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Abstract

The theory of operation for linear and radio-frequency (RF)-ion mobility spectrometer (IMS) is briefly summarized. The
operation of the linear IMS is best described by the continuity equation, and the operation of the RF-IMS is best described by 1
momentum balance equation. Simple relationships for the RF-IMS show that the compensation field is directly proportional
ion mobility, along with the cube of the dispersion field. When the relationships are applied to the analysis of field-asymmetr
ion mobility spectrometry (FAIMS) data collected on a chloride ion, the ion is found to be non-converting (i.e., not clusterec
with water or nitrogen adducts). For this reason, the chloride ion might be used under controlled conditions to anchor t
mobility scale for RF-IMS. Contributions of the electric field to the effective ion temperature influence not only the mobility
of the ion, but also its cluster activity. (Int J Mass Spectrom 214 (2002) 95-104) © 2002 Published by Elsevier Science B.
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1. Introduction source ionized the sample with high efficiency, and the
drift tube facilitated miniaturization of the device for
lon mobility spectrometry (IMS) was introduced as rugged field use. The ion mobilities were measured
a ion separator in the early 1970s to provide a new in the limit of low E/N, the ratio of the electric field
dimension for gas chromatographic and mass spec-strength E) to the gas number densiti) for the drift
trometric analyses [1]. In reality, the technique was gas.
not new [2], but rather its application. Combining the As E/Nincreases, ion mobilities deviate measurably
soft ionization capabilities of a radioactive ionization from their low field limit. For a uniform gas density,
source with the ion separation capabilities of a lin- early dimensional analyses of the Boltzmann equation
ear drift tube was revolutionary in concept, and pow- showed that ion mobility varies inversely as the square
erful in application [3,4]. The radioactive ionization root of the electric field assuming a constant mean free
path, or independently of the electric field assuming a
_— _ constant mean free time [5]. Since then, the Boltzmann
* Corresponding author. E-mail: gspan@aol.com . . . .
1Present address: Sionex Corporation, 70 Walnut St., Wellesley equation has been more eXtenSIVely studied using per-
Hills, MA 02481, USA. turbation (low field) and moment methods (high field),
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and ion mobilityK (g) has been found to satisfy [6,7] mobility spectrum by scanning the dc compensation
potential.

K(&) = 34 ( il )1/2 _l + a_ (1.2) Viehland et al. have collected data on the ability of
BN \2uks Teft 2EDE) the (high) field-asymmetric ion mobility spectrometry

whereq is the ionic chargelN the neutral gas density, (FAIMS) variant of RF-IMS to transmit chloride ions

u the reduced mass for the iokg is Boltzmann's [13]. This was accomplished by varying the RF dis-

gas constaniy is a correction term2®D (&) is the persion potential and recording the compensation po-

collision cross-section averaged over a distribution of tential needed to allow maximum transmission of ions

relative energies, and [8] through the device. The data were fitted to
-3 _3 ing,,2 o 27
0
k=0

is the mean relative energy, whérés the temperature
of the drift gas,M the mass for the colliding neutral a relationship thought necessary if the ions were to

gas moleculeyq the drift velocity for the ion, ang is pass through the device. In Eq. (1.B)is the electric
another correction term. The dependenc&@f) on field (sum of the fields created by the RF and dc poten-
Teff causes the reduced mobiligy(E) to satisfy [9] tials) applied across the parallel platés= wr is the
) A periodicity of the RF field and the,'s are constants.
Ko(E) = K(()O) [1+ a (E) toag <£) 4. ] With moder.ate success, Eq. (1.4) s.e.emed to describe
N N the data. Since the calculated mobility values agreed

(1.3) with previously published data [14], Viehland et al.

