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ABSTRACT— A polypyrrole-graphene quantum dots nanocomposite layer was prepared on the surface 

of the gold layer for detection of the uric acid using the surface plasmon resonance technique. The X-

ray diffraction spectrum and the field emission scanning electron microscopy image for polypyrrole-

graphene quantum dots layer confirmed the graphene quantum dots scattered on the surface of the 

polymer and the nanocomposite layer formed on the surface of thin gold layer in the thickness of 45.3 

nm. The minimum concentration of uric acid that was detected by the sensing layer was about 1 ppm 

and the affinity constant of polypyrrole-graphene quantum dots for detection of uric acid was larger 

than the affinity constant for detection of ascorbic acid and glucose. The response of the polypyrrole-

graphene quantum dots is larger than the response of polypyrrole for the detection of uric acid.  
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I. INTRODUCTION 

The surface plasmon resonance (SPR) sensor is 

a versatile technique to detect and measure the 

low concentration of toxic chemicals and 

biomaterial. Uric acid, glucose, cholesterol, 

triglyceride, and creatinine are the common 

blood biochemistry components and they must 

be measured to control the blood chemistry. 

Among these blood chemistry components, uric 

acid is a significant biomolecule because uric 

acid involves in the production of the 

metabolism of purines [1] and it is the ultimate 

catabolite of purine metabolism in humans and 

the backbone of Desoxyribonucleic acid (DNA) 

[2]. Uric acid is an organic acid with a pH of 

about 5.5. Uric acid is a heterocyclic carbon 

with the chemical formula C5H4N4O3. The level 

of uric acid is one of the significant parameters 

to diagnose and detect illnesses such as gout. 

Moreover, uric acid has important role in the 

universal food chain for plant because it is a 

source of nitrogen, carbon and oxygen [2]. The 

uric acid is oxidized by the electrode; hence, the 

level of uric acid can be measured using electro-

chemistry [3, 4] and colorimetric [1] methods. 

The spectroscopy methods such as SPR and 

fluorescence [5] techniques were used to 

measure the amount of uric acid in human fluids 

and environmental solutions. For example, the 

SPR sensor based on wavelength modulation 

was used to measure the uric acid using MoS2-

graphene nanocomposite [6]. The uricase 

entrapped polyacrylamide gel was employed to 

detect the uric acid using fiber optics SPR 

sensor [7]. The accuracy for detection of uric 

acid was about 0.9mM. Therefore, the SPR 

sensor has the potential to measure and detect 

uric acid.  

The SPR depends on the optical properties of 

metal and dielectric layers, and it is related to 

charge density oscillation at the interface of a 

metal and dielectric medium. Hence, the gold or 

silver layers have the main role to generate the 

SPR signals in the SPR sensors, and the sensing 
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layers based on the nanostructures [8] are used 

to enhance the sensitivity and selectivity of the 

SPR sensors. Graphene, MoS2, gold [9], silver 

[10], and ZnO nanoparticles [11] are the 

common nanostructures for improving the 

sensing layer. In this study, the polypyrrole-

graphene quantum dots (PPy-GQD) 

nanocomposite layer was prepared on the 

surface of the gold layer for the detection of uric 

acid. The prepared layer was characterized 

using analytical methods. 

II. MATERIALS AND METHODS 

A. Materials  

Pure sodium dodecylbenzensulfonate (SDBS), 

graphene quantum dots, and pyrrole (Py) have 

been purchased from Sigma-Aldrich Company. 

Uric acid, ascorbic acid, and glucose were 

purchased from PubChem Company in the 

commercial grid.   

B. Preparation of PPy Layer and PPy-GQD 

Layer 

The preparation of PPy and PPy-GQD layers 

were presented in the Ref. [12, 13]. The gold 

(45.3 nm), PPy and PPy-GQD layers were 

coated on the surface of a thin glass slide using 

the sputtering coating and electrodeposition 

techniques (Auto-lab PGSTAT 101), 

respectively. The PPy-GQD was deposited on 

the surface of a gold-coated glass slide via 

electrochemical polymerization of pure and 

distilled pyrrole in the presence of graphene 

quantum dots. The ratio of graphene quantum 

dots and the sodium dodecylbenzensulfonate 

(SDBS) was about 1:3 and the mixture were 

sonicated for 3 hours. The monomer solution 

included 0.1 M pyrrole, 100 ppm graphene 

quantum dots, and SDBS. The polymerization 

of pyrrole was carried out at the constant 

potential of 0.83 V. The reference electrode, 

working electrode, and counter electrode were 

saturated calomel electrodes (SCE), graphite 

electrodes, and gold-coated glass slide, 

respectively and the electrodeposition time was 

11 seconds. The prepared layer was tested using 

X-ray diffraction spectroscopy (XRD), field 

emission electron microscopy (FE-SEM), and a 

profile meter (AMBIOS, XP-200).  

