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The cation and anion products of the reactions between lead clusters produced in the laser ablation and the
benzene molecules seeded in argon were studied by high-resolution reflectron time-of-flight mass spectrometer
(RTOFMS). The dominant cation products were Pb/benzene association complexes, while the dominant anion
products were dehydrogenated speciesy{Rb, [PbC,H{] ", etc. One important intermediate distinguished

in the anion reactions was [RtCsHs)]~ product. Two conspicuously different and independent reaction
mechanisms were proposed for lead cluster cations and anions, respectively.

Introduction As early as 1972, Castleman and co-workessudied the gas-

Studies on the chemical interactions between metal cl Stersphase hydration of the monovalent lead cation using high-
udies icall cll W i us pressure mass spectrometry, and clusters of up to eight water
and organic molecules can provide useful information, which

leads to deep understanding of some important heterogeneou rolecules around a lead cation were (_)bserved. Later, the same

. . . . . %roup reported the combination reaction of benzene with lead
catalytic processes in the organometallic chemistry field. As a cation5 Very recently, A. J. Stace and co-workEreound that
fundamental chemical issue in theoretical study and industry lead ciuster cations C(,)ml.:)ir;ed with methanol molecules to form
application, the adsorption and dissociation of benzene on thelead/methanol complexes and the lead moiety can catalyze the
metal cluster surfaces have been hot topics for many yeérs.

The structure and property of metsromatic molecular bimolecular dehydration through the—®! insertion. In our
property ) previous works,18we have shown that in the reactions between
complexes have been studied extensively.

The ad tthe | o dth lecular b lead cluster ions and alkene or acetone, they could insert into
e advents of the laser vaporization and the molecular béamy, ¢ or c—H bond through high-energy reaction pathway.

techniques have promoted a rapid progress in these studies. |, s paper, the reactions between lead cluster ions and
Duncan andf co-wlorke_?jbhave mvestlgiated the dISSﬁCIatIOHd benzene molecules were performed on one laser ablation and
Processes o m?ta C.at'. €nzene COmpIExes In gas pnase anad p, ¢ar gas ion source. The products were analyzed using a high-
discussed the dissociative charge-transfer progress in detail. Kol'resolution reflectron time-of-flight mass spectrometer (RTOFMS).

_ 11 i iti . . .
Kayal_atr; dco WorkePSI havehsynthr:e sllzed negtral f;d transition - niterent reaction processes and bonding patterns were observed
metal-benzene complexes through the reactions between metak, e jeaq cluster cations and anions. The mechanisms involved
clusters and benzene in gas phase. They studied the Mas8, these reactions were discussed in detail

distribution, the reactivity, and the ionization energy of these

complexes and pres_ented two Qiffere_nt structures: (1) Sa”dWiChExperimental Section

structure (for Sc, Ti, V, etc.) in which the metal atom was

separated by benzene molecules one by one and (2) rice-ball The apparatus consisted of a Smalley-#j@ser vaporization

structure (for Fe, Co, Ni, etc.) in which the metal clusters were source and a homemade high-resolution reflectron time-of-flight

surrounded by benzene molecules. mass spectrometer (similar to that of Mamyf)n A detailed
However, these studies focused mainly on the transition metal d€scription of the apparatus has been given elsewfiétend

species, and much work is still required on the reactions of the Only an outline was given here.

main group metals. Lead has a completely different electronic N the experiment, the lead sample was mounted 10 mm

structure from those of the transition metals, and many unfilled downstream from the nozzle (General Valve series 73, orifice

orbitals (for example, those in PY or unpaired electrons (for ~ diameter 0.8 mm) in the source chamber and ablated by the

example, those in Rb) are present in lead clusters. This may focused second harmonic output of a Nd:YAG laser (10 mJ/

exert influence on their reactions or bonds with benzene. In Pulse, 10 Hz, 1 mm in diameter of beam spot). The metal

industry, lead is involved in some important catalytic processes. Particles were vaporized into the tube reactors ¢80 mm),

Lead ruthenate has catalytic activity comparable with that of Where high-pressure argon and small proportion of benzene were

Pt in the catalytic decomposition of hydrogen peroxide in Present. The clustering processes gnd the reactions with benzene

alkaline solutior? Lead halides are used to catalyze the Were completed near the nozzle éithe products were cooled

allylation of bipheny! ether with allyl bromide and give good PY supersonic expansion into vacuum through a 0.75 mm

functional selectivity? In addition to its practical application, ~ diameter orifice opening into & ghalf-angle) conical nozzle.

