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Abstract
Copper (II) ion chemical sensors based on pyridine-thiourea derivatives; N-pyridyl-N’-(biphenyl-4-carbonyl)thiourea (L1), and N-pyridyl-N’-(3,5-dimethyoxybenzoyl)thiourea (L2) were synthesised, characterised, and studied as ionophores in the form of thin-films PVC membranes. The ionophores exhibited good responses towards copper (II) ion over the concentration range of 2 x 10-4 to 10 x 10-4 M with a limit of detection 1.34 x 10-5 to 1.48 x 10-5 M. The proposed sensors L1 and L2 revealed good performance in term of reproducibility and regeneration of the ionophores with low relative standard deviation (RSD) values 4.17 % and 2.74 % respectively. Besides, quantum chemical calculation performed using Gaussian 09 program indicated the oxygen (O) atom from carbonyl moiety (C=O) was the most favourite reactive site and mainly responsible for ionophore– Cu(II) interaction. The obtained data revealed pyridine-thiourea derivatives offered great potential as ionophore for the detection of Cu (II) ion.
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Abstrak
Pengesan kimia bagi ion kuprum (II) berasaskan terbitan piridil-tiourea; N-piridil-N’-(bifenil-4-karbonil)tiourea (L1), and N-piridil-N’-(3,5-dimetoksibenzoil)tiourea (L2) telah disintesis, dicirikan, dan dikaji sebagai ionofor dalam bentuk membran-membran PVC filem nipis. Ionofor – ionofor tersebut menunjukkan tindak balas yang baik terhadap ion kuprum (II) dalam julat kepekatan 2 x 10-4 to 10 x 10-4 M dengan had pengesanan 1.34 x 10-5 sehingga 1.48 x 10-5 M. Pengesan L1 dan L2 yang dicadangkan ini menunjukkan prestasi yang baik dari segi kebolehkeluaran semula dan penjanaan semula bagi ionofor – ionofor tersebut dengan nilai sisihan relatif piawaian yang rendah iaitu masing – masing 4.17% dan 2.74%. Selain itu, pengiraan kuantum kimia dilakukan dengan menggunakan program Gaussian 09 yang menyatakan bahawa atom oksigen (O) daripada moiti karbonil (C=O) adalah kawasan paling reaktif dan selalunya terlibat dalam interaksi ionofor-Cu (II). Data yang diperolehi menyatakan terbitan piridil-tiourea menawarkan potensi yang bagus sebagai ionofor bagi pengesanan ion Cu (II).

Kata kunci: piridina, tiourea, pengesan logam, teori fungsi ketumpatan, spektroskopi 

Introduction
In this developing era, industrial sector has rapidly become one of the most important sectors throughout the world. Production and manufacturing sectors gradually increase the rate of pollution as a result of the industrialisation process. Undoubtedly, metal as pollutant is known to be one of the common water pollution and has emerged as a harmful pollutant due to its toxicity at low concentration. Excessive amount of heavy metals will produce various toxicological effects and danger to most living organisms including to human [1, 2]. Among these, copper (Cu) which is classified as one of the metal pollutants which known to be toxic substance at certain concentration [3, 4].  Furthermore, Aziz et al. [5] reported the maximum limit under Standard B of Malaysian-Environmental Quality Act 1974 (Sewage and Industrial Effluents) 1979 is 1.0 mg/L which eventually make the detection process of this species to be such a challenge. Generally, metal detection in water samples depends on the utilization of expensive instrumentation techniques which at certain extend, can be rather complicated and time consuming [6 – 8]. Nowadays, there is a growing interest on research directed to the precaution of environmental control and industrial processes. Therefore, chemical sensor has arisen as an ideal option due to its rapid and simple approach towards detection. Thus, we proposed to synthesise and characterise a new class of ionophores featuring multi-chelating agent of pyridyl-thiourea derivatives which were fabricated into thin-film as molecular sensor towards copper (II) ion as an analyte of choice. A series of pyridine substituted thiourea compounds with different aromatic substituents namely biphenyl and 3,5-dimethoxybenzene were synthesised as proposed metal dication sensors prior treated as chemosensor for the detection of Cu (II) ion in the form of thin films. Figure 1 depicts all molecular structures of ionophores synthesised in this study.

