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ABSTRACT: This work focuses on the investigation of the influence of metal ions and supramolecular interactions on the self-
assembly of in situ generated tetrazolate coordination architectures. A series of neworgaaic complexes, [Zn(pztgH.0),]

(1), [Cu(pztal](H20)s (2), [Cd(pztad]n (3), [Ag(pzta)h (4), and [Cd(pzta)(OH)(SQ)]n (5) [pzta= pyrazinyl tetrazolate], have been
achieved by the in situ hydrothermal reactions of pyrazinecarbonitrile, sodium azide, and different metal ions. Cahrgubebzs

have similar mononuclear structures bearing distinct intermolecular hydrogen-bond interactions to form two different 3D supramolecular
networks based onf4ubnets. Comple3 features a 1D crossed-shape chain structure. Cordgea coordination polymer comprised

of mildly undulated 2D layers with a (4Btopological network. Comple% is a 3D diamondoid framework constructed by pentanuclear
cadmium cluster nodes and pzta linkers. The configurations of complexgspan from mononuclead(2), to one-dimensional

(3) and two-dimensional4), to three-dimensional5§, which indicates that metal ions play an essential role in the framework
formation of the in situ generated tetrazolate architectures. Furthermore, comhl8xaad5 exhibit strong blue photoluminescence

in similar energy regions.

Introduction Scheme 1. In Situ Hydrothermal Syntheses of Complexes
From the viewpoint of crystal engineering, the intrinsic N 1= Ne

geometric preferences of metal centers and various coordination _>7CN + NaNa + M H,0 ‘>_<élﬁ M
sites of bridging ligands are the pivotal factors in determining &N/ } &;N/ NN
the supramolecular architectures. Recently, it appears from the
literature that metal-directed self-assembly is one of the most M = Zn(II), Cu(II), Cd(II), Ag(D)
useful strategies for generating intriguing metallosupramolecular
architectures,because it not only has the advantage in rational ligand. Besides the utilization of the metal-directed approach
bottom-up construction for its regulated coordination geometry, for building diverse coordination geometries such as square-
but also plays an important role in influencing the molecular planar, octahedral, and so on, we also take into account the effect
architectures with unique properti#®. Some remarkable  of hydrogen bonds and other supramolecular interactions for
examples of the metal-directed approach have been documenteéxtending architecture dimensionali/As shown in Scheme
in recent years, including metal-directed assembly of molecular 1, five new complexes, [Zn(pzt#}H.0),] (1), [Cu(pzta}](H20)s
loop and tetrahedrohmetal-directed macrocycle expansion, (2), [Cd(pzta)](3), [Ag(pzta)l (4), and [Cd(pzta)(OH)(SQ)]x
metal-assisted ligand-centered redox poteftigtal-regulated (5), have been synthesized and characterized. The configurations
mixed-ligand metatorganic framework8,and metal-directed  of 1—5 exhibit an increasing dimensionality spanning from
stereoselective syntheses of homochiral compléxasd so mononuclear 1—2), to one-dimensional3) and two-dimen-

forth. sional @), to three-dimensionaky.
On the other hand, due to the diversity of the connecting
modes and the high structural stability, the polydentate N donor Experimental Section

ligands have been employed extensively as chelating or bridging . . .

. 7 . Materials and Physical Measurements.All chemicals were
linkers. Tetrazolate_—base_d _Ilgands have b_een shown t‘? be obtained from commercial sources and used as received. Infrared spectra
excellent and versatile building blocks, forming a great variety ere obtained in KBr disks on a Nicolet Avatar 360 FTIR spectrometer
of supramolecular entities possessing an interesting chemicalin the range 4000400 cnt?. Elemental analyses were determined with
rearrangement reacti&hand magneti® and optical proper- a Perkin-ElImer 2400C elemental analyzer. Photoluminescence measure-
ties®1112Recently, Sharpless et al. reported the click chemistry ments were carried out using crystalline samples, and the spectra were
for the synthesis of a variety of tetrazoles through+23] collected with a Perkin-Elmer LS 55 spectrofluorimeter.

cycloaddition reactions of nitriles and azide in the presence of ZSOyrr;t]rrlne;t)esN[jl\r;((poztoai(;ozcg))z]o(zlé. grmln)l()tu;igfpzy?;:zbin(gcgzrggn%rile

zinc salt as Lewis aci#f This synthetic approach has been ,cN) (0.0105 g, 0.10 mmol) was sealed in a 15-mL Teflon-lined

extended by varying metal ions such as zZn{#)z Cd(l1),%¢9 stainless steel reactor. Water (6.0 mL) was added to the reactor and
Cu(l)/Cu(Il) 11ab12 gnd Ag(IPh11e12in the construction of  then stirred for 10 min in air. The reactor was heated in an oven at
coordination frameworks. 140 °C for 72 h and then cooled to room temperature at a rate of 5