the study of lead cluster ions is also of fundamental interest. The €xpansion beam was skimmed by a conical skimmer (throat
diameter of 2.5 mm) positioned about 30 mm downstream from

* Corresponding author. Fax:+86-10-62563167. E-mail: zichao@ the former nozzle and then entered the accelerator region of
mrdlab.icas.ac.cn. the RTOFMS.
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Figure 1. Typical mass spectra of the cation products by laser ablation of lead into the mixed gas of argon and benzene (2.5% benzene in 400 kPa
mixed gas). The inset (panel B) showed the enlarged mass field of the fragment speciesH§Rb(TPb(GHs)]", [Pb(GHs)(CeHe)]t, and
[Pb(C/Hs)(CeHe)] ™).

The pulsed electric field was operated in two polarity modes showed a typical mass spectrum of the products when the
to detect either cationic or anionic products. In addition, one benzene concentration was 2.5% of the mixed gas.
positive direct electric field combined with another ionization 3.1.1. Pb/Benzene Association Cation Produtts," series
laser (Lambda Physik, Compex 103, 193 nm) in the acceleratorwere among the strongest cationic species in Figure 1, and a
region was used for neutral species detection. The products werewyide distribution (n = 1—14) was observed. The “magic
then extracted and accelerated to about 1.2 keV perpendicularlynumbers” of lead clusters, Ph Phyg", etc., observed else-
They experienced two sets of deflectors and electrostatic einzelwheré3 were not apparent in this experiment. Their dominant
lenses and then were reflected by a reflector. Finally the ions reaction channel was association of benzene, forming
reached a dual microchannel plate (MCP). The output signal [Pb(benzeng]* (m = 1—13, n = 1—4) complexes. In this
from the MCP was amplified and recorded by a 100 MHz experiment apparatus, the reactions happened under abeut 200
transient recorder (USTC, China) and then was stored by a PC270 K in the tube reactor, and the products were cooled to about
computer. The time sequence of valve opening, laser vaporiza-150 K by supersonic expansion into the vacuum (simulation
tion, pulse acceleration, and recording was optimized by a digital results using the 3D-hydro progrédf In these formed com-
delay pulse generator (Stanford Research DG535). Typically plexes, benzene molecules should be adsorbed on lead cluster
the final digitized mass spectra were averaged 300 pulses, anctations through chemical interactions.

the mass resolution of the mass spectrometeA() could The distribution of [Ph(benzeneg)t series had several
reach 2000. This enabled the apparatus to resolve the numbetharacteristics. First, the number of adsorbed benzene molecules
of the hydrogen atoms coexisting in products easily. was less than four for all lead cluster catioms £ 1—13);

The source chamber, the flight tube, and the reflectron region second, except [Pb(benzefjé) and [Pb(benzene)™,
were all differentially pumped with mechanical pumps and [pp,(benzeng)* had monotonically decreasing intensities as
turbomolecular pumps. The COWESDOHQ'HQ operating pressuresh increased, and no “magic number” peaks were observed; third,
were 104, 10°%, and 107 Torr, respectively. _ the larger the lead clusters were, the fewer of benzene molecules
The lead target was prepared by pressing lead powder (puritycould be adsorbed. All of these characters were independent of
99%) into a tablet, which was 12 mm in diameter and 5 mm in the concentration of benzene reagent in argon gas.
thickness. The benzene (analytical reagent) was seeded in argon Thjs result was consistent with that of the reactions between
(purity 99.9%) within a vacuum stainless steel bottle (about 1 Ph,*t and methand!® for which no apparent “magic number”
L) to yield a total stagnation pressure of 400 kPa; the partial heaks or abrupt intensity decrease appeared in the product series.
pressure of benzene was lower than 10 kPa (about 2.5% of therhs characteristic was very different from that of transition
mixed gas). All materials and chemical reagents were obtained ygtg) species. For example, in the sandwich complexes of Sc,
commercially and used as supplied without any further purifica- Tj v etc., [Mn(benzena)i1] peaks showed apparently en-

tion. hanced intensity, while for rice-ball complexes of Fe, Co, Ni,
. . etc., the number of absorbed benzene molecules increased with
Results and Discussion the increasing size of the metal moiety and was governed by

