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Abstract

The charge-, atom- and proton-transfer channels of the" HBIBr reaction have been studied at low temperature in an HBr + Ar free
jet. Exploring ordinary HBr gas with the natural#8r + H8'Br (1:1) isotope abundance, thé®Br* and H'Br* ions in specific spin-orbit
and vibrational states were prepared by resonance multiphoton ionisation in an isotope-selective manner that gave the opportunity to analyse
reaction branching ratios and mechanisms.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction as kcr=2.5 and kpr=2.8 [x10-19cm3/s], respectively.
Two experimental techniques were explored by Green et
In this communication we demonstrate a new oppor- a|. [3] to study the reaction of HBrions with HBr and
tunity of mass spectrometry (MS) in combination with DBr. Preparing the reagent ion by REMPI and monitoring
Br isotope-selected resonance-enhanced multiphoton ion-the disappearance of this ion by laser-induced fluorescence
isation (REMPI) for the study of branching and separate (LIF) gave the combined rate coefficient for the PT and
channel kinetics. The technique has been applied to studyHT processeskpt + yT{HBr* + HBr} =6.7 x 100 cmd/s.
the ion-molecule reaction HBrHBI' including charge At the same time, their selected ion flow tube study of
transfer (CT, that yields the same produetdiBr + HBr'"), the HBr +HBr(DBr) reactions led to total reaction rate
H-atom transfer (HT> HzBr*+Br’) and proton transfer  coefficients of 6.9 and 5.8410~ 10 cm®/s] for HBr and DBr,
(PT— Br+HzBr'") channels. Some of these channels were respectively, and was found to have branching percentages
studied previously under thermal condition5~{300 K) of 46(50), 32(28) and 21(21)% for the individual CT, PT,
[1-3] and in a free jet flow{~ 10K) [4—6]. Xie and Zare  and H(D)T channels. Combination of REMPI and mass
[1] investigated the state-selected CT reaction D@r7;, spectrometry in a free jet flow gave the low temperature
v)+HBr— HBr*+DBr and found the rate coefficient rate coefficients[4—6]: kpt+nT{HBr* + HBr} =kp+T+DT
ker=4.1, 1.4, 3.8, 2.3 ¥109cm?/s] for the (=3/2, {DBr* +DBr} =1.3x 102 cm®/s; kpr+pT{HBr* + DBr} =
vt =0), (3/2, 1), (1/2, 0), (1/2, 1) ionic states. The rate coef- kp+T+HT{DBr* +HBr} =1.7x 102 cmd/s; keT{HBr*+
ficients of CT and PT channels of the reaction HBDBr DBr} =kct{DBr* +HBr} =0.6x 109 cm’/s.
were measured by Viggiano et §] in a flowing afterglow Presently, we report a new isotope selective opportunity
of the combined REMPI-MS technique for the study of the
"+ Corresponding author. Tel.: +1 520 6214220; fax: +1 520 6218407 separate CT, PT and HT channels of the HBHBT reaction
E-mail addresses: belikov@itp.nsc.ru (A.E. Belikov), using aln ordinary (naturaty1:1) isotope ;thure of FPBr
msmith@u.arizona.edu (M.A. Smith). and HBr. Isotope-selected REMPI of 1®Br and H!Br
1 Tel.: +7 383 2 331095; fax: +7 383 2 308480. was used to study the CT kinetics (with similar reactants and
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products, HBr and HB) as well as to separate the PT and
HT channels producing the sameBi™ ions.
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2. Experimental
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Branching of the HBF + HBr reaction was studied via col-
lisions in a free jet flow reactof7] using (2+1) REMPI
to prepare a specific spin-orbit and vibrational state of the
HBr* (2r1;, v*) ions and employing time-of-flight mass-
spectrometry for analysis of ionic products. A pulsed axisym-
metric nozzle (general valve) with orifice diameter 0fQ.4 MM o 1. Separation of REMPI signals of thd3r* and H1Br* isotopes
was used as a source of the Ar+HBr(<2%) free jet with ynder ionisation through th84, (v= 1) Rydberg state using thR¢1) line.
the stagnation temperatui® =295K and the stagnation
pressure in the range from 60 to 500 Torr. The REMPI
laser beam was focused onto the jet axis at a distaice, ficient of an ion-molecule reaction between an ighand a
from the nozzle. The laser radiation in the range of inter- moleculeV resulting in anew iotj*. Using an absolute num-
est, 1 =250-270nm A1 ~0.01nm), was produced from  ber density of specific iong;* and neutrals;, an absolute
the frequency doubled (BBO) output of a Nd/YAG pumped number density of allions* =3~ n;* and neutrala =3"; n;,
dye laser (Coumarin 503 or 522). lons were allowed to a relative density of ion&/;* =n;*/n* and neutralsV; = n;/n;
collide with other particles in the field free flow until at > Ni"=Y"; N;=1, the initial set of differential kinetic
some distancey;, where they were extracted via a pulsed equations for absolute densities of different species in a
field (nominally 50 V/cm) into the time-of-flight mass spec- free jet
trometer. Typical experimental values wefe 10 mm and

