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ABSTRACT 

Pristine SnO2 and SnO2/Graphene (SnO2/GN) nanocomposites were prepared via facile hydrothermal method with amended 

electro catalytic activity towards Dopamine (DA) sensing. X-Ray Diffraction (XRD) pattern revealed the formation of 

tetragonal crystal system of SnO2 that was retained in both pure metal oxide and composite. Fourier Transform – Infrared (FT-

IR) transmission spectra evidenced the stretching and bending vibration modes of pure SnO2 and SnO2/GN nanocomposites. 

The in-plane bending modes of SnO2 and graphatic peaks in graphene oxide (GO) and composite were identified in Raman 

spectral analysis. Morphology of synthesized materials and uniform distribution of SnO2 on graphene sheet in SnO2/GN 

composite were observed in Field Emission-Scanning Electron Microscope (FE-SEM).  Electrochemical performance of SnO2 

and SnO2/GN nanocomposite on modified Glassy Carbon (GC) electrode was evaluated for direct DA sensing using Cyclic 

Voltammetry (CV), Differential Pulse Voltammetry (DPV) and Chrono Amperometric techniques. The SnO2/GN 

nanocomposite showed enhanced charge carrier mobility towards DA in presence of interferences like Ascorbic acid (AA) and 

Uric acid (UA) compared to pristine SnO2. The limit of detection was calculated as (0.7μM) for (SnO2/GN) which is better than 

bare SnO2 (6.675 μM). These synergetic behaviors depicting SnO2/GN composite can serve as a promising electrode in sensor 

transducers in near future. Copyright © 2015 VBRI Press. 
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Introduction  

DA is an electroactive neurotransmitter which belongs to 

the catecholamine family. It acts as an extra synaptic 

messenger in brain body integration [1-4] that affects brain 

circuitry, neuronal plasticity, cardiovascular and also renal 

systems.  The DA inadequacy or complete depletion causes 

neurological disorders like schizophrenia, Parkinson’s 

disease, and ADHD/ADD. Owing to their greater 

physiological and pathological significances, accurate and 

selective measurements of DA at low detection limits in 

living system are of great interest [5-6]. Since last few eras, 

there are several analytical methods have been developed 

for the detection of DA [7] engaging with complex 

detection approaches, electrochemical methods follow 

simple and sensitive strategies [8] in evaluating the low 

concentration of DA under physiological conditions.   

Striking efficiency of the sensor depends mainly on the 

selection of materials for fabricating the electrodes and 

choosing the electrolytes with desirable qualities. 

Semiconductor metal oxides (MOx) nanostructures are 

owning unique and refined functional properties due to 

their crystallographic structures, morphology and 

dimension compared to their bulk form. Among them SnO2 

is one of the promising candidate having wide band gap 

and catalytic properties hence played remarkable role in 

variety of sensor applications [9]. Their technological 

importance in catalytic process makes them to serve as 

working electrodes predominantly in variety of sensor 

applications [10, 11].  Though the oxide surface having 

great efficacy in determining binding affinity with 

adsorbates and charge transport between analyte and 

electrode, it indeed to be enhanced by surface 

modifications to promote their sensitivity and selectivity.  

Graphene is one of the most anticipate carbon structure 

known for its high charge carrier mobility, transparent, 

self-standing properties like large surface area and better 

chemical, thermal and electrical stabilities [12-16]. When 

graphene incorporated with MOx nanoparticles, it acting as 

a supporting matrix and facilitate the MOx with active 

redox sites for further tuning its intrinsic properties. There 

have been many research works are focused on metal oxide 

Graphene-MOx nanocomposite like Graphene/CuO, 

Graphene/TiO2, Graphene/Fe3O4 and Graphene/SnO2 for 

high detection in bio and chemical sensors [17-20]. There 

are several physical and chemical methods are in practice 

to prepare the Graphene-MOx nano structures, among them 
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chemical methods are preferred because of their simplicity, 

less expensive and time consuming abilities. Even though 

metal oxide–graphene nanocomposites prepared by using 

selective chemical method with desirable qualities for 

sensor applications only few reports are available in 

selective and simultaneous detection of DA among the 

interference molecules like AA and UA due to their redox 

potential which lies closer to DA.   

