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Abstract:   

The design a.nd developme.nt of selective chemose.nsors for toxic metal io.ns remain of 

significa.nt importa.nce due to their e.nviro.nme.ntal a.nd biological impact. In this study, a series 

of Thiocarbohydrazide-based Schiff base liga.nds (TS, TC, a.nd TV) were synthesized a.nd 

characterized, with a focus o.n their Azomethine (-C=N–) moieties capable of coordinating with 

tra.nsitio.n metal io.ns. The se.nsing performa.nce of the liga.nds was evaluated toward Cu²⁺, Fe²⁺, 

a.nd Pb²⁺ io.ns using a simple colorimetric mo .nitoring approach in a mixed aqueous–etha.nol 

medium. Upo.n additio.n of metal io.ns, the liga.nds exhibited distinct a.nd easily discernible 

color cha.nges, allowing for straightforward visual ide.ntificatio.n. UV–Visible absorptio.n 

studies verified the formatio.n of the complexes, while Job’s plot a.nalysis co.nsiste.ntly 

demo.nstrated a 1:1 metal-to-liga.nd binding stoichiometry in all cases. Theoretical evaluatio .ns 

based o.n Co.nceptual De.nsity Functio.nal Theory (CDFT) were undertake.n to compleme.nt the 

experime.ntal findings. Several global reactivity descriptors, including electro .negativity, 

HOMO–LUMO e.nergy gap, molecular hardness, softness, a.nd dipole mome.nt, were calculated 

to provide insights into the electro.nic structure a.nd binding te.nde.ncies of the liga.nds. These 

results supported the proposed bide.ntate coordinatio.n mode through the Azomethine nitroge.n 

atoms, which facilitates stable complex formatio .n. Overall, the combinatio.n of experime.ntal 

a.nd theoretical investigatio.ns highlights the pote.ntial of these Schiff base liga.nds as efficie.nt 

a.nd selective chemose .nsors for Cu²⁺, Fe²⁺, a.nd Pb²⁺ io.ns. Their se.nsitivity, simple detectio.n 

mecha.nism, a.nd stro.ng coordinatio.n behaviour emphasize their applicability in a.nalytical 

se.nsing a.nd e.nviro.nme.ntal mo.nitoring. 

 Keywords: Chemose.nsor, Schiff bases, Metal io.ns, Colorimetric detectio.n; DFT studies. 

1. Introductio.n. 



Since they ca.n stabilise a wide ra.nge of metal io.ns a.nd have structural flexibility that 

makes them adaptable to do.nor sites, schiff base liga.nds have bee.n the ce.nter of 

atte.ntio.n in coordinatio.n chemistry [1]. Schiff bases are ofte.n created by co.nde.nsing 

primary amines with carbo.nyl compounds. What makes them unique is the prese.nce of 

the azomethine (>C=N-) functio.nal group, which is crucial for metal binding [2]. Their 

excelle.nt chelating ability, variable electrical properties, a.nd ease of productio.n make 

them very desirable for applicatio.ns in chemical se.nsing, biological systems, materials 

research, a.nd catalysis [3]. In particular, thiocarbohydrazide-based Schiff base liga.nds 

are intriguing due to their ability to functio.n as efficie.nt multide.ntate chelators, tha.nks 

to their increased binding affinity a.nd number of do.nor sites [4]. 

Thiocarbohydrazide is a sulfur-a.nd nitroge.n-rich precursor with ma.ny metal-io.n-

binding do.nor sites. Whe.n added to Schiff base frameworks, thiocarbohydrazide 

increases their chelatio.n pote.ntial, which ofte.n leads to the formatio.n of stable 

multide.ntate complexes. These liga.nds ca.n coordinate through sulphur a .nd nitroge.n 

do.nor atoms, which improves their affinity a.nd selectivity for heavy a.nd tra.nsitio.n 

metals [5]. Schiff bases based o.n thiocarbohydrazide are attractive choices for 

designing functio.nal coordinatio.n molecules with targeted reactivity a.nd se.nsing 

capabilities because of this property [6]. Thiocarbohydrazide units e .nha.nce the 

complexes' stability a.nd selectivity by providing additio.nal do.nor sites for multide.ntate 

coordinatio.n, which in turn increases their binding affinity [7]. 

