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Enzyme-based sensors exhibit some inevitable shortcomings based on short storage times, poor 

stability and high cost. In this paper, we used platinum nanoparticles (Pt NPs) instead of enzymes to 

catalyze the detection of ascorbic acid; thus, we developed a new non-enzymatic sensor electrocatalyst 

for ascorbic acid detection. Poly dimethyl diallyl ammonium chloride (PDDA)-modified graphene not 

only showed excellent conductivity and solubility but also increased the modification ability of the 

nanomaterials. Platinum nanoparticles show a strong catalytic effect on ascorbic acid. By binding both 

these materials together and modifying them on glassy carbon electrodes, a non-enzymatic sensor 

based on a PDDA-functionalized reduced graphene oxide-platinum nanoparticles nanocomposite was 

built. TEM, EDS and FT-IR were used for characterizing the morphology of the samples. The 

electrochemical properties of the PDDA-reduced graphene oxide-platinum nanoparticles (PDDA-

RGO/Pt NPs) electrodes were studied by cyclic voltammetry. The results showed that the sensor could 

be used to detect AA with excellent electrocatalytic activity, a wide linear range of 0.001 mM-10 mM 

at 0 V, and a low detection limit of 0.0005 μM (S/N=3). The repeatability and stability of the sensor 

was also studied, and the sensor was found to exhibit excellent performance. From an interference 

study, it was found that interfering substances had little effect on the sensor, with a recovery rate 

between 96% and 104% found in actual sample detection. This method of sensor fabrication provided 

a potential platform for the detection of other biological substances. 
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1. INTRODUCTION 

Ascorbic acid (AA) is an essential substance for health maintenance, and AA shows anti-cancer 

potential[1], helps treat leukemia[2], and plays essential antioxidant roles in biological systems[3]. 

http://www.electrochemsci.org/
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Additionally, AA cannot be produced in the human body but is assimilated from external substances, 

so the accurate and rapid detection of AA is significant[4].To date, all kinds of detection techniques, 

such as mass spectrometry (MS)[5], high-performance capillary electrophoresis (HPCE)[6], gas 

chromatography (GC), fluorimetry[7], spectrophotometry[8], high-performance liquid 

chromatography(HPLC)[9] and electrochemical methods have been reported. Among these detection 

methods, the electrochemical method has attracted much attention in the detection of AA by taking 

advantage of its low cost, simple operation and high sensitivity. However, due to the drawbacks, such 

as low sensitivity for the direct oxidation of AA shown by traditional sensors and low anti-interference 

ability and poor reproducibility demonstrated by enzyme sensors, electrochemical sensors show low 

sensitivity and poor stability for the determination of AA[10, 11]. Therefore, it is urgent to develop 

electrode materials with good stability, high sensitivity and good selectivity for the detection of AA.  

Up to now, although enzyme sensors have been developed rapidly, the cost of enzyme-based 

sensors remains high, and the detection effect is not stable, mainly because the catalytic activity of 

enzyme sensors is strongly affected by temperature and pH. Recently, non-enzyme sensors have 

attracted much attention because of their low cost and good stability.[12] Unlike the enzyme sensor, 

the catalytic electrode materials of a non-enzyme sensor are mainly based on metals and metal 

oxides[13]. 

Developing electrode materials with high conductivity, high catalytic activity and large specific 

surface area is an important means to improve the performance of electrochemical sensors[14]. 

Graphene oxide (GO) is a popular nanomaterial for sensors on account of its large specific surface area 

and excellent electrical conductivity[14-16]. Reduced graphene oxide (RGO) is produced by the 

reduction of GO. In recent years, graphene-based metal nanocomposites such as, for instance, gold 

nanoparticles[17], silver nanoparticles[18], magnetic nanoparticles[19] and CuO nanoparticles[20] 

have been widely studied for use in electrochemical sensors. 

However, RGO is easily aggregated by van der Waals interaction, which has adverse effects on 

its conductivity and catalysis. Poly dimethyl diallyl ammonium chloride (PDDA) is a hydrophilic 

cationic polymer that is used to prevent RGO recombination through electrostatic interaction and 

effectively stabilize graphene in water. Therefore, PDDA was used to functionalize graphene. The 

combined PDDA-RGO has good conductivity and catalytic properties, and the nanomaterials 

embedded in PDDA-RGO can be directly coated onto a GC electrode without the use of an 

adhesive[21]. In recent years, platinum nanoparticles have attracted much attention from researchers 

on account of its large specific surface area, good electrocatalytic activities and high conductivity[22]. 