n
o
1
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Signals H7®Br+, H81Br+, a.u.
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The reaction, HBY (°I7;, v*) + HBr, was studied for indi- dr Zi,m(k*""n’ o = Kjin i) =7 1 0) @)
vidual spin-orbit (=1/2, 3/2) and vibrationalv{ =0, 1) (where the last term describes temporal expansion in the free

states. The FPBr* (11;, v*) and H'Br* (IT;, v*) ions were jet) can be transformed to the set for relative values along the
prepared by (2+1) REMPI through thféA, (v=0), A, free jet axisc

(v=1), F*A, (v=0) andF*A, (v=1) Rydberg intermedi-
ates. According to REMPI-LIF and REMPI-PES studies of dN]-+ n I I
Xie and Zare[1], (2+1) REMPI through these states pro- g, — (;) Zi,m(kij N;"Nim = kji N Nim) (2)
duces the HB¥(2IT;, v*) ions almost exclusively (more than
98%) in a single spin-orbit and vibrational state, namely,
(i=32,v*=0), (=3/2,v" =1), (=1/2,»*=0), and (= 1/2,

vt =1), respectively. Unfortunately, a spectral resolution of
our equipment (nominally 0.3cnt) combined with the
linewidth of the 2-photon transitions at the necessary laser
power permitted the isotope-selective ionisation in HBr

(3M3p, vt =1) and HBF (2[11, v* =1) states only. This

Here the flow velocityu is approximately constant, deter-
mined largely by the buffer gas, since the reaction region is
in the hypersonic part of the floj@] and we have ignored the
possibility of velocity slip and assume a constabmmon
to all species.

After the H'®Br* and H!Brtionization, the following
reactions are possible in the flow:

capability owes itself to the dependence of the transition fre- 4795+ 4 4798 — H®Br 4+ H79Br™* (3a)
guency on¢* + 1/2) times the difference of the isotopic vibra-
tional frequency in the 2-photon resonant state, minus thatH’*Br™ +H"Br — "Br + H,"*Br* (3b)

difference in the ground state. As it can be seen fFag 1, 7904 79 79 790+
the resolution is not complete, but it is sufficient to produce a HPBIr™ +HBr — Br + Ha™Br (3¢)
well-defined distribution of ion isotopomer and allowing for H79gr*+ 4 H81Br — H’%Br + H8lBr+ (4a)
product branching analysis. The difference between the ion- 790t a1 o1 79t
isation wavelength for EPBr* (v* =0) and H1Br* (v* =0) H™Br™ +H*Br — °Br 4+ H2"Br (4b)
is sufficiently smaller (about three times) as to render their H79Br* + H8Br — 79Br + H,8Br+ (4c)
REMPI line shapes unresolved.
H81Brt + H°Br — H®Br + H'%Brt (5a)
8lp + 79 79 8lp,+
3. Isotope-selected Kinetics in a free jet H™Br™ +H"Br — "Br + Hx™Br (Sb)
HEBrt + H™¥Br — 81Br + H,"%Br* (5¢)

