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A graphene-organic composite as a fluorescent chemosensor for Ag+
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A novel reduced graphene oxide (rGO) decorated organic binol based receptor ((S)-1) has been designed and synthesized. The resulting
nanocomposite (rGO–(S)-1) material was then utilized as a selective fluorescent chemosensor for Ag+ ion in aqueous media at physiological
pH. In addition, the nanocomposite showed no cross-reaction with any of the potential interfering metal ions. The reduced graphene oxideorganic nanocomposite was characterized using various spectroscopic, microscopic and analytical studies.
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1.

Introduction

Graphene, possessing unique planar structure, remarkable mechanical properties, fascinating electron transfer
and exceptional optical properties, has attracted considerable attention in recent years [1]. As a “rising star” in
materials science and nanotechnology, it holds great promise for potential applications in many fields, such as
nanocomposites [2], chemical sensors [3], energy storage [4], electronics [5], photonics [6], and catalysis [7].
Graphene oxide (GO), a two-dimensional nanosheet produced by the oxidation of graphene, has attracted great
interest because of its unique characteristics, such as good dispersibility and facile surface functionality [8, 9]. For
a long time it has been well known that silver ions have the ability to kill harmful bacteria [10–12]. Silver has
always been regarded as a precious metal. Silver ions, however, can cause severe damage to both the environment
and to humans [13, 14]. As one of the most toxic heavy metals, surpassed only by mercury, silver ion has been
assigned to the highest toxicity class [15]. Silver ions may damage bacteria, and inhibit their growth, thereby
affecting their reproduction [16]. Excessive intake of silver ions can also lead to long term insoluble substances
formed in eye and skin cells [17]. Ag+ is widely used in the electrical industry, photography/imaging industry,
and pharmaceutical industry [18,19], because of the high toxicity of Ag+ in aquatic organisms, monitoring of Ag+
levels has become an important issue. Indeed, almost all the reported sensors for Ag+ still suffer from serious
drawbacks, such as poor water solubility, poor sensitivity, and poor selectivity. Traditional analytical methods used
for the trace determination of Ag+ ion are generally based on different instrumental techniques. Especially in
recent years, with the recent development of nanoscience, various silver nanoparticle products, such as nano-Ag
catalyzer and antimicrobial reagents, have been widely used in research and in clinics. After being discharged
into the environment, some of the silver nanoparticles are oxidized to silver ions and dissolve in environmental
water and some are deposited in mud. Thus, they may cause more serious pollution to the environment and
damage to human health. Therefore, it is of great significance to develop a rapid, selective, sensitive and simple
detection method for silver ion in environmental samples and human fluids. We herein designed and synthesized
an rGO–(S)-1 nanocomposite as shown in Fig. 1. The composite material is then utilized as a selective fluorescent
chemosensor for Ag+ ion in aqueous media at a neutral pH. The synthesis, characterization and the selectivity
studies with different metal ions are reported here.
2.

Experimental section

All solvents were purchased commercially with reagent grade quality. rGO and compound (S) – 1 were
prepared using a reported procedure [20, 21]. Scanning Electron Microscope (SEM) studies were carried out on
JEOL model JSM-6390. Absorption spectra were recorded on a Shimadzu UV-240 spectrophotometer. Fluorescence
measurements were taken using a Jasco FP-8200 spectrofluorimeter equipped with quartz cuvettes of 1 cm path
length. IR Studies were performed on a Shimadzu Prestige 20 IR spectrometer. All absorption and emission
spectra were recorded at 24 ±1 ◦ C. Stock solutions for analyses were prepared (2 × 10−3 M) for rGO–(S)-1 (H2 O,
HEPES=50 mM, pH=7.0) immediately before the experiments. The solutions of metal ions were prepared from the
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F IG . 1. Synthesis and sensing of rGO-(S)-1
nitrate salts of Al3+ , Pb2+ , Ce3+ , Cd2+ , La3+ , Mg2+ , Zn2+ , Ba2+ , Hg2+ , Ag+ , Fe3+ , Fe2+ , Ni2+ , Cr3+ , Ca2+ ,
Mn2+ , Na+ , K+ , Cu2+ and Co2+ .
2.1.

Synthesis of rGO-(S)-1 nanocomposite

The graphene-organic nanocomposite was prepared by the hydrothermal method [22]. Briefly, 2 mg of reduced
graphene oxide was sonicated to make to a clear solution in distilled water (pH=7.0) and then 4 mg of (S)-1 added
to it. The resulting solution was transferred to an autoclave and kept in a hot air oven at 180 ◦ C for 24 h. After
the completion of the reaction, the autoclave was allowed to cool to room temperature. The formed precipitate was
washed with a copious amount of water and ethanol and filtered. The final product rGO–(S)-1 was obtained after
drying the precipitate at 50 ◦ C overnight.
3.

