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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 precurs@téH30)g, 1 2.3 NO-*(H,0)0 1 and Q°* and the product
ions relevant to analysis of breath trace metabolites ammonig*(i{thO)o 1 2, NH4*(H20)o,1 2), acetaldehyde (€1,0H*(H,0),,1 5), acetone
(CH3CO+, (CH3)2CO‘+, (CHg)zCO"F(HzO)Ovl, (CH3)2CONO+), ethanol (QH5OHH+(H20)0'12) and isoprene (Q"f', C5Hg‘+, Cng+).
Theoretical model of the (12, 4) potential for interaction between the ions and the helium atoms is used, with the repulsive part approximatec
by the mean hard-sphere cross section and the attractive part describing ion-induced dipole interactions. The reduced zero-field mobilitie
at 300K are calculated using the Viehland and Mason theory [L.A. Viehland, S.L. Lin, E.A. Mason, At. Data Nucl. Data Tables, 60 (1995)
37-95], parameterised by a simple formula as a function of the mean hard-sphere cross section, and converted to diffusion coefficients usir
the 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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1. Introduction One of the most important applications of SIFT-MS is the
trace gas analysis of exhaled breath that is currently attract-
Diffusion of ions through gasesis a well-understood trans- ing a great deal of attention because of its potential for the
port process closely related to the drift of ions through a gas non-invasive study of metabolic processes and for clinical
in the presence of an electric field, which is characterized diagnosis and therapeutic monitoriigg. Characteristic com-
by the ionic mobility[1]. Recently, an accurate knowledge pounds are present in breath at concentrations typically near
of diffusion coefficients for polyatomic and cluster ions has and below a part-per-milliof2,3]. There is a considerable
become important in the field of selected ion flow tube mass amount of data available on the mobilities of ions in vari-
spectrometry, SIFT-M$2,3]. Here, radial diffusion through  ous buffer gasef5—8], but these data do not include most
inert helium carrier gas is the dominant loss process of ions of the ions of interest relating to SIFT-MS breath analy-
in the analytical flow tube and the accuracy of the anal#dis  sis[9]. The product ions involved in breath analysis range
is directly influenced by the difference between the diffusion from small radical cations like Nit to large cluster ions like
coefficients of the precursor (reagent) ions and the product CoHsOHH*(H,0), and their diffusion coefficients are gener-
ions characteristic of compounds present in trace amounts inally different than those of the precursor ions. Therefore, dif-
the analysed air, liquid headspace or breath. ferential diffusion occurs, which influences the magnitudes
of the precursor and product ion signals. So it is important
* Corresponding author. Tel.: +420 2 6605 2112; fax: +420 2 8658 2307. that the values of their diffusion coefficients are calculated
E-mail addressspanel@seznam.cz $parél). consistently so that systematic errors are not amplified by the
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subtraction of two similar values. Thus, there is a need for of the method of calculation we also reproduce the mobil-
a straightforward and reliable method to calculate diffusion ity calculations for the ions included in the original paper
coefficients for characteristic SIFT-MS product ions in the by de Gouw et al[13]. An early report on our work on dif-
helium carrier gas. fusion calculations relevant to SIFT-MS was presented at a
Diffusion coefficients of ions are related to their near-zero- small international conferen¢&6] and caused some interest
field mobilities via the Einstein relatigi]. The actual value ~ amongst researchers using SIFT-MS and related flow tube
of the near-zero-field mobility for a given ion drifting through  techniques to quantitative trace gas analysis.
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 2. Method of calculation
the interaction potential becomes mathematically accessible
when the interaction potential can be treated as spherically The calculation is carried out in several steps: first the
symmetrical, in other words when the interaction energy of geometry of the molecular ion is determined, then the mean
the ion and the buffer gas atom depends only on their dis- geometrical cross section for hard-sphere collisions is cal-
tance and not on the angular configuration. The first rigorous culated, and finally mobility and diffusion coefficient are
ion mobility kinetic theory for such a case was developed by obtained from the approximate interaction potential parame-
Viehland and Masofil0], providing a very good theoretical terised using this hard-sphere cross section. Details of these
