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A highly sensitive hydrazine sensor has been developed by using gold and platinum nanoparticles 

(NPs) decorated poly(taurine) on modified glassy carbon electrode (GCE). First, poly(taurine) 

modified glassy carbon electrode was prepared by electropolymerization method using cyclic 

voltammetry. Then, a thin layer of poly(taurine) is coated electrochemically on a GCE and the 

effective parameters have been optimized. After taurine polymerization, metal nanoparticles (Au and 

Pt) were doped by electrochemical reduction from metal ions solution on poly(taurine)/GCE surface. 

Modified electrodes were characterized by using different surface techniques. The obtaining results 

were compared with bare GCE, poly(taurine) modified glassy carbon electrode, 

AuNPs/poly(taurine)/GCE, and PtNPs/poly(taurine)/GCE. The peak potential of hydrazine oxidation 

on bare GCE, poly(taurine)/GCE, AuNPs/poly(taurine)/GCE, and PtNPs/poly(taurine)/GCE were 

observed at 690 mV, 401 mV, 341 mV, and -370 mV, respectively. Finally, these modified electrodes 

were successfully used for the oxidation of hydrazine and exhibited excellent electrocatalytic activity 

with respect to hydrazine oxidation. The better sensitivity and selectivity exhibited the amperometric 

techniques to compare other techniques. The linear concentration ranges were found between 0.1 to 

1000 µM (R
2
 = 0.9981) for AuNPs/poly(taurine)/GCE. The limit of detection (LOD) and limit of 

quantitation (LOQ) values were calculated to be 0.05 µM and 0.15 µM, respectively. The practical 

application of the sensor was evaluated in river water samples with good recoveries. 

 

 

Keywords: poly(taurine), hydrazine, gold nanoparticles, platinum nanoparticles. 

 

 

1. INTRODUCTION 

Hydrazine is widely used in agriculture and industrial applications as air bags, rocket fuel, fuel 

cells, inhibitor, etc [1]. Also, it has been recognized as a carcinogenic substance by Environmental 
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Protection Agency (EPA) [2]. There are different reported techniques for the determination of 

hydrazine, such as spectrophotometry [3], amperometry [4], linear sweep voltammetry [5], titrimetry 

[6], chemiluminescence [7], flow injection analysis [8], and ion chromatography [9]. Electrochemical 

techniques [10] can be employed for the direct determination, but hydrazine electro-oxidation is 

kinetically slow and requires a high overpotential with conventional electrodes. Chemically modified 

electrodes with an immobilized electrocatalyst have been used to decrease this overpotential [11, 12]. 

Among diverse methods that have been reported for the determination of hydrazine, voltammetric 

methods have many advantages such as good selectivity, high sensitivity, rapid response, wide linear 

range, and simple operating procedures [13–15]. 

Amino acids are essential components of peptides and for all organisms. Also, they have been 

in the structure different functional groups such as -COOH, -OH, -NH2, -CHx, etc. Amino acids can be 

polymerized with their functional groups in the side chain. Taurine (C2H7NO3S) is a derivative of 

cysteine, an amino acid which contains a thiol group. It has many fundamental biological roles such as 

conjugation of acids, antioxidation, membrane stabilization, and modulation of calcium signaling. It is 

essential for cardiovascular function, development, function of skeletal muscle, the retina, and the 

central nervous system. It has been commonly used as a food nutrition enhancer and a common drug 

[16].  

There are only a few reports about poly(taurine) modified electrode surface such as 

poly(taurine)/GCE for the simultaneous determination of epinephrine and dopamine [16], 

poly(taurine)/MWNT for the detection of acetaminophen [17], poly(taurine)/TiO2-graphene composite 

film for acetaminophen and caffeine [18], poly(taurine)/zirconia nanoparticles for detection of 

ractopamine and salbutamol in pig meat, and human urine samples [19]. However, there was no data 

on the hydrazine oxidation Au and Pt nanoparticles modified poly(taurine)/GCE under neutral 

conditions. 

