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Abstract

A method to calculate diffusion coefficients of ions important for the selected ion flow tube mass spectrometry, SIFT-MS, is presented.
The ions, on which this method is demonstrated, include the SIFT-MS precursors H3O+(H2O)0,1,2,3, NO·+(H2O)0,1,2 and O2

•+ and the product
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ons relevant to analysis of breath trace metabolites ammonia (NH3
•+(H2O)0,1,2, NH4

+(H2O)0,1,2), acetaldehyde (C2H4OH+(H2O)0,1,2), acetone
CH3CO+, (CH3)2CO•+, (CH3)2COH+(H2O)0,1, (CH3)2CO·NO+), ethanol (C2H5OHH+(H2O)0,1,2) and isoprene (C5H7

+, C5H8
•+, C5H9

+).
heoretical model of the (12, 4) potential for interaction between the ions and the helium atoms is used, with the repulsive part app
y the mean hard-sphere cross section and the attractive part describing ion-induced dipole interactions. The reduced zero-fie
t 300 K are calculated using the Viehland and Mason theory [L.A. Viehland, S.L. Lin, E.A. Mason, At. Data Nucl. Data Tables, 6
7–95], parameterised by a simple formula as a function of the mean hard-sphere cross section, and converted to diffusion coeffi

he Einstein relation. The method is tested on a set of experimental data for simple ions and cluster ions.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Diffusion of ions through gases is a well-understood trans-
ort process closely related to the drift of ions through a gas

n the presence of an electric field, which is characterized
y the ionic mobility[1]. Recently, an accurate knowledge
f diffusion coefficients for polyatomic and cluster ions has
ecome important in the field of selected ion flow tube mass
pectrometry, SIFT-MS[2,3]. Here, radial diffusion through

nert helium carrier gas is the dominant loss process of ions
n the analytical flow tube and the accuracy of the analysis[4]
s directly influenced by the difference between the diffusion
oefficients of the precursor (reagent) ions and the product
ons characteristic of compounds present in trace amounts in
he analysed air, liquid headspace or breath.

∗ Corresponding author. Tel.: +420 2 6605 2112; fax: +420 2 8658 2307.
E-mail address:spanel@seznam.cz (P.Špaňel).

One of the most important applications of SIFT-MS is
trace gas analysis of exhaled breath that is currently at
ing a great deal of attention because of its potential fo
non-invasive study of metabolic processes and for clin
diagnosis and therapeutic monitoring[5]. Characteristic com
pounds are present in breath at concentrations typically
and below a part-per-million[2,3]. There is a considerab
amount of data available on the mobilities of ions in v
ous buffer gases[6–8], but these data do not include m
of the ions of interest relating to SIFT-MS breath an
sis [9]. The product ions involved in breath analysis ra
from small radical cations like NH3+ to large cluster ions lik
C2H5OHH+(H2O)2 and their diffusion coefficients are gen
ally different than those of the precursor ions. Therefore
ferential diffusion occurs, which influences the magnitu
of the precursor and product ion signals. So it is impor
that the values of their diffusion coefficients are calcul
consistently so that systematic errors are not amplified b

387-3806/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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subtraction of two similar values. Thus, there is a need for
a straightforward and reliable method to calculate diffusion
coefficients for characteristic SIFT-MS product ions in the
helium carrier gas.