The combination of PDDA-reduced graphene oxide-platinum nanoparticles (PDDA-RGO/Pt NPs) 

shows better electron transfer kinetics, which is largely due to a high surface area and excellent 

electrocatalytic activity. Therefore, the aim of this work is to design a novel non-enzyme sensor based 

on a PDDA-functionalized reduced graphene oxide/ platinum nanoparticle nanocomposite for the 

detection of ascorbic acid. 
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2. EXPERIMENTAL 

2.1 Reagents 

Potassium chloroplatinate (K2PtCl6) was obtained from the Tianjin Chemical Reagent Research 

Institute. Graphene oxide was supplied by Nanjing Xianfeng Nano Material Technology Co., Ltd. 

Ascorbic acid (AA) was purchased from Tianjin Kemiou Chemical Reagent Co., Ltd. Potassium 

nitrate, potassium ferricyanide, sodium dihydrogen phosphate and disodium phosphate were purchased 

from the Tianjin Northern Tianyi Chemical Reagent Factory. Poly dimethyl diallyl ammonium 

chloride (PDDA) and sodium borohydride were obtained from Shandong West Asia Chemical Industry 

Co., Ltd. Ethanol; potassium ferricyanide and hydrochloric acid were obtained from the Yantai 

Economic and Technological Development Zone Fine Chemical Plant. Potassium chloride was 

purchased from Tianjin Yongsheng Fine Chemical Co., Ltd. 

 

2.2 Apparatus 

Transmission electron microscopy (TEM) images and EDS data were obtained on a Sirion 200 

instrument (FEI Hong Kong Limited). Scanning electronic microscopy (SEM) image analysis was 

performed on a Tecnai G2 Spirit TWIN. Fourier-transform infrared spectroscopy (FT-IR) was carried 

out on a Nicolet 5700 (Thermo Nicolet Corporation). 

Electrochemical measurements were carried out on an electrochemical workstation (CHI 660D, 

Shanghai Chenhua Instrument Co., Ltd.) with a conventional three-electrode system: glassy carbon 

was used as the working electrode, with an inner diameter of 4 mm, Ag/AgCl was used as the 

reference electrode, and platinum wire was used as the counter electrode. 

 

2.3 Preparation of PDDA-RGO/Pt NPs 

The nanocomposite based on PDDA-RGO/Pt NPs was synthesized by a one-step wet-chemical 

synthetic route according to a previously reported method that was slightly modified[23]. First, GO (20 

mg) was added to deionized water (20 mL) and dispersed by sonication for 2 hours to form a stable 

solution. Next, the mixture was added into 250 μL of potassium chloroplatinate (K2PtCl6, 56 mM). 

Subsequently, 1 g of freshly prepared sodium borohydride (NaBH4) was added under stirring to form a 

black graphene oxide/platinum nanoparticle material (RGO/Pt NPs). Then, the mixed material was 

centrifuged at 10,000 rpm for 30 minutes, and the precipitate was retained. The precipitate was then 

dissolved with stirring and ultrasonic treatment in a 1% PDDA solution for 1 hour; finally, the sample 

was centrifuged at 10,000 rpm for 10 minutes to remove the supernatant to retain the precipitate. After 

the above steps were completed, ethanol and the double distilled water were successively added to the 

precipitate to perform centrifugal washing under the same conditions, and each step was repeated three 

times to obtain the PDDA-RGO/Pt NPs composite nanomaterial. Then, PDDA-RGO was prepared by 

using a similar method. 
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2.4 Fabrication of PDDA-RGO/Pt NP Nanocomposite-Modified Electrodes 

First, the working electrode was polished with α-alumina oxide powder with a size of 0.3 µm 

and 0.05 µm and then ultrasonically washed with doubly distilled water and ethanol for one minute. To 

prepare a 2 mg/mL PDDA-RGO/Pt NPs solution, 10 mL of doubly distilled water was added to the 

prepared material (20 mg PDDA-RGO/Pt NPs) and then ultrasonically treated for 1 hour to obtain the 

required material. Then, 5 μL of PDDA-RGO/Pt NPs was added onto the GC electrode. After the 

modified electrode was dried naturally, it was directly used as an electrochemical sensor for AA 

detection. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1 Characteristic Morphologies of the Nanocomposites 

TEM, SEM and FI-IR were used to analyze the morphologies of PDDA-RGO and PDDA-

RGO/Pt NPs.  