Due to electronic conjugation system, multiple donor atoms (S, O and N) for complexation and ease of synthesis, thiourea moiety was chosen as material for development of potential chemical sensor. In order to enhance electronic conjugation of this system, several electron donor groups (R) were selected which expected to generate ideal flow of electrons via the progress of fair electronic conjugation in thiourea molecular framework. Besides, pyridine was introduced as substituent in this system to increase number of possible binding sites for interaction of metal ion. In order to specifically find the accurate interacting site of this molecule towards copper (II), density functional theory (DFT) calculation using Gaussian 09 was also carried out. The study on limit of detection, reproducibility and efficiency of these molecules in the form of thin films were carried out via UV-visible analysis. Result revealed that the efficiency and suitability of this system can be applied as chemical sensor for Cu2+ ion detection.
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Figure 1. The molecular structures of pyridine-thiourea derivatives
Materials and Methods
Reagents
The chemicals used, namely ammonium thiocyanate, 2-benzylaminopyridine, biphenyl-4-carbonyl chloride, and 3,5-dimethoxy benzoyl chloride, were purchased from Sigma-Aldrich, Merck, Acrós Organics, and R & M Chemical. All solvents used in this study such as acetone, chloroform, dichloromethane, diethyl ether, ethyl acetate, hexane, methanol, and acetonitrile were purchased from Merck, Fisher Scientific, and R & M Chemical. For film membrane preparation, high molecular weight poly(vinyl chloride)(PVC), sodium tetraphenyl borate, tributyl phosphate, and tetrahydrofuran (THF) were used as received from Merck.

Characterisation
Infrared (IR) spectra were recorded using FT-IR Perkin-Elmer 100 spectrophotometer within spectral range 4000-400 cm-1. CHNS microanalysis was carried out using a FLASHEA 1112 CHNS analyser for determination of percentage of CHNS elements presence in the synthesised compounds. NMR spectra were recorded on Bruker Avance III 400 (1H 400.11 MHz, 13C 100.61 MHz) using deuterated chloroform (CDCl3) at room temperature. The interaction between ionophores and Cu2+ were investigated using UV-visible spectrophotometer Shidmazu 1601 series in 1 cm path length quartz cell. Thin films membranes were fabricated via SCS 6808 spin-coater at angular speed of spinning at 2500 rpm. Theoretical evaluation was carried out to predict and investigate potential interaction between the synthesised compounds and Cu2+ ion via Gaussian 09 program package. The basic set used in the theoretical simulation was based on density functional theory (DFT) calculation at B3LYP/LANL2DZ to obtain several significant structural parameters.

Theoretical Evaluation on Interaction of the Pyridyl-Thiourea Compounds Towards Cu(II)
The theoretical analysis was carried out to observe several important parameters such as interaction behaviour, binding strength and binding mode of the pyridyl-thiourea derivatives (L1 and L2) towards the tested analyte which undoubtedly contributed in sensing capability of each compound towards the studied metal ion using Gaussian 09 software. This theoretical analysis was based on DFT calculation at B3LYP/ 6-31G (d,p) for the thiourea compound and B3LYP/LANL2DZ for interaction of the synthesised compounds towards Cu (II)  ion. 



