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In recent vears, the construction of metal-organic frame-
works with open channels or cavitics has been focused on be-
causc of thewr mtriguing variety of architectures and poten-
tially interesting propcrtiv.:s.l'5 [n general. we can select the ap-
propriatc organic molceules and metal-ion building blocks to
asscmble multidimensional networks containing channcls or
cavitics of various sizes and shapcs.(s'“'5 However. the com-
plexes, especially to the low dimensional complexes with chan-
nels or cavities n two different directions have rarcly been
reported.'>"? In this paper. we svathesized the title complex.
| Zo{PZDC){(4.4" -bpx o s(H20): [ (4.4"-bpr o5 H20 (1) with pyr-
azing-2.6-dicarboxyvlic (H:PZDC) and auxiliany ligand 4.4'-bpy.
which has the novel 3D supramolecular network with open 2D
channels. Such structural feature, to the best of our knowledge,
has never been desenibed betfore in the svstem of metal-PZDC
c-omplcxcs.”'p’ [n the complex. free 4.4-bpy molecule may
serve as a structure dirceting (or “templating”) agent thus re-
sulting in the formation of the structure.

Single crystal X-ray structural analysis reveals that the title
complex (I) crvstallizes in orthorhombic 1222 space group
and exhibits a unique 3D supramolecular network containing
open 2D channcls along the a- and b-axis. In the asymmetric
unit. there 1s only one envstallographically independent Zn(ll)
ion. onc PZDC ligand. half of coordinated 4.4'-bpy as well as
half of free 4.4'-bpv molecule. and two coordinated water
molccules together with one free water molecule. The Zn(IT)
1on 1s six-coordinated, by two nitrogen atoms and one oxygen
atom rom onc PZDC ligand, one nitrogen atom from onc
4.4'-bpy molecule and two oxvegen atoms from two water
molccules. Thercfore, the local coordination gecometny of
Zn(Il) ion 15 in a distorted octahedron with a N20Q4 donor nct

Figure 1. The coordination environment of Zn{Il) ions in the tile
complex with 30% probability thermal cllipsoids. Laitice waler
molecule and free 4.4'-bpy molecule and all hydrogen atoms are
omitted for clarity.

and 1s shown in Figure 1.

[n the title complex. the coordinated 4.4'-bpy molecule
bridges two Zn(1l) 1ons to gencrate a binuclear unit. Such bi-
nuclear units as the building blocks arc linked by rich hvdro-
ocn bonds and 7-m stacking ntcractions into 3D supra-
molecular network. which has open 213 channcls and the
channcls volume is 37.8% of the total crystal volume as csti-
mated by PLATON. Intercstingly, in the complex the shape
and size of the two channcls are different. Along the a-axis.
these 1D supramolecular chains are arranged alterpatively by
hy drogen bonds between the coordinated water molecule and
the uncoordinated carboxylate oxvgen atoms into 3D supra-
molecular network containing the 1D rectangular channcls
with the dimension of approximate 10.131x10.652 A’ which
arc occupied by the free 4.4'-bpy molecules (sce Figure 2a).
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Figure 2. (1) 3D packing diagram viewed along the a-axis (the space
filling models represent free 4.4-bpy molecules. (b) 3D packing
cliagram viewed along the b-axis (the spacc [illing models represent
guest water nolecules).
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Figure 3. (a) The schematic diagram of the open 213 channels of the
title complex which containg the guest water and 4.4'-bpy mole-
cules: (h) The ladder-like hydrogen-bonded chain composed ot the
frec water and 4. 4'-bpy molecules in the title complex.

Along the b-axis, these [T supramolecular chains are assembled
1nto 3D network structure with 1D rhombic channels i which
the guesl water molecules reside, as shown in Figure 2b. In such
pucking tushion, the coordinated 4,4'-bpy and uncoordinated
4.4'-bpy molecules erisseross in different directions te lorm
beautilul lower-like structure with the 4.4"-bpy molecules
overlapping and showing weak t-1 interactions (with the dis-
tance of 3.358 A). Guest water molecules reside in these chan-
nels, wlnch take part in extensive hydrogen bonds.

Figure 3a shows the schematic diagram of the open 2D
channels of the title complex which contains the guest water
and 4,4'-bpy molecules, The most mteresting [eature of the
complex 1s that the guest water molecules and free 4.4'-bpy
moelecules n the (wo channels form the ladder-like hydro-
gen-bonded chains. The water-4,4’-bpy chain consists of wa-
ter molecule bridge which 1s disordered and the 4,4'-bpy rod.
Four svater molecules (with the oceupancy of 63%) lie in the
apexes of letrahedron wilh the average Oharer-Oharer Separation
1s 2.798 A, and another four pendent water molecules (with
the occupancy of 35%) connect with the four water mole-
cules, respestively. On the other hand, the four pendent water
moelecules link with free 4.4-bpy molecules vig hvdrogen
bonds (O-IT-N) o Torm the infinite ladder-like chains, as
shown in Figure 3b. In the complex. free 4.4'-bpy mayv play a
template role n the construction of the supramolecular
structure.

Experimental Section

General methods and materials. Pyrazine-2 6-dwarboxylic
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Table 1. Crystal data and structure refinenent parameters tor the title

complex.