 

 

 
 

Figure 1. (A) TEM images of PDDA-RGO (B, C) and PDDA-RGO/Pt NP nanocomposites under 

different magnifications, and (D) the EDX spectrum of the PDDA-RGO/Pt NPs 
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The typical wrinkled form of PDDA-RGO can be seen from Fig. 1A. The graphene oxide 

showed a color change from brown to black, which also indicated that the reduction of the graphene 

oxide was successful[21, 24]. In addition, as shown in Fig. 1B, Pt NPs were well-dispersed onto the 

lamellar surface of RGO, indicating that PDDA-RGO played a crucial role in promoting the uniform 

dispersion of Pt NPs and avoided the aggregation of Pt NPs. The diameters of the Pt NPs showed good 

uniformity and were concentrated to a range of 3-5 nm, as shown in Fig. 1C. EDX (Fig. 1D) analysis 

showed that the PDDA-RGO/Pt NPs were composed of C, N and Pt elements, with N being derived 

from PDDA. The above characterization images indicated that the PDDA-RGO/Pt NPs nanomaterials 

were prepared successfully. 

Fig. 2A shows the FT-IR spectra for the GO (a) and PDDA-RGO/Pt NPs (b). The GO spectrum 

illustrates the appearance of a broad O-H peak (VO-H at 3414 cm-1) and peaks for C=O (VC=O at 1732 

cm-1), aromatic C=C (VC=C at 1627 cm-1), C-OH (VC-OH at 1384 cm-1), C-O-C(VC-O-C at 1127) and 

alkoxy C-O (VC-O at 1053 cm-1)[24, 25]. In contrast to the GO, the typical C=O absorption bands at 

1732 cm-1 and the C-OH absorption bands at 1732 cm-1 for GO-Pt almost disappear, indicating that the 

carbonyl groups on the surface of the GO sheets were modified by Pt NPs. The peak intensities at 3414 

cm-1 and 1053 cm-1 were dramatically decreased, which indicated that the O-H and C-O bands for GO 

disappear after NaBH4 reduction. Based on the above results, the successful preparation of 

nanocomposites was further proven, which was consistent with the results from TEM and EDX. 

 

 
 

Figure 2. FT-IR spectra for GO(a) and PDDA-RGO/Pt NPs 

 

3.2. Electrochemical Characterization of the Fabricated sensor 

The cyclic voltammetry (CV) images of the PDDA-RGO electrode and PDDA-RGO-Pt NPs 

electrode were compared with that of a bare GC electrode, which were obtained in 0.1 M KCl with 
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10 mM [Fe(CN)6]3-. The GC electrode showed a couple of well-defined redox peaks; the modified 

PDDA-RGO electrode showed a greater current response with a peak current of 90.2 μA, which 

suggested that PDDA-RGO favored an enhancement of the electrical signals. The PDDA-RGO/Pt NPs 

nanocomposite showed an obvious increase in the peak current to 147.4 μA, which was ascribed to the 

synergic effect of the PDDA-RGO and Pt NPs. This result proved that the PDDA-RGO /Pt NPs 

modified electrode had good electrochemical characteristics, which laid a solid foundation for the 

sensitive and rapid detection of AA in the future. 

 

 

 
 

Figure 3. CVs for the bare GCE and for the PDDA-RGO and PDDA- PDDA-RGO/Pt NPs electrodes 

recorded in 0.1 M KCl solution containing 10 mM [Fe(CN)6]3-. Scan rate: 50 mVs-1 

 

3.3. Electrochemical Response of the Fabricated Sensor to AA 

 

To verify the response of the sensor to AA, the fabricated sensor was used to detect AA in 

0.1 M PBS (pH=7) by cyclic voltammetry. Fig. 4A shows the electrochemical reaction of the PDDA-

RGO /Pt NP/GC electrode in 0.1 M PBS (pH=7) solution with 20 mM AA (a) and no AA (b). There 

was no obvious anode current peak in the measured curve (b), but there was an obvious anode current 

peak (159 μA) in the curve (a) at 0 mV. This finding indicated that the prepared sensor possessed an 

excellent catalytic property for AA of approximately 0 mV. The above results are consistent with the 

previously reported literature[26, 27]. 

