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ABSTRACT

This paper reports the synthesis and electrochemical
characterization of two new polyaza complexes of
Ruthenium(ll). These complexes were obtained from
the direct reaction between RuCl; and the N*-(2-
aminebenciliden)-N%  N%bis(2-(2-aminebenciliden)
amine)ethyl)ethane-1,2-diamine (L1), and N* N
bis(2-aminebenciliden)ethane-1,2-diamine  (L2)
polyaza-type ligands. The complexes were
characterized by infrared (IR) spectroscopy, by
their fusion point, and by elementary analysis (EA)
and fluorescence analysis (FA), to determine their
chemical properties. The redox potentials of Ru(ll)
[(Ru(ID/Ru 1) and Ru(1)/Ru(ll)] were determined
for each synthesized complex using the cyclic
voltammetry (CV) technique. The electrochemical
characterization was performed with an Au
electrode modified by chemisorption with each
complex after depositing a mercaptopropionic acid
(MPA) layer. The obtained redox potential values
show that the complexes can inject electronic
charge into the conduction band (CB) of the TiO,
semiconductor, which enhances its photocatalytic
activity under visible light and allows the application
of this sensitized material in photocatalytic processes
with higher efficiency and sustainability.
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1. INTRODUCTION

Several studies report that the complexes derived
from polidentate ligands with stable structures and
high conjugation have been used to modify the
surface of semiconductor oxides because of their
capacity to absorb visible light [1-7].

Among these complexes, Ru(ll) complexes have
fluorescent properties; hence, when these complexes
are incorporated to the surface of a photocatalytic
semiconductor such as TiO,, they can inject
electronic charge from their excited state to the
oxide CB, which makes their activation possible
in the visible light region [8-14]. Determining
the redox potentials of these complexes with
respect to the redox potentials of the CB and
the valence band (VB) of the semiconductor is
very important to evaluate the capacity of the
complexes to inject charge into the semiconductor
[15-18].

In this work we synthesized two Ru(ll) complexes
derived from polyaza-type ligands N'-(2-
aminebenciliden)-N? N-bis(2-(2-aminebenciliden)
amine)ethyl)ethane-1,2-diamine (L1) and NN
bis(2-aminebenciliden)ethane-1,2-diamine  (L2).
We characterized the obtained complexes by IR
spectroscopy, by their fusion point, and by EA
and FA. We also studied the -electrochemical
behavior using the CV technique to determine the
redox potentials and evaluate their possible
application as photocatalytic material sensitizers
[4, 19-21].
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2. MATERIALS AND METHODS
2.1. Synthesis of RuL1 and RuL2 complexes

2.1.1. Synthesis of L1 and L2 ligands

L1 and L2 ligands were obtained using the Schiff base
condensation reaction between 2-aminebenzaldehide
and tris(2-amineethyl)amine and ethylendiamine,
respectively (Figure 1). This reaction was carried out
in a methanolic medium with constant sonochemical
agitation using an ultrasonic dismembrator. The 2-
aminebenzaldehide precursor was previously obtained
by reduction of 2-nitrobenzaldehide in an HCI
medium in the presence of Fe’.

2.1.2. Synthesis of RuL1 and RuL2 complexes

These complexes were sinthesized by direct reaction
between a saturated dissolution of each ligand and
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another dissolution of Ru(lll) salt in an ethylene
glicol medium (Figure 2). This reaction was
carried out under sonochemical agitation using an
ultrasonic dismembrator. The obtained complexes
were characterized by IR spectroscopy, fusion
point, EA, and by FA.

2.2. Electrochemical characterization of the
complexes

2.2.1. Au electrode modification

We used a traditional three-electrode electrochemical
cell with 50 mL capacity. We used an Au surface
as the working electrode, a Pt wire as the auxiliary
electrode, and Ag/AgCl (3 molL™ KCI) as the
reference electrode. We prepared the dissolutions
using analytic reactive-grade chemical products and
deionized water.
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Figure 1. Synthesis of L1 and L2 ligands.
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Figure 2. Synthesis of the RuL1 and RuL2 complexes.
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Before modifying the Au electrode surface, we
applied for one minute a potential of -1.0 V vs the
Ag/AgCI electrode potential to the system in an
aqueous deoxygenated H,SO, 0.5 molL™ solution.
The electrode cleaning was performed this way to
ensure an adequate surface area for modification
with MPA. We modified the Au electrode following
a two-step sequence. In the first step, we introduced
the clean electrodes in MeOH with 1 mmolL™
of MPA for 24 hours to generate a surface
functionalized with carboxylate groups. In the
second step, we washed the functionalized electrodes
with dimethylformamide (DMF) and placed them
in a 1 mmolL™ dissolution of each Ru(l1) complex
for 24 hours. Under these conditions, the counter
ion of the metallic complexes moves through
the carboxylate groups immobilized on the Au
electrode surface, in such a way that the formed
ion pair provides the fixation on the electrode of
the complexes of interest.

2.2.2. Determination of the redox potentials of the
ligands and their complexes

The redox potentials of the ligands and the Ru(ll)
complexes were determined by CV. We used a
BAS potentiostat, which was connected to an
electrochemical cell with a 0.1 molL™ NaNO;
dissolution as the electrolytic medium, a Pt wire as
the counter electrode, and an Ag wire as the pseudo-
reference electrode [2]. We used the Au electrodes
modified as described in Subsection 2.2.1 as the
working electrodes. All the potentials were later
recalculated with reference to the NHE [22].