Diffusion coefficients of ions are related to their near-zero-
field mobilities via the Einstein relation[1]. The actual value
of the near-zero-field mobility for a given ion drifting through
a buffer gas is entirely dependent on the form of the inter-
action potential between the ion and the atoms of the buffer
gas. The problem of calculating the value of mobility from
the interaction potential becomes mathematically accessible
when the interaction potential can be treated as spherically
symmetrical, in other words when the interaction energy of
the ion and the buffer gas atom depends only on their dis-
tance and not on the angular configuration. The first rigorous
ion mobility kinetic theory for such a case was developed by
Viehland and Mason[10], providing a very good theoretical
approximation based on the concept the momentum-transfer
collision integral. For practical applications of this theory the
values of these collision integrals were tabulated for the (n, 6,
4) model of ion–neutral atom interactions as functions of the
effective ion temperature[10,11]. Thus, it is possible to build
upon this reliable and often verified Viehland and Mason
theory, as long as the actual interaction potential can be rea-
sonably approximated by the spherically symmetrical model.
This approach was first used for carbon cluster ions, C+, for
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of the method of calculation we also reproduce the mobil-
ity calculations for the ions included in the original paper
by de Gouw et al.[13]. An early report on our work on dif-
fusion calculations relevant to SIFT-MS was presented at a
small international conference[16] and caused some interest
amongst researchers using SIFT-MS and related flow tube
techniques to quantitative trace gas analysis.

2. Method of calculation

The calculation is carried out in several steps: first the
geometry of the molecular ion is determined, then the mean
geometrical cross section for hard-sphere collisions is cal-
culated, and finally mobility and diffusion coefficient are
obtained from the approximate interaction potential parame-
terised using this hard-sphere cross section. Details of these
calculation steps are given below.

2.1. Determination of ion geometries

We have used thePC Spartan Promolecular modelling
application (Wavefunction, Inc, Irvine, CA) to calculate the
cluster ion geometries by the semi-empirical PM3 and the
ab initio methods MP2/6-31G** and MP2/6-311+G**. The
semi-empirical PM3 method was used to quickly calculate
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up to 84, by von Helden et al.[12], by effectively approx
mating the interaction potential by a rectangular repul
all in the so-called hard-sphere model. The radius o
ard-sphere barrier was estimated by Monte-Carlo cal

ions of the average geometrical cross sections over num
ngular orientations of the cluster ions, in which the size

he individual atoms of the cluster ions were taken as
an der Waals radii[12].

This approach was further refined by de Gouw and
orkers[13,14] using the (12, 4) model potential, see

1) later, which is much more realistic than the rectan
ar wall for medium-sized organic ions and cluster ions.
arameters of this interaction potential were determined

he polarisabilty of the neutral N2 molecules in the cluste
on describing the attractive induced-dipole interaction,
rom the hard-sphere cross section determining the ra
f the repulsive barrier for collisions with mean therm
inetic energy. This theory was very successful in explai
he observed trends in experimentally determined mo
ies of cluster ions (including the hydrated hydronium i

3O+(H2O)1,2,3) drifting in helium and nitrogen buffer gase
The main objective of the present study was to use

iehland and Mason theory combined with the de Gou
l. approach to estimate the parameters of the (12, 4) int

ion potential to calculate the ion mobilities and diffus
oefficients of about 50 ions in helium, including sev
mportant for breath analysis using SIFT-MS, those few
ific cluster ions for which experimental mobility values
vailable and for two negative ions that are of current in
st in electron attachment research[15]. To test the validity
eometries of the precursor and product ions including
ydrates (calculations took 1–20 min on a 2.5 GHz I
eleron CPU). Ab initio methods using the Spartan
ram were used to validate the accuracy of the geom
alculations for H3O+ and its hydrates (using about 1–
PU time). Cross section calculation using these ab i
eometries reproduced the cross sections calculated

he semi-empirical PM3 geometries to better than 0.7% a
acy. Thus, we decided to consistently use the Spartan
emi-empirical method in order to obtain a uniform se
umerical data for all the ion geometries involved in
tudy. We have also used Gaussian 98[17] to demonstrat
hat even when using more advanced B3LYP and MP3 le
f theory, the cross sections do not differ by more than

rom our quick semi-empirical calculations. Thus, the ch
f the actual theory behind the construction of the mol

ar model and calculation of the ion geometry is not crit
ith respect to the diffusion coefficients, and any mole

ar modelling application can be used, as long as the
re exportable to a set of Cartesian coordinates of the a
ote that our application[18] can open Spartan and Gauss
utput files directly.