Fig. 4B shows the cyclic voltammetry (CV) for the bare GC electrode (a), PDDA-RGO/GC 

electrode (b), and PDDA-RGO/Pt NPs/GC electrode (c) in 0.1 M PBS with 10 mM AA measured at a 

scan rate of 50 mVs-1. As seen from the figure, curves (a) and (b) show no redox peak; nevertheless, a 

significant anode current peak is observed for the PDDA-RGO/Pt NP/GC electrode at 0 mV. As a 

result, the Pt NPs are a superior material for catalyzing ascorbic acid. 
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Figure 4. (A) The electrochemical reaction of the PDDA-RGO /Pt NP/GC electrode in 0.1 M PBS (pH 

7) solution with the absence (a) and presence (b) of 20 mM AA; (B) CVs for the bare GC 

electrode (a), PDDA-RGO/GC electrode (b), and PDDA- RGO/Pt NP/GC electrode (c) in 

0.1 M PBS with 10 mM AA 

 

 
 

Figure 5. (A) CVs for the PDDA-RGO/Pt NPs/GC electrode in 0.1 M PBS (pH 7.0) with 10 mM AA 

at varying scan rates: 10 mVs-1, 20 mVs-1, 30 mVs-1, 40 mVs-1, 50 mVs-1, 60 mVs-1, 70 mVs-1, 

80 mVs-1, 90 mVs-1 and 100 mVs-1; (B) The plot of the cathodic peak current values against the 

scan rate. 
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To elucidate the electrochemical kinetics of the PDDA-RGO/Pt NPs modified sensor toward 

ascorbic acid, the effect of the scanning rate on electrochemical performance was studied. Fig. 5A 

shows that the anode current increased with increasing scanning rate from 10 mV/s-1 to 100 mV/s-1 in 

PBS (pH 7.0) containing 10 mM AA. As shown in Fig. 5B, a linear relationship exists between the 

anode peak current and the scanning rate (R2=0.999). In conclusion, the detection of AA conformed to 

surface adsorption kinetics. 

 

 

3.4. The effect of pH 

The pH of the buffer has an impact on the current response of the modified electrode. The peak 

currents for PBS buffers with different pH values were tested with 5 mM AA. Fig. 6 shows that the 

anode current increases as the pH increases from 4.0 to 7.0 but decreases as the pH increases from 7.0 

to 8.0, and this difference may be due to the influence of excessive acid and alkali destroying the 

structure of AA. Therefore, in the following experiment, we chose a pH 7.0 PBS buffer as the 

supporting solution. 

 
Figure 6. The effect of pH on the current response of 5 mM AA in 0.1 M PBS 

 

3.5. Electrochemical Detection of the Prepared Sensor for AA Detection 

The current response of the non-enzyme sensor for detecting AA was measured by CV under 

optimal conditions. The cyclic voltammetry for the PDDA-RGO/Pt NPs/GC modified electrodes for 

detecting ascorbic acid in the range of 0.001 mM to 10 mM (pH 7.0) at 50 mV/s-1 is shown in Fig. 7A. 

As seen from the figure, as the concentration of ascorbic acid is increased, the current signal due to 

ascorbic acid increased steadily. In addition, as shown in Fig. 7B, the current response in the range of 

0.001 mM to 10 mM was proportional to the ascorbic acid concentration. Upon fitting the data, we 
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found the linear regression equation to be Epa(μA)= -20.189-9.45498C, with a correlation coefficient 

(R2) of 0.995. The detection limit was calculated by using 3×blank variance/slope (S/N=3) and was 

found to be 0.05 nM, which is much lower than many previously reported sensors (Table 1). The 

sensor exhibits superior performance and provides a promising platform for monitoring living bodies. 

 

 

 
 

Figure 7. CV of the PDDA-RGO /Pt NPs/GC electrodes for detecting ascorbic acid at concentrations 

ranging from 0.008 mM to 10 mM in 0.1 M PBS (pH 7.0) at 50 mV 

 

 

For comparison, Table 1 lists the lowest detection limit and linear ranges of recently published 

methods or electrode materials for the detection of AA. In comparison, the PDDA-RGO/Pt NPs 

electrodes exhibited superior performance for AA detection. The excellent performance of the sensor 

may benefit from the synergistic effect of the PDDA-RGO and Pt NPs, which effectively increased the 

electron transfer on the electrode surface and improved the electrocatalytic activity against ascorbic 
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acid. Therefore, this new type sensor is expected to be used in the detection of ascorbic acid in living 

bodies. 

