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Syntheses, structures, electrochemical and optical properties of
four transition metal complexes based on the 1-triazolyl-3-
benzimidazolyltriazene ligand

Yanxuan Qiu, Yu Miao, Zizhou Wang, Zhixin Li, Zhijian OuYang, Liu Yang, Wenning Lin, Weijin Feng
and Wen Dong*

Four transition metal complexes based on the 1-triazolyl-3-benzimidazolyltriazene (HsTBIT) ligand of [Co(H,TBIT)(HTBIT)]
(1), {[Cu(H,TBIT)(SCN)I-H,0} (2), [Cdy(HsTBIT);(H,0),Cla] (3) and {[Ni3(H,TBIT),(HTBIT),(en),]-IPA-2H,0} (en =
ethylenediamine, IPA = isopropanol) (4) have been synthesized and characterized by single crystal X-ray diffraction
analysis. In 1-4, the triazene ligand acts in different coordinating or bridging modes resulting in two mononuclear
structures for 1 and 2, one dinuclear structure for 3 and one trinuclear structure for 4. Different structural 1-4 are further
self-assembled through hydrogen bonds or m—m, C-H--:t, metal-m interactions to form 3D supramolecular structures. The
electrochemical properties in aqueous solutions as well as the photoluminescent properties in ethanol of H;TBIT and 1-4
are investigated. The TD-DFT calculations at B3LYP/6—311++G(d,p) level for HsTBIT has been used to demonstrate the

characteristic absorption spectrum.

Introduction

Triazenes are a unique type of polyazo compounds including
three consecutive nitrogen atoms with a double bond between
N1 and N2 (R—N1=N2—N3H-R). They are a very useful and
diverse class of compounds and have been used widely in
organic syntheses, such as protecting groups for diazonium
salts and amines,1 masking groups in the synthesis of small
molecules,2 alkylating agents for DNA,3 building blocks for the
synthesis of various phenylacetylene-based systems,4 acting as
facilitators of arenes coupling to silicon surfaces,” etc. From
the viewpoint of coordination chemistry, the triazene group
[-N=N—N-] displays a brilliant ability to perform versatility
coordination modes with transition metals due to its geometry
and electron donor sits, showing a prominent trend to achieve

intermolecular, secondary metal-ligand and ligand-ligand

interactions and proficient to assemble supramolecular
6 .

structures.” These ligands can serve as monodentate,

bidentate, chelate or bridging ligands, as shown in Scheme 1,
giving a variety of coordination compounds with large
structural diversity.ea’7 However, their used as ligand in
coordination chemistry, compared with related ligands
amidinate [ArNC(R)NAr]',8 or anionic N—-C—X—type (X=N, O, S)
Iigands,9 is less developed due to the perceived dangers of
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handling organic azide compounds and the lack of scalable
methods for their preparation.10 Instead, triazene has been
mainly used as a precursor for the triazenide complexes. One
the other hand, the studies about triazene complexes are
mainly concentrated on their coordination modes and
electrochemical properties, seldom attentions are given to
their noncovalent interactions and fluorescence properties.
With these in mind, we focused our attention on the
syntheses, supramolecular structures, electrochemical and
optical properties of four transition metal complexes based on
the new ligand of 1-triazolyl-3-benzimidazolyltriazene (H3TBIT).
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Scheme 1 Main coordination modes of triazenes: (a) neutral

monodentate terminal; (b) anionic monodentate terminal; (c) chelating
bidentate; (d) bridge-forming; (e) bridge-type syn—syn—nl:nl:uz; (f)

central nitrogen coordination.

