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Abstract
Synthesized monomer and its three oligoester were characterized by technique such as 1H, 13C, IR,UV, GPC and applied to chemosensor
applications. A series of metal ion was studied with fluorophores to evaluate the sensitivity towards Cu2+ ion. The fluorophores results
exhibit the selective and sensitive “turn off” fluorescence response with Cu2+ ion in DMF/H2O (1:1, pH: 7.4, fluorophore: 5µM) solution.
Binding stoichiometry and binding constant of fluorophores were calculated using Stern-Volmer equation and Benesi–Hildebrand plots
respectively. Structure of fluorophores were studied using DFT, B3LYP/6–311 + + G(d,p) level basis set. Quenching mechanism and
electrical properties of fluorophores were explained with theoretical outcomes. Iodine doped and undoped oligoesters electrical
conductivity were studied in solid-state and the conductivity was gradually increase with increase the contact time of iodin with
oligoesters. At different frequencies and temperatures, the dielectric measurement was calculated using the two-probe method. Among
all oligoesters, DMDAP exhibited high electrical conductivity and DMDMP has high dielectric constant value than other oligoesters.

1. Introduction
The first-row transition element Cu2+ ion is most essential metal ion in the living system which plays a important in various
environmental and biological processes[1–5]. According to the Environmental Protection Agency (EPA) of U.S. the concentration of Cu
up to 1.3 mg L− 1 in drinking water are tolerable[6–8]. Cu2+ contain hemocyanin in insects plays as oxygen transporter and in the human
body Cu2+ is present in several enzymes, including superoxide tyrosinase, dopamine hydroxylase and dismutase. The major
concentration of Cu2+ found in the liver, heart, kidney and brain which is key component for many biological function. Excess
concentration of Cu2+ ion cause DNA breakage, mitochondrial damage, Alzheimer’s neuronal injury and Wilson’s diseases. Although, the
deficiency of Cu2+ ion causes illness such as anemia[9–13]. The concentration variation of Cu2+ ion can disturb nutrient absorption and
transport, thus destroying plant and aquatic ecosystems[14–16]. Therefore, finding the concentration of Cu2+ ion in environment and
biological system is an essential thing.

There are several methods are used for sensing copper ions concentration such as atomic absorption spectroscopy, inductively coupled
plasma and electrochemical tools. However, they required expensive equipment, sample pretreatment, sample can spoil during the
analysis process and it could not apply to living organisms for bioimaging[5, 17–19]. On the two decay, the chemosensor method
received much attention because of overcome those defects[20, 21]. This method is very cheap, easy to handle and very sensitive[22,
23]. Moreover, chemosensor’s sensing method can be used to applied for real-time bioimaging of various analytes.

Low-molecular-weight conjugated oligomers have enormous benefits among the chemosensors that provide the greatest advantages for
biological, amplifying, and electronic communication applications[24]. Oligomers' changes in electron density in their structure can be
sensitively recognised from the influences of external structure due to their conjugated double bond in the backbone structure.
Particularly, the conjugated molecule with the = N-N = and -C = N- moieties functions as an effective chemosensor and has a good ligand
with a significant fluorescence response to metal cations [25–27].

Therefore, developing the chemosensors for sensing Cu2+ ion is essential. In our work, we synthesized azine monomer and oligoesters
with different degrees of substituents for detect Cu2+ ion. The results of chemosensors exposes sensitive response to Cu2+ ion detection
over the presence of other metal ion. oligoesters are subjected to electrical studies. The mechanism of fluorescence quenching,
conductivity and dielectric properties of oligoesters are explained using absorption spectrum and DFT parameters analysis.

2. EXPERIMENTAL

2.1. Materials
Hydrazine hydrate, benzil, 2–hydroxy benzaldehyde, phenylphosphonic dichloride, phenyldichloro phosphate and adipoyl dichloride were
purchased from Merck Chemical Co. and used without further purification. Dimethyl sulfoxide, tetrahydrofuran, dimethylformamide,
ethanol, acetone, acetonitrile, methanol, ethyl acetate, n–hexane, heptane, toluene, chloroform and triethylamine were obtained from
Merck, India and used after the proper distillations[28].

2.2. Synthesis of monomer
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2.3. Synthesis of 2,2–(((1,2–diphenylethane–1,2–diylidene)bis(hydrazine–
2,1–diylidene))bis(methanylylidene))diphenol (DBHMD)
2–(Hydrazinelidenemethyl)phenol (2BH) and benzil were separately dissolved in methanol and mixed (2:1 molar ratio) thenrefluxed for 6
hrs with constant stirring. The yellow coloured precipitate was generated by pouring the reaction mixture into ice cold water. The
precipitate was filtered, washed thoroughly with distilled water and then recrystallized with ethanol. (Yield: 89%, M.P: 230 oC).

1H–NMR (CDCl3–d1): δ ppm 10.30(s, –OH), 8.71(s, Ar–CH = N–), 7.99(d, Ar–CH), 7.86

(t, Ar–CH), 7.54(t, Ar–CH), 7.48(d, Ar–CH), 7.28(d, Ar–CH), 7.02(m, Ar–CH), 6.30

(t, Ar–CH). 13C–NMR (CDCl3–d1): δ ppm 167.20(C8), 164.75(C7), 159.84(C1), 145.51(C9), 138.24(C3), 133.48(C5),131.95(C12),
131.61(C10), 130.23(C11), 129.30(C4), 126.44(C6), 117.08(C2). m/z (Found): 489.3784.

2.4. Synthesis of oligoesters
The monomer 2,2'–(((1,2–diphenylethane–1,2–diylidene)bis(hydrazine–2,1–diylidene ))bis(methanylylidene))diphenolwas used to
prepare oligoester by adopting procedure as follow [2]. The monomer (DBHMD: 1 g, 2.04 x 10–3 mole) was dissolved in chloroform and
placed in ice bath. Into that, 0.52 ml (4.0 x 10–3 mole) of triethylamine was added dropwise followed by 0.79 ml (4.0 x 10–3 mole)
phenylphosphonic dichloride and stirred for 1 hr at 0°C. The reaction mixture was warmed to room temperature and refluxed for 2 hrs.
The reaction mixture was poured into the methanol and the precipitated oligoester was collected, washed with methanol and dried in a
hot oven at 80°C for 24 hrs. The other oligoesters DMDOP and DMDAP were also synthesized by similar approach, using phenyl
dichlorophosphate and adipoyl dichloride independently. The oligoesters are synthesized with satisfactory yields. (DMDMP: 83%,
DMDOP: 87%, DMDAP: 81%).

DMDMP = (oligo(2,2'–(1,2–diphenylethane–1,2–diylidene)bis(hydrazine–2,1

–diylidene))bis (methaneylylidene))diphenol)phenyl phosphinate)

DMDOP = (oligo((2,2'–(1,2–diphenylethane–1,2–diylidene)bis(hydrazine–2,1

– diylidene))bis (methaneylylidene))diphenol))phenyl phosphonate)

DMDAP = (oligo((2,2'–(1,2–diphenylethane–1,2–diylidene)bis(hydrazine–2,1

– diylidene))bis (methaneylylidene))diphenol))adipate)

DMDMP: 1H–NMR (DMSO–d3): δ ppm 10.25 (s,–OH), 9.00(s,–CH = N), 7.99–6.86

(Ar–H). 13CNMR (DMSO–d3): δ ppm 163.14(C8), 159.16(C7), 146.05(C1), 144.57(C13), 138.90(C16), 135.15(C9), 133.70(C3),

131.97(C10), 130.98(C5), 129.85(C12), 127.84(C11), 126.72(C14) 124.88(C15), 123.83(C4), 120.57(C6), 111.24(C2). 31P–NMR (DMSO–
d3):

δ ppm − 0.93, − 4.00, − 5.30–11.84, − 11.96, − 12.09, − 18.18.

