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Drift gas temperature and pressure influence differential mobility spectrometer (DMS) performance,
changing DMS peak positions, heights and widths. This study characterizes the effect of temperature
on DMS peak positions. Positive ions of methyl salicylate, DMMP, and toluene, and negative ions of methyl
salicylate and the reactant ion peaks were observed in purified nitrogen in the Sionex microDMx pla-
nar DMS. Measurements were made at ambient pressure (1 atm) at temperatures from 25 ◦C to 150 ◦C
MS
AIMS
ffective temperature
on mobility

in a planar sensor with height 0.5 mm. Peak value of the separation voltage asymmetric waveform was
scanned from 500 V to 1500 V. Compensation voltage (DMS peak position) showed a strong variation with
temperature for all investigated ions. By generalizing the concept of effective ion temperature to include
the effects of inelastic ion–molecular collisions, we have been able to condense peak position depen-
dence on separation field and temperature to dependence on a redefined effective temperature including
a smoothly varying inelasticity correction. It allows prediction and correction of the gas temperature effect
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on DMS peak positions.

Differential mobility spectrometry (DMS) [1–3] is recognized as
powerful tool for separation and characterization of gas-phase

ons. In DMS, ions are distinguished by the difference between
obilities at high and low electric fields, exploiting the fact that

on mobility values depend on the applied field strength. Devel-
ped and refined over the past decade, DMS is also known as
eld-asymmetric waveform ion mobility spectrometry (FAIMS) [4]
FAIMS is often used to refer to a coaxial configuration). Several
onfigurations of DMS analyzers have shown response to trace
mounts of chemical species including explosives [5,6], chemical
arfare agents and simulants [7], volatile organic compounds [8],

nd a variety of other organic and inorganic substances [9]. Hybrid
MS techniques such as GC–DMS [10], DMS–IMS [11], DMS–MS [12]
nd ESI–DMS–MS [13,14] can provide detection and identification
races of chemicals for many applications, including biomarkers
nd biological materials [15].

Stability and repeatability of DMS spectra are important issues
n the use of DMS in analytical applications. Drift gas pressure and
emperature are known to influence the field dependence of ion
obility, changing peak positions in DMS spectra. This study char-
cterizes the effects of temperature on differential ion mobility
nd differential mobility spectrum peak position for several typ-
cal ion species. The findings provide deeper understanding of the
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gnazarov@sionex.com (E.G. Nazarov).

E
f

e
s
t
d
m
b

387-3806/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijms.2008.10.025
© 2008 Elsevier B.V. All rights reserved.

ole of the drift gas temperature in interactions between molecular
ons and neutrals and the temperature effect on DMS separation.
hese results allow the development of algorithms to account for
he influence of the drift gas conditions that will improve DMS
erformance under varying environmental conditions.

Pressure and temperature effects on DMS parameters are espe-
ially relevant to applications such at the use of planar DMS as an
on prefilter for mass spectrometric analysis. Including a compact
lanar DMS ion filter in the interface area of the API-MS instru-
ent reduces spectral complexity and suppresses chemical noise,

esulting in lower detection levels and better quantitation accuracy
16].

We previously found [17] that pressure variation of DMS peak
ositions may be eliminated by a rescaling of the coordinates,
xpressing both compensation and separation fields in Townsend
nits (electric field divided by density). At fixed temperature,
ownsend-rescaled DMS spectra are independent of the drift gas
ressure (see Fig. 1a). In contrast, DMS spectra recorded at fixed
ressure but varying temperature do not simplify in a similar way.
ven in terms of Townsend DMS spectra are distinguished for dif-
erent bulk temperatures (see Fig. 1b).