.2. Calculation of the mean geometrical hard-sphere
ollision cross section

The hard-sphere cross section is determined numer
y projecting the molecular model onto a plane. The c
ection is then calculated as the integrated area of the co
ates of the incoming carrier gas atoms perpendicularly t
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projection plane that interact with the atoms within the molec-
ular ion. Each atom (identified by a subscripti) is represented
in this projection by a circle with its van der Waals radius,
ri . Thus the range of coordinates around each nucleus in the
ion where interactions is deemed to occur is the circle with a
radius of (ri + rHe), whererHe is the van der Waals radius of
the He atom. The integration is performed numerically using
an equi-spaced grid with 300× 300 points. This integration
is repeated for the ion oriented at 1000 different spherical
angles, uniformly covering all orientations. We have also tried
the Monte-Carlo approach used by Helden et al.[12], but we
have found that the uniform grid provides more consistent
and reliable results for a given number of operations. The
van der Walls radii of the atoms within the ion are obtained
from [19] asrH = 1.2Å, rC = 1.7Å, rN = 1.55Å, rO = 1.52Å,
rB = 1.7Å, rF = 1.47Å, rCl = 1.75Å. There is some uncer-
tainty about the most appropriate value of the van der Walls
radius of He atoms. We have chosen to userHe = 1.2Å [20],
which provides optimum agreement between the calculated
and experimental values for the mobilities/diffusion coeffi-
cients for the SIFT-MS precursor ions (H3O+, NO+ and O2

+).
This rHe value is between the 1.0̊A adopted by de Gouw et
al. [13] and another reported value of 1.4Å [19].

2.3. Approximated interaction potentials and
calculations of reduced zero field mobilities and diffusion
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Fig. 1. The (12, 4) model interaction potentials for H3O+ and (CH3)2COH+

ions and He atoms. The parameters of these potentials are determined from
the polarisability of the He atom and from the hard-sphere radii,rhs, for
collision of these ions with a helium atom calculated from their geometry
and the van der Waals radii of the individual atoms in the ions.ε andrm are
the depth and position, respectively, of the minima of these potentials that
are used to obtain the collision integrals.

energy of the collisions[13]. Thus, a boundary condition on
the potential (1) is:

V (rhs) = 3

2
kT, (3)

k is Boltzmann’s constant andT is the temperature. The
parameterB can be expressed analytically by solving Eqs.
(1) and(3) as:

B =
(σhs

π

)4
(

C4 + 3

2
kT

(σhs

π

)2
)

. (4)

Thus, the form of the (12, 4) model potential is now entirely
defined by just two parameters: the polarisability of the neu-
tral atom,α, and the effective hard-sphere cross section for
the ion-atom system,σhs.

According to the Viehland and Mason mobility theory

[11], the collision integralΩ
(1.1)

is determined from the
depth,ε, and the position,rm, of the minimum in the interac-
tion potential,V (seeFig. 1), as:

Ω
(1.1)

(T, ε, rm) = Ω(1.1)∗ (T ∗) × πr2
m, (5)

Here,Ω(1.1)∗ is the dimensionless value obtained by inter-
polating between the tabulated values from[11], which are
g ature
T tial
i ol-

l of
i
t gral
o ss
s

oefficients

In this section we present the essential steps in the th
sed in our work, but those readers only interested in pra
alculations can use Eqs.(6) and (7) directly and skip th
arlier part of this section.