Synthesis of ionophores: Synthesis of N-pyridyl-N’-(biphenyl-4-carbonyl)thiourea (L1)
Ammonium thiocyanate (0.46 g, 6.00 mmol) in acetone was charged into a solution of biphenyl-4-carbonyl chloride (1.30 g, 6.00 mmol) to yield a suspension of pale yellow solution and white precipitate after ca. 4 hours of refluxed condition with constant stirring. The white precipitate was filtered. Then, a solution of 2-aminopyridine (0.56 g, 6.00 mmol) in acetone was added dropwise into the pale yellow filtrate. The reaction mixture was stirred at refluxed condition for ca. 6 hours. After adjudged completion by TLC (ethyl acetate: hexane; 1:4), the reaction was cooled to room temperature. Subsequent to addition of three ice cubes into the yellow filtrate, pale yellow precipitate was formed and filtered. The precipitate was recrystallized from methanol to produce yellow solid of L1 (1.45 g, 73%).1H NMR (400.11 MHz, CDCl3): δH 7.13 (t, JHH = 6 Hz, 1H, Ar-CH); 7.35 (d, JHH = 7 Hz, 1H, Ar-CH); 7.39 (pseudo-d, JHH = 6 Hz, 2H, Ar-CH); 7.55 (pseudo-d, JHH = 6 Hz, 2H, Ar-CH); 7.66 (d, JHH = 8 Hz, 2H, Ar-CH); 7.75 (t, JHH = 8 Hz, 2H, Ar-CH); 7.92(d, JHH = 8 Hz, 1H, Ar-CH); 8.36 (d, JHH = 8 Hz, 1H, Ar-CH); 8.72 (d, JHH = 8 Hz, 1H, Ar-CH); 9.24, 13.24 (2 x s, 1H, NH); 13C NMR (100.61 MHz, CDCl3): δC 116.5, 121.4, 127.3, 127.8, 128.3, 128.6, 129.1, 130.1, 138.4, 139.3, 146.6, 147.5, 151.1 (13 x s, Ar); 166.1 (s, C=O); 177.3 (s, C=S); Elemental analysis for C19H15N3OS: [Found (Calculated.)]: C = 69.12 (68.45); H = 4.73 (4.53); N = 12.55 (12.60); S = 9.96 (9.62).

Synthesis of N-pyridyl-N’-(3,5-dimethyoxybenzoyl)thiourea (L2)
Yielding pale yellow crystalline solid (64% yield), L2 was prepared from 3,5-dimethoxybenzoyl chloride (1.51 g, 7.51 mmol), ammonium thiocyanate (0.57 g, 7.51 mmol), and 2-aminopyridine (0.71 g, 7.51 mmol) in the same manner as described in L1. 1H NMR (400.11 MHz, CDCl3): δH 3.80 (s, 6H, OCH3); 6.62 (t, JHH = 4 Hz, 1H, Ar-CH); 6.10 (d, JHH = 2 Hz, 1H, Ar-CH); 7.84 (t, JHH = 8 Hz, 1H, Ar-CH); 8.34 (d, JHH = 6 Hz, 1H, Ar-CH); 8.67 (d, JHH = 8 Hz, 1H, Ar-CH); 9.48, 13.47 (2 x s, 1H, NH); 13C NMR (100.61 MHz, CDCl3): δC 55.8 (s, OCH3); 105.6, 106.0, 116.9, 121.4, 139.7, 150.6, 161.3 (8 x s, Ar-CH); 166.1 (s, C=O); 177.5 (s, C=S); Elemental analysis for C15H15N3OS: [Found (Calculated.)]: C = 56.98 (56.77); H = 4.94 (4.76); N = 13.21 (13.24); S = 10.68 (10.10).

Preparation of film membranes
A solution of polyvinyl chloride (PVC) powder (120 mg), sodium tetraphenylborate (1.5 mg), tributylphosphate (240 mg), and of the compound (L1 and L2) (80 mg) were dissolved in tetrahydrofuran (THF) with vigorous stirring for ca. 6 hours until the solution became a homogenous viscous solution [9]. The resulting solution was then transferred onto a glass slide of 5 cm x 0.5 cm which was placed in a SCS 6808 Spin Coater. The substrate was spun at high speed (2500 rpm) to obtain smooth and homogenous thin film.

Preparation for pH studies
The study was carried out in pH buffered solution to minimise any change in pH due to the effects of temperature, light and the presence of carbon dioxide gas in air which can produce errors in the results. In this study, 1 mL of 5 x 10-4 M of Cu(II)  ion solution was added to 5 ml of 5 x 10-5 M solutions of L1 and L2 prepared in different pH buffers (pH range from 3 to 10). A sample of the mixture was transferred into 1 cm3 cuvette and the spectral properties of these samples were recorded via UV-vis spectroscopy. Collected data was plotted to study effect of pH on response of L1 and L2 to sense the presence of Cu (II) ion.