The present study focuses on the temperature effect in differ-
ntial mobility spectrometry. The general aim is to improve DMS

pectral stability and repeatability under varying ambient condi-
ions. We present experimental investigations of the temperature
ependence of the DMS peak positions and an empirical physical
odel to represent the obtained experimental data. Our model can

e used for temperature correction of DMS spectra.

http://www.sciencedirect.com/science/journal/13873806
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ig. 1. Positive DMS spectra of methyl salicylate ions at the same 100 Td separation
eld, but with different drift gas pressures (a) and temperatures (b). Pressure does
ot affect the DMS spectrum scaled in Td units. Variation of peak position with
emperature remains even after Townsend scaling.

We begin with a general review of ion mobility and differential
obility spectrometry. Section 3 describes the experimental setup,

ata collection and analysis. Then, an empirical model and general-
zed effective temperature capable of simplifying our observations
s presented.

. Ion mobility

The current understanding of ion mobility has been described
n detail in [18,19] but we provide here a brief overview of the basic
henomena involved in our studies.

An electric field of strength E causes ions to move through a
as media of density N. Simple physical considerations, confirmed
y calculations and experiments, show that the ion drift veloc-
ty is proportional to the parameter E/N through the coefficient of

obility, K. This result is exact as long as only binary ion–molecule
ollisions are important and many-body collisions are negligible. It
as experimentally verified in our previous work [17]. If the electric
eld strength, E, changes proportional to density (or, equivalently,
ressure for ideal gases), E/N remains unchanged and the coeffi-
ient of ion mobility processes is unchanged. This scaling rule had
een proven to work well in DMS at fixed gas temperature.
To account for the gas temperature effect in DMS let us con-
ider high field ion mobility in detail. Approximately constant ion
obility, defined as the ratio of velocity to field strength, is deter-
ined by the ion-neutral interaction at higher pressures. The high

requency of ion-neutral collisions (∼30 GHz) causes ion velocity in

c
a
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e
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field to reach a limiting value rapidly. When the collision dura-
ion is much shorter than the time between collisions, the binary
on-neutral scattering momentum transfer, scaled by the collision
ate, determines the ion mobility. Thus, the ion mobility depends on
he ion-neutral interaction potential as well as the distribution of
ollision energies. If the energy gained by the ion from the electric
eld is small in comparison with the thermal energy, the mobil-

ty coefficient K is independent of E/N. In that low field case, the
ean interaction energy does not differ significantly from the mean

nergy of thermal collisions.
At higher electric fields, ions acquire substantial energy from the

eld and the frequency and strength of the ion-neutral interaction
hanges. As a result, the mobility coefficient K at fixed bulk gas
emperature becomes dependent on the electric field as shown in
q. (1):(

E

N

)
= K(0)

{
1 + ˛

(
E

N

)}
, (1)

here K(0) is the mobility coefficient under low field conditions;
(E/N) � 1 is nondimensional function characterizing the field
obility dependence (called the alpha function below); E/N is the

lectric field in Townsend (Td) units (1 Td = 10−17 V cm2). Under
tandard conditions (1 atm, 0 ◦C), N0 = 2.687 × 1019 cm−3, so 1 Td
orresponds to 268.7 V/cm.

Temperature affects the ion mobility in two distinct ways. Tem-
erature changes gas density, N, and hence the value of E/N and the
eld contribution to ion kinetic energy. In addition, gas tempera-
ure changes the ion and neutral kinetic energy distributions and
ence changes the distribution of ion-neutral collision energies and
he ion mobility.

A fundamental analysis of the temperature dependence of ion
obility would require knowledge of the ion-neutral interaction

otential. But an empirical generalization is still possible if we make
se of the fact that temperature and field affect ion transport in
he same way, by increasing ion-neutral interaction energy. The

ost important result of the two-temperature theory is a scaling
ule which condenses the two variables T and E/N into the single
ariable, effective temperature, Teff [20]

3
2 kTeff = 3

2 kT + 1
2 MV2

d , (2)

here T is the drift gas temperature in K, M is the drift gas molecular
eight, Vd is the ion drift velocity, and k is Boltzmann’s gas constant.

or nitrogen drift gas, this becomes

eff ≈ T + 8.09 × 10−3K2
0

(
E

N

)2
, (3)

here K0 is the reduced coefficient of ion mobility in cm2/V s,
nd E/N is electric field in Td. The reduced mobility is K0 = KN/N0,
here K and N are observed values of the ion mobility and drift

as density; N0 is the standard gas density. Reduced mobility has
reduced variation with pressure and temperature and is utilized

or species identification in conventional ion mobility spectrometry
21].

