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A B S T R A C T

Progress in the development of phytochemistry has delivered advancement in materials functionality for range
of inter/trans-disciplinary application. Here, we investigated the structural functionality of chemically synthe-
sized phytoconstitutent, chalcone (butein) and flavanone (butin). Photoactive and electroactive behavior of
butein and butin were comprehensively studied using UV–vis absorbance, photoluminescence and cyclic vol-
tammetric techniques. Surface morphology of the butein and butin powders was characterized from scanning
electron microscope at an operating voltage of 10 kV. Significant ultraviolet absorbance property are observed
from butein and butin due to the distribution of π→ π* and n→ π* transitions. Photoluminescence emission
spectra of the prepared materials are well resolved at visible region via keto-enol tautomerization and can be
influenced by solvent pH. Cyclic voltammetric studies on the prepared materials enabled a direct electron-
transfer reaction at gold-screen printed electrode, indicating the feasibility for analytical validation in herbal
industries. Existence of multiple electroactive hydroxyl groups makes butein and butin a redox-functional spe-
cies at electrode interface. Dispersion ability in aqueous and organic solvents makes butein and butin suitable for
variety of photochemical applications. This phytochemical material offers new degrees of optical and redox
functionality similar to inorganic nanostructures, in addition to inherent bioactivity, that may be advantageous
for further biomedical function.

1. Introduction

Bio-friendly optical and electrochemical active materials are ad-
vantageous for interdisciplinary application in biosensor, molecular
probe and drug delivery system [1,2]. Phytochemicals are recently
emerging as potential candidate for development of biomedical func-
tional materials [3]. Secondary metabolites of plant particularly fla-
vonoids have significant biochemical and physiological functionality,
viz., radical scavenging, anti-inflammatory, anti-mutagenic and anti-
microbial to name a few [4,5]. Spectroscopic studies on flavonoids re-
vealed the distinct fluorescence emission property [6], perhaps similar
to plasmonic nanostructures which are interesting for molecular probe
development. Further, natural pigment molecules having porphyrin/
pthalocyanine-like structures are explored in photonic and electro-
chemical applications, with or without combination of nanostructures

[7–11]. Therefore, scalable synthesis of biologically important phyto-
chemicals and exploring the novel physico-chemical properties are
useful for translational studies. Chemical structures of flavonoids are
featured by a 15-carbon backbone (C6eC3eC6) comprising of two
benzene rings A and B linked with a heterocyclic pyrane ring C (Fig. 1)
[12,13]. Major subclasses of flavonoid structures are chalcones, flava-
nones, flavanols, flavones, isoflavones and anthocyanins. Butein ((E)-1-
(2′,4′-dihydroxyphenyl)-3-(3,4-dihydroxyphenyl) prop-2-en-1-one), is a
chalcone type flavonoids with a potential anti-oxidant property. Butein
is a vital dietary polyphenol have the capability to inhibit protein tyr-
osin kinase, thus preventing phosphorylation and affording in-
flammatory modulating effect and anti-cancer activity [13]. This was
well explored in various clinical conditions like colon carcinoma [14],
myelogenous leukemia [15], breast carcinoma [16], hepatic carcinoma
[17] and restenosis (narrowing of blood vessel) [18]. Butein is often
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isolated from the genera Dahlia, Butea, Searsia and Coreopsis. Owing to
its extensive pharmacological properties nowadays butein is chemically
synthesized, for bulk herbal formulation, using base-catalyzed aldol/
Claisen-Schmidt condensation or acid-mediated aldolization of o-hy-
droxyacetophenone and benzaldehyde. Likewise, butin is a bioactive
flavanone cyclized form of butein and chemically 2-(3,4-dihydrox-
yphenyl)-7-hydroxychroman-4-one. Park et al., studied that the major
bio-constituent of Rhus verniciflua Stokes extracts i.e., butin inhibited
the CYP19-mediated estrone formation in a concentration dependent
manner and having modulatory effect on androgen hormone levels,
which may lead to a molecule for aromatase inhibitors [19].

