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Abstract: Alyl~ are reacted with methyl iodide, and the reaction mechanisms and products are discussed.
The relevance of previous studies of the reactions between bare aluminum clusters and methyl iodide is
addressed, and the chemical differences reported herein are explained. Particular attention is given to
parallels with the known chemistry of alkyl halides on aluminum surfaces, where kinetically mediated etching
reactions are prominent. The emergence of Al7I- as the dominant product in the present reactions is
addressed via electronic structure calculations, which reveal that the cluster can be described in terms of
an electron bound to a “jellium compound”. Other significant products of the etching reaction include |-,
137, and, importantly, the polyhalide-like Alislo~ clusters. In the Alisl~ series, clusters with odd values for
x are found to be reactive, and those with even x are far more stable. This observation is explained in
terms of the presence or absence of active sites.

1. Introduction In this work, we report an unusually abundant clusterI(Al

A promising area of research on nanoscale materials is thetcr?mposed of setven f‘l fland.one Ist?gn' Tlhetcluster appe:a(rjs tl)n
identification of clusters that could serve as the building blocks € Tasslspgc ra OI atumlnum . ‘3.' N Ictust’ ers gen_eraet y
of new materials. Since the properties of clusters can be tailore reacting aluminum clusters with iodine. 1is trué magic nature

by changing their size and composition, their use is expected is, however, revealed in experiments when iodized aluminum

to enable the formation of materials with desirable collective clusters are reacted with increasing ampunts of methyl |0Q|de.
traits. The challenge, however, is to find stable clusters and theThe mass specira reveal Rl as the dpmmant product of this .
corresponding electronic principles governing their stability that rea_ctlon. We show t_h_at the relative mertn_ess of the cluster is
could help in the systematic search for such species. For alkalider'ved from E_he _stablhty of the ntiutral Awhich can b_e Iookec_i
metal clusters (Ngclusters), the mass spectra in beams, obtained upon as a “jellium compound” formed by the mter_acnon
over twenty years agbshowed that clusters containing 2, 8, petween a,%lsupergtom andan | atom. The neutrajlAvhich .
18, 20... electrons are particularly stable. It was shown that a's very stqble, carries a large electric d!pole moment, !egdlng
simplified model:2 often termed “jellium” where the almost to a situation where the cluster has a high electron aff|n|ty_ of_
free valence electrons of the metal are subjected to a uniformz'09 ev. Su_ch a process enaple_s both the ”e““‘."‘.' and anionic
potential, can account for their stability. Extending these clusters to simultaneously exhibit enhanced stability.
investigations to systems combining metal atoms with other 5 Experiment

elements and developing rules that can guide the systematic

search for stable species is an important step in the development Reactions leading to the current findings were carried out in the

of cluster assembliess fast-flow tube apparatus, which has been previously described in
detail®” To summarize, clusters are generated in a constant flow laser

 The Pennsylvania State University. yaporization (LaVa) source. The high purit)_/ helium carrier gas is
*Virginia Commonwealth University. introduced at a flow rate of 8000 standard cubic centimeters per minute

N §Curr:9m ?Jddress_i Dpepiftmen_t 0;] Phyrs\ligi7I gggmi&t(ry, University of (sccm), and the flow tube is maintained at a pressure@®8 Torr by
ottingham, University Park, Nottingham, , UK. ; e ;
(1) Knight, W. D.: Clemenger, K.: de Heer, W. A.. Saunders, W. A.: Chou, a high volume Roots pump. Clusters exiting the source are thermalized

M. Y.; Cohen, M. L.Phys. Re. Lett. 1984 52, 2141. via collisions with the carrier gas and can be exposed to various gases

(2) Ekardt, W.Phys. Re. B 1984 29, 1558. introduced through one of two reactant gas inlets (RGIs). In the present

(3) (a) Leuchtner, R. E.; Harms, A. C.; Castleman, A. W.JJIChem. Phys.
1989 91, 2753. (b) Harms, A. C.; Leuchtner, R. E.; Sigsworth, S. W.;
Castleman, A. W., JiJ. Am. Chem. S0d.99Q 93, 2506. (c) Leskiw, B. (5) Bergeron, D. E.; Roach, P. J.; Castleman, A. W., Jr.; Jones, N. O.; Khanna,
D.; Castleman, A. W., JiIChem. Phys. Let200Q 316, 31. S. N. Science2005 307, 231.