Result and Discussion

Synthesis and characterisation of pyridine-thiourea
The pyridine-thiourea derivatives are proposed as ionophores (Figure 1) have their own advantages such as exhibit quick and ease of synthesis and purification. Scheme 1 shows the general synthetic work-up of the pyridine-thiourea derivatives synthesis. The molecular system featuring electron donating molecular framework has ability to increase their electron density throughout the molecular system, a desired feature to promote the binding ability of the ionophores with Cu (II) ion. Besides, L1 and L2 theoretically have known as multidentate ligand due to the existence of different coordination sites (N, O, and S) in particular geometry. Good yield of synthesised compounds were obtained of 73 %, and 89 % for L1 and L2 respectively.




Scheme 1. The general synthetic work-up of ionophores synthesis
The main IR bands of interest for L1 and L2 have been identified to show five absorption bands, namely, ν(N-H), ν(C-H), ν(C=O), ν(C-N), and ν(C=S). The first absorption band was assigned as the secondary amine N-H which could be observed at 3259 to 3267 cm-1 as medium intensity absorption band which was in a good agreement with previous works carried out by [10, 11] who reported the N-H stretching band was located in similar region. In most thiourea derivatives, N-H stretching band appeared at above 3200 cm-1 due to the influence of strong intramolecular hydrogen bond between N-H…O=C [12, 13] which led to the formation of broad and weak absorption band of N-H stretching [14,15]. Meanwhile, C-H alkane stretching bands could be observed in the region of 2974 to 3064 cm-1 as aromatic and alkyl type of CH groups were present in their molecular structures. In addition, in a range of 1524 to 1536 cm-1, high intensity of ν(C-N) absorption band clearly been observed. Strong absorption band observed at 1670 cm-1 in both spectra were assigned as C=O absorption band. The appearance of the strong band was in a good agreement with previous studies carried out by [16 – 18]. The C=O stretch in all synthesised compounds were found at lower wavenumber compared with expected carbonyl stretching at around 1700 cm-1 as most carbonyl thiourea derivatives were stabilised by formation intramolecular hydrogen bond of C=O…H-N which led to emergence of pseudo-six-membered ring [19]. Consequently, formation of the intramolecular hydrogen bond interaction led to an increase in its polarity making the double bond character to be weaker and shifting the band to a lower wavenumber region [20]. The absorption band of C=S stretch for all synthesised compounds appeared as medium bands within range of 739 to 741 cm-1. The presence of intramolecular hydrogen bonding between C=O with N-H moiety led to stronger electronegativity property of the N-H group which simultaneously enhanced double bond character of the C=S group [21] in which was found by several researchers [12, 22, 23]. 

In the 1H NMR spectrum of L2 a singlet resonance at δH 3.80 ppm was attributed to methoxy moiety in the compound. The O-CH3 resonance was located at higher chemical as it was bonded to electronegative oxygen atom which pulled the electrons from proton methyl and deshielded the resonance to higher chemical shift region [24, 25]. High intensity singlet resonance with 6H integration shows that this resonance represents two symmetrical methoxy groups as reported by [26, 27]. The aromatic protons of both L1 and L2 can be observed at δH 7.13 – 8.74 ppm appeared as distinctive multiplet resonances due to the presence of unresolved aromatic protons [28]. The most common observation in 1H NMR analysis of typical acyl thiourea molecular system is the presence of two singlet N-H resonances at the most downfield position [10, 11]. Both of these resonances were observed as distinctive broad singlets at the most deshielded region in the spectra. This is due to the presence of several electron-withdrawing moieties namely carbonyl and thiocarbonyl in the molecule which decreased electron density around the resonances and shifted the protons of N-H to downfield position [17, 29]. However, carbonyl-substituted N-H proton (NHCO) was found to be at lower chemical shift (δH 9.24 - 9.48 ppm) in comparison to thione-substituted N-H proton (NHCS) which is located at δH 13.24 - 13.47 ppm as the formation of intramolecular hydrogen bond between carbonyl moiety and thione-substituted N-H resonance produced stronger deshielding effect [12,15]. Carbon resonances in 13C NMR spectra of L2 could be observed at upfield position (δC 55.8 ppm) due to the presence of methyl moiety in molecular structure. However, CH3 resonance of L2 is observed at higher chemical shift (δC 55.8 ppm) as it was bonded to electronegative atom, oxygen, shifted the resonance to a higher chemical shift [30]. Resonances of aromatic carbon were observed at δC 105.5-161.2 ppm. Two distinctive resonances at the most downfield region (δC 166.0 and 177.3 ppm) can be observed which corresponded to carbonyl (C=O) and thione (C=S) respectively in both spectra of L1 and L2 [16, 31, 32]. This is due to formation of intramolecular hydrogen bonding and electronegativity effect of oxygen and sulphur atoms which pulled certain amount of electrons from both moieties and deshielded the resonances to higher chemical shift [13, 33]. The existence of several important resonances at expected regions in 1H and 13C NMR spectra of all synthesised compounds proved that pyridine-thiourea derivatives of both L1 and L2 were successfully synthesised.

