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Abstract

Cu (1) complex of novel Schiff base ligand derived from 2-hydroxy-2-methylpropiophenone and
sulphamethazine sulpha drugs has been synthesized and characterized by various experimental and
theoretical tools. The electrochemical behavior of sulpha drugs-Schiff base and its copper (I11) Complex
at a glassy carbon electrode were examined in the BR universal buffer and phosphate buffer of various
pH levels (5.0-8.2) containing 10° mM examined compounds in various solvents. The cyclic
voltammograms of the Schiff base ligand exhibited an irreversible diffusion-controlled cathodic step
within the all pH range and the Cu (1) complex displayed a quasi-reversible redox process due to Cu
(I/Cu (1) process. The effects of solvent, buffer, sweep rate and pH are also studied on CV variables.
Kinetic parameters like as charge transfer coefficient (ax), diffusion coefficient (Do'/2) and rate constant
(k°f,h) are also calculated from cyclic voltammograms.
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Introduction

A large number of Schiff bases and their complexes have been studied for their interesting and
important properties e.g. their ability to reversibly bind oxygen [, catalytic activity in
hydrogenation of olefins and transfer of an amino group [, photochromic properties [, and
complexing ability towards some toxic metals [“l. Sulpha drugs constitute an important class of
therapeutic agents in current medical science Pl Sulpha drugs are the derivatives of
sulfonamides and it is the basic functional group in all of these drugs. The sulfonamides are
synthetic bacteriostatic antibiotics with a wide spectrum against various bacteria and fungi.
Sulfonamides inhibit the multiplication of bacteria by acting as competitive inhibitors of p-
aminobenzoic acid in the folic acid metabolism cycle ©71. Bacterial sensitivity is the same for
the various sulfonamides, and resistance to one sulfonamide indicates resistance to all. The
number of Schiff bases that are prepared from sulpha drugs and their metal complex shows a
wide range of biological activities such as antibacterial, antifungal, anticonvulsant,
antimalarial, and anticancer 8121,

Cyclic voltammetry (CV) gives information about the thermodynamics of redox processes and
the kinetics of heterogeneous electron—transfer reactions and coupled chemical reactions [,
The characteristic shapes of the cyclic voltammograms and unequivocal position of potential
wave exhibited electrochemical behavior of redox systems. The peak parameters for a
particular process may depend on the scan rate, the concentration of the experimental solution,
and the nature of the electrode [+l In this paper, we are reporting synthesis, spectral
analysis, and electrochemical behavior of such type of ligand and its Cu (II) complex.

Experimental section

Preparation of Schiff base ligand (HMPSMA)

All of the chemicals and solvents employed in synthesis were of extra pure grade and used as
received without further purification. 2-hydroxy-2-methylpropiophenone and sulphamethazine
were obtained from Sigma Aldrich. 30 ml Methanolic solution of 2-hydroxy-2-methyl
propiophenone (0.757 ml) was added to a hot methanol-acetone solution of sulphamethazine
(1.391gm) in equimolar ratio and the resulting solution was vigorously stirred and refluxed for
4-5 hours at 60-70°C and then left overnight in the refrigerator, the solid crude product
obtained was filtered, washed with distilled water then ethanol.
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The final product was recrystallized by ethanol then pale
yellow crystals of new Schiff base are obtained with a good

http://www.chemijournal.com

yield (68%). shown as fig.1.
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Fig 1: Synthesis of HMPSMA ligand

Synthesis of Cu (I1) complex of HMPSMA

To synthesize Cu (Il) complex, the acetone solution of
prepared Schiff base ligand (2.0 mmol) was added drop wise
to a solution of Cu(AcO)..H,O (1.0 mmol) dissolved in
methanol, and all the contents were stirred with a magnetic

needle on a magnetic stirrer for about 1 hour. The resulting
mixture was then refluxed for 3-4 hours. The complex formed
was filtered, recrystallized, and washed with ethanol; the
excess solvent was removed under reduced pressure. The
black solid crystals were obtained with a good yield.
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Fig 2: Proposed structure of 2-hydroxy-2 methyl propiophenone sulphamethazine copper (I1) complex

