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Abstract 

Chirality is a major field of research of chemical biology and is essential in pharmacology. 

Accordingly, approaches for distinguishing between different chiral forms of a compound are 

of great interest. We report on an efficient and generic enantioselective sensor that is achieved 
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by coupling reduced graphene oxide with γ-cyclodextrin (rGO/γ-CD). The enantioselective 

sensing capability of the resulting structure was operated in both electrical and optical mode 

for of tryptophan enantiomers (D-/L-Trp). In this sense, voltammetric and photoluminescence 

measurements were conducted and the experimental results were compared to molecular 

docking method. We gain insight into the occurring recognition mechanism with selectivity 

toward D- and L-Trp as shown in voltammetric, photoluminescence and molecular docking 

responses. As an enantioselective solid phase on an electrochemical transducer, thanks to the 

different dimensional interaction of enantiomers with hybrid material, a discrepancy occurs in 

the Gibbs free energy leading to a difference in oxidation peak potential as observed in 

electrochemical measurements. The optical sensing principle is based on the energy transfer 

phenomenon that occurs between photoexcited D-/L-Trp enantiomers and rGO/γ-CD giving 

rise to an enantioselective photoluminescence quenching due to the tendency of chiral 

enantiomers to form complexes with γ-CD in different molecular orientations as demonstrated 

by molecular docking studies. The approach, which is the first demonstration of applicability 

of molecular docking to show both enantioselective electrochemical and photoluminescence 

quenching capabilities of a graphene-related hybrid material, is truly new and may have broad 

interest in combination of experimental and computational methods for enantiosensing of 

chiral molecules. 

Keywords: Graphene oxide, cyclodextrin, enantioselectivity, sensor, molecular docking 

 

1. Introduction 

 Chirality is a prominent characteristic of natural systems, and artificial 

enantioselective sensing and discrimination of biologically important chiral species is a 

crucial challenge in various applications related to sensors, catalysis, biomedicine and 
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biotechnology (Wattanakit et al., 2014). During the past decade, chiral discrimination has 

become of increasing importance and many efforts have been devoted to the goal of 

understanding biochemical processes in biological phenomena involving artificial systems 

(Zor et al., 2013). Great success has been attained in the development of specific chiral 

selectors that enable enantioselective discrimination by high performance liquid 

chromatography (Bobbitt and Linder, 2001), NMR (Ema et al., 2007), chemiluminescence 

(Wang et al., 2008) and circular dichroism (Cao et al., 2013) techniques. Apart from the 

conventional application of these techniques, in recent years, electrochemical sensors have 

been frequently reported for discriminative sensing of bioactive compounds due to their 

advantages such as high stability and sensitivity, and they are easy to be integrated in various 

sensing platforms for advanced intelligent sensing (Trojanowicz, 2014).  

 The key step to produce an electrochemical chiral sensor is to build molecular 

architectures consisting of enantioselective sensing sites which exhibits different binding 

affinity for enantiomers (Kaminker et al., 2013). In addition to their host-guest properties with 

interest in sensing (Alarcón-Angeles et al., 2008) cyclodextrins (CDs) have been widely used 

for enantioselective extraction of bioactive compounds, various methods using these cyclic 

polysaccharides composed of glucose molecules have been reported as electrochemical chiral 

biosensors (Guo et al., 2010; Zor et al., 2015). However, the requirement for an 

electrochemical chiral sensor for discrimination of enantiomers is not only recognition of 

enantiomers but also a material enhancing and distinguishing the analytical signal (ex. 

electrical current) resulted by the interaction on the electrode surface. The unification of 

enantioselectivity with electrical conductivity endows conjugated materials with various 

fascinating characteristics to serve as a sensing platform (Sannicolò et al., 2014).  

 A major advance in the last few years is the discovery of graphene, defined as a single 

layer of carbon atoms patterned in a 2D honeycomb network, which is the rising star of 
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nanomaterials received fascinating research attention in (bio)sensors (Novoselov et al., 2012). 