Experimental section

Materials and physical measurements
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All the commercial reagents and solvents were purchased and
used without further purification unless otherwise stated. 'H
NMR and *C NMR spectra were measured on a 500 MHz
Digital NMR Spectrometer (AV lll, Ascend 500 HD). IR spectra
were recorded as pressed KBr pellets on a Bruker Tensor 27
spectrophotometer with an average of 64 scans. Elemental
analyses were carried out using a Perkin—Elmer analyzer model
240. X-ray powder diffraction (XRD) were measured at room
temperature using a PANalytical PW3040/60 X-ray
diffractometer (Cu-Ko, A = 1.54056 A) and the calculated
patterns were generated with PowderCell. Thermogravimetric
(TG) analyses were carried out using Perkin—Elmer TGA4000
thermogravimetric analyzer. EPR spectrum was acquired on a
Bruker ER200-SRC instrument in solid state at room
temperature. UV—Vis absorption spectra of H3;TBIT and 1-4 in
ethanol were collected on a Perkin—Elmer Lambda 750 S
UV/VIS/NIR Spectrometer. Cyclic voltammetry experiments
were carried out on a CHI-760D electrochemical analyzer
using a three-electrode cell, in which a carbon electrode was
the working electrode, a platinum plate electrode was the
auxiliary electrode, and a saturated calomel electrode (s.c.e)
was the reference electrode. For the experiments performed
in water as solvent (1 x 107 moI-dm’3) containing in 0.01 mol
L' KOH as supporting electrolyte. Luminescence spectra of
H3TBIT and 1-4 in ethanol were recorded with a Hitachi F-7000
fluorescence spectrophotometer at room temperature.

X-ray crystallography and data collection

Table 1 Crystallographic parameters of structures 1-4

The crystals suitable for X-ray single crystal structural analyses
were coated with hydrocarbon oil on the microscope slide and
mounted on glass fiber with silicone grease and placed in a
Bruker Smart APEX(ll) area detector using graphite
monochromated Mo—Ka. radiation (A = 0.71073 A) at 296(2) K.
The crystallographic structures were solved by direct methods
and successive Fourier difference syntheses (SHELXS-97) and
refined by full-matrix least-squares procedure on F with
anisotropic thermal parameters for all non-hydrogen atoms
(SHELXL-97). Hydrogen atoms were added theoretically and
were riding on their parent atoms. The crystal data and
collection parameters for 1-4 are listed in Table 1.

Computational details

All the quantum-chemical calculations were carried out by the
Gaussian09 suit." B3LYP™ functional is found to perform well
for most of the organic molecules, hence the same is
employed here. The geometry of H;TBIT in ground state was
optimized using B3LYP functional with 6—311++G(d,p) basis
set. The calculated UV—Vis spectrum of H;TBIT in ethanol was
performed using time dependent density functional theory
(TD—DFT) at B3LYP/6—311++G(d,p) level.”®

Preparation of H;TBIT and complexes 1-4

Synthesis of H;TBIT. A solution of NaNO, (1.38 g, 0.02 mol)
in 15 mL of water was added dropwise within 20 min to a
mixed solution of 3-amino-1,2,4-triazole (1.68 g, 0.02 mol) in
30 mL water and 3 mL of concentrated hydrochloric acid (37%)
cooled to 0-5°C. Then a solution of 2-aminobenzimidazole
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1 2 3 4
formula C1gH13CoNyg C10HsCuNgOS C1gH50Cd,ClaN160, Ca3HaoN3gNisOs
Formula weight 512.37 366.87 859.12 1317.18
Crystal system orthorhombic monoclinic monoclinic monoclinic
Space group P2,2,2, P2:/n P2,/c P2./n
a/A 8.3406(2) 7.061(3) 8.3541(4) 11.7945(11)
b/A 15.9601(4) 19.716(8) 17.9999(9) 15.2176(14)
/A 16.1633(4) 10.302(4) 10.0103(5) 19.0428(18)
af° 90.00 90.00 90.00 90.00
8/° 90.00 106.146(15) 111.893(2) 105.480(6)
v/° 90.00 90.00 90.00 90.00
Volume/;&3 2151.61(9) 1377.6(9) 1396.72(12) 3293.9(5)
V4 4 4 2 2
Peaiemg/mm?> 1.582 1.769 2.043 1.328
},l/mm-1 0.844 1.754 1.957 0.917
F(000) 1040.0 740.0 840.0 1348.0
Reflections collected 30815 14361 22737 26830
Independent 4971 [Ry = 0.0675] 2431 [Riy = 0.0632] 3237 [Rye = 0.0328] 7938 [Ry = 0.0652]
reflections