The applications of nanoparticles in electrochemical sensors have their unique capabilities to 

change mass transport, facilitate catalysis, and increase surface area [20]. Moreover, the nanoparticles 

provide a large specific surface area and mass transport enhancement [21]. The catalytic properties of 

metal particles severely depend on the shape and size [22]. In the last years, the conducting polymer-

based nanoparticles composite materials showed high electro-catalytic activity and resulted in the 

development of electrochemical techniques for their preparation [23]. Gold [5, 24-28], silver [29], 

palladium [30-32], and platinum [27, 33, 34] nanoparticles have been commonly employed in many 

electrochemical fields because of their advantages of catalysis, the high effective surface area, and the 

mass transport. 

In this study, an electropolymerized film of taurine was prepared on the surface of glassy 

carbon electrode (GCE) by cyclic voltammetry for the determination of hydrazine. Furthermore, Au 

and Pt nanoparticles were doped on the poly(taurine)/GCE. AuNPs/poly(taurine)/GC and 

PtNPs/poly(taurine)/GC electrodes were synthesized by a simple process and their electro-catalytic 

behaviors towards hydrazine oxidation evaluated by cyclic voltammetry. These electrodes were 

characterized by using SEM-EDX, AFM, and XRD. The prepared modified electrodes showed good 

sensitivity, selectivity, and reproducibility, these electrodes were low in cost and they were used on a 
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renewable surface. Additionally, conductivities of these modified electrodes were investigated by 

electrochemical impedance spectroscopy (EIS). 

 

 

 

2. EXPERIMENTAL 

2.1. Apparatus 

Cyclic voltammetry and EIS were performed on an Autolab potentiostat-galvanostat (PGSTAT 

101 and PGSTAT 128N) with a three electrode system. A conventional three-electrode 

electrochemical system was used for all electrochemical experiments, which consisted of a working 

electrode (having a 3 mm diameter glassy carbon electrode), auxiliary electrode (a bright platinum 

wire), and a reference electrode (Ag/AgCl (sat. KCl)). For AFM analysis, an indium tin oxide (ITO) on 

a thin film coated glass was used.  

The surface characterizations were examined by using SEM (FEI QUANTA 250FEG), AFM 

(Digital Instruments-MMSPM Nanoscope IV), and XRD (PANalytical Empyrean). Ultra-pure water 

(18.1 Mohm purity) and  MilliQ Ultra-High Water (MILLIPORE) was used. 

 

2.2. Chemicals 

All reagents were of analytical grade and were used as received. Hydrazine (N2H4.H2SO4) was 

obtained from Merck. Taurine (C2H7NO3S) was obtained from Alfa Aesar. All solutions were prepared 

with ultra-pure water. The solutions of taurine and hydrazine were prepared at prior for measurements. 

Au wire (diam.1mm, 99.999% in purity) was purchased from Sigma Aldrich. 1.0 mM HAuCl4 was 

prepared by diluting the concentrated Au
3+

 solution with 0.1 M HCl after dissolving the Au wire in 

HNO3:HCl (1:3). Hexachloroplatinic (IV) acid (H2PtCl6) was purchased from Merck. Phosphate buffer 

solution (PBS) was prepared with 0.1 M H3PO4 and pH was adjusted with 3 M NaOH. Glassy carbon 

electrode was prepared by polishing alumina in ultra pure water with a polishing cloth and finally, 

sonicated in ultra-pure water for five minutes. All of the experiments were carried out at room 

temperature of 25±2 

C. 

 

2.3. Preparation of the Taurine polymer film modified GCE and ITO 

The poly(taurine) film modified electrode was prepared by electrochemical polymerization of 

taurine on a glassy carbon electrode and an ITO in 2 mM taurine containing pH 7.0 phosphate buffer 

solution with cyclic voltammetry in the potential range between-1.5 V to 2.0 V at the scan rate of 50 

mV s
-1

. After 10 cycles, the surface of the electrode was washed with ultra pure water to remove the 

physically adsorbed materials. 
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2.4. Real sample analysis 

Gediz River water samples were collected from the Gediz River near an organized industrial 

zone in Manisa (Turkey). The AuNPs/poly(taurine)/GC electrode was applied to determination of 

hydrazine in river water. The Gediz River samples were filtered through 0.45 mm pore size Minisart 

ny25 syringe membrane filters and stored at 4°C in polyethylene bottles. The sample was analyzed by 

amperometry. For the analysis, 3.0 mL of the river water was diluted to 10 mL with pH 7.0 PBS. 

