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Abstract: The chain structure of a tetranuclear zinc(l1) cluster [Zn;Qg(Ox)]o.5n
([Zn4 (CgHENO)6(Co04)]0.5n) (1) (Q = 8-hydroxyquinoline anion, Ox = oxalate
dianion) was determined by X-ray crystalography and characterized by ele-
mental analysis, IR spectroscopy and thermal analysis. It crystallizes in the mo-
noclinic system, space group P2;/n (No. 14), with the lattice parameters a =
=13.2222(15) A, b= 11.0566(12) A, c = 16.2224(18) A, g = 92.1770(10)°, V =
= 2369.9(5) A3, Z = 4, M, = 607.23 g molL, Dc = 1.702 g cm3. The tetra-
nuclear zinc(ll) clusters form 1D polymeric chains parallel to the b-axis. The
n—r stacking interactions involving aryl rings support the formation of the 1D
polymeric structure. The neighboring polymeric chains are connected by
C—H---minteractions.

Keywords: 8-hydroxyquinoline; zinc(l1) cluster; single crystal structure.

INTRODUCTION

The rapid development of supramolecular chemistry and metal—organic co-
ordination polymer research via crystal engineering have produced many new
polymers with unique, well-defined structures,1-2 which are of great interest for
potential applications in catalysis,3 adsorption,4 ion-exchange,® sensor techno-
logy,® optoelectronics,’” and nanowires.8 These metal—organic network structures
depend on the judicious selection of metal centers and organic ligands that may
afford the desirable covalent bonds, hydrogen-bonding linkages, or n—r inter-
actions for the construction of new supramolecules or polymers. 8-Hydroxy-
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quinoline is a well-known molecule which due to its metal-complexation ability
is frequently used for analysis or metal precipitation.® To date, in the research
field of organic luminescent materials, many molecules, such as metal based
quinoline derivatives, have shown promising results as strong contenders for
future display technology.19 Extensive work has been performed on tris-(8-hyd-
roxyquinoline) aluminum (AlQ3) and ZnQ> due to their properties, such as ex-
cellent flexibility, high photoconductivity and high life time of devices.1!
Zinc(l1), as a d10 jon, has been used as the metal center in building coordination
polymers in the search for non-linear optical materials.12 Zinc(l1) complexes also
show luminescence, which is typically red shifted compared to the corresponding
Al(I11) compounds.13 In supramolecular chemistry, 8-hydroxyquinoline deriva-
tives can be used for the formation of hydrogen bonded networksl4.1 as well as
of supramolecular aggregates.16 In coordination chemistry, simple 8-hydroxy-
guinolines coordinated with zinc(I1) ions are very versatile and they can form 2:1
and 3:1 complexes.16:17 To further research zinc(I1) complexes, in the presented
study, an oxalate bridged, ternary tetranuclear 8-hydroxyquinoline zinc(Il) coor-
dination polymer 1 was obtained.

EXPERIMENTAL

Synthesis

All reagents employed were of analytical grade. Zn(OAc),-H,0 (0.235 g, 1 mmoal), 8-hyd-
roxyquinoline (0.146 g, 1 mmol) and oxalic acid (0.050 g, 0.5 mmol) in water (17 ml) were
mixed with stirring. The pH was adjusted to 8.0, then the mixture was sealed in a 25 ml
stainless steel reactor equipped with a Teflon liner and heated at 170 °C for 96 h whereby dark
yellow crystals of the title polymer were obtained (yield 27 %, based on Zn). Upon cooling,
the C H N contents were determined by elemental analysis: Calcd. for CygH1gN3O5Zn,: C,
55.34; H, 2.96, N, 6.92 %. Found: C, 54.91; H, 2.84; N, 6.70 %; IR (KBr, cmrl): 3052w,
1674s, 1642sh, 1640s, 1619s, 1512s, 1455m, 1352w, 1304m, 1103m, 1033m, 807m, 755m.