approximation based on the concept the momentum-transfercalculation steps are given below.
collision integral. For practical applications of this theory the
values of these collision integrals were tabulated for thé ( 2.1. Determination of ion geometries
4) model of ion—neutral atom interactions as functions of the
effective ion temperatufd0,11] Thus, itis possible to build We have used thBC Spartan Pranolecular modelling
upon this reliable and often verified Viehland and Mason application (Wavefunction, Inc, Irvine, CA) to calculate the
theory, as long as the actual interaction potential can be rea-cluster ion geometries by the semi-empirical PM3 and the
sonably approximated by the spherically symmetrical model. ab initio methods MP2/6-31G** and MP2/6-311+G**, The
This approach was first used for carbon cluster iog3, ©r semi-empirical PM3 method was used to quickly calculate
X up to 84, by von Helden et dl12], by effectively approx- geometries of the precursor and product ions including the
imating the interaction potential by a rectangular repulsive hydrates (calculations took 1-20min on a 2.5GHz Intel
wall in the so-called hard-sphere model. The radius of the Celeron CPU). Ab initio methods using the Spartan pro-
hard-sphere barrier was estimated by Monte-Carlo calcula-gram were used to validate the accuracy of the geometry
tions of the average geometrical cross sections over numerousalculations for HO* and its hydrates (using about 1-5h
angular orientations of the cluster ions, in which the sizes of CPU time). Cross section calculation using these ab initio
the individual atoms of the cluster ions were taken as their geometries reproduced the cross sections calculated using
van der Waals rad[iL2]. the semi-empirical PM3 geometries to better than 0.7% accu-
This approach was further refined by de Gouw and co- racy. Thus, we decided to consistently use the Spartan PM3
workers[13,14] using the (12, 4) model potential, see Eq. semi-empirical method in order to obtain a uniform set of
(1) later, which is much more realistic than the rectangu- numerical data for all the ion geometries involved in this
lar wall for medium-sized organic ions and cluster ions. The study. We have also used Gaussian[P8 to demonstrate
parameters of this interaction potential were determined from that even when using more advanced B3LYP and MP3 levels
the polarisabilty of the neutral Nmolecules in the cluster  of theory, the cross sections do not differ by more than 1%
ion describing the attractive induced-dipole interaction, and from our quick semi-empirical calculations. Thus, the choice
from the hard-sphere cross section determining the radiusof the actual theory behind the construction of the molecu-
of the repulsive barrier for collisions with mean thermal lar model and calculation of the ion geometry is not critical
kinetic energy. This theory was very successful in explaining with respect to the diffusion coefficients, and any molecu-
the observed trends in experimentally determined mobili- lar modelling application can be used, as long as the data
ties of cluster ions (including the hydrated hydronium ions are exportable to a set of Cartesian coordinates of the atoms.
H30*(H20)1 2,9 drifting in helium and nitrogen buffer gases.  Note that our applicatiof18] can open Spartan and Gaussian
The main objective of the present study was to use the output files directly.
Viehland and Mason theory combined with the de Gouw et
al. approach to estimate the parameters of the (12, 4) interac2.2. Calculation of the mean geometrical hard-sphere
tion potential to calculate the ion mobilities and diffusion collision cross section
coefficients of about 50 ions in helium, including several
important for breath analysis using SIFT-MS, those few spe-  The hard-sphere cross section is determined numerically
cific cluster ions for which experimental mobility values are by projecting the molecular model onto a plane. The cross
available and for two negative ions that are of current inter- section is then calculated as the integrated area of the coordi-
est in electron attachment reseafth]. To test the validity nates of the incoming carrier gas atoms perpendicularly to the
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projection plane that interact with the atoms within the molec- 0.05 [
ularion. Each atom (identified by a subsciips represented ;
in this projection by a circle with its van der Waals radius, 0.04 g
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 (; +rye), whererpe is the van der Waals radius of
the He atom. The integration is performed numerically using
an equi-spaced grid with 300300 points. This integration

