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1,2,4,5-Benzenetetracarboxylic acid (btcH,) reacts with Cu(NOs),-
6H,0 to form 2D coordination polymeric structure {[Cus(btc)(Py),
2H,0]-4H,0} p,, 1, in the presence of pyridine from water at room
temperature. Puckered-boat-shaped hexameric water clusters
resulting from four free water molecules and two water molecules
coordinating to metal ions join these sheets to make a 3D network.
These water clusters behave as pillars to join those sheets which
is the key factor stabilizing the 3D network. Thermal analysis, X-ray
powder diffraction, and X-ray structure analysis have been used
to characterize this compound. Crystal data for 1 follow: triclinic
space group P1, a = 8.905(3) A, b = 11.137(4) A, c = 17.484(2)
A, o = 82.342(6)°, B = 81.312(3)°, y = 82.361(4)° V =
1687.5(1)A%, Z = 2, R1 = 0.0331, wR2 = 0.0886, S =1.066.

Hydrogen bonding interactions, their fluctuations, and their
rearrangement dynamics determine the properties of liquid
water, some of which are considered anomalous. A major
obstaclé to fully comprehend its behavior is a correct
description of the cooperative nature of hydrogen bonding
interactions among a collection of water molecules. This
diversity of hydrogen bonding interactions is very important
in the biological world as it can enforce a delicate baldnce

in studying small water clusters in different environments.
An understanding of the properties of water is important from
the perspectives of protein crystallizatirstabilization and
functioning of biomolecule® cloud and ice formation,
solution chemistry, and so on. Moreover, the degree of
structuring of the water cluster that can be imposed by its
environment, and vice versa, can be of importance in the
design of new metatorganic framework (MOF) structurés.
Here, both waterMOF and watet-water interactions can

be important for the stability of the overall structure. Among
the small water clusters, the hexamer is subjected to a number
of experimental and theoretical studies as this cluster is the
building block of icé* and also exhibit§ some of the
properties of bulk water. Theoretical calculatihbave
predicted five low energy isomers for this cluster that are
isoenergetic. While chair,boat!® and planar cyclit’ forms

of hexamers have been identified in crystal hydrates, the
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Table 1. Geometrical Parameters of Hydrogen Bonds (A, deg) for the
Water Hexamér

Owl:--Ow2 2.735 Ow3i:-Ow2---Ow3 99.77
Ow2---Ow3 2.923 Ow2z--Ow3---Ow4 93.25
Oow3---Ow4 2.797 Ow3--Ow4:--Owb 97.20
Oow4:--Owbs 2.893 Ows-Ow6:--Owl 77.71
Oow5:--Ow6 2.819 Oowe-Owl---Ow?2 107.29
Ow6---Owl 2.906
Owl---Ola 2.66 OwtH---Ola 163.53
Ow2-:--O7b 2.78 Owz-H---O7b 172.11
Ow3---O3a 2.73 Ow3-H---O3a 179.10
Ow3---05b 2.72 Ow3-H---O5b 163.21
Ow4---Ola 2.79 Ow4-H---Ola 164.18
Oow5+-O7b 2.70 Ow5-H---O7b 178.51
Cul:--Ow6 2.27
) ) ) Cu2--Owl 2.29

Figure 1. Perspective view of the planar sheet structurd.dflydrogen OwWl—H---Ow2 170.50 OWZH:--0w3 166.50

atoms are omitted for clarity. Ow4—H--Ow3 17357  Ow5H--Ow4 177.90
Ow6—H-:-Ow5 169.67 Ow6-H---Owl 157.78

“cage” conformer predicted to be the most stable at very
low temperature has been obserPda vibration—rotation

tunneling spectroscopy. A quasiplanar cyclic hexamer had gach other while another water molecule is hydrogen-bonded
bgen detectéd in a helium droplet. Hereln, we describe ¢4 g available carboxylate O atom of the same sheet. The
dlscret_e hexqmenc water clusters with puckered—bqat CON-yamaining three water molecules are hydrogen-bonded to free
formation acting as pillars between 2D metal coordination carboxylate O atoms of another sheet leading to an overall
polymers to form a stable 3D MOF. ] 3D structure. Thus, the hexameric water clusters act as pillars
Compound1 was preparedl by evaporating at room  geparating two layers of coordination polymers (Figure 2).

temperature an agueous solution containing 1,2,4,5-benzenep approximate distance of 6.962 A between the layers is
tetracarboxylic acid (btc), Cu(Ng»-6H,O, and pyridine. maintained by these pillars.