After ionisation the ions move along the flow and react
with species seeded within the flow. Ligt be the rate coef- ~ H*'Br* + H'Br — H%'Br + H®'Br+ (6a)
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HB1Br ™ + H81Br — 81Br + HL81Brt (6b) 4. Results and discussion

81 81 81 81
H®'Br* +H%Br —°Br + Hx>'Br* (6¢) 4.1. Rate coefficients of HBr* disappearance

accounting for CT (a), HT (b) and PT (c) reactions. It should
be noted that we are not able to investigate all of these twelve
reactions separately. Even on first view, one can see that the
reactiong3a)and(6a), are not discernible using mass spec- AV + Nib)
trometry having the same reactant and product masses. In—280 "~ 82 _
addition, there are two pairs of the reactiof®y, 3c)and(6b, <

6¢), which are fully identical regarding reactants and prod-
ucts. Moreover, considering kinetics of thé3Br*, H81Br*,
H,"9Br*, H,81Br* ions, one finds that the rate coefficients
of the H-atom transfer reactior{8b, 4b, 5b, 6bjappear in
the equations only as weighted sums, where the weights ar
presented by fractions of the neutrals’®Br and HBr.

The sum of Eqs(7) and(8) leads to an equation for evo-
ution of the HBI* ions

n
(%) = + L)W+ Mgl (A1)
that can be integrated betwegrandz; giving an expression
(Ngo+ Ngo) ; = expl—(kp + kc)¢] (12)

efor determination of the rate coefficient, (+ k.). Here¢ = ng
Thus, an experiment under variation of these fractions or (aD) . (1 . 1/.Zf)/“ Is the reaction time mtegrgtgd number'
density which is related to the number of collisions experi-

ing i icall r isn he individ- o : o :
using Isotop ca’ly pure gas Is eeded to study the individ enced between the ionisation and detection point in theget,
ual rate coefficients of the HT process. As we use only a .

natural abundance-(l:1) of the isotopes, we are not able to Is the stggnatmn_number densny of HBr_ molecu[égs the
nozzle diamete is the flow velocity, and is the hemispher-

measure them separately. So, we can hope to define only; . .
u P Y W P ! Yical expansion scale length no a2D%/2) [8] that s equal to

five independent rate coefficients of the reacti¢Bs6) . / .
However, even with only five independent rates, expressionso.'401 and 0'.298 for_ monatomic gnd diatomic 9ases, respec-
tively, assuming their corresponding heat capacities ratios are

; 78R+ H8lpet H.79Rr+
forstlhe+m_easured fractlon of the_ FBr, H B_r » Ha B_r . 5/3 and 7/5. A plot of experimental data according to@8)
H>°*Br" ions remain too complicated for direct derivation : et

is shown inFig. 2 The sum of the H-atom transfer and pro-

of the rat.e.goefnments from the expenme.ntal data. Let us ton transfer rate coefficientsu(+ k), have been determined
suppose initially that there are only three different rate coef- for the individual internal states ch the HERIT;, v*) ions as
ficients: k,, kp, k. which are the same for all of the sets 1.3,1.1, 1.2 and 1.1 [T0 cls, £14%)] for(i:lélz V" =0)
¢ VE\S/)e now consider kinetics of all the ions along the free (3/2,0), (3/2’.0) and (3/2.’ 0), respectively, WhiCh.iS in perfect
jet axisz, using the symbols of Eq1): Ngo™ = [H9Br*]/n"; agreement with our earlier measuremgtg] and is grea_ter
Neo* = [I-’|818r+] In*; Nag* = [Ha 9B/ N83+:[H2798r+]} than a factor 2 compare tp room _tempera}ture experiments
n: nt=[HT9Br"] +’[H Blg] + [H27gBr+j +[H281Br*]; Nao of Green et al[3]. Explar)atlon of this negative tempera.ture
:[’H7gBr]/n, Neo=[HEIBr]/n; n=[H7°Br] + [HE!BI] Note dependence was described[#6] based on the attractive
o + ' : T ion-dipole interaction potential. The absolute magnitudes of
thatNgo' (z;) andNg," (z;) are the fraction of the ions initially the total rate coefficients clearly indicate the efficiency of the

