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The title compound, [Cu(C2N3)2(C12H8N2)]n, has a sheet-like

structure, built by [Cu(phen)(dca)2]n (phen is 1,10-phenan-

throline and dca is dicyanamide) chains which are inter-

connected by secondary long CuÐN bonds between the

chains. The Cu2+ ion is in a distorted tetragonal bipyramidal

(5 + 1) coordination environment. The sheets stack into the

three-dimensional crystal structure through aromatic interac-

tions between the coordinated phen ligands of adjacent sheets.

Comment

Polymeric complexes comprised of transition metals with

dicyanamide have attracted considerable attention because of

their interesting coordination and physical properties

(Kurmoo & Kepert, 1998; Manson, Kmety et al., 1998; Manson,

Arif & Miller, 1999; Batten et al., 1999; Jensen et al., 1999; van

Albada et al., 2000). Those complexes containing only dca are

of a quite limited structural type (Kurmoo & Kepert, 1998;

Manson, Kmety et al., 1998; Jensen et al., 1999), while by

introducing co-ligands such as pyridine, bipyridine etc., various

types of structure have been obtained, and this presents an

opportunity to adjust the physical properties (Manson,

Incarvito et al., 1998; Manson, Arif & Miller, 1999; Manson,

Arif, Incarvito et al., 1999; Batten et al., 1999). So far, only a

few such Cu complexes have been structurally characterized

(PotocÏnÏ aÂk et al., 1995, 1996; Dunaj-JurcÏo et al., 1996; Kurmoo

& Kepert, 1998; van Albada et al., 2000). Among them, only

one of these co-ligand complexes is a polymeric compound

(van Albada et al., 2000). Recently, we have synthesized the

title compound, (I), which has an extended structure, and its

crystal structure is reported here.

Basically, the structure is sheet-like, consisting of inter-

linked [Cu(phen)(dca)2]n chains. In the chain, each Cu2+ ion is

®vefold coordinated by the N atoms of three dca ligands and

one phen ligand (Fig. 1). The CuN5 moiety can be described as

a distorted square pyramid, because the trigonality criterion,

which is 1 for an ideal trigonal bipyramid and 0 for an ideal

square pyramid (Addison et al., 1984), is 0.13 for the moiety.

The two terminal N atoms from two dca ligands and the two N

atoms of the phen ligand form the base of the pyramid. The

Cu2+ ion is 0.183 (1) AÊ above the base. The apical position is

occupied by the terminal N atom of a neighbouring dca ligand.

Thus, adjacent CuN5 pyramids are linked by a bridging dca

ligand from the apex of one pyramid to the base of the next

one to form a zigzag chain running along the c direction

(Fig. 2). Since the adjacent Cu centres are related to each

other by the c-glide plane, all phen ligands attached to the

same chain are on the same side of the chain. The plane of the

phen ligand and that of the base of the pyramid are

approximately coplanar. Of the three dca ligands coordinated

to each Cu atom, two are bridging ligands connecting Cu

centres and the third is terminal. In fact, these terminal dca

ligands cross-link adjacent [Cu(phen)(dca)2]n chains through

secondary long CuÐN bonds involving the terminal N atoms

to give a sheet-like structure which extends along the bc plane

(Fig. 2). In the sheet, the Cu2+ ions are not all in the same

plane. As the neighbouring [Cu(phen)(dca)2]n chains in the

sheet are centrally symmetric, the phen ligands are arranged

on both sides of the sheet, and the planes of the phen ligands

are inclined with respect to the bc plane at an angle of ca 70�.
Finally, these sheets stack along the a direction through

aromatic interactions between interlocking phen ligands from

adjacent sheets, to build the three-dimensional crystal struc-

ture.
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Figure 1
The local coordination environment of the Cu2+ ion with the atom-
numbering scheme and 30% probability displacement ellipsoids. The
symmetry codes are as in Table 1. The dashed bond shows the secondary
long CuÐN bond.



In the CuN5 pyramid, the four basal CuÐN distances, being

in the range 1.959 (3)±2.024 (2) AÊ , are nearly equal to each

other, and are similar to those of the pyramidal CuN5 moiety

in [Cu(add)(bipy)(dca)] (add is 3-amino-3-methoxy-2-nitro-

soacrylonitrilate and bipy is 2,20-bipyridine; Dunaj-JurcÏo et al.,

1996) or to the equatorial CuÐN distances of the tetragonal

bipyramidal CuN6 moiety in [Cu(phen)2(dca)2] (PotocÏnÏ aÂk et

al., 1995), Cu(dca)2 (Kurmoo & Kepert, 1998) and

[Cu(dca)2(ampym)2] (ampym is 2-aminopyrimidine; van

Albada et al., 2000). The axial CuÐN distance [2.286 (3) AÊ ] is

slightly longer than in the pyramidal CuN5 moiety reported by

Dunaj-JurcÏo et al. (1996) [2.188 (4) AÊ ]. The secondary or weak

CuÐN bond aforementioned, which has a CuÐN distance of

2.821 (3) AÊ and is opposite to the axial CuÐN bond, is

unusually longer than long CuÐN bonds reported previously

for Cu±dca complexes [2.449 (4) and 2.473 (4) AÊ in Cu(dca)2

(Kurmoo et al., 1998), and 2.365 (3) AÊ in Cu(phen)2(dca)2

(PotocÏnÏ aÂk et al., 1995)]. If this secondary CuÐN bond is

included, the Cu2+ ion has a 5 + 1 coordination environment.

