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Abstract

Four triazole-bridging coordination complexes, [Zns(ptr)»(SO4)3(u3-OH)»(H»0)4], (1), [Hg(CN)»(ptr)],, (2), [Hg(Cl),(ptr)], (3), and
[Cun(uz-ptr)2(u2-F)»],.(SiFe), - 2nH,0 (4), were synthesized with (m-phenol)-1,2,4-triazole (ptr). Compounds 1-4 with extended structures
of 4-substituted 1,2,4-triazole are rarely reported. The layered structure of 1 can be regarded as constructed from the 2-D inorganic
backbone of SO37(2) anions bridging [Zn4(u3-OH),(H,0),]°~ subunits with the ptr ligands anchoring to both sides of backbone.
Compounds 2 and 3 are the first mercury(I) complexes with 4-substituted 1,2,4-triazole, which feature the ptr ligand acting as a
bidentate ligand bridging the Hg(II) atoms to form arciform —Hg—ptr—Hg—ptr chains. The structure of 4 is constructed from the F atoms
bridging Cu atoms in symmetrical u,-coordination mode to form a zigzag cationic chain with each ptr ligand bridging a pair of Cu atom
on the both sides, resulting in a nonplanar 5-membered [Cu,N,F] ring. Fluorescent properties of 1-4 were characterized and the magnetic

property of 4 shows antiferromagnetic interaction between the copper(Il) ions.

© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

The metal coordination polymers have been studied
widely due to an important interface between synthetic
chemistry and materials science, and specific structures,
properties, and reactivities not found in mononuclear
compounds. And synthesis of metal coordination polymers
is attracting interest in understanding how molecules can
be organized and how functions can be achieved [1-3].
Many attempts have been made to synthesize a variety of
transitional metal complexes using the 1,2,4-triazole
ligands, and their structures and properties have been
physically and chemically determined. 1,2,4-triazoles have
attracted great and growing interest in coordination
chemistry because of the fact that they can synthesize
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transition metal coordination polymers with the two
bridging close adjacent nitrogen atoms (N1 and N2) or
the 4-positioned one (N4) [4], and can effectively transmit
magnetic interaction between paramagnetic centers [5-9].
1,2,4-triazoles also exhibiting excellent bioactivities have
particularly multifarious uses in agriculture, medicine, and
industry. 1,2,4-triazole as a readily available and inexpen-
sive resource is also a good candidate to synthesize suitable
nitrenium ion precursors [10] with their syntheses and
synthetic applications [11-14] and implications as “‘ulti-
mate carcinogens’ from aromatic amines [15,16].

In view of the coordination character of 1,2,4-triazole,
our interest is in the investigation of the triazole-bridging
coordination polymers as well as their properties [17].
Herein, four coordination polymers were synthesized using
(m-phenol)-1,2,4-triazole (ptr) ligand and the crystallo-
graphic structures and properties of fluorescence and
magnetism were characterized.
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2. Experimental
2.1. Materials and physical measurements

All reagents and solvents were used directly as supplied
commercially without further purification. CuSiF¢ was
prepared using verdigris and H,SiFs. The IR spectra were
recorded on a Nicolet Magna 750 FT-IR spectrometer with
KBr pellets in the range 4000-400cm™'. Elemental
analyses were carried out on a Vario EL III elemental
analyzer at the Analytical Center of this Institute. The
electronic emission and excitation spectra recorded at room
temperature were obtained by a Edinburgh FL/FS 920
TCSPC fluorescence spectrophotometer. Magnetic suscept-
ibilities were measured with a quantum Design MPMS
SQUID magnetometer in the temperature range 2-305K
with the applied magnetic field was 10,000 G.

2.2. Synthesis of (m-phenol)-1,2,4-triazole [18,19]

(m-Phenol)-1,2,4-triazole (ptr) was prepared by reacting the
diformylhydrazine (6 mmol, 528 mg) and m-aminophenol
(6 mmol, 654mg) in a Teflon-lined stainless steel autoclave
in a furnace at 443K for 3 days and then cooled to 293K (see
Scheme 1). The product were isolated and washed with hot
water and hot ethanol. The orange crystals suitable for X-ray
diffraction studies were obtained. Yield based on m-
aminophenol: 754mg, 78%. Elemental analysis (%) for
CgH7N30, found (caled): C, 59.61 (59.62); H, 4.29 (4.38);
N, 26.18 (25.90). IR (cm™", 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).