Crystal structure determination and physical measurements

A yelow block crystal with dimensions of 0.25 mmx0.20 mmx0.17 mm was chosen for
X-ray diffraction analysis. Crystal structure measurement for polymer 1 was performed on a
Bruker Smart Apex Il CCD diffractometer using the w scan technique with MoKa radiation
(2 = 0.71073 A) at room temperature (293(2) K). Absorption corrections were applied using
the multi-scan techniquel® (the crystal data and refinement relative parameters are listed in
Table I). A total of 19891 reflections were obtained in the range of 2.20 < 6 < 26.00°, of
which 4654 were independent (R;; = 0.0831) and 2777 observed reflections with | > 20(1)
were employed for the structure determination and refinement. The structure was solved by
the direct method and refined with full-matrix least-squares techniques using the SHELXTL
program®® within WINGX.20 All non-hydrogen atoms were refined anisotropically with the
final Ry = 0.0943, wR, = 0.0939 (v = U[cX(F0?)+(0.0325P)? where P = (Fo*+2Fc?)/3,
(A/O)max = 0.011, F(000) = 1228, u = 2.072 mmL, S = 0.989, (Ap)max = 0.691 e A3 and
(AP)min = —0.423 e A-3. The hydrogen atoms on the carbon atoms were generated geometri-
caly.
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The FT-IR spectrum was recorded from KBr pellets in range 4000400 cm® on a Per-
kin—Elmer 240C spectrometer. Thermogravimetric analysis was performed using a Perkin—El-
mer TG-7 analyzer in nitrogen.

TABLE |. Crystal data and refinement relative parameters

Crystal data
Formula: CpgH1sN3OsZn, V =2369.9 (5) A®
M, = 607.19 Z=4
a=13.2222 (15) A F(000) = 1228
b = 11.0566 (12) A D, = 1.702Mgm?
c=16.2224 (18) A Mo K, radiation, 2 = 0.71073 A
a=90° u =207 mm*
£ =92177 (1)° T=298K
y =90° 0.25 mmx0.20 mmx0.17 mm
Data collection
Radiation source: fine-focus sealed tube nt = 0.083
Radiation monochromator: graphite Omax = 26.0°, Oy = 2.2°
Measured reflections: 19891 h=-16—16
Independent reflections: 4654 k=-13—-13
Reflections. 2777 (with | > 24(1)) | =-19-20
Refinement
Refinement on: F* Primary atom site location:
structure-invariant direct methods
L east-sguares matrix: Full Secondary atom site location:
difference Fourier map
R[F? > 20(F?)] = 0.044 Hydrogen site location:
inferred from neighboring sites
WR(F?) = 0.094 H atoms treated by a mixture of independent
and constrained refinement
S=0.99 w = /[ *(Fo?) + (0.0325P)?], where
P = (Fo’+2Fc))/3
Reflections: 4654 (A/0)max < 0.001
Parameters; 343 Aprax=0.69e A
Restraints; 0 Apmin=—0.42eA?

RESULTS AND DISCUSSION
IR spectra

In the IR spectrum, polymer 1 exhibited absorption at 1103 cm2 (m), cor-
responding to the presence of quinoline C-O bonds. The C—H stretching mode
for the phenyl ring was relatively weak and was observed at about 3052 cmL.
The peaks at 1640 cmL (s) are attributed to ve=y Stretching,?! and the peak at
1455 cm1 is assigned to vg(-C=N—-C=C-).22 The pesks at 1619 (s) and 1512 cm1
(s) are assigned to C=C stretching vibrations of the aryl rings and the peak at 755
cml is attributed to the ve_y of aryl rings. The strong carboxylic acid pesk at
1726cmL (s) diminished and two peaks developed at 1674 (s) and 1642cm1 (sh)
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assigned to the asymmetric stretching of carboxyl (CO») and another two peaks
at 1352 (w) and 1304cm1 (m) can be regarded to the symmetric stretching of
carboxyl (CO5), while the peak at 1033cm1 (m) can be considered as the stretch-
ing of carboxyl (CO). The peak at 807cm1 (m) can be assigned to the stretching
of the & band of carboxyl COo.