 

Table 1. Comparison of different materials or methods used for detecting ascorbic acid 

 

Methods Electrode material Linear range (μM) Detection limit (μM) References 

Fluorescence M-CQDs 10-70 μM 3.26 μM [28] 

Fluorescence GSH-AuNCs 350-700 μM. 200 μM [29] 

Electrochemistry 
ZnNi NPs@f-

MWCNT 
300-1100 μM 0.51 μM. [30] 

Colorimetry GoldMag 10-1000 μM 0.12 μM [31] 

Electrochemistry BN/GCE 30–1000 μM 3.77 μM [32] 

Electrochemistry CL-TiN/GCE 50–1500 μM 1.52 μM [33] 

Electrochemistry GCE/CNO/Thionine 0-50 μM 0.66 μM [34] 

Electrochemistry PDDA-RGO/Pt NPs 1-10000 μM 0.0005 μM  This work 

 

3.5. Reproducibility and Stability of the Sensor 

The stability and reproducibility of the sensor was also evaluated. Five electrodes modified 

with the PDDA-RGO /Pt NPs nanocomposite were tested for reproducibility. By measuring the anode 

peak current in 1 mM AA, the relative deviation was determined to be 3.7%. In addition, the stability 

of the sensor was evaluated by measuring the response current for 1 mM AA every five days for one 

month. After 30 days, the sensor still maintained 91.5% of the initial current response (Fig. 8). 

Therefore, the above results indicated that the sensor showed good reproducibility and long-term 

stability. 

 

 

 
 

Figure 8. The long-term stability of the non-enzymatic AA sensor 
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3.6 Interference Studies and Real Sample analysis 

For studying possible interference against ascorbic acid detection, a 0.1 M PBS (pH=7.0) 

solution with only 1 mM ascorbic acid and 1 mM ascorbic acid solution mixed with 0.1 mM hydrogen 

peroxide, 0.1 mM dopamine and 0.1 mM glucose was used for cyclic voltammetry. As shown in 

Fig. 9, the electrochemical response with only 1 mM ascorbic acid (a) was almost unchanged 

compared with the electrochemical response with three interferences (b). However, a reduction peak 

was observed with a current of -26.97 μA near 0.16 V, probably due to the effect of dopamine[35]. 

 

 

 
 

Figure 9. CV of 1 mM AA (a) and a solution of 1 mM AA mixed with 0.1 mM glucose, 0.1 mM 

dopamine and 0.1 mM hydrogen peroxide (b) in 0.1 M PBS (pH 7.0). 

 

To verify the practical application performance of the prepared non-enzyme AA sensor, the 

sensor was used to detect the amount of AA in tomatoes. As shown in Table 2, for this test, the 

recovery rate ranged between 96-104%, and the relative standard deviation ranged between 3%-4%. 

The sensor shows promising performance for the detection of AA in actual samples. 

 

 

Table 2. Determination of the AA concentration in tomato samples (n=6). 

 

Sample AA added (mM) AA found (mM) Recovery (%) R.S.D. (%) 

1 0.050 0.048 96.0 4.15 

2 0.120 0.118 98.3 3.96 

3 0.850 0.870 102.4 4.03 

4 2.500 2.600 104.0 3.66 

5 5.000 4.850 97.0 3.78 
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4. CONCLUSION 

In this study, a PDDA-RGO /Pt NP nanocomposite was prepared by a simple and efficient 

method; by modifying the nanocomposite on a GC electrode, a novel non-enzyme AA sensor with 

high sensitivity and selectivity was successfully prepared. The sensor was used for the detection of AA 

and exhibited high electrocatalytic activity, high sensitivity, a wide detection range, and a low 

detection limit. Compared with other nanomaterials, PDDA-RGO/Pt NPs nanocomposites have 

obvious advantages. Moreover, the non-enzyme sensor greatly improved the catalytic performance and 

showed satisfactory performance, which was mainly attributed to the synergistic effect of the PDDA-

RGO and Pt NPs. With the excellent performance of the PDDA-RGO /Pt NPs, the nanocomposite can 

be used to prepare non-enzyme sensors for AA detection, which provides a promising platform for 

substance detection in a living body. 
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