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Abstract:  Interaction of substituted chalcone derivatives, 4-phenylbut-3-en-2-one, (E)-3-(4-hydroxyphenyl)-

1-phenylprop-2-en-1-one and 3-(2-hydroxyphenyl)-1-phenylprop-2-en-1-one with the semiconductor 

nanoparticles such as TiO2 and ZnO were studied by UV-VIS absorption, fluorescence spectroscopy, FT-IR, 

and Cyclic Voltammetry. The Global chemical reactivity descriptor (GCRD) parameters, HOMO, LUMO, 

energy gap, and Molecular electrostatic potential (MESP) plots were obtained for the chalcone derivatives 

using DFT, B3LYP level, 6-311G basis set in Gaussian 09W. Benesi-Hildebrand plots were used to 

understand the stoichiometric interactions between chalcone derivative and semiconductor nanoparticles. All 

three chalcone derivatives exhibit fluorescence enhancement in the presence of semiconductor nanoparticles. 

Chalcone derivative, 3-(2-hydroxyphenyl)-1-phenylprop-2-en-1-one shows the selective response to TiO2 and 

ZnO in acetonitrile solvent. The energy gap value determined from Cyclic Voltammogram is very close to 

the value obtained from the DFT computation. From the spectroscopic and DFT computational study, these 

chalcone derivatives have potential applications in nonlinear optics.          

 

Index Terms - fluorescence enhancement; chalcone derivative; energy gap; chemical reactivity; 

computation  

1.INTRODUCTION 

 

Chalcone derivatives are known for their antimicrobial, antitumor, anti-HIV, anti-malarial, anti-

inflammatory, and anti-carcinogenic activities. Apart from their wide application in the fields of biology 

and medicine, they are also exploited in photorefractive polymers, holographic recording materials, and 

also as fluorescent sensors for detecting toxic metal ions [1]. Bromo and methyl-substituted chalcone 

derivatives are preferred in nonlinear optics (NLO) compared to inorganic molecules because they are 

easy to synthesize, damage resistant,  and ultrafast in response [2]. The global chemical reactivity 

descriptor parameters determined from the DFT study indicate that 1,3-diphenyl-2-propen-1-one 

chalcone and its derivatives are stable and hence these derivatives have application in nonlinear optical 

materials [3]. The chalcone’s aggregation-induced enhanced emission (AIEE) property with Donor-π-

Acceptor architecture has numerous optoelectronic applications. Chalcone derivatives with electron-

donating functional groups increased the emissive efficiency. As hydrogen can be easily replaced in 

chalcone derivatives, they are used to design optical sensors, solar cells, and liquid crystals [4]. 

Chalcone derivatives are preferred in photo initiation systems (PIS) because they absorb light in the uv-

vis region [5]. The Chalcone derivative, KCP, is a very sensitive and selective fluorescent probe for 

detecting highly toxic thiophenol. KCP exhibits 160-fold fluorescence enhancement and a large Stokes 

shift of 130 nm in the presence of thiophenol [6]. The excess consumption of aluminium may be 

responsible for Parkinson’s and Alzheimer’s diseases in human beings. The Chalcone-based 

nanoparticle, Trans-3-(9-Anthryl)-1-phenylprop-2-en-1-one (APPONPs) exhibits fluorescence 
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enhancement in the presence of Al3+ [7]. The variation in glutathione level may be responsible for 

several diseases, a pyrene chalcone derivative, 1-(2-hydroxyphenyl)-3-(1-pyrenyl)-2-propen-1-one, 

exhibits blue fluorescence enhancement for glutathione in methanol-water solution [8]. Non-linear 

optical properties of chalcone derivatives can be exploited in designing photonic devices which have 

wide applications in optical telecommunication, optical computing, and optical switching [9].  

Similar to chalcone derivatives, nanoparticles are preferred in electronics, non-linear optics, energy, 

and catalysis [10][11]. The organic molecules exhibit fluorescence enhancement in the presence of Au 

NPs and the efficiency of dye-sensitized solar cells is increased in the presence of Au NPs [12][13]. 