(4) (a) Bergeron, D. E.; Castleman, A. W., Jr.; Morisato, T.; Khanna, S. N.  (6) Bergeron, D. E.; Castleman, A. W., &hem. Phys. LetR003 371, 189.
Science2004 304 84. (b) Bergeron, D. E.; Castleman, A. W., Jr.; Jones,  (7) Castleman, A. W., Jr.; Weil, K. G.; Sigsworth, S. W.; Leuchtner, R. E;
N. O.; Khanna, S. NJ. Chem. Phys2004 121, 10456. Keesee, R. GJ. Chem. Phys1987, 86, 3829.

16048 m J. AM. CHEM. SOC. 2005, 127, 16048—16053 10.1021/ja050338z CCC: $30.25 © 2005 American Chemical Society



Reactions of Al with Methyl lodide ARTICLES
] - 150 All-
80 A — = A !
] &
60 Bt |‘ 100 , —
o A ﬂ - =
et - I - o
40 P T r:: =] | 1 l w . E"’ <«
- rfﬁlr h M [ 50 | o =
20, R «f i q f L r’ 2
2 r Jﬁ | ,, R I <
0 \..‘J.u..\.lu\u\.l\‘ul\l' al } r" ‘j qi,u 0 - [ L Ko Msemitiaha
ALT ]
801 7 150
B , B
60
100
40 — — n :; I- IS- ! 'I-l.;
: T, = = = . . T i
20 To3 | |FT T 2T Y et = 2=
= - ; Wl‘ﬂf = < T =
01 m_leM_JJJ Dot JM',IM\J«J '.aj nw“ﬁ“'ww]wmw g 0 JT Lol 2..4. JUDVIINY S {L‘“W
200 400 600 800 1000 200 400 600 800 1000 1200
Mass (amu)
, . : . . Mass (amu)
Figure 1. (A) Al clusters generated via reaction of,Alwith I, and
(B) reacted with methyl iodide. Both spectra are shown on identical scales Figure 2. (A) Mass spectrum of I-rich Alx~ clusters generated by

without normalization. Unlabeled peaks correspond to clusters with atomic
oxygen or CH present.

increased heating of the Vessel and then (B) reacted with methyl iodide.
Both spectra are shown on identical scales without normalization.

experiments,Jlis generated via sublimation in the presence of a flow spectra indicate an etching pathway, making it impossible to
of He. The sublimation vessel is heated slightly to generate appropriate determine whether the A, clusters are merely resistant to

concentrations, and temperature and He flow are adjusted in order togttack by methyl iodide, or whether they might be generated
achieve maximal signal intensity for the specific products of interest. yja etching of larger species. The peaks do not grow upon

Methyl iodide vapor is introduced similarly by passing a flow of helium
over a room-temperature vessel containing the liquid. Reactants and
products are sampled thrduga 1 mm orifice and analyzed via
guadrupole mass spectrometry.

3. Experimental Results

Upon introduction of 4 at the first RGI, the Al~ clusters
react to generate a cluster distribution in whichsAl and
Al14lx~ constitute the major peaks (Figure 1A). When the
products of this first reaction were exposed to methyl iodide, a
drastic change in the mass spectrum was observed, as show
in Figure 1B.

We observed first that peaks corresponding tesl&t with
odd x, as expecte#l,disappear far more rapidly than those
corresponding to Akly~ with evenx. In addition, we found

introduction of methyl iodide, and it cannot be determined
whether the ion signal that persists originates solely from the
initial Al13lox~ population, from Alslai~ and Al or
whether Al with largern might play a role.