Thermal analysis

The TG curve of the title polymer [Zn4Qg(Ox)]o.5n showed two weight loss
steps peaking at 375 and 446 °C. Based on the weight changes, the first weight
loss process may be related to the loss of one Ox (found 6.4 %; calcd. 7.2 %); the
second weight loss event corresponds to the loss of six Qs (found 69.3 %; calcd.
71.1 %). After 560 °C, basically no loss weight occurred while the residua weight
of 24.3 % suggests that the residue may be ZnO (calcd. 26.8 %).

Crystal structure of [Zn4Qg(Ox)] 0.5n)(1)

The structure of the title polymer (1) ([Zn4Qs(Ox)]osn) is illustrated in
Scheme 1 and Fig. 1.

Zn2 I
T~o0—1 (

Scheme 1. The structure of the title tetranuclear coordination polymer 1 ([Zn4Qg(OX)]o5n)-

The crystal structure consists of tetranuclear dimeric clusters. The centre of
inversion is located at the middle of the tetranuclear cluster. There are two
crystallographically independent zinc center sites (Znl and Zn2) within half of
one cluster. The two zinc centers have the same coordination geometry (each
zinc center is coordinated by six atoms and is located at the centre of an octa-
hedron). Four 8-hydroxyquinoline anions (Qs) are involved in coordination with
Znl. The coordination is achieved by four O and two N atoms. The N2, O1, O2
and O3 atoms are located in an equatorial plane, while O3 (i stands for the sym-
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Fig. 1. Coordination geometry of the tetranuclear coordination polymer 1, hydrogen atoms are
omitted for clarity. Symmetry codes for i: 2—x, -y, -z, ii: 2—x, 1-y, —z and iii: X, =1+y, z

metry operation 2—X, -y, —2) and N1 occupy the axial sites. Three Qs and one Ox
areinvolved in coordination with Zn2. Zn2 is coordinated with five O atoms (two
from oxalate and three from 8-hydroxyquinoline anions) and one N atom. The
02/, 03, 04 and OS5l (ji stands for the symmetry operation 2—x, 1-y, —2) are
located at the equatorial positions, while O1 and N3 occupy the axia sites. The
phenolic oxygen atoms O1 and O2 are two-center po-type oxygen atoms; O1
connects Zn1 and Zn2 and O2 connects Znl and Zn2. The phenolic oxygen O3
and its symmetry equivalent O3 are two three-center ps-type oxygen atoms; O3
connects Znl, Zn2 and Znli and O3' connects the Zn1i, Zn2i and Zn1 atoms. The
Zn-N distances range between 2.086 and 2.139 A, which is consistent with
reported Zn-N distances, from 2.003%3 to 2.144.24 The Zn—Ophenolic distances
range from 2.054 to 2.219 A (Table I1), and are similar to those reported in the
literature (from 2.063-2.220 A).2425 The O4py and O5ig, are two doubly
bridging O atoms coordinated to the Zn2 center; the Zn2—Opy distances are
2.211(3) (O4oyx—2Zn2), and 2.057(3) A (051—Zn2). The average Zn-O distance is
2.120(5) A, which is slightly longer than the normal Zn-O distance 2.070 A.25
The dihedral angles between the Q rings are 18.88° (ring containing N1 and ring
containing N3), 64.62° (ring containing N2 and ring containing N3) and 81.49°
(ring containing N1 and ring containing N2). The Zn—Zn distances are 3.324
(Zn1---Zn2), 3.278 (Znli---Zn2), and 3.264 A (zZn1i---Zn1). These three distan-
ces are consistent with the Zn---Zn distances of the related multinuclear 8-hyd-
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roxyquinoline Zn(l1) clusters (from 3.232 to 3.303 A (tetranuclear262.26by; 3397
A (trinuclear?6c); 3.240 and 3.496 A (binuclear26d.26e)), These distances are
longer than the sum of covalent radii of two Zn (2.44 A, 1.22 Ax2),27 but clearly
shorter than the sum of the van der Waals radii of two Zn (4.20 A, 2.10 Ax2).28
These data reveal that there are the metal-metal interactions in the tetranuclear
Zn centers in each cluster of the polymer 1. The oxalate dianion exhibits the bis-
bidentate coordination mode bridging two Zn2 atoms, i.e., it chelates two sym-
metry-related Zn2 atoms. The Ox ligand acts as a spacer between adjacent two
tetranuclear clusters, thus linking the clusters into a one-dimensional chain (Fig.
2). In the crystal lattice, the centroid-to-centroid distances to about 4 A between
the aryl-rings and their equivalent symmetry molecules at 2—x, -y, —z arelisted in
Table 1. The data given in Table Il suggest the existence of intra-chain offset
n-stacking interactions and inter-chains point-to-face (T-shaped) C-H-- -z inter-
actions. Moreover, in polymer 1 there are intra-chain, non-classic hydrogen
bonds29:30 C(16)-H(16)---O(5)¢ (symmetry code c: x, —1+y, 2) (Table Il). It is
obvious that in solid state, all these molecular interactions contribute to the sta-
bilization of the supramolecular structure 1.31-34

