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Abstract: In this study two chalcone diols namely DBHB, DBHE were synthesised by base catalysed Claisen-Schmidt
condensation method comprising 1-3 diacetyl benzene and varying benzaldehyde. The UV-Visible spectroscopy, Fourier
Transform Infrared spectroscopy was done to prove the formation of chalcone diols. Nuclear Magnetic Resonance spectroscopy
was applied to confirm the structural orientation. The optical band gap energy of DBHB, DBHE were done by UV-Visible
spectroscopy found to be 4.27 and 4.18 eV respectively. Thus the synthesised chalcone diols behave like a semiconductor

material.
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I. INTRODUCTION

Recently, many researchers provoke a multifunctional behaviour of chalcones, due to their bioactivity and optoelectronic
applications. Chalcones are o, unsaturated ketones consisting of three aromatic rings and are chemically known as
chalconoids[1]. It is used as a key precursor for organic synthesis[2]. Chalcones are widely used as biomedical applications[3,4]
like anti-inflammatory, anti-HIV, anticancer, antifungal, anti-obesity[5] and chemopreventive activity. Some of the natural
occurring chalcones are Ashitaba stem and leaves, edible fruits etc., The Ashitaba stem contains chalcone content that acts as a
detoxifying agent[6].

Image Courtesy: https://blog.strictlymedicinalseeds.com/ashitaba-stem(a), (b) leaves.

Reported biomedical applications of chalcones are as follows. Reuben Jonathan et al., (2007) studied the antibacterial
activity of synthesised polyesteramides[7]. Chitra et al., (2010) examined the antimicrobial activity of synthesised polyesters
containing chalcone[8]. Kothai et al., (2018) reported the cytotoxic activity of chalcone based copolyesters by MTT assay[9]
(Human Breast Cancer). Choi et al., (2018) evaluated the chalcone derivative for a therapeutic agent[10]. Mahapatra et al., (2019)
reported on the biomedical applications of chalcone based on the metal coordination compounds[11]. Kandaswamy et al., (2019)
studied the antimicrobial activity of the copolyesters with chalcone and biscoumarin moiety[12]. Tang et al., (2020) synthesised a
novel chalcone based bispiperazine linker and screened for the in vivo anti-inflammatory, cytotoxic activity[13].

Apart from the biomedical applications of chalcones, it is also fascinated in the field of optoelectronics[14] like Non-
linear optics[15], Langmuir films[16], Electrochemical sensing[17], Photosensitization[18], Ultrasonication[19], Solvent-free
solid-phase reaction[20]. Perundevi et al., (2015) synthesised random copolyesters with bischalcone moiety and examined their
photocrosslinking property[21]. Marioara Nechifor et al., (2016) studied the photosensitivity of chalcone chromophore into the
polymer backbone[22] and explained the dimerization of chalcone moiety. Sidharthan et al., (2017) reported the
photocrosslinking behaviour of the chalcone incorporated in the polyester and they found a nematic phase[23]. Kavitha et al.,
(2018) reported[24] the liquid crystalline property of the synthesised poly (ester amides). Chen et al., (2020) reported on the new
perspectives for the design of chalcone and efficient photo initiating property[25]. Hassen et al., (2020) synthesised chalcone

diols and studied their spectral properties[26].
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In this study, we report the synthesis of two chalcone diols namely DBHB, DBHE by base catalysed Claisen Schmidt

Condensation method. The spectral behaviour of the chalcone diols is an important key factor to understand the formation of
chalcones. The chalcones were analysed by UV-Visible, FTIR and NMR spectroscopy. The Bandgap energy of the chalcone diols
was also studied.

ILMATERIALS AND METHODS

1,3 diacetyl benzene, 3-ethoxy-4-hydroxy benzaldehyde, 4-hydroxybenzaldehyde, Ethanol of analytical grade were
purchased from Sigma Aldrich, Alfa Aesar.
2.1 Preparation of Chalcone Diols (DBHB)

The Chalcone diols were synthesised as follows by adopting the experimental Kohler and Chadwell[27]. 4 g of sodium
hydroxide pellets are dissolved in 36 mL of distilled water. 0.4189 mL of 1,3 diacetyl benzene is dissolved in 20 mL of ethanol.
The above two mixture is taken in a 250 mL RB flask and kept in a water bath. And then added 4-hydroxy benzaldehyde
dissolved in 20 mL of ethanol. The mixture is continuously stirred for 5 hours. After the reaction time, the above mixture is kept
in a refrigerator for one day. It is then filtered, washed with ethanol and dried at room temperature.

2.2 Preparation of Chalcone Diols (DBHE):

4 g of sodium hydroxide pellets are dissolved in 36 mL of distilled water. 0.4189 mL of 1,3 diacetyl benzene is
dissolved in 20 mL of ethanol. The above two mixture is taken in a 250 mL RB flask and kept in a water bath. And then added 3-
ethoxy-4-hydroxy benzaldehyde dissolved in 20 mL of ethanol. The mixture is continuously stirred for 5 hours. After the reaction

time, the above mixture is kept in a refrigerator for one day. It is then filtered, washed with ethanol and dried at room temperature.

I11. CHARACTERISATION

» UV-Visible Spectroscopy: The UV-Visible Spectroscopy is an important tool to analyse their absorption maxima either it’s
a bathochromic shift or hypsochromic shift. The chalcone diols were examined by Shimadzu UV -Visible Spectrometer. The
UV-Visible spectrum was recorded in the range of 200 to 600 nm using ethanol as a reference.