Results and discussion

Table 1: Micro analytical data of Schiff base and its Cu (II) complex

Elemental Analysis (%0): found (Cal)

S. No.| Composition of ligand/complex | colour |Yield (%)|M. Wt.| Melting Point C m N Cu
1. C22H24N403S(L) Pale yellow 68 424.48 165 °C 62.24 (62.30)|5.70 (5.39)|13.20 (13.26)
2. [CuL2] black 73 910.49 187 °C 58.04 (58.40)|5.09 (5.23)|12.31 (12.51)|6.98 (6.92)

Infrared studies

The infra-red spectra of HMPSM ligand and their Cu (Il)
complex were recorded on KBr pellets in the range 4000-450
cmon an FT-IR spectrometer (Schimadzu). Ligand showed a
strong band at 1630-1636 cm-1 that was attributed to
azomethine v(C=N) ['7], The absence of bands near 1723 cm™
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and 3600 cm? due to carbonyl stretching and NH, str.
respectively indicates the condensation of reaction reactants.
The bands appeared at 1228-1363cm*and1130-1160 cm*due
to asymmetric and symmetric stretching of SO, respectively
in spectra. Other additional band at 1400-1600 cm™, 980 cm’?
and 677 cm™ are assigned to C=C(Ar), S-N, C-S stretching
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vibration respectively. In comparison to the HMPSMA ligand
spectra with Cu (Il) complex, then it was found that the band
of v(C=N) in the region of 1630-1636 cmshow shifting
towards lower wavenumber, indicating coordination of the
nitrogen atom of ligand to Cu (I1) ion. The broad and strong
band due to vw(OH) 3200-3450 cm? in ligand spectra,
disappear in the complex formation, showing oxygen
coordination to metal ion by deprotonation. The appearance
of new bands in regions 440-462 cm? and 515-565 cm
assignable to vM-O and vM-N respectively attributed to the
bonding of metal ions to oxygen and nitrogen atoms.

Cyclic voltammetric studies

The electrochemical response of HMPSMA Schiff base
ligand was studied by recording the cyclic voltammograms at
a wide range of scan rates from 0.05 and 0.25 V/s and
investigated in the potential range +8.0V to -1.6V and in pH
5.0 to 8.2 with phosphate buffer and BR buffer employing
cyclic voltammetry Cyclic voltammograms measurements
were performed using computerized Constant Current Source
(Cyclic Voltammetry System).

The electrode assembly used for this experiment was
incorporated with a micro-electrochemical cell with a three-
electrode configuration system comprising a glassy carbon

http://www.chemijournal.com

electrode the working electrode, an Ag/AgCI/KCI reference
electrode, and a platinum wire auxiliary electrode. All cyclic
voltammograms of ligand were obtained, exhibiting one
irreversible reduction peak; this may be attributed to the
reduction of the azomethine group by the two-electron
process. Representative Voltammograms are shown in
Figures 3, 4, 5 and 6. With the help of cyclic voltammograms,
Kinetic parameters such as charge transfer coefficient (o),
diffusion coefficient (D¢¥?) rate constant(k°f,h)have been
evaluated for irreversible and diffusion controlled reduction
using the following equations ['8-2°1 (1-3) and reported in table
(2-5).