2.3. Synthesis of [Zny(ptr)>(SO4)3(us-OH)>(H>0)4],
(1)

The hydrothermal reaction of ptr (0.2 mmol, 32 mg) and
ZnSOy - SH,0 (0.2 mmol, 50 mg) with 10 mL mixed solvent
of water and DMF (V/V = 1:1) at 443K for 72 h resulted
colorless prismatic crystals. Elemental analysis (%), found
(caled) for 1: C, 19.68 (19.65); H, 2.45 (2.47); N, 8.61 (8.59).
IR data (in KBr, cm™"): 3398(s), 2974(m), 2925(m), 1629(m),
1449(w), 1412(w), 1381(m), 1274(w), 1089(s), 1050(s), 881(s),
803(m), 665(w).

2.4. Syntheses of [Hg(CN),(ptr)], (2) and
[Hyg(Cl)>(ptr)]n (3)

To 10 mL aqueous solution of ptr (0.2 mmol, 32 mg) was
added 0.5 equiv. of mercury salt (Hg(CN), for 2 and HgCl,
for 3 at 353K with stirring. The resulting solutions were

OH OH

0 i

I 443K NN\

HC-NH-NH-CH + HN—| _R VN Q
hydrothermal N/

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

filtered, and the red platelet crystals of 2 and 3 suitable for
X-ray diffraction studies were obtained by slow evapora-
tion of the filtrates at room temperature for a couple of
weeks. Elemental analysis (%), found (caled) for 2: C,
29.11 (29.03); H, 1.75 (1.71); N, 16.89 (16.92); Found
(caled) for 3: C, 22.17 (22.21); H, 1.66 (1.63); N, 9.74 (9.71).
IR data (in KBr, cm™"): for 2: 3434(vs), 2974(m), 1602(s),
1530(m), 1453(m), 1384(m), 1290(w), 1205(w), 1091(m),
1050(m), 880(m), 780(w), 684(w), 645(w); for 3: 3392(vs),
2975(vs), 1615(s), 1530(m), 1454(m), 1384(m), 1204(m),
1089(s), 1049(vs), 880(s), 687(w), 646(w).

2.5. Synthesis of [Cuy(ux-ptr)s(u>-F)3],.(SiFs), - 2nH,O
(4)

The hydrothermal reaction of SmL aqueous solution of ptr
(0.2mmol, 32mg) and the aqueous solution of CuSiFg
(0.2mmol, 41 mg) at 393K for 72h resulted blue platelet
crystals of 4. Elemental analysis (%), found (caled) for 4: C,
28.90 (28.92); H, 2.76 (2.73); N, 12.68 (12.65). IR data (in
KBr, cm™"): 3435(s), 2924(m), 2851(m), 1619(m), 1544(w),
1498(w), 1460(w), 1392(w), 1299(w), 1218(w), 1108(w),
1068(w), 1013(w), 867(w), 784(w), 739(w), 683(W), 635(w).

2.6. X-ray crystallography

A summary of the crystallographic data for compounds
1-4 is given in Table 1. Data were collected on a Rigaku
Mercury CCD diffractometer with graphite-monochro-
mated MoKo radiation (4 =0.71073 A) using an w scan
technique at 113 K. The intensity data were reduced using
the CrystalClear program [20]. The structures were solved
by direct methods using the SHELXTL package of
crystallographic software [21] and refined by full-matrix
least-squares technique on F>. All nonhydrogen atoms were
refined anisotropically and the hydrogen atoms were
included in the final stage of the refinement on calculated
positions bonded to their carrier atoms. Atoms O(1)
in 2 and O(1) in 3 are positionally disordered. The selected
bond distances and bond angles for 1-4 are listed in
Tables 2-4.

Crystallographic data for the four structures reported here
have been deposited with the Cambridge Crystallographic
Data Centre (Deposition Nos. CCDC: 295285-295288 for
1-4). The data can be obtained free of charge via
www.ccde.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).

