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a b s t r a c t 

Organic Schiff base compounds with luminous characteristics are receiving attention and increasing de- 

mand for the imaging of latent fingerprints (LFPs) at crime scenes. Sb1 and Sb2 novel Schiff base het- 

erocyclic compounds were synthesized and confirmed by using analytical and spectroscopic methods. 

The existence of both donating and accepting groups influenced the appearance of absorption bands at 

longer wavelength and was recorded using UV-absorption and emission spectrum in solvent media. Com- 

pounds Sb1 and Sb2 emit at 576 nm and 646 nm in bathochromic shift respectively. The electrochemical 

properties were investigated using cyclic voltammetry. Quantum chemical parameters with vibrational 

frequency have been estimated in density functional theory (DFT), using TD-DFT/CAM (B3LYP) approach 

employing 6–311 ++ G (d, p) basis set in the ground state. Theoretical vibrational frequency values were 

specifically agreed to obtained experimental values. Furthermore, FMOs, MEPs, RDG analyses and Mul- 

liken atomic charges have been calculated. In addition, LFPs images were developed by powder dusting 

approach on specified materials using synthetic compounds and visualized under Visible and UV light. 

The level II and III properties of LFPs on the substrate were observed under light-medium with no back- 

ground interference, therefore these compounds are potential materials for electroluminescent, OLEDs 

and forensic science applications. 

© 2022 Elsevier B.V. All rights reserved. 

1. Introduction 

Latent fingerprints (LFPs) are used as physical evidence in crim- 

inal investigations because each person has different types of fin- 

gerprints. Generally, fingerprints are identified based on their level 

I and they are categorized into three levels. Level I deal with a 

whorl, arch and loop, level II consists of a core, delta and bifurca- 

tion; level III shows the sweat pores [1–3] . Commonly levels II and 

III occur in every human and are difficult to identify, specific pow- 

ders required to develop and visualize. There are various chemi- 

cal powders were carried out to visualize the LFPs such as reg- 

ular, metallic and luminescent powders [ 4 , 5 ]. Regular powders are 

resinous polymers and colorant and these powders are not suitable 

to develop on the challenging surface and then using of metallic 

powders affect the human health due to the presence of metals 

such as lead, gold, silver etc., Both regular and metallic powders 

had some drawbacks like low contrast, background hindrance and 
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low resolution [ 6 , 7 ]. These materials are non-luminescent proper- 

ties hence low resolution occurrs and in the viewpoint of the user’s 

health metallic powders are not suitable for development. To over- 

come these difficulties researchers are concentrating on organic lu- 

minescent powders to develop and visualization of LFPs and to re- 

place regular and metallic powders [ 8 , 9 ]. 

The Schiff base is a condensation reaction between primary 

amine and aldehyde which leads to a formation of imines or 

azomethine (-HC = N-) [10] . These imines are considered as versa- 

tile organic compounds and received considerable attention in the 

field of pharmacological chemistry, and these are has proven their 

ability of pharmaceuticals as antifungal, anti-microbial, antiviral, 

anti-cancer and anti-TB agents [11–15] . Apart from pharmaceuti- 

cal agents, the researchers have concentrated on metal-free organic 

Schiff base compounds to prove their ability in electroluminescent, 

NLO, sensor and organic photovoltaic materials [16–18] . More- 

over, the π-conjugated organic compounds mainly exhibit higher 

luminescence properties, by having an anchoring group such as 

electron-accepting and electron-donating groups were acting as D- 

π-A moieties, this reason may help organic compounds to use in 
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the field of energy conversions and visualization of LFPs in the 

forensic science department [19–21] . 

Literature survey implies that quantum chemical computational 

studies have been carried out using density functional theory (DFT) 

at gaseous phase and solvent phase with different basis sets [22–

24] . From theoretical studies, molecular structure and fundamental 

properties can be easily understands and also its helpful method 

to know the intrinsic and extrinsic properties compounds by the 

calculation of global parameters. The molecular electron transfer, 

vibrational frequencies, MEP and RDG, using the DFT method and 

gives exactness or idea to know experimental values [25–27] . 

Concerning the above results, we synthesized new Schiff base 

heterocyclic compounds using a catalytic amount of acetic acid and 

evaluated for optoelectronic, computational and LFPs studies. 

2. Experimental 

2.1. Materials and methods 

Chemicals such as naphtho-[2,3- b ] furan-2-carbohydrazide, 

vanillin, 2, 4 di-nitrophenol and indole-3-carboxaldehyde were 

purchased from Sigma Aldrich company and absolute ethanol and 

acetic acid brought from Hi-media. The solvents are used without 

further purification. FTIR spectrums are recorded on Bruker Alpha- 

T spectrophotometer using KBr pellets. The 1 H NMR (400 MHz) 

and 13 C NMR (100 MHz) were recorded Agilent NMR using DMSO–

d 6 as solvent. The absorption spectrum was recorded by UV- 

Visible spectrophotometer (USB-40 0 0, Ocean optics, USA) and the 

emission spectrum was recorded by Shimadzu RF-5301 PC spec- 

trophotometer. The electrochemical studies were done by Cyclic 

Voltammograms (CHI66OD) potentiostat CH instruments using Pt 

wire as a counter electrode, non-aqueous Ag/AgCl as reference 

electrode and Glassy Carbon as a working electrode in DMSO elec- 

trolyte and PBS as supporting electrolyte. Computational studies 

have been carried out by DFT by using Gaussian software 09 with 

(DFT)/B3LYP method using 6–311 ++ G (d, p) basis set. In addition, 

LFPs images were developed on selected materials using chemical 

method (powder dusting) and visualized under visible and 364 nm 

UV-light. 

