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Abstract

Sensing has found its own place in the field of research. Novel and innovative ways to sense compounds have always been of great interest in the field of interdisciplinary
sciences. The major problems observed with this wonder drug in stable in aqueous environment. This attributes to very minimum amount of this therapeutic in tissues
and plasma. But artificial increase in curcumin concentration through supplements could have an inverse effect on the human body. As an alternative it is been
commercially utilized all around the world as a dietary supplement. But, with the increased consumption of curcumin its toxicity level tends to rise in the systemic
circulation. So, an alternate, fast, economical way of sensing curcumin is essential. Among all the detection systems electrochemical workstation is standing at the
forefront for easy and efficient detection. we have attempted to utilize cyclic voltammetry mode for detection of our target. Three modified electrodes of Glassy
Carbon electrode (GCE) were analysed - Copper, Copper-Graphene oxide (Cu-GO) modified electrode and Copper- reduced graphene oxide (Cu-rGO) modified
electrode of which Cu-GO modified electrode showed better signal quality and lower detection limit than Cu-rGO modified electrode. The detection limit was found
to be 4.7 nM and 0.02 nM for Cu-GO and Cu-rGO electrode respectively. The electrodes showed good reproducibility, good selectivity and a potential platform for
sensing numerous compounds in future.
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Sp2 hybridized carbon sheets packed in honeycomb lattices,
graphene and its oxide forms possess enhanced surface area and
properties [1,2]. Composites of the same with metal nanoparticles

are drawing attention to form atom thick three-dimensional hybrids
with unique properties [3-5]. Studies have shown that these carbon
matrixes can be prevented from aggregation and maintain the sheet
properties by incorporating inorganic nanoparticles [6-10]. Down
the years various metal oxide-graphene nanocomposites for specific
applications involve iron, manganese, cobalt, zinc, tin, etc. [11-
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20]. Copper among all other nanoparticles has wide applications in
electrochemical sensors [21-24]. So, decoration of copper metal was
very much feasible to check the separate sensing effects of this marvel
metal on GO and rGO (reduced graphene oxide).

Curcumin also called 1,7-bis- (4-hydroxy-3-methoxyphenyl)-
1,6-heptadiene-3,5-dione) is a component of a valuable perennial
herb named Curcuma longa. It is a dietary supplement whose major
components are three curcuminoids. It has a characteristic yellow
colour which gives it colourant property [25]. When it comes to its
medicinal values it extends from antimicrobial, antiviral, antitumoral,
antioxidant, antihyperlipidemic to antihepatotoxic, anti-Alzheimer’s
disease and anti-inflammatory. Hence, commonly known as
‘multi anti-spice’ or ‘curecumin’ in herbal medicine [26]. But this
remarkable drug has its own drawbacks like insolubility in water,
rapid metabolism, poor absorption and systemic elimination leading
to limited bioavailability [27]. So, increase its bioavailability many
novel and promising alternatives have opted like piperine, cyclodextrin
encapsulation, ceramic and nanoparticle utilization, etc. [28,29]. These
natural B-diketone ligands are ideal for chelating with a variety of
metals to form complexes of medicinal value. The sterical structure of
this drug is such that p-diketone at the centre is flanked by unsaturated
phenolic groups which results in unusually flat B- ketone moieties.
Thus, the overall conformation looks like that of an eagle with two large
wings of flat B- ketone. The phenolic groups present in curcumin form
additional centres of reactivity to form a complex with a metal [30].