ionised by REMPINg1*(z;) =0,Ng3"(z;) =0; Ngo=Ng2=0.5 . . oo ) L
is the natural fraction of the HBr isotopes conserved every- total regctlon, sug_gest!ng that_nonreactlve inelastic collisions
are not important in this reaction system.

where in the flow; andVgo® (z), Ne1*(zf), Na2" (z7), Naa* (zy)
are equalto the signals of the corresponding masses measured

at the point of detectiony. With these symbols, different rate 0,0 -
expressions for the MBr*, H81Br*, H,"°Br* and H8'Br*
ions along a free jet are given as: 0.2
dNg: n 3
TZBO = (;) [—(ky + kc)Ngo + ka(NgpNgo — NggNe2)] & "0
+
(7) Z 06
=
dN+ n -0,8 -
TZBZ = (;) [—(ky + kc)Ngp + ka(NgoNe2 — NgzNgo)] ’
8 -1,0 T ; :
®) 0,0 0,2 0,4 0,6
d Néqu n . . . {[10%cm3sec]
22 = (%) UeoNgo + ke(Neo + Ne)Neo)] (©)
Z u Fig. 2. Relative fraction of reactantions’$Br* and HBr*, atthe detection
point, z7, vs. the integrated number density no (aD)? (1fz; — 1zp)lu for
dNE n definition of the ;, +k.) rate coefficient [see Eq12)]. Fraction of light
2’83 _ (,) [kbNg_z + kC(Né"O + Ng_z)NSZ)] (10) (H™®Br*) ions produced in the ionisation point, by REMPI via theF A
dz u (v=1) state was 71% (circles) and 22% (triangles).
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4.2. Rate coefficients for the charge transfer channel tion 4a owing to zero point energy differences is insignificant
(AE < 25mK). While that for the #°Br* (v =1) ion adia-

As zy is an arbitrary point of the flow, Eq12) with the batically undergoing change transfer to yield®Br (v=1)
substitutionzs — z presents the relative fraction of the HBr  would be approximately 150 K endothermic (and therefore
ions at any point. Then, using Eq(12)we can integrate Eq.  very slow in these low temperature jet conditions) the reac-
(7) arriving at the expression for the’BBr* ion fraction at  tion can occur essentially thermoneutrally to yiel&'Brt

any final pointz; (v* =1) with transfer of a vibrational quanta or to produce
N N H™Br* (v*=0)+HBr* (v*=0) in a highly exothermic
Ngo(z ) = expl=(kp + kc)¢]{Ngo + [Ngo(z:) reaction @E~ —1700K). Evidently, the role of the vibra-
— Ngg] exp(—kaq?)} (13) tional excitation in the charge transfer leads to identical CT
) _ _ rates to be observed independent of the isotope selection in
Integration of Eq(8) in the same manner gives fofHBr* these experiments. Measurements of charge transfer rates for
+ _ - 0 the same and related ion-molecule pairs at 300K giye
Nealz ) = expl=(ks + ke)¢]{Nez + [Nga(2i) [x10-0cm/s]=2.5[2] and 2.9[3] (for HBr*/DBr); 3.2
— Ng2| exp(—ka¢)} (14) [3] (for HBr*/HBr); and 4.1 (3/2,0), 1.4 (3/2,1), 3.8 (1/2,0),

2.3 (1/2,1) for DBF (i, v*)/HBr [1]. It should be noted that
deuterium substitution effects reaction energy much more
significantly due to zero point vibrational energy effects.