Attempts were made to increase the population of more I-rich
species: thejlsublimation vessel was subjected to increased
heating, and the He flow through this vessel was reduced. As
a result, the mass distribution shown in Figure 2A was obtained.
As was the case for the haloaluminate-like clusters generated
wia introduction of HI at the cluster sourééhe species shown
in Figure 2A were found not to be reactive toward oxygen. Note
that we often observed the coexistence ofst clusters with
I-rich Alnly~ species.

While a mass coincidence exists betweemy&ind LO, we

that all Aliulx~ were fairly reactive toward methyl iodide. Most  are confident in the assignment of theyAl~ peaks; recall that
notably, while in our recent investigations of iodized aluminum I-rich clusters are familiar from the distributions obtained when
clusters we have consistently observed the formation of trace HI is introduced at the cluster source and that the peaks
relatively high-mass clustefs,in the present studies, the most  corresponding to Ablx~ clusters are not endemic to that sefes.
intense peaks in the product spectrum were observed to appeaA striking effect is observed when the I-rich clusters are
in the lower mass region. Specifically, we found very intense subjected to reaction with methyl iodide, as is evident in Figure
peaks corresponding to~,l I3~, and Akl~. We reported 2B. While most of the peaks in the distribution disappear, a
previously that T is an important product in the reaction sharp series corresponding to;Ab~ emerges; this spectrum
between A}~ and methyl iodidé, and so its appearance here is actually nearly identical to the one seen in Figure 1B, except
could be expected. Interestingly, the clusters gf Alound to that the Alslo clusters are now more prominent. The major
| are not generated in such reactions. &ppears as a product products are agair) Is~, and Akl~. Through experiments made
of the etching reaction described in detail in the next section. when no Alsl,~ peaks are present prior to reaction with methyl
The most abundant peak in the present distributior] Al iodide, we see clearly that the Al clusters are products of
(which was previously observed to be a product of the oxygen an etching reaction and not simply relatively resistant to attack
etching of AL~ clusters] will be treated in more detail below. by methyl iodide as could be inferred from the data in Figure
The concentration of peaks in the lower mass region of the 1. Due to the paucity of a broad distribution of,Al” with large
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n in the mass window, the growth of the /Alx~ peaksmust
be attributed to the etching by methyl iodide of I-richplat

configurations where the | atom was placed at a bridge site
bonding to two Al atoms or to a hollow site where it bonded to

species with larger values af It is difficult to predict the exact three Al atoms were tried; however, in each case, the iodine
structures and stoichiometries of our reactants, and we hadmoved to an on-top site during optimization. The-Albond
difficulties in resolving and assigning peaks beyond about 1500 length is around 2.6 A and was found to be practically
atomic mass units (amu), due at least partially to mass overlapsunchanged with increasing size. For an isolated All molecule,
from various cluster sizes. Therefore, we cannot definitively our calculations give a bond length of 2.59 A. This shows that
identify the reactants that lead to the dramatic appearance ofthe molecular All bond length is maintained in the clusters. In
the I, Is7, Al7l7, and Akl products. What can be stated all cases, the ground state had the lowest spin multiplicity. We
with certainty is that the formation of A~ and Akslo~ clusters also carried out studies on pure neutral and anionichisters
via etching with methyl iodide is quite favorable over a very containing 6-8 Al atoms and found geometries similar to
wide range of starting reactants. previously reported resultd.13Comparing the iodized clusters
Our previous analysé8 and observations of active sites on to the pure clusters, the addition of | does change some of the
Alsly~ and Ah4ly clusters lend themselves to a good under- Al—Al bond distances, but the geometrical shapes are largely
standing of the present results. Equipped with these principlesunchanged. The main effect, however, appears in the electronic
and some knowledge of the surface chemistry of methyl iodide stability. To probe this we first calculated the following changes
on aluminum (as described below), we can offer a detailed in energy:
explanation of the chemical reactions observed here, the

