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Highlights 

• CdSeTe/ZnSe/ZnS quantum dots were synthesized for the first time. 
• A novel soluble quantum dot–graphene oxide (QD–GO) nanocomposite was 
prepared. 
• Four ubiquitous PAHs were tested for their affinity to the novel QD–GO probe. 
• The LOD for phenanthrene in water was 0.19 µg/L. 
• Detection may be based on an adsorption-fluorescence enhancement effect. 
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Abstract 

Environmental pollutants, such as the polycyclic aromatic hydrocarbons (PAHs), 

become widely distributed in the environment after emission from a range of 

sources, and they have potential biological effects, including toxicity and 

carcinogenity. In this work, we have demonstrated the analytical potential of a 

covalently linked L-cysteine-capped CdSeTe/ZnSe/ZnS core/shell/shell quantum 

dot (QD)-graphene oxide (GO) nanocomposite fluorescence probe to detect PAH 

compounds in aqueous solution. Water-soluble L-cysteine-capped 

CdSeTe/ZnSe/ZnS QDs were synthesized for the first time and were covalently 

bonded to GO. The fluorescence of the QD-GO nanocomposite was enhanced 

relative to the unconjugated QDs. Various techniques including TEM, SEM, HRSEM, 

XRD, Raman, FT-IR, UV/vis and fluorescence spectrophotometry were employed to 

characterize both the QDs and the QD-GO nanocomposite. Four commonly found 

priority PAH analytes namely; phenanthrene (Phe), anthracene (Ant), pyrene (Py) 

and naphthalene (Naph), were tested and it was found that each of the PAH analytes 

enhanced the fluorescence of the QD-GO probe. Phe was selected for further studies 

as the PL enhancement was significantly greater for this PAH.  A limit of detection 

(LOD) of 0.19 µg/L was obtained for Phe under optimum conditions, whilst the 

LOD of Ant, Py and Naph were estimated to be ~0.26 µg/L. The fluorescence 

detection mechanism is proposed.  

Keywords: Quantum dots; Graphene oxide; Adsorption; Photoluminescence; 

Polycyclic aromatic hydrocarbon; Fluorescence sensor 
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1. Introduction 

Potentially harmful pollutants such as polycyclic aromatic hydrocarbons (PAHs) are 

emitted into the environment as a consequence of combustion processes such as 

cigarette burning, petrol and diesel engine operation, coal combustion and waste 

incineration [1,2]. Hence, the presence of PAHs in the environment is of health 

concern [3] and requires extensive monitoring. 

High performance liquid chromatography (HPLC) and gas chromatography (GC) 

are typically employed for the environmental monitoring of PAHs [4,5]. Although 

these methods have proven successful, they often require analyte extraction and 

cleanup prior to analysis. In addition, the instrumentation required is expensive, 

which may limit the extent of monitoring possible in developing countries, where 

resources are limited [6]. The development of rapid, simple, sensitive and selective 

methods for screening environmental samples for PAHs is therefore an attractive 

alternative. Recently, carbon-based materials such as graphene and graphene oxide 

(GO), which exhibit a single sp2 layered hybridized carbon atom bonded in a 

covalent honeycomb-like crystal lattice has emerged as a useful adsorbent material 

for the preconcentration of several environmental organic pollutants containing 

fused benzene rings from both air and water matrices [7-10]. The superior adsorptive 

power of graphene-based materials is due to their large delocalized π electrons and 

high surface area [11]. Organic pollutants containing fused rings can adsorb onto 

graphene via various mechanisms such as electrostatic interaction, non-covalent 

interaction, hydrogen bonding, dispersion forces, hydrophobic interactions, dative 

bonds and Van der Waals interactions [12]. However, despite these advantages 
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exhibited by graphene-based materials, they tend to restack to graphite and are 

prone to aggregation when applied in bulk quantities during adsorption processes 

[13]. Additionally, the strong interplanar interactions within their system also limit 

their use [13]. These disadvantages can be overcome via covalent or non-covalent 

interactions of graphene-based materials with other nanomaterials or molecules of 

interest [14]. An enhancement in selectivity, sensitivity and limit of detection (LOD) 

of graphene-based materials can be achieved by bonding with other nanoparticles 

[15,16].  