3.1. Reactions between Lead Cluster Cations and Benzene. the d—m bonding pattern and the effect of steric hindrance.
The reactions between lead cluster cations and different Thermochemical study using high-pressure mass spectrom-
concentration benzene in argon gas were investigated. Figure letry!®> showed that the properties of reaction"Pb benzene~
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Figure 2. The dependence &,* on the size of cationic lead clusters
when different benzene concentrations were used (the pressure of th
mixed gas was 400 kP&~ = |n{[|m'1/|mvo]/[|2v1/|2lo]}; Imo, Im1, 12,0,

and |, stood for the intensities of Rb, [Phy(benzene)], Pk,
[Pbn(benzene)], respectively).

[Pb(benzene)] were as follows: —AH® = 26.2 + 0.4 kcal/
mol, —AS 21.6 £ 0.6 cal/mol, and the electrostatic
interaction dominated the interaction. From the intensity dis-
tribution of Pl and [Ph(benzene)f, we could deduce some
information about the absorption of benzene on different size

Xing et al.

SCHEME 1 The Isomer Structures with the Lowest
Energy for (A) [Pb(CsHs)]*, (B) [Pb(C7Hs)]™, (C)
[Pb(CsHs)(CeHe)] ™, and (D) [Pb(C7Hs)(CeHe)l*

ot R ]+?+9+
sl (& 1E] 2.

3.1.2. Pb/Benzene Dissociated Cation Produlctghe low-
mass region, close to the [Pb(benzehgejjeaks near 273 and
297 Da were observed. Those peaks were assigned astBi(C
and [Pb(GHs)]*, which originated from the dissociative reac-
tions of benzene on lead cations. As shown in eq 5, the€C
bond in benzene cleaved and the structure rearranged through
loss of certain neutral fragments (possibly [CH] orsiHz]).
eactions between lead cations and benzene cluster also formed
Pb(GHs)(CeHe)] *, [Pb(CHs)(CeHe)] *, and [Pb(GHs)(CeHe)2]
species.

Pb" + (CeHe), — [PB(CsHs) (CeHe)d ™ + [CH] +
(n—KCHs  (k=0,1)
— [Pb(CHg)(CeHe)d ™ + [CoH] +

(h—k-1)CHs (k=0,1,2) (5

cationic lead clusters. Because the simple absorption process
was defined as one with a negligible barrier and no metastable DFT calculations on [Pb(£s5)]* and [Pb(GHs)]* (B3LYP

precursor states and could reach equilibrium easily under high-

pressure conditioff, the adsorption free energy of benzene on
different size PRt (Phy™ + benzene> [Phy(benzene)j) could
be obtained as follows:

@)

Imo and Im1 stood for the peak intensities of Rb and
[Pbn(benzene)j, respectively, and (benzene) stood for the

AG,, = RTIn{l, /[l ,(benzene}]

method with 6-3%+G** basis sets for C and H atoms and
5s5p5d/4s4pld basis sets for Pb atom) showed that the most
probable isomers were Pb/cyclopentadienyl conjugation struc-
tures (Scheme 1), which were the lowest-energy isomers on the
potential energy surface (detailed calculation results are going
to be reported elsewhere; here only outline is given). For
[Pb(GHs)™] (A in Scheme 1), Pb atom combined with the five

C atoms equally, as the result in ref 27. [PR{g)*] (B in
Scheme 1) was also Pb/cyclopentadienyl conjugation structure

partial pressure of benzene reagent. To remove the parameterg;iy, o c=C side chain. Calculation results also revealed that

of (benzene) and (about 206-270 K), the exact values of
which were difficult to determine, we defined tli&* as the
relative free energy comparing tGs:

R = (AG;, = AG)/(RT) = In{[l* 1, d/[1mo* 1240} (2)

As shown in Figure 2, the results of different benzene
concentrations showed a good consistency. Ritedecreased
slowly, as well as smoothly, and no obvious turning point
existed. In conclusion of the cation product results, we believed
that the electrostatic interaction contributed mainly to the
absorption. The chemical bonds involving donati@eceptance
of valence electrons, such as the cases in transition metal

benzene complexes, could be excluded. The positive charge

[Pb(GsHs)(CeHe)] T and [Pb(GHs)(CsHe)] ™ species were bent
sandwich structures (see Scheme 1, C and D structures). This
was reasonable considering that both of them were isoelectronic
to the neutral [M(GHs)2] (M = Si—Pb) molecules, which were
typical bent sandwich molecules in gas ph#&€.

