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Abstract: A new method of forming Met-Catligand complexes, BC12"(M), (M = halogensz-bonding molecules,

and polar moleculesy = 1—8) is reported which involves the direct interaction of titanium with mixtures of methane
and selected reactant gases. The results show that the formatiors@p T the plasma is kinetically and
thermodynamically favored over other reaction processes. Through an examination of Még&at complexes,
various reaction mechanisms o§CTi," are identified and characterized, namely oxidation, complexation, and ion
dipole interaction. Oxidation of FCi12" occurs when Met-Cars react with halogen-containing molecules through
valence electron donation fromgl;," to the halogen atoms. WhengThy,t interacts withz-bonding molecules,

the findings are consistent with the formation of “surface complexes” comprised of the ligand binding across two of
the metal atoms in the pentagonal ring ofTii* through d- interaction. In these cases, the cluster size distributions

in the mass spectra of the reaction products exhibit truncations@izF{M)4. By contrast, ior-dipole interactions

lead to the formation of FCi2"(M)1—s (M denoting polar molecules), which is consistent with previous findings
showing that polar molecules bond to each metal site. The product distributiog@#tTivith butanol at various
pressures provides new evidence which serves to resolve controversies in the literature regarding observed truncations
and their implications concerning the geometric structure g€i; the findings are supportive of the originally
proposedT,, symmetry. Furthermore, the further reaction o™ (I) with methanol, which gives the product
distribution truncation at EC121(1)(CH30H), indicates that the titration method is a useful tool to probe the cluster
structures in these systems.

Introduction the existence of additional members of the Met-Car family

including binary element Met-Cars;28 which show that they

i . comprise a new form of carbide with cage-like structures. Some

:\,/1'f;ﬁ(Mthgazqdﬁnfotrhgagéttrgnsggg n;iizlr?;i\\;\frsetfc;?ggvﬁgsg valuable information about the structures and energetics of these
y : y " species has been obtained by employing metastable dis-

focused on the structure and properties of these novel cluster

molecules. Theoretically, it has been shown that Met-Cars are sociatiors® * photodissociatio,”** and collision-induced
’ Y, dissociatior243% Also, recently Bowers and co-workers mea-

stable species and may be useful building blocks for new + : P
materials>~1® Considering the geometric structure of Met-Cars, sured the mobilities of " and its fragments by using ion

Metallocarbohedrenes, or Met-Cars, with the stoichiometry

aTy symmetry was originally proposed by Guo and co-worRers;

however, several other geometric structures for Met-Cars have

also been proposed and many calculations favdyy aym-

metry17=21 More recently, experimental studies have revealed
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chromatography, and also concluded that Met-Cars most likely ‘ ' ‘ '
have a dodecahedral-type hollow cage-like structéirélow- —
ever, unresolved anomalies have arisen from the results of
studies of their chemistry with some results supportingTihe
while others seeming to support tfig structure. Explaining
these differences is one of the main focuses of the present paper.
As for the chemistry of Met-Cars, it has been found that
TigCy2t can sequentially associate with up to 8 water, ammonia,
and CHOH polar molecules, and up to 4 nonpolar molecules
such as @Hg and GH4.37 A reactivity change from BCy2" to
TizNbCy;" is observed upon reaction with acetone and methyl
iodide3® Unlike TigCy2", NbgCi2™ and WCiot can undergo
“real chemical reactions” with polar molecul&s® involving 300 770 140 510 580 650
the breaking and forming of chemical bonds in addition to ligand MASS (amu)
association. These various studies have raised some quesgigyre 1. Mass spectrum of BCi2* interacting with CHGJ. The peaks
tions: (1) Why does ECi;" have different coordination  marked by one and two asterisks are due to residual acetone impurity
numbers when reacting with differing types of molecules; (2) from a prior measurement.
which one of the proposed structures o, Ty or T
symmetry, can be supported by experimental findings; and (3) The cluster ion distributions in the present experiments are identical

why can TgCyiz* only taken one | atom from Mel? In order to to those reported previoushy,e., TigCi2" is the dominant species and

answer these questions and obtain a clearer picture about th#orresponds to 90% of the total ion intensity. The isotope pattern of
isC12" is clearly observed at high resolution. However, for most of

reactivities of TiC." a.nd their structural Comphcat'ons’ recent the work reported herein, the resolution of the first mass filter is
work was undertaken in our laboratory on the formatlon of Met- intentionally decreased in order to obtain a high concentrationsGfi i
Car adducts, FC12*(M)n (M = halogensg-bonding molecules,  for studying its reactions in the second quadrupole mass filter. The
and polar molecules); the new findings are reported herein.  methane concentration in the helium carrier gas is maintained at about

