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A novel N,O-donor ligand (HL) type Schiff base was synthesized and 
was then used to synthesize a new copper complex. Both the ligand 
and the complex were characterized by elemental analysis and FT-
IR, 1HNMR, XPS and UV-Vis. spectroscopies to elucidate their 
chemical compositions and structures. Results evidenced the 
synthesis of a Cu(L)2·2H2O complex based on coordinate bonds 
between Cu(II) and N/O heteroatoms. Furthermore, the thermal and 
electrochemical properties were studied by thermogravimetry and 
cyclic voltammetry, respectively. The quasi-reversible Cu(II)/Cu(I) 
and Cu(III)/Cu(II) processes observed by cyclic voltammetry 
evidenced the electrochemical activity of this new complex, thus, 
exhibiting potential interest for electrochemical applications in 
organic media. On the other hand, the ability of the ligand for 
complexing M2+ and M3+ ions was investigated by colorimetric and 
UV-Vis. measurements. Results suggest that this novel ligand was 
found to be highly selective and sensitive for the recognition of Cu2+ 
and Co2+ or Fe2+ and Fe3+ ions in acetonitrile or methanol solutions, 
demonstrating its potential interest to be used as naked-eye chemosensor of metal ions. The oxidation of a wide range of o-diphenols to 
o-quinones is catalyzed by the catechol oxidases. Therefore, to understand more about this biological process, the ability of the prepared 
ligand to contribute with other metals miming bio-organism puzzles has been also examined. So, distinct copper complexes prepared 
in situ by using five different copper salts Cu(X)y·nH2O (X = NO3

−, Br−, SO4
2−, Cl− and CH3COO−), three different ligand-to-metal ion 

ratios (L/M: 1/1, 2/1 or 1/2) and three different media (DMF, MeOH and ACN) were used to evaluate the catechol oxidation activity of 
the new ligand Cu-based complexes. The results show that the nitrate and bromide complexes in methanol solution with a L/M: 1/1 
ratio exhibit the highest catecholase activity. 

 

 
INTRODUCTION 

Owing to their large structural versatility, Schiff 
base ligands containing oxygen and nitrogen as 

donor heteroatoms have been implicated in 
extensive research during the last years.1,2 This kind 
of ligands seems to be very important as new class 
of chelating agents in coordination chemistry, since 
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by a judicious selection of appropriate amine and 
aromatic ring substituents in precursors, they can act 
as modulators of structural and electronic properties 
of transition metals.5 

Because of such versatility, polydentate Schiff 

bases ligands and/or their metal complexes present 

considerable interest in different areas and 

applications. Thus, these compounds can exhibit 

unique structural features6 and catalytic 

properties,7,8 for example, for organic 

transformations when the suitable ligands are 

associated to an appropriate metallic center.9 In 

addition, these ligands and/or their complexes show 

potential interest, such as therapeutic agents, in a 

wide variety of biochemical processes,10 and are 

attractive for several applications as antifungal,11 

antibacterial,12 anticancer,13 anticorrosion14 agents, 

for electroanalysis15 bio-sensoring,16 etc.  

On the other hand, the unique structural 

properties of polydentate Schiff bases ligands are of 

great interest for colorimetric chemosensors of 

metallic ions, since their detection can be “naked-

eye” attained based on their right combination of a 

suitable receptor and chromophore. Thus, these 

ligands can show different and/or variable 

colorimetric (optical) responses with metal ions, 

acting as molecular chemosensors. Among different 

approaches in literature, naked-eye detection 

methods offer several advantages and have received 

immense attention, since they offer qualitative and 

quantitative information in a facile, cost-effective 

and real time-monitoring (rapid) manner.17  

Furthermore, an extensive literature search 

revealed that the majority of Schiff-ligand 

complexes with d-block transition metals can 

contribute as catalysts in several catalytic and 

electrocatalytic processes.18,19 Particularly, t is well 

known that Ru(III), Co(II) and Mn(III) complexes 

have been used as catalyst for alkene epoxidation.20 

In order to produce of novel medications or 

compounds, these complexes have also a significant 

interest in pharmaceutical and biochemistry because 

of their varied biological activities. Thus, the most 

described biological activities are antitumoral, 

antimicrobial, antioxidant, DNA-binding, 

antidiabetic, antimalarial, catalase-like and 

catecholase-like enzymatic.21 Remarkably, copper 

complexes of Schiff bases have garnered great 

attention in these areas. This specie plays relevant 

roles in several metabolic functions of humans22 and 

it is one of the main reasons encouraging the 

chemical processes such as those of catalytic or 

electrocatalytic oxidations.23 The copper complexes 

of bidentates Schiff bases readily yield stable and 

intense colored metal complexes which have been 

showed and exhibited interesting physical and 

chemical properties.24  

Recently, great deal of attention has been 

received to these synthetic compounds that can 

activate molecular oxygen because of their aptitude 

to oxidize organic molecules which are essentially 

important to life. Catecholase is the most crucial 

metalloprotein that catalyze the oxidation reactions 

of catechols to their corresponding o-quinones 

coupled with the 2e–/2H+ reduction of oxygen to 

water which are very reactive compounds. As 

consequence, they can produce melanin by auto-

polymerization which may defend tissues from the 

damages caused by pathogens and insects. So, in 

view of the countless rank of oxidation reactions, 

many biomimetic compounds with synthetic 

procedures have been reported to yield new and 

effective oxidation catalysts that exhibit catecholase 

activities.25,26 Also, the goal to use combination 

L/CuII(salt) as catalyst is the miming the active sites 

of the type 3 copper proteins/enzymes such as 

hemocyanin, tyrosinase and catechol oxidase.  