Biological merits of butein/butin can be tuned by their pharmaco-
logical dosage which indeed governed by the analytical validation.
Thus, sensitive quantification of butein/butin is beneficial for ensuring
the dosage in polyherbal formulation. High-performance liquid chro-
matography (HPLC) is the conventional method in practice for testing
the flavonoids/polyphenols from plant extracts and often coupled with
UV or fluorescent detectors for the separation and characterization.
Recently, HPLC integrated mass spectrometry equipped with atmo-
spheric pressure chemical ionization (APCI) or electrospray ionization
are explored for the identification and quantification of several phe-
nolic compounds from natural products [20]. Although these techni-
ques are advanced and provide sensitive quantification of active phy-
tochemicals, still there are limitations associated with these methods
like need of sophisticated instrumentation, labor-intensive/time con-
suming operation and expensive in assay cost. Thus, modern pharma-
ceutical/nutraceutical industries demands user-friendly, rapid and re-
liable method for quantification of phytochemicals without complex
sample pre-treatment.

Electrochemical sensors are recently emerging as an important
analytical tool for rapid, sensitive and cost-efficient testing of various
analytes viz., biomolecule/biomarkers of clinical value [21–23], en-
vironmental pollutants [24,25] and intermediate chemicals [26]. Due
to its integration feasibility with modern gadgets, simple instrumenta-
tion and user-friendliness, electrochemical sensors are optimal for
portable device fabrication and on-site utility. Significant electro-
chemical sensing reports on active flavonoids are available in the lit-
erature. For instance, mangiferin is a flavonoid with glycosylated
structure (2-β-D-glucopyranosyl-1,3,6,7-tetrahydroxy-9H-xanthen-9-
one) commonly found in fruits, leaves, stem bark and root of Mangifera
indica [27]. Tajik et al. [28], have demonstrated a carbon paste elec-
trode modified with graphene nanosheets and an ionic liquid (n-hexyl-
3-methylimidazolium hexafluoro phosphate) for the electrochemical
study of mangiferin. Sims et al. [29], have used multi-walled carbon
nanotubes-modified basal-plane pyrolytic graphite electrode as sensor
platform for the detection of hesperidin. Wang et al. [30], have hy-
drothermally synthesized the CeO2-poly(diallyldimethyl ammonium
chloride)-graphene based nanocomposite and demonstrated their elec-
trochemical sensing of eriocitrin (eriodictyol 7-O-β-rutinoside), a fla-
vanone glycoside abundant in lemon/lime. Xie et al., [31] have re-
ported an integrated electrochemical sensor, based on bimetallic oxide

particles composite, i.e., tantalum oxide (Ta2O5), niobium oxide
(Nb2O5) and chitosan (CTS) modified carbon paste electrode (Ta2O5-
Nb2O5@CTS-CPE) for individual and simultaneous detection of baica-
lein (a flavonoid glucuronides) and baicalin (a glycone baicalein). Both
are main bioactive constituents of Chinese medicinal herb, Scutellariae
radiax. To the best of authors' knowledge, only couple of electro-
chemical studies on butein is available in the literature. For instance,
Hodnick et al. [32], explored the voltammetric behavior of butein at
glassy carbon electrode (GCE) using 0.1M phosphate buffered solution
(PBS) of pH 7.5 constituting a final concentration of 2.5% (v/v) of di-
methyl sulfoxide. Tesio et al. [33], has evaluated the electrochemical
oxidation of butein at GCE using phosphate and citrate solutions of
different pH values and 1M perchloric acid-aqueous solution using
voltammetric techniques. In this study, we report the chemical synth-
esis of butein/butin and study the optical, chemical structure and dis-
tinct redox behavior at electrode interface, with respect to scan rate and
pH. Fundamental possibility on direct electrochemical probing of bu-
tein and butin were also performed, distinctly using unconventional
screen printed electrode, straightforward for real-time application at
the industrial site. Compared to conventional disintegrated three elec-
trode system, single chip based screen-printed electrodes on flexible
matrix are advantageous allowing cost-efficient assay of target with
minimal sample volume.

