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Introduction

Transition metals are common in our environment and balanced concentration of them is obligatory for various biological
processes [1]. Interestingly non-degradable metals are a major cause of ecological hazards. Prolonged exposure or excessive
assimilation of these through food chain cause acute or chronic toxicity [2]. Utilization of industrial wastewater for irrigation
and agriculture cause metal polluted lands and increased concentration of metal in the human body via the food chain [3].
Like few transition metals, copper with stable oxidation states occurs naturally in redox enzymes, which involves cyclic
oxidation and reduction processes. Although Cu(ll) is essential for various biological processes, significant Cu(ll) pose

health hazards such as prolonged exposure leads to irritation of nose and eyes, and neurodegenerative diseases [4,5].

Experimental
Increased concerns about health issues make it essential to develop economically and environmentally benign technologies to
identify toxic cations and anions. Although various sophisticated instruments and methods have been developed [6-12] with
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selectivity and sensitivity, the operational burden remains the main hurdle for extensive use. Recent time’s uses of organic
chemoreceptors, colourimetric receptors have gained considerable momentum, which allows visual detection at milli and
micro level without any operational constraint [12]. Ninhydrin and its derivatives attracted our attention due to their clinical
applications and as sensors; optical receptors for various ions of biological and environmental significance [13].
Development of nonlinear optical devices and chemical sensors from these find immense applications [14-19]. Ninhydrin
based colourimetric sensors have been known for visual detection of Cu(ll) in an aqueous medium,19 these colourimetric
sensors are Schiff base derivatives of ninhydrin which involves more than one synthetic procedures. Besides imine [13,19]
based ninhydrin chemoreceptor which is known for coordination with cations/anions, use of other simple derivatives as
colourimetric chemo sensors remain unexplored. We investigated these simple ninhydrin derivatives for analytical
applications. Herein we report eco-friendly and non-toxic small organic molecule, thiourea derivative of ninhydrin as a
sensor for selective visual detection of Cu(ll) in aqueous medium and application as dipstick device (paper strips) for visual

detection and analysis of Cu(ll) in an aqueous medium.

Results and Discussion

The objective for the present work originated from the fact that copper predominantly exists as Cu(ll) in agueous medium
owing to the stability of Cu(ll) over Cu(l). However, the presence of thiourea reduces Cu(ll) to colourless Cu(l) and binds to
sulphur of thiourea [20]. We envisioned that derivatives of thiourea with chromogenic substrate would impart properties [21]
that would chelate well with copper ion and chemoreceptor properties could be explored. Thiourea-ninhydrin derivative 1
(3a,8a-dihydroxy-2-thioxo-2,3,3a,8a-tetrahydroindeno[1,2-d] imidazole-8(1H)-one) has been selected as model receptors as it

holds ninhydrin as chromogenic moiety and thiourea as a counterpart (FIG. 1).
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FIG. 1. Thiourea derivative of ninhydrin.

Ninhydrin thiourea derivative 1 has been synthesized from ninhydrin 2. Ninhydrin 2 reacted with thiourea 3 under an acidic
condition to afford ninhydrin thiourea derivative 1 in 96% yields. The Ninhydrin thiourea derivative 1 has been recrystallised
from hot methanol which melts with decomposition at 195°C-205°C. Powder XRD and spectral studies (ESI-S2) of these
compounds are consistent with the expected product [22] (SCHEME 1).
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SCHEME 1. Preparation of ninhydrin-thiourea derivative.
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Spectral property of receptor 1 was studied in various solvents. Spectral properties could not be recorded with water as
precipitation of receptor 1 is observed. The similarity in absorbance is observed for methanol and ethanol and ethanol has
been chosen as a solvent of choice for further studies. To evaluate the potential of 1 as colourimetric chemo sensor, initially,
we investigated the interaction of 1 with various copper salts. Two equivalent metal salt solutions of CuCl,, CuSO4.5H,0,
Cu(NO3)2, Cu(CH3CO0)4 2H,0 were separately added to 0.5 mM of receptor 1.