Titanium dioxide (TiO2) nanoparticles are the most preferred semiconductor NPs compared to other 

NPs because of their stability and low cost. They have wide applications in photo-electrochemical 

devices such as solar cells, biosensors, chemical sensors, biodiesel production, and in gas sensors. The 

TiO2 NPs increase the therapeutic efficiency in drug delivery. Titanium dioxide is an n-type 

semiconductor with a wide energy band gap of 3.23 eV. The anatase phase of TiO2 is preferred in dye-

sensitized solar cells because of its high electron mobility [12-16]. The fluorescence enhancement 

property of polyethylene glycol-modified titanium dioxide nanoparticles is used in the diagnosis of 

cancer tissue [15].  

Zinc oxide (ZnO) nanoparticle is also an n-type semiconductor with a wide band gap of 3.37 eV 

and a binding energy of 60 MeV. ZnO NPs are used in the design of LASER, as a photocatalyst, in 

sensors, and also in solar cells. Chalcone doped with ZnO NP is found to be useful in optoelectronic 

devices [16]. ZnO NPs are highly fluorescent and are applied in cancer cell imaging and photodynamic 

therapy [17]. The nano crystalline ZnO enhances the fluorescence intensity of the organic compound 

imidazole hence, this imidazole acts as a chemosensor for Zn2+ ions [18].  

From the literature, it is confirmed that chalcone derivatives, TiO2 and ZnO nanoparticles are 

exploited in optoelectronic and photonic devices because of their interesting non-linear optical 

properties hence in the present investigation, chalcone derivatives, 4-phenylbut-3-en-2-one (SC2), (E)-

3-(4-hydroxyphenyl)-1-phenylprop-2-en-1-one (SC3) and 3-(2-hydroxyphenyl)-1-phenylprop-2-en-1-

one (SC4) were chosen to study their optical properties in the presence of semiconductor nanoparticles, 

TiO2 and ZnO using various spectroscopic methods. Theoretical DFT computations were carried out 

using B3LYP level, 6-311G basis set in Gaussian 09W.  

 

 2. MATERIALS AND METHODS  

 

The chalcone derivatives, 4-phenylbut-3-en-2-one (SC2), (E)-3-(4-hydroxyphenyl)-1-phenylprop-

2-en-1-one (SC3) [4hydroxychalcone], and 3-(2-hydroxyphenyl)-1-phenylprop-2-en-1-one (SC4) 

[2hydroxychalcone] were synthesized in the Department of Chemistry, Karnatak Science College, 

Dharwad. HPLC grade solvents dichloromethane, acetonitrile, and dimethyl sulfoxide were purchased 

from Nice Chemicals (P) Kochi, Kerala. Semiconductor nanoparticles (NPs), TiO2, and ZnO were 

purchased from Sigma Aldrich. All these solvents and NPs were used without any further purification. 

For absorption and fluorescence studies, the concentration of chalcone derivatives was fixed at 1×10-5 

M. The absorption spectra of chalcone derivatives without and with the increasing concentration of the 

above mentioned NPs were recorded using the UV–Visible absorption spectrophotometer model: 

JASCO-V-670. The fluorescence spectra of samples were recorded using the spectrofluorometer model: 

Hitachi F-7000. The spectrofluorometer has a 150W Xenon lamp. Excitation and emission slit widths 

were maintained at 5 nm. The quartz cell of 1 cm width was used for recording absorption and 

fluorescence. The fluorescence intensities of these chalcone derivatives were recorded by exciting the 

chalcone derivatives at their respective absorption maxima. To understand the nature of the interaction 

between chalcone derivatives and the NPs [19], FT-IR spectra of chalcone derivatives, and NPs were 

recorded using the FT-IR spectrometer model: Nicolet 6700 FT-IR. Chalcone derivatives were 

synthesized according to the following method: Initially, a solution of ketone (10 mM) and aldehyde 