DMDOP:1H–NMR (DMSO–d3): δ ppm 10.31 (s, –OH), 8.93(s,–CH = N), 7.98–6.76(Ar–H). 13CNMR (DMSO–d3): δ ppm 163.21(C8),
159.17(C7), 153.75(C1), 146.75(C13), 138.03(C9), 133.70(C5), 132.25(C3), 131.07(C15), 129.69(C12), 127.84C10), 126.66(C11),
125.23(C4), 123.55(C16), 120.54(C14), 118.74(C2), 109.82(C6). 31P–NMR (DMSO–d3): δ ppm 17.72.

DMDAP: 1H–NMR (CDCl3–d1): δ ppm11.39 (s,–OH), 8.93 (s,–CH = N), 8.72–6.77

(Ar–H), 2.37(d, Ha), 1.69(t, Hb). 13C–NMR (CDCl3–d1): δ ppm197.47(C13), 167.62(C8), 160.53(C7), 151.18(C1), 142.15(C5), 135.70(C9),
133.88(C12), 132.80(C10), 131.68(C11), 129.03(C3), 128.32(C2), 114.83(C4), 110.84(C6), 55.87(C14), 33.53(C15).

2.5. Results and discussion
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2.51. Solubility
The solubility of synthesized compounds was tested with different solvents such as methanol, DMF, n–hexane, ethyl acetic acid, DMSO,
ethanol, THF, CH2Cl2, acetonitrile, acetone and CHCl3 in room temperature. For this study, 0.1g of substance was used to test the
solubility in 1 ml of above-mentioned solvents. The synthesized compounds are fully soluble in DMSO, DMF and THF, but only slightly
soluble in CHCl3, ethyl acetate and CH2Cl2. The compounds are insoluble in non–polar solvents. In oligoesteric reaction, most of the
phenolic –OH groups are involved and therefore oligoesters have less solubility than the monomer DBHMD. The solubility of oligoesters
in highly polar DMSO may be due to the terminal polar –OH group [29].

2.52. Molecular weight (Gel permeation chromatography)
The gel penetration chromatography was used to determine the molecular weight of the oligoesters and the chromatogram of
oligoestersare given in SF. 1. The polystyrene standard calibration curve was used to calculate the number average molecular weight
(Mn), weight average molecular weight (Mw) and polydispersity index (PDI) of DMDMP, DMDOP and DMDAP oligoesters.

Mn, Mw and PDI are 2415, 2178 g mol–1 and 1.10 for DMDMP, 2134, 1895 g mol–1 and 1.12 for DMDOP and 2015, 1976 g mol–1 and
1.01 for DMDOP respectively. The low PDI value of the oligoesters indicate the presence of less number of branches and structural
homogeneity in the chain [4].

2.53. Spectral Characterizations
SF. 2 depicts the FT–IR spectra of monomer and oligoesters, and their spectral data are listed in Table 2. In the FT–IR spectra, the bands
appeared at 1483–1456 cm–1 and 1690–1598cm–1are indicating the presence of > C = C < and > C = N < stretching vibration of monomer
and oligoesters. The monomer's phenolic –OH stretching vibration and the end –OH group stretching of oligoesters are found at about
3520 and 3553–3420cm–1 respectively. The C–H stretching vibration appears at 3172 and 2985–2977 cm–1 for monomer and
oligoesters respectively.

Table 1
Solubility of monomer and oligoesters

Compound DMSO DMF THF CHCl3 CH2Cl2 CH2CN MeOH EtOH n–hexane Acetone

DBHMD + + + + + + ± ± – –

DMDMP + + + ± ± – – – – –

DMDOP + + + ± ± – – – – –

DMDAP + + + ± ± – – – – –

Soluble: +, Partially soluble: ±, Insoluble: –

Table 2
FT–IR spectral data of monomer and oligoesters

Compounds Wavenumber(cm–1)

–OH –C = N– –C = C– Ar–H P–O–C P = O O = P–OH –C = O

DBHMD 3520 1690 1465 3172 – – – –

DMDMP 3537 1645 1456 2979 1155 1279 2688 –

DMDOP 3553 1598 1474 2977 1198 1266 2692 –

DMDAP 3420 1609 1483 2985 – – – 1726

The bands that occurred at 2692–2688, 1198–1155 and 1279–1266 cm–1 for O = P–OH, P–O–C and –P = O confirm the presence of
phosphorous in DMDMP and DMDOP oligoesters structure. Similarly, the band appeared at 1726 cm–1, indicating the > C = O stretching
vibration and providing evidence for ester linkage in DMDAP oligoester structure [5].
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1H and 13C–NMR spectra of the monomer are shown in SF. 3. In the 1H–NMR spectrum, the azomethane, hydroxy proton and aromatic
proton chemical shift appear at 8.71, 10.30 and 7.99–6.95 ppm respectively. The aromatic proton shifts in DBHMD are comparatively
higher than the 2BH hydrazone. The disappearance of –NH2 chemical shift around 6.00 ppm in the DBHMD spectrum is strongly
indicating the formation of the expected structure. The chemical shift of carbon atoms in various chemical environments of DBHMD are
displayed in 13C–NMR spectrum. DBHMD exhibits an additional azomethane chemical shift at around 165.42 ppm compared to
hydrazone is indicating the formation of the expected azine structure. Furthermore, the DBHMD high resolution mass spectrum (SF. 4)
shows m/z value at 489.3784, confirming the monomer structure.

SF. 5 show the 1H and 13C–NMR spectra of oligoesters. The chemical shift of azomethine proton in the oligoesters appear in the range
8.94–8.51 ppm. The azomethane proton shift appear at slightly downfield than the monomer due to the deshielding effect of additional
phenyl rings [30].

The chemical shift occurred at 11.39–10.31 ppm, indicating the presence of terminal

–OH group in the oligoesters. The presence of more chemical shift values than the monomer in the aromatic region implies the
incorporation of phenyl groups in DMDMP and DMDOP oligoesters’ backbone. Similarly, DMDAP oligoester exhibits additional proton
chemical shift in the aliphatic region at 2.37–1.57 ppm and the terminal –OH group in the higher chemical shift value(11.39 ppm)
confirm the structure of DMDAP oligoester[7].

In the 13C–NMR spectra, due to the incorporation of phenyl groups into the backbone of oligoesters results in more chemical shift than
the monomer. The appearance of additional chemical shift ​​at 197.47 ppm corresponding to ester carbon and 42.12–11.89 ppm for the
aliphatic carbon supports the DMDAP oligoester structure.