The three primary metal io.ns that need to be co.nsidered are lead (Pb²⁺), copper (Cu²⁺), 

a.nd iro.n (Fe²⁺). Trace metals copper a.nd iro.n are esse.ntial for e.nzyme activity, oxyge.n 

tra.nsport, a.nd metabolic pathways; nevertheless, a.n imbala.nce or excess of these 

metals is associated with oxidative stress a.nd diseases such deme.ntia a.nd orga.n failure. 

[8]. In co.ntrast, lead is completely useless to biology a.nd causes developme.ntal a.nd 

neurological problems at trace levels. Therefore, it is crucial to ide .ntify a.nd mo.nitor 

these io.ns in biological a.nd e.nviro.nme.ntal co.ntexts [9]. 



In light of the foregoing, we provide here the synthesis a.nd characterisatio.n of three Schiff 

base liga.nds (TS, TC, a.nd TV) based o.n thiocarbohydrazide a.nd assess their capacities as 

colorimetric chemose.nsors for Cu²⁺, Fe²⁺, a.nd Pb²⁺ io.ns. To determine binding 

stoichiometry, we used colorimetric mo.nitoring, UV-Visible spectroscopy, a.nd Job's plot 

a.nalysis to evaluate the se.nsing capability of these liga.nds. In additio.n, CDFT-based 

theoretical studies were carried out to delve more into their electrical characteristics, 

reactivity, a.nd binding processes.  The combinatio .n of theoretical a.nd experime.ntal 

approaches reveals that these liga.nds have great promise as efficie.nt a.nd selective 

chemose.nsors, which could have far-reaching co.nseque.nces for a.nalytical a.nd ecological 

fields. 

2. Experime.ntal sectio.n.  

2.1. Materials a.nd methodology. 

 No additio.nal purificatio.n was performed o.n a.ny of the chemicals before use; they were 

all acquired from commercial ve.ndors in a.nalytical research grade. Procureme.nt of 

salicylaldehyde, cinnamaldehyde, va.nillin, lead(II) acetate trihydrate, ferrous (II) sulphate 

heptahydrate, a.nd copper(II) sulphate pe.ntahydrate was do.ne by TCI Co., Ltd. Etha.nol a.nd 

dimethylformamide (DMF) were supplied by SRL. The Suppleme .ntal Informatio.n (SI) 

co.ntains comprehe.nsive experime.ntal protocols.  

The melting points were recorded uncorrected from data collected using a .n electro thermal 

equipme.nt with ope.n capillary tubes. A JEOL NMR 400MHz (JNM-ECZL400S) in DMSO-

d₆ was used to record proto.n (1H) a.nd 13C NMR spectra, with tetramethylsila.ne (TMS) serving 

as the internal refere.nce. A mass a.nalyser called a.n LC-MS 2010 SHIMADZU was used to get 

the LC-MS spectra. The Bruker Alpha-T FTIR spectrophotometer was used to gather infrared 

spectra (KBr) in the 4000-400 cm⁻¹ ra.nge, while a Shimadzu model 1650 double-beam 

spectrophotometer was used to measure UV-visible electro.nic spectra in the 200-800 nm ra.nge, 

with etha.nol as the solve.nt. A PerkinElmer 2400 CHNS a.nalyser was used to measure the 

amounts of carbo.n, hydroge.n, sulphur, a.nd nitroge.n in the sample. 



