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A unique cyano-bridged copper(ll)—copper(l) mixed-valence poly- investigated, and those based on larger dicyanamide and
mer, {[Cus(CN)4(H,0)3](H20).}, (1), has been prepared and tricyanomethanide anions have also become a very hot topic
structurally determined by X-ray diffraction. The cyanide anions recently? On the other hand, the rational design and
with (u2,57) and (us,772) bridging modes connect the copper centers preparation of mixed-valence copper{topper(l) coordina-

into a complicated zeolite-like 3-D network. Of further interest, tion complexes, which are of great biological importance and
coordinated and lattice water molecules in this structure form 1-D interesting electronic properties, is still a challefigef
hydrogen-bonded water tapes consisting of linked cyclic pentamer further interest is the fact that only a few such mixed-valence

coordination polymers have been documented so far, pre-
dominantly via hydro(solvo) thermal approactes.

Water is the most abundant and cheapest natural solvent
There is currently considerable and ever-increasing interestand is of fundamental importance in almost all branches of
in crystal engineering of metal coordination polymers. These natural sciences such as biological, chemical, and physical
polymers may possess intriguing architectural complexity of processe$Although considerable attention has been devoted
network topologies and potential applications in the aspectsto the theoretical and experimental investigation of water
of zeolite-like materials, molecular absorption, ion exchange, clusters, including a variety of oligomers and polymers
electrical conductivity, and new molecule-based maghets. consisting of the basic cyclic water subunits, they are still
In this field, coordination polymers constructed from metal
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not fully understood:® Water pentamers were found to exist
in large water clusters, liquid water, the surfaces of proteins,
and DNA. However, solid structural studies are quite limited
in comparison with those of the more common water
tetramers or hexamet&.In this Communication, we will
describe the preparation, structural characterization, and
properties of a unique 3-D cyano-bridged'€&€u polymer,
{[Cu3(CN)4(H20)3](H20)2}n (1), in which novel 1-D water
tapes consisting of cyclic pentamers were formed via
hydrogen-bonding interactions of the coordinated and clath-
rated water molecules.
Complex1 was grown in a gel medium through diffusion
method and its composition was confirmed by elemental
analyses and inductively coupled plasma (IEP)he crystal
structure was determined by X-ray diffractithiThe asym- Figure 1. Portion of the 3-D polymeric framework df, with selected
metric unit contains three copper atoms, four cyanide ligands, atom numbering. The hydrogen atoms and clathrated water molecules are
three water ligands, and two clathrated water molecules. Theomitted for clarity. The cyanide ligands were refined as disordered, and
. . . thus the label CMrefers to the cyanide ligand containing botk/l&x’ and
Cul atom (Figure 1) is octahedral and thus clearly divalent, . cy.
coordinating to three cyanide ligands arranged imer
geometry (Ca-C/N = 1.958(4)-1.988(4) A), and threeer
water ligands (Ct-O = 1.952(4)%-2.572(3) A). This copper
atom also shows classic Jatifieller distortion, with the two
trans water ligands having significantly longer bond lengths
(Cu—02 = 2.431(4) and Ct03 = 2.572(3) A) than the
other four ligands (CttC/N/O = 1.952(4)-1.988(4) A). The
Cu2 and Cu3 atoms are tetrahedral and thus monovalent,
coordinating to four cyanide ligands (C4Z/N = 1.923-
(6)—2.428(6) A; Cu3-C/N = 1.969(6)-2.292(5) A). For
the cyanide ligands, each cyanide atom position was refined
as being disordered equally between a carbon and a nitrogen
atom, with equivalent thermal parameters. Three of the _ . . .

. . N i i . Figure 2. Zeolite-like 3-D network ofl. Water ligands and lattice
Cyan'de I|gands ShOW‘é’n ) b”dg'ng modes, while the other molecules are omitted for clarity. One tetranuclear subunit is highlighted
adopts ag»,17%) coordination fashion. The CN1 ligand (which in red and yellow (see text).
contains C1/N1and N1/C1) coordinates to one Cul atom

~ | (@) Head-Gordon. T.. Huractem. Re. 2002 via a monodentate C/N atom, and to one Cu2 and one Cu3
or examples see: (a eaa-Goraon, 1.; Aural m. Re. . .
102 2651-2669, and references therein. (b) Keutsch, F. N.; Cruzan, atom via a“'C/N atom. The same applles to CN2. The CN4

J. D.; Saykally, R. J.Chem. Re. 2003 103 2533-2577, and ligand is the same, except theC/N atom coordinates to
references therein. ; ;
(9) For examples see: (a) Ghosh, S. K.; Bharadwaj, Prigew. Chem., two Cu3 atoms, while the monodentate C/N atom coordinates

Int. Ed. 2004 43, 3577-3580. (b) Ghosh, S. K.; Bharadwaj, P. K. 10 Cu2. Finally, the linear CN3 ligand bridges between the
Inorg. Chem.2004 43, 5180-5182. (c) Rodriguez-Cuamatzi, P.; Cuyl and Cu2 atoms.

Vargas-Diaz, G.; Hopfl, HAngew. Chem., Int. EQ@004 43, 3041~ . . .