The 31P–NMR spectra of oligoesters are shown in SF. 6. The spectra show significant chemical shifts at − 0.93 to − 18.18 ppm and17.72
ppm respectively. The negative and positive chemical shift values respectively indicates the presence of phosphorous in the main and
end group of the oligoesters chain[31], which confirms the phosphorous incorporation in the oligoester chain's backbone [32].

2.5.4. Thermogravimetric analysis
The thermogravimetric analysis was performed in nitrogen atmosphere at a heating rate of 10°C/min and the thermogram is shown in
SF. 7. The oligoesters DMDMP, DMDOP and DMDAP are stable up to 126, 131 and 123°C respectively. Table 3 shows the 10% and 50%
weight loss and their char residue at 600°C.The initial weight loss of the oligoesters’ occurred around 100oC are due to the exclusion of
accumulated water molecules.The second stage degradation of DMDMP, DMDOP and DMDAP in the range 182–200oC may be due to
degradation of the ester group from the structure. The final degradation that occurred at

Table 3
TGA data of oligoesters

Compounds 10%

weight loss

50%

weight loss

% of Residual at 600(ºC) LOI

DMDMP 154 361 40 33.5

DMDOP 155 291 43 34.7

DMDAP 162 282 34 31.1

300–427C may be due to the breaking of main chain of oligoesters [].
The char yield is an essential factor in determining the polymer's limiting oxygen index (LOI). The LOI of oligoesters were calculated
using Van Krevelen and Hoftyzer equation [34]LOI = 17.5 + 0.4CR (Char yield).The LOI values of oligoesters are less than 45. DMDOP has
greater LOI value among the oligoesters, resulting in decreased flammability and higher

self–extinguishing property[35].

2.5.5 Contact angle measurement of monomer
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The contact angle(θ) water equilibrium of DBHMD has been investigated and is shown in SF. 8. The water contact angle on the DBHMD
surface is 87 ± 1o. The result demonstrates the hydrophilic nature of monomer[12, 13].

2.5.6. Optical properties
The UV–Vis and fluorescence spectra of monomer and oligoesters in DMF solution are shown in SF. 9. The Tauc diagram was used to
calculate the band gap value of monomer and oligoesters. In the absorption spectra, the bands appear at 251–255 and 304–312 nm
representing the π–π* and n–π* transition respectively. The absorbance band appeared at

359–377 nm is due to the ground state electron transfer between phenolic –OH and azine nitrogen in ground state(–C = N–)[38].

The absorbance band of the oligoesters appeared at lower wavelength than that of the monomer. This hypsochromic shift from their
monomer absorption wavelength is due to the changes in the planarity of oligoesters in the backbone. The absorbance wavelength of
DMDAP appeared at higher wavelength than DMDMP and DMDOP is due to the presence of high π π stacking interaction between the
repeating units [39]. The band gap value of monomer and oligoesters calculated using Tauc method are 2.96, 3.21, 3.16 and 3.03 eV for
DMDMP, DMDOP and DMDAP respectively. The formationof ester linkage causes the lack of conjugation in the repeating unit of
oligoester, resulting in lower absorption wavelength and higher band gap value than the monomer [40].

In the fluorescence investigation, the excitation wavelength of monomer and oligoesters were fixed at their respective absorption
wavelength. The emission bands appeared at 387, 456 nm for DBHMD 391,461 nm for DMDMP, 385, 459 nm for DMDOP and

394, 466 nmfor DMDAPrespectively. The dual emission appeared in excited state is due to the formation of keto enol tautomer through
the ESIPT process. The Stoke’s shift (ΔλST) value occurred due to the relaxation of excited electrons or structure relaxation of the
compound.

The Stoke’s shift value is 79 for DBHMD and 102, 94, and 95 for DMDMP, DMDOP and DMDAP respectively. The elongation of the
double bond in the oligoester chain causes larger Stoke shift value than monomer [41]. The absorption, emission and Stoke’s shift value
of monomer and oligoesters are listed in Table 4. The high Stoke’s shift value reduces the overlapping of the excitation–emission
spectra and reduces the background signal. So, the molecule with high Stoke’s shift value can be an excellent fluorescence sensor [42].

Table 4
Fluorescence spectral data of monomer and oligoesters

Compound Absorption Emission

λmax(nm)
a Eg(eV)

b λmax(nm)
c ΔλST

d

DBHMD 251,309,377 2.96 387,456 79

DMDMP 253,307,359 3.21 391,461 102

DMDOP 255,312,362 3.16 385,459 97

DMDAP 252,304,371 3.03 394,466 95

aAbsorption maximum, bBand gap, cEmission maximum,

eStoke’s shift

The intramolecular proton transfer from phenolic –OH to azine (= N–N=) in the excited state causes dual emission in the fluorescence
spectra of monomer and oligoesters.

The DBHMD was taken to explain the ESIPT process, which contains azine nitrogen ortho to phenolic group. The reduced density
gradient (RDG) was used to find out the weak and strong hydrogen bonding interactions in the molecule, which are plotted against
sign(λ2)ρ) are shown in Fig. 1. According to Johnson et al. approach, the positive sign(λ2)ρ denotes steric effects, the negative sign(λ2)ρ
signifies hydrogen bonding interactions and van der Waals effects of the molecules and are assigned values near zero[43]in the RDG
image. The spikes that appeared from − 0.05 to − 0.04 in the RDG image of the monomer indicate a strong intramolecular hydrogen
bonding contact in the ground state (S0) between the phenolic O–H and azine (= N–N=) nitrogen. The schematic representation of
fluorescence emission ESIPT keto–enol tautomerism of DBHMD is depicted in SF. 10.

−
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According to Kasha's rule, only the lowest initial excited state following electronic depletion and vibrational relaxation can cause to
perform photochemical reactions or fluorescence emission. The lowest unoccupied molecular orbital (LUMO) and highest occupied
molecular orbital (HOMO) are highly related to proton transfer (LUMO)[44].

The O–H charge density decreases when the charge is transported from the HOMO to LUMO in the excited state, causing increase in the
charge density of the azine nitrogen

(–N=). In the excited state, the hydroxy protons are highly attracted by the high charged density azine nitrogens, leading to keto–enol
tautomerism [45]. The theoretical FT–IR spectrum of DBHMD was performed and is shown in SF.11. In this spectrum, the O–H stretching
vibration appears at 3752.45 and 3179.96 cm–1. The appearance of band at longer wavenumber is confirming the –OH stretching
vibration. The strong interaction between hydroxy O–H and azine nitrogen weakens the stretching vibration of O––H ((O------H–––N))
and shows the band at lower wavenumber confirming the intramolecular proton interaction.

2.5. Chemosensor studies

2.5.1. Evaluation of selectivity
The selectivity of fluorophores (DBHMD, DMDMP, DMDOP and DMDAP), was investigated with the different metal ions in DMF/H2O
solution (1:1, pH: 7.4, fluorophore: 5µM). The fluorescence of free fluorophores and fluorophores added with different metal ions such as
nitrate salts of Ag+, Pb2+, Ba2+, Ca2+, Al3+, Bi3+, Mg2+, Na+, Cr3+, Ni2+, Ce3+, Zr2+, Zn2+, Mn2+, Cd2+, Li+, Co2+, Hg2+ and chlorides salts of
La3+, Fe3+, Cu2+, Fe2+, K+ were studied. In this study, the fluorescence intensity of fluorophore was efficiently quenched by Cu2+ ion and
shows good ‘on off’ response than the other metal ions as shown in Fig. 2. The quenching occurred due to the paramagnetic behaviour
and d–π interaction between the fluorophore and Cu2+ ion [46]. All fluorophores exhibit good quenching response with Cu2+ ion.
Oligoesters show higher fluorescence intensity quenching than the monomer due to its strong binding and more binding sites for Cu2+

ions.