In our present study, we prepared SnO2 and SnO2/GN 

nanocomposites by a facile and cost effective hydrothermal 

method. We carefully adjusted the physical and chemical 

reaction parameters there by retained the constancy in 

crystal structure of metal oxide in nanocomposites with 

bare metal oxide [21]. The crystal structure is one of the 

most ambious factors that directly influence the physio 

chemical properties of materials. We synthesized pristine 

metal oxide and Graphene nanocomposites in pure form 

and they were used as electrodes for the electrochemical 

detection of DA. Many researchers have greatly 

contributed for the sensitive detection of DA using MOx 

and carbon based electrodes, only few reports are available 

on the performance of MOx-Graphene hybrid material in 

DA detection. This fact motivated us to study the electro 

catalytic behavior of synthesized metal oxide and 

composite materials and sensibly compare their efficiency 

in DA detection. We proposed simple and effective 

electrochemical detection of DA with enhanced selectivity 

and sensitivity in presence of AA and UA as interferences.   

 

Experimental 

Material  

Natural Graphite flakes, Stannous chloride pentahydrate 

(98%, SnCl4.5H2O), DA were purchased from Sigma 

Aldrich, NaOH, H2O2, KMnO4,  NaNO3, H2SO4, Na2HPO4, 

NaH2PO4 and ethanol were of analytical grade and used 

without further purification. Double distilled water (DD 

water) was used throughout the experiments. 

 

Synthesis of SnO2 and SnO2/GN nanocomposite  

The starting precursor stannous chloride pentahydrate 

SnCl4.5H2O (0.1 M) was dissolved in 40ml of DD water 

with constant stirring and NaOH (0.2 M) was added drop 

wise in to the above mixture until the pH 9 was reached. 

The above solution was kept at Teflon Autoclave at 180 °C 

for 4 hrs and the resultant product was washed several 

times with water and ethanol simultaneously to remove the 

unreacted species and kept for calcinations at 800 °C for 4 

hrs which provided pristine SnO2 nanoparticles.  

Graphene oxide (GO) was prepared by modified 

Hummers method [20]. The SnO2/GN nanocomposite was 

synthesized by adding SnCl4.5H2O (0.1 M) in 40 ml of 

uniformly dispersed GO solution (1 mg/ ml) and NaOH 

was added to adjust the pH up to 9. The prepared mixture 

was kept in sealed Autoclave at 180 °C for 4hrs which 

yielded a composite black in colour. The product was 

further washed by centrifugation in ethanol and water 

several times at 7000 rpm for maximum purification. The 

end product was calcined at 250 °C for 12 hrs. 

 

Characterization of synthesized materials  

The structural, morphological and electrochemical 

properties of GO, SnO2 and SnO2/GN nanocomposite were 

analyzed by following techniques. The crystal structure of 

developed materials were characterized by Rigakumini flex 

II X-ray diffractometer with Cu-Kα as source radiation  

(λ= 1.5406 Å). The functional groups of prepared materials 

were confirmed using Fourier transform infrared (FT-IR) 

spectra recorded on a Bruker Tensor 27 FT-IR 

spectrophotometer. The different vibration modes of SnO2 

and nanocomposite were studied using Raman 

spectrometer (Horiba Jobin vyon) with Ar
+
 (λ=514 nm) 

laser. The morphological analyses were done by using 

FESEM-Quanta-250-FEG) at the acceleration potential of 

30 kV. 

The electrochemical analyses were carried out by Bio-

Logic SP-50 electro chemical workstation. The three 

electrode cell was constructed using Pt wire as a counter 

electrode, Ag-AgCl as reference electrode and SnO2 and 

SnO2/GN on GC modified electrode as working electrodes 

respectively. The electrocatalytic behavior towards DA 

detection accompanied with other interference analytes has 

been measured. 