After two decades of intense pioneering research on the surface chemistry and 

optical properties of QDs nanocrystals, colloidal semiconductor QD nanoparticles 

have now garnered considerable research attention due to their unique properties 

including bright fluorescence, narrow emission and broad absorption spectra, size-

tunable fluorescence spectra, excellent photostability and multiplex colour 

potentials. They therefore have promising applications such as in biolabeling, 

bioimaging, biotracking of drug molecules, sensing/biosensing, photodynamic 

therapy, molecular biology and antimicrobial prevention, etc [17,18]. 

Bonding of QDs to graphene-based materials to form nanocomposite probes for the 

detection of analytes such as hydrogen peroxide [19], chloramphenicol [20], lead ions 

[21] and glucose [22] have been reported. To the best of our knowledge, there are no 

reports on the use of QD-GO for the fluorescent detection of PAHs. In this work, we 

have successfully synthesized CdSeTe/ZnSe/ZnS QD core/shell/shell nanoparticles 

for the first time via a facile one-pot approach and then converted the hydrophobic 

QDs to the hydrophilic phase via a ligand exchange reaction with L-cysteine thiol 



5 
 

ligand. The choice of the alloyed QD core and the passivation with a Zn-based 

double shell is to ensure the Cd ion is strongly protected against leakage, hence 

ensuring the QDs do not pose any form of toxicity or environmental impact in use. 

The newly synthesized QDs were covalently bonded to GO to form a novel QD-GO 

nanocomposite probe, which we investigated for use as a fluorescent probe to detect 

commonly found PAHs in water. The simplicity of the newly developed QD-GO 

nanocomposite sensor takes advantage of the adsorptive power and delocalized π 

interactions of graphene, which enhance adsorption of PAH compounds with 

consequent enhancement of the QD fluorescence. 

 

2. Experimental 

2.1. Materials 

Trioctylphosphine oxide (TOPO), N-(3-Dimethylaminopropyl)-N′-ethylcarbodiimide 

hydrochloride (EDC), N-Hydroxysuccinimide (NHS), cadmium oxide, octadec-1-ene 

(ODE), tellurium powder (Te), zinc oxide, zinc diethyldithiocarbamate (ZDC), L-

cysteine, oleic acid (OA) and PAH standards consisting of pyrene (Py), anthracene 

(Ant), naphthalene (Naph) and phenanthrene (Phe) were purchased from Sigma 

Aldrich. Hydrogen peroxide, sulphuric acid (H2SO4), methanol, absolute ethanol, 

sodium nitrate (NaNO3), chloroform, acetone, hydrochloric acid (HCl), selenium 

powder (Se), graphite powder, potassium hydroxide (KOH) and potassium 

permanganate (KMnO4) were purchased from Merck. An ultrapure Milli-Q Water 

System was used for sample preparation. 
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2.2. Apparatus 

UV-vis absorption spectra were recorded on a Cary Eclipse (Varian) 

spectrophotometer. Fluorescence emission spectra were recorded on a Horiba Jobin 

Yvon Fluoromax-4 spectrofluorometer.  Determination of the PL quantum yield (ΦF) 

of the QDs was achieved by comparing the integrated fluorescence intensities of the 

QDs (F) in Millipore water to that of Rhodamine 6G (FStd ; ΦF(Std) = 95% [23]) in 

ethanol whilst taking into consideration the refractive indices (n) of the solvents and 

absorbance of each QDs (A) and Rhodamine 6G (AStd) at the excitation wavelength. 

       (   ) 
              

 

               
  
  

Powder X-ray diffraction (XRD) patterns were analyzed using a PANalytical X’Pert 

Pro powder diffractometer in θ–θ configuration with an X’Celerator detector, 

variable divergence and receiving slits with Fe filtered Co-Kα radiation (λ=1.789Å). 

Transmission electron microscopy (TEM) images were obtained using a JEOL JEM 

2100F operated at 200 kV. Raman analyses were performed using a T64000 micro-

Raman spectrometer (HORIBA Scientific Jobin Yvon Technology) equipped with a 

triple monochromator system to eliminate contributions from the Rayleigh line. 