is repeated for the ion oriented at 1000 different spherical b
angles, uniformly covering all orientations. We have also tried 0 F
the Monte-Carlo approach used by Helden ef1d], but we F
have found that the uniform grid provides more consistent 20—
and reliable results for a given number of operations. The 0 2 4 6 8
van der Walls radii of the atoms within the ion are obtained Radial distance, A

from [lQJ asrp=1. 2A re=1. 7A rN 1. 55A ro=1. 52A Fig. 1. The (12, 4) model interaction potentials fogy®t and (CH;),COH"
rs=1.7A, rg=1.47A, rc;=1.75A. There is some uncer- ions and He atoms. The parameters of these potentials are determined from
tainty about the most appropriate value of the van der Walls the polarisability of the He atom and from the hard-sphere ragi,for

radius of He atoms. We have chosen to yse=1. 2A [20], collision of these ions with a helium atom calculated from their geometry

which provides optimum agreement between the calculatedand the van der Waals radii of the individual atoms in the ie@dry, are

and experimental values for the mobilities/diffusion coeffi- the dep;htanc:)tposﬁl]on rﬁspecthIy olf the minima of these potentials that

cients for the SIFT-MS precursor ions{€8", NO* and Q™). are tised fo oblain fhe collsion fnfegrars.

This rye value is between the 120ad0pted by de Gouw et

al.[13] and another reported value of 1&419]. energy of the collisionfl3]. Thus, a boundary condition on
the potential (1) is:

V(he)=312KT

003 |
b (CHglCOH'
0.02 f

Potential, eV

001 |

2.3. Approximated interaction potentials and

calculations of reduced zero field mobilities and diffusion V(rhe) = § A3)

coefficients

. . . . k is Boltzmann’s constant andl is the temperature. The

In this section we present the essential steps in the theory ; .
. . . .~ “parameteB can be expressed analytically by solving Egs.

used in our work, butthose readers only interested in practical (1) and(3) as:

calculations can use Eqg&) and (7) directly and skip the '

earlier part of this section. Ohey 4 3 oh

The (12, 4) model of an ion—neutral molecule interaction B = (—S> <C4 EkT< S) ) . (4)
represents the potenti(r) as the sum of one repulsive term T T

and one attractive term: Thus, the form of the (12, 4) model potential is now entirely

V() = B (4 (1) defined by just two parameters: the polarisability of the neu-
T2 A tral atom,«, and the effective hard-sphere cross section for

The coefficient® andC, have to be chosen to best charac- 1€ i0N-atom Systengs, .

terise the real interactions. The attractive t€xr* describes According to the V|ehlan(d a)md Mason mobility theory

the long-range charge/induced dipole interactions between[11], the collision integral$2™ is determined from the

the ions and the carrier gas atoms. Thus, the coeffiClgig depth,e, and the positiorty, of the minimum in the interac-
given by the simple expressi¢hi]: tion potential V (seeFig. 1), as:
=11 .
Cam 22 @  @Ten) =20V (@) x . ©)
2 4reg’

q is the ionic chargeq is the polarisability of the neutral  Here, 2D is the dimensionless value obtained by inter-
carrier gas atom, aneh=8.854x 10712C2J 1m=1 is the polating between the tabulated values frfii], which are
permittivity of free space. The repulsive terﬁﬁrlz is an given as a function of the dimensionless relative temperature
empirical representation of the short-range repulsive barrier T =KT/e. All the information about the ion-neutral potential
(similar to that of the Lennard Jones potenfi&B]). The is now for a giverT contained in the momentum-transfer col-
parameteB is chosen so that the radius of the repulsive bar- lision integral, o . Thus, itis clear that for the diffusion of
rier of the (12, 4) potential corresponds to the radius of the ions at a temperature of 300K in He £ 0.205 cnt?) [21]
notional hard-sphereys = +/ons/7, representing the geom-  the only variable influencing the value of the collision integrall
etry of the molecular ion (sd€ig. 1). The energy atwhichthe  obtained by following Eqs(1)—(5) is the hard-sphere cross
repulsive barrier radius was considered is the mean thermalsectionghs. It is facile to approximate the variation 6f )
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(in the units ofAz) by a simple parameterised function: parent cations, M, and an NGO adduct with CHCN. Some

11 40,65\ 2 other ions that are not directly involved in SIFT-MS breath

2% — 0.975 ohs+ < : ) (6) analysis, but which are either for validation and comparison
Ohs

with previously published data, are also included. Finally, the
This simple approximation allows quick calculations of the two negative ions included are some ions relevant to recent
collision integrals in the range ofs (in the unitsA2) from studies of electron attachment branching rafics.

