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The title compound, catena-poly[di-�-cyano-1:2�2C:N;-

1:20�2C:N-dicyano-1-�2C-bis(ethylenediamine-2�2N,N0)plati-

num(II)copper(II)], [CuPt(CN)4(C2H8N2)2]n, (I), consists of

one-dimensional chains running along the [111] direction.

Both Cu and Pt atoms are located on centres of symmetry in

an alternating array of [Cu(en)2]2+ (en is ethylenediamine)

and [Pt(CN)4]2� units. The Pt—C coordination bond distances

of 1.985 (4) and 1.995 (4) Å are longer than those of an

analogous NiII complex. Moreover, due to Jahn–Teller

distortion, the axial Cu—N bond distance of 2.562 (5) Å is

longer than the equatorial ones of 2.014 (4) and 2.017 (4) Å.

Comment

Cyanide-bridged coordination polymers have received much

attention because of their wide application in the fields of

molecule-based magnets (Ohba & Okawa, 2000; Okawa &

Ohba 2002), photo-functional compounds (Sato, 2003; Sato et

al., 2003) and other advanced functional materials. Escax et al.

(2005) have focused on the importance that (three-dimen-

sional) structural strain of the lattice weakens the ligand field

strength of cyanide ligands in the photo-induced magnetiza-

tion of Fe–Co Prussian blue analogues. Therefore, so-called

Jahn–Teller switching (Falvello, 1997) may be a promising new

strategy for the switching of electronic states in cyanide-

bridged coordination polymers. Indeed, we have observed a

photo-induced and thermally accessible structural change in

[Cu(en)2](ClO4)2 (en is ethylenediamine; Akitsu & Einaga,

2003). We have also recently reported the first chiral trinuclear

MnIII–NiII–MnIII cyano-bridged complex exhibiting a ther-

mally accessible structural change (Akitsu et al., 2005).

Moreover, numerous coordination polymers, such as one-

dimensional CuII–Ni(CN)4 (Kuchár et al., 2003), CdII–Ni(CN)4

(Petřı́ček et al., 2005), CuII–Pd(CN)4 (Kuchár et al., 2004) and

CuII–Ag2(CN)3 (Černák, Chomič, Gravereau et al., 1998), and

two-dimensional CuI/CuII–Ni(CN)4 (Černák & Abboud,

2002), have been designed in recent years. Interestingly,

among these it has been reported that Ni(en)2M(CN)4

compounds afford slightly elongated or compressed octa-

hedral coordination geometries for M = NiII or PdII, respec-

tively (Černák et al., 1988). In order to compare the

isostructural complexes [Cu(en)2][Ni(CN)4] (Lokaj et al.,

1991) and [Cu(en)2][Pd(CN)4] (Černák et al., 2001) by element

substitution, we report here the crystal structure of the title

compound, (I), [Cu(en)2][Pt(CN)4].

Compound (I) consists of one-dimensional chains running

along the [111] direction. The unit-cell volume of (I)

[353.9 (4) Å3] is larger than that of the corresponding PdII

[347.63 (6) Å3; Černák et al., 2001] and NiII [333.9 (9) Å3;



Lokaj et al., 1991] complexes, mainly due to the larger ionic

radius of the PtII ion. Both Cu and Pt atoms are located on

centres of symmetry in an alternating array of [Cu(en)2]2+ and

[Pt(CN)4]2� units (Fig. 1). In the latter units, the bridging

cyano groups are in trans positions. The Pt—C bond distances

(Table 1) are longer than those of the analogous PdII or NiII

complexes but comparable with those for non-bridging cyano

groups in the dinuclear heterometallic complex [(CN)3Pt(�-

CN)Cu(NH3)4] (Escorihuela et al., 2001). The C N bond

distances of the cyano groups of 1.149 (6) (bridging) and

1.143 (6) Å (non-bridging) are similar to normal values in

[Pt(CN)4]2� units (Knoeppel & Shore, 1996). The significantly

bent Cu1—N2—C2 bond angle of 121.6 (4)� suggests ionic

character for the Cu—N bond.

Jahn–Teller distortion results in the axial Cu—N bond

distance being longer than the equatorial ones (Table 1). The

axial Cu1–N2 bond length of 2.562 (5) Å in (I) is longer than

those in the analogous PdII [2.544 (2) Å; Černák et al., 2001]

and NiII complexes [2.533 (4) Å; Lokaj et al., 1991]. The

degree of tetragonal Jahn–Teller distortion of the CuII sites in

(I) is T = 0.787 (T is the ratio of in-plane Cu—N bond lengths

to axial Cu—N bond lengths; Hathaway & Billing, 1970). The

T values for the mononuclear complex [Cu(en)2](ClO4)2 are

0.780, 0.785 and 0.791 at 297, 274 and 120 K, respectively

(Akitsu & Einaga, 2003).

In the crystal structure of (I), there are N—H� � �N hydrogen

bonds (Table 2), although some H� � �N distances are longer

than normal values.