1.857RT [4?.?1 .
f,_l— = ml

7 )

o M
f,. = 3.01x10° n f,r;( -].I ! A Fﬂul 2 2 o
Ep = —R—I-,[{}.T}H In Dy W+ lnra" FV]- 1
a,F \\R ey . RT
3

Table 2: Effect of sweep rate on voltammetric parameters of HMPSMA ligand in acetone phosphate buffer at different pH (5, 7, 8.2) (fig.3 A,

B, C)
pH (m{)/S'l) Epc (mV) Ipc (LA) Ep/2 (mV) Ipc/ vi2 On Do (cm?s?) k°f,h (cm.s?)
50 -812 22.34 -732 3.159353 0.59625 25.75497534 3.92E-10
100 -840 27.7 -754 2.77 0.554651 23.41245593 9.90E-10
5 150 -852 32.8 -770 2.678109 0.581707 22.10309644 3.69E-10
200 -860 42.6 -778 3.012275 0.581707 24.86105221 3.99E-10
250 -869 49.4 -786 3.12433 0.574699 25.94262805 4.79E-10
50 -838 27.1 -755 3.832519 0.574699 31.82301424 5.26E-10
100 -850 31.4 -763 3.14 0.548276 26.69360641 1.12E-09
7 150 -872 44.4 -785 3.625245 0.548276 30.81874469 9.87E-10
200 -885 50.3 -792 3.556747 0.512903 31.2616891 2.87E-09
250 -896 60.8 -813 3.84533 0.574699 31.92938836 3.22E-10
50 -846 34.1 -767 4.822468 0.603797 39.06617585 2.12E-10
100 -865 47.7 =777 4,77 0.542045 40.78286139 1.52E-09
8.2 150 -884 60.1 -792 4.907144 0.518478 42.89836443 2.88E-09
200 -899 69.2 -812 4.893179 0.548276 41.59764087 8.64E-10
250 -912 74.8 -828 4.730767 0.567857 39.51747751 3.53E-10

Table 3: Effect of sweep rate on voltammetric parameters of HMPSMA ligand in acetone- BR buffer at different pH (5, 7, 8.2) (fig.4 A, B, C)

pH m\‘;S'l Epc (mV) Ipc (UA) Ep/2 (mV) Ipc/ vi2 an Do (cm2s?) k°f,h (cm.s?)
50 -844 30.67 -759 4.337393 0.561176 36.4465324 8.11E-10
100 -854 32.6 -765 3.26 0.535955 28.03048302 1.60E-09
5 150 -874 30.2 -788 2.46582 0.554651 20.84147814 5.18E-10
200 -886 35.2 -799 2.489016 0.548276 21.15949362 5.80E-10
250 -897 39.12 -811 2.474166 0.554651 20.91202289 4.08E-10
50 -865 34.4 -775 4.864895 0.53 42.06420384 1.64E-09
100 -879 39.8 -796 3.98 0.574699 33.04761302 3.08E-10
7 150 -894 495 -817 4.041658 0.619481 32.32383716 5.77E-11
200 -910 46.5 -834 3.288047 0.627632 26.12538682 2.76E-11
250 -925 58.9 -845 3.725163 0.59625 30.3674456 7.50E-11
50 -872 41.2 -794 5.82656 0.611538 46.90050224 1.07E-10
100 -890 57.31 -813 5.731 0.619481 45.83463205 7.35E-11
8.2 150 -910 63.9 -829 5.217413 0.588889 42.79723547 1.50E-10
200 -922 70.64 -843 4.995002 0.603797 40.46385135 7.35E-11
250 -942 73.8 -859 4.667522 0.574699 38.75639575 1.40E-10
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Table 4: Effect of sweep rate on voltammetric parameters of HMPSMA ligand in DMF phosphate buffer at different pH (5, 7, 8.2) (fig.5 A, B,

