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Synthesis, characterization, microbiological activity and electrochemical properties of the
Schiff-base ligands A'-A% and their Cd(IT) and Cu(II) metal complexes are reported. The
ligands and their complexes have been characterized by elemental analysis, FT-IR, UV-Vis,
'H- and *C-NMR, mass spectra, magnetic susceptibility and conductance measurements. In
the complexes, all the ligands are bidentate, the oxygen in the ortho position and azomethine
nitrogen atoms of the ligands coordinate to the metal ions. The keto-enol tautomeric forms
of the Schiff-base ligands A'-A® have been investigated in polar and non-polar organic
solvents. Antimicrobial activity of the ligands and metal complexes were tested using the disc
diffusion method and the chosen strains include Bacillus megaterium and Candida tropicalis.
The electrochemical properties of the ligands A'=A® and their Cu(IT) metal complexes have
been investigated at different scan rates (100-500mVs~") in DMSO.

Keywords: Schiff bases; Antimicrobial activity; Electrochemical properties

1. Introduction

Condensation of primary amines with carbonyl compounds yields Schiff bases [1, 2].
Interest in transition metal complexes of Schiff bases [3-5] due to the fact that Schiff
bases offer opportunities for inducing substrate chirality, tuning metal centered
electronic factors, enhancing solubility and stability of either homogeneous or
heterogeneous catalyst [6-11]. Schiff bases have been amongst the most widely studied
coordination compounds and are becoming increasingly important as biochemical,
analytical and antimicrobial reagents [12]. Schiff bases derived from a large number of
carbonyl compounds and amines have been used [13, 14]. Schiff-base complexes derived
from 4-hydroxysalicylaldehyde and amines have strong anticancer activity e.g. Ehrlich
ascites carcinoma (EAC) [15]. It is well known that some drugs have increased activity
when administered as metal complexes rather than as free organic compounds [16].
A large number of reports are available on the chemistry and the biological activities of
transition metal complexes containing O, N and S, N donor atoms.
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The transition metal complexes having oxygen and nitrogen donor Schiff bases
possess unusual configuration, structural liability and are sensitive to the molecular
environment [16]. The environment around the metal center ““as coordination geometry,
number of coordinated ligands and their donor group” is the key factor for
metalloproteins to carry out a specific physiological function [17]. Among different
physicochemical properties of organic compounds, protonation and stability constants
determined in mixed solvents provide an important basis for speculation about whether
substituent effects influence their acidity and basicity. It also accepted that knowledge
of the stability constants of such Schiff bases and their metal complexes may eventually
help to throw light on the inactivation of essential trace metals in biological systems.

The present study deals with the preparation, characterization, antimicrobial activity
and electrochemical properties of Schiff-base ligands and their metal complexes.

2. Experimental

2.1. Materials

All chemicals used in this study were obtained commercially and used without
purification. 3,5-Di-tert-butyl-4-hydroxyaniline was prepared according to a known
procedure [18].

2.2. Physical measurements

Elemental analyses (C,H,N) were performed using a Carlo Erba 1106 elemental
analyser. Infrared spectra were obtained using KBr discs (4000-400 cm ™) on a Shimadzu
8300 FT-IR spectrophotometer. Electronic spectra in the 200-900 nm range were
obtained on a Shimadzu UV-160 A spectrophotometer. Magnetic measurements were
carried out by the Gouy method using Hg[Co(SCN),4] as calibrant. Molar conductances
of the Schiff-base ligands and their transition metal complexes were determined in
DMSO (~107> M) at room temperature using a Jenway Model 4070 conductivity meter.
Mass spectra of the ligands were recorded on a VG ZabSpec GC-MS spectrophotometer
with fast atom bombardment. 'H and '*C NMR spectra were taken on a Varian XL-200
NMR instrument. TMS was used as internal standard and deuterated dimethyl
sulfoxide as solvent. The metal content of the complexes were determined by an Ati
Unicam 929 Model AA Spectrometer in solutions prepared by decomposing the
compounds in aqua regia and then subsequently digesting in concentrated HCIL.
Electrochemical studies were carried out with a Iviumstat Electrochemical
workstation equipped with a low current module (BAS PA-1) at a platinum disk
electrode and a platinum microelectrode of 10 um diameter (BAS). Cyclic voltammetric
measurements were made at room temperature in an undivided cell (BAS model C-3 cell
stand) with a platinum counter reference electrode (BAS). All potentials are reported with
respect to Ag/AgCl. The solutions were deoxygenated by passing dry nitrogen through
the solution for 30 min prior to the experiments, and during the experiments N, flow was
maintained over the solution. Digital simulations were performed using DigiSim 3.0
for windows (BAS, Inc.). Experimental cyclic voltammograms used for the fitting
process had the background subtracted and were corrected electronically for Ohmic drop.
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2.3. Preparation of Schiff-base ligands (A'-A°)