chemistry that leads to depletion of Alby+1~ and persistence AnA' = E(Al,_,I") + E(Al) — E(AI ") (1)
of Al1alo™ is understood. While clusters with even numbers of

| atoms are protected, the presence of active sites generated when An' =E(l) + E(Al,,) — E(Al ") (2)
the number of | atoms is odd leaves the clusters highly Al N B
susceptible to chemical attack. The very intense peak At Al A, =E(Al) +E(Al,_, ) — EALL) 3)
however, requires further scrutiny. To understand the enhanced An,_ — E(I") + E(Al) — E(ALI) @)

stability of Al;I~, we carried out electronic structure studies on
neutral and anionic Al clusters using a first principles density

functional approach. These energies correspond to the gain in energy in adding

various units to the preceding cluster. Equivalently, these values

4. Computational Methods can be considered as describing the energetics of various
The calculations were carried out within a linear combination of fragmentation pathways. In addition to the anions, we also

atomic orbitals molecular orbital approach. Here, the molecular wave studied the above fragmentations for neutral clusters. The results
functions are expressed as a linear combination of atomic orbitals Of these investigations are shown in Figure 3D and 3E for the
formed from a linear combination of Gaussian functions located at the anion and neutral case, respectively. A peak in the fragmentation
atomic sites of the cluster. Further, gradient corrected density functionals channels is indicative of a very stable cluster. Considering only
Wel’e. used for the exchange and correlation correcfiorse actual - the lower energy fragmentation Channe|S’ irrespective of the
sFudles employed the Naval Research Laboratory Molecular Qrbltal fragment, neutral and anionic Alare the most stable clusters.
Library (NRLMOL) qeve.IOped bY Pederson and co-workefn this . In particular, if one considers the fragmentation leading to
approach, the Hamiltonian matrix elements are evaluated by numerical .

an Al atom, the neutral Al exhibits an even more marked peak

integration over a mesh of points. The basis set for Al had 6s, 5p, and h . The i d ired for Al |
3d Gaussians; those for | had 8s, 7p, and 5d Gaussians. The basis seg]an the anion. The increased energy required for Al remova

were supplemented with a d-Gaussian. For details of the codes and théPServed at A~ and AlzI™ has particular relevance to these
basis sets, the reader is referred to earlier pabéts. species previously observed as resistant to etching gy O
assuming AlQ to be the most likely product in a sequential

reaction, these results match perfectly with the experimental
To investigate the special nature of,Al, we first examined observationd In the present calculations, the lowest fragmenta-
the change in stability of clusters in the vicinity of this size. To tion energy for the neutral Allis higher than that of the anion,
this end, we investigated the ground-state geometries andagain underscoring the special stability of the neutral. We believe
binding energies of neutral and anionic,Adlusters containing  that the enhanced abundance of thel Ahion observed in the
5—8 Al atoms. To find the ground state, various possible initial Present experiments is related to the exceptional stability of the
arrangements were tried. In each case, starting from an initial Neutral. Can these enhanced stabilities be understood within a
configuration, the atoms were moved in the direction of forces Simple model?
until the forces dropped below a thresh_old value of 0.001 r_lartree/ 6. Discussion
bohr. The search for the ground state included not only different
geometries but also investigation of the possible spin multiplici-
ties.
Figure 3A-C show the ground-state geometries oflAl
clusters containing-68 Al atoms. In all cases, the | prefers to
bind to a single Al atom and occupies an on-top site. Initial

5. Computational Results

6.1. Stability of Al7l. To make the arguments simpler, let us
first focus on the neutral Al. Within a simple jellium picture,
clusters containing 2, 8, 18, 20, 34, 40electrons have closed
electronic shells. Such clusters are particularly stable and
relatively chemically inert. Since Al is trivalent, an Abas 21
electrons, one more than the filled shell of 20 electrons. In the

(8) Perdew, J. P.; Burke, K.; Ernzerhof, lRhys. Re. Lett 1996 77, 3865.
(9) Pederson, M. R.; Jackson, K. Rhys. Re. B 199Q 41, 7453.