Due to the fact that graphene surface can acquire various functionalities through the creation 

of different receptor units and bioactive scaffolds (Gravagnuolo et al., 2015), graphene-based 

enantioselective sensors have attracted widespread attention in electrochemical chiral sensing 

and discrimination platform for bioactive molecules such as naproxen (Guo et al., 2014), 

cystine (Zor et al., 2015). 

 Herein, a novel platform based on graphene and cyclodextrin (rGO/γ-CD) with high 

sensing capability toward enantiomers thanks to their complex formation (due to the chiral 

selector behavior) and different molecular orientations is reported. The peculiarity of this 

platform stands in its enantioselective capability while operating in either electrochemical or 

optical detection mode. Sensing behavior of rGO/γ-CD for Trp enantiomers, an essential 

amino acid that is a precursor for a variety of biologically active compounds, in addition of 

being an important metabolite in human and animals and consequently utilized as a 

pharmaceutical antidepressant agent (Baytak and Aslanoglu, 2015), was studied and 

demonstrated via electrochemical, photoluminescence and computational methods. The 

results show that Trp enantiomers exhibit different affinity towards rGO/γ-CD and the 

obtained sensor gives higher sensitivity towards L-Trp. The results ensure that the proposed 

enantioselective sensor can be used as an effective tool to estimate the enantiomeric quantity 

of D- and L-Trp. 

 Graphene-related materials can be integrated as the core of bio/sensing platforms due 

to their excellent abilities for direct interaction with bio/molecules, electrical conductivity, 

their applicability in solution and the capability to be used as highly efficient long-range 

quenchers (Morales-Narváez and Merkoçi, 2012). After surface modification with selective 

groups, antibodies, aptamers and etc. for target materials, unprecedented bio/sensing 

strategies can be developed (Morales-Narváez et al., 2013). Here we propose the use of a 
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hybrid material such as rGO/γ-CD that can operate in both electrical and optical biosensing 

with interest for  enantioselective sensing of D- and L-Trp (See Scheme 1). The operation 

principle of such platform and its efficiency to be used in such an important field are clarified 

and demonstrated through a series of spectroscopic characterizations of the involved 

materials, electrical and optical behaviors in addition to molecular docking responses as 

shown in the following sections. 

 

Scheme 1. Schematic, not in scale, of the graphene-based hybrid for enantioselective sensing 

applications operating through both optical (photoluminescent quenching) and 

electrochemical generated signals.  

 

2. Material and methods 

2.1. Reagent and apparatus  

 Graphite powder (99.99 %), concentrated H2SO4 and H3PO4, H2O2 (30%), KMnO4 

(99%), K2S2O8, P2O5, γ-cyclodextrin, D- and L-Trp (tryptophan) were purchased from Sigma-
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Aldrich. All reagents were used with regard to the material safety guide recommended by the 

suppliers and used as received without further purification.   

 Transmission Electron Microscopy (TEM) images were acquired using JEOL JEM 

2100F HR-TEM operating at 20 kV. AFM micrographs were obtained using a Park XE7 

instrument. Fourier transformed infrared (FTIR) spectra were recorded on an FTIR 

spectrophotometer equipped with an attenuated total reflectance (ATR) accessory (Perkin 

Elmer 100 FTIR) in the 550−4000 cm−1 range in ambient air at room temperature. 

