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Abstract: Plant-mediated synthesis of nanomaterials has been increasingly practiced day by day due to 

its eco-friendly nature, simple method without using any hazardous chemicals and solvent. In the 

present study, we synthesized Titanium dioxide nanomaterials (TiO2 NPs) using sunflower leaves 

extract. The synthesized TiO2 NPs was confirmed by ultraviolet-visible (UV-Vis) spectroscopy, while 

morphology and size of the NPs were identified by Scanning Electron Microscopy (SEM); elemental 

composition of materials analyzed by using Energy Dispersive X-ray  (EDAX) analysis, and functional 

groups in plant extract identified by using Fourier Transform Infrared Spectroscopy (FTIR) analysis 

responsible for reducing and stabilizing of NPs, crystalline nature of NPs identification by using X-ray 

diffraction analysis (XRD), colloidal solution stability, the thermal stability of NPs noticed by dynamic 

light scattering (DLS) and thermo-gravimetric analyses. The synthesized green catalyst TiO2 NPs 

mediated novel Phenenthro [9,10-d imidazole derivatives(9a-e) have been successfully synthesized 

with good yields by reacting to 3-methyl-5-phenoxy-1-phenyl-1H-pyrazole-4-carbaldehydes with 9,10-

phenanthrene quinone and ammonium acetate. The structures of the synthesized molecules were 

characterized by NMRspectroscopy. The fluorescence property of the synthesized molecules (9a-e) in 

acetonitrile solvent was studied, and all the compounds showed good emission intensity. An in-silico 

molecular docking was performed on the synthesized molecules (9a-e) using aldose reductase as a target 

protein. Overall, studies indicate that compounds (9a-e)are promising in developing novel anti-diabetic 

drugs in the future. The synthesized molecules (9a-e) were further screened for antioxidant activity by 

DPPH radical scavenging method. 

Keywords: TiO2 NPs; 9,10-phenanthrenequinone; fluorescence study; molecular docking; antioxidant 

activity.  
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1.Introduction 

In recent decades nanomaterials have become very promising materials in 

nanochemistry because their smaller sizes with high surface areas provide enhanced catalytic 

activity compared to bulk materials. Predominantly, titanium dioxide nanoparticles (TiO2 NPs) 

have different applications in nanotechnology due to their good catalytic activity and biological 

applications such as antibacterial, antioxidant, and anticancer properties [1]. The properties of 

nanomaterials mainly depend on their size, shape, composition, and morphologies [2]. Cesmeli 

et al., (2019) reported TiO2NPs as an anticancer agent [3]. Sun et al., (2019) reported 

biosynthesis of TiO2 NPs for treating brain injury by an in-vitro toxicity study towards the 

central nervous system [4]. Anandgaonker et al. (2019) reported TiO2NPs in-vitro antibacterial 

activity against human pathogens such as gram-negative Escherichia coli (E. coli) and gram-

positive Staphylococcus aureus (S. aureus) strains [5]. Qi et al. (2017) generated a composite 

of acrylonitrile-styrene-acrylate (ASA) terpolymer/TiO2 cool materials for temperature-

resistant applications [6]. In recent years, the smaller size NPs have been focusing on 

modifying physical, chemical, and biological methods as these are expensive methods and 

require high temperature, pressure, and energy since other reagents and solvents used are 

potentially hazardous to the environment and biological systems. Therefore, an eco-friendly 

synthesis of nanomaterials that does not use hazardous toxic chemicals is needed urgently. 

Synthesis of nanomaterials using plants as a possible alternative method to physical and 

chemical techniques is considered nowadays due to the non-uses of non-toxic solvents and 

reagents during nanomaterials synthesis. The synthesis of metal/metal oxide nanomaterials 

using various plants extracts such as  Tephrosia purpurea leaves crude extract reported TiO2 

nanoparticles for antibacterial activity of Escherichia coli MTCC 40, Pseudomonas aeruginosa 

MTCC 2474, and Streptococcus pyogenes MTCC 44 by Babu N et al. 2020 [7]. Amanulla et 

al. (2018) reported TiO2 NPs using orange peel extract and its antibacterial, cytotoxicity, and 

humidity sensor applications [8]. Narasaiah et al. (2020) reported Zinc Oxide Nanoparticles 

(ZnO NPs) and their catalytic activity towards the degradation of methylene blue (MB) and 

methyl orange (MO) hazardous dyes and antioxidant activity [9]. Balaji et al. (2019) reported 

the synthesis of TiO2 NPs by using Eucalyptus globulus (E. globulus) aqueous leaf extract in a 

greener approach and their application for the synthesis of 4 H-pyran derivatives [10]. 
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Figure 1. Some drugs containing imidazole moiety 

The current research has been investigated to study the activity of antibacterial and 

antifungal organic molecules.Zvarych et al. (2020) developed four-component one-pot two-
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step facile synthesis of new 2-dithiocarbamate-N-(9,10-dioxo-9,10-

dihydroanthracenyl)acetamides(3a-n) and their antibacterial and antifungal effects [11]. 

