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Product ion distributions and rate constants have been determined for thermal energy reactions of ArN7
with n-C4Hyo and -C4Hyo by using an ion-beam apparatus. C4Hg, CaHY (n=5—7), and CoH} (n=4,5) are
produced from n-C4Hio with branching ratios of 6, 57, and 37%, while C4Hg and CsH} (n=5—7) are formed
from -C4Hy¢ with branching ratios of 13 and 87%, respectively. A comparison of the product ion distribution in
the ArN7 /n-C4Hio reaction with that predicted from the fragmentation pattern of n-C4HJ, suggests that most
of all fragment ions are formed through (pre)dissociation of precursor n—C4H1"0 states at ca. 13.2 eV. Since this
energy is close to the effective recombination energy of ArNJ (ca. 13.5 eV), it is concluded that the ArNJ /n-
C4Hio dissociative charge-transfer reaction proceeds through near-resonant n-CsHJ, states. The total rate
constants are (6.942.3)x107'% cm®s™! for n-C4H;o and (9.04:2.6)x1072° cm®s™! for -C4H1o, which amount
to 58 and 75% of the collision rate constants estimated from Langevin theory, respectively.

The attention that simple cluster ions with a No
molecule has received in recent years is partly due
to their important role in the chemistry of the up-
per atmosphere.’) The simple Ary, ArNJ, and Nf
cluster ions have nearly the same recombination en-
ergies of 14.51840.017, 14.51, and 14.50%0.08 eV,
respectively,>~> because the recombination energies
(RE’s) of Ar™ (?P3/5: 15.76 eV) and N (15.58 eV)
are similar, and the binding energies of these ionic clus-
ters are similar. It is known that there is a signifi-
cant difference in the reactivity between homo-molecu-
lar Arj and (N2)F cluster ions for CHy. Only charge-
transfer (CT) channel leading to the parent CHJ ion
is found in the Arj/CH4 reaction,® while both CT
and displacement reaction leading to NoCHJ are found
in the Nf /CH4 reaction.”® We have recently studied
the ArNJ /CHy reaction at thermal energy by using an
ion-beam apparatus in order to examine the reactivity
of the heteromolecular ArNJ cluster ion.” Since only
CHf due to CT was detected in the ArNJ /CHy reac-
tion, the reactivity of ArNgL was found to be similar
to that of ArJ for CHy. The reaction rate constant of
ArNJ /CHy (0.90x107% ecm®s™!) was similar to those
of Ar /CH4 (0.93x10~° em3s~1)® and N /CHy (0.90-
1.0x107% cm3s71).7®

In the present study, a comparative mass spectro-
scopic study was conducted on the ion-molecule reac-
tions between the ArNj /n-C4H;o and ArNy§ /+C4Hp
reactions at thermal energy. The product ion distribu-
tions and reaction rate constants are determined. The
CT process of ArNJ /n-C4Hyq is discussed by refer-
ence to reported breakdown curves of the parent cation.
The results obtained are compared with those for the
COJ /C4H1o and Art/C4Hig reactions'®'V to obtain
information on the reactivity of the simple cluster ion.
The RE’s of COJ (13.78 eV) and Art (15.76 eV) are
lower and higher than that of ArNJ (14.51 eV), respec-
tively.

Experimental

The thermal ion-beam apparatus used in the present
study was essentially the same as that reported previous-
ly.>~'? The apparatus consists of a flowing-afterglow ion
source, a low-pressure reaction chamber, and a quadrupole
mass spectrometer. The ground Art(*P3,,) and metastable
(Ar™)* ions were generated by a microwave discharge of high
purity Ar gas in a quartz flow tube, and N2 was added about
10 cm downstream from the center of the discharge. The
product ions were then expanded into an interaction cham-
ber through an orifice centered on the flow tube axis. At low
Ar buffer gas pressures, Ar™ and NJ were found as reactant
ions, whereas besides these ions, ArJ, ArN§F , N;, and N:f
cluster ions were observed at high Ar buffer gas pressures.
Among these ions, only the ArNJ ion was strongly enhanced
with increasing in the N flow rate, because the equilibrium
of the following reactions lies to the right:>13—1%