3.2. Reactions between Lead Cluster Anions and Benzene.
In comparison with the cases of cations, the reactions between
anionic lead clusters and benzene were tremendously different.
Two typical TOF mass spectra of the anionic products were
shown in Figures 3 and 4. The concentrations of benzene reagent
in argon gas were 0.625% and 0.075%, respectively.

As shown in Figure 3A, when the benzene concentration was
0.625% (the partial pressure of benzene is 2.5 kPa in 400 kPa

dispersion on the larger lead moiety weakened the electrostatic™xed gas), the dominant products were 2§~ (m = 1-6,

interaction and therefore caused the decreasing.5f The

n = 1-16) and [PRC.H~ (M= 1-6,n = 116,k = 1-5).

formation processes of the above products should occur via eqd 19Ure 3B-E showed the hydrogen resolution results of these

3 and 4. It has been shown that the association products formProducts. Whem

Ph,* + (benzene)< [Pb, (benzene] * ~-
[Ph,(benzene] " (3)
[Ph,(benzene)* < [Ph, (benzene)]™ — (benzene), (4)

easily at low collision energies and under multiple-collision
condition?® They could be stabilized by collisions with the
carrier gas or by evaporation of benzene molecules.

<

3, [PhnCy]~ clusters could hardly be
detected, which indicated that these clusters were difficult to
form under the present experimental condition. For a given
value, [PRC,]~ and [PRCyHy]~ had first a monotonically
increasing and then monotonically decreasing intensity distribu-
tion with the special intensity of ion clustersrat 4, 5, 7, and

8. As we know, the benzene decomposition processes on metal
cluster was quite complex, and the underlying mechanism for
this decomposition process was presumably determined by the
thermodynamics. We decreased the benzene concentration to
0.075% (mixed 0.3 kPa of benzene in the 400 kPa mixed gas),
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Figure 3. Typical mass spectra of the anion products by laser ablation of lead into a mixture of argon and high concentration of benzene (0.625%
benzene in 400 kPa mixed gas). The inserts (panel B from 250 to 410 Da, panel C from 455 to 618 Da, panel D from 665 Da to 810 Da, and panel
E from 875 to 1025 Da) were the enlarged mass fields showing the isotope distributions of anion produ€lg ([PBbn(C.HW)] ", etc.).

and the typical mass is shown in Figure 4A. Figure-Bshows 3.3. Reactions between Neutral Lead Clusters and Ben-
the hydrogen resolution results of the dominant products. They zene.The possible neutral products in the reactions between
were assigned as [RiCsHs)] - (m= 1-7). [PhC ]~ (m=1—4, lead clusters and benzene were detected through ionization by

n = 1—10) species were also observed even they have low ion another laser (ArF excimer, 193 nm;-20 mJ/pulse, 1 mm in
intensity, while little anion [Pb/benzenefssociation products  diameter of the focused beam spot). Figure 6A was a typical
were detected. mass spectrum of the blank experiment (no lead cluster were
To determine the relationships between these several producintroduced), in which the dominant species were benzene
species, the products under different benzene concentrationglusters and hydrocarbon fragments (KGH[C2Ho-4], [C3Ho-4],
were analyzed in detail. Figure 5 showed the statistical relative and [GHo-4]). Figure 6B was the result when the lead clusters
intensities of four representative product series(PEPbCa] ~, were introduced. Figure 6A,B showed nearly the same species
[PbrC7]~, and [PRy(CeHs)] ) with different benzene concentra- and intensities, except that three new products, [T,
tions (0.075% (A), 0.15% (B), 0.313% (C) and 0.625% (D) in Pb", and Pb", appeared in Figure 6B. The hydrocarbon
400 kPa mixed gas). This picture clearly indicated that fragments in Figure 6B ([Ckh], [C2Ho-4], [C3Ho-4], and
[Pbm(CeHs)]~ species were absolutely predominant anion prod- [C4Ho-4]) were similar as those in the blank experiment (come
uct when the concentration of benzene reagent was low while from the dissociation of pure benzene clusters). [PHER
difficult to detect in the high benzene concentration systems. species might have similar formation pathway as the cation
The intensities of [PRC4]~ or [Ph,C7]~ followed the reverse  product [Pb(GHs)]*. Even when we scanned the power of the
trend. These results revealed that {fsHs)]~ species should  ArF laser, no association complexes, metedrbon clusters,
be the dominant products produced by the initial reaction step, metal-phenyl complexes, or carbon clusters were observed. The
and the following steps formed [RG.]~, [PbnCiHi ™, etc. only reason for this was that the intensities of those species
series. These processes could be described with eqs 6 and 7. Imere too low to be detected. So, we suggest that the interaction
a A between neutral lead clusters and benzene mainly formed
Phy, + (CgHg) <> [Phy =+ (CeHg)] * — physisorbed species, which could not survive to be ionized,
[Pb,(CeHo)]™ + [H] (6) extracted and detected. Our calculation (based on the same
theoretical level with that described in section 3.1) results
- _ indicated that the Pbbenzene interaction energy was less than
[PE(CeHST™ + (CoHe)y 10 kcal/mol. This process can be described as eq 8.
[Pb.C.] . [Pb,C.HJ (quenched by argon) (7)