In our continuing research on the crystal engineering of metal °C+h~%. Colorless blocklike crystals were collected and dried in air (yield

] " _ 60% based on pzCN). IR (KBr pellet, ci): 3347s, 3081s, 2067w,
tetrazolate complexés,we reported herein a series of metal 1978w, 1857w, 1799w, 1635m. 1533w, 1465w, 1417s, 13725, 1358s,

directed tetrazolate coordination frameworks with various 1295w, 1225m, 1136s, 1039s, 938w, 864s, 757m. Anal. Calcd (%) for
dimensions containing in situ generated pryzinyl tetrazole (pzta) c,,H,N;,0,Zn (395.67): C, 30.36; H, 2.55; N, 42.48. Found (%): C,
30.12; H, 2.83; N, 42.74.

T Shantou University. [Cu(pzta).](H20)s (2). Complex2 was prepared using the method

* University of Malaya. similar to that for complex. except that ZnGlwas replaced by Cu-

10.1021/cg0702333 CCC: $37.00 © 2007 American Chemical Society
Published on Web 09/05/2007



Metal-Directed Supramolecular Architectures

Crystal Growth & Design, Vol. 7, No. 10, 20071993

Table 1. Summary of the Crystal Data and Structure Refinement Parameters for +5

1 2 3 4 5
formula QQHloleo 22n CloH 12CUN1 203 CmHeClez C5H3AgNe C5H4Cd2N6 058
M, 395.67 411.86 406.67 255.00 485.00
cryst syst monoclinic monoclinic monoclinic monoclinic monoclinic
space group P2:/n C2lc P2; P2:/c C2lc
alA 6.0910(6) 13.0083(10) 8.7615(6) 3.5465(6) 20.1345(5)
b/A 11.4576(12) 7.3160(6) 18.5982(13) 12.373(2) 10.5451(3)
c/A 10.6860(11) 16.8582(13) 9.0395(6) 14.679(3) 13.3534(3)
o/deg 90 90 90 90 90
pldeg 105.626(2) 101.9220(10) 105.5030(10) 92.638(3) 131.39
yldeg 90 90 90 0 90
z 2 4 4 4 8
V (A3) 718.188 1569.755 1419.387 643.443 2127.060
DJ/g cn3 1.830 1.743 1.903 2.632 3.029
ulmm™ 1.749 1.436 1.560 3.069 4.224
reflns collected 4470 4699 9576 4156 8513
unique reflns 1629 1791 5516 1559 2399
Rint 0.0207 0.0204 0.0179 0.0146 0.0235
GOF 1.051 1.129 1.058 1.083 1.082
R1[l > 20(1)]2 0.0311 0.0414 0.0291 0.0292 0.0233
WR2 [I > 20(1)]P 0.0774 0.1113 0.0769 0.0634 0.0588
R1 [all data] 0.0364 0.0450 0.0301 0.0338 0.0242
wR2 [all data] 0.0802 0.1135 0.0775 0.0652 0.0597

2R1=X(|Fol — IFell)/ZIFol. PWR2 = [Su(Fe? — F/Zu(FA 2

(NO3)2*3H,0 (0.0241 g, 0.10mmol) and at 12€. Blue blocklike
crystals were collected and dried in air (yield 40% based on pzCN).
IR (KBr pellet, cnml): 3391m, 3099w, 1653w, 1558w, 1457w, 1431m,
1075w, 1180w, 1048m, 1014w, 525w. Anal. Calcd (%) fesHGN1.0s-

Cu (411.86): C, 29.16; H, 2.94; N, 40.81. Found (%): C, 29.22; H,

Results and Discussion

Syntheses Hydrothermal reactions of pyrazinecarbonitrile
(pzCN) and sodium azide in the presence of different metal salts
271 N. 40.35 resulted in various pyrazinyl tetrazolate coordination complexes.

[Cd(pzta)]. (3). A mixture of CASQ-8/3)HO (0.0512 g, 0.20 IR spectroscopic measurements were _conducted to ver_n‘y the
mmol), NaNs (0.0130 g, 0.20 mmol), and pzCN (0.0105 g, 0.10 mmol) absence of a peak in the 2200 dfmeglon in the cerrespondmg
was sealed in a 15-mL Teflon-lined stainless steel reactor. Water (6.0 Spectra of the products, suggesting that the nitrile groups are
mL) was added to the reactor and then stirred for 10 min in air. The no longer present. Simultaneously, the emergence of a peak at
reactor was heated in an oven to 18D for 72 h and then cooled to 1400-1500 cn1! confirms the formation of the tetrazolate
room temperature at a rate of “&-h 1. Pure colorless rod-shaped groups, in accordance with previous repdriSingle-crystal

crystals were filtered and dried in air (yield 77% based on pzCN). IR «,_ ; ; P
(KBr pellet, cm)): 3461m, 2081w, 1635w, 1532w, 1456w, 1403s, X-ray diffraction analysis indicates that the tetrazolate groups

