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In tro ducti on 

The phe nom e non of spin cross over (SCO) was dis cov ered
by Cambi and co work ers on se ries of iron(III) tris-dithio -
carba mate com pounds in 1930 [1]. The first Co(II) com -
pound to show SCO, namely [CoL2]X2, where L =
tridentate terimine ligand, was pre sented by Stoufer in
1961 [2]. This was fol lowed by the dis cov ery of SCO in the 
Fe(II) com pound [FeL2(NCX)2] (X = S and Se; L =
1,10-phenanthroline, phen) by Madeja in 1963 [3]. Of all
the metal ions and lig ands that are known to give
spin-cross over com plexes, the Fe(II) and N-ligand com bi -
na tion leads to the great est change in metal-ligand bond
lengths be tween the high- and low-spin states [4]. By far
the ma jor ity of known spin-tran si tion com pounds are oc ta -
he dral Fe(II) com pounds of gen eral for mula [FeL4(NCX)2] 
or [FeL2(NCX)2] (L = monodentate or bidentate N-do nor
lig ands). The great in ter est is de voted to prep a ra tion of
com pounds with sim i lar com po si tion con tain ing dif fer ent
neu tral or an ionic lig ands to change the tran si tion tem per a -
ture to wards room tem per a ture. Based on these knowl edge, 
we de cided to syn the size new [ML2X2] co or di na tion com -
pounds, where M = Fe(II) and Co(II), L = phen,
2,2´-bipyridine (bpy) or their de riv a tives and X =
pseudohalide an ions, namely dicyanamide (dca) or
tricyanomethanide (tcm). Three groups of com pounds,
[ML3]X2, [MLX2] and [ML2X2], have been pre pared and
here we re port their crys tal struc tures.

Re sults and dis cus si on

Five com plexes have been pre pared with [ML3]X2 com po -
si tion, namely [Fe(phen)3](dca)2•4.5H2O, [Fe(5,6–
dimephen)3](tcm)2 (5,6–dimephen = 5,6–dimethyl–1,10–
phenanthroline) (1), [Fe(4,7–dimeophen)3](tcm)2 (4,7–di
meophen = 4,7-dimethoxy-1,10-phenanthroline), [Fe(4,7–
dimeophen)3](dca)2•1.25H2O  and [Co(phen)3](tcm)2 (2).
All these co or di na tion com pounds have anal o gous com po -
si tion and con sist of one [ML3]

2+ com plex cat ion and two
un co or di nated an ions which com pen sate the charge of the
com plex cat ion. In some cases, wa ter mol e cules were
found, too. As an ex am ple, crys tal struc tures of 1 and 2 are
shown in Fig. 1.

Five com plexes with poly meric struc tures, namely
[Co(phen)(dca)2]n (3), [Co(bpy)(tcm)2]n (4), [Fe(phen)
(dca)2]n (5) [5], [Fe(2,9-dimephen)(dca)2]n (2,9-dimephen
= 2,9-dimethyl-1,10-phenanthroline) (6) [5] and

[Fe(bpy)3][Fe(m2-dca)3]2 (7) [6] have been pre pared by in -
creas ing con cen tra tion of the re ac tants dur ing syn the ses.
These com pounds have sim i lar for mula, but their crys tal
struc tures dif fer. In 3 and 4, the Co(II) atom is hexa -
coordinated in the form of a dis torted octahedron with
CoN6 chromo phore. Two ni tro gen at oms orig i nate from
one neu tral ligand L and re main ing ni tro gen at oms come
from pair of bidentate an ionic lig ands which con nect
Co(II) at oms into 1D zig zag chains (Fig. 2). 

The neigh bor of Fe(II) at oms in the struc tures of 5 and 6
is sim i lar to Co(II) in pre vi ous struc tures 3 and 4 - each
Fe(II) atom is co or di nated by two ni tro gen at oms of the
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Fig ure 1. Crys tal structures of 1 (left) and 2 (right).



ligand L and four ni tro gen at oms from an ionic dca 
lig ands. How ever, two of these an ions are co or di -
nated in ax ial po si tions and bridge the two neigh -
bor ing Fe(II) at oms form ing an in fi nite chain. The 
other two dca an ions are co or di nated in equa to rial
po si tions and bridge the Fe(II) at oms from ad ja -
cent chains, resulting in an infinite layer (Fig. 3).