(10 mM) was prepared, stirred for 10 minutes, and BF2. OEt2 (2.5 mM) was gradually added at room 

temperature. Dry dioxane (3mL) was used as a solvent. The solution was stirred for 120 min at room 

temperature, subsequently washed with acidified water (2 mL), and the organic phase was extracted 

with ethyl acetate. The organic phase obtained was dried over anhydrous Na2SO4 and concentrated 

under reduced pressure. The chosen chalcone was purified by chromatography. The structures of 

chalcone derivatives SC2, SC3, and SC4 are shown in Fig. 1(i), (ii), and (iii) respectively. 
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                     Fig.1. Structure of chalcone derivatives (i) 4-phenylbut-3-en-2-one (SC2) (ii) (E)-3-(4-

 hydroxyphenyl)-1-phenylprop-2-en-1-one (SC3) (iii) 3-(2-hydroxyphenyl)-1-phenylprop-2-en-1-one (SC4) 

 

 

        3. RESULTS AND DISCUSSION 

 3.1 Analysis of UV-VIS absorption Spectra  

         The absorption spectra of chalcone derivatives, SC2 and SC4 were recorded separately at room 

temperature without and with an increasing concentration of TiO2 and ZnO NPs in acetonitrile (MeCN) 

and dichloromethane (DCM) solvents. Whereas the absorption spectra of SC3 alone and with the 

increasing concentration of the above- mentioned NPs were recorded in acetonitrile and dimethyl 

sulfoxide (DMSO) solvents because SC3 is not soluble in DCM. Fig. 2 depicts the absorption spectra 

of a chalcone derivative, SC2, without and with increasing concentrations of TiO2 NPs in acetonitrile. 

The absorption spectra of SC3 without and with the increasing concentrations of ZnO NPs in acetonitrile 

are shown in Fig. 3.The absorption maximum of SC2 is at 275 nm and that of SC3 is at 337 nm. The 

Chalcone derivative, SC4, has two absorption maxima, one at 298nm and the other at 408nm. The 

concentration of the NPs for the absorption measurements varied from 0.33 mM to 1.65 mM. It is 

observed from the absorption spectra that the absorption intensity increases with the increasing 

concentration of NPs, but there is no shift in the absorption peak with the increasing concentration of 

NPs Hence, the ground state complex is not formed between chalcone derivative and NP [20]. To 

understand the stoichiometry of nonbonding interactions between chalcone derivative and NP, the 

association constant can be calculated using the Benesi-Hildebrand equation Eq. (1)[21][22][23].   

                    

                  
 QKa

C

a 






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                                                                                                          (1) 
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                                              Fig.2 Absorption Spectra of chalcone derivative SC2 in the absence and with the  

                                                           increasing concentrations of TiO2 NPs in acetonitrile (MeCN)  

 

 
         

                                        

 

                                     Fig.3 Absorption Spectra of chalcone derivative SC3 in the absence and with the increasing 

concentrations of ZnO NPs in acetonitrile (MeCN) 

 

        Here, C is the concentration of the chalcone derivative, ∆𝑎 is the difference in the absorbance of 

the chalcone derivative in the absence and the presence of NPs at the absorption maxima. Δε is a 

change in the molar extinction coefficient, Ka is the association constant, and [Q] is the 

concentration of the NPs. Fig. 4(i)-(iii) show the plots of C/∆𝑎 against 1/ [TiO2] for the chalcone 

derivatives SC2, SC3, and SC4, where [TiO2] is the concentration of TiO2 NPs. The plots of C/∆𝑎 

versus 1/ZnO] for chalcone derivatives and ZnO NPs are shown in Fig. 5(i)-(iii). The association 

constant Ka is calculated using the intercept and slope of the Benesi-Hildebrand plot for all the 

above-mentioned chalcone derivatives and NPs. The values of the association constant for these 

chalcone derivative-NPs systems are shown in Table 1. The stoichiometric interaction is 1:1 

between SC2 and NPs in both solvents. 1:2 interactions are observed for SC3-NPs, except in 

acetonitrile in the presence of TiO2 NPs. The type of interaction is 1:1 for SC4, except in DCM 

solvent in the presence of ZnO NPs. 1:2 interactions are observed when Benesi-Hildebrand plots 

have negative intercepts and the plot of C/∆𝑎 versus 1/[Q]2 is linear with the positive intercept for 