2. Experimental Section

2.1. Materials and Methods

2,4-dihydroxyacetophenone and 3,4-dihydroxybenzaldehyde were
purchased from Spectrachem Pvt., Ltd. Silica gel (100–200mesh size),
potassium hydroxide (KOH) and sodium hydroxide (NaOH) pellets were
procured from Sisco Research Laboratories Pvt., Ltd., India. TLC plates
were from Merck. Other chemicals and solvents (ethanol (EtOH) and
methanol (MeOH)) were of analytical standard and used as received
without further purification. Deionized water from a Millipore system
with resistivity> 18.2MΩ/cm was used for all experimental solutions.

Optical absorbance of the synthesized butein and butin was studied
from Jasco V-550 spectrophotometer. Chemical structure and func-
tional group modifications on the butein and its cyclized form (butin)
were characterized using Fourier transform infrared (FTIR) spectro-
scopy using JASCO FT-IR 4200. Scanning electron microscopic images
were studied from TESCAN, model: VEGA3 with an acceleration voltage
of 10 kV. 1H NMR spectral studies were obtained from Bruker Avance
III 600MHz. Electrochemical analyses were performed using a hand-
held potentiostat (PalmSens3, Netherlands). Photoluminescence (PL)
spectral analysis was studied from spectrofluorometer (Varian, Cary
Eclipse). Cyclic voltammogram and sensing studies were tested using
screen printed electrodes (SPE), (Model: AC1·W1.R1) from BVT
Technologies, Czech Republic, comprised of an Au working electrode
(geometric working area of 0.79mm2), Au counter electrode and Ag/
AgCl as reference electrode.

Fig. 1. Fundamental structure of (A) chalcone and (B) flavanone.
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2.2. Synthesis and Purification of Butein

35ml of aqueous KOH solution (50 g; 891mM) was slowly added to
a vial containing mixture of 2,4-dihydroxyacetophenone (5.5 g, 36mM)
and 3,4-dihydroxybenzaldehyde (5 g, 362mM) in 15mL ethanol. The
resulting red colored mixture was heated at 100 °C for 30min, under
magnetically controlled stirring. Afterward the reaction mixture was
incubated at ambient room temperature for 12 h. Then the mixture was
diluted with equal amount of water and acidified with diluted HCl till
the occurrence of yellow colored precipitate. Resulted product were
filtered and dried with an aid of Buckner funnel under vacuum. Final
purified product was obtained after column chromatography. Above
reactions were also performed at cold conditions (4–8 °C) instead of
100 °C for 12 h, both conditions enabled an experimental yield of 60%.
Briefly, the precipitates were solubilized in MeOH and mixed with silica
gel to make slurry for the column and then dried under rotary eva-
porator. The column was wet packed using silica gel, 100–200mesh
size and solvent petroleum ether. Upon setting of bed slurry, the com-
pound was added to the packed column. Fractions were collected by
changing the concentration of solvent. Elution of desired compound
was monitored by TLC with solvent petroleum ether and ethyl acetate
(50:50%). Eluted fractions were evaporated in rotary evaporator, con-
firmed from TLC and then utilized for further characterization.

2.3. Synthesis of Butin

Under nitrogen environment, aqueous solution of 1.6 mL NaOH
(16%) was slowly injected into a reaction vessel containing methanolic
solution of butein (300mg (1mM) in 10mL of MeOH) under stirring
and then the reaction vessel was refluxed at 100 °C for 30min.
Afterward, 15% of H2O2 solution was added into the reaction vessel.
Resulted mixture was incubated at room temperature for 24 h. After
incubation, reacted content was diluted with 50mL of ice cold water
and acidified with 3M HCl. Resulting precipitate was washed thrice
with chloroform and then concentrated using rotary evaporator. As-
obtained product was then air dried and purified using column chro-
matography, as described above.