Similarly, the synthesis of Imidazole/Thiazoles derivatives has become attractive in organic 

chemistry due to their versatile biological and medicinal applications as antimicrobial [12, 13], 

antifungal [14], HIV-1 integrase-LEDGF/P75 disruptors[15], anti-diarrheal activity [16], anti-

inflammatory agents [17] and antimicrobial agents [18]. The phenanthro imidazole derivatives 

are building blocks in some important molecules which show blue light-emitting properties 

[19]. Earlier several methods are available to synthesize phenanthro(9,10-d) derivatives under 

reflux conditions by the reaction of 9,10-phenanthrene quinone and p-diphenylamino 

benzaldehyde in the presence of ammonium acetate, and the synthesized compounds showed 

good fluorescence properties in different solvents. Based on a literature survey on applications 

of phenanthro imidazoles, we report herein the synthesis of phenanthro imidazole derivatives 

in reacting 3-methyl-5-phenoxy-1-phenyl pyrazole 4-carboldehydes with 9,10 phenanthrene 

quinone and ammonium acetate in the presence of TiO2 NPs as a catalyst in an acetic acid 

solvent. 

Over the last few decades, the imidazole nucleus has attracted ample attention from the 

scientific community due to its chemical and biological activities. For example, this nucleus is 

present in the structures of several natural products in the form of the essential amino-acid 

histidine or the form of alkaloids exhibiting antitumoral, anticancer (dacarbazine), 

antihistaminic (cimetidine), antiparasitic (metronidazole) (Figure 1), antihypertensive 

(losartan), and antibacterial activities. Great numbers of medicines contain the imidazole 

nucleus, including ketoconazole, which treats fungal infections, bacterial infections, and gastric 

ulcers. Due to their importance, it has become an attractive target for synthetic and medicinal 

chemists. Many synthetic methodologies have been developed for assembling and decorating 

the imidazole ring with various functional groups. Phenanthro imidazole nuclei are an 

important synthetic strategy in drug discovery. Many researchers have explained the above 

properties, so we will focus mainly on the anti-diabetic properties of phenanthro imidazoles by 

using docking studies against aldose reductase protein because diabetes being one of the 

fastest-growing diseases in recent years, with over 77 million. Therefore, to fight this condition, 

there is a need to make people aware of the right precautions to control the risk of diabetes. 

Aldose reductase (AR; ALR2; EC 1.1.1.21), a key enzyme in the polyol pathway, 

catalyzes nicotinamide adenosine dinucleotide phosphate (NADP)-dependent reduction of 

glucose to sorbitol, leading to excessive accumulation of intracellular reactive oxygen species 

(ROS) in various tissues of diabetes mellitus (DM) including the heart, vasculature, neurons, 

eyes, and kidneys. Currently, few drugs are able to counteract the development of the 

associated diabetic pathology. Therefore, the need to search for new drug candidates in this 

field appears to be critical. Therefore, in the present study, we aimed to investigate the anti-

diabetic activity of these synthesized compounds against the polyol pathway enzyme AR by 

using molecular screening studies. 

2. Experimental Section  

2.1. Materials and method. 

Fresh sunflower leaves (Helianthus annus L.) were collected at the Tungabhadra river 

area (Chilakaladona village), Andhra Pradesh, India. Titanium tetra-isopropoxide (TIP) and 

organic solvents were purchased from Sigma-Aldrich, India. All AR grade reagents were used 
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without purification. Distilled water was used as a solvent throughout this work. The 

completion of the reaction was monitored by thin-layer chromatography (TLC). The 1HNMR 

(at 400 MHz) and 13C NMR (at 100MHz) were characterized on Bruker Advance 400MHz 

spectrometer in CDCl3 solvent with TMS as internal standard. The fluorescence studies were 

carried out by using F-7000 FL spectrophotometer. The melting points were determined by the 

Elchem DT apparatus using a capillary tube after calibration with benzoic acid. 

Autodock vina and PyRx were used to carry out docking studies. In the present 

investigation, our synthesized compounds (9a-e) were subjected to virtual screening against 

the polyol pathway target protein aldose reductase to identify the drug binding affinity between 

the drug and the protein molecule in disease management. PyRx is a virtual screening software 

used to screen libraries of compounds against potential drug targets. Lamarckian Genetic 

Algorithm was used with the number of the parameters of the individual population is 1, the 

maximum number of energy evaluation is 25000, Top individuals to survive to next generation 

is 1, Gene mutation rate 0.02, Cross over rate is 0.8, Cauchy beta is 1.0, and GA window size 

is 10.0.The grid was set to whole protein due to the multi-binding pocket at X=14.0064, 

Y=16.9446, Z=14.3003, and dimensions (A0) at X=52.9291, Y=58.05914, and Z=87.0058. The 

best-docked conformation of ligand molecules was identified on the basis of the highest 

binding energy. Interactions between ligand and protein molecules were analyzed using PyMol 

software. 

