-field monitors of aqueous media with headspace samplers or membrane inlets. When
the moisture level was increased to 6.00 x 10° ppm (Fig. 3B) and 1.71 x 10* ppm (Fig. 3C) the alpha function
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Figure 4. Compensation voltage (and corresponding compensation field) for the hydrated proton at moisture
levels from 1.0 x 10% to 1.71 x 10* ppm at five values of separation voltages as shown above each curve with
corresponding separation field in parentheses.

increased with greatest change between 1.0 x 10? and 6.00 x 10° ppm and least change between 6.00 x 10° and
1.71 x 10* ppm. Water functions as a vapor modifier expanding the range of compensation voltage and is a favora-
ble, welcome influence, mindful of the inevitable participation of moisture from sampling surface or ground
waters*. Significantly, no fouling or dysfunction occurred with this analyzer despite these high moisture levels.

Measured relationships between the moisture level and CV are shown in Fig. 4 over the range 1.00 x 10° ppm
to 1.71 X 10* ppm at five settings of SV*3. The shapes of all plots follow a common pattern with a large change
between 1.0 x 10 and 1.00 x 10° ppm followed by a gradual decrease in slope. Since CV is a measure of the dif-
ference of mobility values for ions at field extremes, this response above 4.00 x 10° ppm suggests the impact of the
moisture level on alpha functions reaches a limit. The cause for this is attributed to the differing level of proton
hydration. As is shown in Fig. 5, calculated fractional abundances of H"(H,0), ions for n=3,4 and 5 at 30°C
and 100 ppm H,O are 0.245, 0.635, and 0.135, respectively giving an average value of n of 3.95, which corresponds
to an average ion mass of 72 Da. At 1.00 x 10° ppm H,0, the average value for n is 4.52 and the average ion mass
is 82 Da. Over this range in moisture levels, heat capacities of these ions and dehydration during the high field
extreme of SF should be comparable. Increases in mobility differences (and thus CV as suggested in Fig. 4) arise
from differences in hydration levels during the low extreme of SE

As the level of moisture is increased above 1.00 x 10° ppm, the dehydration step should decrease due to
increased heat capacity of more heavily hydrated H(H,0),, where average values for n are 5.34 at 5.00 x 10° ppm,
5.91 at 1.00 x 10* ppm, 6.27 at 1.50 x 10* ppm, and 6.50 at 1.71 x 10* ppm. This corresponds to average ion masses
(Da) of 96.76, 107.38, 113.86, and 118.0. An increase in hydration of the ion at the low field extreme of SF has
occurred in Fig. 4 yet limited dehydration at the high field extreme is suggested by the slopes. Nonetheless, a shal-
low, yet discernable, slope for SV =600V for example is evidence that SF, even with 5% duty cycle, is sufficient to
heat the ions, producing a change in AK and hence CV, even with extreme levels of moisture.

Values for peak full width at half-maximum (FWHM) which are established initially by the distance of the gap
between the plates in the separation region (for SF = 0) and decreased with increased SV from 400V to 600V at
all levels of moisture as shown for four levels of moisture in Table 1. FWHM also decreased with decreased mois-
ture. Both trends can be understood on the basis of the simple model for the DMS analysers?.

A secondary effect from increased moisture levels was increased intensity for the hydrated proton peak as
shown in Fig. 6. The slope of these plots exhibit an initial rapid rise from 1.0 x 10> ppm to 1.00 x 10° ppm and
then an increasingly smaller rise to 1.71 x 10* ppm. Over the entire moisture span, the average mass of H*(H,0),
increases from 75.05Da to 123.5Da as the average value for n increases from 3.95 to 6.5. Since ion transmission
efficiency in planar DMS analyzers is mass-dependent the trends in peak intensity observed in Fig. 6 can be attrib-
uted to changes in the mass of the hydrated proton. The effective gap for H*(H,0), increases with moisture level
and ion transmission is increased (Table 1) at each SE.

DMS response for example analyte (2-octanone) over the range of moisture. While elevated
moisture levels from sampling ground or surface waters may have favorable benefits in DMS (see above), mois-
ture can also affect the chemistry of ion formation. The typical behavior of ketone ions with increased levels of
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Figure 5. Plots for the distribution of species H*(H,0), at 30 °C at equilibrium with moisture levels from
1.0 x 10% to 2.00 x 10* ppm, calculated from literature data®.