TABLE II. Selected bond lengths, A, and bond angles, ° (symmetry transformation: #1:
—X+2V,~y+1 V-7, #2: X+2, -y, —2)

Bond Length Bond Length
N(1)-Zn(2) 2.125(3) 0O(3)-Zn(1) 2.120(3)
N(2)-Zn(1) 2.086(3) O(3)—Zn(1)#2 2.216(2)
N(3)-Zn(2) 2.139(3) 0(3)-Zn(2) 2.219(3)
O(1)—Zn(1) 2.059(3) Zn(2)-0O(2)#2 2.086(3)
O(1)—Zn(2) 2.060(3) O(4)—-Zn(2) 2.211(3)
0(2)-Zn(1) 2.054(3) O(5)—Zn(2)#1 2.057(3)

Bonds Angle Bonds Angle

0(2)-Zn(1)-0(1) 172.80(11) 0O(3)-Zn(1)-0O(3)#2 82.36(10)
0O(2)-Zn(1)-N(2) 80.54(13) N(1)-Zn(1)-O(3)#2 94.40(11)
O(1)—-Zn(1)-N(2) 106.65(13) O(5)#1-Zn(2)-0(1) 111.89(11)
0(2)-Zn(1)—0(3) 102.51(10) 0O(1)-Zn(2)-0O(3) 75.05(10)
O(1)-Zn(1)-0(3) 77.26(10) O(2)#2—Zn(2)-0O(3) 79.51(10)
N(2)-Zn(2)-0(3) 93.60(12) O(5)#1-Zn(2)-0O(2)#2 96.04(10)
O(2)-Zn(1)—N(1) 100.44(13) 0O(1)-Zn(2)-0O(2)#2 96.40(11)
O(1)—Zn(1)-N(1) 79.05(12) O(5)#1-Zn(2)-N(3) 99.25(12)
N(3)-Zn(2)-0O(4) 85.42(12) O(1)-Zn(2)-N(3) 144.98(12)
O(5)#1-Zn(2)-0(3) 172.30(11) O(2)#2-Zn(2)-N(3) 95.83(11)
N(2)-Zn(1)-N(1) 97.35(13) O(5)#1-Zn(2)-0O(4) 78.19(11)
O(3)-Zn(1)—N(1) 155.90(12) 0O(1)-Zn(2)-0O(4) 85.66(11)
0O(2)—Zn(1)-0O(3)#2 80.28(10) O(2#2—Zn(2)-0(4) 174.23(10)
O(1)—-Zn(1)-O(3)#2 92.59(10) N(3)-Zn(2)-0(3) 75.13(11)
N(2)-Zn(1)-O(3)#2 159.02(12) 0O(4)—Zn(2)-0O(3) 106.25(10)
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Fig. 2. The 1D infinite chains structure and n—r stacking interactions of polymer 1,
the hydrogen atoms are omitted for clarity.

