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Abstract: CCSD/6-31#+G(2d,2p) quantum-chemical calculations carried out in conjunction with rigorous
analysis of the computed electronic wave functions reveal the existence of four different types of methyl ate
anions (CH)n+1X~, where X is a first- or second-row element. Ate anions with ionic bonds between the
central atom and the ligands, formed by elements of the first three main groups, are very stable to the loss of
CHs;~. Hypervalent anions, which obtain from the other second-row elements, possess largely cov&ent X
bonding that provides them with (sometimes marginal) stability to the ligand loss. The other two types of ate
anions are unique to the first-row elements. The “double-Rydberg” species are derived from nitrogen and
oxygen. They are unstable to electron loss and thus most probably not observable in the gas phase. The
potentially observable (CHLF~ species is the only member of its class. It has a positive vertical ionization
potential, and its dissociation into GHand CH™ is predicted to proceed through a small barrier. This anion

is found to possess a peculiar electronic structure that involves an entirely new type of bonding, namely, a
bypass linkage of the methyl ligands.

Introduction only at low temperatures.Although crystal structures of many

ate complexes have been determifiete species with X=

Hg, Sn, Se, Te, and | have been characterized only in solu-

tion by means of NMR spectroscopythe aforementioned

_ TMEDA)-Li] '[(CeFs)l] = being the only exception. Ate

RX+MR—R, X M" 1) E:(omplexe)s o]f r[r(1any )el]ements,gsuch asycarbonpand chlorine,
remain experimentally unknown.

where R is a hydrogen, alkyl, or aryl group, X can be (atleast The present study addresses the question of whether the

in principle) any element, and M is a monovalent metal such observed large variations in stability of ate anions stem from

as lithium. Many of these species are believed to constitute gradual changes in bond ionicities with the numbers of valence

key intermediates of the halogemetal exchange reactiohs  electrons and electronegativities of the central atoms or are

which are widely employed in syntheses of various organic and manifestations of distinct bonding patterns. With the computed

organometallic compounds. The relation of some ate anions electronic properties of methyl ate anions of the first- and

to the transition states of\@ reactiond and hypervalent second-row elements clearly pointing to the latter alternative, a

compound&® is also worth mentioning. systematic classification of all ate anions is obtained. At least
The stability of ate complexes varies greatly with X. Some three common types of these species are identified, and the

of them, such as Ng(CeHs)4B]~, are stable, commonly used remarkable properties of the (GHF anion are uncovered.

reagent$,whereas others, such as [(TMEDA]] *[(CeHs)-l] ~ _ _

(TMEDA = tetramethylethylenediamine), can be isolated Details of Calculations

- . To assure adequate accuracy of the computed electronic properties,
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Table 1. Calculated Energies of Reaction 2 for Ate Anions with Table 2. Calculated Energies of Reaction 2 for Ate Anions of the
lonic Bonding Other Type3
X n R=CHy R=H°¢ MP2/ MP2/ CCsD/
Li 1 578 540 X n  6-31+G*  6-311++G(2d,2p) 6-311++G(2d,2p¥
Na 1 —49.0 —46.9 N 3 46.1 28.8 30.4
Be 2 —62.5 —60.1 O 2 85.2 68.6 68.0
Mg 2 —64.7 -59.9 F 1 24.7 26.3 412%5
B 3 —68.3 —-74.1 Si 4 —22.0 —25.2 n/a
Al 3 —79.4 —76.2 P 3 -9.1 —-13.1 —-8.3
. - S 2 —-0.1 —5.8 0.5
aEnergies (kcal/mol) aT = 0 K, ZPEs included® Present work, c 1 ~13 —6.6 21

CCSD/6-31#+G(2d,2p) energies with the MP2/6-311G(2d,2p)

ZPEs and optimized geometrieReference 17. aEnergies (kcal/mol) al = 0 K, ZPEs included® 5d rather than
6d polarization functions usetiCCSD/6-31#+G(2d,2p) energies with

level of theory (note that 5d rather than 6d functions were used), and the MP2/6-31%+G(2d,2p) ZPEs and optimized geometrié$he

confirmed to be minima by vibrational analysis. Although the large correspondings2 value is 32.8 kcal/mol.