1367m. 1288w. 1177m. 1154s. 1068m. 1033s. 854w. 755w. 601w, N the five compounds were all deprotonated to form tetrazolate
515w, 478w. Anal. Calcd (%) for GHeN1.Cd (406.67): C, 29.54; H, monoanions. Itis suggested thet the_SharpIesie&tetrazele
2.48; N, 41.33. Found (%): C, 29.51; H, 2.51; N, 41.35. synthesis method works effectively in the in situ formation of
[Ag(pzta)], (4). Complex4 was prepared using the method similar  metal tetrazolate complexes from the reactions of pzCN and
to that for complext except that ZnGlwas replaced by AgRK0.0253  sodium azide. Since different metal ions were introduced to the
9, 0;1(2 mmo;)bgr%ngedstlck-shéﬁsd Igy(sgs We”fet CO%?Ctgfsi”d dried hydrothermal reactions, it is predictable that distinct coordinating
In air (yie 0 based on pz . r pellet, CAX m, H HE : FP : : : : :
3076w, 1639w, 1532w 1458w, 1415m, 1401w, 1143m, 1028m, 863w. 'nt”tns'c '”fc;]r.mﬁtl'on d's t'”?h”de? '”td'ﬁlere”.t 'tr.‘ S't“f Sy”th?t'c
Anal. Calcd (%) for GHsNsAg (255.00): C, 23.55; H, 3.95; N, 32.96.  SYS'€MS, which feads 1o the structural variation or complexes
Found (%): C, 23.19; H, 3.58; N, 32.75. 1-5. Additionally, the molar ratio of metal/pzCN also affects
[Cd(pzta)(OH)(SOx)]n (5). Complex 5 was prepared using the  the flnal syr)thetlc products_ in thle Wor_k, which is illustrated by
method similar to that for compleXwith a larger amount of CdS© the increasing structural dimensionality from the 1D ch&n (
(8/3)H,0 (0.1539 g, 0.60 mmol). Pure yellow blocklike crystals were  to the 3D diamondoid frameworls) by the increasing molar
collected and dried in air (yield 80% based on pzCN). IR (KBr pellet, ratio of Cd(I1)/pzCN in the Cd(IB-tetrazole reactions.

cm?): 3569m, 3103w, 2360w, 1465w, 1408m, 1373w, 11255, 1088s, |\ Bonded S lecular Archi (17
10365, 993m, 869w, 697m, 603m, 535w, 470w. Anal. Calcd (%) for ydrogen-Bonded Supramolecular Architectures of [Zn-

CsHaNgOsSCdh (485.00); C, 12.38; H, 0.83; N, 17.33. Found (%): C, (Pzta)(H20).] (1) and [Cu(pzta)](H20)s (2). Complexesl
12.42; H, 0.81; N, 17.56. and 2 consist of similar [M(pzta] neutral mononuclear
X-ray Crystallography. The crystal structures—5 (CCDC 653376 structures, crystallizing in centrosymmetric space gréggn.
653380) were determined by single-crystal X-ray crystallography. Data The M(Il) ion locates in the symmetry center and is chelated
collections were performed USing a Bruker-AXS SMART CCD area by two deprotonated pzta |igands adopting the trans Conﬁgu_

detector diffractometer with Mo & radiation with anw-scan modeA( ; ; ; ;
=0.71073 A). The structures were solved by direct methods and refined ration. Two py_raZIne nltroge_n atoms af‘d two tetrazole nitrogen
atoms from different pzta ligands build the equatorial plane

by full-matrix least-squares refinements based Bh Empirical .
absorption corrections were carried out utilizing the SADABS routine. around the M(Il) ions[Zn—N(1) 2.11650(7) A, ZrN(5)
All non-hydrogen atoms were anisotropically refined. Hydrogen atoms 2.19661(7) A forl (Figure 1a); Cu(1yN(1) 1.98107(5) A, Cu-
were added geometrically and refined with a riding model. Hydrogen (1)—N(5) 2.04882(5) A for2 (Figure 1b)], accordingly creating
atoms of water molecule df and2 were located from the different  two stable five-membered chelate rings {MM—C,—N). The
Fourier maps and refined isotropically with the-@ distances fixing mononuclear structures dfand2 are similar to those of the

on 0.85 A. Structure solutions and refinements were performed with . %
the SHELXL-97 packag# Crystal data and experimental details for analogous complexdn[5-(2-pyridyl)-tetrazolatoH20)},

the complexes are given in Table 1. Selected bond lengths and angled MN[5-(2-pyridyl)-tetrazolato(H20)2} ,** and{ Cd[5-(pyrazin-
are given in Table 2. Corresponding hydrogen bonding data ford 2-yltetrazolatoj(H,0),} .*° Although all these complexes pos-
2 are listed in Table 3. sess similar bidentate chelating mononuclear structures, there
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Table 2. Selected Bond Lengths (A) and Angles (deg) for Complexes-%®

