TETRAGONALLY DISTORTED TETRAHEDRAL ML,-COMPLEXES. II .
Splitting of the 43-Configuration in Strong Ligand Field of D,; Symmetry

By :
M. I. BAN

‘Institute of General and Physica! Chemistry, Attila J6zsef University, Szeged
( Received June 16, 1972)

: The energies of spectroscopic levels arising from the splittings, in ligand field of D4 symmetry,
of strong field configurations deduced from the electronic system d® have been given in terms of.
the interelectronic. repulsion parameters B and C, the three llgand field parameters K, L, and M
and the distortion angle 8. .

GILDE and BAN ‘qualitatively described [1] the orbital splittings of configura-
tions d"(n=2, 3, ..., 8) in strong ligand field of D,; symmetry, using the determinantal
functions [2] valid in the subspaces corresponding to the splittings. FURLANI et al.
[3] calculated, by the weak field approximation, the orbital splittings of pseudo-
tetrahedral CoA,B, (C,, symmetry) and CoAzB (C,, symmetry) complexes (both
types containing Co'-ion; d7-conﬁguratlon) and gave the energy matrices for the
quartet levels.

In the present paper—using the procedure described in the earlier publication [4]
and employing the functions mentioned—the strong field matrices for the d3-con-
figuration in D,, symmetry have been given.

Energy matrices

On the basis of the perturbation method, using the assumptions made and the
procedure described in the first paper of this series [4], the energy matrix elements!
related with the electron electron and ligand-electron interactions have been cal-
culated.

The complete energy matrices® are as follow:

()e? *B:  —12K—12L+6M ' )
(b)(e)* *By:’  —12K-24L+6M I (2
44, : (ar)(e)? A : (ay) (by) (b

12B—6K—18L+10M "—6B ' 3)

3B+6K—18L+4M -

E: (a1 (by)(e) (@) (b5)(e) (b:1)(b) (e)

3B-24L+7M 38 - —Y278 @)
3B—120+TM —Y27B " o

' 9B—-18L+3M

1 The corresponding integrals are written up with the the determinantal funcions [2] and the
operators [3] end [8] of Paper I [4].
? The matrix elements below the diagonals are the mirror images of those above them.



DAy (a)(by)? (ay) (by)? (ap(e)? ’ (b1)(e)® (b) (e)®
7B+4C+6K—30L+4M c - V2¢3B+0) - V6B 0
: 1B+4C+6K—6L+4M YZ2(3B+C) 0 . N
25B+5C—6K—18L+10M Yis8 ETY:
9B+3C— 12K —24L+6M ~38
' 9B8+3C—12K—12L+6M
24,: (a)(e)® (b)) (e)® (bo)(e)? (a)(by)1by) . (a1) (b)) (b)
158+-3C—- 6K~ 18L+10M -3B -38 -3B Y278
‘ 9B+3C—12K-24L+6M 3B 3B —V3B
9B+3C-12K—12L+6M ‘ 0 -Y128B
9B+3C+6K—18L-+4M Y128
13B+3C+6K— I8L+4M
B,: (ay)*(by) : (b)) (b)? (a)(e)® (by)(e)? (b (e)*
TB+4C+12K—24L+6M  4B+C - V6B Y2(B+C) B 0
27B-+4C—-12L -0 - Y2(3B+0) ) -y548
19B+3C— 6K —18L+ 10M ; V5B - —3B
15B+5C—~12K~24L+6M —¥27B
9B+3C—12K—12L+6M
2B,: < (@) (by) ‘ (b)? (bz) (a)(e)® b (e v (b2) (e)?
7B4-4C+12K—12L+8M 4B+C ~V6B .0 Y2(B+C)
. 27B+4C-24L 0 Y34B ' Y2(3B+C)
19B+3C—-6K—18L+10M ~3B : -V75B
: 9B+3C—12K—24L+6M Y27B

15B+5C—-12K—12L+6M
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°E: NG @@ B)e) . (b)) @)

12B+4C—18K—18L+9M = B+C - 3B+C 3B+C - V6B
22B+4C+6K—18L+11M 4B+C 4B+ C ' gB
. ' : 75
12B+4C—6K-30L+3M C _ : > B
12B+4C—6K—6L+3M 0

13B+3C—24L+TM

-..(ay) (b;)(e) (a) (b2)(e) (@) () (e) (by) (B2)(e) - (b (bs)(e)
C /9 /3 /77 81
9 81 3 o :
-‘VEB -V VEB o 0
9 A : : Cq/27 /9
VEB .0 0 : -J5e -)58
0 — V8B Y24 B 0 . —VisB
- 27 3 9 3
V3B -V 5B -5 B 5B 2B ©).
3 1/27 [27 3
93+§c—24L+7M 5B -V5e —I/ZB -5 B
21 27 27 3
.7B+3C—]2L+7M -V 58 Ve 5B
23 3 - 75
5 B+3C-12L+TM - B : -V 58
2 B{3C—18L+3M 21p
2 a4
33

73+3C—_18L+3M

In the mafrices, B and C are Racah’s parameters and
K = 45—2 D, (35 cos* f—30 cos® + 3),

L= %D4(1 ~ cos® B)?,

M = D,(3cos’f—1),

6*
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where D, and D, denote—apart from numerical factors—the integrals related to
second-order spherical harmonics and fourth-order ones, respectively.

The expressions (1)—(9) can easily be transcribed for the case of configuration
d?. Then—apart from a constant energy term contributing to all diagonal elements—
the elements related with interelectronic repulsions remain unchanged and the ligand
field energies—apart from another additive constant—are found by reversing the
signs of those for d*-configuration.

The energy matrices can be utilized—as was shown e.g. in [5, 6]—for the inter-
pretatlon of such properties of d3- or d?-complexes which can be attributed to
changes in the electronic energies. :
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TETPAFOHAJILHO JE®OPMHWPOBAHHBIE TETPABI[PI/I'-IECK[/IE
KOMILJIEKCHL ML,. Il
PACWEIJIEHVE d3-KOH®UT'VPALIUI B CUJIBHBIX TTOJIAX
JIMTAHAOB D., CUMMETPUHA

M. HU. ban .

HUcnonb3ya npubimxeHne CHILHOTO MOJIsA, PACCUUTAIM IHEPreTHYECKOE COCTOSIHHE IJIEKTPO-

HOB, MPOMCXOAALHX U3 pacimenyieHust KoHurypaiuit co3gasaemMbix U3 d° NIEKTPOHHBIX CTPYKTYpP

B JIMraHaHbix nousx D,, (nehopMHpoBaHHble TETPajdApPHYECKHE) CHMMETDHH B 3aBHCHMOCTH OT
napaMeTpoB B 3/1eKTPOCTATHYECKOT'O M IMTAHAHEBIX MOJeH, a Takxke yrna aepopmaiuu.