This medicinal compound through human clinical trials has
shown that its consumption is safe up to 12gms per day. Even the
side effects seem to be very few. This compound has been considered
safe by the United States food and drug administration department
in the food industry. Oral ingestion of curcumin gets transformed
into two major metabolites curcumin O- glucuronide (COG) and
curcumin O-sulphate (COS) in all life forms. Other minor metabolites
are Hexahydro curcumin and its curcuminol and glucuronide forms
[31,32]. The major problems observed with this wonder drug in stable
in aqueous environment. This attributes to very minimum amount of
this therapeutic in tissues and plasma. For example, an oral dosage of
curcumin up to 0.1g/kg in mice yields only 2.25 pg/mL of free plasma
curcumin [33]. This decrease in bioavailability is due to poor solubility
in an aqueous solution like water, minimum absorption in the
intestine, systemic elimination and faster assimilation and excretion by
hepatic organ. In a study to evaluate the pharmacokinetics of orally
administered curcumin through HPLC, researchers found only one
out of 12 healthy human volunteers had free curcumin in his plasma at
a given time of the assay. That’s the severity of the lack of bioavailability
of curcumin. Even if 10-12g of curcumin is consumed as a single dose
in a day it will only generate its glucuronide and sulphate forms. The
literature states that there is no evidence of mixed conjugates in the
plasma. So, taking high dosages could lead to increase absorption, but
the biotransformation might reduce the presence of free active curcumin
as it could be travelling to other sites other than the intestine [34].

This issue of non- bioavailability is tackled by the western countries
by introduction of supplements of curcumin through daily diet. But,
artificial increase in curcumin concentration through supplements
could have an inverse effect on the human body as suggested by few
studies. As the concentration of curcumin increases it not only will
increase its efficiency but also toxicity. Human osteoblast cell lines
undergo apoptotic changes at concentration lower than 25uM and at
50-200 uM necrotic cell death was triggered by curcumin [35]. One of
the major absorption factors pieridine used in curcumin supplement
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should be consumed cautiously as it is inhibitor for few drugs. So, people
consuming additional medications along with these supplements
should know the consequences of the same [36,37]. Curcumin also
causes anaemia in people with sub-optimal iron intake [38]. Enzymes
that metabolize certain drugs namely glutathione-S-transferase, P450,
UDP- glucuronosyltransferase etc. are hindered by curcumin that
will lead to unmetabolized drugs in the plasma hence increasing the
toxicity [39,40]. Gastric discomfort, diarrhoea, skin rashes, nausea,
constipation, anti- platelet property, gall bladder contractions etc.
are some of the negative effects of curcumin high dosage. So, patients
having gall stones or on blood thinner need to be cautious with the
amount of curcumin intake they take. Hence, these data facts gave us
the insights to come up with a possible alternate, fast, economical way
of sensing curcumin.

Whenitcomestoelectrode modifierstransition metalionsbelonging
to the first row like copper, nickel, cobalt, etc. have played a crucial role
so far for both environmental and biological applications [41-43]. The
bioavailability of curcumin apart from using additives, phospholipids,
etc. can also be increased using metal ions and nanoparticles. These
complexes of curcumin not only provide innovative and promising
approaches to the drawbacks faced by curcumin researchers, but also
lay platform for potential medicinal benefits of the same. These natural
and rare P-diketones ideally chelate with a variety of metals and form
stable complexes. Over the decades curcumin metal complexes have
majorly excelled in the fields of neuroprotective effects, anticancer,
antioxidant and anti-Alzheimer’s properties. Among the major metal
complexes of medicinal origin with copper, Vanadyl and copper
followed by zinc have been studied extensively so far. So, our metal of
interest turned out to be copper depending on the availability, cost and
literature evidence. Copper complex with curcumin (Cu- curcumin)
has possible anti- Alzheimer’s property. Its mode of action is believed
to be using Ab-aggregation blockers, Reactive Oxygen Species (ROS)
and chelating ions [44]. This medicinal property of Cu-curcumin
complex was flipped in the present study to see if a sensing system is
possible using the same complex.