Two methods are used to produce Met-Car adducts: one is15%. The typical concentration of reactant gases is about 1% in the
through the interaction of §C;," with neutral reactants, and  mixture of the reactant, methane, with helium, or 0.1 to 3.0 mTorr of
the other is through the laser-induced plasma reaction of titaniumpure reactant gas in the reaction cell. The entrance voltage of the
with mixtures of methane and reactant gases. By examining reaction cell is normally set between 0 afd V with respect to the
these Met-Car adducts, it is found that Met-Cars can display reglon_of Met-Car production (ground potential). This selection of
three classes of reactivities, namely oxidation, complexation, potentials ensures that the reactions occur at or near thermal energies.
and ion—dipole interaction, which lead to different reaction
products. One particularly important result is that the new
findings validate the titration method for interrogating these 1. Formation of Met-Car Adducts by Thermal Reactions.
classes of cluster systems. Then, through an analysis of theThe method to produce Met-Car adducts has been discussed in
maximum coordination number for these reactions, additional Previous publicationd’*8 It had been found that in addition
evidence for the geometric structures of Met-Cars is obtained. to sequentially associating up to 8 polar molecules (e9,H
. . CH3OH, and NH), and up to 4 nonpolar molecules¢ds and
Experimental Section ethylene), TiCi2" can abstract one iodine atom from methyl
~ Atriple-quadrupole mass spectrometer coupled with a laser vapor- jodide. In the present work, a number of other gases are used
ization source is used in the p_resent studies; details of _the experimentakq react with TiCiot. These reactant gases can be divided into
setup are given elsewhete.Briefly, the second-harmonic output of 2~y a6 categories: (1) halogen-containing molecules, such»as Cl
Nd.YA_G Igser_ls used_to ablate the surface of a rota_tlng tltgnlum rod. CHCl,, CeHsCl, and CHF; (2) z-bonding molecules, such as
Then titanium is vaporized and, through plasma reactions with methane 3 S-h 2 9 P

CH3CN, pyridine, and acetone; and (3) a moderate size polar

or a mixture of methane and reactant gases which are carried in helium :
buffer gas, metatcarbon clusters are produced. After exiting the Molecule, 2-butanol. Although the experimental method used

source and passing through the skimmer, the formed cation clustersin this work, triple quadrupole mass spectrometry, is different
are focused and steered by the first group of three electrical ion lenses,from the ion drift tube technique used in the previous work,
and horizontal and vertical deflector plates, into the first quadrupole similar product distributions for certain reactions are obtained.
mass filter. Using this filter, a cluster of the desired size can be mass- This implies that the nonthermal energies in triple quadrupole
selected. Thereafter, the selected clusters are refocused and deflecteghgsg spectrometry do not have significant influence on the
by a second group of ion lenses and deflectors, and then injected intoreaction mechanisms and product distributions. These reactants
a second quadrupole mass filter. Thls_ one, which is c_)p_erated in the were chosen for specific reasons as discussed below.

RF-only mode, serves as either a reaction cell or a collision cell. The The common reaction channel forgTh," reacting with

reactant or collision gas is introduced into this cell where its pressure hal . | les i hal b .
is monitored by a capacitance manometer (MKS). After reactions or alogen-containing molecules Is one halogen atom abstraction,

collisions of these size-selected clusters with the reactant or collision Which can be represented as follows:

gas, the products drift out of the cell. Thereafter, they enter the third

quadrupole mass filter, in which the products are analyzed, and are TigCp," + M—X — TigCp, =X + M

then detected by a channeltron electron multiplier coupled with the

mass filter. When the first quadrupole mass filter is operated in the Here, M~X denotes a halogen-containing molecule. Two minor
RF-only mode, the total cluster distribution from the plasma reactions \o5ction channels that we observe include the sequential addition

