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ABSTRACT

A Reduced Graphene oxide, Polyaniline protecteduBedi Graphene Oxide and Reduced Graphene oxide-
Polyaniline / Nafion modified glassy carbon (RGOMIA Nf / GCE) electrode was prepared and charadeest by
UV-Vis, FT-IR, XRD and FESEM with EDX Spectrum. Reeluced Graphene oxide-Polyaniline / Nafion (RGO-
PANI/Nf) composite for chromium (VI) electrocherisansing is described. The electrochemical behavid Cr
(VI) at the Reduced Graphene oxide-Polyaniline ficecomposite modified glassy carbon electrode E®@as
investigated by differential pulse voltammetric lnoek The results showed that the incorporation afyaniline
with graphene significantly enhanced the electrogital reactivity and voltammetric response of Ci)(Mn
addition, Nafion acts as an effective solubilizeagent and antifouling coating in the fabrication the modified
electrode. This electrochemical sensor exhibitsekswt analytical performance for Cr (VI) detectioat
physiological pH with detection limit of 2.1x10-7,NMnear range of 1-100_M and reproducibility 06% relative
standard deviation.
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INTRODUCTION

Heavy metal ions are paid more attention in envirental, toxicological, pharmaceutical, and biomabanalysis
point of view [1-3]. Among those, the detectioncbfomium is of particular interest owing to the tigxicity of
chromium (VI) ions. The detection of chromium spmeacis a challenging task because of the differessiple
oxidation states of the element. The most commdeneas are 0, +Il, +lll, and +VI. The two environmely
relevant valence states of chromium, namely, Qréhd Cr(VI), have a contrasting impact on envireniand
health. Trivalent chromium is relatively harmlepfays an essential role in biological processed,iamelated to
human glucose tolerance [4], whereas hexavalertnulnm is about 100 times more carcinogenic andct@]
because of its high oxidation potential and istiédiin groundwater by WHO provisional guidelineusabf 0.05mg
L™ (50 ppb) [6]. The main sources of anthropogenimetium pollution in ground water are plating indies,
cooling towers, timber treatment [7], leather tawgniwood preservation, and steel manufacturing T8 major
toxic effects of Cr(VI) are chronic ulcers, derrtiati corrosive reaction in nasal septum, and lefdcts in the
lungs [9]. Various techniques for the determinatidiChromium have been developed in recent yedrs.cbmmon
analytical methods include separation of Chromium High-performance liquid chromatography (HPLC),
Extraction and pre-concentration step using iorharge or chelating resin. This pretreatment oftsuplked with
detection systems such as spectrofluorometry [$pgctrophotometry [11,12], chemiluminescene [13)méc
absorption spectrometry (AAS) [14-15], inductivelyupled plasma atomic emission spectrometry (ICFSNEG]
and inductively coupled plasma mass spectromettpP-MS) [17]. However, these pretreatment and dietect
processes do not satisfy all requirements for neutinalysis, mainly because of their complicatext@dures, time
consumption or the high cost of instrumentationkecttochemical methods, in particular voltammethgave
important advantages for the determination of rsetl trace concentrations such as high sensitasity low
detection limit, relative simplicity, low cost ofjgipment and portable option [18,19]. Voltammetriethods have
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been described in the literature for the detectbrCr(VI) using metallic nanoparticles modified ban screen-
printed electrodes [20], pyridinium-based sol-gehf[21], self-assembled monolayer [22], and Graghdased
modified electrodes [23,24]. Graphene, a singleelagf sp2 hybridized carbon atoms packed into aseéen
honeycomb two-dimensional lattice, has attractesnéndous attention from both experimental and Himail
scientific communities since it was experimentgipduced in 2004 [25-27]. Graphene-based matehials great
promise in fabricating enhanced electrochemicasisgnplatforms. However, graphene-based nanoconepbisn
has never been used for the determination of Cr(Mé&rein, we report on an ultrasensitive Cr(VI)samby using
nanocomposite film of polyaniline (PANI) and grapkeas the powerful platform. Uniform PANI were
homogenously distributed onto the graphene nanbshateix, constructing a monodispersed PANI basestmble.

It is worth noting that the as-prepared compositgrix in this work combines the advantages of thepbene
nanosheets (unique electrical conductivity and rgeld active surface area) together with PANI (etlanary
catalytic activity and good conductivity). This siid greatly facilitate the rapid, stable and sévsitneasurement
of Cr(VI). The performance of this novel platformor fvoltammetric detection of Cr(VI) is investigated detail.
Encouragingly, such a nanostructured composite diffars a remarkably improved sensitivity and seéy and
exhibits fine applicability for the detection of (@1).