Due to the potential interest of these compounds, 

this research work studies the synthesis and main 

properties of a novel N,O-bidentate Schiff base 

ligand and its copper complex. Both the ligand and 

the complex have been thoroughly characterized by 

some of the most powerful analytical techniques to 

investigate their chemical composition and 

structure, as well as their main thermal, optical, 

electrochemical and catalytic properties. Thus, as a 

continuation to our recent contributions,27 the 

present work aims to explore the potential 

implications of bidentate Schiff base ligands in 

important areas, like molecular chemosensors or 

various electrochemical and catalytic applications.  

EXPERIMENTAL 

1. Chemicals  

All chemicals were obtained from commercial 

sources and were used as received without  

any further purification. All solvents, namely, 

methanol (MeOH), acetonitrile (ACN), 

tetrahydrofuran (THF), dimethylformamide (DMF), 

dimethylsulfoxide (DMSO) and methylenechloride 

(DCM), were obtained from Fluka, whereas  

(2-Methoxyphenyl) methanamine 99% and  

β-Resorcylaldehyde 99% were from Sigma Aldrich.  

https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%22(2-Methoxyphenyl)methanamine%22%5bCompleteSynonym%5d%20AND%2081292%5bStandardizedCID%5d
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2. Synthesis of the ligand and its  

copper complex 

For the synthesis of the bidentate Schiff base 

ligand (HL) (Scheme 1), 1 mmol (138 mg) of β-

Resorcylaldehyde and 1 mmol (137 mg) of  

(2-Methoxyphenyl) methanamine were added to a 

250 mL round bottom flask containing 10 mL of 

absolute methanol. The contents were refluxed 

for 2 h under stirring to render the condensation 

reaction. After evaporating the solvent, the 

formed yellow precipitate was collected and 

washed with small portions of diethylether. 

Finally, 230 mg of the ligand were obtained, 

being the yield 90%.  

To prepare the novel bis-bidentate Schiff base 

copper complex [Cu(L)2·2H2O] (Scheme 1), the HL 

ligand (514 mg, 5 ml MeOH) was contacted with 

copper acetate monohydrate (Metal precursor: 

199 mg, 10 ml MeOH) in 2:1 molar ratio. The 

reaction was carried out under reflux for 4 h. Then, 

the solvent was eliminated under reduced pressure 

and the resulting solid was recovered by filtration. 

Finally, the desired compound was easily leached 

by washing the solid with small portions of 

diethylether yielding 75% of olive powder complex. 
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Scheme 1 – Schematic illustration of the synthesis and chemical structure of HL and its copper complex [CuII(L)2·2H2O]. 

 

3. Physico-chemical and electrochemical 

characterization  

The obtained new compounds were characterized 

by elemental analysis with a vario EL III elemental 

analyzer by using a (C, N, H) LECO analyzer (Micro 

TruSpec model). This analysis was repeated three 

times to confirm the reproducibility of the results. 

FT-IR spectra were recorded on a Perkin Elmer 

1000-FTIR Spectrometer using KBr disks, while the 

electronic spectra (UV-Vis.) were obtained on a 

Unicam UV-300 Spectrophotometer having 1 cm as 

path length cell. The 1HNMR spectrum was recorded 

on a Bruker AC300 Y 400 at room temperature using 

deuterated DMSO-d6 as solvent and the chemical 

shifts (δ), expressed in ppm, were referenced to 

tetramethylsilane (TMS) used as internal reference. 

The X-ray photoelectron spectroscopy (XPS) 

measurements were carried out with a K-Alpha 

spectrometer (Thermo-Scientific, Waltham, MA, 

USA). The spectra were collected with Al Kα 

radiation (1486.6 eV), monochromatized by a twin 

crystal monochromator, yielding a focused elliptical 

X-ray spot (ca. 0.314 mm2) at 3 mA  12 kV. Charge 

compensation was achieved with the system flood 

gun. Surface elemental composition was calculated 

from background-substracted peak areas by using 

Avantage software. The deconvolution of XPS 

spectra was done by least squares using Lorentzian-

Gaussian (L/G = 30 %) functions.  

Thermogravimetric analyses (TGA) of the 

prepared ligand with its copper complex were 

accomplished by using a PerkinElmer TGA 7 

analyzer apparatus. Measurements were done by 

heating ca. 10–15 mg of the compounds from room 

temperature up to 950 °C at heating rates of 20 °C 

https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%22(2-Methoxyphenyl)methanamine%22%5bCompleteSynonym%5d%20AND%2081292%5bStandardizedCID%5d
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min−1 under a N2 atmosphere. The copper complex 

was electrochemically characterized by cyclic 

voltammetry at different scan rates by using a 301/10 

Potentiostat/Galvanostat type PGZ 301-Voltalab  

10 Radiometer with PC work-station and 

electrochemical interface IMT 301, with Volta 

Master 4 software. For this purpose, a standard three-

electrode electrochemical cell of 10 mL was used. 

For this, the cyclic voltammetry of copper complex 

was maintained using glassy carbon (3 mm diameter) 

electrode, potentials are referred to the Hg/Hg2Cl2 

saturated with KCl electrode, whereas a Pt wire was 

used as counter electrode. For these experiments, 

10−3 M Cu(L)2·2H2O solutions, including 10−1 M 

tetra-n-butylammonium perchlorate (TBAP) as 

supporting electrolyte, were prepared in DMF and 

DMSO solvents. The voltammograms for DMSO 

solutions were recorded from –1.6 to +1.4 V, 

whereas those for DMF were registered between –1.4 

and +1.4 V. 

