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ABSTRACT 
An imine based colorimetric probe (3) was synthesized and explored it recognition properties against various metals. The 
absorption spectra of (3) showed absorbance maxima at 325nm. The addition of Cu2+ in the receptor (3), changed the 
absorption spectrum of receptor (3) with the appearance of a new band at ~385 nm. The association constant (Ka) of 
receptor (3) with Cu2+ ions was found at 2.3 × 105 M-1 with the formation of (receptor-Cu2+) complexes in 1:1 
stoichiometry. The receptor (3) (C=1×10-5 M) is yellow coloured in CH3OH/H20 (80:20, v/v) and addition of Cu2+ 
results into green coloured solution. The LOD was found to be 183nM from 10 blank solutions.  
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1. INTRODUCTION 
The colorimetric receptors for discriminating 
recognition of solitary metal ion systems have been 
rapidly developed in last decade years [1-5]. Such 
sensors should have special sensitivity over the sensing 
of besieged metal in the pool of different metal ions 
under study. Schiff bases are one of the most important 
and widely explored organic species [6]. Their low-cost, 
synthetic ease and tremendous application enthused 
scientists to prepare and explored its application for 
metal sensing [7-11].  
Several analytical methods (There are many techniques 
for the detection of copper ions such as voltammetry, 
inductively coupled mass spectroscopy, atomic 
absorption spectroscopy etc.) have been developed for 
accurate detection of Cu2+. Colorimetric methods are 
extremely attractive because they can be easily read 
with the naked eye [12-15]. The deficiency of Copper 
below the limit is known to cause disease like Menkes 
amyotrophic lateral sclerosis, Alzheimer’s disease. The 
important physiological application of Cu2+ and its 
associated biomedical implications created considerable 
interest in the design copper receptor which can work 
in mixed solvent (water/organic solvent) [16,17]. 
Inspired by the previous work [18-25], our research 
group has successfully synthesized a Schiff base, 
(receptor 3) for Cu2+ ion sensing investigation; we 

describe this (3) as a colorimetric sensor selective for 
Cu2+ ions, utilizing absorption shifting and naked eye 
detection. We wish to report the simple economical 
receptor for the detection of Cu2+ response of (3) in the 
presence of Cu(II) ions is not affected by metal ions 
under study 
 
2. SYNTHESIS OF RECEPTOR (3) 
Receptor was synthesized by following step: 
In the first step, solution of Diethylmalonate (0.158g, 
1mmol) was added to the solution of 2 mole of 
hydrazine hydrate (0.064g, 2mmol) in absence of 
solvent stirring at room temperature. The compound 1 
was formed. 
In the second step, compound 1 (0.132g, 1mmol) 
reacted with 3-amino acetophenone (0.240g, 2mmol) in 
ethanol (50 mL) and the mixture was stirred and 
refluxed for 2 hrs. The compound 2 was formed. 
In the third step, compound 2 (0.366g, 1mmol) reacted 
with 2-Hydroxy Benzaldehyde (0.244g, 2mmol) in 
50ml methanol and stirred for 3hrs at RT. The receptor 
(3) was obtained with quantitative yield having yellow 
appearance (Scheme 1).  This yellow crystal was 
filtered, dried (85% yields) and characterized by 
spectroscopic techniques. The spectral information gave 
consistent data of structure of receptor 3. H1 NMR 
(CDCl3, 400 MHz) δ(ppm): 13.0 (2H, s),12.09(2H,s), 
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11.9 (2H, s), 8.9 (2H,d), 8.3 (2H,d), 7.6(2H,d), 7.3 
(2H,d), 7.2 (2H,d), 6.9(2H,d), 6.8(2H,d),6.7(2H,d), 
3.6 (6H,s), 2.3(2H.s), IR (cm-1): 3213cm-1 (-NH 
stretching), 3060cm-1 (-O-H stretching), 1673cm-1 (-
C=O stretching), 1566cm-1 (-C=N-N), 1481cm-1                  

(-C=N-stretching), MS (EI+): m/z =574.23 
(C33H30O4N6) cald m/z = 575.5568 for C33H30O4N6. 
CHNO Analysis C, 68.98; H, 5.26; N, 14.63; O, 
11.14%. 

