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The coordination complexes of 1,2,4-triazoles possess a 
great diversity of structures, which is connected to the di- or 
trinucleating properties of the neutral and anionic triazole 
ring. Substituted 1,2,4-triazoles have attracted great and 
growing interest in the coordination chemistry because of 
the fact that they can synthesize transition metal coordi
nation complexes with the two bridging close adjacent 
nitrogen atoms, and can effectively transmit magnetic 
interaction between paramagnetic centers.1 The chelating 
nitrogen donor atoms can support the very strong ligand 
field in ferrous complexes to induce a transition from the HS 
to the LS state on cooling or increasing pressure.2 Among 
the design strategies for heterocycle-based organic blue 
emission molecular materials, introducing a heterocycle into 
a molecular structure is an efficient way to obtain excellent 
organic blue emission molecular materials because n- 
deficient and n-excessive heterocycles may respectively act 
as efficient acceptor and donor moieties.3 1,2,4-triazole ring, 
a 6-electrons n-excessive system, has potential applications 
to achieve the heterocycle-based organic blue emission 
molecular materials. In view of the coordination charac
terizations of 1,2,4-triazole, we focus on the linear arrange
ments containing 4-substituted (m-phenol)-1,2,4-triazole 
(ptr) to synthesize new metal-organic polynuclear complexes. 
A linear trinuclear copper(II) complex [Cu3(ptr)6(H2O)6]- 
(ClO4)6 was obtained by successfully employed ptr reacting 
with Cu(ClO4)2, whose crystal structure was determined, 
fluorescent and magnetic properties of were characterized.

Experiment지 Section

Materi지s and physical measurements. All chemicals 
were used as purchased without further purification except 
that m-phenol-1,2,4-triazole (ptr) was prepared from the 
condensation reaction of diformylhydrazine with m-amino- 
phenol according to literature method.4 The yield was 
improved by prolonging the reaction time at 170 °C for three 
days. The IR spectra were recorded on a Nicolet Magna 750 
FT-IR spectrometer with KBr pellets in the range 4000-400 
cm-1 and elemental analyses of C, H and N were carried out 
on a Vario EL III elemental analyzer. The electronic emi
ssion and excitation spectra recorded at room temperature 
were obtained on an Edinburgh FL/FS 920 TCSPC fluore
scence spectrophotometer with excitation and emission slit 
at 5.0 nm, increment 1.0 nm and integration time 0.1 s.

Scheme 1. The synthesis of (m-phenol)-1,2,4-triazole.

Variable-temperature, solid-state direct current (DC) mag
netic susceptibility data down to 2 K were collected on a 
Quantum Design PPMS60000 magnetometer in the our 
institute. Diamagnetic corrections were applied to the observ
ed paramagnetic susceptibilities using Pascal's constants.

Synthesis of 四-phen이)-1,2,4-triazole (ptr). (m-Phenol)-
1,2,4-triazole  was prepared by reacting the diformylhydra
zine (6 mmol, 528 mg) and (m-amino)-phenol (6 mmol, 654 
mg) in a Teflon-lined stainless steel autoclave in a furnace at 
170 °C for 3 days, and then cooled to room temperature 
(Scheme 1). The product was isolated and washed with hot 
water and hot ethanol. Yield based on (m-amino)-phenol: 
754 mg, 78%. Elemental analysis (%) for C8H7N3O, Found 
(calcd): C, 59.61 (59.62); H, 4.29 (4.38); N, 26.18 (25.90). 
IR (cm"1, KBr): 3136 (w), 3120 (w), 2954 (w), 2846 (w), 
2743 (w), 1613 (s), 1533 (vs), 1494 (s), 1388 (w), 1381 (m), 
1293 (s), 1204 (s), 1093 (m).

Synthesis of [Cm(ptr)6(H2O시(ClOqk To a solution of 
(m-phenol)-1,2,4-triazole (32 mg, 0.2 mmol) in a minimum 
of water was added 0.1 mmol of Cu(ClO4)2,6H2。(38 mg) 
aqueous solution yielding blue suspension. The block blue 
crystals were isolated by slow evaporation of the filtrate at 
room temperature for a couple of weeks. Caution: perchlo
rate complexes are potential explosives. These complexes 
must be handled in small quantity and with great care. 
Yield based on Cu: 29 mg, 46%. Elemental analysis (%), 
Found (calcd): C, 30.92 (30.96); H, 2.95 (2.92); N, 13.52 
(13.54). IR data (in KBr, cm-1): 3421 (vs), 2969 (w), 2918 
(w), 1626 (s), 1400 (m), 1381 (m), 1119 (m), 1085 (m), 1049 
(m), 880 (w), 779 (w), 671 (w), 621 (w), 465 (w).