2.2. General procedure 

2.2.1. Synthesis of N’-[(4–hydroxy -3- 

methoxyphenyl ) methylidene ]naphtho[1,2- b ]furan-2-carbohydrazide 

( Sb1 ) 

An equimolar quantity of naphtho-[2,3- b ]furan-2- 

carbohydrazide (1 mm) with vanillin (1 mm) using 3 drops 

of acetic acid in ethanol was taken in a round bottom flask and 

reflux with constant stirring for about 5 h. Simultaneously, the 

reaction was monitored by TLC (Ethyl acetate and Pet. ether). After 

the completion of the reaction, the reaction mixture was poured 

into the 100 mL flake ice with vigorous stirring for 15 min till the 

solid residue separated, filtered then dried and recrystallized from 

absolute ethanol. 

Yield: 85%, mp: 320–322 °C, color: dark brown solid. FTIR (KBr, 

υ cm −1 ): 3342 (OH), 3202 (NH), 2965 (OCH 3 ), 1663 (C = O), 1567 

(C = N). 1 H NMR (400 MHz, DMSO–d 6 , δ ppm): 11.67 (s, 1H, OH), 

9.96 (s, 1H, NH), 8.88–8.09 (m, 5H, Ar-H), 8.00 (s, 1H, Ar-H), 7.90 

(s, 1H, Ar-H), 7.81–7.79 (d, J = 8, 1H, Ar-H), 7.67–7.65 (d, J = 8, 1H, 

Ar-H), 7.50–7.48 (d, J = 8, 1H, Ar-H), 5.43 (s, 1H, CH) and 3.26 (s, 

3H, OCH 3 ). 
13 C NMR (100 MHz, DMSO–d 6 , δ ppm): 187.91 (C = O), 

148.95 (Furan C –O), 137.75, 134.34, 130.46, 129.13, 125.68, 125.21, 

121.26, 110.44, 109.17, 51.01 (OCH 3 ). LCMS: m/z 360.17 [ M + ]. Anal. 

Calcd for C 21 H 16 N 2 O 4 , C, 69.99; H, 4.48; N, 7.77%, found: C, 69.94; 

H, 4.43; N, 7.73%. 

2.2.2. Synthesis of 

3-{[2-(2,4- dinitrophenyl ) hydrazinylidene ]methyl} −1H-indole ( Sb2 ) 

The compound ( Sb2 ) was synthesized by the reaction of 2, 4- 

DNP (1 mm) and indole-3-carboxaldehyde (1 mm) and followed 

by synthesized compound ( Sb1 ) procedure. 

Yield: 86%, mp: 292–294 °C, color: red blood solid. FT-IR (KBr, 

υ cm −1 ): 3280 (NH), 1587 (C = N). 1 H NMR (400 MHz, DMSO–d 6 , 

δ ppm): 12.22 (s, 1H, Indole-NH), 10.04 (s, 1H, NH), 8.54–8.50 (d, 

J = 16, 1H, Ar-H), 8.39–8.37 (d, J = 8, 2H, Ar-H), 8.17–8.15 (d, J = 8, 

2H, Ar-H), 7.98–7.97 (d, J = 4, 2H, Ar-H), 7.85 (s, 1H, Ar-H) & 7.75 

(s, 1H, CH). 13 C NMR (100 MHz, DMSO–d 6 , δ ppm): 153.70 (C = NH), 

142.57, 139.09, 135.22, 133.86, 130.54, 126.07, 115.21, 113.93. LCMS: 

m/z 325.11 [ M + ]. Anal. Calcd for C 15 H 11 N 5 O 4 , C, 55.39; H, 3.41; N, 

21.53%, found: C, 55.35; H, 3.38; N, 21.49%. 

2.3. Cyclic voltammetry study 

Cyclic voltammetry studies were analyzed using CH Potentiostat 

CHI66OD electrochemical work station with help of three-electrode 

systems. The electrochemical cell was constructed with Glassy car- 

bon as working electrode, Ag/AgCl (1 M KCl) as reference electrode 

and platinum wire as counter electrode in DMSO as electrolyte and 

PBS as supporting electrolyte [28] . Further, the redox onset poten- 

tial was determined and using it energy molecular orbitals were 

calculated ( E HOMO - E LUMO ) experimentally. 

2.4. Computational study 

The entire quantum chemical calculations were carried out at 

DFT (B3LYP) method with a 6–311 ++ G (d, p) basis set using the 

Gaussian 09 software [29] . The geometry optimization and vibra- 

tional frequencies for the two heterocyclic Schiff base Sb1 and 

Sb2 compounds have been calculated. Vibrational wave number 

assignments and PED calculations were performed by using the 

results of DFT calculation and the VEDA program with symmetry 

considerations. Mulliken charge distribution, HOMO-LUMO energy 

gap and the chemical reactive descriptors were investigated and 

the HOMO-LUMO images were visualized using Gauss View 6.0. 

The MEP and RDG were calculated using the DFT results with the 

help of the Multiwfn 3.8 program and visualized using the Visual 

Molecular Dynamics (VMD) software [30–32] . 

2.5. LC-MS analysis 

A 3 mL aliquot was injected onto a 50 ×4.6, 2.6 μ internal di- 

ameter DB-17 ms Accucore C18, column with a 3.0 KV capillary 

voltage. The column was held at 150 °C for 4.5 min, in desola- 

tion gas flow 800 L/Hr. Acetonitrile was the mobile phase A and 

0.1% formic acid in water used as mobile phase B. The injector and 

transfer line temperature were 450 °C. The instrument used as Ac- 

quity UPLC coupled with Xevo G2-XS QT (Waters, USA.). The mass 

spectrometer was operated in scan mode, set to monitor ions 50–

10 0 0 m/z with a scan time of 0.9 s, following a 4.5 min solvent 

delay. For the fingerprint residue samples, the column temperature 

program was extended and held at 250 °C for 5 min and the mass 

spectrometer was set to monitor the scan range 50–10 0 0 m/z with 

a scan time of 1 s. 