Among the different modes present in electrochemical workstation
cyclic voltammetry is the most common mode. Exclusive use of this
mode for detection has not been done before. For less viscous aqueous
medium with lighter analytes Differential pulse voltammetry (DPV)
or Linear sweep voltammetry (LSV) works well. This is because in
these systems the sampling assay time is very fast and the double layer
formed gets decayed rapidly. But, if the analyte has polar properties,
have exceptionally strong forces of interaction with the supporting
electrolyte which might be viscous in nature and is large in size then
tables might turn. In these scenarios the capacitance layer is formed
slowly and in large magnitude in DPV or SWV mode. So, CV works
better in these conditions. It would apply potentials continuously for
a long time, which would deplete the capacitance double layer. So,
keeping these aspects into consideration we devised our present study
to detect curcumin using cyclic voltammetry exclusively.

Materials and methods

All the materials required for the production of the GO and rGO
have been used based on our previously published work [45]. Copper
(I) sulphate pentahydrate, starch solution, ascorbic acid, sodium
hydroxide and absolute alcohol were purchased from sigma Aldrich
and used for synthesis of copper nanoparticles. Copper chloride,
Nafion were used for UV-Vis studies and Cyclic voltammetry studies
respectively. Sodium chloride (NaCl), potassium chloride (KCl),
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sodium dihydrogen phosphate (NaH2PO4) and disodium hydrogen
phosphate (Na2HPO4) were used to prepare the supporting electrolyte
solution (pH 7.4). Fetal calf serum was purchased from Sigma Aldrich
for checking analytical applications. Characterization were performed
for the produced nanoparticles using XRD (CuKa), SEM (TESCAN
VEGA3 SBU), UV-Vis spectrophotometer (UV-1800 SHIMADZU)
and electrochemical studies (CH Instruments). The parameters and the
electrodes systems were optimized and setup based on out previously
published article [46].

Synthesis of copper nanoparticles

0.IM of copper (II) sulphate pentahydrate and 1.2% of starch
solution were stirred continuously for 30 minutes. Then 50ml of (0.2M)
ascorbic acid was added to the mixture and stirred for 30minutes. 30 ml
of (IM) sodium hydroxide solution was allowed to stir continuously for
2 hours at 80°C then washed with water, ethanol and dried in vacuum
desiccators overnight [47,48].

UV spectral studies

Solutions used for the analysis were 0.062 M of copper chloride
solution; 0.0005 M Curcumin solution (0.0005M) and 1ml each of the
above samples were mixed for the metal complex solution.

Results

The basic characterisation of the synthesized GO and rGO sheets
can be referred from supplementary notes attached. The formation of
GO and rGO powder was confirmed by XRD as depicted in Figure S1A.
This is due to strong intercalation of oxygen groups in the GO and for
rGO due to the nt-n interaction of Carbon molecules. The broadness of
the observed peak of rGO is due to the deoxygenation of GO to form
sp2 hybridized carbon system [46]. The crystal structure and size of the
synthesized copper were verified by XRD as shown in Figure 1B. They
exhibited characteristic peaks at 43°, 51° and 74° with FCC structure
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[47]. To study the surface morphology of synthesized materials SEM
was used. This demonstrated that the nanoparticles formed clusters.
Starch was the effective stabilizing agent used in the present study
for the fabrication of small-sized particles. The size was found to be
on average around 200-250 nm. The average crystallite size of the
synthesized copper nanoparticles calculated using Scherrer formula
were found to be 244nm. This size is very much in range with our SEM
results [47].

Copper was incorporated in GO and rGO via sonication for 1 hour
in ethanol. SEM as shown in Figure 1C and 1D illustrated random
crumpled sheets of GO and rGO. Henceforth we have named these
coppers decorated GO and rGO sheets as Cu-GO and Cu-rGO for better
understanding the further studies with the target. The SEM images
of drug(curcumin) with Cu-GO and Cu-rGO are depicted in Figure
1 (B&D) respectively. Our main objective was to analyse the sensing
aspect of the detector material hence only preliminary studies were
performed for basic confirmation of the components in the detector
material. Compared to the data produced by researchers with similar
preliminary results have shown TEM results with copper embedded in
the sheets and visible uncovered surfaces of Graphene. This results in a
bumpy morphology. When sonicated initial deposition might occur at
the edges followed the surface [46]. This coincides with the SEM images
we obtained while study. (Figure 1)

The decoration of copper nanoparticles onto the GO sheets showed
shift in the XRD peak which might be due to the reduction of GO to
rGO by copper metal. This has been depicted by blue line in Figure 2A-
2D. In rGO sheets, copper seemed to have been placed on the surface
as the red XRD peak of rGO shows a small peak at 43° which coincides
with coppers peak.

