A novel copper(ll)-Schiff base complex containing yrrole ring: Synthesis,
characterization and its modified electrodes applié in oxidation of aliphatic alcohols
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Abstract

A new copper(ll) complex Cu(ll)-L containing.®, donor atoms has been prepared
from 6-[3’-(N-pyrrol)propoxy]-2-hydroxyacetophenoaed diaminoethane in the presence of
copper acetate monohydrate. It was characterizespbygtroscopic methods such as FT-IR,
UV-vis, mass spectra, elemental analysis and cyoliammetry. The molecular structure of
Cu(Il)-L has also been confirmed by X-ray diffractianalysis. The electrochemical behavior
of copper(ll)-Schiff base complex containing pyrgobups has been investigated in DMF and
acetonitrile solutions using cyclic voltammetry. Bhuconducting polymeric films of
polypyrrole were obtained on the surfaces of glasagbon and ITO electrodes using
copper(ll)-complex as monomer. The modified eledto were electrochemically and
morphologically characterized and their electrogéita properties in heterogeneous phase
have also been investigated. The AFM studies shatthe morphology of polypyrrole (PPy)
films on ITO-electrodes depends on the number daflical scans. The electrocatalytic
performances of this complex seem to be more effictowards the electro-oxidation of
isopropylic alcohol than any other kinds of alc@hslch as methanol, ethanol and benzyl

alcohol. The electro-reduction of carbon dioxidesvaso examined.
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During the last years, Schiff base ligandseafeund to be an important class of chelating
agents in coordination chemistry [1,2]. These conmgis have also played a considerable role
in the development of chemistry. Thus, a large nemdb these Schiff base ligands and their
complexes have been studied in the past becauieeiofwide application owing to their
interesting properties as in electrocatalysis if#jjbitors of corrosion [4], and biosensors [5].
So, a particular interest was paid to the compleabtined from tetradentate ligands
(OONN) containing oxygen and nitrogen as heteroatlomors. However, these complexes
have extensively been used as catalysts for a wadiety of reactions, including olefins
epoxidation [6], polymerization [7], oxygen actiiat [8] and carbon dioxide [9].

So, in continuation of our recent papers [10], veveh undertaken a covalent grafting of
electropolymerizable units as pyrrole, aniline #mdphene on Schiff base ligands in order to
elaborate their modified electrodes for applicai@ssentially focused on the heterogeneous
catalysis and electrocatalysis. In this context,tthasition metal complexes anchored on the
polymer matrices constitute an active area of mebeaue to their structural, magnetic
properties and potential catalytic models of sdvéralogical systems as, for example,
cytochrome P450 reactions [11]. The oxidative etgxilymerization of various metal—salen
complexes has been investigated [12] and the eldatmical design of modified electrodes
by electrodeposition of polymer films has also beeidely developed while those of
conducting polymers are little studied. For thissen, this work aims to elaborate new
materials as coordination compounds bearing pymdais which have been found to be very
useful for catalytic applications in various fieladd organic, inorganic and bioorganic
synthesis [13].

Thus, a copper(ll)-Schiff base compléb)was synthesized [14] by the reaction of 6-(3'-
N-pyrrolpropoxy)-2-hydroxyacetophenone [15] anby&nediamine using absolute ethanol

as solvent. This mixture was refluxed for about wirhantil completion of the reaction after



which, one mmol of copper acetate monohydrated QB8),.1H,0) was added. After
cooling, the copper complex was precipitated byhgieoxide and the resulting solid was
recovered by filtration, yielding 85 mg (61%).

Scheme 1

The analytical data of the new copper(ll)-Sich#se complex were in good agreement with
the proposed molecular formula. This molecular stmecwas also confirmed by the X-ray
diffraction analysis.

The FT-IR spectrum of the complex shows a strasorption band at 1602 chit may
be due to the coordination of the copper(ll) iontly azomethine (C=N) nitrogen atom [16].
However, the absorption band appearing at 1249 wms assigned to the C-N stretching;
while, the strong band located at 1096 'cim assigned to the stretching mode of the phenoxy
group. The formation of the M—O and M—N bonds wieir¢her supported by the appearance
of the v (M—0) and v (M—N) bands at 570 and 625 chrespectively as reported in the
literature [16].

The formation of the copper(ll) complex wasacaktonfirmed by UV-vis analysis since
their electronic spectra, recorded in DMF solutishow three absorption bands at 288, 351
and 550 nm. At short wavelengths, an intense ahbsarpand is attributed to-n* transitions
of the aromatic moieties, while a wide absorptiomda-s* arising from electronic
transitions involving the conjugated system of twemplex with azomethine groups. The
transitions observed in the visible region arou® Bm were attributed to the weak d—d
transitions and it expresses that the copper atomell coordinated to the ligand {l). These
results are in good agreement with the literattie18].