Scanning electron microscopy (SEM) measurements were carried out using a JEOL 

JSM-5800LV operated at 20kV. High resolution scanning electron microscopy 

(HRSEM) measurements were carried out using an FE-SEM Zeiss Ultra Plus. FT-IR 

analyses were performed using a Bruker Vertex 70V. 
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2.3. Synthesis of CdSeTe/ZnSe/ZnS core/shell/shell QDs 

The one-pot synthesis of CdSeTe/ZnSe/ZnS QDs was carried out based on a 

reported procedure for the synthesis of core/shell/shell QDs [24], with 

modifications. Briefly, 1.3 g of CdO was added into a solution of 50 mL of QDE and 

30 mL of OA and the solution was vigorously stirred in a 3-necked flask under argon 

atmosphere to a temperature of 260 oC in order to form a colourless Cd-OA complex. 

Once the colourless complex solution was formed, a premixed TOPTe solution 

containing 0.48 g of Te and 1.93 g of TOPO in 25 mL of ODE was added into the 

solution and this was followed swiftly by the addition of a TOPSe solution 

containing 0.30 g of Se and 1.93 g of TOPO in 25 mL of ODE. Nucleation and growth 

of the alloyed core QDs was allowed to proceed for ~15 min after which a ZnO 

solution containing 0.41 g of ZnO dissolved in 20 mL of OA and 30 mL of ODE was 

injected into the growth solution and this was followed immediately by the addition 

of the TOPSe solution. This resulted in the overcoating of the ZnSe shell around the 

alloyed CdSeTe core surface. Passivation of the CdSeTe/ZnSe core/shell QDs with a 

ZnS shell was carried out by adding into the core/shell growth solution, 0.407 g of 

ZDC dissolved in 30 mL of ODE and 20 mL of OA. ZDC was employed as a single 

molecular precursor because it dissolves in solution to form ZnS metal sulfide [25]. 

The CdSeTe/ZnSe/ZnS QDs were allowed to react for around 2 hrs. Purification of 

the hydrophobic QDs was carried out using methanol followed by acetone.  
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2.4. Water solubilization of the CdSeTe/ZnSe/ZnS QDs 

Water solubilization of the QDs was carried out via a ligand exchange reaction with 

L-cysteine thiol ligand as a hydrophilic capping agent. Firstly, a KOH-methanolic-L-

cysteine solution was prepared by dissolving 3.0 g of KOH in 40 mL of methanol and 

2.0 g of L-cysteine was then dissolved in the solution via ultrasonication. Afterward, 

the hydrophobic CdSeTe/ZnSe/ZnS QDs were dispersed in chloroform and added 

into the KOH-methanolic-L-cysteine solution followed by the addition of Millipore 

water. This resulted in the separation of the organic phase from the water-soluble 

phase. The solution was stirred for 15 min and was then purified as follows: step 1: 

acetone; step 2: chloroform; step 3: water:chloroform:acetone (1:1:2) mixture; and 

step 4: chloroform followed by acetone. The rigorous purification steps were carried 

out to remove the high level of unreacted organic layers embedded on the surface of 

the QDs.  

 

2.5. Synthesis of GO nanosheets 

GO nanosheets were prepared based on the modified Hummers method [26]. 

Graphite oxide was firstly synthesized and then chemically exfoliated to form GO. 

Briefly, in a 250 mL round bottom flask, 60 mL of H2SO4 was added and cooled with 

ice. Then 2.5 g of graphite powder and 1.25 g of NaNO3 were added and the solution 

was vigorously stirred to allow for thorough dispersion of the graphite powder. 

Afterward, 7.5 g of KMnO4 was added and the solution was kept in ice for few hours 

and thereafter the ice bath was removed and the reaction mixture was stirred under 

ambient temperature overnight which resulted in the formation of a pasty light 
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brown coloured mixture. The reaction mixture was then placed in an ice bath and 75 

mL of Millipore water was slowly added under stirring. The temperature of the 

solution was raised to 60 oC and allowed to stir overnight. The following day, 25 mL 

of 30% H2O2 was added to the reaction mixture, which was then centrifuged with 5% 

HCl solution followed by Millipore water in order to remove unreacted metal ions. 

The prepared graphite oxide (yield = 4.0 g) was dried at 65 oC and a grey powder 

was obtained. 