3044. (d) Ma, B. Q.; Sun, H. L.; Gao, 8ngew. Chem., Int. EQ004 The copper atoms are bridged by the cyanide ligands to

43,1374-1376. (e) Long, L. S;; Wu, Y. R.; Huang, R. B.; Zheng, L. afford a complicated zeolite-like three-dimensional (3-D)
S.Inorg. Chem2004 43, 3798-3800. (f) Tao, J.; Ma, Z. J.; Huang,

R. B.; Zheng, L. SInorg. Chem2004 43, 6133-6135. () Ye, B. network, which contains 3-connectors (Cul, CN1, CN2, and
H.; Ding, B. B.; Weng, Y. Q.; Chen, X. Minorg. Chem.2004 43, CN4), 4-connectors (Cu2 and Cu3), and 2-connecting CN3
6866-6868. ; i i
(10) Ma. B. Q. Sun, H. L.: Gao, Shem. Commur2004 2220-2221. ligands. This 3,4-(_:0nnected net can be _thought _of_ in terms
(11) The detailed preparation far An agueous solution of CugPH,0 of centrosymmetric, tetranuclear subunits containing three
(85 mg) and an aqueous solution containingGUu(CN)] (60 mg) Cw(C/N), “squares” (as highlighted in Figure 2). The two

and KCN (35 mg) were placed in two arms of the U-tube set with . . .
gel, respectively. After an interval of 3 weeks at room temperature, Squares at either end contain a Cu2 and a Cu3 atom bridged

single-crystals appeared at the bend portion of the U-tube. Yield: 20%. by a single atom from a CN1 ligand and another from a

Found: C, 12.32; H, 2.64; N, 14.46; Cu, 49.46. Anal. Calcd fg (- ; .. _
CloNaOs. C. 12.49: H, 2.62: N, 14.56: Cu, 49.54. IR spectra (kgr, CN2ligand (Cu2:-Cu3= 2.5139(12) A). The central square
Er‘ﬂ.}l)gfég_Hé 325679735;,(13:439?\%SCN) 216%, 214%,and 2138 (Cu— contains two Cu3 atoms bridged by a single at?&m from each
, an u—NC). B i . —
(12) Crystal data fod: triclinic, space grougPl, with a = 6.720(2) A,b of two CIN4 Ilgand§ (Cus Eu3 2'5564(]?4) 21 Tfhesle
= 0.494(3) A,c = 10.682(3) Ao = 111.979(43, B = 96.879(53, y tetranuclear subunits are then connected into the final 3-D

= 106.678(5), V = 585.3(3) &, Z = 2, 2041 unique reflections  net by CN4 ligands and by Cu1(CN1)(CN2)(CN3) moieties
measured with 145 parameters, fifal= 0.0387 andvR, = 0.1041. ee Figure 2
Data collection: Bruker Smart 1000 CCD diffractometer at room (S Igu )

temperature. All non-H atoms were refined anisotropically. H atoms Further analysis of the crystal packing reveals that this
were first found in difference electron density maps, and then placed - . .

in the calculated sites and included in the final refinement in the riding structure §I|SO contains extensive hydrogen bonding between
model approximation with fixed thermal factors. the coordinated (O1, O2, 0O3) and clathrated (O4, O5) water
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plete breakdown of the coordination framework on exclusion
of water and also confirmed that the water clusters are
significant for stabilization of the network structure.
Magnetic measurement &fwas carried out in a magnetic
field of 0.5 T with the temperature range of-300 K, and
the results were given in the form ofy&T vs T plot (inset:
xm VS T, see Supporting Information), in whighy is the
corrected magnetic susceptibility per asymmetrics[CN),-
(H20)3](H20), unit. TheymT value at room temperature is
0.406 cm mol™* K, corresponding to an isolated Cion
molecules. The most significant of these are-@Q2 = without any coupling, and decreases slowly upon cooling,
2.722 A, 01--03 = 2.714 A, 02--04 = 2.731 A, 03-- attaining a value of 0.36 cirmol™! K at 2 K. This global
05 = 2.846 A, and 04-05 = 2.654 A, affording a five- ~ feature is characteristic of a very weak antiferromagnetic
membered cyclic motif. Within the pentamer, five oxygens €xchange interaction. Taking the structure into account, this
are arranged in the expected pucker mode. Additional O4 behavior could be justified on the two contributions: one
--04 (2.619 A) and 05-05 (2.913 A) waterwater interac-  arising from the pure ground-state basis of the sum of
tions extend these pentamers to form a unique 1-D tapeconﬁguraﬂon of Cli and the other one mediated by the €N
(Figure 3). Normally, water clusters locate in organic CU—CN diamagnetic bridge. The reduced molar magnetiza-
molecular hosts or inorgani@rganic hybrid frameworks. ~ tion per entity tends to 1.0 electron following the Brillouin
In this case, these water tapes may play a complementaryfformula and this feature further confirms the mixed-valence
role for stabilizing the network structure. Comparing this 0f CU/Cu' and above magnetic behavior.
structure with other mixed valence coppeyanide polymers In summary, we have identified a unique 3-D zeolite-like
with similar coligands, such as GGU'(CN)y(NH3)s!3 and coordination network in which Ciand Cticenters are linked
CU4CU'(CN)s(DMF),,%*we could observe that both polymers  Via CN bridges. The guest water molecules located in this
have network topologies quite different from that described Net are trapped by watewater interactions with the
in this work, suggesting that such water clusters can influencecoordinated water ligands binding to Giforming a rare
the final overall 3-D coordination frameworks (also see 1-D water tape with cyclic pentamer units. This investigation
below for XRPD studies). To estimate the stability of the Will evidently advance our understanding of the formation
water tapes, thermal analysis experiments were carried outOf both mixed-valence coordination polymers and water
The results (see Supporting Information) indicate that the clusters.
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of 65—200°C and the loss of the aqua ligands is not observed by the National Natural Science Foundation of China
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Figure 3. Representation of the 1-D water tape consisting of pentamers
linked via water-water interactions.
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