© _ _ felt FAIMS (in combination with mass spectrometry)

where K" is adjusted to a gasumber density  \yas a good way to measure the high field mobility of
(No = 2.686763x 10?°m?, known as the Loschmidt  jgentified ions in gases.

constant) corresponding to standard temperature and | this paper, another approach to analyzing

pressure, andz, a4, etc. are constants independent of \jehland et al.’s FAIMS chloride ion data is presented

E/N. The correction terms in Egs. (1.1) and (1.2) add that allows additional information to be obtained from
approximately 10% to the accuracy of the equations. hejr experimental results.

Arguing from Eq. (1.3), Buryakov et al. introduced
a new way to separate ions based on ion mobility
[10]. The ions were submitted to an asymmetric 2. Theoretical development
radio-frequency (RF) field as they were transported
through two parallel plates by a flowing drift gas Fig. 1 shows, a simplified schematic for the drift
[11,12]. Due to the imposed RF field, the ions were tube of an IMS. The schematic could represent either
deflected perpendicular to the general motion created a cylindrical linear drift tube using a longitudinal dc
by the flowing drift gas, with the deflection being field to separate ions [3,4], or two plates of a RF-IMS
greater in one direction than in the other. As a result using a transverse asymmetric field to separate ions
of the imbalanced deflections, the ions hit one or the [10]. The ion source introduces ions into one end of
other of the plates before they passed through the the tube, and an ion collector receives the ions at the
device. To prevent the loss, Buryakov et al. superim- other end of the tube. The flow of ions from source to
posed a dc compensation potential upon the asymmet-collector is controlled by either an electric field (linear
ric potential to redirect the motion of ions. For a given IMS) or a flow of drift gas (RF-IMS). Theg-axis is
asymmetric RF excitation, they found that the mag- chosen to lie along the symmetry axis of the drift tube
nitude for the dc compensation potential depended (z = O corresponding to the location of the source),
upon the ion. They were able to generate an ion and thex-axis is perpendicular to that symmetry axis.
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Fig. 1. Simplified schematic for an ion mobility spectrometer drift tube.

Two approaches can be taken to theoretically de- 3, anda; are independent of the spatial coordinates,
scribe ion motion occurring within the drift tube. The  the spatial distribution of the ion concentration can
first is to write down and find a solution to the conti- pe described by a difference in error functions that

nuity equation [15-20] generates a Gaussian when the pulse width applied to
anT the shutter grid is narrowed [17]. The centroid for the
Z V xi Di -Vt Gaussian travels through the drift tube in accordance
with
—l—Zx,- Vg -V onT + ZXiOlinT =0 @y, _ S vt 2.2)
1 1 N

wherent is the total ion concentration within an ex- _ . _ _
changing ion mixture migrating in local equilibrium Wherel is the location of the centroid along theaxis

through the drift tubey; is the relative concentration &t timet. Unlike linear IMS, Eqg. (2.1) is not as well

of theith ion in the mixtureBi is the diffusion tensor, suited for describing ion motion in an RF-IMS because

<> —

Vg is the drift velocity andy; is the rate of ion loss ~ Xi» Di» E; vai @nde; are functions of drift time.
by means other than cluster exchange reactions (e.g., '€ Sécond approach to describing ion motion
by loss of charge). Eq. (2.1) provides an exact descrip- within an IMS is to equate the forces applied to the
tion of ion behavior as long as ion density gradients ion and find a solution to the resulting equation of
are small and higher order terms (skewness, kurtosis, M0tion [20,23]. Assuming the ion is a non-converting
etc.) can be neglected. Estimates of ion density gra- 100 With @ massm, the equation of motion is
dients can be made in advance, so that the validity of d2 = -
the equation is not obtained a posteriori. m-s + ,uv(s)— —q E 0 (2.3)

A statistical mechanical version of Eq. (2.1) shows
that, in principle, all the variables are time-dependent Wherev(e) is the collision frequency for the ion (de-
[21]. This leads to a considerably complex solution pendent on ion energg) and r is the location of the
for the ion concentration, even when a delta function jon as it responds to the applied electric figd In

device [22]. Since most linear IMSs are operated Un- so that the random energy induced in the direction

der “quasi-homogeneous” conditions Whg{le, E, of motion (g7j) can be neglected [22]. Except for
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this assumption, Eq. (2.3) is entirely consistent with
momentum-transfer theory [20,23-25]. It is particu-
larly suited for describing ion motion in a RF-IMS
because the electric field appears explicitly within the
relationship. Since the motion imposed upon the ion
by the flowing drift gas is not included, Eq. (2.3) must
be modified.

