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Networks

Liviu F. Chibotaru,* - Marc F. A. Hendrickx, T Sergiu Clima," Joulia Larionova,* and
Arnout Ceulemans

Laboratoriumwvoor Kwantumchemie, Katholieke Umirsiteit Lewen, Celestijnenlaan 200F, B-3001 Belgium,
and Laboratoire de Chimie Modeilaire et Organization du Solide, UMR 5637, Weisite Montpellier 11,
Place E. Bataillon, 34095 Montpellier Cedex 5, France

Receied: April 11, 2005; In Final Form: June 7, 2005

Quantum chemistry calculations of CASSCF/CASPT?2 level together with ligand field analysis are used for
the investigation of magnetic anisotropy of [Mo(GN) complexes. We have considered three types of
heptacyano environments: two ideal geometries, a pentagonal bipyramid and a capped trigonal prism, and
the heptacyanomolybdate fragment of the cyano-bridged magnetic netwdtk Kl 20)2]s[Mo(CN)7]2:6H,0.

At all geometries the first excited Kramers doublet is found remarkably close to the ground one due to a
small orbital energy gap in the ligand field spectrum, which ranges between a maximal value in the capped
trigonal prism (800 cmt) and zero in the pentagonal bipyramid. The small value of this gap explains (i) the
axial form of theg tensor and (ii) the strong magnetic anisotropy even in strongly distorted complexes.
Comparison with available experimental data for theensor of the mononuclear precursors reveals good
agreement with the present calculations for the capped trigonal prismatic complex and a significant discrepancy
for the pentagonal bipyramidal one. The calculations for the heptacyanomolybdate fragmghtrgH<O),] s-
[Mo(CN)/]»-6H,0 give gi/g, ~ 0.5 and the orientation of the local anisotropy axis close to the symmetry
axis of an idealized pentagonal bipyramid. These findings are expected to be important for the understanding
of the magnetism of anisotropic Mo(IMn(1l) cyano-bridged networks based on the [Mo(G¥) building

block.

Introduction (CN)/]-2H,08 it has a pentagonal bipyramidal structure.
However, in the solid state, the anion of[Klo(CN)7]-2H,0O
adopts a capped trigonal prismatic structre.

Recently, a new class of molecular magnetic materials, Mo-
(I =Mn(11) cyano-bridged networks synthesized using the
[Mo(CN)7]*~ precursor, has been investigafed® In these

Currently there is a revival of interest in the investigation of
magnetic anisotropy of molecular magnets, mainly as a result
of its capability to create barriers for reversal of magnetization
in polynuclear complexes resulting in the phenomenon of single-

molecule magnetsOn the theoretical side, the understanding networks (see the Supporting Information for structural details),

of the mechanisms allowing control of the magnetic anisotropy !
; the structure of the heptacyanomolybdate fragment was viewed
of monomer molecules and clusters becomes therefore increas-

. ! 5 ) R either as a distorted pentagonal bipyrathid14150or as a
!ngly important= The important sources_of magnetic anisotropy distorted capped trigonal prist#315In these networks the spin
n polynuclgar complexes are the smgle_-lon anisotropy of S = 1/, of molybdenum sites is expected to be strongly
magnetic sites and the anisotropy of intersite exchange anisotropic, giving rise to both single-ion anisotr&gy and
interactions’~® Both these contributions are determined by the Ny . . . .

. . L Lo strong anisotropic exchange interactions in the Mo{d{TN—
effects .Of sp||°r(_)rb|t coupling in the _ground state of individual Mn(ll) pairs1* These contributions, together with the contribu-
metal sites, which are generally quite sensitive to the geometry . ] S > N

. Y . - tions from the magnetic dipolar interacti8h! are the reason
of the corresponding coordination environments. Of particular

. : : : for the anisotropic magnetic behavior observed in all cyano-
interest in this respect Is the_ he_ptacyanomoly_bdat(_e Complexbridged networks, which is manifested as a strong orientation
[Mo(CN)7]#~, which exhibits significant magnetic anisotropy ’

. ; - ; dependence of the magnetization, field-induced spin reorienta-
for different geometries of the cyanide environment. . o . )
. . . . . tion transitions, and unexpected ferromagnetic Cuviéeiss
Five geometries exist for seven-coordinated metal ion, the

