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Abstract

A detailed kinetic study for the production of secondary and ternary iong'if{)X@*)-CH;CN systems was made by applying the SIFDT
techniques. “Nonprotonated complexes” (cation radical dimers or higher aggregates) of acetonitrile were presentin the mass spectra of product
ions. The formation of nonprotonated dimers of acetonitrile ions is ascribed to switching reactions of the ion complxas:;[CN] and
[Xe**CH3CN] with acetonitrile. Mathematical procedures for the treatment of kinetic dependences, in which the rate constants of the studied
reactions have been determined, are described. Energy and pressure dependences of the rate constants are presented and discussed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction the products of the transformations is an ion wittz=82. It
may be ascribed to the nonprotonated acetonitrile ionic dimer
Reactions of ions with acetonitrile are a good model to (radical). Moreover, the ions witiwz=123 (nonprotonated
study some of the specific features of reactivity in ion/dipole cation radical trimer) have been also observed in mass spec-
collisional complexes. Due to the large dipole moment of tra.
CH3CN (about 4 Debye units), a strong alignment of particles ~ The formation of odd electron water dimers (and clus-
in the complex is expected. While slightly endoergic charge ters) is a very interesting phenomenon, which is known since
transfer reactions £ + CH3CN and Xé& + CH3CN appear to the end of the 1960s. It cannot occur directly in a three-
be very slow, the association channel is very efficient, when body association process. TheoBH,0**] intermediate,
the buffer gas pressure exceeds 0.2 Torr and the translationahich is formed in collisions, should undergo a fast reac-
energy is less then 300 mdY]. tive decay producing the protonated product. The mecha-
The subject of the present work concerns the reaction nism of formation of nonprotonated water ions is known
kinetics of the secondary and ternary ions produced in the and described in the literatu{g,3]. These “nonprotonated
O,* + CH3CN and Xé& + CH3CN systems. Preliminary ex-  dimers” are produced in switching reactions of some sta-
periments, which have been made by the Moscow group us-ble precursor ion complexes. For example, in th&'©OH,0
ing the flow technique apparatus, have shown that one ofsystem the dimer is produced from the*®H,O precur-
- sor (the product of the initial association stage) in the
* Corresponding author. Tel.: +7 95 1373 506; fax: +7 95 1378 258. reaction:

E-mail addresspavel@chph.ras.ru (P.S. Vinogradov). . N
"X Deceased 16 February 2001. 02°"H20 + H20 — (H20)°" + Oo.
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Thermochemical properties and the reactivity of the water  Experiments using the Moscow (IEPCP) FA apparatus
dimer radical cation have been the subject of detailed studieswere made at 1 Torr buffer gas pressure &as290 K. The
[4,5]. The key role of the switching reactions inthe production contact time (varied by the length of the region of reaction)
of cation radical dimers was found for a number of other and the acetonitrile flow rate were variable parameters for
reacting systems as wéé)]. kinetic dependences.

Up to date, there are no experimental data on the binding
energy of the @*CHsCN cluster. Our estimation, which is
based on semi-empirical calculations, gives a value of about3. Results and discussion
40 kcal/mol. It may be shown that along with the formation
of the nonprotonated dimer in the; @ CH3CN + CH;CN Examples of the kinetic dependences of the mass spectra
switching reaction a parallel channel, in which protonated are shown irFig. 1la and b. They demonstrate that an effi-
acetonitrile is produced, is thermochemically allowed, be- cient production of “nonprotonated” clusters of acetonitrile
ing exothermic about 20 kcal/mol. The estimation takes into (dimer and trimer cation radicals) takes place. The analy-
account the following thermochemical reference di8]: sis of the kinetic dependences leads to the scheme for ionic
the C-H bond energy in CKICN (92 kcal/mol), the proton  transformations as shown kig. 2
affinity of acetonitrile (186.2 kcal/mol), ionization potentials A special procedure for the data treatment has been elab-
of Oy and H (12.07 and 13.6 eV, respectively). The binding orated to obtain quantitative information on the reactions of
energy of the @**CHsCN is taken equal to 40 kcal/mol. the X**CH3CN (X =05, Xe) and (CHCN),** species. The