 

 

3. RESULTS AND DISCUSSION 

3.1. Electropolymerization of Taurine and formation of metal nanoparticle on poly(taurin) film 

The cyclic voltammogram of 2 mM taurine in pH 7.0 PBS at bare glassy carbon electrode is 

shown in Figure 1A. During the polymerization process, a cathodic peak at about -500 mV (peak a) 

and anodic peak at about +100 mV (peak b) and about + 1120 mV (peak c) were observed due to the 

formation of poly(taurine). After the 2
nd

 scan, the current of peak (a), (b), and (c) were increased with 

an increasing scan number [17, 18]. The current response was the maximum number up to scan 

number 10 and it decreased thereafter. Therefore, 10 cycles as optimum cycle numbers were chosen.  
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Figure 1. Cyclic voltammograms of (A) taurine in polymerization process from 1 to 10 cycles for 2.0 

mM taurine in pH 7.0 PBS, and Repetitive cyclic voltammograms recorded at 1.0 mM (B) 

HAuCl4 solution and (C) H2PtCl6 soution, 100 mVs
-1

. 

 

The electrochemical deposition of Au and Pt nanoparticles were performed using the 

electrochemical reduction of 1 mM HAuCl4 [5] and H2PtCl6 solution on the poly(taurine)/GCE in 0.1 

M HCl solution. Figure 1B and C show the formation of Au and Pt nanoparticles on the 

poly(taurine)/GCE that was carried out by cyclic voltammetry at a scan rate of 100 mVs
-1

 for eight 

cycles. During the electrodeposition process, the size and amount of the deposited Au and Pt 

nanoparticles can be controlled. The amount of the nanoparticles deposited on the electrode surface 

was very important on the catalytic efficiency. Therefore, 8 optimum number of cycles were chosen in 

the depositing (Au and Pt).  

 

3.2. Surface Characterization of modified GCE and ITO 

Au and Pt nanoparticles on the poly(taurine)/GCE surface were characterized by the SEM. 

Figure 2 shows SEM images of bare GCE, poly(taurine)/GCE, and AuNPs/poly(taurine)/GCE films 

consisting of gold nanoparticles and PtNPs/poly(taurine)/GCE films consisting of platinum 

nanoparticles. The formation of poly(taurine) was displayed with homogeneously covered on the 

surface of GCE (Figure 2a). The size of AuNPs was found to be between 20 and 120 nm (Figure 2b). It 

was obviously clear that AuNPs were deposited on the surface of poly(taurine)/GCE and resulted in 

spherical geometry decorated nano-agglomerates that homogeneously covered on a significant portion 

of the poly(taurine)/GCE [5]. Also, it was observed that PtNPs were homogeneously dispersed on the 

poly(taurine) by excellent adhesion and the strong interfacial bonds.  

SEM image of PtNPs gave us information about nanoparticle diameter that was in the range 

from 10 up to 70 nm (Figure 2c). On the other hand, the diameter of AuNPs on poly(taurine)/GCE was 

much larger than that of the Pt on poly(taurine)/GCE. Thus, poly(taurine) film was a good host 

material for dispersing Au and Pt nanoparticles. These SEM images of nanoparticles agreed 

substantially with previous studies [27, 35].  
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Figure 2. SEM image of (a) poly(taurine)/GCE, (b) AuNPs/poly(taurine)/GCE, (c) 

PtNPs/poly(taurine)/GCE, and EDX spectra for (d) AuNPs/poly(taurine)/GCE, (e) 

PtNPs/poly(taurine)/GCE. 

 

This was very important in improving the catalytic activity and durability of the catalyst. 

Energy-dispersive X-ray analysis (EDX) was used to analyze the elemental content of modified 

electrodes. The weight ratios of Au and Pt on poly(taurine)/GCE obtained from EDX data were 23.24 

and 11.77, respectively (Figure 2d,e). 

The AFM images of the metal nanoparticles and poly(taurine) film on the ITO were taken to 

obtain detailed information about the surface morphology and homogeneity of the deposited film at the 

tapping mode. As seen in Figure 3, a lot of small protuberant peaks were observed in 2D and 3D AFM 

images of the poly(taurine) surface layer. From the images (Figure 3g and h, AuNPs, and PtNPs were 

deposited on the surfaces of poly(taurine)/ITO. The changes in the surface morphology are clearly seen 

from the figures.  