number of readily rotating methyl moieties in some of the anions makes ) )

it difficult to guarantee the global nature of these minima, the energy 1able 3. MP2/6-31H+G(2d,2p) Strongly Occupied Localized

differences between the individual rotamers are small and thus of little OrPitals of the (Ck)sBe” Anion

significance to the present investigations. LNO occup T (aup description

In all cases, the initial geometries were subsequently reoptimized at 1-3 2.000 16.048 core orbitals of C (100% localized)
the MP2/6-31%++G(2d,2p) level of theory. At the same time, 4 2.000 6.839 core orbital of B (99.5% localized)
vibrational frequencies, properties of atoms in molecules (AHs), 5-7 1.962 1.116 lone pairs of C (91.8% localized on
covalent bond orderd, and AOM-localized natural orbitdfs were the CH; fragments)

obtained. Single-point CCSD/6-311#G(2d,2p) energies were com- 8—10 1.967 0.953 €H bonds (3.5% ionic, 96.9% localized)
puted at the optimized MP2/6-311#G(2d,2p) geometries for all the 11-16 1.966 0.940 €H bonds (3.0% ionic, 96.8% localized)
systems but (CBJsC~ and (CH)sSi~. In addition,G2 calculation&®
were carried out for the fluorine species. All calculations were
performed with the GAUSSIAN 94 and TURBOMOLES suites of
programs.

2 The orbital kinetic energy.

these species possess covalent bond orders of only 0.402 and
0.263, respectively, indicating a high degree of ionicity. This
Results and Discussion consideraple ionicity is reflected in the charges of the c'entral
atoms which equal 1.942 for boron and 2.389 for aluminum.
In agreement with the experimental observations, the pre- Although the ionicities of the XC bonds in the other four
dicted energies of the reaction anions vary somewhat with the electronegativities of X, they
B B remain high in all cases. The central atoms in these species
RX+R —R ;X &) possess large positive charges (Li, 0.880; Na, 0.806; Be, 1.683;

. _ . Mg, 1.642), and the X C covalent bond orders are small {Li
exhibit large variations (Tables 1 and 2). Analysis of the "4 120 Na&-C. 0.185: Be-C. 0.182 Mg-C, 0.220).

computed electronic wave functions in terms of localized natural Analysis of bonding in terms of localized natural orbitals
orbitals, covalent bond orders, and atomic charges makes it(LNOs) has been proved to provide valuable insight into

possible to divide the ate anions under study into four distinct gactronic structures of a wide variety of chemical systé#Ss.
categpries. These categories are discussed separately in thﬁpplied to (CHy)sBe™, it produces a clear picture of bonding
following text. ) ) , in all ate anions of the ionic type (Table 3). There are only
Ate Anions with lonic Bonding. This category encompasses e symmetry-unique LNOs that describe the core orbitals of
the (CHy)oLi ,_(CH3)2I_\la » (CHy)sBe™, (CHg)sMg™, (CHE)“B ' the three carbons and the beryllium (LNOs4, the lone pairs
and (CH).AI™ species. Among these, the (B~ and of the carbons (LNOs57), and the G-H bonds (LNOs 8-16).
(CHa)sAl™ anions, which one might view as covalent com- o ajent Be-C bonding is absent, in agreement with the
pounds satisfying the octet rule, are least ionic. However, even y¢5rementioned magnitudes of atomic charges and bond orders.

(10) Bader, R. F. WAtoms in Molecules: A Quantum Thep6jarendon The absence of covalent bonding is further confirmed by the
Pr?ﬁ:) gxfclﬂrd, }(9931- Vi S. T2, Am. Chem. Sod9o1 113 4142 patterns observed in the computed energies of reaction 2 (Table
I0SIOWSKI, J.; MiIXon, S. . AM. em. S0 . H H
(12) Cioslowski, Jint. J. Quantum Chen1990 $24 15. Cioslowski, 3. 1) @nd the X-C bond lengths (Table 4). The energies, which
J. Math. Chem1991, 8, 169. follow roughly the charges on the central atoms, are strikingly
(13) Curtiss, A.; Raghavachari, K.; Trucks, G. W.; Pople, JJ AChem. similar to those obtained previously for thg;HX ~ ate aniong?

