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Ab initio DDCI2 (difference-dedicated configuration interaction) calculations are performed on the exchange
coupling constant of the doubly-bridged Ni(ll) complexes [Ni¢€H),2" and [Ni(terpy)(N)]22+, which are modeled

by substituting the external ligands with ammonia groups. The variational Cl space is selected on the grounds
of the effective Hamiltonian theory and includes all the second-order contributions to the difference between the
lowest quintet, triplet, and singlet states. Both complexes are found to be ferromagnetic, with coupling constants
of 1.8 and 21.1 cm, in good agreement with the experiment. A transformation of the molecular orbitals is also
proposed for large systems, enabling the molecular orbital set to be significantly trunaatell as the file of
two-electron integrals and the DDCI2 spaegith no loss of efficiency.

1. Introduction using the phenomenological Heisenberg Hamiltonian

Weak interactions in polynuclear metal systems with unpaired H —_2%]
electrons leading to small energy splittings and their ferromag- ex .Z iis%
netic or antiferromagnetic character have been widely studied !

in recent years. Biradical systems such as some Cu(!)) (d \yheres, § are local total spin operators adgthe exchange
dimer complexes, with carboxylate, hydroxo, or halide bridges, parameters. The summation may in general be limited to the
are simple examples, with one well-localized unpaired electron n,irs of nearest neighbors. The energy levels are thus expressed
on each metal center, resulting in a small singteiplet energy a5 functions of the exchange parameters, and by a fit of the
gap, the sign of which depends on the ligands and on the metaljagnetic susceptibility versus the temperature curve, the
coordination among other factors. Several bridged binuclear exchange parameters are evaluated from the experiment. A
complexes of a more complex electronic structure have also pegative value of the coupling constant indicates antiferromag-
been synthesized and their magnetic be2h4awors anazlyzed in theetic coupling and has been attributed by Andefgorindirect

last two gl(gcades. Dimers with Ni(ll) ) V(lll) (d?), and coupling through the bridge ligands or a superexchange mech-
Cr(llN) (d°)> have been described, as well as some polynuclear gnism. For dimers with total spif, at each magnetic center,

complexes. Most of these complexes are antiferromagnetic. e possible states have total si8n= 0, 1, ..., & and the
The spin interaction in these systems is usually described gifference between energy levels is given by
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A few quantitative approaches to the problem have been
proposed. Noodlemah developed a formalism based on | cl |
unrestricted HartreeFock (UHF) broken-symmetry calcula- \Ni/ /\Ni/
~

tions, which was applied to polynuclear sulfur-bridged iron - ¢
complexes! Doubly-chloride-bridged copper diméfsand
oxo-bridged titanium dimet$have also been studied using the Figure 1. Simplified geometry of the complex [Ni(NBLCI] 22" (1a).

same procedure. A second-order perturbative development of

the Cl expansion was proposed by de Loth ét &br biradical
systems, and it was applied to several bridged copper difmers N
with little computational effort. Although there was good | N
~
Ni
s

agreement in most cases, some important higher order effects - N ~N |/
appeared to be neglected. On the basis of the same perturbative V.. ":"\
considerations, we recently presented a variational method for N '

the ab initio calculation of the exchange coupling constant of
biradical systems. When this method was applied to dihalide-
bridged copper dimet817 or to nitroxide biradicald? a good
quantitative agreement with experimental results was obtained.
The method, which was recently generalized to apply to

magnetic exchange interactions in polynuclear systéimbased while with other types of bridges such as oxafter squaraté

on the definition of a minimal model space. In the framework the interaction is antiferromagnetic. The exchange couplin
of the quasi-degenerate perturbation theory, a set of determinants g ’ 9 ping

- P . constants of two doubly-bridged complexes have been deter-
conFrlbutlng to the energy splitting is then established on the mined: the bisg-chloro) complex [Ni(NH).CI],2" (1a) (Figure
basis of a second-order development of the correspondlngl) and the bis{-azido) complex [Ni(NH)«(Na)],>* (24) (Figure
effective Hamiltonian. This set of determinants is then treated P ANY12 9

variationally. The model space in these magnetic problems is 2). These two complexes reproduce the experimental geometry

a subspace of the complete active space (CAS) generated b)?f the NiX; core (X being the bridging ligand halide or azide)

i 2+ 2 i 2+
then unpaired electrons in orbitals, and the determination of of the complexes [Ni(eafl]>" (10)* and [Ni(terpy)(N)]2

