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Abstract. A review of the crystal structures of
octacyanomolybdates(1V) and octacyanotungstates(1V)
of {[K(H:0)][Ln(H,0)a][M(CN)g]-2H;0}» (M** = Mo
andLn®** =Y, La, Sm, Gd, Yb, M* = W and Ln*'= Tb,
Dy, Ho, Er, Lu) composition has been done. These
compounds have 3D-structures and contain infinite
chains —C=N-M-N=C-Ln—, which extend in three
dimensions, unlike CeH3;O[W(CN)g]-6H,0, which has
2D-structure. The coordination polyhedra [M(CN)g*
(M* = Mo, W) is different (dodecahedron, square
antiprism, bicapped trigonal prism), depending on the
nature of the rare-earth elements. The composition and
form of the coordination polyhedra of the atoms of rare-
earth elements (square anti prism, monocapped tetragonal
antiprism, tricapped trigonal prism) are also different.
All complexes are polymeric compounds and differ in
structure from octacyanometallates(lV) d-elements and
octacyanometallates(V) f-elements.

Keywor ds. rare-earth element, octacyanomolybdate(1V),
octacyanotungstate(lV), crystal structure.

1. Introduction

During last years cyano-bridged metal assemblies
are intensively studied due to their interesting magnetic,
optical, sorption, and catalytic properties. Majority
of the metal assemblies, based on the interaction of
[M(CN)g]*"* (M*®* = Mo, W) with rare-earth ions, can
adopt different structure in the crystalline state, such as
zero- (OD), one- (1D), two- (2D), or three- (3D)
dimensional polymeric structure [1]. Coordination
polyhedra [M(CN)g*”* (M*"** = Mo, W) can adopt
different spatial configurations. square antiprism (Dgy),

dodecahedron (D,g), bicapped trigonal prism (C,),
depending on their chemical environment such as the
outsphera cations. Formation of the cyano-bridged
heterometallic coordination networks by the *“self-
assembly” principle in which the formation of
coordination bonds M'-NC—M occurs between 3d- or 4f-
elements and multidimensional blocks of the octacyano-
metallates via weak intermolecular forces (hydrogen
bonds, =-m interactions, electrostatic interactions),
extending the coordination geometry to the infinite
architecture of different dimensions and topology [2]. In
cyanide precursors, which are octacyanometallates
[M(CN)g]*"* (M*®* = = Mo, W), one can expect during
the formation of complexes a significant influence on
one another diffuse orbitals of 4d- (Mo) and 5d- (W)
ions and the corresponding orbitals of 3d-i 4f-ions [1].
The ligand CN- provides good electronic contact
between the ions of d- and f-elements and is favorable
for the appearance of various interesting crystalline
structures. The aim of the present work is to summarize
and discuss the results of the crystal structures studies of
some heterocation octacyanometallates(lV) of molyb-
denum and tungsten with potassium and rare-earth ions.

2. Experimental

The synthesis of cyano complexes of
molybdenum and tungsten, investigation of their crystal
structures were reported in works [3-10]. The series of
{[K(H20)][LN(H20)4] [M(CN)g] 2H:0} , (M* = Mo and
Ln** =Y, La, Sm, Gd, Yb, M* = W and Ln**= Th, Dy,
Ho, Er, Lu) were prepared by mixing Hi /Mo(CN)g] or
HJW(CN)g] with lanthanide carbonates or chlorides in
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the agqueous solution. The solutions were stored in dark
at room temperature after their mixing. In general,
yellow-orange well-shaped crystals, suitable for single-
crystal diffraction, were formed after several days or
months.

X-ray single-crystal diffraction measurements
were carried out on a Stoe Image Plate Diffraction
System using a graphite-monochromated Mo Ka
radiation.