2.6. Photostability of the synthesized compounds 

Concentration 0.1 M of Sb1 and Sb2 compounds were prepared 

in DMSO solvent, and solution (1, 2, 3 and 4 mL) were pipetted 

and added to the same solution then 3 mL PBS buffer solution 

and made up to the mark in 10 mL volumetric flask. The maxi- 

mum absorbance wavelength was determined for both compounds 

2



K. Upendranath, T. Venkatesh, T.N. Lohith et al. Journal of Molecular Structure 1264 (2022) 133231 

Scheme 1. Synthesis of N’-[(4–hydroxy -3- methoxyphenyl ) methylidene ]naphtho[1,2- b ]furan-2-carbohydrazide ( Sb1 ). 

Scheme 2. Synthesis of 3-{[2-(2,4- dinitrophenyl ) hydrazinylidene ]methyl} −1H-indole ( Sb2 ). 

by changing its wavelength in colorimetric instrument. All the ab- 

sorbance measurements were carried out at respective maximum 

absorbance wavelength at pH of 7.1 with the help of Job’s method. 

The stability constant is 

Kst = [ A 2 / A 1 ] / 1 −A 1 / A 2 ×[ C ×A 1 / A 2 ] where, A 1 is the absorbance 

at break point on extrapolation, A 2 actual absorbance of Job’s plot, 

C is the concentration of Sb1 and Sb2 . 

2.7. Latent fingerprints (LFPs) 

A single bare hand was washed thoroughly with soapy water 

and cleaned them using deionized water on the first step. Different 

substrate such as spatula, 500 mL beaker, and aluminum foil has 

been collected from the laboratory, before the visualization. Syn- 

thesized Schiff base compounds Sb1 and Sb2 were grinded thor- 

oughly in mortar to get a fine powder. After that, an ostrich feather 

fingerprint brush was used to develop the LFPs on selected non- 

porous materials. Developed LFPs images were captured in normal 

light and 365 nm UV-light using Redmi-Note 10 mobile phone and 

studied their level features of LFPs [33] . 

3. Result and discussion 

3.1. Spectral characterization 

In this work, we have synthesized a simple new Schiff

base N’-[(4–hydroxy -3- methoxyphenyl ) methylidene ]naphtho[1,2- 

b ]furan-2-carbohydrazide Sb1 ( Scheme 1 ), 3-{[2-(2,4- 

dinitrophenyl ) hydrazinylidene ]methyl} −1 H -indole Sb2 ( Scheme 2 ) 

and by a conventional method using AcOH. 

The structures of the desired new Schiff base heterocyclic com- 

pounds Sb1 and Sb2 were confirmed by recording IR, 1 H NMR, 
13 C NMR and LCMS spectral data. The IR spectra of the target 

compound Sb1 showed a broad stretching vibration band at 3342 

cm −1 due to OH functionality and another stretching band at re- 

gion 3202 cm −1 correspond to the amide (NH) group. The stretch- 

ing vibration band at 1663 cm −1 correspond to the carbonyl group 

(C = O) and another band at 1567 cm −1 correspond to azomethine 

(C = N) functionality. The 1 H NMR spectrum of compound Sb1 ex- 

hibited a singlet peak at δ 11.67 ppm which correspond to the OH 

proton of the vanillin nucleus (s, 1H, OH) and another singlet peak 

at δ 9.66 ppm due to amide proton (s, 1H, NH). Multiplet peaks 

were observed in the range of δ 8.88–7.48 ppm corresponds to aro- 

matic protons (s, 10H, Ar-H) and a singlet peak at δ 5.43 due to CH 

Table 1 

Physical Properties of compounds Sb1 and Sb2 . 

Entry Molecular formula Molecular weight Yield% Melting Point °C 

Sb1 C 21 H 16 N 2 O 4 360.36 85 320–322 

Sb2 C 15 H 11 N 5 O 4 325.27 86 292–294 

proton (s, 1H, CH), another a singlet peak at δ 3.26 due to methoxy 

protons (s, 3H, OCH 3 ). Similarly, the carbonyl carbon (C = O) has ob- 

served in a single peak at 187.09 ppm and five-membered furan C- 

O carbon appeared at 148.95 ppm. Further, 137.75, 134.34, 130.46, 

129.13, 125.68, 125.21, 121.26 ppm, (C = C), 110.44, 109.17 ppm cor- 

responds to aromatic carbons. A peak obtained at 51.01 is cor- 

responds to methoxy carbon (OCH 3 ). The mass spectrum showed 

molecular ion peak [M] + at m/z 360.0911 which correspond to the 

molecular weight of the compound Sb1 in supporting information 

(S 1 to S 16 ) and physical parameters of Sb1 and Sb2 are appended 

in Table 1 . 

3.2. UV-Visible studies 

The compounds Sb1 and Sb2 were dissolved in three dif- 

ferent solvents (CHCl 3 , DMSO, and EtOH) at a concentration of 

6 × 10 −6 M, to study its photophysical properties. Fig. 1 shows, 

dual absorption peaks are appeared in the visible region with 

higher intensity at ∼250–420 nm because of n- π ∗ and π- π ∗ tran- 

sition, and aromatic conjugation. In polar solvents, due to NH 

functionality, the absorption bands are towards a longer wave- 

length which is influenced by the electron donor hydroxyl and 

withdrawing nitro groups as chromophores [34] . The compound 

Sb1 has shown all the absorption bands at bathochromic shift by 

the transition between p-orbital localized on the central bond of 

azomethine (HC = N) and the carbonyl (C = O) group. Likewise, fur- 

ther, bands are located in the range of ∼350–400 due to an in- 

tramolecular charge transfer (ICT) within the molecule. Similarly, 

compound Sb2 has two electron-withdrawing nitro (NO 2 ) groups 

at meta and para position on the phenyl ring, which will influence 

their dual absorption band and increases in ICT [35] . While both 

the compounds have shown different absorption bands in differ- 

ent solvents because both compounds have different π-conjugation 

system and different chromophores as anchoring groups were at- 

tached. Phenomena is that the p- π conjugation effect between the 

lone pair electrons of O atom and π electrons of phenyl ring de- 

3 
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Fig 1. Electronic absorption spectra’s of Sb1 and Sb2 in different solvents at 6 × 10 −6 M. 