3 g
the exchange coupling can be considered as a particular casézrg)d sanqrrt]gea?;teépi‘:]é'sg:n:;czaﬁ)nbse?: troeplflg\(/ag taﬁt’\iﬁe
of the more general scheme of specific Cl for determining ?neth%dolo used is able to produce close rfreement with
energy differencé8that we have called the difference-dedicated 9y p 9

configuration interaction (DDCI) method. Since some additional experimental resu_lts a_md therefore may be used to predict the
restrictions appear in the exchange coupling treatment, we havetrend of the coup_llng in unknown systems_. .
! Although the size of the DDCI2 space increases only with

labeled this particular Cl as DDCI2. The method will be briefly the square of the size of the atomic basis set, when the number

reviewed in section 2. . . :
of unpaired electrons rises, the DDCI2 space can increase

AD |n|t|9 Cl calculations of §uperexchange coupling on considerably, depending on the symmetry point group of the
systems with more than two unpaired electrons are rather scarce, iacule and on the size of the basis set. On the other hand

Very recently, multireference coupled electron pair approxima- if we want to calculate the exchange coupling in complexes

tion (MR-CEPA) calculations on oxygen-bridged binuclear with a higher number of magnetic centers, the full transformation

i 1 i 22
complexes of N'.(“? and of Ti(llh), V(”I).’ and Cr(lll were of the atomic two-electron integrals to molecular integrals can
reported. The aim of the present study is to show the efficiency exceed storage capabilities. The MO set has to be truncated to

Sf thg _IgD_CIZl_mettc]oilln '.[\évo N'(”).(;j'me:ﬁ’ W'tréthe reprt;lsentt.a- solve both problems. Natural orbitals (NO) have been exten-
Ive bridging ligand chioride or azide in the end-on coordination sively used as a rational way of performing this truncation in

order to concentrate the Cl expansion. Following the same

N
N

Figure 2. Simplified geometry of the complex [Ni(Ngk(N3)]22" (24).

mode. Ferromagnetic interactions prevail in these complexes,
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{®,} belonging to the configuration only differ in their spin  square of the basis set dimension. But with increasing numbers
distribution. Their number igy,) if n is even. For four of unpaired electrons, the size of the DDCI2 space may become

electrons, for instance, there are six determinants: too large. Moreover, the file of two-electron integrals may also
- o become very large depending on the ligands. In order to work
labd|, |abcd], |abed, |aked), [abcd], |abed| within manageable ClI space sizes as well as the file of molecular

. . integrals, it may be desirable to truncate the MO set.
These six neutral valence bond determinants generate a model

space, S, which is a subspace of the (4,4) CAS. The Spectiumg - 1 ncation of the Set of Molecular Orbitals:

of the magnetic states may be obtained by diagonalizing the Exchange Coupling Dedicated Molecular Orbitals
effective Hamiltonian built on that model space. In the

framework of the quasi-degenerate perturbation theory at the It is well-known that SCF MOs are an inadequate starting
second-order level, the elements of the effective Hamiltonian point for making good estimations of the correlation energy

may be written when the MO set has to be truncated, since ordering the orbitals
according to their eigenvalues is not a good criterion, particularly
(2) (D) |H| D, [T, |H| D[] for virtual MOs, to estimate their contribution to the correlation
(D) [Heii | Py = [ |H| D, H Z T o energy. Less arbitrary choices, such as natural orbitals (NOs),
PoHS E, —E, are needed for this purpose. Ever sinCevlin’s proposal long

ago?*they have constantly proved their usefulness. There are

When the off-diagonal termb|He?|® Care considered,  many possible ways of obtaining NOs, and of these, a low-