2.2. Preparation of sunflower leaves extract. 

Aqueous extract of sunflower leaves was prepared using freshly collected leaves after 

surface cleaning and drying at room temperature in dust-free condition for one week. The dried 

sunflower leaves were crushed into powder form by using an electric mixer. About 3 gm of 

dried leave powder mixed with 100 mL of double distilled water at 70°C for 60 min. The 

appearance of the green color solution was observed and then cooled at room temperature, 

followed by the settlement of green precipitate in the beaker. This extract was filtered through 

Whatman No-1filter paper, and the obtained supernatant was stored at 4°C in the refrigerator 

for further use.  

2.3. Synthesis of TiO2 NPs by sunflower leaves extract. 

0.426 g TIF (0.05 M) was dissolved in 30 mL double distilled water. To the metal salt 

solution, 30 mL of sunflower leave extract solution was added drop-wise using a dropper under 

vigorous stirring at 60 °C for 3h until brownish green colored precipitation appeared. 

Subsequently, the solution was centrifuged at 4000 rpm for 30 min and then washed with 

double distilled water several times to remove any other impurities. The brownish-green 

colored precipitate was dried at 80ºC for 3h in a hot air oven and grounded well using mortar-

pestle and annealed at 400ºC for 3h. Subsequently, fine white color solid materials of TiO2 NPs 

were formed and stored for our study. 

2.4. Characterisation of TiO2 NPs. 

The optical properties of TiO2 NPs were characterized by using UV-visible analysis. 

TiO2 NPs was dispersed in water using an ultrasonic bath (Enertech ultrasonic bath) for 20 min 

and then analyzed for absorbance at room temperature using a UV-visible spectrophotometer 

(Shimadzu UV-2450). The bandgap energy (Eg) of TiO2NPs was determined using UV–Vis-
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NIR spectrophotometer (JASCO V-670). The organic functional groups of phytochemicals 

present in sunflower extract and capping on the surface of TiO2NPs were identified by 

Attenuated Total Reflection-Fourier Transform Infra-Red (ATR-FTIR) spectroscopy (JASCO 

ATR-FT-IR 4100) within wave number range of 500–4100 cm-1 at a resolution of 4 cm-1 using 

potassium bromide pellets. Crystalline nature of TiO2 NPs was identified by X-ray 

diffractogram (powder XRD, Bruker D8 advance) after coating TiO2NPs onto XRD grid, and 

diffractograms were recorded for the 2θ values of 10°-90° with a scanning rate of 4° min-1using 

CuKα radiation with a λmax of 1.54 Å. The dried TiO2NPs were mounted on carbon stubs after 

annealing and the pictures were captured using a scanning electron microscope (SEM-EDAX, 

Model JSM 6390- LV, JOEL, USA). The size, morphology, and elemental status of TiO2NPs 

were analyzed by energy dispersive X-ray analysis (SEM-EDAX). All experimental data 

obtained were investigated using origin Pro 8.5 SRO programming software (Origin Lab 

Corporation, USA). The electro-phoretic mobility of the colloidal dispersion of TiO2 NPs was 

analyzed by utilizing a Zetasizer Nano ZS (Malvern Instruments Ltd, UK) and converted into 

the zeta potential (mV) by applying the Henry equation.The stability of the TiO2 NPs was 

measured using Thermogravimetric Analysis (TGA) with an acceleration voltage of 100 kV 

(TGA-JOEL 2100F, Model JSM 6390 LV, JOEL, USA). 

2.5. General procedure for the preparation of phenanthro[9,10-d] imidazole derivatives. 

A mixture of 3-methyl-5-phenoxy-1-phenyl-1H-pyrazole-4-carbaldehyde 

derivatives(6a-e)(1mmol),9,10-phenanthrene quinone (7) (1mmol),TiO2NPs(70mg), 

ammonium acetate (2.5mmol) and acetic acid(5mL) was refluxed at 120°C for the stipulated 

time as mentioned in Table 2. After the completion of the reaction, which was confirmed by 

TLC, the reaction mixture was cooled to room temperature. The mixture was added to crushed 

ice. The formed solid product was allowed to stand for 30min, filtered off to dryness, and then 

the obtained solid product was purified by column chromatography over silica gel (60-

120mesh) followed by recrystallization with ethanol to afford the pure phenanthro imidazole 

derivatives. 

2.6. Antioxidant study of synthesized molecules. 

The DPPH radical scavenging activity was examined by the previously reported 

methods [20, 21]. The synthesized phenanthro imidazole derivatives (9a-e) and ascorbic acid 

(std) were subjected to serial dilutions (0.001 to 0.004mM). The 3mL of a compound solution 

was mixed with 1mL of 0.1mM DPPH solution. These solutions were incubated in the dark for 

a period of 30min, and the absorbance values were measured by using a UV-Visible 

spectrophotometer at 517 nm. From these absorbance values, we calculated the percentage 

inhibition of antioxidants by using the following formula as % of inhibition = [(AB-

AA)/AB]x100, where AB is the blank solution absorption, and AA is the test sample 

absorption. 
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2.7. Spectral data of the synthesized compounds (9a-e). 

