
INTRODUCTION 

 Substituted 1,2,4-triazoles has been 
actively studied as bridging ligands between metal 
(II) ions coordinating through their N1 and N2 atoms, 
since their complexes have interesting structures and 
specific magnetic properties1-3. Interesting to note 
that some complexes containing substituted 1,2,4-
triazole ligands have the spin-crossover properties, 
which could be used as molecular-based memory 
devices, displays and optical switches4-5.
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ABSTRACT

 Mono- and homobi- nuclear Ru (II) complexes were prepared by the reaction of [Ru (bipy) 

2Cl2] H2O with 4-amino-3,5-dI (2-byridyl) -4H-1,2,4-triazole (adapt); ( 4-byridyl) -3,5-dI (2-byridyl) 
-4H-1,2,4-triazole (Pydpt), and 4-( 4-methylphenyl) -3,5-DI (2-byridyl) -4H-1,2,4-triazole (mpdpt). The 
products were characterized by elemental analysis,  IR, electronic and 1H NMR spectral however 
molar conductance and their Redox chemistry has been investigated using cyclic –voltmeter have 
been studied. An octahedral structure has been tentatively proposed for the new complexes. All the 
complexes exhibit reversible, metal-based oxidation processes and reversible, bipy-based reduction 
process in the potential window investigated. The metal complexes are more active than the parent 
ligands and exhibit mild to moderate antibacterial activity.

Key words: Synthesis Ru (II) complexes, Triazolate bridge ligands, Spectroscopy, 
Electrochemical and antibacterial activity

 The substituted 1,2,4-triazole has been 
also of magnetochmical interest because it is able 
to act as a bridge between metal centers thus 
mediating exchange coupling6-8. Ru (II) polypyridyl 
complexes have been reported and exhibit interesting 
spectroscopic, photophysical, photochemical , 
coupled to catalytic and electrochemical properties 
due to their application, in the construction of  
Suparmolecular devices9-14. 

 The general approach, utilized in electron 
transfer studies has been to bind the electron 
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acceptor/donor to the ruthenium polypyridyl center 
via the polypyridyl Ligands15-18. In the present study, 
we describe the synthesis and spectroscopic (UV, 
IR, 1HNMR) studies of new mono-and homobi-

nuclear Ru (II) complexes containing triazolate bridge 
ligands. Their redox chemistry has been studied by 
cyclic voltmeter. The structures of the ligands used 
in the present studies are given in Scheme 1.            

Scheme 1: The structure of the free ligands

Where R=NH2 (adpt);  4-methylphenyl (mpdpt);  4-pyridyl (pydpt)

EXPERMENTINAL

 4-amino-3, 5-di (2-byridyl)-4H-1,2,4-triazole 
was obtained from Aldrich  . Commercially available 
RuCl33H2O was used as supplied. All the reagents 
used were of Analar or chemically pure grade solvents 
were purified and dried. Electronic spectra were run 
on a Perkin Elmer UV/Vis spectrophotometer lambda 
40 using cm-1 matched silica cells. IR spectra were 
obtained in KBr discs using 470 Shimadzu infrared 
spectrophotometer (4000-200 cm-1). Conductivity 
measurements were carried out using CDM216 
Meter lab conductivity meter in DMF solutions at 
10-3 M concentrations at room temperature (~25 
0C). Elemental analysis of the solid complexes was 
performed in an Elementary Analyzer system GmbH 
Vairo El. 1H NMR spectra were recorded on a Broker 
300 MHZ spectrophotometer. The chemical shifts 
are reported using the residual solvent signal as an 
indirect reference to TMS: DMSO-d6 2.05 ppm (1H).

 The electrochemical behavior as studied in 
acetonitrile solution  at room temperature by cyclic 
Voltammetry and differential pulse Voltammetry 
by using a platinum electrode and saturated silver 
chloride reference electrode with 0.1mmol L-1 TBAP  
as supporting electrolyte. Cyclic voltammetry (CV) 
was conducted using an EDTECP 133 potential/

galvanostat together with a JJPL3 X-Y recorder. 
All samples were purged with nitrogen prior to 
measurement.

 Differential pulse Voltammetry (DPV) was 
carried out on an EG&G model 264A polar graphic 
analyzer together with an EG&G G2000 X-Y 
recorder.

Preparations Cis-[(bipy)2RuCl2]2H2O
 The following modification of the preparation 
of this complex developed by  Weaver19 was utilized 
to give good yields of the complex.