®, and P, necessarily differ by at least two spin orbitals. The order perturbative construction of the one-particle density matrix
determinantd ®.} which are obtained by a single-excitation s a simple and inexpensive techniddeBy using a diagram-

or a double-excitation process interact with bdthand®; and matic representation, the elements of the density matrix are
may at most involve two degrees of freedom, i.e. two inactive optained from the second-order diagrams of the correlation
occupied MOs p and @b = D pq—ar| @i[Jtwo inactive virtual  energy by introducing an interaction line with tle= as*a,
MOs i and j, @, = D*ap-ij| @[] or one occupied and one virtual  gperator on the propagation lines of the Feynman diagrams,
inactive MO, ®q = D*pa—p;| P[] wherea™ and a are the creation and annihilation operators,

As far as the diagonal elements are concerned, it has beenrespectively
proved?® that all substitutions involving more than two inactive
MOs simply shift all the energies by the same amount, provided
that for the zeroth-order Hamiltonign®

HO = ZE,O|CD,DE),| - ;Eg|q>um>a|
€ [od

a Mgller—Plesset type definition is chosen.

The generators and the set of excited determinants interacting
with them, involving at least two active MOs, define a Cl space, = We have proposed a generalization of this strategy to obtain
and instead of using the perturbative development, this spaceobservable-dedicated M&£DMOs), since any observable may
may be diagonalized to incorporate higher order effects and tobe calculated perturbatively as a sum of diagrams. The
avoid the problem of intruder states. In order to make this Cl procedure consists of the perturbative construction at the lowest
space invariant under rotations of the MO set, the model spaceorder of aparticipation matrix analogous to the one-particle
should be extended to the CAS and all the excited determinantsdensity matrix, but including the contributions to the observable.
obtained from the CAS by single and double substitutions The eigenvalues, that we have callgdrticipation numbers
involving at most two inactive orbitals (occupied or virtual) may be associated with the contribution of the corresponding
should be included in the Cl space. This extension adds a feweigenvectors to the observable, and thus may be used as a
determinants which are not strictly necessary for the calculation criterion for truncating the new molecular orbital set. The
of the second-order effective Hamiltonian, but it ensures the efficiency of these DMOs has been proved for several applica-
invariance of the DDCI2 space and therefore enables us to worktions, in particular for determining energy differences, such as
with symmetry-adapted MOs, which reduces the file of two- dissociation energie®,or more recently electronic coupling in
electron integrals as well as the dimension of the DDCI2 space. electron-transfer problen§. The method has also been used
The value of the coupling constant is given by the difference for determining the ST gap in biradical system$. The
between two roots. transformed MOs have good convergence properties for the

The physical effects that are considered in the DDCI2 evaluation of the observable, which permit the size of the file
treatment include all the effects up to the second order asof molecular integrals and of the Cl space to be considerably
discussed by de Loth et @15 potential exchange, kinetic  reduced. The purpose of the present work is to generalize the
exchange, dynamic spin polarization, and charge transfer, asprocedure for more complex magnetic problems, such as the
well as polarization of the ionic forms. The variational calculation of the exchange coupling constant of Ni(ll) dimers,
treatment, however, introduces higher order effects, amongand to prove its efficiency. Since the-$ splitting in biradicals
which are the contributions enabling the relaxation of the ionic is the simplest example of exchange coupling, we will first
forms that appear at the fourth order. review the procedure for this simple case.

The number of the determinants in the DDCI2 space is
proportional to Mn,2n,2, where M is the number of the (24) Lowdin, P. O.Phys Rev. 1955 97, 1474.
determinants of the CAS, is the number of inactive occupied  (25) (a) Reinhart, W. P.; Doll, J. Dl. Chem Phys 1969 50, 2767. (b)
MOs, andn, is the number of inactive virtual MOs. While the 'J"é‘ré'e';ééﬂ-’ %ﬁf&”ﬂ‘yj}giﬂ?’ ﬁfegheﬁ)ﬁﬁ;%efé?g é]g’”s?ggf-?
number of active electrons remains small, the size of the DDCI2 (d) Caballol, R.; Malrieu, J. FChem Phys 1990 140, 7.
space remains manageable, since it only increases with the(26) Calzado, C.; Fefmalez, J.; Castell, O.; Caballol, R. To be published.