Phys.1991 94, 7221. Curtiss, L. A.; Carpenter, J. E.; Raghavachari, K.; it iti i
Pople, J. AJ. Chem. Phys1992 96, 9030, and are quite insensitive to the level of theory employed in

(14) GAUSSIAN 94: Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Gill, their calculations-exactly as expected for _highly ionic com-
P. M. W.; Johnson, B. G.; Robb, M. A.; Cheeseman, J. R.; Keith, T. A.;; pounds. Moreover, even in the systems with monovalent met-

;etKEFSSO”k,G\-/Aé MSQFQOS”?/W'FJ- A; Ragh;ﬂVgChg_ri' *|< At_L%ha'ST;v ][\/' A als, where steric repulsion can be easily ruled out, the attach-
aKrzewskl, V. G.; Ortiz, J. V.; Foresman, J. b.; CIOSIOWSKI, J.; eranov, . : -
B. B.. Nanayakkara, A.; Challacombe, M.; Peng. C. Y : Ayala, P. .. Chen, ment of the methyl anion to the neutral @Hspecies brings

W.; Wong, M. W.; Andres, J. L.; Replogle, E. S.; Gomperts, R.; Martin, about an increase in the->C bond length (Table 4), implying

R.L.; Fox, D. J.; Binkley, J. S.; Defrees, D. J.; Baker, J.; Stewart, J. J. P.; strong electrostatic repulsions among the ligands within the
Head-Gordon, M.; Gonzalez, C.; Pople, J. A., Gaussian, Inc., Pittsburgh,

PA, 1995. (16) Cioslowski, J.; McKee, M. LJ. Phys. Chem1992 96, 9264.
(15) TURBOMOLE: Ahlrichs, R., UniversitaKarlsruhe, Deutschland, Cioslowski, J.J. Am. Chem. S0d.993 115 5177. Boche, G.; Lohrenz, J.
1991. Haer, M.; Ahlrichs, RJ. Comput. Cheml989 10, 104. Ahlrichs, C. W.; Cioslowski, J.; Koch, W. ImThe Chemistry of Sulfur Containing
R.; B&, M.; Haser, M.; Horn, H.; Kémel, C. M. Chem. Phys. Let1989 Functional GroupsPatai, S., Rappoport, Z., Eds.; John Wiley and Sons:
162 165. Horn, H.; Weiss, H.; Hgr, M.; Ehrig, M.; Ahlrichs, RJ. Comput. New York, 1993. Cioslowski, Jint. J. Quantum Chenl993 S27 309.
Chem.1991, 12, 1058. Haer, M.; Almld, J.; Feyereisen, M. WTheor. Cioslowski, J.; Liu, G.; Martinov, M.; Piskorz, P.; Moncrieff, 3. Am.
Chim. Actal991], 79, 115. Scher, A.; Horn, H.; Ahlrichs, R.J. Chem. Chem. Soc1996 118 5261. Cioslowski, J.; Liu, G.; Moncrieff, Ol. Org.

Phys.1992 97, 2571. Haer, M.; Ahlrichs, R.; Baron, H. P.; Weis, P.; Horn,  Chem.1996 61, 4111.
H. Theor. Chim. Actal992 83, 455. (17) Boldyrev, A. |.; Simons, JJ. Chem. Phys1993 99, 4628.
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Table 4. Calculated X-C Bond Lengths in the (C#l,X and Table 5. Calculated X-C Bond Lengths in the (C§l,X and
(CH3)n+1 X~ Species with lonic Bondirfg (CHg)n+1X~ Species of the Other Types
Rx—c (&) ARy_c Rx—c (A) ARx_c¢
X n (CH3)HX (CHg)n+1X7 (A) (%) X n (CHg)nX (CHg)n+1X7 (A) (%)
Li 1 1.990 2121 0.131 6.6 N 3 1.455 1.494 0.040 2.7
Na 1 2.343 2.503 0.160 6.8 o 2 1.415 1.473 0.058 4.1
Be 2 1.688 1.795 0.107 6.3 F 1 1.393 2.012 0.619 44.4
Mg 2 2.104 2.202 0.099 4.7 Si 4 1.880 2.043 (ax) 0.163 8.7
B 3 1574 1.648 0.074 4.7 1.944 (eq) 0.064 3.4
Al 3 1.967 2.035 0.068 34 P 3 1.848 2.087 (ax) 0.238 12.9
— - 1.871 (eq) 0.023 1.2
a2 The MP2/6-31%+G(2d,2p) optimized geometries. S 2 1.812 2.149 (ax) 0.337 18.6
1.821 (eq) 0.009 0.5
(CH3™)n+2X" bonding environment. Accordingly, the methyl Cl 1 1.792 2.221 0.429 23.9

moietigs are located as far as pqssible from gach qther, aThe MP2/6-31% +G(2d,2p) optimized geometries.
conferringD3y/Dag, Can, andTy Symmetries upon the anions with

n=1, 2, and 3, respectively. Table 6. MP2/6-311+G(2d,2p) Strongly Occupied Localized
“Double-Rydberg” Ate Anions of the First-Row Elements. Orbitals of the (CH);O” Anion