Complex1
Zn(1)—-O(1WA) 2.1016(17) Zn(BO(AW) 2.1016(17) Zn(BN(1A) 2.1166(16)
Zn(1)-N(1) 2.1166(17) Zn(HN(5A) 2.1965(16) Zn(1)N(5) 2.1965(16)
O(1WA)—Zn(1)—0(1W) 180.000(1) O(1WAYZn(1)—N(1A) 87.65(7) O(IWY-Zn(1)-N(1A) 92.35(7)
O(1WA)—Zn(1)—N(1) 92.35(7) O(1WYZn(1)—-N(1) 87.65(7) N(1AY-Zn(1)—-N(1) 180.0
O(1WA)—Zn(1)—N(5A) 89.88(6) O(AW)-Zn(1)—N(5A) 90.12(6) N(1A)-Zn(1)—N(5A) 78.52(6)
N(1)—Zn(1)—N(5A) 101.48(6) O(1WAY-Zn(1)—N(5) 90.12(6) O(IWY-Zn(1)—N(5) 89.88(6)
N(1A)—Zn(1)—-N(5) 101.48(6) N(1)Zn(1)—-N(5) 78.52(6) N(5A)-Zn(1)—N(5) 180.0
Complex2
Cu(1)-N(1) 1.981(2) Cu(2yN(1A) 1.981(2) Cu(1)yN(5A) 2.049(2)
Cu(1)-N(5) 2.049(2)
N(L)—Cu(1)-N(1A) 180.0 N(L}-Cu(1)-N(5A) 98.86(9) N(LA)-Cu(1)-N(1A) 81.14(9)
N(1)—Cu(1)-N(5) 81.14(9) N(1A)-Cu(1)-N(5) 98.86(9) N(5A)-Cu(1)-N(5) 180.0
Complex3
Cd(1)-N(1) 2.355(3) Cd(1)yN(5) 2.380(3) Cd(1yN(7) 2.326(4)
Cd(1)-N(13) 2.328(4) Cd(1¥N(17) 2.484(4) Cd(1¥N(19) 2.290(4)
Cd(2)-N(10) 2.341(4) Cd(2yN(11) 2.418(4) Cd(2yN(14) 2.305(4)
Cd(2)-N(2A) 2.310(4) Cd(2yN(22A) 2.338(3) Cd(2yN(23A) 2.385(3)
N(19)—Cd(1)-N(7) 95.00(14) N(19)Cd(1)-N(13) 104.86(12) N(7Cd(1)-N(13) 92.58(13)
N(19)—Cd(1)-N(1) 92.26(12) N(7)Cd(1)-N(1) 110.81(14) N(13)Cd(1)-N(1) 149.80(13)
N(19)—Cd(1)-N(5) 161.11(13) N(7-Cd(1)-N(5) 85.06(14) N(13)-Cd(1)-N(5) 94.00(12)
N(1)—Cd(1)-N(5) 70.26(12) N(19)Cd(1)-N(17) 89.71(14) N(7)Cd(1)-N(17) 162.93(13)
N(13)—-Cd(1)-N(17) 70.35(13) N(1)»Cd(1)-N(17) 85.33(14) N(5)Cd(1)-N(17) 95.74(13)
N(14)-Cd(2)-N(2A) 90.15(15) N(14)-Cd(2)-N(22A) 109.27(13) N(2A) Cd(2)-N(22A) 91.89(12)
N(14)—Cd(2)—-N(10) 91.88(13) N(2A)-Cd(2)-N(10) 107.07(13) N(22A) Cd(2)~N(10) 151.70(14)
N(14)—Cd(2)-N(23A) 86.12(13) N(2A)-Cd(2)—N(23A) 159.62(14) N(22A) Cd(2)—-N(23A) 70.61(12)
N(10)—Cd(2)-N(23A) 93.09(13) N(14) Cd(2)-N(11) 162.12(13) N(2A) Cd(2)-N(11) 93.15(16)
N(22A)—Cd(2)-N(11) 88.20(14) N(10)Cd(2)-N(11) 70.34(13) N(23A)Cd(2)-N(11) 96.53(13)