Goodness-of-fit on
F

Ry, WR,™? [I>=20(1)]
R,, WR,>? [all data]
CCDC

0.989

0.0406, 0.0690
0.0713, 0.0770
1422671

1.142

0.0468, 0.1260
0.0667, 0.1613
1422672

“R= 3||Fo|-IFel/SIFo|- "WR; = [SW(F,*—F ) [sw(F,*) T

1.047

0.0207, 0.0483
0.0269, 0.0510
1422673

0.976

0.0654, 0.1772
0.1348, 0.2130
1428456
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(2.66 g, 0.02 mol) in 30 mL ethanol was added slowly to the
above mixture solution (Scheme 2a). The resulting mixture was
stirred for 24 h at room temperature and a yellow precipitate
of H3TBIT was obtained in 68% vyield. The yellow crystals of
H3TBIT were obtained via diffusion method by dissolving crude
product of H5;TBIT in N,N-dimethylformamide (DMF) and using
isopropanol as diffusion layer. Elemental analysis calcd for
CsHgNg: C, 47.37; H, 3.51; N, 49.12%. Found: C, 47.24; H, 3.46;
N, 49.26%. FT-IR (KBr, cm’l): 3054m, 1637m, 1598m, 1536m,
1488m, 1471m, 1418m, 1353m, 1305m, 1267m, 1234m,
1215m, 1090m, 1073m, 1035m, 1005w, 975m, 887m, 827m,
732m, 635w, 615w, 542w, 496w, 438w. 'H NMR (500 MHz,
DMSO-dg, & ppm): 13.98 (s, 1H), 13.41 (s, 1H), 8.53 (s, 1H), 7.89
(1H, s), 7.39 (t, J = 4.6, 2H), 7.23 (s, 2H). >C NMR (500 MHz,
DMSO-ds, 6 ppm): 158.43, 131.76, 123.14, 111.99, 99.99,
62.50. MS (ESI) for H3TBIT m/z [M—H]™ requires: 227.0, found:
227.1. T4 = 186°C (Fig. S1, ESIT). The reaction mechanisms of
diazotization and coupling reaction are given in Scheme 2b.
The assembling strategies of complexes 1-4 are given in
Scheme 2c.

Caution! The preparation of H3TBIT is potentially explosive
and should be handled in small quantities.
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Scheme 2 (a) Synthesis of 1-triazolyl-3-benzimidazolyltriazene (HsTBIT);
(b) the reaction mechanisms of diazotization and coupling reaction; (c)

construction of complexes 1-4.

Synthesis of [Co(H,TBIT)(HTBIT)] (1). A drop of dilute NaOH
(2 moI-L’l) was added to a solution of 1-triazolyl-3-
benzimidazolyltriazene (0.0228 g, 0.1 mmol) in methanol (10
mL) and stirred till the ligand was dissolved. Then a solution of
CoCl,-6H,0 (0.0237 g, 0.1 mmol) in water (5 mL) was added to
the above solution and stirred for 5 min. The resultant solution
was heated in a stainless steel reactor with 25 mL Teflon liner

This journal is © The Royal Society of Chemistry 20xx

at 100 °C for 72 h, followed by slow cooling (5 ‘C-h™*) to room
temperature. The resulting mixture filtered and
evaporated under ambient conditions. Red crystals of 1 were

was

obtained after one week, isolated by filtration and washed
with distilled water. Yield: 36.5% (based on C02+). Elemental
analysis calcd for 1 of CigH;3CoN.6: C, 42.16; H, 2.54; N,
43.72%. Found: C, 42.07; H, 2.58; N, 43.78%. FT-IR (KBr, cm™):
2652m, 1597w, 1559m, 1483m, 1455m, 1405s, 1357s, 1246m,
1227m, 1196m, 1154m, 1110w, 1076w, 1009w, 951w, 896w,
832w, 743m, 664m, 627w.

Synthesis of {[Cu(H,TBIT)(SCN)]-H,0} (2). A mixture of
CuCl,-2H,0 (0.0170 g, 0.1 mmol) and NH,SCN (0.0152 g, 0.2
mmol) in H,0 (5 mL) was added to a solution of 1-triazolyl-3-
benzimidazolyltriazene (0.0228 g, 0.1 mmol) in ethanol (10
mL), giving a black solution. The black solution was heated and
stirred for 2 hours. After cooling to room temperature, the
resulting mixture was filtered and red block crystals of 2 were
obtained by slow evaporation under ambient conditions for
one day, isolated by filtration and washed with distilled water.
Yield: 80.6% (based on Cu2+). Elemental analysis calcd for 2 of
C10H9sCuNgOs: C, 32.71; H, 2.45; N, 34.34%. Found: C, 32.81; H,
2.40; N, 34.43%. FT-IR (KBr, cm’l): 3139m, 2284s, 1634w,
1594w , 1556m , 1478m, 1455m, 1408s, 1361s, 1336s,
1271m, 1223m, 1176m, 1078m, 974w, 833m, 755m, 660m,
621m, 445w. A single EPR line around 326.474 mT with g =
2.06845 was observed in the solid state at room temperature
for 2 (Fig. S2, ESIT).