1612 Inorganic Chemistry, Vol. 35, No. 6, 1996 Castell et al.

3.1. ST Gap Dedicated Molecular Orbitals. The dia- propagation lines unchanged occurs when the difference consists
grams associated with the observable are in this case all theof the spin inversion of an abeb type pair
second-order energy contributions to theTSgap. Since the b 3
model space is limited to the two neutral VB determinants } i
associated with the singly-occupied orbitals a and¢abj, and
|ab|, as discussed above, the only contributions to the energy
difference come from the off-diagonal elements of the effective
Hamiltonian. As an example, for a double excitation on the
generatol...ppygab (p, g are doubly occupied inactive MOs) * {
b

of the typed, = |...pa[qb| (i is a virtual MO), i.e. a double
spin polarization process, the second-order diagrams are of the
type Thus the diagrams are the same as for the 2-electron case, for
all the possible pairs of active orbitals and all the permutations

b a of a and spins in the remaining propagation lines. So the
contributions of each pair are multiplied by a factor
(r-22)- The contribution to a matrix element is obtained by
adding the contributions of each pair.

(ii) The determinantsb, and @, differ by four active spin
orbitals. The intermediate determinants in this case necessarily
belong to the CAS. Since only active orbitals are concerned,
the diagrams do not contribute to the blocks of the participation
matrix we are interested in.

The participation matrix can be easily constructed by looping
- on all the pairs of active orbitals. Since only th#an||rsC]

integrals (m, n= active MOs; r, s= all MOs) are needed for

The detailed second-order contributions to theTSgap in each pair, the same partial transformation of the molecular
biradicals as well as their diagrammatic transcription have beenintegrals and the storage in six matrices for each pair of active
given by de Loth et a¥ The (r,s) element of the -ST MOs may be used.
participation matrix is obtained simply by introducing an  The diagonalization of the participation matrix by blocks of
interaction line with theR = a,tas operator on either the hole ~ occupied{p} and virtual{i} MOs provide new subsets of

c d e f

or particle propagation lines: occupied{p'} and virtual{i'’} MOs. The roots with largest
absolute values are associated with the transformed orbitals
b 3 b a which most contribute to the exchange coupling (EC-DMOSs).

Thus the participation numbers provide a logical way of
truncating the EC-DMO set with no loss of important physical
effects. The active set of MOs remains unchanged, and the

"""" P unitary transformation of the occupied and virtual MOs keeps
.......... R the energy obtained by diagonalizing the whole DDCI2 space
G invariant.

The calculation procedure of the exchange coupling constant
can be schematized in the following steps: (1) SCF calculation;
(2) localization of the active MOs; (3) partial transformation of
the 2-electron integrals since all the integrals needed concern
two active orbitals; (4) perturbative construction of the exchange

contribution to Ry contribution to Ryq coupling participation matrix and diagonalization of both
occupied and virtual MO blocks; (5) ordering of the eigenvectors

So as not to change the zeroth-order description, the unitary of each subset according to their participation and the truncation
transformation of the MOs is performed inside the subset of of the EC-DMO set to obtain a 2-electron integral file and/or a
inactive occupied MOs, on one hand, and of virtual MOs, on reasonably sized DDCI2 space; (6) complete transformation of
the other. Both blocks of the participation matrix are diago- the 2-electron integrals with the truncated set of EC-DMOs;
nalized separately. The eigenvectors associated with the largest7) generation of the DDCI2 space (depending on the point
absolute values of the roots are the new MOs which most group of the molecule, different DDCI2 Subspaces according
contribute to the ST gap, or ST-DMOs. to different irreducible representations, IR) and diagonalization;

Itis important to point out that only a small part of the two-  (g) calculation of the coupling constant from the energy
electron molecular integrals are affected by this transformation, difference.

since the interactions between the model space determinants

and the significant excitations involve at most two inactive 4 Results

orbitals. Only theln|jrsO0(m, n = a, b; r, s are all MOs)

integrals are needed, which are easily stored in six matrices of The structural and magnetic properties of Ni(ll) dimers with

the atomic basis set dimension. two halide or azide bridging ligands have been the object of
3.2. Molecular Orbitals Dedicated to Exchange Coupling. many studieg=* It appears, in general, that the coupling