3. Results and discussion

3.1. Description of crystal structures

3.1.1. Structure of [Zny(ptr);(SO4);(u3-OH),(H>0),],
(1)

X-ray single-crystal analysis shows there exist two kinds
of independent zinc(II) atoms in the structure of 1. The
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Table 1
Crystallographic data and refinement parameters for 1-4
1 2 3 4
Empirical formula C]6H24N5020S3Zn4 C10H7HgN50 C8H7C12HgN3O C]sH]gCUZFgN6O4Si

Color and habit
Crystal size (mm)
Crystal system
Space group

a(A)

b (A)

¢ (A)

B )

v (A%)

V4

Fw

Dcalcd (mg 1’Il73)

1 (mm~")

F(000)

0 ()

Reflections measured
Independent reflections
Observed reflection

Colorless prism
0.1 x0.1x0.1
Monoclinic
C2/c

28.771(9)
7.49465(19)
15.132(48)
117.148(4)
2903.3(14)

4

978.07

2.238

3.583

1960

3.03-5.02

8901

2553 (Rine = 0.0593)
2013

Red platelet

0.58 x0.32 x0.11
Monoclinic
P21/C

6.6281(17)
21.802(5)
8.321(2)
105.1050(10)
1160.9(5)

4

413.80

2.368

13.248

760

3.15-5.02

7186

2023 (Rint = 0.0479)
1553

Red platelet

0.48 x 0.32 x0.11
Monoclinic
PZ]/C

6.4786(10)
22.614(2)
7.9773(15)
108.457(2)
1108.6(3)

4

432.66

2.592

14.340

792

3.32-5.03

6492

1894 (Rin = 0.0357)
1589

Blue platelet
0.1 x0.1x0.04
Monoclinic
P2|/C

13.273(6)
6.579(3)
13.931(6)
115.1110(7)
1101.5(8)

2

665.53

2.007

2.093

664

3.39-5.02

6739

1943 (Rin = 0.0761)
1493

Final Ry, WR, [I>2a(])] 0.0439, 0.0873 0.0421,0.0950 0.0344,0.0872 0.0620, 0.1179
R indices (all) 0.0632, 0.0948 0.0488,0.0965 0.0413, 0.0907 0.0900, 0.1321
GOF on F* 1.067 1.007 1.023 1.082
(A/0)max/min 0.000, 0.000 0.001,0.000 0.002,0.000 0.000, 0.000
Largest difference peak/e;\’3 0.745, —0.441 1.388, —3.492 1.822, —1.360 0.686, —0.483
Table 2 Table 3

Selected bond distances (A) and angles (deg.) for [Zng(ptr)2(SO4)3(us-

OH),(H20)4], (1)

Zn1-07
Znl-NI12A
Znl1-O2W
Zn1-02
Zn1-O4B
Zn1-05

O7-Zn1-N12A
07-Zn1-02W
NI12A-Zn1-02W
07-Zn1-02
N12A-Znl1-02
02W-Zn1-02
07-Zn1-04B
NI12A-Zn1-04B
02W-Zn1-0O4B
02-Zn1-04B
07-Zn1-05
NI12A-Znl1-05
02W-Znl1-05
02-Zn1-05
04B-Zn1-05
O1W-Zn2-O7A
O1W-Zn2-03
O7A-Zn2-03
O1W-Zn2-0O7
O7A-Zn2-07
03-Zn2-07

2.053(3)
2.072(4)
2.113(3)
2.115(3)
2.124(3)
2.287(3)

92.41(14)
176.36(12)
87.86(14)
93.65(12)
169.19(14)
86.65(12)
98.76(12)
96.92(13)
77.61(12)
91.00(11)
80.20(11)
85.69(12)
103.44(12)
86.53(11)
177.24(11)
100.19(12)
88.19(12)
170.71(12)
159.38(13)
80.99(12)
92.60(11)

Zn2-0O1W
Zn2-0O7A
Zn2-03
Zn2-07
Zn2-N11
Zn2-05

O1W-Zn2-N11
O7A-Zn2-N11
03-Zn2-N11
O7-Zn2-N11
O1W-Zn2-05
O7A-Zn2-05
03-Zn2-05
07-Zn2-05
NI11-Zn2-05
C12-N11-Zn2
NI12-N11-Zn2
C11-N12-ZnlA
NI11-N12-ZnlA
S1-02-Znl
S1-0O3-Zn2
S1-0O4-Zn1B
S2-05-Znl
S2-05-Zn2
Zn1-05-Zn2
Zn1-O7-Zn2A
Zn1-07-Zn2
Zn2A-0O7-Zn2