3. Results and Discussion

Description of the crystal structures of
heterocation octacyanometallates(IV) of molybdenum
and tungsten with potassium and rare-earth ions studied
by us are given in Table. Crystal structures of the
complexes with a rare-earth element of the cerium
subgroup, KLa[M0o(CN)g]-7H,0, KSmMMo(CN)g]-7H0O
and CeH3;O[W(CN)g]-6H0, significantly differ from
each other and form the structures  of
octacyanocomplexes formed by ions of f-elements of the
yttrium subgroup, as follows from the obtained data.
These complexes belong to different space groups and
have different chemical compositions. The similarity of
the structures of these complexes is that the polyhedron
[M(CN)g]* (M = Mo, W) has the form of square
antiprism with different degree of deformation. The
composition and structure of coordination polyhedra of
rare-earth ions are different: [LaN4(OH)s] has the form
of monocapped tetragonal antiprism of cis- and trans-
location of oxygen and nitrogen atoms, [ SmN4(OH,)s] —
tricapped trigonal prism (tetragonal antiprism with one
centered edge) and [CeNs(OHy)4 — tricapped trigonal
prism of different compositions. The distances Mo-C
and C=N in octacyanomolybdates(IV) are close to each
other, but differ from the distances W-C and C=N in
CeH30[W(CN)g]-6H,O and other octacyanotungstates.
The new synthesized heterocation octacyano-
molybdates(VV) and octacyanotungstates(lV) of rare-
earth ions of the yttrium subgroup are isostructural and
belong to the structural type KTh[W(CN)g]-7H20. As for
the rare-earth elements of the cerium subgroup the
formation of octacyanomolybdates(IV) and octacyano-
tungstates(IVV) complexes with their own, individual
crystal structures is observed, one can conclude that a
decisive influence on the crystal structure of this type of
complexes have the rare-earth ions, but not atoms of
potassium, molybdenum or tungsten. The size of the
atoms of rare-earth dements and their electronic
configuration have decisive influence on the structure of
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heterocation octacyanometallates(IV) of molybdenum
and tungsten. In particular, isostructural complexes with
Gd, Th, Dy, Ho, Er, Yb, and Lu can be explained by the
completely filled 4f’-subshell of the atoms of rare-earth
elements of yttrium subgroup, while for the atoms of
rare-earth elements of the cerium subgroup 4f’-subshell
isfilled up to Eu atom. However, Mo and W atoms also
affect the structure of the complexes, as exemplified by
complexes of lanthanum, which obviously have different
crystal structures. For octacyanotungstates(lV) of rare-
earth elements of the yttrium subgroup during the
transition from terbium to lutetium the unit-cell volume
decreases due to the lanthanide compression (Fig. 1), as
well as for three known octacyanomolybdates(IV) of
rare-earth eements.

Fig. 1. Reduction of the unit-cell volume
for isostructural complexes
with KTb[W(CN)g] - 7H,O-type structure

The structure of isostructural compounds of
KTb[W(CN)8]-7H,0 type significantly differs from that
of CeH3zO[W(CN)g]-6H,0, despite the fact that both
structures belong to the same space group. They are
distinguished by the presence of potassium ionsin them,
as well as different forms of coordination polyhedrons
lanthanide ions. Thus, cerium ions have the environment
[CeNs(OH,)4] as tricapped trigonal prism, while the rare
earth ions in the isostructural compounds with the
environment [LnN4(OH,),] (where Ln®* = Y, Gd, Th,
Dy, Ho, Er, Yb, Lu) are a tetragonal antiprism. The
compounds differ by the cell size and shape parameters
of coordination polyhedra [W (CN)g]*.
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Regularities in the Crystal Structures of Heterocationic Octacyanometallates(lV)...
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Table (continued)
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Regularities in the Crystal Structures of Heterocationic Octacyanometallates(lV)...

Fig. 2. Changing theV/ Z or V in the ranks of complexes
depending on theradii of rare-earth e ements

In al investigated complexes some of cyano-
groups are end-groups, and some ones are bridged that
leads to the formation of coordination polymers
{[K(H0)][LN(H20)a] IM(CN)g] 2H20} o ('\/|4+ =Moand
Ln** =Y, La, Sm, Gd, Yb, M* = W and Ln**= Th, Dy,
Ho, Er, Lu), which have 3D-structure and form infinite
chains - Ln-N=C- M- C=N-, which are distributed in
three dimensions, unlike CeHzO[W/(CN)g]*6H,0, which
has 2D-structure.