The Schiff-base ligands were prepared by condensing the amine derivatives (1 mmol;
0.172 g for p-bromaniline, 0.107 g for p-aminotoluene and 0.221 g for 3,5-di-tert-butyl-
4-hydroxyaniline)) with carbonyl compounds (I mmol; 0.154 g for 2,3,4-tri-hydroxy-
benzaldehyde, 0.138 g for 2,3- and 2,4-di-hydroxybenzaldehyde) in EtOH (40mL)
under reflux for 5-6h. The precipitated ligand was filtered off, recrystallized from
acetone/hexane (v/v) and dried in a vacuum desiccator.

2.4. Preparation of Schiff-base complexes

The appropriate quantity of Schiff base ligand (1 mmol) was dissolved in absolute
EtOH (15mL). To this solution, a solution of Cd(ClOy), - 6H>O and Cu(ClOy), - 6H,O
(0.5mmol) in absolute EtOH (15mL) [1:2 molar ratio, M : L] was added. The mixture
was stirred for 3 h at 80°C. The precipitated complex was then filtered off, washed with
cold ethanol and dried in a vacuum dessicator.

Caution: As perchlorate salts may be explosive, they must be handled carefully.

2.5. Preparation of microbial culture

Fourteen compounds were evaluated for their in vitro antibacterial activity against
Bacillus megaterium DSM 32 and antifungal activity against Candida tropicalis
FMC 23 by agar-well diffusion. Bacterium was inoculated into Nutrient Broth
(Difco) and incubated for 24h and the fungi studied inculated in Malt Extract
Broth (Difco) for 48h. In the agar-well diffusion method, Mueller Hinton Agar
(Oxoid) for bacterium and in Malt Extract Broth (Difco) sterilized in a flask and
cooled to 45-50°C was distributed (20mL) to sterilized petri dishes after injecting
0.0lmL cultures of bacterium prepared as mentioned above and allowed to
solidify. The dilution plate method was used to enumerate microorganisms
(10° bacteriummL™") and fungi (10°-10*mL~") for 24h [19]. By using a sterilised
cork borer (7mm diameter), wells were dug in the culture plates. Compounds
dissolved in CHCI; were added (0.2 uL) to these wells. The petri dishes were left at
4°C for 2h and then the plats were incubated at 30°C for bacterium (18-24h) and
at 25°C for fungi (72h). At the end of the period, inhibition zones formed on the
medium were evaluated is millimeters (mm). The control samples were only
absorbed in CHClI;.

3. Results and discussion

The ligands 4-[(4-bromo-phenylimino)-methyl]-benzene-1,2,3-triol (A'), 4-[(3,5-di-tert-
butyl-4-hydroxy-phenylimino)-methyl]-benzene-1,2,3-triol (A?), 3-(p-tolylimino-
methyl)-benzene-1,2-diol (A%), 3-[(4-bromo-phenylimino)-methyl]-benzene-1,2-diol (A%
and 4-[(3,5-di-tert-butyl-4-hydroxy-phenylimino)-methyl]-benzene-1,3-diol (A’) and
their Cu(IT) and Cd(IT) complexes have been synthesized and the substituent effects
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Figure 1. Proposed structures of the ligands and their metal complexes.

on the electronic properties discussed. The proposed structures of the ligands and their
metal complexes are shown in figure 1.