Using manipulations frequently applied by
momentum-transfer theory (although ancillary to it),
Eqg. (2.3) can be rearranged and?d/dt equated to
the drift veIocity?d

N

_m d?d
() dr

pv(€)
This velocity is relative to a coordinate system moving
with the linear velocity of the drift gas. The motion

(2.4)

G.E. Spangler, RA. Miller /International Journal of Mass Spectrometry 214 (2002) 95-104

x-direction due to excitation by the applied RF field.
While thez-direction motion is important, particularly
as is relates to Poiseuille flow and the possibility for
the development of turbulence, the remainder of this
paper will address th&-motion.

Two approaches can be taken to exciting the
X-motion. These are to apply an asymmeneéctan-
gular waveform to the dispersion electrodes where the
time integral of the waveform is set equal to zero [10],
or to apply an asymmetrignusoidal waveform along
with its second harmonic to the dispersion electrodes
where the amplitude for the second harmonic is half
the amplitude for the primary (FAIMS) [11,26]. For a
high excitation potential, the asymmetric waveforms
cause the ions to migrate towards one or the other of
the dispersion electrodes, hit the dispersion electrode,

can be referenced to the laboratory frame of reference and be lost as a contributor to the ion current passing

(shown fixed to the ion source in Fig. 1) by adding the

drift gas velocity?g to ?d, so that Eq. (2.4) can be
written as

N

_om d?d
wo(8) dr

Vag=vg + (2.5)

wv(€)
Whereﬁdg:?g + V.

A RF-IMS is generally operated under the condi-
tions

E= Ep(w, t)x (2.6)
where Qg is the volumetric flow of drift gas
(sometimes referred to as a carrier ga8), the
cross-sectional area of the flow channel within the
drift tube, andEp (w, t) is the electric field that varies
with frequencyw and timet. When the relationships
of Eq. (2.6) are combined with Eq. (2.5), the compo-
nent equations become

z-component vgg; = vg,
q
pv(€)
m  Ougg x
@) dr

x-component vgg, =

Ep(w,t)

2.7)

through the device. Applying a bucking dc potential
arrests the migratory motion so the ions can once
again pass through the device.

In Eq. (2.7), the £-component” motion is not only
regulated by a term depending on the RF field, but
also by a term functionally dependent upon the first
derivative of the ion velocity. Both terms are preceded
by a coefficient that is inversely proportional to the
collision frequency (&)

V(&) = NurOp(€)

wherety is the relative velocity associated with the col-
lision dynamics and)p (&) is the momentum-transfer
or diffusion cross-section. Since the collision fre-
quency is directly proportional to gas density, it
decreases with the pressure of the carrier gas flow-
ing through the RF-IMS. This allows Egs. (2.3) and
(2.7) to assume the form of the Mathieu equation
(assuming appropriate RF-excitation) at sufficiently
reduced pressure. For this reason, the performance
of a RF-IMS has been compared to a collisionally
damped quadruple mass filter [27-29]. The effects
of collisions become important in approximately the
0.1-1.3 Pa (10° to 102 Torr) range.