Synthesis of [Cd,(H;TBIT),(H,0),Cl;] (3). 5 mL aqueous
solution of CdCl,-2.5H,0 (0.0228 g, 0.1 mmol) was added to a
solution of 1-triazolyl-3-benzimidazolyltriazene (0.0228 g, 0.1
mmol) in ethanol (10 mL) and stirred for 2 hours. The resulting
mixture was filtered and yellow block crystals of 3 were
obtained by slow evaporation of the filtrate after four days
and washed with distilled water. Yield: 67.8% (based on Cd2+).
Elemental analysis calcd for 3 of C,gH,0Cd,C4sN160,: C, 25.14; H,
2.33; N, 26.07%. Found: C, 25.25; H, 2.28; N, 26.16%. FT-IR
(KBr, cm’l): 3362m, 1605s, 1514s, 1487m, 1451m, 1409m,
1315s, 1269s, 1212m, 1169m, 1140m, 1084m, 985m, 936m,
887w, 840m, 750w, 669w, 581m, 544w, 494w, 450w.

Synthesis of {[Ni3;(H,TBIT),(HTBIT),(en),]-IPA-2H,0} (4). 5
mL aqueous solution of NiCl,-6H,0 (0.0237 g, 0.1 mmol) was

(@ (b) ©

Fig. 1 The coordination modes of H3TBIT in complexes 1 and 2 (a), 3 (b)
and 4 (c).

J. Name., 2013, 00, 1-3 | 3
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Fig. 2 (a) View of the coordination environments around the Co(lll) atom in 1; (b) the N—H--:N hydrogen bonds in 1, showing a 2D network parallel to the

plane ac; (c) the C—H---rt interaction in 1, showing another 2D network parallel to the plane bc; (d) the 3D supramolecular network of complex 1 via C—

H---1t contacts. All H atoms except those participating in C—H---1t and hydrogen bonds were omitted for clarity.

added to a solution of 1-triazolyl-3-benzimidazolyltriazene
(0.0228 g, 0.1 mmol) in 10 mL isopropanol and stirred for 5
min, giving a red solution. To the above mixture, four drops of
ethylenediamine was added and then heated and stirred for 4
hours. After cooling to room temperature, the resulting
mixture was filtered and red block crystals of 4 were obtained
by slow evaporation for two weeks. Yield: 73.4% (based on
Ni2+). Elemental analysis calcd for 4 of C43H4oN36NizOs: C, 39.17;
H, 3.04; N, 38.26%. Found: C, 38.82; H, 3.75; N, 37.93%. FT-IR
(KBr, Cm_l): 3348m, 1594w, 1525m, 1456m, 1398m, 1343s,
1257w, 1004m, 832w, 746m, 646m, 508w.

Results and discussion
Description of crystal structures

Crystal structure of [Co(H,TBIT)(HTBIT)] (1). Single-crystal X-
ray analysis in the
orthorhombic with space group P2;2;2;. Complex 1 is a

reveals that complex 1 crystallizes

mononuclear structure with each unit cell consisting of one
Co®" ion and two anionic ligands of H,TBIT  and HTBIT> (Fig.
2a). Each Co®" coordinates to six nitrogen atoms from two
anionic ligands, affording an octahedral geometry. The Co—N
bond distances range from 1.8879(23) A to 1.9198(21) A,
which indicates the Co>* ion.* The bond lengths of N4—N5 and
N12-N13 are 1.2951(34) A and 1.2825(36) A, which are larger