 

 
 

Scheme 1: Synthesis of receptor (3) 
 
3. ABSORPTION STUDIES OF RECEPTOR (3) 
The selectivity of receptor (3) towards various metal 
cations was studied on UV-Vis absorption spectroscopy 
in CH3OH/H2O (80:20,v/v). The electronic spectrum 
of 3 (10 µM) showed absorbance maxima at 325 nm, 
upon addition of 11 equivalents of cations to the 

solutions of (3) in CH3OH/H2O (80:20,v/v) caused a 
dramatic color change from yellow to green in the 
presence of Cu2+ ions. The addition of Cu2+ in the 
receptor (3), the change absorption spectrum of 
receptor (3) was observed with the appearance of a new 
band at ~385 nm (Fig. 1).  

 

 
 
Fig. 1: Absorption spectra of receptor (3) upon addition of 11 equivalents of various metal ion in 
CH3OH/H2O (80:20, v/v) solvent system. 
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This shift in the wavelength is due to the ligand to metal 
charge transfer and it appears that the core functionality 
required for (3) to efficiently bind Cu2+. 
On regular addition of Cu2+ions, the peak at 325 nm 
gradually decreased up to the addition of 100 µM of 
Cu2+ ions and two new peaks appeared at 265 nm and 
385 nm due to LMCT. The consecutive accumulation of 
Cu2+ to a solution of receptor 3 illustrated increased and 
decreased in the absorption maxima at 385nm and 
325nm, respectively. This indicates that the existence of 
one equilibrium in the system. This produces two 
isobestic points at 360nm and 305nm respectively (Fig. 
2). The absorption spectra show the selectivity of Cu2+ 

and ratiometric graph obtained from experimental 
study. (Fig.3) For competitive studies, receptor (3) was 
treated with 10 equiv. of Cu2+ in the presence of 6 
equiv. of other metal ions, as indicated in Fig. 4. There 
was no interference for detection of Cu2+ in the 
presence of Cr3+, Mn2+, Fe3+, Co2+, Ni2+, Cu2+, Zn2+, 
Cd2+, Hg2+, Pb2+ and Al3+. Thus, receptor (3) could be 
used as a selective colorimetric sensor for Cu2+ in the 
presence of most competing metal ions. 
The linear relationship confirm between absorption 
with addition of Cu2+; graph plotted A385vs [Cu2+] 
(Fig.5). 

 

 
 

Fig. 2: Change in absorption of (3) upon gradually addition of Cu2+. 
 

 
 

Fig. 3: Absorption ratiometric of (3) on addition of different metals CH3OH/H2O (80:20, v/v). 
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Fig. 4: Interference study graph 
 

 
 

Fig. 5: The linear relationship dependence shown by graph between A385 and [Cu2+] with regression 
0.9667. 
 
3.1. Binding constant and Stoichiometry of 

receptor (3) with Cu2+ 
On the basis of Benesi-Hildebrand plot [26] (Eq.1) 
methodology, association constant (Ka) was calculated 
by following equation. 
1/(F-F0) = 1/(F ∞- F0) Ka[G] + 1/(F∞-F0)       (Eq.1) 

Based on UV-Vis titration, the association constant (Ka) 
of (3) with the Cu2+ ion was calculated using the 
Benesi–Hildebrand equation.  The Ka value turned out 
to be 2.3 × 105 M-1, which is within the values (104–
105) previously reported for Cu2+-binding chemosensors 
(Fig. 6).  

 

 
 

Fig.6:- Benesi-Hildebrand Plot receptor (3) where R2=0.9797 and the Ka value at 235725M-1 
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The Job’s continuous variation method was used to 
determine the binding stoichiometry between (3) and 
Cu2+ [27]. The results indicate the formation of Host-

Guest (receptor - Cu2+) complexes in 1:1 binding 
stoichiometry (Fig. 7). 

 

 
 

Fig. 7: Continuous Variation Plot (Job plot) for the 1:1 Stoichiometry of the host guest relationship. 
 