SC3-TiO2 in DMSO and for SC3-ZnO in acetonitrile and DMSO and for SC4-ZnO in DCM solvent 

[21]. From the analysis of Benesi-Hildebrand plots, it is confirmed that there is strong interaction 

between chalcone derivative and nanoparticle. Gibb’s free energy change ΔG for the reaction is 

calculated at room temperature (300K) using Eq. (2). Where Ka is the association constant, T is 

absolute temperature and R is gas constant. The values of ΔG are shown in Table. 1. The negative 

values of ΔG indicate that the process is spontaneous [21].   
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                      aKRTG ln                                                                                                                  (2) 

 

 

 
 

 

 

Fig.4 (i)-(iii) The Benesi-Hildebrand plot [C/Δa against 1/[TiO2]] of chalcone derivatives SC2, SC3, and 

SC4 with TiO2 NPs in acetonitrile (MeCN), dimethyl sulfoxide (DMSO), and dichloromethane (DCM) 

solvents  
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  Fig.5 (i)-(iii) The Benesi-Hildebrand plot [C/Δa against 1/[ZnO]] of chalcone derivatives SC2, SC3, and 

SC4 with ZnO NPs in acetonitrile (MeCN), dimethyl sulfoxide (DMSO), and dichloromethane (DCM) 

solvents 

 

 

  Table. 1. The values of association constant Ka determined from Benesi-Hildebrand plots  using absorption 

data and the values of free energy change ΔG  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

 

 3.2 Analysis of FT-IR spectra 

The absorption spectra of chalcone derivatives in the presence of NPs indicate that there is no 

ground state complex formation, but the association constant determined from the Benesi-Hildebrand 

plot shows that there is strong interaction between chalcone derivative and NPs. Since the UV-VIS 

absorption study was not enough to understand the nature of bonding between chalcone derivative and 

NPs, FT-IR spectra of chalcone derivatives and chalcone derivatives in the presence of NPs were 

recorded. Fig. 6 (i)-(iii) shows the FT-IR spectra of SC2, SC2-TiO2, and SC2-ZnO respectively. C=O 

stretching frequency for SC2 appears at 1712.69 cm-1 (Fig. 6(i)) and in the presence of TiO2 NPs, C=O 

stretching frequency shifts to 1710.09 cm-1, shown in Fig. 6(ii) and C=O stretching frequency shifts to 

1711.56 cm-1 in the presence of ZnO, as shown in Fig.6 (iii). The decrease in C=O stretching is due to 

the coordination of NPs with the C=O group. The C=O stretching for SC3 appears at 1649.95 cm-1 and 

for SC4 at 1634.62 cm-1. The significant shifts in C=O stretching frequency were not observed for SC3 

and SC4 in the presence of TiO2 and ZnO NPs because of the coordination of metal oxides with the OH 

group and N with the C=O group.  

Chalcone 

Derivative 

Nanoparticle Solvent Association 

constant 

           Ka M-

1 

Stoichiometric 

ratio 

ΔG 

kJ mol-1 

SC2 TiO2 MeCN 264.64 1:1 -13.91 

DCM 85.98 1:1  -11.11 

ZnO MeCN 1078.64 1:1 -17.42 

DCM 3054.74 1:1 -20.01 

SC3 TiO2 MeCN 373.47 1:1 -14.77 

DMSO 427.97 1:2 -15.11 

ZnO MeCN 295.43 1:2 -14.19 

DMSO 252.31 1:2 -13.79 

SC4 TiO2 MeCN 471.15 1:1 -15.35 

DCM 19.69 1:1  -7.43 

ZnO MeCN 547.25 1:1 -15.73 

DCM 3.36 1:2   -3.02 
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                                          Fig.6 (i) FT-IR Spectra of Chalcone derivative SC2 (ii) SC2-TiO2, (iii) and SC2-