When ions and neutrals are both atomic, so that only elastic
ollisions take place, the scaling rule works well. Temperature and
eld mobility dependences of the atomic ion in noble gases coincide

n the effective temperature scale. The situation is more compli-
ated for polyatomic ions and/or neutrals. In molecular systems
e must account for inelastic collisions involving rotational and

ibrational degrees of freedom. In high field conditions, inelastic

ollisions transfer energy between the different degrees of freedom
nd so influence the effective temperature. Lacking information on
nelastic cross-sections, we can still combine T and E/N into a gen-
ralized Teff(T,E/N), with the expectation that a smooth inelasticity
orrection will allow the field and temperature dependences of the
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obility to coincide. Redistribution of energy between the different
egrees of freedom is expected to reduce the energy in translational
egrees of freedom because some of the field energy will go into
he rotational and vibrational degrees of freedom, thereby reduc-
ng the effective temperature parameter, Teff. This analysis serves
o provide an interpretation of the experimental data and suggests
ome ideas for the data processing.

. Differential mobility spectrometer

This section provides a short description of the differential
obility spectrometer and a mathematical representation of the

henomena involved.
In contrast with conventional ion mobility spectrometry based

n the measurements of the low field, DMS ion separation is based
n the ion mobility field dependence. The mobility field depen-
ence (˛(E/N) in Eq. (1)) is a characteristic feature of the ion-drift
as system and is employed for ion separation in DMS. In general,
MS exploits the effect of the elevated energy which ions obtain

rom the electric field. In particular, the DMS measures the dif-
erence in the mobility coefficient at high and low electric field
trengths.

In DMS, ions in drift gas flow through a gap between two elec-
rodes (called the “filter gap”). A high amplitude, high frequency,
symmetric waveform (separation voltage, SV) is applied to the
lectrodes to create an electric field (separation field, S). The ions
ndergo fast oscillation in response to the separation field. The

on displacements during the positive and negative portions of
he zero-mean separation field differ slightly because of unequal

obilities at the high and low fields. As a result of this displace-
ent, ions drift perpendicular to the gas flow, toward one of the

lectrodes. Ions pass through the gap between the electrodes only
f the drift velocity is small enough to avoid reaching the elec-
rodes and being neutralized. The ion drift velocity and direction
epend on ˛(E/N), the separation field amplitude and separation
eld waveform.

Ions may be retained within the gap (i.e. compensated, with
o net drift) by applying a quasi-static compensation voltage (CV)
o the electrodes. The constant electric field (called compensation
eld, C) is superimposed on the separation field, and produces an
ffsetting drift, allowing ions to remain inside the gap. Ions with
iffering alpha functions pass through the gap at different com-
ensation voltages. Scanning the CV produces a DMS spectrum of
he ionic mixture (see Fig. 2a).

Compensation field, C, is related [12] to the alpha function,
(E/N), the amplitude of the separation field, S, and field waveform,

, by

= S〈˛f 〉
1 + 〈˛〉 + S〈˛′f 〉 , (4)

here ˛′ is the derivative with respect to E/N, and triangular brack-
ts denote the average over a period of the separation field.

For practical purposes Eq. (4) may be expanded in a series [9]. A
ower series expansion allows calculation of the DMS peak position
rom the alpha function of the ion. The inverse problem also can
e solved: one can calculate the alpha function for the ion from
xperimental data.