4. Catalytic activity of new ligand Cu-based 

complexes for catechol oxidation  

The potential interest of the new ligand to 

prepare Cu-based catalysts was studied. 

Particularly, the activity of these catalysts for 

catechol oxidation was analyzed. The complexes 

were prepared in situ, by mixing 0.15 mL of a 

2.10−3 mol/L solution of copper salts CuXy·nH2O 

(with X = Br−, Cl−, NO3
−, CH3COO−, SO4

2− and  

y = 1 or 2) with 0.15 mL of the ligand solution 

(2∙10−3 mol/L).  

These mixtures were then used for the oxidation 

of a 10−1 mol/L catechol solution. For this purpose, 

the absorbance of the resulting o-quinone oxidation 

product was followed over the time from 0 to 60 min 

at about 390 nm (Scheme 2). These measurements 

were carried out at 25 °C in the methanol solvent by 

using a UV-Vis. Spectrophotometer (UV PROB 

SHIMADZU 1700). 
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Scheme 2 – Oxidation reaction of catechol to o-quinone in the presence of the new copper complexes catalysts. 

 

RESULTS AND DISCUSSION 

1. Physico-chemical properties and molecular 

formula of the Bidentate Schiff Base ligand and 

its copper complex  

The novel yellow powder of HL was easily 

synthesized by condensation reaction as can be seen 

in Scheme 1. From the chemical composition 

determined by elemental analysis it can be deduced 

that the molecular formula of the synthesized 

compound (HL) is C15H15NO3.  

On the other hand, the synthesized complex is 

intensively coloured, stable in air and moisture free 

solid. This compound is soluble in common organic 

solvents such as DMF, ACN, MeOH and DMSO. 

The elemental analysis indicates that the molecular 

formula of this copper complex, denoted as 

[Cu(L)2·2H2O], is C30H32N2O8Cu.  

HL: FT-IR (KBr pellet, cm−1): 3250–3650 (br, 

O-H, phenolic), 2820–3000 (w, C-H aliphatic and 

aromatic), 1644 (s, C=N), 1247 (m, C–O). 1H NMR 

(CDCl3, d (ppm)): 13.96 (s, 1H, –O–H), 9.95 (s, 1H, 

–O–H), 8.46 (s, 1H, H–C=N–)), 7.4–6.2 (m, phenyl-

H), 4.70–4.65 and 3.88–3.84 (d, 2H, N–CH2–), 2.54 
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(s, 3H, –CH3). Anal. Calc. for C15H15NO3: C 70.02; 

H 5.88; N 5.44; Found: C 69.59; H 5.54; N 5.66%.  

Cu(L)2∙2H2O: FT-IR (KBr pellet, cm−1): 3250–

3650 (br, O–H, Water), 2820–3000 (w, C–H 

aliphatic), 1604 (s, C=N), 1213 (m, C–O), 600–500 

(w, Cu–O), 500–400 (w, Cu–N). Anal. Calc. for 

C30H32N2O8Cu: C 58.86; H 5.27; N 4.58; Found: C 

59.11; H 4.88; N 5.03 %. 

2. Spectroscopic characterization  

2.1. FT-IR spectroscopy 

Figure 1 shows the FT-IR spectra of the 

synthesized ligand and its copper complex. In both 

cases, the FT-IR spectrum exhibits a characteristic 

broad band in the range 3250–3650 cm−1, which can 

be assigned to O–H stretching (νO–H) and some 

weak absorption bands in the region 3000–2800 

cm−1, which may be attributed to aliphatic C–H 

stretching (νC–H).28 Moreover, the band observed 

at 760 cm−1 is assigned to deformation vibrations of 

these aromatic C–H moieties, whereas those 

between 1050 and 1020 cm−1 may be related to the 

stretching vibration of the methoxy group (νC–O–

C). On the other hand, the strong absorption band at 

about 1644 cm−1 may correspond to the stretching 

of the imine group (νC=N)29 and the medium 

intensity band at 1247 cm−1 is ascribed to the 

phenolic νC–O stretching mode. Apart from these 

similarities, the spectrum of the complex showed 

some particularities. Thus, the azomethine 

stretching vibration in the ligand (νC=N) was 

shifted towards lower frequencies in the copper 

complex spectrum (observed at 1604 cm−1). In 

addition, the νC–O stretching mode shifted to 

around 1213 cm−1. These bathochromic shifts 

suggest the coordination of the ligand through its 

iminic nitrogen and phenolic oxygen atoms, 

respectively. This agreed with the new bands at ca. 

400–500 cm−1 and 500–600 cm−1 assigned to  

Cu–N30 and Cu–O31 vibrations, respectively. All 

these IR features are in line with the molecular 

structures proposed in the Scheme 1, in which the 

ligand contains an imine group with the 

methoxybenzyl and meta-dihydroxybenzene 

substituents coming from the precursors. 
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Fig. 1 – The FT-IR spectra of the ligand (HL) and its synthesized copper complex [Cu(L)2∙2H2O]. 

