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Abstract
A screen-printed copper ion sensor with photocurable poly(n-butyl acrylate) (pBA) membrane based on ionophore o-xylylene bis(N,N-diisobutyldithiocarbamate) (o-xc) was successfully fabricated. Poly(2-hydroxylethyl methacrylate) (pHEMA)-modified Ag/AgCl screen-printed electrode was used in the development of the sensor and the sensor was characterized by potentiometric method. Optimization of pBA membrane for the electrode was carried out by varying the compositions of sodium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate (NaTFPB) and o-xc to determine the best analytical performance. The addition of NaTFPB and the increment of its ratio relative to o-xc showed super-Nernstian, small linear range, and high detection limit. For sensor fabricated based on o-xc without the addition of NaTFPB, the sensor showed Nernstian response. The best optimized sensor showed Nernstian slope with 31.29 mV/decade over a wide linear range of 1.0 × 10-2 – 1.0 × 10-6 M and low detection limit of 1.89 × 10-7 M. The sensitivity of this sensor was also improved over the other copper ion sensors fabricated by similar photocuring technique. In addition, based on the separate solution method (SSM), this sensor exhibited good selectivity towards copper ion with low logarithm selectivity coefficient value for monovalent and divalent cations namely K+, Na+, Ca2+, Mg2+, Ni2+ and Co2+.

Keywords:	screen-printed copper ion sensor, photocurable poly(n-butyl acrylate) membrane, ionophore o-xylylene bis(N,N-diisobutyldithiocarbamate), potentiometry

Abstrak
Sensor ion kuprum bercetak skrin yang berasaskan kepada ionofor o-xililen bis(N,N-diisobutilditiokarbamat) (o-xc) dalam membran terawatfoto poli(butil-akrilat) (pBA) telah dibangunkan. Sensor ion elektrod bercetak skrin Ag/AgCl terubahsuai poli(2-hidroksiletil metakrilat) (pHEMA) telah digunakan dalam pembangunan sensor dan pencirian sensor telah dijalankan melalui kaedah potensiometri. Pengoptimunan komposisi membran sensor ion pada elektrod telah dijalankan untuk menentukan prestasi analisis yang terbaik dengan mengubah komposisi sodium tetrakis[3,5-bis(trifluorometil)fenil]borat (NaTFPB) dan o-xc. Penambahan NaTFPB dan peningkatan nisbahnya terhadap o-xc dalam membran menunjukkan super-Nernstian, julat linear yang pendek dan had pengesanan yang tinggi. Sensor ion yang direka bentuk dengan menggunakan o-xc tanpa penambahan NaTFPB menunjukkan rangsangan Nernstian. Sensor ion yang terbaik menunjukkan kecerunan Nernstian iaitu 31.29mV/dekad, julat linear dari 1.0 × 10-2 – 1.0 × 10-6 M dan had pengesanan terendah 1.89 × 10-7 M. Kepekaan sensor yang telah dibangunkan juga adalah lebih baik berbanding dengan sensor-sensor ion kuprum lain yang telah direka bentuk melalui kaedah rawatan foto yang sama. Nilai pekali keselektifan potensiometri ditentukan dengan kaedah larutan berasingan (SSM). Sensor tersebut juga memberikan keselektifan yang baik terhadap kation pengganggu dengan menunjukkan nilai pekali logaritma keselektifan yang rendah bagi kation monovalen dan divalen seperti K+, Na+,Ca2+, Mg2+, Ni2+ dan Co2+.

Kata kunci: 	sensor ion kuprum bercetak skrin, membran terawatfoto poli(n-butil akrilat), ionofor o-xililen bis(N,N-diisobutilditiokarbamat); potensiometri