After subtraction of Eq(14)from Eq.(13)and using Eq(12)
we can get

(Ngo — Ng)
{(Ngro + Ngz)} / - [ZNgO(Zi) — 1lexp(-kal) (15) 4.3. Rate coefficients of the proton and H-atom transfer
' channels
where we usedVgo* (z;) + Ng2* (z;))=1 andNgg=Ng2=0.5
in our experiments. Eq15) was explored to determine the Now, using [Vso* (z) + Ng2™ (2)], Nso™ (z) andNs2* (z) as
rate coefficienk, as well as the initial fraction of the FBr* described by Eq$12)—(14) respectively, with substitution of

and H'1Br* ions under ionisation. An example of these data 7y — z, We canintegrate Eqf@)and(10)to arrive at equations
is presented iffrig. 3. As it was mentioned in Sectidd) we for the kinetics of the H'°Br* and H81Br* ions
were able to measure the rate coefficients of the charge trans-

fer reaction only for vibrationally excited ions HB(2T 32, Ngi(zf) = Neof1 — expl—(ks + kc)¢]}
v*=1)and HBY (2_1'[1.,2, v*=1). In both cases we used three k[ Ngo(zi)— Neol {1— exp[—(kq + kp + kc)¢1}
slightly different ionisation wavelengths producing differ-

ent initial ratio between the HBr* and H!Br* isotopes: (ka +kp + ko) (16)

roughly, inthe ratios 1:2, 1:1 and 2:1. The rate coefficients of
the charge transfer reactiorts, were measured as610~10 n
(+£20%) cn¥/s in all experiments independent of spin-orbit Vea(zs) = Neafl — expl—(kp + kc)¢]}

states of ionic reactants or mass of the laser selected ion. Such ko[ Ng(zi)— Ng2l {1— expl—(ka + kp + kc)¢])
independence on bromine isotopic mass is expected, even at (ko + ko + ko)
these low collision energies for a variety of reasons. First, the a b (17)

isotope selected ions are prepared with one quanta of vibra-
tional energy, presumably available to overcome any small From Eqs(16)or(17), using Eqs(12)and(15)we can obtain
barriers. Secondly, the very slight endothermicity of Reac- the expression

ke
06 (ka + kb + k¢)

_ [Ng2Ng1(z 1) — NgoNgs(z )]
097 {Ngo(zi) — Ngo(z ) — Ngo[Ng1(zf) + Nag(z )}

that along with Eqg(12) and(15) allows definition of all the
rate coefficients,, k;,, andk, by mass spectrometry using the
signals of mass 80\(9,o+), 81 (N81+), 82 (N32+), 83 (N33+)
1,5 ; - - a.m.u.Table 1presents the values of the initial fraction of
0.0 0,2 04 0.6 H79Br* ions, Ngo* (z;), and combinations of the rate coeffi-
¢ [10%cm3sec] cients, &y +ke), ka, [kp/(ka +kp + k)] primarily determined
_ - . . via Eqs.(12), (15)and(18) as well as the individually deter-
Fig. 3. Determination of the charge transfer rate coefficidgtsnd initial . .. i
fraction of the HBr* and HP!Br* ions [see Eq(15)]. Two sets of the data mined rat_e _coefﬁmentsk,b andkc_‘ Within our accuracy, _the .
correspond to the caseio" (z) > Nez* (z:)—(circles) andVao® (z:) < Naz* rate coefficients appear to be independent of the spin-orbit
(zi)—(triangles). state of the ions. The negative temperature dependence of

(18)

-1,2 1

In[|Ngg*-N-go*|/(Ngg*+Nga*]
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Table 1
Rate coefficients of the reaction HB+ HBr channels [10° cm?/s]
State of ioft Nao*(z:)° kp +ke P ka° Kl (ka + kp + k)P Ky keC ksalkaq?
2[32,v* =0 0.63 1.3 Not measured 1.13
Green et al[3] (T~ 300K)! (0.37) (0.32) (0.21) (0.15) (0.22)
2T, v =1 0.33,0.57,0.72 1.1 0.6 0.15 0.26 0.84 1.09
212, v" =0 0.51 1.2 Not measured 1.17
2T, vF =1 0.22,0.49,0.71 1.1 0.6 0.11 0.19 0.91 1.09
Accuracy +0.02 +14% +20% +24% +30% +30% +0.04

a Jonised viglf A, (v=0),2A, (v=1), F1 A, (v=0), F1 A, (v=1) intermediate states.