 

 

(a) (b) 

(c) 

(d) 

(e) 
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Figure 3. AFM images of (a) Bare ITO, (b) poly(taurine)/ITO, (c) AuNPs/poly(taurine)/ITO, (d) 

PtNPs/poly(taurine)/ITO (2D) and 3D (e) Bare ITO, (f) poly(taurine)/ITO, (g) 

AuNPs/poly(taurine)/ITO, (h) PtNPs/poly(taurine)/ITO. 

 

The root-mean-square (rms) roughness of bare ITO, poly(taurine), AuNPs/poly(taurine), and 

PtNPs/poly(taurine) were calculated as 1.003 nm, 2.413 nm, 18.973 nm, and 27.686 nm, respectively 

(Table 1). Figure 3D-h indicate homogeneous surface properties and existence of Pt nanoparticles on 

well covered by poly(taurine). These AFM images agree substantially with previous studies [36, 37]. 

 

Table 1. Values of selected roughness parameters measured from the surface analysis of AFM 

topography images for ITO and modified ITO. 

 

Electrodes Raughness Average (Ra) 

(nm) 

Root mean square (RMS) roughness 

(nm) 

Bare ITO 

poly(taurine)/ITO 

AuNPs/poly(taurine)/ITO 

PtNPs/poly(taurine)/ITO 

1.003 

2.413 

18.973 

27.686 

18.1 

34.2 

28.4 

31.6 

 

X-ray diffraction (XRD) was used widely to analyze the configuration of materials and their 

crystallographic structures. The samples were scanned from 20 to 70 2Theta in step sizes of 0.0130. To 

phase identification, the contents of samples were used in the HighScore database program. The XRD 

patterns of PtNPs/poly(taurine) and AuNPs/poly(taurine) on the indium tin oxide (ITO) glass were 

analysed (Figure 4). The strong and sharp diffraction peaks indicated that ITO were highly crystalline. 

The XRD pattern peaks matched well with the cubic structure of ITO. The peaks appearing in the 

XRD patterns agreed with that of the In2O3 cubic structure [38].  

In the XRD pattern in Figure 4, for Pt, the characteristic peak is determined at 2=39.755

 

intensities and the diffraction peak at 2=39.755

 was observed, which correspond to the (111) 

crystalline planes of face-centered cubic Pt crystal. For gold, the characteristic 100% peak is 

determined at 2=38.18

 intensities, corresponding to the (111), which is the index of a face-centered 

cubic of Au. These data agree substantially with previous studies [39]. Au and Pt nanoparticles on the 

poly(taurine) surface were confirmed as pure metal nanoparticles by XRD analysis.  

https://en.wikipedia.org/wiki/Indium_tin_oxide
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The electrochemical impedance spectroscopy (EIS) was an effective technique to investigate 

the electron-transfer properties of the modified surfaces and it is often used for understanding chemical 

transformations. Figure 5 shows the Nyquist plot of bare GCE, poly(taurine)/GCE, 

AuNPs/poly(taurine)/GCE, and PtNPs/poly(taurine)/GCE in the presence of 5.0 mM ferri/ferrocyanide 

[Fe(CN)6]
3−/4−

 containing 0.1 M KCl solution at a frequency range of 0.05 to 30.000 Hz. The Nyquist 

plot includes a semicircle portion at higher frequencies corresponding to the electron transfer-limited 

process and a linear part at lower frequency range, representing the diffusion-limited process. The 

semicircle diameter in the Nyquist plot infers the charge transfer resistance (Rct). 