ZnO NPs 

 3.3 Analysis of Fluorescence Spectra 

  The fluorescence spectra of chalcone derivatives, SC2 and SC4 in the absence and with the 

increasing concentration of TiO2 and ZnO NPs were recorded separately in acetonitrile and DCM 

solvents, whereas the fluorescence spectra of SC3 in the absence and with the increasing concentration 

of TiO2 and ZnO NPs were measured in acetonitrile and DMSO solvents by varying the concentration 

of the NPs from 0.33 mM to 1.98mM. The fluorescence maximum of SC2 appears at 409nm. Hence, 

the large Stokes shift of 134nm is observed in the case of SC2 [6]. SC2 exhibits fluorescence 

enhancement with the addition of TiO2 and ZnO NPs. The fluorescence maximum of chalcone 

derivative SC3 appears at 400 nm in acetonitrile and 426 nm in DMSO. Fluorescence enhancement is 

observed for SC3 with the increasing concentration of TiO2 and ZnO NPs. The fluorescence of chalcone 

derivative SC4 has a double peak, one at 363nm and the other at 470nm. The fluorescence intensity of 

SC4, corresponding to 363nm, decreases with the increasing concentration of NPs only in acetonitrile 

solvent, but in DCM solvent, such a fluorescence quenching effect is not observed. The fluorescence 

intensity of SC4 at 470 nm increases with the increasing concentration of NPs. The fluorescence spectra 

(i) 

(ii) 
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of SC2 and SC4 with increasing concentrations of TiO2 NP in DCM solvent are shown in Fig. 7(i)-(ii). 

The fluorescence spectra of chalcone derivatives SC3 and SC4 in acetonitrile solvent with increasing 

concentrations of ZnO NPs are shown in Fig. 8(i)-(ii).  

 

 
 

     Fig.7 (i) Fluorescence spectra of chalcone derivative SC2 in dichloromethane (DCM), and (ii) SC4 

in dichloromethane (DCM) in the absence and with the increasing concentration of TiO2 NPs 

 
 

         Fig.8 (i)-(ii) Fluorescence spectra of chalcone derivatives SC3 and SC4 in acetonitrile (MeCN) in 

the absence and with the increasing concentration of ZnO NPs 

 

 

The plot of the difference in the fluorescence intensity ΔF of chalcone derivative in the absence and 

with the increasing concentration of TiO2 and ZnO NPs, against the concentration of NPs for chalcone 

derivatives SC2, SC3 and SC4 in all the above-mentioned solvents are shown in Fig. 9(i)-(iii) and Fig. 

10(i)-(iii) respectively [6][7][15][24][13]. The correlation coefficient is very close to unity in all these 

plots and hence it is confirmed that the fluorescence of chalcone derivative is enhanced with the 

increasing concentration of TiO2 and ZnO NPs. 
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      Fig.9 (i)-(iii) Fluorescence enhancement plot (∆𝐹 against concentration of NPs[TiO2]) of SC2, SC3 and 

SC4 with TiO2 NPs in acetonitrile (MeCN), dimethyl sulfoxide (DMSO) and dichloromethane (DCM) 

solvents 

 
 

 
 

Fig.10 (i)-(iii) Fluorescence enhancement plot (∆𝐹against concentration of NPs) of SC2, SC3, and SC4 with 

ZnO NPs in acetonitrile (MeCN), dimethyl sulfoxide (DMSO), and dichloromethane (DCM) solvents 
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The association constant K is calculated using fluorescence data by plotting the graph 
 0

1

FF 
against

 Q

1
 according to the [25] Benesi-Hildebrand equation Eq. (3) 

       0max0max0

111

FFQFFKFF 






                                                                                       (3) 

Where F0 is the fluorescence intensity of a chalcone derivative in the absence of NPs, F is the 

fluorescence intensity of a chalcone derivative in the presence of NPs, Fmax is the maximum 

fluorescence intensity, K is the association constant, and [Q] is the concentration of the NPs. The plots 