Condensation of the aldehydes with primary amines readily gives the corresponding
imines, which were easily identified by their IR, '"H- and '"C-NMR spectra.
Replacement of the carbonyl by the imine results in: (i) lowering of the energy of the
v(C=0) stretch in the IR spectrum and (ii) a shift to higher field of the CH=N proton
signal in the '"H-NMR spectrum. The imines prepared in this way are formed in nearly
quantitative yields and are of high purity. All compounds, except 3,5-di-tert-butyl-4-
hydroxyaniline, are very stable at room temperature in the solid state. The electron
withdrawing or —attracting groups at the ortho and para positions of the ligands
produce different electronic and steric effects. Therefore, it may be possible that the
tert-butyl groups on the aniline ring and the hydroxy group meta to OH in the
salicylidene moiety lead to a decrease in stability of the complexes. The yields of
the complexes are lower than the ligands. Further stirring and heating did not increase
the yield of the complexes containing tert-butyl groups. The low yields may be due to
steric hindrance around the coordination center. All the ligands and their complexes are
soluble in common organic solvents such as CHCI;, EtOH, MeOH, THF, etc. Solution
conductivity measurements were performed to establish the charge of the complexes.
The results show that all compounds are non-electrolytes [20]. The results of the
elemental analyses, given in table 1, are in good agreement with suggested compositions
of ligands and their metal complexes.

The infrared spectral data of the ligands (A'-A%) and their metal complexes are given
in table 2. In the infrared spectra of ligands A% and A°, the strong vibration at 3610 and
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Table 1. Some analytical and physical data for the imine ligands and their complexes.

err  Yield M.p. Found (Caled)%
Compound Color (as BM) (%) (°O) C N H M “AM
Al Orange N 84 201 50.60(50.65)  4.57(4.55  3.22(3.25) N 1.8
Cu(A'),  Brown 179 74 >250 46.09(46.05)  4.17(4.13)  2.63(2.66) 9.45(9.38) 7.4
Cd(A"),  Light orange Diamag. 70 >250 42.98(42.95)  3.87(3.85)  2.51(2.48) 15.55(15.47) 7.0
A2 Yellow - 85 204 70.56(70.59)  3.88(3.92)  7.53(7.56) - 1.2
Cu(A?), Dark brown 180 60 >250 65.03(64.99)  3.64(3.61)  6.74(6.71) 8.19(8.27) 6.8
Cd(A?),  Yellow Diamag. 70 >250 61.16(61.13)  3.36(3.40)  6.34(6.31) 13.72(13.64) 9.0
A3 Orange . 87 156 74.04(74.01)  6.15(6.17)  5.69(5.73) . 1.5
Cu(A®), Light brown 1.81 68 >250 6520(65.17)  5.46(543)  4.70(4.66) 12.40(12.32) 6.9
Cd(A%),  Orange Diamag. 79 238 59.50(59.53)  5.01(4.96)  4.28(4.25) 19.99(19.91) 8.0
A Orange - 90 184 53.56(53.42)  4.83(4.79)  3.47(3.42) - 1.0
Cu(A%), Dark brown  1.80 65 >250 48.30(48.33) 4.32(4.34) 2.83(2.79) 9.90(9.84) 8.5
Cd(A%), Orange Diamag. 65 2019 44.89(44.93)  4.04(4.03)  2.64(4.59) 16.26(16.19) 10.0
AS Yellow 86 163 73.87(73.90)  4.16(4.11)  7.88(7.92) - 1.9

Cu(A%, Dark brown 1.81 70 >250 67.81(67.78)  3.74(3.77)  7.02(6.99) 8.65(8.55 7.3
Cd(A%, Light yellow Diamag. 68 1249 63.58(63.60)  3.57(3.53)  6.60(6.56) 14.27(14.19) 7.6

2Q " em?mol ™. “Decompose.

3600cm ™" can be attributed to the free hydroxy group on the aniline moiety. In the
complexes, these bands are seen at the same region. In the ligands, bands in the
3450-3375cm ' range may be assigned to v(O-H) stretching on the salicylidene moiety.
For the free ligands, the broad bands in the 2800-2700 cm ™' range are assigned to the
OH group vibration (ortho position) associated intramolecularly with the nitrogen atom
of the CH=N group [21]. These bands disappear in the complexes, as a result of proton
substitution by cation coordination to oxygen. For the ligands, the strong bands
observed in the 1641-1620cm ™' range are assigned to the azomethine group vibration.
These bands are slightly shifted towards lower frequencies in the complexes, and
this change in the frequncies shows that the imine nitrogen atom coordinates to the
Cd(II) and Cu(Il) ions. The medium intensity bands observed for all ligands in the
1300-1265cm™" range can be attributed to the phenolic stretch. These bands are
observed at lower wavenumber by ca 10-20cm™' relative to the free ligands for
the complexes suggesting involvement of the oxygen atom of the C—O moiety in
coordination [22]. In all of the complexes a medium and/or weak band observed in the
480-510 and 415-448cm ™! range can be attributed to the v(M-0) and v(M—-N) [23]
modes, respectively.