Introduction
Copper is one of the most widely spread heavy metals in the environment. It is extensively used for industrial, agricultural, and domestic purposes due to its high electrical conductivity, chemical stability, and potential to form alloy with other metals [1]. Copper is also an essential trace element to human health and involves in electron transfer process of various biological system [1,2]. However, copper as one of the heavy metal ions is considered toxic to many living organisms due to its non-biodegradable behavior [3]. Long term exposure to copper will cause irritation of the nose, mouth, eyes, headache, and stomach problems [4]. Intentionally high uptake of copper may exhibit toxicity and pose a threat to human health by causing Alzheimer’s disease, Wilson’s disease, hypoglycemia, liver and kidney damage, and gastrointestinal problem as the tolerance limit of copper in human body is 2 mg per day [5,6]. In addition, copper can act as a potential endocrine disrupter by modulating the estrogenic activity of endogenous hormones. By replacing zinc atom from the zinc fingers of estrogen receptor with copper, the binding of the receptor with DNA hormone responsive elements in the cell nucleus is prevented [7]. Therefore, in view of the widespread use of copper, its occurrence in the environment, and its adverse effects, its determination is important and highlights are needed for an efficient method of copper detection. 

Application of ion sensor for the determination of metal ions has been widely developed because of its high selectivity, low detection limit, low cost analysis, require no sample pretreatment, and sensitive to electronics [8-10]. Among the ion sensors types, potentiometric detection method is the simplest method that offers various advantages such as fast and easy preparation procedures, simple instrumentation, fast response time, wide linear range, and may also suitable for online analysis [6,11]. The common ion sensor construction is normally based on polymeric membrane consisting the immobilized sensing material [12]. Hence, in the fabrication of an ion sensor, the ionophore as the electroactive and sensing material, should exhibits stronger affinity for a particular metal ion [13]. The copper ionophore o-xc used is shown in Figure 1. 

[image: ]
Figure 1.  Structure of ionophore o-xylylene bis(N,N-diisobutyldithiocarbamate) (o-xc)


O-xc compound is a good ionophore as it shows a very good selectivity towards copper ion in copper ion sensors as reported by Kamata et al. [14], Woznica et al. [15], Birinci et al. [16], and Kisiel et al. [17]. O-xc is a non-cyclic compound, which consists of dithiocarbamate functional group. The sulfur atoms from the dithiocarbamate group pose σ orbital donor and n-back donation characteristic [18-19]. Thus, the sulfur atoms act as the active sites and able to coordinate with copper (II) ion to form a chelate with a four member ring [20]. 

Besides that, it is also crucial to select the right immobilization matrix for ionophore immobilization due to the nature of the ionophore. The selection will be affected by the types of immobilized matrix, and thus affect the performance of the sensor [21]. Most of the reported copper ion sensors utilized poly(vinyl chloride) (PVC) membrane as polymer matrix because of its relatively low cost, high tensile strength, chemical inertness, and plasticizer compatibility [22-24]. A conventional copper ion sensor based on ionophore o-xc with PVC membrane was developed by Kamata et al. [14]. This sensor showed a Nernstian slope of 29 mV/decade within the linear range from 1.0 × 10-6 to 1.0 × 10-1 M, the detection limit of 1.4 × 10-7 M and good selectivity over a wide variety of interference cations including alkali, alkaline earth, transition, and heavy metal ions. Another copper ion sensor with the same membrane components but used different conductive material, graphite, epoxy, and hardener mixture as the solid contact for the ion selective electrode reported by Birinci et al [16]. The sensor displayed a Nernstian response of 31.3 mV/decade over a linear range, 1.0 × 10-6 to 1.0 × 10-1 M, the detection limit of 4.9 × 10-7 M and selective towards copper ions over common interference cations. PVC membrane is a hard polymer. A plasticizer is always needed to obtain a soft and elastic property for an optimum response. Therefore, both reported copper ion sensor used plasticizing solvent mediator, o-nitrophenyl octyl ether, in the membrane preparation in order to be functional as a copper ion sensor. However, plasticizer incorporation resulted in weakening the mechanical strength and adhesion of the polymer on the surface of electrode. Consequently, the polymer membrane tends to be peeled off easily from the transducer and causes a major shift of sensor response [25-27].