2.5.2. Competitive analysis with other metals
The effective chemosensors should sense the particular metal ion without interfering with other metal ions. Therefore, in the competitive
study, the fluorophores were individually studied with Cu2+ ion over the presence of other metal ions in 100 equivalents. The results
illustrate that the fluorophores have no significant change in their fluorescence intensity over the presence of other metal ions. The
results show the selective response of fluorophores towards Cu2+ ion. Further the fluorophores are able to detect Cu2+ independent ofthe
presence of other competing metal ions (Chloride of Ag+, K+, La3+, Fe2+, Fe3+ and nitrate of Ba2+, Al3+, Bi2+ Pb2+, Cd2+, Hg2+, Cr3+, Ce3+,
Li+, Zn2+, Zr2+, Mn2+, Mg2+, Co2+, Ni2+, Ca2+, Na+).

Figure 3 illustrates the fluorescence response of the fluorophores with Cu2+in the presence of other metal ions.

2.5.3. Quenching response towardsCu2+ion concentration
The fluorophores were investigated with various concentrations of Cu2+ ion separately in DMF/H2O solution. Their fluorescence intensity

gradually decreases with increase in concentrations of Cu2+ ion. Upon the addition of Cu2+ ion into the fluorophore solution quenched
the fluorescence intensity due to the interaction between Cu2+ ion and fluorophore by energy or electron transfer process [47].

The quenching responses of fluorophores are shown in Fig. 4. The ground state interaction between Cu2+ ion and fluorophore is revealed
by comparing the fluorophore–Cu2+ and fluorophores’ absorption spectrum and is shown in SF. 12. The bathochromic shift observed
from their actual absorption band isindicating the ground state interactions between the fluorophores and Cu2+ ion. The interaction of
Cu2+ ion with the electron withdrawing acceptors group causes the red shift in the absorption spectrum[48].

Stern–Volmer plot and limit of detection

The obtained quenching data of fluorophores with Cu2+ ion was used to calculate the limit of detection (LOD) and binding stoichiometry.
The binding stoichiometry of fluorophores with Cu2+ ion was calculated using the Stern–Volmer equation (I0/ I = 1 + Ksv [Q]).
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Here, I and I0 are the fluorescence intensities of fluorophore in the presence and absence of quencher. The Stern–Volmer constant is Ksv
and [Q] is the concentration of the quencher[49]. A graph is plotted with relative fluorescence intensity (I0/ I) against the concentration of

Cu2+and is shown in Fig. 5. The dynamic and dominant diffusion process is taken place in the fluorophores solution upon the addition
of Cu2+ ion [50]. From the Stern–Volmer plot, the correlation coefficient (R2) values calculated are 0.99769, 0.99711, 0.99396 and
0.99510 for DBHMD, DMDMP, DMDOP and DMDAP respectively.The results illustrated the fluorophores’ capability to determine Cu2+ ion
quantitatively in the solution. The fluorophores LOD value towards Cu2+ ion was calculated using the formula LOD = 3.3σ/k. Where k is
the slope of the calibration graph and σ is the y–intercept of the regression line [51]. The detection limit was calculated and is 1.62 x 10–

8, 3.89 x 10–8, 1.90 x 10–8 and 5.86 x 10–8 M for DBHMD, DMDMP, DMDOP and DMDAP respectively.

Benesi–Hildebrand plot

The binding constant (Ka) of the fluorophore with Cu2+ ion was calculated from the linear fitting curve of Benesi–Hildebrand plot and is
shown in Fig. 6. The Binding constant values calculated are 1.0012, 1.0018, 1.0015 and 1.0014 M–1 for DBHMD, DMDMP, DMDOP and
DMDAP respectively. The results indicates the high binding capability of fluorophores toward Cu2+ ion in the chemosensor study.

2.5.4. Time effect
The spot response is an essential property of fluorophores to detect the respective metal ion at a particular time. So, the fluorophores
were examined with Cu2+ ion in DMF/H2O solution(1:1, fluorophore = 5µM, pH = 7.4) at different periods. The addition of Cu2+ ion into
the fluorophore solution causes fluorescence quenching and increasing with increase in the contact time and attaining maximum
quenching around 5 minutes. The effect of time on the fluorescence quenching is depicted in Fig. 7.The quick response of decrease in
fluorescence intensity of fluorophores with the addition of Cu2+ ion indicates the capability of fluorophores to detect the Cu2+ ions in real
time[52].

2.5.5. Sensor efficiency versus pH
The fluorescence response and sensing capability of fluorophores with and without metal ions were investigated in DMF/H2O solution
(1:1, fluorophore = 5M) at different pH from 1 to 13. The pH of the solution was adjusted with 0.1 M HCl and 0.1 M NaOH solution. The
electron transition from azine to a phenyl ring and vice versa is maximum at high and low pH levels due to formation ionic structure in
the fluorophores [53].

At higher pH level, the equilibrium between phenolic and phenoxide is shifting the equilibrium towards the phenoxide formation. This
formation of phenoxide increases the conjugation in the fluorophore system and reduces the HOMO–LUMO band gap value. So less
energy is required to transfer an electron from lower to higher energy and increase the fluorescence intensity [54]. The effect of different
pH on fluorophores’ detection efficiency with Cu2+ ion is illustrated in SF. 13.

2.5.6. Reversible capability of chemosensor
The fluorophores’ reversibility is an essential property of chemosensors to detect the metal ion in many cycles. The study was carried out
by adding ethylenediaminetetraacetic acid (EDTA) in to fluorophore–Cu2+solution (1:1, fluorophore = 5M, pH = 7.4). The fluorescence
intensity of fluorophore–Cu2+ gradually increases with the addition of EDTA into the fluorophore solution. The fluorophores’ quenching
intensity is completely nullified with 100 equivalents of EDTA. The outcome demonstrates an excellent reversibility of fluorophores with
EDTA and show that the fluorophores can be used multiple times to detect the Cu2+ ion. The results are shown in Fig. 8.

2.6. Computational method
The structural parameters of fluorophore and quencher were determined using density functional theory (DFT). The dimer of
fluorophores and quencher structure were optimized in the B3LYP/6–311 + + G( d,p) and LANL2DZ basis set the results are shown in SF.
14.

2.6.1. Frontier molecular orbital analysis
The bandgap value ofmonomer and dimer of oligoesters were calculated using frontier molecular orbital analysis. The energy value of
HOMO and LUMO ​​are used to measure the optical polarizability, chemical hardness–softness and chemical reactivity of the
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molecules[55]. Generally, the small band gap molecules are stable with low excitationenergy and chemical hardness. The band gap
value of DBHMD, DMDMP, DMDOP and DMDAP are 3.3478, 3.4011, 3.4128 and 3.3244eV respectively.