Due to the exothermicity of the GGENH" production procedure is based on the following approach. Analytic ex-
in the parallel channel, the stable cation radical dimer pressions for the kinetic dependences of the ionic concentra-
can be formed only when the energy, which is removed tions, which are proportional to the measured ion currents,
by the @ product particle, exceeds the above-mentioned are obtained from the solution of the system of the ordinary
value (20 kcal/mol). Otherwise, the excitation energy of the differential equations, corresponding to the kinetic scheme.
[CH3CN]2*** product exceeds the threshold of its “reactive Similar expressions for the ion currents, which involve some
decay”, in which the CHCNH* product is formed. The de-  proportionality factors, are used as fitting functions in the
cay takes place if the excessive excitation is not quenched.subsequent fitting procedures, in which the rate constants are
An experimental study of the reaction kinetics may provide determined. The concentrations of the secondary and ternary
important information on the reactions mechanisms of odd
electron clusters, which are not simple. o E,, =0.049 eV; P,,.=0.3 Torr

The goal of the present work is to study the kinetics

4000
of transformations of @ *CH3CN and Xeé*CH3CN com- @ v X
L 2 . ‘
plexes, to elaborate procedures of the treatment of kinetic S 3000f X :;: \_3? 0
dependences, and to obtain quantitative data on the rate con- 8 Ny o 210
stants of the reactions. 2 2000 Aﬁx‘\\ + i73x10
[} a —*—i82x10
E 1000 +:\A \ X i83x10
90 0., ! A
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2. Experimental —T—7 T
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The experiments were carried out using the Innsbruck (a) [CH,CN] t (10"°[cm™s])
SIFDT machine as described elsewhfrd 0]. Experimen-
tal conditions were: buffer gas, He; pressure, 0.12-0.7 Torr; > 087 FAmethod
temperature, 297 K; translational energy, 0.842.4 eV. The % 05] Pue=1Torr
primary ions X&* and Q** were produced in a hollow cath- 8 0’4 " i32x0.1
ode discharge. The COS monitor gas metfidd was used =" + %
to estimate the fraction of X& in its 2Py, state. The fraction 2 %% + v i73r
of the excited state could be controlled by the conditions of 3 021 © + y ° :g§
the discharge and was minimized. While studying reactions % 01] = _2 § ; 5 * 123
in the @** + CH3zCN system, a small flux of £(>0.01% of 00 m ®x i‘ LS .
the bath gas flow) was added to quench any initial vibrational 0 40 80 120 160 200
and electronic excitation of the ®" primary ions. (b) Reaction length, mm

For each of the systems, the kinetic dependences of the

mass spectra (ion currents versus the flow of acetonitrile) Fi9- 1. (@) An example of the dependence of a mass spectrum on
P ( )the [CHCN]t kinetic variable obtained in the SIFDT study of the

were studied at various pressures of the buffer gas and transt.+ + CHsCN system. (b) An example of the dependence of a mass spec-

lational energies. The rate constants have been determineqym on the length of the reaction range for thg? O+ CHsCN system (FA
from the treatment procedures, which will be described later. method).
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Fig. 2. The scheme of ion transformations ig*® (Xe**) + CH3CN sys-
tems.

ions are given by:

[02°F CH3CN] = [02° o [k—A

exp(—keft
|ttt

— exp(—kent)], 1)
o+ _ [O2* " Jokaksw
(CHSCN)™] = (ke — keff)(kr — keft) (ke — kg)
x{(kr — ke)[exp(—ketint) — exp(—kent)] — (ke — kefr)
x[exp(—kgnt) — exp(—kgni)]}. (2)

