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ABSTRACT: In this work, green synthesis of cadmium selenide quantum dots using curcumin as a
functionalizing agent and fabricating the surface of paraffin wax impregnated graphite electrode using
curcumin - cadmium selenide quantum dots, its electrocatalytic application towards oxidation of ascorbic
acid are the main objective. The physical properties and surface property of the modifier and modified
electrode are characterized using techniques such as UV-Visible spectrophotometry, Raman spectroscopy,
high resolution transmittance microscope, selected area electron diffraction. Electrochemical measurement
for CdSe QDs, curcumin and curcumin functionalized CdSe QDs, bare and modified electrodes were
characterized using cyclic voltammetry technique. Finally the modified electrode was successfully applied in
determination of ascorbic acid by cyclic voltammetery technique.
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1. Introduction
Biomolecules doped nanoparticles are applied in in-vitro and in-vivo bio-imaging and as therapeutic
medicines [1, 2]. Synergetic effect is evolved in the combination of nanomaterials with biomolecules by
enhancing the material behavior, drug loading capacity, high solubility and bioavailability [3]. However,
toxicity associated with these nanoparticles pose serious side effects. Therefore, extensive research is
required in designing of biocompatible nanoparticles. In general, chemical reductant such as sodium
borohydrate, hydrazine, ammonia etc were used during the synthesis of nanoparticles [4]. Carcinogenicity
associated in using these reducing agents makes them incompatible. Hence, green synthesis of
nanomaterials and potential application of biomolecules functionalized nanomaterials has become recent
trend in biosensing and biomedical research [5]. Several phytochemicals possess the property of
functionalizing and reducing agents which aids in the development of biocompatible materials through
ecofriendly synthesis.
Curcumin, (1E,6E)-1,7-bis (4-hydroxy- 3-methoxyphenyl) -1,6- heptadiene-3,5-dione, is the
principle compound of turmeric extract. In general, curcuminoids are grouped based on tautomeric forms of
curcumin. Active groups of curcumin exists in two forms, two equivalent enol groups and 1,3-diketo groups
of curcumin has been widely studied. As the enol form of curcumin is found to be energetically stable in both
solid as well as in solution phase [6] and the 1, 3-diketo form complex with most of the trans metal ions
making it as metal ion sensing reagents [7]. The electrocatalytic property of curcumin is found to be
tremendous upon functionalizing with transition metals [8]. The nucleation growth during the green
synthesis of gold and silver nanoparticles using curcumin as capping and reducing agent is considered
extremely stable and biocompatible [9].
CdSe QDs, are a type of inorganic/ inorganic core-shell type nanoparticles also called as
semiconductor nanocrystals, containing group II and VI elements [10]. CdSe nanoparticles within the size
range of 2-10 nm exhibits quantum confinement. The electronic band gap of the CdSe QDs is said to be 1.73
eV [11]. CdSe QDs are promising material for optoelectronic device manufacturing but photodegradation of
CdSe QDs affect the performance of these devices [12]. Hence, functionalizing QDs using organic ligands
helps to enhance the stability of CdSe QDs and to reduce the photodegradation process [13]. Both alkyl [14]
and aromatic [13] ligands were utilized for the synthesis of optically active and photostable CdSe QDs.
Based on the optical property developed by CdSe QDs after functionalized with thioglycerol [15] they were
used as an analytical tool for the quantitative estimation of cadmium ions using UV-Visible spectroscopy
technique. Application of CdSe QDs in the development of electrochemical sensors was of great interest. To
overcome the drawback associated with the optical and spectroscopic studies such as photobleaching,
development of electrochemical sensors has emerged using CdSe QDs [16]. Several chemical and biosensors
were developed using CdSe QDs. The semi-conducting materials are either formed as composite in graphene
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[17] and silica matrix which are functionalized with the redox molecule, enzymes [18], aptamers [19], etc.
Thus functionalization of CdSe QDs and application in electrochemical sensor development is desired.
Herein, for the first time we are reporting synthesis of curcumin functionalized cadmium-selenide
quantum dots (CR-CdSe QDs). The CR-CdSe QDs nanoparticles are fabricated on the paraffin wax
impregnated graphite (PIG) electrode and act as a transducer for electrochemical sensing of ascorbic acid
(AA). Both the modifier and modified electrodes were characterized using UV-Visible spectroscopy, Raman
spectroscopy, field emission scanning electron microscopy (FE-SEM), impedance spectroscopy (EIS) and
cyclic voltammetry (CV) techniques. Parameters which may influence the performance of modified
electrode and analytical results such as effect of CV potential scan and scan rate studies were optimized. The
CR-CdSe QDs modified electrodes were successfully applied in determination of AA using amperometric
technique.
2. Experimental Methodology
2.1. Chemicals and Reagents
Graphite electrode was bought from Sigma-Aldrich. Curcumin (Turmeric Yellow) was purchased
from SRL, Mumbai. All other general chemicals used in the study were obtained from Merck, India. The
buffers and reagents were prepared using double distilled water and purged with N 2 gas before
experimenting.
2.2. Apparatus
Electrochemical experiments were performed in CH electrochemical instrument, USA, Model-660B
conjugated with a conventional three electrode cell setup and Acer desktop computer (windows 7
professional) for data storage. Material morphology of CR-CdSe QDs was characterized using Highresolution transmission electron microscopy (HR-TEM) and selected area electron diffraction (SAED)
pattern were performed using H7650 Microscope Hitachi, Japan. The UV/Vis absorption spectra for CR,
CdSe QDs and CR-CdSe QDs were recorded using single beam diode array spectrophotometer, Agilent
technologies, USA, Model-8453. Raman spectrum was recorded for CR-CdSe QDs using RAMAN-11 system
Nanophoton Corp., Japan. The buffer pH was adjusted using pH meter ELICO, India, Model CM-180.
2.3. Synthesis of Curcumin–Cadmium Selenide Quantum dots (CR – CdSe QDs)
Curcumin functionalized CdSe QDs was prepared following the protocol established in the previous
report [20]. Briefly, in step 1 sodium selenosulfate (Na2SeSO3) stock solution of was prepared in a 25 ml
round bottom flask containing the aqueous solution containing Na2SO3 and Se. During the course of reaction
N2 is purged under stirring condition. Under reflex condition, in a 500ml round bottom flask containing 220
ml solution of 25mM curcumin and CdCl2 (The molar ratio of Cd: Na2SeSO3 was 1:5) the solution was heated
to 80º C for 20 min. As the pH of solution was adjusted to the pH 11, the color of the solution turns form
bright yellow to turbid green. In step 2 reaction, as prepared aqueous solution of Na2SeSO3 was added to the
reaction mixture and allowed stirring for 2 hrs under heating at 80º C to obtain a transparent red colored
solution. The second course of reaction was carried out in a inert condition. The schematic representation of
synthesis of CR-CdSe QDs modified electrode was represented in Scheme 3.2. For a comparison between
CdSe QDs and CR-CdSe QDs, similar protocol was repeated for the synthesis of CdSe QDs without addition of
curcumin.