Thermogravimetric analysis (TGA) of the materials (10–15 mg) was performed on a Setaram 

thermal gravimetric analyzer at a heating ramp of 10 ºC min-1 over the temperature range of 

25–1200 ◦C under inert gas atmosphere. Raman spectra were recorded on a Renishaw inVia 

Reflex equipped with CCD detector. X-ray photoelectron spectroscopy (XPS) measurements 

were performed using a PHI 5000 VersaProbe analyzer/spectrometer. Photoluminescence 

experiments were recorded with PTI QuantaMasterTM 40 steady state spectrofluorometer 

system (QM40) using a high intensity continuous Xe lamp. For the electrochemical 

measurements, a computer-controlled IVIUM-CompactStat potentiostat was used. A BAS/C3 

electrochemical cell stand consisting of three electrode configuration cell was combined to 

potentiostat. A bare or modified GCE was used as working electrode, the reference and 

counter electrode were Ag/AgCl electrode and a platinum wire, respectively. A Sonorex 

Super RK 106 was used to exfoliate materials and to clean electrode surfaces.  

2.2. Production of γ-cyclodextrin decorated graphene (rGO/γ-CD) hybrid and overall 

procedure 

 Production of γ-cyclodextrin decorated graphene (rGO/γ-CD) hybrid and overall 

procedure for measurements were given as supplementary material file. 
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3. Results and discussion 

3.1. Characterization of rGO/γ-CD hybrid 

 The structural characterization of the hybrid material was performed by FTIR, TGA, 

Raman spectroscopy and XPS (see Fig. S1 for XPS results). The first evidence of the 

successful functionalization of graphene oxide sheets was evaluated by FTIR. The spectra 

shown in Fig. 1a reveals that GO and rGO/γ-CD samples possess hydrophilic O−H group 

(3020–3600 cm–1) on their surfaces, thus ensuring their good solubility in water. A clear 

stretching vibration of CH2 in the range of 2840–2960 cm–1 was acquired in spectra. 

Moreover, a stretching vibration of C=C (aromatic) was observed for GO, rGO and rGO/γ-

CD at 1627, 1670 and 1646 cm–1, respectively. The characteristic stretching vibrational modes 

of C=O (1725 cm–1), C–O (1223  cm–1) and C–O (1047 cm–1) bonds were observed in GO 

spectrum. A comparison of the FTIR spectra of the three samples reveals two important 

observations. One is the disappearance of the broad O−H band through the reduction process 

of GO to form rGO, whereas an enhancement is observed due to hydroxyl groups on γ-CD 

scaffold, endowing higher polarity and hydrophilicity to rGO/γ-CD. The other should be 

remarked with the existence of characteristic γ-CD absorption bands at 1153 and 1029 cm–1 

evidencing the settlement of γ-CD on rGO sheets (Guo et al., 2010).  

 Further support for anchoring of γ-CD on rGO scaffold was provided by TGA 

analysis. Fig. 1b shows the thermogravimetric profiles of GO, rGO and rGO/γ-CD. 

Evaporation of water molecules caused a slight mass loss below 125 °C for all samples. GO  

remains unstable with a large mass loss (69.8 wt %) observed between 145 and 230 °C which 

could be ascribed to the removal of oxygen-containing functional groups on the scaffold, 

whereas rGO is thermally more stable with a slight mass loss (4.2 wt %) under the same 

experimental conditions. On the contrary, rGO/γ-CD displays a significant mass loss (30.3 wt 
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%) between 220–450 °C which could be ascribed to the residual oxygen-containing functional 

groups and the decomposition of γ-CD anchored on rGO.  

 

 

 

Fig. 1. FT-IR spectra (a), TGA curves (b) and Raman spectra (c) of GO, rGO and rGO/γ-CD. 

 



9 
 

 Raman spectroscopy analysis was carried out to define the structural changes 

(disorders) after the reduction and modification processes and to inspect number of graphene 

layers which is one of the most important parameters for graphene-related materials. Fig. 1c 

shows the characteristics D (1349 cm-1), G (1599 cm-1), 2D (2683 cm-1) and D+G ( 2935 cm-

1) Raman bands of GO, rGO and rGO/γ-CD. D and G bands are respectively associated with 

the sp3 disorders in hexagonal lattice caused by oxidation and the vibration of sp2 bonded 

carbon atoms in the hexagonal lattice. The calculated ID/IG ratios are 0.88, 0.99 and 0.97 for 