4| J. Name., 2012, 00, 1-3

than the free ligand calculated by Gaussian09 suite at
B3LYP/6—311++G(d,p) level. The free ligand contains a rigid
N4=N5 double bond (1.2549 A). The bond lengths of N5—-N6
and N13-N14 are 1.3086(34) A and 1.3201(36) A, which are
shorter than the free ligand (N5-N6 = 1.3383 A), owing to the
delocalization of the m-electrons in the triazenido moiety (Fig.
S3, ESIt). The N4—N5-N6 angle takes a value of 119.20(2)° and
the N12-N13-N14 angle value is 118.96(2)°, slightly larger
than the free ligand (111.11°). The H,TBIT and HTBIT> anions
act as tridentate chelate ligands (Fig. 1a) and the triazole ring
and benzimidazole ring are almost coplanar with the dihedral
angle of 2.67° and 5.05°. The intermolecular classical N—H-:-N
hydrogen-bonds among triazenido, triazole and imidazole
nitrogen atoms with the shortest distances of N---N = 2.807 A
are present in the crystal structure. It is possible to see that
these hydrogen-bonds link the mononuclear structure into a
2D network parallel to plane ac (Fig. 2b). At the same time, the
C—H--mt  stacking interactions connect the mononuclear
structure into another 2D network parallel to plane bc (Fig. 2c).
These edge-to-face C—H---mt stacking interactions are present
between CH groups and aromatic rings with H---t distances of
2.553 A for C8-H8A---Cg1, 2.674 A for C16—H16A--Cg2 (3.5-,
—1-y, —0.5+z) and 2.759 A for C10-H10--Cg3 (3.5-x, —2—v,
—0.5+z), in which Cgl and Cg3, Cg2 are the centriod for the
imidazole ring and benzene ring, respectively. As a result, the

This journal is © The Royal Society of Chemistry 20xx
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Fig. 3 (a) View of the coordination environments around the Cu(ll) atom in 2 (A: 1/2—x, 1/2+y, 3/2-z), uncoordinated water molecules were omitted for

clarity; (b) the N—H:--:O, O—H---N and C—H---N hydrogen bonds in 2; (c) the face-to-face m—m stacking and metal-mn interactions along a axis in 2; (d) the 3D

supramolecular frameworks of 2 formed by N—H:--O and O—H---N hydrogen bonds, n—mt stacking and metal—-mt interactions. All hydrogen atoms except those

participating in the hydrogen bonds were omitted for clarity.

neighboring mononuclear structures are coupled through
N—H--:N links and C—H---it interactions, thus generating a 3D
supramolecular structure (Fig. 2d).

Crystal structure of {[Cu(H,TBIT)(SCN)]-H,0} (2). Complex 2
crystallizes in the monoclinic space group P2,;/n with an
asymmetric unit that contains one cu* ion, one H,TBIT
ligand, one SCN™ as ligand and one solvent water molecule. As
shown in Fig. 3a, the Cu® ion is five-coordinated with three
nitrogen atoms from one H,TBIT ligand, one nitrogen atom
from adjacent H,TBIT ligand and one nitrogen atom from
SCN™ anion. The bond lengths of Cul-N4, Cul-N6, Cul—NS,
Cul—N8A and Cul—N10 are 1.9534(39), 2.0145(40), 1.9523(35),
3.2199(38) and 1.9163(40) A, respectively. The axial much
longer bond length of Cul-N8A is due to the well-know
Jahn-Teller effect for d’ systems, which afford a serious
distorted square pyramidal geometry. The deprotonated
ligand leads to a charge delocalization within the triazenido
moieties and quite similar N—-N bonds (N5—N6 = 1.2832(54) A,
N6—N7 = 1.3053(50) A) with deviations smaller than 0.03 A are
observed. The N5—-N6—N7 angle takes a value of 118.89(37)°,
which is quite similar to that found in complex 1 (118.96(2)°).
The dihedral angle between triazole ring and benzimidazole
ring is 5.66°, indicating a coplanar structure. Solvent water
molecule acts both as donor and acceptor of H-bonds with
N---O distances ranging 2.819—2.895 A. These hydrogen bonds

This journal is © The Royal Society of Chemistry 20xx

together with two non-classic C—H---N hydrogen bonds (C:-:N =
3.378 and 3.420 A) link the mononuclear structure into a 2D
undulating network parallel to plane bc (Fig. 3b). As depicted
in Fig. 3c, there are two types of slipped face-to-face m—m
stacking interactions found between tridentate chelate ligands
that run along a axis, forming infinite chains: two equal n—n
stacking interactions between triazole ring and benzene ring
with center-to-center distances of 3.454 A, one m—n stacking
interactions between imidazole rings with center-to-center
distances of 3.721 A. Within the chains, each Cu®* atom is
additionally coordinated by two peripheral aromatic rings of
two neighboring complexes by secondary metal—-m interaction.
These metal-mt interactions involve the Cgl (3.469 A) and Cg2
(3.441 A) with related symmetry code (—x,—y, —z) and (1+x, v,
z), respectively. Cgl and Cg2 are the centers of imidazole ring
and benzene ring, respectively. The adjacent layers parallel to
plane bc are associated through m—m stacking and metal-mnt
interactions, leading to an overall 3D supramolecular network
structure (Fig. 3d).