 

2.2. 1HNMR spectroscopy 

The 1HNMR spectrum of the HL ligand is 

represented in Fig. 2. The spectrum exhibits 

resonances at δ = 13.96 and 9.95 ppm attributed to 

–OH phenolic-like protons. The highly observed 

deshielded is due to OH···N intra-molecular 

hydrogen bonding. Also, the Schiff base presents a 

singlet at 8.46 ppm, assigned to the proton in the 

azomethine (N=C–H) group.32 Moreover, the  
1H NMR spectrum shows a multiplet between 6.2 

and 7.4 ppm due to the protons of phenyl rings.33 

Furthermore, the peak seen between 4.70–

4.65 ppm can be attributed to the hydrogens in the 

methylene groups adjacent to the azomethine 
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group (–CH2–HC=N). Finally, the signal at  

3.85 ppm can be related to the protons in the –CH3 

moiety.34 All these features can be related to the 

proposed molecular structure shown in the inlet of 

the Fig. 2. Compared to the theoretical spectrum 

related to the protons of the amino group NH2 of 

the 2-methoxybenzylamine reactant, the spectrum 

of the HL revealed the absence of the signal at  

1.54 ppm confirmed the formation of the 

azomethine group. 

 

 
Fig. 2 – 1HNMR spectrum of the Schiff base ligand (HL). 

 

2.3. XPS characterization 

X-ray photoelectron spectroscopy (XPS) was 

used to study the composition and local 

environment of the atoms in the synthesized 

compounds. Table 1 compiles the atomic 

composition of the synthesized ligand and its copper 

complex together with the predicted percentages 

deduced from the proposed molecular formula. As 

it can be observed, the determined surface atomic 

compositions as well as the C to N ratios of both 

substances are in quite good agreement with the 

predicted ones. This result suggests that the real 

composition of the synthesized compounds 

remarkably approaches that of the proposed 

C15H15NO3 and C30H32N2O8Cu.  

 
Table 1 

Atomic surface composition and C to N ratios in the proposed (calculated from formulae) and real synthesized (XPS) ligand (HL) 

and copper complex (CuII(L)2·2H2O) 

 
at. %  

C O N Cu C/N 

HL 
C15H15NO3 78.9 15.8 5.3 – 15.0 

XPS 82.6 12.7 4.8 – 17.4 

CuII(L)2·2H2O 
C30H32N2O8Cu 73.2 19.5 4.9 2.4 15.0 

XPS 78.5 14.5 5.3 1.7 14.9 

 

On the other hand, from the qualitative point 

of view, the C(1s) and O(1s) core-level spectra of 

the ligand and the complex were quite similar, 

and reflected the atomic bonding environments of 

carbon and oxygen species envisaged in the 

proposed structures of Scheme 1. Since these 

carbon and oxygen atomic environments of the 

synthesized substances were broadly consistent 

with those of the precursors, they were not 

considered to derive relevant conclusions. By 
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contrast, the nature of N species was expected to 

significantly change from the precursors to the 

ligand and complex as proposed in Scheme 1. 
Figure 3A shows the N(1s) core-level X-ray 

photoelectron spectra of the ligand and its copper 
complex. In the case of the ligand, the spectrum can 
be deconvoluted into two main contributions. The 
bigger one centered at 401.2 eV has been assigned 
to C-N=C environment,35,36 whereas the 
contribution shifted to 399.9 eV may be associated 
to a loss of electronic density around this N. This 
could be, for example, related to the formation of a 
H bond between this N and a neighboring OH 
group. Hence, the observation of these bands agrees 
with the formation of the shift base ligand proposed 
in the Scheme 1. 

Respect to the nature of copper in the complex, 

Fig. 3B shows the Cu(2p3/2) and Cu(2p1/2) spin-orbit 

components of Cu2p photoelectrons, which display 

a split of ca. 19.5–19.7 eV and an intensity ratio of 

0.51. The main Cu(2p3/2) contribution centered at 

934.5 eV, together with the broad shake-up satellite 

between 938–946 eV are indicative features of 

Cu(II) species in the compound.37-39  

This is in line with the shape and binding energy 

(571.2 eV) in the CuLMM Auger electron spectrum 

of the complex (Fig. 3C).37 Consequently, XPS 

characterization confirms that copper exhibits +2 

oxidation state in the synthesized complex 

(CuII(L)2·2H2O). 

 

 

Fig. 3 – XPS spectra of (A) N(1s) core-level of the synthesized ligand and its copper complex; and (B) Cu(2p) core-level and (C) 

CuLMM Auger electron spectra of the copper complex. 
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Nevertheless, the small contribution in Cu(2p3/2) 

region at lower binding energies (932.9 eV)  

(Fig. 3B) could be related to some reduced species, 

i.e. Cu(I),37,39 whereas the shoulder at ca. 936 eV 

might be associated to the presence of Cu(II) linked 

to atoms or a group of atoms with a higher-

demanding electron density. This small contribution 

may be probably assigned to Cu(II) acetate, i.e. the 

copper precursor that might remain unreacted and 

present in the final product after the synthesis, what 

coincides with the low-intensity but clear band at 

291.4 eV, attributed to acetate, observed in C(1s) 

spectrum of the complex. In agreement with a 

previous work,38 hence, the main Cu(2p3/2) 

contribution shifted to lower binding energies 

respect to Cu(II) acetate precursor may be well 

explained by the fact that copper ions in the 

synthesized CuII(L)2·2H2O complex accept 

electrons from nitrogen atoms to form the 

coordinate bonds between Cu and N. 

Supporting the formation of a coordinate bond, a 

significant change in the N(1s) spectrum of the 

ligand was observed after complexation (Fig. 3A). 