Blue crystals ofl, which grew over a period of 14 days, .

were characterized by X-ray crystallograpRyelemental The ge_ometrlcal parameters of the water cIu_sters are

analysis, vibrational spectroscopy, X-ray powder diffraction, co[lected in Tablle 1. Both Ow1 and Ow6 are coordinated to
adjacent Cu(ll) ions from the same 2D sheet. Atom Owl

and thermal analysis. .

The asvmmetric unit ol contains one bfc. two C+ acts as a double hydrogen bond donor while Ow4 acts as a

Sy . ' ' ... double hydrogen bond acceptor. The remaining water
four pyridines, and six water molecules. The MOF consists
of two-dimensional sheets (Figure 1) formed by intercon- molecules act as hydroge_;n bond donors as well as acceptors.
necting ring structures made from four btenits, four Cd* So, every oxygen atom in the cluster. QOes not show four-
ions, and eight pyridines. Each metal ion is five-coordinate, coordination. Such hydrogen bonq deﬂuept water molecules
having square-pyramidal geometry with equatorial coordina- are pre_seﬁ’é at the surface of ice while re_cent X—r_ay
tion from two carboxylate oxygens from two different btc absorption spectroscopy and Raman scattering studies of
liquid water also point to the fact that significant numbers

units and two nitrogens from two pyridines. The axial site At SHbalt

is occupied by a water oxygen. Two coordinated water of O atoms show less than four-coordination in liquid wéter.

molecules in adjacent Cu(ll) ions are hydrogen-bonded to The cluster takes the shape of a puckered boat (Figure 3).
The interconnected boat conformation was fdodnih
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Figure 2. View of the puckered-boat-shaped hexameric water clusters between two sheets of MOF.

loss occurs in stages beginning at®’80 and the loss of

16.24% corresponding to all of the water (calculated 16.78%)

takes place above 14@. The complete decomposition of

the compound is achieved above 3@ The FTIR spectrum

of 1 shows a broad band centered at 3415 kattributable

to the O-H stretching frequency of the water cluster. This

broad band vanishes on heating the compound under vacuum

(0.2 mm) at 140 C for 2 h suggesting escape of the water

molecules from the lattice. The IR spectrum of*Reehows

the O-H stretching at 3220 cmt while this stretching

vibration in liquid watet*® appears at 3490 and 3280 cin

This suggests that the water clusterlirshows an G-H
Figure 3. Perspective view of the hexameric water cluster showing Stretching vibration similar to that of liquid water. Deliberate
hydrogen bonding interactions. exposure to water vapor for 3 days does not lead to

) ) reabsorption of water into the lattice as monitored by FTIR
theoretical studdf on the structure of water, an icosahedral spectroscopy. Powder X-ray diffraction patterns of the

3D network.of 280 hydrogen-bonded water molecules wit_h compounds before and after water expulsion show major
an O-O distance of 2.84 A has been proposed. This changes in peak positions as well as their intensities

structure is based on the regular arrangement of 20 S"ghtlysuggesting breakdown of the host lattice once the water
flattened tetrahedral (}@).4 units. Within these units, boat molecules are expelled.

forms of hexamers are predicted to be present along with In conclusion, we have identified, for the first time, a

pentamers, and this proposed structure allows an explanationOliscrete water hexamer with sianificantly puckered-boat
of several anomalous properties of water. Supramolecular 9 y P

association of water molecules to form a chair conformation conformation aslsuggested to be present in bulk water. These
and self-assembly into a 1D tape had been identfiizian clusters act as pillars between 2D sheets of MOFs. The extent

organic host constructed from 2,4-dimethyl-5-aminobenzo- of puckering is commensurate with the MOF structure.
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