2.7.1. 2-(3-methyl-5-phenoxy-1-phenyl-1H-pyrazol-4-yl)-1H-phenanthro[9,10-d]imidazole -

9a. 

White solid: m.p.180-182 °C:1H NMR (400 MHz, CDCl3) δ 1H NMR (400 MHz, 

CDCl3) δ 9.67 (s, 1H), 8.78 – 8.69 (m, 3H), 7.73 (t, J = 9.8 Hz, 3H), 7.62 (d, J = 14.4 Hz, 4H), 

7.43 (t, J = 7.3 Hz, 2H), 7.33 (t, J = 6.9 Hz, 3H), 7.10 (d, J = 7.1 Hz, 3H), 2.97 (s, 3H). 13C 

NMR (100 MHz, CDCl3):δ 156.1,149.6,145.7,142.1,137.7,137.3,130.7,129.3,128.5, 

128.1,127.5,127.3,126.7,125.3,125.1,124.6,124.2,123.3,122.6,122.5,120.3,115.4,101.5,77.4,7

7.1,76.8,15.2.  

2.7.2. (3-methyl-1-phenyl-5-(m-tolyloxy)-1H-pyrazol-4-yl)-1H phenanthro[9,10d] imidazole -

9b. 

White solid: m.p.-190-192 °C: 1H NMR (400 MHz, CDCl3) δ 1H NMR (400 MHz, 

CDCl3) δ 9.53 (s, 1H), 8.68 – 8.55 (m, 3H), 7.63 (t, J = 8.5 Hz, 3H), 7.54 – 7.46 (m, 4H), 7.32 

(t, J = 7.8 Hz, 2H), 7.21 (d, J = 7.1 Hz, 1H), 7.10 (t, J = 7.7 Hz, 1H), 6.80 (d, J = 8.6 Hz, 3H), 

2.85 (s, 3H), 2.19 (s, 3H). 13C NMR(100 MHz, CDCl3): 

δ156.1,149.4,145.7,142.1,141.1,137.6,137.1,130.3,129.2,128.4,127.9,127.3,127.1,126.6,125.

6,125.4,125.1,125.0,124.1,123.2,122.5,122.3,121.7,120.2,115.8,112.4,101.3,77.3,77.0,76.7,2

1.4,15.1. 

2.7.3. 2-(5-(4-chlorophenoxy)-3-methyl-1-phenyl-1H-pyrazol-4-yl)-1H-phenanthro[9,10 

imidazole (9c). 

Yellow solid: m.p.-185-187 °C : 1H NMR (400 MHz, CDCl3) δ 1H NMR (400 MHz, 

CDCl3) δ 9.63 (s, 1H), 8.62 (dd, J = 18.8, 7.9 Hz, 3H), 7.64 (t, J = 6.7 Hz, 2H), 7.57 – 7.48 (m, 

5H), 7.32 (t, J = 7.7 Hz, 2H), 7.21 (t, J = 7.2 Hz, 1H), 7.12 (d, J = 8.7 Hz, 2H), 6.87 (d, J = 8.7 

Hz, 2H), 2.83(s,3H).13CNMR(100MHz,CDCl3): δ154.4,149.3,145.2,141.7,137.3,137.2, 

130.3,129.6,129.3,128.4,128.0,127.6,127.2,126.7,125.6,125.3,125.1,124.2,123.2,122.5,122.4,

121.7,120.3,116.6,101.7,77.3,77.0,76.7.  

2.7.4. 2(5-(4-bromophenoxy)-3-methyl-1-phenyl-1H-pyrazol-4-yl)-1H-phenanthro[9,10 

imidazole) (9d). 

Yellow solid: m.p-182-184 °C : 1H NMR (400 MHz, CDCl3) δ 1H NMR (400 MHz, 

CDCl3) δ 9.75 (s, 1H), 8.73 (dd, J = 19.8, 7.0 Hz, 3H), 7.74 (d, J = 5.1 Hz, 2H), 7.67 – 7.61 

(m, 5H), 7.42 – 7.32 (m, 5H), 6.91 (d, J = 7.2 Hz, 2H), 2.93 (s, 3H).13C NMR (100 MHz, 

CDCl3)δ155.0,149.3,145.2,141.7,137.4,137.3,133.3,129.3,128.5,128.0,127.6,127.2,126.7,125

.7,125.3,125.2,124.2,123.2,122.6,122.4,121.7,120.3,117.0,101.7,77.3,77.0,76.7,14.9. 

2.7.5. 2(5-(4-methoxyphenoxy)-3-methyl-1-phenyl-1H-pyrazol-4-yl)-1H-phenanthro[9,10-

d]imidazole (9e). 