Alternatively, plasticizer-free acrylate polymer has become a choice of membrane material in this work. This polymer has various advantages. For instance, it is self-plasticizing, so it does not need any kind of external plasticizer. Acrylate polymer is also photocurable and can be formed by photopolymerization on an electrode surface [28-29]. Compared with PVC membrane deposition method such as solvent casting which needs at least one day of solvent evaporation [16], this photopolymerization method is fast and simple [28]. Moreover, this polymer also has lower glass transition temperature value, Tg, enable an excellent adhesion on solid surfaces. Therefore, it is suitable for application in solid state ion sensor [29]. Woznica et al. [15] have reported a solid-state copper ion sensor based ionophore o-xc with photocurable pBA membrane onto the surface of conducting layer, poly(3-octylthiophene-2,5-diyl) (POT) modified ion selective electrode. Without the addition of plasticizer, this sensor demonstrated a good selectivity towards various interference cations. However, lower Nernstian slope was observed with 26.3 mV/decade in the range of 1.0 × 10-6 to 1.0× 10-1M with detection limit of 1.0 × 10-6.3 M. A drop casting application for ionophore immobilization and entrapment method within pBA membrane in this sensor fabrication is said to be less efficient because this method causes an insufficient amount of ionophore o-xc presence in the membrane. Therefore, a more efficient immobilization method is also needed to render an improved performance of a sensor.

Furthermore, concerning solid state ion selective electrode coupled with potentiometric detection, screen-printed electrode represents a high interest when considering the technological aspects that offer low cost and simplicity of manufacturing, mass production, and long term stability [30,31]. High sensitivity, low detection limit, and no requirement of large volume of sample also other important advantages using screen-printed electrode [32]. Previously reported copper ion sensors based ionophore o-xc with PVC or pBA membranes are non-screen-printed solid-state sensors [15-17]. Therefore, the intention of this study is to explore a screen-printed copper ion sensor based ionophore o-xc with photocurable pBA membrane. Instead of drop cast immobilization method, the ionophore o-xc was immobilized within the pBA membrane during the photopolymerization. The optimization of the composition of the ion selective pBA membrane for preparing the best copper ion sensor was also detailed. 

Materials and Methods
Reagents and chemicals 
Chemicals used in this study included n-butyl acrylate (nBA), 2,2-dimethoxy-2-phenylacetophenone (DMPP), 1,6-hexanediol diacrylate (HDDA), 2-hydroxylethyl metacrylate (HEMA) from Sigma Aldrich; sodium tetrakis [3,5-bis(trifluoromethyl) phenyl] borate (NaTFPB), o-xylylene bis(N,N-diisobutyldithiocarbamate) (o-xc) from Fluka; copper (II) chloride dihydrate from S&M, sodium chloride from SYSTERM, potassium chloride from Sigma Aldrich, calcium chloride from HMBG, cobalt chloride hexahydrate from AJAX, and magnesium chloride and nickel chloride hexahydrate from Fluka. All chemicals are analytical grade and used as obtained. Deionized water was used for the standard solution preparation. 



Apparatus
The electrochemical measurements were performed using an Orion Ion meter. A double junction Ag/AgCl was used as the reference electrode. The reference electrode was filled with 0.1 M Tris HCl buffer at pH 7.00 saturated with AgCl as internal reference solution and 0.1M lithium acetate as gel bridge electrolyte. The working electrode was an Ag/AgCl screen-printed electrode (Scrint Print Sdn. Bhd., Malaysia). An ultraviolet (UV) exposure unit (R.S.Ltd) installed with four light tubes transmitting UV light at the wavelength of 350 nm was used for photopolymerization of pBA membrane.

Preparation of poly(2-hydroxylethyl methacrylate) (pHEMA) as inner layer 
A mixture of 913 L HEMA monomers and 15.68 mg of photoinitiator, DMPP was drop-coated onto the Ag/AgCl screen printed electrode. The electrode was then placed in the UV-exposure unit for photopolymerization process. Before the irradiation of UV, the unit was purged with nitrogen gas for 2 minutes and then irradiated for 3 minutes under constant flow of nitrogen gas. The polymer film formed was then hydrated with 0.1 M of copper (II) chloride dihydrate solution for 30 minutes to form the inner layer of the sensor. This photocuring method was similar to the method reported by Lee & Hall [28] with minor modification.