Table 2 

Absorption data of synthesized compounds Sb1 and Sb2 in different solvents. 

Solvents Entry λ abs (nm) E g 
OTP (eV) ∗

Molar absorptivity( ԑ

×10 −5 L mol −1 cm −1 ) 

Chloroform Sb1 260, 376 4.76 & 3.29 2.3 

DMSO 221, 381 5.61 & 3.25 2.5 

Ethanol 252, 379 4.92 & 3.27 1.6 

Chloroform Sb2 272, 392 4.55 & 3.16 2.6 

DMSO 312, 414 3.97 & 2.99 0.3 

Ethanol 257, 403 4.82 & 3.07 3.0 

∗ E g = 1240/ λonset eV. 

crease the required energy of π- π ∗ transition, and it causes the 

π- π absorption band at redshift [36] . Compounds found better so- 

lute and solvent interaction and have good light absorption proper- 

ties hence these compounds can be photonic materials and will be 

used in photovoltaic applications [37–40] . The further optical band 

gap has been calculated using Eq. (1) which are found a good en- 

ergy gap between the conduction band and valance band hence 

these compounds easily absorb the sunlight. Absorption spectra 

and optical band gap values are appended in Table 2 . 

E g = 1240 / λonset eV (1) 

3.3. Photoluminescence studies 

The Photoluminescence plays a vital role in determining the ef- 

ficiency of charge carriers in semiconductors. Emission properties 

of Sb1 and Sb2 have been studied in DMSO solvent at the concen- 

tration of 6 × 10 −6 M. Fig. 2 (a) shows compounds have emitted 

according to the excitation wavelength. Having an electron donor 

and electron-withdrawing group influences a π-conjugated system 

to a longer wavelength and exhibits the blue emission band. Com- 

pounds Sb1 and Sb2 occur at the emission wavelength at 576 nm 

and 646 nm respectively because of NH functionality and electron 

density of the phenyl ring with increasing the δ- π hyperconjuga- 

tion will influence to redshift. The maximum difference between 

absorption and emission bands is said to be stokes shifts, here the 

compound Sb1 has shown larger stokes of 195 nm, while com- 

pound Sb2 has 232 nm respectively. Both the compounds have 

shown higher stokes due to good solute-solvent interactions. In ad- 

dition, fluorescence properties were also analyzed by the CIE sys- 

tems of chromaticity coordinates. Fig. 2 (b) shows that calculated 

CIE data with coordinates X = 0.3093; Y = 0.6404 this results 

Table 3 

Emission spectral data of compounds Sb1 and Sb2 . 

Entry Solvent λ exc (nm) λ emi (nm) Stoke shift 

Sb1 DMSO 381 576 195 

Sb2 414 646 232 

in the color enhancement which is represented by the star sym- 

bol, and located at the greenish-yellow region of Sb1 and reddish- 

orange at X = 0.2996; Y = 0.6786 for Sb2 . Hence the synthe- 

sized compounds are potential materials for OLEDs applications 

and forensic science. Emission spectral values are summarized in 

Table 3 . 

3.4. CV studies 

The electrochemical studies of compounds have been carried 

out using three-electrode cell systems in DMSO as electrolyte and 

PBS as supporting electrolyte with non-aqueous Ag/AgCl as refer- 

ence electrode, Glassy carbon as working electrode and Platinum 

wire as counter electrode [41] . 

From the CV measurement Fig. 3 ) cathodic reduction peaks 

are observed for both the compounds Sb1 and Sb2 due to the 

presence of the carbonyl group (C = O). Moreover, nitro (NO 2 ) and 

keto group undergoes reduction. From the reduction onset poten- 

tial, the lowest unoccupied molecular orbital (LUMO) was calcu- 

lated using Eq. (2) and obtained −0.65 eV, −0.62 eV, −0.65 eV, 

and −0.68 eV respectively. Similarly, the highest occupied molec- 

ular orbital (HOMO) was calculated using Eqs. (3 ) and ( (4) . The 

lower the HOMO ensures the effective regeneration and recaptures 

the injected electron by the synthesized compounds. Hence these 

compounds can be used in DSSCs application [42–44] . Obtained 

HOMO-LUMO values are summarized in Table 4 . 

E ( LUMO ) = −
[

E ( re donset ) + 4 . 4 
]

eV (2) 

E ( HOMO ) = −
[

E ( oxonset ) + 4 . 4 
]

eV (3) 

E ( HOMO ) = E ( LUMO ) − E g 
OPT (4) 

3.4. Experimental quantum parameters 

Experimental energy molecule ( E HOMO - E LUMO ) and calculated 

quantum parameters have been appended in Table 5 . Ionization 

4 
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Fig 2. Photoluminescence spectra spectrum in DMSO solvent at 6 × 10 −6 M of compound Sb1 and Sb2 

Fig. 2 (b): CIE spectra’s of compounds Sb1 and Sb2. 

Fig. 3. A graph of cyclic voltammetry of synthesized compounds Sb1 and Sb2 at 6 × 10 −6 M. 

5 
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Table 4 

Electrochemical parameters of compounds Sb1 and Sb2. 

Entry Oxidation on set potential(V) Reduction on set potential(V) E HOMO (eV) E LUMO (eV) 

Sb1 – −0.65 −7.00 −3.75 

Sb2 – −0.62 −6.77 −3.78 

Table 5 

Experimental quantum parameters of compounds Sb1 and Sb2 . 