The molecules’ polarizability highly depends on the softness and hardness of the molecules, which is calculated by the formula [56] is,
ɳ= 1/2(A–I). Here, the I and A are

EHOMO and ELUMO energy of molecules. The η value of DBHMD is found to be 1.6739 eV and for the dimer of DMDMP, DMDOP and
DMDAP oligoesters are 1.7005, 1.7064 and 1.6622 eV respectively. The band gap value of the quencher is found to be 2.9132eV.

The Frontier molecular orbital images of oligoesters dimer and quencher are shown in

SF. 15 and 16 respectively and their values are listed in Table 5.

Table 5
HOMO LUMO and band gap value of ligand and metal

Compound EHOMO ELUMO Band Gap(eV) MO. Number

DBHMD –6.0483 –2.7004 3.3478 117(O), 118(U)

DMDMP –5.9996 –2.5984 3.4011 265(O), 266(U

DMDOP –6.0382 –2.6253 3.4128 269(O), 270(U

DMDAP –6.0888 –2.7644 3.3244 263(O), 264(U

Cu(OH)2 –7.6500 –4.7368 2.9132 18(O), 19(U

O, U = Occupied and Unoccupied orbital

At higher pH Cu2+ is hydrated and forming Cu(OH)2.Thestructure of Cu(OH)2 was optimised and the band gapvalue isfound to be
2.9132eV from its HOMO–LUMO energy values. The chemical hardness value of the quencher calculated is1.4566 eV. The low chemical
hardness generally indicates less resistance to the charge transfer process [57].

The energy difference between LUMO and electrophilicity index of fluorophore and quencher indicates the possibility of making a bond
through the electron or charge transfer process.

2.6.2. Molecular electrostatic potential (MEP) and contour map
Different colours represent the negative and positive sites of the fluorophores on the MEP surface. The blue and red colours indicate the
positive (electrophilic reactivity) and negative (electrophilic reactivity) sites, other colours on the map represent the neutral sites of the
fluorophore molecule. The MEP and contour map are indicating the more susceptible sites in the molecule to nucleophilic and
electrophilic attack. The MEP and contour map are shown in SF. 17 and 18 respectively.

The image exhibits that oxygen and nitrogen have higher electronegativity than the other atoms in the molecule. The contour map
shows the maximum electron flow in the molecule, which is higher around nitrogen and oxygen than on other atoms in the molecule.
Further, the local and global descriptors were studied to confirm the feasible binding sites in the molecule for the electrophilic and
nucleophilic attacks with metal ion in the chemosensor study.

2.6.3. Global descriptors
In Koopmans' theorem, the energy values of HOMO and LUMO were used to determine global descriptors such as the global hardness
(η), electrophilic index (ω), chemical potential (µ), electronegativity (χ) and global softness (S) of the molecule [58]. The EHOMO and ELUMO

energy values are indicated as A and I.Table 6. shows the global descriptors of the molecule derived using the above equation.
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Table 6
Global descriptors values of fluorophores and quencher

Compound I

=EHOMO

A

= ELUMO

Χ

=(I + A)/2

ɳ

= 1/2(A–I)

µ

=–χ

S

= 1/2ɳ

ꙍ

=µ2/2ɳ

ΔNmax

=–µ/ɳ

DBHMD –6.0483 –2.7004 4.3744 1.6739 –4.3744 0.8369 5.7157 2.6132

DMDMP –5.9996 –2.5984 4.2990 1.7005 –4.2990 0.8502 5.4338 2.5279

DMDOP –6.0382 –2.6253 4.3318 1.7064 –4.3318 0.8532 5.4981 2.5385

DMDAP –6.0888 –2.7644 4.4266 1.6622 –4.4266 0.8311 5.8942 2.6630

Cu(OH)2 –7.6500 –4.7367 6.1933 1.4566 –6.1933 0.7283 13.1670 4.2519

χ = –(I + A)/2

ɳ = 1/2(A–I)

S = 1/2ɳ

µ = – χ = (I + A)/2

ꙍ = µ2/2ɳ

ΔN max = –µ/ɳ

The stabilization energy of the system while adding or removing electrons from the environment was determined by measuring the
electrophilic index (ꙍ) value [59]. The low chemical potential value and high electrophilicity index value indicate the electrophilic
behaviour of the system [60]. Comparatively, the quencher has higher electrophilicity index value and the energy difference between the
chemical potential and electrophilicity index is higher, indicating its strong electrophilic behaviour. Moreover, fluorophoresare having
higher LUMO value than quencher. Therefore, fluorophores can easily transfer the electrons to the lower LUMO of quencher. Further
confirming the electron or charge transfer process following descriptors were studied.

Electrophilicity based charge transfer descriptors (ECT)

The charge transfer in the molecules was calculated using the charge difference between quencher(M+) and fluorophores(F). The charge
transfer descriptor(ΔNmax) was calculated using the formula [61],

ECT = (ΔNmax)F − (ΔNmax)M+

When, F and M+ approach the charge flow from M+ to F, if ECT > 0, the charge flows from F to M+ if ECT < 0. ECT values of the DBHMD,
DMDMP, DMDOP and DMDAP are

–1.63 − 1.72, − 1.71 and − 1.58 respectively. The ECT values of fluorophores indicate that the charge flows from F to M+. The
DMDMPfluorophore has lower electronegativity (χ) and ECT values than the other fluorophores indicating the ability to interact with
metal ions through the LMCT process in the chemosensor study.

2.6.4. Local descriptors
The local descriptors are mostly used to determine the molecule's exact binding sites or reactive sites. Here, the local descriptors for
fluorophores were studied to determine the exact binding sites with the metal ion in the chemosensor study. The Yang and Mortier [62]
method was used to calculate the Fukui functions (fk+, fk–, fk0) with the following equations,

fk
0 = 1/2[q(N + 1)–q(N–1)] – For radical attack

fk
+ = [q(N + 1)–q(N)] – For nucleophilic attack

fk
–= [q(N)–q(N–1)] – For electrophilic attack
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The molecules' neutral, anionic, and cationic states are represented as N, N–1, and N + 1.

