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초록: 당뇨병의 정확한 진단을 위해 산업체에서는 2세대 포도당센서를 사용해왔다. 2세대 포도당센서의 전자전달 매개체는            

철, 루테늄 및 오스뮴과 같은 VIII족 금속으로 이루어져 있으며 본 논문에서는 포도당 탈수소 효소(GDH) 와 감응하는 새                

로운 전자전달 매개체를 합성하였다. 전기화학적 포도당 센서용 polyvinylimidazole(PVI)-[루테늄(4,4'-diamino-2,2'-       

bipyridine)2Cl](PVI-[Ru(dam-bpy)2Cl]) 전자전달 매개체의 구조는 1H nuclear magnetic resonance, Fourier-transform        

infrared 및 ultraviolet-visible spectroscopy로 측정하였다. 또한, cyclic voltammetry와 multi-potential step을 사용하여 전           

기화학적 특성을 분석하였다. PVI-[Ru(dam-bpy)2Cl]은 GDH를 사용하여 전극을 제작하였고, 마지막으로, 광범위한 포도          

당 농도(1-40 mM)에서 전기화학적 선형성이 입증되었다. PVI-[Ru(dam-bpy)2Cl] 전자전달 매개체가 2세대 포도당 바이           

오센서로서 산업계에서 직접 사용될 수 있을 것으로 기대한다.

Abstract: Diabetes necessitates the use of reliable glucose sensors capable of preventing the onset of complications via 

accurate and timely diagnosis. Among such sensors is a second-generation glucose amperometric sensor that uses an elec-

trochemical method and is based on a mediator that transfers electrons from the enzyme to the electrode. Group VIII met-

als, such as iron, ruthenium, and osmium, have conventionally been used, and are synthesized with both electron-

withdrawing and -donating ligands. Among these mediators, hexaamineruthenium(III) transferred electrons generated by 

glucose via glucose oxidase (GOx) to the electrode, allowing glucose quantification. However, a measurement error of 

the GOx enzyme was recently discovered due to external oxygen interference; therefore, it is being replaced with the 

enzyme glucose dehydrogenase (GDH). Hexaamineruthenium(III) exhibited a low electron transfer efficiency due to elec-

trons stolen during the reaction with the GDH enzyme. Thus, to solve this problem, herein we synthesized a polymer-

based ruthenium mediator complex, viz. polyvinylimidazole-[ruthenium(4,4'-diamino-2,2'-bipyridine)2chloride] (PVI-

[Ru(dam-bpy)2Cl]) for electrochemical glucose sensing. The structure of the new mediator was determined using 1H 

nuclear magnetic resonance, Fourier-transform infrared, and ultraviolet-visible spectroscopies. Furthermore, electro-

chemical properties were determined using cyclic voltammetry and a multi-potential step. PVI-[Ru(dam-bpy)2Cl] inter-

acted favorably with GDH. Finally, electrochemical linearity was demonstrated with a wide range of glucose 

concentrations (1-40 mM). We anticipate that PVI-[Ru(dam-bpy)2Cl] can be used directly in the industry as a second-

generation glucose biosensor. 

Keywords: glucose sensor, polymer mediator, glucose dehydrogenase, second generation, electrochemistry.

Introduction

For various reasons, including diet and lifestyle, diabetes has 

emerged as a major health problem worldwide. Diabetes is 

associated with a high mortality rate and various complica-
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tions. Therefore, accurate and appropriate diabetes diagnosis 

and treatment require reliable blood sugar monitoring. Many 

researchers are still working on developing a blood glucose 

sensor that can monitor glucose in a reliable, accurate, low-

cost, and quick manner.1-3 Optical, calorimetric, and electro-

chemical methods are commonly used to develop glucose bio-

sensors. Among them is the use of an electrochemistry-based 

glucose biosensor, and in particular, an amperometric enzyme 

glucose sensor, which aids the diagnosis and treatment of dia-

betes.1,4-6 Initially, researchers studied first- and second-gen-

eration glucose sensors based on the glucose oxidase (GOD) 