 0

1

FF 
against

 2

1

TiO
 for chalcone derivative-TiO2 NPs are shown in Fig. 11(i)-(iii) and the plots of 

 0

1

FF 
against

 ZnO

1
 for chalcone derivative-ZnO NPs are shown in Fig. 12(i)-(iii). The association 

constant K is determined from the slope and intercept of the above-mentioned plots, and the values are 

shown in Table.2. It is observed that the association constant K does not depend on the polarity of the 

solvent. The fluorescence quenching of SC4 corresponding to the peak at 363nm in acetonitrile is 

analyzed using Stern-Volmer plots [26][27][28][29]. The S-V plots of F0/F against [Q] for SC4-TiO2 

and SC4-ZnO in acetonitrile solvent are shown in Fig. 13. Here, F0 is the fluorescence intensity of SC4 

in the absence of NPs and F is the fluorescence intensity in the presence of NPs. From the fluorescence 

study, it is confirmed that chalcone derivatives exhibit fluorescence enhancement in the presence of 

TiO2    and ZnO NPs. Hence they may be used in the design of non-linear optical material. 

 

 

 
         

   Fig.11 (i)-(iii) The plot of 1/ [F-F0] against 1/ [TiO2] for SC2, SC3 and SC4 in the presence of TiO2 NPs 

in acetonitrile (MeCN), dimethyl sulfoxide (DMSO), and dichloromethane (DCM) solvents 

 

http://www.ijcrt.org/


www.ijcrt.org                                                    © 2024 IJCRT | Volume 12, Issue 2 February 2024 | ISSN: 2320-2882 

IJCRT2402664 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org f642 
 

 

 
    Fig.12 (i)-(iii) The plot of 1/ [F-F0] against 1/[ZnO] for SC2, SC3 and SC4 in the presence of ZnO NPs in 

acetonitrile (MeCN), dimethyl sulfoxide (DMSO) and dichloromethane (DCM) solvents. 

 

 

 
Fig.13 Stern-Volmer plot F0/F against concentration [Q] for SC4-TiO2 and SC4-ZnO NPs in acetonitrile 

                 

 

 

 

 

 

                    Table. 2. The values of association constant K determined from the fluorescence data 
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Chalcone 

Derivative 

Nanoparticle Solvent Association 

constant K 

 M-1 

 

SC2 

TiO2 MeCN 437.74 

DCM 674.47 

ZnO MeCN 662.18 

DCM 361.88 

 

SC3 

TiO2 MeCN 696.84 

DMSO 454.47 

ZnO MeCN 598.97 

DMSO 408.77 

 

SC4 

TiO2 MeCN 602.44 

DCM 463.88 

ZnO 
MeCN 143.53 

DCM 503.02 

 

 3.4. Quantum Chemical Calculations  

3.4.1. Frontier molecular orbitals 

The Frontier molecular orbitals such as highest occupied molecular orbit HOMO and lowest 

unoccupied molecular orbit LUMO were used to determine the optical and electronic property, and 

chemical reactivity of the molecule. The HOMO value gives electron donating ability and LUMO gives 

electron accepting ability [32]. The shape of a molecule determines its physical and chemical properties. 

The geometry optimization and energy minimization of the molecules SC2 SC3 and SC4 were achieved 

using DFT, B3LYP level, 6-311G basis set in Gaussian 09W. The optimized molecular geometries and 

the optimized ground state molecular structures showing the dipole moment vectors of SC2, SC3, and 

SC4 are shown in Fig. 14. The electronic structures and electron donor/acceptor capabilities of the 

molecules were estimated from frontier molecular orbitals, HOMO, LUMO (Fig. 15). The theoretical 

ground state dipole moment, EHOMO, ELUMO, and energy gap ΔE in gas and solvent phases were 

computed using B3LYP/6-311G (d)-IEF-PCM solvation model and are shown in Table 3a, 3b and 3c 

respectively. It is observed that the energy gap values estimated in the gas phase and solvent phases are 

very close to each other. The energy gap of SC3 and SC4 is small compared to SC2, hence SC3 and 

SC4 are more chemically reactive, soft, and polarizable compared to SC2 [9][33][34][35]. The energy 

band gap values estimated from the intersection of normalized absorption and fluorescence spectra 𝐸𝑔
𝑂𝑝𝑡

 

using the relation Eq. (4) [20] are shown in Table 3a.  