the [Phy(CsHs)] ~ species, the phenyl group should combine on
lead clusters through one PR ¢ bond.

Ph,+ (benzene)~
[Ph,*+(benzene] (physisorbed species) (8)
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Figure 4. Typical mass spectra of the anion products by laser ablation of lead into a mixture of argon and low concentration of benzene (0.075%
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1 1 1 1 [l

3.4. Summarized Reaction MechanismdJnder the present The negative charges on metal surfaces could weaken the
condition, argon acted as buffer and also cooling gas, where meta-benzene interaction, as pointed out in ref 30. It was for
benzene reagents were seeded directly. The lead particleghis that no lead clustetbenzene anions were observed. When
produced by laser ablation grew larger, interacted with benzene,lead cluster anions interacted with benzene molecules, the excess
and were cooled by buffer gas in the tube reactor. Because noenergy within the clusters or originating from the collisions
corresponding neutral products were observed in the experimentcould ignite the dehydrogenating reactions, in which the
the interaction of anion and cation species could be neglected.[Phy(CsHs)] ~ series were most important intermediates. Because
This was due to the less possibility because the amount of ionsthe following decomposition process and carbide formation were
was very small compared with that of benzene molecules or exothermic, the energy released could usually promote the
neutral lead particles. We could see that the cation and aniondissociation and “evaporation” of hydrogen from the small
reactions follow two conspicuously different and independent molecules’®-32 However when the low concentration benzene
reaction pathways. The summarized reaction mechanismsreagent was used, the reactions could be easily quenched by
between lead clusters and benzene were shown in the Schemeooling gas and stopped at [RsHs)] ~ species. The depend-

2. ence of the dominant products on the concentration of benzene
3.4.1. Charge Effects on the Reactiofdissociation complexes  shown in Figure 5 also implied that the formation of {f&Hs)] ~
were the dominant products in the reactions betweeft Rbd should be the initial step of the reactions.

benzene. Whem > 1, even when the benzene concentration  For the usual dehydrogenation of benzene on metal suffae,
was up to 2.5% (partial pressure of benzene was up to 10 kPathe H atoms were eliminated as; kholecule, because this
in the argon gas), no apparent dissociated products werepathway was thermodynamically preferred. However, under
detected. This showed that lead cluster cations could hardly certain conditions, the selective-El cleavage of benzene could
dissociate benzene molecules in gas phase. As discussed ifbe achieved. For example, electron—@ eV)-benzene

sections 3.1.1 and 3.3, benzene could not form deaoceptor interaction could produce ¢Bls~ and H in gas phas®. This
bonds on lead cluster surface, and the adsorption was mainlyinvolved one repulsive state of benzene, antHCcleavage is
electrostatic interaction. As for the [Phfs)]*, [Pb(GHs)]™ dynamically favored. Electron-induced dissociation (typically

etc., the detailed reaction process could not be traced yet. In10—50 eV) of benzene on Ag or Au surface can also produce
our previous studie¥, [Pb(GHs)]* was also observed fromthe  clean absorbed phenyl gro&p3® In these reactions, the
reaction between lead cluster cations with butene. The formationproposed mechanism involved an electron impact ionization
pathway surely involved €C break and fragment rearrange- process, and the quick-GH cleavage of the intermediatgids™
ment on Pb. was dynamically favored. In our experiment, one new pathway
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SCHEME 2: Proposed Reaction Mechanisms between Lead Clusters (Cations, Anions, and Neutral) and Benzene in