C)
pH (m:/S'l) Epc (mV) Ipc (UA) Ep/2 (mV) Ipc/ v12 0n Do*? (cm?s) k°f,h (cm.s?)
50 -929 26.66 -851 3.761 0.61154 30.28038 1.77E-11
100 -961 37.90 -869 3.790 0.51848 33.13221 3.83E-10
5 150 -983 27.00 -889 3.830 0.50745 33.91039 4.65E-10
200 -995 53.40 -882 3.775 0.42212 36.58352 1.14E-08
250 -1006 58.90 -893 3.725 0.44579 35.12023 4.14E-09
50 -952 33.70 -872 4,765 0.59625 38.85151 2.28E-11
100 -970 41.00 -880 4,100 0.5300 35.45056 2.17E-10
7 150 -993 47.90 -891 3.911 0.46765 36.00034 1.81E-09
200 -1010 62.10 -899 4.391 0.42973 42.16537 7.66E-09
250 -1030 68.40 -912 4.320 0.40424 42.82956 1.68E-08
50 -957 37.6 -850 5.317443 0.445794 50.13173206 6.20E-09
100 -982 46.1 -870 4,61 0.425893 44.46598477 1.05E-08
8.2 150 -1001 59.4 -890 4.84999 0.42973 46.5715061 8.54E-09
200 -1020 85.2 -905 6.02455 0.414783 58.88321243 1.61E-08
250 -1035 92.9 -920 5.875512 0.414783 57.42653439 1.38E-08
Table 5: Effect of sweep rate on voltammetric parameters of HMPSMA ligand in Methanol- phosphate buffer at different pH (5, 7, 8.2) (fig.6 A,
B, C)
pH (m:/S'l) Epc (mV) Ipc (UA) Ep/2 (mV) Ipc/ vi/2 an Do? (cm2s) k°f,h (cm.s?)
50 -875 29.3 -780 4.143646 0.502105 36.80971026 2.95E-09
100 -910 32.2 -810 3.22 0.477 29.34768506 3.98E-09
5 150 -930 42.1 -830 3.437451 0.477 31.32957074 3.58E-09
200 -955 50.2 -856 3.549676 0.481818 32.19024594 2.25E-09
250 -985 53.4 -870 3.377313 0.414783 33.00943958 1.78E-08
50 -915 37.4 -808 5.289159 0.445794 49.86507391 1.28E-08
100 -937 42.4 -830 4.24 0.445794 39.97382655 9.90E-09
7 150 -967 51.3 -858 4.188627 0.437615 39.85684913 9.68E-09
200 -990 53.5 -877 3.783021 0.422124 36.65185706 1.24E-08
250 -1015 56.4 -898 3.567049 0.407692 35.16576008 1.53E-08
50 -927 41.22 -837 5.829388 0.53 50.40367681 5.48E-10
100 -971 49.4 -858 4.94 0.422124 47.86126233 1.56E-08
8.2 150 -088 52.3 -876 4.270277 0.425893 41.18917078 1.08E-08
200 -1010 58.8 -898 4.157788 0.425893 40.10415017 8.46E-09
250 -1025 66.4 -910 4.199505 0.414783 41.04544547 1.16E-08
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Fig 3: Cyclic voltammogram of 1.0 mM HMPSMA ligand in acetone -phosphate buffer at (A) 5.0 pH (B) 7.0 pH (C) 8.2 pH
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Fig 6: Cyclic voltammogram of 1.0 mM HMPSMA ligand in methanol -phosphate buffer at (A) 5.0 pH (B) 7.0 pH (C) 8.2pH

The effect of various factors (pH, sweep rates, solvent of The appearance of the peak on the cathodic side at -812mV to

experimental solution and buffer solution) on cyclic -1035mVmay most probably be due to the reduction of the —
voltammograms C=N-(azomethine) group of the adsorbed molecule [,
The cyclic voltammograms of azomethine ligand (HMPSMA) Cyclic voltammograms parameters are affected by various
show one irreversible reduction peak at considered scan rates. factors as follows.
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The pH effect on the electrochemical process of ligand has
been investigated. The studied pH are 5.0, 7.0, and 8.2. (fig.3,
4, 5, and 6) .All cyclic voltammograms demonstrate that the
parameters of cathodic peak change with pH. At higher pH
both cathodic peak potential and cathodic peak current values
are high and get less at lower pH. (fig.7,8) Moreover, the
cathodic peak is shifted towards a negative potential direction
with increasing pH. This confirms the participation of protons
in the electrode reduction process. The reduction is easier at
low pH in comparison to higher pH. It confirmed the
formation of an easily reducible protonated intermediate
during the reduction 22 (table 1, 2, 3, 4).