MATERIALS AND METHODS

2.1. Chemical reagents

Graphite powder, Sulfuric acid, hydrochloric aci®8%), ethanol, hydrogen peroxide (30%) Potassium
permanganate, hydrazine monohydrate (35%), Anitifemomer, ammonium peroxydisulfate, Sodium nitraid a
Nafion were purchased from Precision, India. Alhgent were of analytical reagent grade and werd wshout
further purification. All the reagents were prephusing Milli- Q water.

2.2. Synthesis of Graphene Oxide

Graphene oxide was prepared from natural graplotedpr using modified Hummers Jr. and Offeman me{R2&4i

as follows. In a typical synthesis, 1 g of graplatel 1 g of NaN@were mixed with 46mL of 80, (98%) in a
250mL flask in an ice bath. To it, 6 g of KMp@as slowly added at below &D with vigorous stirring. The
resulting mixture was stirred at room temperatarelf h, diluted with 70mL of water, and stirred9&C for 2 h.

Then, the mixture was further diluted with 100mLvediter and deoxidized with 7mL of,8, (30%). Finally, the
product formed in the solution was separated outdmtrifugation at 7000 rpm and then repeatedlyhedswith

600mLof water for six times until the pH of supemrd was neutral. The graphene oxide (gray powdes

obtained by drying the product in vacuum a¢®@or 24h

2.3. Reduction of GO

In a typical experiment, 3.5 mL of ammonia soluti®@b%) and 0.5 mL of hydrazine monohydrate (99%}jewe
added into 500 mL of diluted GO dispersion (1.5 mmg) and then the mixture was heated at®%or 2 h under
vigorous stirring. Once the reaction is completad, reduced graphene oxide (RGO) were collectefiltbgtion as

a black powder, washed with copious amounts ofrdeéal water.

2.4. Preparation of Polyaniline protected Reduced aphene Oxide

In a typical synthesis of RGO-PANI, aniline (1.05n01) and RGO(100 mg) were dispersed in 40 mL of\d.RICI
aqueous solution under ultrasonication. A freshitsmh of ammonium peroxydisulfate (APS, 0.54 mminlR0 mL
of 0.2 M HCI solution was rapidly transferred t@ thibove solution containing aniline and RGO. Thigmerization
reaction was carried out for 12 h at room tempeeatuvithout any disturbance. The dark green preatipitvas
filtered off, washed with deionized water and etilaseveral times, and dried at°80for 24 h. The RGO-PANI
synthesized. Herein, the pure PANI was synthesthenically in the absence of RGO via the similarcedure
above for comparison.

2.5. Fabrication of the modified electrode

Bare glassy carbon (GC) electrode was used fornibdification. Before the modification the electrodas
polished mechanically by slurry of aluminium oxi@&l,Os) powder with a particle diameter of 008, then
washed with deionized water and ethanol in sequbet@re useThen as-prepared GO-PANI nanocomposite was
dispersed in ethanol containing 2.5% (V/V) Nafioithaultrasonication for 1 h to get a homogenougpsusion
(ImgmL™). Then, BiL of the suspension was dropped onto the surfadeesfily polished glassy carbon electrode
(GCE) and dried at room temperature, resultindi@Nafion / GO-PANI modified GCE (Nafion/ GO-PANBCE).
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2.6. Instruments

The phase and the crystallographic structure wetified by X-ray diffraction (XRD, Philips X’PeRro, Cu-ka:

A = 0.1540598 nm). The particle size and morphologyhe products were studied by FE-Scanning Electro
Microscopy (FE-SEM) (HITACHI SU6600 SEM). FTIR spec were recorded for studying the functional gsup
using KBr disks on a Shimadzu affinity spectropinodter.

2.6. Electrochemical setup

Electrochemical measurements were performed usiigg60C model using a three electrode type eleb&otcal
cell. A three-electrode system was employed wiSCé&-sat. KCI as reference electrode, a platinure adr counter
electrode and RGO-PANI /Nafion modified GCE as viogkelectrode respectively.