To form the GO nanosheets, 0.8 g of graphite oxide was dispersed in Millipore water 

and was then exfoliated via ultrasonication for ~3 hrs. Finally, the solution was 

purified with 5% HCl solution and dried at 65 oC. The yield of the purified GO 

nanosheets was 0.4 g. 

 

2.6. Preparation of QD-GO nanocomposite  

Scheme 1 depicts the process employed in the preparation of the QD-GO 

nanocomposite probe. Firstly, 20 mg of the QDs and GO were dissolved separately 

in 5 mL of Millipore water. Then 5 mL of 0.1 mol L-1 EDC was added into the GO 

solution to activate the carboxylic groups for ~30 min. The QDs solution was then 

added into the EDC-activated GO solution, followed immediately by the addition of 

5 mL of 0.1 mol L-1  NHS solution to stabilize the amide linkage formed between the 

QDs and GO. The reaction was allowed to proceed for 24 hrs and the QD-GO 

nanocomposite thus formed was purified by the addition of acetone. 
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Scheme 1. Schematic representation of the preparation route for the QD-GO nanocomposite probe. 
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2.7. Procedure for the fluorescent detection of PAHs 

The detection of PAHs was carried out in Millipore water. Four PAH analytes (Ant, 

Naph, Py and Phe) were tested in this work because they are known to be part of the 

16 priority PAHs listed by the US Environmental Protection Agency (EPA) [27] and 

have frequently been detected in water systems [2,5]. The PAH solutions were 

prepared in a H2O/EtOH (2:1) mixture [0 – 5 x 10-7 mol L-1]. For fluorescence 

detection, 0.7 mg/mL of the QD-GO nanocomposite was dissolved in Millipore 

water and the selected PAH solutions of varying concentration were added at 

different time intervals. An equilibration time of 5 min was allowed before taking 

each PL measurement.  

 

3.  Results and discussion 

3.1. Absorption and PL emission characterization  

Fig. 1 shows the absorption and PL emission spectra of the newly synthesized water-

soluble L-cysteine-capped CdSeTe/ZnSe/ZnS QDs. A well pronounced and broad 

excitonic peak at 583 nm and a symmetric PL emission spectrum with a peak at 

wavelength of 629 nm was obtained for the QDs. The measured PL quantum yield of 

the QDs was 45% while the estimated full width at half maximum was 60 nm. The 

PL emission spectrum of the QDs did not show any evidence of deep trap emission 

mostly inherent in the red tail region, hence suggesting that the QDs exhibited a 

band edge type of PL emission [28]. 
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Fig. 1. Absorption (dotted line) and PL emission (solid line) spectra of the water-soluble L-cysteine-

capped CdTeSe/ZnSe/ZnS QDs measured in Millipore water at λexc = 470 nm.  
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Fig. 2. PL emission spectra of the unconjugated QDs before and after conjugation to GO at λexc = 470 

nm.  
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Fig. 2 shows the representative PL emission of the unconjugated QDs (measured 

before conjugation to GO) and the QD-GO nanocomposite. It could be seen that the 

PL emission of the QD-GO blue-shifted by 9 nm relative to the unconjugated QDs 

and was also enhanced. The blue-shift in PL emission of the QD-GO indicated that 

the QDs were not aggregated and that the covalent binding of GO to the QDs 

increased the band gap. However, the PL emission enhancement effect of the QD-

GO nanocomposite observed in this work was in contrast to the PL quenching effect 

of GO on QDs fluorescence reported by different groups in the literature [29-31]. 

Förster resonance energy transfer (FRET) from the QDs (donor) to GO (acceptor) is 

the sole reported mechanism of interaction between GO and fluorescent emitting 

QDs. It is important to note that for FRET to occur, quenching of the fluorescence 

emission of the donor molecule has to be apparent. The lack of quenching of the QD-

GO fluorescence found here provided an indication that a different mode of 

chemical interaction took place between the QDs and GO. We can assume that when 

phonon energies are equal to or higher than the band gap of the CdSeTe/ZnSe/ZnS 

nanocrystals, excitation of electrons from the valence band to the conduction band 

can generate the same amounts of holes in the valence band [32]. As judged by the 

QY value of the QDs, the synthesis of the CdSeTe/ZnSe/ZnS QDs may have 

induced the creation of some surface defect states, thus creating nonradiative exciton 

dynamics. We believe that upon conjugation of the QDs to GO, conformability 

between the adsorptive capability of GO and the defect state of the QDs may have 

induced the PL enhancement effect. 
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Fig. 3. TEM images of the (A) unconjugated QD and (B) GO. (C) SEM image of GO and (D) HRSEM 

image of GO (E) TEM image of the QD-GO nanocomposite.   