The alpha function may be approximated as an even power
eries of the electric field strength. That polynomial form is con-

istent with symmetry considerations (i.e., an ion velocity value
oes not depend on the electric field direction) [3]:

(
E

N

)
= ˛2

(
E

N

)2
+ ˛4

(
E

N

)4
+ ˛6

(
E

N

)6
+ . . . , (5)

E

ig. 2. Methyl salicylate positive ions. (a) DMS spectrum at 40 ◦C for SV = 900 V; (b)
ispersion plot at 40 ◦C with derived peak positions; (c) alpha function of methyl
alicylate cations and reactant ions derived from the dispersion plot.

here ˛2, ˛4,. . ., ˛2n are series coefficients of the alpha function
xpansion. Series coefficients are definitively related to the corre-
ponding alpha function.

DMS peak position dependence on the separation field, C(S), is
xpanded in odd powers of the separation field, S:

(S) = c3S3 + c5S5 + c7S7 + . . . (6)

Substituting the expansions for the alpha function and C(S) into

q. (3) yields a set of equations for the expansion coefficients [22]

c3 = ˛2〈f 3〉
c5 = ˛4〈f 5〉 − 3c3˛2〈f 2〉
c7 = ˛6〈f 7〉 − 5c3˛4〈f 4〉 − 3c5˛2〈f 2〉

(7)
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here the separation waveform moments are defined by

f n〉 = 1
T

∫ T

0

f n(t)dt (8)

Eq. (7) may be used in both directions. Compensation field
ependence and alpha function are unambiguously related to each
ther and may be computed, one from the other.

. Experimental

.1. Instrumentation

Peak positions for a few ions were observed in the Sionex
icroDMx planar DMS as a function of temperature and separa-

ion voltage. Experimental conditions covered the range from 25 ◦C
o 150 ◦C at 1 atm. Temperature stability provided by the built-in
ontroller was better than 1 ◦C. Pressure readings are also provided
y the instrument and were used in computing the field expressed
n Townsend units. Peak amplitude of the separation voltage was
aried from 500 V to 1500 V in a planar DMS channel with height
.5 mm, width 2 mm and length 10 mm. Thus, peak electric field in
he analytical gap was 10,000 V/cm to 30,000 V/cm. Sionex uses a
eparation field calibration technique based on SF6

− peak positions,
ith those positions determined as a function of field by direct high

oltage waveform measurement. Purified nitrogen was used as a
rift gas at typical flows of 5 cm3/s resulting in ion residence time in
he DMS sensor of 2.0 ms. Drift gas was dry nitrogen obtained from
iquid nitrogen boiloff. Moisture was at sub-ppm levels as measured
y Panametric Moisture Image and Michell Instruments moisture
eters at the sensor outlet.

.2. Ion species

We have analyzed DMS spectra for five molecular ions in nitro-
en drift gas. The samples were ionized by a 63Ni ionization source.
roduced ions were identified by mass spectrometer. A DMS ana-

yzer was joined to a mass spectrometer in a way based on the
nterface previously described in Refs. [16,17]. DMS sensor without
etecting electrodes was connected to the API-MS inlet orifice. So

ons from the DMS were directly introduced into the mass spec-
rometer (AccuTOF JMS-T100LC time-of-flight mass-spectrometer,
EOL, Peabody, MA). In the DMS–MS and DMS experiments we used
he same gas and sample delivery systems. The ions that we have
nalyzed were

1) Cations
· Toluene MH+ and M+ (m/z 93, 92).
· Dimethylmethylphosphonate protonated ions MH+ (m/z 125).
· Dimethymethylphosphonate proton bounded dimer ions

M2H+ (m/z 249).
· Methyl salicylate protonated ions MH+ (m/z 153).
· Reactant ions (H2O)nH+ (m/z 19, 37).

2) Anions
· Methyl salicylate deprotonated ions (M−H)− (m/z 151).
· Reactant ions O2

−, (H2O)O2
− (m/z 32, 50).