Attachment of an Ranion to a RX neutral that obeys the octet  LNO occup T (aup description

rule affords_ a 10-electron system. The fate of the extraneous™ 2.000 29.206 core orbital of O (100% localized)

electron pair depends strongly on the central atom X. Inthe 2-4 2.000 16.059 core orbitals of C (100% localized)

case of first-row elements, the two electrons are usually expelled 5 1.974 2.747 lone pair of O (96.5% localized)

to the exterior of the anion, giving rise to a system composed 8—24 iggg iigg gﬁ 88232 ((?ggf;o :82:2 gg;‘;’/ﬁ) :82:”::3))
of a cationic core with an octet of electrons surrounded by a .7~ . : 070 10niG, 29.270 :
weakly bound (or unbound) electron pair. These doub)lle- 12_17 1'2% é'igg g;dggrgdzr(bli?é?% lonic, 96.1% localized)
Rydberg anion'$ are often stable with respect to electron loss : :
but not to the loss of the ligand anidh2° *The orbital kinetic energy.

At the PUMP2/6-3%+G(2d,2p) level of theory, both the ) ) ) ]
(CHs)s0~ and (CH)sN~ species are found to possess negative _scrlbed ab_ove, for methyl ate anions with=XSi, P, S gnd Cl
vertical ionization potentials of 1.2 and—0.6 eV, respectively. it 1S possible to locate low-symmetry global minima that
Therefore, unlike their 5D~ and HN~ counterpartd820 these corre_spond to geo_metnes conventionally ascribed _to hypervalent
anions are not expected to be experimentally observable in theSPeCies. At the highest level of theory employed in the present
gas phase. Consequently, although the electronic propertiesStudy; theCs (CHs)sS™ andDan (CHs):Cl™ species are unstable
computed with basis sets devoid of unnormalizable functions With respect to the loss of the methyl anion (Table 2), but the
describing infinitely diffuse Rydberg orbitals may have some Cz (CH3)aP~ anion is stable (and so is itssPr prototypé?).
relevance to studies of the behavior of the @@~ and Unlike its carbon analog (see above), g (CH3)sSi™ species
(CHs)sN~ anions in condensed phases, they are necessarily ofiS found to lie well below the (CkSi + CH;™ dissociation
approximate nature. The (GHC~ species is not even a products (Table 2), in line with the theoretically predicteahd

minimum on the potential energy hypersurface, which is not €xperimentally observédistability of HSi.

surprising in light of the similar property of4&~ 192°and the The equilibrium geometries of the hypervalent ate anions are
fact that this ate anion is an analog of transition statesy@ S characterized by the presence of two types efXbonds. The
reactions two axial bonds are longer than their equatorial counterparts

The Cs, (CH3):0~ and T4 (CHs)sN~ anions have singlet [Table 5_; note that only axial XC bond_s are present in
ground states with rather narrow (several kcal/mol) singlet (CH3)2CI"]. The Cu—X—Cs bond angles in the phosphorus
triplet energy gaps. Their central atoms bear sizable negative@nd sulfur species are less then 1&mounting to 171.3and
charges (O--1.018; N,—0.870). The large ¥C covalentbond ~ 175-6, respectively, at the MP2/6-3¥G(2d,2p) level of
orders (G-C, 0.748; N-C, 0.866) indicate considerable electron th€ory, whereas a collinearalS-X —Cax atom arrangement is
sharing between the central atoms and the ligands. Thesg X  foundin (CH)sSi” and (CH):CI™. The Gq—X—Ceqbond angle
bonds are only slightly longer than those in the corresponding " (CHg)4P~ is 196.4. . .

(CHa3)nX parent compounds (Table 5). The electronic structure of (GHCl~ is typical of the

The presence of the Rydberg electron pair is conspicuous in hypervalent ate anions. The chlorine atom bears a charge of
the LNOs of (CH);O~ (Table 6). LNOs +17 are essentially ~ _0-345, and the CtC covalent bond order is 0.860. Even by
those of the corresponding cation with highly ionic—O the recently p.ubllshed highly restrictive cnteﬁﬂnls anion is
interactions and weakly ionic-€H bonds. Among them, the clearly a genuine hypervalent system. Analy_S|s of the co_mputed
lone pair of oxygen (LNO 5) is readily recognizable. LNO 18, LNOs (T_able 7) leads to the same conclusmp._ In addition to
which possesses very low kinetic energy indicative of great €Ore orbitals (LNOs £7) and the LNOs describing the-¢4
spatial delocalization, describes the Rydberg pair. The elec- (21) Bachrach, S. M.; Mulhearn, D. G. Phys. Cheml993 97, 12229.
tronic structure of (Ck)4N~ is very similar. Mo(cz,zi.';wM_ctJrokgm%y Kinorg. Chem 1994 33 581 i S.igora. Ch