Complex4
Ag(1)—N(3) 2.244(2) Ag(1)yN(1A) 2.318(2) Ag(1)-N(6B) 2.370(3)
Ag(1)—N(5A) 2.473(2)
N(3)—Ag(1)—N(1A) 137.68(9) N(3)-Ag(1)—N(6B) 107.72(9) N(1A)Ag(1)—N(6B) 97.05(9)
N(3)—Ag(1)—N(5A) 102.33(8) N(1A)y-Ag(1)—N(5A) 72.76(8) N(6BY-Ag(1)—N(5A) 143.66(9)
Complex5
Cd(1)-0(5) 2.2825(18) Cd(:)O(5A) 2.2825(18) Cd(yN(1) 2.377(2)
Cd(1)-N(1A) 2.377(2) Cd(1>0(1) 2.4794(19) Cd(BHO(1) 2.4794(19)
Cd(2)-0(5B) 2.2348(18) Cd(20(5) 2.2348(18) Cd(2IN(2C) 2.279(2)
Cd(2)-N(2A) 2.279(2) Cd(2y0(2B) 2.3364(18) Cd(20(2) 2.3364(18)
Cd(3)-0(4E) 2.2102(12) Cd(3)0(3) 2.2535(19) Cd(3)0(5) 2.2879(18)
Cd(3)-N(5E) 2.355(2) Cd(3Y0(1A) 2.3935(18) Cd(3¥N(3C) 2.520(2)
O(5A)—Cd(1)-0(5) 149.19(9) O(5yCd(1)-N(1) 115.08(7) O(5A)-Cd(1)-N(1) 85.86(7)
O(5)—Cd(1)-N(1A) 85.86(7) O(5A)-Cd(1)-N(1A) 115.08(7) N(1)-Cd(1)-N(1A) 97.10(10)
O(5)—Cd(1)-0(1A) 69.12(6) O(5A)-Cd(1)-0O(1A) 87.24(6) N(1)}-Cd(1-O(1A) 95.91(7)
N(1A)—Cd(1)-O(1A) 154.85(6) O(5)Cd(1)-0(1) 87.24(6) O(5AY Cd(1)-0(1) 69.12(6)
N(1)—Cd(1)-0(1) 154.85(6) N(1A)}-Cd(1)-0(1) 95.91(7) O(1A)-Cd(1)-0(1) 80.83(10)
O(5B)—-Cd(2)-0(5) 180.00(13) O(5ByCd(2)-N(2C) 87.76(7) O(5)Cd(2)-N(2C) 92.24(7)
O(5B)—Cd(2)-N(2A) 92.24(7) O(5)-Cd(2)-N(2A) 87.76(7) N(2C)-Cd(2)-N(2A) 180.00(12)
O(5B)—Cd(2)-0(2B) 87.43(6) O(5yCd(2)-0(2B) 92.57(6) N(2C)-Cd(2)-0(2B) 82.96(7)
N(2A)—Cd(2)-0(2B) 97.04(7) O(5B)yCd(2)-0(2) 92.57(6) O(5)Cd(2)-0(2) 87.43(6)
N(2C)—Cd(2-0(2) 97.04(7) N(2A)-Cd(2)-0(2) 82.96(7) O(2B}Cd(2)-0(2) 180.00(12)
O(4D)—Cd(3)-0(3) 170.77(7) O(4DyCd(3)-0(5) 93.05(7) O(3)Cd(3)-0(5) 91.39(7)
O(4D)—Cd(3)-N(5E) 95.17(7) O(3)Cd(3-N(5E) 81.08(8) O(5yCd(3)-N(5E) 170.80(7)
O(4D)—Cd(3)-0(1A) 91.94(7) O(3)-Cd(3)-0(1A) 97.17(7) O(5)-Cd(3)-0(1A) 70.59(6)
N(5E)—Cd(3)-0(1A) 104.94(7) O(4DY Cd(3)-N(3C) 90.80(8) O(3)Cd(3)-N(3C) 81.07(8)
O(5)—Cd(3)-N(3C) 90.45(7) N(5E)Cd(3)-N(3C) 93.57(7) O(1A)Cd(3)-N(3C) 160.95(7)