(10) Jackson, K. A.; Pederson, M. Rhys. Re. B 199Q 42, 3276.

(11) Porezag, D. V.; Pederson, M. Rhys. Re. A 1999 60, 2840.

(12) Deshpande, M. D.; Kanhare, D. G.; Vasiliev, |.; Martin, R.Rhys. Re.
B 2003 68, 035428.
(13) Rao B. K.; Jena, Rl. Chem. Phys1999 111, 1890.
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jellium picture, the cluster corresponds to an electronic config-
uration of 18 1p° 1d'° 2 1. The | atom has an electronic
configuration of 13 28 2pf 3¢ 3pf 3d0 48 4pf 4d10 5 5p 5

It is then interesting to probe the mechanism by whichl Al
acquires the added stability. To illustrate this we plot in Figure
4 the one-electron energy levels in 1zARI41, Al7*, and AR,

The arrows correspond to spin up and down states.

The continuous lines correspond to the filled levels while

7.00

the dotted lines represent the unfilled levels. Foy, Ale have D. Anion :i:’“ 1E. Neutral
only shown 19 states as the energy of the lowest two states is —i—X:A]I
around—12.4 eV which is outside the scale. For I,7Aknd 5.00 H=X=1- 5.00 -

Al;l, some of the levels are close in energy, and to facilitate = .
the counting of the states, for each case, we have marked the
degeneracy of states. A larger gap between the highest occupiec 300
molecular orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO) is generally a signature of the stability. Note
that an | atom has an unfilled HOMO orbital while &tas a
small HOMO-LUMO gap of 0.79 eV. The formation of Al
proceeds by the interaction between the p-states of | and the
HOMO (in a jellium picture) of A} that has only one electron.
This interaction leads to the formation of a bonding and
antibonding pair. The bonding state lies in the occupied manifold
of Al;l (around—6.0 eV) while the antibonding state is raised
in energy (around-2.0 eV). The bonding orbital is now filled
with the single electron from the HOMO in Aleading to a
closed shell status for the Al This mechanism is easily seen
by a comparison of the one electron levels in I;,And Akl in
Figure 4 where one can notice the displacement of the original
1f like jellium level in Al; in the formation of the complex that
also results in an increase of the HOMOUMO gap to 1.74

eV. In fact, the transfer of an electron from the 1f state brings
the HOMO-LUMO difference of Al closer to that of A}t as
seen from the Figure 4 which also shows the electron levels in
Al;*. We also show in Figure 3F and 3G the Mulliken
population analysis of the total charge in7Al and Abl, Figure 3. (A—C) Geometrical structure of A", Al71-, and Akl clusters.
respectively. Figure 3G then reveals that the | site carries a The bond lengths are in A. (D) The fragmentation enetgy defined in

Mulliken charge of— 0.25 & while the Al site attached to the ~ €4 T4 to remove various fragments from (Al clusters. (E) The
’ fragmentation energx* defined in eqs +4 to remove various fragments

I site has a Mulliken charge of0.19 €. In inorganic chemistry, from neutral All clusters. The Mulliken population analysis for (F)zAl
it is common to find a central metal atom changing oxidation and (G) Abl. (H) The charge density of the HOMO in Al

state to affect a specific shell filling depending upon the nature
and number of the ligands with which it is compounded. The
analogous situation, where a cluster {)Atan combine with

another atom (I) to create a complex {21~6) is hereby called
a jellium compound, and we believe that;/Alis such an

example. It is important to differentiate the concept of a jelliu
compound from the compound jellium model proposed by