    

onset

opt

gE


1240
                                                                                                                                                                                                 (4) 

3.4.2. Global chemical reactivity descriptor (GCRD) parameters 

 The energy gap obtained from HOMO and LUMO values decide the chemical reactivity and 

polarizability of the molecule. Global chemical reactivity descriptor (GCRD) parameters can be 

determined from EHOMO and ELUMO values. The GCRD parameters are chemical hardness,

 
2

EAIP 
 , electronegativity 

 
2

EAIP 
 , chemical potential µ= -χ, chemical softness 

2

1
S  

and electrophilicity index 





2

2

 . Where –EHOMO = Ionization Potential (IP) and –ELUMO = electron 

affinity (EA). The GCRD parameters of SC2, SC3 and SC4 are shown in Table.4. The values of 

chemical hardness and chemical potentials of these molecules indicate that they are stable. The charge-

transferring capacity of a molecule is determined by chemical hardness. The value of electronegativity 

represents the ability of the molecule to attract electrons. The global softness indicates the capacity of 

the molecule to receive the electrons. The value of electrophilicity index ω for all the above-mentioned 

organic molecules is very close to 2 hence these molecules are electrophiles. The magnitudes of GCRD 

parameters such as hardness, negative value of chemical potential, softness and electrophilicity index 
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indicate that SC2, SC3 and SC4 are stable and hence may be useful in designing non-linear optical 

materials [3][32][33][36][37].   

3.4.3. Molecular electrostatic potential (MESP) plots 

Molecular electrostatic potential (MESP) plots are constructed for SC2, SC3, and SC4 using DFT-

B3LYP/6- 311G (d) model and are shown in Fig. 16. In MESP plots, red region indicates negative 

(nucleophilic) and blue region indicates positive (electrophilic) locations on the molecule. In all the 

three above-mentioned molecules, carbonyl group is moderately red indicating negative nucleophilic 

region [38].  

3.5 Electrochemical Analysis 

 The Cyclic Voltammogram of chalcone derivatives, SC2, SC3, and SC4 were recorded in acetonitrile 

solvent with TBAPF6 as a supporting electrolyte and are shown in Fig.17. The oxidation potential 

values of SC2, SC3, and SC4 were determined from the CV plots and the HOMO-LUMO energy levels 

were calculated from the following equations Eq.(5) and Eq.(6) [20][39][40] 

 

   44.4 Onset

OXHOMO EE                                                                                                              (5) 

    
opt

gHOMOLUMO EEE                                                                                                                 (6) 

 

The values of EHOMO, ELUMO and energy gap ΔE are shown in Table 5. EHOMO, ELUMO and energy gap 

ΔE values determined from the Cyclic Voltammogram are very close to the values estimated from the 

DFT computation.   

 

 
 

 
     

   Fig. 14. Optimized molecular geometry of  SC2, SC3, and SC4  
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Fig. 15 3D plots of HOMO-LUMO with energy levels of SC2, SC3 and SC4 

 

 

 

 
 

 

 
 

 

                                     Fig.  16 Molecular Electrostatic Potential 3D plots of SC2, SC3, and SC4 
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   Fig. 17 Cyclic Voltammogram of SC2, SC3, and SC4 in acetonitrile 

 

 

 

Table. 3a The values of Ground state dipole moment, molecular orbital energies (EHOMO, ELUMO) and energy 

gap (∆E) of SC2, SC3, and SC4 in gas phase and the value of energy gap 𝐸𝑔
𝑂𝑝𝑡

 obtained from the intersection 

of normalized absorption and fluorescence spectra 

 

 

Molecule 

Ground state 

dipole 

moment 

in debye 

 

EHOMO 

(eV) 