3. Results and Discussion

Biosynthetic pathway for butein in plants such as Aspergillus allia-
ceus and Dahlia variabilis has been well elucidated [34,35]. For instance,
in A. alliaceus trihydroxychalcone is converted to butein involving an
enzymatic hydroxylation by cytochrome p450 and catechol oxidase. In

the case of D. variabilis, three molecules of malonyl-CoA and a p-cou-
maroyl-CoA reacts to form trihydroxychalcone, in presence of chalcone
synthase/chalcone reductase. Enzyme chalcone-3-hydroxylase converts
the trihydroxychalcone to butein. Owing to its multiple health benefits,
butein is widely synthesized by chemical method for large scale utility
using Claisen-Schmidt aldol condensation. In this approach, the hy-
droxyl moieties of 2,4-dihydroxyacetophenone and 3,4-dihydrox-
ybenzaldehyde were protected with allyl bromide, in presence of K2CO3

in DMF, and condensation was done in presence of KOH and MeOH.
Alkyl-protecting groups were removed using microwave irradiation in
presence of PdCl2(PPh3)2 and ammonium formate to obtain butein
[36]. Herein a simplified procedure was implemented using two dif-
ferent experimental conditions as illustrated in Scheme 1. Compared to
ambient room temperature condition (yield 40%), the reaction under-
gone at cold condition (4–8 °C) exhibited a better yield (60%).

Similar to butein, biosynthetic pathway for butin also exist in the
plants involving chalcone isomerase enzyme for conversion of chal-
cones into flavanone. General method for the synthesis of flavanone is
cyclization of duly substituted 2-hydroxychalcone under distinct con-
dition using acids and bases. Alternative approach for the synthesis of
flavanone (i.e., butin) include the oxidation of flavan-4-ol and the in-
termolecular oxa-Michael addition of activated α,β-unsaturated ketones
[37]. Herein, the cyclization reaction chemistry of butein under ni-
trogen environment was supported by base catalysis in presence of
H2O2 and acidification by HCl (Scheme 1B). Fig. 2(A) shows the UV–vis
absorbance spectrum of methanolic solution of butein and butin. As can
be seen butein has three significant absorption bands located in the UV
region centered at 209 nm, 261 nm and 378 nm, which are ascribed to
the π→ π* and n-π* transition, respectively. An additional shoulder
hump centered at 307 nm is attributed to the intramolecular charge
transfer. Likewise, butin exhibited three absorption bands at 208, 257
and 382 nm. Observed minor shift in the bands of butin sample with a
disappearance of shoulder hump at 307 nm indicates the existence of
cyclized form of butein. The full width at half maximum (FWHM) for
the absorbance peak at 382 nm for butin sample is found to be
67.15 nm, while FWHM for butein at 378 nm is 59.22 nm. Fig. 2(B)
shows the intact morphological features of butein and butin powder
samples prepared on the carbon tape. As-synthesized/purified butein
and butin samples exhibit the microstructural clusters. Compared to
butein, butin samples are in disintegrated form with a topography of
crystal-like structures. Both samples were visualized at an operating
acceleration voltage of 10 kV. Further analysis on the functional groups
of butein/butin and its associated vibrational information are evaluated
from FT-IR spectral analysis (Fig. 3).

Scheme 1. Synthesis of (A) butein and (B) butin.
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The FT-IR spectrum of butein reveals the peaks relating to H-bonded
OH stretch at 3300 cm−1 with distinct shoulder humps at 3478 and
3540 cm−1. The characteristic chalcone group, C]O (conjugated ke-
tone) associated peak is located at 1641 cm−1 [38]. The C]C
stretching vibrations are observed at 1505, 1552 and 1592 cm−1. In-
tense peak signals at 1230 and 1348 cm−1 are associated to OH in-plane
bend. Peaks located at 975 and 1025 cm−1 are ascribed to the CeH in-
plane bending frequencies. Vibrations of CeH out-of-plane bend were
observed in the region 665–855 cm–1. Frequencies located at 540, 586
and 626 cm−1 are assigned to the OH out-of-plane bend [39]. The
functional group frequencies of butin exhibit significant changes from
that of butein. For instance, H-bonded OH stretch is observed at
3310 cm−1. The C]O stretch is moderate at 1636 cm−1 and C]C
stretching vibrations are observed at 1512 and 1594 cm−1. Signals at
1235, 1284 and 1350 cm−1 are attributed to the OH in-plane bending.
The characteristic CeOeC stretch of butin is well resolved at
1124 cm−1, supporting the cyclized form of butein structure. CeH in-
plane bend signals were at 1030 and 975 cm−1. The CeH out-of-plane
bending frequencies were observed in the region 665–850 cm−1. Short
but intense peak at 538 and 588 cm−1 are attributed to the OH out-of-
plane bend [40]. As-observed vibrational signals provide the com-
plementary information on the chemical structure of butein and butin.
Structural integrity of butein and butin were also confirmed from 1H
NMR spectral analysis which is provided in the supplementary in-
formation (Figs. S1 and S2).