Entry I (eV) A (eV) ƞ (eV) σ (eV) χ (eV) μ (eV) ω ( eV) 	E 

Sb1 7.00 3.75 1.62 0.33 5.37 −5.37 8.90 3.25 

Sb2 6.77 3.78 1.49 0.30 5.27 −5.27 9.28 2.99 

Fig. 4. Optimized structure of compounds Sb1 and Sb2. 

Fig. 5. Frontier molecular orbitals (EHOMO-ELUMO) synthesized compounds Sb1 and Sb2. 

6 
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Table 6 

Frontier molecular orbitals of Sb1 

and Sb2. 

Entry E HUMO E LUMO 	E 

Sb1 −5.84 −2.10 3.73 

Sb2 −6.04 −3.10 2.94 

Table 7 

Theoretical chemical parameters of compounds Sb1 and 

Sb2. 

Parameters 

Values 

Sb1 Sb2 

Ionization energy (I) (eV) 5.8432 6.0479 

Electron affinity (A) (eV) 2.1048 3.1052 

Electronegativity ( χ ) (eV) 3.9740 4.5765 

Chemical potential ( μ) (eV) −3.9740 −4.5765 

Global hardness ( η) (eV) 1.8692 1.4714 

Global softness ( σ ) (eV) 0.5350 0.6796 

Electrophilicity index ( ω) (eV) 4.2246 7.1174 

Table 8 

Mullikan’s atomic charges of compounds Sb1 and Sb2. 

Atoms Charges 

Sb1 Sb2 Sb1 Sb2 

C1 C1 −0.091 −0.057 

C2 C2 −0.087 −0.102 

C3 C3 −0.053 0.231 

C4 C4 −0.071 −0.130 

C5 C5 −0.061 −0.057 

C6 C6 −0.061 −0.104 

C7 N7 −0.007 −0.476 

C8 C8 −0.114 0.122 

C9 C9 0.200 −0.091 

C10 C10 −0.042 0.141 

C11 N11 −0.071 −0.209 

C12 N12 0.081 −0.357 

O13 C13 −0.279 0.305 

C14 C14 0.393 −0.108 

O15 C15 −0.316 −0.026 

N16 C16 −0.314 0.102 

N17 C17 −0.162 −0.016 

C18 C18 0.151 0.103 

C19 N19 −0.112 0.183 

C20 O20 −0.071 −0.329 

C21 O21 0.150 −0.253 

C22 N22 −0.086 0.172 

C23 O23 −0.106 −0.273 

C24 O24 0.176 −0.270 

O25 −0.370 

C26 −0.104 

O27 −0.354 

potential ( E HOMO ) refers to the donation of electrons which gives 

7.00 eV and electron affinity ( E LUMO ) refers to acceptor electron 

properties which are 6.77 eV respectively. Sb1 shows higher ion- 

ization potential due to the presence of hydroxyl group as electron 

donor atom conjugation, similarly, Sb2 has shown higher ioniza- 

tion potential, these compounds have higher electron donor prop- 

erties. Compounds also have good accepting properties which give 

the 3.75 eV and 3.78 eV. From the definition, the larger gap is 

termed as hard molecules and a smaller gap is the soft molecule, 

while compounds Sb1 and Sb2 were found in larger the energy gap 

hence both the compounds are said to be hard molecules. In ad- 

dition, theoretical approach has been applied for compounds Sb1 

and Sb2 to calculate the energy molecules at gaseous phase in 

density functional theory (DFT). The theoretical energy molecular 

orbital of E HOMO gives the −5.80 eV and −6.04 eV, and E LUMO gives 

−2.10 eV and −3.10 eV for both the compounds. Further, energy 

gap informs the compounds were soft molecule or hard molecule, 

here both the compounds are hard molecules due to higher in 

energy gap. While comparing both experimental and theoretical, 

experimental results are found to be higher energy values, hence 

synthesized compounds are having good photostability and chem- 

ical reactivity by the nature of hard molecules, therefore, synthe- 

sized compounds can be used as photosensitizer in DSSCs applica- 

tions. 

3.6. Computational studies 

From the decades, computational studies have been attracted 

towards organic synthesized compounds to study of its electronic, 

structural properties by solving using Schrodinger equations. The 

geometrical optimized structure and quantum chemical parame- 

ters were examined by the DFT by using Gaussian 09 program at a 

gaseous phase in Gauss View 6.0.16 graphical interference with the 

help of (DFT)/B3LYP method using 6–311 ++ G (d, p) basis set [45] . 

3.6.1. Vibrational analysis 

Theoretical vibrational analysis for synthesized compounds has 

been carried out at gaseous phase using (DFT)/B3LYP method using 

6–311 ++ G (d, p) basis set and extracted from VEDA program. The 

FT-IR vibrational frequency values are calibrated with the default 

scaling factor of 0962. The targets are contained with 38 atoms 

with 99 to 120 fundamental (3N-6) vibrational modes which be- 

long to C 1 point groups. The estimated FT-IR spectrum and vibra- 

tional values have been appended in the supplementary material 

(Fig. S 2 , S 8 and Table S 1 ) with potential energy density. 

Synthesized compounds Sb1 and Sb2 have different functional 

groups such as hydroxyl, amide, carbonyl, azomethine and aro- 

matic groups. While compounds Sb1 has a free hydroxyl group (O- 

H) stretching vibrations which are observed at 3650–3200 cm −1 

in the IR spectrum, and hence, we observed stretching vibration at 

3848 cm −1 theoretically in the gas phase due to intra- or inter- hy- 

drogen molecular hydrogen bonds and hydroxyl groups were influ- 

enced by the neighboring methyl group on the phenyl ring. While 

in experimental we observed at 3342 cm −1 respectively. Similarly, 

both the compounds have the presence of amine (N-H) functional 

group which is observed at 3485 cm −1 and 3434 cm −1 in the gas 

phase theoretically and observed experimentally at 3202 cm −1 and 

3280 cm −1 respectively. 