 Commerc hyl ether, and then it was dried 
by suction.

Preparation of 4-(4-Pyridyl) 3, 5-(2-pyridyl)-4H-1, 
2, 4- triazole (pydpt)
 Pydpt was prepared as previously 
described20-21. The reaction of N-(-4 pyridyl) pyridine-
2-thiocarboxamide (4.03 g/cm3, 20 mmol/L) and 
pyridine-2-carbohydrazide (3.29 g/cm3, 20mmol/L) in 
1-butanol (80 mL) was refluxed for 24 h. On cooling, 
the product crystallized from the orange reaction 
mixture. It was filtered off, washed with ethanol 
and dried in vacuum to give 60 % of analytical pure 
pydpt as fine colorless needles mp. 265 0C. C17H12N6 
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(300.32): calced. C 67.99, N 27.98, H 4.03; Found: 
C 67.78, H 4.19, N 27.70. 1H NMR =7.20 - 7.22 (m, 
2H, 3' and 5'-PyH), 7.24 (ddd, 3J4.5= 7.7,  3J5.6 = 4.8, 
4J3.5 = 1.2 HZ, 2H, 2x5'-pyH), 7.24 (d, 3J3.4  =  3J4.5 

= 7.7, 4J4.5 = 1.8 Hz, 2H, 2x4-pyH), 8.21 (ddd, 3J3.4 

= 7.7, 4J3.5 = 1.2, 5J3.5= 0.9 Hz, 2H, 2x3-pyH), 8.28 
(ddd 3J5.6= 4.8, 4J4.6 = 1.8, 5J3.6 = 0.9 Hz, 2H, 2x6py 
H), 8.62-8.64 (m, 2H, - and - pyH)  ppm.

Preparation of 4-(4-methylphenyl)-3,5-di(2-
pyridyl)-4H-1,2,4-triazole( pmdpt)
 Pmdpt was prepared as previously 
described13. The reaction of crude N-(4-methyl 
phenyl) pyridine-2-carboxyimidothioate (5.13 g/cm3, 
20 mmol/L) and pyridine-2- carbohydrazide (3.29 
g/cm3,  25 mmol/L) in 1-butanol (50 mL), following 
the procedure described above for the preparation 
of pydpt. mp. 205 0C,  C19H15N5 (313.36);  calced. 
C72.84, H 4.80, N 22.47; found C 72.65, H 4.6, N 
22.60. 1H NMR = 2.37 (3H, CH3), 7.09 - 7.14 (m, 4H, 
2-,3-, 5- and 6- phMeH) 7.22 (ddd, 3J4,5 = 7.7, 3J5.6 = 
4.8, 4J3.5 = 1.2 Hz, 2H, 2x5-pyH), 7.73 (dt, 3J3,4=7.7, 
4J3.5 = 1.2, 5J3. 6= 0.9 Hz, 2H, 2x6. pytH)  ppm.

Preparation of mono-nuclear Ru (II) complexes
 A solution of [Ru (bipy)2 Cl2]2H2O (0.2 g/
cm3, 1mmol/L) in ethanol (20 mL) was boiled for 10 
min. and filtered into a solution of adpt (3.0 mg/cm3) 
or pydpt (0.5 g/cm3, 1 mmol/L) or pmdpt (0.35 g/
cm3, 1 mmol/L) in ethanol (20 mL), the mixture was 
reflux for 5 h., and allowed to cool slowly to room 
temperature. On standing for several hours product 
crystals precipitated. The products were filtration and 
separated.

Preparat ion of  homobi-nuclear Ru ( I I ) 
complexes
 This was prepared as above using [Ru 
(bipy)2 Cl2]2H2O (0.4 g/cm3, 1 mmol/L) in ethanol 
(20 mL) was boiled and added to ethanol solutions 
containing 0.3 g/cm3, of adpt ligand or 0.5 g/cm3 of 
pydpt or 0.35 g/cm3 of pmdpt the mixture was reflux 
for 8 h. and cooling. The complexes precipitated and 
filtrations on cooling.

Antibacterial activity
 The antimicrobial activity of the complexes 
against different strains of bacteria was determined 
by the copulate method and activity was expressed 
in terms of diameters in mm zones of inhibition. 

