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Abstract 

A novel, enzymeless electrochemical sensing mechanism for glucose based on 

potentiometric measurement was proposed using the mediator hexacyanoferrate.  In this 

methodology, EMF of the cell exclusively depends on glucose concentration and 

independent on reference half-cell electrode potential or mediator concentration or any 

other interfering factors. Electrochemical as well as mathematical models were 

proposed. Numerical computations along with boundary conditions were evaluated for 

the proposed models, to reduce the deviation in the interpolated results. Molar ratio of 

mediator to glucose was correlated with EMF cell. Numerical simulations, Legendre 

polynomials and Lagrange coefficients iterations can be executed through computer 

programs.  

 

Keywords: potentiometric glucose sensors, mathematical modeling, non-enzymatic 

glucose sensors. 

 

 

Abbreviations 
Ee – Observed EMF of the electrochemical cell. 

[Fe (III)]re or [(Fe(CN)6)
3–

]re – Concentration of hexacyanoferrate(III) in reference half-cell. 

[Fe (II)]re or [(Fe(CN)6)
4–

]re – Concentration of hexacyanoferrate(II)  in reference half-cell. 

[Fe (III)]r or [(Fe(CN)6)
3–

]r  – Concentration of hexacyanoferrate(III) in reduction half-cell. 

[Fe (II)]re or [(Fe(CN)6)
4–

]re – Concentration of hexacyanoferrate(II)  in reduction half-cell. 

k – Constant = 1.9842 (T) × 10
-4

 J mol
–1

 C
–1

 for one electron transfer. 

t – Reaction time in seconds. 

                                                 
*
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T – Temperature in Kelvin. 

n – Total number of data available for analysis. 

C – Coulomb 

mol/L – moles per liter 

[G]t – Concentration standard glucose present in reduction half-cell. 

[G] – Concentration of glucose oxidized to gluconic acid. 

[G]x – Concentration of glucose unoxidized. 

kn – Stoichiometric concentration ratio of [Fe(CN)6]
3–

 reduced to [G]t. 

rred – Reaction rate for reduction of Fe(CN)6
3– 

in reaction half-cell.  

∂[(Fe(CN)6]
3–

)] – Change in the concentration of [Fe(CN)6]
3–

 in reduction half-cell. 

∂[G] – Difference between two successive [G]t values. 

∂(Ee) – Difference in observed EMF for two successive [G]t values. 

ε – Absolute relative error in the models (in %). 

 

 

Introduction 

Most of the commercially available blood glucose sensors for monitoring 

diabetes are enzyme based and they rely on either amperometric or coulometric 

techniques [1]. Many research works have been reported [2-8] for the designing 

of sensitive, enzymatic, electrochemical glucose sensors using unique materials 

and methods. Present-day, second-generation commercial sensors are converting 

glucose concentration into electrochemical signal indirectly through bio-catalytic 

process followed by electron transfer. The enzymes commonly used are Glucose 

Oxidase (GOx), Glucose Dehydrogenase, etc., and the mediators used are 

ferrocene, ferricyanide, hydroquinone, and certain redox organic compounds [9, 

10]. Development of third generation glucose sensors based on direct wiring of 

electron transfer from enzyme surface to electrode interface using novel 

materials, is still under study towards commercial perspective [4, 9-13]. But it 

should be noted that these enzymes are not only specific to glucose but also to 

other sugars and can be affected by the presence of interferences. And they 

become either partially or completely inactive due to environmental factors such 

as humidity, temperature etc. For instance, Ginsberg [14] pointed out various 

errors associated with these factors. The widely used GOx loses its activity at 

temperatures above 313 K and pH > 8 [15]. On the other hand non-enzymatic 

amperometric or coulometric glucose sensors [16-21] have an advantage that 

direct electron transfer is possible to electrode interface and this enhances the 

sensitivity even in the presence of interferences such as ascorbic acid, dopamine, 

etc.  In this regard, very few works on non-enzymatic, potentiometric glucose 

sensors have been studied. From earlier reports [22-24] and references therein, it 

can be known that potentiometric titration method either with or without 

indicators was used for the estimation of sugars. Shoji and Freund [25, 26] have 

suggested a novel methodology using conjugated poly(aniline) and poly(aniline 

boronic acid) for the enzymeless potentiometric detection of saccharides.  

