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Abstract

Cu(ll) oleate (Cu(I1)Ol) complexes were synthesized using an electrochemical technique in the presence of palm-based oleic acid
as the ligand and Cu ions from the released of anode material through the electrochemical oxidation of Cu foil. The system
consisted of Cu foil and a graphite rod as the anode and cathode, respectively, while ammonium acetate (CH3;COONH,) was
used as a supporting electrolyte. The optimal parameters to synthesis of Cu(ll) oleate complexes from 0.1 M oleic acid are using
10 V of applied voltage in the presence of 0.5 M CH3COONH, for 2 hours of electrolysis time at room temperature (~27 °C).
The results from spectroscopic studies using FTIR, XPS and UV-Vis confirms the existence of bonding between the coordinated
carboxylate group of oleic acid with Cu(ll) ions. This proved that the desired Cu(ll) oleate complexes were successfully
synthesized using electrochemical techniques. The surface morphology of the complex was analyzed using FESEM, and the
micrograph obtained showed that the synthesized complexes formed thread-like structures.
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Abstrak

Kompleks Cu(ll) oleat telah disintesis menggunakan teknik elektrokimia dalam kehadiran asid oleik berasaskan sawit sebagai
ligan dan ion Cu daripada pelepasan bahan anod melalui pengoksidaan elektrokimia kepingan Cu. Sistem sintesis elektrokimia
terdiri daripada kepingan Cu dan rod grafit masing-masing bertindak sebagai anod dan katod manakala larutan ammonium asetat
(CH3;COONHy) digunakan sebagai elektrolit penyokong. Parameter optimum untuk sintesis kompleks Cu(ll) oleat daripada 0.1
M asid oleik adalah dengan menggunakan keupayaan 10 V dalam kehadiran 0.5 M CH3;COONH, selama 2 jam masa sintesis
pada suhu bilik (~27 °C). Keputusan yang diperolehi daripada kajian spektroskopi menggunakan FTIR, UV-Nampak dan XPS
mengesahkan kewujudan ikatan antara kumpulan karboksilat pada asid oleik dengan ion Cu(ll). Ini membuktikan bahawa
kompleks Cu(ll) oleat yang diingini telah berjaya disintesis menggunakan teknik elektrokimia. Morfologi permukaan kompleks
tersebut telah dianalisis menggunakan FESEM dimana mikrograf yang diperolehi menunjukkan kompleks yang disintesis
membentuk struktur seakan bebenang.

Kata kunci: kompleks kuprum; asid oleik; sintesis elektrokimia

Introduction
Copper (I1) carboxylates have been extensively studied over the latest few decades due to their special features in
geometrical structures and physicochemical properties, and they have many applications in biochemistry and in
industry. In 1953, the first copper (I) carboxylate dimer ie copper (I1) acetate hydrate [Cu,(MeCO,)4(H,0),] have
been reported by van Niekerk and Schoening [1]. Since the discovery of the first copper (I1) carboxylate, there has
been an increasing interest in these kind of compounds. Copper (I1) carboxylates have been applied in various areas
including as anticorrosive materials [2,3], precursors in the synthesis of metal-organic frameworks [4], and as
molecular templates in the synthesis of semiconductor nanorods [5]. Furthermore, in recent years, there has been an
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increasing interest in the use of these complexes to get well dispersed copper nanoparticles by thermal
decomposition [6,7].

In the recent decades, copper(ll) carboxylates have been one of the major interesting research subjects due to the
diversity of its structure, as it can contain two or more antiferromagnetically coupled metal centers [8,9]. Each
carboxylate oxygen atom in the complex has two lone electron pairs. The structural formation of the complex
depends on the utilization of one or two lone electron pairs on the oxygen of the carboxylate group for bonding to
the Cu(ll) ion. If only one lone electron pair is involved, the result is a paddle-wheel dimer structure (Figure 1a). A
polymeric structure (Figure 1b) may form if the second lone pair is donated to the Cu(ll) ion of another paddle-
wheel dimer structure.