2.2 Synthesis of the Chemose.nsors. 

2.1.1. Synthesis of 1,2,4-Triazole a.nd Its Schiff Base Derivatives. 

The reactio.n of 10 grams of thiocarbohydrazide with 60 millilitres of glacial acetic acid 

was stirred co.ntinuously for four to six hours. After it cooled, 1,2,4-triazole solidified into a 

white substa.nce that could be filtered out a.nd recrystallised [10]. In a.n Erle.nmeyer flask, 1,2,4-

triazole (1 mmol) a.nd a number of aromatic aldehydes (1 mmol each), including 

salicylaldehyde, cinnamo.naldehyde, a.nd va.nillin, were mixed in 25 mL of etha.nol a.nd agitated 

for around four hours. We filtered the resulting coloured precipitate, rinsed it with hot 

metha.nol, a.nd the.n let it air dry. Recrystallisatio.n from etha.nol was used for final purificatio.n, 

resulting in coloured crystalline solids. Schema 1-3 shows the synthetic route for the differe.nt 

Schiff base derivatives, a.nd Table 1 summarises their physical properties a.nd yields. 
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2.1.2. Preparatio.n of colorimetric working Solutio.n 



 To prepare 1 × 10⁻² M stock solutio .ns of tra.nsitio.n metal io.ns, the respective salts of 

metal io.ns were dissolved in deio.nized water a.nd stored in tightly closed co.ntainers. Schiff 

base liga.nds (TS, TC, a.nd TV) were dissolved in etha.nol to prepare 1 × 10⁻² M stock solutio.ns. 

The liga.nds exhibited excelle.nt solubility in etha.nol, which is completely miscible with water, 

e.nsuring homoge.neous mixing with aqueous metal io.n solutio.ns during subseque.nt a.nalytical 

procedures. (Scheme-4) 
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Scheme 4: Represntatio.n of Metal-liga.nd interactio.n 

 

2.3. Theoretical studies.  

 The synthesised Schiff bases' se.nsing behaviour was further studied by utilising 

De.nsity Functio.nal Theory (DFT) simulatio .ns to examine their structural a.nd electrical 

features. We performed all of our calculatio.ns using the software applicatio.n Gaussia.n 09 [11]. 

A combinatio.n of the B3LYP functio.nal a.nd the 3-21G basis set was used to optimise the 

molecular geometries [12]. 

2.4. Colorimetric Se.nsing study. 

2.4.1. Electro.nic Absorptio.n Spectral A.nalysis. 

To co.nduct colorimetric se.nsing studies, 1 mL of metal io.n stock solutio.n (1.0 × 10⁻² M) 

was combined with 1 mL of Schiff base liga.nd stock solutio.n (1.0 × 10⁻² M) in a 10 mL 

volumetric flask [13]. The combinatio.n was diluted to the specified level with etha.nol, a.nd 

the pH was adjusted to basic medium. After full mixing at ambie .nt temperature, the 

resulta.nt solutio.n was exposed to UV-Vis spectroscopy to mo.nitor cha.nges in absorptio.n 

spectra caused by complex formatio.n [14].  



 

3. Results a.nd Discussio.n.  

 Isolated as highly coloured crystalline solids, the synthesised Schiff base liga.nds showed 

no signs of degradatio.n whe.n exposed to room temperature a.nd humidity. They were suitable 

for additio.nal spectroscopic investigatio.ns a.nd had a good solubility profile since they 

dissolved easily in a variety of orga.nic solve.nts including etha.nol, chloroform, DMF, a.nd 

DMSO. The suggested molecular compositio .ns were co.nfirmed by the eleme.ntal a.nalysis 

findings, which were highly co.ncorda.nt with the computed values. The key physical a.nd 

a.nalytical parameters of the liga.nds are summarized in Table-1 a.nd the EDAX results are 

prese.nted in Fig-1. 

Table-1. Physico-chemical characteristics, Eleme.ntal a.nalytical data of chemose.nsors. 

Species 
Molecular 

formula 
Color 

Mlr. 

Wt. 

Yield 

(%) 

MP      

(OC) 

Eleme.ntal a.nalysis 

Calculated (a.nalyzed) 

C H O N S 

TC C12H12N4S Brown 244.31 65 111 
58.94 4.91 -- 22.92 13.12 

(57.98) (4.03) -- (22.73) (12.96) 

TS C10H10N4OS 
Reddish 

brown 
234.27 63 121 

51.22 4.26 6.82 23.90 13.68 

(50.93) (4.10) (6.43) (23.47) (13.09) 

TV C11H12N4O2S Gree.n 264.30 70 90 
49.94 4.54 12.10 21.18 12.13 

(49.08) (4.08) (11.98) (21.09) (12.09) 

 



 

Fig-1: EDAX data of the TC, TS, a.nd TV with Cu2+, Fe2+, & Pb2+ metal io.ns. 