N + Ar — ArNJ + Ny, (1)
Arf + Ny & AINJ + Ar. 2)

The metastable Ar(3Pg2) atoms generated in the dis-
charge were completely quenched by the Ar(*Pg.)+
Ng—»Nz(CSHu)+Ar excitation-transfer reaction'®'” in the
ion source before they entered the reaction chamber. The
absence of the contribution of Ar(sPoyg) /C4Hjo Penning ion-
ization was confirmed by the disappearance of product ion
signals, when reactant ions in the source were trapped using
an ion-collector grid placed between the microwave discharge
and the orifice.

The sample gas was kept at a constant mass flow and
injected from a stainless steel orifice placed 5 cm down-
stream from the nozzle. The reactant and product ions were
sampled through a molybdenum orifice placed 3 cm further
downstream and analyzed using a quadrupole mass spec-
trometer. The mass spectra were averaged using a digital
storage oscilloscope and stored in a microcomputer. Typical
operating pressures were 1.8 Torr (1 Torr=133.3 Pa) in the
flowing-afterglow ion-source chamber, 3x10™% Torr in the
reaction chamber, and 2x107° Torr in the mass analyzing
chamber.
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Results and Discussion

Product Ion Distributions. Typical mass spec-
tra obtained for the ArNJ /n-C4H;o and ArNj /i-C4Hig
reactions are shown in Fig. 1(a) and (b), respectively.
In both spectra, C3H;" (n=5—7) and C4Hyg are found.
In addition, CoH} (n=4,5) and C4H{, are detected in
the ArN;' /n-C4H;g spectrum. Although N 2CHZ result-
ing from displacement reaction has been obtained in the
N7 /CH, reaction as a major product,”® such a cluster
ion cannot be detected in the reactions of ArN7 with
n-C4H19 and +C4Hig. In general, displacement reac-
tion becomes significant when the ionization potential
of a target molecule is either comparable with the RE
of a reactant ion or higher than that.'®!% On the other
hand, only CT occurs when the ionization potential of
a target molecule is lower than the RE of the reactant
ion. Therefore, the lack of the displacement channels
in the ArNJ /C4H;o reactions is explained by the facts
that the RE of ArNJ (14.51 eV) is higher than the ion-
ization potentials of n-C4H;q (10.55 eV) and -C4H;g
(10.57 €V).2” As described later, the effective RE of
ArNj is estimated to be ca. 13.5 eV, which is still much
higher than the ionization potentials of n-C4H;o and
+C4Hjp.

In order to determine whether product ions are pro-
duced from the primary reaction or some secondary
reactions, the dependence of branching ratios of each
product ion on n-CyHjo flow rate is measured, as
shown in Fig. 2. With increasing n-C4H;o flow rate,

ArN,*/n-CH,,

CH,
C.H, CH, CH, (a)
cH,| CH, \ CH, ’ ArN;
M AS S A

CH' ArN,"/i-C,H,,
CH,’ .| )
C.H CH, A,
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1 L 1 | 1
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Fig. 1. Typical mass spectra resulting from the (a)
ArNf /n-CsHio and (b) ArNj /i-CsHio reactions at
thermal energy. The spectra are uncorrected for the
relative sensitivity.
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Fig. 2. The variation of the branching ratios of the
ionic products with n-C4Hio flow for the ArNF/
n-C4Hio reaction.

the branching ratios of CgH;_, C4HY, and C4H}L0 in-
crease, while those of C«ZH;Ir and CgHg rapidly de-
crease. Although the branching ratios of C3HF and
CgHg' decrease with increasing n-C4Hio flow rate, their
reductions are small. By extrapolating the percentages
of each product ion to zero n-C4H;¢ flow, the initial
branching ratios of primary reactions (3a)—(3f) are de-
termined:

