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Abstract 

   Water-soluble fluorescent carboxyl-functionalized CdSe-ZnS quantum dots (QDs) were 

immobilized on graphene oxide (GO) and used for sensitive detection of ascorbic acid in 

aqueous solutions. QDs were attached to the surface of graphene oxide using the EDC/NHS-

sulfo coupling reaction. Ascorbic acid known as an antioxidant. It plays a crucial role in 

health maintenance, bio synthetic pathways such as formation of collagen and regulates 

immune system. The photoluminescence (PL) intensity of as-prepared GO-QD hybrids in 

water was quenched by ascorbic acid at ambient temperature. Based on this 

photoluminescence quenching phenomenon, a simple, rapid, and sensitive procedure is 

developed. In this study we are successful in detecting ascorbic acid due to its biological 

significance and the limit of detection is 568 pM.  
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1. Introduction 

  Ascorbic acid (AA) or Vitamin-C is one of the important water-soluble vitamins, naturally 

present in citrus fruits and vegetables [1]. It performs an important biological role in humans 

and animals in processes such as the formation of collagen and the synthesis of 

neurotransmitters and carnitine [2]. In addition, it is a powerful anti-oxidant frequently used 

in the processing of food, pharmaceuticals, animal feed, and cosmetics. It is also used in 

clinical analysis: the level of AA in biological fluids can be used to analyze the extent of 

oxidative stress in human metabolism. It has been suggested that AA can counteract the 

common cold, cancer, mental illness, infertility, and some clinical manifestations of HIV 

infections [3]. Its deficiency leads to scurvy, while on the other hand "mega-dosage" 

consumption of Vitamin-C may result in problems such as urinary stones and diarrhea. [4]. 

Because of its importance, numerous analytical methods have been developed to detect AA, 

including electrophoresis [5], chemiluminescence [6], photoluminescence (PL) [7], and 

electrochemical techniques [8-12]. Among these, the PL method has been extensively studied 

because of its potential advantages of high sensitivity, simplicity, and low cost. Especially, 

many kinds of sensitive and selective researches have been performed to detect various 

organic molecules. [13, 14]. 

   Semiconductor quantum dots (QDs) are inorganic nanoscale particles with special 

characteristics resulting from their size and the phenomenon of quantum confinement. 

Colloidal semiconductor QDs show interesting properties, such as a size- and composition-

dependent emission wavelength, narrow emission band, broad excitation range, and very high 

stability against photobleaching [15]. For these reasons, QDs have numerous applications in 

areas such as biochemical sensing, labeling, cellular imaging, solar cells, LEDs, and diode 

lasers [16, 17].  
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   Currently, graphene and other closely related carbon compounds, are attracting attention 

because of their superior electrical, thermal, and mechanical properties [16]. Among them, 

graphene oxide [GO] is a derivative of graphite, and has many specific characteristics that are 

widely different from graphite as a result of the oxygen-containing functional groups on the 

surface that produce a transparent, hydrophilic nature and also has a high specific surface 

area, tunable band gap, and good biocompatibility [19, 20]. In addition, GO has been 

considered as an excellent carbon material due to its superior mechanical strength [21], low 

density and high heat conductance [22]. Numerous applications have been developed based 

on graphene-polymer composites [23], batteries [24], fuel cells [25], drug delivery and 

biosensors [26, 27]. Especially, various GO functionalized nanomaterials/composites have 

been reported as novel nanosensors for sensitive, selective and rapid detection of different 

biomolecules, metal ions and drugs [28-34]. 

    In the present study, we have prepared GO-QD hybrids as a biosensor for the detection 

of AA. The GO was used as a supporting substrate, with carboxyl-functionalized QDs 

attached to its surface. In this study, we synthesized GO by the modified Hummers' method, 

and linked QDs to the surface by the 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide/N-

hydrosuccinimide (EDC/NHS) coupling reaction to produce ester bonds. The carboxyl group 

of functionalized Cd/Se-ZnS quantum dots can be reacted with a GO hydroxyl group [35, 36]. 