3.1. Synthesis a.nd Characterizatio.n. 

3.1.1. 1H a.nd 13C NMR spectral a.nalysis. 

1H a.nd 13C NMR spectra were recorded in DMSO-d₆ at 400 MHz (1H) a.nd 100 MHz 

(13C) o.n a JEOL NMR 400MHz (JNM-ECZL400S) spectrometer. Chemical shifts (δ) are 

reported in ppm relative to TMS as a.n internal refere.nce. The interpreted NMR values are 

summarized in Table-2. 

Table-2: The interpreted NMR data of the Schiff base liga.nd. 

 Liga.nd δ (ppm) Integratio.

n 

Multiplicity Assignme.n

t 

Group/Moiety 

1H TC 

11.104 1H S -SH -SH proto.n of 1,2,4-

triazole moiety.[15] 

8.957 1H S -C=N- 

Azomethine proto.n 

(Schiff base linkage) 

[16] 

7.662-

6.908 

7H 
M Ar–H 

Aromatic proto.ns 

[17] 

2.5482 3H S -CH3 Methyl group of 

1,2,4-triazole moiety 

[18]. 



TS 

12.249 

1H S –OH 

Hydroxyl proto.n of 

Salicylaldehyde  

moiety [19] 

10.688 1H S -SH -SH proto.n of 1,2,4-

triazole moiety. 

8.763 
1H S -C=N- 

Azomethine proto.n 

(Schiff base linkage) 

8.755-

6.801 

4H 
M Ar–H Aromatic proto.ns 

2.462 3H S -CH3 Methyl group of 

1,2,4-triazole moiety. 

TV 

13.093 

1H S –OH 

Hydroxyl proto.n of 

Salicylaldehyde  

moiety 

8.228 
1H S -C=N- 

Azomethine proto.n 

(Schiff base linkage) 

7.806-

6.711 

4H 
M Ar–H Aromatic proto.ns 

3.000-

2.977 

1H M –OCH₃ Methoxy group of O-

va.nillin moiety 

2.470 3H S -CH3 Methyl group of 

1,2,4-triazole moiety. 

13C 

TC 

157.125 1C — C-SH 

Nibouring carbo.n 

atom of the -SH 

moiety [20] 

149.177 1C — –C=N- 
Azomethine carbo.n 

(Schiff base linkage) 

141.689 1C — -C-CH3 
Carbo.n adjace.nt to 

methyl group [21] 

138.312 1C — C–OH 

Carbo.n adjace.nt to 

be.nze.ne in 

cinnamaldehyde  

moiety 

130.211-

116.681 
8C — Ar–C Aromatic carbo.ns 

12.109 1C — –CH₃ Methyl carbo.n of O-

1,2,4-triazole moiety. 

TS 

161.652 1C — C-SH 

Nibouring carbo.n 

atom of the -SH 

moiety 

160.824 1C — C–OH 

hydroxyl group in 

Salicylaldehyde 

moiety [22] 

155.333 
1C — –C=N- 

Azomethine carbo.n 

(Schiff base linkage) 

154.045 
1C — -C-CH3 

Carbo.n adjace.nt to 

methyl group 

127.106-

102.683 
4C — Ar–C Aromatic carbo.ns 

18.624 
1C — –CH₃ Methyl carbo.n of O-

1,2,4-triazole moiety. 



TV 

160.426 

1C — C-SH 

Nibouring carbo.n 

atom of the -SH 

moiety 

158.802 

1C — C–OH 

hydroxyl group in 

Salicylaldehyde 

moiety 

153.475 
1C — –C=N- 

Azomethine carbo.n 

(Schiff base linkage) 

148.205 
1C — -C-CH3 

Carbo.n adjace.nt to 

methyl group 

132.980-

96.311 
4C — Ar–C Aromatic carbo.ns 

30.706 
1C — –OCH₃ Methoxy carbo.n of 

Va.nillin moiety 

 12.866 
1C — –CH₃ Methyl carbo.n of O-

1,2,4-triazole moiety. 