Particularly, a main symmetric contribution appears 

centered at 398.9 eV. In line with the previous 

hypothesis about the formation of a H bond, the shift 

of the N(1s) spectrum further towards even lower 

binding energies may be related to the formation of 

a new bond of N (in C-N=C) with a higher electron 

demanding specie, like a metallic ion. Hence, the 

observed shift in the N(1s) spectrum seems to 

confirm the formation of N-Cu(II) bonds in the 

complex, as proposed in the Scheme 1.  

 

2.4. UV-Vis. spectroscopy  

The electronic spectrum of the HL was recorded 

using freshly prepared solutions of 10−5 M in 

different solvents, what permitted to study some 

interesting properties of this compound. As shown 

in Fig. 4A, the Schiff base ligand showed relatively 

intense absorption bands in the near ultraviolet 

region. The stronger and higher energy bands in the 

270–340 nm region were attributed to the π-π* 

transition of the benzene ring chromophore, while 

the weaker and less energetic band at 340–440 nm 

were assigned to the n-π* transition involving the 

promotion of the lone pair electron of azomethine 

nitrogen atom to the anti-bonding π orbital 

associated with the azomethine group.40 

Interestingly, Fig. 4A shows that the position 

(energy) of the absorption maxima of the Schiff 

base ligand (summarized in Table 2) changed 

depending on the nature of the solvent. This 

remarkable change of UV-Vis. absorption 

characteristics induced by using different solvents 

can be considered a solvatochromism effect 

associated to their different polarities.41 The 

observed shifting towards higher energies in 

solvents of higher polarity (like CH3OH and ACN) 

was indicative of a polar ground state and non-polar 

excited state,42 whereas a shift towards longer 

wavelengths is observed in less polar solvents, such 

as DCM and THF.43,44 Such a hypsochromic 

behavior in solvents of higher polarity has already 

been observed and seems to be a general trend for 

salicylaldiminato Schiff base complexes.45,46 

Respect to the copper complex, Fig. 4B shows 

the UV-Vis. spectrum recorded in 10−5 M solutions 

prepared with different solvents. It has to be stressed 

that the band at around 300 nm is not present, while 

the red shift of the n to π* transition of the C=N 

group suggests the coordination of the nitrogen 

atoms of the azomethine groups to the metal center, 

in line with a more extended conjugated system 

after deprotonation of phenolic hydrogens, and the 

formation of phenoxides in the complex.47 The 

observed UV-Vis. bands and shifts are in agreement 

with the proposed molecular structure of the ligand 

and the complex proposed in the Scheme 1. 

 
Table 2 

UV-Vis. properties of the ligand (HL) and its copper complex [CuII(L)2·2H2O] in different solvents (c = 10−5 mol/L) 

    Solvent 

                  λ1 (nm) λ2 (nm) λ3 (nm) 

HL CuII(L)2·2H2O HL CuII(L)2·2H2O HL CuII(L)2·2H2O 

DCM 275 283 310 – 388 351 

THF 276 285 311 – – 354 

ACN 275 287 304 – 385 350 

DMF 280 289 309 – 385 352 

DMSO 282 292 308 – 385 352 

MeOH – 290 304 – 372 350 
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Fig. 4 – UV-Vis. absorption spectra of (A) the ligand (HL) and (B) its copper complex [CuII(L)2·2H2O]  

in different solvents (c = 10−5 mol/l). 

 

3. Thermal behavior 

The TG/DTG curves of the ligand and its copper 

complex are shown in Fig. 5. The thermal analyses 

were performed in a nitrogen atmosphere with a 

heating rate of 20 °C/min over a temperature range 

of 25–950 °C/min. As can be observed, both 

compounds show a gradual weight loss indicating 

their thermal decomposition by fragmentation with 

the increasing temperature. Particularly, the  

TG curve of the bidentate Schiff base ligand (HL) 

undergoes three main decomposition stages, with 

the corresponding DTG peaks centered at about 

200, 230, and 506 °C, respectively. The first  

weight loss of ca. 46.94% (calculated weight  

loss = 47.14%) that can be assigned to the loss of 

the 2-methoxybenzyl groups (CH2–Ph–OCH3). 

Next, the second decomposition step from about 

300 to 380 °C, accounting for a weight loss of 

10.97% (calculated weight loss = 10.52%), could be 

ascribed to the loss of the azomethine group (CHN). 

Finally, the third step of decomposition occurring 

between 380–950 °C shows a weight loss of 42.91% 

(calculated weight loss = 42.41%) and may be due 

to the loss of the remaining part of the ligand 

(Dihydroxyphenyl).  

On the other hand, the copper complex was also 

thermally decomposed in three successive steps 

(Fig. 5B). The first step occurring within 25–150 °C 

can be ascribed to the loss of two hydration 

molecules with an estimated mass loss 6.09% 

(calculated mass loss = 5.88 %). The second step of 

decomposition, with a weight loss of 19.51% 

(calculated mass loss = 19.79 %), is attributed to the 
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removal of the methoxybenzyl group. The last one 

between 490–950 °C and with a weight loss of 

60.97% (calculated mass loss = 61.33%) may be 

due to the loss of the remaining part of the both 

ligands (C22H19N2O4) yielding the copper oxide 

(CuO) as the final decomposition product.48 
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Fig. 5 – TG and DTG curves for (A) HL and (B) CuII(L)2·2H2O (heating rate = 20 °C/min). 