In such a dinuclear dimer (Figure 1a), two Cu(ll) ions are bridged by four carboxylate groups of ligands. The
coordination geometry around copper atoms in the paddle-wheel dimer Cu(ll) carboxylate is square pyramidal with
D4, symmetry [10]. There are two axial positions in the paddle-wheel dimer pairs. The common axial ligands most
reported in the literature are water [11], urea [12], pyridine-carboxylates [13], and organic acid [14]. In many cases,
axial ligation of the paddle-wheel dimer prevents formation of inter-dimer bridges, due to donation of the lone
electron pair of carboxylate oxygen to the Cu(ll) ions of the neighboring paddle-wheel dimer. Consequently,
formation and precipitation of a paddle-wheel dimer with polymeric behavior can be avoided [15].
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Figure 1. Structure of (a) paddle-wheel dimer and (b) a polymeric dimer of Cu(ll) carboxylates.

Previous studies have reported that most of the complexes are synthesized using chemical methods [2,8,9,10,12). In
the current paper, Cu(lIl)Ol complexes were prepared using an electrochemical technique based on the reaction
between Cu(ll) ions from the anode with palm-based HOI to produce Cu(ll)Ol. The mechanism for the formation
Cu(I)OI complexes using an electrochemical technique is as equation 1- 4 follows:

Anode: Cuw — Cu*+2¢e (1)
Cathode: 2¢ +2H,0—Hy,+20H 2)
2 OH™ + 2 CH3(CH,),CH=CH(CH,),COOH —
2 Hzo +2 CH3 (CH2)7CH:CH(CH2)7COO_ (3)
Overall reaction: Cu® + 2 CH5(CH,);CH=CH(CH,);COOH — Cu[CH3(CH,);,COQ], + H, 4)

From the previous mechanism, Cu(ll) ions (Eq.1) were generated in aqueous phase solution from the corroded
anode. Formation of Cu(l1)OI occurred in the organic phase (Eq. 4). This electrochemical technique offers several
advantages in inorganic synthesis: (1) the selectivity of the reaction can be influenced by the applied electrode
potential; (2) the reaction rate can be controlled by the current density; (3) the electrode material and the electrolyte
composition can be used as parameters for controlling the selectivity and reaction rate, and (4) the electrons are
reagent free [16]. The aim of the present work is to determine the optimal parameter to synthesize Cu(I1)Ol
complex. The paper also investigates the spectroscopic and surface morphology properties of the electrochemically
synthesized complex.

Materials and Methods
Chemicals
All chemicals used were analytical grade and used without further purification. Oleic acid (HOI) with 99% purity
was purchased from Sigma-Aldrich. Copper plate with 99% purity and ethanol was from Sigma-Aldrich.
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Ammonium acetate (CH;COONH,) was purchased from Hamburg Chemical GmbH while toluene was purchased
for Dulab.

Synthesis of Cu(ll) Oleate

The electrolysis system consisted of a Cu foil (3x1 cm, 0.1 cm thickness) as the anode and graphite rod (6.5 mm
diameter, Johnson Matthey Chemicals Ltd.) as the cathode in the presence of ammonium acetate (CH;COONHy) as
the supporting electrolyte solution. Prior to synthesis, both anode and cathode were rinsed with distilled water and
small amount of acetone to remove any trace organic materials on their surface. A DC power supply (TTi PSU
Bench CPX400A) was used throughout the electrochemical synthesis. The acid solution (in ethanol) was mixed
with CH3COONH, solution with the ratio of 1:1 into the electrochemical cell. The electrochemical cell used was a
simple and undivided cell with the capacity of 100 mL. The reaction was performed at room temperature (~27 C)
for 4 hours. Strong stirring (900 rpm) was kept throughout the synthesis process. The resulting complex in blue
precipitate was then filtered and washed with distilled water and ethanol to remove the impurities. The precipitate
was then dried in a desiccator for 24 hours. Analysis of electrochemically synthesized Cu(I1)Ol: m.p = 55-58 °C,
yield = 98%, elemental analysis for CuCs,Hg,0, (626.45 g/mol) (calculated): C (69.01%), H (10.64%), O (10.21%),
Cu (10.14%); (found): C (68.75%), H (10.67%), O (10.29%), Cu (10.29%).

Instrumentation

The concentration of Cu(ll) in the Cu(Il)Ol complex was measured by Inductively Coupled Plasma-Optical
Emission Spectrometry (ICP-OES), Perkin EImer Optima 4300DV model using 6 series of standard solutions (0.1,
0.3, 0.5, 1.0, 2.0 and 5.0 ppm) as the calibration method. The spectroscopic studies were carried out using several
instruments including X-ray Photoelectron Spectroscopy (XPS) (AXIS Ultra DLD) completed second edition of
Kratos software, Fourier Transform Infrared Spectroscopy (FTIR) (Perkin Elmer 1310) in the range of 4000-400
cm™ and UV-Vis spectrophotometer (UV-Vis) (Shimadzu UV-2450) in the range of 300-900 nm using 10 mm
quartz cuvettes. For surface morphology, the synthesized complex was characterized using Merlin Compact model
of Field Emission Scanning Electron Microscopy (FESEM) with platinum coating by sputtering.