 

 
 

Figure 4. XRD pattern of a) Bare ITO, b) PtNPs/poly(taurine)/ITO, c) AuNPs/poly(taurine)/ITO 
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Figure 5. Nyquist plots for (a) Pt disc, (b) bare GCE, (c) AuNPs/poly(taurine)/GCE (d) 

poly(taurine)/GCE and (e) PtNPs/poly(taurine)/GCE in 5mM K3[Fe(CN)6]/K4[Fe(CN)6] (1:1) 

containing 0.1 M KCl with frequency of 0.05 Hz – 30,000 Hz 

 

The EIS data were fitted with an R(C(RctW)) equivalent circuit. A large semicircle was 

obtained as a high electron transfer resistance (250 ohm) in the bare GC electrode compared to the 

other electrodes. The Rct value of Pt disc (140 ohm) was higher compared to poly(taurine)/GCE. On 

the other hand, poly(taurine)/GCE had a 80-ohm Rct value that was lower than bare GCE. The smaller 

Rct value confirmed the good conductivity observed for PtNPs/poly(taurine)/GCE (50 ohm) and 

AuNPs/poly(taurine)/GCE (35 ohm). The good conductivity of the metal modified electrodes may be 

attributed to the synergistic effect of Pt and Au nanoparticles with the conducting polymer, which can 

greatly improve the electron transfer rate. This clearly improved the excellent electro conductibility, 

which was proved by PtNPs/poly(taurine)/GCE surface.  

 

3.2. Optimization Studies for Hydrazine 

The scan number of polymerization was an important parameter to control the film thickness 

on the modified electrode surface. The effect of scan numbers of poly(taurine) on the peak current of 

hydrazine on GCE was investigated with cyclic voltammetry. As seen in Figure 6, the peak current 

increased with the increasing number of cyclic voltammetric scans. The current response was increase 

up to scan number of 10 and decreases thereafter. Thus, we chose 10 cycles as the optimum scan 

number for poly(taurine) in this study. In the same way, the scan numbers of Au and Pt nanoparticles 

were optimized and maximum current response was obtained at scan number of 8. 
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Figure 6. Cyclic voltammograms of 1.0 mM hydrazine at the electrode modified different cycles 

number of taurine on the GCE in 0.1 M pH 7.0 PBS, Scan rate: 50 mV s
-1

. Insets: 

voltammograms of background for electrodes in pH 7.0 PBS. 

 

3.3. Comparison of the modified electrodes 

To understand the electrocatalytic activity of modified electrodes towards hydrazine oxidation, 

bare and modified electrodes were studied with linear sweep voltammetry in a pH 7.0 PBS. Figure 7 

shows the voltammograms of hydrazine at the bare GCE, poly(taurine)/GCE, 

AuNPs/poly(taurine)/GCE, and PtNPs/poly(taurine)/GCE. Bare GCE exhibited poor current response 

(690 mV, 18.1 µA) towards hydrazine oxidation. The hydrazine oxidation signal was improved by the 

modification of GCE with poly(taurine). The oxidation peak was observed at 401 mV with 31.6 µA 

current value in the presence of poly(taurine) film. Pt and Au disc electrodes were also used in order to 

compare the real effect of metal nanoparticles on hydrazine oxidation.  

Hydrazine oxidation was obtained at 403 mV with 33.2 µA at Au disc electrode while a 

negative potential (341 mV with 58.0 µA) was observed at AuNPs/poly(taurine)/GCE electrode. 

Hydrazine oxidation peak potential was shifted about 300 mV in negative direction with about 2.0 

times higher peak current value as compared to the bare GCE. Moreover, hydrazine oxidation was 

obtained at -280 mV with 28.4 µA at Pt disc electrode while more negative peak potential (-370 mV 

with 45.5 µA) was observed at PtNPs/poly(taurine)/GCE electrode. The background voltammograms 

of all electrodes were shown in inset of Figure 7. The best catalytic activity in terms of peak potential 

was obtained with Pt nanoparticles on poly(taurine)/GCE electrode with a 1060 mV potential shift to 

negative and about 3 times higher peak current as compared to the bare GCE. These results showed 

that metal nanoparticles deposition catalyses the oxidation process in terms of both potential shift to 

negative values and current increase as compared to the disc electrodes and metal nanoparticle 

modified surfaces. The comparisons revealed that the Au nanoparticles have much stronger catalytic 

activity toward the oxidation of hydrazine than Pt nanoparticles on the poly(taurine) modified glassy 

carbon electrode. These results showed that the electrocatalytic catalytic activity of modified 
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electrodes towards hydrazine oxidation was increased due to the interaction of Au and Pt nanoparticles 

with the functional groups on the surface of poly(taurine)such as -NH2, -SO2, and -OH.  