Chemical lonnula Cl6H16ZnN4O7

I'ormula weight 441,70

Temperature |[K] 294(2)

Crystal system orthorhombic

Space group [222

a(A) 10.354(16)

b (A) 13.136(2)

c(A) 27.737(3)

o (%) 90

B() 90

v(®) 90

V(AY 3772.3(10)

/. 8

F(000) 1808

plmgm N 1.555

wmm™ 1.349

¢ range (deg) 1.72-25.01

Rellections collected 7774

Cryvstal size (mm) 0.240.2200.20

Flack 0.00(3)

Total independent. Riw 3341¢0.0344)

Goodness-ol-fit on F* 1141

I indices |[-Za(1)] R1 - 0.0389
wR2 - 0.1182

Table 2. Select bond lengths (A) and angles (7) tor the title complex.

Zn(1)-0(1) 2.169(3)  Zn(1)-3) 2.1533)
Zn(1»0(3) 2242(3)  Zn(1)X6) 2.168(3)
Zn(1)»N(1) 20543)  Zn(1)}N@G3) 2.039(3)
O(M-7Zn(13X0R)  151.03(12)  OB)»7/n(1)-03)  92.07(15)
OB5)»-Za(-O(1)  88.76(16)  N)»Zn(1)-O(1)  108.99(13)
OG/n(D-03)  176.33(11) N(D-Zn(1-0(1)  76.51(14)
OGZa(-O(6)  88.21(15)  N(DZn(1)}0O(3)  74.54(13)
OGERZn(1-O(1)  89.58(15)  N(I)»-Zn(1)}-03)  88.85(19)
NCD-Zn(1-0(6)  88.43(19)  N(3)-Zn(1)-O3)  99.97(13)
NG)HZn(1-0(5)  92.12(16) NG )-Zn(1)-0(6)  90.82(16)
NG-Zn(1-N(L)  174.42(15)

acid dihydrale was synthesized according (o the literature. ™™

All the other reagents were used as received withoul lurther
purification. l'he C, H. N analyses were camried out with a
Vario EI elemental analyzer. The TR spectrum was recorded
with & Nicolet Avatar 360 1'T-IR spectrometer using the KI3r
pellet technique.

Svnthesis of [Zn(PZDC)(4,4-bpy)os(H:0)2]-(4,4-bpy)o.sH, O
(I). The complex was prepared by the reaction of Zn(NO;):
GH-0 (0.0297 ¢, 0.1 mmol), 1T-PZDC (0.0204 g, 0.1 mmol),
4.4bpy (0.0192 g, 0.1 mmol), NaOFL (0.3 mL. 0.63 mol-L™)
and H-0) (3 ml.) in a Tetlon-lined stainless steel vessel (25
mL) and heated at 160°C for 4 dayvs under autogencous pres-
sure and then cooled slowly to room temperature. The sol-
ution was [1liered and allowed o stand at room temperature
for a few months. Light-vellow block crystals were obtained.
Flemental analysis tor CiglhieZnNaO7 caled: C. 39.07; 1,
3.63: N, 11.91%. Found: C, 39.30: H. 3.61: N, 11.36%. IR
(KBr pellet, cm'l_): 3440 br. 1630 s, 16125, 1363 w, 1535 m,
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Table 3. Hydrogen bonds geometries (A, °) for the title complex.

Notes

D-H--A D(D-H) d(H--A) d(D--A) £ZDHA Symmetry code
O3-H3A--02 0.847 1.897 2718 163.10 [172+x, 172-v, 1/2-2]
O5-H5B---0O4 0.847 1.896 2.686 154.65 [-172+4x, 1/2-v, 1/2-7]
06-HoA - 02 0.847 1.955 2773 161.84 [-x, 1-v, 2]
06-H6B:-- O3 0.873 2053 2779 140.01 [-x+2,v+2.Z]
O7-H7A’ a--N4 ().829 2.143 2.967 171.66 [1-x, 1-v, 2]
07-H7B"_a--0Ol (0.837 2.231 3038 170.01

O7-HT7A---07_b (0.830 2.194 2.906 141.31

O7-H7B--07'_b (0.830 2.402 3133 147.81

C3-H3--03 0.930 2470 3255 142.07 [- 124X, 1/2-v, 1/2-7]
C4-H4--O7 0.930 2381 3245 129.10 [1/2-x, - 1724y, 1/2-7]
C7-H7--06 0.930 2.352 3275 13513 [-x+2,v+2.Z]
Cl2-HI2.-O3 0.930 2601 3423 148.02

1489w 1415 m, 1361 s 1215 m. 1198 w. 1135 m. 10715, 1023
m, 924 w, 808 5. 743 m.

X-ray crystallographic study, The single-cryvstal X-ray data
collection for the title complex was performed with a Bruker
SMART 1000 CCD diffractmeter, using graphite-monochro-
matized Mo-K, radiation (.= 0.71073A). Semi-empirical ab-
sorption corrections were applied using the SADABS pro-
gram.~ The structure was solved by direct methods = and re-
fined by full-matrix least squares on F using the SHELXL-97
program.” All non-hydrogen atoms were refined anisotro-
pically. The hvdrogen atoms were generated geometrically
and treated by a mixture of independent and constrained
refinement. The crystallographic data for the complex are list-
edin Table L. selected bond lengths (A)and angles (°) are list-
ed in Table 2. the details of the hydrogen bonds for the com-
plex are listed in Table 3.
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