Experimental

The precursor complex, [Cu(en)2](ClO4)2, was obtained from a

methanol solution (10 ml) of a mixture of Cu(ClO4)2�6H2O (0.375 g,

1.00 mmol) and ethylenediamine (0.120 g, 2.00 mmol) as a blue

precipitate which formed immediately at 293 K (yield 0.205 g,

53.5%). Compound (I) was obtained by slow diffusion of a methanol

solution (10 ml) of [Cu(en)2](ClO4)2 (24.4 mg, 0.0640 mmol) into an

aqueous solution (5 ml) of K2[Pt(CN)4] (27.5 mg, 0.0640 mmol) at

293 K. After several days, blue single crystals of (I) were obtained

from the surface (yield: 3.90 mg, 9.7%). Analysis calculated for

C8H16CuN8Pt: C 19.90, H 3.34, N 23.20%; found: C 20.14, H 3.25,

N 23.44%. Electronic spectrum (diffuse reflectance): 18200 cm�1

[F(Rd) 2.56] (d–d transition of CuII ion). Weiss constant = �2.73 K

(antiferromagnetic interaction). IR (KBr) 2122 cm�1 (cyanide).

Crystal data

[CuPt(CN)4(C2H8N2)2]
Mr = 482.92
Triclinic, P1
a = 6.560 (4) Å
b = 7.350 (5) Å
c = 8.068 (3) Å
� = 107.27 (4)�

� = 90.92 (4)�

� = 106.54 (6)�

V = 353.9 (4) Å3

Z = 1
Dx = 2.266 Mg m�3

Mo K� radiation
Cell parameters from 25

reflections
� = 10.0–13.9�

� = 11.37 mm�1

T = 298 (2) K
Prism, blue
0.30 � 0.20 � 0.20 mm

Data collection

Rigaku AFC-7R diffractometer
!/2� scans
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.060, Tmax = 0.103

1844 measured reflections
1630 independent reflections
1628 reflections with I > 2�(I)

Rint = 0.044
�max = 27.5�

h = �8! 8
k = �9! 3
l = �10! 10
3 standard reflections

every 150 reflections
intensity decay: 1.4%

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.022
wR(F 2) = 0.055
S = 1.01
1628 reflections
86 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.05P)2

+ 0.0221P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 1.05 e Å�3

��min = �2.32 e Å�3

Extinction correction: SHELXL97
(Sheldrick, 1997)

Extinction coefficient: 0.241 (8)

Table 1
Selected geometric parameters (Å, �).

Pt1—C2 1.985 (4)
Pt1—C1 1.995 (4)
Cu1—N3 2.014 (4)
Cu1—N4 2.017 (4)

Cu1—N2 2.562 (5)
N1—C1 1.143 (6)
N2—C2 1.149 (6)

C2—Pt1—C1 88.08 (17)
N3—Cu1—N4 84.40 (17)
N2—Cu1—N3 91.69 (16)
N2—Cu1—N4 87.69 (17)

Cu1—N2—C2 121.6 (4)
N1—C1—Pt1 175.6 (4)
N2—C2—Pt1 177.1 (4)
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Figure 1
A segment of the polymeric structure of (I), showing the atom-labelling
scheme. Displacement ellipsoids are drawn at the 30% probability level
and H atoms are shown as small spheres of arbitrary radii. [Symmetry
codes: (i) �x, �y, �z; (ii) 1 � x, 1 � y, 1 � z.]



Table 2
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

N3—H3C� � �N1 0.90 2.37 3.247 (5) 166
N3—H3D� � �N1iii 0.90 2.33 3.145 (7) 150
N3—H3D� � �N2ii 0.90 2.84 3.212 (5) 107
N4—H4D� � �N2 0.90 2.84 3.196 (5) 105

Symmetry codes: (ii) �xþ 1;�yþ 1;�zþ 1; (iii) �xþ 1;�y;�zþ 1.

H atoms were placed in calculated positions, with C—H = 0.97 Å

and N—H = 0.90 Å, and included in the final cycles of refinement

using riding constraints, with Uiso(H) = 1.2Ueq(C,N). The highest peak

and deepest hole are located 0.90 and 0.83 Å, respectively, from atom

Pt1.

Data collection: WinAFC Diffractometer Control Software

(Rigaku, 1999); cell refinement: WinAFC Diffractometer Control

Software; data reduction: TEXSAN (Molecular Structure Corpora-

tion, 2001); program(s) used to solve structure: SIR92 (Altomare et

al., 1994); program(s) used to refine structure: SHELXL97 (Shel-

drick, 1997); molecular graphics: ORTEPII (Johnson, 1976); software

used to prepare material for publication: TEXSAN.
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Petřı́ček, V., Dušek, M. & Černák, J. (2005). Acta Cryst. B61, 280–286.
Rigaku (1999). WinAFC Diffractometer Control Software. Rigaku Corpora-

tion, Tokyo, Japan.
Sato, O. (2003). Acc. Chem. Res. 36, 692–700.
Sato, O., Hayami, S., Einaga, Y. & Gu, Z.-Z. (2003). Bull. Chem. Soc. Jpn, 76,

443–470.
Sheldrick, G. M. (1997). SHELXL97. University of Göttingen, Germany.

metal-organic papers

m864 Akitsu and Einaga � [CuPt(CN)4(C2H8N2)2] Acta Cryst. (2006). E62, m862–m864


	mk1