In column was reported by washing a fresh 5 mL  
medium slant of test organism with 5mL sterile 
water and further dilution the 1ml washing to 10 mL 
. The suspension was added to 15 mL  medium at 
a temperature 45-50 0 C and plats were prepared. 
Holes were into the agar plates with a sterile borer 
and filled with the drug. The plates were incubated at 
35 0 C for 24 h. The results were compounded with 
that of standard chloramphenicol.

RESULTS AND DISCUSSION

Elemental analyses and molar conductance
 The reaction of [Ru (bipy) 2Cl2]2H2O with 
L (where L = adapt, Pydpt, and pmdpt) yields the 
corresponding [Ru (bipy) 2L] Cl2. nH2O and [Ru2 
(bipy) 4L] Cl4. nH2O, complexes I and II (Scheme 
2), 1H NMR, IR and Microanalysis data support this 
formulation for I and II. Analytical results, color, and 
molar conductivity values for the prepared complexes 
are given in Table 1. The ligands used in this study 
in flexidentate where it can act as neutral bi- or 
tetra- dentate ligands. The results of the elemental 
analyses are constituent with 1:1 or 2:1 metal ion to 
ligand.

 The prepared complexes are stable at 
room temperature non-hygroscopic and insoluble in 
water and common organic solvents but dissolved 
in acetonitrile, DMF and DMSO.

 The measured molar conductance values 
of the complexes in DMF (10-3 molL-1 ) solutions 
were measured at room temperature (~25 0C) 
and the results are listed in Table 1. The values 
show that mono- and homobi-nuclear complexes 
which are electrolytes22. These values suggest the 
existence of the complexes as 1:2 and 1:4 species 
compared to other known Ru (II) complexes23-24. 

Complex II revealed that the two Ru (II) ion are 
mono triazole-bridged. Each Ru (II) is coordinated 
by one byridine and triazole nitrogen as well as a 
two bipyridyl molecule, completing the distorted 
octahedral coordination sphere about the metal 
centers. Based on spectroscopic and analytical data 
both forms have the formula for mono-and homobi-
nuclear Ru (II) complexes given above and are most 
likely examples of linkage isomerism in which the 
adept ligand coordinates, in the A and B bidentate 
configurations (Scheme 3). The IR and H1 NMR data 



914 EL-GAHAMI & ALBISHRI, Orient. J. Chem.,  Vol. 29(3), 911-919 (2013)

Table 1: Analytical data, yields, color and molar conductance data for the Ru (II) complexes

Empirical formulae of Yield Color mp.c0    Calc. (Found) % Molar 

complexes  (%)   C N H conductivity a

1-[Ru (bipy) 2adpt] Cl2.H2O 82 Brown 210 51.89 18.91 3.81 95
RuCl2 C32 H28 N10 O    (52.30) (19.31) (4.21) 
2-Ru2 (bipy) 4adpt] Cl4.2H2O 78 Deep     225 50.24 15.77 3.73 210
Ru2Cl4 C52 H46 N14 O2  brown  (50.20) (15.50) (3.90) 
3-[Ru(bipy)2 pydpt] Cl2. 2H2O 75 Yellow 297 59.27 18.67 4.30 85
RuCl2 C37 H32 N10 O2    (59.50) (18.42) (4.71) 
4-[Ru2(bipy)4Pydpt] Cl4.2H2O 85 Brown 235 52.45 15.02 3.70 230
Ru2Cl4 C57 H46 N14 O2    (52.65) (14.84) (4.30) 
5- [Ru(bipy) 2 mpdpt] Cl2.H2O 70 Brown 225 57.42 15.45 4.07 80
RuCl2 C39 H33 N9 O    (57.60) (15.82) (3.82) 
6-[Ru2(bipy)4mpdpt] Cl4. H2O 80 Reddish 215 54.50 14.00 3.79 235
Ru2Cl4 C59 H49 N13O   Brown  (54.70) (13.70) (4.20) 

aMeasured by Ohm-1cm2 mol-1

Table 2: IR vibration frequencies (cm-1) of Ru (II) complexes

Compound Pyridine  C=N M-N    Ring vibration

 band   Out of plane In plane

[Ru (bipy) 2 adpt] Cl2. H2O 1615 1350 220 420 620
[Ru2 (bipy)4 adpt] Cl4. 2H2O 1610 1355 225 435 630
[Ru bipy)2pydpt] Cl2. 2H2O 1625 1350 238 425 635
 [Ru2(bipy)4pydpt]Cl4 2H2O 1620 1350 220 430 635
[Ru(bipy)2 mpdpt] Cl2. H2O 1618 1365 230 430 628
[Ru2(bipy)4mpdpt] Cl4. H2O 1625 1365 235 440 630