Evaluation of sensing performances towards Cu (II) ion: Reaction responses
The reaction of the films towards different concentration of Cu (II) ion was investigated. Figure 2 and Figure 3 show the reaction response of L1 and L2 in the presence of Cu (II) ion within concentration range of Cu (II) ion was 2 x 10-4 M to 10 x 10-4 M. Upon exposure of Cu (II) ion to the film, the formation of absorption band of L1 towards Cu (II) ion observed at wavelength of 385 nm. The higher the concentration of Cu (II) ion, higher the intensity of the absorption bands was observed. Similar observation was discovered in L2 film with formation of medium absorption shoulder bands when Cu (II) ion was introduced to the film.


[image: ]







Figure 2. Reaction response of L1 towards Cu (II) ion

[image: ]
Figure 3. Reaction response of L2 towards Cu (II) ion
Reproducibility of L1 and L2
A reproducible film will produce a stable and consistent data which is very crucial aspect in the sensing application. A number of 8 strips of samples were fabricated and used to complete the reproducibility test. Figure 4 shows reproducibility data behaviour of L1 and L2.


Figure 4. Graph of reproducibility studies for L1 and L2
Figure 4 indicates stable and consistent reading for all films. Thus, the consistency in reading of the film showed that all films exhibited high reproducibility ability. Relative standard deviation (RSD) was calculated to prove and compare which film system possessed the best reproducibility. Table 1 shows the RSD value of L1 and L2 for their reproducibility property.
Table 1. RSD value of reproducibility for L1 and L2
	Film

	Average, x
	Standard Deviation
	Relative Standard Deviation (%)

	L1
	0.019863
	0.000828
	4.17

	L2
	0.013988
	0.000383
	2.74



Table 1 revealed both L1 and L2 exhibited low value of RSD which were 4.17% and 2.74% respectively in which indicates higher ability of reproducibility [34, 35]. Therefore, it can be concluded that both L1 and L2 films exhibited reproducible results for detection of Cu(II) ion which is critical in order to produce uniform and accurate reading in its sensing performance. L2 exhibits the most effective reproducibility compared to L1. Higher RSD value might be caused by several technical errors during preparation of thin film such as uncontrollable thickness as well as uniformity of the films and amount of compound trapped in the films.
Regeneration of L1 and L2
Regeneration of chemosensor represents the ability of the sensors to be used repeatedly. An ideal sensor is a sensor with high regeneration property in which it can be used repeatedly and effectively for several measurements. Figure 5 shows regeneration data of all designated chemosensor (L1 and L2).


Figure 5. Graph of regeneration for L1 and L2

L1 found to have ideal regeneration pattern up to 5 cycles which indicated multi-testing films. However, the sensing performance of L2 decreased dramatically from the first to the fifth cycles compared to L1 which showed gradual decreasing of its sensing performance. Based on Figure 5, L1 offered ideal regeneration ability compared to L2. Table 2 shows the value of RSD in term of regeneration property of L1 and L2.