AN +n-C4Hyp — C4HE + H + Ar 4+ Ny, (3a)
— C3HY + CH3 + Ar + Ny, (3b)
— C3HF + CHy4 + Ar + Na, (3¢)
— C3HI + (CHs + H, CH; + H»)
+Ar + N, (3d)
— CoHY + (CoHs, CoHy + H)
+Ar + No, (3e)
— CHJ + CoHg + Ar 4 Ns. (3f)

The results obtained are given in Table 1 along with
our previous data for the COZ/n-C4Hjp and Art/
n-C4Hyo reactions.!®'V) The C,HJ, C3HY (n=5—7),
and CoH} (n=4,5) fragments occupy 6, 57, and 37%
of the total product ions, respectively. These values are
in good agreement with the corresponding values in the
COF /n-C4H;o reaction, which gives 6, 56, and 38%,
for C4Hy, C3HY (n=5—7), CoH} (n=3—05), respec-
tively. However, they are different from the data for the
Ar* /n-C4H;g reaction, in which higher branching frac-
tions of smaller fragment ions such as CoHF and CoHj
are found due to the higher RE of Ar™.

Combining the data shown in Fig. 2 with the known
reactions of the hydrocarbon system,? possible sec-
ondary reactions leading to C,Hfy, C4Hg, and C3HF
are as follows:
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Table 1. Product Ion Distributions in the ArNJ/C4Hio, COF/C4Hio, and Art/CsHio Reactions and
Photoionization of C4Hio
Reactant Product ion Appearance Branching ratio/%
molecule potential® ArN7F coy Art hv
eV 14.51 eV 13.78 eV 15.76 eV 13.0 eV 13.5 eV
This work  Ref. 10 Ref. 11 Ref. 27
C4H{, 10.55 0 0 0 13.83 12.31
C4HS 11.65 6+1 6 0 1.89 1.80
C4HF 12.51 0 0 0 0 0
CsHT 11.19 44+4 25 0 61.92 58.34
n-C4Hio CsHY 11.16 741 5 0 6.36 6.30
C3Hy 13.40 6+1 26 22 0.82 2.84
C.HF 12.55 2142 22 36 5.20 7.58
CoHf 11.65 1642 13 10 9.57 10.07
CoHT 13.66 0 3 32 0 0.21
C.HT,y 10.57 0 0 0
C.HY 11.60 1342 7 0
CsHY 11.23 68+4 53 1
i-C4Hyo CsHE 10.93 13+2 9 2
CsHY <13.78 6+1 31 42
CoHF 13.80 0 0 7
CoHy 11.65 0 0 2
C.HY 13.75 0 0 46
a) Ref. 20. b) Ref. 10.
CoHf +n-C4Hio — n-CsHfy + CoHys +0.10 eV,  (4a) ArN,'/i-C,H,,
— n-CqH$ 4 CoHs +0.02 eV,  (4b) 80 . . :
— 5-C4HI + CoHs +0.76 eV,  (4c)
— n-C3HY +i-CsHr + 0.08 eV, (4d) 3 A A A S =
— 4-C3HF + n-C3Hr + 0.64 eV, (4e) ; 60 . =
— -C3HF +i-CsHy +0.78 eV,  (4f) E o CH’ a2 CH,
o« O CH, o CH, )
CzH;— + n-C4Hio — n—C4H3 + C2Hg + 0.38 ¢V, (5a) (z, 40
— 5-C4H + C2He + 1.11 eV,  (5b) E
Z 20f 1
CsHy +n-C4Hio — s-C4Hy + CsHe +0.33 eV,  (6a) o 5 o— =8 - &
4]
— -C3HY + C4Hg +0.32 eV.  (6b)
| | 1
Here, the AH° values are calculated from re- 0 5 10 15 20

ported thermochemical data.?® The rate constants
of processes (4), (5), and (6) have been esti-
mated to be (1.1440.13)x107°, (8.440.2)x1071%, and
(5.0£0.6)x1071% cm3s!, respectively, though the
product ions have not been identified except for process
(5)'21)