X-ray Crystallography. Date collection for the compound 
was performed on Rigaku Mercury CCD diffractometer 
equipped with graphite-monochromated Mo-Ka radiation (A 
=0.71073 A). Intensity data were collected at 293 K, 
corrected for Lorentz and polarization effects as well as for 
absorption by the a) scan technique, and reduced using 
CrystalClear program.5 The structure was solved by direct 
method using SHELXTLtm package of crystallographic 
software6 and refined by full-matrix least-squares technique
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Table 1. Crystal and experimental data

Notes

Results and Discussion

aRi =㈤歹o| - F || / S |Fo|). bwR2 = [Z (w(Fo2 - Fc2)2) / E (w 此平)]1/2

Empirical formula C4&H54Cl6Cu3N18O36

Color and Habit Blue block
Crystal Size (mm) 0.25 x 0.22 x 0.20
Crystal system Rhombohedral
Space group R-3
a (A) 15.933(4)
b A 15.933(4)
c (A) 26.451(15)
r (A3) 5815(4)
Z 3
Fw 1862.41
Dcalcd (Mgm-3) 1.596
^ (mm-1) 1.120
F(000) 2835
次） 3.45 to 27.50
Final R1, wR2 [I > 2^(7)] 0.0987, 0.2594
S 1.061
(△/ Q)nax/min 0.003, 0.000
(△Qjmax/min/eA 1.018, -1.116

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

Cu1-N1
Cu2-N2

2.1384(16)
2.0545(19)

Cu2-O1W 2.100(3)

N1A-Cu1-N1B 179.997(1) N2C-Cu2-N2 91.58(8)
N1A-Cu1-N1 90.78(6) N2B-Cu2-O1WB 89.95(10)
N1B-Cu1-N1 89.23(6) N2C-Cu2-O1WB 176.08(10)
N1A-Cu1-N1C 90.78(6) N2-Cu2-O1WB 91.98(11)
N1B-Cu1-N1C 89.23(6) N2B-Cu2-O1WC 91.98(11)
N1-Cu1-N1C 89.23(6) N2C-Cu2-O1WC 89.95(10)
N1A-Cu1-N1D 89.22(6) N2-Cu2-O1WC 176.08(10)
N1B-Cu1-N1D 90.77(6) O1WB-Cu2-O1WC 86.39(12)
N1-Cu1-N1D 179.998(1) N2B-Cu2-O1W 176.08(10)
N1C-Cu1-N1D 90.78(6) N2C-Cu2-O1W 91.98(11)
N1A-Cu1-N1E 89.22(6) N2-Cu2-O1W 89.95(10)
N1B-Cu1-N1E 90.77(6) O1WB-Cu2-O1W 86.39(12)
N1-Cu1-N1E 90.78(6) O1WC-Cu2-O1W 86.39(12)
N1C-Cu1-N1E 180.00(7) C1-N1-Cu1 127.88(16)
N1D-Cu1-N1E 89.22(6) N2-N1-Cu1 124.42(12)
N2B-Cu2-N2C 91.58(8) C2-N2-Cu2 127.73(17)
N2B-Cu2-N2 91.58(8) N1-N2-Cu2 125.53(13)
Symmetry code: A = x-y+1/3, x-1/3, -z+2/3; B = -x+y+1, -x+1, z; 
C = -y+1, x-y, z ; D = -x+4/3, -y+2/3, -z+2/3; E = y+1/3, -x+y+2/3, 
-z+2/3.

on F2 All non-hydrogen atoms were refined with aniso
tropic thermal parameters. Hydrogen atoms attached to C, N 
and O atoms were located at geometrically calculated 
positions and refined with isotropic thermal parameters 
included in the final stage of the refinement on calculated 
positions bonded to their carrier atoms. Crystallographic 
data and the selected bond distances for the title complex are 
respectively listed in Table 1 and 2.

Description of crystal structures. Attempts to synthesize 
linear chain compounds with triazole functionalities in 
conjunction with non-coordinating anions resulted in a series 
of isomorphous cations of composition [M3(trz)6(H2O)6]7 
(trz = 1,2,4-triazoles). Though the reactions of 4-substituted
1,2,4-triazoles  with the metal salts of non-coordinating 
anions, such as ClO4-, BF4-, PF6— and SiF62-, yield either 1-D 
chain8 or linear trinuclear entities, the existence of the non
coordinating anions has no direct effect on the geometries of 
the polymers. The trimers have the same overall structure: 
three metal ions in a linear arrangement, linked to each other 
by two pairs of three bridging triazole ligands; the coordi
nation sphere of the terminal metal ions always includes 
three water molecules. The principal structural features of 
the title compound with the atom labeling are given in 
Figure 1. The complex has a linear trinuclear structure with a 
crystallographic inversion center located on Cu1. In the 
arrangement, six ptr ligands act as bidentate ligands to link 
the Cu2+ centers via 1- and 2-positioned N atoms. The Cu1 
center is coordinated to six N1 atoms from six separate ptr 
ligands. The bond angles between the neighboring N atoms 
and the central Cu1 are approximate right angles in a very 
narrow range of 89.22 and 90.78(6)°. The bond angles and 
nearly equal distances around Cu1 indicate that the octa
hedral formation of Cu1 is a near ideal geometry. The 
terminal Cu2 center and its symmetry-related atom are in 
distorted (4+2) octahedral environments including O1W and 
its symmetric atoms in the equatorial plane and axis