» Tauc Plot: A Tauc Plot is used to determine the optical bandgap energy. Using the UV-Visible spectral data enables to
characterise their optical properties of the chalcone diols.

»  Fourier Transform Infrared Spectroscopy: FTIR Spectroscopy is a technique used to identify the functional group of a
compound by producing an infrared spectrum. The samples were analysed by FTIR Spectrometer (Shimadzu). KBr
(Spectroscopic Grade) is typically used as the window material because it is transparent in the IR region between 4000 to
400 cm™.

»  Nuclear Magnetic Resonance Spectroscopy: It is used to examine their local magnetic field around the atomic nuclei. And
also provide information about the chemical structure of a compound. The NMR Spectroscopy of the chalcone diols by

using (Bruker) NMR spectrometer instruments.

IV. RESULTS AND DISCUSSION

The Chalcones were synthesized by the base-catalyzed Claisen Schmidt Condensation method.
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Scheme: 1 Structure of Chalcone DBHB
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Scheme: 2 Structure of Chalcone DBHE
4.1 UV-Visible Spectroscopy
Usually, the Chalcone derivatives have two main absorption maxima namely n-n” transition (bathochromic shift) and n-
n" transition (hypsochromic shift). The UV-Visible spectroscopy of the DBHB, DBHE are shown in Fig 1 & 2 respectively. The
UV-Visible spectrum of the chalcone diol DBHB the absorption maxima at 239 nm is due to the n-n" transition and the absorption
band at 365 nm which corresponds to the n-z" transition[28]. The two absorption band observed for the Chalcone confirms the
formation of DBHB.
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Fig 1&2 UV-Visible Spectrum of Chalcone diol DBHB, DBHE
But in the case of chalcone diol (DBHE) shows n-r” transition in three different wavelengths of 239, 279 and 289 nm.
This may be attributed to the increased oxygenation of the ethoxy group which results in the bathochromic shift only[29].
4.2 Tauc Plot
Using the UV-Visible spectral data, assigning the tauc plot of chalcones for calculating the bandgap energies[30,31].
The bandgap energy is calculated by the formula[14]

E=h
x

Where, h — Planck’s Constant, ¢ —Speed of light, 1 — Wavelength. Tauc Plot for the Chalcone diols DBHB and DBHE are shown
in Fig 3 & 4. The bandgap energy is observed in the range of 4.27 and 4.18 eV for DBHB, DBHE. Thus the band edge is fitted

with the UV-Visible spectral data revealing the semiconducting behaviour of the chalcone diols[32].
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Fig 3 Tauc Plot of Chalcone DBHB
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4.3 Fourier Transform Infrared Spectroscopy

The stretching vibrational frequency of the aromatic chalcones was analysed by FTIR spectroscopy [28]. The Fourier
Transform Infrared Spectroscopy of the chalcone diols DBHB, DBHE are shown in Fig 5 & 6 respectively. The FTIR Spectrum
of DBHB shows a characteristic absorption peak at 3248 cm corresponds to the OH stretching frequency. The FTIR peak at
1670 cm™ and 1606 cmis due to the presence of conjugated ketone.

The FTIR Spectrum of DBHE exhibit the absorption peak at 1627 cm™ indicates the presence of o, unsaturated ketone
which confirms the formation of chalcone diols[33]. The OH stretching frequency was observed at 3427 cm™.
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Fig5 & 6 FTIR Spectrum of DBHB, DBHE

4.4 NMR Spectroscopy

The 'H & 3 C NMR spectrum of chalcone diol DBHB was shown in Fig 7. The hydroxyl proton at 9.78 ppm is due to
the intramolecular interaction between the carbonyl group. The methoxy proton in the chalcone moiety was observed in the
ranges of 3.38 to 3.47 ppm[28]. The aromatic protons were observed at 6.94 ppm and the vinylic protons attached to the
carbonyl group were observed at 7.65 ppm[33,34]. In the 3C NMR spectrum, the carbonyl carbon was observed at 198 ppm and
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the aromatic carbons were observed in the range of 128 to 137 ppm.
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Fig 7 'H and ¥ C NMR spectrum of chalcone DBHB
The 'H and ** C NMR spectrum of chalcone diol DBHE were shown in Fig 8. The aromatic protons were observed at
6.88 ppm. The vinylic protons attached to the carbonyl group were observed at 7.54 ppm and the hydroxyl proton at 9.76 ppm due
to the intramolecular interaction between the carbonyl group[33,34]. The methoxy proton in the chalcone moiety in the ranges of
3.35to 3.46 ppm.

"H NMR (DBHE)

YIC NMR (DBME)

Fig 8 *H and *C NMR spectrum of chalcone DBHE

In the 3C NMR spectrum, the carbonyl carbon was observed at 196.57 ppm. The aromatic carbons were observed in the
range of 127 to 135 ppm.
V. CONCLUSION

The two chalcone diols namely DBHB, DBHE are synthesised by the base catalysed Claisen-Schmidt condensation
method. It is then characterised by UV-Visible, FTIR and NMR Spectroscopy. The optical properties of the chalcones were
examined by using UV-Visible spectral data, to find out the bandgap energy. Thus the bandgap energy of chalcone DBHB,
DBHE are found to be 4.27 and 4.18 eV respectively. The FTIR spectrum of DBHB, DBHE shows a characteristic peak at 1670,
1627 cm* corresponds to the C=0 group of the stretching frequency which confirms the formation of chalcones. To predict the
chemical structure, the two chalcones diols were analysed by H and *3C NMR spectroscopy. Thus, the synthesised chalcones can
be an excellent candidate in the field of optoelectronic applications.
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