Understanding the optical behavior of chemically synthesized phy-
toconstituents (polyphenols) are highly advantageous for exploring
their utility in biomedical imaging. Though the present study is not
focused toward bioimaging, the fundamental photoluminescence of the
prepared materials was explored to corroborate the chemical structure
and its intrinsic emission property. PL spectrum of butein and butin was
studied at an excitation wavelength of 378 nm and 382 nm, respectively
(Fig. 4A). It can be observed that butein exhibited two well resolved
emission peaks in the visible region centered at 486 nm and 522 nm.
Similarly butin exhibited two emission bands the first one at 486 nm
and the later one at 528 nm, which is slightly red-shifted, compared to
butein. Peak intensities of butin emission bands were superior com-
pared to butein. This enhanced emission band is perhaps attributed to
the rapid internal conversion of nuclear frameworks i.e., π,π* and n,π*
states via excited state intramolecular charge transfer (ESICT).
Specifically the oxygen group at the 1-position of ring ‘C’ becomes an
electron donor, while the keto oxygen at the 4-position serves as a good
electron acceptor, exhibiting effective donor-acceptor conjugation.
Although the geometry of butein exhibit ESICT by “keto-enol tauto-
merization”, the steric hindrance due to multiple intermolecular hy-
drogen bonding with H2O molecules mediate a weaker fluorescence
emission in aqueous environment. Relevant studies on intramolecular
proton transfer between hydroxyl and oxygen groups of other flavo-
noids under mixture of organic-aqueous solvents are available in the
literature [6,38,39]. The excited state intramolecular proton transfer
was also correlated considering the π electrons in the bonding and anti-

bonding characteristic [41].
In order to further understand the stability of photoluminescence of

butein and butin a pH dependent study was performed and the results
are illustrated in Fig. 4B and C. It can be observed that the emission
bands of butein were significantly higher at pH 4 and 5. However, upon
increasing the solution pH from 6 to 9, occurrence of intermolecular
hydrogen bonding influenced the molecular geometry which hindered
the overall ESICT. In the case of butin, existence of three hydroxyl (3′,4′
and 7) and one keto/cyclized oxygen group in ring ‘C’ have exhibited an
altered intermolecular hydrogen bonding characteristics. Such modified
nuclear frameworks have expressed an overall intensified emission
bands for butin compared to butein. Particularly, at pH 7 aqueous dis-
persion of butin enabled an amplified emission signal at 486 nm and
528 nm. While at pH 8 and 9, the fluorescence emission peaks are
weaker, denoting a steric hindrance. From the above results it can be
suggested that the fluorescene emission property of butein and butin
can be well resolved at the pH 4–5 and 7, respectively. Presence of
combination of keto-enol tautomerization and electron-donor acceptor
conjugation has mediated the overall enhancement in the fluorescence
emission.

Electrochemical fingerprinting of phytochemicals is useful for qua-
litative/quantitative validation of herbal formulation. In general, the
inherent electrochemical behaviors of flavonoids are depends on the
nature of phenoxy radicals generated at the electrode interface [42].
Similar to other organic compounds, the redox properties of flavonoid
derivatives are often described by proton-electron transfer with respect
to pH, which could also specify the chemico-structural functionality
[33]. For instance, flavonoids are weak organic acids and based on the

Fig. 2. (A) UV–Vis absorbance spectrum of methanolic solution of (a) butein and (b) butin. (B) SEM images of (I) butein and (II) butin powders.