In the case of the ligands and their metal complexes, it is particularly important to
establish whether the molecules retain the imine character of their phenol precursor.
The most useful techniques to investigate the tautomeric forms (figure 2) of these
ligands are UV and NMR spectroscopy, while IR seems of limited value here because
location of the v(C=0) and v(C-O) stretches in the spectra is obscured by the
abundance of aromatic skeletal modes. In order to investigate the keto-enol tautomeric
forms of the free ligands, the electronic spectra were measured in heptane, chloro-
form and ethanol. In heptane, the ligands exhibit maxima in the 320-278 nm range.
However, in chloroform and ethanol, new bands in the 464-317nm range were
observed. The former set (~278 nm) in heptane has been assigned to the enolimine
tautomer and the latter to the ketoamine tautomer of the Schiff bases [24].
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Figure 2. Keto-enol tautomerism forms of the bidentate A'~A> Schiff-base ligands.

Electronic spectra have been measured in EtOH and the numerical data are given in
table 2. Hydrogen-bonding solvents (EtOH) thus favour the formation of the
ketoamine. The interaction of enolimine with a hydrogen bond forming solvent
would presumably reduce the O-H bond strength and facilitate proton transfer to the
nitrogen centre. In like manner, the bands in the 464-337 nm range are also assigned to
n—m* transition of the azomethine group. In the spectra of the complexes, the bands of
the azomethine n—7* transition are shifted to lower frequencies indicating that the imine
nitrogen atom is involved in coordination to the metal ion. The bands at higher energies
(~290-215nm range) are associated with benzene m—* transitions. The spectra of the
complexes show intense bands in the high-energy region at 305-370 nm which can be
assigned to charge transfer L — M bands [25]. Although the precise nature of this
transition involving the phenolate group is not clear [it has been considered to be an
O(phenolate) — metal(I) LMCT [26] or as a metal(Il) > 7* (phenolate) MLCT [27]
transition], it is agreed that a higher energy component should exist near 330 nm [26].
tert-Butyl groups on the aniline occupy a more significant region of space in the vicinity
of the metal centre due to the presence of the branched carbon. Therefore, it is quite
plausible that a sterically induced increase in the average metal-ligand separation results
in a hypsochromic shift in the CT absorption maximum. The spectra of the Cu(II)
complexes contain one absorption band in the 633-610nm range which may be
assigned to the d—d transition of the Cu(II) ion suggesting that they are four-coordinate
complexes.

Magnetic measurements were recorded at room temperature and the effective
magnetic moment (uer) values of the complexes are shown in table 1.
The magnetic moments of the copper(ll) complexes were observed in the
range of 1.79-1.81 B.M. which corresponds to a single unpaired electron with a
very slight orbital contribution consistent with square-planar geometry [28]. The
structures of the monomeric complexes are supported by magnetic moment data.
The Cd(II) complexes of the ligands A'-A° are diamagnetic with tetrahedral
geometry.

Additional structural information can be deduced from the 'H- and '*C-NMR
spectra. The 'H- and '*C-chemical shifts for the Schiff-base ligands are given in table 3.
The 'H- and *C-NMR spectra of A’ is shown in figure 3. The influence of substitution
on the chemical shifts of the aniline moiety is weak. When the bromo is present on
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Table 3. The 'H (**C) NMR data (as ppm) for the Schiff-base ligands using CDCl5 as solvent.

Ligands CHj t-Bu Ar CH=N OH

Al - - 7.20-7.74 8.94 10.45-11.70
(112.81-152.45) (163.15)

A? - 1.51 7.14-7.19 8.38 10.10-12.15
(32.00) (110.10-156.66) (166.75)

A’ 2.28 - 7.18-7.60 8.90 10.60-11.05
(27.30) (116.13-157.17) (162.52)

A4 - - 7.32-7.72 8.92 10.55, 10.30
(113.40-154.61) (165.05)

A’ - 1.62 7.04-7.29 8.39 10.10-12.30
(32.95) (115.20-155.00) (169.90)

CHj; coupling constant J~ 3 Hz.

the aniline, a significant deshielding of the proton signals can be observed, due to the
strong electron-withdrawing effect. However, the OH groups on the salicylidene
moiety increase the electron density of the aromatic rings, due to the resonance or
mesomeric effect. In Schiff-base ligands A'-A°, there is the proton donor OH and
one proton acceptor in the ortho position. The 'H resonance of the O-H group in the
10.10-12.30 ppm range disappears in D>O.