Crystal structure of [Cd,(H;TBIT),(H,0),Cl;] (3). X-ray
diffraction reveals that complex 3 forms dimer that crystallizes
in the monoclinic space group P2,/c with each unit consisting
of two Cd** ions, two H3TBIT neutral ligands, four CI™ as ligand
and two coordinated water molecules. Its molecular structure
is given in Fig. 4a. Cd1 adopts a distorted octahedral geometry,

J. Name., 2013, 00, 1-3 | 5
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Fig. 4 (a) View of the coordination environments around the Cd(ll) atoms in 3; (b) the O—H-:-Cl, N—H-:-Cl, N—H:--:O and O—H-:-N hydrogen bonds in 3; (c) the

face-to-face m—m stacking interaction in 3; (d) 3D supramolecular framework of complex 3 via m—mn interactions. All hydrogen atoms except those

participating in the hydrogen bonds were omitted for clarity.

coordinating to two nitrogen atoms from one H3TBIT ligand, to
four CI", and one oxygen atom from water molecule. The
triazene ligand coordinates to cd* in a chelating bidentate
way (Fig. 1b). The negative charge of the CI” ligands are
counter balanced by the central cation Cd2+, and act as
bridging ligand coordinating to two different cd* ion, resulting
in a dinuclear structure with Cd--Cd separation of 3.7352(3) A.
The Cd—N bond lengths are 2.2781(14) and 2.6207(16) A, the
Cd—Cl bond lengths fall in the range of 2.4743(5)-2.6305(6) A,
and the Cd—O bond length is 2.4190(17) A. The CdN3
metallocycles in 3 possess N—N bond lengths that indicate
slight delocalization of charge across the anionic donor (N4—N5
=1.2723(2) A, N5-N6 = 1.3356(25) A) and slight elongation of
the Cd—N4 contact. The N4—N5—-N6 angle takes a value of
110.09(16)°, which is in accordance with the free ligand
(111.11°). There are three types of hydrogen-bonds of
O—H--:Cl, N—H:-Cl and O-—H:*N among the H3TBIT neutral
ligands, coordinated water molecules and CI™ ligands with the
distances of O--Cl = 3.224 A, N---Cl = 3.391 A and O-~N = 2.871
A, showing a 2D network structure (Fig. 4b). Moreover, the
H3TBIT ligands show face-to-face m—m stacking interactions
between triazole ring and imidazole ring with separated
interplanar center-to-center distance of 3.261 A, between
imidazole rings with separated interplanar center-to-center
distance of 3.543 A (Fig. 4c). The dinuclear structures are
connected to 3D supramolecular framework via face-to-face
n—n stacking and hydrogen bonding interactions (Fig. 4d).
Crystal structure of {[Ni3z(H,TBIT),(HTBIT),(en),]-IPA-2H,0}
(4). X-ray crystallographic study reveals that 4 crystallizes in

6| J. Name., 2012, 00, 1-3

the monoclinic space group P2,/n. As can be seen in Fig. 5a,
the structure of complex 4 consists of three nickel centres,
four anionic ligands of H,TBIT  and HTBITZ', two en ligands,
two solvent water molecules and one isopropanol molecule.
Three nickel centres are bridged by two triazenido ligands (Fig.
1c), appearing two different coordination environments, Nil is
six-coordinated by six nitrogen atoms from one H,TBIT  and
one HTBIT* anionic ligands. The Nil—N bond distances fall in
the range 2.054(5)-2.0957(53) A, adopting a slightly distorted
octahedral geometry. Ni2 is six-coordinated by two nitrogen
atoms from two HTBIT>™ and four nitrogen atoms from two en
molecules. The Ni2—N bond distance of triazenido ligands is
2.0962(61) A, the distances between nickel and nitrogen atom
of en are 2.1056(59) A and 2.0797(72) A. The average
N4—N5/N13—-N12 and N5-N6/N12—-N11 bond lengths of
1.2807 and 1.3221 A also imply a delocalization of nt electrons
in the triazenido chains. Three N—H-N, O—H---O and O—H--:N
hydrogen bonding interactions are found among H,TBIT  and
HTBIT>  anionic ligands, solvent water molecules and
isopropanol molecules with the shortest distances of N:-N =
2.849 A, 0--0 = 2.569 A and O--N = 2.781 A (Fig. 5b). Fig 5¢
gives the 3D supramolecular framework formed by hydrogen
bonds.