 

3.2. TEM, SEM and HRSEM analysis  

A TEM image of the water-soluble L-cysteine-capped CdSeTe/ZnSe/ZnS QDs is 

shown in Fig. 3A. It is clearly evident that the QDs were monodispersed and 

spherical in shape. The morphological display of the QDs also shows that they were 

nearly homogenous in nature. The estimated average particle size distribution of the 

QDs was 5.5 nm.  

As discussed in Section 2.5, GO was prepared from the exfoliation of graphite oxide. 

The corresponding TEM image of GO is shown in Fig. 3B. The morphological 

display of GO did not show any trace of bulk aggregates, but rather the image 

showed that GO was well exfoliated to individual nanosheets. The SEM image of 

GO (Fig. 3C) showed a characteristic carbon sheet with crumpled silk waves while 

the corresponding HRSEM image (Fig. 3D) showed that they were smoothly folded 
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up into nanosheets. The TEM image of the QD-GO nanocomposite (Fig. 3E) showed 

that the QDs were effectively anchored onto the graphene sheet with no stand-alone 

QD nanoparticles lying outside the GO surface, hence confirming the successful 

conjugation of the QDs to GO. 

 

3.3. XRD analysis  

Powder XRD analyses were carried out to investigate the crystal phase nature of the 

unconjugated QDs, GO and QD-GO nanocomposite, respectively (Fig. 4). The 

diffraction pattern of GO revealed the presence of the {001} peak at 2θ = 13.8o which 

was an indication of its characteristic loose-layer-like structure. The interlayer 

spacing of this peak depends on the water layers in the gallery space of the materials 

as well as the adopted method of preparation [33]. For the unconjugated QDs, the 

diffraction pattern suggested crystalline nature and corresponds to the typical zinc-

blende crystal structure with planes at {111}; 2θ = 30.7, {220}; 2θ = 50.5 and {311}; 2θ = 

61.1. In addition, the broad diffraction peaks were a strong indication of the small 

nanocrystal size of the QDs. Upon conjugation of the QDs to GO, it was evident that 

the crystallinity of the QDs in the nanocomposite material was retained with no 

appreciable shift in the peak positions and a weak GO peak in the QD-GO spectrum 

was observed. This gave a strong indication that the QDs were well immobilized in 

the GO sheet as confirmed by the TEM image (Fig. 3E). 
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Fig. 4. Powder XRD spectra of GO, unconjugated QD and QD-GO nanocomposite. 

 

3.4. FT-IR analysis  

FT-IR analysis was carried out to characterize the functional groups on the surface of 

the materials. Fig. 5 shows the FT-IR spectra of the GO, unconjugated QDs and QD-

GO. For GO, the characteristic bands appeared for carboxylic and carbonyl (υC=O =  
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Fig. 5. FT-IR spectra of GO, unconjugated QD and QD-GO nanocomposite. 

 

1708 cm-1), aromatic (υC=C = 1556 cm-1), carboxy (υC-O = 1360 cm-1), epoxy (υC-O = 1207 

cm-1) and alkoxy (υC-O = 1041 cm-1) groups, hence confirming the successful 

formation of GO. The FT-IR spectrum of the unconjugated QDs revealed the 

presence of the symmetric and asymmetric carboxylic functional group (υC=O = 1389 

and 1583 cm-1) while the hydroxyl functional group (υO-H = 3319 cm-1) was also 
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observed. These were ascribed to the capping agent. In terms of the QD-GO 

nanocomposite, the FT-IR spectrum was dominated by the GO, however the band 

appearing at 1699 cm-1 could be attributed to the formation of the amide linkage 

between the QDs and GO.  