The intrachain CuÐCu distance of 7.7079 (4) AÊ is longer

than the shortest interchain CuÐCu distance of 6.4521 (4) AÊ

between two Cu2+ ions related by the screw axis 21 (010) and

with no spacer between them. Another short interchain CuÐ

Cu distance of 7.3002 (7) AÊ is between the two Cu2+ ions

connected by two dca ligands via the secondary CuÐN bonds.

The bond distances and angles in the phen ligand, which

range from 1.318 (4) to 1.431 (5) AÊ and 116.2 (3) to 125.5 (3)�,

respectively, are all normal (PotocÏnÏ aÂk et al., 1995). The phen

ligand is nearly planar, with the largest deviation from the

mean plane being 0.064 (3) AÊ for C2. The dca ligands are also

planar and the largest deviation from the mean plane is

0.019 (3) AÊ for C14. Two distinct sets of NÐC distances in the

dca ligands, which lie in the ranges 1.098 (4)±1.149 (4) AÊ and

1.283 (4)±1.331 (5) AÊ , together with the CÐNÐC [120.5 (4)

and 122.3 (3)�] and NÐCÐN angles [167.1 (4)±174.2 (3)�], are

all comparable with values found in other dca complexes

(Kurmoo & Kepert, 1998; Batten et al., 1999; Manson, Arif,

Incarvito et al., 1999; PotocÏnÏ aÂk et al., 1995, 1996; Dunaj-JurcÏo

et al., 1996; van Albada et al., 2000).

We have also obtained the Co analogue (Sun et al., 2000) of

this structure. The main difference between the two structures

is that in the Co complex, the Co atom is sixfold coordinated in

an octahedral coordination environment in which no weak

secondary CoÐN bonds exist and the CoÐN distances fall in

the range 2.081 (3)±2.207 (2) AÊ . A similar behaviour has been

observed for the two related structures Cu(dca)2 and

Co(dca)2. This pattern is related to the strong Jahn±Teller

effect which in¯uences the Cu2+ ion (Kurmoo & Kepert,

1998).

Experimental

A 4 ml ethanol solution containing hydrated phenanthroline

(C12H8N2�H2O, 59.5 mg, 0.30 mmol) and a 4 ml ethanol solution of

Cu(CH3COO)2�H2O (59.9 mg, 0.30 mmol) were mixed and stirred for

5 min. A 2 ml aqueous solution of NaN(CN)2 (26.7 mg, 0.30 mmol)

was then added to the above solution and the resulting solution

stirred for another 5 min. The clear blue solution was ®ltered. Blue

block-shaped crystals were obtained after slow evaporation of the

®ltrate over a period of one week (yield 22%). Analysis calculated for

C16H8CuN8: C 51.13, H 2.15, N 29.82, Cu 16.91%; found: C 51.39, H

2.24, N 29.81, Cu 19.5% (by inductively coupled plasma).

Crystal data

[Cu(C2N3)2(C12H8N2)]
Mr = 375.84
Monoclinic, P21=c
a = 9.8389 (3) AÊ

b = 11.2975 (5) AÊ

c = 14.2340 (5) AÊ

� = 100.988 (2)�

V = 1553.17 (10) AÊ 3

Z = 4

Dx = 1.607 Mg mÿ3

Mo K� radiation
Cell parameters from 27 425

re¯ections
� = 3.43±27.84�

� = 1.423 mmÿ1

T = 293 (2) K
Block, blue
0.25 � 0.22 � 0.13 mm
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Figure 2
The sheet structure of (I) showing 30% probability displacement
ellipsoids. The dashed lines show the secondary CuÐN bonds. H atoms
have been omitted for clarity.

Table 1
Selected geometric parameters (AÊ , �).

Cu1ÐN3 1.959 (3)
Cu1ÐN6 2.003 (3)
Cu1ÐN1 2.010 (2)

Cu1ÐN2 2.024 (2)
Cu1ÐN8i 2.286 (3)
Cu1ÐN5ii 2.821 (3)

N3ÐCu1ÐN6 90.97 (13)
N3ÐCu1ÐN1 172.10 (11)
N6ÐCu1ÐN1 93.18 (11)
N3ÐCu1ÐN2 92.58 (11)
N6ÐCu1ÐN2 164.49 (10)
N1ÐCu1ÐN2 81.68 (9)
N3ÐCu1ÐN8i 94.72 (12)
N6ÐCu1ÐN8i 98.01 (11)

N1ÐCu1ÐN8i 91.35 (10)
N2ÐCu1ÐN8i 96.74 (10)
N1ÐCu1ÐN5ii 81.81 (9)
N2ÐCu1ÐN5ii 81.79 (10)
N3ÐCu1ÐN5ii 92.04 (11)
N6ÐCu1ÐN5ii 83.00 (11)
N8iÐCu1ÐN5ii 173.14 (10)