—_—

TigCi2 +

Ion Intensity (arb. units
TiaCy2(C1)*

Results

is obtained. : of MX onto TigCis" for CgHsCl and CHF, and sequential
26%38)9'5?‘9' S.; Gotts, N. G.; Helden, G. v.; Bowers, M.Stiencel995 attachment of a second X ontogTi,"—X only for the case of
(37) Guo, B. C.; Kerns, K. P.; Castleman, A. W., IrAm Chem Soc Clz gas. A typical product mass spectrum of these reactions is
1993 115 7415. displayed in Figure 1 for the reaction ofgliz" with CHCls.
Phgz?ég)clr?:r%giggllTéi:»)Glus%?gf C.; Kerns, K. P.; Castleman, A. W.,Jr. ‘As mentioned in previous papefs¥the reaction of TCi,"
(39) Yeh, C. S.; Afzaall, S.; Lee, S. A.; Byun, Y.; Freiser, B.JSAm with z-bonding molecules is mainly through an association

Chem Soc 1994 116, 8806. mechanism. No bond breaking is observed in the present work
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Figure 2. The mass spectrum of i1z with pyridine. The numerals Figure 4. Mass spectrum of the plasma reaction of titanium and the
indicate the number of pyridines associating onteCTi". Note that mixture of methane/methyl iodine/helium.

the distribution truncates at = 4. methyl iodide, and methanol) are used individually to make the

\ ——— , desired mixtures with methane. In the absence of methane, it
| TiaCro + TigC1z *(2—butanol)s 1 is found that at a concentration of about 1% in helium gas, all
four reactants react individually with vaporized titanium to
produce various products. Loss of some hydrogen atoms occurs
in the case of acetone, benzene, and methanol. However, when
methane at a concentration of 15% is mixed into these gases
under essentially the same laser-plasma conditions, the product
distribution is completely altered. The mass spectrum of plasma
reaction products of Ti with a mixture of methane, methyl
iodide, and helium is exhibited in Figure 4. In this spectrum,
several peaks with enhanced intensities are observed and mass-

T

Ion Intensity (arb. units)

3 4 5 63 7x 1 assigned as ¥Ci2", TigCi2™(1)1, and (Mely—s*.
480 600 =20 840 960 Tos0 1200 o n ord+er to first prove that the peak with a mass of 655 amu
MASS (amu) is TigCa2" (1), this species is mass selected and probed by using

Figure 3. The mass spectrum of gG12" with 2-butanol at different CoIIi_sion-induced dissqciation .(C.:ID)' C”.D. exper_iments were
pressures: (a) 0.65 mTorr, (b) 0.8 mTorr, (c) 1.20 mTorr. The numerals Carried out under multiple-collision conditions with pressures

indicate the number of butanols associating ongCEi*. Note that a of 0.7 to 0.8 mTorr. The sole CID product of this species is
smooth transition in the number of 2-butanols binding ontgCT" TigC12", which establishes that Met-Car adducts can be produced

occurs with the increase of pressure of 2-butanol; the distribution directly in the plasma reactor. The plasma reactions gE:b
truncates ah = 8. The peaks marked by one and two asterisks are with acetone, methanol, and benzene give the products in which
due to water and methanol impurities. TigCi27(M)12 and (M)* (M designating these three reactant
molecules) are the dominant species in the distribution.
Titration reactions have been used successfully to probe
cluster structure® The key in applying titration reactions to
determine the structure of Met-Cars is assuming that these
reactions occur at metal centers and that one metal can associate
with only one reactant molecule. In order to support this
assumption, ECi2™(l) formed from the plasma reaction of
titanium with a mixture of methane and methyl iodide was mass
selected and its reaction with methanol was studied. Although

) . iodide and methanol have different bonding properties toward
increasing the pressure of the reactant gas up to 2.0 mTorr doe 4z, @ maximum of seven methanol attachments s&i5 (1)
not change the number or relative intensities of these association_ © 2 . . L

: Lo are expected according to our assumption. The mass spectrum
products. The reactions ofgl,;" with both acetone and GH ¢, reaction of TiC,,*(1) with methanol is displayed in Figure
CN vyield similar distributions, which result in a product 12 play 9

distrbuton uncation o TE;{scetoneand TG, (CHr %, HO N specrum, s found atone (0 seven metharol
CN),, respectively. Similar to the pyridine results shown in gha2"U);

. ; - TigCi2"(I)(methanol} is observed. This is to be contrasted with
+
F!gure+2, small peaks corresponding t@Ji;"(acetone)s and the previously observed distributicfobtained under similar
TigCi2t(CH3CN)s g are usually observable.