The FAB-mass spectrum of the complex Cu(lgHows a peak at m/z = 606.6 (20.00%)
corresponding to the weight of the molecular ion"\MAnother peak was also observed at

m/z 1209.9(11.53%) suggesting the binuclear foren([g>L] .. Further fragmentations of this



copper complex generates a stronger peak m/z 348%) corresponding to the base peak
[L+H]" ion. The mass spectrum of the Cu(ll)-L shows agameral peaks representing
successive degradation of the complex molecule ngado the formation of different
fragments such as m/z 272.6(13.46%), 330.6 (17.309344.4(9.23) and 367.6(3.07%).
Prismatic colourless single crystals of Culllsuitable for X-ray diffraction were
obtained by slow evaporation from acetonitrile solu and crystallizes in the triclinic space
group P-lwith 2 formula units in the cell [19]. The coppemnaplex was characterized by X-
ray diffraction, and the ORTEP representation with atomic numbering is given in fig. 1.
Relevant X-ray diffraction data are listed in TahleThe crystal structure of Cu(ll)-L shows a
tetradentate OONN coordination of the Schiff bagand. The coordination environment of
Cu is satisfied by the phenoxo oxygen and iminegén atoms of the Schiff base ligand [Cu:
01, 02, N1, N2]. The azomethine linkage is evidieom the N1-C14 and N2-C18 bond
lengths (1.303(5) and 1.309(5) A, respectively),7€41-C18 and C14-N2-C16 angles
(118.4(3) and 119.7(3)°, respectively). The bomgths involving the phenyl carbon and
phenoxo oxygen atoms, C12-01, C8-03, C21-02 and-@2%re 1.309(5), 1.378(5),
1.317(5) and 1.372(5) A, respectively and theseiesalare in the range of the usually
observedstandard C(sp2)-OH and C(sp2)-O- bond length [B®. Cu—O and Cu—N bond
lengths for Cu(ll)-L vary in the range 1.892(3)—49983) for C—O and 1.937(3)-1.947(3) for
C-N, respectively. These values are also in goodeagent with related reported complexes
[21]. Cisoid and transoid angles for Cu deviat® dfem their ideal values of 90° and 180°
and are found to be in the range 86.22(13)- 92354(aAnd 168.64(13)-170.02(13)°,
respectively. The bond lengths and angle around @& in agreement with sp3
hybridizations of this atom. The molecule is narnar, the two phenyls rings (€813 and

C20—-C25) and the two five members ring of the pyrroB(NC1—-C4 and N4, C29-C32)



are almost orthogonal. Some overlap of oném@pital of oxygen witht-system of phenyl
ring may be considered.
Figure 1
Figure 2
The monomer Cu(ll)-L was studied by cyclic vaitaetry in acetonitrile solutions and at
a scan rate of 100 m=xploring the potentials ranging from —1.800 \#th600 V. Hence,
the voltammgram obtained, given in fig.3, shows foxédation waves observed Bp,; = —
0.975,Eps1 = —0.697Epas = + 0.323Eps = + 0.841 andEp,s = + 1.525 V/ISCE respectively.
The first is ascribed to the reoxidation of Cu(D(Q), the second to the reoxidation of
Cu(I)/Cu(l) while the third one may be attributéal the oxidation of Cu(lll)/Cu(ll). These
results may be approached to those reported ilitéinature [22]. As for the wave located at +
0.841 V/SCE, it corresponds to the anodic oxidatadnpyrrole moieties leading to the
formation of poly(pyrrole) films. The last omeay be assigned to the oxidation of the Schiff
base ligand. For the return sweep, only two redactvaves were observedBt,; = — 0.904
andEp;; = — 1.143 V/SCE. The first is attributed to thduetion of Cu(ll)/Cu(l) species and
the second to the reduction of Cu(l) yielding Cu@®ncerning oxidation wave of pyrrole, it
seems to be an irreversible system [23].
Figure 3

Cyclic voltammograms, recorded in the rangawvben 0.0 and +1.0 V, show a redox
couple exhibiting two waves Cu(ll)/Cu(lll) at +0.48 and Cu(lll)/Cu(ll) at +0.36 V. The
peak-to-peak separationEp) was found to be 120 m\On the other hand, in spite of the
AEp data being larger than the theoretical valuedorelectrochemically reversible one-
electron process. Thus, for this complex the |axge value expressing an electrochemical
oxidation of Cu(ll) would be due to a quasi-revelsibehavior of the couple Cu(lll)L + &

Cu(ll)L. This fact implies that these electrocheahigrocesses are mainly diffusion-controlled



[18]. In addition, in the range 0.0 to -1.5 V, it was etved that the copper(ll) complex shows
two irreversible reduction waves in the cathodicepttls region as reported in the literature
for similar structures [24].