GO, rGO and rGO/γ-CD, respectively, expressing that the reduction process results in 

disorders in hexagonal lattice but attachment of γ-CD prevents some oxygen containing 

functional groups on basal scaffold of graphene sheets (Guo et al., 2010). In all spectra, the 

classic 2D bands referring to the stacking of carbon layers in graphene-related materials at 

2683 cm-1 displaying wide peak characteristics were observed. For a single-layer graphene 

sheet, 2D band generally appears as a Lorentzian peak centered at 2679 cm-1 (Graf et al., 

2007). However, as the number of layers increases, the intensity of 2D peak decreases by 

displaying a wide peak characteristic with a shift to higher wavenumbers (Wei et al., 2016). 

Considering these previous reports, we can conclude that our Raman results are consistent 

with the characteristics of multilayer graphene flakes.  

 The microscopic characterization was acquired with HR-TEM and AFM techniques. 

Subsequent to synthesis, applied drying process in petri dishes resulted in brown colored and 

easily scraped film-like GO, black granule-like rGO, and black hardly scraped rGO/γ-CD 

materials, see Fig. 2a-c. The discrepancy between rGO and rGO/γ-CD should be remarked by 

intercalation of γ-CD between rGO sheets that prevents rGO to aggregate facilitating an 

advantage for the electrochemical and optical application steps. 
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Fig. 2. GO (a), rGO (b), and rGO/γ-CD (c) materials dried in petri dishes. TEM and AFM 

micrographs of GO (d/g), rGO (e/h) and rGO/γ-CD (f/i), respectively. 

 Aiming at estimating the morphology of GO, rGO and rGO/γ-CD, the materials casted 

on the substrate were examined by TEM and AFM. The soft nature of GO is readily apparent 

from the presence of wrinkles and overlaps (Peng et al., 2015), see Fig. 2d/g. As seen in Fig. 

2e/h, the image of rGO reveals that graphene sheets are agglomerated because of the removal 

of oxygen-containing functional groups, leading to hydrophobic forces (Park and Ruoff, 

2009).  Fig. 2f/i shows the TEM and AFM images of rGO/γ-CD. Unlike rGO, a flake-like 
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wrinkled topology was obviously observed, revealing the feasibility of the present strategy for 

surface modification step (Guo et al., 2010). On the basis of the height profiles of the 

inspected sections in AFM micrographs, the average thickness values of GO, rGO and rGO/γ-

CD are observed as 5-8 nm, 16-23 nm and 6-9 nm, respectively. In consistent with the Raman 

spectra, our AFM results verify the presence of multilayer graphene flakes, taking into 

account of the characteristic thickness value of single layer flake (1-2 nm) (Rao et al., 2009).   

 

3.2. Enantioselective response of the proposed sensor for D- and L-Trp Enantiomers 

 It is well-known that the nature of binding varies for each enantiomer because how it 

will interact with a chiral neighbor is geometry dependent, and graphene-related materials 

endow large surface areas for assembling of various compounds. Herein, the enantioselective 

profile of rGO/γ-CD was assessed by electrochemical and photoluminescent methods. After 

surface characterization of the proposed sensing platform using cyclic voltammetry (CV) and 

electrochemical impedance spectroscopy (see Fig. S3 and Table S1), in order to assess the 

enantioselective behavior of rGO/γ-CD/GCE for D- and L-Trp enantiomers, CV and DPV 

techniques were employed. In CV measurements, the bare GCE displayed only one 

irreversible peak at 0.90 V (also rGO/GCE at 0.86V) for each enantiomers (D- and L-Trp), 

depicting no discrimination of the enantiomeric pairs was established in the polarization 

window, see inset of Fig. 3a. As it can be clearly seen in Fig. 3a, that modification of rGO/γ-