To our surprise, none of the Cu(ll) solutions showed remarkable colour change except for Cuz(CH3COO)4 2H,0, which
showed distinct colour change from colourless to olive green. We expected that receptor 1 is sensing CH3COO- anion, as an
acetate salt of Cu(ll) showing distinct colour change. To examine under similar experimental conditions, 2-25 equivalent
acetate solutions of Na(l), Ag(l), Pb(Il) were separately added to 0.5 mM of receptor 1. However, no remarkable colour
changes were observed, indicating receptor 1 is not selective to CH3;COO- anion, but Cu(ll) solutions show remarkable
colour change for Cux(CH3COO)4 2H,0. To end this ambiguity, separate set of experiments were performed to examine the
role of CH3COO" anion in sensing of Cu(ll) by receptor 1.

In one set of experiment, 0.5 mM of receptor 1 is added separately to two equivalents of CuCl,, and 12-25 equivalents of
CH3COONa respectively and in another set of experiment, CuCl, and CH3COONa solutions were mixed in different
proportions. However, no significant colour changes were observed in either experiment. But, when 0.5 mM of receptor 1
was added to two equivalents of CuCl, followed by addition of 25 equivalents of sodium acetate, solution showed distinct
colour change from colourless to olive green, demonstrating the synergistic effect of receptor 1 and CH3COO- in sensing
Cu(ll) ion (FIG. 2). Further, receptor 1 was considered with two equivalents of CuCl, followed by addition of anions like Br-,

SO.%, CI- for sensing Cu(ll), no visible colour change is observed.

Synergistic effect of receptor 1 and CHsCOO- in sensing Cu(ll) ion was established by the spectral study of 0.5 mM of
receptor 1 with 2 equivalents of Cu(ll) salt solution and 25 equivalents of CH;COONa. UV-vis spectrum of 0.5 mM receptor
1 in ethanol (colourless) exhibited n-n" transition band at 289 nm. Addition of 2 equivalents of the CuCl, solution showed
analogous absorption pattern. Similarly, when 25 equivalents of CH3COONa solution was added to receptor 1 no substantial
increase in the intensity was observed. Notably when both CuCl, and CH3COONa solutions were added to receptor 1 colour
change from colourless to olive green and marked an increase in the intensity of absorption was observed (FIG. 3).
Intramolecular charge transfer (ICT) band at 530-540 nm are generally observed along with n-x" transition band at 289 nm.

However, sensitivity of the instrument used was inadequate to record such weak transition for these dilute solutions.

FIG. 2. 1. Receptor 1 (0.5 mM) in ethanol, 2. Mixing proper proportions of 2. 1 (0.5 mM) and 1 mM CuCl_, 3. Receptor
(0.5 mM) and 12.5 mM of NaOAc, 4. NaOAc (12.5 mM) and 1 mM CucClz, 5. Receptor 1 (0.5 mM), 1 mM CuCl. and
12.5 mM of NaOAc.
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FIG. 3. Change in UV-vis spectral pattern for addition of 0.5 mM of receptor 1 to 1 mM of CuCl. followed by the
addition of 12.5 mM of CH3COONa solution.

The scope of visual detection with receptor 1 was optimized for different concentrations of CH;COONa. Receptor 1 (0.05
mM) and corresponding two equivalents of CuCl, solution were added to 12.5, 25, 50 equivalents of CH3COONa solution.
Absorbance pattern was similar in all cases and a small increase in intensity for 25 and 50 equivalents CH;COONa may be
attributed to the presence of CHsCOO- ion. At lower concentration of CH3COO- solution, change of intensity of receptor 1

was not observed and visible colour change was observed corresponding to 12.5 equivalents (FIG. 4).
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FIG. 4. Absorbance pattern for the addition of 0.5 mM of receptor 1 to 1 mM of CuCl: followed by the addition of
12.5, 25, 50 equivalents of CHsCOONa solution.

To study the selectivity of receptor 1 with specific metal ion, receptor 1 (0.5 mM) is added to two equivalents of different
metal ions solutions. Significant colour change is not observed for any metal ions, however, followed by addition of 25
equivalent of CH3COONa, distinct colour change is observed only for Cu(ll) (FIG. 5). Similar results are obtained when

different concentrations of reagents were considered.
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FIG. 5. Receptor 1 (0.5 mM), NaOAc (12.5 mM) and MXz (1 mM) are mixed in proper proportions. CoClz, CuCl;
(colour change observed), MnClz, BaClz, KCI, SrClz, AICls3, HgClz, CdClz, LiCl, Pb(NO3)..