Fig.4 (Curve a) shows the evolution of thelicyvoltammograms of Cu(ll)-L complex in
acetonitrile solution. During the repeated potdrg@ans between -0.1 and 1.1 V, the anodic
oxidation shows an obvious decrease of the peakemurexpressing probably an
electrocatalytic effect causing an overoxidatiorthef poly(pyrrole) matrices. In this case, on
the Fig.4 (Curve a) the ectropolymerization of Quilwas achieved by repetitive cycling of
the potential at the surface of a glassy carboctrelée between +0.6 and -1.8 V at 100 mVs
The buildup of the electropolymerized poly-[Cu(ll)-films was confirmed by continuous
increasing of the peak current and repeated cy@mgduces an electroactive polymer on the
glassy carbon electrode surface. When the polyt[JsL) films were electrodeposited on the
surface of this electrode, it was copiously rinseth bi-distilled water, acetonitrile and
immediately transferred to another fresh electrol@H;CN solution containing no monomer.

Similarly, poly-[Cu(ll)-L] films are electragpbosited on optically transparent electrodes
like those of indium tin oxide (ITO). The growindg the poly-[Cu(ll)-L] films on ITO-
electrode asi-conjugated conductor polymers have been carrigdand evidenced by the
continuous increasing of the peak curremis (o) yielding poly-[Cu(ll)-L] films. The ME
(poly-Cu(Il)-L/ITO) obtained was identified by areetrochemical technique using cyclic
voltammetry indicating the presence of electrodagedspoly-[Cu(ll)-L]. Thus, different
polymer thicknesses can be obtained by controlliveg number of the electropolymerizing
scans. These experiments were performed in ace®sivlutions 13 M TBAP using 10 M
of copper complex Cu(ll)-L.

Figure 4



Atomic force microscopy was used to expltre morphology of the poly-[Cu(ll)-L]
films electrodeposited onto ITO-substrate. The @alof roughness and film thickness are
summarized in Table 2.

Table 2

Figure 5
From the micrographs, it can be clearly observed thare is a significant increase in
roughness and film thickness values as the nunfbel@mmetric scans increases. A typical
3-D AFM micrograph is shown in the Fig.Where, it becomes clear that the nuclei are
produced with different forms and sizes at theaxefof the electrode.

The oxidations of methanol, ethanol, isgarmwl and benzyl alcohol were performed
using copper(ll) complex as catalyst in an aqueneadia. These electrochemical experiments
have confirmed the presence of electrocatalytic \Wiehdor the different alcohols indicated
above as it can also be observed from Fig.6.

Figure 6

The effect of the concentration of alcohol was ®ddvith the four types of alcohols. Their

electro-oxidation reactions were carried out usthgll)-L as catalytic sites which were

uniformly dispersed on the surface of the modifeddctrode. For this purpose, volumes
ranging from 10pL to 40uL were progressively adaedrder to evaluate the concentration
effect as function of the efficiency of the eleidation reaction. Fig.6 (curves a, b, c and d)
shows the plots of the anodic oxidation chargeinbthfor different concentrations of each
alcohol. The efficiency of this reaction was estiadafrom theQ,x values (integrated charge

under the oxidation wave at low scan rate), reabraieeach concentration applied for all
alcohols studied. From these observations, it carcdncluded that the anodic oxidation
charge increases as the alcohol concentrationasege In fact, at low concentrations of
substrate, the electrocatalytic oxidation procegsainly controlled by a diffusion process. In

this case, the molecules of alcohol diffuse easiljthe bulk of the modified electrode.
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However, at higher concentrations, a significamtreasing of peak currenty,d due to the
interaction between alcohol molecules and availahtalytic sites of the modified electrode
expresses an enhancement in the electrocatalyivityacin this case, it was observed that the
current density obtained for the oxidation of ismganol was found to be higher than those of
all other alcohols [25]. This result may be expdainby a significant increasing of the
electronic density on the hydroxylated carbon owme@lectrodonating effect of both methyl
groups.

The reduction of carbon dioxide (Ghas also been investigated. Cyclic voltammograms
obtained with GC-electrode modified by electrodégpms of poly-[Cu(ll)-L] in acetonitrile
solutions are shown in Fig.7. The redox system IQG(l) appears at -1.100 V/SCE under
dinitrogen atmosphere whereas under, @@nosphere, severe changes are observed such as,
a significant enhancement pf current accompanied with total disappearancg.@nd the
shifting of the reduction wave potential inducing01mV as gain of potential. This gain of
potential is characteristic of an electrocatalytouirrent represented by the ratio
Ib(CO)/ip(N2) equal to 3.28. Hence, the importance of thisorggermits to judge the
efficiency of an electrocatalytic reaction. Furtinere, a new redox system has also appeared
at more cathodic potentialsq(E -1.121V). This result corroborates with the fotima of p-
oxo dimers like those described for the oxidatieactions model of cytochrome P450 [26].
The reduction process of carbon dioxide allows dgenerate the catalyst and produces
simultaneously carbon monoxide with formic acidraported in the literature [27]. These
facts can be summarized in the following proposegdhmanism, illustrated by the Fig.8.