A stable flow of vapor samples (DMMP or methyl salicylate)
as provided either by diffusion sources or from Model 190
ynacalibrator® calibration gas generators (VICI Metronics Inc.,

oulsbo, WA) using permeation tubes were provided by Kin-Tek
aboratories, Inc. (LaMarque, TX). Supply lines after the vapor gen-
rator were kept at 80 ◦C to minimize sample adsorption. Peak
ositions were verified to have no dependence on concentration
or the 1–10 ppb levels used in these measurements.

a
T
w
c
o

ss Spectrometry 279 (2009) 119–125

Toluene was supplied from gas cylinder with gas mixture of
0 ppm toluene and 1 ppm SF6 in nitrogen (Scott Gases), and diluted
t 1:200–1:300 ratios by the nitrogen drift gas. There is no depen-
ence of peak position on mixing ratio, and the presence of SF6
nion does not affect the toluene peak position at this concentra-
ion.

.3. Data acquisition and processing

Software provided with the Sionex microDMx permits DMS
pectra to be recorded, stored, and displayed for positive and neg-
tive ions simultaneously. Separation voltage can be stepped as
ompensation voltage scanned. The software allows the display
f spectra as line plots of ion current vs. compensation voltage
or a fixed separation voltage (see Fig. 2a), or as topographic plots
canned in both compensation and separation voltages [23]. This
ater option permits the creation of the topographic view of the
V(SV) dependence called the dispersion plot. The dispersion plot
see Fig. 2b) is generated by stepping the SV as CV is scanned. The
ange of SV was nominally 500–1500 V typically stepped in 10 V
ntervals. CV was scanned over an appropriate range to capture ion
urrent for the target ion at all SV values.

Analysis software written in MATLAB (Mathworks, Natick, MA)
as used to obtain least-squares-optimized values of peak posi-

ions (see Fig. 2b), peak widths and peak intensities at all separation
oltages. The lineshape used in fitting DMS spectra was a modified
riangular shape that more accurately represents the expected DMS
ineshape including diffusion effects than a gaussian.

Origin 7.5 (OriginLab Corporation, Northampton, MA) was used
or smoothing spectra, expanding the C(S) dependences into the
ower series and drawing final plots. Excel (Microsoft Corp.) was
sed for calculation of the alpha functions (see Fig. 2c) and the
ffective temperature dependences (discussed below).

. Results and discussion

The procedure applied to positive methyl salicylate ions is pre-
ented below as an example of our studies. Other molecular ions
ere analyzed in the same way.

Dispersion plot data were recorded at 13 temperatures (25 ◦C,
0 ◦C, 50 ◦C, 60 ◦C, 70 ◦C, 80 ◦C, 90 ◦C, 100 ◦C, 110 ◦C, 120 ◦C, 130 ◦C,
40 ◦C and 150 ◦C). CV(SV) dependences were extracted from the
xperimental data (Fig. 3a). Alpha functions were calculated from
he CV(SV) dependences (Fig. 3b) as described above.

This data analysis provides normalized field mobility depen-
ences for each temperature. We postulated the existence of a
ertain effective temperature variable condensing both field and
emperature dependences. Using this effective temperature as
bscissa, field ion mobility dependences should lay on a single
mooth curve regardless of the bulk drift gas temperature.

Beginning from the lowest temperature, we reconstructed tem-
erature mobility dependence as follows. Ion mobility, K, at the

owest temperature is assigned an arbitrary value. Mobility at the
ext temperature point will be

(Ti+1) = K(Ti)
(

1 + ˛i

(
Ei+1

N

))
, (9)

here K(Ti) is ion mobility and ˛i(E/N) is alpha dependence at
emperature Ti; Ei+1/N corresponds to the temperature step Ti+1−Ti

ccording to our postulated equation for the effective temperature.
his procedure computes the temperature mobility dependence
ithin a constant factor. All temperature mobilities dependences

alculated from experimental field mobility dependences in terms
f effective temperature are expected to lay on the same curve.
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ig. 3. (a) Compensation voltage vs. separation voltage for methyl salicylate cations
or temperatures from 25 ◦C to 150 ◦C and (b) corresponding alpha function.