aSymmetry codes fot: A —x+ 1, -y + 1, —z+ 1. For2 —x+ Y, =y + Y, —z+ 1. For3: Ax—1,y,z Ford A —x+ 2,y + Yy, —z+ Yy;
B—x+2 -y+1,-zFor5 A—x+1Y,y+0,-z+Y;B—x-y+1,-2zCx—Yp,—-y+1,z=—Y;Dx,—y+Ys,z— Yy Exy— 1,2

Table 3. Hydrogen Bonds of Complexes 1 and®2

D—H---A d(D—H) (A) d(H---A) (A) d(D-+-A) (&) O(D—H---A) (deg)

Complex1

O(1W)—H(1W2)-+-N(4B) 0.847(10) 1.908(11) 2.753(2) 176(3)

O(1W)—H(1W1)+-N(2C) 0.840(10) 2.003(11) 2.831(3) 168(2)
Complex2

O(1W)—H(1W1)-+-N(3B) 0.85580(2) 1.98479(5) 2.840(3) 178

O(1W)—H(1W2)-++N(4C) 0.85591(2) 2.06736(5) 2.910(3) 168

O(2W)—H(2W1)--O(1W) 0.86290(2) 2.15312(5) 2.858(2) 139

aSymmetry codes fot: B —x + 35,y + 1, =2+ 3 Cx —1,y,z For2: Bx+ Y5,y + Yo,z C —x+ Yy, =y — Y5, =z + 1.

exist remarkable differences in the supramolecular interactions molecules coordinate to the Zn(ll) ion at the equatorial axial

among them. positions [Zr-O1w 2.10153(7) A], giving rise to the octahedral
The water molecules and hydrogen bond make the significant geometry of comples (Figure 1a). In contrast, i, two water

difference between complexes and 2. In 1, two water molecules locate at the equatorial axial positions of the Cu(ll)
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(b) 2w a-axis. Adjacent crossed-like chains are further packed together
through intermolecular face-to-face and edge-to-face aromatic
interactions (average of centroigentroid ca. 3.6 A), as shown
in Figure 4b.

Two-Dimensional Network of [Ag(pzta)], (4). Complex4
N4 consists of one pzta ligand and one Ag(l) ion in a crystallo-
graphically independent asymmetric unit, with monoclinic space
groupP2;/c. Each Ag(l) ion features a compressed tetrahedral

b geometry, coordinated by four nitrogen atoms {A§ 2.244-
Figure 1. Mononuclear structures of complexes (agnd (b)2, red (.3)_2'473.(3)A’ N-AQ—N 72.75(9)-107.7(1J] from thrge pzta
dotted line indicates weak interaction. ligands (Figure 5a). Each tetradentate pzta ligand bridges three

Ag(l) ions, and each Ag(l) ion is linked to four other Ag(l)