 

 
 

Figure 7. Linear sweep voltammograms of 1 mM hydrazine in pH 7.0 PBS, (a) Bare GCE, (b) Au 

disc, (c) poly(taurine)/GCE, (d) AuNPs/poly(taurine)/GCE, (e) PtNPs/poly(taurine)/GCE, (f) Pt 

disc, Scan rate: 50 mV s
-1

. Insets: voltammograms of background for all electrodes in pH 7.0 

PBS. 

 

 

Table 2. Characteristics of the peak current and potential for 1.0 mM hydrazine at bare and modified 

electrodes 

 

Electrode E (mV) I (µA) 

GCE 690  18.1 

Au disc 403 34.2 

Pt disc -280 28.4 

poly(taurine)/GCE 401 31.6 

AuNPs/poly(taurine)/GCE 341 58.0 

PtNPs/poly(taurine)/GCE  -370 45.5 

 

3.4. Determination of hydrazine 

LSV and amperometric methods were used for the comparison of the analytical performance of 

the PtNPs/poly(taurine)/GCE and AuNPs/poly(taurine)/GCE towards hydrazine determination. Figure 

8 shows the typical LSV of hydrazine oxidation at Au and PtNPs modified electrodes for increasing 

concentrations of hydrazine in N2 saturated 0.1 M pH 7.0 PBS. In Figure 8A and inset show the 

increasing concentrations of hydrazine and related calibration graph that were obtained at 

PtNPs/poly(taurine)/GCE. The current increase were found linear in the concentration range of 80 

to1000 µM. The linear regression equation is: i(µA) = 0.0748 C(µM) - 1.9997, with correlation 
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coefficients of 0.9956. The limit of detection was found to be 36 µM. Also, Figure 8B shows LSVs of 

increasing hydrazine concentrations at AuNPs/poly(taurine)/GCE that found linear in the range of 0.1 

to1000 µM. The linear regression equation is: i(µA) = 0.0308 C(µM) - 1.1664, with correlation 

coefficients of 0.9981. The limit of detection was calculated to be 5 µM. Figures show that more 

sensitive results for hydrazine detection was obtained at AuNPs/poly(taurine)/GC electrode as 

compared to the PtNPs/poly(taurine)/GC electrode.  

 

 

 
 

Figure 8. Linear sweep voltammograms of different hydrazine concentrations at 

PtNPs/poly(taurine)/GCE (A) (a) 0.1 M pH 7.0 PBS, (b) 80, (c)100, (d) 200, (e) 300, (f)400, 

(g) 500, (h) 600, (i) 700, (j) 800, (k) 900, (l) 1000 µM, and at AuNPs/poly(taurine)/GCE (B), 

(a) 0.1 M pH 7.0 PBS, (b) 10, (c) 20, (d) 40, (e) 60, (f) 80, (g) 100, (h) 200, (i) 300, (j) 400, (k) 

500, (l) 600, (m) 700, (n) 800, (o) 900, (p) 1000 µM. 
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Amperometric methods are often used for the hydrazine sensors. Figure 9A shows the typical 

amperometric current–time (i-t) response on AuNPs/poly(taurine)/GC electrode for increasing 

hydrazine concentration into a stirred solution of 0.1 M pH 7.0 PBS at an applied potential at 0.4 V. It 

can be seen that the amperometric current increases obviously after each injection of hydrazine and the 

chronoamperometric responses achieved a steady-state signal within 20 s. The inset of Figure 9A 

represents the calibration graphs of the response currents versus hydrazine concentration. The current 

increases were found linear in the concentration range of 0.1 to1000 µM. The linear regression 

equation is: I(µA) = 0.0029 C(µM) − 0.2803, with a 0.9981 correlation coefficient. The limit of 

detection (LOD) and the limit of quantification (LOQ) values were calculated to be 0.05 µM and 0.15 

µM, respectively. The LOD and the LOQ were calculated using the formula LOD=3.3 SD/b and 

LOQ=10 SD/b, respectively, where SD is the standard deviation of five reagent blank determinations 

and b is the slope of the calibration curve. This result suggested that the high ability of 

AuNPs/poly(taurine)/GCE as an electrochemical sensor for the sensitive detection of hydrazine. The 

comparison between previously reported chemically modified electrodes for the determination of 

hydrazine is listed in Table 3. 