20 to 110 to an accuracy better than 1% without having to  lon geometries were calculated for all of these ions, and
repeat the detailed calculations for every ion type. Finally, it presented in the form of Cartesiary, zcoordinates and rep-

is a straightforward matter to use the original Viehland and resented graphically as three-dimensional molecular models
Mason equatiofil 1] to calculate the reduced near-zero-field to allow visual inspection of their structures. For the sake of

mobility: brevity, we do not list the detailed geometries in this paper,
12 12 but we have included the y, z Cartesian coordinates in the
3 (2n m+M 1 . X X )
=— (= —an, @) on-line supporting material (ségpendix A). The values of
16N \kT mM 7T hard-sphere cross sections are calculatedZirspecifically
neutral gas atoms (taken as the Loschmidt nuniigrfor They are rounded to one decimal place and their numerical

the calculation of the reduced mobilitgo, at atmospheric ~ @ccuracy is better thah2%. However, this has to be qualified
pressurepo), mis the ion mass\ is the mass of the neutral by a reminder that the very concept of using van der Waals
atoms, andk is the Boltzmann constant. The diffusion radii to represent the repulsive interaction between ions and
coefficient,D, is obtained fronK using the Einstein relation ~ atomsisinitself justan approximation. The calculated values
combined with the conversion from atmospheric pressure to ©f the reduced mobilities of ions in He using the (12, 4) model
the nominal pressure @f = 1 Torr = 133 Pa, which is typical  Potential are given in the traditional units of évi-1stat

of that used for the helium carrier gas in SIFT-MS. Thus, ~ atmospheric pressure; their numerical accuracyd$o. The
results of calculation additionally including ti&; term of

D= Ko——, (8) the interaction potential (12, 6, 4) are given for several ions,
g P1 where the ion polarisability could be estimated. The values

To facilitate comparison with published diffusion coeffi- of diffusion coefficients in He are calculated for a pressure

cients the values are presented in this paper in the traditionalof 1 Torr and for a temperature of 300 K.

units of cnf s~ 1.

Additionally, as suggested by a reviewer of this paper, the

calculation can be further refined by including the additional 4. Discussion

attraction term gin the interaction potential describing Lon-

don dispersion forces accounting for the polarizability of the  The most obvious feature of these collected results is they

ion [22—24] It is known that this interaction can have a sig- demonstrate that for ions relevant to SIFT-MS it is the geo-

nificant effect on the rate constants of ion—molecule reactions metrical size of the ion that is the dominant factor that deter-

[25]. When this sixth order contribution is included, the val- mines the value of the mobility and diffusion coefficients in

ues of 2 reduce on average by 1.3% and the numerical helium. To illustrate this, the variation of the reduced mobil-

parameters in Eq8) become 0.962 and 40.38A ity, Ko, with the hard-sphere cross sectiops, is presented in

Fig. 2 It can be seenthatthe variation is dominatedfythe

3. Results F
30+ ——m=10u
. PN -—-—-m=35u
3.1. Calculations for a set of selected molecular and

cluster ions

n
o

= T T T T T T
oS —

The compiled results of calculations are summarised
in Table 1 The list of ions is given in the second col-
umn, grouped into several classes: the SIFT-MS precur-
sor ions used for trace gas analysis aOHH20)0.1.2.3 L
NO*(H20)p,1,2 and Q**. Some SIFT-MS product ions are 30 50 70 90 110
grouped in association with the compound, M, from which Cross-section (A?)
they originate in the ion—molecule reactions exploited for
SIFT-MS analysis; they are variously protonated products, Fig. 2. Variation of the reduced mobility of ions frofable 1with the hard-

MH*, formed in the reactions of M with w+' the hydrates sphere cross sectiofys, fprthelrpoll|3|onsWlth_He gtoms.Thethm I‘|nes_are
results of exact calculations using Ef), the thick line uses approximation

+ ; ; +
of MH , the parent cgﬂons Mproduced in th_e NO.O".OZ. by Eq.(6), the data points are the individual values calculated for the actual
reactions, fragment ions formed by the dissociation of the jonic massesn Eg. (7) for the three values ahgiven.