 

4. Relevant features and potential applications 

4.1. Naked-eye chemosensor of metal ions 

The capability and selectivity of HL for 
complexing divalent and trivalent metal ions was 
studied in different solvents. Such a complexation 
capacity presents great interest for sensor 
applications. In this sense, the ability of the ligand 
to act as a sensor towards various metal ions, such 
as Al3+, Ba2+, Ca2+, Cd2+, Co2+, Cr3+, Cu2+, Fe2+, Fe3+, 
K+, Li+, Mn2+, Na+, Ni2+, Pb2+ and Zn2+ was 

examined in MeOH and ACN solvents through the 
color observation (naked-eye detection) and UV 
spectroscopy (Fig. 6).  

As observed by the naked eye (Fig. 6A), the 

change from colorless to green-, blue- and yellow-

colored solutions indicate that the ligand exhibited a 

distinctive selectivity to Cu2+, Co2+ and Fe3+ ions, 

respectively, in ACN. Thus, the spectroscopic 

analysis revealed that the free ligand HL shows two 

main absorption bands centered at 304 and 385 nm in 

this solvent. With the addition of 1.0 equiv Cu2+ to 
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probe HL, a new broad absorption band centered at 

465 nm was observed, while the band at 304 nm 

maintained its position and that at 385 nm rather 

disappeared. On the other hand, the addition of  

1.0 equiv Co2+ caused a new broad absorption band, 

with two maxima centered at 580 and 682 nm, while 

the bands of the ligand exhibited a blue shift to 298 

and 340 nm, respectively. Based on the fundamentals 

of UV spectroscopy,49 these spectroscopic changes 

reflect that new intramolecular charge transfer (ICT) 

processes are taken place upon complexation with 

these metallic species.  

 

 
 

 

 
Fig. 6 – Photographs and UV spectra of different solutions of HL (10−4M) before and after addition of various metal ions (1 equiv) in 

ACN (A) and MeOH (B) solvents. 

 

In contrast, and except for Fe2+, Fe3+ and Al3+ 

which present a minor response, the addition of 

other metal ions to the HL probe produced no 

significant color change and, consequently, a 

negligible absorption change. It is well known that 

the binding ability depends on the size, charge and 

electron configuration of the metal ion and ligand. 

The obtained results, thus, suggest that these 

features belonging to Cu2+ and Co2+ and the ligand 

are suitable for each other to form metal complexes. 
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The main practical implication of such an 

extraordinary selectivity to Cu2+ and Co2+ is that HL 

may be considered an interesting probe for naked-

eye detection of these ions. 

On the other hand, only Fe2+ and Fe3+ showed a 

color change from colorless to yellowish in 

methanol solvent (Fig. 6B). Spectroscopically, the 

two main UV absorption bands of the HL ligand 

were found centered at 302 and 372 nm in this 

solvent. From UV-spectra comparison it can be 

observed that the addition of 1.0 equiv Fe2+ and 

Fe3+ to HL probe causes a significant blue shift of 

its second band to 336 nm for both ions. By 

contrast, the addition of the other metal ions 

produced no relevant effects in the spectroscopic 

features of the ligand, except for Cu2+. In this case, 

the whole spectrum was shifted towards lower 

wavelengths, but the absorbance at 336 nm was 

considerably lower than in the case of Fe species, 

probably explaining the lesser noticeable color 

change by the naked eye. Again, such an exclusive 

response towards Fe species in MeOH reflects the 

interesting selectivity of the HL ligand for sensing 

applications. 

The sensing capability of HL towards Cu2+, as 

one of the most interesting examples, was further 

studied at different concentrations in ACN. As 

observed in Fig. 7, upon addition of an increasing 

amount of copper ion into the solution with HL 

sensor, the intensity of the absorption band centered 

at 460 nm gradually increases. This coincides with 

a progressive change in color from almost 

transparent to stronger yellow (inset of Fig. 7). 

Interestingly, the increment in band absorbance and 

the color change finished when only 0.5 equiv Cu2+ 

was added. This result suggests that the HL 

chemosensor coordinates with Cu2+ with a 2:1 

stoichiometry. So, this behavior is consistent with 

the formation of a stable complex of the kind [(L)2-

Cu2+] upon detecting Cu2+ in ACN solution.  

 

 
Fig. 7 – UV-Vis. absorption spectra of HL in ACN solution with gradual addition of Cu2+. Inset 1: changes in absorbance at 460 nm; 

Inset 2: changes in color. 

 

4.2. Electrochemical behavior of the copper 

complex 

The electrochemical behavior of the copper 

complex CuII(L)2·2H2O was investigated by cyclic 

voltammetry in DMSO and DMF solvents 

containing 0.1 M TBAP. 

As observed in Fig. 8A, the wide-potential-range 
voltammogram of the complex in DMSO presents 

various quasi-reversible processes, in the medium 

potential range, followed by some irreversible 
oxidations above +0.5 V. 