The cyclic voltammogram parameters like Epc, Ipc, and Ep/2
are affected by changing the scan rate. During cyclic
voltammetry study, when the scan rate is applied from 50 to
250 mVs-1 at constant pH and concentration, the reduction
signals significantly shift to more negative potentials with
faster scan rates. This establishes the electrochemical process
was irreversible. (fig.3, 4, 5, and 6)

On drawing a plot between the peak current (Ipc) which is
obtained from the cyclic voltammograms and the square root
of scan rate (v'/2), a linear relationship is obtained in it, which
shows the irreversible nature of the electrochemical process.
(fig.7, 8) Peak current increases with the increase of the
square root of the scan rates. From these observations, it is
concluded that the electrode process is diffusion-controlled 23261,
The properties of a solvent also affect the electrochemical
behavior of an electro active species. For comparative study
of the electrochemical behavior of ligand, cyclic
voltammograms of HMPSMA were recorded in three distinct
solvents like acetone, CH3OH, and DMF media with
phosphate buffer. It showed that the negative peak potential
value is maximum (-1035at 250 mVs™ at 8.2 pH) in aprotic
solvent DMF and minimum (-912 at 250 mVs-1 at 8.2 pH) in
acetone solvent (fig.9). The order of negative peak potential
value in the present study is DMF-phosphate >CH3;OH-
phosphate>CH3;COCHs;- phosphate buffer. This trend is
similar to the trend in viscosity, and the dielectric constant of
solvents [27],

The effect of buffer medium (BR buffer and Phosphate
buffer) on the electrochemical process of HMPSMA was also
studied. To observe this effect, the cyclic voltammograms of
the ligand was taken in phosphate buffer and BR buffer with
acetone solvent at 50-250 mV/s sweep rate and at three
distinct pH values (5, 7, 8.2) .This establishes that the peak
potential shifts towards more negative potentials with a buffer
solution of less polarity.(fig.10) The reduction potential value
in acetone - phosphate buffer is reported to vary from -812mVv
to -912 mV at 50 to 250 mVs scan rates at three distinct pH
values. While in acetone — BR buffer, Epc values varies from
-844mV to -942 mV at 50- 250mVs-1, it may be due to low
ionized components in BR buffer (23],
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Fig 7: Ipc vs v1/2 for ImM HMPSMA in acetone phosphate buffer
atpH 7.0
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Electrochemical studies of Cu (11) complex

For observing the effect of concentration of copper (1)
complex and scan rates on electrochemical parameters, three
experimental solutions possessing the concentration of copper
(I1) complex 1-3 mM in DMF solvent containing sodium
perchlorate as supporting electrolyte were prepared. Cyclic
voltammograms were recorded on glassy carbon electrode
within the potential range +700 to -1200mV with several scan
rates changing from 100 to 300 mVs-1 employing cyclic
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voltammetry techniques (fig.11-14). In the forward scan
cathodic peaks ranging from about -510mV to -585mV, and
in the reverse scan, the anodic peaks ranging from about -
220mV to -104mV are observed for 1mM Cu (II) complex.
All the cyclic voltammograms show a well-defined
quasireversible 28 and one-electron transfer redox reaction

http://www.chemijournal.com

for the redox couple Cu (11)/Cu (). The possible mechanism
of the redox reaction for the all cyclic voltammograms is as
follows. For reduction Cu (11) +1e-=Cu (I) and for oxidation
Cu (1) -1e- = Cu (II). Cyclic voltammetric data are compiled
in table 6.0.