TABLE Ill. The relative parameters of the intermolecular n—r interactions (with distinct cen-
troids ~ 4.0 A), X—H.--Cg (n-ring) interactions (H--Cg < 3.0 A, y < 30.0°) and non-classic
hydrogen bonds in complex 1 (defined ring and symbol explanations: Cg(1): N(1) — C(1) —
C(2) - C(3) » C(4) — C(5) —; Cg(2): N(3) — C(19) — C(20) — C(21) — C(22) — C(27)
—; Cg(3): C(4) — C(5) — C(9) — C(8) — C(7) — C(6) —; Cg(4): C(22) — C(23) — C(24)
— C(25) - C(26) — C(27) —; Cg(5): C(13) — C(14) — C(15) — C(16) — C(17) — C(18)
—; Cg(l) = plane number | (= ring number in () above); dihedral angle = dihedral angle be-
tween planes | and J (°); distinct centroids = distance between ring centroids (A); Cgl_Perp =
= perpendicular distance of Cg(l) on ring J (A); » = angle Cg(l) — Cg(J) vector and normal to
plane J (°); symmetry codes. a 2-x, -y, -z, b: 3/2—x, —=1/2+y, 1/2—z, C. X, —1+Y, 2)

Cg(l) Cg(J Distinct centroids, A Dihedral angle, ° Cgl_Perp, A A
Co(1) — Cg(2) 3.999(3) 17.83 3.563 26.99
Cg(1) — Cg(4) 3.559(3) 19.93 3523 8.14
Cg(2) — Cg(1) 3.998(3) 17.83 3.331 3359
Cg(3) — Cg(4) 4.032(3) 20.15 3523 29.11
Cg(4) — Cg(1) 3.559(3) 19.93 3.400 17.16
Cg(4) — Cg(3) 4.032(3) 20.15 3.422 31.92
X—H(l) Cg(d) H...Cgdisance, A H—Perp, A X;n"g'ié(fg nE
C(6)-H(6) — Cg(5) 293 2.815 157 16.34
C(15)-H(15) —> Cg(4) 2.83 2791 136 9.78
. . DA D—H--A
D-H---A D-H distance, A H---A distance, A d A
istance, A angle,
C(16)-H(16)---O(5) 0.93 248 3.254(5) 141
CONCLUSIONS

A catenarian oxalate-bridged ternary tetranuclear 8-hydroxyquinoline zinc(l1)
coordination polymer of dlightly distorted octahedral geometric configuration
was obtained in the reaction of Zn(OAc)2-HoO with 8-hydroxyquinoline and
oxalic acid. The coordination geometry and the intermolecular interactions (-
-stacking interactions, C-H---m interactions and non-classic hydrogen bonds)
were investigated. Elemental analysis, TG analysis and FT-IR spectroscopy were
also employed to characterize the title coordination polymer in detail.
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Supplementary data. Supplementary material is deposited in the Cambridge Crystallo-
graphic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK, as supplementary material
No. CDCC 784785 and can be obtained by contacting the CCDC.
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KPUCTAJIHA CTPYKTYPA TETPAHVKJIEAPHOT 8-XNIPOKCUXWHOJINH Zn(Il)
KITACTEPHOI' KOMIUJIEKCA CA OKCAJIATHUM AHJOHOM Y MOCTY: [Zn4Qg(Ox)]0.5n
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ITprMeHOM peHIreHCKe CTPYKTYPHE aHaIu3e ojpeljeHa je cTpyKTypa TerpanykieapHor uiHk(l1)
kiactepror komiuiekca [ZnsQg(Ox)]o.sn ([ZNg (CoHeNO)6(C204)]0.5n) 1 (Q = 8-xuapokcuxuHo-
nmuHCKH aHjoH, OX = okcainar). 3a KapakTepu3alujy OBOT KOMILIEKCa YIOTPEOJbEHH Cy elleMeHTall-
Ha MUKpoaHanu3a, |R crnekrpockonuja U TepmaiHa aHanu3a. KoMmIuieke je Kpucraiucao y MOHO-
KIMHUYHOM CHCTeMy, poctopHa rpyma P2;/n (No. 14), ca napamerpuma jeaunuyne henuje: a =
=13.2222(15) A, b = 11.0566(12) A, ¢ = 16.2224(18) A, g = 92.1770(10)°, V = 2369.9(5) A3, Z = 4,
M, = 607.23, Dc = 1.702 g cm3. Terpanyxneapuu muuk(l1) xnactepau xommiexe rpagu 1D momu-
MepHe JaHIe napajenHe ca b-ocom. MHTepakuuje cnarama (m—mw) Koje yKyJbydyjy apHiHe IpcTe-
HoBe nompuHoce rpahemy 1D monmmmepre ctpykrype. CycenHH MONMMEpPHH JIAHIU Cy TOBE3aHU
npeko CH---n uaTepakuuja.