Results and Discussion
Optimization of Operating Parameter
Effect of Supporting Electrolyte Concentration
In the current study, CH;COONH, solution has been used as a supporting electrolyte to increase the electrolytic
conductivity of the electrochemical system, which in turn affects the current efficiency, cell voltage, and energy
consumption in the electrolytic cell [17]. From Figure 2a (square symbol), increases in concentration of
CH3;COONH, generally resulted in increased corrosion of the anode which produced more Cu(ll) ions in the
aqueous phase solution. Furthermore, increasing the concentration of CH;COONH, from 0.01 M to 0.5 M in Figure
2a (red triangle symbol) showed no significant increase in Cu(ll) concentration. It shows that in this range of
concentration, all of the generated Cu(ll) ion from the anode material has been used in the formation of the Cu(11)Ol
complexes from 0.1 M HOI. Application of higher concentration of CH;COONH, (e.g., >0.5 M) increases the
production of Cu(ll) ion in aqueous solution. Since no more free fatty acid was available in the organic phase, an
excess of available Cu(ll) ions was created in solution. Since unnecessarily higher concentration of CH;COONH,
will result in wasted metal species in the aqueous phase, a 0.5 M of supporting electrolyte concentration was
considered to be the ideal concentration to completely react the fatty acid with Cu(ll) ions. Electrolysis of
CH;COONH, without oleic acids (Figure 2a blue triangle symbol) was performed as a control experiment to prove
that increasing the supporting electrolyte concentration produced more Cu(ll) ions in the aqueous phase solution.

Effect of Applied Voltage

High cell voltages should not be used during electrochemical synthesis to avoid losses of energy, high temperatures,
and electrode damage [18]. Selection of the correct supporting electrolyte at an appropriate concentration can assist
in minimizing the applied voltage for the electrochemical synthesis process. In the current study, increases in the
applied voltage were observed to increase the corrosion percentage of the Cu anode (Figure 2b square symbol). In
the synthesis of Cu(11)Ol (Figure 2b red triangle symbol), full utilization of fatty acids was achieved with the use of
10 V of applied voltage after 2 hours, without formation of excess Cu(ll) ions. At 5 V, no excess Cu(ll) ions formed
in solution, but higher concentrations of oleic acids were still present, and thus the total reaction time at 5 V would
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possibly be greater than 2 hours. Application of even higher voltages (>10 V) may reduce the total reaction time but
also increase the potential to form certain by-products such as Cu(ll) oxides [19]. Therefore, we concluded that 10
V was the ideal applied voltage for the synthesis of Cu(l1)Ol to prevent the formation of undesired compounds.
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Figure 2. Effects of (a) supporting electrolyte concentrations; (b) applied voltages and (c) reaction times on Cu(ll)
ion concentration in aqueous solution during electrochemical synthesis of Cu(l1)Ol complexes. [HOI], =
0.1 M (a-c); [CH3COONH4] =0.1M (@a&b);E=10V (@a&¢c);t=4h (b &c).

Effect of Electrolysis Time

Reaction time is one of the major concerns in chemical synthesis, since longer times may lead to higher energy
consumption [20]. Increasing the electrolysis time in the current work was observed to increase the corrosion
percentage of Cu anode (Figure 2c square symbol), which resulted in an increase in the Cu(ll) concentration. For
0.1 M of HOI, the Cu(ll) concentration was generally very low for the first 2 hours due to being utilized in the
formation of the Cu(Il)OI complex (Figure 2c red triangle symbol). After 2 hours, no more free fatty acid was
available in the organic phase and an excess of available Cu(ll) ions was created in solution. Based on our results,
the ideal reaction time was 2 hours for 0.1 M HOI. Further increases in reaction time (> 2 hours) produced excess
Cu(ll) ions. In order to reduce the wasted Cu species in the solution, a 2-hour reaction time was considered to be the
ideal duration to completely react the 0.1 M HOI with Cu(ll) ions.