ion [Cul:--O1w 2.44443(6) A] forming the expanded octahedral [0NS by three pzta ligands, generating a mildly undulated 2D
geometry. Besides, there exists another guest water mole-layer sustained by coordination bonds alongibplane (Figure
cule which is responsible for the hydrogen bonding2n 5a). The 2D Iayer structure of pompl@can be ratmnah;ed to
[O2w-+-O1w 2.858(2) A] (Figure 1b). Each discrete [M(pzta) & (4.8) topological network (Figure 5b) Whgn a pzta ligand is
(H0),] unit links four adjacent ones through hydrogen bonds regarded as a three-connected nHd&°A particular structural
[O1w---N4 2.75324(9) A forl (Figure 2a); O1w-N3 2.840- feature of4 is that the adjacent Ia_yers are stacked to forma 3D
(3) A, O1w--N4 2.910(3) A for2 (Figure 3a)] forming four- supran_wolecular framework sustained by mtt_erlazyev_r interac-
connected sublayer*4ets. In complext, the 4-subnets are  tion (Figure 5c). The pzta planes of the neighboring layers are
further linked by other hydrogen bonds [O#wN2 2.83161(9)  Obviously parallel with each other, and the pyrazinylyrazinyl
A] giving rise to a regular 3D hydrogen-bonded network (Figure "Ngs ar_ld tetrazolatetetraz_olate rings stack ina face-to-face
2b). Denoting [Zn(pztafH:0);] units as nodes and hydrogen orientation pa_raIIeI toa-axis [r—m stacking offset distance
bonds as linkers, the whole structure can be rationalized to a3-331(4) Al, implying considerably strong—z stacking
six-connected rhombohedratpolonium-type (4%6°%) network Interactions.
(Figure 2c)}” Unlike the situation irl, the adjacent4subnets Three-Dimensional Diamondoid Framework of [Cd-
in 2 are further linked by noncoordinated water molecules (O2w (pzta)(OH)(SOx)]n(5). The architecture of complexis a three-
in Figure 3a) through ©H---O hydrogen bonds to construct dimensional open framework constructed by pzta ligands
another type of 3D hydrogen-bonding framework (Figure 3b). associated with sulfate anions. There exist three crystallographi-
Topologically,2 can be rationalized to a novel binodat@#74- cally independent Cd(ll) centers in an asymmetric unit. All the
10)(6) topological networK by denoting [Cu(pztajH.0),] as Cd(ll) ions are hexacoordinated. As illustrated in Figure 6a,
six-connected nodes and noncoordinatefDHas interlayer- the Cd1 center presents a highly distorted octahedron, defined
bridged two-connected nodes (Figure 3c). Here, discrete mono-by two nitrogen atoms from two different tetrazolate groups
nuclear units connect to each other through intermolecular and four oxygen atoms from two sulfate anions and two
hydrogen bonds extending to different 3D supramolecular hydroxyl groups [CdEN 2.37794(6) A, Cd+0 2.28246(5)
architectures. 2.47937(6) A]. Cd2 adopts a generally perfect octahedral
A fascinating structural characteristic is that there exist coordination environment, similarly formed by four oxygen
supramolecular water trimers linked by hydrogen bonds in the atoms located at an equatorial plane and two nitrogen atoms at
packing motif of2. Taking the Cu(ll) atoms into account, the the axial positions [Cd2N 2.27905(5) A, Cd20 2.23488-
inorganic [Cu(HO)s], chains in complex, which are formed  (5)—2.33643(5) A]. It is noticeable that the bond angles around
through van der Waals forces and hydrogen bonds, run aroundthe Cd2 center [N2Cd2-N2A, 02-Cd2-02A, O5-Cd2-
and twist along two parallel axes forming infinite meso helices O5A] are all 180. In contrast, Cd3 exhibits distorted octahedral
(Figure 3d). The hydrogen-bonded helices have been observedieometry, which is coordinated by one tetrazolate nitrogen atom
in a variety of supramolecular assemblies, but so far only a few and one pyrazinyl nitrogen atom from two different pzta ligands,
meso helices are know#.Therefore, the inorganic supramo- and three oxygen atoms from three sulfate anions together with
lecular [Cu(HO)s], meso helix represents a particularly unusual one oxygen atom from the hydroxyl groups [CelS 2.35417-
example among tetrazole-based coordination compounds.  (5)—2.52006(6) A, Cd3-O 2.21013(5)-2.39344(6) A]. Each
One-Dimensional Infinite Chain of [Cd(pzta)]n(3). Com- pzta acts as a tetradentate bridg!ng .Iigand, in which the
plex 3 is a one-dimensional chain crystallizing in space group tetrazolate group adopts as coordinating mode and the
P2,. As shown in Figure 4a, each Cd(ll) in a slightly distorted PYrazinyl group is monodentate.
octahedral geometry is hexacoordinated by six nitrogen atoms Intriguingly, the 3D structure ob contains pentanuclear
[Cd—N 2.290(1)}-2.484(1) A] from four pzta ligands. Two trans ~ cadmium clusters formed through €8-0O bonds, which
pzta ligands simultaneously chelated one Cd(Il) center with an consist of two sulfate anions adoptipgbridging mode to link
approximately two-faced vertical configuration [dihedral angle five Cd atoms (Figure 6b). Each pentanuclear cadmium cluster
of two tetrazolate rings 96.56(3) which is different from the is connected to four adjacent clusters through two Cd2 atoms
common trans plane in a square planar configuratiofihe and two O4 atoms froms-SOy units resulting in a 3D purely
octahedron of the Cd(ll) center is completed by two other inorganic cationic [Cglus-SOs)(us-OH)]*n subnet, which is
nitrogen atoms from different tetrazolate rings. Each pzta ligand further bridged by the organic anionic pzta ligands to complete
chelates one Cd(ll) center and simultaneously bridges anotherthe overall 3D network (Figure 6c). Regarding the pentanuclear
one, acting as a tridentate chelatiffyidging ligand. Therefore,  cadmium cluster as a four-connected node, the subnet can be
the two adjacent Cd(ll) centers are linked by two tridentate pzta abstracted into a uniform four-connected 3D diamondoid
ligands forming an approximately planar €N,—Cd—Nj six- network (Figure 6d). Related examples of metaiganic
membered ring [Cd-Cd 4.559(2)/4.533(2) A], and the whole  polymers constructed by bridging inorganic oxyacid have been
structure exhibits a 1D infinite crossed-shape chain along the reported® such as [Cu(dpe)(Mog)]?'® and [Cd(bpethy)-
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() (b)

Figure 2. Complexl: (a) four-connected sublayet-det formed by hydrogen bonding (dotted line); (b) packing diagram showed 3D supramolecular
hydrogen-bonding network (dotted line for hydrogen bond); (c) schematic representation illustrating the six-connected 3-D hydrogen-bonding net
(black ball for the mononuclear complex and yellow line for hydrogen bonds). Hydrogen atoms are omitted for clarity.
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Figure 3. Complex2: (a) 2D 4-subnet layer formed by hydrogen bonding (dotted line); (b) packing diagram of 3D supramolecular hydrogen
network (dotted line for hydrogen bond; hydrogen atoms are omitted for clarity); (c) schematic representation illustrating the 3D hydroggen-bondin
net based on“subnets (black ball for the mononuclear complex, red ball faiand yellow line for hydrogen-bonding); (d) schematic presentation

of the meso helical [Cu(¥D)s]» chain (red, gray, and green balls representingihydrogen, and Cu, respectively).

b ]
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Figure 4. (a) View of the 1D chain structure & (b) Schematic representation of packimg interaction of3 (dotted line forzr— interaction).
All hydrogen atoms are omitted for clarity.