Figure 8
The main results obtained from this studg be summarized as follow: (i) proposition
of a simple and efficient method for the synthesisnew pyrrolic monomers containing

transition metals coordinated to the Schiff bagards. This new class of compounds was



clearly evidenced by cyclic voltammetry and masscgpmetry analysis. (i) The copper(ll)-
complex obtained was easily electropolymerized athadic reduction process to its poly-
[Cu(ll)-L] yielding modified electrodes containingatalytic sites as divalent copper ions
(Cu"). (i) These new modified electrodes can be usedensors for the detection of small
molecules such as carbon dioxide, dioxygen, nérited nitrates ions. Finally, it can again be
concluded that this electrode material seems tonbee adapted for working in catalysis,

electrocatalysis and sensors.
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Fig.1. X-ray molecular structure oCu(ll)-L with the atomic numbering scheme. Selected
bond lengths (A) and bond angles (°) : Cu—02 1.892Cu—01 1.899 (3), Cu—N1 1.937
(3), Cu—N2 1.947 (3), O2—Cu—O01 92.54 (12), O2—Cu—ND.02 (13), O1—Cu—N1
90.67 (12), O2—Cu—N2 92.37 (12), O1—Cu—N2 168.68)(IN1—Cu—N2 86.22 (13),
C12—01—Cu 124.5 (2), C21—02—Cu 126.4 (2), C14—N1—28.8 (3), C16—N1—Cu
110.6 (2), C18—N2—Cu 128.0 (3), C17—N2—Cu 110.2 (2)

Fig.2. Packing of the molecules along théirection.

Fig.3. Cyclic voltammogram of 1 mM Cu(ll)-L at GC electmih acetonitrile solution, 0.1
M, TBAP. Scan rate 100 mV's

Fig.4. Cyclic voltammogram showing electrodeposition ofyg&u(ll)-L] onto a glassy-
carbon electrode in acetonitrile 0.1 M in TBAP, rscate: 100 mVs.

Fig.5. AFM images obtained for the polymerized films frd@du(ll)-L at several cyclical
scans; (A): 1 cycle; (B): 10 cycles; (C): 30 cycl@3): 50 cycles; on ITO electrodes.

Fig.6. Plots of the anodic oxidation charg®.§), recorded for various volumes (ul) of each
one of the studied alcohols.

Fig.7. Voltammograms of the electrocatalytic reductionGs, with poly-Cu(ll)-L on GC-
electrode under dinitrogen §N(—, full line) and under (C& atmosphere (-----, dotted line).
Fig.8. Proposed electrocatalytic cycle

Table 1.
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Molecular formula
Molecular weight
Temperature (K)
Radiation A
Crystal system
Space group

alA

b/ A

c/A

o

o

BO

Y
VIA®

z

Dealc (9 cni®)
Crystal size (mr)
Crystal description

Crystal colour

Absorption coefficient (mm)

F(0 0 0)

Reflections collected/unique
Rangel/indicesh| k, 1)

0 limit

No. of observed dath> 2c (1)

No. of variables

No. of restraints

Goodness of fit oiff 2

Cz2H36CUN4O4
604.19

293

Mo-Ka (0.71073 A)
Triclinic

P-1

7.9688 (4)

12.8433 (9)

14.5166 (11)
102.075 (3)

90.486 (4)

96.270 (4)

1443.40 (17)

2

1.39

0.1 x 0.08 x 0.05
Prism

Colourless

0.08

634

8130/4945 [R; = 0.035]
-9, 9; -15, 15; -17, 17
24— 25.3

3660

370

0

0.154

Largest diff. Peak and hole (6°A 0.43and —0.46

R = £[w(|FO| - [Fc)]E w(IFO])}, Rw = &[w(|FO - IFcfl/z w(lFof)} 2,

WR2 i{W(FO - Fc?) 1/ £ w(FQH)} 2

w = 1/[6%(Fo2) + (0.0794P) + 0.685P] whereP = (F,2 + 2FA)/3
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Table 2.

Number of cyclical scans 1 5 10 20 30

Thickness (nm) 166.90 321.38 125.71 246.61757.19 729.65
Roughness (nm) 1.9180 6.4787 8.1671 21.87788.6395 75.1424
Scheme 1.
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Fig.2.
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Fig.6.

Fig.7.
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Fig.8.
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