(IIpumibeHo 22. aBrycra, pesuaupano 22. okroopa 2010)

REFERENCES

. J.Y. Lu, Coord. Chem. Rev. 246 (2003) 327
. J. K. Cheng, Y. G. Yao, J. Zhang, Z. J. Li, Z. W. Cai, X. Y. Zhang, Z. N. Chen, Y. B.
Chen, Y. Kang, Y. Y. Qin, Y. H. Wen, J. Am. Chem. Soc. 126 (2004) 7796

3. a) K. Endo, T. Kake, T. Sawaki, O. Hayashida, H. Masuda, H. Aoyama, J. Am. Chem.
Soc. 119 (1997) 4117; b) T. Sawaki, T. Dewa, Y. Aoyama, J. Am. Chem. Soc. 120 (1998)
8539; c) J. S. Seo, D. Whang, H. Lee, S. I. Jun, J. Oh, Y. J. Jeon, K. Kim, Nature 404
(2000) 982; d) B. G. Lor, E. G. Puebla, M. Iglesias, M. A. Monge, C. R. Vadero, N.
Snejko, Inorg. Chem. 41 (2002) 2429

4. a) B. F. Abrahams, P. A. Jackson, R. Robson, Angew. Chem. Int. Ed. 37 (1998) 2656; b)
M. Kondo, T. Okubo, A. Asami, S. Noro, S. Kitagawa, T. Ishii, H. Matsuzaka, K. Seki,
Angew. Chem. Int. Ed. 38 (1999) 140; c) H. Eddaudi, H. L. Li, O. M. Yaghi, J. Am.
Chem. Soc. 122 (2000) 1391; d) J. W. Ko, K. S. Min, M. P. Suh, Inorg. Chem. 41 (2002)
2151

5. @) O. M. Yaghi, H. Li, J. Am. Chem. Soc. 118 (1996) 295; b) K. S. Min, M. P. Suh, J. Am.

Chem. Soc. 122 (2000) 6834

N B

BSE



©

10.
11
12.
13.

14.

15.

16.
17.
18.
19.

20.
21.

22.
23.

24.
25.

26.

27.

28.
29.
30.
3L
32.
33.

OXALATE BRIDGED 8-HYDROXYQUINOLINE Zn(ll) CLUSTER 537

a) J. A. Real, E. Andrés, M. C. Muiioz, M. Julve, T. Granier, A. Boussekou, F. Varret,
Science 268 (1995) 265; b) M. Albrecht, M. Lutz, A. L. Spek, G. van Koten, Nature 406
(2000) 970

O. R. Evans, W. Lin, Chem. Mater. 13 (2001) 2705

B. H. Hong, S. C. Bag, C. W. Lee, S. Jeong, K. S. Kim, Science 294 (2001) 348

a) Z. H. Skraup, Chem. Monatsschr. 2 (1881) 139; b) O. Doebner, W. V. Miller, Chem.
Ber. 16 (1883) 1664; c) R. G. W. Hollingshead, Oxine and its Derivatives, Buttersworths,
London, UK, 1954