The (12, 4) model of an ion–neutral molecule interac
epresents the potentialV(r) as the sum of one repulsive te
nd one attractive term:

(r) = B

r12 − C4

r4 , (1)

he coefficientsB andC4 have to be chosen to best char
erise the real interactions. The attractive termC4/r4 describe
he long-range charge/induced dipole interactions bet
he ions and the carrier gas atoms. Thus, the coefficientC4 is
iven by the simple expression[11]:

4 = 1

2

q2α

4πε0
, (2)

is the ionic charge,α is the polarisability of the neutr
arrier gas atom, andε0 = 8.854× 10−12 C2 J−1 m−1 is the
ermittivity of free space. The repulsive termB/r12 is an
mpirical representation of the short-range repulsive ba
similar to that of the Lennard Jones potential[13]). The
arameterB is chosen so that the radius of the repulsive
ier of the (12, 4) potential corresponds to the radius o
otional hard-sphere,rhs = √

σhs/π, representing the geom
try of the molecular ion (seeFig. 1). The energy at which th
epulsive barrier radius was considered is the mean the
iven as a function of the dimensionless relative temper
* =kT/ε. All the information about the ion-neutral poten

s now for a givenTcontained in the momentum-transfer c

ision integral,Ω
(1.1)

. Thus, it is clear that for the diffusion
ons at a temperature of 300 K in He (α = 0.205 cm−2) [21]
he only variable influencing the value of the collision inte
btained by following Eqs.(1)–(5) is the hard-sphere cro
ection,σhs. It is facile to approximate the variation ofΩ

(1.1)
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(in the units ofÅ2) by a simple parameterised function:

Ω
(1.1) = 0.975 σhs +

(
40.65

σhs

)2

(6)

This simple approximation allows quick calculations of the
collision integrals in the range ofσhs (in the unitsÅ2) from
20 to 110 to an accuracy better than 1% without having to
repeat the detailed calculations for every ion type. Finally, it
is a straightforward matter to use the original Viehland and
Mason equation[11] to calculate the reduced near-zero-field
mobility:

K = 3q

16N

(
2π

kT

)1/2(
m + M

mM

)1/2 1

Ω
(1.1)

(T )
, (7)

Here,q is the ion charge,N is the number density of the
neutral gas atoms (taken as the Loschmidt number,N0, for
the calculation of the reduced mobility,K0, at atmospheric
pressure,p0),m is the ion mass,M is the mass of the neutral
atoms, andk is the Boltzmann constant. The diffusion
coefficient,D, is obtained fromK using the Einstein relation
combined with the conversion from atmospheric pressure to
the nominal pressure ofp1 = 1 Torr = 133 Pa, which is typical
of that used for the helium carrier gas in SIFT-MS. Thus,

D = K0
kT

q

p0

p1
, (8)
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parent cations, M+, and an NO+ adduct with CH3CN. Some
other ions that are not directly involved in SIFT-MS breath
analysis, but which are either for validation and comparison
with previously published data, are also included. Finally, the
two negative ions included are some ions relevant to recent
studies of electron attachment branching ratios[15].

Ion geometries were calculated for all of these ions, and
presented in the form of Cartesianx, y, zcoordinates and rep-
resented graphically as three-dimensional molecular models
to allow visual inspection of their structures. For the sake of
brevity, we do not list the detailed geometries in this paper,
but we have included thex, y, zCartesian coordinates in the
on-line supporting material (seeAppendix A). The values of
hard-sphere cross sections are calculated, inÅ2, specifically
for the collisions of the ions with He atoms (see Section2.2).
They are rounded to one decimal place and their numerical
accuracy is better than±2%. However, this has to be qualified
by a reminder that the very concept of using van der Waals
radii to represent the repulsive interaction between ions and
atoms is in itself just an approximation. The calculated values
of the reduced mobilities of ions in He using the (12, 4) model
potential are given in the traditional units of cm2 V−1 s−1 at
atmospheric pressure; their numerical accuracy is±3%. The
results of calculation additionally including theC6 term of
the interaction potential (12, 6, 4) are given for several ions,
where the ion polarisability could be estimated. The values
o ure
o
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r on
b ctual
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o facilitate comparison with published diffusion coe
ients the values are presented in this paper in the tradi
nits of cm2 s−1.

Additionally, as suggested by a reviewer of this paper
alculation can be further refined by including the additio
ttraction term C6 in the interaction potential describing Lo
on dispersion forces accounting for the polarizability of

on [22–24]. It is known that this interaction can have a s
ificant effect on the rate constants of ion–molecule reac

25]. When this sixth order contribution is included, the v

es ofΩ
(1.1)

reduce on average by 1.3% and the nume
arameters in Eq.(6) become 0.962 and 40.38 A2.