Yellow solid: m.p-176-178 °C : 1H NMR (400 MHz, CDCl3) δ 1H NMR (400 MHz, 

CDCl3) δ 9.65 (s, 1H), 8.69 (dd, J = 19.8, 8.2 Hz, 3H), 7.72 – 7.54 (m, 7H), 7.40 (t, J = 7.2 Hz, 

2H), 7.30 – 7.25 (m, 1H), 6.98 (d, J = 7.5 Hz, 2H), 6.77 (d, J = 7.2 Hz, 2H), 3.65 (s, 3H), 2.91 

(s, 3H).13C NMR (100 MHz, CDCl3)δ 156.3,149.8,149.4,146.2,142.1,137.6,137.2, 129.2, 
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128.4, 127.9, 127.3, 127.3, 127.1, 126.6, 125.6, 125.1, 125.0, 124.1, 123.2, 122.5, 122.4, 121.8, 

120.3, 116.3, 115.5, 101.2, 77.3, 77.2, 77.0, 76.7, 55.6, 15.1. 

3. Results and Discussion 

3.1. UV-Vis and XRD analyses of TiO2NPs. 

Initially, the formation of TiO2NPs was identified by UV-Visible spectroscopy, where 

the absorbance of the NPs dispersion was monitored at 200 nm to 800nm. Figure 2(A) displays 

the clear surface plasmon resonance (SPR) band at around 328.26 nm which confirms the 

formation of TiO2NPs. Optical bandgap energy of the synthesized TiO2NPswas determined by 

Tauc equation (I). 

α = C (hʋ-Eg)2...................(I) 

where, α is the absorption coefficient of TiO2 NPs, C is the constant, hʋ is thephoton energy 

and Eg is the optical band gap energy of TiO2 NPs respectively,Figure 2(B) denotes the UV-

Vis-DRS plot of the synthesized TiO2 NPs where a plot is drawn keeping hʋ as X-axis vs. Y-

axis as (αhʋ)2. The bandgap energy (Eg) of TiO2 NPs is calculated by using the formula (I) as 

3.18 eV, which suggests its semiconducting property. Similarly, Arunkumar et al. (2017) 

reported bandgap energy of spindle-like shape TiO2 NPs as 2.92 eV, which resembles our 

reported results [22]. 

X-ray diffraction study was performed to get information on the crystallinity nature and 

phase formation as well as purity ofTiO2NPs. Figure 2(C) displays the X-ray diffraction pattern 

of the synthesized TiO2NPs which shows characteristicreflections peaks at hkl values of (101), 

(004), (020), (121),(204), (116), (125) and (303) reflecting lattice planes corresponding to 

reflection at 2θ values of 25.68, 37.67, 48.11, 54.86, 62.82, 69.74, 75.12 and 82.89 respectively. 

The obtained diffraction pattern corresponds to anatase phase TiO2NPs with lattice parameter 

“a” of 4.09 Å.  

 
Figure 2. UV-visible and XRD analyses of TiO2 NPs; (A) Absorption spectrum of TiO2 NPs; (B) Band gap 

Enargy of TiO2 NPs ; (C) X-ray diffractogram of TiO2 NPs. 
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The (101)lattice plane is more intense because of its predominant orientation than other 

peaks, and the broad Bragg’s peaks indicate the formation of smaller crystallites. The obtained 

XRD pattern is compared with JCPDS data card (JCPDS N0: 96-901-5925), which confirms 

the crystalline nature of the synthesized TiO2NPs.The average crystallite size is calculated by 

using the following Scherrer equation (II):   

D = Kλ/β Cos (θ)   (II) 

where, D is the crystallite size of the NPs, λ is the X-ray wavelength (λ = 1.5406 Å), K is the 

Scherrer coefficient (0.891), β is the full width half maximum intensity (FWHM), and θ is 

Bragg’s angle (2θ). Estimation of the crystallite size on all the planes using Scherrer’s equation, 

inter-planar distance (d) and full width half maximum intensity (FWHM) is depicted in Table 

1. The average crystallite size is found to be 6.38 nm. Anandgaonker et al. (2019) reported the 

crystalline size of TiO2 NPs by electrochemical method in the range of 25 to 30 nm [23]. 

Table 1. The structure and geometric parameters of TiO2 NPs based on XRD analysis. 

2 Theta FWHM value d-spacing (Å) Cos(θ) Crystalline 

size (nm) 

25.39 1.01 3.46 0.97499 8.43 

37.67 1.41 2.34 0.94426 6.22 

48.11 1.11 1.88 0.91262 8.19 

54.86 2.01 1.67 0.88733 4.65 

62.82 1.52 1.47 0.85218 6.40 

69.74 3.86 1.34 0.81855 2.63 

75.12 1.61 1.26 0.79175 6.51 

82.89 1.38 1.15 0.74768 8.04 

   Average size 6.38 nm 

3.2. FT-IR study of TiO2 NPs. 

Figure 3 demonstrates the FTIR spectrum of the sunflower leaves aqueous extract and 

the synthesized TiO2NPs, which is used to investigate the bio-molecules present in sunflower 

leave aqueous extract responsible for the synthesis of TiO2 NPs and stabilization of NPs via 

