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Metal-organic frameworks (MOFs) are of considerable 
intere아 due to their potential applications in the areas of ion
exchange, sorption, catalysis and nonlinear optics. Their 
diversified structural features greatly rely on the selection of 
the metal centers, organic building blocks, and the reaction 
pathways? The selection of organic building blocks exhibit
ing various connection fashions is the mo아 effective 아rategy 
to assemble MOFs? Complexes containing heterocyclic n- 
conjugated 1,2,4-triazole moiety are one of the most exten
sively explored systems, whose researches lead to some 
molecular functional materials, such as magnetic materials,3 
photochemically driven molecular devices,4 information 
storage； molecular recognition media,6 and supramolecular 
devices.7 1,2,4-Triazole ring being a 6-electron j乒excessive 
system, its emission region locates near blue light, implying 
that 1,2,4-triazole derivatives can act as a carrier to inve아i- 
gate the possibility in the design 아rategies fbr the hetero
cycle-based organic blue emission molecular materials.8

3-Amino-1H-1,2,4-triazole (Httr) is chosen as the organic 
building blocks in the presented work, which is a two- 
connecting neutral ligand or three-connecting (deprotonated) 
anionic ligand in the con아ruction of MOFs. Its coordination 
chemi아ry is helpful in the studies of the "simple high- 
symmetry" structures and new topological networks.9 Though 
Httr can be purchased from commercial sources or synthe
sized in laboratories, the examples of the complexes contain
ing Httr is not rich as expected?지。Therefore, our intere아 is 
in the investigation of fabricating metal-organic frameworks 
with desired optical properties. Herein, a 2D layered com
pound, [Zn?(ttr)2(OAc)2]n (1), was yielded from the hydro
thermal reaction of Httr with Zn(OAc)，2H2(), whose struc
ture and fluorescence were characterized.

Experimental Section

Materials and Physical Measurements. The reagents 
and solvents were used directly as supplied commercially 
without further purification except Httr synthesized as 

standard literature procedure (Scheme 1, m.p. = 158-159 
°C). 11 The IR spectrum was recorded on a Nicolet Magna 
750 FT-IR spectrometer with KBr pellet in the range 4000
400 cm-1. Elemental analysis of C, H and N was carried out 
on a Vario EL III elemental analyzer. The solid-state fluore
scent excitation and emission spectra were performed on a 
FluoroMax-3 spectrophotometer at room temperature with 
excitation and emission slits at 5.0 nm, increment 1.0 nm 
and integration time 0.1 s.

Synthesis of [Zn2(ttr)2(OAc)2]n ⑴.Zn(OAc)2-4H2O (0.1 
mmol, 22.0 mg) and Httr (0.2 mmol, 17.0 mg) were mixed 
with 10 mL H?O in a 25 mL Teflon-lined stainless-steel 
autoclave. The mixture was heated at 170 °C for 3 days in a 
furnace and then naturally cooled to obtain block colorless 
cry아als, Yield based on Zn: 7.8 mg, 37.6%. Elemental 
analysis found (calcd) fbr CgHizNgQ+Znx C, 23.23 (23.15); 
H, 2.85 (2.91); N, 27.11 (27.00). IR data (in KBr, cm"1): 
3391 (m), 3337 (m), 2362 (m), 1622 (s), 1598 (s), 1551 (s), 
1525 (m), 1393 (m), 1321 (m), 1224 (m), 1074 (m), 1020 
(w), 942 (w), 779 (w), 683 (m), 484 (m).

X-ray Crystallography. Data collection fbr the compound 
was performed on Rigaku Mercury CCD diffractometer 
equipped with graphite-monochromated Mo-Ka radiation 
(A = 0.71073 A). Intensity data were collected by the narrow 
frame method at 293 K and corrected for Lorentz and 
polarization effects as well as for absorption by the co scan 
technique and reduced using Cry아alClear program.12 The 
structure was resolved by direct method using SHELXTL™ 
package of crystallographic software and refined by full
matrix lea아-squares technique on F2}3 All nonhydrogen 
atoms were refined with anisotropic thermal parameters. 
Hydrogen atoms attached to C atoms were located at geo
metrically calculated positions and refined with isotropic 
thermal parameters included in the final stage of the refine
ment on calculated positions bonded to their carrier atoms. 
Crystallographic data, and the selected bond distances 
and angles fbr compound 1 are respectively listed in Table 1 
and 2.

Scheme 1. The synthetic route of 3-amino-lH-1,2,4-triazole.
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Table 1. Crystallographic and Refinement Data

Symm어ry codes: A = —x+2, -y, 거2/2; B = aH-1, y, z; C=-x+2, -y, z-1/2.

Empirical formula C8Hi2N8O4Zn2
Color and Habit colorless block
Crystal Size (mm) 0.3 x 0.2 x 0.1
Crystal system Orthorhombic
Space gro냐 p Pndli

(A) 9.822(3)
E) 15.69  ⑶
c(A) 9.501(3)
F(A3) 1464(3)
z 4
Fw 415.00
Z如cd (M잉tK) 1.883
p. (mm-1) 3.308
F(000) 832
8（。） 3.25 to 25.49
Reflections measured 8950
Independent reflections 2641 (如= 0.0351)
Observed Reflection [Z> 2(j(I)] 2373
Final uRt, bwR2 [/>2<?(/)] 0.0320,0.0846
Ri, 1祛2 indices (all) 0.0366,0.0882
S 1.031
(△/ O)max/min 0.172/0.025
(A/>)max/min (eA 3) 0.761, -0.393

