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The concept of bond stretch isomerism, first introduced by
Hoffmann! was defined by Parkin as “the unusual phenomenon
whereby molecules differ only in thkength of one or more ) )
bonds”?2b It has been specified later on that this definition is Figure 1. XMol (Minnesota Supercomputer Center, Inc., 1995) repre-
restricted to isomers of the same spin statelhis should be ~ Sentation of the Cgdpa)Cl, molecule, in the symmetric conformation
translated in terms of potential energy surface by the presence of esulting from the DFT geometry optimization.
two distinctminima separated by a significant energy barrier.
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Several examples of bond stretch isomers had been characterized A 139 136,54 5 1190
since the early 1970s, but it was demonstrated later on that most 1_3‘7‘~~JV\24-3/;;55_-§\’9€~"'
of the reported cases, if not all, were no more than crystallographic 135 N N 1e7N
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artifacts? Recently, a series of very careful structure determina- il
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tions have led to what was presented as the first unambiguous

example of a molecule satisfying Parkin’s definition of bond C1—22 o, 2329 o, cl
stretch isomerd. The reported isomers, of formula gdpa)Cl, 2520 M

(dpa= dipyridylamine), belong to a family of complexes where

the pyridyl ligands are organized in a spiral conformation around D ie7 s |

a linear Cg®* chain axially coordinated to Cl, CI( 2), Cl, BF, B _ ;W 137 A% .

(3), and BR, BF, (4). Abstracted from their crystal environment, 187 7 1188 el 1,87
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moleculesl and2 correspond to the same formula and to similar iz Hos
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structures (F_|gure 1). The reported differences mz_;unly affect the farr 1830 | o
interatomic distances along the-&Co—Co—Co—Cl axis. Isomer O a7 2as0
1 is characterized by a crystallographic 2-fold axis containing Cl— 5o~ COuy 5 seei " COw e €O 5555~ C

the central cobalt atom (space grdeipr2). This implies a perfect . .
equivalence among the E€o distances (2.3178 A), the €o Flgyr(_e 2._ Selected s_tructural parameters obtained from DI_:T geometry
Cl distances (2.520 A), and the two sets of.Ge-N bonds (1.990  ©Plimization (above, in roman) and from X-ray characterizatidinelow,

A, av). Isomer2 crystallizes in the space grolpd/n with the in italics). (A) Symmemc.fo.rm’. complex. (B) Nonsymmetric form,
4fold axis collinear with the trinuclear metal axis. It is complex2. In the DFT optimization process, th¢ metahetal distances
characterized by markedly different metahetal distances: (starred) have been kept frozen at their experimental values.
Co(1)-Co(2) = 2.459 A; Co(2)-Co(3) = 2.285 A. The two
Co—Cl distances are similar (2.353 and 2.386 A), but considerably
shorter than those fdr. The two sets of CGg—N bond lengths
are also significantly distinct (Co(HN = 2.125 A, Co(3)-N =
1.965 A) (Figure 2A). Note that complexe3 and 4 are
geometrically similar to isomer8 and1, respectively.

The purpose of this work was to use the methods o
computational chemistry to characterize on the potential energy
hypersurface of the isolated ¢dpa)Cl,, the two minima
dlstl_nctlve of bond stretch isomerism. All calculations were (4) All calculations have been carried out with the ADF progfavie
carried out by means of gradient-corrected DFT calculatfons. used the local spin density approximation characterized by the electron gas

bonds. The geometry optimized, assumingEheonstraints, is
displayed in Figure 2A and compared to the structural parameters
observed forl. The distances computed for €80, Co-Cl,

and Co-N agree with the observed ones within 0.025 A. A
slightly larger discrepancy occurs for the—® distances,

n overestimated by 0.020.04 A. In probable relation with this
overestimation, the torsional angle1Co(1)-Co(2)—N, which
measures the spiral character of the pyridyl ligands, is computed

Geometry optimization processes were carried out ojfdpa- exchangeXo with o. = 2/3) together with Voske Wilk —Nusaif parametriza-

: - tion for correlation. Becke’s nonlocal corrections to the exchange ehergy
Cl, starting from the structures observed foand 2, slightly and Perdew’s nonlocal corrections to the correlation eridrgye been added.
modeled forl in order to ensure a strict equivalence between the For first-row atoms, a 1s frozen core was described by means of a single
four pyridyl ligands. A similar equivalence is imposedZdy Slater function. For cobalt and chlorine, the frozen core composed of the 1s

h | Th - - d h . _.__ to 2sp shells was also modeled by a minimal Slater basis. Two sets of atomic
the crystal space group. The constraints Imposed to the optimiZa-pasis functions were used to describe the valence elecasblet Slater
tion processes df and2 were those of the symmetry point groups basis sets, referred to as BS1, were used for all geometry optimization

D, and C,, respectively. Both symmetry groups prescribe the Processes. A single-point calculation was then carried out at the optimal
’ geometries using for the valence electrons a more extended basis set referred

equivalence of the four ligands, but point groDp imposes in to as BS2. For hydrogen, chlorine, and first-row atoms, BS2 is of téple-

addition the identity of the two CeCo and of the two CeCl quality and completed by a polarization function For cobalt, the 3s and 3p
shells are described by a doul@esasis; the 3d and 4s shells by a triggle-