The branching ratios of the product ions in the
ArNJ /#-C4Hp reaction are independent of i-C4H;q flow
rate, as shown in Fig. 3. It is therefore concluded that
all product ions are formed by the primary reactions

under the operating conditions:

ArNJ +i-C4Hio — C4HY + H+ Ar + No, (7a)
— C3HT + CHs + Ar + Ny, (7b)
— C3HF + CH4 + Ar + Ny, (7¢)

SAMPLE FLOW RATE (SCCM)

Fig. 3. The variation of the branching ratios of the
ionic products with #CsHio flow for the ArNj/
+-C4Hio reaction.

— C3HF + (CHy + H, CH; + Hy)

+Ar + Na. (7d)

The branching ratios of each product ion are given in
Table 1 together with our previous data for the COJ /
-C4Hyo and Ar*/i-C4H;o reactions.’®'V The C4HF
and C3H; (n=5—T) fragments occupy 13 and 87% of
the total product ions, respectively. The branching ra-
tio of C4Hy is about twice larger than that in the COJ /
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~-C4H;g reaction, while the branching ratio of CgHQ’ re-
duces to one-fifth in comparison with that in the COJ /
i-C4Hjp reaction. The major product ions in the Ar*/
-C4Hyo reaction are CgH;r and CgH;', which occupy
88% of the total product ions. The branching ratios of
these smaller fragment ions are either small or zero in
the ArN§F /+C4Hyp reaction because of the lower RE
of ArN;j. The most obvious feature in the ArNj/
-C4H;1o reaction is the lack of CoH} fragments. The
CoH; fragments can be easily formed from n-C4H7; by
cleavage of C-C and C-H bonds without significant re-
arrangement of chemical bonds. Meanwhile, cleavage of
two skeletal C—C bonds followed by creation of a new C—
C bond is required for the formation of the CoH}! frag-
ments from -C4Hjg. Thus, the lack of CoH;} fragments
from +C4Hjo can be attributed to a low probability
of significant rearrangement of chemical bonds through
the CT reaction of ArNJ /i-CqHyg.

Charge-Transfer Mechanism. The appear-
ance potentials of each product ion are shown in Ta-
ble 1. The appearance potential of C;:,Hgr from +-C4H;p
had been measured as 14.55 eV under electron-impact
ionization.?® However, we have estimated it to be less
than 13.78 eV because of the detection of C3HZ from
the COJ /n-C4Hyo reaction. In the CT reactions of
ArNJ with n-C4Hyo and -C4Hyg, fragment ions with
appearance potentials of 10.93—13.78 eV are observed.
All of these energies are lower than the RE of ArNJ
(1451 eV).

Figure 4 shows breakdown curves of n-C4Hj, ob-
tained by Chupka and Lindholm using various reactant
atomic and molecular ion beams with collisional ener-
gies of 5 and 900 eV.?® The product ion distribution
obtained in the thermal ArN§r /n-C4Hjg reaction does
not agree with that predicted from breakdown curves at
14.51 eV. However, a good agreement is found between
the observed distribution and the breakdown curves at
ca. 13.2 eV, as shown in Fig. 4. It was therefore con-
cluded that the product ions are formed through (pre)-
dissociation of n-C4H7J, states at ca. 13.2 eV.