The selectivity of the proposed sensor toward hydrazine detection was investigated in the 

presence of a various interferences such as Cd
2+

, Pb
2+

, Zn
2+

, Cu
2+

, NO3
−
, Cl

−
, and SO4

2−
 (Figure 9B). 

The interference study was performed on the AuNPs/poly(taurine)/GCE sensor that change in the 

amperometric hydrazine response was monitored in 0.1 M pH 7.0 PBS solution at an applied potential 

of 0.400 V. AuNPs/poly(taurine)/GCE sensor exhibited well defined response toward each; a) 20, 

b)50, c) 80, and d) 100 µM hydrazine, whereas no remarkable effect was observed for 50 fold excess 

concentration of Cd
2+

, Pb
2+

, Zn
2+

, Cu
2+

, SO4
2−

 and in the presence of 100 folds excess concentrations 

of NO3
−
 and Cl

−
. These results indicated that the AuNPs/poly(taurine)/GCE was highly selective 

electrode towards the detection of hydrazine. This electrode was useful for the determination of 

hydrazine in the real samples without any interference.  

 

 

http://www.sciencedirect.com/science/article/pii/S0925400510008580#tbl0005
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Figure 9. A) Amperometric i–t response of AuNPs/poly(taurine)/GCE by stepwise addition at 

different concentrations of hydrazine into the stirring N2-saturated 0.1 M pH 7.0 PBS at an 

applied potential of 0.4 V. Inset: calibration curve of hydrazine current response versus its 

concentration. B) Amperometric response of AuNPs/poly(taurine)/GCE for the successive 

injection of at different concentrations of (a) 20, (b)50, (c) 80 and (d) 100 µM hydrazine, in 

presence of 50 fold excess concentration of ascorbic acid (AA), Cd
2+

, Pb
2+

, Zn
2+

, Cu
2+

, SO4
2−

, 

and in the presence of 100 folds excess concentrations of NO3
−
, Cl

−
.  

 

 

Table 3. Comparison of the performance of the proposed hydrazine sensor with previously reported 

electrodes for hydrazine detection. 

 

Electrode Methods Medium Linear range 

(µM) 

Detection 

limit 

(µM) 

Ref. 

Au/PPy/GCE DPV PBS 1–7500 0.2 [12] 

ZnO nanonails Amperometry PBS 0.1–1.2 0.2 [1] 

Ni/BA–MWCNT/PE Amperometry NaOH 2.5–200 0.8 [14] 

Pd/PANI–PAMPSA Amperometry PBS 40–1000 0.4 [31] 

QLO@MWCNT/GCE Amperometry PBS 25–450 12 [40] 

AuNPs/poly(BCP)/CNT/GCE LSV PBS 0.5–1000 0.1 [5] 

PtNPs/poly(BCP)/CNT/GCE LSV PBS 20–800 2 [34] 

PtNPs/poly(taurine)/GCE  LSV PBS 80–1000 36 This work 

AuNPs/poly(taurine)/GCE LSV PBS 0.1–1000 5 This work 

AuNPs/poly(taurine)/GCE Amperometry PBS 0.1–1000 0.05 This work 

 

(DPV) differential pulse voltammetry; (LSV) linear sweep voltammetry. Au/PPy/GCE, gold 

and polypyrrole modified glassy carbon electrode, Ni(II)/BA–MWCNT-PE, nickel(II)–baicalein 
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complex on the multiwall carbon nanotube paste electrode; Pd/PANI–PAMPSA, Poly(2-acrylamido-2-

methyl-propane-sulfonic acid)-doped polyaniline Pd nanoparticles; QLO@MWCNT/GCE, quinoline 

quinones on MWCNT modified glassy carbon electrode; MWCNT, multiwalled carbon nanotubes; PE, 

paste electrode; NPs, nanoparticles; PBS, phosphate buffer solution.  