Local softness

The exact reactivity site of the fluorophore molecules was described using local electrophilic index (ωk
+, ωk

– and ωk
0) and local softness

(Sk
+, Sk

– and Sk
0) of the fluorophore molecules. The results are listed in Table 7. Here, +, 0 and – indicate nucleophilic, radical and

electrophilic attacking sites of the fluorophores system. The atoms highlighted in the Table withhigher electrophilicity index than the
other atoms indicate feasible and more prone site to electrophilic attack [38, 24] in the chemosensor study. The possible binding site of
the fluorophore with Cu2+ ion is shown in Fig. 9.
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Table 7
Local descriptors values of fluorophores

Compound Atoms Natural atomic

charges (eV)

Fukui functions(eV) Local softness(eV) Local electrophilicity
index(eV)

qN + 
1

qN0 qN–1 fk
+ fk

0 fk
– Sk

+ Sk
0 Sk

– ꙍk
+ ꙍk

0 ꙍk
–

DBHMD 8 N 0.320 0.480 –
0.195

–
0.161

0.257 0.675 –
0.134

0.215 0.565 –0.91 1.470 3.858

9 N 0.138 –
0.042

–
0.270

0.180 0.204 0.228 0.151 0.171 0.191 1.028 1.166 1.304

12 N 0.245 0.160 –
0.242

0.085 0.244 0.403 0.071 0.204 0.337 0.486 1.394 2.302

13 N 0.122 0.141 –
0.385

–
0.019

0.253 0.526 –
0.016

0.212 0.440 –0.10 1.448 3.006

21 O 0.311 0.226 –
0.219

0.085 0.265 0.445 0.071 0.222 0.372 0.486 1.514 2.543

22 O 0.182 0.148 –
0.217

0.034 0.200 0.365 0.028 0.167 0.306 0.194 1.141 2.088

DMDMP 8 N –
0.165

0.593 0.457 –
0.758

–
0.31

0.136 –
0.644

–
0.264

0.115 –
4.117

–
1.690

0.737

9 N –
0.212

–
0.127

–
0.039

–
0.085

–
0.08

–
0.08

–
0.073

–
0.074

–
0.07

–
0.464

–
0.472

–
0.480

12 N –
0.180

–
0.157

0.168 –
0.023

–
0.17

–
0.32

–
0.020

–
0.148

–
0.27

–
0.125

–
0.947

–
1.769

13 N –
0.191

0.838 0.190 –
1.028

–
0.19

0.648 –
0.874

–
0.162

0.551 –
5.588

–
1.034

3.520

63 N –
0.183

0.635 0.551 –
0.818

–
0.36

0.084 –
0.695

–
0.312

0.071 –
4.444

–
1.994

0.455

64 N –
0.187

–
0.015

–
0.038

–
0.172

–
0.07

0.022 –
0.146

–
0.064

0.019 –
0.935

–
0.407

0.122

67 N –
0.199

0.272 0.158 –
0.471

–
0.17

0.113 –
0.400

–
0.152

0.096 –
2.559

–
0.971

0.617

68 N –
0.368

0.101 0.130 –
0.469

–
0.24

–
0.02

–
0.399

–
0.212

–
0.02

–
2.550

–
1.354

–
0.159

76 O –
0.159

0.219 0.223 –
0.378

–
0.19

–
0.04

–
0.322

–
0.162

–
0.03

–
2.056

–
1.038

–
0.019

77 O –
0.740

0.237 0.247 –
0.977

–
0.49

–
0.01

–
0.831

–
0.419

–
0.08

–
5.307

–
2.680

–
0.052

122 P 1.523 –
1.331

–
1.462

2.854 1.492 0.131 2.427 1.269 0.111 15.507 8.110 0.712

123 O –
0.656

0.034 0.109 –
0.689

–
0.38

–
0.07

–
0.586

–
0.325

–
0.06

–
3.746

–
2.077

–
0.408

DMDOP 8 N –
0.167

0.510 0.340 –
0.677

–
0.25

0.170 –
0.577

–
0.216

0.145 –
3.720

–
1.393

0.934

9 N –
0.213

–
0.101

0.019 –
0.115

–
0.11

–
0.11

–
0.098

–
0.099

–
0.10

–
0.632

–
0.638

–
0.645

12 N –
0.173

–
0.041

–
0.132

–
0.132

–
0.02

0.091 –
0.112

–
0.017

0.078 –
0.724

–
0.112

0.500

13 N –
0.173

0.767 0.826 –
0.940

–
0.49

–
0.05

–
0.802

–
0.426

–
0.05

–
5.168

–
2.745

–
0.323
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21 O –
0.771

0.246 0.263 –
1.017

–
0.51

–
0.01

–
0.868

–
0.441

–
0.01

–
5.592

–
2.843

–
0.094

22 O –
0.181

0.153 0.138 –
0.334

–
0.15

0.015 –
0.285

–
0.136

0.013 –
1.835

–
0.876

0.082

63 N –
0.187

0.547 0.414 –
0.734

–
0.30

0.133 –
0.627

–
0.256

0.114 –
4.038

–
1.652

0.733

64 N –
0.188

0.048 0.108 –
0.236

–
0.14

–
0.06

–
0.201

–
0.126

–
0.05

–
1.298

–
0.815

–
0.331

67 N –
0.199

0.253 0.324 –
0.452

–
0.26

–
0.07

–
0.386

–
0.223

–
0.06

–
2.485

–
1.439

–
0.393

68 N –
0.368

0.139 –
0.022

–
0.506

–
0.17

0.160 –
0.432

–
0.148

0.137 –
2.784

–
0.951

0.882

76 O –
0.157

0.235 0.207 –
0.392

–
0.18

0.028 –
0.335

–
0.155

0.024 –
2.157

–
1.001

0.154

77 O –
0.722

0.432 0.407 –
1.154

–
0.56

0.024 –
0.984

–
0.482

0.021 –
6.343

–
3.105

0.133

122 P 0.144 0.037 0.268 4.395 2.261 0.128 3.749 1.930 0.110 24.162 12.434 0.706

123 O 1.693 –
2.701

–
2.830

–
0.869

–
0.42

0.027 –
0.741

–
0.359

0.023 –
4.777

–
2.313

0.151

124 O –
0.662

0.207 0.179 –
1.028

–
0.51

–
0.04

–
0.877

–
0.441

–
0.04

–
5.654

–
2.839

–
0.024

DMDAP 8 N 0.505 0.805 0.860 –
0.301

–
0.17

–
0.05

–
0.250

–
0.148

–
0.04

–
1.773

–
1.050

–
0.327

9 N 0.102 –
0.261

–
0.165

0.363 0.134 –
0.09

0.302 0.111 –
0.08

–
2.141

0.787 –
0.566

12 N 0.208 –
0.123

0.146 0.331 0.031 –
0.26

0.275 0.026 –
0.22

1.951 0.182 –
1.586

13 N 0.178 0.527 0.175 –
0.350

0.001 0.353 –
0.291

0.001 0.293 –
2.062

0.008 2.078

21 O 0.029 0.029 0.001 –
0.004

0.014 0.028 0.000 0.011 0.023 –
0.002

0.080 0.163

22 O 0.189 0.122 0.091 0.067 0.049 0.031 0.056 0.041 0.026 0.397 0.290 0.184

63 N 0.357 0.364 0.314 –
0.008

0.021 0.050 –
0.006

0.018 0.042 –
0.046

0.126 0.297

64 N 0.159 0.155 0.142 0.004 0.008 0.013 0.003 0.007 0.010 0.025 0.049 0.074

67 N 0.288 0.270 0.246 0.017 0.021 0.024 0.014 0.017 0.020 0.102 0.122 0.142

68 N 0.103 0.075 0.027 0.028 0.038 0.048 0.023 0.032 0.040 0.166 0.224 0.283

76 O 0.257 0.219 0.201 0.038 0.028 0.018 0.032 0.023 0.015 0.225 0.165 0.105

77 O 0.234 0.249 0.211 –
0.016

0.011 0.039 –
0.013

0.010 0.032 –
0.094

0.067 0.229

117 O –
0.112

–
0.150

–
0.144

0.038 0.016 –
0.05

0.032 0.014 –
0.04

0.223 0.096 –
0.031

118 O 0.010 0.010 –
0.020

3E0–
5

0.015 0.030 2E0–
5

0.012 0.025 0.001 0.087 0.175

2.7. Mechanism of sensing
The ground state interaction between fluorophore and quencher is explained with results of UV–Vis spectroscopy. Fluorescence ‘turnoff’
mechanism is explained using fluorescence spectrum of fluorophores with 100 equivalents of Cu2+ ion and DFT results of the



Page 14/29

fluorophores and quencher. In the excited state, the hydroxyl protons are attracted by high electron density azine nitrogen,inducing ESIPT
process and transfer proton from hydroxyl to azine nitrogen giving dual emission in the fluorescence spectrum. The fluorophore with
Cu2+ion causes interaction in the ground state, which is confirmed by the bathochromic shift of fluorophore from its actual absorption
band. The absorption band shifts and ECT results demonstrate the ground state interaction that occurred via the ligand to metal charge
transfer (LMCT) process [64].