■ 1 (叩기 니兀|| / E |F°|). = P (w(F/ - Fc2)2) / E (w |

Table 2. Selected Bond Distances (A) and Angles (°)

Znl-02 = 1.924(4) Zn2-O4 = 1.941(3)
Znl-N21 = 1.981(2) Zn2.N12= 1.979(2)
Ztil・NllA = 2.016(3) Zn2・N24B = 1.995(2)
Znl-N14 = 2.045(2) Zn2.N22C = 2.009(3)

O2-Znl-N21 = 121.36(10) O4・Zn2・N12= 1.30.09(11)
O2-Znl-N11A= 110.88(13) O4-Zn2-N24B = 104.07(11)
N21-Znl-N11A= 109.18(10) N12-Zn2-N24B = 107.04(10)
O2-Znl-N14 = 100.25(10) O4-Zn2-N22C = 96.44(13)
N21-Znl・N14= 105.75(10) N12-Zn2-N22C= 109.83(10)
N11A-Znl-N14= 108.27(10) N24B-Zn2-N22C= 107.53(11)

Results and Discussion

Description of Crystal Structure. The crystallographic 
analysis reveals that [Zn?(ttr)2(OAc)2]n (1) crystallizes in the 
orthorhombic non-central group PndZ\, The asymmetrical 
unit of 1 includes two independent zinc(II) atom, two de
protonated ttr- and two OAc「. The two positive charges on 
each Zn2+ centre are balanced by one OAc- and one ttr-. 
Each zinc(II) center locates in a slight distorted tetrahedron 
geometry with three nitrogen atoms from three separate ttr- 
ligands lying on their basal sites with Zn-N distances 
ranging from 1.979(2) to 2.045(2) A, and the apical position 
occupied by a oxygen atom from a OAc一 anion (Figure 1). 
Slight difference between Znl and Zn2 is that Znl com
prises of two triazole rings ofNll and one ofN21; while for 
Zn2, one ofNll and two ofN21. The ttr- ligands both adopt

Figure 1. The coordination sphere of zinc atoms with atom labels. 
Hydrogen atoms are omitted for clarity.

Figure 2. The 2D layered framework in 1.

//3-1/dM: 2xN: 4xN coordination mode to coordinate with 
three Zn2+ centers to form two sorts of 6- and 16-membered 
rings. With their 1-and 2-positioned nitrogen atoms, two ttr- 
ligands connect Znl and Zn2 centers into a 6-membered 
hexagonal ring [ZikN。The neighboring hexagonal rings 
[Zn?N4] are further linked through the residual 4-positioned 
N atoms of triazole moieties to form a non-planar 16
membered ring. Subsequently, the fuse of the two sorts of 
edge-sharing rings produces a 2D layer along the ac plane 
(Figure 2). There exists a hydrogen bonding (N2・H …04 = 
2.941(4) A, 134.7°) in the inner of the 2D layer. A 
아acking interaction is shaped between C3 and the centroid 
of the triazole ring (Nil) with the minimum distance of 
3.397 A. Through the C3・H …兀 stacking interaction, the 
neighboring 2D layers are further connected into a 3D 
supramolecular architecture stacking as -ABAB- fashion 
(Figure 3).

Compared to our previous work [Zn(ttr)Cl]n>10c some hints 
can be found. There are many differences between [Zn- 
(ttr)Cl]n and 1, such as the compositions of the asymmetrical 
unit, the space group (orthorhombic non-central Pnal\ in 1 
and orthorhombic Pbca in [Zn(ttr)Cl]n)> and the reaction 
conditions (hydrothermal reaction at 170 °C fbr 1 and mild 
diffusion method at room temperature for [Zn(ttr)Cl]n). 
However, because of the same ;/3-lxN: 2/dM: 4/dM coordi
nation mode of ttr-, the two skeleton frameworks are both



Notes Bull. Korean Chem. Soc. 2008, Vol. 29, No. 12 2519

Figure 3. The 3D supramolecular architecture constructed from the 
lirika용e of C3-H-, • /r stacking interaction with the 2D layers.

2D layers comprising of very similar 6- and 16-membered 
rings. When ttr- adopts another common mode of 共2・1 서N: 
4/dM in [Mn(Httr)2(OAc)2]n,wH2O> it tends to form a 2D 
layer containing single 16-membered rings.14 It indicates the 
coordination mode of ttr- plays a more significant role in the 
structural con아ructions than other factors.

For their potential applications in heterocycle-based organic 
blue emission molecular materials, 1,2,4-triazoles have been 
used as basic materials to search possible luminescent 
materials. In this work, the solid-state electronic emission 
spectrum of 1 shows blue fluorescence at around 443 nm by 
excited the solid sample at 344 nm recorded at room 
temperature (Figure 4). Compared to the free ligand Httr 
(emission at 427 nm with = 350 nm), the blue emission 
peak with small blue-shift of 16 nm can be assigned to 
兀…》intra-ligand transition of ttr-, which is different from 
that in [Zn(ttr)Cl]n (416 nm with = 350 nm) and 
[Mn(Httr)2(OAc)2]n-wH2O (419 nm with，為=360 nm). The

Figure 4. The solid-state electronic emission spectra of compound 
1 (>Ux = 344 nm) and the free ligand Httr (4监=360 nm) recorded at 
room temperature.

comparison exhibits the coordination of metal centers have a 
subtle effect on the emission bands. Due to the emission 
peak of 1 locating in the region of blue ray (435-480 nm), it 
may be regarded as a potential candidate for organic blue 
emission materials. Otherwise, it leaves space to improve 
through adjusting the metal centers to tune emission bands 
for the further systematic experiments.
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