Scheme 2: Proposed structure of Ru (II), Complexes where 
R = NH2 or 4-byridyl or 4-methylphenyl N-N=2--bipyridine

given after confirmed the adpt ligand coordinates in 
the B configurations

Infrared spectra
 The prominent IR spectral bands are 

present in Table 2, and reveal that ligands moieties 
are coordinated to the metal ion. The observed shift 
of the ligand bands in the corresponding complexes 
was taken as evidence for the coordination of the 
ligands to Ru(II) ion.
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Table 3: Electronic spectral data and electrochemical properties of the Ru (II) complexes

Complex λmax( nm) ν (dm3mol-1 Assignment    Redox potential 
  cm-1)       Vs. SCEa

    Ru III/II Ligand Loclized

1 500 2800 1A1g →
1T1g +1.13 -1.49

 297 21900 C T  
2 465 3650 1A1g → 1T1g +1.05 -1.48
 280 20800 CT  -1.70
3 467 2910 1A1g → T1g +1.30 -1.47
 285 23650 CT  -1.71
4 500 2900 1A1g→ T1g +1.30 -1.44
 290 23500 CT  -1.77
5 490 2,850 1A1g →  T1g +1.18 -1.65
 300 24,000 CT  
6 485 3,700 1A1g → T1g +1.01 -1.32
 295 19,000 CT  -1.56

Measured at room temperature in acetonitrile and scan rate 100 mV/sec, using platinum electrode, Ag/AgCl 

reference electrode, with 0.1 moL L-1 TBAP.

Table 4: 1H NMR data of Ru (II) complexes

Compound 3-H 4-H 5-H 6-H

1 7.65 8.25 8.05 8.60
2 7.70 8.30 8.10 8.77
3 7.68,7.14 8.42 8.15 8.78
4 7.70 8.21 7.89 8.76
5 7.60 8.47 8.19 8.65
6 7.65 8.40 7.86 8.74

Table 5: Antibacterial activity of Ru (II) complexes              

Complexes Staphylococcus aureus Vibrio cholera Shigella flexneri

1 18 16 14
2 09 12 10
3 12 10 09
4 14 14 15
5 10 08 09
6 16 15 14
Chloraamphenicol 28 26 21

 The NH2 stretching vibration at 3300 cm-1 
for the free adpt ligand moiety is found to be the 
same position in the spectra of the complexes. This 

indicates that this group is not coordinated to the Ru 
(II) ion23  this confirmed the adpt ligand coordinated 
to Ru (II) ion in the  B configuration. The main IR 
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spectral variations of complexes compared to the 
free ligands are found in the 420-440 cm-1 region 
(out-of-plane - ring-deformation) and at 620-635 cm-1 
(in – plane – ring – deformation)

 Respectively 25-27  where the absorption 
of the pyridine ring of the ligands occurs. These 
vibrations are found to be positively shifted, 
suggesting coordination of the pyridine atoms N13 
and N7 to the Ru (II) ion. However ring vibrations in 
the higher frequency region (1560-1580 cm-1) have 
not been affected appreciably. 

 The spectrum of free ligands shows 
a strong band in the range (1585-1625 cm-1), 

attributable to the pyridine ring vibrations. Upon 
pyridine coordination to a metal the higher bands 
are shifted by about +15 waves-numbers28. So in 
the spectrum of the mononuclear complexes a band 
at 1605 cm-1 and the two bands at 1590 and 1587 
cm-1 can be assigned to one coordinated and one 
uncoordinated pyridine ring respectively. This means 
that in these mononuclear complexes each ligand 
uses one pyridine nitrogen and one triazole nitrogen 
of chelate binding. A negative shift (20-35 cm-1) in 
the (C=N) vibration of the triazole ring suggests 29  
coordination via its N3 atom. The IR data show that 
this the case for both pyridine rings of the ligands in 
he binuclear complexes as conclude from the 1:2 
(L:M) compositions this means that both pyridine 

Scheme 3: Linkage isomerism of Adpt Ligand

nitrogen together with two of the triazole nitrogen N3 
and N4 coordinated to the Ru(II) ions. This confirmed 
that in binuclear Ru (II) complexes each Ligand use 
triazole nucleus as bridge Ligand.