Use of GO-QD hybrids as biosensors may be based on quenching of the PL intensity by 

various concentrations of AA. 

 

2. Experimental 

 

2.1. Chemicals and Materials 
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Qdot® ITKTM CdSe/ZnS carboxyl QDs were purchased from Life technologies, USA. 

Graphite flakes, H2O2, KMnO4, H2SO4, ascorbic acid, 1-ethyl-3-(3-dimethylaminopropyl) 

carbodiimide (EDC), and N-hydroxysuccinimide (NHS) were purchased from Sigma-Aldrich, 

USA. HCl was purchased from Carlo Erba Reagents. Phosphate-buffered saline (PBS) was 

purchased from WelGENE Inc. All chemicals were directly used without further purification. 

 

2.2. Instrumentation  

   The FTIR spectra were obtained using a Bruker VERTEX 70 high-resolution FTIR 

spectrometer, and the absorption spectra of the QDs were obtained with a Cary 100 UV/Vis 

spectrophotometer (Varian). High-resolution TEM (HRTEM) images were obtained with a 

transmission electron microscope (Tecnai G2 F30 S-Twin). Raman spectra were acquired 

using a Horiba Raman spectrometer (model T64000). X-ray diffraction (XRD) patterns of the 

particles were obtained using a Rigaku RINT 2200 diffractometer. Centrifugation was 

performed using a Thermo Scientific multifunction centrifuge. The PL spectra were recorded 

with an excitation wavelength of 450 nm at room temperature, using a photoluminescence 

spectrometer (QuantaMaster, Photon Technology International, NJ, USA) equipped with a 

xenon lamp (Arc Lamp Housing A-1010B, PTI), monochromator, and power supply 

(Brytexbox). 

 

2.3. Preparations of GO and GO-QD hybrids 

   The GO was prepared from graphite flakes by the modified Hummers' method [37]. 

Briefly, 500 mg of graphite was mixed with 20 mL of concentrated H2SO4 in a 100 mL 

round-bottom flask with magnetic stirring for 4 h at room temperature. The reaction mixture 
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was cooled to -10 °C, and approximately 2.5 g of KMnO4 was then slowly added; the reaction 

temperature was raised to 130 °C, and after addition of H2SO4 the solution maintained with 

vigorous magnetic stirring for 3 h. After the reaction, dark yellow GO was observed; the 

solution was cooled to room temperature and roughly 100 mL of DI water and 15 mL of 30% 

H2O2 were added. Finally, the GO was washed three times with 0.25 M HCl solution and 

centrifuged at 7,000 rpm for 15 min. GO-QD carboxyl-functionalized hybrids were prepared 

using the EDC/Sulfo-NHS coupling reaction. In one test tube, 20 mL of GO solution (250 

mg/L) was mixed with 100 µL of 5 mM EDC and 100 µL of 7.5 mM NHS (both EDC and 

NHS solutions are in PBS buffer, 10 mM PO4
3− at pH 7.2). In another test tube, 2 µL of 0.4 

µM CdSe/ZnS-carboxyl QD solution was added to 250 µL of 5 mM EDC and 500 µL of 5 

mM NHS in PBS buffer. Subsequently, 250 µL of QD solution was added to the above GO 

mixture and mixed with a vortex machine. The reaction mixture was kept at 8 °C overnight 

after 60 min of sonication. Finally, the GO-QD hybrids were isolated by ultracentrifugation at 

10,000 rpm for 25 min, and washed with DI water three times. The GO-QD hybrids were 

dried under vacuum and stored at -4 °C for further analysis. 