Table 2. RSD value of regeneration for L1 and L2
	
Film Cycle
	L1
	L2

	
	Absorbance
	Percentage of regeneration
(%)
	Absorbance
	Percentage of regeneration (%)

	1
	0.0089
	100
	0.026
	100

	2
	0.0074
	83.15
	0.020
	76.92

	3
	0.0072
	80.90
	0.016
	61.54

	4
	0.0070
	78.65
	0.012
	46.15

	5
	0.0065
	73.03
	0.010
	38.46

	Mean, x
	0.007400
	0.016800

	
Standard deviation (σ)
	
0.000903
	
0.006419

	
RSD (%)
	
12.20
	
38.21



The huge decrease of absorbance for both L1 and L2 films was contributed by the second cycle. This is due to the film which was used directly after fabrication process without any cleaning process to remove untrapped residue of the compound which led to involvement of the untrapped residue in the sensing mechanism. L1 exhibits the lowest RSD value with 12.20% compared to L2 with 38.21%. Large value of RSD for L2 contributed from the leaching of compound from the film during the metal ion leaching process in EDTA solution which reduced the amount of compound to detect Cu (II) ion leading to lower sensing response in the following cycles. This is due to the strength of EDTA to bind to Cu (II) ion and unsurprisingly, it is also able to attract the compound-Cu(II) complex from the film. Besides, due to the unbounded compounds in the film on the glass substrate, the compounds were easily detached and leached off when the film became swollen during the sensing studies.

Limit of Detection (LOD)
In this respect, LOD of L1 and L2 films towards Cu (II) ion was carried out to investigate the efficiency and sensitivity of the sensors for Cu (II) detection which was calculated using Equation 1. Figure 6 shows the LOD graph of L1 and L2.

                    							                                              (1)
Where s is the standard deviation for the blank and σ is the slope of the LOD graph.



Figure 6. Calibration curves for LOD of L1 and L2
LOD results revealed that, L1 shows higher sensitivity towards detection of Cu (II) ion compared to L2. These experimental results were in good agreement with the theoretical investigation which L1 exhibits higher response towards Cu (II) ion. In contrast, L2 shows lowest sensitivity towards Cu (II) ion which was initially proven in the theoretical study on its binding mechanism and low interaction energy of L2 towards Cu (II). Table 3 shows the data of LOD analysis of L1 and L2.

Table 3. The data of LOD for L1 and L2
	Film
	L1
	L2

	σ
	12.85
	16.00

	s
	5.76x10-5
	7.87x10-5

	LOD (M)
	1.34x10-5
	1.48x10-5


                                                       σ = slope of LOD graph; s = standard deviation
pH Effect
The reaction of metals with ligands is pH dependence. Therefore, pH study was carried out to find optimum pH condition for the reaction of Cu (II) ion with the selected compounds (L1 and L2) which was carried out in the range pH 2 to pH 9. Figure 7 illustrates the effect of pH in the metal-ligand sensing performance.



Figure 7. pH effect for metal-ligand sensing performance of L1 and L2

Result obtained revealed that L1 and L2 showed quite similar patterns in the pH dependent graph which the curve started to increase at pH 4 then declined at pH 9. The most optimum pH for L1 and L2 compounds to sense Cu (II) ion was found at pH 8. This is due to the existence of intensive competition between H+ and Cu (II) which decreased the ability of the compounds to form interaction with the metal ion resulting in lower response of absorbance at highly acidic condition [36]. Consequently, the absorbance of the compound-Cu (II) complex increased with increasing pH value.

