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This paper reports the synthesis and crystal structure of a novel
mixed valence copper(l,Il) compound, Cu,Cu"(hedpH,),(4,4'-bpy),*
2H,0 (1), where hedp represents 1-hydroxyethylidenediphospho-
nate. The structure is composed of { Cu,Cu"(hedpH,),} trimer units
and 4,4'-bipyridine linkages, forming a two-dimensional brick-wall-
like layer structure in the ab plane. The layers are stacked along
the [001] direction with strong interlayer hydrogen bonds and —7
interactions, thus leading to the construction of a three-dimensional
network.

exploration of those involving a second organic bridging
ligand is rare, despite the current intense interest in searching
for stable microporous coordination networks as organic
analogues of zeolite8. Our efforts along this line have
resulted in a three-dimensional copper phosphonate Cu
(hedpX(pz)(H.0)4,t where pyrazine (pz) bridges tH€us-
(hedp}(H.0),} layers [hedp= 1-hydroxyethylidenediphos-
phonate, CHC(OH)(PQ).*"]. In this paper, we describe the
synthesis and crystal structure of a novel mixed valence
copper(l,Il) compound CpCu'(hedph)2(4,4-bpy):2H,0

(1) in which the molecular trimer units of mixed valence
copper phosphonate are linked by rodlike'4ipyridine

A number of metal phosphonate compounds have been(4 4-bpy) into a unique layer structure.

prepared in the past decades because of their potential The hydrothermal treatment of a mixture of Cu(y®
important applications in exchange, absorption, and sehsors. 3H,0 (0.2421 g, 1 mmol), 50% hedpK2.5 mmol, 1 mL)
Among these, compognds with open framework or porous 4,4-bpy (0.1540 g, 1 mmol), and 40 (4 mL), adjusted by
structures are of special interest. It was found that pores in an aqueous solution of NaOH (1 M) to pH 1.76, at 165
some phosphonate compounds were expanded after introduCsc o 5 gays, resulted in the formation of yellow platelike
ing a second inorganic species such as phosphate Orcrystals of the title compound as a major ph&sa.small

pho_sphlte7. Although a fev_v phosphonate compounds con amount of unidentified yellow powder appeared as a minor
taining terminal organic ligands were reported recehtly,

*To whom correspondence should be addressed. E-mail:
netra.nju.edu.cn. Fax:+86-25-3314502.

(1) Cao, G.; Hong, H.; Mallouk, T. EAcc. Chem. Resl992 25, 420.
Alberti, G. Comprehensie Supramolecular Chemistryehn, J. M.
Ed.; Elsevier Science, Ltd.: Oxford, U.K., 1996; Vol. 7. Alberti, G.;
Costantino, U.; Casciola, M.; Ferroni, S.; Massinelli, L.; StaitiSBlid
State lonics2001, 145, 249.

(2) Clearfield, A.Progress in Inorganic ChemistrKarlin, K. D., Ed.;
John Wiley & Sons: New York, 1998; Vol. 47, pp 37#510.
Clearfield, A.; Sharma, C. V. K.; Zhang, Ehem. Mater2001, 13,
3099.

(3) Lohse, D. L.; Sevov, S. CAngew. Chem., Int. Ed. Endl997, 36,

1619. Malillet, C.; Janvier, P.; Pipelier, M.; Praveen, T.; Andres, Y.;

Bujoli, B. Chem. Mater2001, 13, 2879.

(4) Serre, C.; Ry, G.Inorg. Chem2001, 40, 5350. Riou-Cavellec, M.;
Sanselme, M.; Guillou, N.; ey, G.Inorg. Chem 2001, 40, 723.
Riou, D.; Baltazar, P.; Fey, G.Solid State Sci200Q 2, 127.

(5) Soghomonian, V.; Chen, Q.; Haushalter, R. C.; Zubiet#injew.
Chem., Int. Ed. Engl1995 34, 223.

(6) Zheng, L.-M.; Song, H.-H.; Xin, X.-QComments Inorg. Chera00Q
22, 129.