Hypervalent Ate Anions of the Second-Row Elements. ;66700 30a7. Sin & - Ohanessian. G- Hiberte B G Shaik. &)

L 7 = Q 29, 3047. Sini, G.; Ohanessian, G.; Hiberty, P. C.; Shaik, SI.S.
Whereas geometry optimizations of (kO™ and (CH)4N Am. Chem. S0d.99Q 112, 1407. Gordon, M. S.; Windus, T. L.; Burggraf,
invariably converge to the highly symmetrical structures de- L. W.; Davis, L. P.J. Am. Chem. Sod.99Q 112 7167. Sini, G.; Hiberty,

P. C.; Shaik, S. SJ. Chem. Soc., Chem. Commad®889 772. Kalcher, J.
(18) Simons, J.; Gutowski, MChem. Re. 1991, 91, 669 and references J. Mol. Struct.: THEOCHEM988 167, 235. Reed, A. E.; Schleyer, P. v.

cited therein. R. Chem. Phys. Letfl987 133 553. Brandemark, U.; Siegbahn, P. E. M.
(19) Gutowski, M.; Simons, JI. Chem. Phys199Q 93, 3874. Theor. Chim. Actd 984 66, 233. Keil, F.; Ahlrichs, RChem. Phys1975
(20) Ortiz, J. V.J. Chem. Phys1987, 87, 3557. Ortiz, J. V.J. Phys. 8, 384. Wilhite, D. L.; Spialter, LJ. Am. Chem. S0d.973 95, 2100.

Chem.199Q 94, 4762. (23) Hajdasz, D. J.; Squires, R. R.Am. Chem. S0d.986 108 3139.
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Table 7. MP2/6-311#-+G(2d,2p) Strongly Occupied Localized C—F—C bending is very low. In addition, the presence of an
Orbitals of the (CH).CI”~ Anion® octet of electrons on the fluorine atom explains the predicted
LNO occup T (aup description stability with respect to electron loss.

8 1.979 3.094 o lone pair of ClI (98.7% localized)

9—-10 1.959 2.030 lone pairs of Cl (97.3% localized) Conclusions
11-12 1918 1.421 GHC bonds (22.0% ionic, 88.5% localized) High-level guantum-chemical calculations carried out in
13-18 1.966 1.013 €H bonds (0.9% ionic, 97.3% localized) conjunction with rigorous analysis of the computed electronic
a On|y the valence LNOs are ||SteHThe orbital kinetic energy. wave functions reveal the eXistence Of fOUI’ dlffel’ent typeS Of
ate anions R1X~. The anions with ionic bonding between
Table 8. MP2/6-311+G(2d,2p) Strongly Occupied Localized the central atom and the ligands are formed by elements of the
Orbitals of the (CH)oF~ Anion first three main groups. These species are very stable with
LNO occup T (auy description respect to the loss of the ligand anion and possess positive
1 2.000 37.281 core orbital of F (100% localized) vertical ionization potentials. Their-XC bonds, which are only
2-3 2.000 16.048 core orbitals of C (100% localized) slightly longer than those in the corresponding neutral systems
4 1.985  4.002 2s-like lone pair of F (99.3% localized) R.X, are almost completely ionic. Consequently, their central
5-6 1970  3.040 xlone pairs of F (98.1% localized) atoms are positively charged and their ligands bear negative
7 1.883 2.590 €&F—Ctricentric bond (78.7% on F, ) . ; h
9.8% on each C) charge;. The resulting e_Iectrostatlc repL_JIS|on among the ligands
8 1.854 1.145 &C bypass bond (38.9% on each C, determines the geometries of these anions.
6.5% on F) Many other elements, including silicon, phosphorus, sulfur,
9-14 1.967 1.027 €Hbonds (1.7% ionic, 97.7% localized)  and chlorine, are capable of forming hypervalent ate anions.
aThe orbital kinetic energy. The X—C bonding in these species is largely covalent, imparting

