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Strong-field energy matrices expressed in terms of four d-orbital splitting
parameters (Ds, Dt, Dg, Dr) and two Racah parameters (B, C) without spin-orbit
coupling effects were calculated for the d* and d* bent (C,)} metallocene
derivatives.

Introduction

Very recently, we reported on the ligand field model for bent (C, )} d ''[1,2)and 42
[2] metallocene complexes of the type Cp,ML, (Cp = n°-C;H,; M = early
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transition metal; L = ligand, e.g. halide, pseudohalide, CO etc.; » = 1 or2). It
was shown that the one-electron energies of the five split d-orbitals can be
expressed in terms of four d-orbital splitting parameters Ds, Dt, Dg, Dr. Also, the
strong-field energy matrices for d* bent metallocene complexes were calculated
[2], containing two additional interelectronic Coulombic interaction (Racah)
parameters B and C. In order to complete the many-electron ligand field model for & %
(n = 2—4) Cp,ML_ complexes, we present here the d* and 4* strong-field
energy matrices (without spin-orbit coupling).

Theory

In the C,, ligand field, the five-fold degenerate d-orbital set splits into five
nondegenerate sublevels. Their one-electron energy terms H_ (i = 1 - 5) and
H,, have been reported previously [1,2].

Strong-Field Coupling Formalism (Spin-Orbit Coupling Neglected) for d° and d*
Confugurations

As a detailed account of the strong-field coupling scheme applied to metallocenes
can be found elsewhere [2,3], this approach will be outlined only briefly here.

The perturbation Hamiltonian A’ for a d " electron system without spin-
orbit coupling effects reads as follows

. N N 62
H = E VLF(i)+E (1
i=1

i<j 4T[€0ry

where the first term represents the potential of d-electrons of the central metal ion
in the ligand field and the second term represents the interelectronic Coulombic
repulsion. In the strong-field coupling scheme it holds that

N o N 62
ZI FOEDY @)

i<j 47[80}‘{,

In matrix elements Ig’;m (Eq. (3)) to be constructed, ¥, , ¥, (Eq. (4)) are now
some of all the possible N-electron strong-field functions constructed from
symmetry-adapted linear combinations of antisymmetrized products (Slater
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determinants) | 'gp of snpmorbltals corresponding to a particular electron orbital
configuration y,'y,"... Ys (where n ot n, . tng = N)

(‘Ij |Z VLF(I) E

i<j Tl:sorij

¥,) 3)

=Y. c0, 4)

The three- and four-electron strong-field functions ¥ = |(w,'1 ‘{; nS)ZS II" M)

obtained by means of standard procedures [3,4] are listed in the previous paper [2],
Table III. Using these three- and four-electron functions, the matrix elements of
the operator (1) were calculated as described in {2]. The diagonal elements contain
the one-electron energy terms H, (i = 1 - 5)and H |, (see[1,2]) of the occupied
d-sublevels (i.e., the splitting parameters Ds, Dt, Dq, Dr) as well as the Racah
parameters B and C, while the off-diagonal elements contain the B, C parameters
only.

d’ Bent Metallocenes Cp,ML_(n = 1,2)

The dimension of d* representation is 50 x 50. However, the C,, symmetry of the
ligand field and zero matrix elements among >*'T" terms dxffermg both in spin
multiplicity and T result in reduction to one 1 x1 spin-quadruplet matrix (*A,),
three 3 x 3 spin-quadruplet matrices (*A,, *B,, *B,) and four 10 x 10 spin-
doublet matrices CA|, *A,, °B,, ’B,. Table]lists the simplified designations of

LAy A 25+1

the relevant strong-field terms |(y, ) T MS). The strong-field energy

matrices for the C,, system are presented in Table II.

d? Bent Metallocenes Cp,ML,(n =12)

The 100 x 100 dimension of the d* representat;on reduces to three spin-
quintuplet matrices (5A2, SB] , °B , ), one 2 % 2 spin-quintuplet matrix A 1), one
9 x 9 5p1n-tr1plet matrix (3A ), three 11 x 11 spin-singlet matrices
(‘A,, 'B,, 'B,), three 12x 12 spm—trlplet matrices (*A,, °B,, *B,), and one 17
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x 17 spin-singlet matrix ('A,). Table III lists the designations of the d* strong-
field terms ](y:‘y;’y:"yf')zsnl", M) and Table IV presents the corresponding d*
strong-field matrices.

The formal correctness of all the d> and d* strong-field energy matrices
was verified by
(1) transforming d? functions from D, symmetry [3] to the C,, one and
(il) comparing results of numerical calculations carried out under zero ligand field

strength (Ds = Dt = Dq = Dr = 0) with d* and d* free ion energies.

Conclusion

The reported d* and d* strong-field energy matrices may be instrumental in
solving various problems of the bent d* or d* metallocene complexes within the
framework of the ligand field model. The representatives of such complexes may
be, for example, d> Cp,V(CO) or d* Cp,M(CO) (M = Cr, Mo, W).
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