Scheme 1. Synthesis of CR-CdSe QDs modified electrode
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2.4. Preparation of CR-CdSe QDs modified electrode
The paraffin wax impregnated graphite electrode (PIGE) was cleaned and surface polished to a
mirror finish. The working surface area (3mm diameter) of the electrode was chemically modified by drop
casting 10 µL of CR-CdSe QDs solution. The modified electrode is dried under vacuum and stored at 5º C for
further studies.
3. Results and Discussion
3.1.
\Spectroscopic Characterization
The optical features and the structural fingerprint of the CR-CdSe QDs are studied using UV-Vis
spectroscopy and Raman Spectroscopy. Figure. 1 shows the absorption spectra for (a) curcumin, (b) CdSe
QDs without functionalizing curcumin, and (c) curcumin functionalized CdSe QDs. For the curcumin
spectrum, in figure. 1(a) shows an absorption peak at 430 nm corresponding to the π- π* transition of the
carbonyl group [21]. The optical abortion spectra for CdSe QDs without functionalizing curcumin is
appeared at 270 nm is shown in figure. 1(b) [22]. For curcumin functionalized CdSe QDs, figure. 1(c)
shows two absorption peak at 417 and 260 nm. A red shift in the peak corresponding coordination between
carbonyl group of curcumin and CdSe QDs.

Fig.1. UV-Visible spectra of (a) curcumin, (b) CdSe QDs, (c) CR-CdSe QDs.
Raman spectroscopy was recorded for the CR-CdSe QDs in order to understand the material
characteristic such as composition, crystallinity, lattice stress, orientation of atoms, and symmetric nature.
Figure. 2 corresponding to the raman spectra for CR-CdSe QDs. The spectra showing two peaks, 1LO and
2LO phonons of CdSe appeared at 257-294 cm-1 and 445-499 cm-1 respectively [23]. Most of the intense
peak for the raman spectra of curcumin are appeared at 1101, 1241, 1347, 1413, 1638 cm -1. The high
intense peak at 1347 cm-1 and low intense peak at 1101 cm-1 are assigned to C-C stretching and the peak
appeared at 1241 cm-1 is for the C-O stretching of curcumin [24].

Fig.2. Raman spectra for CR-CdSe QDs modified electrode.
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3.2. Morphological Characterization of CR-CdSe QDs and CdSe QDs
To understand the morphology of the quantum dots HR-TEM measurement was carried out for the
CdSe QDs materials with and without functionalizing curcumin. Figure.3 shows the (a) 50 nm scale bar
TEM image of curcumin functionalized CdSe QDs where QDs are capped within the spherical shaped
curcumin clusters and (b) 20 nm scale bar TEM image of CR-CdSe QDs, where particles of CdSe exist in the
core and curcumin as the shell. As the CdSe QDs particles are confined inside the curcumin, exact particle
size can't be defined. Figure. 3(c) is the TEM image of CdSe QDs (scal bar- 50 nm) without curcumin
functionalization. As the CdSe QDs particles are clearly visible with the each particle size ranges from 6 to 8
nm. Figure. 3(d) is the SAED pattern for CR-CdSe QDs where multi-centric ring appeared for the core-shell
like structure. The diffraction patterned shows multiple and broadening of diffuse halo rings was due to
decrease in the inter-atomic spacing. Figure. 3(e) is the corresponding EDS spectrum peaks confirming the
presence of elements such as Cd, Se, C and O for CR-CdSe QDs.