400 (70.5) 0.61 0.66 0.70 0.72
450 (79.4) 0.60 0.65 0.67 0.70
500 (88.2) 0.56 0.63 0.66 0.68
550 (97) 0.54 0.62 0.64 0.66
600 (105.8) 0.48 0.60 0.63 0.65
650 (114.6) 0.43 0.58 0.61 0.63

Table 1. Full width at half maximum (FWHM in V) for reactant ion peak at four levels of moisture and six
values of separation voltage (field).

moisture is shown in dispersion plots for 2-octanone (7 ppb) in Figs 7-9. In each figure, the dispersion plot for
the reactant ion peak is shown as a reference of instrument response without ketone vapor. At a moisture level of
1.0 x 10> ppm, the reactant ion (Fig. 7, top frame) is replaced in the presence of 2-octanone vapor with a proton
bound dimer (Fig. 7, bottom frame) that is characterized by a slight trend with increased SF to a more negative
CF, that is a negative alpha function. An initial collision complex [MH*(H,0),]* formed between M and the
hydrated proton is stabilized by collision with ambient gas molecules G (Eq. 2). The hydration shell is changed,
probably by loss of one or more water molecules, the number denoted by x in the equation:

G
H(H,0), + M — [MH"(H,0),]*—MH*(H,0),_,, + xH,0 )

MH*(H,0),_y will change its degree of hydration by coming to equilibrium with water in the atmosphere.
We denote the new hydration number by p in Eq. 3 that illustrates the formation of the proton bound dimer by
further reaction of MH*(H,0),, again with probable change in hydration number, again denoted by x. Because
the hydrogen bond in symmetrical proton-bound dimers is always greater than between non-symmetrical
proton-bound dimers, thermodynamic considerations lead to preferential formation of the symmetrical
dimers***. The rate at which symmetrical dimer formation occurs depends in the present case on the degree of
solvation of the monomer as per Eq. 2.

G
MH"(H,0), + M — [M,H"(H,0)[*—M,H " (H,0),,_,, + xH,0 3)
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Figure 6. Peak intensity for H"(H,0),, at five Separation Voltages (V) or Separation Fields (Td) at moisture

levels from 1.0 x 10% to 1.71 X 10* ppm.
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Figure 8. Dispersion Plots for (A) the reactant ion and (B) for product ions from 2-octanone at 7 ppb in air at a
moisture level of 1.40 x 10° ppm. Average n =4.98.

M,H"(H,0),_ will also come to equilibrium with the atmosphere to give a dimer with average number of
water molecules denoted by subscript q (see below). The degrees of ion hydrations, depend on the moisture level
and temperature. At a moisture level of 1.40 x 10° ppm (Fig. 8, top frame), the hydrated proton peak exhibits
enhanced dispersion in CV and this same ion is evident in the presence of the ketone vapor (Fig. 8, bottom
frame). Moreover, the proton bound dimer with intense response at 1.0 x 10 ppm [H,O] is decreased in intensity
and the protonated monomer with comparable intensity is present. At 4.00 X 10° ppm only the reactant ion peak
is present (Fig. 9) and suppression of ionization of 2-octanone is complete. Another view of the changes observed
in the spectra obtained with SV =500V is shown in Fig. 10 for these same levels of moisture and the quantitative
change over the moisture range is shown in Fig. 11. This change in abundance of product ions (while the vapor
level of 2-octanone was stable at 7 ppb) can be attributed to changes in the rates of reactions in Eqs 2 and 3 as the
hydration level of the participating ions increases with increased moisture levels (see below).

As the moisture level increases, the hydrated proton grows in size (Fig. 5), which leads to an increase in nomi-
nal proton affinity of the water cluster (Table 2) that is approximately defined by the enthalpy change for reaction
described by Eq. 4.

H'"(H,0), — H' + nH,0 (4)

n

The nominal proton affinities for the clusters with n=1 to 6 are (k] mol™') consecutively, 691, 827, 911, 984,
1040, and 1090. In comparison, the proton affinity of 2-octanone, is approximately 850 k] mol ™!, an upper limit
for listed ketones. (NIST Standard Reference Simulation Website)*. Exothermic proton transfer is therefore only
possible for H*(H,0), with n=1 or 2. Exothermic proton transfer from H*(H,O), to 2-octanone for n >3 can
only occur with concomitant transfer of one or more water molecules as described by Eq. 2.

The collision of 2-octanone with HT(H,0), leads to a nascent ion-molecule complex [MH*(H,0),]" that
can either be stabilized by collision, with or without loss of water molecules, or revert to reactants. The reversion
will be increasingly favored as n increases because of steric hindrance and some delocalization of charge over
the water network. The rate of proton transfer to produce MH*(H,0), will decrease and with a sufficiently large
n, proton transfer will not occur. The degree of hydration of MH*(H,0), also increases with increasing mois-
ture content and the same argument made for MH*(H,0), can be made for the decreasing rate of formation of
M,H"(H,0) q With increasing moisture content. Figure 11 shows that M,H"(H,0), decreases monotonically as
MH*(H,0), first increases, attains a maximum and then decreases while non-reacted H*(H,0),, increases mono-
tonically. Above 4.00 X 10° ppm moisture no proton transfer is possible for 2-octanone at a concentration of 7 ppb.
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Figure 9. Dispersion Plots for (A) the reactant ion and (B) for product ions from 2-octanone at 7 ppb in air at a
moisture level of 4.00 X 10° ppm. Average n =5.28.
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Figure 10. Mobility spectra for reactant ion and 2-octanone at separation voltage of 500 V (88 Td) and moisture
levels of 1.0 x 107, 1.40 x 10% and 4.00 x 10° ppm.
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Figure 11. Peak intensity for the reactant ion, protonated monomer, and proton bound dimer of 2-octanone at
7 ppb in air with moisture levels from 1.0 x 10% to 4.00 x 10° ppm at SV =500V.