[02°*]o is the initial concentration of the primary ionsjs

the concentration of acetonitril&s =kc +Kka is the effec-
tive binary rate coefficient determined from the exponential
decay plot of the primary ion. Note that the main contribu-
tion to ker at low energy provides the rate constant of the
association, while the rate constant of the slightly endoergic
charge transfekc is small, sdkes; is pressure dependeldf.

ke =ksw + kp1 is the rate constant for the total loss of the
0,**CH3CN ion in parallel reactions. The loss of the “non-

protonated dimers” may take place in three channels, so the

rate constant ikg =Kkaz +kp2+ kp3 (seeFig. 2).
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The current is presented as a product of the “scaling” fac-
tor A7z and the “shape functionFs73(nt) =[1/(ke — Ke)]
[exp(—kesint) — exp(—kent)]. A7z depends on the initial cur-
rent of the primary ion (ab=0), the detection efficiency of
the @**CH3CN ion andka:

(4)

The factorf;3/32 takes into account the discriminations pro-
duced by the sampling system and the quadrupole mass an-
alyzer.kefi is determined prior to the treatment of the data
for secondary ions from the exponential decay curve of the
primary ion. So, while treating the dependences of the sec-
ondary ions only two variable parameters, ilg,and A73

are determined in the fitting procedure (us{B8yas a fitting
function).

The expression for the current of the (GEN).** ion
may be derived in a similar way. In this case, the dis-
crimination effect is also included in the “scaling” factor
Ag2 =i32(0)ka kswfgz/32. The “shape functionFsgs is taken
from expressioinf2). Fig. 3a and b illustrate two examples for
an application of the procedure.

Note that branching ratios of the channels may be eval-
uated directly only when additional information on the dis-
crimination factors is available.

The dynamic processes (ion transport in the drift tube)
may affect the accuracy of the estimations. Here, they are

A73 = i32(0) f73/32kA -

E..=0.049 eV; P,.=0.30 Torr
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The current of the secondary cluster ion may be expressedig 3. (a) An estimation dé from the experimental dependence of the cur-

by:

. 1

i73 = A73Fs73= A73 [—} [exp(—kefint)
kE - keff

— exp(—kgnt)]. 3

rent of the secondary £*CHzCN ion. Expressioif3) is used as the fitting
function (SEC.FIT). Solid line is the best-fit cunke.is given in 10-1% cm®/s
units. (b) An estimation okg andkg from the experimental dependence of
is2 ((CH3CN),** ternary ion) using the fitting function (derived fro(a),
TER.FIT). Solid line is the best-fit curvi andk are given in 101°cmd/s
units.
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not taken into account in the expressions given above. Firstisin agreement with the TER.FIT estimations within the error

of all, it is important to be sure that the scale of the reaction

timet for the primary and the secondary ions is the same. The

margins.
An estimation of the rate constant for the switching chan-

reason to assume this is due to the close values of mobility fornel was made from the ratio of ion currenig/izs. At

different ions in helium. A possible relative correctini/t
in the arguments of exponents(®) is significantly smaller
than the error margins of the fitting procedure.

Another possible effect of the transport processes is re-

lated with a difference in the loss rates for different ions due
to transversal diffusion. It can be shown that the effect plays

low values ofnt when the arguments of all exponential
functions—g;nt) are less than unity the ratio may be pre-
sented asgy/izz3~ 1/2fgp7kswnt. To get a better accuracy
of the estimation, the initial part of kinetic curves were ap-
proximated by am\nt+ B(nt)2 function and then tha value
was used for an estimation &&w. The relative detection

no role, provided these rates are equal. The effect of the dif- efficiency for ions withm/z=73 andnwz= 82—fgy/73was as-
ference in transport properties of ions on the accuracy of thesumed equal to unity. The estimated valuegfy is likely

rate constant estimation is considered\ppendix A
The treatment procedure illustrated Big. 3a and b has