. : . . susceptibility?=13 All these aspects will be analyzed in a
pentagonal db|pyrz?]m(|jd [1525 ﬁapped tE)go)nal é)usm Q), | forthcgming)i)ublicatioﬁﬁ p y
monocapped octahedro@4,), heptagon D7), and hexagonal o . . .
pyramid Cs,). [Mo(CN)J* is known to adopt two major In the present article, we investigate the magnetic anisotropy

geometries in the precursor form: pentagonal bipyramid and of [Mo(CN)J*" for two ideal geometries of the pentagonal
capped trigonal prism. In the investigated complexes, such asblpyramld (Figure 1) and capped trigonal prism (Figure 1b)

Ko[Mo(CN)7]-Hz0, KJMo(CN)7]-2H,0 (and the agueous solu- alc_)ng with the h_eptacyanomolybdate fragment of the cyano-
tion)® NaMo(CN)7]-10H0," or the mixed salt NagMo- bridged magnetic network &Mn(H20),]3[Mo(CN)7]2:6H,0O

' ' (Figure 2). To this end, we combine quantum chemistry
*E-mail: Liviu.Chibotaru@chem kuleuven.ac.be calculations with the ligand field analysis and compare the
t Katholieke Universiteit Leuven. R calculatedg tensors with available data from experiment. Our

* UniversiteMontpellier I1. results show that the ligand field spectra of [Mo(GJ¥) anions
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Figure 2. Local coordination environment of Mo site of Jn-
(HzO)z]g[MO(CN)7]2'6H20.

type (21s, 17p, 12d, 5f)/[6s, 5p, 4d, 1f] was usdtavhereas

for carbon and nitrogen atoms the [3s, 2p, 1d] ANO-L basis
sets as present in the library of the MOLCAS software package
were chosed? In crystals the [Mo(CN)*~ complex is fre-
qguently observed as a more or less distorted pentagonal
bipyramid or capped trigonal prism. All the MdC and C-N
bond distances of an idealiz&, geometry of the pentagonal
bipyramidal isomer were set equal to the average X-ray values
of 2.151 and 1.154 A, respectively Geometrical parameters
for the capped trigonal prismatic isomer were taken from a
recently published X-ray study of &Mn(H20),]3s[Mo(CN)/]»
6H,0.19 Within this isomer three types of cyanide ligands can
be distinguished: one top cyanide, two wedge cyanides, and
four cyanides located at the four corners of a square. The
experimental bond distances and angles were averaged to obtain
i . . . . . an idealizedC,, geometry. The MeC and C-N distances
Figure 1. Pentagonal bipyramidal (2) and capped trigonal prismatic oynnved are: 2.185 and 1.144 A for the top cyanide, 2.127
(b) coordination environment of the molybdenum site. and 1.158 A for the wedge cyanides, and 2.155 and 1.154 A

at different geometries have a low-lying excited state, which is for the remaining four cyanides (square). C(top)o—C
the reason a significant magnetic anisotropy at molybdenum (Square) and C(top)Mo—C (wedge) bond angles were set equal

sites persists for variously distorted coordination environments @ 81 and 142, respectively. In close agreement with the
in the fragments of Me-Mn cyano-bridged network§; 13 experimental structures, for both idealized geometries a bond

angle of 180 was chosen for all MeC—N fragments. In
Computational Details addition to these two symmetric limits, additional calculations
) B on the actual geometry of the [Mo(CHt)~ complex anion in
The eIe.ctromc struc.tu'rf'e of the [Mo(CHJ~ complexes has Ko [Mn(H20):]s[Mo(CN)7]»6H,0 were carried out. CASPT2
been studied by an ab initio method. Due to the near-degeneracyqa| energies were calculated by taking into account scalar

effects arising from the ligand field splitting of the d orbitals, o |5tivistic effects according to the Dougtalsroll method2°
9 H : ’
the CASPT2°® method was chosen to calculate the excitation whereas spirorbital coupling effects were obtained by evaluat-

energies of the low-lying ligand field states. The active Spaces j,q effective one-electron Hamiltonian matrix elements between
employed in the CASSCF part of this computational technique ~AggcF reference wave functiofis.

consisted of the five d orbitals among which the three valence

electrons of the metal cation are distributed. By using these . :