enzyme. Among them is a second-generation sensor that uses 

mediators (artificial electron acceptors), such as metal com-

plexes, to achieve rapid redox reactions while avoiding inter-

ference from other redox species. This is because the first-

generation sensor, which uses blood oxygen as an electron 

transfer medium, has an error between regions, genders, and 

people, making it ineligible for launch.1,5,6 Group VIII transition 

metal complexes such as iron, ruthenium, osmium, ferricyanide, 

hexaamineruthenium(III), or organic substances like quinone 

are commonly used as mediators. Hexaamineruthenium(III), 

which has a high solubility in water and excellent sensitivity to 

GOD enzyme, has been commercialized because of its low 

redox potential, which does not overlap with those of other 

interfering substances.7,8 The GOD enzyme which has a high 

selectivity for D-glucose (substrate), has been used in glucose 

sensors and diagnostic kits. However, because the GOD enzyme 

uses oxygen as an electron acceptor, it is greatly affected by 

the dissolved oxygen concentration in the blood.9-12 Recently, a 

glucose dehydrogenase (GDH) enzyme, which does not require 

an oxygen cofactor, has been used to solve this problem. The 

GDH enzyme, like GOD, can selectively oxidize glucose, but 

the electron acceptor is unaffected by oxygen; therefore, the 

error for oxygen in the blood is relatively small.1,9,13 GDH con-

tains various cofactors, including pyrroloquinoline (PQQ),

nicotine adenine dinucleotide (NAD), and flavin adenine dinu-

cleotide (FAD). PQQ-GDH, NAD-GDH, and FAD-GDH have 

high glucose selectivity. However, PQQ-GDH exhibits high 

selectivity for substrates like glucose, lactose, cellobiose, and 

maltose. In the case of NAD-GDH, the NAD cofactor is oxidized, 

necessitating the use of an additional catalyst. Although FAD-

GDH exhibits slightly lower activity than PQQ-GDH and 

NAD-GDH, it has excellent selectivity for glucose and shows 

thermal stability. It also does not require an additional catalyst. 

Because of these advantages, many researchers are investigating 

the enzymatic glucose sensor based on the FAD-GDH enzyme.13

However, the FAD-GDH enzyme exhibits poor electron 

transfer with the hexaamineruthenium (III) mediator.7,8 This is 

because oxygen dissolved in the blood promotes oxidation of 

hexaamineruthenium (III) when the FAD-GDH enzyme trans-

fers the electron to hexaamineruthenium (III) of low formal 

potential at the electrode. In other words, the FAD-GDH 

enzyme on the electrode selectively oxidizes glucose in the blood, 

and the electrons generated are supplied to hexaamineruthe-

nium (III). The resultant reduced hexaamineruthenium (II) 

provides electrons to the electrode before returning to the oxi-

dized hexaamineruthenium (III) form to measure the glucose 

level. However, the electrons of glucose are stolen as the 

reduced hexaamineruthenium (II) provides electrons to oxygen 

in the blood and oxidizes to form the oxidized hexaamineru-

thenium (III). Therefore, there is a fatal disadvantage that 

the level of glucose is underestimated, resulting in a low-con-

centration signal.14

To develop a useful GDH-based glucose sensor, it is nec-

essary to develop a ruthenium–osmium complex mediator that 

can efficiently transfer electrons to the electrode by reacting 

with the FAD-GDH enzyme. Complexes in the form of mono-

mers using a bipyridine-based ligand, which can easily coor-

dinate with ruthenium and osmium metals, have been studied.15-18

However, monomer-type mediators have a problem; the mod-

ification method with enzyme and electrode surface is difficult, 

and they are easily degassed into the solution phase when glu-

cose is measured, resulting in inefficient electron transfer on 

the electrode surface. Thus, the development of a metal medi-

ator using a polymer has sparked significant interest.19,20

In this study, a polymer-based ruthenium complex mediator 

that responds to FAD-GDH was synthesized and its electro-

chemical properties for glucose sensing were investigated. To 

synthesize a low-potential ruthenium complex, hydrophilic 

poly(vinyl imidazole) (PVI) was used to improve solubility in 

water and adsorption at the electrode and a 4,4′-diamino-2,2′-

bipyridine (dam-bpy) ligand donating electron was coordinated.21

Nuclear magnetic resonance spectroscopy (NMR), ultraviolet-

visible spectroscopy (UV-vis), and Fourier-transform infrared 

(FTIR) spectroscopies were used to confirm the chemical 

structure of the synthesized complexes, and the zeta potential 

was measured to analyze the cation and dispersion of the com-

plexes. We measured its electrochemical performance using 

the potentiostat techniques of cyclic voltammetry (CV) and 

multi-potential step (MPS). Finally, a wide range of glucose 

concentrations from 1 to 40 mM were tested in the presence of 

interfering species, such as ascorbic acid (AA), dopamine 
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(DA), and uric acid (UA). Therefore, we anticipate that our 

new polymer-based mediator can be used a glucose sensor 

based on the GDH enzyme. 