(em?V's™)
o

—
o

[&)]

o

Reduced mobility in Helium
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Table 1
Hard-sphere cross sections, reduced mobilities and diffusion coefficients
lon type lon Mass (U) ons(A2)  Polarizability Ko (cm2V-1s1) Diff. coeff. D
(10~%4cm?d) - (cm?s™1)
(12, 4) (12, 6, 4) Experimental
SIFT-MS precursor ions
H30* 19 29.1 21.4 215 1% 421
H3O*(H20) 37 39.3 15.6 17212 307
H30*(H20), 55 50.4 12.2 13.9 1.0 239
H30*(H20)3 73 60.0 10.3 11.5: 0.8 202
NO* 30 28.4 1.7 21.1 21.4 21815 416
NO-*H,0 48 36.4 16.6 16.6 1.2 326
NO-*(H20); 66 48.5 12.5 246
0yt 32 28.9 1.6 20.8 21.0 218 1.5 409
SIFT-MS product ions
Ammonia NH;** 17 28.6 2.3 219 22.2 2348 1.6 430
NH3**H,0 35 40.2 15.4 302
NH3**(H20)2 53 54.8 11.3 223
NH4* 18 30.3 20.9 219 1.5 411
NH4*H,0 36 42.8 14.6 287
NH4*-(H20) 54 554 11.2 220
Acetaldehyde eH,OH" 45 42.0 4.3 14.7 14.9 289
CoH40OH*(H20) 63 46.6 13.1 257
CoH4OH* (H20), 81 57.0 10.8 212
Acetone CHCO" 43 40.0 15.3 301
(CHg),CO** 58 48.4 6.3 12.6 12.9 248
(CH3),COH" 59 49.3 12.4 243
(CHz)2,COH*(H20) 77 59.5 10.3 203
(CH3)2CO-NO* 88 55.3 11.1 218
Ethanol GHsOHH* 47 45.8 5.11 13.4 13.7 264
CoH50HH* (H20) 65 535 115 226
C2H50HH* (H20), 83 62.2 9.9 195
Isoprene GH7* 67 57.2 10.8 212
CgHg** 68 53.6 9.99 115 11.6 226
CsHg* 69 56.2 11.0 215
Monoterpenes Limonene 136 82.8 7.3 144
CioH16®* Camphene 136 75.2 8.1 159
Myrcene 136 83.9 7.2 142
2-Carene 136 82.3 7.4 145
Nicotine CioH14No** 162 82.6 7.3 144
Other ions
Boron B 10.8 26.4 3.03 24.6 24.8 250 1.1° 484
Aromatic hydrocarbons  Hg** 78 58.7 10.32 105 10.6 118 0.2 206
CeHeH™ 79 545 11.3 11.6 0.4° 222
C7HgH"* 93 61.5 10.0 12.3t 2.0¢ 196
CgH1oH* 107 71.8 8.6 11.% 2.0¢ 168
CeHs™ 77 52.2 11.7 11.7 0.4 230
CizH1o®* 154 78.5 7.8 7.6: 0.2 153
CioHg*™* 128 74.2 16.5 8.3 8.4 84 0.2 162
CioHpo** 156 87.4 6.9 7.6: 0.3 136
Ketone dimmers (CBCOCHg)H* 117 76.6 8.1 10.6- 2.0¢ 160
(CH3COGH5s)H*Y 145 87.2 7.0 7.2+ 2.7 137
(CoH5COGHs),HY 173 95.8 6.4 5.7 2.(¢7 125
(CH3COCHg)2-NO* 146 86.64 7.4 7504 145
(CH3COCHg)3-NO* 204 107.37 6.3 7.3 05 124
Ammonia clusters NEi"(NH3) 35 45.2 13.8 16.6: 0.4 271
NHa*(NH3)2 52 55.2 11.3 12.2+ 0.4 221
NH4*(NH3)3 69 67.1 9.2 12.1 0.8 182
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Table 1 Continued

lon type lon Mass (U)  ons (A2) Polarizability Ko (cm?V~1s1) Diff. coeff. D
(1024 cmd) - (cm?s™1)
(12, 4) (12,6, 4) Experimental
NO*, acetonitrile NOCHsCN 71 50.1 12.1 12.3 0.3 239
NO*(CH3CN), 112 76.8 8.0 8.2t 0.0 157
NO*(CH3CN)3 153 96.3 6.4 7.5: 0.5 125
Negative ions Ct 35.4 27.3 2.18 21.6 21.8 208 1.4 426
CgFsClI*— 202 66.2 9.2 180

@ Taken from[7].
b Taken from[13].
¢ Taken from[6].
d Taken from[4].
€ Taken from[26].