Comparison of the crystal structure of the inves-
tigated heterocations octacyanomolybdates(IV) and octa
cyanotungstates(I'V) with potassium and f-elements with the
dructure of cyanide complexes five valent tungsten —
[SM(H0)s|[W(CN)g]  [2], [GADMF)el[W(CN)g] [11],
Ln(H20)M(CN)g] (Ln* = Eu, Th, Sm, Gd; M** = Mo, W)
[12] shows that the crystal structure of complexes varies
depending on the oxidation degree of the central atom.
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Thus, the complex [Sm(H20)s][W(CN)g] belongs
to a tetragonal symmetry. lon samarium in the complex
is surrounded by four nitrogen ions of cyanogroups and
five oxygen ions of water molecules on the monocapped
square antiprism tops. Coordination polyhedron of
tungsten ion is a square antiprism. 2D-Structure of the
[SM(HO)s][W(CN)g] complex consists of -Sm—
C=N-W-N =C- layers which are connected by
hydrogen bonds.

The isotypic compounds Ln(H2O)s|M(CN)g]
(Ln* = Eu, Tb, Sm, Gd; M>* = Mo, W) are crystallized
in tetragonal symmetry and belong to the space group
P4/nmm, forming two-dimensional structure.

Monaclinic complex [GAd(DMF)g] [W(CN)g] has
1D-structure. Coordination polyhedron of tungstenionis
asguare antiprism, gadolinium — distorted square
antiprism [GdN,Og] (oxygen atoms — DMF molecules).
It was found that investigated octacyanometallates(IV)
of molybden and tungsten with potassium and rare earth
ions differ significantly from cyano-bridged blmetalllc
complexes {[Mx(H;0)sM0(CN)g]-4H,0}, (M** = Mn,
Co), which contain d-elements in the outer sphere and
have 3D- structure In these compounds each polyhedron
[MO(CN)s] is connected by eight cyanide ligands with
M?" ions. The cyanide end-groups in these complexes
are absent [13].

Crystal structures of cyanide complexes with f-
elements are more widely investigated for the following
compounds: LNCo(CN)enH20 [14], LN[T(CN)g]34-nHO
(T = Fe, Ru) [15], LnFe(CN)s, LngJFe(CN)gls [16],
KLnFe(CN)e3H,0 [17] and KLNRu(CN)e4H,0[18]. It
was established that these complexes exist both as
medium and heterocations (mixed) salts and have crystal
structures of various types.

Fig. 2 shows the change in V/Z or V in the ranks
of these complexes depending on Shenon radii of rare-
earth elements, taken from work [14].

For the comparison, the same Fig. 2 presents the
dependence of the unit cells volume on the radii of rare
earth elements for the studied compounds. In the ranks
of all isostructural compounds it is observed almost
linear increase of the unit cell volume with increasing
ion radius of the rare earth elements.

4. Conclusions

The crystal structures of octacyanometallates(IV)

of the general composition
{[K(H0)][LN(H20)4 [M(CN)g] 2H20}n | ('\/|4+ = Mo,
Ln* =Y, La, Sm, Gd, Yb; M* =W, Ln* = Tb, Dy, Ho,

Er, Lu) were discussed for the first time. The nature of
rare earth elements affects their structure, the degree of
f-electron shells filling and the nature of metal com-
plexing agents.
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Depending on the nature of rare-earth elements
the form of coordination polyhedra [M(CN)g]* (M = Mo,
W) can be different (dodecahedron, tetragonal antirism,
bicapped trigonal prism). The composition and structure
of coordination polyhedra of rare earth elements atoms
(square antiprism, monocapped tetragonal antiprism,
tricapped trigonal prism) are also different. All
complexes are polymeric compounds and differ in
structure from octacyanometallates(lV) d-elements and
octacyanometallates(V) f-elements.

References

[1] Baanda M., Korzeniak T., Petka R. et al.: Solid State Sci.,
2005, 7, 1113.

[2] Hozumi T., Ohkoshi S, Y. Arimoto T. et al.: J. Phys. Chem,
2003, 107, 11571.

[3] Sereda O, Typilo 1.,
2011, 37, 223.