The accuracy of the potentiometric sensor lies on the fact that the observed redox 

potential should absolutely dependent on the glucose concentration and 

independent on oxidant or mediator concentration or reference electrode potential 

or any such factors. So in this study, the cell has been designed in such a way that 

the redox potential is entirely dependent on the glucose concentration and these 
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two parameters can be correlated by numerical models to enhance the accuracy. 

It is noted that potassium hexacyanoferrate(III) in mild basic conditions and at 

363 K, acts as an ideal oxidant [23, 27] for glucose to gluconic acid oxidation 

with a standard reduction potential (E°) for the couple [Fe(CN)6]
3– 

/ [Fe(CN)6]
4– 

of 
 
0.3560 V [28]. So this half-cell was chosen to design this potentiometric 

sensor through glucose oxidation. To eliminate errors associated with the redox 

potential of reference half-cell components, a glucose free
 
half-cell ([Fe(CN)6]

3– 
/ 

[Fe(CN)6]
4–

) was devised simultaneously during the net EMF measurements. To 

the best of our knowledge, no literature reports are available based on this non-

enzymatic potentiometric approach and the numerical simulations for 

interpolations. 

 

 

Material and methods 
Exactly 5 mL of standard D-glucose solution along with 5 mL of K3[Fe(CN)6] 

and K4[Fe(CN)6] (AR grade, Merck) reagent were taken in a 25 mL stoppered 

bottle (Borosilicate glass, Merck, No. 62026500251730). The reagent contains 

K3[Fe(CN)6] and K4[Fe(CN)6] at the required concentrations along with 0.5 

mol/L KCl and 0.5 mol/L K2CO3 (AR grade, Merck). Both KCl and K2CO3 

concentrations were optimized previously. It should be noted from a separate 

study that by the presence of KCl and K2CO3 at these specified concentrations 

(0.5 mol/L) in the reagent (pH about 10.5), the observed EMF was stabilized and 

reproducible. A second reference bottle of same size and shape containing 5 mL 

of demineralized water instead of standard D-glucose solution along with 5 mL 

of the reagent was taken. In all measurements, both reference cell and reaction 

cell have the same reagent solution except that the reaction cell has 5 mL of 

standard D-glucose solution, whereas the reference cell has 5 mL of DM water 

instead of glucose solution. So in the constructed electrochemical cell the 

measured EMF entirely depends on [G] and is independent of other external 

reference half-cell potential or reagent concentration. The solutions in the 

stoppered bottles were mixed thoroughly by mild shaking and both bottles were 

heated simultaneously in a thermostat at about 363 ± 1 K for 15 minutes. Then 

the containers were cooled at room temperature for 30 minutes and then kept in a 

thermostat at 303 ± 1 K. After attaining thermal equilibrium, the EMF was 

measured at 303 K using the digital potentiometer (Model  SYSTRONICS – 318) 

by introducing a platinum electrode in each bottles followed by connecting both 

solutions through salt bridge (agar-agar in 1 M KCl) tube. Concentrations of both 

K3Fe(CN)6 and K4Fe(CN)6 solutions in reference and reduction cells were 

analyzed for the iron content before and after the redox reaction by atomic 

absorption spectra (VARIAN SPECTRAA 220 with graphite tube atomizer). 

Concentration terms are expressed in moles per liter (mol/L) and given in square 

brackets. The cell notation is represented as: 

(Ref.) Pt, K3Fe(CN)6 | K4Fe(CN)6  ||1M KCl|| D-Glucose, K3Fe(CN)6 | 

K4Fe(CN)6, Pt (Red.) 
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Results and discussion 

Correlation between glucose concentration and EMF 
Under ideal reaction conditions, the total amount of glucose [G]t, present in the 

reduction half-cell should undergo oxidation into gluconic acid. The completion 

of this reaction depends on many parameters such as concentration of 

[Fe(CN)6]
3– 

and [Fe(CN)6]
4–

, temperature (T), reaction time (t), pH, concentration 

of Cl
–
, CO3

2–
. Concentration of glucose oxidized, [G] is the only parameter for 

the EMF difference and this should be correlated to [Fe(CN)6]
3– 

and [Fe(CN)6]
4– 

. 