Table 6: Cyclic voltammograms data for the effect of scan rate and concentrations on CV parameters for 1.0 to 3.0 mM Cu (Il) complex in
DMF with NaClO4 at glassy carbon electrode.

v Epc Epa | AEp EV2 Ipc Ipa 1"
Complex Conc. mVs-1 mv mv mv mv HA WA Ipa/lpc Ipc/ v
100 -510 | -220 290 -360 8.3 5.4 0.650602 0.83
150 -520 -170 350 -340 13.6 8.4 0.617647 1.110435
1Mm 200 -540 -135 405 -380 154 9.7 0.62987 1.088944
250 -570 -115 455 390 19.2 11.7 0.609375 1.214315
300 -585 | -104 481 -398 24.7 15.3 0.619433 1.426055
100 -489 | -139 350 -351 13.22 10.3 0.779123 1.322
150 -530 | -130 400 -360 18.8 12.1 0.643617 1.535069
2Mm 200 -550 -120 430 -390 24.3 13.5 0.555556 1.718273
250 -590 -100 490 -395 29.6 16.4 0.554054 1.872078
300 -600 -90 510 -410 311 17.9 0.69112 1.795560
100 -560 -10 550 -350 24.7 15.6 0.631579 2.47
150 -590 20 610 -385 26.3 18.67 0.709886 2.147386
3Mm 200 -620 60 680 -410 36.2 21.6 0.596685 2.559727
250 -630 90 720 -430 40 23.3 0.5825 2.529822
300 -650 110 760 450 411 23.53 0.572506 2.37291

Current(mA)

-1000 -1500

1000 -500

-0.02

)|

Potential (mV)

-0.04

Fig 11: Cyclic voltammograms response of 1.0 mM Cu (I1) in DMF
at 100,150,200,250,300 mVs scan rates
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Fig 12: Cyclic voltammograms response of 2.0 mM Cu (I) in DMF
at 100,150,200,250,300 mVs scan rates
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Fig 13: Cyclic voltammograms response of 3.0 mM Cu (1) in DMF
at 100,150,200,250,300 mV/s* scan rates

The adsorption behaviour of 1.0mM the Cu(ll) complex was
studied by recording the cyclic voltammogram (figurel4) at a
scan rate of 0.2V/s with double scan (number of cycles=2).
The peaks are observed almost in the same potential regions
in each cycles suggest that the complex molecules are not
adsorbed on electrode surface
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Fig 14: Cyclic voltammograms response of 1.0 mM Cu (1) in DMF
at, 200, mVsscan rates with double scan
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Effect of scan rate and concentration on cyclic
voltammetric measurements of Cu (I1) complex

The observed data of potential current curves reveals that both
cathodic and anodic peak current linearly increased with the
increase of scan rate and concentration (fig. 15, 16). The
reduction peak potential shifted towards the negative direction
in the cathodic region and the anodic peak potential shifted
slightly towards positive potential with the increase in scan
rates and concentration. In all the cases the cathodic peak
current (Ipc) is proportional to the square root of the scan rate
(V" ?) (fig.15), which confirmed that under these conditions,
the redox process is diffusion controlled 2%, The cathodic
and anodic peak potential difference (AEp) is in the range
290mVto 481mV for a 1.0mM complex, it is though being
much larger than the theoretical value (0.059 V) for a redox
reversible one-electron process, which suggests that the redox
behavior of complex corresponds to a quasi-reversible one
electron charge transfer process under the non-aqueous
experimental condition of the system. The separation of the
two signals increases with faster scan rates. The ratio of
oxidation peak current to its corresponding reduction peak
current (Ipa/lpc) is about 0.65 to 0.61 for a 1.0mM complex.
This ratio is less than unity (Ipa/lpc<l), further confirming
the quasi-reversible redox system [,
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Fig 15: Plot of peak current (Ipc) v/s square root of the sweep rate
(v?) forl.0, 2.0, 3.0 mM Cu (I1) complex in DMF solvent with
sodium perchlorate as supporting electrolyte
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Fig 16: A plot Ipc v/s concentration of complex
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