 

Results and discussion 

Morphological analyses 

FE-SEM results demonstrated randomly oriented sheet like 

structure of GO that can be clearly seen in Fig. 1(a) with 

lower and higher magnifications. The sphere like nature of 

SnO2 is observed Fig. 1(b) and its average size was 

estimated as 20 nm. While examined the morphology of 

nanocomposite (SnO2/GN), the graphene sheets are 

obvious in lower magnification and the SnO2 nanoparticles 

were distributed sporadically on graphene sheet which is 

evidenced in Fig. 1(c) at higher magnification. 

 

 
 
Fig. 1. FE-SEM image of (a) GO, (b) SnO2 and (c) SnO2/GN 

nanocomposite. 
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Structural analyses 

Fig. 2(a) shows the XRD pattern of synthesized SnO2, GO 

and SnO2/GN nanocomposites. The prominent peak at 

[2θ=11.3   and broadened peak at (19-28 ) confirmed the 

presence of GO. The peaks obtained for both metal oxide 

and composite revealed tetragonal crystal system of SnO2 

with prominent peaks which well agreed with the literature 

pattern (JCPDS # 02-1340). The average grain size of the 

SnO2 nanoparticles was calculated as 14 nm using 

Scherer’s formula. The tetragonal structure of SnO2 

retained along with the graphatic peak ( * at 2  =22 ) in 

XRD spectra of composite proved that the crystal structure 

has not been affected by the formation of composite [22, 

23]. Generally attempts to improve electronic and 

mechanical stability of materials by the addition of other 

supporting matrices may alter the structure of parent 

material and bring down the efficiency in other aspects. 

However in our case, our aim to retain the crystal structure 

was attained with the aid of suitable synthesis materials and 

method.  

 

 
 
Fig. 2. (a) XRD pattern of GO, SnO2 and SnO2/GN, (b) FT-IR spectra of 

GO, SnO2 and SnO2/GN and (c) Raman spectra of GO, SnO2 and 

SnO2/GN nanocomposite. 

 

Functional and elemental analyses 

Fig. 2(b) displays the FT-IR spectra of the synthesized GO, 

SnO2 and SnO2-GN nanocomposites. A broad peak 

appeared in GO spectrum depicted the presence of O-H and 

C-H stretching. A prominent peak at 623 cm
-1

 in the SnO2 

spectrum revealed the presence of the vibration mode of O-

Sn-O without any impurities in pristine SnO2. Sn-OH 

vibration modes in SnO2/GN nanocomposite were found in 

the range 549-676 cm
-1

. The spectra also portrayed the 

C=C (Sp
2
-hybridization) peak at 1638 cm

-1 
and another 

significant peak at 1728 cm
-1

 corresponding to weak O-H 

bending mode. Reduction of graphene oxide to graphene in 

the composite can be confirmed from the separated peaks 

(2825-3134 cm
-1

) which appeared broadened in GO 

spectrum. Peak at 893 cm
-1

 referred (O-C=O) vibration 

mode in aromatic carbon. The inclusion of Sn
4+

 ions into 

the graphene sheets almost decimated the oxygen 

containing groups at 1394 cm
-1 

(C-O and C-OH 

deformation) [20] in composites which explicitly present in  

GO spectrum (1400-1057 cm
-1

) used to confirm the 

reduction of GO into graphene in SnO2/GN composite. 

Further the three peaks at 2800-3200 cm
-1

 corresponding to 

C-H stretching and bending vibrations. 