Fig.3. HR-TEM image of CR-CdSe QDs (a, b) and CdSe QDs without curcumin functionalization (c). SAD
pattern for CR-CdSe QDs (d), (inset) higher magnified image, and (e) respective EDS spectra.
3.3.Electrochemical Characterization
The cyclic voltammetric measurement for unmodified bare electrode, curcumin modified electrode
and curcumin functionalized CdSe QDs modified electrodes were carried out in 0.1 M phosphate buffer
solution (pH 7.02) at the scan rate of 50 mVs-1. Figure 4 shows the CV curve for all three electrodes, was (a)
corresponding to the unmodified PIGE electrode. A straight line CV curve with minimum background
current was observed for the bare electrode. For curcumin (c), and curcumin functionalized CdSe QDs
modified electrode (b). A well defined redox peak corresponding to the two electron/two proton redox
couple for the quinone and hydroquinone conversion of curcumin was observed. Compared with CR
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electrode, CR-CdSe QDs electrode showing an enhanced electrocatalyic behavior of curucmin with increased
in background current was due to the presence of CdSe QDs. An oxidation peak potential (Epa) at +0.23V and
reduction peak (Epc) at +0.17V with the Ep of 60 mV/n representing the redox process of CR-CdSe QDs is
reversible [25] which is expected to be equal to the value 56.5mV/n for a standard reversible system. Also
the variation between the anodic peak current (ipa) and cathodic peak current (ipc) for a reversible redox
couple is said to be ipa/ ipc = 1. Herein for the CR-CdSe QDs electrode showing ipa/ ipc =0.99, respectively.

Fig.4. Cyclic voltammograms of various electrodes (a) Bare (b) CR functionalized CdSe QDs, (c) CR modified
electrodes (Potential scan from -0.3 V to 0.8 V) in 0.1 M phosphate buffer solution (pH 7.02) at the scan rate
of 50 mVs-1
3.3. Effect of scan rate
In a CV experiment, by altering the scanning speed of the potential in both forward and reverse
direction provides sufficient information about the electrochemical behavior of the curcumin functionalized
CdSe QDs. Hence the CR-CdSe QDs modified electrode was subjected to CV analysis at different scan rate
range from 5 to 150 mVs-1. The electrode was scanned in the potential window from -0.2 V to 0.5 V. Figure 5
shows (i) the CV curve for CR-CdSe QDs modified electrode at different scan rate in 0.1 M phosphate buffer
solution (pH 7.02). As the scan rate increases, the oxidation peak current also increases. Supporting the
study, figure 5(ii) shows the graph plot corresponding to the oxidation peak current versus different scan
rate shows a linear relationship at scan rate above 50 mVs-1. Thus the electrochemical oxidation of curcumin
functionalized CdSe QDs is found to be surface confined process.

Fig.5. (i) Cyclic voltammetric studies on effect of scan rate from 5 to 150 mVs-1 using CdSe QDs modified
electrode (Potential scan from -0.2 V to 0.5 V) in 0.1 M phosphate buffer solution (pH 7.02). (ii)
Corresponding linear plot.
3.4. Analysis of ascorbic acid
The static analysis of ascorbic acid using cyclic voltammetry techniques was carried out under
optimized condition. During CV scan with different concentration ascorbic acid, the cathodic peak
corresponding to the oxidation of AA appeared at +0.0V. With the addition of 10 µL of 0.01M AA in 0.1 M
phosphate buffer, the mediator peak shifted towards the lower potential. The CR-CdSe QDs mediator
facilitates the oxidation of AA in the lower potential at +0.05V. As the concentration of AA increases in 0.1 M
phosphate buffer solution with successive addition of 0.01M AA in 50 ml electrolyte, a steady increase in the
anodic current was observed in the CV curve. From figure 6(i), showing the CV analysis for linear addition of
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AA concentration ranges from 1.86x10-7 to 0.7x10-5 and figure 6(ii), corresponding linear graph plotted with
anodic peak current versus concentration of AA.

Fig.5. (i) Cyclic voltammetry analysis of different addition of 0.001 M ascorbic acid in 0.1 M phosphate
buffer solution (pH 7.02). (ii) Corresponding linear plot.
4. Conclusion
In summary, synthesis of curcumin functionalized CdSe QDs was successfully prepared and used as
a redox mediator in chemically modified electrode. The CR functionalized CdSe QDs was fabricated on the
PIGE electrode. The modified electrode was used as an electrochemical sensor for the determination of
ascorbic acid. The Cr-CdSe QDs modified electrode favors the electrocatalytic oxidation of ascorbic acid at
+0.0 V. The electrode exhibited good stability, and sensitive towards oxidation of AA.
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