To check the interaction of our drug with copper, UV studies
were recorded at 0 hour and after 48hours (Figure 2E). These studies
initially showed a strong characteristic absorption peak at 400-440
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Figure 1. (A-D) SEM images of synthesized Cu-GO (scale 2 pm), Cu-GO with Curcumin (scale 2 pm), Cu-rGO (scale 5 pm) and Cu-GO (scale 5 pm) with Curcumin respectively. (1E)

UV-Vis spectral studies on curcumin with copper
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Figure 2. XRD for Cu-GO and Cu-rGO sheets

nm for curcumin (0 hours). This might be inferred to the band n >
1* of the drug [48,49]. After 48 hours, both curcumin and its complex
with copper manifested blue shift around 300 nm with a reduction
in the peak. The blue shift and increase in intensity seen in the metal
complex might be due to drug metal charge transfer or chelation with
metal via B-diketone of the drug. Hence, we were able to infer that
our drug formed a stable complex with the metal, which lasted even
after 48 hours. This confirms the affinity of curcumin towards copper,
further justifying the use of copper in the present study for sensing
electrochemically [50]. Literature already reported that copper ions
entrapped in drug interact with fibrils stay electrochemically active [51].
So, we were able to note that chelation of Curcumin with a few divalent
metals could also be used for effective electrochemical sensing as they
have previously contributed to potential medical applications. The 1:1
type chelation for curcumin with copper was used in the present study.
This is by virtue of the complex’s flexible orthorhombic geometry
which keeps its antioxidant property active, hence electrochemically
active. Even though o-methoxy phenolic groups and S-diketone cause
chelation, but mostly it’s the later [52-54].

The AFM images of Cu modified GO and rGO sheets are depicted
in Figure 3A and 3B. Copper has been deposited up to a thickness
of 800nm for both the carbon substrates. Figure 3C depicts the
functionalization of GO and rGO sheets with Cu nanoparticles. Among
the four concentrations used the lowest concentration of 250uL of
copper was optimized to be the sensing quantity. This is due to similar
functionalization seen in all the four concentrations of copper with the
carbon sheets was found too similar. The lowest of concentrations gives
apt functionalization of sheets as the highest concentration. Hence, we
choose the lowest concentration (250uL) as the metal concentration
to functionalize the sheets because use of lesser metal species will
provide enough reaction space with our bulk target and also it would
be economical to use lesser number of reactants. The native peak of
copper shows a predominant O-H peak at 3250 cm™ which infers that
our copper nanoparticles have oxygen attached to it. This represents
hydroxyl stretching vibrations on the surface of the nanoparticles. When
compared with GO and rGO sheets we find 1624 cm™ coinciding with the
parent copper’s FTIR peak [55]. Hence, we would like to infer the presence
of copper in its oxide form on the surface of GO/rGO sheets.
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Our primary aim was to find an alternate sensing method for
curcumin. Hence, we limited our studies to preliminary analysis of the
sensing materials to just confirm that the synthesized materials are Cu-
GO and Cu-rGO. Material science aspect of it was not looked into in
detail because of the same reason.