EMF (Ee) of the cell depends on the changes in the concentration of [Fe(CN)6]
3– 

and [Fe(CN)6]
4–

. 

 

Ee = k log ([Fe(III)]re / [Fe(II)]re) + k log ([Fe(II)]r  / [Fe(III)]r)  (1). 

where, ‘re’ and ‘r’ refer to reference and reduction half-cells, respectively. The 

EMF can be deduced by assuming the following conditions.  

[(Fe(CN)6)
3–

]re > [(Fe(CN)6)
4–

]re and [(Fe(CN)6)
3–

]re > [(Fe(CN)6)
3–

]r. 

[(Fe(CN)6)
4–

]r > [(Fe(CN)6)
4–

]re (After the oxidation of glucose). 

The value of the ‘k’ depends on both temperature as well as number of electrons 

transferred. It is equal to 1.9842 (T) × 10
-4

 J mol
–1

 C
–1

 for one electron transfer at 

the given temperature (T). 

Observed EMF (Ec) can also be calculated by treating this as concentration cell 

rather than electrochemical cell at a given temperature. 

 

Ec = k (log [Fe (III)]re / [Fe (III)]r) – k log ([Fe (II)]re  / [Fe (II)]r)  (2). 

And it can be known that Ec should equals to Ee. By treating this as an 

electrochemical cell, it is easier to correlate the reduction potential of the 

reference half-cell to net EMF, rather than treating it as concentration cell, since 

the reference half-cell EMF depends on both [G]t and [G] in the latter case. And 

cathodic half-cell emf can be correlated, since anodic half-cell EMF is constant 

and independent of [G]. 

kre = [Fe(III)]re / [Fe(II)]re and kr = ([Fe(II)]r  / [Fe(III)]r). 

The term ‘kre’ is constant and independent of both ‘t’ and [G]t, but the value of 

‘kr’ is increased with increased in ‘t’ and [G]t. 

 

Ee = k log kre + k log kr        (3) 

Stoichiometric ratio between [Fe(CN)6]
3–

 reduced with respect to [G] is given as 

kn. 

So kn[G] = – ∂[(Fe(CN)6]
3–

)] = ([Fe(CN)6]
3–

)r – ([Fe(CN)6]
3–

)re 

Negative sign shows that, the value of [(Fe(CN)6]
3– 

decreases.  

And [G]x = [G]t – [G] where [G]x is the concentration of glucose not undergoing 

oxidation. The reaction rate for reduction reaction (rred) as well as ‘kn’ depends on 

[G]x, which in turn depends on initial value of ([Fe(CN)6]
3–

)r,when t = 0 or 

([Fe(CN)6]
3–

)re at any ‘t’ value. Thus for higher values of [(Fe(CN)6)
3–

]r and [G]x, 

the reaction rate is also higher, but kn will be increased only for higher 

concentrations of (Fe(CN)6]
3–

)r. 

log [Fe (III)]r = log ([Fe (III)]re – kn[G])  & log [Fe (II)]r = log (kn[G] + [Fe (II)]re) 

From this equation 3 can be written as, 
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Ee – ((k log [Fe(III)]re) – (k log [Fe(II)]re)) = (k (log (kn[G] + [Fe(II)]re)) – (k 

(log([Fe(III)]re – kn[G])) ((log (kn[G] + [Fe(II)]re) – (log [Fe(II)]re)) = (Ee / k) + ((log 

([Fe(III)]re – kn[G])) – (log [Fe(III)]re)) ((kn[G]+ [Fe(II)]re) / [Fe(II)]re) = (([Fe(III)]re – 

kn[G]) / [Fe(III)]re) 10^(Ee / k) (kn[G] / [Fe(II)]re) + 1 = (10^(Ee / k))
 
(1 – (kn[G] / 

[Fe(III)]re)) 

 

Ee = [log ((kn[G] / [Fe(II)]re) + 1) – log (1 – (kn[G] / [Fe(III)]re))] k  (Eq. 4) 

It can be shown that EMF is directly proportional to [G]  as  well  as  

[(Fe(CN)6]
4–

)]r, but inversely proportional to [(Fe(CN)6]
3–

)]r. The net EMF of the 

cell raises gradually, if [G]t is increased due to increase in [Fe(CN)6
4–

]r for a 

given ‘kre’, and under this condition it can be noted that [Fe(CN)6
4–

]r > 

[Fe(CN)6
4–

]re (Fig. 1).  