Crys tal struc ture of 7 con sists of a hex ag o nal
net work in which each Fe(II) atom is sur rounded
by three other Fe(II) at oms, each bridged by three
pairs of bidentate dca an ions. This ar range ment
cre ates in fi nite 2D net work with cav i ties large
enough to adopt [Fe(bpy)3]

2+ com plex cations
(Fig. 4).

The group of [ML2X2] com plexes in cludes
three com pounds, namely poly mor phic pair of
mo lec u lar [Co(phen)2 (dca)2] (8) com plexes
which were pre pared by dif fer ent syn the ses, and

ionic [{Co(phen)2tcm}2m2-tcm]tcm•H2O (9) com -
pound. The cen tral at oms in 8 and 9 are sur -
rounded by six ni tro gen at oms in oc ta he dral
ge om e try. Four of them orig i nate from two phen
lig ands and re main ing po si tions are oc cu pied by
two an ionic lig ands. Both dca lig ands in 8 are
monodentate, while only one tcm in 9 is
monodentate and the sec ond one rep re sents a
bridg ing ligand that in ter con nects two Co(II) at -
oms to form a binuclear cat ion. Its pos i tive charge
is bal anced by the un co or di nated tcm an ion; thus
there are three dif fer ent kinds of tcm bond ing
modes ob served (Fig. 5).
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Fig ure 2. Poly meric chain like struc ture of 4.

Fig ure 3. Part of the crys tal struc ture of 6.

Fig ure 4. Part of the poly meric crys tal struc ture of 7.

Fig ure 5. Crys tal struc tures of 8 (left) and 9 (right).
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In tro ducti on

The cy a nide moi ety CºN can act as a ter mi nal or bridg ing
ligand in cyanidometallate com plexes. In most com pounds
with bridg ing cy a nide, poly meric one- (1D), two- (2D) or
three-di men sional (3D) net works are ob served in the solid
state, more over a lot of poly-nu clear zero-di men sional
(0D) com pounds are ob served, too [1]. All com pounds,
which dimensionality is not 3D, are con sid ered as low-di -
men sional. 

Re sults and dis cus si on

We have pre pared and struc tur ally char ac ter ized a se ries of
low-di men sional com plexes with [CuLn][Pt(CN)4] gen eral
com po si tion (L are neu tral polydentate N-do nor lig ands
and n is 1 or 2) within our study of the crys tal struc tures and 
prop er ties of cop per(II) tetracyanidoplatinates. These com -
pounds can be di vided, ac cord ing to the co va lent bonds, to
0D, 1D and 2D. 0D com plexes dif fer from each other in the 
num ber of metal at oms in in di vid ual com plex cat ions. The
most sim ple one, [Cu(tacn)2][Pt(CN)4]•2H2O (1) (tacn =
tridentate 1,4,7-triazacyclononane), con tains mono-nu -
clear cat ion (Fig. 1a). We have also pre pared two com -
plexes with tri-nu clear cat ions of {[CuL]2[Pt(CN)4]}

2+

com po si tion (L are ei ther two bidentate 1,2-animopropane
(pn) (2) or one tetradentate triethylenetetramine lig ands
(3)) (Fig. 1b) and one com plex, {[Cu(tn)2]3[Pt(CN)4]2}
[Pt(CN)4] (4) (tn = 1,3-diaminopropane), with the com pli -
cated five-nu clear cat ion (Fig. 1c). All men tioned poly-nu -
clear com plex cat ions con tain [Pt(CN)4]

2- par ti cles with
two ter mi nal and two bridg ing cyanido groups.

The high est vari abil ity of the struc tures ex hibit 1D
com pounds. All our pre pared 1D com plexes can be de -
scribed as sim ple chains which con sist of [CuLn]

2+ moi eties 
bridged by two cyanido groups of [Pt(CN)4]

2- units. The
num ber and a mu tual po si tion of bridg ing cyanido groups
in the cationic and an ionic par ti cles are spec i fied by a pair
of dig its and by sym bols „T” (trans) or „C” (cis). Thus, as
an ex am ple, the 2,2-TC sym bol means a chain with two
bridg ing cyanido groups trans-co or di nated in the [CuLn]

2+

spe cies and two bridg ing cyanido groups cis-co or di nated

Fig ure 1a.  Struc ture of 1 with mono-nu clear com plex cat ion.

Fig ure 1b. Struc ture of 3 with tri-nu clear com plex cat ion.

Fig ure 1c. Struc ture of 4 with penta-nu clear com plex cat ion.