Sensing Assay

Before the modified electrodes were studied for their sensing ability,
bare GCE studies were done with curcumin. This bare system showed
reversible and diffusion limited redox electron transfer process. This
has been depicted in Figure 4. There is no exhibition of redox peaks by
GCE in PBS but with curcumin peak produces oxidation peaks at 0.2 V
and 0.45 V. This is due to the formation of quinone and hydroquinone/
quinone couple at 0.45 V and 0.2 V respectively. Curcumin forms
a polymerization layer on the bare GCE surface upon continuous
application of voltage which is assigned due the electrode’s surface
roughness and active reaction sites for transfer of electrons. Hence, this
could also be stated as a two-electron two proton coupled process. As
the electrode is used continuously curcumin deposits on GCE resulting
in decrease in current flow [56,57]. Functional groups of GCE undergo
nucleophilic reaction with o-quinone and 3,5 dione group of curcumin
to form new bonds. (Figure 4).

Bare copper decorated GCE, was studied first to know the native
electrochemical properties of the metal before incorporating it in
GO or rGO. This setup showed an anodic peak appears at 0.16V
and cathodic peak at -0.56V. This corresponds to the oxidation and
reduction peaks of the metallic copper at the electrode in the concerned
electrolyte. When curcumin (10-12 M/L) was added to the electrolyte
and voltage was applied, it exhibited two oxidation peaks 0.09V (peak
1) and 0.54V (peak 2) and a reduction peak at -0.61V (Figure 5A).
Figure 5B-5E illustrates the current patterns produced with an increase
in drug concentration. The initial oxidation peak increases while the
later decreases with increasing curcumin concentration (10-12 to 10-8
M/L). A graph was plotted with increasing scan rates and a current
produced by the drug at 10-12M/L. The linear variation of scan rate
was observed only in peak 1 (Figure 5D). The linear regression for
peak 1 was found to be 0.91, S. D=0.00082 and N=7. Although the
increase in the background current might be due to the modification
of the electrodes but this increase varied from each material that we
have used. And based on the literature we followed we found a current
density plot with voltage was not needed [57]. Apart from that for a
diffusion-control reaction the concentration of active species at the
electrode-solution interface is time dependent, so increasing the scan
rate will result in limiting current density increase. Hence current was
chosen in one of the axis not current density for our study.

Cyclic Voltammetry studies were taken at physiological pH (7.4)
for potential real-time applications. We have also attempted to study
the lowest concentration possible with continues usage in this sensor.
For longer usage, the copper decorated electrode showed reversible
electron transfer with diffusion-limited redox process (Figure 6A-6D).
With the increase in voltage, curcumin polymerizes and gets deposited
onto the electrode surface. The peak 1 (0.09V) might attributes to the
copper complex’s peak with the drug, as it lies in close proximity to
the bare copper’s oxidation peak. The reaction with the drug might
have caused the increase in current and shift in oxidation peak. The
second peak (0.54V) is suggested to be the oxidation of the drug as per
literature, because of the quinone derivative formation and quinone/
hydroquinone redox couple respectively. Upon continuous runs with
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an increase in concentrations, the current density increases for peak 1
and decreases in peak 2 (Figure 6B). The decrease can be attributed to
the deposition on the reaction surface of the working electrode [58,59].
While the increase in current with an increase in concentration is due
to the increased metal chelation with the drug and forming active
electroactive species. The o-quinone group and 3,5 dione group in the
drug undergo nucleophilic reaction with metal causing coordination
bond formation. With increasing, scan rates peak 1 shows an increase
in the current while the other peak follows a zig-zag pattern (Figure 6C
and 6D). The continuous deposition of curcumin at the surface might
hinder the charge transfer at the surface. While the complex with metal
enhances the charge transfer. So, peak 1 was considered for sensitivity
assay in the further studies.