CASSCF wave functions as a reference, the dynamic eIectronResLIItS and Discussion

correlation was estimated by a multiconfigurational second-order Ligand Field Parameters. An analysis of our CASPT2

perturbation approach. In this part of the CASPT2 calculations, transition energies for various excitations of thentagonal

all the valence electrons of the complex anion were taken into bipyramid isomer (Figure 1a) confirms the well-known elec-

account, namely the 2s and 2p electrons of carbon and nitrogertronic structure. The ground state is calculated to B 4 state

and the 4s, 4p, and 4d electrons of molybdenum. as a result of the occupation of the'eshell (d; and g, thez
This computational approach has been proven in the past,axis coinciding with the €axis of theDs, point group, Figure

by a similar CASPT2 study on the related [Mo(GNYJ, to be 1a) by three valence electrons. The lowest-lying quartet and

sufficient for obtaining a reliable description of the ligand field doublet ligand field states arise from a single electron excitation

spectrumt’ The molecular orbitals of the two complexes are to the higher-lying & orbitals and are situated at energies higher

expanded in an all-electron basis set for all the atoms of the than 24 000 cm!. Excitations to the highest-lyingzda;’) orbital

complex. For the molybdenum cation an ANO basis set of the are found at even higher energies. The spectrum of lowest ligand
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Figure 3. Lowest ligand field terms of pentagonal bipyramidal complex CASPT2
Mo(CN)A~. Figure 5. Lowest ligand field terms of Mo(CNj~ fragment of k-
[Mn(H20)2]3[M0(CN)7]2-6H20.
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Figure 4. Lowest ligand field terms of capped trigonal prismatic
complex Mo(CNy*~.

e
. . . . L X
field _Ie_vels IS shown in Flgure_3. A f|tt|ng of the CA.SPTZ Figure 6. Single-electron excitations in the capped trigonal pris-
transition energies (Table 1S in Supporting Information) t0 yatic complex Mo(CNy~ from the ground electronic configuration
ligand field expressions yields the following ligand field and

(de—2)%(dxy)* shown by dashed arrows. The component of the orbital
Racah parameters:, e= 25 850 cn?, e, = 9100 cnm?, B = momentum that can admix for each transition is indicated in the right-
290 cntl, andC = 1150 cntk. These values agree very well hand side of the energy diagram.

with the results obtained recently for [Mo(C4#~ by using the
same computational approa@Due to spir-orbit coupling the doublet states are quite close in energy. At the CASPT2 level,
ground state is found to split into two Kramers doublets. The the ground state turns out to béBy ((dy,)*(de-2)?) while the
zero-field splitting between them amounts to 489 énwhich energy difference with théA; ((dy)?(d-2)') amounts only to
is therefore our calculated value for the sporbit coupling 803 cntl. After incorporating spir-orbit coupling this energy
constantZ. gap is slightly raised to 854 cm, which implies a spir-orbit

For the second geometry of [Mo(CHf}~, thecapped trigonal coupling constant of 317 cnm®. The smaller value of this
prism (Figure 1b), the electronic structure is slightly more constant as compared to the value calculated for the pentagonal
complicated and therefore less well understood in the literature. bipyramid reflects the more covalent character of thg cp
The calculated spectrum of lowest ligand field levels is shown orbital. Indeed, in the capped trigonal prismatic isomer this
in Figure 4. From an analysis of the CASSCF reference wave orbital has a substantiattype interaction with the two wedge
functions of the low-lying ligand field states and their relative cyanides. Other excited states are located at energies higher than
energies, we deduced the following orbital splitting scheme. 20 000 cm®. Fitting the transition energies (Table 2S in
When placing the top cyanide on theaxis, the four square  Supporting Information) to ligand field expressions yields
cyanides between the andy directions and the two wedge parameters that resemble quite well the values obtained for the
cyanides in theyz plane (Figure 6), we calculate the,nd pentagonal bipyramid: ,e= 25 300 cn1?, e, = 8200 cn1?, B
de-2 orbitals as the lowest ones. They are, however, nearly = 230 cmr'%, andC = 900 cn'. To achieve the correct order
degenerate, as is reflected by the fact that the two resulting of the lowest two states’B; and 2A; mentioned above, a
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J Mo TABLE 1: g Tensors of Mo(CN)*~ Complexes in Different
Geometries
@ ¢ K2MN(H-0)z]5[Mo(CN)]2-6H0
PBP Ds) CTP (Cz) fragment (G)
@ g, =3.20 gy=2.23 g =2.53
go~ 0.00 ox=1.88 =141
{=489cm! @g,=1.87 g:=1.39
k=0.60 =317 cm? {=310cm?
k=0.39 k=0.38

where the sum runs over the molybdenum 4d electreasid
Y (b) | are electron spin and orbital operators, respectivélis the
applied magnetic field, arklis the orbital reduction factor. The
elements of theg tensor have been extracted from the Zeeman
splittings of the lowest Kramers doublet for different orientations
of the applied magnetic field. The orbital reduction fackor
. entering eq 2 has been estimated as the ratio of the-gpbit
Z(c) constant¢ at a given geometry (Table 1) to the spiorbit
constant in a free ion MY, ion = 817 cnT.24 The resulting
(@) orbital reduction factors for each geometry are listed in the last
g, row of Table 1.