Formulations of the ligands are deduced from analytical data, "H- and '*C-NMR
and further supported by mass spectroscopy. The relatively low intensities of the
molecular ion peaks, [M]", are indicative of the ease of fragmentation of the
compounds, and this reflects the number of heteroatoms present in each structure.
The spectra of the ligands A'~A° show peaks at m/e 308, 357, 227, 292 and 341 [M]",
respectively. All the ligands decompose similarly.

The free ligands and their metal complexes were tested against the B. megaterium and
C. tropicalis. The diffusion method was used to evaluate the antimicrobial activities of
the tested compounds and the results are given in table 4. The antibacterial results
showed that some metal complexes are more toxic to B. megaterium and C. tropicalis
than free ligands. This is due to chelation, which reduces the polarity of the metal atom
because of partial sharing of its positive charge with the donor groups and possible
m-electron delocalization within the whole chelate ring. Chelation also increases the
lipophilic nature of the central atom which subsequently favors its permeation through
the lipid layer of the cell membrane [29]. Complexes Cu(A?), and Cu(A®), show the
highest activity against C. tropicalis.

The redox properties of the ligands and their metal complexes were investigated in
DMSO solution (in nitrogen atmosphere) by cyclic voltammetry (table 5) in the
potential range +2.0 to —2.0 V. The cyclic voltammograms have been recorded at a
wide range of scan rates from 100 to 500mVs~'. The cyclic voltammograms of the
ligands A* and A’ (figures 4 and 5) show the ligands have cathodic and anodic peaks.
In the scan rate 100 mV s, for the Schiff-base ligands A', A®and A*, consist of a single
cathodic peak at potentials ranging from —0.360-0.710V; anodic wave occurs at
potentials ranging from —0.900-0.320 V in the reverse scan. Such a reduction process
should correspond to a totally irreversible electron transfer, but in the scan rate
500mV s~ ", the same ligands have more positive and negative potentials. This situation
shows that the scan rate affects the cathodic and anodic potentials. In other words, the
ligands A% and A’ have two anodic and cathodic peaks. These peaks are in the range
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Compound

Inhibition zone (mm®)
C. tropicalis

Inhibition zone (mm®)
B. megaterium

Control (CHCly)
Al

Cu(A),
Cu(A?),
Cu(A%),
Cu(Ah),
Cu(A%),

aConc. of compounds is 50 pgem . PIncluding diameter of disc (6 mm).

Table 5. Electrochemical data of the Schiff-base ligands and their complexes.

Compounds Ey, (V) Ey (V) Eip (mV) AE,(mV)

Al —0.560 0.680 60 —1240
[—0.750]* [0.960]*

Cu(A"), —0.620, —0.100 0.860 120 —1440
[—0.970, 0.260]* [—0.670]*

A? —0.290, 0.460 —0.360, 0.320 390 140
[—0.185, 0.4507* [—0.225, 0.680]*

Cu(A?), —0.240 0.810 285 —1050
[—0.660]* [0.5107*

A’ —0.900 —0.240 -570 —660
[—1.030]* [—0.470]

Cu(A’), —1.360, —0.190 —0.590 -975 -770
[-0.210, 0.520]* [—0.980, 1.070]*

A? —0.880 0.710 —85 1590
[—0.900]* [0.980]*

Cu(A%), —1.410, —0.420 0.680 365 2090
[—0.740]* [—0.1507*

A’ —0.340, 0.640 —0.440, 0.480 -390 100
[—0.250, 0.670]* [-0.410, 0.710]*

Cu(A®), —1.450, —0.620 0.900 -275 —2350

[~0.710, 0.750]*

[0.680]*

Supporting electrolyte: [NBu,]J(ClO4) (0.05 M); concentrations of the compounds: 0.001 M. All the potentials are referenced
to Ag/AgCl; where E, and E, are anodic and cathodic potentials, respectively. Ej»=0.5x (Epa + Epe), AE, = Epq — Epe.