Sensing using Cu-GO and Cu-rGO electrodes

With copper decorated at the GO and rGO surface, there has been
an increase in the electro-active nature of the modified electrodes.
Figure 5A and 5B depicts Cu-GO with oxidation peak at +0.12V and
reduction peak at -0.2V for bare electrolyte and 0.54V and -0.06V in
the supporting electrolyte containing curcumin (10-12 M/L). Similarly,
Figure 7 shows the change in current in PBS using Cu-GO modified
electrode for different concentrations of our target material. The
concentrations were based on our previously reported data [46]. The
change in current with scan rate and linear variation of scan rate for
Cu-GO is illustrated in Figure 5D and 5E. The linear regression for
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peak of Cu-GO was calculated to be 0.997 with standard deviation of
0.0022.

Cu-rGO shows oxidation peak at +0.13V and reduction peak
at -0.003V in PBS. When curcumin was added to the supporting
electrolyte the current decreased drastically with a light oxidation
peak at 0.6V and negligible reduction peak. This shows that it is not
a reversible reaction (Figure 7A). Figure 7B and 7C shows the change
in current in for Cu-rGO at different amounts of the target compound
and at different scan rates respectively. The change in current with
scan rate and linear variation of scan rate with current for Cu-rGO is
illustrated in Figure 7D. The linear regression for the peak of Cu-rGO
was found to be 0.9 with standard deviation of 0.0022 for 7 cycles.

For Cu-GO modified electrode with oxidation peak is almost
similar to that of the bare metal at 0.12V, hence proving the presence
of participation the metal in the redox reaction. But the reduction peak
has shifted considerably due to the incorporation in GO. On addition
of curcumin the oxidation peak falls again at 0.54V which makes us
infer that the drugs oxidation peak has negligible change when the
main detection material is GO in an electrochemical workstation.
For increase in concentration of the target, the current decreases as
the drug gets deposited during continuous runs. Hence, limiting the
number of cycles runs for this electrode. Linear variation of scan rate
with current illustrated in Figure 7D and 7E shows that diffusion-based
reaction takes place at electrode surface. Cu-rGO modified electrode
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Figure 7. (A) CV studies of Cu-rGO without and with curcumin. (B) CV studies of Cu-rGO with different concentrations of curcumin. (C) CV studies of Cu-rGO at different scans. (D)

Linear variation of scan rate for Cu-rGO.
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shows oxidation peak also lies in the same range as that of Cu-GO in the
supporting electrolyte. When curcumin was added, the oxidation peak
was not very profound as that of Cu-GO and also shifted by 0.1V (Figure
7A). Atlower concentrations, the copper peak at 0.1 is dominant but as
the concentration is increased the curcumin seems to hinder the charge
flow at the electrode surface by depositing itself. Hence the curcumin
oxidation peak at 0.6V manifests and the 0.1V peak disappears after
subsequent runs (Figure 7B). The responses of Cu-GO had better
peaks for oxidation and reduction. On the contrary, rGO peaks were
so defined. Cu-GO was found to be superior in conductivity of Cu-GO.
This makes them potential candidates for sensing application. GO has
better binding affinity to copper than rGO because of the presence of
more oxygen moieties in the former. And we also have inferred the
same from our data. The detection limit of Cu-GO was also found to be
better than its other counterpart. The presence of comparatively more
oxygen species in GO than rGO leads to better binding of copper and
the drug in GO than in rGO. Hence, the mobility of charge is seen
more in Cu-GO than in Cu-rGO. The detection limit of the three
electrodes showed Cu-GO had 10 times more sensitivity than Cu-rGO
electrodes. Repeated casting is required to studies dealing with higher
concentration due to enhanced accumulation of the drug. But this will
surely show an increase in current as a result of enhanced electroactive
species of the drug [58,59].

Sensitivity and detection limit

The detection limit was calculated using 3 sigma rules. The Cu-
GO showed a lowest detection of 4.7nM while the Cu-rGO showed a
lower detection limit of 0.02nM. Both of these values fall in between
the initial linear range for both the electrodes. These values have been
the lowest that has been reported for curcumin. The detection limit
of copper, Cu-GO and Cu-rGO modified electrodes were found to be
0.006 nM, 4.7nM and 0.02nM respectively.