(1) (a) Stohrer, W.-D.; Hoffmann, R. Am. Chem. So0d972 94, 779. (b) basis and the 4p shell by a single orbital. No f-type polarization function is
Stohrer, W.-D.; Hoffmann, RJ. Am. Chem. S0d.972 94, 1661. added. The geometry optimization processes were continued until all of the
(2) (a) Parkin, GAcc. Chem. Resl992 25, 455. (b) Parkin, GChem. three following convergence criteria were fulfilled: (i) the difference in the
Rev. 1993 93, 887. (c) Parkin, G.; Hoffmann, RAngew. Chem., Int. Ed. total energybetween two successive gradient optimization cycles is less than
Engl. 1994 33, 1462. 0.001 hartrees; (ii) the difference in tm®rm of the gradienbetween two

(3) (a) Cotton, F. A.; Daniels, L. M.; Jordan, G. T., ¥ Chem. Soc., successive cycles is less than 0.01 hartreg; fii) the maximal difference

Chem. Commuti997,421. (b) Cotton, F. A.; Daniels, L. M.; Jordan, G. T.,  in the Cartesian coordinatebetween two successive cycles is less than 0.01
IV; Murillo, C. A. J. Am. Chem. Sod.997, 119, 10377. A.
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to be 54.8, compared to an average experimental value of46.9 which seems difficult to correlate with any of the experimental
Despite those differences, it is clear that the conformation of geometries. It should be noted that in the ground state of both

minimal energy-within the constraints of th®, point group— the symmetrical and the unsymmetrical forms, the energy gap
displayed in Figure 2A can be identified as the structure of isomer separating the HOMO from the metahetal o-antibonding
1 LUMO remains rather large~(1 eV) which makes unprobable

The optimization carried out starting from the experimental the existence of a low-lying quartet state. In that respect, the
geometry of the unsymmetrical isomé@r failed to define a present calculations on the isolated molecule do not support the
conformation of minimal energy distinct from that of Figure 2A. interpretation of the electronic structure @fproposed by Yang
At the end of the optimization process, the unconstrained metal et al. in their preliminary repoft A highly temperature-
metal distances were 2.325 and 2.313 A, respectively. Similarly, dependent magnetic moment, risinguig ~ 2.6 BM at 200 K
the final Co-Cl distances were 2.477 and 2.476 A. The most had been observed by those authors and attributed to a spin
important discrepancies noticed with respect to the structure of crossover C&iN,Cl chromophore coupled to a diamagnetic dimer.
Figure 2A concerning the CeN and the C-N bond lengths are We conclude this preliminary study by asserting that according
less than 0.015 A, that is of the order of magnitude of tothe DFT calculations, thisolatedCos(dpa)Cl, does not display
computational uncertainty.The final energy computed with BS1  a double energy minimum, but a flat potential ground-state
was identical to that obtained from structutewithin 1.0 kcal hypersurface and two very low-lying, low-spin excited states.
mol. Should it be inferred that the tricobalt complex does not display

To trap a possible energy minimum in the region of the bond stretch isomerism? The answer is ambiguous, because of
hypersurface corresponding to the unsymmetrical structure of the phenomenological character of Parkin’s definition. As a
complex2, another geometry optimization was carried out, still consequence, thaolecular scaleat which the double minimum
starting from the experimental geometry, but with the metal is expected to appear remains unspecified. Is it restricted to the
metal distances of 2.459 and 2.285-And only those distances isolated complex or should it include its immediate environment
frozen during the whole optimization process. The resulting or even account for the complete crystal field? If the latter
structure is displayed in Figure 2B and compared to the interpretation is retained, one should consider that the different
experimental geometry reported far Apart from the Ce-Co crystal environment of isomersand?2 and related compounds
distances, the most important geometrical changes observed fronmight be sufficient to induce the observed structural disparities.
X-ray diffraction with respect to the symmetrical structure concern It should be noted that the €d&Co bond alternation observed in
the cobalt-chlorine bonds, shortened by 0.15 and 0.17 A, and 2implies the mixing between the filled G&Co-bonding MO and
the Co(1)-N distances, stretched by 0.13 A on average. Similar an orbital with o-antibonding metal character, namely, the
trends are obtained from the constrained geometry optimization, relatively high-lying LUMO (a symmetry). Moreover, as orig-
but the magnitude of the computed changes is smallef;:) n inally highlighted by Hoffmanr,the existence of a double energy
= 40.05 A; Acopy-c = —0.10 A; Acozy-c = —0.02 A (Figure minimum for the bond stretch isomers implies either an avoided
2). The total energy associated with that structure is higher than crossing or a real state crossing as a function of the geometrical
that of the symmetrical complex, but the difference is weak.2 change. In the present case, the state crossing, either real or
kcal mol! with BS1; +6.7 kcal mof?! with BS2* However, avoided, should involve a state in which the metaletal
when the constraints imposed on the metaktal distances are  antibonding LUMO is partly or fully populated. Further calcula-
lifted, the geometry of the complex evolves toward that of the tions are being carried out to check whether the unsymmetrical
symmetric isomer and eventually converges toward a structure arrangement of the two sets of four Co(dpajonomers in the
that cannot be distinguished from that of Figure 2A. crystal structure o2 is capable of generating the above-mentioned

The ground-state electronic configuration of the;@pa)Cl. prerequisites.
complex was found identical for all considered geometries. The
neutral tricobalt complex is a paramagnetic molecule with one  Acknowledgment. The DFT calculations have been carried out on
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symmetry) generates two doublet excited states with very low amsterdam, The Netherlands, 1997. (b) Baerends, E. J.; Ellis, D. E.; Ros, P.
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symmetry. This induces a substantial increase of the@dond

! : (11) Yang, E.-C.; Cheng, M.-C.; Tsai, M.-S.; Peng, S..MChem. Soc.,
lengths (2.62 A and 2.64 A in tH& and?B; states, respectively)  Chem. Commuri994 2377.