[4] Semenyshyn D.,Typilo |.,, Demchenko P. et al.:Visnyk
Volynskoho Nats. Univ., 2009, 29, 8.

Stoeckli-Evans H. et al.: Koord. Khim.,

[5] Typilo I., Sereda O, Stoeckli-Evans H. et al.: Koord. Khim,,
2009, 35, 933.
[6] Typilo I., Sereda O., Semenyshyn D. et al.: Polish J. Chem,,
2009, 83, 339.

[7] Sereda O., Stoeckli-Evans H., Typilo |. et al.: Ukr. Khim. Zh,,
2008, 74, 78.

[8] Saramaga I.,
Zh., 2001, 67, 14.
[9] Stoeckli-Evans H., Typilo 1.,
Chem., 2007, 81, 2031.

[10] Sereda O., Stoeckli-Evans H., Typilo |. et a.: Koord. Khim.,,
2009, 35, 17.

[11] Ikeda S., Hozumi T., Hashimoto K. et al.: Dalton Trans,
2005, 2120.

Davydov V., Semenyshyn D. et al.:Ukr. Khim.

Semenyshyn D. et al.: Polish J.

Dariya Semenyshyn et al.

[12] Chelebaeva E., Larionova J., Guardi Y. et al.:
20009, 48, 5983.

[13] MasS. and Ren S.: Koord. Khim., 2009, 35,776.
[14] Hulliger F., Landolt M. and Vetsch H.: J. Solid State Chem.,,
1976, 18, 307.

[15] Hulliger F., Vetsch H., Gramlich V. et al.: J. Alloys and
Comp., 1994, 207/208, 192.

[16] Rietman E.: J. Mat. Sci. Dett., 1986, 5, 231.

[17] Hulliger F.: Eur. J. Solid State Inorg. Chem.,1990, 27, 443.
[18] Mullica D., Hayward P. and Sappenfield E.: Inorg. Chim.
Acta, 1996, 244, 273.

Inorg.Chem.,

OCOBJIMBOCTI KPUCTAJITYHUX
CTPYKTYP I'ETEPOKATIOHHUX
OKTAINIAHIAOMETAJIATIB MOJIIBJIEHY
TA BOJIb®PAMY

Anomauin. 3pobieno 021510 KpucmanidvHux cmpykmyp
oxmayianioomoniooamis(IV) ma OKmauiaHiaogoﬂbqbpmamig(lV)
cK1ady {[K(HZO)][Ln(HZO)4][M(CN)8] ;25,0 (M* = Mo,
Ln* =Y, La, S, Gd, Yo, M* = W, Ln® = Tb, Dy, Ho, Er, Lu).
Li cnonyku maromo 3D-cmpy;<mypy i ymeopioioms HecKiHYeHHI
aanyioeu —C=N-M-N=C-Ln—-, saxi nowwproiomecs 6 mpbox
sumipax, na eiominy 6i0 CeH3O[W(CN)g] 6H,0, wo mac 2D-
cmpykmypy. Bcmanoeneno, wo 6 3sanevcnocmi 6i0 npupoou
PDIOKICHO3eMeNbHUX eleMeHmi8 (popma KOOPOUHAYIUHUX NONieopie
[M(CN)g]* (M = Mo, W) ¢ pisnoio (dodexaedp, mempazonanvha
AHMUNPU3MA, OBOUANKO8A MPUCOHANbHA npusma). Pisnumu ¢
cknad i 6y008a KOOPOUHAYIUHUX NOALeOpi8 amoMi6 piOKiCHO-
3emenvHux enemenmie (kKeadpamua anmMunpuzmMa, OOHOWANKO8A
MempazoHaIbHA AHMURPUIMA, MPUULANKOBA MPUSOHALLHA NPU3-
ma). Komnuexcu € nonimepHumu cnoiykami ma ¢iopisHsaomucs 3a
cmpykmypoto 610 okmayiandomemanamie(IV) d-enemenmis ma
oxmayianoomemanamie(V) f-eremenmis.

Kniouosi cnoea. pioxicnozemenvHuil enemenm, OKma-
yianioomoniooam(1V), oxmayianioosonsppamam(lV), xpucma-
JYHA CIMPYKMYypa.