CD on GCE surface led to an electrochemical transducing system upon analyte recognition 

and triggered well-defined irreversible anodic peaks at 0.66 and 0.84 V for D- and L-Trp 

enantiomers, respectively.  
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Fig. 3. Cyclic voltammograms in the absence and presence of D- and L-Trp in A-PBS 

solution at rGO/γ-CD/GCE (a). The inset is cyclic voltammograms of D- and L-Trp at bare 

GCE (solid lines) and rGO/GCE (dotted lines). Differential pulse voltammograms of D- and 

L-Trp upon increasing concentration of D-Trp and L-Trp in low concentration range (0.1-1.0 

mM) (b). Chronoamperograms upon increasing concentration of D-Trp (c) and L-Trp (d) (0.1-

1.0 mM) at rGO/γ-CD/GCE. The applied potentials are 0.00 and 0.66 V for D-Trp, 0.00 and 

0.84 V vs. Ag/AgCl (3 M KCl) for L-Trp. The insets show the linear correlation between the 

concentration and the measured peak intensity.  

 

Considering CV results, rGO/γ-CD nanocomposite presents significantly different 

enantioselective electrochemical response compared to bare GCE by combining the 
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fascinating electronic capability of rGO and the high enantioselectivity of γ-CD. It is 

important to note that unlike the published researches (Feng et al., 2014; Guo et al., 2013; 

Zhang et al., 2013) in which the authors have investigated the peak current of a redox couple, 

we directly investigated the peak current and potential of D- and L-Trp without the need of 

any indicator which would made the system more complex in addition of increasing 

uncertainty in understanding the whole process. Beside Trp enantiomers, while a response 

was observed for arginine, mandelic acid and methionine enantiomers at the same peak 

potential value, no discriminative sensing capability was acquired for the other tested 

enantiomeric pairs (see Table S2). Aiming at examining the optimum experimental 

conditions, effects of pH and amount of modification layer (rGO/γ-CD) on current were 

evaluated and change of current upon increasing concentration of D/L-Trp was examined by 

CV and DPV (see Fig. S4-6). In accordance with CV results, well-defined strong irreversible 

anodic peaks were acquired at different peak potential values of 0.65 and 0.86 V for D- and L-

Trp in DPV, respectively. A linear correlation was found between the measured peak intensity 

and concentration of D- and L-Trp between 0.1 and 1.0 mM, see Fig. 3b.  

 Aiming at evaluating the performance of this sensor of rGO/γ-CD/GCE for racemic 

mixtures, the enantiomeric purity of Trp with various concentration ratios (1:0, 1:1, 0:1; D- to 

L-Trp) was examined by CV, see Fig. S7. A well-defined oxidation peak was observed at the 

mean value (0.77 V) of D- and L-Trp oxidation peak potentials depicting that a racemic 

mixture is involved in the medium. It is important to remark that this graphene assembled 

enantiosensing platform enables an opportunity not only for enantiomeric discrimination of 

Trp pairs, but also for estimating the enantiomeric percentage of racemic mixture in a 

medium. The amperometric response of the modified electrode upon increasing the 

concentration of D- and L-Trp from 0.1 to 1.0 mM was examined by CA.  Fig. 3c and 3d 

show that the peak current intensity for D/L-Trp enantiomers increases with the increasing 
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concentration with a ∆Imax of 386.86 μA and 412.44 μA, respectively. A linear correlation was 

found between the concentration and the measured peak intensity (Insets of Fig. 3c and 3d).  

The sensitivities of this sensor for D- and L-Trp were 360 μA mM-1 and 370 μA mM-1, and 

the limit of detection (LOD) were calculated as 54 μM and 21 μM using the standard 

deviation of y-intercept and the slope of the regression line. Considering the results and the 

calculations, the proposed sensor displays higher sensitivity with a lower detection limit 

towards L-Trp. The specific discrimination features of the proposed sensor were compared to 

other GCE-based electrochemical sensors reported for chiral recognition of Trp enantiomers 

and the results were shown in Table S2. The proposed sensor has advantageous over the 

compared ones by endowing recognition difference not only with the increase in peak current 

but also with the discrepancy in peak potential. In addition, it offers a reasonable linear range 

for Trp enantiomers and the limit of detection values are lower than the compared reports 

(Table S3). 