[ —
300 h\/\

1.00 r r

o -

o
=1
o6
i
=

0.16 € charge of the added electron appears at the | site while
0.84 e charge is distributed to the Akites. The Mulliken
charge shows that the cluster now resembles an°Albound
to 1794 The extra electron is thus bound to the dipole, and this
m provides added stability to the electronic charge. We believe
that this is the reason that the;Al continues to be stable even
Leskiw et al3¢ to explain the stability of AIC—. According to though the additio_n of an elgctron to_a closed shell C_Ius_ter
the compound jellium model, Al would likely consist of Ak .gef?e@”y results n a reactive species. As a quantlt_a_tlve
and All moieties bound by dipole interactions; the jellium indication of the plndlng of the extra electron to the posm_ve
core, our calculations show that the cluster has an appreciable

compound that we describe here instead demonstrates a . . -~ . N
fundamental change in the properties of the “constituents” adiabatic electron affinity of 2.09 eV. We believe that it is this

brought about by the chemical environment of the compound. dipolar bonding that enables both the neutral and the anions to

o lculati h hat th Il ch ¢ i be simultaneously stable.
ur calculations show that the small charge transfer to Iin ¢ 5 Chemistry of All,~ and Methyl lodide. We now

All 7l Iead; todz;n (jellect(;!c dipol?r mhoment of 1.10 au. As an extra discuss the reactivity of the Ak~ clusters with methyl iodide.
electron is added leading to AT, the HOMO-LUMO gap (see In an earlier work, we had shown that the aluminum clusters

Figure 4) decreases as the extra electron occupies one of the { ., ¢ susceptible to etching with methyl iodfé. Signifi-

levels of the A{ cluster. To illustrate this, we show in Figure cantly, the present work demonstrates thatgt clusters

3H the charge density of the HOMO in Al which confirms 4644 reactions with methy! iodide due to the presence of
that most of the charge is located around the ddre. Indeed,

the Mulliken population analysis in Figure 3F shows that only (14) Song, L.; El-Sayed, M. AJ. Phys. Chem199Q 94, 5650.

J. AM. CHEM. SOC. = VOL. 127, NO. 46, 2005 16051



ARTICLES Bergeron et al.
+
, IR ) 4 ALY $ALLY ALY AALT §
4004 | 1 ] Aeeee aan
-3.00 1 | PP —
% | —
L |
Q 1 2 .L — —
S0 -5.00 = 1 | 1_2 2 _
@ ] 2 = T —_— =
: T —2 — .—i -i—
r‘i“ ) 1 1 1T -2 7 — —
8731 ——2 -7.00;:' | 1 2
/: .3=
-6.733 l.' 1 1
x350| .~ 1 2 2 J—
-6.735 .9.00 4 o| — 2 2 - =
1 —_ _— =
1 —
. 1 1
-11.00

Figure 4. Electron energy levels for |, Al All, Al;*, and Akl~. Filled electron levels are indicated by a solid line, and a dotted line refers to unfilled
levels. A number 1, 2, or 3 indicates the degeneracy type for filled electron levels.

active sites. The interaction of methyl iodide with bulk such as
aluminum has been studied in some detail due to the synthetic

importance of various Grignard-type reactions and due to Al L+ CHyl = Al I, _, +CHAIl,+All; (7)
relevant processes in chemical vapor deposition of components

for microelectronic device® 18 The most prevalent reactions  Or even

in bulk synthesis (industrially important to the production of

aluminum sesquihalides) are of the type Al L+ CHyl — Al I, + CHAIl, + |y_1(172)7 (8)