Selected bond distances (A) and angles (deg.) for [Hg(CN),(trp)]., (2) and
[He(Chx(trp)]s (3)

2.066(3)
2.077(3)
2.100(3)
2.105(3)
2.141(4)
2.336(3)

90.41(14)
89.19(13)
86.73(13)
110.20(13)
81.50(12)
98.91(11)
86.20(12)
78.00(11)
169.42(12)
132.13)
121.73)
132.6(3)
119.4(3)
122.84(18)
124.53(17)
133.46(19)
131.03(18)
128.72(18)
90.88(11)
117.05(14)
104.76(13)
99.01(12)

Note: Symmetry code: A = —x, —y+4, —z+1; B= —x, —y+3, —z+ 1.

2
Hgl-ClI 2.067(3) Hgl-NI2A 2.350(2)
Hgl-C2 2.068(4) Hgl-Cl1 2.3595(9)
Hgl-NI2A 2.576(3) Hgl-CI2 2.3677(7)
Hgl-N11 2.586(4) Hgl-N11 2.583(3)
N11-CI8 1.299(5) N11-CI8 1.306(4)
N11-N12 1.396(4) NI11-N12 1.360(3)
N12-C17 1.267(5) NI2-C17 1.309(4)
NI13-C17 1.346(4) Cl11-N13 1.442(4)
NI3-C18 1.350(5) CI17-NI13 1.353(3)
Cl-Hgl-C2 164.30(16) NI12A-Hgl-Cll 111.05(6)
Cl-Hgl-NI2A 97.80(12) N12A-Hgl-CI2 100.53(6)
C2-Hgl-NI12A 95.79(13) Cll-Hgl-CI2 147.56(3)
Cl-Hgl-N11 96.99(12) NI2A-Hgl-NI11 90.16(9)
C2-Hgl-N11 91.57(14) Cll-Hgl-N11 93.10(6)
NI12A-Hgl-N11 86.75(11) CI2-Hgl-N11 94.05(5)
CI8-N11-Hgl 122.8(3) C18-N11-Hgl 125.8(2)
NI12-N11-Hgl 127.6(2) N12-N11-Hgl 123.41(18)
C17-N12-HglB 128.7(3) C17-N12-HglB 125.1(2)
N11-N12-HglB 123.3(2) N11-N12-HglB 127.7(2)
NI1-Cl-Hgl 178.1(4)

N2-C2-Hgl 175.8(4)

Note: Symmetry code: A = x, —y+0.5, z+0.5; B=x, —y+0.5, z—0.5.
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zinc(II) atoms have six-coordinate octahedral geometries
(4+2) (Fig. 1). The Znl atom in its coordination
environment is coordinated by O2 from SO3~, NI2A
(A= —x, 4—yp, 1—z) from ptr occupying the axial
positions, and O4B (B = —x, 3—y, 1—z), OS5 from SOo3,
O2W, and u3-O7 lying on the equatorial plane; the
octahedral geometry of the Zn2 atom is formed by OS5,
13-07, OIW, and N11 in its equatorial plane, and u3-O7A,
O3 in its axial positions. The oxidation state of O7 is —1,
estimated by the bond-valence-sum (BVS) calculation
being 1.093, showing that O7 should be OH™ anions, in
accord with the judge from the charge balance. The OH™
ion adopts an asymmetric psz-coordinate mode to bridge
three Zn(II) atoms, with the Zn2-O7 bond distances

Table 4
Selected bond distances (A) and angles (deg.) for [Cun(po-ptr)a(us-
F)21,(SiF¢), - 2nH,0 (4)

Cul-F1 1.9245(16)
Cul-FI1A 1.9296(16)
Cul-N12 1.987(2)
Cul-N11A 2.014(2)
Fl-Cul-FIA 176.72(3)
F1-Cul-N12 88.46(7)
FIA-Cul-N12 89.09(7)
F1-Cul-N11A 93.48(7)
FIA-Cul-N11A 88.99(8)
NI2-Cul-N11A 178.05(7)
C15-N11-CulB 136.75(17)
NI2-N11-CulB 116.30(14)
CI13-N12-Cul 131.99(17)
NI11-N12-Cul 121.13(14)
Cul-F1-CulB 117.28(7)

Note: Symmetry code: 4 = —x, y+0.5, —z+0.5; B= —x, y—0.5, —z+0.5.