 The interaction between Trp enantiomers and rGO/γ-CD in aqueous media can be also 

followed through photoluminescence measurements. Fig. 4a and 4b present the 

photoluminescence spectra change of Trp enantiomers upon addition of rGO/γ-CD (0.0−36.0 

µg mL-1). On the basis of change in the emission spectra rGO/γ-CD quenching capability 

mainly toward L-Trp rather than for D-Trp, we could assess that rGO/γ-CD displayed higher 

affinity for L-Trp. The photoluminescence quenching levels were explored varying the 

quantity of rGO/γ-CD. As expected, the photoluminescence intensity of L-Trp displayed a 

decrease sequentially and almost quenched upon addition of the specified quantity of rGO/γ-

CD, whereas only decreased for D-Trp. Importantly, it is well-known that the energy transfer 

phenomenon exhibits a dependence on spatial orientation of the dipoles of the studied 

acceptor and donor (Ji et al., 2015; Morales-Narváez et al., 2012). Consequently, it is likely 

that the spatial orientation between the complex rGO/γ-CD and the explored enantiomers is 
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respectively different, leading to a different photoluminescence quenching modulation 

proportionately. A linear correlation was found between the quantity of rGO/γ-CD (0.0-36 µg 

mL-1) and the peak intensity (Insets of Fig. 4a and 4b). Interestingly, it should be noted that no 

quenching of Trp enantiomers upon addition of γ-CD was observed, and a negligibly small 

decrease was acquired using GO and rGO for the tested experimental conditions. The result 

could be ascribed to unification of the discriminative sensing capability of γ-CD (Tao et al., 

2014) anchored on rGO sheet and quenching character of rGO (Morales-Narváez et al., 

2015). 

 

         

Fig. 4. The change in photoluminescence intensity of D- (a) and L-Trp (b) in aqueous media 

upon addition of rGO/γ-CD (0.0−36.0 µg mL-1). The insets show the linear correlation curves 

for D- and L-Trp. 

 

 Understanding the essence of this enantioselective behavior in molecular level is of 

crucial importance. Modeling of molecular interactions should provide deeper insights to 

assess the shape and size complementarities and to evidence experimental results. Herein, 

considering the advantage of the mentioned research, molecular docking studies were carried 
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out by employing ADV in two steps; (i) Establishing the settling conformational structure of 

γ-CD on GO. As we have recently reported, α-CD and β-CD favorably assemble on the basal 

scaffold of GO from their distinctly hydrophilic wider rims (Zor et al., 2015, 2014). As 

expected in this sense, γ-CD assembled on GO scaffold from its wider rim by hydrogen 

bonding and also electrostatic interactions (Fig. 5a). Gibbs free energy (∆G) for the 

interaction between γ-CD and GO was estimated as –9.8 kcal mol–1 in this molecular docking 

step. Most of the oxygen containing groups on basal scaffold of GO were removed by 

reducing process, thereby the resultant could be presented as shown in Fig. 5b. (ii) 

Investigation of complexation mechanism between rGO/γ-CD and Trp enantiomers. As seen 

from conformational sampling in Fig. 5c and 5d, the cavity size of the γ-CD is large enough to 

allow the Trp enantiomers to penetrate by keeping them inside the cavity via a high stability 

constant. Interestingly, chiral character of Trp enantiomers and γ-CD implemented significant 

conformational alterations in docking modes upon complexion. Gibbs free energies 

representing the strength of the interaction between γ-CD and D-/L-Trp were estimated as 

−5.8 kcal mol–1 and −6.0 kcal mol–1, respectively. It should be noted that this discrepancy in 

Gibbs free energy gives rise to a significant difference in the binding constants of D- and L-