been applied to sets of kinetic dependences of mass spectra at

various experimental conditions. Dependencekeadind ke

on pressure of the buffer gas are showRii. 4a. The values
of ke obtained from fits of the kinetic curves for secondary
ions (SEC.FIT) and ternary ions (TER.FIT) are different. Yet,

the agreement between the values may be considered as sa

isfactory, taking into account that for the ternary ions three

parameters have been determined from each of the curves
The error bars indicated in the figure correspond to errors of

the fitting procedure only. The experimental points at pres-
sure below 0.2 Torr and above 0.6 Torr are not reliable for the
SIFDT apparatus. For the range of 0.2—0.6 Tkit1is not de-
pendent on pressure. The averageudalue determined from
the secondary ion kinetics (SEC.FIT):

ke =15+ 3 x 107 %cm’/s (5)

n.!!’_ 40- O kE SEC.FIT; © kE TER.FIT;
GE 351 4 k,; v kx5
T 304 T
i
E20 | 7T jT_ g = ¢ I
#15] 0d ¢ = i
S10] % = % x :
8 1 E% = x .
% 5 O"+CH,CN SYSTEM; E=0.049 eV
0+———- ———r— ——
o 01 02 03 04 05 0,6 07 0,8
(a) He pressure, Torr
02++CHSCN SYSTEM; E= 0.049 eV
5_
w
o’ (
) [} ;
o © 34 T - * I
2 2 =4 =
% 1l k,5.3 % 1,3; kgfky =2,3+2,2
= k(0) =0,6 +.0,6
0,2 04 06 0,8

(b) He pressure, Torr

Fig. 4. (a) Pressure dependences of rate constanialues are determined
from kinetics of the secondary (SEC.FIT) and ternary ions (TER.FIT). (b)
Results of the fitting of the pressure dependende ofing(7). The dashed
line is the best-fit curve. Units & andkg(0) are 1019 cm?/s; units ofks/kg

are Torr L,

not to depend on pressure and its averaged value in the
0.2-0.6 Torr pressure range is:

103+ 0.5 x 107 %cm?/s. (6)

The indicated error corresponds to that obtained in the
points averaging procedure. The real error bar may be at
%east two times larger due to other sources of errors. The re-

ksw =

sult demonstrates that the switching reaction is not the only
channel of loss of @ *CH3CN. About 30+ 15% of thekg
value may be ascribed i@ (formation of CHBCNH").

Fig. 4b shows a pressure dependenckrofharacterizing
the loss of the (CBICN),** ion. It follows from the figure, that
ke is pressure dependent. It may be assumed (see the kinetic
scheme irFig. 2) that one of the channels of the reaction of
this ion is the association. The dependence on pressure may
be presented as:

ke = kr(0) + ko(ks/ Ka)M/[1 + (ks/ Ka)M]. ()

In (7), kr(0)=kp2+kp3 corresponds to binary reactions,
whose rates are not dependent on the bath gas concentra-
tion M, while the second term is an expression for the pres-
sure dependence of the effective binary rate coefficient of
the association channel (GBN),** + CH3CN + M. kg is a

rate constant for the formation of a complex, which can be
stabilized by collisions (with a rate constaq); Kq is the
reciprocal lifetime of the complex. The result for the fitlaf
dependence, whe@) is taken as a fitting function, is shown

in Fig. 4b. Despite the large error margins of theandks/Ky
values (see caption to the figure), the result indicates that the
association reaction is an important channel for the loss of
“nonprotonated” dimers. “Nonprotonated” trimer ions were
actually observed in FA experiments (d4€g. 1b).

The kinetics for the formation of protonated acetonitrile
and the proton-bounded dimer is complicated due to a vari-
ety of channels operative in the species production (see the
schemeirrig. 2), which results in the difficulties encountered
in a quantitative treatment of the kinetic dependences. So, the
kinetics will not be considered in this work. Yet, the analysis
of the yield of the protonated species (based on dependences
of mass spectra) shows that only 3% of their production can
be ascribed to the reactions of the §N°** precursor.