(7) Alberti, G.; Costantino, U.; Marmottini, F.; Vivani, R.; Zappelli, P.
Angew. Chem., Int. Ed. Endgl993 32, 1357.

(8) Clearfield, A.; Poojary, D. M.; Zhang, B.; Zhao, B.; Derecskei-Kovacs,

A. Chem. Mater200Q 12, 2745.

4084 Inorganic Chemistry, Vol. 41, No. 16, 2002

phase. The crystals were manually selected for structure
determination and the measurement of bulk properties. The

Imzheng@ y ps spectrum of the bulk sample showed the shoulder peaks

(9) Finn, R. C.; Burkholder, E.; Zubieta, Ghem. Commur2001, 1852.
Finn, R. C.; Zubieta, Jinorg. Chem.2001, 40, 2466. Finn, R. C.;
Lam, R.; Greedam, J. E.; Zubieta, ldorg. Chem.2001, 40, 3745.

(10) (a) Janiak, CAngew. Chem., Int. Ed. Endl997, 36, 1431. (b) Chen,
B. L.; Eddaoudi, M.; Hyde, S. T.; O’Keeffe, M.; Yaghi, O. Mcience
2001, 291, 1021. (c) Kondo, M.; Yoshitomi, T.; Seki, K.; Matsuzaka,
H.; Kitagawa, S.AAngew. Chem., Int. Ed. Engl997 36, 1725. (d)
Gudbjartson, H.; Biradha, K.; Poirier, K. M.; Zaworotko, M.JJAm.
Chem. Socl999 121, 2599. (e) MacGillivray, L. R.; Groeneman, R.
H.; Atwood, J. L.J. Am. Chem. Sod.998 120, 2676. (f) Chui, S.
S.-Y,; Lo, S. M.-F.; Charmant, J. P. H.; Orpen, A. G.; Williams, I. D.
Sciencel999 283 148. (g) Seo, J. S.; Whang, D.; Lee, H.; Jun, S. |.;
Oh, J.; Jeon, Y. J.; Kim, KNature200Q 404, 982. (h) Eddaoudi, M.;
Moler, D. B.; Li, H. L.; Chen, B. L.; Reineke, T. M.; O’Keeffe, M.;
Yaghi, O. M.Acc. Chem. Re®001, 34, 319. (i) Eddaoudi, M.; Kim,
J.; Wachter, J. B.; Chae, H. K.; O’Keeffe, M.; Yaghi, O. M. Am.
Chem. Soc2001, 123 4368. (j) Reineke, T. M.; Eddaoudi, M.; Moler,
D.; O'Keeffe, M.; Yaghi, O. M.J. Am. Chem. So200Q 122 4843.

(11) Yin, P.; Zheng, L.-M.; Gao, S.; Xin, X.-QChem. Commun2001,
2346.

(12) Anal. Calcd for GsH3:CusN4O16Ps: C, 30.44; H, 3.41; N, 5.92.
Found: C, 32.04; H, 4.11; N, 5.85%.

10.1021/ic0156310 CCC: $22.00  © 2002 American Chemical Society

Published on Web 07/09/2002



COMMUNICATION

Figure 3. Packing diagram of structurkalong the [001] direction.