The PPy sensing layer was deposited on a 

surface of the gold layer. The PPy layer was 

electrochemically prepared in a solution 

containing 0.3 M Pyrrole (pre-distilled), 0.1 M 

p-toluene sulfonate (P-TS) dopant at room 

temperature for 11 seconds. 

C. Preparation of Analyte  

To prepare the solution of uric acid in the 

different concentrations, 1 g of uric acid powder 

was dissolved in 1 L of deionized distilled water 

at room temperature. The solution was 

sonicated for 1 h to obtain the homogeneous 

solution. The prepared solution contained 1000 

ppm of uric acid. Subsequently, the low 

concentrations of the uric acid solution, being 

1, 3, 5, 10, 25, and 50 ppm were separately 

prepared by the systematic dilution of 1000 

ppm of prepared solution in deionized distilled 

water. This method was separately used to 

prepare the ascorbic acid and glucose at the 

concentration of 1, 3, 5, 10, 25, and 50 ppm.  

D. SPR Setup 

The SPR setup contains a high index prism (ZF 

52, n = 1.83956, A = 60°, Foctek) a He-Ne laser 

(632.8 nm) a polarizer, a pinhole, a chopper, a 

precision rotation stage, and lock-in amplifier. 

The gold coated glass slide was attached to the 

high index prism using a liquid index match. 

The prism was rotated up to 30º.  

                   
Fig. 1 The SPR setup contains a high index prism, a 

He-Ne laser, a detector, a chopper, a polarizer, a 

pinhole, and a rotation stage. 

The detector was registered the laser intensity 

when the rotation stage momentarily stopped 
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and the SPR signal was achieved. The SPR 

signal is a function of the refractive index, the 

thickness of layers, and the refractive index of 

an analyte. The SPR signals were analyzed 

based on Fresnel’s theory to find the resonance 

angle [12, 14]. 

The reflectance is a function of the 

wavelengths, refractive indices of the gold, 

sensing layer, and analyte alongside the 

thicknesses of the gold and sensing layers. In 

this experiment, the thickness and the refractive 

index of the gold layer were 45.3 nm, and 

0.235+3.31i, respectively. The optical 

parameter of the sensing layer can be obtained 

by minimizing the summation of the theoretical 

(RTh) and the experimental (REx) values of the 

reflectance. The equation is then as follows 

[15]:  

[ ( , ) ( , )]Th ExR n R n


     (1) 

III. RESULTS AND DISCUSSION 

Figure 2(a) shows the XRD spectra for pure 

GQD, pure PPy and PPy-GQD composite layer. 

The main peaks appeared at 21.3º and 25.1º and 

the sharp and broad peaks overlapped at 

centered 25° together, that confirms the GQD 

formed in the PPy layer [15-18]. Figures 2(b) 

and 2(c) show the morphology of PPy-GQD 

and PPy as sensing layers. The polymer layers 

(PPy and PPy-GQD) formed on the surface of 

the substrate and it can find, the GQD is 

scattered at the surface of the polymer as a 

comparison of Fig 2(b) and 2(c). 

The PPy-GQD and PPy layers were separately 

attached to the surface of the high index prism 

and the distilled water has flowed on the tank. 

The SPR signals were registered to find the 

refractive index of PPy-GQD, PPy composite 

layers and the baseline. Figure 3 shows the SPR 

signals and they were analyzed using Fresnel’s 

equation. The solid lines were fitted to the 

experimental values (dotted point) and the 

resonance angles and the refractive indies of 

PPy-GQD and PPy layers were achieved at 

55.58º, 55.832º (baseline) and 1.6709+0.118i, 

1.6731+0.145i, respectively.    

 
Fig. 2 a) The XRD pattern for pure PPy, pure GQD 

and PPy-GQD layer; b) FE-SEM image for PPy-

GQD layer; and c) FE-SEM image for PPy layer 
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Fig. 3 The SPR signals a) PPy-GQD layer and b) PPy 

layer at the baseline were 55.58º, and 55.832º, 

respectively. The thickness and refractive index of 

the gold layer were 45.3 nm and 0.235+3.31i, 

respectively. The thickness of PPy-GQD and PPy 

layers was measured using the profilometer and they 

13.3 ± 0.5 nm and 14± 0.5 nm.  

The uric acid was flowed separately in the 

different concentrations in the sample tank and 

the SPR signals (Fig. 4) were registered. The 

SPR signals were analyzed using Fresnel’s 

equation. The resonance angle was in the range 

of 55.643º to 55.798º. The experiment was 

repeated for ascorbic acid and glucose 

separately and Figure 5, 6 depict the SPR 

signals at the equilibrium value. As a result, the 

resonance angle for detection of ascorbic acid 

and glucose changed in the range of 55.623º to 

55.717º and 55.616º to 55.701º, respectively. 

The variation of resonance angle with the 

concentration of uric acid were calculated from 

baseline.  