 

2.4. Fluorescence assay for ascorbic acid 

   AA was detected using a fluorescence assay as follows. In a typical procedure, 100 µL of 

various concentration of AA solution and 500 µL of PBS buffer solution were mixed and 

added to a cuvette containing 100 µL GO-QD carboxyl-functionalized hybrids. Different 

concentrations of AA were used, ranging from 0 to 130 nM. The mixture was incubated for 

10 min at room temperature and PL spectra were recorded using an excitation wavelength of 

450 nm. 
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3. Result and Discussion 

   The GO and GO-QDs hybrids were synthesized by using a modified Hummers' method 

and a coupling reaction, which we have illustrated in Fig. 1. After treatment of graphite with 

H2SO4 (conc.), KMnO4, and H2O2, GO is present and has carboxyl and hydroxyl polar 

functional groups, which are confirmed by FTIR and Raman spectroscopy. The GO-QD 

hybrids were prepared by the EDC/Sulfo-NHS coupling reaction, which occurs through ester 

bond formation between carboxyl groups of the QDs and hydroxyl functional groups of GO. 

3. 1. Characterization of GO-QD hybrids 

   Fig. 2 shows the FTIR spectra of graphite flakes, GO, and GO-QD hybrids. In the graphite 

sample, the characteristic sharp peaks observed at 680 and 1530 cm-1 are attributed, 

respectively, to the aromatic C-H and C=C stretching frequencies in graphitic carbon. In the 

GO and GO-QD hybrids, a broad and intense hydroxyl (O-H) peak at 3460 cm−1 and a strong 

C O peak at around 1710 cm−1 result from stretching vibrations of carboxylic acid and 

carbonyl moieties, respectively. These clearly indicate that through COO bonding, the 

CdSe/ZnS QDs are well attached to the GO surface. Additional peaks are observed from GO 

at 1050 and 1235 cm-1 for C-O and C-O-C, respectively. The FTIR observation confirms the 

production of GO with polar functionalities and GO-QDs hybrid formation [38, 39].  

   The Raman spectra of GO, GO-QDs hybrid, and graphite are shown in Fig. 3. The G band 

is shown at 1597, 1607, and 1595 cm-1, while the D band at 1365, 1364, and 1355 cm-1  for 

graphite, GO, and GO-QDs hybrids, respectively. The G band is common for all sp2 carbon 

forms, and it indicates the C-C bond stretching. The G and D bands of GO are shifted to a 

higher wave number due to the oxygenation of graphite and structural defects, which results 

in the formation of sp3 carbon atoms [40]. The Raman spectra of hybrids confirmed that the 
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grafting of QDs into the GO sheets resulting in a gradual reduction in the graphitic structure 

and thus decreased size of the graphitic domains. Therefore, the Raman spectral analyses 

show that the QDs has been well attached onto GO sheets [41]. 

   To investigate the morphology of the GO-QDs, transmission electron microscopy (TEM) 

analysis was used. TEM images at different magnifications for CdSe/ZnS QDs, GO, and QD 

conjugated GO are shown in Fig. 4. In Fig. 4. (A), the QDs appear as dark dots of spherical 

shape, uniformly distributed on the surface. In Fig. 4. (B), GO alone appears as highly 

transparent and flexible wrinkled few layer of sheets. Fig. 4(C) and (D), shows well-

conjugated QDs on the GO sheets at 100 and 200 nm magnifications, respectively [42, 43]. In 

addition, Energy –dispersive analysis of X-rays (EDX) was further used to reveal the 

elemental composition of C, O, Zn, S, Se, Cd and Cu (Cu comes from the TEM grid) for the 

as-synthesized GO-QD hybrids in Fig. 4(E). The HRTEM image of GO-QD hybrids (Fig. 4. 

(F)) shows the well resolved lattice fringes with a interlayer spacing distance of 0.36 nm, 

which clearly matches to the (1 1 1) crystal plane for QDs [44]. The selected area electron 

diffraction (SAED) pattern (inset in Fig. 4. (F)) displays a separated ring like feature, 

indicating polycrystalline nature of QDs. 

   Fig. 5 shows the UV-visible absorption spectra of GO and as-synthesized GO-QD hybrids. 