 

3.1.2. FT-IR A.nalysis 

 In FT-IR spectra of synthesized Schiff base liga .nds were a.nalysed in the ra.nge 4000–

400 cm⁻¹ o.n a Bruker Alpha-T FT-IR spectrophotometer by making the KBr pellets. The 

observed functio.nal group data will have depicted in the Table-2 a.nd showed in the 

suppleme.ntary materials S7-S9, will co.nfirms the formatio.n of the Schiff base liga.nd.  

Table-2: FT-IR spectral data of Schiff base liga.nds (TC, TS, TV). 

Wave.number (cm⁻¹) Assignme.nt Liga.nd(s) 

3419.47, 3422.68 O–H stretching (Salicylaldehyde, Va.nillin moiety) 

[23] 

TC, TV 

3402.78 O–H stretching (coordinated water) [24] TC 

2920.51, 2930.14, 

2940.42 

S–H stretching (Triazole moiety) [25] TC, TS, TV 

1584.15, 1613.05, 

1585.15 

C=N stretching  

(azomethine group, Schiff base formatio.n) [26] 

TC, TS, TV 

1176.38, 1126.29 N–N stretching  [27] TC, TS, TV 

 

3.1.3. LC-MS Spectral A.nalysis.  

LCMS a.nalysis obtained molecular io.n peaks at m+1 245.3182, 235.9995, a.nd 265.2245 

for the Schiff base liga.nds, matching their calculated molecular weights. The data co.nfirm the 

formatio.n of Schiff base liga.nds. The LCMS molecular io.ns peaks were showed in 

Suppleme.ntary Informatio.n S10-S12. 

 

 



 

3.1.4. UV-Vis Spectral a.nalysis 

 Using a Shimadzu model 1650 double-beam spectrophotometer at room temperature, 

the UV-Visible absorptio.n spectra of the synthesised compounds were recorded across the 200-

800 nm ra.nge with DMF as the solve .nt. The absorba.nce values are showed in Table-3 a.nd it 

is Depicted in Fig-1. A ra.nge of solve.nts with differe.nt polarities—etha.nol, metha.nol, DMF, 

a.nd DMSO—were employed for the UV–Visible spectroscopic studies prese.nted in Fig. 1. 

Schiff base liga.nds TC, TS, a.nd TV show clear solvatochromic behaviour in their UV-Vis 

absorptio.n spectra recorded in these solve.nts, which vary significa.ntly depe.nding o.n the 

solve.nt [28]. Each liga.nd displays two distinct absorptio.n ba.nds correspo.nding to π→π* a.nd 

n→π* electro.nic tra.nsitio.ns associated with the azomethine (–CH=N–) group a.nd aromatic 

rings. The π→π* tra.nsitio.ns in the aromatic system are respo.nsible for the high-e.nergy ba.nds 

see.n in the 280-330 nm regio.n [29], while the n→π* tra.nsitio.ns involving the imine nitroge.n 

a.nd the co.njugated π-system are the source of the lower-e.nergy ba.nds in the 350-420 nm ra.nge. 

[30]. As a result of solve.nt-solute interactio.ns a.nd intramolecular charge tra.nsfer (ICT), 

excited states are stabilised more effectively in more polar solve .nts like DMSO a.nd DMF, as 

indicated by a modest red shift in λmax a.nd absorptio.n inte.nsity. Whe.n comparing TS to TC 

a.nd TV, the liga.nd with the wider a.nd stro.nger absorptio.n ba.nds indicates that there is more 

co.njugatio.n a.nd electro.nic delocalisatio.n in TS. Understa.nding the electro.nic tra.nsitio.n 

behaviour of Schiff base liga.nds is crucial for chemose.nsing a.nd metal-io.n coordinatio.n 

applicatio.ns; our results show how solve.nt polarity a.nd molecular structure significa .ntly 

impact this behaviour. 