ELUMO 

(eV) 
∆Ea(eV) 

 

𝑬𝒈
𝑶𝒑𝒕

 

(eV) 

SC2 3.764 -6.654 -2.241 4.413 3.800 

SC3 4.226 -6.240 -2.370 3.870 3.420 

SC4 4.235 -6.323 -2.349 3.974 3.580 

 

 

 

Table-3b The values of Ground state dipole moment of SC2, SC3 and SC4 in different solvents 

 

 

 

Solvent 

Ground state dipole moment (µg) in debye 

SC-2 SC-3 SC-4 

Acetonitrile 4.989 6.821 5.958 

DMSO  4.178  

DCM 4.817  5.982 
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Table-3c The values of molecular orbital energies (EHOMO, ELUMO) and energy gap (∆E) of   SC2, SC3 and 

SC4 in different solvents 

 

 

Solvent 

SC2 SC3 SC4 

HOMO 

(eV) 

LUMO 

(eV) 

ΔE 

(eV) 

HOMO 

(eV) 

LUMO 

(eV) 

ΔE 

(eV) 

HOMO 

(eV) 

LUMO 

(eV) 

ΔE 

(eV) 

Acetonitrile -6.692 -2.363 4.328 -6.279 -2.580 3.698 -6.419 -2.637 3.782 

DMSO    -6.282 -2.581 3.701    

DCM -6.692 -2.363 4.339    -6.421 -2.641 3.779 

 

 

    Table. 4. The values of Global Chemical Reactivity Descriptor (GCRD) Parameters 

 

 

GCRD Parameters 

of chalcone derivatives 

 

SC2 SC3 SC4 

Ionization potential- IP (eV) 6.654 6.240 6.323 

Electron affinity- EA  (eV) 2.241 2.370 2.349 

Electro negativity- χ   (eV) 4.447  4.305 4.336 

Chemical potential- µ  (eV) -4.447  -4.305  -4.336  

Chemical hardness- ɳ  (eV) 2.206  1.935  1.987 

Chemical softness- S (eV)-1 0.226  0.258  0.251  

Electrophilicity- ω (eV) 2.015 2.224 2.180 

 

                            Table. 5. The values of HOMO-LUMO and Energy Gap ΔE obtained from the Cyclic

 Voltammogram   

 

 

Chalcone 

Derivative 

HOMO LUMO ΔE  eV 

SC2 -4.91 -1.13 3.78 

SC3 -5.47 -2.05 3.42 

SC4 -4.86 -0.924 3.94 

 

 

 

      

 

 

Conclusion: 

From the present investigation, the following conclusions can be drawn: 
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  Benesi-Hildebrand plot obtained from the UV-VIS absorption data indicates the strong interaction 

between chalcone derivative and semiconductor nanoparticles. 

 All three chalcone derivatives, SC2, SC3 and SC4, exhibit fluorescence enhancement in the presence 

of TiO2 and ZnO NPs. The association constant determined from the reciprocal plot of fluorescence 

data also confirms the strong interaction between chalcone derivatives and semiconductor nanoparticles. 

 According to the FT-IR study, a decrease in C=O stretching frequency of SC2 indicates coordination of 

NPs with the C=O group.  

 Chalcone derivative SC4 shows fluorescence quenching at 363nm and fluorescence enhancement at 

470 nm in the presence of TiO2 and ZnO nanoparticles in the acetonitrile solvent. 

  According to the DFT computation, Energy gap values are same in the gas phase and also in different 

solvents for all three chalcone derivatives. SC3 and SC4 are more chemically reactive, soft, and 

polarizable because they have a small energy gap compared to SC2.  

 The energy gap values determined from the intersection of normalized absorption and fluorescence 

spectra are very close to the values obtained from the cyclic voltammetric studies.  

 The global chemical reactivity descriptor (GCRD) parameters obtained from the DFT study suggest 

that all these chalcone derivatives are electrophiles and are stable.  

 The present study indicates that these chalcone derivatives have potential applications in the design 

of non-linear optical materials.  
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