Recent ab initio calculations of Hiraoka et al.'® have
demonstrated that the ArNJ cluster ion has a linear
structure in the stable geometry with centers of mass
Ar-N, distance of ca. 2.8 A, and 84% of the positive
charge is located in Ar atom. The RE at an infinite
Ar-N, distance is 14.51 eV. When ArNj accepts an
electron, the resulting Ar—N, potential is repulsive at a
short Ar—N, distance of 2.8 A, so that the effective RE
of ArNj becomes lower than 14.51 eV. Although the
Ar-N, potential with a triangular configuration is more
stable than that with a linear configuration,25:?®) the
linear configuration is expected to be maintained at the
instance of electron jump. In our preliminary experi-
ments on the ion-molecule reactions of ArNJ with such
saturated hydrocarbons as CoHg and C3Hg,?? it was
found that most of all product ions are formed through
(pre)dissociation of parent cations in the same energy
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Fig. 4. Breakdown diagram of n-CsHf;. Adopted
from Ref. 23. Branching ratios of the ionic products
in the ArNJ /n-C4Hio reaction is shown at 13.2 eV.

range. On the basis of these findings, it is reasonable
to assume that the CT reactions of ArNJ with simple
saturated hydrocarbons populate precursor ionic states
at ca. 13.2 eV.

According to the theoretical and experimental studies
of the ground-state Ar-N, potential by Bowers et al.?®
and Beneventi et al.,?®) the potential has a small well
at an Ar-N, distance of 4.28 A for a parallel configura-
tion, and a strongly repulsive wall at shorter distances.
By using parameters of Lennald—Jones (12, 6) potential
measured by Beneventi et al.?® the repulsive energy of
Ar-N, at an Ar-N,, distance of 2.8 A is estimated to be
1.0 eV. Then, the effective RE of ArNJ at an equilib-
rium Ar-N7 distance of 2.8 A is estimated to be ca. 13.5
eV. Since this energy is close to the observed energy of
the precursor n-C4H7, states, the ArNJ /n-C4H;q re-
action must proceed through a near-resonant electron
jump and the perturbation of the potential function of
ArN} by approaching n-C4Hio molecule is insignificant
before an electron jump from n-C4Hjo to ArNj.

The most obvious difference in the CT reactions of
molecular ions in comparison with those of atomic ions
is that the internal (vibrational and rotational) degrees
of freedom in the reactant ions are acceptable modes of
an excess energy, besides the internal degrees of freedom
in product ion and translational degrees of freedom in
products. If the excess energy is released statistically
among all degrees of freedom in products, the possibility
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of nonresonant CT would be large for molecular ions.
However, we have recently found that the Ar*/n-C4H;q
and COJ /n-C4H;o reactions proceed through similar
near-resonant processes in which the breakdown of pre-
cursor n-C4H7, ion occurs near the RE’s of Art (15.76
eV) and COJ (13.78 eV).!%'D) This implies that the
internal degrees of freedom in COJ do not play a sig-
nificant role in the CT mechanism of the CO; /n-C4H1g
reaction. Here, we found that the ArNJ /n-C4H;q CT
reaction proceeds through a similar mechanism, where
the effective RE of ArN7 is efficiently converted into
the ionization energy of n-C4H;o and internal energies
of the n-C4H{, ion. Thus, the internal degrees of free-
doms would be also insignificant in CT reactions of the
ArN7 cluster ion.

In order to compare the reactivity between the ther-
mal CT and photoionization at comparable energies,
the product ion distributions in photoionization at 13.0
and 13.5 eV?" are shown in Table 1. Prominent fea-
tures in the photoionization of n-C4H1g are high branch-
ing ratios of n-C4Hfy and C3H} in comparison with
those of CoHF and C,HJ. Figure 5 shows photoelec-
tron spectra (PES) of n-C4H;o and +C4H;¢ reported by
Kimura et al.?®) Since the photoionization initially pop-
ulate ionic states with favorable Franck—Condon (FC)
factors, the n—C4Hf0 states in the 11—13 eV region will
be formed preferentially. According to the breakdown
curves of n-C4H{y, the parent C4;H7, ion and the daugh-
ter C3HY ion are major products in this energy region,
which is in agreement with the photoionization data.
The contribution of low energy ionic states below ca.
13 eV is insignificant in the ArNéF /n-C4Hyg reaction,
even though FC factors are large. Thus, the branching
ratios of C4Hj, and C3HF with low appearance poten-
tials become either small or zero in the ArN 3’ /n-C4H1g
reaction.