Trp estimated as 1.79×104 and 2.50×104 M-1, respectively. Besides D- and L-Trp, the 

molecular docking was employed to evaluate Gibbs free energies and binding constants of the 

other tested chiral compounds (arginine, mandelic acid and methionine, which gave a signal 

in electrochemical measurements with no discriminative sensing, in light of the interaction 

strength) and the results were given in Table S4. Gibbs free energies were calculated as −5.3 

kcal mol–1, −5.6 kcal mol–1 and −4.3 kcal mol–1 and binding constants were determined as 

7.71×103, 1.28×103, 1.43×103 M-1 for arginine, mandelic acid and methionine, respectively. 

As noticed, interestingly, no discrepancy in Gibbs free energies and thus in binding constants 

was observed for the interaction of enantiomeric pairs of the employed chiral compounds with 
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rGO/γ-CD which proves the experimental results. Herein, it is important to remark that the 

cavity of γ-CD, which is hydrophobic to undertake such interactions and large enough for Trp 

to fit in, plays a key role in conformational alterations of docking modes upon complexion, 

which was observed also in the previously published study (Wei et al. 2010). 

 

Fig. 5. The structures of GO/γ-CD (a) and rGO/γ-CD (b) after molecular docking process. The 

conformational sampling representation for the interaction of rGO/γ-CD with D-Trp (c) and 

L-Trp (d). 

 Comparing the aforementioned results above with other chiral measurement methods 

for discriminative/enantioselective sensing of tryptophan enantiomers, the proposed method is 

shown to be more valuable because of various advantages such as less time consuming, no 
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need for expensive instrumentation and reagents, and less complicated. For example, Wei et 

al. have investigated chiral discrimination of D- and L-Trp by the observation of fluorescence 

lifetime differences of enantiomers based on the addition of BSA and CD (Wei et al., 2010). 

In accordance with our results, they have reported that BSA and γ-CD can provide a better 

chiral microenvironment for Trp enantiomers, whereas the method is rather complicated 

because of employing pyrene, tryptophan and bovine serum albumin (or cyclodextrin) to form 

ternary complexes. Another study reported by Zhou et al., in which high performance liquid 

chromatography (HPLC) coupled with chemiluminescence (CL) detection was employed for 

the separation of tryptophan (Trp) enantiomers, requires expensive columns system and high-

cost equipment. Considering these previous reports, it can be concluded that our method is 

simpler, of lower cost and with satisfying results for discriminative sensing of Trp 

enantiomers. 

4. Conclusions 

 From the results mentioned above, we can conclude that rGO/γ-CD is an effective 

material which can be easily applied as receptor in solid phase onto the surface of an 

electrochemical transducer (electrode) for discrimination of D- and L-Trp enantiomers and/or 

as optical receptor dispersed in solution for enantioselective recognition of D- and L-Trp 

enantiomers. This manuscript demonstrates for the first time the use of photoluminescence 

quenching capabilities of this kind of hybrid material for enantiosensing applications of chiral 

molecules which are crucial challenge in biological phenomena. Moreover, a combination of 

energetic profiles (molecular docking studies) with experimental results can be considered as 

a novel tool which allows more rational explanations for discrimination of various chiral 

analytes and the approach may have broad interest in the sensing field. A drawback of the 

proposed sensor is that it only allows sensing of racemic mixture of D- and L-Trp 
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enantiomers, without being able to evaluate the enantiomeric excess, which in addition to 

practical applications will be object of future research. 
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Research Highlights 

 A graphene/cyclodextrin (rGO/γ-CD) hybrid for distinguishing between different 

chiral forms of a compound was proposed.  

 The enantioselective profile of rGO/γ-CD was assessed by electrochemical techniques, 

photoluminescent and computational methods.  

 The combination of energetic profiles with experimental results can be considered as a 

novel aspect which allows more rational explanations for discrimination of various 

chiral analytes in sensor area. 

 