Gas Phase
Q72
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was found to achieve the selective-8 cleavage of benzene studied. Conspicuously different reactions were observed for
in gas phase. The negative charge on lead cluster anions couldtations and anions. The main results were summarized as
be partially transferred to the benzene molecule, and the follows. (1) The Pl* (m > 1) clusters could only adsorb-%
excessive energy originating from the hot cluster anions or the benzene molecules, and no dissociated products were observed.
collision with benzene would induce the-El break. Because In the formed [Pk(benzeng]™ complexes, the electrostatic
the possible formed [Rp-+(CsHs)] * in eq 6 could be quenched interaction contributed mainly to the adsorption.*Ptould
quickly through dissociation to lead cluster anions again, the dissociate benzene molecules or clusters, forming [FH{)C
quick C—H cleavage process should be dynamically favored (CgHg)n]* (n =0, 1) or [Pb(GHs)(CeHe)n] ™ (n =0, 1, 2). The
compared with other slow processes such as\aporation or DFT calculations showed that they contained Pb/cyclopenta-
C—C break. dienyl structure. (2) The Rp clusters could promote the
3.4.2. Size Effects on the Reactiofbe size effects have  “evaporation” of hydrogen and carbon atoms from benzene
been observed in the reactions of cations or anions. In the cationmolecules, forming [PRC,]~ and [P&CrH] ~ products, and the
cases, th&ky* decreased apparently with the increasingof initial step of the reactions was to break only onekbond,
In the anion cases, the reactions happened mainly on thoseorming [Phy(CsHs)]~ complexes. (3) The interactions between
clusters for whichm < 7. These were due to the following neutral lead clusters and benzene mainly formed physisorbed
reasons: first, with the increasing cluster size, the positive or species, which could not survive to be detected under our
negative charge became dispersed, and the reactions wer@xperimental condition. (4) The reactions of lead cluster cations
restrained; second, lead clusters ¢ 4) tended to assume and anions followed two conspicuously different and inde-
compact near-spherical structdfegnd with the increasing size, pendent reaction pathways. The reaction mechanism showed
the effects of edges or end atoms would decrease. As resultclearly the charge effects on the reactions. Additionally the size

the smaller lead cluster ions were always more reactive. effects of lead clusters (cations, as well as anions) were also
observed, and the smaller sized clusters were always more
4. Conclusion reactive.

On a high-resolution reflectron time-of-flight mass spectrom- 5- Commentary
eter (RTOFMS) with a laser ablation argon buffer gas ion  On the basis of the above results, we believed that on the
source, the reactivity of lead cluster ions with benzene was solid metal surfaces (for example, many catalysis surfaces) the
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microsurroundings involving charges should play an important
role in the reactions of hydrocarbon molecules such as benzen

J. Phys. Chem. A, Vol. 107, No. 41, 2008491

(11) Kurkawa, T.; Takeda, H.; Hiranok, M.; Judai, K.; Arita, T.; Nagao,

e Nakajima, A.; Kaya, KOrganometallics1999 18, 1430.

(12) Venkatachalapathy, R.; Davila, G. P.; Prakashgléctrochem.

and negative charges tend to activate these molecules, as havg,mmun1999 1, 614.

been observed in gas phase. Additionally, the metal cldaster

(13) Halligudi, S. B.; Kala Raj, N. K.; Rajani, R.; Unni, I. R;

phenyl complexes observed in this experiment were very rare Gopinathan, SAppl. Catal., A200Q 204, L1.

cases in organometallic chemistry, while they are very important

(14) Tang, I. N.; Castleman, A. WI. Chem. Phys1972 57, 3638.
) Guo, B. C.; Purnell, J. W.; Castleman, A. W.,Ghem. Phys. Lett.

intermediate species in many homogeneous catalysis processegggq 168 155.

(as mentioned in refs 3436). The anion leadphenyl com-

(16) Barran, P. E.; Mikhailov, V.; Stace, A. J. Phys. Chem. A999

plexes observed in this experiment present an opportunity to 103 8792.

study their bond patterns and electron states in detail in gas

phase. This work is currently in progress.
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