 

 
Figure 1. Effect of glucose concentration on EMF. 

 

But the EMF is lowered, if [Fe(CN)6
3–

]
 
is increased (Fig. 1) for the given [G]t. If 

[Fe(CN)6
3–

]re
 
 is increased, then it leads to raise ([Fe(CN)6

4–
]r / [Fe(CN)6

4–
]r) ratio, 

since the value of [G] is constant but [Fe(CN)6
3–

]r decreases due to increase in 

rred. Hence reduction half-cell EMF can be increased, which in turn lowers 

overall EMF. From theoretical computations and from the ([Fe(CN)6
3–

]re / 

[Fe(CN)6
4–

]r) ratio, the estimated value of kn is about six. If [G]t is increased, then 

[Fe(CN)6
4–

]r also gradually increased with ‘t’, due to increase in [G], when 

compared to [Fe(CN)6
4–

]re, and so the term ‘kr’ is increased in equation 3. The Ee 

values for the respective [G]t values, can be correlated by second degree parabola 

fit, using the following Legendre equations. 

di = ([G])i – (k1 (Ee)i
2
 + k2 (Ee)i

 
+ k3) where ‘i’ refers 1, 2, 3…n values and k1, k2, 

k3 are the corresponding coefficient values, which can be determined through 

iterations. 
∑di

2
 = ∑(([G])i – (k1 (Ee)i

2
) – (k2 (Ee)i)

 
– k3)

2
 = R  

By the principle of least squares, the value of ‘R’ should be minimum. 
∂R/∂k1 = 0 = –2∑ (([G])i – (k1 (Ee)i

2
) – (k2 (Ee)i)

 
– k3) (Ee)i

2
 = 0 

0 = ∑ ((Ee)i
2
 ([G])i) – k1∑(Ee)i

4
 – k2∑(Ee)i

3 
– k3∑(Ee)i

2  

k1∑(Ee)i
4
 + k2∑(Ee)i

3 
+ k3∑(Ee)i

2 
= ∑((Ee)i

2
 ([G])i)

    
(5)   

∂R/∂k2 = 0 = –2∑ (([G])i – k1(Ee)i
2
 – k2(Ee)i

 
– k3) (Ee)i = 0 

0 = ∑((Ee)i ([G])i) – k1∑(Ee)i
3
 – k2∑(Ee)i

2 
– k3∑(Ee)i

  

k1∑(Ee)i
3
 + k2∑(Ee)i

2 
+ k3∑(Ee)i

 
= ∑((Ee)i ([G])i)

    
(6)   

∂R/∂k3 = 0 = –2∑ (([G])i – k1(Ee)i
2
 – k2(Ee)i

 
– k3) = 0 

0 = ∑([G])i – k1∑(Ee)i
2
 – k2∑(Ee)i

 
– nk3

  

k1∑(Ee)i
2
 + k2∑(Ee)i

 
+ nk3 = ∑([G])i

      
(7)   
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By solving these normal equations 5, 6 and 7, after evaluating the coefficients k1, 

k2 and k3, three individual II order polynomial equations in terms of EMF can be 

obtained. For a given range of Ee and [G]t the coefficients can be calculated 

through iteration methods. Values of k1, k2 and k3 depend on both [(Fe(CN)6)
3–

]re 

as well as [G]t. For narrow ranges of ‘E’ values and within that, for larger values 

of ‘n’, the deviation can be minimized for the interpolated [G]t.  
[G]t = 0.001 M – 0.01M; [(Fe(CN)6)

3–
]re = 0.1M; [(Fe(CN)6)

4–
]re = 0.01M 

[G] = 0.3273 Ee
2
 + 0.1115 Ee – 0.0007  

[G]t = 0.001 M – 0.005M; [(Fe(CN)6)
3–

]re = 0.1M; [(Fe(CN)6)
4–

]re = 0.01M; 

[G] = 1.1951 Ee
2
 + 0.0520 Ee + 0.0001.  

[G]t = 0.006 M – 0.01 M; [(Fe(CN)6)
3–

]re = 0.1M; [(Fe(CN)6)
4–

]re = 0.01M; 

[G] = – 1.5051 Ee
2
 + 0.3427 Ee – 0.0078.  