Experimental

Reagents and Materials. Ruthenium (III) chloride hydrate,      

4,4'-diamino-2,2'-bipyridine (dam-bpy), and GDH (FAD-

dependent GDH-584 U/mg) were purchased from Alfa Aesar 

Co. (Ward Hill, MA, USA), Carbosynth Ltd. (Compton, UK), 

and Toyobo Co. (Japan), respectively. 1-Vinylimidazole, poly(eth-

ylene glycol) diglycidyl ether (PEGDEG), D-(+)-glucose, and 

2,2′-azobis(2-methylpropionitrile) (AIBN) were purchased from 

Sigma-Aldrich Co. (Milwaukee, WI, USA). Phosphate buff-

ered saline (1 X PBS,), sodium dihydrogen phosphate (NaH2-

PO4, 4.3 mM), sodium hydrogen phosphate (Na2HPO4, 15.1 

mM), sodium chloride (NaCl, 140 mM), and all other solutions 

were prepared using deionized (DI) Milli-Q water (Millipore, 

Japan). Analytical reagents were used without further puri-

fication. 

Synthesis of [Ru(dam-bpy)2Cl2]. [Ru(dam-bpy)2Cl2] was    

synthesized by modifying a previously demonstrated

method.15,17,18 RuCl3·xH2O (37.7 mg, 0.1817 mM) and dam-

bpy (67.7 mg, 0.3634 mM) were heated to reflux for 30 min 

in anhydrous ethylene glycol (10 mL). The crude product was 

isolated after cooling to room temperature by dropwise addi-

tion of the reaction mixture into a mixture of acetone (50 mL) 

and diethyl ether (200 mL). The precipitate was then dissolved 

in 50 mL of ethanol before being purified via column chro-

matography on aluminum oxide with ethanol as a developing 

solvent. This concentrated solution was re-precipitated by add-

ing it dropwise to 200 mL of diethyl ether. Finally, it was fil-

tered under reduced pressure with a 0.45 µm membrane filter, 

and the powder was dried for one day in a vacuum oven at 60 ℃.

Synthesis of PVI. PVI was synthesized as previously       

demonstrated.22,23 For 48 h at 70 ℃, 1-Vinylimidazole (1.92        

mL, 21.2 mM) was dissolved with AIBN (18.5 mg, 0.11 mM) 

as a starting agent in 100 mL of benzene solvent. The polymer 

was then dissolved in 30 mL methanol and precipitated in 

500 mL of diethyl ether. The precipitated polymer was filtered 

under reduced pressure and dried in a vacuum oven at 40 ℃.

Synthesis of PVI-[Ru(dam-bpy)2Cl]. [Ru(dam-bpy)2Cl2]   

(42.4 mg) and PVI (42.4 mg) were reacted in 15 mL of eth-

ylene glycol and refluxed at 160 ℃ for 3 h (Scheme 1). Fol-            

lowing cooling to room temperature, it was added dropwise to 

400 mL of diethyl ether to separate the product from the sol-

vent. After dissolving the precipitate in 50 mL of DI water, the 

solution was filtered and concentrated using ultrafiltration 

discs. The concentrated solution was re-precipitated with 500 mL

of diethyl ether before drying in a vacuum oven at 40 ℃.17,24     

The GPC results of PVI and PVI-[Ru(dam-bpy)2Cl] were sum-

marized in Table 1.

Characterization of [Ru(dam-bpy)2Cl2] and PVI-[Ru    

(dam-bpy)2Cl]. The chemical structures of successfully syn-     

thesized [Ru(dam)-bpy)2Cl2] and PVI-[Ru(dam-bpy)2Cl] were 

examined using 1H NMR (Varian Ascend 500, 500 MHz), UV-vis 

spectroscopy (Model 8453, Agilent Technologies, Shanghai, 

China) and FTIR (Model Cary 630, Agilent Technologies, 

Shanghai, China). Using zeta potential, the cationicity and dis-

persibility of PVI-[Ru(dam-bpy)2Cl] mediator particles were 

confirmed (SZ-100, Horiba, Hiroshima, Fuchu, Japan). 