3. RESULTS AND DISCUSSION

Table 1 shows the main chemical and spectroscopic
properties of the ligands and their complexes. The
fact that the fusion points of the ligands are lower

than those of their complexes indicate that the
complexes have higher thermal stability. The spectra
obtained by FA show an emission in the visible
region for the complexes. The IR spectra show
absorption bands of the ligands in the complexes,
but with a shift of the signals to lower wavelengths,
which suggests an interaction between Ru(ll) and
the ligand heteroatomic groups. These differences
in their properties and the coherency of the EA
results for the proposed structures indicate the
obtention of Ru(Il) complexes.

Figure 3 depicts the voltammogram obtained for
the H, evolution in the presence of H,SO, 1 molL™.
The voltammogram shows the oxidation processes
on the surface of the golden electrode in the presence
of H" when a surface cleaning is applied [23].

Figure 4 shows the CV for the electrode modification
with the MPA monolayer in the presence of N,
with a 0.01 molL™ concentration. The curve shows
the acid desorption peak at -1.3 V vs Ag/AgCl,
which results from the reduction of the functional
groups of the thiol molecule [22].

Figure 5 shows the voltammograms of the ligands
and their Ru(ll) complexes. The peaks present
in the RuL1 complex around 0.5 V vs Ag/AgCl
indicate that the transfer current is controlled by the
electron flow in the metal (the N-Ru interactions
present in the complex) and the reduction of the
imine groups present in the ligand molecule. These
peaks with similar potential (0.55 V and 0.60 V vs
Ag/AgCl) suggest the possibility of a reactivity
increase of the functional groups present in the
ligand. However, the presence of only one oxidation
peak suggests that an heteroatom involved in
the coordination sphere has an irreversible
transformation.

Table 1. Comparison of the chemical and spectroscopic properties of the sinthesized complexes.

- IR Signal
Compound Fog A Errr:rlrs]smn ?n?‘la ) C —EI\)IA\- H
N-H; C-N; C=N Exp % (Theor %)
L1 117 340 3400; 1230; 1560 | 71.0(71.2); 6.9(7.3); 21.1(21.5)
RuL1 241 530 3330; 1120; 1510 | 47.1(47.6): 4.3(4.9); 18.0(18.5)
L2 125 385 3470; 1270 1550 | 72.8(72.2): 7.0(6.8); 20.4(21.0)
RuL2 264 445; 560 3310; 1050; 1500 | 38.8(39.1); 3.5(3.7); 16.7(17.1)
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Figure 3. Voltammogram for the Au electrode in H,SO4 1 molL™. v: 50 mVs™.
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Figure 4. Cyclic voltammetry of Au (0.01 molL™ of MPA)/NaNO; 0.01 molL™. v: 100 mVs™.

This current transfer phenomenom could not be
observed in the case of the L2/RuL2 system,
probably because the conditions were not ideal for
this system as the aparent oxidation peak is
masked by the oxidation process in the solvent.
The appearance of the peaks in the complex

voltammograms and their potentials indicate the
coordination of the heteroatoms with the metal,
and also suggests that the metal present in the
coordination sphere of the complexes favors the
current diffusion and contributes to their stability
in a wide range of applied potentials [24, 25].
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Figure 5. Voltammograms of the ligands and complexes incorporated in Au(0.01 molL™ of
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Figure 6. Voltammograms of the ligands and complexes incorporated in Au(0.01 molL™? of

MPA)/BFg(Bu);NH, 0.01 molL™. v: 50 mVs™.,
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Table 2. Redox potential values for the studied systems (E vs NHE).

System Egr, V Eox, V

Au|RuL1 -2.55 [Ru(l1D|Ru(1N] +0.15 [Ru(ID|Ru(11N)]
AulLl -1.00 +0.05

Au|RulL?2 -2.40 [Ru(HID)|Ru(1)] +0.35 [Ru(ID|Ru(lN)]
AulL2 -1.4 +0.25

Figure 6 shows that in a organic solvent (ACN)
the peaks are more clearly resolved while running
the same voltammetric process, as the ligands and
complexes are closely incorporated to the Au
electrode allowing a better resolution for the redox
processes of Ru. Table 2 summarizes the obtained

redox potentials of both complexes (E vs NHE).
The table shows that the reduction potentials of
the complexes are more negative than the potential
corresponding to the TiO, CB. This reduction potential
change due to the formation of both complexes favors
the charge injection into the TiO, CB.
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For evaluating the application of these substances
as possible semiconductor surface sensitizers it is
important to determine their redox potential values.
For both complexes, the reduction potential was
more negative (-2.55 V vs NHE) than that of the
TiO, CB (-0.52 V vs NHE, the potential for which
electrons migrate from the VB to the CB of TiO,),
which is adequate for an effective electron injection
to TiO,. These potential conditions might enhance
the TiO, activity under visible light [14, 26].

4. CONCLUSIONS

We performed the synthesis and the electrochemical
characterization of two new polyaza complexes of
Ru(ll). We modified Au electrodes with the ligands
and complexes obtained on an MPA monolayer
previously deposited on the Au surface. The MPA
votammogram indicate the presence of this
monolayer, which allowed modifying the Au
electrode with the ligands and their complexes
with Ru(ll). The results of the polyaza RulL1l
complex CV study suggest that it has electronic
charge transfer properties because the reduction
potentials of the obtained complexes are more
negative than the redox potentials of the TiO, and
VB. This result indicates that the complexes can
inject electronic charge to the TiO, CB, thus
sensitizing the semiconductor, which enhances its
photocatalytic activity.
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