The trace for GO shows a strong absorption peak at about 230 nm indicating the π → π* 

conjugated transitions of the aromatic C=C bond, and a small shoulder peak at about 300 nm 

indicating n → π* transitions of C=O bonds [45]. For the GO-QD hybrids, the peak at 230 

nm is red shifted to 270 nm by attachment of the QDs to GO. 

   The crystal structure of graphite, GO, and GO-QDs was investigated by powder XRD 

analysis. As shown in Fig. 6. The strong, sharp characteristic peak at 2θ = 26.6° indicates a 

highly ordered structure in graphite. The trace for GO shows a strong peak centered at 2θ = 
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10.2° and a weaker peak around 2θ = 21°. The stronger peak results from oxygen-containing 

functional groups and the weaker one is the characteristic peak of residual unoxidized 

graphite [46]. However, the strong characteristic peak from GO is absent in the GO-QD 

hybrids, while the broad peaks at 2θ = 25.2 and 41° can be assigned to (111), (220) lattice 

planes of the CdSe/ZnS QDs [38]. 

3. 2. Effect of pH on PL emission of the QDs and time stability 

   It is known that the PL emission of CdSe/ZnS QDs is highly pH-sensitive; moreover, 

studies report the maximum PL intensity at different pH values [47, 48]. For CdSe-ZnS QDs 

attached to GO (this study), Fig. 7 shows the effect of pH on PL intensity for a pH range of 

2–12. This Figure shows that the PL intensity at pH = 2 is about 20% of that at pH = 7.2. The 

acidic conditions may induce formation of surface defects, leading to aggregation of the GO-

QDs and PL quenching. As conditions become more strongly basic (pH = 7→12), the PL 

intensity of the GO-QDs is quenched moderately (~20%), which may result from 

deprotonation by hydroxide ions (OH−) at the surface [49]. Accordingly, in this study, the 

experiments on ascorbic acid sensing were carried out at a pH of 7.2. For long-term ascorbic 

acid sensing in biological environments, stability of the PL intensity is essential. Fig. 8 shows 

the stability of PL intensity of GO-QDs at room temperature. This Figure shows that the PL 

intensity remains constant for a duration of 100 h. 

3. 3. Calibration plot and detection limit of the method 

   Fig. 9 shows the quenching of PL intensity from GO-QDs as a function of AA 

concentration. Various concentrations of AA from 0 to 130 nM were added to the GO-QD 

assay solution, and PL spectra were measured after a time interval of 10 min. The Figure 

shows that the PL intensity of GO-QDs gradually decreased with increasing AA 
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concentrations, which may result from electron transfer from the GO-QDs to AA. With an 

AA concentration of 130 nM, the PL emission has decreased to 20%. The inset Figure shows 

PL quenching as a function of AA concentration ranging from 0 to 130 nM. In addition, right 

side bottom of the inset figure also shows the photographic evidence for the PL quenching of 

GO-QDs by the addition of different concentrations of AA. In the Figure, F0 and F are the PL 

intensity of GO-QDs in the absence and presence of a quenching agent (AA), respectively. 

Certainly, the PL quenching is closely related to the concentration of AA added to the GO-

QDs solution. The well-known Stern–Volmer equation was applied to measure the 

relationship between quenching efficiency of QDs and concentration of AA [50].  

     

 

Here, Kq is the Stern-Volmer constant, representing the affinity between fluorophore and 

quencher. The figure shows a good linear relationship with correlation coefficient R2 = 

0.9941. The limit of detection (LOD) for AA was calculated to be as low as 568 pM. Finally, 

PL response was recorded in the presence of various potential interferences like biomolecules 

and ions, which were naturally present in our biological systems (Fig. 10). According to the 