Electrochemical Measurements. The CHI 660B software     

was used to measure all electrochemical experiments (CH 

Instruments, Inc., Austin, TX, USA). The working electrode is 

a screen-printed carbon electrode (SPCE, with a diameter of 

3.5 mm). A platinum wire having a diameter of 0.5 mm, and 

a micro Ag/AgCl (3.0 M KCl, Cypress, Lawrence, KS, USA) 

was used as reference and counter electrodes, respectively. To 

prepare the enzyme electrode for glucose measurement, GDH 

(40 mg/mL in PBS, 4 µL), [Ru(dam-bpy)2Cl2] or PVI-[Ru(dam-

Scheme 1. Synthesis scheme for PVI-[Ru(dam-bpy)2Cl] mediator.

Table 1. GPC Results of PVI and PVI-[Ru(dam-bpy)2Cl]+/2+

(g/mol) PVI PVI-[Ru(dam-bpy)2Cl]

Mn 13,197 30,088

Mw 27,168 44,134

Mz 45,290 61,962

Mp 25,509 35,644
 Polym. Korea, Vol. 47, No. 2, 2023
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bpy)2Cl] (10 mg/mL in DI water, 4 µL), and PEGDGE (10 mg/mL 

in DI water, 1 µL) were adsorbed onto SPCE with a micropipette 

and dried in a desiccator at 36 ℃ for 12 h. CV measured the             

electrical reaction of SPCE adsorbed with enzyme and medi-

ator using a 40-µL glucose solution dissolved in 1X PBS. The 

CV experiment was performed to confirm the response to var-

ious glucose concentrations (1.0, 2.5, 5.0, 10.0, 20.0, 30.0, and 

40.0 mM) at 0.3 and 0.4 V compared to Ag/AgCl. The GDH 

enzyme was tested under the same conditions as before to con-

firm its oxygen effect. The 10 mM glucose solution (in PBS) 

was purged with air, N2, and O2 for 15 min to confirm the CV 

signals. The MPS was used to test the effect of interfering sub-

stances such as AA, DA, and UA (0.1 mM in PBS), which are 

other electrochemical species in the body, at 0.3 and 0.4 V 

compared to Ag/AgCl.

Results and Discussion

Spectroscopic characterization of [Ru(dam-bpy)2Cl2] and    

PVI-[Ru(dam-bpy)2Cl]. The successful synthesis of [Ru(dam-     

bpy)2Cl2] and PVI-[Ru(dam-bpy)2Cl] was confirmed by 1H 

NMR, UV-vis spectrophotometer, and FTIR spectrophotom-

eter. Figure 1 depicts the 1H NMR (D2O, 500 MHz) result for 

the amine group (s, 4H, -NH2) of [Ru(dam-bpy)2Cl2] at 6.84 

ppm. We also confirmed C-H bonding at 7.11 ppm (d, 2H, JHH 

= 4.88 Hz, H5,5’) and 8.01 ppm (s, 2H, H3,3’) positions 3 and 

5 of pyridine, respectively.25,26 Figure 1(b) shows the vinyl 

group peaks of PVI-[Ru(dam-bpy)2Cl] at 2.11 and 3.2 ppm. 

Furthermore, it was confirmed that the result of PVI-[Ru(dam-

bpy)2Cl] showed broad peak between 6.7 and 8.0 ppm caused 

by the polymer’s imidazole ring and bipyridine.27-29 Finally, 

integrated results showed that ratios of PVI and PVI-[Ru(dam-

bpy)2Cl] were 9.2 : 1.