. a . The g tensor of pentagonal bipyramidal complex is axial as
rlaive to the magnetic axes of the crysaic. The axesg, gs and  ©*Pected and very anisotropic. The obtained high magnetie
gs are the principal magnetic axes of the fragmehshows the direction ~ @nisotropy is the result of the joint effect of fivefold axial
of the main symmetry axis of the pentagonal bipyramid (cf. Figure 1). Symmetry with a large crystal field gap to the excited orbitals.
The degenerate ground electronic configurationg)(d,,)* and
. ) . (dy)?(dy), are split by spirrorbit interaction into two Kramers
different Racah parameteh for the lowest d orbitals is  goyplets. The components of the ground doublet are described
needed: AA; = 829 cnt and AA¢-p = —3922 cni. The by the configurations (ch)%(d_1)t and (d1)%(d; 1)} Here the new
optalneq smalleA for de_ reflects a stronger covalency of  ipitals d+ 1 = (b £ idyz)/\/z have definite values of the
this orbital as compared to that of.d projection of orbital momentum#1) on thez axis of the

The excitation energies ca_lculated for thetual geometry pentagonal bipyramid (Figure 1), and the arrows in the
of the [Mo(CN}]* fragment in K[Mn(H20):]s[Mo(CN)7]2- superscripts denote the spin projection on the same axis. These
6H0 (Figure 2, Figures 1S3S in Supporting Information)  configurations differ by one orbital and one spin projection and
resemble to a large extent the ones obtained for the cappednerefore cannot be mixed by the Zeeman interaction. As a
trigonal prism. The splitting between the two lowest states is result, no magnetic moments can be induced in the equatorial
reduced to 318 cri at the CASPT2 level of calculation (Figure plane, and we have for the corresponding component ofjthe
5, Table 3S in Supporting Information). These states mainly {ansor: go = 0. The Zeeman energies of the two components
correspond to the configurations;J&{dz)? (ground) and (g)!- of the Kramers doublet aréus(Y2ge + K)H,, which for k =
(d2)? (excited). The frontier d orbitals have the following form 0.6 gives forg, the value 3.2 as seen in Table 1. Note that we
in the coordinate system related to the magnetic axes of theyarive the effect of Zeeman interaction on the spinbital

crystalabc® (Figure 7): states, that is, with spirorbit coupling already included, and

o . therefore the excited terms (e.g., the first excited Kramers
dy~0.82d, 0-43C12_yz +0'35d‘y doublet) will admix only in the second order after the Zeeman
d,~ 0.75d, + 0.54d,_,, + 0.394, 1) term and hence will not contribute to tiggensor. On the other

hand, the excited configurations can admix to the ground one
The gap between the ground and the first excited state is raisedvia the electron repulsion in the d shell (multiplet effects), which
to 447 cnt! when the spirorbit coupling is included, from  results in a nonzero value @f.. As ligand field calculations
which we derived; = 310 cnT. Next excited states are located ~show, this effect is very small because of large crystal field
at energies- 19 300 cni! (Figure 5). The best fit of the ligand ~ gaps to the excited configurations. The negligible admixture of
field energies to the CASPT2 transition energies (Table 3S in these configurations can be also seen in CASSCF results, which
Supporting Information) is achieved for the following ligand show 99% weight of the ground configuration in the ground
field and Racah parameters, & 25400 cm?, e, = 7500 state. Despite this clear picture, the obtained results differ much
cm™l, B =220 cntl, andC = 900 cntl. As in the case of from the measured ESRtensor components of the complex
capped trigonal prismatic geometry, to fine-tune the relative NaKs[Mo(CN)7]-2H,02 claimed to be close to a pentagonal
energies of the lowest two states a correction to the Racahbipyramid, for which the valueg, = 3.89,g9n = 1.77 have been
parameterA corresponding to the orbitalzdwas introduced,  obtained. We can suggest that thgseomponents result from