The higher LUMO value of fluorophores has greater possibility of transferring an electron to the lower LUMO of the quencher. Moreover,
the obtained negative values in the ECT give evidence to the LMCT process. The LMCT process leads to bathochromic shift in the
ground state due to the attraction of electron withdrawing group of fluorophore and paramagnetic effect of quencher, stalling the PET
and induced reverse PET process causing fluorescence quenching in the chemosensor study. The ‘turn off’ mechanism of fluorophores
with Cu2+ ions is shown in Fig. 10.

2.8. Water sample analysis
The practical applicability of fluorophores was examined for the real models using two lake water samples collected from Kurichikulam
(KW) and Periyakulam (PW) in Ukkadam, Coimbatore, Tamil Nadu, India. The detection of Cu2+ ion in these samples was evaluated by
spiking a known concentration of Cu2+ ion and estimating the recovery.Table 8 shows the significant recovery from the three repeated
measurements in spiked water samples. The results show that fluorophores can detect Cu2+ ions in natural water samples.

Table 8
Detection of Cu2+ in spiked water samples using fluorophores

Compound Sample Cu2+ spiked

(µM)

Cu2+found

(µM)

mean[a] ± SD[b]

Recovery

(%)

Relative error

(%)

DBHMD LW 1 5 5.08 ± 0.08 101.3 1.3

10 9.89 ± 0.11 98.3 –1.7

LW 2 5 4.96 ± 0.04 99.2 –0.8

10 9.95 ± 0.05 99.5 –0.5

DMDMP LW 1 5 5.05 ± 0.05 100.5 0.5

10 9.93 ± 0.07 99.2 –0.8

LW 2 5 4.95 ± 0.05 98.7 –1.3

10 9.90 ± 0.10 99.0 –0.1

DMDOP LW 1 5 5.10 ± 0.10 101.8 1.8

10 9.92 ± 0.08 99.1 –0.9

LW 2 5 4.98 ± 0.02 99.7 –0.3

10 9.99 ± 0.01 99.5 –0.5

DMDAP LW 1 5 5.04 ± 0.03 100.4 0.4

10 9.92 ± 0.08 99.1 –0.9

LW 2 5 4.96 ± 0.04 99.5 –0.5

10 9.98 ± 0.02 99.8 –0.2

a mean of three measurements, b standard deviation

2.9. Cell imaging analysis
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Before the cell imaging experiments, the highly responsive fluorophore DMDMP with and without Cu2+ ion was tested for cytotoxicity
against the blood cancer Human monocytic leukemia cells (THP–1).The cells were incubated for 24 hrs at 37°C with different
concentrations (0, 0.5, 1, 2, 3, 4 and 5 mg/ml) of DMDMP and DMDMP –Cu2+,then MTT (5mg/ml) was added to the treated cells and
incubation continued for further 4 hrs.

The fluorophore DMDMP and DMDMP–Cu2+show 91.06 and 93.86% survival rate of cancer cells at 5mg/ml. For the excitation 408, 488,
520 and 630 nm Laser were used. The result shows that the cells stained with the compounds does not show any fluorescence or
adverse change in morphologyresulting in the absence of the expected fluorescent images. The cell imaging investigation is illustrated
in SF. 19. The fluorophore are not toxic to the cells, has low ability to penetrate the cell and suitable mode of delivery the molecules can
enter the cell and stain them, preferably without toxic side effect.

2.10. DC electrical study

2.10.1. Conductivity
The DC electrical conductivity of oligoesters with and without I2doping was studied from 1 V to 10 V using Keithley Electrometer (6517
B). The oligoesters' conductivity was studied for96hrs with an interval of 24 hrs. The conductivity of oligoesters increases with increase
in the contact time. The doping of I2 with oligoester and its conductivity are affected by the electron density of azine nitrogen in the
molecules, as illustrated in SF. 20.

The charge density of azine nitrogen is calculated using DFT study and they vary in the order DMDAP (–0.261) > DMDMP (–0.157) > 
DMDOP (–0.101)), which is the same as the conductivity of the respective oligoesters. The conductivity of oligoesters were calculated
using the formula σ = [(I X L) / (V X A)] [65]. Here, the voltage is V, thickness of the pellet is L, cross–sectional pellet area is A and current
is mentioned as I. The conductivity measurements of oligoesters were taken in air atmosphere and the graph was plotted between I2
contact time vs conductivity. When the I2 comes into contact with electron donating azine nitrogen produces polarons and I3– counter
ions in the structure of oligoesters. This is due to the formation of charge transfer complex between dopant I2 with azine nitrogen and
aromatic π carbons of oligoesters [66]. The coordination mode of I2 with nitrogens and phenyl rings is shown in SF. 21.Polaron
formation in the oligoester system improves electron mobility and increases electrical conductivity.

The I2 doped oligoesters FT–IR and UV–Vis spectra are shown in SF. 22 and 23. The bonds between the atoms in the oligoesters were

modified by adding I2 doping and increasing the polarons(–C = N– to = C–N+–) in the structure. This polaron is weakening the aromatic

–C–H stretching vibration band between 2750 and 2520cm–1 confirms the interaction of I2 with the π e– system of the oligoesters[67].

Similarly, the appearance of broad bands between 1686 and 1420 cm–1giving the evidence ofinteraction of I2 with –C = C– and –C = N–
groups of oligoesters. These outcomes indicate the incorporation of I2 in the backbone of the oligoesters chain [68].The contour map of
oligoesters in SF. 18 show that there is a weak electron flow between two repeating units due to the ester linkage of oligoesters. Even
though, DMDAP dimer structure exhibits high electrical conductivity due to high electron density nitrogen and flexible structure which
induces the π–π stacking interaction, revealing high electrical conductivity.

In the UV–Vis spectra of oligoesters, the absorption bands are redshifted and appear at 352, 357 and 371 nm for DMDMP, DMDOP and
DMDAP respectively. Tauc method was used to determine the band gap value ​​of oligoesters and are 3.06, 3.12 and 2.93eV for DMDMP,
DMDOP and DMDAP respectively. The I2 doped oligoesters have reduced band gap, which improves electrical conductivity.After 96 hrs
of I2 doping, the conductivity of oligoesters is in the order of DMDAP > DMDMP > DMDOP. The DMDAP has higher electrical conductivity

(10–3Scm–1) than the other two oligoesters (10–4Scm–1) because of having π–π stacking contact between the repeating units and
higher charge density on nitrogens [69]. The DC conductivity results confirm that the oligoesters can be used as optoelectronic,
semiconducting materials in electronic and photovoltaic applications.