Figure 2 shows the UV-vis spectrophotometer readings after 

dissolving RuCl3, [Ru(dam-bpy)2Cl2] and PVI-[Ru(dam-bpy)2Cl]

in DI water (0.5 mg/mL). The spectrum of [Ru(dam-bpy)2Cl2] 

revealed an absorption signal at 603 nm, which is in the visible 

region. A ruthenium (III) monomer ligand-to-metal charge 

transfer (LMCT) band.30-32 The tendency of the peak to be red-

shifted due to polymer coordination was confirmed in the 

spectrum of PVI-[Ru(dam-bpy)2Cl]. Also, the π-σ* and π-π* 

transitions of the imidazole ring of PVI and the π-π* absorp-

tion were confirmed by the peaks at 194 and 206 nm, respec-

tively.33

The FTIR spectrum of [Ru(dam-bpy)2Cl2] shows an N-H 

bond at 1600 cm-1 and symmetric and asymmetric stretching of 

Figure 1. NMR spectra of (a) [Ru(dam-bpy)2Cl2]; (b) PVI-[Ru(dam-

bpy)2Cl] mediator.

Figure 2. UV-vis spectra of RuCl3 (black line), [Ru(dam-bpy)2Cl2] 

(red line), and PVI-[Ru(dam-bpy)2Cl] (blue line).
폴리머, 제47권 제2호, 2023년
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N-H at 3410 and 3300 cm-1, respectively (Figure 3).30,34 The 

CH and CH2 stretching peaks of the polymer backbone were 

weakly confirmed at 2950 cm-1 in the spectrum of PVI-[Ru 

(dam-bpy)2Cl], and the in-plane bending peak was confirmed 

near 1020 cm-1. Furthermore, the out-of-plane bending peak of 

the pyridine ring was observed at 820 cm-1, implying the pres-

ence of PVI-[Ru(dam-bpy)2Cl].35,36

Figure 4 shows the zeta potential result, which confirms the 

presence of cations and dispersion of the solution. The poten-

tials of [Ru(dam-bpy)2Cl2] and PVI-[Ru(dam-bpy)2Cl] dissolved 

in DI water were +27.9 and +50.6 mV, respectively. According 

to the results, the particles exhibited a positive charge in the 

water solvent. It is well known that a potential of ≥ 30 mV is 

required for good physical stability, and a potential of ≥ 60 mV 

is required for excellent physical stability.37 Therefore, it was 

confirmed that PVI-[Ru(dam-bpy)2Cl] has a higher zeta poten-

tial than [Ru(dam-bpy)2Cl2]. Finally, PVI-[Ru(dam-bpy)2Cl] 

dispersion stability increased dramatically when coordinated

with a hydrogel polymer.

Electrochemical Characterization of PVI-[Ru(dam-bpy)2Cl].   

The electrochemical properties of the synthesized PVI-[Ru(dam-

bpy)2Cl] were measured using CV. For the measurement con-

ditions, 10 mg/mL (indicating 10.02 mM concentration) PVI-

[Ru(dam-bpy)2Cl] solution, first dissolved in DI water, and 

then mixed in 1X PBS buffer (1:1, v/v), was used, and CV was

measured on a SPCE. The cyclic voltammograms in Figure 5 

show the redox peaks of RuCl3 and [Ru(dam-bpy)2Cl2] (E° = 

-0.1711 V). Furthermore, the E° of PVI-[Ru(dam-bpy)2Cl] 

showed an oxidation/reduction potential at +0.3675 V with 

approximately 500-mV shift in the positive potential. The oxi-

dation/reduction potential of [Ru(dam-bpy)2Cl2] is generated at 

a negative potential by 4,4'-Diamino-2,2'-bipyridine in which 

NH2, an electron-donating ligand, is bound to ruthenium. The 

PVI increased the number of bonds coordinated to ruthenium, 

and the imidazole group as the electron-withdrawing ligands 

generated oxidation/reduction potential in PVI-[Ru(dam-bpy)2Cl].

Figure 6 depicts the effect of changing the scan rate (0.01 to 

2.00 V/s) on the current signal for confirming the performance 

of PVI-[Ru(dam-bpy)2Cl] as a mediator and the diffusion 

effect in the solution phase.38,39 PVI-[Ru(dam-bpy)2Cl] exhibits 

quasi-reversible redox peaks at E° = 0.3675 V (Ag/AgCl) in 

Figure 6. These findings imply that PVI-[Ru(dam-bpy)2Cl] is 

an appropriate, fast, and reversible redox mediator for elec-

trochemical analysis. Furthermore, the results of the current 

Figure 3. FTIR spectra of RuCl3 (black line), [Ru(dam-bpy)2Cl2] 

(red line), and PVI-[Ru(dam-bpy)2Cl] (blue line).