[G]t = 0.001 M – 0.01M; [(Fe(CN)6)
3–

]re = 0.2 M; [(Fe(CN)6)
4–

]re = 0.02 M; 

[G] = 1.6915 Ee
2
 + 0.1248 Ee – 0.00005.  

[G]t = 0.001 M – 0.005 M; [(Fe(CN)6)
3–

]re = 0.2 M; [(Fe(CN)6)
4–

]re = 0.02 M; 

[G] = 2.9593 Ee
2
 + 0.0734 Ee– 0.0004.  

The coefficients in these II order polynomial equations can be evaluated using 

iteration techniques and it can be executed through the following computer 

programing codes in ‘Turbo C v.2.01’(Borland International, Inc.). 
#include <stdio.h> 

#include <conio.h> 

#include <math.h> 

main() 

{ 

int i, j, k, n; 

float E[10],G[10],a[10][10],s[10],c[10]; 

printf("Number of data (n) : \n"); 

scanf("%d", &n); 

printf("\n EMF (V) & [G] (M) data : \n"); 

for(i=0;i<n;i++) 

scanf("%f%f",&E[i],&G[i]); 

s[0]=n; 

for(i=1;i<5;i++) 

{ 

s[i]=0; 

for(j=0;j<n;j++) 

s[i]=s[i]+pow(E[j],i); 

} 

for(i=0;i<3;i++) 

for(j=0;j<3;j++) 

a[i][j]=s[i+j]; 

for(i=0;i<3;i++) 

{ 

a[i][3]=0; 

for(j=0;j<n;j++) 

{ 

if(i==0) 

a[i][3]=a[i][3]+G[j]; 

else 
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a[i][3]=a[i][3]+pow(E[j],i)*G[j]; 

} 

} 

for(k=0;k<3;k++) 

for(i=0;i<3;i++) 

{ 

if(i!=k) 

for(j=k+1;j<4;j++) 

a[i][j]=a[i][j]-a[i][k]*a[k][j]/a[k][k]; 

} 

for(i=0;i<3;i++) 

c[i]=a[i][3]/a[i][i]; 

printf("\n Fit : [G] = %7.4f E^2% + 7.4f E% + 7.4f",c[2],c[1],c[0]); 

getch() 

} 

 

Interpolation of cell EMF to glucose concentration 
[G] can be interpolated for the measured EMF (E), based on the standard [G]t 

values and their corresponding observed ‘Ee’ values. Lagrange’s interpolation 

model was adopted for this, since it has an advantage that it can be applied for 

any unequal intervals of ‘Ee’ and its respective [G]t data. Let ([G])1, ([G])2, 

([G])3, …([G])n are the values of oxidized glucose concentration for the given 

([(Fe(CN)6)
3–

]re / [(Fe(CN)6)
4–

]re) ratio, and the pertinent EMF values are E1, E2, 

E3, … and En. It should be noted that either ‘[G]t’ or ‘E’ values are not 

necessarily at equal intervals. Since ‘n’ values for f(E) are measured, we can 

assume f(E) to be a polynomial degree (n–1). 

Let ϕ (E) = ϕ1 (E–E2) (E–E3) (E–E4)… (E–En) +  ϕ2 (E–E1) (E–E3) (E–E4)… (E–En) + ϕ3 

(E–E1) (E–E2) (E–E4)… (E–En) +…+ ϕn (E–E1) (E–E2) (E–E3)…(E–En–1)  (8) 

where ‘E’ is the measured EMF for which ‘[G]’ should be interpolated. 

When E = E1 then ([G])1 = ϕ1 (E1–E2) (E1–E3) (E1–E4)… (E1–En) 

ϕ1 = ([G])1 / [(E1–E2) (E1–E3) (E1–E4)… (E1–En)] 

If E = E2 then ([G])2 = ϕ2 (E2–E1) (E2–E3) (E2–E4)… (E2–En) 

ϕ2 = ([G])2 / [(E2–E1) (E2–E3) (E2–E4)… (E2–En)] 

Similarly, ϕ3 = ([G])3 / [(E3–E1) (E3–E2) (E3–E4)… (E3–En)] … 

ϕn = ([G])n / [(En–E1) (En–E2) (En–E3)… (En–E n–1)] 