XRD and thermal stability analyses

The XRD measurements were carried out at room temperature
to confirm the phase purity of complexes 1-4. As shown in Fig.
S4,1 the peak positions of experimental XRD patterns are in

This journal is © The Royal Society of Chemistry 20xx
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Fig. 5 (a) View of the coordination environments around the Ni(ll) atoms in 4, all H atoms and uncoordinated water molecules were omitted for clarity; (b)

the N-H:-:N, O—H---O and O-H---N hydrogen bonds in 4; (c) 3D supramolecular framework of complex 4 via hydrogen bonds interactions. All hydrogen

atoms except those participating in the hydrogen bonds were omitted for clarity.

agreement with the simulated XRPD patterns, demonstrating
the good phase purity of the four complexes.

In order to examine the thermal stabilities of the four
complexes, the thermal gravimetric (TG) analyses were carried
out in the temperature range of 30—700°C under a flow of
nitrogen with heating rate of 20 °C-min~* (Fig. 6). For complex
1, there is no obvious weight loss before 367°C and then the
network decomposes rapidly on further heating. Complex 2
loses the lattice water molecules (calcd 4.9% and expt 4.8%) at
the beginning from 86°C to 137°C. The structure is stable
between 137°C to 240°C and then undergoes decomposition
after 240°C. For complex 3, the frame structure is stable
before 196°C and then it decomposes rapidly on further

1004 complex 1
complex 2
complex 3
80 complex 4
e
S 60
.
=)
2"
201
0 T T T T T T
100 200 300 400 500 600
Temperature ('C)

Fig. 6 Thermal gravimetric analvses (TGA) curves for complexes 1-4.

This journal is © The Royal Society of Chemistry 20xx

heating. For complex 4, the first weight loss of 7.1% from 70°C
to 130°C corresponds to the loss of two lattice water
molecules and one isopropanol molecule (calcd 7.3%) of one
unit cell. The network decomposes in the temperature range
290°C to 530°C, indicating the thermally stable property of 4
over a broad temperature range. The observed weight losses
contain two steps between 290°C and 530°C, which can be
attributed to the elimination of ethylenediamine and H;TBIT
ligands.

The UV-Vis absorption of H;TBIT and 1-4

UV-Vis spectra of H;TBIT and 1-4 in ethanol solutions with the
concentration of 1 x 107 mol-dm~> as well as the calculated
electronic spectrum for H3TBIT have been measured.
Calculations of molecular orbital geometry show that the
visible absorption maxima of this kind of triazenes correspond
to the electron transition from HOMO to LUMO.™ The
experimental and calculated absorption maxima for H;TBIT are
in agreement within the accuracy of the computational
method used. As illustrated in Fig. 7a, ligand H5TBIT has three
obvious absorption peaks centered at 207 nm, 269 nm and 367
nm, while the calculated absorption peaks are located in 203
nm, 261 nm and 364 nm, which are in accordance with
experimental values. The absorption peak at 203 nm involves
mainly a transition from molecular orbital (MO) 58 (HOMO-1)
to LUMO+4 (MO = 64) with oscillator strength f = 0.3671, the
absorption peak at 261 nm is attributed to HOMO-2 (MO = 57)
- LUMO (MO = 60) with oscillator strength f = 0.3688 and the
band at 364 nm is assighed as HOMO (MO = 59) - LUMO (MO
= 60) with oscillator strength f = 0.7153 (Fig. 7b). The UV—Vis

J. Name., 2013, 00, 1-3 | 7
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Fig. 7 (a) The experimental and calculated absorption spectra for HsTBIT
in ethanol; (b) the molecular orbitals involved in the main electronic
transitions for HsTBIT in ethanol obtained from DFT calculations; (c) the

UV-Vis spectra for ethanol solutions of 1-4 at room temperature.