. Results

.1. Calculations for a set of selected molecular and
luster ions

The compiled results of calculations are summar
n Table 1. The list of ions is given in the second c
mn, grouped into several classes: the SIFT-MS pre
or ions used for trace gas analysis are H3O+(H2O)0,1,2,3,
O+(H2O)0,1,2 and O2

•+. Some SIFT-MS product ions a
rouped in association with the compound, M, from wh

hey originate in the ion–molecule reactions exploited
IFT-MS analysis; they are variously protonated produ
H+, formed in the reactions of M with H3O+, the hydrate
f MH+, the parent cations M+ produced in the NO+ or O2

•+

eactions, fragment ions formed by the dissociation of
f diffusion coefficients in He are calculated for a press
f 1 Torr and for a temperature of 300 K.

. Discussion

The most obvious feature of these collected results is
emonstrate that for ions relevant to SIFT-MS it is the g
etrical size of the ion that is the dominant factor that de
ines the value of the mobility and diffusion coefficients
elium. To illustrate this, the variation of the reduced mo

ty,K0, with the hard-sphere cross section,σhs, is presented i
ig. 2. It can be seen that the variation is dominated byσhs, the

ig. 2. Variation of the reduced mobility of ions fromTable 1with the hard
phere cross section,σhs, for their collisions with He atoms. The thin lines a
esults of exact calculations using Eq.(5), the thick line uses approximati
y Eq.(6), the data points are the individual values calculated for the a

onic masses,mEq.(7) for the three values ofmgiven.
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Table 1
Hard-sphere cross sections, reduced mobilities and diffusion coefficients

Ion type Ion Mass (u) σhs (Å2) Polarizability
(10−24 cm3)

Ko (cm2 V−1 s−1) Diff. coeff. D
(cm2 s−1)

(12, 4) (12, 6, 4) Experimental

SIFT-MS precursor ions
H3O+ 19 29.1 21.4 21.5± 1.5a 421
H3O+(H2O) 37 39.3 15.6 17.2± 1.2a 307
H3O+(H2O)2 55 50.4 12.2 13.9± 1.0a 239
H3O+(H2O)3 73 60.0 10.3 11.5± 0.8b 202
NO+ 30 28.4 1.7 21.1 21.4 21.3± 1.5c 416
NO·+H2O 48 36.4 16.6 16.6± 1.2a 326
NO·+(H2O)2 66 48.5 12.5 246
O2

•+ 32 28.9 1.6 20.8 21.0 21.8± 1.5c 409

SIFT-MS product ions
Ammonia NH3

•+ 17 28.6 2.3 21.9 22.2 23.0± 1.6c 430
NH3

•+H2O 35 40.2 15.4 302
NH3

•+(H2O)2 53 54.8 11.3 223
NH4

+ 18 30.3 20.9 21.9± 1.5c 411
NH4

+H2O 36 42.8 14.6 287
NH4

+·(H2O)2 54 55.4 11.2 220

Acetaldehyde C2H4OH+ 45 42.0 4.3 14.7 14.9 289
C2H4OH+(H2O) 63 46.6 13.1 257
C2H4OH+(H2O)2 81 57.0 10.8 212

Acetone CH3CO+ 43 40.0 15.3 301
(CH3)2CO•+ 58 48.4 6.3 12.6 12.9 248
(CH3)2COH+ 59 49.3 12.4 243
(CH3)2COH+(H2O) 77 59.5 10.3 203
(CH3)2CO·NO+ 88 55.3 11.1 218

Ethanol C2H5OHH+ 47 45.8 5.11 13.4 13.7 264
C2H5OHH+(H2O) 65 53.5 11.5 226
C2H5OHH+(H2O)2 83 62.2 9.9 195