Fig. 3. FT-IR spectrum of (a) butein and (b) butin. IP: in-plane and OP: out-of-
plane bends.
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values of their acid constants, at pH values close to 7 they can be in
equilibrium with some of their phenolate ions. It is worth to know that
anodic reactions of phenolate ions can be obscured by the existence of
dimerization reactions coupled to the initial charge transfer reaction
[33,43,44]. In addition to chemical structure of flavonoids and pH of
electrolyte solution, electrode material and scan rate may have an in-
terdependent function on the stability of electro-generated radicals
during the electrochemical reaction [42,43]. In particular, the struc-
tural relationship i.e., the number and position of hydroxyl group
substituted in the backbone of flavonoid derivatives play a vital role in
the electrochemical behavior [45,46]. Structurally butein have four
substituted hydroxyl group in the position 2′,4′ of ring ‘A’ and 3,4,
position of ring ‘B’, whereas butin have three hydroxyl group sub-
stituted at 3′,4′ of ring ‘B’ and at position 7 of ring ‘A’ (Fig. 5A).

The cyclic voltammogram (CV) studied for 1.0mM butein and butin
using Au-screen printed electrode in 0.1M PBS solution of pH 7.2 at a
scan rate of 0.1 Vs−1 is illustrated in Fig. 5B. The first anodic peak
potential (Epa1) appeared at +0.73 V with a low current intensity is
attributed to the resorcinol type OH group (2′ and 4′) in the ‘A’ ring of
butein [42,46,47]. Anodic peaks at +0.93 V (Epa2) and +1.4 V (Epa3)
are ascribed to the oxidation of catechol type OH group at the position 3
and 4 in the ‘B’ ring of butein. The characteristic single broad cathodic

peak potential (Epc1) centered at +0.37 V is corresponding to the re-
duction of quinone species. Unlike butein, CV study of butin exhibit a
single anodic peak potential which is moderately broader than Epa2 of
butein, centered at +0.94 V. The reduction peak potential for butin is
observed at less positive potential +0.25 V. Mechanism behind this
redox peak potential could be related to the specific solvation effect on
the hydroxyl moieties. Earlier studies have reported that phenolic
groups in B-ring undergo oxidation reaction at lower potential com-
pared to the OH-group of A-ring [45,47]. The reversibility is also re-
levant to the electron delocalization magnitude in para and ortho po-
sitions, which could mediate the stabilization of phenoxy radicals and
minimizes the necessity of overpotential [46,47]. Similar to isoflavones,
butin structure is slightly acidic compared to butein owing to the ex-
istence of three hydroxyl group. It is assumed that the intermediates
generated from phenoxy radicals at A and B ring reduces at lower po-
tential owing to the fact of inherent electron/proton donor ability.
Fig. 5C and E represents the CVs of butein and butin at different scan
rates (0.01–0.1 Vs−1). The significant enhancement in the oxidation/
reduction reaction peak current was in relation to the scan rate (Fig. 5D
and F) and the linear relationship for CVs of butein was found to be
0.97 (Ipa) and 0.98 (Ipc) and butin was found to be 0.99 (Ipa) and 0.99
(Ipc). Fig. 5D anodic peak current linearity trace is attributed from the
Ipa2 at +0.93 V of Fig. 5C.

Fig. 6A represents the CVs of 1mM butein in PBS at different pH. As
can be seen the Epa1 at +0.73 V is weakly expressive at pH 4–6, while at
pH 7–9 the peak current is moderately increased. Particularly, the
overall anodic peak current intensity of butein at pH 8 is superior
compared to pH 7 and 9. It is also worth mentioning that with increase
of pH the inherent Epa2 and Epa3 at +0.93 V and +1.4 V (ascribed to the
quinone species) are continuously shifting toward the higher positive
potential region. This transition perhaps related to the deprotonation
and protonation of the phenoxy radicals exist at the ‘B’ ring of butein.

