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In tro ducti on

The mo lec u lar struc tures of five-co or di nated [Cu(L)2X]Y
com plexes (L = 1,10-phenantroline (phen) or 2,2’-bipy -
ridine (bpy), X and Y = 1- an ions) show an ex ten sive vari -
abil ity rang ing from trigonal bipyramid (TBP) to square
py ram i dal (TEP) stereochemistries, with ma jor ity com -
plexes dis play ing a struc ture, which is in the range of these
two ex tremes [1]. In our pre vi ous work we have pre pared
and stud ied com plexes with X = N(CN)2

– and ONC(CN)2
–

with the aim to char ac ter ize the shape of co or di na tion poly -
he dra (SCP) around the Cu at oms [2, 3]. The ob tained re -
sults showed that the pre ferred SCP for com pounds with
phen is close to TBP, whereas for SCP bpy com pounds is
close to TEP.  

Tricyanomethanide (tcm) an ion C(CN)3
– can co or di -

nate sim i larly as N(CN)2
– and ONC(CN)2

– an ions [4].
There fore we de cided to pre pare com plexes of gen eral
[Cu(L)2tcm]Y for mula (L = phen or bpy and Y = ClO4

–,
NO3

–, Br– and Cl–) and thus to con tinue in our pre vi ous
work deal ing with the SCP. In this pa per we de scribe struc -

tures of ten ionic co or di na tion com pounds, which can be
di vided into three groups: a) [Cu(L)2tcm]tcm: [Cu(phen)2

tcm]tcm (1) and [Cu(bpy)2tcm]tcm (2); b) [Cu(L)2tcm]
ClO4: [Cu(bpy)2tcm]ClO4 (3), K[Cu(phen)2tcm]3tcm
(ClO4)3 (4) and [Cu(phen)2tcm] [Cu(phen)2H2O]tcm
(ClO4)2·H2O (5) and c) [Cu(L)2Y]tcm: [Cu(phen)2NO3]tcm 
(6), [Cu(phen)2Cl]tcm·H2O (7), [Cu(bpy)2Cl]tcm (8),
[Cu(phen)2Br]tcm·0,5H2O·0,5EtOH (9) and [Cu(bpy)2Cl]
tcm·H2O (10).

Re sults and dis cus si on

Com plexes 1 and 2 (Fig. 1) be long to the first group. Their
struc tures are formed by [Cu(L)2tcm]+ cat ions and non-co -
or di nat ing tcm an ions. The struc ture of the cat ions con sists
of two phen or bpy mol e cules and one tcm an ion co or di -
nated to a cop per(II) atom.

The sec ond group con sists of com plexes 3 - 5 (Fig. 2),
which con tain the same cat ions as the pre vi ous group, how -
ever to bal ance their pos i tive charge, ClO4 in 3 or ClO4 and
tcm an ions in 4 and 5 are used. More over, struc ture of 4

Fig ure 4. Hy dro gen bonds (dashed lines) in 5 (left) and 6 (right).
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con tains K+ cat ion oc cu py ing three fold ro ta tion axis and in
the struc ture of 5 also [Cu(phen)2H2O]2+ cat ion and wa ter
mol e cule are pres ent.

We also tried to pre pare [Cu(L)2tcm]Y (L = phen, bpy
and Y = Br–, Cl– and NO3

–) com plexes within our study. In -
fra red spec tros copy and el e men tal anal y sis were con sis tent 
with ex pected com po si tion, how ever X-ray struc ture anal -

y sis dis ap pointed us be cause it re vealed that the pre pared
com plexes are with ex changed an ions and their for mu lae
are [Cu(L)2Y]tcm 6 – 10 (Fig. 3). 

Be sides the ionic forces, the struc tures of the pre pared

com plexes are sta bi lized by p-p in ter ac tions and, more -
over, hy dro gen bonds were also ob served in the struc tures
con tain ing wa ter mol e cules. 

Fig ure 1. Struc ture of com plexes 1 (left) and 2 (right)

Fig ure 2. Struc ture of com plexes 3 (left), 4 (right) and 5 (mid dle)



Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 19,  no. 2 (2012)       101

SCP of cat ions in all pre pared com plexes can be char ac -
ter ized as more or less de formed trigonal bipyramids as ev -

i denced by the pa ram e ters t [5] and s [6] (Tab. 1). Thus we
can con clude that con trary to the com pounds with N(CN)2

–

or ONC(CN)2
– an ions, the SCP in com pounds with

C(CN)3
– are un af fected by the dif fer ent lig ands L (phen or

bpy) co or di nated to the Cu(II) atom.
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Fig ure 3. Struc ture of com plexes 6 (left), 7, 9 (mid dle) and 8, 10 (right)

Com plex t
S(DTBP) 

[°]

[Cu(phen)2tcm]tcm (1)
78,9 (Cu1)

84,7 (Cu2)

58,2

53,7

[Cu(bpy)2tcm]tcm (2)
77,9 (Cu1)

71,5 (Cu2)

67,0

71,1

[Cu(bpy)2tcm]ClO4 (3) 92,5 50,0

K[Cu(phen)2tcm]3tcm
(ClO4)3 (4)

76,9 61,7

[Cu(phen)2tcm]
[Cu(phen)2H2O]tcm(ClO4)2

·H2O (5)

80,9 (Cu1)

90,0 (Cu2)

59,9

44,1

[Cu(phen)2NO3]tcm (6) 92,8 75,0

[Cu(phen)2Cl]tcm·H2O (7) 72,5 63,7

[Cu(bpy)2Cl]tcm (8) 69,5 80,9

[Cu(phen)2Br]tcm·0,5H2O·
0,5E tOH (9)

95,1 70,4

Ta ble 1. Sum mary of pa ram e ters t and S(DTBP)