In the case of polar molecules, a rather different truncation conditions for the ngn-Eangen-contalnlng Met-Car, leading to
is invariably obtained. This is observable in the mass spectrumthe truncation at -5(.:12 (methanol. Tgken iogether, these
of the product distribution of BCy2" with 2-butanol at different results show that _elght metal atoms 'nscrjz_ are reactive
pressures; see Figure 3. A cluster distribution truncation at centers and one fitanium atom can associate with only one
TigCy12"(2-butanoly is clearly evident. As evidenced by the reactant molecule.
results shown in Figure 3e, cargful studies over a range of  Discussion
pressures failed to reveal any evidence of a truncation or other
break in the smooth distribution representative of ligand  First, we consider the formation of the Met-Car adducts
attachments. produced through plasma reactions of titanium with the mixtures

2. Formation of Met-Car Adducts by Plasma Reactions. (40) Wei, S.; Shi, Z.; Castleman, A. W., Ir. Chem Phys 1991 94,

In this phase of the work, four reactant gases (benzene, acetone326s.

either. In the reaction of FC1,™ with pyridine, it is found that
only one and two pyridine molecules attach te@i" when

the pressure of pyridine is lower than 0.5 mTorr. Increasing
the pressure of pyridine leads to more pyridine additions,
whereupon a product distribution truncation atghipt-
(pyridine), eventually can be observed. The mass spectrum of
reaction products of FCizt with 0.7 mTorr of pyridine is
displayed in Figure 2. Very small peaks attributable tCTi"-
(pyridinel g can also be seen in this figure. But, further
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halogen atoms. Since there are a total of 8 electrons in the
HOMO and sub-HOMO orbitals of neutral Met-Cars, it is
expected that its oxidation states may be varied from ©8&o
We look forward to an examination of this conclusion from
future electrochemical studies of Met-Cars.

In the present work, it is observed that the product distribution
truncates ah = 4 for TigCi,"(acetone, pyridine, or CY¥N)y;
very small peaks of FCy,"(acetone, pyridine, or C#€N)s g
are also seen. These findings are consistent with previous
studieg’” showing that a maximum of four ethylene and benzene
molecules can associate ontogTi;*. Two facts are of
particular note: one is that acetone, £H, and pyridine are
not onlyzr-bonding molecules but also polar molecules; the other
is that a cluster distribution truncationmt= 4 is observed for
these three reactions. Therefore, it is logically suggested that
s-bonding molecules associate tas@i," differently than do
nonst-bonding molecules. The above experimental results can
be explained in terms of the cluster distribution truncation at
of methane, reactant gas, and helium. As previously mentioned,= 4, which is attributed to the special bonding character of
without methane, titanium can individually react with all four z-bonding molecules discussed below.
organic molecules under similar experimental conditions, leading  Based on the numerous results on the uptake of molecules
to various non-Met-Car-containing products. With methane, by TigC,;,", one consistent picture is emerging. In the case of
there are two competitive reactions: titanium reacting with polar molecules, at sufficiently high reactant concentrations eight

TigCi2(I)* (MeOH)n

Ion Intensity (arb. units)

750 800 850 900
MASS (amu)

Figure 5. Mass spectrum of FC,5"(l) with methanol. The numerals

indicate the number of methanols associating ontg,TiNote that

the association reactions terminate at the seventh step.

600 650 700 950

methane in the plasma to producedi;*, which can further
react with neutral reactants leading to the formation g€Ti*

are accommodated, even in the case of relatively sizable ones
such as 2-butanol. Fat-bonding ligands of various sizes,

adducts, and titanium undergoing individual reactions with these truncation occurs at = 4, and forz-bonding molecules with
reactants leading to partially dehydrogenated species. From theappreciable dipole moments, a distinct truncation at 4, but

reaction product distribution, it is clearly seen that under the
present experimental conditions, the formation ofCL" is
energetically and/or kinetically favored over the other reaction
products which again shows thatgsTiz" has considerable
stability. The formation of TgC;12+ adducts could occur in the

with a minor distribution extending to somewhat higher degrees
of attachment at high reactant pressures.