RESULTS AND DISCUSSION

3.1. FT-IR Characterization

The FTIR spectra of GO, RGO, PANI and PANI-RGO sinewn in Fig. 1. For the GO, the characteristicdsaat
1061, 1394, 1620 and 1725 ¢were identified as C-O-C, O-H (C-OH), C=C, C=0 QCH), and O-H (KO),
respectively [21]. These features indicated thapgene oxide was heavily oxidized and consiste@®bff and other
oxygen-containing groups. After GO was reducede @O vibration band located at 1725 tdisappeared, but a
new shoulder peak located at 1713'awas observed, suggesting that GO had undergatialpaduction to RGO
during the hydrothermal process [27]. For the fR#éNI, the peaks at 1560, 1450, 1290, 1110 andcri®dwere
attributed to C=C stretching of the quinonoid ribgnzenoid ring, the C-N stretching of secondaoyratic, C-H
in-plane bending and CH out-of-plane bending mpdespectively [21]. In the PANI-RGO, the peak 0@ cni*
(GO) of the C=0 stretching vibration was shifted1@10 cril due to the formation of the amide bond in the tbr
and the C=C stretching intensity ratio of quinonoidy (1540 crit) was improved in the FTIR spectrum of the as-
prepared composite. It indicated that the structfréhe quinonoid ring was promoted and stabilizsdthe
chemical bonds between residual oxygen-containadtibnal group of the RGO (O = C-OH) and aminowgr (—
NH2) of PANI in the PANI-RGO composite [21].
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Fig. 1 FT-IR spectrum of GO, RGO and RGO/PANI

3.2. UV Characterization:

Typical UV-vis spectra of GO, RGO, RGO-PANI are whoin Fig. 2. The UV-VIS spectra of GO exhibits a
maximum absorption peak at about 223 nm, corredpgrid n-r* transition of aromatic C-C bonds. The absorption
peak for reduced GO had red shifted to 270 nm. phenomenon of red shift has been used as a miogjtimol for
the reduction of GO
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Fig. 2 UV- Vis spectrum of GO, RGO and RGO/PANI

3.3 XRD Characterization:

Fig. 3 showed the XRD spectra of graphite, GO, Ri»@ PANI - RGO. The graphite showed very strongksa
26.5. For the GO, the introduction of oxygen-containimgups disrupted the carbon hexagonal plane aad th
interlayer spacing was increased from 0.34 nm @ im by weakening the van der Waals forces betvieen
layers [29]. Therefore, the characteristic graphiiane at @ = 26.5 shifted to 11.2 After the reduction to RGO,
the peak at@ = 11.4 disappeared and two new peaks appeared at® d47d824.8, and the peak was broadened,
which indicated that the uncrystallized nature ardse to the poor ordering in the stacking dicecf{R9]. Besides,

for the nanocomposite of PANI-RGO, the peak @t=211.4 also disappeared and two peaks at L@ntl 25.1

appeared, suggesting that a significant portionG&@ was reduced and exfoliated during covalent igigft

Broadening of the peak indicated the amorphousr@aitithe PANI-RGO due to the poor ordering in stecking

direction
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Fig. 3 X-ray diffraction spectrum of GO, RGO and RGO/PANI
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3.4. FESEM

The morphologies of the as-obtained RGO, PANI aAtNIPRGO hybrid were further studied by FESEM with
EDX. The results are shown in Fig. 4. Fig. 4A disgd the SEM image of the RGO film, in which a &egea thin
film with wrinkle was observed, indicating RGO hbden synthesized. Fig. 2B shows the SEM image dfIPA
showed that the PANI has a meshed uniform fibraustire. From the higher magnification image (tnseFig.
4B), it could be seen that network contained highepvolume in the microporous structure. When RG& w
combined with PANI, some obvious crumpled struetim accordance with the characteristics of RGOewer
observed, and became much more rough and shaggyaced with RGO sheets, and the sheet was eakilgddo
form overlapped structures (Fig. 4C). At the saime t the PANI exhibited same morphology as thatshin Fig.
4B, suggesting that the PANI had been coated wighl RGO.

Fig.4 FESEM of (a) RGO (b) PANI and (c) RGO/PANI

3.5. Electrochemical Studies

3.5.1. Effect of Electrolyte

An initial study of the reduction of Cr(VI) was cid out using cyclic voltammetry at glassy carlfGiC) electrode
materials. When bare GC electrode was tested bymmgra CV in two different electrolytes, namelyl ®1 and 0.01
M HCI. To choose the pH of the electrolyte, CVs aveun in different electrolytes, namely, 0.1 M @@l M HCI.