There are nine ionic states of n-C4Hf; in the 11—
17 eV region based on PES shown in Fig. 5(a). In
the caption of Fig. 5 are given vertical ionization po-
tentials (IP,) of each state, molecular orbitals of re-
moval electrons, and their bonding characters reported
by Kimura et al.?® The ArNj /n-C4H;o reaction ini-
tially populates ionic states near ca. 13.2 eV. Therefore,
important precursor states of n—C4Hf0 -are expected to
be near-resonant states 4 and 5, arising from loss of a
2a’ electron with 7y, character and a 12a’ electron
with occ character, respectively. The nature of molec-
ular orbitals of the removal electrons suggests that the
major CoH} fragments dominantly arise from cleavage
of a C—C bond in state 5(12a’~!), while the minor C;Hg
fragment arises from fission of a C—H bond in state 4-
(23,”—1)3

ArNJ +n-C4Hjo — n-C4HTy(state 5) + Ar + No,

l
CoHt (n = 3-5), (8a)
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Fig. 5. Photoelectron spectra of n-C4H1¢ and +-CsHio.
Adopted from Ref. 28. n-C4Hio: Peak 1 (Iy=11.09
eV, 142, occ), 2 (11.66 eV, 3a”, mon,), 3 (12.3
eV, 132/, occ), 4 (12.74 eV, 23", mon,), 5 (13.2 eV,
122, occ), 6 (14.2 eV, 12", mcn, ), 7 (14.59 eV, 112,
TicH, )y 8 (15.0 €V, 10a’, occ), and 9 (15.99 eV, 9a’,
TCH, ), and -C4Hio: Peak 1 (ly=11.13 €V, 6a4, ocH,
oce), 2 (11.70 eV, 5e, occ), 3 (12.1 eV, 5e, occ), 4
(12.85 €V, lag, mcn, ), 5 (13.52 eV, de, mon, ), 6 (13.9
eV, 4de, mcH, ), 7 (14.86 eV, 3e, mcH, ), 8 (15.3 €V, 3e,
TcH, ), and 9 (15.95 eV, bay, mtcny ).

— n-C4H7y(state 4) + Ar + N,

!
C4HY. (8b)

Similar ionic states are present for -C4H1q, as shown
in Fig. 5(b). Ionization mechanism is uncertain for the
ArNé‘r /#C4Hjo reaction because the breakdown curve
of +-C4H{, is unknown. However, it is highly likely that
the reaction also proceeds through near-resonant CT.
The most probable near-resonant precursor states of
z‘-C4HfO are states 4 and 5, arising from loss of a la,
or 4e electron with the same mcy, character. There-
fore, the major C3H;! ions are probably formed through
cleavage of a C-H bond followed by C—C bond dissoci-
ation.

Rate Constants. Figure 6 shows semilogarithmic
plots of ArNJ ion current vs. reagent flow rate. Total
rate constants kc,n,, are determined from the decay of
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Table 2. Observed and Calculated Reaction Rate Constants of the
ArN7 /C4Hyo, COZ /C4Hyo, and Art/CsHio Reactions at Thermal En-
ergy
Reactions kobsa k:;lcd kobsd/kcalcd
107°% ecm®s7!
ArN7F +n-CyHio This work 0.69+0.23 1.2 0.58+0.19
ArN§r+i-C4H10 This work 0.9010.26 1.2 0.75%0.22
COFf +n-C4Hio Ref. 10 0.9840.20 1.3 0.7540.15
COF +i-C4Hio Ref. 10 1.0£0.2 1.3 0.77+0.15
Art 4+n-CsHyg Ref. 11 0.79£0.28 1.4 0.57£0.20
Art4+4-C4Hig Ref. 11 0.86+0.31 1.4 0.6240.22

a) Calculated from Langevin theory.