Results and discussion

We have designed and synthesized a novel rGO–(S)-1 nanocomposite through hydrothermal method as a
selective and sensitive chemosensor for Ag+ . The chemosensor rGO–(S)-1 was confirmed by IR, SEM, UV
and fluorescence studies. The UV and fluorescence spectra for rGO, (S)-1 and the nanocomposite rGO-(S)-1
are very distinct, and for the nanocomposite, the fluorescence is quenched. The IR spectrum of (S)-1 shows
a characteristic absorption bands at 1658 and 3441 cm−1 , which were assigned to the uryl C=O and the binol
-OH groups, and the rGO characteristic absorption band appeared at 1573 and 1224 cm−1 [23]. In the case of
the rGO–(S)-1 nanocomposite, the 1658 cm−1 band was downshifted to 1637 cm−1 and the 3441 cm−1 band
disappeared followed by the appearance of a new one at 2356 cm−1 . Conversely, in rGO, the bands at 1573 cm−1
were shifted to 1523 cm−1 after nanocomposite formation, as shown in Fig. 2. These shifts in the absorption bands
are due to the π − π stacking between the aromatic rings and the non-covalent interactions between (S)-1 and the
rGO composite.
The newly-prepared composite material and its precursor were analyzed by scanning electron microscopy.
Accordingly, the SEM images of the (S)-1 and rGO–(S)-1 were recorded. The organic molecules (S)-1 had rod
like structure. However, in the case of nanocomposite material, the organic molecules were uniformly distributed
over the surface of the 2D graphene sheet as a result of hydrothermal treatment. This composite formation between
graphene and organic compound enhances the sensing properties of metal ions due to the high electron conductivity
(Fig. 3).
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F IG . 2. IR Spectrum of rGO, (S)-1 and rGO-(S)-1

F IG . 3. SEM image of rGO-(S)-1
4.

Metal selectivity studies of rGO-(S)-1 nanocomposite

The preliminary screening of the metal ion binding ability of rGO–(S)-1 nanocomposite in aqueous media
at a neutral pH was performed by using the fluorescence technique. Receptor rGO–(S)-1 nanocomposite, exhibits
very weak fluorescence. However, upon the addition of 100 equiv. of Ag+ to the solution, significant enhancement
of fluorescence with an emission maximum at 354 nm was observed. Interestingly, at the same concentration, other
metal ions (Na+ , K+ , Pb2+ , Cu2+ , Cd2+ , Hg2+ , La3+ , Zn2+ , Co2+ , Ni2+ ,Ca2+ , Mn2+ , Cr3+ , Ba2+ , Ce3+ ,Mg2+ ,
Fe2+ , Fe3+ and Al3+) when added to the rGO–(S)-1 nanocomposite did not produce any significant fluorescence
changes. Therefore, these observations indicated that the sensor rGO–(S)-1 has an excellent selectivity towards
Ag+ in aqueous media at a neutral pH as a fluorescence “off–on” probe (Fig. 4).
For practical applicability, and to check the anti-jamming ability (i.e. the possible interferences by other metal
ions), competitive complexation experiments were conducted. The fluorescence spectral changes of rGO–(S)-1 was
measured by the treatment of Ag+ ions (100 equiv.) in the presence of other metal ions at the same concentration,
including Na+ , K+ , Pb2+ , Cu2+ , Cd2+ , Hg2+ , La3+ , Zn2+ , Co2+ , Ni2+ ,Ca2+ , Mn2+ , Cr3+ , Ba2+ , Ce3+ ,Mg2+ ,
Fe2+ , Fe3+ and Al3+ . All of the tested interfering metal ions showed no observable interference with the detection
of Ag+ ion. These results suggested that the receptor could be used for the selective detection of Ag+ -ion in
environmental and biological samples (Fig. 5).
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F IG . 4. Fluorescence changes of rGO-(S)-1 (4×10−6 M) solution (H2 O, pH=7.0) in the presence
of various metal ions (100 equiv. of each, excited at 344 nm)

F IG . 5. Fluorescence changes of rGO-(S)-1 (4×10−6 M) solution (H2 O, pH=7.0) in the presence
of various metal ions (100 equiv. of each, excited at 344 nm)
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Conclusion