b Values, directly observed via Eq4.2), (15), (18) and(19).
¢ Derived values.

d Room temperature data of Green et [@] measured by the selective ion tube technique (using the combined REMPI-LIF technique they found

knT+p7=6.9x 10710 cm3/s).

the rate coefficients observed by comparison with the datado not influence observed kinetics (other than through possi-

of Green et al[3] has been mentioned in Sectiéri and its
possible source discussed[§6]. Thus, we only add some

ble energy transfer processes). Thus, we can hope to measure
only two of the charge transfer rate coefficierits, andks,.

notes about branching. The total rate coefficient increases As was also established in SectiBnin the context of
as much as 2.5 times upon cooling from room temperature our technique we are not able to distinguish individual rate

(ktot{300 K} =6.9x 10~10cm?/s [3]) to temperatures well
below 300K realised in a free jekor=1.7x 10~ cmd/s,

coefficients for the H-atom transfer reactiof@—6b) So,
the fifth independent individual rate coefficient that we could

(estimated translational and rotational temperatures here arattempt to isolate must be PT. Here we have assumed that

Ty~ 10K andTr ~ 80K [4,6]). The rate coefficients of the

CT, HT and PT channels increase also, but not proportion-

the bulk of the ion-molecule interaction depends mostly on
the nature of molecule through its natural and induced dipole

ally: as factors 2, 1.7 and 3.8, respectively for these channels.moment, but not on the long range nature of the ion (with the
It is unlikely that these behaviours are defined by reaction exception of the subtle differences involved in bromine iso-
thermodynamics, because both PT and HT processes aréopic substitution). On making this assumption we consider
highly exothermic (10 kcal/mole) and the energetics of the also that the nature of the reaction surfaces and nonadiabatic
CT process have been discussed in the context of vibra-crossings active in these reactions are insignificantly effected
tional excitation. A more reasonable explanation comes from by changes in the Br mass.

the assumption of different branching for the specific chan-

Thus, there are five independent rate coefficients:

nels owing to different dependencies on long-range direct ka, =ksq, ksq =kaq, k3p =kap =ksp =kep, kac =kec, ksec =kaa,
and long-lived complex forming processes and their relative which we choose to determine experimentally. The difference
effectiveness on translational and rotational motion. Green etbetween individual rate coefficients of the proton transfer

al. [3] estimated the role of the complex forming mechanism
as 28% aff=300K, and it is suggested that the role of that

reactionsks. andks., appears to be within the experimental
error, that is 5% for the ratiés /ks.. Consideringks. = ks,

mechanism increases at low temperatures. Thus, we can conintegration of Eq(7) leads to a new expression for the fraction

clude that the reaction branching is significantly different for

these two mechanisms shifting toward more efficiency of the

proton transfer channel under complex formation.

4.4. Isotopic sensitivity of the CT, HT and PT rate
coefficients

Ingeneral, one can derive expressions for the specific frac-

tions of the ions through the rate coefficielts ki, kic which

of the H°Br* ions at the point of detection

Ngolzs)

N 3
Ngo(zf) + Neo(zs) Ngo(zi) expl—(k1 + k2)¢]

k1
ki + ko

{1 — exp[—(k1 + k2)¢]}
(19)

whereky = ks, Ngg andkz = k4, Ng». Taking into account that

are individual to the isotopically specific reactions described Ngo=Ng»= 0.5 reflecting the natural abundance of tHéBt

by Egs.(3)—(6). These are of course more complicated than
Eqgs.(12)+14), (16), (17)used above, consisting of 6—8 expo-

and HBr isotopes, Eq(19) has been explored to define
ksal(ksy +kag) = k1/(k1 + ko), using an ordinary linear regres-