Using the values of ϕ1, ϕ2, ϕ3, … ϕn for solving equation 8 then, 
[G] = {((E–E2) (E–E3)… (E–En)) / ((E1–E2) (E1–E3)… (E1–En))} ([G])1 + 

 {((E–E1) (E–E3)… (E–En)) / ((E2–E1) (E2–E3)… (E2–En))} ([G])2 + …+ 

 {((E–E1) (E–E2)… (E–E n–1)) / ((En–E1) (En–E2)… (E1–E n–1))} ([G])n   (9) 

Table 1 summarizes the computed results by using this Lagrange model and the 

absolute relative error in percentage (ε). In these interpolations the EMF data and 

its respective standard [G]t value to be calculated is not used in the computation 

and is used to analyze the deviation. For every given set of [G]t and EMF data, 

Lagrange coefficients should be calculated through eq. 9. The deviation in the 

interpolated results may be due to errors associated with the model and / or 

measured Ee value. The experimental errors may be associated with the degree of 

completion of reaction and auto oxidation of (Fe(CN)6)
4–

 or auto reduction of 
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(Fe(CN)6)
3–  

or due to the presence of any interferences that can contribute EMF 

for reduction. 

 
Table 1. Interpolation of [G] from EMF.  

No. 
[(Fe(CN)6)

3–
] 

(mol/L) 

[(Fe(CN)6)
4–

] 

(mol/L) 

EMF 

(V) 

Calculated [G] value (mol/L) 

[G]t Range = [0.001] – [0.01] ε (%) 

Standard From model 

1. 0.1 0.001 0.032 
0.003 0.00301 

0.33 
[G]t Range : [0.001] – [0.005] 

2. 0.1 0.001 0.046 0.005 0.00505 1.0 

3. 0.1 0.001 0.052 0.006 0.00596 0.67 

4. 0.1 0.001 0.064 
0.008 0.00784 

2.0 
[G]t Range : [0.001] – [0.01] 

5. 0.1 0.001 0.064 
0.008 0.00797 

0.37 
[G]t Range : [0.005] – [0.01] 

6. 0.2 0.002 0.025 0.004 0.00404 1.0 

7. 0.2 0.002 0.037 0.007 0.00698 0.29 

8. 0.2 0.002 0.045 
0.009 0.00880 

2.2 
[G]t Range: [0.001] – [0.01] 

9. 0.2 0.002 0.045 
0.009 0.00900 

0.0 
[G]t Range: [0.005] – [0.01] 

 

From the experimental observations it was noted that Ee = 0.0 V, in the absence 

of glucose, ([G]t = 0.0 mol/l) in the reduction half-cell, since its potential equals 

to reduction potential of reference half-cell. So the possibility of error due to auto 

oxidation or auto reduction of the reagent in both half-cells under the 

experimental conditions can cancel each other and hence ruled out. It should be 

noted that for larger ‘n’ values and for narrow ranges of Ee values the observed 

deviation in the interpolated [G] values using the model would be minimum. 

Errors can also be eliminated by selecting the measured EMF for interpolation as, 

E ≈ {(Ee)max.–(Ee)min) / 2}(Table 1). In these studies, [(Fe(CN)6)
3–

], [(Fe(CN)6)
4–

], 

[KCl] and [K2CO3] values can influence the [G] which in turn influences Ee, so 

these parameters should be taken into correlation while designing the 

mathematical models.  

Following ‘Turbo C v.2.01’ (Borland International, Inc.) computer programming 

code was used to compute Lagrange’s coefficients easily for the given EMF 

value, for another interpolation of [G]t data.  
#include <stdio.h> 

#include <conio.h> 

#define MAX 100 

void main() 

{ 

float aE[MAX], aG[MAX], nr, dr, E, G=0; 

int i, j, n; 

printf("Number of data (n) : \n"); 

scanf("%d", &n); 
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printf("\n EMF (V) & [G] (M) data : \n"); 

for (i=0;i<n;i++) 

 scanf("%f %f", &aE[i], &aG[i]); 

printf("\n Input EMF (V) :"); 

scanf("%f",&E); 

for (i=0;i<n;i++) 

{ 

nr=dr=1; 

for (j=0;j<n;j++) 

if (j!=i) 

  { 

   nr *= E-aE[j]; 

   dr *= aE[i]-aE[j]; 

  } 

  G +=(nr/dr)*aG[i]; 

} 

printf("\n For EMF (V) = %f, [G] (M) = %f", E,G); 

getch(); 

} 

By this same algorithms, a MATLAB based computational programs, 

‘POLYNOM’ and ‘LEGENDRE’ was designed by the authors [29], which can 

be linked to Excel data for faster and precise numerical interpolations for higher 

(n
th

) order polynomial.   