Figure 1. Structure of the polycation [Cu3(ptr)6(H2O)6]하. Hydro
gen atoms and ClO4— are omitted for clarity.
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Figure 2. Plot of /m vs Tand XmT vs T over 2-300 K at a field of 1T 
showing a Curie-Weiss paramagnetic behavior of the title complex 
(Xm: square; xmT: circle; non-linear fit: line).
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Figure 3. The solid-state electronic emission spectra of the title 
compound (Aex = 361 nm) and the free ptr ligand (Aex = 370 nm) 
recorded at room temperature.

position.
The magnetic behavior of [Cu3(p1t)6(H2O)6]2(C1O4)6 is 

shown in Figure 2 in the form of Xm vs T and xmT vs T plots. 
The produce xmT decreases on cooling and the title com
pound follows the Curie-Weiss law Xm = 1.598/(T +39.7) in 
the temperature range of 30-300 K, whose magnetic beha
viors indicate overall antiferromagnetic interaction between 
adjacent copper(II) ions. The %mT value is 1.44 cm3-mol-1 -K 
at room temperature, slightly larger than the spin-only value 
(1.12 cm3-mol-1 -K) for tricopper(II) complexes. The title 
compound is a symmetrical linear trinuclear complex, thus 
the corresponding magnetic susceptibility data were repre
sented by Equation (1) [the Hamiltonian being H = -2J 
[S1S2 + S2S3], assuming that that exchange integral 
between the neighboring copper(II) are identical (J12 = J23 = 
J) and the integral between the terminal copper(II) is zero 
(J13 = 0)],9 where Xm is magnetic susceptibility per tri- 
copper(II); N is Avogadro’s number; P is Bohr’s magneton; k 
is Boltzmann's constant and J is the isotropic exchange 
parameter. The best least-squares fit of the theoretical 
equation to experimental data leads to g = 1.89, J/k = -21.2 
K and the agreement factor R = 3.90x10-3 [R = Z|(XnT)obs - 
(XnT)caic|2/£(XnT)2obs]. The negative J value suggests that 
antiferromagnetic interaction exists in the compound, which 
is in agreement with the result of the fit obtained from the 
Curie-Weiss law.

=Np g2 1+exp (-2J/kT) + 10exp(J/kT) 
Xm = 4kT • 1+exp(-2J/kT) + 2exp(J/kT) (1)

Polynuclear copper(II) complexes containing triazoles 
have been investigated because of the diverse magnetic 
properties with the J values ranging from -118 [2b] to 1.99 
cm-1 [8d]. The superexchange integral J between adjacent 
metal ions comes from the contributions of the sum of both 
ferromagnetic (JF) and antiferromagnetic (JAF). There main
ly exist two factors to control the value of J. Firstly, the o- 
overlap density between the Cu(II) ions and ligand mole
cular orbitals is the main pathway to govern the super

exchange interaction. When metal atoms are bridged by 
polyatomic extended ligands like 1,2,4-triazoles, Jaf will 
hold the predominance increasing with the ratio to the 
square of the overlap integral between magnetic orbitals 
centered on nearest neighbor metal ions.10 Therefore, the
1,2,4-triazole  rings twisting out of the equatorial plane 
formed by the two Cu(II) ions involved, is also expected to 
decrease the overlap of the magnetic orbitals in the bridging 
region.11 Secondly, the Cu-N-N angles play an important role 
in the exchange interaction: a symmetric bridging model with 
the Cu-N-N angles close to 135° allows a larger antiferro
magnetic interaction than the more asymmetric bridging 
model in a Cu(N-N)2Cu framework.12 It is consistent with 
the calculation made by A. Escuer [13b], showing that the 
antiferromagnetic component of J reaches its maximum for 
the parameters M-N-N 135° and N-M-N 90°. Though the N- 
Cu-N angles are around the 90°, but the Cu-N-N angles 
(125.53(13) and 124.42(12)°) are large deviations from 135° 
decrease the value of Jaf. The overall result shows antiferro
magnetic interaction between adjacent Cu(II) centers. Both 
antiferromagnetic and ferromagnetic interactions are report
ed in the complexes containing triazole ligands, indicating 
additional structural factors determining the sign and magni
tude of J should be taken into consideration.

The fluorescent studies of 1,2,4-triazoles are very limited 
in contrast to the studies of magnetic properties. The title 
compound reported here show luminescent feature in the 
solid-state electronic emission spectrum at room temper
ature as given in Figure 3. It shows a dual broad emission: a 
high-energy band around 422 nm and a lower energy 
emission around 440 nm excited at 361 nm. Compared to the 
free ligand (blue fluorescence with the emission at 450 nm 
with 兀x.= 370 nm).13 the emission peak at 440 nm is 
assigned to the n-n transition of the triazole rings, The other 
emission around at 422 nm can be assign as ligand-to-metal 
transfer (LMCT).
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Supplementary material. Crystallographic data for the 
structure reported here have been deposited with the 
Cambridge Crystallographic Data Centre (Deposition No. 
CCDC-289958). The data can be obtained free of charge via 
www.ccdc.cam.ac.uk/conts/retrieving.html (or from the 
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44 
1223 336033; e-mail: deposit@ccdc.cam.ac.uk).
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