(2.105(3) A) being longer than the other ones
(Zn1-07 = 2.053(3); Zn2-07 = 2.077(3) A). Two us-O7
ions bridge three zinc(IT) atoms to form a negative subunit
of [Zns(us-OH)»(H,0),]°". The subunits are double-
bridged by SO3 (1) groups to form 1-D zigzag chains
extending along the b direction, which are further bridged
by SO (2) groups to form a 2-D inorganic backbone
along the ¢ direction as shown in Fig. 2. The ptr ligand acts
as a terminal ligand to bridge two Zn atoms of the subunit
on the both sides of the backbone (Fig. S1). Therefore, the
layered structure of 1 can be regarded as constructed from
the 2-D inorganic backbone of SO3 (2) anions bridging
[Zn4(us-OH)>(H,0),]°~ subunits with the ptr ligands
anchoring to the both sides of backbone.

There are abundant hydrogen bondings in the layer:
OIW---O1A (2.688(5) A, A=x, I+y, z), OIW.--O6B
(2.690(5) A, B = —x, y, 0.5—z2), 02W---O2B (2.694(5) A),
O2W---06C (2.892(5) A, C=x, y—1, z). And the layers
are further connected by hydrongen bonding Ol1---O1D
(2.823(5) A, 172.7°, D = —0.5—x, 3.5—y, 1—z) along the b-
axis to form 3-D framework (Fig. S2). Though phenyl rings
are present, there are no n---7 stacking interactions in the
3-D structure, with the minimum centroid-to-centroid
distances being 3.856 A.

3.1.2. Structures of [Hg(CN)y(ptr)], (2) and
[Hy(C)>(pir) ], (3)

Compounds 2 and 3 are the first extending mercury(II)
complexes with 1,2,4-triazole and the first mercury(II)
complexes with 4-substituted 1,2,4-triazole, the other
examples of 1,2,4-triazole only being three [22-24]. The
molecular structures of 2 and 3 are isomorphous with
similar cell parameters except that the anion CN™ in 2 and
Cl™ in 3, so the two complexes will be discussed together.

Fig. 1. The coordination environments of Zinc(II) atoms in 1 with 40% thermal ellipsoids.
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Fig. 2. The 2-D layer in 1 constructed from the [Zn4(u3-OH)>(H,0),]°~ subunits (the part in dash circle) connecting with two kinds of SO3~ [polyhedra
S(1) and S(2) denoted as SO3 (1) and SO3~(2) respectively; the ptr ligands are omitted for clarity.

Fig. 3. The arciform chain extending along the c-axis (X = CN for 2, ClI for 3).

X-ray single crystal analyses reveal that the crystallo-
graphic asymmetric units in 2 and 3 both comprise one
mercury(Il) salt and one ptr molecule as shown in Fig. S3.
The ptr ligand acts as a bidentate ligand bridging the
Hg(I) atoms via the nitrogen atoms NI11 and NI12,
resulting in an arciform —Hg—ptr—Hg—ptr chain running
along the c-axis (Fig. 3). The center atom Hg(II) lies in a
distorted tetrahedron geometry, consisting of two nitrogen
atoms from two different ptr moieties and two X anions

(X =CN for 2, Cl for 3). However, the Hg—N bond
distances in 2 and 3 are not similar: The Hgl-N11 bond
distance of 2.583(3) A in 3 is much longer than the other
Hgl-NI12A bond distance of 2.350(2) A; the two Hg-N
bond distances in 2 are almost equal (Hgl-N11 = 2.586(4)
A; Hgl-NI2A = 2.576(3) A, A = x, —y+0.5, z+0.5). The
range of C=N double bond distances in 2 and 3 is
between 1.267(5) and 1.309(4) A, similar to those found in
the ligand ptr between 1.299(3) and 1.302(4) A.
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The neighboring arciform chains of 2 and 3 interconnect
to form 18-membered rings through hydrogen bonds (In 2,
O1-H---N2: 2.855A, 169.24°; in 3, O1-H---Cl1: 3.100 A,
168.698°) and result in a 2-D wavy layer along the bc plane
(Fig. S4). The minimum centroid-to-centroid distance of
6.03 A among phenyl rings or triazole rings shows no -7
stacking interactions in the crystal structures. The layers
stack parallel along the a direction to form the crystal
structure (Fig. S5).