surface capping of bio-molecules. Figure 3(B) displays the FTIR spectrum of the plant extracts 

with the vibration bands in the range of 400-4000 cm-1. The spectrum shows a predominant 

band at 3350.21 cm-1, which corresponds to –OH stretching frequency of poly-phenolic 

compounds, the band at 2938.46 cm-1corresponds to NH- stretching of amino acid, and the 

band at 2848.73 cm-1 corresponds to alkenes hydrogen ((–C=C–H) stretching vibration. A 

strong peak at 1622.86 cm-1 represents to (–C=C–) stretching vibration of alkenes. The peak 

located at 1399.85 cm-1 corresponds to carbon and nitrogen (–C–N) stretching vibration of 

amide. In the present spectrum, there was also a strong absorption band at around 1081.78 cm-

1 which attributes to carbon and oxygen and carbon (–C–O–C–) stretching vibration. The peaks 

below 1000 cm-1 correspond to the bending vibration of poly-phenols. Narasaiah et al. (2020) 

also reported identified poly-phenols related FTIR peaks in the plant extract [24]. Figure 3(A) 

demonstrates the FTIR spectrum of TiO2NPs where the vibration bands are located in the range 

of 400-4000 cm-1. The band at 433.63 cm-1 corresponds to the metal-oxygen (Ti-O) stretching 

vibration ofTiO2NPs, whereas there are no other peaks that suggest that the synthesized NPs 

are pure and crystalline in nature [25]. Also, Helmyet al. (2020) reported TiO2 NPs with metal 

and oxygen band stretching vibration around at 700-400 cm-1 noticed [26], which match our 

observation. 
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Figure 3. FTIR Spectra of (A) TiO2 NPs; (B) Sunflower leaf extract. 

 
Figure 4. SEM images of TiO2 NPs: (A) 1 μm scale magnification; (B) 100 nm scale magnification; (C) EDAX 

spectrum; (D) Particles size distribution histogram of TiO2 NPs. 
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3.3. SEM/EDAX with particles size Histogram. 

The synthesized TiO2 NPs were subjected for size and morphological investigation 

using Scanning Electron Microscope (SEM), which showed all-spherical TiO2 NPs Figure 4, 

suggesting clearly no agglomeration of NPs. Figure 4(A, B) displays the SEM images at 

different magnifications(1 μm and 100 nm). Figure 4(C) represents the elemental analysis of 

TiO2 NPsand EDAX spectrum shows the presence of Titanium and Oxygen with a weight 

percentage of 52.67% and 47.33% and atomic percentage of 27.10% and 72.90%, respectively. 

Since there is no impurity peak in the spectrum, the synthesized NPs are highly crystalline in 

nature. Figure 4(D), corresponding to the histogram of TiO2 NPs clearly indicates that the 

majority of nanoparticles are in the range of 80-100 nm, which is calculated with the help of 

image J software, and the average particle size is around 84.21 nm with a standard deviation of 

30.33 nm. In the previous reports the size of the NPs was reported as around 100 nm with a 

spherical shape [27]. 

3.4. Colloidal solution stability and Thermal stability study of TiO2 NPs. 

The zeta potential is a key indicator for the stability of colloidal dispersions of 

TiO2NPs.  

 
Figure 5. Stability study of TiO2NPs: (A) Colloidal dispersion stability by dynamic light scattering (DLS); (B) 

Thermal stability by thermogravimetric analysis (TGA). 
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The electro-phoretic mobility of solution ions gives the charges which have an impact 

on the particle distribution. The magnitude of the zeta potential indicates the degree 

of electrostatic repulsion between adjacent, similarly charged particles in a dispersion resulting 

in the zeta potential of milli-volts (mV). The TiO2 NPs were dispersed in a water medium, and 

the zeta potential is found to be -33.7 mV Figure 5(A). The higher zeta potential value; its 

indicated to the highest is the electric charge on the surface of the NPs. The high intensity of 

the negative charge indicates that the TiO2 NPs are more stable. Thermogravimetric analysis 

(TGA) demonstrates the weight loss during the annealing of TiO2 NPs at high temperatures. 

Figure 5(B) clearly shows the total two-weight losses in the range of 30–800 °C. Initially, a 

maximum 2.942 % of the total weight loss was observed at 30-400 °C due to the expulsion of 

surface adsorbed water molecule and 2nd total weight loss is around 0.7904 % that was 

observed even at high temperature(400-800°C) due to terminal hydroxyl groups bonded to the 

surface of TiO2 NPs along with the removal of volatile products at a higher temperature. 

Finally, no further weight loss was observed. All organic residues were lost after annealing at 

around 500 °C and no further weight loss was there within 400-800°C in the TGA curve of 

TiO2 NPs, but pure crystallinity was achieved by heating at 800°C [28]. 