Another set of experiments has been made to study the
effect of the translational energy on the reaction kinetics in
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Fig. 5. (a) Energy dependenceskpfandkg determined from kinetics of
the secondary and ternary ions in the*©+ CHzCN system. (b) Energy
dependences & andkg determined from kinetics of the secondary and
ternary ions for the X¥ + CH3CN system.

the G**CH3CN and Xe&*CH3CN systemsFig. 5shows the
dependences & andkg on translational energy. Their val-
ues have been determined in the fitting procedure describe

above. Note that the energy scale corresponds to that calcu

lated for the collisions of primary ions with acetonitrile. The
correction for the otherions may be calculated using Wanier’s
expression12].

A comparison ofFig. 5a and b shows that thig- value
for the reaction X& CH3CN + CHzCN is about one order
of magnitude smaller than for &"CH3CN + CH;CN. The
estimated values dfr (for the reaction of the ternary ion
(CH3CN),**) are in an agreement for the both studies.

The reason for a significant differenceka seems inter-
esting. Although the bond energy of the®’X€HzCN cluster
is not known, it may be expected to be close to the energy for
the Q**CH3CN particle. The close rate coefficients of the
particles formation as described[it] may be considered as
indirect evidence.

The large difference in the rate constant of the reactions
Xe**CH3CN + CHzCN and Q**CHsCN + CHzCN cannot
be explained by the difference in the rate constants of the
respective collisions, which differ by a factor of the square
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acetonitrile in the complex followed by its subsequent decay
seemsto be not efficient. This process requires along distance
migration of H to the N atom of the opposite acetonitrile
particle.

The production of the stable cation radical dimer occurs
only when the amount of energy removed by the particle X
is large enough to prevent the subsequent “reactive decay”
of the excited dimer. This energy amount has been estimated
above (about 20 kcal/mol). When the molecular particle is
switched from the complex, the removed energy is expected
to be larger than that removed by an atomic particle due to
the additional rotational and vibrational degrees of freedom
of the molecule. It follows from the ratiksw/ke that in two
out of three (seé5) and (6), the removed energy exceeds the
threshold value, which is required for the formation of the
stable dimer.

A similar estimation okswy/kg for the Xe?* CH3CN sys-
tem has not been made due to difficulties in evaluation of the
detection efficiency factor. The switching of a lower fraction
of the atomic particles with high enough energy should re-
sult in a decrease of tHew/ke ratio. Yet, no unambiguous
explanation of the lowekg may be given at present.

4. Summary and conclusions

The study of the reaction kinetics of,© CH3CN and
e**CH3CN complexes with acetonitrile have shown that
he production of nonprotonated dimers (§EN),** in a

switching reaction is an efficient channel.

The dependences of rate constants for reactions
02**CH3CN + CHCN and X@*CH3CN +CHgCN in the
0.2-0.6 Torr pressure range at kinetic energies below 0.2 eV
were studied. The rate constants of the reactions are prac-
tically independent of the buffer gas pressure. The rate
constant of @**CH3CN + CHzCN reaction is estimated to
(1.5+3)x 10 2cmd/s at thermal energy. Approximately
70% of the value corresponds to the switching channel. The
rate constant for X CH3sCN + CHzCN is about an order of
magnitude smaller and equals (%3.2) x10~0cm?/s.

The main loss of “nonprotonated dimers” of acetonitrile
is likely to take place in the association reaction. The
effective binary rate coefficient is pressure dependent.
When itis presented &g = kg(0) +k(ks/Kg)P/[1 +(ks/Kq)P],
the values of the parameters are:(0)=0.6+0.6 and
ko=5.3+1.3 in 101%cmd/s units; kg¢Kyq=2.3+2.2
Torr1=(0.65+ 0.62)x 1016 cmd.

root of the reduced mass ratios. The difference may be related

to a lower efficiency for the removal of a heavier particle from
the collision complex in the former reaction or other features
of a reactive behavior of the collision complex.