 

3.5. Real sample analysis 

The AuNPs/poly(taurine)/GCE electrode was applied to determination of hydrazine in Gediz 

river water. The samples were analyzed by amperometry. For the analysis, 3.0 mL of the river water 

was diluted to 10 mL with 0.1 M pH 7.0 PBS. The results are summarized in Table 4. The hydrazine in 

the Gediz river samples was not detected. Also, for the recoveries, the standard concentrations of 

hydrazine (1, 100 and 500 µM) were spiked in the river sample and analyzed using the amperometric 

method (n=4). The results showed that the recoveries were obtained ranged between 99%-104%. The 

significant recoveries were achieved for the determination of trace level of hydrazine in the Gediz river 

samples. 

 

Table 4. Recovery analysis of hydrazine determination in real samples at AuNPs/poly(taurine)/GCE. 

Sample Modified electrode 
 

 

 

 

Gediz River 

AuNPs/poly(taurine)/GCE 

Added (µM) Detected (µM) Recovery (%) Relative standard deviation (n=4) 

0.00 0.00 - - 

 

1.00 1.04 104.0 2.2 

100.00 98.80 98.8 1.5 

500.00 515.00 103.0 2.1 

 

3.6. The stability and reproducibility 

The stability and durability of catalysts are also an imprtant parameter for sensor application 

that studied on AuNPs/poly(taurine)/GCE and PtNPs/poly(taurine)/GCE. The stability of the four 

different electrodes was examined. The chronoamperometric curves of different electrode potentials 

are shown in Figure 10. The curves of bare and modified electrodes were also tested for comparison. 

The chronometromograms were recorded by holding the constant oxidation potential of hydrazine at 

each electrode for 600 s. At AuNPs/poly(taurine)/GC electrode, the current densities reached a steady-

state after a few seconds and displayed no decrease within a test period, and AuNPs/poly(taurine)/GCE 

modified electrode has superior stability. Compared to the AuNPs/poly(taurine)/GCE and 

PtNPs/poly(taurine)/GCE catalysts, the AuNPs/poly(taurine)/GCE catalysts had a better stability in 1.0 

mM hydrazine. However, current densities of the bare electrode and poly(taurine)/GCE lower than 

other modified electrodes which reach steady-state within a 600 s test period. Obviously, it can be 

found that at the absolute current density on an AuNPs/poly(taurine)/GCE electrode, it is significantly 

larger than that of the other electrodes. 
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Figure 10. Chronoamperograms of bare and modified electrodes in pH 7.4 PBS containing 1.0 mM 

hydrazine. 

 

The stability and repeatability of AuNPs/poly(taurine)/GCE and PtNPs/poly(taurine)/GCE 

electrodes toward the hydrazine oxidation reaction were also tested by using cyclic voltammetric 

measurement for a period of three weeks. The storage stability of the modified electrodes were verified 

by measuring the oxidation currents in solutions in the presence of 1.0 mM hydrazine in 0.1 M pH 7.0 

PBS. AuNPs/poly(taurine)/GC and PtNPs/poly(taurine)/GC electrodes were stored in 0.1 M pH 7.0 

PBS in at room temperature. There was no significant peak potential shift observed for hydrazine 

oxidation that the current signals showed less than a 2.0% decrease relative to the initial response.  

The generation of reproducible electrode surface was examined by using cyclic voltammetry 

data from six modified electrodes. The relative standard deviation (RSD) obtained, was lower than 

2.3% for the peak current of hydrazine at different modified electrodes. These results indicated that 

metal nanoparticle modified electrodes has good stability and reproducibility. 

 

 

4. CONCLUSION 

In this work, poly(taurine)/GCE, AuNPs/poly(taurine)/GCE, and PtNPs/poly(taurine)/GCE 

were simply prepared and used for the oxidation of hydrazine in neutral pH by cyclic voltammetry 

technique. The oxidation peak current of hydrazine in the AuNPs/poly(taurine)/GCE and 

PtNPs/poly(taurine)/GCE were increased significantly. This behavior can be attributed to the 

synergistic effect of metal nanoparticles and poly(taurine) film. The interaction of Au and Pt 

nanoparticles with the functional groups, such as -NH2, -SO2, and -OH in the structure of poly(taurine) 

revealed a higher electrocatalytic catalytic activity towards hydrazine oxidation. The modified 

electrodes had good stability, sensitivity, and selectivity. The proposed method has also been 

successfully and practically applied for the determination of hydrazine.  
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