 The IR spectra of the Ru (II) complexes 
showed broad bands in the range 3400-3450 cm-1 
which can be assigned to (OH) of no- coordinated 
H2O molecules associated with the complexes which 
are confirmed by elemental analysis.

Electronic spectra
 Absorption spectra of the Ru (II) complexes 
are studied in DMF solution. The concentration of all 
complexes is 1x10-4 molL-1 and the data summarized 
in Table 2. Assignments of the absorption of Ru 
(II) complexes were made on the basis of well- 
documented optical transitions of analogous Ru (II) 
polypyridine complexes. 28 

 The new Ru (II) triazolate complexes 
are diamagnetic, indicating the presence of the 
Ru+2 oxidation state. The ground state of Ru (II) 
ion ( configuration) is 1A2g. The excited state, 
corresponding to t5

2g e
1

g  configuring, is T1g, 
3T2g, 

1T1g 
and 1T2g in the order of increasing energy. Hence, four 
bands are possible corresponding to the 1A1g → 

3T1g, 

1A1g→ 
3T2g, 

1A1g
 →1T1g and 1A1g

 →1T2g transitions.

 In the electronic spectra of all complexes, 
we observed two bands in the 500-280 nm region. 
These at the longer wavelength (500-445 nm) 
have been assigned to the spin allowed 1A1g →

1T1g 
transition based one molar extinction coefficients 
in the range  2800-3700 dm3 mol-1cm-1. 31-32  This 
band has absorption maxima of the complexes 
are blue shifted compared with that of Ru (bipy) 

3
2+, 33  suggesting that the donor properties of the 

ligands are weaker than that of 2,2-  -bipyridine. The 
extinction coefficients this band  Ru (II) complexes 
are larger than those of Ru (II) complexes containing 
2,2- -bipyridine, but smaller than those of Ru (II) 
complexes containing 2,2, -6-, 2=  -tripyridine34. 

 The other high intensity bands at 300-280 
nm region (19000-2400 dm3 mol-1 cm-1) has been 
assigned to the charge transfer transition arising 
from the excitation of an electron from the metal T2g 
level to the unfilled MO’s derived from the  level of the 
ligands, in accordance with the assignments made 
for other similar octahedral Ru(II) complexes35-36. The 
position of the lower  (bipy) d (Ru) CT absorption in 
the cationic triazole complexes is very close to the 
observed in the corresponding pyridine complexes.  
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This suggests that in this type of complex 1, 2, 
4-triazole have similar -acceptor capacities to 
pyrazole but are weaker -acceptors than pyridine 
complex, the slight variation in band position with the 
change of the substituent on the 4-position suggests 
that these groups influence the acceptor properties 
of the traceable to some extent.

1H NMR spectroscopy
 Previously an elaborate discussion has 
been given on the H1 NMR spectra because of the 
structural similarities between the mono -and homobi 
-nuclear compounds. As shown in Table 4 .The 1H 
NMR spectra are indeed very alike. The doublet at 
5.57-6.77 ppm is noteworthy as it has previously 
been shown,37 that this proton has a very short 
distance to an adjacent bipy ligand, thus yielding a 
strong up field shift. In contrast to what was reported 
before, the signals at around 7.1 ppm are due to H6 
protons of the second pyridine rings of adpt and not 
due to the H3 protons. The chemical shifts of the 
bipyridyl ligands are essentially the same as reported  
Before38-40.

 The H6 proton of the pyridine ring of the 
pyridyl triazole ligand has been shifted about 1 ppm 
up field, which is caused by the anisotropic magnetic 
interaction of H6 within adjacent pyridine ring41. The 
other protons are also shifted somewhat, because 
of the influence of the metal ion. In configuration B 
involves coordination through the pyridyl and triazole 
groups, while in configuration A coordination occurs 
through the pyridyl and amino groups. The major 
difference in the 1H NMR spectra for the two forms 
of B is the no chemical shifts of the amino protons. 
The amino protons as a singlet at 7.51 ppm in the 
free ligand and its complexes.

       The 1H NMR spectrum of mpdpt 
complexes shows triplets at 2.85 ppm, corresponding 
adjacent to the (6H, CH3-ph). Furthermore, a broad 
signal appearing Ca. 1.84 ppm may be assigned 
primary amine protons (6H, NH2) of the adpt 
moiety.