Figure 3 shows the corresponding cyclic voltammetmyves plotted as current versus potential obthfoe 0.1 M

HCI and 0.01 M HCI electrolyte using bare GC eledtr at a scan rate of 100 mVs—1. There were notpaaks
except for the peak at higher potentials. The CVO®1 M HCI showed a large capacitive current andhis

regard, the detection of Cr(VI) ions will be uneént From the figure, it can be seen that 0.1 M lg&e good
response and hence 0.1 M HCI was taken as theasthetéctrolyte system.
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Figure 5: Voltammetric responses of bare glassy chon (GC) electrode in different electrolytes: (ap.1M HCI and (b) 0.01M HClI,
respectively (scan rate = 100mVs-1)

3.5.2. Effect of pH

HCI solutions with pH ranging from pH 1.0-3.0 wewsed as supporting electrolyte for cyclic voltanmyet
experiments of Cr(VI). Fig. 8 showed the variatwireduction peak current of 10 mmdilCr(VI) at the RGO-
PANI / Nf / GCE in the HCI solutions with differepH values. As shown in Fig. 8, the current respasfsCr(VI)
increased as the pH increased from 1.0 to 2.0l decreased as the pH increased from 2.0 td BeOmaximum
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peak current with a well-defined voltammetric cuwas obtained at pH 2.0. It proves that the respof<r(VI1) at
RGO-PANI / Nf / GCE is highly pH dependent.

3.5.3. Effect of Scan rate

The voltammetric responses of pPl chromium in 0.1 M HCI at various scan rates 0friV, 30 mV, 50 mV, 200
mV, and 400 mV were examined by cyclic voltammetsing Nafion/RGO-PANI modified GC electrode as show
in Figure 7. These reveal process with a peak piateat +0.46 V (100 mVs-1), which was found tofshp to +0.4
V (400 mVs-1) as the scan rate increases. ThaHatpeak potential is dependent on scan rate.

3.5.4. Electrochemical Detection of Cr (VI) Using Bre GC Electrode.

Before probing the role Nafion/RGO-PANI modifiedeefrode, bare GC electrode was checked for Cr(&fisi
reaction analysis.. Voltammetry plotted as curresrisus potential in 0.1 M HCI electrolyte contamif00 uM
Cr(VI) using bare glassy carbon (GC) electrode stan rate of 50 mVs-1. It can be seen that thgoree of GC
electrode to Cr(VI) in 0.1 M HCI gave a well-deftheeduction peak at +0.314 V. The shape of theanuthogram
might be preliminarily attributed to an electrocheafly reversible process, whilst the absence afesponding
oxidation peak in the potential range studied iathis a chemically irreversible reaction.

3.5.5. Electrochemical Detection of Cr(VI) on Nafio/RGO-PANI Modified GCE.

Figure 6 shows the corresponding cyclic voltammetun in 0.1 M HCI containing 20@M Cr(VI) using
Nafion/RGO-PANI Modified GC Electrode at a scareraf 50 mVs—-1. As can be seen, the response obtairthe
modified GC electrode consists of a peak at +0.46&mparing both modified and unmodified electrodies peak
potential is quite good at the modified GC electrechich increases the sensitivity of hexavalenbitium ions. A
comparison of unmodified and Nafion/RGO-PANI Moddi GC Electrode (Figures 4 and 6) reveals that the
reduction is enhanced in the presence of graph&het@dified electrode surfaces. Compared to the K&Ce
electrode, the nanoparticle-modified electrodes itBtdd typical voltammetric response for Cr(VI). &h
Nafion/RGO-PANI Modified GC Electrode shows wellfided voltammetric peaks for Cr(VI) at 0.4 V. The
voltammetric response obtained is ascribed tohheetelectron reduction of Cr(VI) to Cr(lll). Thamodified GC
electrode shows a reduction peak at 0.3 V. The shthe reduction potential and increase in thekpeurrent with
respect to the unmodified electrode imply that tla@osized particles on graphene matrix efficientjalyse the
reduction of Cr(VI).
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Figure 6: Cyclic voltammograms detailing response  Figure:7 Cyclic voltammogram response ofof a
bare GC electrode to 200 uM Cr(VI) in 0.1 M HCI Nafion/RGO-PANI Modified GC Electrode 200uM
(scan rate=50mVs—1). Cr(VI) in 0.1 M HCI (scanrate =50 mVs—1).

3.5.6. Effect of concentration

In order to further validate the diffusional natumed, in particular, to test the analytical apditity of the
reduction process, the response of RGO-PANI / G/ electrode to increasing additions of Cr(VI) (B6&M) in
0.1 M HCI was examined. A plot of the change ofuathn peak current as a function of hexavalenbetium
added to the solution was found to be linear indbecentration range studied (slope = 1.313 Rhe 0.9756)
consistent with a diffusion-controlled reactiong$égure 8).