Classic effective temperature equation (see Eq. (2)) results in the
iscrepancy between the experimental mobility curves (Fig. 4a).
hat is expected because the effective temperature was derived
ssuming conservation of momentum and kinetic energy at each
ollision. This assumption is not valid if the internal molecular
egrees of freedom are involved in the ion-neutral interaction. In
hat case, electric field energy is redistributed between internal and
xternal degrees of freedom and the effective temperature relation
s disturbed.

To account for the influence of inelastic collisions, we modify
he field part of the equation for classic effective temperature, Teff,
o include a coefficient � < 1, a dimensionless factor which reduces
he contribution of electric field to the effective temperature.

eff ≈ T + 8.09 × 10−3� K2
0

(
E

N

)2
(10)

sing this equation, it is possible to condense the field and temper-
ture dependences of the mobility into a single variable. The field
nd temperature dependences of the mobility coincide in a scale
f the modified effective temperature if the energy loss ratio, �, is
llowed to depend on the drift gas temperature (see Fig. 4b).

A fitting procedure is able to determine h(T), the field-dependent
art of the effective temperature including the coefficient � given
y

(T) = 8.09 × 10−3�(T) K2
0 (11)

sing K0 = 1.56 cm2/V s at 450 K for positive methyl salicylate ion
our own data obtained with DMS–IMS tandem instrument), and
he obtained by fitting procedure h(T) values, the ion mobility

w
i
e
m

ig. 4. Reduced mobility of methyl salicylate cation as a function of the drift gas
emperatures using (a) classic effective temperature (Eq. (2)) and (b) effective tem-
erature modified for inelastic collisions (Eq. (10)). Classic effective temperature
oes not allow experimental curves to fit each other.

ependence on modified effective temperature can be restored as
hown in Fig. 4b.

Thus the effects of field and temperature on ion mobility can
e condensed into the modified effective temperature if the energy

oss ratio is allowed to depend on the drift gas temperature. That
ay be interpreted as follows. As the collision energy increases
ith the gas temperature, internal degrees of freedom (rotational

nd vibrational) exchange energy with translational degrees of
reedom. The field energy redistributes differently after a collision
t higher temperature than at lower temperature because more
nergy is lost to excite the internal degrees of freedom. We have
ound that a single parameter, �, with smooth temperature depen-
ence, is able to account for these effects empirically.

As noted in Eq. (11), reduced mobility appears only in com-
ination with �(T), When reduced mobility is known from IMS
easurements, the energy loss ratio can be computed from the

tting factor, h(T). Fitting factors for all investigated ions are shown
n Fig. 5a. If reduced mobility K0 for the ion is known with suffi-
ient accuracy, the energy loss ratio, �(T), can be estimated. Energy
oss ratios as a function of the gas temperature are smaller than 1
nd monotonically decreasing for all the ions that we have exam-
ned (see Fig. 5b). Reduced mobilities used for the calculations are
resented in Table 1.
To verify our findings we compare our DMS experimental data
ith IMS experimental data on the temperature dependence of

on mobility. We plotted reduced ion mobility against modified
ffective temperature for all investigated ions in Fig. 6. Experi-
ental data for the DMMP ions obtained with conventional IMS



124 E.V. Krylov et al. / International Journal of Mass Spectrometry 279 (2009) 119–125

F
c
r

(
o
O
a
T
t
fi
s
e
b

s
g
a
f
t

Fig. 6. Temperature dependences of reduced ion mobilities. Curves for DMS data
(1—RIP(+); 2—RIP(−); 3—DMMP monomer; 4—toluene; 5—methyl salicylate (−);
6—methyl salicylate (+); 7—DMMP dimer). Points for IMS data are IMS mobility val-
ues recalculated from Fig. 2 of Ref. [25] (squares—DMMP monomer; circles—DMMP
dimer).
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ig. 5. (a) Fitting factor h(T) as a function of gas temperature for various ions and (b)
orresponding dependence of the energy loss ratio for molecular ions with known
educed mobility values.