3.5. Application of TiO2 NPs. 

Compound (3) and compound (4) were prepared by using the previously reported 

method [29]. 3-methyl-5-phenoxy-1-phenyl-1H-pyrazole-4-carbaldehyde(6a),phenanthroline-

9,10-dione, and ammonium acetate were taken in 5 mL of acetic acid and stirred at room 

temperature for 12 h which yielded the product 2-(3-methyl-5-phenoxy-1-phenyl-1H-pyrazol-

4-yl)-1H-phenanthro[9,10-d] imidazole (9a) (23%) (Table 2). When the same reaction was 

carried out under reflux conditions for 6h in the presence of 20 mg of TiO2 NP in acetic acid, 

the desired product yield was 45% (Scheme1). 

 
Scheme 1. Synthesis of Phenanthro imidazoles. 

The yield of the product was improved considerably to 87% by using 70 mg of TiO2 NPs 

in acetic acid at 120°C Figure 6. Later we assessed the reaction by using the optimum 

concentration of the catalyst (70 mg) with several 3-methyl-5-phenoxy-1-phenyl-1H-pyrazole-

4-carbaldehyde derivatives (6a-e) in different solvents (Table 2). Afterward, several reactions 

that were carried out by using organic catalysts like PTSA, MK-10, CAN, and AIBN show 
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lower yields of 10-30% (data not shown). The other reaction conditions were 6a (1mmol), 

7(1mmol), ammonium acetate( 2.5mmol), TiO2NPs (70mg),acetic acid (5ml), and2h at 120°C. 

 
Figure 6. Physical data of the synthesized phenanthro imidazole derivatives with yields. 

Table 2. Optimization of reaction conditions for compound 9a. 

Entry TiO2NPs 

(mg) 

8 Temperature 

(ºC) 

Solvent Time (h) Yield (%) 

1 - NH4OAc RT Acetic acid 12 23 

23  20 ─ NH4OAcNH4OAc 120120  Acetic acid 

Acetic acid 

612 4532  

4 ─ NH4OAc 120 Acetic acid 12 32 

5 30 NH4OAc 80 Acetic acid 6 41 

6 30 NH4OAc 50 Ethylacetate 5 26 

7 40 NH4OAc 50 THF 3 39 

8  50 NH4OAc 100 Acetic acid 3 76 

9  70 NH4OAc 120 Acetic acid 2 87 

10  80 NH4OAc 80 Ethanol 12 62 

11 80 NH4OAc 50 DMF 10 51 

12 70  NH4OAc   55 Water 8  12  

 
Figure 7. UV-Visible spectrum of compound 9a in acetonitrile solvent. 
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3.5. Fluorescence studies. 

i) UV-Visible analysis: The UV-Visible spectrum of the synthesized compound (9a) 

was recorded in acetonitrile solvent in the range of 200 to 800nm, and the two excitation peaks 

appeared at 243 and 322nm Figure 7. 

ii) Fluorescence study: The fluorescence emission spectra of compounds (9a-e) were 

recorded in acetonitrile with an excitation wavelength of 322nm. The emission spectra of the 

compounds are shown in Figure 8. 

 
Figure 8. The fluorescence emission spectra of the compounds(9a-e). 

3.6. Molecular screening studies. 

In order to perform lead optimization, virtual screening studies were performed for 5 

synthesized phenanthro imidazole compounds drawn by chem-draw (www.chemdoodle.com), 

a commercially available tool. These five compounds such as 2-(3-methyl-5-phenoxy-1-

phenyl-1H-pyrazol-4-yl)-1H-phenanthro[9,10-d]imidazole, 2-(3-methyl-1-phenyl-5-(m-

tolyloxy)-1H-pyrazol-4-yl)-1H-phenanthro[9,10-d]imidazole,  2(5-(4-bromophenoxy)-3-

methyl-1-phenyl-1H-pyrazol-4-yl)-1H-phenanthro[9,10-imidazole), 2-(5-(4-chlorophenoxy)-

3-methyl-1-phenyl-1H-pyrazol-4-yl)-1H-phenanthro[9,10-imidazole and 2(5-(4-

methoxyphenoxy)-3-methyl-1-phenyl-1H-pyrazol-4-yl)-1H-phenanthro[9,10-d]imidazole 

showed lowest binding affinity values and all the five synthesized compounds obeyed Lipinski 

rule adequately represented in Figure 9. 

Table 3. Protein-ligand interaction, binding energies, bond distance, and bond angle of the best docked. ZINC 

compounds with (MurA) UDP-N-acetyl glucosamine 1-carboxyvinyl transferase. 