158.8(1). These units are repeated in teplane, forming
_ o _ _ _ _ a brick-wall-like layer with zigzag fluctuation (Figure 2).
;I:%lél’r(re];. T-shaped building unit of structurewith the atomic labeling The layers are stacked along the [001] direction with
' interlayer z—x interactions between the pyridine ridgs
(Figure 3). The average centreidentroid contact between
two pyridine fragments from the adjacent layers is 3.729 A,
and the average interplane angle is 21$trong interlayer
hydrogen bonds exist between the phosphonate oxygens
[O(1), O(3), O(5), O(6), and O(7)] as well as the hydroxy
oxygen O(7), forming a hydrogen bonded copper phospho-
nate layer{ Cu'(hedph),} in the ac plane. The O(3) and
O(6) atoms are protonated [PAP(3) 1.562(3) A, P(2>
0O(6) 1.559(3) A]. The shortest-©0 contact is 2.531(4) A
for O(6)--O(5). Therefore, a three-dimensional network is
Figure 2. One layer of structuré along the [001] direction (top) and the ~ constructed.
[102] direction (bottom). Compoundl is unique in three aspects. First, it contains
of 2Py, and 2Py, at 934.7 and 954.1 eV, respectively, trimer units of mixed valence copper(l,Il) phosphoredel>-
suggesting the presence of'@uthe compound. The evident ~ CU'(hedpH)2}, separated by 4;dipyridine linkages. Al-
satellite peaks at 943.6 and 962.9 eV indicated that the though numerous work has been devoted to the molecular
compound also contains €ions. complexes with mixed valence copper(l/ll) because of
Single-crystal X-ray diffraction measurem&ntevealed ~ Piological interest?'” few studies are concerned with
a two-dimensional brick-wall-like layer structure, composed €xtended solid&’ As far as we are aware, there is only one
of {Cu,Cu'(hedpH)z} trimer units and 4,4bipyridine example of mixed va!ence copper phosphonate;Cha-
linkages (Figures 1 and 2). Two independent Cu atoms are(n€dp}(OH):(H-0), which shows an open framework struc-
found in the trimer unit and are bridged by hedpHigands.  ture’® Unlike NaCus(hedpj(OH)(H-0), however, com-
The calculated bond valence suhare 1.85 for Cu(1) and poundl is not air-stable especially in a wet atmosphere, as
1.01 for Cu(2), respectively. The divalent Cu(1) atom has indicated by its color change from yellow to green. The XPS
an approximate square planar geometry, with the four biting SPectrum of the green material showed satellite peaks at
sites provided by pairs of the phosphonate oxygens [O(1), 947-2 and 966.4 eV, and no shoulder peak¥gf and?Py
O(4)] from two equivalent hedpf groups. The Cu(HO were Qbserved. Second, compodm:b.ntai.ns trigona[ planar
bond lengths are 1.927(3) and 2.008(3) A. The monovalentCU(|)_'” the structure. Such a coordination mode is uncom-
Cu(2) atom is trigonal planar in coordination and is mMonin the coordlr!atlon polymers_ of cop_ﬁéﬂ'he stabiliza-
coordinated to one phosphonate oxygen [O(2)] and two tion of three-coordinate copper(l) in the title compound could
nitrogen atoms [N(1), N(2)] from equivalent Aipyridine be due to the interlayet—s stacking interactions between
ligands. The Cu(2)0(2) distance [2.237(3) A] is slightly ~ coordinated 4,4bipyridine moleculed! The trigonal planar
longer than those of Cu(2N [1.914(3), 1.923(4) A]. The (15) Janiak, CJ. Chem. Soc., Dalton Tran2000 3885
Cu(2) atoms of each trimer are connected by bifunctional (16) Biological and Inorganic Copper Chemistrigariin, K. D., Zubieta,

4,4 -bipyridine ligand, forming T-shaped building units as an J()ELdSCI Adegn%PreZS: NReWLYork,d1958§]-A Chem. So1998
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Cu(l) also resulted in an approximately T-shaped building neutral compound, CiCu'(hedpH)2(4,4-bpy)-2H,0 (1).
unit and, further, a brick-wall-like layer. A few other The compound has a two-dimensional brick-wall-like struc-
structurally distinct compounds with T-shaped moieties have ture with strong interlayer hydrogen bond interactions and
been reported, some of which give large pdfég?In the m—s interactions. This work demonstrates that novel coor-
present case, although large windows are observed in a singl&lination polymers with open framework are feasible by
layer of the structure, the stacking mode of the layers reducesintroducing a second bifunctional organic ligand into the
the channel size remarkably. Third, it is worth noting that metal phosphonate units.
the two CPQgroups of each hedpf ligand show different
coordination modes in the title compound. One is linked to ~ Acknowledgment. Support from the National Natural
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In summary, the combination of a molecular phosphonate
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