As absorption properties of receptor 1 with CuCl; ion is significant in the presence of CH3COO" ion. Varying concentrations
of Cuy(CH3CO0)4.2H,0 were added to 0.5 mM of receptor 1. When two equivalents of Cu,(CH3COQ)42H,0 were added to
0.5 mM of receptor 1 distinct colour change to olive green is observed (FIG. 6). Notably below this concentration, no

detectable colour change was observed.
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FIG. 6. Absorbance pattern for the addition of 0.5 mM of receptor 1 to various concentration of Cuz (CH3COO)a.
2H20.

To study the effect of CH3COO- ion, receptor 1 with Cuz(CH3zCOO)a4. 2H,0 and CuCl,, CHsCOONa in two separate set of
the experiment were considered. Spectral studies reveal a considerable difference in intensity of absorption for both
experiments (FIG. 7). Stability of the coloured solution formed due to receptor 1 with CuCl, and CH;COONa were analyzed
at different pH. In the presence of H*, the colour of the solution disappeared, however with NH4OH, a blue coloured complex
was formed indicating the formation of ammonia complex. Further, experimental methods to find stoichiometric ratios of the
receptor 1, Cu(ll) and CH3COONa appear to be very interesting and further study to address these is in progress. Further, as a
part of the application, visual recognition could be exploited for reliable and selective detection of Cu(ll) in the presence of
other cations. Development of filter paper-based “dip-stick (paper strips)” emerge an attractive technique for “in-the-field”
measurements that do not need any equipment. Accordingly filter paper-based strips similar to that of pH paper and slides for

the visual detection of Cu(ll) ion was developed. Receptor 1 and CH3;COONa were mixed in the ratio of 1: 4 and ground to
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fine powder and concentrated solution were prepared with ethanol and water. Filter paper with required shape was dipped
into the solution and kept for air drying. Dried filter paper samples (1 week) were ready for detection of Cu(ll) in an aqueous

medium. Similarly, glass strips were also prepared (FIG. 8).
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FIG. 7. Change in absorbance pattern for addition of 0.5 mM of receptor 1 to Cuz(CH3COO)4.2H20 and to 1 mM of
CuCl; followed by the addition of 6.25 mM of CH3COONa solution.

FIG. 8. Filter paper-based strips for the visual detection of presence Cu?* ion, 1. Receptor 1 and Cu(Ac). deposited
paper strips, 2. Paper strips dipped 1 mM of the CuCl: solution, 3. Paper strips dipped 2 mM of the CuCl: solution, 4.
Paper strips dipped 4 mM of CuCl: solution (detectable colour change is observed), 5. Paper strips dipped 8 mM of
the CuCl: solution, 6. Paper strips dipped 10 mM of the CuCl: solution, 7. Paper Strips dipped 25 mM of the CuCl2

solution.

Different Cu(ll) solutions (as their chlorides) were applied on previously dried receptor containing paper strips. As we can
see a change in the colour corresponding to two mM solution, however for four mM solution distinct colour change is
observed (corresponding to 2.38 x 10* g of Cu(ll) in solution) (FIG. 8). These filter paper-based strips offer many
advantages such as cheap, easy to operate, selective with distinct colour change with different concentration of Cu(ll).
Similarly, previously dried receptor slide was also tested for the presence of Cu(ll) (FIG. 9). Model industrial waste Cu(ll)
solution was prepared by dissolving copper salt with other metal ions like Pb(Il), Ni(ll), Fe(lll) solution was used for
selective detection of the presence of cations. When glass plate and paper strips were used, selective distinct colour change
for Cu(ll) is observed (FIG. 10).
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FIG. 9. The glass plate for the visual detection of the Cu?* ion.

FIG. 10. Glass plate and paper strip for the visual detection of the Cu?* ion.

Conclusion

Visual detection of Cu(ll) is significant as copper predominantly exists as Cu(ll) in an agueous medium. In the presence of
thiourea, Cu(ll) will be reduced and bind to sulphur. However, thiourea derivative of ninhydrin showed synergistic effect
with acetate anion and chelate well with Cu(ll) and its chemoreceptor properties were explored. Binding nature of receptor is
successfully exploited to prepare eco-friendly paper strips and slides as sensors for the visual detection of Cu(ll) in
wastewater sample. The development of the nonlinear optical device and immobilized sensors from these non-toxic

derivatives offer a wide range of applications.
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