Table-3: UV–Visible absorptio.n ba.nds of Schiff base liga.nds a.nd their metal io.ns. 
System Wavele.ngth (nm) Assignme.nt 

TC (free liga.nd)  
273.24 π–π* tra.nsitio.n (intra-liga.nd)[28] 

362.72 n → π* tra.nsitio.n (–C=N–) [28] 

TC–Cu²⁺  453.32 LMCT [29] 

TC–Fe²⁺  443.82 LMCT [30] 

TC–Pb²⁺  442.64 LMCT [31] 

TS (free liga.nd) 246.67 π–π* tra.nsitio.n (intra-liga.nd) 

TS (free liga.nd) 370.29 n → π* tra.nsitio.n (–C=N–) 



TS–Cu²⁺ 449.19 LMCT 

TS–Fe²⁺ 440.00 LMCT 

TS–Pb²⁺ 359.09 LMCT 

TV (free liga.nd) 279.61 π–π* tra.nsitio.n (intra-liga.nd) 

TV (free liga.nd) 437.73 n → π* tra.nsitio.n (–C=N–) 

TV–Cu²⁺ 619.72 d–d tra.nsitio.n  

TV–Fe²⁺ 540.17 d–d tra.nsitio.n  

TV–Pb²⁺ 495.58 d–d tra.nsitio.n  

 

 
Fig-2: UV-visible spectra of the Schiff base liga.nds & its metal io.ns. 

 

3.2. Computatio.nal studies. 

3.2.1. De.nsity Functio.nal Theory (DFT) a.nalysis. 

DFT a.nalysis is carried out to understa.nd the physicochemical properties of TC, TS & 

TV. Parameters derived from DFT, including dipole mome .nt, softness a.nd hardness, 

electrophilicity indices, electro.negativity a.nd HOMO-LUMO e.nergy gap of synthesized 

complexes are computed [32].  The optimized structure of these molecules is prese.nted in Fig-

3 (TC, TS & TV).  

 
Fig-3: Optimized Structure of Schiff Base liga.nds. 

The DFT-based descriptors were evaluated by applying Koopma .ns’s approximatio.n to the 

calculated fro.ntier orbital e.nergies, [33] which are as under: 



𝐼௉ =  −∈ுைெை                                                (1) ܧ஺ =  −∈௅௎ெை                                                (2) 

Where, EA a.nd IP are the Electro.n Affinity a.nd Io.nizatio.n Pote.ntial of these systems 

respectively.  

Based o.n Eqn. (1) a.nd (2), molecular hardness, softness, electro.negativity, a.nd 

electrophilicity index of these compounds are calculated as:  ݏݏ݁݊݀ݎܽܪ ݎ݈ܽݑ݈ܿ݁݋ܯ, ߟ =  ூ−஺2 ,ݏݏ݁݊ݐ݂݋ܵ (3)                        ܵ =  12ఎ                                              (4) 

Table-4 lists the computatio.nal de.nsity functio.n theory-based descriptors of the Schiff 

base liga.nds (TC, TS, & TV).  The e.nergy gap betwee.n the HOMO a.nd LUMO tra.nsitio.ns is 

a crucial parameter for understa.nding the electro.nic properties of a.ny chemical species [34]. It 

is widely recognized that molecules exhibiting a larger HOMO–LUMO e.nergy gap possess 

greater thermodynamic stability, whereas those with a smaller gap are typically more 

chemically reactive. As indicated in Table-4, the HOMO-LUMO gap of TC, TS, & TV are 

determined to be 3.8822, 4.4869, & 4.1524 eV respectively. This suggests that all three 

synthesized molecules exhibit co.nsiderable stability. The spatial distributio .n a.nd electro.nic 

nature of the fro.ntier molecular orbitals (HOMO a.nd LUMO) for the synthesized compounds 

are depicted in Fig-4, providing further insight into their electro.nic structures. 

 



Fig-4: Fro.ntier molecular orbital (HOMO-LUMO) of the Schiff base liga.nd (TC, TS, & TV). 

Table-4: CDFT-based descriptors of Schiff base liga.nds (TC, TS, & TV). 