In conclusion, we have designed and synthesized a novel rGO–(S)-1 nanocomposite through hydrothermal
method and confirmed by usual spectroscopic, microscopy and analytical studies. The rGO–(S)-1 nanocomposite
exhibited high selectivity toward Ag+ in comparison to other commonly-interfering metal ions in aqueous media
at room temperature. This paves a pathway for further studies, such as chiral molecule sensing, anion sensing
etc., which are currently underway in our laboratory. Moreover, we expect that this sensor will have tremendous
potential application in biological fields, environmental monitoring works, and other relevant areas.
References
[1] Luo J., Jang H.D., Huang J. Effect of Sheet Morphology on the Scalability of Graphene-Based Ultracapacitors. ACS Nano, 2013, 7(2),
P. 1464–1471.
[2] Mao L., Zhang K., Chan H.S.O., Wu J. Surfactant-stabilized graphene/polyaniline nanofiber composites for high performance supercapacitor electrode. J. Mater. Chem., 2012, 22, P. 80–85.
[3] Cui Y., Cheng Q.Y., Wu H., Wei Z., Han B.H. Graphene oxide-based benzimidazole-crosslinked networks for high-performance supercapacitors. Nanoscale, 2013, 5, P. 8367–8374.
[4] Xiang H. F., Li, Z. D., Xie.K., Jiang J.Z., Chen J.J., Lian P.C., Wu J.S., Yu Y., Wang H.H. Graphene sheets as anode materials for Li-ion
batteries: preparation, structure, electrochemical properties and mechanism for lithium storage. RSC Adv., 2012, 2, P. 6792–6799.
[5] Wu Z.S., Pei S., Ren W., Tang D., Gao L., Liu B., Li F., Liu C., Cheng H.M. Field emission of single-layer graphene films prepared by
electrophoretic deposition. M. Adv. Mater., 2009, 21, P. 1756–1760.
[6] Yoo E., Okata T., Akita T., Kohyama M., Nakamura J., Honma I. Enhanced Electrocatalytic Activity of Pt Subnanoclusters on Graphene
Nanosheet Surface. Nano Lett., 2009, 9(6), P. 2255-9.
[7] Seger B., Kamat. Thickness-Controlled Graphene Hybrid Interface for Highly. J. Phys. Chem. C, 2000, 113, P. 7990–7995.
[8] Liu Z., Tabakman S., Welsher K., Dai H. Carbon nanotubes in biology and medicine: in vitro and in vivo detection, imaging and drug
delivery. J. Am. Chem. Soc., 2008, 130, P. 10876–10877.
[9] Mohanty N., Berry V., A graphene-based fluorescent nanoprobe for silver (I) ions detection by using graphene oxide and a silver-specific
oligonucleotide. Nano Lett., 2008, 8, P. 4469–4476.
[10] Jun Jeon H., Chul Yi S., Geun Oh S. Preparation and antibacterial effects of Ag–SiO2 thin films by sol–gel method. Biomed. Mater, 2000,
52, P. 662.
[11] Lansdown A.B.G. Silver dressings. J. Wound Care, 2002, 11, P. 125–130.
[12] Chatterjee A., Santra M., Won N., Kim S., Kim J.K., Kim S.B., Ahn K.A. Selective fluorogenic and chromogenic probe for detection of
silver ions and silver nanoparticles in aqueous media. J. Am. Chem. Soc., 2009, 131(6), P. 2040–2041.
[13] Purcell T.W., Peters J.J. Sources of silver in the environment. Environ. Toxicol. Chem, 1998, 17, P. 539.
[14] Park K.S., Lee J.Y., Park H.G. Mismatched pyrrolo-dC-modified duplex DNA as a novel probe for sensitive detection of silver ions.
Chem. Commun., 2012, 48, P. 4549–4551.
[15] Hook S.E., Fisher N.S. Sublethal effects of silver in zooplankton: importance of exposure pathways and implications for toxicity testing.
Environ.Toxicol. Chem, 2001, 20(3), P. 568–574.
[16] He X., Qing Z., Wang K., Zou Z., Shi H., Huang J. Engineering a unimolecular multifunctional DNA probe for analysis of Hg2+ and
Ag+ . Anal.Methods, 2012, 4, P. 345–347.
[17] Liau S.Y., Read D.C., Pugh W.H., Furr J.R., Russell A.D. Interaction of silver nitrate with readily identifiable groups: relationship to the
antibacterial. Lett. Appl. Microbiol, 2003, 25, P. 279–283.
[18] Barriada, J. L., Tappin A.D., Evans E.H., Acterberg E.P. Dissolved silver measurements in seawater. Trends Anal. Chem, 2007, 26,
P. 809–817.
[19] Kim J., Kim S., Lee S. Differentiation of the toxicities of silver nanoparticles and silver ions to the Japanese medaka (Oryzias latipes) and
the cladoceran Daphnia magna. Nanotoxicology, 2011, 5, P. 208–214.
[20] Cao N., Yuan Z. Study of Reduced Graphene Oxide Preparation by Hummers’ Method and Related Characterization. Nanomaterials, 2015,
DOI 10.1155/2015/168125.
[21] Wang F., Nandhakumar R., Hu Y., Kim D., Kim K.M., Yoon J. BINOL −Based Chiral Receptors as Fluorescent and Colorimetric
Chemosensors for Amino Acids. J. Org. Chem., 2013, 78(22), P. 11571–11576.
[22] Li G., Xu C. Hydrothermal synthesis of 3D NixCo1xS2 particles/graphene composite hydrogels for high performance supercapacitors.
Carbon, 2015, 90, P. 44–52.
[23] Zhao.Y., Song X., Song Q., Yin Z. A facile route to the synthesis copper oxide/reduced graphene oxide nanocomposites and electrochemical
detection of catechol organic pollutant. CrystEngComm, 2012, 14, P. 6710–6719.