variation with the mass of the ion being relatively small. This 4.1. Comparison with experimental values
is because the reduced magsfor ions interacting with He

atoms does not vary significantly with the ion magsohly The experimental values féfg in Table lare taken from
varying from 3.3 to 3.9 for ions ranging fromz@* (19 u) [4,6,7,13,26]and are given with the error bars as reported
to CyoH14N2* (160 u). The set of three lines ig. 2repre- in the original publications. Our calculated values for the
sents the separate contributions of the reduced mass and th8IFT-MS precursor ions agree very well with the established
collision integral to the&Kg value derived using Eq7). values, the result for §0* being only 0.5% below the exper-

It is interesting to investigate the differences in the results imental value, for NO it is 1% below the experimental value
of the calculations between the isomeric forms of monoter- and for Q* it is greater being 5% below the experimental
penes. We have included four different isomers gftGe** value. Since the stated uncertainty for these three experimen-
(limonene, camphene, myrcene and 2-carene). Results for theal values is7% we can say that the present calculations
three planar isomers that are open chain (myrcene) or haveare in good agreement with these experimental values. The
only a single six member cycle (limonene and 2-carene) aresituation for the hydrated hydronium ions is somewhat less
similar (ranging from 7.2 to 7.4 ¢V ~1s™1) but the result satisfactory, the deviation from the experimental values rang-
for the more compact molecule of camphene shows smallering from 9 to 12%. It is worthy of note that de Gouw et al.
hard sphere cross section and thus about 10% higher mobility[13] used smaller value of to rationalize the calculation
(8.1cmtv-1s, for these ions.

Note again that in the present work we have used There are only two previous experimental resultskgr
rhe=1.2A andin the calculation of the hard-sphere cross sec- for the ions in the group of SIFT-MS product ions, which
tion we have considered the individual interactions between are for the NH*™ and NH;* ions. The present calculated val-
the He atom and the composite atoms of the molecular ions.ues agree well with these within the quoted experimental
Also, we have found that the ion-induced dipole interaction error (se€fable J). In the group of other ions chosen because
must be included in the model in order to cover the ions rang- of the availability of experimental data, it can be seen that
ing from relatively small species like'Band NO' to large there is good agreement between our calculated values and
cluster ions. An extreme assumption of the rectangular hard-the experimental values. The discrepancies vary fre?d
sphere only interaction (equatings = £2(1) would lead to +12% of the experimental value with a mean difference
for these small ions to mobilities about 6% higher then the of —8%. For the Ct negative ions the agreement between
more accurate (12, 4) approximation using the @g. Fur- theory and experiment is within the reported experimental
ther refinement of the interaction potential by including the error bar. There is no experimental valuegffor CgF5Cl~;
effects of the polarizability of the ion and the dispersion inter- the present calculated value can be used to assess the experi-
action (12, 6, 4) only increases the calculated mobilities and mental results on the product ion branching ratio in electron
diffusion coefficients by 1.3% on average. For practical pur- attachment to gFsClI [15].
poses, the choice of the interaction potential is thus reflected Use of the (12, 6, 4) model potential in every case gave
to the choice of numerical parameters of Eg).used in the better agreement with the experimental values than the sim-
calculation. pler (12, 6) model, albeit the change was only in the range

Itis now a straightforward procedure to calculate the diffu- from 0.8 to 2%.
sion coefficients for specific product ions formed in SIFT-MS
analyses and thus to account more accurately for differen-
tial diffusion of precursor and product ions, thus minimizing 5. Concluding remarks
errors due to this phenomenon. Indeed, this can now be
achieved with confidence by parameterizing the diffusion  The present method of calculation of reduced mobilities
coefficients as part of the analytical procedure. allows the diffusion coefficients of ions important for SIFT-
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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 articlgL8], the value of the diffusion coeffi-
cientforions 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

of Mass Spectrometry 244 (2005) 148-154

[4] P. éparél, D. Smith, J. Am. Soc. Mass. Spectrom. 12 (2001)
863.

[5] A. Amman, D. Smith (Eds.), Breath Analysis for Clinical Diag-
nosis and Therapeutic Monitoring, World Scientific, Singapore,
2005.

[6] H.W. Ellis, R.Y. Pai, E.W. McDaniel, E.A. Mason, L.A. Viehland,
At. Data Nucl. Data Tables 17 (1976) 177.
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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 coefficiefit$].
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