The compound Sb1 has the carbonyl functional group, in gen- 

eral, strong stretching vibration observed at 1780–1650 cm −1 in 

the aromatic ring. Here we observe strong stretching vibrations at 

1779 cm −1 theoretical and found 1663 cm −1 experimentally. 

The azomethine (C = N) functional group has been found 1650–

1550 cm −1 in the IR spectrum. Both the synthesized compounds 

( Sb1 and Sb2 ) have the azomethine functional group and were ob- 

served at 1679 cm −1 and 1617 theoretically, while we observed 

starching vibration at 1587 cm −1 and 1567 cm −1 respectively [46] . 

3.6.2. Electronic spectroscopy 

For the theoretical characterization, the UV–Vis absorption 

spectrum was computed using the Time-Dependent Density Func- 

tional Theory (TD-DFT) at CAM-B3LYP/6–311 ++ G (d, p) level of 

theory in the selected solvent phase. The calculated UV–Vis spec- 

trum is shown in a supplementary file in S 3 , & S 11 and values 

are listed in Table S 2 . The maximum absorption found at a similar 

position for compound Sb1 was at 359 nm in DMSO, 358 nm in 

ethanol and 358 nm in chloroform, which correspondent energy of 

3.45 eV, 3.46 eV and 3.46 eV, with oscillator strength of 0.40, 0.37 

and 0.39. For the compound, Sb2 has been moved further longer 

wavelength absorption peaks at 408 nm, 407 nm and 407 nm, cor- 

respondent energy of 3.03 eV, 
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Fig. 6. Molecular electrostatic potential map of synthesized compounds Sb1 and Sb2. 

Fig. 7. RDG vs electron density scattered map and RDG isosurface map synthesized compounds Sb1 and Sb2 . 
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Fig. 8. Mullikan population analysis chart of synthesized compounds Sb1 and Sb2 . 

Table 9 

Theoretically computed zero-point vibrational energy, rotational constants, rota- 

tional Temperature, thermal energy, molar capacity at constant volume, entropy for 

Sb1 and Sb2. 

Parameters Sb1 Sb2 

Zero-point vibrational energy (kcal mol −1 ) 205.564 158.660 

Rotational constant (GHz) 0.8368 0.540 

0.0512 0.082 

0.0490 0.071 

Energy (kcal mol −1 ) 

Rotational 0.889 0.889 

Translational 0.889 0.889 

Vibrational 217.998 168.969 

Total 219.776 170.746 

Molecular capacity at constant volume (cal mol −1 K −1 ) 

Rotational 2.981 2.981 

Translational 2.981 2.981 

Vibrational 82.282 68.474 

Total 88.244 74.435 

Entropy (cal mol −1 K −1 ) 

Rotational 36.278 35.867 

Translational 43.537 43.232 

Vibrational 84.350 69.824 

Total 164.165 148.923 

Table 10 

Statistical thermodynamic parameters of compounds Sb1 and Sb2 at various 

temperatures. 

T 

(K) 

S (J/mol k) C (J/mol K) H (J/mol K) 

Sb1 Sb2 Sb1 Sb2 Sb1 Sb2 

100 420.41 396.86 153.15 131.72 9.62 8.63 

200 560.3 515.82 264.34 224.1 30.43 26.33 

298.15 686.98 623.2 377.53 319.75 61.94 53.04 

300 689.32 625.19 379.63 321.51 62.64 53.63 

400 813.52 730.16 486.54 410.24 106.07 90.33 

500 932.07 829.89 576.25 483.69 159.37 135.16 

600 1043.76 923.44 648.39 542.08 220.73 186.56 

700 1148.2 1010.62 706.16 588.34 288.56 243.17 

800 1245.66 1091.69 752.98 625.41 361.6 303.92 

900 1336.64 1167.15 791.49 655.6 438.89 368.02 

1000 1421.75 1237.55 823.57 680.53 519.69 434.87 

3.04 eV and 3.04 eV with oscillator strength 0.60, 0.63 and 0.59. 

Both the synthesized compounds found a single absorption band in 

the solvent system that appeared at the visible region due to π- π ∗

transition and aromatic conjugation. The presence of azomethine 

Table 11 

Retention time of latent print residue ( Sb1 and Sb2 ). 

Entry Molecular weight Abundance Retention time 

Sb1 360.17 98% 3.699 

Sb2 325.11 98% 4.522 

group and electron-donating and electron-withdrawing groups on 

phenyl rings are influenced to longer wavelength in UV-visible 

spectrum. 

3.6.3. Geometry of the molecules 

The two heterocyclic Schiff base derivatives were subjected to 

geometry optimization in the ground state. The optimized ge- 

ometry results showed that these two molecules belong to C 1 
point group symmetry. The optimized molecular structure of the 

two heterocyclic Schiff base compounds with an atom numbering 

scheme is presented in Fig. 4 . 

3.6.4. Frontier molecular orbitals (FMOs) 

The Highest Occupied Molecular Orbital (HOMO) and Lowest 

Unoccupied Molecular Orbital (LUMO) are the FMOs. These or- 

bitals are mainly involved in chemical stability. FMOs play a vital 

role to assign the optical and electronic properties of the mate- 

rials. The ability to donate an electron is represented by HOMO, 

whereas LUMO, as an electron acceptor, represents the ability to 

obtain an electron [ 47 , 48 ]. The energy gaps of the two heterocyclic 

Schiff base compounds are found to be 3.738 eV and 2.942 eV re- 

spectively and the pictorial representation of the HOMO-LUMO of 

these compounds is shown in Fig. 5 . The higher value of separa- 

tion energy between the HOMO and LUMO explains the charge 

transfer interaction within the molecule. Consequently, the lower 

value of the bandgap is essentially a consequence of the large sta- 

bilization of the LUMO due to the strong electron acceptor ability 

of the electron-acceptor group. Among the two Schiff base deriva- 

tives, compound Sb1 has a large energy gap due to less electronic 

conjugation compared to other molecules ( Sb2 ). The other chemi- 

cal reactive parameters like electrophilicity index, chemical poten- 

tial, global hardness, and softness were calculated using the stan- 

dard equations as given below and are listed in Tables 6 and 7 . 