 

Effect of [(Fe(CN)6)
3–

] / [(Fe(CN)6)
4–

] ratio  
Concentration of (Fe(CN)6)

3–
 was increased with reference to [(Fe(CN)6)

4–
] at 

0.01 mol/L  and the ratio [(Fe(CN)6)
3–

] / [(Fe(CN)6)
4–

] was varied at [G]t = 0.005 

mol/L, [KCl] = 0.5 mol/L and [K2CO3] = 0.5 mol/L (Fig. 2). If the number of 

moles of [(Fe(CN)6)
3–

]re is increased, then it leads to enhance [(Fe(CN)6)
4–

]r, 

which in turn lowers the ([(Fe(CN)6)
4–

]re / [(Fe(CN)6)
4–

]r) ratio as well as EMF. 

So the value of ‘kr’ is continuously decreased and becomes far less than ‘kre’. But 

[G]t is constant for all the variations of [(Fe(CN)6)
3–

]re values, and so the 

[(Fe(CN)6)
4–

]r is also nearly constant for these variations, though [(Fe(CN)6)
3–

]r > 

[(Fe(CN)6)
4–

]r. And hence the ratio ([(Fe(CN)6)
3–

]r / [(Fe(CN)6)
4–

]r) decreases 

significantly when compared to ([(Fe(CN)6)
3–

]re / [(Fe(CN)6)
4–

]re). When rred is 

lower due to experimental conditions such as temperature or pH, then [G]x will 

be higher and this also happens when the value of [(Fe(CN)6)
3–

]r is very low. So 

it can be noted that rred mainly influenced by [(Fe(CN)6)
3–

]r followed by [G]t. For 

a blood glucose concentration [G]t, of 0.006 mol/L, (≈ 110 mg/dL) about 0.04 

mol/L (Fe(CN)6)
3–

 is oxidized and (Fe(CN)6)
4–

 concentration almost equals to 

(Fe(CN)6)
3–

, ( ≈ 0.05 mol/L) at [(Fe(CN)6)
3–

]re = 0.1 mol/L and [(Fe(CN)6)
4–

]re = 

0.01 mol/L. For higher (Fe(CN)6)
3–

 concentrations, ∂(Ee) for two successive [G]t 

values, becomes small and this leads to enhance the deviation in the computed 

[G]t values. Due to this reason higher concentrations of (Fe(CN)6)
3–

 should not be 

preferred if [G]t is substantially low.  

Table 2 shows the observed EMF values for the variation in [(Fe(CN)6)
3–

] and 

[(Fe(CN)6)
4–

] values. It can be noted that kn values are increased gradually but 

reduction half-cell EMF decreased significantly, if [(Fe(CN)6)
3–

] values are 
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increased. This shows that if [(Fe(CN)6)
3–

]r is increased then it leads to decrease 

both [G]x and ‘t’, but can increase [(Fe(CN)6)
4–

]r significantly when compared to 

[(Fe(CN)6)
4–

]re. If both [G]t and [(Fe(CN)6)
3–

]r are higher it can leads to,  

[(Fe(CN)6)
4–

]r > [(Fe(CN)6)
3–

]r and [(Fe(CN)6)
4–

]r >> [(Fe(CN)6)
4–

]re. 

 
Table 2. EMF for variations in [(Fe(CN)6)

3–
] and [(Fe(CN)6)

4–
] [G] – 0.005 mol/L; 

[KCl] – 0.5 mol/L; [K2CO3] – 0.5 mol/L.  