1 |H*(H,0) |691
2 |H*(H,0), |827
3 |H®H,0), |11
4 |H*(H0), |984
5 | H*(H,0); |1040
6 | H*(H,0); |1090
7 | HY(H,0), |1135
8 |H*(H,0), |1178
9 |H*(H,0), |1219
10 | H*(H,0),, | 1256

Table 2. Proton affinity for H"(H,0), for n from 1 to 10.

From Fig. 5 this occurs when H(H,0); is the main reactant ion. The plots in Fig. 11 hold critical importance for
analytical measurements of water samples demonstrating that moistures content should be as low as possible for
best response Moisture up to 1.00 x 10° ppm is tolerable but with increasing degraded quantitative response. The
influence of moisture level on ionization of other ketones should differ based on the trend in proton affinities in
the homologous series of ketones (Table 3) where proton affinity ranges from 691 to 840kJ mol .

DMS analysis of a homologous series of ketones.  The response to ketones at 7 ppb to moisture levels
of 1.0 x 10% to 6.00 x 10° ppm is shown in Fig. 12 where the patterns described above for protonated monomer
and proton bound dimer are consistent for ketones above hexanone. The pattern of response is progressive loss of
proton bound dimer and then protonated monomer until only reactant ion remains above the different moisture
level thresholds shown in Table 3. The thresholds, increase proportionally with ketone mass to 5.70 x 10°* ppm
H,O for 2-dodecanone (PA 840 k] mol™!). Findings for acetone and butanone are not included in Fig. 12 due
to complete convolution of peaks for protonated monomer and proton bound dimer (see Supplementary
Information). Dispersion plots for nonanone exhibited unusual patterns of ion intensity suggestive of ion decom-
position. This merits closer inspection perhaps with DMS/Mass Spectrometry but such studies were beyond the
scope of this investigation.

At a practical level, individual calibration curves will be needed for each ketone for quantitative monitoring of
ketones in ground or surface waters.

At a practical level, individual calibration curves will be needed for each ketone for quantitative monitoring
of ketones in ground or surface waters and this technology has demonstrated performance in detection up to
6.00 x 10° ppm with acceptable behavior for ion formation and ion separation by DMS. At a fundamental level of
ionization chemistry, levels of moisture entering the ion source should be as low as possible and for best response
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Acetone 810 1.10 x 10°
2-Butanone 820 1.25x 10°
2-Hexanone 826 3.60 x 10°
2-Octanone 835 4.00 x 10°
2-Noanone 837 4.20 x 10°
2-Decanone 838 5.40 x 10°
2-Dodecanone | 840 5.70 x 10°

Table 3. Proton affinities from Gaussian modeling for a homologous series of ketones and maximal threshold
values of humidity above which no ketone detection was possible.

120

(2]
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o]
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[e2]
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Figure 12. Peak intensity for protonated monomer and proton bound dimer of a homologous series of ketones
(C for carbon number) with moisture levels from 1.0 x 102 to 4.70 x 10° ppm. Acetone and butanone are not
included due to convolved peaks for protonated monomer and proton bound dimer. Nonanone was removed
due to anomalous patterns necessitating further, detailed study.

should not exceed 1.00 x 10° ppm. The technology and operating parameters of this drift tube however necessitate
elevated levels of moisture beginning at 1.00 x 10° ppm.

Conclusions

A DMS analyzer at 30 °C operated over a broad range of moisture levels (1.0 x 10% to 1.71 x 10* ppm) without
any anticipated technical problems due to moisture condensation. This study has demonstrated that measure-
ments with a commercial embodiment of DMS at room temperature is possible over a range of water concentra-
tion in the gas phase with a conflicting demand of best ionization properties with reduced moisture and stable
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analyzer performance over 1.00 x 10° ppm. The boundary of analyzer performance is shown to provide accept-
able response and chemistry of ion formation. Response was improved by decreasing of moisture level. This is
attributed to suppression of ionization as the reactant ion H*(H,O), was progressively hydrated and the displace-
ment of H,O by M was increasingly disfavored. Although the duty cycle was 5% for the separation waveform,
resolution of peaks was achieved and demonstrated the suitability of this instrument for further development
as an environmental monitor. Intentions to adapt this analyzer, and other DMS analyzers, for water monitoring
should be approached with caution since the influence of moisture levels with relatively high proton affinity
ketones portends difficulties under same conditions for substances, of environmental interest with lesser proton
affinities. Response to a homologous series of ketones was dependent on molar mass and proton affinities provid-
ing a caution that calibrations for individual ketones should be made with DMS in environmental monitoring.
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