nential terms, and we avoid reproduction of them all here. As sion procedure between the fraction of light isotope ions at

our experimental procedure allows determination of only 5
(of 12) independent rate coefficients (see SecBpmve can
attempt to find two more rate coefficients in addition to the
ones discussed earlier. The charge transfer reaction§3ajs.
and(6a) remain invisible to our technique as they have the

the point of detection (left hand side of Hd.9)) measured
experimentally and the exponential term. But for more clarity
in presentationFig. 4 shows the fraction of light ions as a
function of the collision numbey, both measured (symbols)
and simulated by Eq19) (lines). The results demonstrate a

same products as reactants and hence their rate coefficientslight, but systematic shift of ionic fractions toward domina-



48
0,7
06+
;
o™
P e~ Wativa
z . 3}‘112;2&3‘;’5‘:' B VEASAGAY W=
+ 7 7
2
[=]
0
=z
£ 04-
(=1
L]
z
0,3
0,2 T T ]
0,0 0,1 0.2 0,3

{ [10%cm-3sec]

Fig. 4. Final fraction of light isotope of the HBions at the detection point
as a function of the integrated number densifgee caption ofig. 2) under
initial ionisation of the HoBr* (2ITy5, vF =1) and H1Br* (2ITy, vi =1)

ions in the proportions 71/29 (rhombs), 49/51 (triangles), 22/78 (squares)

and of the HoBr* (211, vt =0) and HBr* (2ITy, v© =0) ions in the
proportion 51/49 (circles). Lines represent a simulation of(E§) with the
rate coefficients fronTable 1

tion of light ions, H®Br*, which may mean slight increase
of ks, compared tdy,. In spite of the low difference, a ten-
dency ofNgo* to exceedVg," is clearly seen and a slight
preference of the charge transfer to th€Bt molecule, Eq.

A.E. Belikov, M.A. Smith / International Journal of Mass Spectrometry 246 (2005) 43—48

jetleads to simple expressions between final isotope fractions
of the ions and rate coefficients for the reaction channels.
Using these, the following rate coefficients were measured:
two of four rates of the charge transfer reactions presented
by Egs.(4a) and (5a) one universal rate coefficient for all
H-atom transfer reactions Eq8b){6b), because the indi-
vidual oneskip, were not distinguishable under the use of the
natural ¢ 1:1) abundance of theBr and H1Br neutrals;

and two of four rate coefficients of the proton transfer reac-
tion (with the other two being shadowed by other processes).
No statistically valid difference between the individual PT
rate coefficients was observed. The individual CT rate coef-
ficients demonstrated a slight (about 10%) preference of the
light ion production, Eq(5a), compared to the reverse reac-
tion, Eq.(4a), and the effect was some stronger for the lowest
vibrational state of the ions compared to tfie= 1 level. The
measured rate coefficierii(t + kp1) Of disappearance of the
HBr" ionsisin agood agreement with the results of preceding
works in a free jef4] and the total reaction rate is higher by
afactor 2.5 compared to room temperature re$8]tsAs for

the temperature effect on branching of the reaction, the CT
rate coefficient changes similar to the total rate (factor 2). The
HT and PT rate coefficients also increase when temperature
decreases (as much as factors of 1.7 and 3.8, respectively).
The enhancement of PT over HT channel may be caused by
vibrational excitation of ions in our experiments. Another

(5a) compared to the reverse reaction (4a) is supported by hoin which may be important independently or in combina-

statistical criteria within the 95% reliability level. Data on
the ratiosks,/ks, measured under various experimental con-
ditions are listed in the last column @fble 1 Note that a

slight preference in the direction of the CT reaction towards

lighter ion production was also observed by Green €3l.
for the reactions HBr+ (D”°Br, D81Br) — HBr + (D"°Br*,
D8IBr). Since it is not clear dynamically why these trends

tion with vibrational excitation, is that the complex forming
mechanisms may become more important at low tempera-
tures even when internally excited ions are involved.
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