Figure 4. Zeta potential spectra of [Ru(dam-bpy)2Cl2] (black line), 

and PVI-[Ru(dam-bpy)2Cl] (red line).

Figure 5. Cyclic voltammograms of RuCl3 (black line), Ru(dam-

bpy)2Cl2 (red line), and PVI-[Ru(dam-bpy)2Cl] (blue line).
 Polym. Korea, Vol. 47, No. 2, 2023
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density according to the square root of the scan rate (inset Fig-

ure 6) show the linearity of the PVI-[Ru(dam-bpy)2Cl] anodic 

(Ipa) and cathodic (Ipc) peaks with R2 of 0.979 and 0.978, 

respectively. This result indicates that the diffusion process 

effectively controls the electron movement process.

Optimization of pH, GDH Concentration, and O2 Effect.       

The CV results of PVI-[Ru(dam-bpy)2Cl] (4.5 mM) for pH 

optimization in citrate buffer (pH 4), PBS solution (pH 7), and 

borate buffer (pH 9) are shown in Figure 7(a). The electrode 

was fabricated by casting a solution of 40 mg/mL FAD-GDH, 

10 mg/mL PVI-[Ru(dam-bpy)2Cl] (10.02 mM), and 10 mg/mL 

PEGDGE (4:4:1, v/v) enzyme. The electrode was then fully 

dried in the desiccator oven (35 ℃) for 1 d. The maximum           

potential of PVI-[Ru(dam-bpy)2Cl] at each pH and its anodic 

peak potential (Epa) and Ipa were compared. The tendency to 

shift to positive potential was confirmed as the pH increased, 

and the highest current signal was observed in the phosphate 

buffer saline (pH 7) at the same glucose concentration. This 

demonstrated that the glucose response was smooth in the pH 

7 range, a physiological condition.

Figure 7(b) depicts a bar graph based on CV to optimize the 

FAD-GDH enzyme at concentrations of 20, 30, 40, 60, and 80 

mg/mL in 1X PBS. The electrode was fabricated by casting 

each enzyme solution of FAD-GDH (20, 30, 40, 60, and 80 

mg/mL), 10 mg/mL PVI-[Ru(dam-bpy)2Cl] (10.02 mM), and 

10 mg/mL PEGDGE (4:4:1, v/v). The electrode was then fully 

dried in the desiccator oven (35 ℃) for 1 d. The data was col-             

lected from CV results in a 40 mM glucose solution (1X PBS). 

The current density was calculated using the CV result at 0.3 V.

Because of the optimized amount of enzyme, the 40 mg/mL 

FAD-GDH enzyme concentration indicated the highest current 

density, after which the current density decreased after that 

amount. We believe that many enzymes covered the electrode, 

interfering with electron transfer between the electrode solu-

tion and the electrode. Therefore, we selected a FAD-GDH 

enzyme concentration of 40 mg/mL for our sensor application.

The result shown in Figure 7(c) confirms that the oxygen 

Figure 6. Cyclic voltammograms of PVI-[Ru(dam-bpy)2Cl] at var-

ious scan rates from 0.01 to 2.0 V/s.

Figure 7. Characterization of current density at different (a) pH; (b) 

concentration of enzyme; (c) gas (air, nitrogen, and oxygen).
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concentration in the sample has no effect on FAD-GDH. The 

CV result was 5 mM glucose purged for 15 min with air, N2, 

and O2 on an electrode fixed with FAD-GDH enzyme (40 mg/

mL) and PVI-[Ru(dam-bpy)2Cl] (4.53 mM). Because there 

was no difference in the current signal values for purging the 

three gases, it was confirmed that the FAD-GDH enzyme, unlike 

the GOD enzyme, was not significantly affected by oxygen.

Glucose Sensing. The oxidation catalytic current of var-       

ious glucose concentrations (1.00 to 40.00 mM in 1XPBS) in 

SPCE immobilized with GDH enzyme and synthesized PVI-

[Ru(dam-bpy)2Cl] was measured. 

The performance as a glucose sensor mediator was con-

firmed with CV and MPS. The oxidation catalyst current of 

PVI-[Ru(dam-bpy)2Cl] starts at a potential of 0.25 V, as shown 

in Figure 8(a). The MPS result was measured at 0.3 V for 5 s 

(inset Figure 8(b)) to test the sensitivity as a glucose sensor. 