Preparation of ion selective poly(n-butyl acrylate) pBA membrane
A mixture of nBA monomers, cross linker HDDA, photoinitiator DMPP, and required amounts of lipophilic salt, NaTFPB and ionophore o-xc was prepared as shown in Table 1. The mixture was then deposited on the top of the hydrated pHEMA inner layer and then photocured in a UV- exposure unit under a nitrogen gas atmosphere for 8 minutes to form the self-plasticizing and ion selective pBA membrane. The procedures to fabricate copper ion sensor with pHEMA-pBA membrane and the design of pHEMA modified-Ag/AgCl screen printed electrode with pBA membrane are shown in Figure 2 and Figure 3 which reported by Alva [33] with minor modification.


Table 1.  Composition of ion selective pBA membrane
	Sensor No.
	nBA
(wt%)
	HDDA
(wt%)
	DMPP
(wt%)
	o-xc
(wt%)
	NaTFPB
(mol%)

	1
2
3
4
5
6
7
8
9
10
	96.64
96.96
97.28
97.45
97.61
97.92
97.04
97.47
96.99
96.06
	0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
	0.97
0.97
0.97
0.97
0.98
0.98
0.98
0.97
0.97
0.96
	0.97
0.97
0.97
0.97
0.98
0.98
0.98
1.46
1.94
2.88
	80.00
60.00
40.00
30.00
20.00
1.00
-
-
-
-




Procedure to evaluate the copper ion sensor responses 
A complete electrochemical cell was setup which consisted of reference electrode and copper ion sensor. Both reference electrode and copper sensor were connected to an Orion ion meter and the potential differences or electromotive force (EMF) in mV unit were recorded when a stable reading was reached. Copper ion sensor with varying composition of pBA membrane was measured with the standard solution of copper (II) chloride dihydrate in the range of 10-1M to 10-8M. The graph of EMF versus logarithm of copper (II) chloride dihydrate concentration was plotted and the slope of the graph was determined [34]. 


[image: ]

Figure 2.  Steps to fabricate Ag/AgCl screen-printed copper ion sensor with pHEMA-pBA membrane


[image: ]

Figure 3.  The design of Ag/AgCl screen printed electrode with pBA-pHEMA membrane


The selectivity behavior of the ion sensor is usually described in terms of selectivity coefficient. The selectivity coefficient of the proposed electrode was determined by separate solution method (SSM) with reference to Nicolsky-Eisenmann equation [35]. An amount of 0.01 M of interference ions NaCl, KCl, CaCl2, CoCl2, MgCl2 and NiCl2 were prepared and the potential differences were measured to evaluate the selectivity of the copper ion sensor. The measurements were done in triplicate for each interference ions and the average value was taken to determine the logarithm selectivity coefficient of the sensor.

Results and Discussion
Effect of lipophilic salt NaTFPB on copper ion sensor response 
The presence of anionic sites has been known to be beneficial to cation selective sensor especially those sensors with neutral ionophore. It can increase the anionic property of the ion selectivity membrane by reducing the surface resistance, attracting more cations to the membrane surface, and enhancing the cation exchange process at the membrane-solution interface [36,37]. The lipophilic salt used in this study was NaTFPB as showed in Figure 4. The anionic site was created by NaTFPB in this work after entrapped together with ionophore into the membrane phase. Therefore, it is vital in determining the exact composition of lipophilic salt NaTFPB and ionophore o-xc inside the membrane as these two components will affect the sensitivity and selectivity of the ion sensor significantly [36]. Seven batches of copper ion sensor with different amounts of NaTFPB were fabricated to evaluate their performances.


[image: ]

Figure 4.  NaTFPB molecule with negatively charged B


Nernstian response is revealed when calibration graph of potential differences versus logarithm of ion activity is linear with a slope of 29.58 mV/decade for every 10 increment of divalent ion concentration at 298.15 K [38]. According to Figure 5 and Table 2, Sensor 1 to Sensor 5 with 80 mol%, 60 mol%, 40 mol%, 30 mol% and 20 mol% of NaTFPB showed super-Nernstian response while Sensor 6 and Sensor 7 with 1 mol% and 0 mol% of NaTFPB showed Nernstian response. 


                   

Figure 5.  Potentiometric response of copper ion sensors based on 1 wt% of ionophore o-xc and different amounts of NaTFPB lipophilic salts.