(b)

[ —

Figure 5. (a) View of the 2D layer structure d@f (b) 2D three-connect (42Btopological network ir. (c) 3D packing diagram of mildly undulated
layers formed throughr—s interactions in4.

(SQy)].244Unlike 2D inorganic layer structures observed inthose  Coordination Modes of the Ligand. As a versatile ligand,
complexes, the 3D cationic inorganic [§a@s-SOy)(u3-OH)]*h pzta coordinates to metal ions with pyrazinyl and/or tetrazolate
diamondoid network constructed by multinuclear metal clusters sites adopting bridging or chelating modes yielding a variety
in complex5 is unprecedented, and thg-SO, bridging mode of coordination frameworks. In this work, successfully obtaining
has never been observed according to the latest CCDC databaserarious dimensional metal-directed complexes enables us to
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(d)

Figure 6. (a) Part of the structure & showing the octahedron coordination environment of the three crystallographically indepentiesnéd.
(b) A detailed representation of the pentanuclear cadmium cluster. (c) A representation of the overall 3D skeleton nétenféroéd by pzta
lingand (blue). (d) Topological illustration for the uniform four-connected 3D diamondoid netwdsk of

Scheme 2. Five Connection Modes of Pyrazinyl Tetrazolate

Observed in Complexes 1-5
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investigate the coordination modes of the pzta ligand. The in
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situ generated pzta ligand is readily deprotonated to form a gigre 7. Emission spectra of complexés3, ands in the solid state
monoanionic derivative, and is capable of being a hydrogen at room temperature.

bonding acceptor. Scheme 2 summarizes five different coordi-

nation modes of the ligand in the complexes. In comglethe

organic solvents; therefore, no additional measurement in

pzta ligand acts as hydrogen bonding acceptor via the N2, N4 so|ution could be further performed. Compourids3, and5

sites of the tetrazolate ring (mode 1) whereas in comf@eix

acts via the N3, N4 sites (mode II). It is noticeable that
complexesl—4 all adopt a bidentate chelating coordination
mode through the pyrazinyl N atom and tetrazokEteN atom

(modes +VI), while complex5 adopts a tetradentate bridging
mode (mode V), implying that the bridging coordinating mode
is inclined to form high dimensional networks. There exist

emit with a maximum at 417, 408, and 421 nm upon the

excitation at around 370 nm, respectively (Figure 7). In light

of the close emission energy, the emission of the complexes is
tentatively attributed to the intraligand transition of pzta

modified by metal coordination. The emission in the blue region
suggests that these complexes may be potential blue-light-
emitting materials. ComplexX does not exhibit detectable

vacant N sites in the above-mentioned coordination modes; emission probably due to the &umagnetic property quenching
therefore, the coordination modes of the hexadentate pzta ligandhhotoluminescence. Unfortunately, the reason for no observed

should not be limited in modes-M and be more abundant.
Photoluminescent Property. Photoluminescent measure-

ments of the complexes were carried out in the solid state at

room temperature. Complexés3, and5 show strong photo-

luminescence upon the irradiation of ultraviolet light. Complexes

1, 3, and5 are stable in air and insoluble in water or most

luminescence i is not clear at this stage.

Conclusions

We have synthesized five new complexes containing in situ
generated pyrazinyl tetrazolate (pzta) ligand under hydrothermal
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conditions. The configurations of the series of coordination
complexes exhibit an increasing dimensionality from discrete
molecules to extended three-dimensional architectures. The self-
assembly processes are directed by typical transition metals Zn-
(I, Cu(ln, Cd(r), and Ag(l), adopting diverse octahedral,
square-planar, or tetrahedral geometries. In the complexes, the
pzta ligand is deprotonated facilely so that the strong multi-
dentate N donors adopt chelating or bridging arrangements
showing abundant coordination modes. Accordingly, the various
basic units M(pzta), M(pzta) and My(pzta) can be alternated

by using different metal ions to extend to infinite three-
dimensional architectures through coordination bonds and
multifarious supramolecular interactions such as hydrogen
bonding andr—x stacking. Our research indicates that, as a
promising new type of multi-nitrogen ligand, pyrazinyl tetra-
zolate can be potentially utilized in constructing supramolecular
structures. Moreover, this work combines various intermolecular
interactions in the construction of supramolecular architectures,
which contribute to increasing the knowledge of self-assembly
processes and supramolecular self-organization. The blue emis-
sion of some complexes suggests that they may be potential
blue-light-emitting materials.
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