54



Violet Dhayabaran V. et al Der Pharma Chemica, 2016, 8 (19):49-56

16.0-
14.0- =
¥
12,01
10.01
% 80 [miuam 400 50
6.0- .
40 /A
201 AN
it VAN
02 04 06 08 10 12 14 16 18
E/Vvs. Ag/AGCI (3 mol dni® KCl)

Figure8: Cyclic voltammograms detailing the response to differentcan rates(10—400mVs_1) for the solution containing50iM Cr (V1) in
0.1M HCI at a RGO-PANI / Nf modified GC electrode

CONCLUSION

The reduction of chromium was examinadnodified and unmodified GC electrodes. It was fotima modified
GC electrode (RGO-PANI / Nf modified GC electrogedvided good voltammetric respondewards the addition

of Cr(VIl) in the electrolyte solutions. It was alserified that, in the presence gfaphene-/PANI based
electrodes, the reduction process occurs at mpawtive potential when compared with that of uniified GC
electrode. The response of the electrode to additaf chromium was found to be independent of
environmentalnterferencessuchasNi, Cuand Cr(lll).

This investigation proved that the composites gared materials for electrochemical sensing of clwomions.

Acknowledgement
The authors acknowledge the Principal and Manageofdsishop Heber College, Trichy, for their kindpport to
do this work

REFERENCES

[1] Johnson J. Mercury summit plann&hemical & engineering new$99876(19):22-3.

[2] Carapuca HM, Monterroso SC, Rocha LS, Duarte P&lanta 2004 Oct 8;64(2):566-9

[3] Honda K, Sahrul M, Hidaka H, Tatsukawa Agricultural and Biological Chemistryi983Nov 1;47(11):2521-
32.

[4] Dominguez-Renedo O, Ruiz-Espelt L, Garcia-Astorgadp Arcos-Martinez MJ.Talanta 2008 Aug
15;76(4):854-8.

[5]Liu B, Lu L, Wang M, Zi Y Journal of chemical sciencezZ008Sep 1;120(5):493-8

[6] Golub D, Oren Y Journal of applied electrochemistr{989May 1;19(3):311-6

[7] Kieber RJ, Willey JD, Zvalaren SCEnvironmental science & technola®@002Dec 15;36(24):5321-7.

[8] Batista BL, Grotto D, Rodrigues JL, de Oliveira 3auvC, Barbosa F.Analytica chimica acta2009 Jul
30;646(1):23-9

[9] Tang B, Yue T, Wu J, Dong Y, Ding Y, Wang Halanta 2004Nov 15;64(4):955-60

[10]Kaneko M, Kurihara M, Nakano S, KawashimaAnalytica Chimica Acta2002Dec 9;474(1):167-76
[11]1Chen YC, Lee IL, Sung YM, Wu SBensors and Actuators B: Chemicz013Nov 30;188:354-9.
[12]Gammelgaard B, Liao YP, Jgns @nalytica chimica actal997Nov 10;354(1):107-13
[13]Cespon-Romero RM, Yebra-Biurrun MC, Bermejo-BarredP. Analytica Chimica Acta 1996 Jun
20;327(1):37-45

[14]Kiran K, Kumar KS, Prasad B, Suvardhan K, LekkaB, Ranardhanam Klournal of Hazardous Materials
2008Feb 11;150(3):582-6.

[15]Bag H, Turker AR, Lale M, Tunceli ATalanta 2000Apr 28;51(5):895-902.

[16]Hirata S, Umezaki Y, Ikeda MAnalytical Chemistry1986Nov;58(13):2602-6

[17]Brett C, Brett MO, Brett AM, Brett AM. Electrochestiy: principles, methods, and applicatioh893
[18]Campbell FW, Compton R@&palytical and bioanalytical chemistrg010Jan 1;396(1):241-59.
[19]Carrington NA, Yong L, Xue ZLAnalytica chimica acta2006Jul 14;572(1):17-24

[20] Turyan I, Mandler DAnalytical chemistryl997Mar 1;69(5):894-7.

[21]Jena BK, Raj CRalanta 2008Jun 30;76(1):161-5

55



Violet Dhayabaran V. et al Der Pharma Chemica, 2016, 8 (19):49-56

[22]Welch CM, Nekrassova O, Compton RGalanta 2005Jan 15;65(1):74-80.

[23]Novoselov KS, Geim AK, Morozov SV, Jiang D, ZhangDubonos SV, Grigorieva IV, Firsov AAcience
2004 0ct 22;306(5696):666-9

[24]Li D, Mueller MB, Gilje S, Kaner RB, Wallace GGlature nhanotechnolog008Feb 1;3(2):101-5.
[25]Hummers Jr WS, Offeman RBEournal of the American Chemical Societ958Mar;80(6):1339-.

[26]Liu T, Li Y, Du Q, Sun J, Jiao Y, Yang G, Wang ZiaX¥, Zhang W, Wang K, Zhu HColloids and Surfaces
B: Biointerfaces2012Feb 1;90:197-203.

56