Although it is still not certain how BCi2™ associates with
four 7-bonding molecules, it is suggested that this is related to
the specific electronic and geometric structure ofCLi", a

supersonic expansion; in this sense, the formation mechanismyogecahedron with twelve pentagonal rings. Based on this

of TigCy12™ adducts may be similar for both reaction processes.
The abstraction of a halogen atom from halogen-containing

molecules is affected by the high electron affinities of halogen

atoms. When BCy5t reacts with halogen-containing molecules,

electrons can be donated from the valence orbital gE:Ei to

the halogen atoms. The bonding betweegCTit and halogen

structure, one pentagonal ring has two titanium atoms and three
carbon atoms, in which two carbons form a double bond. Each
titanium atom has four valence electrons, in which three of them
are used to fornw-bonds with three gunits, and one of them
remains. Theoretical studies indicate titanium atoms §bi

have some net positive charge and their empty d-orbitals can

atoms may have substantial ionic and covalent character, suchyct as electron acceptors. Therefore, wheronding molecules

as bonding in the ground state of CIGt Theoretical studié$
found that the HOMO of BC,5t is a triplet state involving the
1q, orbital. Therefore, only one electron is left in the HOMO
for TigC12 and this electron may be easily transferred to the
valence p orbital of the halogen atom, leading to the formation

approach the pentagonal surface throughrdnteraction, the
double or triple bonds can lie atop two titanium atoms in the
ring, and form complexes analogous to the moleeglarface
complexes, or organometallic clustéfs.There are eight Ti
atoms in T§Ci, which can be grouped into four, two-metal-

of an ionic compound. These considerations explain observa-center bonding units. Accordingly, a maximum of fortbond-

tions that the dominant reaction channel fogQib™ reacting
with halogen-containing molecules is a one halogen atom
abstraction.

ing molecules could be accepted, leading to a truncation at
TigCi2+ (r-bonding molecules) as observed for the reaction
product distributions. The proposed structure f@CTi™(CoHa)4

It should also be noted that the referred to halogen abstractionjs displayed in Figure 6. Ab initio calculations ongTiz" (-

reaction is energetically favored. The bond strengths efFi
Ti—Cl, and Ti-1 are 136, 118, and 74 kcal/mol, respectively.
They are larger than the bond strengths effd(about 110 kcal/
mol), C—ClI (about 70 kcal/mol), and-€l (about 56 kcal/mol}?

The strength of the CICI bond is only 58 kcal/mol. Thus,
multi-chlorine abstraction products are expected whe@ ki
reacts with the dichlorine molecule because the formation of
two Ti—Cl bonds will release enough energy to promote the
electron in the sub-HOMO of IC;;* to be involved in

bonding moleculeg) 4 are in progress, and preliminary results
show that, for example, the binding energy of HCN lying
parallel to the pentagonal ring surface is quite high.

Further minor attachments of acetone ands;CN leading
to small peaks of five and six ligations are evidently due to the
fact that these two molecules have relatively large dipole
moments, and hence there is some competition of possible
dipolar interactions with the more favoredbonding arrange-
ments. This argument also accounts for the further addition of

interactions with halogen atoms. In other cases, the energyyater molecules onto the 3615 (benzene) complex reported

released from the formation of FX bonds will not be enough
to promote electrons from the sub-HOMO o§Ci,*, which is
a 21, orbital having six electrons, to enable interaction with the

(41) Alvarado-Swaisgood, A. E.; Harrison, J. F.Phys Chem 1988
92, 5896.

(42) Handbook of Chemistry and Physi&th ed.; CRC Press: Boca
Raton, FL, 1986.

earliers’

An alternative explanation which has been propé%ed
account for the reaction products of Met-Cars witlbonding
molecules or polar molecules suggests the attachment to be

(43) Somorijai, G. Alntroduction to Surface Chemistry and Catalysis
Wiley Interscience: New York, 1994.
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give rise to some reduction in the bonding if steric hindrance
plays some role in the resulting distributions. If there are two
different types of titanium atoms in accord with the model of
Ty symmetry, some evidence of a truncation agCrit(2-
butanol) should be seen, and the use of this molecule should
enhance its observability. Yet no such evidence is found, and
clearly a truncation only at = 8 is seen from the data. Hence,
the present experimental results, in addition to the mobility
measurements of Met-Cars by Bowers and co-wodégrsyvide
strong support for ECio™ having Ty, symmetry as originally
proposed.