Particularly, two redox processes can be 
discerned in the medium potential range, being the 
reduction counterparts more clearly discernable 
than the oxidation ones. At more negative 
potentials, the well-defined reduction peak centered 
at Ep(C1) = –0.87 V, with its oxidation counterpart 
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centered at ca. Ep(A1) = –0.70 V may be assigned to 
the reduction and oxidation of Cu(II)/Cu(I) in the 
complex.50 In addition, the voltammogram also 
displays a clear cathodic peak and a broad low-
intensity anodic counterpart at Ep(C2) = –0.49 V 
and Ep(A2) = –0.04 V, respectively, probably related 
to the Cu(III)/Cu(II) redox process in the complex. 
These redox processes were better discerned within 

their corresponding delimited potential ranges 
(Figs. 8B and 8C). The found wide peak potential 
separations, all far from 60 mV, are consistent with 
rather quasi-reversible one electron redox 
processes.51 On the other hand, the irreversible 
anodic peaks at +0.40, +0.77 and above +1.0 V may 
be related to the oxidation of the Schiff base ligand, 
as previously reported for this type of complexes.52 

 

 
Fig. 8 – Cyclic voltammograms of the synthesized copper complex (10−3 M) recorded on a GC-electrode in 0.1 M TBAP/DMSO 

withing the whole stability potential window at 100 mV/s (A); and at different scan rates (100, 200, 300, 400, 500 mV·s−1) withing 

the particular potential ranges of the assigned CuII/CuI (B) and CuIII/CuII (C) redox systems. 
 

The voltammetric curves obtained for the 

copper complex in DMF are presented in Fig. 9A. 

In general, the electrochemical behavior of the 

complex observed in this solvent was remarkably 

similar to that previously obtained for DMSO. 

Nevertheless, a shift in the peak potentials was 

observed and some differences were significant 

because of the different solvent. Thus, in DMF 

solution the Cu(II)/Cu(I) couple is shifted 

towards lower potentials (Ep(C1) = –1.00 V; and 

Ep(A1) = – 0.85 V), and while the reduction of 

Cu(II) is considerably much more intense than in 

DMSO, the oxidation of Cu(I) is practically 

indiscernible. By contrast, in DMF the 

Cu(III)/Cu(II) process was slightly shifted 

towards more positive potentials (Ep(C2) = – 0.30 V; 

and Ep(A2) = 0.00 V) and the oxidation 

counterpart was more noticeable than the cathodic 

one. Moreover, the increase in oxidation current 

from 0.35 V and a clear anodic peak observed at 

1.15 V was attributed to the oxidation of Schiff 

base ligand.53 
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Fig. 9 – Cyclic voltammograms of the synthesized copper complex (10−3 M) recorded on a GC-electrode in 0.1 M TBAP/DMF 

withing the whole stability potential window at 100 mV/s (A); and at different scan rates (100, 200, 300, 400, 500 mV.s−1) withing 

the specific potential ranges of the assigned CuII/CuI (B) and CuIII/CuII (C) redox systems. 

 

To further study the electrochemical behavior of 

the copper complex in both solvents, the influence of 

the scan rate on the voltammetric response was 

analyzed withing the specific potential ranges of the 

assigned CuII/CuI and CuIII/CuII redox systems  

(Figs. 8B–C and 9B–C). On the one hand, and 

independently of the solvent and scan rate, it can be 

generally observed that the ipa/ipc ratios are 

systematically lower than unity; and that the 

oxidation of Cu(I) shows considerably lower currents 

than the other electrochemical processes, especially 

in DMF solvent. These findings suggest that the 

oxidation processes in the complex are somehow 

hampered compared to the reduction ones. 

On the other hand, except in the case of Cu(I) 

oxidation in DMF, the figures generally evidence a 

gradual increase in the anodic and cathodic peak 

currents (ipa, ipc) and a progressive peak potential 

separation (ΔEp = Epa – Epc) with the increasing 

scan rate. In particular, a good linear relationship 

was found between the peak currents and the scan 

rate, what reflects that the electrochemical process 

involves a surface-controlled process,51 whereas the 

increasing peaks potential separation (ΔEp) points 

out that the reversibility of these processes 

decreases with the scan rate.  

4.3. Catalytic activity studies 

o-Benzenediol, also known as pyrocatechol, 

was used as substrate to explore the biomimicking 

catecholase activity of copper complexes that 

where prepared in situ from diverse copper(II) 

salts and the new ligand HL. The capability of 

these complexes to catalyze the oxidation of 

pyrocatechol was spectrophotometrically studied 

by following the absorbance band appearance of 
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the corresponding oxidized product, 1,2-

Benzoquinone (o-quinone) over time. For this 

kinetic study, the absorbance was quantified at 

390 nm (wavelength of the band maximum). It is 

noteworthy to mention that a blank experiment 

was previously tested, so that the spectrum 

obtained for pyrocatechol alone, without the 

studied copper complexes, practically showed no 

absorbance chance as a function of time.  

The kinetics of catechol oxidation was then 
studied in the presence of distinct copper 
complexes. Fig. 10 shows the evolution of the 
maximum absorbance as a function of time for the 
different complexes coming from salts with the 
anions Br−, Cl−, NO3

−, CH3COO− and SO4
2−. The 

obtained results indicate that the copper complexes 
formed from bromide and nitrate salts present 
significantly better performance for pyrocatechol 
oxidation, especially for the case of CuBr2 salt.  
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Fig. 10 – Evolution of the absorbance to follow the catechol oxidation (o-quinone formation) in the presence of copper complexes, 

prepared from distinct copper salts, formed in situ with HL in MeOH medium. 