Because of this analogy of the RF-IMS with the

(2.8)

Eq. (2.7) states that the ions are transported along thequadruple mass filter, it is important to show that

z-axis by the flowing drift gas and oscillate in the

the second term of Eq. (2.7) is negligible when the
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RF-IMS is operated under atmospheric pressure condi- the gain or loss in momentum due to the difference.

tions. For a RF-IMS excited with an asymmetréct-
angular potential, this follows immediately because
the trajectory followed by the ion is zig-zagged and
the first derivative of the velocity associated with the
motion is equal to zero. For a RF-IMS excited with an
asymmetricsinusoidal potential, the first derivative of
the velocity is not zero, businusoidal. The average of
thesinusoidal derivative, however, is zero, allowing it
to make a negligible contribution to the overall oper-
ation of the RF-IMS. Furthermore if the drift velocity
of the ion is assumed to oscillate with a frequengy
the coefficientnw/v(€) is much less than one for
the 210kHz to 1.0 mHz frequencies typically used to
excite a RF-IMS [30]. Thus, the second term is neg-
ligible regardless of the method of excitationgtan-
gular or sinusoidal, and thex-motion for the ion is

reasonably described by
Vdgx = ——Ep(®. 1) = K (&) Ep(w, 1) (2.9)
v (€)

where K (g) is the mobility of the ion. If instead of
being non-converting, the ion converts to another ion
that is traveling inocal equilibrium with it, Eq. (2.9)
becomes [31]

vdgx = »_xiKi(&)Ep(w, 1)

1

(2.10)

wherex; is the partial fraction of théth species al-
ready described in connection with Egs. (2.1) and
(2.2).

The transition from Egs. (2.7) to (2.9) has historical
significance. Eq. (2.7) is a phenomenological relation-
ship that is consistent with momentum-transfer theory,
but not studied much until recently [22]. Eq. (2.9) is the

basic statement of momentum-transfer theory and has vdg.x = Okg
been studied for more than 50 years. For this reason,

when the first derivative was eliminated in Eq. (2.7),

the discussion moved from a phenomenological to a

more mainstream description of ion mobility. From
ion mobility theory, it is known that the left-side of

The ion mobility, K; (g;), in Eq. (2.10) is the same as
in Eq. (1.1) with the intensive variables containing ion
specific information.

Since it can be argued that the ions in an RF-IMS
are at different temperatures at different points in their
trajectory, the thermal properties of Eqg. (2.10) must
be studied. This is accomplished by differentiating
Eq. (2.10) with respect to temperature to yield

_ Zd[xig}(éi)] Ep(. 1)

dUdg’x
dr

(2.11)

i

Since momentum-transfer theory states that ion mobil-
ity (and hence drift velocity) scales not only with gas
temperature, but also with electric field [32]; Eq. (2.11)
can rewritten as

dvdg’x

_ Zd[xiKi(éi)]
dTeff B

d Test

Ep(w,1) (2.12)

whereTeg is the effective temperature of the ion

2
Mvdg’x

Tet =T
eff + e

1+ 48 (2.13)
Because Eq. (2.12) describes the motion of an ex-
changing ion mixture migrating in local equilibrium,
Bin Eq. (1.2) has been replaced Byin Eqg. (2.13) to
acknowledge thag is a function of the drift velocity,
and the drift velocity of an exchanging ion mixture
is different from a single ion [33]. After introducing
Eqg. (2.10) into Eqg. (2.13) and substituting Eq. (2.13)
into Eq. (2.12), Eq. (2.12) becomes

2M (d log (>, xi K (éi)))

dTest

3
xd (inKi(éi)\/l-i-ﬁ/ED) (2.14)

after rearrangement. Eq. (2.14) is a relationship be-

Eq. (2.9) describes the momentum lost by the ions as tween two differentials, ohg, and df>_;x;K;(&;)