The studies reported herein for the titration of the iodine-
containing Met-Car TCyol™ provided further support for the
) i o ] usefulness of this method of gaining insights into structure.
Figure 6. Model showing the bridging of four-bonding molecules  yrther consideration of these results is also warranted. Ac-
(CHa) across two metal atoms of each pentagonal ring. cording to theT,, model, the presence of the iodine bound to
dependent mainly on the geometric structures of Met-Cars. It one Ti will influence binding to three other metal atoms located
is theoretically predicted that Met-Cars will symmetry are in the three rings of which the Fil state is a member. It is
more stable than those wiffi, symmetry!® On the basis of likely that the three neighboring titanium atoms are different
these considerations, if species withsymmetry are favored,  from the other four. This is expected to give rise to two different
they would be expected to have two types of metal atoms. Oneligand binding distributions, a fact which is readily seen from
type is calculated to have four metal atoms located at an outerthe data given in Figure 5, where a higher intensity @€Ti*(1)-
position, having a3 oxidation state, while the other four metal (methanol) is observed. Hence, our data are in full agreement
atoms are predicted to have an inner position with 0 oxidation with the expectations for th& symmetry structure.
state. Therefore, it is expected that these two sets of titanium
atoms should have different reactivities, and it has been Conclusions
suggeste® that this might cause the product distribution
truncation at 4 when FC,,* reacts withr-bonding molecules.
Based on this model, a prominent cluster distribution magic
number or truncation at ;" (polar molecules)should also
be observed, but none has ever been seen. Rather, a smoo
transition in the number of polar molecules accommodated
followed by a truncation at FCio"(polar molecules) is
observed in all experiments we have performed. The possibility
that the ligand binding induces some structural transformation
from Ty to Ty is ruled out based on the following consider-
ations: (1) ab initio calculatiodsindicate that this transforma-
tion needs more than 230 kcal/mol of energy; (2) CID o
TigC12(methanol) shows that the bonding strength €T3 —
CH30OH is smaller than 1 eV, although accurate measurements
of the bonding strengths of these adducts still have not been
achieved. Therefore, the above discrepancy raises two ques
tions: One is that the cluster distribution truncations at
TigCi2t(polar molecules) are due to TgCio™ which hasTy
symmetry, or the reactant molecules display no difference that
can be observed when they react with two different types of
metal atoms (assuming thaiTh," hasTy symmetry). Another ; . . .
guestion is V\(/hether ti?ration of Met-Cari is a syliitable tool to COmMPlexation of TiC;," occurs when HCq." reacts with

probe their geometric structure, because no proof has been giverft'bondlng molecules. The-bonds are believed to lie atop the

that each metal atom in Met-Cars can accommodate only oneWo titanium atoms in one pentagonal surface, througrd

neutral reactant molecule interaction, to form surface complexes. There are eight titanium
In order to clarify these arguments, we used 2-butanol as aatoms grOPp‘?d ir_lto four no_n-neighboring penftagonal rings, and

reactant to react with €:5"; the resulting mass spectrum of _acluster distribution truncation atgl o™ (r-bonding molecule) _

the reaction products is shown in Figure 3. Referring to the IS expectgd as .observ.ed |+n 'ghe mass spectra. The reaction

figure, no obvious truncation at gG;,"(2-butanol) is observed prod_uct distribution of Tdclz with 2-t_)utanol, which truncates

for any pressure of 2-butanol employed in these studies. at TigC12" (2-butanoly, gives more evidence thatgl:2 hasTh

According to previous studiég, this reaction would also be ~ SYmmetry.
expected to take place through iedipole interactions. The
interacting centers should be on the oxygen of 2-butanol and
the titanium atoms of ECi»". The molecule 2-butanol was
chosen for this study since it is large in comparison with other
polar reactants used in previous studiesdence, its size should ~ JA9515359

TigC12t adducts can be produced either byQit cations
reacting with reactant gases at thermal energies or by the plasma
reaction of titanium with a mixture of methane and reactant

ases. A general examination of our results of studies of

igC12" adducts shows that g&;," can undergo three classes
of reactions: abstraction of halogen atom(s) from halogen-
containing molecules, associationsobonding molecules with
a cluster distribution truncation at g1, (z-bonding mol-
ecules), and attachment of polar molecules with a cluster
distribution termination at ECy2"(polar molecules) Through
§ an examination of the formation of theseCi," adducts, it is
found that T§Cy2™ displays three different classes of reactivities,
namely oxidation, complexation, and iedipole association.
Oxidation of TgC12™ occurs when BCyzt reacts with halogen-
containing molecules. The high electron affinity of halogen
atoms and the magnitude of titanitrhalogen bond strength
leads to electron transfer fromgl;;* to the halogen atoms.
Due to one electron in the HOMO of g;,", one halogen
abstraction product by 3C;;" is the dominant species in all
reactions of T§C,," with halogen-containing molecules. The
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