3.2. Colorimetrically naked eye detection and 

Detection limit 
The significant aspect of this study is naked eye 
detection upon addition of Cu2+ it gives ON-SITE 
detection of Cu2+ in real environment (Fig. 8). The 
receptor (3) (C=1×10-5 M) is yellow colour in 
CH3OH/H20 (80:20,v/v) and addition of eq. of Cu2+ 
result into green coloured solution. The Fig. 9 shows 
the sensitivity of visuals colour changes on the addition 
of small amount of Cu2+ such as 5, 10, 20 and 40 ppm 
respectively. When the Cu2+ ion concentration was 
increased, the color of the receptor (3) solution changed 
from yellow to orange and then wine red and it easily 
differentiable by naked eyes. The LOD found to be 
183nM from 10 blank solutions. The discovery furthest 
reaches of receptor (3) as a colorimetric sensor for the 
examination of Cu2+ particles was observed to be 
183nM. The U.S. Natural Protection Agency (EPA) has 
set the sheltered furthest reaches of copper in drinking 

water at 2.0 × 10−5 M. Henceforth with its much lower 
identification confine for Cu2+ particles, receptor (3) 
could be an effective for the recognition of copper ions 
in drinking water. 
 

 
 

Fig. 8: The colorimetric colour change of ligand 
and ligand+Cu2+ ion. 

 

 
 

 Fig. 9: The colorimetric colour change of ligand on addition of Cu2+ ion (first one from left side 
only ligand and 5, 10, 20 and 40 ppm Cu2+ with ligand) 
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3.3. Proposed binding mechanisms of receptor 
(3) 

The (3) is planer highly conjugated π electron systems 
Fig.10. Addition of Cu2+ ion in (3) was distinctly 
absorbance and shifting due to the paramagnetic nature 
of Cu2+ ion. The planarity of the receptor prevents the 
co-ordination of Cu2+ ions to phenolic oxygen atom of 

two aromatic moieties in (3). One of the aromatic 
moiety will move perpendicular to another by rotation 
around C=N bond facilitating the bonding of Cu2+ ion. 
Thus, the (3) sensed Cu2+ ions based on PET 
mechanism. The Cu2+ ion coordinates to 3 through two 
phenolate oxygen atoms and two nitrogen atoms of 
imines. 

 

 
 

Fig. 10: Proposed mechanism 
 
4. APPLICATION ON REAL LIFE SAMPLE 
In order to see its real-life application, we plan the Cu2+ 
recovery experiment. We utilized our recently outlined 
sensors for the onsite location identification of Cu2+ 
particle in genuine water samples. All the samples are 
spiked with Cu2+ at 10 to 25 µg/L were analyzed by (3) 
(Table 1). The results show that the (3) is able to 
detect Cu2+ with high recovery with no impedance from 
other ecologically pertinent aggressive metal particles 
[32]. 
 
Table 1 Recovery of Cu2+ with receptor (3) 
Source Cu2+ added (µg/L) Cu2+ found (µg/L) 

Mineral 
water 

10 9.65 ± 0.059 
15 14.71 ± 0.078 
25 24.83 ± 0.062 

Well 
water 

10 9.89 ± 0.082 
15 14.74 ± 0.058 
25 24.62 ± 0.052 

 
5. CONCLUSIONS 
In conclusion, receptor (3) has been designed and it 
behaves as a Cu+2 ion selective chemosensor through 
LMCT processes in CH3OH/ H2O (80:20, v/v) solvent 
system. The processes have been supported by the 
spectrophotometrically, Stoichiometry and proposed 
mechanism. This probe is also useful in detecting Cui2+ 

ions in presence of other survey metals ions. The Ka of 

(3) with Cu2+ ions was found at 2.3 × 105 M-1 and 1:1 
complexation is determined by the jobs continuous 
variation method. The Cu2+ ion-selective colorimetric 
probe is superior to the previously reported 
colorimetric probes in terms of detection limit, with 
LOD (183 nM). 
 
6. REFERENCES 
1. Fan J, Zhan P,, Hu M, Sun W, Tang J, Wang J, Sun 

S, Song F, Peng X. Org. Lett., 2013; 15(3):492-495.  
2. Sikdar A, Roy S, Haldar K, Sarkar S, Panja SS. 