NaTFPB lipophilic salt is known to reduce the membrane resistance and increase the anion site. With the aim of anion sites, the ion-transport process from aqueous phase to organic phase (pBA membrane) becomes faster because it induces the efficiency of cations attraction to the membrane surface [26]. Nevertheless, excessive amount of NaTFPB may cause the pBA membrane to become over polar and negatively charged. This will lead to a fast influx of copper (II) ions into the pBA membrane and a depletion zone of the copper (II) ions from the Nernst diffusion layer can be occurred. Therefore, a super-Nernstian response was observed in Sensor 1 to Sensor 5 [39]. 
Table 2.  Performance of copper ion sensors based on 1 wt% ionophore o-xc and different amounts of 
NaTFPB lipophilic salts
	Sensor No.
	Slope
(mV/decade)
	Linear Range
(M)
	Detection Limit
(M)
	(

	1
2
3
4
5
6
7
	37.24
37.06
36.59
36.32
35.55
28.71
27.20
	10-1 – 10-4
10-1 – 10-4
10-1 – 10-4
10-1 – 10-4
10-1 – 10-4
10-1 – 10-4
10-2 – 10-5
	1.00 × 10-5
8.70 × 10-6
3.39 × 10-6
1.83 × 10-6
1.62 × 10-6
1.23 × 10-6
1.19 × 10-6
	0.999
0.998
0.998
0.998
0.997
0.999
0.999




Furthermore, o-xc is a neutral molecule, the non-symmetry arrangement of the dithiocarbamate group induces a polarity within the ionophore because the structure of ionophore o-xc consisted of two dithiocarbamate functional group at the ortho position of the benzene ring. Hence, with the addition of NaTFPB anionic salt, it further increases the polarity and negative charge of the pBA membrane and a super-Nernstian response is expected. Therefore, a super-Nernstian response was observed in Sensor 1 to Sensor 5 [39]. Super-Nernstian behavior is undesirable because such response is unstable and irreproducible. Excessive of NaTFPB will also lead to a loss of sensor selectivity towards copper (II) ions.  Hence, when lower amounts of  NaTFPB  were  used, e.g. 1 mol% and 0 mol% as in Sensor 6 and Sensor 7 in the pBA membrane, Nernstian response was observed due to lower ionic behavior. The low or non-requirement of the lipophilic anion such as TFPB in this sensor membrane for optimum response also indicated that the membrane itself might contain certain amount of anionic charge intrinsically.

In terms of detection limit, ion sensors which consisted of NaTFPB in the pBA membrane showed a higher detection limit. With the high polarity and anionic effect of the pBA membrane, an excessive influx of copper (II) ion from sample into the membrane induced and this cannot be balanced out by the ion exchange process of inner electrolyte at the membrane-inner electrolyte phase. Thus, the two sides of membrane are failed in achieving a thermodynamic equilibrium and  higher  detection  limit  was obtained.  This  is also parallel to previous study by Mi et al. [40] who reported that if the membrane is not at a steady stage, a higher influx of ion will lead to a higher detection limit. 

Given that the pBA membrane without the addition of NaTFPB showed a better potentiometric response and the lowest detection limit, membrane composition of Sensor 7 was chosen for further optimization. 

Effect of ionophore o-xc on copper ion sensor response 
Figure 6 presents the calibration curves of four copper ion sensors with different amounts of ionophore o-xc. Their performances were evaluated and tabulated in Table 3. 

According to Table 3, all four copper ion sensors showed Nernstian responses and explained a good response towards the sensitivity. The increment amount of ionophore o-xc also improved the performances of the copper ion sensor. This is because the polarity within the pBA membrane depends on the ionophore o-xc. Hence, higher amount of ionophore o-xc accelerates the ion transfer process from aqueous phase to pBA membrane phase. Besides, the movement of copper (II) ion through the pBA membrane is based on ‘ion-jumping’ or ‘hopping’ mechanism which mean passing an ion ‘bucket’ from one carrier to the other until it reaches the surface of Ag/AgCl electrode [41]. Therefore, with the higher amount of ionophore o-xc within the pBA membrane, the ion-transport process within the pBA membrane becomes better and faster. Thus, Sensor 10 with the highest amount of ionophore o-xc showed the best response.