Characterization of Electrochemically Synthesized Cu(ll) Oleate

FTIR spectroscopy

A peak at 1709 cm™ was observed on the IR spectrum of HOI (Figure 3), and this was assigned to the stretching
vibration of the carboxylate group of HOI [2]. For both spectra, the presence of peaks at wavenumbers 2800-3000
cm represented the asymmetric and symmetric stretching vibrations of the methyl and methylene groups of fatty
acid ligands, v, and vs (CH3 and CH,) [8]. The asymmetric and symmetric stretching vibrations of the coordinate
carboxylate groups (Vcoo, s and Veoo 5) appeared at 1590 and 1432 cm™, respectively. These bands are characteristic
of dicopper tetracarboxylate complexes [8].
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Figure 3. The IR spectra of HOI and Cu(11)Ol.

Several authors [8,10] have proposed that the positions of asymmetric (vas) and symmetric (v;) stretching vibrations
of carboxylate groups (AVcoo = Vcoo, as- Vcoo, s) can be used to distinguish the type of carboxylate-to-metal
complexation structure of copper(ll) carboxylates. A value of Avggo in the range of 150-170 cm™ corresponds to a
bridging bidentate Cu(II) coordination, while Avcoo > 200 cm™ is an indication for complexes with monodentate
carboxylic groups [10]. In the IR spectrum in Figure 3, Vcoo, as = 1590 cm™ while Veoos = 1432 cm™, giving the
value of Aveoo = 158 cm™. This value corresponded to a bridging bidentate mode of coordination and was in
agreement with the results from previous studies.

XPS Spectroscopy

From the XPS spectrum in Figure 4a, the synthesized complex was composed of carbon, oxygen and copper
element. The content of carbon is very high (about 69.48%) compared to other elements due to the presence of
carbon chain of oleic acid. The binding energies were referenced to the Cls line at 284.5 eV from adventitious
carbon. Deconvolution of Cls peaks showed the existence of different carbon species in the electrochemically
synthesized Cu(I1)OI complexes. The XPS spectrum of C1s (Figure 4b) shows that there are three types of carbon in
the synthesized complex which are fitted to the —C=0 (288.2 eV) and —C-C (285.5 eV) while peak at 284.5 eV
corresponds to carbon of oleic acid chain (—-C-H) [22, 23].
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Figure 4. XPS spectra of Cu(l1)OI complexes (a) wide scan and (b) C1s peaks.

UV-Vis Spectroscopy

The toluene solution of Cu(11)Ol complexes (Figure 5) showed a broad absorption band in the visible region of the
UV-Vis spectrum at Ama= 675 nm, which represents the d—d transition of Cu(ll) [21]. The band intensity was
observed to increase with increasing complex concentration from 0.1 mM to 2 mM.
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Figure 5. UV-Vis spectra of HOI and Cu(11)Ol with different concentrations in toluene.

Surface Morphological Analysis

Surface analysis studies of the electrochemically synthesized complex were performed using Field Emission
Scanning Electron Microscopy (FESEM) and Energy Dispersive Analysis of X-ray (EDX) Based on the FESEM
micrographs in Figure 6a, the Cu(I1)Ol complexes formed thread-like structures. EDX analysis was performed to
determine the distribution of elements on the surface of the complex. The result obtained in Figure 6b proved that
the synthesized complex composed of Cu, C and O. This result was in agreement with the result

obtained by XPS analysis.

et
sy C
33 0)
i Element Weight (%49) Atomic (%0)
C 7545 3685
o] 1207 1043
Cu 1247 2.71
100
Cu
0
T T T T
1 2 3 4 5 6 7 8§ 9
keV

Figure 6. (a) FESEM micrograph of electrochemically synthesized Cu(11)OIl with  20000x magnification; (b) EDX
spectrum of electrochemically synthesized Cu(I1)Ol.

Conclusion

The release of Cu(ll) ions into the aqueous solution depended on the type and concentration of supporting
electrolytes, reaction times, and applied voltages. Based on the results obtained, the optimum condition to
synthesize Cu(I1)Ol by electrochemical technique from 0.1 M HOI are using 10 V of applied voltage in the presence
of 0.5 M CH3;COONH, for 2 hours of electrolysis time at room temperature (~27 °C).The characterization using
FTIR, XPS and UV-Vis proved that the synthesized complex was the desired Cu(ll)Ol complex. The surface
morphological study was performed using FESEM and the results showed that the synthesized complexes formed
thread-like structures. The results of this study can potentially be used to investigate the synthesis of other divalent
metal complexes of interest to chemistry, biochemistry, and industry.
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