Due to the large dipole moment of acetonitrile, a strong
alignment of particles is expected while the collision com-
plex is being formed. Its geometry may be presented
as CHCN-X°**—NCCHz. The production of protonated
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Appendix A. An effect of a difference in mobility and
diffusion loss of primary and secondary ions on the
accuracy of the estimated rate constants in the fitting
procedure

The first exponential factor takes into account the loss due
to diffusion. The argument of the exponent involveé‘:c
5.78. The other exponential factor corresponds to the loss of
primary ions in the reaction.

) Note that the approximated initial profil@.2) is close
The procedure, which has been used for the treatment of; the real one, which is formed in a cylindrical reactor with

kiqetic dependences, does not tal_<e into account thg transporfhe uniform velocity profile. It may be shown that, when the
ofions. Such processes are described by the formalism of parsitia| profile differs from that given byA.2) and is approxi-

tial dl_fferentlal equat|or_ls. Inthe apphed p_rocedu_re, thef|t_t|ng mated by a sum of the terms, which involve the higher-order
functions are the solutions of ordinary differential equations gegse| functions, the contribution of the higher-order terms
of chemical kinetics. The approach is valid, when the diffu- g gecreasing witifaster than that for the zeroth-order term.

sion coefficients and mobility are equal for different sorts of ¢ t51es place because the higher-order terms involve factors
ions. The problems may arise, when the parameters differ. exp(—u2Dz/a?V). The values ofun are significantly larger

n

An effect of a difference in charged particles transport for thanuo (€.9.,141 ~ 5.52 whilejun ~ 2.40). In the SIFDT ap-
primary and secondary ions on the accuracy of the rate Con-j,ratys, a large enough distance separates the source of the
stant estimation will be considered in the section. An expres- primary ions from the inlet port of the neutral reactant. So
sion, which takes into account the processes, will be derived. e\ profile in the region, where the reaction starts is close
The corrected expression will be used for the analysis of a4 that given by(A.2).

possible systematic error.
The model function, which takes into account the transport
processes, is derived under the following assumptions:

(@) The velocity profile is uniform, i.e., it is not depen-
dent on the radial coordinat¥(r) =Vgyrift + Viiow- AS
Vit >> Viiow, the parabolic nature of the flow velocity
profile is not taken into account.
The system of equations for ionic concentratibiysis
presented as:

ONy

Va— =—DANy +¢J(N1),
Z

wherezis the axial coordinatd) is the diffusion coeffi-
cient,p3(N)) is an expression corresponding fdy¢tt de-
fined by the system of ordinary differential equations for
chemical kinetics. For example, when the primary ions,
whose concentration Ny, are reacting with an excess of
the neutral reactant A, the termgg(Ng) = —ko[A] No).
The boundary condition for the ionic concentrations is
Ni(z, 1)|r=a=0, i.e., the ionic concentrations on a wall
of the cylindrical reactor (with the radiug are equal to
zero.
(d) The axial diffusion is neglected, i.eYoN;/0z>>
Da?N,/02.
(e) Theradial distribution of the primary ionszt O is given
by a zero order Bessel function:

mor
B(r)|;=0 = CJo (T) s

whereug~ 2.4 is the eigenvalue correspondinglto C
equalsNp|z=0,r=0.

(b)

(A.1)

(©)

(A.2)

As it follows from the theory of partial differential equa-
tions of the parabolic type, the solution @.1) for the con-
centration of the primary ions is given by:

5.78Dz kolAlz
(A.3)

14

Noz. r) = B(#)leo exp(—

o

The equation for thé&l; concentration (of the secondary
ions) is the following:

oN
Vla—zl — D1 AN1 — kg[A] N1 + ka[A] B(r) exp

(o4,

V1 and D1 are the velocity and diffusion coefficient of the

secondary ionska andkg are the rate coefficients of their

production and loss in reactions with the neutral reactant A.