χ = −1 / 2 ( E LUMO + E HOMO ) (5) 
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Fig 9. Correlation graph of entropy, specific heat capacity, and entropy with temperature of synthesized compounds Sb1 and Sb2 . 

μ = −χ = 1 / 2 ( E LUMO + E HOMO ) (6) 

η = 1 / 2 ( E LUMO −−E HOMO ) (7) 

σ = 1 / 2 η (8) 

ω = μ2 / 2 η (9) 

From Table 5 , one can be observed that the compound Sb2 has 

a higher electrophilicity index compared to other ( Sb1 ) molecules, 

hence the compound Sb1 acts as a good electrophile. Also, the 

value of global hardness for the compound Sb2 is lesser compared 

to Sb1 . Hence the compound Sb2 is more reactive than the Sb1 . 

3.6.5. Molecular electrostatic potential (MEP) analysis 

The MEP map that is created in the space around a molecule 

by its nuclei and electrons is a useful tool to predict and study the 

reactive behavior and reactive sites present in the molecule. The 

MEP is related to the electronic density and is a very important 

descriptor for determining sites for electrophilic attack and nucle- 

ophilic reaction as well as hydrogen bonding interactions [ 49 , 50 ]. 

The MEP maps of synthesized Schiff base compounds ( Sb1 and 

Sb2 ) are shown in Fig. 6 . With the MEP analysis, the reactive sites 

can be located by different color codes. The red color indicates an 

electron-rich site which is a negative region showing electrophilic 

attack while the blue color indicates an electron deficient site, 

which is a positive region showing nucleophilic attack. From Fig. 6 , 

one can be observed that the negative regions in the molecules 

were found around the oxygen atom and the negative regions were 

found around the hydrogen atom attached to the nitrogen atom. 

The overall surface for the compound Sb1 is 427.77 Å 3 , and for 

Sb2 is 359.68 Å 3 respectively. The minimum and maximum elec- 

trostatic potential for the compound Sb2 is −43.48 kcal/mol to 

54.92 kcal/mol and for Sb2 is 32.86 kcal/mol to 50.80 kcal/mol, 

respectively. 

3.5.6. Reduced density gradient (RDG) analysis 

RDG (r) = 
	ρ(r) 

2 ( 3 π2 ) 
1 / 3 

ρ(r) 4 / 3 
The non-covalent interactions (NCI) 

provide the graphical visualization of the molecular bonding and 

nonbonding interaction regions by the reduced density gradient 

and are defined by [51] 

The isosurfaces exemplify the various kinds of NCI directly in 

real space through color codes. It enables one to distinguish the 

nature of the interactions attractive or repulsive and to decide their 

strength on a visual basis. The sign of λ2 is used to distinguish 

between attractive and repulsive interactions [52] . The spike that 

appeared in the low density, low-density gradient region is indica- 

tive of weak interactions in the system. RDG versus ( λ2 ) ρ peaks 

provides information about the strength of interaction. From Fig. 7 , 

one can observe the kinds of interactions present in the Schiff base 

compounds. The green isosurfaces are indicative of van der Waals 

interaction, the red colored regions show steric effect and the blue 

region indicates the presence of strong interaction present in the 

molecules Sb1 and Sb2 . 

3.6.7. Mulliken charge analysis 

The Mulliken atomic charges of synthesized compounds Sb1 

and Sb2 were calculated by determining the electron population 

of each atom is defined by the basis function [53] . The Mulliken 

charges of the two heterocyclic Schiff base derivatives were calcu- 

lated by B3LYP using a basis set 6–311G ++ (d, p) and are listed in 

Table 8 . The results can, however, be better represented in graph- 

ical form as shown in Fig. 8 . From Table 8 , one can observe that 

the charge on the C14 atom has larger than the other atoms; this 

is due to the attachment of a more electronegative oxygen atom. 

The more negative value is on O25 which is due to the attachment 

of the electron-donating methyl group in the Sb1 molecule. Sim- 

ilarly, Sb2 molecule, the more positive value is on the C13 atom 

because of the presence of neighbouring electronegative nitrogen 

atom and the more negative value is on N12. 

3.6.8. Thermodynamic properties 

Computation of thermodynamic properties and their variation 

with respect to temperature are important in the field of thermo- 

chemistry and chemical equilibrium. It is often employed to know 

these thermodynamic quantities. The total energy of a molecule is 

the sum of translational, vibrational, rotational and electronic en- 

ergies [54] . The statistical thermochemical analyses of two Schiff

base compounds ( Sb1 and Sb2 ) were carried out at room tempera- 

ture of 298.15 K and one atmospheric pressure. The other thermo- 

dynamic properties viz. , rotational constant, molecular capacity at 

constant volume and entropy are summarized in Table 9 . The ther- 

modynamic quantities such as entropy (S), enthalpy (H) and heat 

capacity for various temperatures (100–1000 K) were determined 

using the vibrational wavenumbers and these results are listed in 

Table 10 . From Table 10 , one can observe that the quantities are 

increasing with temperature ranging from 100 K to 10 0 0 K as the 

vibrational intensities of the molecule increase with temperature. 

The correlation graph of thermodynamic parameters and tempera- 

ture for Sb1 and Sb2 is shown in Fig. 9 . 