                  

Figure 6. 	Potentiometric response of copper ion sensors based on 0 wt% of NaTFPB and different amounts of ionophore o-xc


Table 3.  Performance of copper ion sensors based on 0 wt% of NaTFPB and different amounts of
 ionophore o-xc
	Sensor No.
	Slope
(mV/decade)
	Linear Range
(M)
	Detection Limit
(M)
	(

	7
	27.20
	10-2 – 10-5
	1.19 × 10-6
	0.999

	8
	28.31
	10-2 – 10-5
	8.49 × 10-7
	0.999

	9
	28.84
	10-2 – 10-5
	5.17 × 10-7
	0.999

	10
	31.29
	10-2 – 10-6
	1.89 × 10-7
	0.999




Sensor 10 showed the lowest detection limit of 1.89 × 10-7 M and wider linear range, 10-2 - 10-6 M. This is due to a high amount of ionophore o-xc inside the pBA membrane. Higher amount of ionophore allowed more complexation to occur between copper (II) ion and ionophore o-xc. Thus more influx of copper (II) ion into the membrane was expected. The pBA membrane thus saturated with the copper (II) ion and this stabilized the copper (II) ion concentration at the interface of membrane-inner electrolyte. As a result, the sensitivity of the sensor towards copper (II) ion was increased and a wider linear range was obtained. A wider linear range subsequently lowers the detection limit [42]. 

Selectivity on copper ion sensor 
Interference study was carried out for the best four copper ion sensors; Sensor 7 to Sensor 10 by the separate solution method (SSM). This selectivity method was used when the ion sensor showed Nernstian response within a linear range. In the SSM, the emf of an electrochemical cell between a reference electrode and the ion sensor was measured with each of the two separate solutions, namely one of the solution containing the ion analyte A with selected concentration. Meanwhile the other solution contained the interference ion B with the same concentration. If the measured values are EA and EB, the logarithm selectivity coefficient can be calculated from the Nicolsky-Eisenman equation as shown in equation 1 below:

							         (1)

where R is the gas constant, T is the temperature in Kelvin unit, F is the Faraday constant, E is the potential difference of ion in mV, Z is the ion charge, A is the main ion, copper (II) ion in this work, B is the interference ion, and  is concentration of 0.01 M used in this work. 

From Table 4, it was found that the higher the amount of ionophore o-xc, the lower the value of logarithm selectivity coefficient was obtained. According to Alva [33], the lower the value of logarithm , the more selective the ion sensor. Selectivity of the membrane pBA was affected by the tendency of ionophore in forming a stable complex with the analyte ion and the selectivity coefficient can be also be explained and determined by the following equation 2: 

								         (2)

where j is the interference ion and i is the main ion.  and  are complex stability constant,  and  is distribution constant, is distribution of free ligand constant, and is concentration of ligand S (ionophore). Selectivity is influenced by the saturation of ionophore o-xc-copper (II) complex within the pBA membrane. Hence, copper ion sensor with the highest amount of ionophore o-xc showed the lowest value of logarithm selectivity coefficient due to formation of more complexes. Besides, high distribution of ionophore o-xc-copper (II) complex could also prevent the influx of interference ion into the membrane; thus, further increase the selectivity of the copper ion sensor [42]. 


Table 4.  Logarithm selectivity coefficient ) for four ion sensors with different amounts of     ionophore o-xc
	Sensor
No.
	Interference Ions

	
	
	
	
	
	
	