3.1. AC electrical study

3.1.1. Dielectric property
The dielectric constant and dielectric loss of oligoester were evaluated with different frequencies and temperatures. The results are
plotted against logarithmic frequency and are shown in SF.24. The dielectric constant value of the oligoester was calculated using the
formula 𝜀r = Cd/𝜀0A [70]. Here, the crosssectional area is A, capacitance is C, free–space permittivity of the pellet is 𝜀0 and thickness of
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the pellet is d. The dielectric constant values of oligoestersaredecreasing with increase in the frequency and reaches a constant value at
a certain point. The oligoesters exhibit high dielectric constant value at lower frequencies and low dielectric constant at higher
frequencies. The oligoesters have enough time to align with the field before changing direction at lower frequency. So, oligoesters exhibit
higher dielectric constant values at lower frequency.

The dielectric constant value of oligoesters increases when the temperature is increased at a lower frequency due to decrease in the
intramolecular force between the oligoesters.

At low temperatures, the segmental motion of the oligoesters chain is frozen and the dielectric constant value is low. The thermal
agitation of the oligoester chain increases with increase in temperature and causes high dielectric constant value. The dielectric
constant value of the oligoesters at different temperatures is shown in SF. 25. Among the oligoesters, DMDMP has the highest dielectric
constant value, while DMDAP has the lowest dielectric constant value at constant frequency.

The dielectric constant of oligoesters is highly related to dipole moment value of the system. The dipole moment dimer of oligoesters’
was calculated using DFT in the

B3LYP/6–311 + + G(d,p) level basis set and are found to be 2.1864D, 2.1240D, 1.7388D for DMDMP, DMDOP and DMDAP respectively.
The DMDMP has high dielectric constant value at a constant frequency. Because of its large dipole moment and loosely connected π
bonds, cause easily polarised and havehigher dielectric constant than the other oligoesters[71].

Thus, the DMDMP can be used to make passive components such as resistors, capacitors etc.,[72]. Since the dielectric loss of
oligoesters is high at low frequency and low value at higher frequency ranges, they are suitable for electro–optical device
applications[73].

3.1.2. Impedance study
Figure 26 shows the impedance of oligoesters' real (Z′) and imaginary (Z′′) parts at various frequencies and temperatures ranging from
303K to 393K. The oligoesters exhibit a high impedance value at lower temperatures and frequencies of the oligomer system. This is due
to the dipolar polarization and orientation of the oligomeric substance. The real portion (Z') of impudence decreases as frequency
increases due to increased electron mobility between its monomeric units. At higher frequencies, the Z' value in the oligomer system is
practically constant due to the decrease in band gap value caused by increased electron mobility. These results were obtained due to the
dissipation of space charges, which promotes electron mobility, lowers the dielectric, and increases conductivity[67].

The imaginary component (Z′′) of the impedance study decreased with increasing frequency for all temperatures. These figures show an
increase caused by oligoester relaxation [68]. After reaching their peak height at the lower frequency level, the height of the Z′′ peaks
begins to decrease as they migrate to the higher frequency side. It suggests that as the temperature rises, so does the length of
relaxation. Peak height and oligoester resistance mechanism are connected linearly. The maximum height of the impedance decreases
as temperature and frequency rise. It demonstrates how the resistance decreases as the mobility of the polarons rises[69].

Conclusion
Highly selective azine monomer (DBHMD) and three oligoesters (DMDMP, DMDOP and DMDAP) were synthesized by solution
polycondensation using three different acid chlorides such asphenyl phosphonic dichloride, phenyl dichlorophosphate and adipoyl
chloride technique. The structure of synthesized compounds was confirmed by FT–IR, 1H, 13C and 31P–NMR spectroscopic techniques.
GC–MS and GPC analysis were used to study the molecular weight of monomer and oligoesters respectively. TGA analysis, reveals that
oligoesters exhibit good extinguishing behaviour. The contact angle measurements of monomer exhibit hydrophilic nature. UV–Vis and
fluorescence spectroscopy studies were used to determine the photophysical properties of fluorophores and found oligoesters have
higher band gap and fluorescence intensity value than the monomer. Fluorophores exhibit dual emission in the fluorescence spectrum
due to keto–enol tautomer formed in the excited state. In the chemosensor study, fluorophores selectively detect Cu2+ ions through
fluorescence quenching.Interference, pH and time effect studies reveal the sensing capability of fluorophores with Cu2+ ion. The binding
constants and stoichiometry of fluorophore with Cu2+ ion were calculated using the Stern–Volmer and Benesi–Hildebrand plots. In the
reversibility study, fluorophores show good recoverability with Cu2+ ion upon the addition of EDTA.

The practical applicability of fluorophores towardsthe detection of Cu2+ ion was determined with two lake water samples and shows
good response and recoverability. The cell image study of DMDMP and DMDMP–Cu2+with THP–1revealed the lack permeability into the
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cell wall and and absence of expected cell imaging response. Quenching mechanism, DC and AC electrical results are explained with
DFT analysis. Thecharge transfer between fluorophores and quencher were analyzed using global descriptor and ECT and found LMCT
process in the chemosensor study. Among all oligoesters, DMDAP exhibited high electrical conductivity due to its high charge density on
azine nitrogenand highly polarized loosely attached πbonds in oligoester chain. The images' peaks show the relaxing process of the
oligomer system, which corresponds to the real (Z′) and imaginary part (Z′′) of the impedance values of oligoesters at room
temperature.DMDMP has high dielectric constant value because of its high dipole moment value andpolarized π e– system. Therefore,
DMDMP can be used to make passive components such as capacitors and resistors.
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Figure 1

RDG (Y-axis) Vs sign(λ2)ρ of DBHMD

Figure 2

Selective responses of fluorophores with Cu2+in DMF–H2O solution
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Figure 3

Fluorescence response of fluorophores with Cu2+ over the presence of other metal ions (1. Ag+, 2. Al3+, 3. Ba2+, 4. Bi3+, 5. Ca2+, 6. Cd2+, 7.
Ce3+, 8. Co2+, 9. Cr3+, 10. Fe2+, 11. Fe3+, 12. Hg2+, 13. K+, 14. La+, 15. Li2+, 16. Mg2+, 17. Mn2+, 18. Na+, 19. Ni2+, 20. Pb2+, 21. Sr2+, 22.
Zn2+, 23. Zr2+, 24. Cu2+)
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Figure 4

Fluorescence titration of the fluorophore with 0–100 equivalent of Cu2+ion
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Figure 5

Stern–Volmer plots of monomer and oligoesters
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Figure 6

Benesi–Hildebrand binding stoichiometry plots of monomer and oligoesters
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Figure 7

Effect of time on monomer and oligoesters with Cu2+ ion
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Figure 8

Reversible capability of monomer and oligoesters with EDTA
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Figure 9

Proposed possible binding mode of azine with Cu2+ ion

Figure 10
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Mechanism of ‘turn off’ fluorescence with Cu2+
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