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Supplementary information S1. Derivation of the standard addition equation 
(equation 1).

Equation 2 was derived from Nernst equation as following:

- The measured potential in the sample solution of unknown concentration  𝐶𝑢

and known volume . 𝑉𝑠

       Equation 1
𝐸1 = 𝐾 + 𝑚log 𝐶𝑠(𝑀)

Where (K) is the intercept, ( ) is the slope and (  is the analyte molar 𝑚 𝐶𝑠(𝑀)
)

concentration.

- The measured potential in the sample solution after addition of known volume 

of standard SSY solution of molar concentration .𝑉𝑠𝑡𝑑 𝐶𝑠𝑡𝑑(𝑀)

        
𝐸2 = 𝐾 + 𝑚log

𝐶𝑠(𝑀)
𝑉𝑠 + 𝐶𝑠𝑡𝑑(𝑀)

𝑉𝑠𝑡𝑑

𝑉𝑡

Equation 2

-  is the total volume of the sample ( ) and the added standard ( ) 𝑉𝑡 𝑉𝑠 𝑉𝑠𝑡𝑑

solutions.

∆𝐸 =  𝐸2 ‒ 𝐸1 = 𝑚 𝑙𝑜𝑔
𝐶𝑠(𝑀)

𝑉𝑠 + 𝐶𝑠𝑡𝑑(𝑀)
𝑉𝑠𝑡𝑑

𝑉𝑡
‒ 𝑚log 𝐶𝑠(𝑀)

               𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3

            Equation 4
∆𝐸 =  𝐸2 ‒ 𝐸1 = 𝑚 𝑙𝑜𝑔

𝐶𝑠(𝑀)
𝑉𝑠 + 𝐶𝑠𝑡𝑑(𝑀)

𝑉𝑠𝑡𝑑

𝐶𝑠(𝑀)
𝑉𝑡

                                    Equation 5
10(∆𝐸

𝑚) =  
𝐶𝑠(𝑀)

𝑉𝑠 + 𝐶𝑠𝑡𝑑(𝑀)
𝑉𝑠𝑡𝑑

𝐶𝑠(𝑀)
𝑉𝑡



   
[𝐶𝑠(𝑀)

𝑉𝑡 × 10(∆𝐸
𝑚)] ‒  𝐶𝑠(𝑀)

𝑉𝑠 =  𝐶𝑠𝑡𝑑(𝑀)
𝑉𝑠𝑡𝑑

Equation 6

                       Equation 7
𝐶𝑠(𝑀)

 [𝑉𝑡 × 10(∆𝐸
𝑚) ‒ 𝑉𝑠] =  𝐶𝑠𝑡𝑑(𝑀)

𝑉𝑠𝑡𝑑

                       Equation 

𝐶𝑠(𝑀)
=  

𝐶𝑠𝑡𝑑(𝑀)
𝑉𝑠𝑡𝑑 

[𝑉𝑡 × 10(∆𝐸
𝑚) ‒ 𝑉𝑠]

8

             

𝐶𝑠(𝑔/𝐿)
=

𝐶𝑠𝑡𝑑(𝑀)
𝑉𝑠𝑡𝑑 

[𝑉𝑡 × 10(∆𝐸
𝑚) ‒ 𝑉𝑠]

× 𝑀𝑤𝑡

Equation 9

 

𝐶𝑠(𝑝𝑝𝑚)
=

𝐶𝑠𝑡𝑑(𝑀)
𝑉𝑠𝑡𝑑 

[𝑉𝑡 × 10(∆𝐸
𝑚) ‒ 𝑉𝑠]

× 𝑀𝑤𝑡 × 1000

Equation 10

To find the concentration (ppm) in the original sample:

 

𝐶𝑠(𝑝𝑝𝑚) =
𝐶𝑠𝑡𝑑(𝑀)

𝑉𝑠𝑡𝑑 

[𝑉𝑡 × 10(∆𝐸
𝑚) ‒ 𝑉𝑠]

× 𝑀𝑤𝑡 × 1000 × 10

Equation 11

For sunset yellow:  

452.36 × 104 ×  𝐶𝑠𝑡𝑑𝑉𝑠𝑡𝑑

[(𝑉𝑡 × 10
∆𝐸

𝑚) ‒ 𝑉𝑠]
Equation 12 



 Fig. S1 The pooled data of the investigated sensors showing the average response parameters (slope, LOQ, and 

correlation coefficient (r)) for the 22 studied sensors during the optimization study (n=3).
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Fig. S2 The average slope, LOQ, and correlation coefficient (r) obtained using different percentages of the polymeric ion-
exchanger (n=3).
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 Fig. S3 The average slope, LOQ, and correlation coefficient (r) obtained using different plasticizers (n=3): dioctyl phthalate 
(DOP), dibutyl sebacate (DBS), nitrophenyl phenyl ether (NPPE), liquid paraffin (LP).
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 Fig. S4 The average slope, LOQ, and correlation coefficient (r) obtained using different percentages of dioctyl phthalate 
plasticizer (n=3).
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Fig. S5 The average slope, LOQ, and correlation coefficient (r) obtained using chitosan and Graphene oxide (GO) as carbon paste 
modifiers (n=3).
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 Fig. S6 The average slope, LOQ, and correlation coefficient (r) obtained using different ionophores: β-cyclodextrin (BCD), 
carboxymethyl-β-cyclodextrin (CMBCD), calix-[8]-arene (CX8),hydroxypropyl-β-cyclodextrin (HPBCD) (n=3).
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 Fig. S7 The average slope, LOQ, and correlation coefficient (r) obtained using different percentages of Calix-8-arene (CX8) 
(n=3).
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