The significant structural changes occurring during the 

chemical processing from SnO2 to SnO2/GN are reflected 

in their Raman spectra which are shown in Fig. 2(c). The 

two peaks observed at 617 and 491 cm
-1

 corresponds to the 

A1g and Eg vibrational modes of SnO2 nanoparticles. The 

band at about 567 cm
-1

 corresponds to the in-plane oxygen 

vacancy at the SnO2 nanocrystalline surface. The Raman 

spectrum of GO contains G band at 1580 cm
−1 

evidenced 

the sp
2
 hybrization and D band at 1350 cm

-1 
referred the 

zero order boundary phonon. The D/G ratio of SnO2/GN 

composites count greater in Raman spectra implies the sp
2
 

domain size is decreased upon reduction of GO in 

exfoliated graphene nanosheets. The characteristic peak of 

SnO2 was in range of 625-632 cm
-1 

it evidenced the 

existence of SnO2 in SnO2/GN composite which is 

consistent with the earlier results [24].   

 

Electrochemical analysis of SnO2 and SnO2/GN 

nanocomposite 

 

CV analysis of SnO2/GCE and SnO2/GN/GCE: The 

electrochemical performances of SnO2/GCE and 

SnO2/GN/GCE modified electrodes were evaluated in 

Phosphate Buffer Solution (PBS) with different pH (4, 5, 6, 

7, 7.4 & 8) at the scan rate of 50 mV/s and 1 mM DA 

concentration. Similarly, the impact of distinct scan rates 

and concentrations of analyte on the electrochemical 

behavior at optimal pH have also been studied.  

Fig. 3 (a) and (b) depicts the effect of pH at different 

values (pH = 4, 5, 6, 7, 7.4 & 8) with the variations in 

redox potential of DA and the differences in amount of 

current density. Whereas moved from neutral to more 

acidic pH, there was poor reversible redox reaction was 

observed due to lacking of the activation energy required to 

oxidize the positively charged DA in SnO2/GCE. In the 

case of composite material, high charge mobility on 

graphene sheet might provide redox site for DA which can 

be clearly observed in Fig. 3(b).The increment in oxidation 

current density and negative shift observed in redox 

potential at pH = 6 indicated the higher electron transfer in 

DA oxidation [25, 26]. While increasing the pH beyond 6 

to 8 resulting gradual step down in reversibility and also 

influenced further potential shift in negative scale which is 

due to quasi reversible reaction [27]. Finally the optimal 

pH = 6 was confirmed from results and used for further 

electrochemical analyses. 

The scan rate also possessed notable impact in the rate 

and kinetics of electrochemical reaction, which is shown in 

Fig. 3(c) and (d). When scan rate was varied in the range 

20- 500 mV/s there was a corresponding change observed 

in the current density. The steady increment in the current 

density along with the scan rate agreed well with the earlier 

result [10]. 

An ability of a sensor is mainly determined with its 

response to the analyte concentration. In the present study, 

the concentration of DA was varied from 0 to 10 mM in the 

PBS with pH 6 at the scan rate 50 mV/s to observe the 
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changes in redox current density and potential. It is obvious 

from the Fig. 3(e) and (f) corresponding to SnO2 and 

composite that there is linear increase in the current density 

when the concentration of the DA is increased. This is due 

to the charge interactions between the analyte and electrode 

materials. 

 

 
 
Fig. 3. Cyclic Voltammetric analysis of SnO2/GCE (a) at different pH 

values (c) at different scan rates (e) at different concentrations and 

SnO2/GN/GCE (b) at different pH values (d) at different scan rates  and (f) 
at different concentrations. 

 

DPV analysis of SnO2/GCE and SnO2/GN/GCE: DPV 

analysis is preferred for selective and sensitive 

determination of analytes. The parameters used in 

electrochemical analyses like potential range (–0.2 V to 0.6 

V), pulse amplitude (50 mV), pulse width (0.02 s) and scan 

rate (8 mV/s) were fixed initially. The DPV analysis was 

carried out for the detection of single analyte by varying its 

concentration keeping the other two analyte concentration 

as fixed. Fig. 4(a) shows the DPV response varying Uric 

acid concentration (50 to 500 µM) in presence of constant 

DA concentration (5 µM) but there is no significant 

response obtained for AA on SnO2/GCE. In Fig. 4(b) we 

can see the individual responses for AA, DA and UA in 

SnO2/GN/GCE and linear variation in oxidation current 

over the UA concentration (50 to 500 µM) respectively. In 

Fig. 4(c) and (d) the DPV peak current was proportional to 

DA concentration over a range of 10 µM to 300 µM and 1 

µM to 150 µM on SnO2/GCE and SnO2/GN/GCE 

respectively. The presence of AA and UA has negligible 

influence on selective determination of DA. Fig. 4(e) 