The solution of the equation (under the “zero boundary con-

ditions”) is given by:

N1 = B(r)|.=oka[A] / V1/(ke/ Vi[A] — ko/ VIA]
+(5.78/a?)(D1/ V1 — D/ V))(exp(—ko/ VAl z
—(5.78/a°)(D/ V)z) — exp(—ke/ Vi[Al z

~(5.78/a%)(D1/ V1)z2).

5.78Dz
a?v

kolA] z
%4

(A.4)

(A.5)

The expression may be simplified at a low electric
field, when the Einstein relation between the ionic dif-
fusion coefficient and mobility is valid. In this case,
their ratio does depend on a sort the ion. The va-
lidity of the relation should imply D1/V1=D/V and
exp(—(5.786%)(D1/V1)2) = exp(—(5.786%)(DIV)2) = C(2). In

this case, the concentration on the axis may be presented
as:

N1(0, z) = B1(0)C(2)ka(V/ V1)IA] /(ke(V/ V1)[A]
—ko[Al)(exp(—ko/ V[A] z) — exp(—ke/ V1[A] 2)
= B1(0) fka[A] /(fkelAl
—ko[Al)(exp(—ko[A] z/ V) — exp(— fke[Al z/ V),

(A.6)

wheref=V/V1 ~ K/K;=D/D; is the correction factor t&pa
andkg; B1 =C(2)B(0). The expressionis similar {@) and (3)



P.S. Vinogradov et al. / International Journal of Mass Spectrometry 243 (2005) 127-134 133

0,201 PHe=0.144 Torr 0,08 -
P , =0.298 Torr
0,154 0,06 - He
0,107 0,04
w
0,05+ X 0,02
<
0,00+ 0,00
5 10 15 20 25

Ak* /K" (0)
Ik (0)

0 0 5 10 15 20 25
ADL % AD%
0,05 5 -
=0.406 Torr )
. 0,04 He 0,030 P,,.=0.500 Torr
g 0,025/
w (=)
0,03 0,020
w0021 fm 0,015
X
+ 00101
< 0011 35
0,005+
0,001 0,000
0 5 10 15 20 25 0 5 10 15 20 25

ADL % ADL %

Fig. 6. An effect of a relative difference in the loss rate due to diffusion of the primary and secondakdnén %) on the rate constant estimation.
(kg — ke)/ kE is the relative deviation of the estimated values, when the difference is takand not taken into account.

used for the fitting procedure to determikefrom the flow reactant concentration. Five fitting sessions for fixed values of
dependences (at fixegl. So, the systematic error is defined AKp being0, 10, 15, 20 and 25% of the 50@a? value have
by the factoff. been made at four various pressures. The results of the fitting

When it is taken into account that the Einstein relation is procedures are summarizeddig. 6. The units of theX-axis
only an approximation, i.e., (5.78)(D1/V1 — D/V) %0, the are the percentage ofKp (ADL = AKp/5.78D/a? x 100%);

expression for the ion current may be presented as: the units of theY-axis are the relative deviation of the “cor-
rected’kg value fromkg, which has been determined, when
Iy = BfkalAl /(fkelA] — kolAl the difference in the loss due to diffusion is not taken into
+(5.78/a)(D1V/ V1 — D))(exp(—ko/ VIA]2) account. . .
) As it follows from the figure, the effect of the difference
—exp(—ke/ Vi[A]z — (5.78/a”)(D1V/ V1 — D)z/V)) in ADL on the estimated value @f is not large at a pres-
= BKL[A] /(KE[A] — ko[A] + AKp)(exp(—ko[A] ) sure apove_ 0.3 Tor_r. T_he main contripution to the_accuracy of
. an estimation okg is likely related with a correction factor
—exp(—kg[Al 1 — AKpr), (A7) f= VIV~ KIKy.

where t=zV is the drift time of primary ion,
AKp = (5.7862)(D1VIV1 — D), k& = fke.
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