3.1.3. Structure of [Cuy(us-ptr)>(us-F)>],.(SiFs),-2nH>0
(4)

The asymmetrical unit of 4 contains a positive subunit of
[Cu(ur-F)(uo-ptr)] *, half of a dissociative SiFz~ ion, and a
water lattice. The Cul atom is coordinated by F1, F1A,
NI12, and NI1IA (A= —-x, 0.5+y, 0.5—z) atoms with
Cul-F1 = 1.9245(16), Cul-F1A = 1.9296(16), Cul-N12
=1987(2), and Cul-NI1IA =20142)A (A= —x,
y+0.5, —z+0.5) to form a planar quadrangle. F~ ions
originated from the thermal decomposability of SiFZ~ as
the source of F~ ions were not included in the reactants
[25]. The structure of 4 can be regarded as constructed
from the F atoms bridging Cu atoms in symmetrical p,-
coordination mode extending along the b direction to
form a zigzag cationic chain with each ptr ligand bridging a
pair of Cu atom on the both sides, resulting in a nonplanar
S5-membered [Cu,N,F] ring (Fig. 4). The minimum
centroid-to-centroid distance of phenyl rings is 4.553 A,
indicating no =---m stacking interactions in the crystal
structures. The lattice water molecules double-bridge
the SiFZ~ anions via O---F hydrogen bondings
(O1W---F11 = 2.775(7), O1W---F12 = 2.896(6) A) along

the b direction to form anionic chains, which further link
the cationic chains via O---O hydrogen bonds
(O1-H---O1W = 2.692(3) A, 179.2°) along the a direction
to form a layered structure (Fig. S6). The layers stack in
—ABAB- fashion along the ¢ direction to yield the crystal
structure (Fig. S7).

For the triazoles with three N positions unsubstituted,
there are four kinds of coordination modes: monodentate,
o-N1T,N2, u>-N2,N4, and u3-N1,N2,N4 (anionic ring). The
u>-N1,N2 bridging mode for triazole preferably results in
the formation of linear trinuclear metal complexes
[M;3(trz)e+ (L)e—] [26-30] (trz = 1,2,4-triazoles; L = H,O0,
SCN™, N3, etc.), while the bridging modes of ©,-N2,N4 or
w3-N1,N2,N4 for the triazoles usually results in the
formation of extended structures. Generally, it is more
difficult to synthesize mononuclear metal-triazole com-
plexes, especially for first-row transition metals. There exist
only 20 examples about mononuclear metal-triazole
complexes [31-44]. In comparison with unsubstituted
triazole, the 4-substituted triazoles lose a coordination site
and can only act as mono- or ,-N1,N2 bridging bidentate
ligands, which makes it difficult to construct extended
structure. To our knowledge, the extended structures of 4-
substituted 1,2,4-triazole-bridging transition metal com-
plexes are rare, the known examples only being [Cu
(hyetrz);](CF3S03),- HyO  (hyetrz = 4-(2'-hydroxyethyl)-
1,2,4-triazole) [45], {[Cds(deatrz),Cls(H,O),]-2H,0},,
{[Cd;(deatrz)4Cl,(SCN),] - 2H,0},, (deatrz = 3,5-diethyl-4-
amino-1,2,4-triazole) [46], {[Cu(u,-amtrz);](BF4)(SiF¢)o s
2H,0},, {[Cu(up-amtrz);](SiF¢)-8/3H,0}, ((amtrz = 4-
amino-1,2,4-triazole) [47], {[Cus(uz-L)o](ClO4)s-9H,0},
(L = 4-(2-hydroxyethyl)-1,2 4-triazole)  [48], [Fe(btr);]

Fig. 4. The wavy chain extending along the b-axis in 4.
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(ClOy4), (btr = 4,4-bis-1,2,4-triazole) [49]
(SeCN), - H,0 [50].