they undergo ion-neutral collisions, the right-side de-

VI+ B’Ep)?], with a proportionality constant func-

scribes momentum gained by the ions from the elec- tionally dependent offe. Values for d logKo/dTes
tric field, and the first derivative of Eq. (2.7) describes are compiled in tables of mobility data [33].
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Another relationship for gy . is the relationship it Applying the above assumptions, Eq. (2.17) can be
has with the complementary fieke: integrated over one cycle of the RF potential
_ M d[K?@) 1+ B)] 3
dvggx = —d xi Ki(&)E 2.15 / Ecdt =———7—— Ejdr
de |:lz (&) C:| ( ) cycle 3kp AT st cycle D
(3.1)
When Eq. (2.15) is differentiated with respect to time,
it satisfies to yield
d[YxiKiE)] M d[K*@) 1+ B)] 3
d =Ec—="__"3d Fc=—/77——7-—- E3(w, 1) dt
vdg.x c dr ' ¢ 3ks dTest cycle b(®.1)
_ dEc (3.2)
i Ki (& —d 2.16 ’
+ D _xiKi @) =g dr (2.16)
! where
Becguse the complementary pote-.ntial.is a dc po- ; fcycIeEg(w’t) d
tential, the second term on the right is zero, and / Ej(w,t)dt = SR (3.3)
when Eq. (2.16) is combined with Eq. (2.14), it ~&°e cycle
becomes andrcycle is the period of the RF potential. Eq. (3.2) is
5 a linear relationship between the compensafigand
. N ! _—
P d [(Zixl KiE)VI+P) ] 53 dr the cube of the dispersiofy . E3 (w, 1) dt fields with
= 3ks dTef D the slope containing ion specific information [11,34].
(2.17) The asymmetric waveform used by Viehland et al.

was [13]
A relationship between the complementary field

and the cube of the dispersion field has just been Ep(wt) = % [2 sin(wt) + sin <2wt — %)] (3.4)

derived.
whereD is the high potential applied to the cylindri-
cal dispersion electrodes separated by a distahce
3. Application For this waveform, E3(w, t)dt = 3(D/3d)® and
Eq. (3.2) can be written as
The desire is to now apply the theory developed 3 _
in the previous section to the chloride ion data of Ec = —M (2> w
Viehland et al. [13]. In order for this to happen, some
assumptions must be made. The first is to assumeFig. 2 shows, a plot of Viehland et al.’s compensation
that the chloride ion studied by Viehland et al. was vs. dispersion potential data using Eq. (3.5) to fit them.
a non-converting ion withhg = 1 andx; = 0 for As expected, a linear relationship exists. The plot has
i > 0. Since this assumption corresponds to a bare a slope of—1.29 x 10-3V~2/3 with a negligible in-
ion stripped of its water adducts, it makgs equal tercept of—0.32 V3, When Eq. (3.5) is applied to
to 8. The second assumption is that the first deriva- back calculate the slope using Viehland et al.’s approx-
tive of K(£)2(1 + B) relative to Tyt iS @ constant. imated 2mm gap and previously published chloride
Referring to Eq. (1.1), this corresponds to an ion ion data, the slope is found to lie betweed x 10~*
whose K (8)/I+ B product is directly proportional  and—8 x 10~4V~%/3[13,33].
to /Tess; or referring to Eg. (1.2), to an ion whose Finally, the above theory can be extended for gen-
translational energy is significantly greater than eral application to the interpretation of RF-IMS data.
(3/2ksT. This is done by differentiating Eq. (3.2) with respect

— 3.5
kg \ 3d dTes (3.5)
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Fig. 2. A plot of the cube root of Viehland et al.’s compensation poten@4V/)” vs. the dispersion potentialD(V)" required to transmit
chloride ions through their FAIMS RF-IMS. The straight line is given $§ (V) = —0.326— 0.00129D(V) that fits the data with a
99.7%r2-confidence.