S.No Compo-

unds 

Protein-Ligand Interactions Distance Band 

Angle  

Binding 

Energy 
protein Ligand 

1 9a Asp306 CG-D1O H46N 2.6 141.3 -7.3 

Asp306 CG-D2O H47N 2.5 130.3 

Tyr329 CZ-HO H45N 2.1 96.9 

2 9b Arg121 CA-N O29C 3.5 132.8 -7.3 

Gly115 CO H32N 2.7 142.0 

3 9d Arg322 CG-D1O O30C 3.4 107.0 -6.8 

Asn23 CZ-NH2 HN34N 2.7 131.9 

4 9e Ser 125 CB-GO O32C 3.4 108.1 -6.8 

Leu91 C-O H37N 2.4 124.7 

5 9c Tyr329 CZ-HO H30N 2.3 115.1 -6.6 

Tyr329 CZ-HO HN32N 2.3 97.3 
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2-(3-methyl-5-phenoxy-1-phenyl-1H-pyrazol-4-yl)-1H-phenanthro[9,10-d]imidazole 

displayed three hydrogen bonding interactions, two bonds with the O atom of Asp306, one 

with the O atom of Thr329, and showed the best binding energy of -10.3 kcal/mol. Similarly, 

ZINC 3820559 showed the binding energy of -7.3 kcal/mol and displayed two hydrogen-

bonding interactions such as one with CO atom of Gly115 and one with N atom of Arg121, 

respectively. 2-(3-methyl-1-phenyl-5-(m-tolyloxy)-1H-pyrazol-4-yl)-1H-phenanthro[9,10-

d]imidazole showed binding energy of -7.3 kcal/mol which confers two hydrogen bond 

interactions with Asn23 and Arg121 respectively.2(5-(4-methoxyphenoxy)-3-methyl-1-

phenyl-1H-pyrazol-4-yl)-1H-phenanthro[9,10-d]imidazole showed similar binding energy of -

6.8 kcal/mol as above and displayed two hydrogen bonding interactions with Leu91 and Ser125 

respectively. 2-(5-(4-chlorophenoxy)-3-methyl-1-phenyl-1H-pyrazol-4-yl)-1H-phenanthro 

[9,10-imidazole showed binding energy of -6.8 kcal/mol and exhibited two hydrogen-bonding 

interactions with the Tyr329, respectively. 2(5-(4-bromophenoxy)-3-methyl-1-phenyl-1H-

pyrazol-4-yl)-1H-phenanthro[9,10-midazole) showed hydrophobic interaction with the best 

binding energy of -9.1 kcal/mol. ZINC 3978065 showed a binding affinity of -6.6 kcal/mol and 

displayed one hydrogen bonding interaction with Phe125. The docking study calculations 

showed that van der Waals, electrostatic, and desolation energies played a key role in binding. 

These factors are considered for designing new inhibitors for the enzyme aldose reductase. 

Figure 9. Interaction study of sorital dehydrogenase protein with the synthesized molecules. The green color 

indicates the ligand that is a triazole molecule, while blue color dots represent the bond length. 
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3.7. DPPH radical scavenging activity. 

Figure 10 represented the DPPH radical scavenging values of phenanthro imidazole 

derivatives were studied and compared. The absorbance values were measured by using a UV-

Visible spectrophotometer at a λmax of 517nm, and the results suggest that phenanthro 

imidazole derivative’s scavenging effect of DPPH radicals was increased with respect to its 

concentrations after measuring the % of inhibition at 0.001-0.004mM concentrations (Table 

4). In a similar way, Adoni M et al. (2021) reported the percentage of antioxidant activity of 

inhibition calculated [30], and the IC50 values were calculated, as represented in Table 4. In a 

similar way, Balaji et al. (2017) reported IC50 values calculation [31]. The obtained results 

show that the derivatives of phenanthro imidazoles show good antioxidant activity against 

standard ascorbic acid. The presence of substituents like Cl, Br on phenanthro imidazole 

derivatives (9c,9d) showed significant activity compared to other substituents like methoxy and 

methyl group (Table 4).  

Table 4. Percentage of inhibition and IC50 values of compounds (9a-e). 

Entry Compound % of  inhibition at different concentrations (mM) IC50 

0.001 0.002 0.003 0.004 

1 9a 50.31 65.01 77.05 82.00 0.836 

2 9b 50.06 63.75 75.66 78.70 0.863 

3 9c 51.58 65.65 78.20 80.86 0.727 

4 9d 51.33 65.90 79.84 79.59 0.784 

5 9e 48.79 63.11 75.41 78.83 0.978 

6 Std 60.45 71.60 72.87 97.08 0.515 

 
Figure 10. Scavenging effect of DPPH radicals and percentage of inhibition by the derivatives of phenanthro 

imidazoles. 

4. Conclusion 

Titanium dioxide NPs successfully were synthesized by a green route using sunflower 

leaves aqueous extract and characterized by various techniques to elucidate the size, 

crystallinity, and stability of NPs. The TiO2 NP crystallite size, which was approximately 6.38 

nm, was calculated by Scherrer equation after using XRD data, and particles were spherical 

with an average size of 84.21 nm, which was confirmed by SEM images. This is an exclusive 

route for the development of phenanthro-imidazole derivatives by TiO2 NPs with good yields. 
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The present protocol offers a simple workup and shorter reaction time with less cost. The 

synthesized compounds showed good fluorescence activity and antioxidant properties. Our 

docking results clearly suggest that the synthesized compounds are indicated as acceptable 

sorbital dehydrogenase antagonists, i.e., antihyperglycemic agents. 
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