	7
	0.44± 0.18
	0.58±0.09
	-1.53±0.19
	-1.18±0.05
	-1.11±0.06
	-1.15±0.44

	8
	-0.13±0.10
	-0.01±0.10
	-2.27±0.05
	-2.13±0.07
	-2.07±0.11
	-2.15±0.07

	9
	-0.45±0.05
	-0.40±0.03
	-2.62±0.10
	-2.40±0.09
	-2.35±0.06
	-2.40±0.08

	10
	-1.49±0.10
	-1.41±0.15
	-3.30±0.07
	-3.09±0.02
	-3.05±0.05
	-3.12±0.06




Among the four copper ion sensors, Sensor 10 showed the best selectivity towards copper (II) ion with the lowest logarithm selectivity coefficient for all the interference cations. From the four divalent interference cations, cobalt ion gave higher logarithm selectivity coefficient. This might be related to the radius of the interference cations [43] as cobalt (II) ion has a similar ionic radius with copper (II) ion. However, the logarithm selectivity coefficient of the ion sensor towards cobalt (II) ion was -3.05±0.05, which showed that interference effect from cobalt ion was insignificant. Monovalent interference cation such as potassium and sodium gave higher logarithm selectivity coefficient. Such larger value is aroused from the ( ) in the Nicolsky-Eisenman equation. Hence, the smaller the charge of the interference ion, ZB, the larger the value of logarithm selectivity coefficient [1]. Furthermore, potassium and sodium ions have larger ionic radius and different chemical properties from copper (II) ion as potassium and sodium ions belong to alkali metal ion whereas copper (II) ion is a heavy metal ion, the disturbance produced by these two ions is negligible. Therefore, the above results demonstrated that Sensor 10 showed a good selectivity towards copper (II) ion. 

Comparison with previous studies 
The performances of the screen-printed copper ion sensor in this work were compared with the previously reported copper ion sensor based ionophore o-xc (Table 5). 

Table 5.  Comparison between screen-printed copper ion sensor and reported potentiometric copper ion sensors with ionophore o-xylylene bis(N,N-diisobutyldithiocarbamate)
	Ionophore Immobilization Matrix
	Linear Range
(M)
	Detection Limit
(M)
	Slope
(mV/decade)
	)
	Ref.

	Poly(n-butyl acrylate)- photocured membrane, non-plasticised

	1.0×10-6 - 1.0×10-2
	1.89×10-7
	31.29
	K+(-1.49), Na+(-1.41), Mg2+(-3.30), Ca2+(-3.12),
 Ni2+(3.09), Co2+(-3.05)
	This work

	Poly(n-butyl acrylate) (drop cast membrane)

	1.0×10−6  - 1.0×10-1
	1.00×10-6.3
	26.30
	K+(-1.60), Na+(-2.4),     Ca2+(-4.00), Ni2+(-3.70)
	[15]

	Poly(lauryl acrylate-hexyl acrylate) 

	1.0×10−6 - 1.0×10−2
	1.00×10-6.5
	27.20
	Na+(-1.8), Mg2+(-6.1), Ni2+(-5.7)
	[17]

	Poly(vinyl chloride)- Plasticised
	1.0×10-6 - 1.0×10−1
	4.90×10-7
	31.30
	K+(-2.42), Na+(-4.71), Ca2+(-3.50), Ni2+(-2.30)
	[16]

	Poly(vinyl chloride) - Plasticised
	1.0×10−6  - 1.0×10−1
	1.40×10-7
	29.0
	K+(-2.35), Na+(-2.65), Mg2+(-3.60), Ca2+(-3.60), Ni2+(-3.20), Co2+(-4.00)
	[14]




This copper ion sensor showed comparable selectivity with the reported copper ion sensors. When compared with previously reported solid stated copper ion sensor with acrylate membrane, this copper ion sensor gives a better performance in terms of sensitivity with higher Nernstian slope (31.29 mV/decade) and lower detection limit.

Conclusion
A screen-printed copper ion sensor with photocurable pBA non-plasticised membrane based on ionophore o-xc via direct ionophore entrapment method had been fabricated and demonstrated good analytical performances. Besides, it is also shown that the composition of ionophore o-xc and anionic site (TFPB) within the pBA membrane has a strong influence on the response of the copper ion sensor. The introduction of NaTFPB inside the pBA membrane did not give good response whereas the membrane without the addition of NaTFPB showed a better performance. The membrane bearing the composition (w/w %) of 96.06:0.10:0.96:2.88 (nBA:HDDA:DMPP:o-xc) gives the best analytical performances.  The sensitivity, detection limit and selectivity of the Cu(II) ion sensor obtained were comparable or slightly better than other reported copper ion sensors.
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