Isoprene C5H7
+ 67 57.2 10.8 212

C5H8
•+ 68 53.6 9.99 11.5 11.6 226

C5H9
+ 69 56.2 11.0 215

Monoterpenes Limonene 136 82.8 7.3 144
C10H16

•+ Camphene 136 75.2 8.1 159
Myrcene 136 83.9 7.2 142
2-Carene 136 82.3 7.4 145

Nicotine C10H14N2
•+ 162 82.6 7.3 144

Other ions
Boron B+ 10.8 26.4 3.03 24.6 24.8 25.0± 1.1e 484

Aromatic hydrocarbons C6H6
•+ 78 58.7 10.32 10.5 10.6 11.8± 0.3b 206

C6H6H+ 79 54.5 11.3 11.6± 0.4b 222
C7H8H+ 93 61.5 10.0 12.3± 2.0d 196
C8H10H+ 107 71.8 8.6 11.1± 2.0d 168
C6H5

+ 77 52.2 11.7 11.7± 0.4b 230
C12H10

•+ 154 78.5 7.8 7.6± 0.3b 153
C10H8

•+ 128 74.2 16.5 8.3 8.4 8.8± 0.3b 162
C12H12

•+ 156 87.4 6.9 7.6± 0.3b 136

Ketone dimmers (CH3COCH3)2H+ 117 76.6 8.1 10.6± 2.0d 160
(CH3COC2H5)2H+ 145 87.2 7.0 7.2± 2.0d 137
(C2H5COC2H5)2H+ 173 95.8 6.4 5.7± 2.0d 125
(CH3COCH3)2·NO+ 146 86.64 7.4 7.5± 0.4 145
(CH3COCH3)3·NO+ 204 107.37 6.3 7.3± 0.5 124

Ammonia clusters NH4+(NH3) 35 45.2 13.8 16.6± 0.4b 271
NH4

+(NH3)2 52 55.2 11.3 12.2± 0.4b 221
NH4

+(NH3)3 69 67.1 9.2 12.1± 0.4b 182
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Table 1 (Continued)

Ion type Ion Mass (u) σhs (Å2) Polarizability
(10−24 cm3)

Ko (cm2 V−1 s−1) Diff. coeff. D
(cm2 s−1)

(12, 4) (12, 6, 4) Experimental

NO+, acetonitrile NO+CH3CN 71 50.1 12.1 12.3± 0.3b 239
NO+(CH3CN)2 112 76.8 8.0 8.2± 0.2b 157
NO+(CH3CN)3 153 96.3 6.4 7.5± 0.5b 125

Negative ions Cl− 35.4 27.3 2.18 21.6 21.8 20.3± 1.4a 426
C6F5Cl•− 202 66.2 9.2 180

a Taken from[7].
b Taken from[13].
c Taken from[6].
d Taken from[4].
e Taken from[26].

variation with the mass of the ion being relatively small. This
is because the reduced mass,µ, for ions interacting with He
atoms does not vary significantly with the ion mass (µ only
varying from 3.3 to 3.9 for ions ranging from H3O+ (19 u)
to C10H14N2

+ (160 u). The set of three lines inFig. 2 repre-
sents the separate contributions of the reduced mass and the
collision integral to theK0 value derived using Eq.(7).

It is interesting to investigate the differences in the results
of the calculations between the isomeric forms of monoter-
penes. We have included four different isomers of C10H16

•+

(limonene, camphene, myrcene and 2-carene). Results for the
three planar isomers that are open chain (myrcene) or have
only a single six member cycle (limonene and 2-carene) are
similar (ranging from 7.2 to 7.4 cm2 V−1 s−1) but the result
for the more compact molecule of camphene shows smaller
hard sphere cross section and thus about 10% higher mobility
(8.1 cm2 V−1 s−1).