AAz = —1460 cnrl.23 the deviations of the actual geometry of the complex from an
Calculation of the g Tensors. The obtained ligand field  ideal pentagonal bipyramidal geometry. Such deviations are seen
parameters have been used for the calculation ofyttensor indeed in the X-ray data of the compound; however, the
of [Mo(CN);]4 in the three geometries (Table 1). To this end, published structural data in ref 8 is not detailed enough for a
the Zeeman interaction has been introduced: quantum chemistry calculation. Further structural investigations
o are clearly necessary to settle this controversy.
Hyee= uBZ(geé' +kIHH 2 Theg tensor of a capped trigonal prismatic complex (second
I

column in Table 1) is far less anisotropic than the pentagonal
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bipyramidal one, which is obviously due to its low€x, the corresponding components of théensor are the free spin
symmetry. This symmetry requires one axis of theensor to value ge multiplied by this factor. Note that these corrections
coincide with the G rotational axis and the other two to lie on  to theg tensor are of the orde? ~ %/A?, which is asecond-
the mirror planes, anda,’. The corresponding coordinate axes order effectafter spin-orbit coupling. Second, the axial form
arez, x, andy, respectively, in Figure 6. Table 1 shows that the of the g tensor emerges automatically because the orbital
g tensor is close to an axial one, which is not expected in the momentum gives nonzero contribution only in one directign (
C,, geometry. To understand this we first examine the admixture The orthorhombic symmetry of thgtensor is restored by the

of excited configurations to the ground onee(gh)?(dy,)?, by admixture of other excited states (Figure 6) but the resulting
different components of the orbital momentum. Only four corrections are small as discussed above.

excited configurations contribute to tgensor in the first order The obtainedy components are in reasonable agreement with
after spin-orbit coupling as shown in Figure?,which give experimental ones derived from ESR spectrum g¥I&(CN);

the following conventional expressidfigor theg components: 2H,0: ¢y = 2.103,g0 = 1.973% We find, however, that the
anisotropy axisd)) is not oriented along the symmetry axis of

9, =0+ 2kg _ & the complex £in Figure 6) but in a different directiory). This
AEy oy AEyp is an example of strong orbital symmetry control of ghiactor
2KE 2KE anisotropy, found also for other low-symmetry compleXes,
0, =0, — AE 0,=0.— AE 3) which is entirely defined by the lowest ligand field orbitals.
(xz=xy) (xz=y2) Indeed, earlier ligand field simulations for this compound in

Taking k and ¢ from the second column of Table 1 and the ref 6 gave the order of orbitalgdy) < e(de-y) < e(dy) <

P . . P . _€(dy) < €(dp), yielding in particular the ground configuration
SXC_Itaztlczjg 2 r:]ergels ;rgérln gplgu;_egéilv € obtain with these equations (dyy)?(d2—2)*, which differs substantially from single-electron
y — &- 19X T e 1Yz T L. .

excitations in Figure 6. As a result, the authors of ref 6 came to
a different assignment of thggcomponents:g; = g, go = 0«

~ gy. One should stress that the present results are obtained by
a rigorous ab initio method. Moreover, the order of one-electron
excitations in Figure 6 cannot be reproduced by any ligand field
parameters gand g without introducing orbital-specific cor-
rections to the Racah parameters. Such corrections could not

While the anisotropy in thg direction is reproduced correctly
by eq 3 (the larger value ajy is obviously due to the small
excitation energ\yAE(x?2 — y2 — x2)), the orbital corrections to
0x andg; are too small (cf. the results in Table 1). The reason
is a relatively large spinorbit coupling compared to the energy
gap between the lowest states, which makes the first-order
erturbation theory aftef insufficient for the correct treatment g I ) .
gf theg tensor. Weyshow this by an exact treatment of the effect be gntmlpated within the ligand field approach alone.
of spin—orbit coupling on the lowest two configurations. Finally, theg tensor for the Mo(CNy'~ fragment of K[Mn-
According to Figure 6, for these states the only nonzero matrix (H20)2ls[Mo(CN)7]>6H,0 (Figure 7) is expected to be of a
elements of the spirorbit operator aré,ide_2de 2|3 E(r) general form ac_cordlng to thé; symmetry Qf this fragment.
|i,§/|dszdxz¢dx2—fiD= ¢/2 and a similar one for opposite spin .In.theXY.Zcoordlnates related to the magnetic axes of the crystal
projections, which gives rise to the following matrix for the it is obtained as follows:
two Kramers doublets:

X Y Z
(= (o g/z) @ 1.44 —0.17 —0.12
&2 A g= 2.07 0.53 @)
where the notatiol\ = AE(X? — y? — x2) was introduced. 1.82
Diagonalizing this matrix gives the solution for the lowest
Kramers doublet: Diagonalization of eq 7 gives the main values of grtensor
as shown in the last column of Table 1, and the local magnetic
I, 0= /1 — A dedde ol ot + € 1At dd,e o] axes which are oriented relative abc* as shown in Figure 7.