The procedure can be generalized quite easily, by taking into constant strongly depends on the structural parameters, the Ni

account some simple considerations. Two types of situationsNi distance and the bridge angle, NX—Ni. The type of

appear in the off-diagonal elements of the effective Hamiltonian: coordination of the Ni atom or the nature of the external ligands
(i) The determinantsb, and ®; differ by two active spin seems to have slight influence on the coupling, provided they

orbitals. The only possibility of keeping the remaining- 2 keep theiro-donor character. The two complexes studied here,

a b a b
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[Ni(en).Cl]22* (1b)? and [Ni(terpy)(N)]22" (2b),® have been the B, IR, respectively, with the DZ basis set, and 137 828 and
reported to be ferromagnetic, although the first one has a small137 588 with the DZP basis set. As expected, the values of
coupling constand. The calculations were performed on two the coupling constants are independent of the roots chosen to
model complexes, [Ni(NB)4Cl]2" (1a) (Figure 1), and [Ni- evaluate them. Small coupling constants were four, 1.1
(NH3)4(N3)]2?" (24) (Figure 2), where the geometry of the-Ni cmtin DZ andJ = 1.8 cnT! in DZP basis sets, respectively,
(u-X)2—Ni unit, with X = CI~ or N3~, was taken from the  and were in good agreement with the experimental Vatifie
crystallographic data foilb and 2b, respectively, and the 3.5 cnTl
external ligands were modeled by ammonia groups to maintain | the [Ni(terpy)(Ns)]22* (2b)3 complex, the coordination of
the coordination Surrounding of the metal. It should be pOinted the azide anion is of the end-on type From the Crysta”ographic
out that the use of model ligands is unavoidable if high-level gata, in the Ni-(1-N3),—Ni unit the Ni—Ni distance is 3.27 A
calculations are to be performed using a reasonable amount ofyng the Ni-N—Ni angle 101.3 and the structure has an
computer memory and time, as other authors have alreadyinyersion center. Since the NN(azido) distances are slightly
mentioned:'-?> We will first report the results obtained in the  gifferent and the out-of-plane distortion of the azido groups is
full DDCIZ calculation of the coupling constants of complexes apout 30, the structure of the unit is centrosymmetric. In the
laand2a(Figures 1 and 2). These results will then be used as model 23, the external ligands were substituted by ammonia
a benchmark to analyze the convergence of the truncationgroups. In order to reduce the size of the calculation, theNi
procedure. . . . distances were symmetrized in the model, and all the remaining
4.1. Computational Details. All calculations were per-  stryctural parameters of the Nfu-Nas),—Ni unit were taken
formed with a [3s,2p,2d] basis set for the Ni atoms, two different from the crystallographic data. Two different structures were
basis sets of doublg(DZ) and double plus polarization (DZP)  considered. The first one, in which the-Nju-N3)—Ni unit is
quality for the bridge atoms Cl and N, and a SZ basis set for pjanar, belongs to thB., point group and gives a simplified
external NH groups. An additional diffuse s function was model which verifies at low computational cost that the value
added { = 0.05) to the Cl basis set. Core potentials were used of the coupling constant is independent of the roots considered.
in all calculations’-*® A restricted open-shell SCF (OSRHF)  ag in the previous case the singly-occupied MOs given by the
calculation was performed for the highest multiplicity, a quintét  SRHF calculation are bonding and antibonding combinations
state, of the complex. The resulting MOs were used in the of dy, Orbitals of the metal atoms, obpand hy symmetries,
2-electron integral transformation. The DDCI2 space was then g of 3¢, 3d,e /2 Orhitals, of g and b, symmetries. The lowest
generated. The transition energies were obtained from differ- qintent, triplet, and singlet states are respectivelyAeBa,,
ences of the eigenvalues corresponding to the most stable(.indlAg states. The dimensions of the And the B, DDCI2
quintet, triplet, and singlet states, and the exchange couplingg pspaces are 96 808 and 96 432 determinants, respectively, with
constant were evaluated from the differences of the correspond-ine D7 pasis set and 136 648 and 136 248 determinants with
ing eigenvalues of the Heisenberg HamiltonialB(S=2) — the DZP basis set. The calculated constants are again quite

E(S=1) = —4J, E(S=1) — E(S=0) = —2J. Both differences  gjmjjar with both basis sets, 13.3 and 14.0épand as expected
will be calculated to verify the validity of this approximation. 5.0 independent of the pair of roots chosen.