spectra for 1-4 are given in Fig. 7c. Compared with H3TBIT, the
absorption maxima of low-energy bands of complexes 1 (417
nm), 2 (408 nm), 3 (380 nm) and 4 (404 nm) are red-shifted to
a longer—wavelength region. This is assignable to spin—orbit
coupling from the heavy atom effect of the transition metal
ions as well as a M->L MLCT transition upon deprotonated
H3TBIT binding to the transition metal ions.™®

Cyclic voltammetry for H;TBIT and 1-4

The redox activity of H3TBIT and 1-4 are studied in aqueous
solution (0.01 mol-dm~ in KOH) using cyclic voltammetry on
the positive side at a carbon working electrode. Results are
collected in Fig. 8. Cyclic voltammogram of H3TBIT in water

8| J. Name., 2012, 00, 1-3

displays only one pair of redox peaks, which can be attributed
to the formation of triazene cation radical intermediates and
then protonation with residual water rearranges secondary
amines." Cyclic voltammogram of complexes 1-3 also exhibit
one pair of redox peaks, which can be ascribed to the Co”'/”,
cu" and cd" processes, respectively, as the triazene ligand
without hydrogen in complexes do not form radical adducts
during the electrochemical reduction.'” These are irreversible
one-electron redox couples with AE = 160 mV and i,/i. = 1.035
for H3TBIT, AE = 140 mV and i,/i. = 0.938 for 1, AE = 400 mV
and i,/i. = 0.669 for 2, AE = 280 mV and i,/i. = 0.638 for 3 (i,
and i. are the anodic and cathodic currents, respectively).
However, complex 4 shows two oxidation waves and one
cathodic wave (Fig. 8e). The anodic peaks potentials at 50
mV-s~ for these waves are at E,=0.925V and E, =1.575V and
the cathodic peak potential is —0.575 V.

The photoluminescence for H;TBIT and 1-4

The fluorescence properties of the triazene ligand H;TBIT
together with its transition metal complexes 1-4 are studied at
room temperature in ethanol solution (1 x 107 mol-dm_s, Fig.
9). The free ligand H5TBIT displays photoluminescence with
emission maximum at 438 nm upon excitation at 299 nm,
which can probably be attributed to m - n* or n > n*
transitions. Complex 1 shows an intense blue fluorescent
emission with maximum and shoulder bands at 428 and 408
nm under 369 nm light excitation, and complex 3 displays an
intense emission with maximum and shoulder bands at 432
nm and 453 nm upon 354 nm light excitation, which may

1 (a) 1 (b)

I/'mA
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Fig. 8 Cyclic voltammetry of H3TBIT (a), 1 (b), 2 (c), 3 (d) and 4 (e) in
water (1 x 10~ mol-dm, 0.01 mol-dm™ KOH) at carbon working
electrode with scan rate of 30 mV-s™ for HsTBIT and 1-3 and 50 mV-s "
for 4.

This journal is © The Royal Society of Chemistry 20xx
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probably be attributed to the intraligand charge transitions.'®
Irradiation of complex 2 at 356 nm results in red-shife emission
band at 468 nm. Also, irradiation of complex 4 at 350 nm
results in red-shife emission band at 467 nm. The large red-
shift emissions at 468 nm for 2 and 467 nm for 4 compared
with the emission band of H;TBIT at 438 nm could be assigned
to the metal-perturbed intraligand charge transfer.”® The
observed blue and red shift of the emission bands between
complexes 1-4 could be assigned to the difference in the
nature of Co(lll), Cu(ll), Cd(ll) and Ni(ll), the influence of the
coordination of the metal ions to the ligand, and the influence
of second Iigands.19

Conclusions

In conclusion, four transition metal complexes based on the
new ligand of H;TBIT have been synthesized and reported. The
H3TBIT has both m-system capable of forming m—m stacking,
C—H---1t and metal-mt interactions and the ability for formation
of intermolecular classical and non-classic hydrogen bonds.
The structural diversification illustrates that the non-covalent
interactions seems to play an important role in the crystal
packing and the the The
electrochemical and optical properties of these complexes

formation of framework.
were analysed and demonstrated. This study suggests that
H3TBIT is a suitable ligand for the synthesis of multinuclear
metal complexes, its complexes are good candidates for
potential inorganic-organic hybrid photoactive materials.
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The crystal structures, electrochemical and optical properties of four transition metal

complexes based on 1-triazolyl-3-benzimidazolyltriazene (H;TBIT) ligand have been

reported.
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