Transformation of oxidized quinone moieties into semiquinone and
hydroquinone, upon sequential reduction reaction is observed to be pH
dependent [48,49]. Fig. 6B illustrates the pH dependent CV behavior of
butin samples. It can be observed that alteration of electrolyte's pH from
4 to 9 have no significant influence on the anodic peak potential of
butin except minimal changes in the peak current intensity. Whereas,
the cathodic peak potential have noticeable shift in the positive region
with respect to increase of pH. For instance, at pH 4 Epc of butin was at
+0.17 V, while at pH 5 and 6 it is shifted to +0.24 V and +0.22 V,
respectively. From pH 7–9 there were no major changes in the cathodic
peak potential (+0.26 V) and current. This observation perhaps related
to the structural integrity of electroactive hydroxyl group position in
the butin moiety. The molecular behavior relevant to protonation and
deprotonation of phenoxy radicals located at position 7 of ring ‘A’,
position 3′ and 4′ of ring ‘B’ is governed by interfacial phenomena.
Reports have discussed that molecular orientation of quinone redox
species, from other polyphenol, and its specific interaction at electrode
interface are dependent on various interfacial phenomena such as po-
larity of the solvents, intra or intermolecular hydrogen bonding of
neighboring group, presence of acidic or basic additives and ion pairing
[50].

In order to explore the direct electrochemical detection feasibility of
pure butein and butin, herein, a fundamental CV study on different
concentrations were tested using Au-screen printed electrode (SPE) as
the working interface in the optimal potential region +0.0 V to +1.5 V.
As shown in Fig. 7A, the anodic peak current increases with increasing
concentration of butein. Similarly, butin redox behavior is also sig-
nificantly distinguishable with increase of concentrations (Fig. 7B),
indicating the direct electron-transfer at the electrode interface. Ob-
served experimental results suggest that the bare Au-SPE is capable of
discriminating the inherent structural integrity of butein and butin.
Mainly, the existence of electroactive hydroxyl groups makes this group

Fig. 4. PL spectra of (A) butein and butin. Effect of solution pH over the PL
emission of the (B) butein (at λex= 378 nm) and (C) butin (at λex= 382 nm).
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of flavonoids unique and fingerprinting them using modern electrode
materials could extend their real-time application in phytochemical
industries. Further, demonstration on optical (UV–vis absorbance and
PL emission) and electrochemical functionality of this clinically im-
portant polyphenols not only provides their structural property but also

exposed the new materials function similar to inorganic/organic plas-
monic nanostructures. Perhaps the observed inherent photo-
luminescence and redox behavior of butein/butin are potential for ex-
ploration toward in situ bioimaging and biosensor.

Fig. 5. (A) Chemical structure of butein and butin. (B) Cyclic voltammogram of butein (1mM) and butin (1mM) in 0.1M PBS buffer (pH 7.2), scan rate 0.1 Vs−1. (C)
Cyclic voltammograms of (C) butein and (E) butin at different scan rates (0.01–0.1 Vs−1) and (D and F) the corresponding plots of peak currents against scan rates.

Fig. 6. CVs of (A) butein and (B) butin measured at Au-screen printed electrode (Au-SPE) in 0.1M PBS with respect to various pH conditions.
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4. Conclusion

Chalcone and flavanone types of polyphenols are chemically syn-
thesized. UV–vis absorbance studies demonstrated the distinct π→ π*
and n→ π* transition bands of butein and butin. FT-IR and 1H NMR
results evidenced the structural integrity of butein and butin related to
chalcone type C]O and flavanone type C-O-C stretch. Topography of
butein and butin powder samples visualized from SEM supports that the
chemically synthesized polyphenols resembles crystal-like structure. PL
spectral analysis revealed that both butein and butin exhibit well re-
solved visible light (blue and green) emission bands in aqueous en-
vironment. pH dependent PL studies enabled that butein and butin
samples exhibit better emission signals at pH 4–5 and 7, respectively.
Primitive cyclic voltammetric investigations on butein/butin samples at
Au-SPE interface suggest that their redox behavior are distinct governed
by the location of electroactive OH groups at ring ‘A’ and ‘B’. Transition
of phenoxy radicals of butein/butin generated during the redox reac-
tions evaluated under various pH are useful for sensor studies.
Fundamental direct electron-transfer reaction of butein/butin demon-
strated at the interface of Au-SPE may find potentiality for cost-efficient
and rapid validation of polyherbal formulation constituting chalcone/
flavanone.
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