The linearity R2 was 0.99560, and the relative standard devi-

ation (RSD) was 5.10% after confirming the correlation of the 

oxidation catalyst current for each concentration (Figure 8(b)). 

The limit of detection (LOD) and limit of quantification (LOQ) 

were 0.238872 and 0.716616 mM, respectively. It responds to 

a wide range of glucose concentrations, from low to high, and 

the performance of the mediator applicable to the glucose sen-

sor was confirmed.

Interference Effect. Figure 9(a) depicts the MPS results of     

1.0 and 5.0 mM glucose, 0.1 mM AA, 0.1 mM DA, and 0.1 mM 

UA, which are representative electrochemical reaction species 

to assess the interference effect with PVI-[Ru(dam-bpy)2Cl].40-42

Interfering substances with high oxidation potential exhibited 

insignificant oxidation current values and no effect on the oxi-

dation potential of PVI-[Ru(dam-bpy)2Cl]. Figure 9(b) depicts 

a bar graph to better illustrate the results. When compared to 

Figure 8. Electrochemical measurements for glucose on PVI-

[Ru(dam-bpy)2Cl] based on enzyme electrode: (a) cyclic voltam-

mograms; (b) calibration curve for the anodic current at 0.3 V vs. 

Ag/AgCl.

Figure 9. MPS result with glucose (1.0 and 5.0 mM) and various 

interference species such as 0.1 mM AA, 0.1 mM UA, and 0.1 

mM DA.
 Polym. Korea, Vol. 47, No. 2, 2023
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1.0 mM glucose, the current density of interfering species dis-

played a low signal.

Spiking Test on Serum Samples. The spiking test results        

were carried out on serum sample as shown Figure 10. The 

current density was slightly increased compared with Figure 

8 because of oxidized form on serum. However, the response 

of our electrodes showed good linearity (R2=0.98006). This 

means that our mediator could be used as a GDH-based glu-

cose sensor.

Conclusions

Diabetes causes various complications, including cerebral 

infarction, arteriosclerosis, and high blood pressure, so it is 

critical to diagnose and treat blood glucose. Sensors have been 

developed for this purpose, but most glucose sensors use the 

GOD enzyme. The GOD enzyme, however, has a disadvantage 

that an additional oxidation current signal appears as a result of 

the reaction with oxygen in the blood and air, resulting in an 

error in the measurement signal value. The FAD-GDH enzyme 

was used in this study to develop a fast and reliable blood glu-

cose sensor by using a polymer-ruthenium complex with a cat-

ionic charge as an electron transport medium and eliminating 

the error in the measured current signal caused by oxygen. 

First, using ruthenium chloride and 4,4'-diamino-2,2'-bipyridine, 

a [Ru(dam-bpy)2Cl2]
2+/3+ complex was synthesized, and this com-

plex was combined with poly-vinylimidazole to form a PVI-

[Ru(dam-bpy)2Cl]+/2+ complex which was then used as an elec-

tron transport mediator. Second, a solution of PVI-[Ru(dam-

bpy)2Cl]+/2+ (10 mg/mL), FAD-GDH enzyme (40 mg/mL), and 

PEGDEG (10 mg/mL) as a crosslinking agent was casted on 

the SPCEs electrode in a volume ratio of 4:4:1. The blood glu-

cose sensor based on PVI-[Ru(dam-bpy)2Cl]/GDH/SPCEs was 

CV-characterized and demonstrated linearity to glucose in the 

1-40 mM range. Furthermore, quantitative analysis of glucose 

between 1 and 40 mM by MPS confirmed the linearity (R2 = 

0.99560) and RSD (5.10014%) at 0.3 V of potential. The LOD 

and LOQ values were 0.238872 and 0.716616 mM, respec-

tively, and the synthesized PVI-[Ru(dam-bpy)2Cl] demonstrated 

that it could function well as an electron transfer mediator of 

the blood glucose sensor in the glucose range of 1-40 mM. 

Finally, this study explored and validated the FAD-GDH 

enzyme-based electrochemical glucose sensor electrode as a 

selective and quantitative glucose sensor for diabetes prevention.
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