Note again that in the present work we have used
rHe = 1.2Å and in the calculation of the hard-sphere cross sec-
tion we have considered the individual interactions between
the He atom and the composite atoms of the molecular ions.
Also, we have found that the ion-induced dipole interaction
must be included in the model in order to cover the ions rang-
ing from relatively small species like B+ and NO+ to large
cluster ions. An extreme assumption of the rectangular hard-
sphere only interaction (equatingσ = Ω̄(1.1)) would lead
f the
m
t the
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t
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4.1. Comparison with experimental values

The experimental values forK0 in Table 1are taken from
[4,6,7,13,26]and are given with the error bars as reported
in the original publications. Our calculated values for the
SIFT-MS precursor ions agree very well with the established
values, the result for H3O+ being only 0.5% below the exper-
imental value, for NO+ it is 1% below the experimental value
and for O2

+ it is greater being 5% below the experimental
value. Since the stated uncertainty for these three experimen-
tal values is±7% we can say that the present calculations
are in good agreement with these experimental values. The
situation for the hydrated hydronium ions is somewhat less
satisfactory, the deviation from the experimental values rang-
ing from 9 to 12%. It is worthy of note that de Gouw et al.
[13] used smaller value of rHe to rationalize the calculation
for these ions.

There are only two previous experimental results forK0
for the ions in the group of SIFT-MS product ions, which
are for the NH3+ and NH4

+ ions. The present calculated val-
ues agree well with these within the quoted experimental
error (seeTable 1). In the group of other ions chosen because
of the availability of experimental data, it can be seen that
there is good agreement between our calculated values and
the experimental values. The discrepancies vary from−24
to +12% of the experimental value with a mean difference
o een
t ntal
e
t experi-
m tron
a

ave
b sim-
p nge
f

5

ities
a T-
hs
or these small ions to mobilities about 6% higher then
ore accurate (12, 4) approximation using the Eq.(6). Fur-

her refinement of the interaction potential by including
ffects of the polarizability of the ion and the dispersion in
ction (12, 6, 4) only increases the calculated mobilities
iffusion coefficients by 1.3% on average. For practical
oses, the choice of the interaction potential is thus refle

o the choice of numerical parameters of Eq.(6) used in the
alculation.

It is now a straightforward procedure to calculate the d
ion coefficients for specific product ions formed in SIFT-
nalyses and thus to account more accurately for diffe

ial diffusion of precursor and product ions, thus minimiz
rrors due to this phenomenon. Indeed, this can no
chieved with confidence by parameterizing the diffu
oefficients as part of the analytical procedure.
f −8%. For the Cl− negative ions the agreement betw
heory and experiment is within the reported experime
rror bar. There is no experimental value ofK0 for C6F5Cl−;

he present calculated value can be used to assess the
ental results on the product ion branching ratio in elec
ttachment to C6F5Cl [15].

Use of the (12, 6, 4) model potential in every case g
etter agreement with the experimental values than the
ler (12, 6) model, albeit the change was only in the ra

rom 0.8 to 2%.

. Concluding remarks

The present method of calculation of reduced mobil
llows the diffusion coefficients of ions important for SIF
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MS analysis and for similar quantitative flow tube analytical
methods (in which diffusive loss of ions is a factor in the gas
analysis) to be calculated easily and quickly. Using a combi-
nation of a semi-empirical molecular modelling to determine
the ionic geometry and the software implementing the method
described in this article[18], the value of the diffusion coeffi-
cient for ions of arbitrary size and complexity can be obtained
within a fraction of an hour to an accuracy of better than
±20%. In particular, we expect that researches in the various
fields of flow tube mass spectrometry will find this a useful
approach to the assessment of the influence that differential
diffusion may have on their analyses. Thus, we have not only
presented the data resulting from our calculations, but also
described the numerical method of calculation in a concise
way, so that other scientists utilizing SIFT-MS for trace gas
analysis can exploit it to readily calculate diffusion coeffi-
cients for ions of interest without having to study the details
of the underlying theories. As a further help to complement
this paper we are releasing a user friendly supporting software
application for the calculations of diffusion coefficients[18].
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