O n-CgHqo 1
o i-C4qH190 \‘A\j

ION CURRENT (A)

o
o

0 5 10 15 20
SAMPLE FLOW RATE (SCCM)

Fig. 6. The variation of the reactant ion current with
the sample gas flow for the ArNj/n-C4Hio and
ArN7 /i-C4Hjo reactions. As a reference the decay
of ArNJ upon addition of CHs under the same ex-
perimental conditions is shown.

ArNj, which is governed by the pseudo-first-order rate
law,

I(ArN]) =
IO(ArN;) exp (—kcyH,0[CaHiolt). (9)

Here, Io(ArNJ) represents the initial ArN7 ion current
and ¢ is the reaction time. Because of the difficulty
in evaluating the accurate t value, the kc,m,, value
is evaluated by reference to the rate constant of the
ArNj /CHy reaction (kcm,), which has recently been
determined to be (9.0£1.9)x1071% cm3s~1,%

kcyny =

kou In {I(ArN;—)/IO(ArN—Zf-)}C‘;Hm [CH]4

* In {I(ArNJ)/Io(ArNJ)}cn, [CaHio]

(10)

The decay of ArNJ upon addition of CHy under the
same experimental conditions is also shown in Fig. 6.
The faster decay of ArNJ for +C4Hjo than that for
n-C4Hyo implies that the rate constant of the ArNj/

i-C4H1o reaction is larger than that of the ArNJ/
n-C4H1g one. The rate constants obtained from slopes
in Fig. 6 are summarized in Table 2. Total rate contants
of thermal-energy ion-molecule reactions have been
evaluated by using the Langevin theory for non-polar
molecules with small dipole moments®” and the aver-
age dipole orientation (ADO) theory for polar molecules

with large dipole moments.3%31)
kL = 2me(o/p)*/? (11)
kapo = (2me/u'’?)[a’/? + Cup(2/mkT)V?],  (12)

where « and pp are polarizability and dipole moment
of C4H10,%® p is a reduced mass of the reactant system,
and Cis a parameter given by Su and Bowers.?") Since
the up values of n-C4H;g (<0.05 D) and +C4H;¢ (0.132
D) are small, the kapo values are nearly the same as the
ki, ones. Therefore, theoretical collision rate constants
given in Table 2 were calculated by using Langevin
theory. To the best of our knowledge, the a value of
+-C4Hyp has not been reported. Thus, the kg value for
+-C4Hg was calculated assuming that the o value of
-C4H;o is identical with that of n-C4H;o. The ratio
of the observed and calculated rate constants serves as
a measure for the efficiency of a reaction. Relatively
high efficiencies of 58 and 75% are found for n-C4H;g
and ~C4H;g, respectively. For comparison, the kobsd
values for the COJ /C4H;p and Art/C4Hio reactions
are given in Table 2. The rate constant of the ArN7/
n-C4Hig reaction is 23% smaller than that of the ArN7 /
+-C4Hyg reaction. However, no significant differences
are found in the kypsq values among the ArNj , CO;,
and Ar* reactions, indicating that electron jump occurs
at similar interparticle distances.

Summary

Thermal energy reactions of ArNJ with n-C4Hio and
i-C4H1o have been investigated by using an ion-beam
apparatus. The product distributions and rate con-
stants were determined and summarized in Tables 1
and 2, respectively. For all reactions, only CT product
channels were observed and no evidence of displacement
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reaction was found. C4Hg, C3H} (n=5—7), and CoH
(n=4,5) are produced from n-C4H;¢ with branching ra-
tios of 6, 57, and 37%, while C;Hg and C3H} (n=5—7)
are formed from C4H;¢ with branching ratios of 13 and
87%, respectively. The lack of CoH} fragments from
-C4Hjp is attributed to a low probability of significant
rearrangement of chemical bonds for the formation of
the CoH}! fragments. The product ion distributions led
us to conclude that the ArNj /n-C4Hjo reaction popu-
lates near-resonant n-C4Hj, states at ca. 13.2 eV. The
total rate constants correspond to 58 and 75% of the
collision rate constants estimated from Langevin the-
ory.
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