e o oo e s " The scond geometry,which blangs t G point group
P 9 y 9elig is closer to the experimental one. The out-of-plane distortion

was closely reproduced. The geometry of this unit is heavily of the azido groups was introduced, and the positions of the

dependent on the external ligands and counterions, and it is well- o : I
) . o ammonia ligands were distorted from the octahedral coordination
known that the coupling constant is very sensitive to geometry . .
. ; according to the experimental geometry. The above results
changes. The use of model compounds in this type of ) .
ST Co show that the basis set does not greatly influence the value of
calculation justifies the fact that no optimization is performed. . . .
. - the coupling constant, and therefore only the DZ basis set is
4.2. Exchange Coupling Constants for the Complexes [Ni- L - X
ot : o . used in this case. Since tii®, calculation showed the trend
(NH3)4Cl]2#" and [Ni(NH3)4(N3)]»?t. The experimental ge- - o .
/ o 5 . expected from the Heisenberg Hamiltonian, only the spaces with
ometry of the complex [Ni(eaLl],*" (1b)? gives an approxi- : . - 3 .
- - ; ; . the highest spin, correspondingy and®A,, were diagonal-
mately octahedral nickel environment, with only small distortions . - - A
ized, giving a coupling constant of 21.1 chnin excellent

in the ethylenediamine ligands In the model compllex the agreement with the experimeidt= 20 cnt . Moreover, these

experimental geometry of the N{u-Cl)>=Ni unit has been two calculations show that, to obtain a reasonable estimate of

maintained, and the external ligands are modeled throughthe coupling constant, the role of the out-of-plane distortion is
ammonia groups, in an octahedral coordination. Since the Ni ping . P :
not crucial since the sign and the order of the magnitude are

Cl distances differ by about 0.1 A, the structure belongs to the reserved
Can point group. P ' )
The set of MOs was obtained from the open-shell restricted 1€ ferromagnetic character of both compounds at the DDCI2
Hartree-Fock (OSRHF) calculation of the quintet state, with |€vel of calculation arises from complex contributions of
two g and two k active MOs, built from bonding and different signs: the potential exchange and the kinetic exchange
antibonding combinations of almost pure 3d orbitals of both introduced by Andersdnand discussed by Hay et &lthe
metal atoms, 3g(Nis) & 3ck(Niz) and 3gk,3de_(Niy) =+ contributions due to double-spin polarization, charge transfer,
3d2,3de_,2(Niz). The lowest quintet, triplet, and singlet are  ©f polarization of the ionic forms, as well as higher order
respectively th&A,, the3B,, and the'A states. Two different contributions. The value of the coupling constant obtained at
DDCI2 subspaces, one for each IR, are built, the dimensions the zeroth order, i.e. the value obtained by diagonalizing the

of which are 117 348 and 117 128 determinants for tha#d ~ CAS, may help us to interpret the results. The zeroth-order

coupling constants are significantly positive in both molecules,

(27) (a) Barthelat, J. C.; Durand, RBazz Chim ltal. 1978 108, 225. (b) which indicates that the antiferromagnetic kinetic exchange

Pelissier, M.; Durand, PfTheor Chim Acta 198Q 55, 43. _contribution is less important than that of the ferromagnetic

(28) The calculations were made with the PSHF-CIPSI package written potential exchange, since only these two contributions are
by J. P. Daudey, J. P. Malrieu, D. Maynau, M. Pelissier, F. . : . o

Spiegelmann, R. Caballol, S. Evangelisti, F. lllas, J. Rubio. Generation included at this level of calculation. The sign of the remaining

of the DDCI-DDCI2 space program was written by O. Castell. effects is not easily predictable. In the present case, these effects
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Table 1. Convergence of the Coupling Constant against the
Fraction of MOs Kept in the DDCI2 Space in Compla#

% selected MOs Ndet f(DMOs) f(CMOs)
48 21784 1.07 0.41

57 34044 1.14 0.78

72 51 496 1.00 0.82

77 57 128 1.00 0.35

94 84720 1.00 1.15

100 96 808 1.00 1.00

afis the ratio between th&corresponding to the considered fraction
of MOs and thel corresponding to the complete set of MOs. DMOs:
exchange coupling dedicated MOs. CMOs: canonical MOs. The size
Nyet OF the corresponding Asubspace is also indicated.

appear to be globally slightly antiferromagnetic, since they
reduce the value of thé from the CAS value.