Species EHOMO (eV) ELUMO (eV) EG (eV) 
Hardness 

(eV) 

Softness 

(eV-1) 

Dipole mome.nt 

(Debye) 

TC -6.6038 -2.7216 3.8822 0.071295 7.0131 13.9562 

TS -6.0926 -1.6057 4.4869 0.08249 6.0613 6.6323 

TV -5.8694 -1.7170 4.1524 0.076275 6.5552 8.0835 

 

 

3.3. Visual ide.ntificatio.n of metal io.ns 

In a.n aqueous solutio.n (1:1), the synthesized Schiff base liga.nds' selectivity towards the 

various metal io.ns (Cu²⁺, Fe²⁺, a.nd Pb²⁺) was examined. As see.n in Fig-5, distinct a.nd 

noticeable colour cha.nges were see.n upo.n complexatio.n. Every liga.nd showed a distinct 

reactio.n to certain metal io.ns: in the prese.nce of Cu²⁺, Fe²⁺, a.nd Pb²⁺, respectively, TS, TC, 

a.nd TV showed stro .ng selectivity alo.ng with dramatic colour cha .nges. Table-5 provides a 

summary of the observed colour cha.nges that correspo.nd to liga.nd–metal interactio.ns. 

 
Fig-5: Naked Eye Color cha.nge of SB (1x10-2 M in DMF) before a.nd after the additio.n of 

metal io.ns (1x10-2 M in H2O) io.ns respectively. 

Table-5. Visual detectio.n of metal io.ns from synthesized liga.nds. 

Species    Cu2+ Fe2+ Pb2+ 

TS ora.nge to gree.n Ora.nge to light yellow ora.nge to red 

TC Light Yellow to light gree.n 
Light Yellow to dark 

gree.n 

Light Yellow to dark 

yellow  

TV Light gree.n to dark gree.n 
Light gree.n to light 

pink 
Light gree.n to yellow. 

 

3.4. Stoichiometry of liga.nds-metal io.n binding 

 The complexatio.n stoichiometry betwee.n the liga.nds (TS, TC, a.nd TV) a.nd the metal 

io.ns (Cu²⁺, Pb²⁺, a.nd Fe²⁺) was determined using Job’s method of co.ntinuous variatio.n. In this 



procedure, the total co.nce.ntratio.n of liga.nd–metal mixtures were kept co.nsta.nt while varying 

their mole fractio.ns. The absorba.nce values, recorded at the respective λ-max of each complex, 

were plotted against the mole fractio.n of the liga.nd. The resulting Job’s plots clearly indicated 

a liga.nd-to-metal binding ratio of 1:1 for all the investigated complexes. 

 
Fig-6: Jobs Plot demo.nstrating binding stoichiometry amo.ngst metals a.nd liga.nds 

 To explore the se.nsitivity, a.nd binding mecha.nism of Cu2+, Pb2+ a.nd Fe2+ metal io.ns 

with the liga.nds in forming metal complexes a .nd utilize the co.ntinuous variatio.n method, 

employing Job's plot was showed in Fig-6. This is a well-known a.nd co.ntinuous process for 

determining a complex's stoichiometric ratio a.n Equimolar mixture of metal io.ns (1 x 10-2 M) 

a.nd liga.nds (1 x 10-2 M) is prepared, resulting in a series of solutio .ns with the same total 

co.nce.ntratio.n of metal a.nd liga.nd, each with a volume of 10 mL, but varying co .nce.ntratio.ns 

of metal a.nd liga.nd individually [35]. The absorba.nce of solutio.ns with differe.nt 

co.nce.ntratio.ns are measured a.nd plotted against the mole fractio.n of the liga.nd. 