C.W.Tang, S. A. Van Slyke, Appl. Phys. Lett. 51 (1987) 913

V. P. Barberis, J. A. Mikroyannidis, Synth. Met. 156 (2006) 865

W. B. Lin, O. R. Evans, R. G. Xiong, Z. Y. Wang, J. Am. Chem. Soc. 120 (1998) 13272
J. Zhang, R. G. Xiong, Z. F. Chen, X. Z. You, G. H. Lee, S. M. Peng, Chem. Lett. (2001)
676

M. Albrecht, O. Blau, K. Witt, E. Wegelius, M. Nissinen, K. Rissanen, R. Frohlich,
Synthesis (1999) 1819

a) M. Albrecht, K. Witt, E. Wegelius, K. Rissanen, Tetrahedron 56 (2000) 591; b) M.
Albrecht, K. Witt, R. Fréhlich, O. Kataeva, Tetrahedron 58 (2002) 561

M. Albrecht, O. Blau, R. Frohlich, Chem. Eur. J. 5 (1999) 48

M. Albrecht, K. Witt, P. Weis, E. Wegelius, R. Frohlich, Inorg. Chim. Acta 341 (2002) 25
T. Higashi, Program for Absorption Correction, Rigaku Corporation, Tokyo, Japan, 1995
G. M. Sheldrick, SHELXTL, v. 5 Reference Manual, Siemens Analytical X-Ray Systems,
Madison, WI, 1997

L. J. Farrugia, J. Appl. Cryst. 32 (1999) 837

A. R. Oki, J. Sanchez, T. J. Lester, A. Roxburgh. Synth. React. Inorg. Met.-Org. Chem.
26 (1996) 1

A. K. Tripathi, K. K. Sharma, P. Mathur, Indian J. Chem. 30A (1991) 400

F. C. McDonad, R. C. Applefield, C. J. Halkides, J. H. Reibenspies, R. D. Hancock,
Inorg. Chim. Acta 361 (2008) 1937

Y. G. Lu, W. Cheng, X. R. Meng, H. W. Hou, J. Mol. Struct. 875 (2008) 183

A. G. Orpen, L. Brammer, F. H. Allen, O. Kennard, G. Watson, R. Taylor, J. Chem. Soc.,
Dalton Trans. 11 (1989) S1

a) Y. Kai, M. Morita, N. Yasuoka, N. Kasai, Bull. Chem. Soc. Jpn. 58 (1985) 1631; b) E.
Sattarzadeh, G. Mohammadnezhad, M. M. Amini, S. W. Ng Acta Cryst. E65 (2009)
m712; ) |. Garcia-Santos, J. Sanmartin, A. M. Garcia-Deibe, M. Fondo, E. Gomez Poly-
hedron 28 (2009) 3055; d) L. Xue, H. H. Wang, X. J. Wang, H. Jiang, Inorg. Chem. 47
(2008) 4310; e) E. Sattarzadeh, G. Mohammadnezhad, M. M. Amini, S. W. Ng Acta
Cryst. E65 (2009) m554

B. Cordero, V. Gémez, A. E. Platero-Prats, M. J. Revés, E. Cremades, F. Barragan. S.
Alvarez, J. Chem. Soc., Dalton Trans. (2008) 2832

S. Z. Hu, Z H. Zhou, Q. R. Cai, Acta Phys. Chim. Sin. 19 (2003) 1073

T. Steiner, Cryst. Rev. 6 (1996) 1

G. A. J¥ffrey, H. Maluszynska, J. Mitra, Int. J. Biol. Macromol. 7 (1985) 336

R. H. Hunter, R. H. Haueisen, A. Irving, Angew. Chem. Int. Engl. Ed. 33 (1994) 566

Y. C. Cui, J. J. Wang, G. B. Che, C. B. Liu, C. B. Li, Acta Crystallogr. E 62 (2006) 1633
F.F. Jian, H. L. Xiao, P. P. Sun, P. S. Zhao, Molecules. 9 (2004) 876

Q. Xu, M. Du, Y. M. Guo, X. H. Bu, Chin. J. Sruct. Chem. 21 (2002) 621.

@080




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