Density functional theory (DFT) analysis
The ability of L1 and L2 to interact with Cu (II) was proven via density functional theory (DFT) analysis. Based on the analysis, L1 and L2 possessed ability to interact with the metal ion via C=O and C=S which acting as chelating ligand [37, 38]. Chelating behaviour of a ligand is known to have better and stronger interaction to enhance sensing performance of chemosensor. Similar binding behaviour observed in both L1 and L2 due to the presence of thiourea moiety in their molecular frameworks which is much dominant than other possible binding sites in the molecules. Based on the theoretical study, nitrogen atom of pyridine found to be twisted away from the interaction area which proved the pyridine portion was not involved in the interaction. There were several parameters which were taken into consideration in this analysis to compare capability of the compounds to interact towards Cu (II) such as interaction distance and binding energy. In term of interaction distance, L1 indicated the lowest distance compared to L2. The interaction distance of L1 via C=O and C=S towards Cu (II) are 2.027 Å and 2.520 Å respectively. The obtained distances were in the same region as reported by [31, 39]. This showed that L1 has the highest strength to bind with Cu2+ followed by L2. Furthermore, in term of binding energy, the most negative value indicates optimum stability and strength of the interaction [40]. L1 exhibits the most negative value of interaction energy (-230.34 kJ/mol) compared to L2 -227.34 kJ/mol. The stronger binding energy and the shorter interaction distance of L1 was caused by the stronger electron donating effect of biphenyl than 3,5-dimethoxybenzene groups in L2. Table 4 shows details on the theoretical evaluation data of these compounds via Gaussian 09 analysis.



Table 4. Theoretical interaction study between L1 and L2 towards Cu2+
	Compound
	C=O…Cu (Å)
	C=S…Cu (Å)
	Binding Energy (kJ/mol)

	L1
	2.027
	2.520
	-230.34

	L2
	2.030
	2.523
	-227.34



Conclusion
On the basis of the results discussed in this paper, two new pyridine-thiourea derivatives L1 and L2 have been successfully synthesised and characterised prior to form active ionophores film entrapped in a PVC matrix for detection of Cu (II) ion. The reaction response of the ionophores towards different Cu (II) ion concentration was observed via difference in spectral features upon interaction with Cu(II). Apparently, L1 exhibited good response with high sensitivity towards Cu(II) ion with limit of detection 1.34x10-5 M which was in good agreement with theoretical calculations. In fact, the theoretical analysis proved the oxygen (O) atom mainly defines its reactive site compared to sulphur (S) atom. Whilst, nitrogen (N) atom on pyridine moiety found to be twisted away from the interaction area; therefore, pyridine portion does not involved in the interaction mechanism with Cu (II). In addition, L1 offered ideal interaction and binding energy for Cu (II) sensing (2.027 and -230.34 kJ/mol). In conclusion, a novel approach involving single molecular system of pyridine-thiourea (L1 and L2) exhibited promising ability and potential for Cu (II) detection.
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Absorbance


L1	1.9199999999999998E-2	2.1600000000000001E-2	2.0299999999999999E-2	1.9599999999999999E-2	0.02	1.9E-2	1.9900000000000001E-2	1.9300000000000001E-2	L2	1.47E-2	1.37E-2	1.43E-2	1.4E-2	1.35E-2	1.3899999999999999E-2	1.41E-2	1.37E-2	Films

Absorbance

L1	8.8999999999999999E-3	7.4000000000000003E-3	7.1999999999999998E-3	7.0000000000000001E-3	6.4999999999999997E-3	L2	2.5999999999999999E-2	0.02	1.6E-2	1.2E-2	0.01	Number of test

Absorbance


L1	
2.0000000000000001E-4	4.0000000000000002E-4	5.9999999999999995E-4	8.0000000000000004E-4	1E-3	8.0000000000000002E-3	1.2E-2	1.2999999999999999E-2	1.43E-2	1.9699999999999999E-2	L2	
2.0000000000000001E-4	4.0000000000000002E-4	5.9999999999999995E-4	8.0000000000000004E-4	1E-3	1.17E-2	1.7100000000000001E-2	2.01E-2	2.1499999999999998E-2	2.5499999999999998E-2	Concentration (M)

Absorbance

L1	2	3	4	5	6	7	8	9	5.1999999999999998E-3	1.14E-2	2.4799999999999999E-2	0.11899999999999999	0.31180000000000002	0.40050000000000002	0.44140000000000001	0.33310000000000001	L2	2	3	4	5	6	7	8	9	1.09E-2	1.35E-2	2.64E-2	8.7099999999999997E-2	0.19109999999999999	0.2233	0.23469999999999999	0.16969999999999999	pH

Absorbance
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