3CH,l + 2Al — (CH,),All + CHAAII, (5) wherey = 2 or 4 andz = 0 or 1. Note that the etching reactions
can account for the observation of &nd g~ in the product
This type of reaction would not be expected to occur in cluster spectra. We first examine reaction 6. The theoretical studies
experiments with bare Af as it would require the adsorption indicate that the energy gained in adding an All to{Cid 2.47
of three methyl iodide molecules at one site on the cluster eV. Further, the energies required to remove an All molecule
surface. This reaction is, however, very relevant to the cluster from Algl~, Al;1-, and Akl~ are 2.47, 2.53, and 1.72 eV,
reactions described in the present work. In our current experi- respectively. From the energetics alone, it is clear that Al
ments, the presence of | on the surface of thelAlclusters  would be stable against the removal of All. Considering this
serves to facilitate the formation of GAll2 without the reaction pathway, it is obvious why A would be the terminal
necessity of multiple reactive collisions with methyl iodide product; as larger species are sequentially etched, they encounter
molecules according to a bottleneck at the Al™ size, so that even though theghl is
on the cusp of stability (with respect to reaction with methyl
iodide), it is not populated by the etching of larger species which
) ) o have stopped reacting upon being reduced toAlThe primary
The introduction of a preexisting source of | atoms on the pprier to reaction in the etching pathways in egs 7 and 8 is the
surface of the clusters effectively solves the problems of kinetics (emoval of Al atoms from a cluster. As shown previously, the
by eIiminat.ing. the need for.prolonged or coincident adsorpFion energy required to remove an Al from-At is higher than those
of methyl iodide and provides a clear example of chemical 4 the neighboring sizes so that these reactions may not be
activation via | introduction in a vein similar to that described energetically accessible. The magic peak a#lAlis thus

in ref 4. Further, in more I-rich clusters, the dissociative gypjained in terms of electronic stability manifested in the form
adsorption of methyl iodide could potentially lead to pathways ¢ chemical nobility.

Al |~ + CHJl — Al I, _,~ + CHAIl, (6)

(15) Chen, J. G.; Beebe, T. P., Jr.; Crowell, J. E.; Yates, J. T3, Am. Chem.
So0c.1987 109, 1726.

(16) Mezhenny, S.; Sorescu, D. C.; Maksymovych, P.; Yates, J. T3, Am.
Chem. Soc2002 124, 14202,

(17) Bent, B. E.; Nuzzo, R. G.; Zegarski, B. R.; Dubois, L. HAm. Chem.
Soc.19971, 113 1137.

(18) Lohokare, S.; Crane, E. L.; Dubois, L. H.; Nuzzo, R.L&Gngmuir1998
14, 1328.

7. Conclusions

We have studied the reaction of A~ clusters with methyl
iodide, explaining how these reactions differ dramatically from
the previously reported reactions with barg, Atlusters. The
| atoms of the Allx~ clusters enable reaction pathways closely

16052 J. AM. CHEM. SOC. = VOL. 127, NO. 46, 2005
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resembling those known to occur on aluminum surfaces. The by the same reactant. Finally, we have demonstrated the
dependence of the reaction kinetics on methyl iodide adsorptionemergence of a jellium compound cluster in the description of
was addressed in relation to known properties of the surface magic All~, which is shown to form from two stable moieties

reactions. In the cluster regime, we have shown that theseto which an electron is added. We believe that the chemistry of
etching reactions preferentially produce (from a very broad range aluminum clusters holds great potential for the development of

of reactants) several clusters, including#~ and Akl. Thus, future nanostructured materials, and we expect that the richness
a new scheme for the generation of the superpolyhalides isof this system will also provide many lessons of importance to
identified, and the mechanism for the stability of-IAl is the broader field of cluster science.

elucidated. It is possible that, under appropriate reaction
conditions, a bulk synthesis of these clusters could be achieved

from an appropriate haloaluminate and alkyl halide. We have chemistry and United States Air Force Office of Scientific

also further established the idea that superatomic clusters cal
be activated by the addition of appropriate ligands. Whereasrifstﬁzrgﬂe(nc:ir;?;sofﬁeszgégitsl'oc)’so and FA9550-04-1-0066)
3 .

bare Aks~ is unreactive toward methyl iodide, the activated
Al13l+1~ species are shown to be quite susceptible to attack JA050338Z
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