to mobility (or more preciselX (g)/1 + B8) and com- No justification for that assumption was given, except
bining the result with Eq. (3.2). After a cancellation that it was needed to obtain the desired results. The
of terms, the result is purpose of this section is to more carefully confirm
dEc _ dK@)IT Al Ge) R
Ec = K@JITh . The reaction of significance is

k
Eqg. (3.6) states that the mobility of the ion is in direct CI™ + Hzok:fCI‘(HzO) (4.1)

proportion to the complementary field used to resolve ) )
the peaks. This is a very simple relationship that al- that has been studied by Kebarle and co-workers in

lows RF-IMS data to be compared with linear IMS the absence of an applied electric field [35,36]k:lf
data. Two things, however, can interfere. The first is @ndkr are the forward and reverse rate constants, and
Eq. (3.2) can revert back to Eq. (2.17) in the presence Keauil iS the equilibrium constant, then
of solute (e.g., water) or a high concentration of sample P ki [(H0CI] AGY,
molecules w.herexi, i > O assulme-s non-zero values. equil = k_r = W = <_?>
The second is that the first derivative K{z)2(1+ 8)
in Egs. (2.17) and (3.2) becomes a function of temper-
ature, not allowing it to be a constant due to variations, Where the brackets indicate the concentration of the
for example, in the collision cross-section. Possible réspective species in atmospheragy; , is the free
examples of these latter phenomena exist, but they are€nergy change referenced to the standard state of
not very well documented. one atmosphere, arl is the Rydberg gas constant.
The measured enthalpy and entropy changes are
—13.1kcal/mol and—16.5 cal/mol-degree, respec-
4. Thermochemistry tively. To determine if cluster activity contributed
to Viehland et al.’s experiments, it is necessary to
In Section 3, the chloride ions of Viehland et al.’s investigate the kinetics, as well as the equilibrium,
experiments were assumed to be non-converting ions.associated with Eqgs. (4.1) and (4.2).

4.2)
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The forward rate constaki is reasonably approxi-
mated by the average dipole orientation (ADO) model
for ion—-molecule reactions [37]. The ADO model
states

aop?\? (2
. pq n ( quo)
2] Wy
where q is the ionic chargep the polarizability,

u the reduced masgp the dipole moment for the
water molecule, and, is the relative velocity at in-

k¢ (4.3)

G.E. Spangler, RA. Miller /International Journal of Mass Spectrometry 214 (2002) 95-104

Introducing 0.6 ppm for the water concentration
into
0.693
= —, Tr
ki [H20]

0.693

Tt
the forward and reverse time constants are found to
be 470 and 240 ps, respectively, for a 300K drift gas
temperature and 13%°cm?® per molecules! for k;.
Since field reversals occur in FAIMS every 1-26),
these times are short compared to the time required
for field reversal, and allow equilibrium conditions to

finite separation between the reactants. For thermally be continuously re-established throughout the flight

averaged velocities, Eq. (4.3) can be restated as

s 2716] 1/2 2 12
- () [ coo () | @9

whereks is a thermally averaged rate constant and

of the ion. The possibility for the development of

non-equilibrium conditions is not possible.
Introducing 0.6 ppm for the water concentration

into Eq. (4.2), the concentration ratio of {8)CI~

to CI~ is found to be on the order of 0.5 again for a

is an adjustable parameter to account for the averagedrift gas temperature of 300K. This result suggests

librational angle of the dipole. Sinaeis much less
than one (5= 0.02), the term involving the dipole
is generally small and; is independent of temper-
ature. Typical values fok; lie between 1010 and
102 cm? per moleculest.