and Fe(btr),

3.2. Fluorescent properties of 1-4

The fluorescent studies of 1,2,4-triazoles are very limited
in contrast to the studies of magnetic properties. The
compounds 1-4 reported here show luminescent features in
the solid-state electronic emission spectra at room tem-
perature, as given in Fig. 5. Green fluorescence for 1 can be
observed, where the maximum emission wavelength is at
520nm by exciting the solid sample under UV at
Aex = 298 nm. Excitation of the solid sample 2 with UV
ray at 361 nm produces blue fluorescence with intensive
dual broad luminescence: a high-energy band around
445nm and a lower energy emission around 415nm
appearing as a shoulder. The emission spectrum of 3 is
similar to that of 2: blue fluorescence with 440 and 420 nm
as shoulder under UV at ¢ = 363nm. Compound 4
features blue fluorescence with a broad emission at 460 nm
excited at 360 nm. Compared to the pure ligand of ptr (the
emission at 450 nm with A, = 370 nm) [51], the emissions
near 450 nm for 1-4 may originate from the 7—n* transition
of the triazole rings, not the phenyl rings (the emission of
m-aminophenol at 405 nm with J¢x = 307 nm, Fig. S8). The
other emissions at 415nm for 2 and 420 nm for 3 may be
original from ligand-to-metal transfer (LMCT) [52,53].
Interestingly, the emission spectrum of 1 is much different
from those of 2—4; its excitation wavelength is much lower
than 360 nm and its emission wavelength much higher than
450 nm, possibly relating to the 2-D inorganic backbone
rather than the organic ligand.

Emission Intensity

3.3. The magnetic property of 4

The magnetic behavior of 4 is shown in Fig. 6 in the form
of a ym vs. T and y,T vs. T plots. The produce y,T
increases with the temperature rising, reaching a maxi-
mum of 0.725cm’®Kmol™" at ca. 258 K. Compound 4
follows the Curie-Weiss law y,, = 0.40/(T + 0.30) in the
temperature range 50-300K. The magnetic behavior
of 4 is characterized as an overall antiferromagnetic
interaction between the copper(Il) ions. An effective
magnetic moment of 1.78 ug can thus be obtained for
each Cu(Il) center via uer = 2.828C"? up, which is very
close to the theoretic 1.73 ug for the free-ion ground
state (2D2/5) of Cu(Il) with one localized unpaired d-
electron. The magnetic data have been interpreted using
the expression for the molar magnetic susceptibility of an
S =1/2 linear chain with a high-temperature series
expansion proposed by Baker (Eq. (1)) [54] in which
x = J/2kt, N is Avogadro’s number, f§ is Bohr’s magneton,
k is Boltzmann’s constant, and J is the isotropic ex-
change parameter defined by the phenomenological spin
Hamiltonian H = —J[Z,;S;-S]—gugHX;S;. The best
least-squares fit of the theoretical equation to experi-
mental data leads to g =2.080(8), J/k=—-2.76(1)K,
and the agreement factor R=375x10" [R=
{[Zin= 1(Xmiexpfxmicalc)z/(}(m)expiz]/[Zin= 1/(Xmiexp)2]}l/2]- The
negative J value suggests that a weak antiferromagnetic
interaction exists in 4, which is in agreement with the
result of the fitting obtained from the Curie-Weiss law.
The antiferromagnetic property of 4 is similar to that of the
1-D chain of triazole [Cu,Cly(Mebta),], (Mebta = 1-
methylbenzotriazole) [55], but unlike the ferromagnetic
interaction in the 1-D chain of triazoles [Cu(hyetrz)s]

Fig. 5. The solid-state electronic emission spectra of 1 (ex = 298 nm), 2 (Aex = 361 nm) 3 (Aex = 363 nm), 4 (Lex = 360 nm) and ptr (Lex = 370 nm) recorded

at room temperature.
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Fig. 6. Plot of yn, vs. T over 2-300K at a field of 1 T showing a Curie-Weiss paramagnetic behavior of 4.
(CFS03), - H,0 [12]:
_(NB@?\ (14 5.7979916x + 16.902653x + 29.376885x7 + 29.832959x* + 14.036918x%\ */° O
Xm = 4kT 1+ 2.7979916x + 7.0086780x2 + 8.6538644x3 + 4.5743114x* '

The X-band powder EPR spectrum recorded at room
temperature shows a signal with g =1.95, which is
consistent with the value from the fitting of the magnetic
susceptibility data. Furthermore, Cu---Cu exchange split-
tings are not observed in the characterization [56].
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