PL data, except AA, significant fluorescence quenching was not observed from the 

biomolecules like uric acid, glucose, and citric acid after addition into the system as presented 

in Fig. 10A. In addition, we also recorded the PL response using our system with various 

existing ions (Fig. 10B). Interestingly, by addition of these ions into our sensing system, the 

fluorescence intensity was also remains almost same as like as GO-QDs, which clearly 

indicates that, the developed sensing probe is highly selective and sensitive towards the AA 

over the presence of various biomolecules and ions as potential interferences. 
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Several analytical methods such as electrochemical sensing, calorimetric sensing, and 

enzymatic immunoassays were available for the detection of AA [51-53]. However, in spite 

of having potential abilities by using these sensing systems, several disadvantages like 

sophisticated instrumentation handling, using of expensive chemicals, difficult reaction 

conditions, low limit of detection with selectivity were also associated from them. Herein, we 

developed an easy, economical, and simple fluorometric assay for the selective and sensitive 

detection of AA with low limit of detection. Moreover, this sensing system did not require 

much sophisticated instrumentation with specialized reaction conditions. As from the earlier 

experimental results, we performed GO-QDs system based fluorometric sensing method for 

the detection of AA at ambient room temperature conditions. 

4. Conclusion 

   In summary, a highly enhanced sensing platform based on QDs attached to GO was 

established for the detection of ascorbic acid. The GO was synthesized from graphite flakes 

using the modified Hummers' method. The preparation of GO-QD hybrids is simple and 

inexpensive. The GO and CdSe/ZnS QDs were conjugated by the EDC/Sulfo-NHS coupling 

reaction. FTIR and Raman spectroscopy confirmed the existence of oxygen-containing 

groups, and crystallinity of samples was investigated by XRD analysis. TEM analysis of GO-

QDs hybrids revealed the attachment of QDs on the GO surface. The detection of ascorbic 

acid by GO-QDs hybrids was made possible by PL quenching resulting from electron 

transfer. The PL intensity of GO-QDs was sensitive to pH values and stable over a period of 

4 days. The PL quenching efficiency shows a good linear relation with AA concentration 

with a detection limit of 568 pM and a correlation coefficient (R2) of 0.9941. This shows that 

simple and sensitive detection of AA at the picomolar level is possible by using GO-QDs. 
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Figure captions 

1. Reaction scheme for the synthesis of graphene-oxide (GO) from graphite flakes (modified 

Hummers' method) and formation of GO-quantum dot (GO-QD) hybrids by the EDC/NHS 
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coupling reaction. 

2. FTIR spectra of graphite (G), GO, GO-QD hybrids. Features arising from stretching and 

bending modes in aromatic configurations are indicated by Ar – stre and Ar – bend. 

3. Raman spectra of graphite, GO, and GO-QD hybrids. 

4. TEM images of (A) QDs (CdSe/ZnS), (B) graphene oxide, (C) and (D) QDs conjugated on   

the GO sheet at 200 and 100 nm magnification, (E) EDX spectrum of GO-QD hybrids, (F) 

HRTEM of GO-QD hybrids at 5 nm magnification, (Inset – SAED pattern GO-QDs). 

5. UV-visible spectra of GO and GO-QD hybrids. 

6. XRD spectra of graphite, GO, and GO-QD hybrids. 

7. Maximum PL intensity of GO-QD hybrids at different pH values. 

8. Maximum PL intensity of GO-QD hybrids after different continuous exposure times. 

9.  PL spectrum of GO-QD hybrids for various concentrations of ascorbic acid (0, 50, 60, 70, 

80, 90, 100, 110, 120, and 130 nM). λex = 450 nm. [Inset: (top) The linear relationship 

between PL intensity and ascorbic acid concentrations, (bottom) photographic images of 

the PL quenching by addition of AA]. 

10. Response of PL emission spectra for the various biomolecules (A) and ions (B) as 

potential interferences.  
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Fig. 2. 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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Fig. 8 
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Fig. 9 
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Fig. 10 
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Highlights 

 

 Sensing platform based on quantum dots attached to graphene oxide (GO) was established  

 The preparation of GO-QD hybrids is simple and inexpensive. 

 As-prepared GO-QD hybrids are successful in detecting ascorbic acid  

 Simple and sensitive detection of ascorbic acid at picomolar level 
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