Figure 7 depicts the angle shifts versus the 

concentrations of uric acid, ascorbic acid, and 

glucose. Variation of the resonance angle is a 

function of concentration and it fit Langmuir’s 

formula as follows [19]:  

max( )

1

b

C

C
K




 
 



 (2) 

where
max , 

bK , and C  are the resonance 

angle shift at the maximum value, the 

equilibrium constant, and the concentration of 

analyte, respectively. 

The equilibrium constant is inversely related to 

the affinity of the sensing layer (PPy-GQD 

composite layer) for capping the analyte [19]. 

The affinity constant of PPy-GQD layer for 

bonding the uric acid, ascorbic acid, and 

glucose are 4.2680, 3.6819, and 3.3807, 

respectively. As a result, the PPy-GQD 

composite layer has a greater tendency to cap 

the uric acid than the ascorbic acid and glucose. 

The sensitivity of the sensor (Δ(Δθ)/ΔC) has 

been calculated from the slope of the plot in Fig. 

5. The Δθmax for uric acid, ascorbic acid, and 

glucose are 0.2358, 0.1457, and 0.129, 

respectively. Hence, the sensitivity for 

detection of uric acid, ascorbic acid, and 

glucose was achieved at 0.0049, 0.0029, and 

0.0024 deg/ppm, respectively. Therefore, the 

sensitivity of the sensor for the detection of uric 

acid is larger than the sensitivity of the sensor 

for the detection of ascorbic acid and glucose. 

 
Fig. 4 The SPR signal related to different 

concentrations of uric acid at the saturation value. 
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Fig. 5 The SPR signals for detection of ascorbic acid 

at the saturation value.  

 
Fig. 6 The SPR signals for detection of glucose at the 

saturation value.  

Figure 8 shows the SPR signals related to PPy 

layer for the detection of uric acid and the 

resonance angle is in the range of 55.884º to 

55.981º. 

 
Fig. 7 Variation of resonance angle shift with 

different concentrations of uric acid, ascorbic acid, 

and glucose when the PPy-GQD was used as a 

sensing layer. The equilibrium constant for uric acid, 

ascorbic acid, and glucose are 0.2343, 0.2716, and 

0.2958, respectively. The variation of resonance 

angle shift was experimentally achieved when the 

uric acid was contacted with the PPy layer.  

The variation of resonance angle with different 

concentrations of uric acid when the uric acid 

interacted with the PPy layer, was presented in 

the Fig 7. As an experimental result, the 

maximum angle shift occurred at 0.157. The 

equilibrium, affinity constants, and sensitivity 

are 0.3332, 3.0012, and 0.0028 deg/ppm 

respectively. Consequently, the sensitivity of 

PPy-GQD is larger than the sensitivity of PPy 

layer for the detection of uric acid. So, the GQD 

enhanced the tendency of the sensing layer to 

detect uric acid 

 
Fig. 8 The SPR signals for detection of uric acid in 

the presence of PPy layer at the saturation value. 
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The polypyrrole capped the graphene quantum 

dots during the elector-polymerization of 

pyrrole. GQD attached to PPy at the edge of the 

molecules, as that was where electrons were 

made available to the polymer. Furthermore, 

the uric acid interacted with the carboxylic 

group of GQD, which was an agent between 

uric acid and PPy. Hence, the resonance angle 

increased when the analyte interacts with the 

sensing layer. Consequently, the PPy-GQD 

layer is capable of adsorbing uric acid.  

 

Fig.9 The variation of resonance angle shift for 

mixture of uric acid, ascorbic acid and glucose in the 

presence of PPy-GQD 

In order to test the selectivity of the PPy-GQD 

sensing layer, the mixture of ascorbic acid with 

glucose and the mixture of uric acid with 

ascorbic acid and glucose were contacted to the 

sensing layer. The variation of angle shift with 

the different concentration of the mixture 

(Figure 9) shows the response of sensing layer 

in the presence of uric acid  is larger than the 

response of sensing layer in other case. 

Consequently, the sensor can detect the uric 

acid better than glucose and ascorbic acid.    

IV. CONCLUSION 

The PPy-GQD was deposited on the surface of 

the gold thin layer using the electrodeposition 

technique. The analytical methods confirmed 

that the GQD formed and scattered on the 

surface of PPy during electro-polymerization of 

pyrrole. The thickness and the refractive of the 

PPy-GQD layer were 13.3 nm and 

1.6709+0.118i, respectively. The resonance 

angle shift was separately obtained in the 

presence of uric acid, ascorbic acid, and 

glucose. As a result, the variation of resonance 

angle for uric acid was larger than the resonance 

angle shift for ascorbic acid and glucose. The 

detection of uric acid was tested with PPy layer. 

The result confirmed the sensitivity of PPy-

GQD nanocomposite sensing layer is larger 

than PPy sensing layer. Consequently, the 

affinity constant of the PPy-GQD 

nanocomposite layer for the detection of uric 

acid was larger than the affinity constant of the 

sensing layer for the detection of ascorbic acid 

and glucose. Hence, PPy-GQD nanocomposite 

layer is a suitable sensing layer for the detection 

of uric acid  
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