(sometimes marginal) stability with respect to the loss of R
bonds (LNOs 1318), there are three lone pairs located at the | ower-symmetry geometries, accounted for by the hypervalency
chlorine atom (LNOs 810) and two C+-C bonds (LNOs 11 of the central atom, are a rule. The axiatK bonds are longer
and 12) that are somewhat ionic. In other words, 10 electrons than their equatorial counterparts.
are ascribed to the central atom, making it hypervalent. The There are two other types of ate anions that are unique to the
bonding patterns in the other three species are essentiallyfirst-row elements. The double-Rydberg anions contain either
identical, the lone pairs being gradually replaced byXXbonds  nitrogen or oxygen as the central atom. They are unstable to
as the number of the methyl ligands increases from two to five. electron loss and thus most probably not observable in the gas

(CHg)2F~ Anion. Thanks to its highly unusual electronic  phase. Their electronic structures are best described in terms
structure, the (Ck)oF~ species occupies a unique place among of a cationic core surrounded by a Rydberg electron pair with
methyl ate anions. Unlike its (GHiN~ and (CH)3O~ coun- one unbound electron.
terparts, the (Ch)-F anion is stable with respect to electron  The (CH),F~ species is the only member of the fourth class
loss (IRer = 1.0 and 1.4 eV at the PUMP2/6-313G(2d,2p) of ate anions. It possesses a positive vertical ionization potential,
and G2 levels of theory, respectively). Although it lies well  and its dissociation into C#f and CH™ is predicted to proceed
above the separated GFH+ CHs™ pair (see Table 2; also note  through a small barrier. This potentially observable anion has
that theG2 standard enthalpy of dissociation 4$32.5 kcall 3 peculiar electronic structure that involves an entirely new type
mOl), a barrier to dissociation that is 3.5 kcal/mol hlgh (ZPES of bonding' i_e_, a bypass |inkage of the methy| |igands_ This
not included) is predicted by MP2/6-3G* calculations. As  ynusual bonding accounts for the long € distances and the
expected, the corresponding transition state is very early, Jow vibrational frequency of the €F—C bending.
possessing the-FC bond lengths of 1.716 and 2.171 A. These  Carbon is found incapable of forming a methyl ate anion.
results indicate that, unlike /1820 (CHs)F~ may be Although the results of electronic structure studies reported
experimentally observable. in this paper pertain to methyl ate anions, the conclusions they

The (CHy)2F~ anion haDs, symmetry and a singlet ground  |ead to can be safely carried over to species with ligands of
state, the singlettriplet energy difference amounting to ca. 19  similar sizes and electronegativities, i.e., other alkyl and aryl
kcal/mol at the PUMP2/6-3tG* level of theory. The unique-  groups. The classification of ate anions presented here is

ness of its electronic structure stems from the presence of anexpected to aid future experimental and theoretical research on
unprecedented bypass bond between the carbon atoms of thghese important systems.

two methyl groups (Table 8). Out of the total of ten electrons,

the central fluorine atom takes eight, leaving only two electrons ~ Acknowledgment. The research described in this paper has
for the ligands. Accordingly, in addition to core orbitals (LNOs been supported by the Office of Energy Research, Office of
1-3), and the G-H bonds (LNOs 9-14), there are three lone  Basic Energy Sciences, Division of Chemical Sciences, U.S.
pairs on fluorine (LNOs 46). LNO 7 is essentially yet another ~ Department of Energy, under Grant DE-FG02-97ER14758 and
lone pair with some residual tricentric bonding to the two the Deutsche Forschungsgemeinschaft, Sonderforschungsbereich
ligands. It is only because of this bonding that the gBR- 260 (Metallorganische Chemie). Support by Florida State
anion does not collapse to GEH; and F. The remaining University through the allocation of supercomputer resources
LNO 8 describes a peculiar-€C bypass bond that, the central on the SGI Power Challenge computer is acknowledged. J.C.
atom notwithstanding, directly links the methyl groups. Con- aI;o thanks the Alexander von Humboldt-Stiftung for a fellow-
sequently, the fluorine atom bears a charge-6f591, and the ship.

C—C covalent bond order is greater than its® counterpart
(0.565 vs 0.455). Thus, to the first degree of approximation,
(CH3)2F™ has the structure of 4€+++|F|~+-+CHa. As unexpected

as it may seem, this picture of bonding is consistent with the
computed geometry and vibrational frequencies. TheCF
bonds are unusually long (Table 5), and the force constant for JA972564H

Supporting Information Available: Tables listing the total
energies of the species under study of different levels of theory
(with and without ZPESs) (4 pages). See any current masthead
page for ordering information and Web access instructions.