4.3. Reduction of the DDCI2 Space: Use of Exchange 0
Coupling Dedicated MOs. To test the performance of this
MO truncation technique, which enables the coupling constant
to be calculated in greater systems than the present Ni(ll)
binuclear complexes, we performed the MO transformation in
both complexes. The first step, as described above, is to localize
the active MOs, by simply performing @/4 rotation. After
partial transformation of the 2-electron integrals, the EC-DMOs
are obtained by diagonalizing the participation matrix and
ordered according to the absolute values of the eigenvalues.

Since the value of the coupling constant is greater for complex
2a, it is easier to analyze the performance of the transformation
technique from the convergence of the values of the coupling
constants, and we will discuss this first.

Let us give an illustration of the effect of transforming the
MOs. Figure 3 plots the isodensity curves of the most
participating virtual EC-DMO belonging to the IR (part a)
and the closest canonical antecedents (parts b and c) for complex
2a. The main effect is the concentration of the density in the
bridge region, as well as near the magnetic centers, at the
expense of the external ligands. The effect of the transformation
on the occupied subset is less significant. Comparable conclu-
sions emerged from the preliminary calculations on the biradical
[CuxClg]?~ complex?é

In order to analyze the convergence of the coupling constant
values, different truncations from different thresholds of the
participation numbers were performed. Five different EC-DMO
subsets were selected, by freezing the MOs with absolute values
of the participation numbers lower than 205 x 1074, 1073,

5 x 1078, and 107, respectively. Then for each subset the
DDCI2 spaces belonging to the different IR were built and
diagonalized, and the coupling constant was determined. For
the sake of comparison, equivalent spaces were generated with
the canonical MO set by freezing the same number of molecular
orbitals for each IR. The coupling constant was then calculated
for both types of MOs. Table 1 shows the convergence of the
procedure against the percentage of EC-DMOs kept in the
selection. The size of theyfsubspace is also indicated. It is
evident from the comparison that, with about 70% of the MO
set, the total convergence of the value of the coupling constant
is reaChe_d when Fhe tra_r?s_form?d orbitals ar? used, while thereFigure 3. Isodensity curves of the virtual EC-DMO with greatest
are COﬂSIderab|e InS'[abI|IIIeS W|th the Canor"cal set even When participation number of :Q Symmetry (a) and the closest canonical
a high number of MOs is included. The important consequencesantecedents (b, c) fda (xy plane).

of this are the reduction in the dimension of the DDCI2 space

to about 50%, as well as the decrease in the size of the file of

the 2-electron molecular integrals to about 30%. The same percentage of selected MOs. As in two active electron
behavior is shown by compleba, as shown in Figure 4, which  systems® the use of the EC-DMOs permits the dimension of
plots the convergence of the coupling constant against thethe DDCI2 space to be reduced by half with no loss of accuracy.

b)

]
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1,3 - appear to be excellent. Since the size of the Cl space increases
only with the square of the dimension of the basis set, the
. method appears to be less expensive than other high-level ClI
’ treatments.
The second important feature is that the EC-DMOs and the
- 114 5 participation numbers associated with them provide a good

B criterion for truncating the molecular basis set with no loss of

‘o % Beeerpr e A b accuracy in the determination of the exchange coupling param-

eter. The efficiency of the transformation has already been

b-a” shown in biradical systems, but the generalization to more

0,9 . T . T . . . — complex magnetic problems involving a large number of heavy
50 60 70 80 90 100 atoms and/or active electrons has more impact, since increasing
% Selected MOs basis sets and Cl spaces are involved and the manageability

Figure 4. Convergence of the coupling constant against the percentagelimits of the problem are rapidly reached. The combination of
of transformed MOs fofla. f is the ratio between th&corresponding this truncation technique and the DDCI2 method provides a

to the considered fraction of MOs and tliecorresponding to the  npowerful tool for treating magnetic problems. Work is in
complete set of MOs. progress on the structural dependence of the coupling constant
5. Conclusions of both diazido-bridged Ni(ll) and dihydroxo-bridged Cr(lIl)

. binuclear complexes.
The results show that the DDCI2 method provides accurate P
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