Fig. 2 in Ref. [25], drift time vs. gas temperature) allow computing
f the reduced mobilities in dependence of the gas temperature.
ur DMS data (curves 3 and 7 in Fig. 6) appear to be in a good
greement with published IMS data (squares and circles in Fig. 6).
his result demonstrates the fundamental connection between the
emperature dependence of reduced mobility from IMS and the
eld dependence of differential ion mobility from DMS. Fig. 6 also
hows that the use of high fields in DMS is able to extend knowl-
dge of reduced mobility values to higher temperatures than can
e conveniently reached in IMS.

The fitting factor h(T) for the observed molecular ions vary in

imilar ways: decreasing quasi-linearly from 0.015 to 0.01 as the
as temperature increases from 300 K to 450 K. That similarity
llows development of an algorithm to correct DMS peak positions
or variation of the carrier gas temperature. A general outline of
he algorithm is as follows. Dispersion plot (compensation volt-
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able 1
on composition and reduced mobility values for ions studied in this work. Underlined va

on Mass Structure Re

Ex

MMP monomer 125 (M+H)+ 1.
MMP dimer 249 (M2H)+

ethyl salicylate 153 (M+H)+

ethyl salicylate 151 (M−H)−

oluene 93, 92 (M+H)+, M+ 1.
IP (−) 32, 50 O2

− , H2O·O2
−

IP (+) 19, 37 (H2O)nH+
ig. 7. Expected dispersion plots for investigated ions at 180 ◦C (1—DMMP dimer;
—methyl salicylate (+); 3—toluene; 4—DMMP monomer; 5—methyl salicylate (−)).

ge against separation voltage) at lower temperature for target ions
rovides the mobility field dependence (alpha function). Under the
roposed Teff correction, one can restore the mobility temperature
ependence and can recalculate alpha functions at elevated tem-
erature. This alpha function may be utilized for computation of
V(SV) at elevated temperature for these ions. For example in Fig. 7

s shown the expected dispersion plots for investigated molecu-

ar ions at 180 ◦C. This algorithm may significantly improve the
ccuracy of the DMS instrument.

From a practical point of view, drift gas temperature may be
tabilized by the DMS instrument sensor temperature control [23].

lues were used to determine �(T) factors.

duced mobility (cm2/V s)

p [24] Exp [25] Our data Appr [26]

91 1.88 1.66 1.66
1.46 1.28 1.21

1.59 1.53
1.56 1.54

87 1.87 1.86
2.26 2.55, 2.26

2.1 1.88 2.89, 2.45
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ut for portable field applications or DMS instruments working in
arsh ambient conditions temperature compensation may be very
seful. Temperature correction will allow DMS operation at lower
emperatures, decreasing DMS power consumption and increasing
MS resolving power without sacrificing stability.

. Conclusion

Based on the systematic experimental data we have developed
model for the effect of temperature on DMS performance by the
se of a simple modification to the classic effective ion tempera-
ure to account for inelastic collisions. For molecular ions moving in
he molecular gases, we have modified the equation of the effective
emperature by the addition of an empirical coefficient characteriz-
ng fractional energy loss due to inelastic collisions. This coefficient
s able to condense ion mobility dependences on field and temper-
ture into one dependence on effective temperature. In the context
f differential mobility spectrometry, our findings allow prediction
f the gas temperature effect on DMS peak positions. Applying cor-
ection for gas temperature and pressure variation to DMS spectra
mproves instrument performance by guaranteeing instrumental
tability and repeatability.
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