[1*: These data have been obtained from 500mV s~ scan rate. Other data have been obtained at 100mV s~

scan rate.

—0.225-0.710V for cathodic peaks and —0.185-0.670V for anodic peaks. As seen
from figures 5-6, there are two oxidation and reduction peaks, indicating this redox
process is reversible. In this reaction, the quinone structure has been formed (figure 6).
Such a process would involve self-protonation reactions where the phenolic hydroxyl
groups act as proton donors. In complexes of A% and A, this is not observed (figure 7).
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Figure 4. The CV of A’ in DMSO. (a) Scan rate 100mVs~'. (b) Scan rate 500mVs~".

In each series of ligands, the cathodic peak potential (E,.) corresponding to the
intramolecular reductive coupling of the imine groups varies as can be expected from
the electronic effects of the substituents at positions 2,2 and 3,3’. Thus, in the ligands,
E,. becomes more negative according to the sequence OH, OCH3, CH; and Br, i.e.
in order of an increase in both electron-withdrawing and acceptor qualities of
the substituents. This agrees with a mechanism involving self-protonation reactions
for the electrochemical reduction of the imine groups in the Schiff-base ligands in
the study.

Electrochemical studies of the Cu(II) complexes of A'-A° were performed using
DMSO as the solvent and tetrabutylammonium perchlorate as the supporting
electrolyte at a scan rate of 100 and 500mVs~'. Typical cyclic voltammetry (CV)
behavior of Cu(A*®), are shown in figures 7-9. The cyclic voltammograms of the



11: 20 23 January 2011

Downl oaded At:

2062 M. Timer

@ o]
_D_
2 3
k= 4
L
5 -4
O
-B_|
_8_
T | T T T T I T T T T I T T T T I T T T T | ¥
-15 -1.0 -05 0.0 05
Paotential (W)
(b)
5_]
ESNN
s ]
g ]
s
Q5]
-10_
T T T T T T T T T
-2 -1 0 1 2
Potential (W)

Figure 5. The CV of A’ in DMSO. (a) Scan rate 100mVs~'. (b) Scan rate 500mVs~".

Cu(A"), and Cu(A’?), complexes featured two anodic peaks (Epa1 =—1.450-0.240 V
for 100mVs™' and —0.970—(—0.210)V for 500mVs~'; and Ep.;=—0.620—
(—0.100) V versus Ag/AgCl) and one cathodic peak, except the Cu(A'), and Cu(A%),
complexes, (Epc; =—0.980-1.070V versus Ag/AgCl). In other words, the Cu(A?),
complex shows one anodic and cathodic peak (£, =—0.240V for 100 mV s7!; and
—0.660V versus Ag/AgCl for 500mVs~"). The oxidation of Cu(0)/Cu(I)(Epar) is an
irreversible process. The oxidation peak E,, belongs to Cu(I)/Cu(Il), and reduction
of Cu(Il) occurred, upon scan reversal at 0.520 V. The separation of the anodic and
cathodic peak potentials, £,=100mV, and the ratio of anodic to cathodic peak
currents, i,,/ipc = 1.54, indicate a quasi-reversible redox process. The formal potential
E) ), taken as average of E,. and E,, is 461.5mV. The other cathodic peak E,., may be
caused by the absorption of Cu(I) to the surface of the electrode, and gives the
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Figure 8. The CV of (A*),Cu in DMSO. Scan rate 100mVs~".

2063



11: 20 23 January 2011

Downl oaded At:

2064 M. Timer

HA
1

Current

-1 0 1
Potential (W)

(b)

HA

Current

10

! T y T T T ! T
-1 0 1 2

Potentia (W)
Figure 9. The CV of (A*),Cu in DMSO. (a) Scan rate 100mVs~'. (b) Scan rate 500mVs~".

forward peak. The voltammogram also shows a broad cathodic peak at —1.1 V with an
anodic counter at —0.1V, possibly due to the Cu(I)/Cu(0) couple. The reduced Cu(0) is
absorbed on the electrode surface as evidenced from the narrow width of the anodic
response with a large peak current. On carrying out the experiment with back
scan going to negative potential to —0.6V does not show such large anodic
current at —0.1V.
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