shows the comparative DPV analysis on SnO2 and 

SnO2/GN/GCE nanocomposite electrodes towards the 

detection of DA in presence of interferences. It is obvious 

from the result that SnO2/GN/GCE displayed individual 

and accurate response for lower concentration of DA in 

presence of multifold volume of AA and UA at their 

respective potential values whereas SnO2/GCE failed to 

give response to AA [28- 30]. 

 

Amperometric analysis: Fig. 4(a) and (b) shows the 

amperometric studies of SnO2/GCE and SnO2/GN/GCE by 

applying the potential of 0.5 V for the detection of DA with 

different concentration from 0.1 µM to 500 µM. While 

increasing the concentration of DA the amperometric 

current response was also increased. The analyte 

concentration was varied for every 60 Sec and the analyte 

was added consecutively thrice to check the repeatability. 

SnO2 showed notable catalytic response to higher 

concentration of an analyte whereas composite exposed 

even for trace level. 

 

 

 

Fig. 4. Differential Pulse Voltammetry of SnO2/GCE and SnO2/GN/GCE 
[(a) and (b)], at constant concentration of uric acid [(c) and (d)] at constant 

concentration of DA, (e) Comparative analysis of DA in presence of AA 

& UA on SnO2/GCE and SnO2/GN/GCE. 

 

We examined the linear range in analyte detection as 

10-60 μM for SnO2 and 0.3-18.8 μM for SnO2/GN which 

demonstrated the composite response was better in analyte 

detection even in nano mole concentration. The limit of 

detection (LOD) was calculated for SnO2 and SnO2/GN 

that are 6.675 μM and 0.717 μM respectively. From the 

results composite showed better electro catalytic behavior 

than the pristine SnO2. This is because of composite with 

enhanced carrier mobility which provided active redox site 

to the analyte even in trace level among the large volume 

of interference which is also evident from CV and DPV 

analysis. 
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Fig. 5. Amperometric analysis of a) SnO2/GCE and b) SnO2/GN/GCE. 

 

Conclusion  

We prepared SnO2 and SnO2/Graphene nanocomposite by a 

simple cost effective hydrothermal method. The physio - 

chemical characterizations were used to confirm the 

structural and morphological characteristics of synthesized 

SnO2 and nanocomposite materials. The electro catalytic  

behavior of pristine SnO2 and SnO2/GN composite towards  

detection of DA have been studied using CV, DPV and 

Amperometric techniques. The CV results are evidenced 

that coexistence of graphene in composite with SnO2 

provided a platform for the improved charge transfer there 

by enhanced the selectivity and sensitivity compared to 

bare SnO2. The DPV and amperometric outcomes 

confirmed that the DA sensing was accurate in the presence 

of large volume of AA and UA as interference compounds 

even in lower concentration of DA and the Chrono 

amperometric test result evidenced the great linearity with 

LOD in nano mole of DA concentration. Thus, the 

SnO2/GN nanocomposite with amended properties will 

pave the way for developing simple and synergetic 

electrode for non-enzymatic sensor platforms that can be 

used in real time applications. 
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Supporting information 
 
1. Electrochemical experimental Setup  

 

 
 

2. Limit of Detection (LOD ) calculation : 

Based on the standard deviation of responses and the slope. 

Regression linear based LOD = 3.3 (SD /S),  

LOD - Limit of Detection (in Mole) 

SD - Standard deviation of the response  

S - Slope 

 

 

 
 

 
 