3.4.1. Electro.nic absorptio.n Spectroscopic Titratio.n. 

We co.nducted UV-Visible titratio.n studies in DMF to study the binding behaviour a .nd 

se.nsitivity of Fe²⁺, Pb²⁺, a.nd Cu²⁺ io.ns to the Schiff base liga.nds (TC, TS, a.nd TV). As 

illustrated in Figure 7, the liga.nds' absorptio.n spectra cha.nge as metal io.ns are added 

increme.ntally. As the co.nce.ntratio.n of metal io.ns rose, the absorba.nce gradually increased, 

with distinct isosbestic points at 443 nm (Fe²⁺), 442 nm (Pb²⁺), a.nd 453 nm (Cu²⁺) for TC, 359 

nm (Fe²⁺), 440 nm (Pb²⁺), a.nd 449 nm (Cu²⁺) for TS, a.nd 540 nm (Fe²⁺), 495 nm (Pb²⁺), a.nd 

619 nm (Cu²⁺) for TV, as shown in Table-6. 

Based o.n the calibratio.n plots showing the relatio.nship betwee.n absorba.nce a.nd 

co.nce.ntratio.n, the detectio.n limits for all three metal io.ns were found to be 1.2 × 10⁻5 M. The 

results show that the liga.nds ca.n recognise Cu²⁺, Fe²⁺, a.nd Pb²⁺ io.ns selectively at micromolar 

co.nce.ntratio.ns, a.nd they work well at co.nce.ntratio.ns up to 10⁻²M. In keeping with the 

bide.ntate nature of these Schiff base liga .nds a.nd their capacity to stabilise metal complexes, 

the observed binding mecha.nism is most likely coordinated with the azomethine nitroge.n atom. 

Mass spectrometric a.nalysis was performed o .n the Schiff base complexes attached to 

metal io.ns to provide further support for these findings. A 1:1 liga.nd-to-metal stoichiometry 

was co.nfirmed by the spectra, which showed molecular io .n peaks, thereby validating the 

suggested binding relatio.nship. 

Table-6: UV–Vis isosbestic points a.nd detectio.n limits of Schiff base liga.nds with metal io.ns 

Liga.nd Metal Io.n Isosbestic Point (nm) Detectio.n Limit (M) 

TC 

Fe²⁺ 443 1.2 X 10-5 

Pb²⁺ 442 1.2 X 10-5 

Cu²⁺ 453 1.2 X 10-5 

TS 

Fe²⁺ 359 1.2 X 10-5 

Pb²⁺ 440 1.2 X 10-5 

Cu²⁺ 449 1.2 X 10-5 

TV 

Fe²⁺ 540 1.2 X 10-5 

Pb²⁺ 495 1.2 X 10-5 

Cu²⁺ 619 1.2 X 10-5 



 
Fig-7: UV–Visible titratio.n spectra of Schiff base liga.nds (TC, TS, a.nd TV) with increme.ntal 

additio.n of Cu²⁺, Fe²⁺, a.nd Pb²⁺ io.ns in DMF. 

4. Co.nclusio.n:  

To summarise, the azomethine functio.nal groups found in the synthesised Schiff base 

liga.nds (TS, TC, a.nd TV) show great promise as chemose.nsors for the selective detectio.n of 

Cu²⁺, Fe²⁺, a.nd Pb²⁺ io.ns. Colorimetric studies co.nducted in a solutio.n of H₂O a.nd etha.nol 

allowed for the quick visual ide.ntificatio.n of individual metal io.ns by revealing clear a.nd easily 

discernible cha.nges in colour. The liga.nds' low limit of detectio.n for Cu²⁺, Fe²⁺, a.nd Pb²⁺ was 

as low as 1.2 × 10⁻2 M, proving their extreme se.nsitivity. The complexatio.n mecha.nism was 

elucidated mecha.nistically by compleme.ntary CDFT investigatio.ns, which brought atte.ntio.n 

to the bide.ntate coordinatio.n mode through the imine nitroge.n atoms. In additio.n, the 

experime.ntal results were supported by Job's plot a.nalysis, which demo.nstrated a liga.nd-to-

metal stoichiometry of 1:1. All things co.nsidered, these findings demo.nstrate that the Schiff 

base liga.nds are highly selective a.nd se.nsitive chemose.nsors, which bodes well for their 

pote.ntial use in a.nalytical a.nd e.nviro.nme.ntal mo.nitoring applicatio.ns. 
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