Analytical applications

Phosphate buffer was used as supporting electrolyte because it
mimics physiological fluid conditions. Three fractions of curcumin
were introduced in succession into the buffer. The concentrations
opted were as per our previously reported work [46]. Cu-GO recovery
was found to be 94.22% and for Cu-rGO it was 83.53%. These results
substantiate the potential utilization of these sensing materials in
plasma samples.

Reusability studies

Both the electrodes were tested in 10-7 M solution of the drug to
assess their reproducibility. The study was repeated for 7 cycles for six
weeks, the results were found to be good as the change in current was
found to be negligible. Hence, it possesses good reproducibility along
with good long-term storage application.

Selectivity

Interference species potentially present in the systemic circulation
were added along with curcumin to check the change in current density
pattern for both the electrode. The species considered were ImM of
sodium, potassium, starch and glucose along with 1mM of Curcumin
in the commercial purchased fetal calf serum. The results showed less
significant interference by potassium, glucose and starch. Sodium
ion was interfering a bit. Drop casted GO or rGO gets rearranged
with hydrogen bonds that are strong enough to the individual sheets
in a lamellar fashion. The functional groups and water molecules
adsorbed on the basal plane and sides of the sheets is the reason behind
the large d spacing of these sheets. Studies previously have already
proved that sodium ions permeate faster through GO and rGO sheets
in comparison to other metals. This penetration also varies with the
anion counterpart attached to it ranging from hydroxyl with highest
penetration followed by sulphates, chlorides and finally bicarbonates.
Since, the sodium ion in our study would have been in hydroxide
form in PBS hence these ions penetrated faster in these sheets when
compared to curcumin and therefore showing higher sensitivity by
spiking the current. The remarkable fact is after these penetrations the
sheet conformation stayed intact will only negligible presence of ions in
them (<10%). The functional groups in the sheets cause the interlayer
distance to be so large to form nanocapillaries which permeates
hydrated ions. GO or rGO sheets can be considered as large organic
molecule (because of the functional groups) whose interactions with
the hydrated ions are responsible for the selective permeation property.
Wetted GO/rGO have larger distances between the sheets. Sodium ions
are ionic species that should not relatively with the functional groups
of the sheets, but the hydroxide form of sodium leads to the reactions
between carboxyl and hydroxyl groups in the sheet. This makes GO/
rGO sheets chemically active which leads to nanocapillaries to be loser
and fast penetration of sodium ions and hence relatively more selective,
sensitive and higher conductivity [60].

INTERFERENCE STUDIES

B Cu-G0 Modified elctrode

Cu-rG0O modified electrode
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Figure 8. (left to right) Interference studies for Cu-GO and Cu-rGO respectively.
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Table 1. Some previously reported curcumin sensors

S.No Mode Limit of detection Year of study reference
1 CV mode (GO and rGO) 0.2nM 2017 [46]
2 Capacitive Sensing 45x 10°M 2012 [51]
3 Voltammetry (GCE with graphene) 3x10®mol L 2012 [59]
4 Voltammetry (electrochemical rGO) 0.1puM 2012 [59]
5 Spectrophotometry 8 pg mL! 2009 [61]
6 Fluorescence (HPLC) 0.09 ng mL"! 2010 [62]
7 HPLC (reverse) 100 pg mL"! 2007 [63]
8. HPLC (CRTO) - 2002 [64]
9. Polarography 10% uM 2010 [65]
10. Voltammetry (CNT, Dysprosium nanowire) 5.0x 10°M 2012 [66]
11. Voltammetry (GCE) 4.1x10°M 2012 [67]
12. stripping voltammetry (carbon) 4.9 mM 2012 [68]
13. Voltammetry (poly- ACBK) 4.1x10° M 2008 [69]
14 stripping voltammetry (CPE, HMDE) 2011 [70,71]
15 CV (GCE) 0.0416 uM 2014 [71]
16 DPV (GCE) 0.004 pM 2014 [72]
17 ADSV (MWCNT/BPPGE) 0.45 uM 2017 [73]
18 SWV (MWCNT/GCE) 0.89 uM 2017 [74]
19 SWV (AP*PdNp/GE) 0.22 uM 2016 [75]
20 SWYV (PdNps/Poly(Pr)/GE) 0.001 pM 2014 [76]
21 SWV (NSrGO/Ru@AuNPs/GCE) 2.0 x 107 pM 2016 [77]
22 DPV (FCNFCPE) 0.02 uM 2016 [78]
23 SWV (CdO-IL/MCPE) 0.08 uM 2016 [79]
24 SWV (NiCI12/GCE) 0.01 uM 2016 [80]
25 (I;l::l)_rg(s);eer:itclgra{)b;; gr;es )(A nitrogen and phosphorus 58 nmol/L 2018 81]
2% 21—15()5“1:1:2::10;%21 Sé):tcst)rophotometer (Nitrogen-doped 29.8 nM 2021 82]
27. CV mode (Cu-GO and Cu-rGO) 4.7 nM and 0.02nM Present study