Journal of Fluorescence, 2013; 23:495-501. 
3. Atood JL, Davies JED, MacNicol DD, Vogetle F. 

Comprehensive Supramolecular Chemistry, ed. 
Elsevier Exeter, 1996. 

4. Silva AP, Gunaratne HQN, Gunnlaugsson T, 
Huxley AJM, Coy CP, Rademacher JT, Rich TE. 
Coord. Chem. Rev., 1997; 97:1515-1566. 

5. An R, Zhang D, Chen Y, Cui Y. Sensors and Actuators 
B, 2016; 222:48-54.  

6. Bekhradnia A, Domehri E, Khosravi M. 
Spectrochimica Acta Part A: Molecular and Biomolecular 
Spectroscopy, 2016; 152:18-22. 

7. Liu Y, Hu J, Teng Q, Zhang H, Sensors and Actuators 
B, 2017; 238:166-174. 

8. Fegade U, Sahoo S, Attarde S, Kuwar A. Sensors and 
Actuators B, 2014; 202:924-928.  



 

                                                              Fegade et al., J Adv Sci Res, 2020; 11 (3) Suppl 7: 190-196                                                    196                             

Journal of Advanced Scientific Research, 2020; 11 (3) Suppl 7: Oct.-2020 

9. Fegade U, Saini A, Sahoo SK, Singh N, Bendre R, 
Kuwar A.  RSC Advance, 2014; 4:39639-39644.  

10. Fegade U, Sahoo S, Singh A, Singh N, Attarde S, 
Kuwar A. Analytica Chimica Acta, 2015; 872:63-69.  

11. Kuwar A, Fegade U, Tayade K, Patil U, Puschmann 
H, Gite V, Dalal D, Bendre R. J Fluoresc., 2013; 
23:859-864.  

12. Pawar S, Fegade U, Bhardwaj V, Singh N, Bendre 
R, Kuwar A. Polyhedron, 2015; 87:79-85.  

13. Zheng X,, Lee K, Liu H,, Park S, Yoon S, Lee J, 
Kim Y. Sensors and Actuators B, 2016; 222:28-34.  

14. Bull PC, Thomas GR, Rumens JM, Forbes JR, Cox 
DW. NatGenet, 1993; 5:327-337. 

15. Hahn SH, Tanner MS, Danke DM, Gahl WA. 
Biochem Mol Med, 1995; 54:142-145. 

16. Waggoner DJ, Bartnikas TB, Gitlin JD. Neurobiol 
Disease, 1999; 6: 221-230. 

17. Vulpe C, Levinson B, Whitney S, Packman S, 
Gitschier J. Nat Genet, 1993; 3:7-13. 

18. Fegade U, Marek J, Patil R, Attarde S, Kuwar A. 
Journal of Luminescence, 2014; 146:234-238.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

19. Fegade U, Sharma H, Singh N, Ingle S, Attarde 
S, Kuwar A. Journal of Luminescence, 2014; 149:190-
195.  

20. Fegade U, Tayade S, Chaitanya G, Attarde S, 
Kuwar A. Journal of Fluorescence, 2014; 24:675-681.  

21. Fegade U, Sharma H, Attarde S, Singh N, Kuwar A. 
Journal of Fluorescence, 2014; 24:27-37.  

22. Patil S, Patil R, Fegade U, Sahoo S, Singh N, 
Bendre R,Kuwar A, Photochem. Photobiol. Sci., 2015; 
14:439-443.  

23. Fegade U, Sahoo S, Patil S, Kaur R, Singh N, 
Bendre R, Kuwar A. Sensors and Actuators B, 2015; 
210:324-327.  

24. Patil R, Fegade U, Kaur R, Sahoo S, Singh N, 
Kuwar A. Supramolecular Chemistry, 2015; 27:527-
532.  

25. Bhosale J, Fegade U, Bondhopadhyay B, Kaur S, 
Singh N, Basu A, et al.  J. Mol. Recognit., 2015; 
28:369-375.  

26. Benesi HA, Hildebrand JH. J. Am. Chem. Soc., 1949; 
71:2703-2707. 

27. Job P, Ann. Chim., 1928; 9:113-203. 
 