# [(Fe(CN)6)
3–

] 

(mol/L) 

[(Fe(CN)6)
4–

]  

(mol/L) 

EMF 

(mV) 
kn 

1. 0.05 0.005 74 5.9 

2. 0.10 0.01 46 6.1 

3. 0.15 0.015 35 6.1 

4. 0.20 0.02 29 6.3 

5. 0.25 0.025 25 6.4 

 

Determination of kn from EMF values  
The stoichiometric ratio ‘kn’ between [(Fe(CN)6)

3–
]r reduced to that of [G] can be 

used to predict the degree of completion of the reaction. The value of rred mainly 

depends on T, pH, t, [(Fe(CN)6)
3–

]r. For higher [(Fe(CN)6)
3–

]re values, ‘kn’ can 

also be higher for a given [G]t and it can vary between about 5.5 – 6.5. Similarly, 

if [G]t is increased, then [(Fe(CN)6)
4–

]r formed is also increased for the given 

[(Fe(CN)6)
3–

]re and this also leads to increase the ‘kn’ value. But it was noted that 

‘kn’ was increased significantly with increase in [(Fe(CN)6)
3–

]r with lowering of 

Ee rather than increase in [G]t. This confirms that more amount of [(Fe(CN)6)
3–

]r 

molecules are reduced per gluconic acid formed and it can be estimated through 

the following relations: 

It can be known that, (Ee / k) = log kre + log kr (from eq. 3) 
kr = [(Fe(CN)6)

4–
]r / [(Fe(CN)6)

3–
]r and – log kr = log kre – (Ee / k) 

10^(– log kr) = ke = 10^(log kre – (Ee / k)) = ([(Fe(CN)6)
3–

]r / [(Fe(CN)6)
4–

]r) 

ke = ([(Fe(CN)6)
3–

]re – kn[G]) / ([(Fe(CN)6)
4–

]re + kn[G]) 

(ke [(Fe(CN)6)
4–

]re) + (ke kn[G]) = [(Fe(CN)6)
3–

]re – kn[G]   

kn[G] (ke + 1) = [(Fe(CN)6)
3–

]re – (ke [(Fe(CN)6)
4–

]re) 

kn = ([(Fe(CN)6)
3–

]re – (ke [(Fe(CN)6)
4–

]re)) / ((10^(log kre – (Ee / k)) + 1) ([G])) 

where, kre = [(Fe(CN)6)
3–

]re / [(Fe(CN)6)
4–

]re 

By determining ke, then kn can be calculated and (∂[(Fe(CN)6]
3–

)] / ∂[G]) ≈ – 6. 

 

Limitations 
This methodology uses simple cell design and modeling for correlation, but can 

be a viable supporting technique to sense the glucose concentration.  At the same 

time (Fe(CN)6]
3–

) is not a specific oxidant for D-glucose alone and if other 

interferences that can reduce (Fe(CN)6]
3–

) are present, it can reduce the accuracy 

of the measurement. So to reduce the deviation, relatively specific oxidant should 

be chosen or the interferences should be masked and appropriate correction 

factors should be included in the models. Specific mathematical models should 

be developed for a given range of data to enhance the accuracy, or higher (n
th

) 

order polynomial equations should be derived to reduce the regression and the 

coefficients should be estimated precisely through iteration methods. Larger ‘n’ 
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and narrow range of Ee data should be chosen to eliminate the deviations in 

Lagrange model. Further experimental studies are on the way by the authors, 

using blood samples and to discern the effect of other interfering factors such as 

ascorbic acid, fructose on ‘Ee’. 

 

 

Conclusions 
The potential difference between reference and reduction half-cells can be 

correlated to concentration of the glucose oxidized, though the reduction 

potential of both half-cells becomes equal in the absence of glucose. Through the 

models it can be shown that, if the concentration of (Fe(CN)6)
3–

 is increased, then 

the amount of glucose oxidized is also increased and the number of (Fe(CN)6)
4–

 

molecules formed per glucose molecule will be high, which leads to lower the 

cell EMF. If the glucose concentration is increased, then the concentration of 

(Fe(CN)6)
4–

 in reduction half-cell is increased, which enhances the potential 

difference. From Legendre polynomials and Lagrange models, the glucose 

concentration could be interpolated from the measured EMF. Boundary 

conditions were evaluated to reduce the deviation. Numerical simulations, 

Legendre polynomials and Lagrange coefficients iterations can be executed 

through computer programs. The designed sensor model is a novel and viable 

supporting tool for glucose sensing mechanism. 
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