Inference pattern is depicted in Figure 8. It exhibits enhanced
electrode sensing activity for curcumin and very less effect of the
interference species. Glucose and starch are most common compounds
present in serum. In addition to the metal nanoparticle the orientation
and arrangement of the metal particles onto the GO and rGO matrix
contribute for the selective binding of curcumin. The Cu-GO electrode
shows good reproducibility and selectivity when compared to its rGO
counterpart. The bare copper modified electrode shows lowest detection
limit but our current study was to see the effect of GO and rGO with
the metal on the detection scenario of our drug. Table 1 reports the
various sensors that have been attempted to detect curcumin [46,51,58-
82]. Not all previous experiments were done with similar units, modes
and parameters hence a column for linear range and pH which might
cause confusion for the reader. Detection limit is the main aspect for a
biosensor hence the detection limit has been compared.

Proposed mechanism of reaction

Our target compound forms complexes in the presence of 1,3
diketone with metal ions. The tautomerism caused by the ligand’s keto-
enol groups are the reason behind this interaction. As an electrode
modified this copper complex of curcumin can electron transfer
heterogeneously through the inner sphere. The major mechanism
behind this interaction would be the hydroxyl group at the 4th position
of the phenyl ring’s gets blocked. The centralized metal ion (copper
(II)) coordinates with curcumin by cheating in the square planar
geometry of coordination. The ligands are found to be almost planar
as there is an extensive m-m stacking in two-way orientation to the
adjacent ligands. Hence, the reaction between the target and copper

Front Nanosci Nanotech, 2021 doi: 10.15761/FNN.1000194

is mainly due to mt- 7 conjugated system of large magnitude (electron
transfer system). While rGO interacts with the aliphatic and aromatic
groups of curcumin via 7t-t stacking.

Conclusion

In the present study a new type of electrode material combination
was experimented. The studies of cyclic voltammtery on copper alone,
followed by its combination with graphene oxide ad reduced graphene
oxide were studied successfully. The ranges were found to be linear
at different concentrations for each of the combination. For copper
decorated electrode the detection limit was found to be 0.006 nM,
whereas for Cu-GO 4.7nM and for Cu-rGO 0.02nM. the difference
in the oxygen concentration and functional groups for reaction might
be the possible reason behind the variation in the ranges in detection.
they had good specificity and were reproducible to a good extend.
Although bare metal shows better detection limit incorporation in GO
and rGO gives new light on how these carbon materials can be used
in enhanced fashion for detection. these were very good examples for
non- enzymatic sensing of analytes in quantities similar to the ones
existing in the systemic circulation.

V Future Scope

The future scope of the work would be to find potential materials
that would aid in analysing our target with even more efficacy. These
kinds of electrochemical assay can be used to find many aspiring and
suitable combinations of compounds that would revolutionize the food
and pharmaceutical market.
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