10 



K. Upendranath, T. Venkatesh, T.N. Lohith et al. Journal of Molecular Structure 1264 (2022) 133231 

Fig. 10. (a) Schematic representation of visualizing latent fingerprints. Fig. 10 ( b ) Developed LFPs on spatula, aluminum foil and 500 mL beaker using synthesized compounds 

Sb1 and Sb2. Fig. 10(c) Developed LFPs on spatula and ethanol bottle using synthesized compound Sb1 

(a) bifurcation (b) short ridge (c) island. 
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Fig. 10. Continued 

3.7. Visualization of LFPs 

Every human has unique fingerprints, which are helpful to use 

in safety lockers in banks, mobile phones, and personal identifi- 

cation. Other than these techniques fingerprints are used to crime 

spots as a preliminary method of investigation. Visualization of fin- 

gerprints at crime spots on hardcore surfaces (porous/nonporous) 

is the major evidence for the investigator to the identification of 

culprits. In general, LFPs are hard to visible to naked eyes, hence 

numerous methods have been followed to date for visualization 

such as silver nitrate spraying, powder dusting, ninhydrin fuming, 

iodine fuming etc., and the above methods were suffered while vi- 

sualizing the LFPs such as low contrast, low sensitivity and low 

resolution. In these methods, for the clear visualization powder 

dusting method was predominantly used by every forensic ana- 

lyzer due to quick and simple method was followed with fluo- 

rescence powder. When a bare finger touches the surface, some 

amount of sebum and sweat secreted through glands in the fin- 

gers are deposited onto the surface [55] . Three different types of 

natural secretion glands in the body and each gland produces a 

different type of sweat, namely, eccrine, sebaceous, and apocrine. 

Eccrine sweat glands are found all over the body at 98–99% of wa- 

ter, various inorganic salts (such as chloride, bromide, iodide, flu- 

oride, and phosphate) and organic materials (such as amino acids, 

fatty acids and urea) surface, eccrine sweat, together with oily sub- 

stances such as sebum picked up by the finger, forms an impres- 

sion of the fingers ridge pattern [56] and schematic representation 

visualization of LFPs shown in Fig. 10 (a) [ 57 , 58 ]. 

Visualization of LFPs using synthesized compounds Sb1 and Sb2 

as organic luminescent powders and shown in Fig. 10 (b) and (c). 

Developed LFPs are captured in normal light and UV light on dif- 

ferent porous and nonporous surfaces such as a 500 mL beaker, 

spatula, aluminum foil, and white bottle, which was taken from 

the laboratory. Here we can observe the clear visualization of fin- 

gerprint ridges in detail in normal light and UV light, fingerprint 

ridges are shown in three levels, level I informs the whorls, arches, 

and eye, while level II informs the hooks, islands etc., and level III 

informs the sweat pores and scars. The compounds Sb1 and Sb2 

exhibit the good features of level II and level III ridges without 

any background hindrance, the sweat pores have contained dif- 

ferent organic and inorganic residues such as amino acids, urea, 

and peptides, fatty acids, and chlorides along the water. Hydropho- 

bic amino acids contain the polar and core amino acids that play 

a vital role in adherence between material and synthesized com- 

pounds which shows clear and perfect images without any back- 

ground hindrance. Fig. 10 (c) explains clearly level II and level III 

ridges of latent fingerprints hence the synthesized compounds are 

potential materials for latent fingerprint applications and can be 

used in forensic science [ 59 , 60 ]. 

3.8. Latent print residue analysis 

The synthesized compounds ( Sb1 and Sb2 ) were used to de- 

velop and visualization of LFPs simultaneously the compounds 

were analyzed from liquid chromatography-mass spectrometry 

(LC-MS). Latent print residues were collected from the developed 

surface for the analysis and compounds were determined in chro- 

matogram based on their retention time and mass spectrum. The 

highest peak obtained of retention time at 3.699 which correspond 

to the molecular weight of Sb1 compound 360.17 m/z and gives 

98% abundance. Similarly, compound Sb2 shows highest peak at 

4.522 retention time which correspond to the molecular weight 

325.11 m/z of the compound with 98% abundance. The given mass 

spectrum of both the compounds are listed in the supplementary 

file (S 8 and S 16 ) and the retention time of fingerprint residue val- 

ues are listed in Table 11 . 

3.9. Photostability of compound 

Measurement of photostability of synthesized compounds using 

colorimetric method at neutral pH solution and absorbance was 

measured. The concertation was prepared in DMSO solvent and 

dissolved in PBS solution at different concentrations as 1, 2, 3, and 

4 mL. The stability constant was found that, 0.25 for the higher 

concentration of compound Sb1 and 0.18 for compound Sb2 at the 

fixed wavelength (480 nm) [61] . 

Therefore, Sb1 has given higher the value as compare to Sb2 

due to higher conjugation and π- π ∗ interaction, from the Job’s 

method photostability of compounds can be determined as shown 

in Fig. 11 . 

4. Conclusion 

In summary, we have achieved the successfully synthesis of 

new Schiff base heterocyclic compounds ( Sb1 and Sb2 ). These 

compounds have good electron absorption properties in a highly 
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Fig. 11. Photostability of Sb1 and Sb2 compounds. 

polar solvent by exhibiting a band at the visible region. Simi- 

larly, compounds also have better emission properties by emitting 

blue emissions, this emission was supported by the CIE coordi- 

nates. Redox onset potential (experimental HOMO-LUMO) reveals 

the electrochemical behavior and regeneration recaptures of the 

injected electron by the synthesized compounds. Further, compu- 

tational studies such as UV-Visible and FT-IR results were in good 

agreement with experimental values and calculated quantum pa- 

rameters reveal the higher chemical reactivity and better emission 

properties. Compounds showed clear observation of level II and III 

features of fingerprints developed on selected porous/nonporous 

materials. The retention time was studied from LCMS and given 

results are agree with obtained mass spectrum for the synthesized 

compounds. Hence, these can be potential materials for OLEDs, 

DSSCs application-oriented materials and forensic science. 
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