One can deduce from Table 1 that tiéensor is again of the
4 2 axial form. The reason for that is the same as in the case of
ITy0= V1= cldglde lde il + ¢ | deldgide | 5 capped trigonal prism: the small energy gap between the ground
and the first excited configuration (318 chin the present case).
A straightforward calculation of the matrix elements of the Indeed, due to the small value of this gap we can again confine
Zeeman operator (eq 2) with these wave functions gives the ourselves to the two lowest electronic configurationg)?(dy)*

following expressions for thg components: and (d)%(d,)2, where the orbitals dand ¢ are defined in eq 1.
Now, it is well-known that any two real d orbitals defined in a
0,=0,=0,1— 202) canonical way are connected by only one Cartesian component
of the orbital momentum and have zero matrix elements for
0y =0e~ 4key'1 — ¢? (6) another two components (see, for example, Appendix 2 in ref

3). This is easily generalized over any pair of real orbitals d
In the first-order approximation we have for the lowest solution and @: we always can find such directions for the new Cartesian
of (eq 4)c = —&/2A ~ —0.2. Substituting this into eq 6 gives axes (123) thafdl|L1|d,0= 0, [dy|Lo|d00= [d|L3|d20= 0.28
values of theg components that reproduce well the results in  Then the results obtained above for theensor of capped
Table 1. We may draw two conclusions from this analysis. First, trigonal prism, eqs 46, are equally applicable to the present
we observe from eq 5 that the spiorbit coupling admixes case. We merely need to relabel in these equations the Cartesian
configurations of opposite spin to each component of the axesx, y, andz by 2, 1, and 3, respectively, and replace the
Kramers doublet. This leads to a reduction of the spin moments orbitals gz-y2 and 4, by d. and @, respectively. The only
in these statesi{l/,) by the factor (1— 2c?). Since the orbital modification is the coefficient in front of in eq 4, which is
momentum is quenched in theand z directions (Figure 6), different from?/, for arbitrary orbitals g and @. Accordingly,
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decrease from its maximal value in capped trigonal prism (800
cm1) to zero in pentagonal bipyramid. This transition is
accompanied by a gradual increase of magnetic anisotropy, as
follows from eq 6, while they tensor will always remain axial.
Concomitantly, the anisotropy axis will rotate from the aXis
(Figure 7) to the axiz.! The magnetic anisotropy is found to

be quite strong in the Mo(CM}~ fragment of K[Mn(H20),]s-
[Mo(CN)7].-6H,0, with the anisotropy axis close . This is

a remarkable result because the structure of this fragment was
found in the symmetry analysis to be closer to capped trigonal
prism than to pentagonal bipyramiglWe may expect that
Mo(CN)7*~ fragments in other Mo(lIl-Mn(ll) cyano-bridged
networks are even more anisotropic because their structures are
closer to a pentagonal bipyramid than its structure }MfQ-
(HzO)z]g[MO(CN)7]2'6H20.

Conclusions

The specific feature of heptacyano Mo(lll) complexes is the
presence of a low-lying excited state, separated from the ground
state by only several hundred wavenumbers. This is the reason
for the axial form of they tensor and strong magnetic anisotropy
of [Mo(CN)7]*~ units even at strongly distorted geometries of
the corresponding fragments in cyano-bridged networks. Ab
initio and ligand field calculations of thg tensor of molybde-
num sites in K[Mn(H20),]3[Mo(CN)-]2:6H,O show that the
principal magnetic axes deviate significantly from the magnetic
axes of this crystal and the magnetic anisotropy of molybdenum
sites is quite strong-/g, ~ .. This allows us to assume that
the unusual manifestation of magnetic anistropy in cyano-
bridged networks based on [Mo(Clfy is probably because
the magnetic properties of heptacyano Mo(lll) fragments remain
Figure 8. Doubly occupied (a) and singly occupied (b) molybdenum close to those of a pentagonal bipyramid.
orbitals of 4d type in the Mo(CNj~ fragment of K[Mn(H,0),]s[Mo-
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