 
Table 3 

Oxidation rate of catechol oxidation (μmol L−1 min−1) in MeOH by using different ligand to metal ion ratios (L/M) (best result 

obtained with metal salts: CuBr2 and Cu(NO3)2) 

 
 

(L/M: 1/1) (L/M: 2/1) (L/M: 1/2) 

Cu(NO3)2 1.5 – 0.0128 

CuBr2 2.4 – 0.00625 

 

4.3.1. Effect of HL concentration  

The effect of HL concentration, during the 

synthesis process, on the catalytic activity of the 

new copper complexes was studied. To do this, 

complexes obtained from solutions with different 

ligand to metal ion ratios (L/M: 1/1, 2/1 and 1/2) 

were tested in methanol solution under ambient 

conditions. On the other hand, because of their 

better performance, only the complexes obtained 

from CuBr2 and Cu(NO3)2 salts were considered.  

The monitored absorbance of o-quinone as a 
function of the different complexes is displayed in 
Fig. 11. The obtained results indicate that the 
different L/M combinations affect the catalytic 
activity of the complexes. Thus, the L/M: 1/1 
combination has been found the best catalytic 
condition for this reaction. These results can be 
explained probably by the influence of coordination 
environment, such as the geometry imposed by the 
ligand on the metal ion complex, together with the 
characteristics of the steric effect of ligand.54,55 
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Fig. 11 – Catechol oxidation in methanol in presence of formed L-Copper complexes with different concentration  

prepared from (A) NO3
− and (B) Br-based salts 

 

4.3.2. Solvent effect 

Finally, the oxidation reaction of catechol was 

also studied under the same experimental conditions 

with the best catalyst but in distinct solvent media. 

For this purpose, ACN and DMF, besides MeOH, 

were used as solvents. Figure 12 and Table 4 show 

the influence of the solvent in the evolution o-

quinone absorbance as well as the calculated 

oxidation constant rates, respectively.  

The obtained data point out a remarkable effect 

of the solvent polarity in the catalytic activity of the 

new complexes. Particularly, the reaction in MeOH, 

which is a protic and polar solvent, seems to work 

significantly better than in the other two aprotic 

solvents (ACN and DMF), which cannot provide 

oxidation rates higher than 2.4 μmol L−1 min−1. 

These results suggest that solvation of the copper 

complexes with these aprotic solvents slows their 

catalytic activity for this oxidation reaction. These 

results are in agreement with those previously 

obtained in the literature,56–58 and can be explained 

by the fact that, although copper cations can be also 

solvated by the electronegative pole of aprotic 

solvents, this solvation is weaker than that produced 

by a hydrogen bond in protic ones. Then, a weaker 

solvation results in a lower or moderate reactivity. 
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Fig. 12 – Evolution of the absorbance at about 390 nm to follow the catechol oxidation (o-quinone formation) in different 

solvents in the presence of copper complexes prepared from (A) NO3
− and (B) Br-based salts with a L/M = 1/1 ratio. 

 
Table 4 

Rate constants of catechol oxidation (μmol L−1 min−1) in different solvents catalyzed by the copper complexes prepared from CuBr2 

and Cu(NO3)2 salts by using a L/M = 1/1 ratio 

 MeOH ACN DMF 

Cu(NO3)2 1.5 0.032 – 

CuBr2 2.4 0.0965 0.027 

 

CONCLUSIONS 

In this present paper, a novel asymmetric N,O-

bidentate Schiff base ligand (HL) and its 

[CuII(L)2·2H2O] copper complex were synthesized 

and fully characterized by various techniques 

revealing their structures.  

The main results are summarized as follows: 

The prepared Schiff base ligand presents the 

molecular formula C15H15NO3 with an imine bond 

linked to methoxybenzyl and meta-dihydroxybenzene 

substituents; whereas that of its copper complex is 

C30H32N2O8Cu in the form of CuII(L)2·2H2O, as 

deduced from CHN-EA, TG/DTG thermogravimetry 
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and various spectroscopic investigations, like FT-IR, 
1HNMR, XPS and UV-Vis. 

For the X-ray photoelectron spectroscopy (XPS), 
the determined surface atomic compositions as well as 
the C to N ratios of both proposed C15H15NO3 and 
C30H32N2O8Cu compounds are in quite good 
agreement with the predicted ones. This result 
suggests that the metal is coordinated to the ligand 
through its iminic nitrogen and phenolic oxygen atoms 
and validates the structures of these compounds. 

The electrochemical behavior of the copper 
complex CuII(L)2·2H2O was investigated by cyclic 
voltammetry in DMSO and DMF solvents 
containing 0.1 MTBAP and resulting obtained 
voltammograms indicate well-defined redox 
systems of Cu(II)/Cu(I) and Cu(III)/Cu(II). 
Moreover, this complex has been found 
electrochemically stable and electroactive in 
organic media, what is of potential interest for 
various electrochemical processes and 
applications. 

The obtained results further reveal that the 
synthesized ligand has an extraordinary selectivity 
for detecting Cu2+, Co2+ Fe2+ and Fe3+ species in 
different organic solvents. It is proved that this 
novel ligand could potentially serve as a powerful 
naked-eye molecular chemosensor for detecting 
these ions.  

For the catalytic study, the ligand was testified 
and inspected for its catecholase activities at 
ambient conditions on the oxidation of catechol to 
the o-quinones via formation of a mononuclear 
copper species. These species were generated in 
situ. Some parameters influencing the catalytic 
activity were tested such as, the effect of copper salt 
used, the effect of concentration and the effect of the 
solvent. The rate constants of catechol oxidation 
were also calculated. 

The obtained results demonstrate that the new in 
situ copper complexes prepared with bromide and 
nitrate copper(II) salts and with L/M: 1/1 ratio 
exhibit an interesting catecholase-like activity in 
methanol medium.  
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