Symmetry codes: (i) x; 3
2ÿ y; 1

2� z; (ii) 1ÿ x; 2ÿ y;ÿz.
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Data collection

Nonius KappaCCD diffractometer
CCD scans
Absorption correction: empirical

(Blessing, 1995, 1997)
Tmin = 0.766, Tmax = 0.831

27 425 measured re¯ections
3682 independent re¯ections

2489 re¯ections with I > 2�(I)
Rint = 0.066
�max = 27.84�

h = ÿ12! 12
k = ÿ14! 14
l = ÿ18! 18

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.044
wR(F 2) = 0.120
S = 1.015
3682 re¯ections
227 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0616P)2

+ 0.6068P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.70 e AÊ ÿ3

��min = ÿ0.45 e AÊ ÿ3

Extinction correction: SHELXL97
(Sheldrick, 1997)

Extinction coef®cient: 0.0046 (10)

Data collection: KappaCCD Software (Nonius, 1998); cell re®ne-

ment: HKL Scalepack (Otwinowski & Minor, 1997); data reduction:

HKL Denzo (Otwinowski & Minor, 1997) and maXus (Mackay et al.,

1998); program(s) used to solve structure: SHELXS97 (Sheldrick,

1997); program(s) used to re®ne structure: SHELXL97 (Sheldrick,

1997); molecular graphics: SHELXTL (Sheldrick, 1998); software

used to prepare material for publication: SHELXL97.

This work was supported by the National Natural Science

Foundation of China (Nos. 29701001, 29771001 and 29525101)

and the Founder Foundation of Peking University.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: LN1104). Services for accessing these data are
described at the back of the journal.

References

Addison, A. W., Rao, T. N., Reedijk, J., van Rijn, J. & Verschoor, G. C. (1984).
J. Chem. Soc. Dalton Trans. pp. 1349±1356.

Albada, G. A. van, Quiroz-Castro, M. E., Mutikainen, I., Turpeinen, U. &
Reedijk, J. (2000). Inorg. Chim. Acta, 298, 221±225.

Batten, S. R., Jensen, P., Kepert, C. J., Kurmoo, M., Moubaraki, B.,
Murray, K. S. & Price, D. J. (1999). J. Chem. Soc. Dalton Trans. pp. 2987±
2997.

Blessing, R. H. (1995). Acta Cryst. A51, 33±38.
Blessing, R. H. (1997). J. Appl. Cryst. 30, 421±426.
Dunaj-JurcÏo, M., MiklosÏ, D., PotocÏnÏ aÂk, I. & JaÈger, L. (1996). Acta Cryst. C52,

2409±2412.
Jensen, P., Batten, S. R., Fallon, G. D., Moubaraki, B., Murray, K. S. & Price,

D. J. (1999). J. Chem. Soc. Chem. Commun. pp. 177±178.
Kurmoo, M. & Kepert, C. J. (1998). New J. Chem. pp. 1515±1524.
Mackay, S., Gilmore, C. J., Edwards, C., Tremayne, M., Stuart, N.

& Shankland, K. (1998). maXus. University of Glasgow, Scotland,
Nonius BV, Delft, The Netherlands, and MacScience Co. Ltd,
Yokohama, Japan.

Manson, J. L., Arif, A. M., Incarvito, C. D., Liable-Sands, L. M., Rheingold,
A. L. & Miller, J. S. (1999). J. Solid State Chem. 145, 369±378.

Manson, J. L., Arif, A. M. & Miller, J. S. (1999). J. Mater. Chem. 9,
979±983.

Manson, J. L., Incarvito, C. D., Rheingold, A. L. & Miller, J. S. (1998). J. Chem.
Soc. Dalton Trans. pp. 3705±3706.

Manson, J. L., Kmety, C. R., Huang, Q., Lynn, J. W., Bendele, G. M., Pagola, S.,
Stephens, P. W., Liable-Sands, L. M., Rheingold, A. L., Epstein, A. J. &
Miller, J. S. (1998). Chem. Mater. 10, 2552±2560.

Nonius (1998). KappaCCD Software. Nonius BV, Delft, The Netherlands.
Otwinowski, Z. & Minor, M. (1997). Methods Enzymol. 276, 307±326.
PotocÏnÏ aÂk, I., Dunaj-JurcÏo, M., MiklosÏ, D. & JaÈger, L. (1996). Acta Cryst. C52,

1653±1655.
PotocÏnÏ aÂk, I., Dunaj-JurcÏo, M., MiklosÏ, D., KabesÏovaÂ , M. & JaÈger, L. (1995).

Acta Cryst. C51, 600±602.
Sheldrick, G. M. (1997). SHELXS97 and SHELXL97. PC Versions. University

of GoÈ ttingen, Germany.
Sheldrick, G. M. (1998). SHELXTL. Version 5.1. Bruker AXS Inc., Madison,

Wisconsin, USA.
Sun, B.-W., Wang, Z.-M., Luo, J., Yan, C.-H., Gao, S. & Liao, C.-S. (2000).

Unpublished work.