 Chemical shifts of the pyridine ring protons 
coordinated to the metal atom are noticing, different 
from those observed in a non-coordinated to pyridine 
ring of the ligands in mononuclear complexes. The 
proton resonances of the coordinated pyridine ring 

occurred 42  at 8.54, 8.24, 7.49 and 8.56 ppm while 
the resonances of non-coordinated ring protons 
appeared in 7.24, 8.10, 7.31 and 8.28 ppm.
               
Electrochemical measurements
 Redox properties of the mono-and bi-
nuclear complexes are present in Table 5. The 
complexes measured in CH3CN solution. By 
comparison with the well-known oxidation behavior 
of Ru (II) complexes of polypyridine ligands43-44. The 
difference in peak positions (Ep=Ep

ox-Ep
red) for the 

oxidation waves was 60-80 mV, indicating reversible 
electron-transfer processes. The difference in 
oxidation potentials between the two oxidation waves 
of the deprotonated binuclear compound is 0.32 eV. 
This indicates either that the chemical environments 
of the Ru-(bipy) 2 moieties are different due to the 
different coordination modes or that electrostatic 
interactions and/or electron delocalization are 
important in binuclear compound.  Electrochemical 
studies of the Ru (II) complexes show one   Ru(II) 
– centered  oxidation and three ligands centered 
reductions however agree with literature results45.

 Mono- and Homobi-nuclear Ru (II) centered 
reversible oxidation couple at 1.13-1.30V and 
1.01-1.05V respectively. The potential of binuclear 
complexes is slightly more negative and mono-
nuclear complexes are slightly more positive than 
that  of  Ru (bipy) 3, 

46 which indicates that the ligands 
are a stranger  π- acceptor than bipy but a weaker 
π- acceptor than Ru (II) complexes47. 

 The oxidation potentials of mononuclear 
complexes are the same. The oxidation potentials 
of the Ru (II) complexes have been scheming. This 
suggests that the mode of coordination of the triazole 
does not affect the redox properties much. Therefore,  
the large difference in oxidation potentials of 0.32 
V is most likely caused by electronic interactions 
between the two metal centers. This is further 
supported by the fact that the oxidation potential of 
the mononuclear complexes is slightly different from 
the oxidation potential in the binuclear complexes. 
In general binuclear compounds with small electron 
delocalization and resonance stabilization effects 
the first oxidation potential is expected to be similar 
to that observed for the mononuclear complexes. In 
addition of the Ru2+/3+ wave two more redox couples 
are found at about – 1.45V and -1.7Vs. 
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 SCE is observed which are most likely 
due to a stepwise reduction of the bipyridyl legends. 
Similar redox couples have been reported in other Ru 
(II) (bipy) 2 complexes. All the redox couples observed 
appeared to be reversible48-49.

 In the reduction processes of the complexes, 
the first reduction process is irreversible due to 
adsorption of reduced species onto the surface 
of the electrode.  The first reduction process of 
Ru(II) complexes in the range (-1.42) – (-1.49) V 
is consistent with the addition of electrons to the 
localized on ligands. The second quasi- reversible 
reduction process in  the range (-1.56) - (-1.77) V is 
located on one of the two 2,2- - bipyridine  ligands 
on each metal terminal, adding electrons to the bipy 
localized orbital.

Biological activity
 The synthesized were evaluated for their 
antibacterial activity (Table 5) by the cup- plate 
method. Moderate antibacterial activity was observed 
for  complexes   1,  4  and  6    microorganisms such as 
Staphylococcus Aureus, Vibrio Cholera and Shigella 

Flexneri. However some of the complexes show mild 
antibacterial activity against tested organism. 

CONCLUSION

 We have reported the synthesis of a 
novel triazolate bridge ligand and of its binuclear 
compounds with the Ru-(bipy)2 metal units and 
studies the spectroscopic and electrochemical 
properties of such complexes However. The results 
discussed above have that the triazole nucleus is 
very interesting bridging ligand. Made clear suggest 
that the properties of each metal based component 
are essentially maintained in the (suparmolecular) 
binuclear arrays. In particular, multi electron redox 
processes have been evident to occur in the binuclear 
species, indicating a weak interaction of the metal 
units across the triazole ring bridged. Such properties 
make these compounds interesting as potential light-
active multi electron transfer catalysts.

 In comparison to previous reported Ru (II) 
complexes most of the newly synthesized Ru (II) 
complexes show significant at antibacterial activity50-

51.
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