Since the equilibrium constant is known, the re-
verse rate constark is obtained by substitutings
into Eq. (4.2) and solving fok;. The result is

AGy,
RT

Before Egs. (4.2)—(4.5) can be applied to Viehland

ke = ke eXp< (4.5)

that Viehland et al.’s chloride ions were clustered
with water molecules unless another mechanism can
be identified to suggest otherwise. Fortunately for
the arguments contained in this paper, this second
mechanism is believed to be the stripping of the ion
of its adducts when the ion is exposed to the high
electric field used to excite the RF-IMS. Because
ion—molecule reactions are involved, care must be
taken when describing the nature of the equilibrium
shift. Kumar et al. state that the stationary transport of
a multicomponent system in chemical equilibrium can
formally be treated as the transport of a one-species

et al.’s data, an estimate must be made of the wa- system provided adjustments are made to sum over
ter concentration contained in their sample and all charged species to obtain the density and velocity
carrier gases. They reported using compressed airdistributions regardless of charge carrier [40]. This is

processed through a “gas purification cylinder (char-
coal/molecular sieve)”, but did not otherwise report
a water concentration. Additional contact with the
group yielded the information that the compressed
air was a gas cylinder of purified air and the char-
coal/molecular sieve was activated at 280with a

purge of dry helium [38]. When these same proce-
dures were followed to precondition the carrier and
drift gases for a recent IMS/MS study on reactant

accomplished by including a particle-conserving or
non-reactive part, a reactive loss part, and a reactive
gain part to the collision operator. When a sum is
performed over all the charged species, the overall
reaction rates are zero and Eqg. (1.2) applies to the
migrating charge.

Using this approach, we note that Viehland et al.
worked with E/N values ranging from 10.21 to
66.15Td [13]. If their ions were only the chloride

ions, the measured water concentration in the carrier ion, this would correspond to a maximum ion tem-

and drift gases was approximately 0.6 ppm [39].

perature of 450-2300K, respectively [33]. But we
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must entertain the idea that their ions also contained
(H20)CI~. This is accomplished by using

vg = sz- Vdi
i

4.7)

for the drift velocity in Eq. (1.2), where the
i-summation includes both the ¢B)CI~ and CI
ions. To obtain the effective ion temperature, knowl-
edge of the drift velocity for the ()D)CI~ ion is re-
quired. Although this type of information is not read-
ily available, it might be argued that the contributions
from the (HO)CI~ ion are negligible either because
the collision cross-section for g@)CI~ differs little
from CI™ ion, orxy,0,c- is small due to the low wa-
ter concentration used in Viehland et al.’s experiments.
In either case, the effective ion temperature would
only be slightly less than the 450—2300 K noted above.
When these adjusted ion temperatures are intro-
duced into Eg. (4.2), the concentration ratios for
(H,0)CI~ to CI~ are found to be 3 x 10°* to
2.6 x 1072, respectively. Since these numbers are
much less than one, the assumption that Viehland
et al.’s chloride ions were not clustered with a water
molecule appears to be valid. Of course, the con-
clusion strictly applies to the ions when they are at
the extremes of their migratory motion. On the other

hand, the ion temperatures are so high, and the con-

centration ratios so low, that the Clions cannot be
clustered with water over a significant portion of their
ion trajectory.

5. Conclusions

A summary of theoretical considerations has been

presented that is applicable to the analysis of data gen-

erated by IMS. Larger portions of the considerations
apply to a newer form of ion mobility spectrometry,

namely RF-IMS. The compensation potential for a
RF-IMS was shown to be proportional to the cube of
the dispersion potential with the proportionality con-

stant containing ion specific information. The theory
states that if a plot of the cube root of the compensa-
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tion potential is plotted against the dispersion poten-
tial, a straight line results for a non-converting ion.
Again for a non-converting ion, the relationship

dEc _ d[K(E)VI+ Bl
Ec  K@JVIFA
applies to the interpretation of RF-IMS data. That
is, the mobility of the ion is directly proportional to
the complementary potential. Because Eg. (5.1) con-
tains differentials, a calibrant ion is needed to anchor
the mobility scale. An analysis of Viehland et al.’s
chloride ion data suggests that the chloride ion is a
non-converting ion under the conditions used to oper-
ate an RF-IMS, and is thus a good candidate to anchor
the mobility scale. Proper care, however, must be
taken to control experimental conditions (e.g., water
concentration) to allow reproducibility.

(5.1)
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