 

3.5. RAMAN analysis  

The Raman spectra of GO, unconjugated QDs and the QD-GO nanocomposite are 

shown in Fig. 6. The characteristic D (1350 cm-1) and G (1596 cm-1) bands were 

recognized on the spectrum of GO [34], hence confirming the successful synthesis of 

this material. The plane termination of disordered graphite containing vibrating 

carbon atoms with dangling bonds, corresponds to the D band while the G band was 

attributed to the vibrating sp2-bonded carbon atoms [35]. The Raman spectrum of 

the unconjugated QDs displayed a broad and intense optical peak at ~3873 cm-1 

which was a strong indication of the fluorescence emitting property of the QDs. The 

Raman spectrum of the QD-GO nanocomposite displayed a similar peak to the 

unconjugated QDs but had a lower signal intensity. We can attribute the lack of 

appearance of the GO peaks in the nanocomposite material to be due to the 

dominance of the fluorescence property of the QD-GO nanocomposite. 
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Fig. 6. Raman spectra of GO, unconjugated QDs and QD-GO nanocomposite. 

 

3.6. Application of the QD-GO nanocomposite for PAH PL detection 

As discussed in the experimental section, GO was obtained via the chemical 

exfoliation of graphite oxide. It is important to note that breakage of the extended 
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two-dimensional stacked π-conjugation of the graphene nanosheets was due to the 

oxidation of graphite which thus resulted in hybridized sp2 nanoscale graphitic 

domains which were surrounded by defect carbon vacancies as well as oxidized and 

highly disordered sp3 domains. The resultant GO nanosheets were characterized by 

hydroxyl and derivatized carboxylic groups at the edges, with phenolic and epoxy 

groups lying predominantly at the basal plane [36,37]. Based on this chemical 

functionality of GO, the nanosheets were readily exfoliated to form a light brown 

coloured, stable and dispersible suspension in water, which was required for the use 

of the QD-GO nanocomposite as a material for the sensing of environmental 

contaminants in water, as in this study.  

In this work, the advantage of using GO was not only limited to its large surface 

area, but was also based on the nature of the chemical structure of GO. The strong π-

π interaction induced by the hexagonal array of carbon atoms in the GO nanosheet 

provides a unique platform to adsorb analytes with fused benzene rings. Fig. 7 

shows the PL analytical response of the fluorescence of the QD-GO nanocomposite 

probe obtained when a fixed concentration of 5 x 10-7 mol L-1 of Naph, Ant, Py and 

Phe were tested, respectively. We employed an equilibration time of 5 min before 

taking each of the fluorescence measurements. PAHs have fused benzene rings, 

hence enhancing their affinity for the QD-GO probe. From Fig. 7, it is clear that each 

of these ubiquitous PAH analytes can be detected using the QD-GO probe with the 

PL enhancement effect following the order: Phe > Ant > Py ≥ Naph, therefore we 

chose to select Phe for further PL testing using the QD-GO nanocomposite probe. 
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Fig. 7. Effect of a fixed concentration of 5 x 10-7 mol L-1 of Naph, Ant, Py and Phe on the fluorescence 

intensity of the QD-GO nanocomposite probe at 633 nm. Control = QD-GO (0.7 mg/mL). 
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Fig. 8. Fluorescence detection of phenanthrene at increasing concentration corresponding to a steady 

enhancement in PL signal of the QD-GO nanocomposite probe. [Phe] = 0, 1 x 10-7, 2 x 10-7, 3 x 10-7, 4 x 

10-7 and 5 x 10-7 mol L-1 (λexc = 470 nm). 
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Under optimum conditions in terms of the absence of matrix or interfering analytes, 

the detection of Phe using the QD-GO nanocomposite probe was carried out at 

varying concentrations of the analyte. As shown in Fig. 8, the PL intensity of the QD-

GO probe at 633 nm was progressively enhanced as the concentration of Phe was 

increased. The detection of Phe did not induce any noticeable shift in the PL 

emission of the probe. We attributed this to the high stability of the probe. The linear 

regression curve for the detection of Phe is shown in Fig. 9, with the concentration of  

 

Fig. 9. Calibration regression curve showing the linear response of the QD-GO nanocomposite probe 

upon detection of phenanthrene. F0 is the fluorescence intensity of the QD-GO nanocomposite 

without the analyte and F is the fluorescence intensity after addition of the analyte. 

 

the analyte in the range of 0 - 5 x 10-7 mol L-1. The limit of detection (LOD) was 

calculated using the equation 3δ/K, where K is the slope of the calibration graph and 

δ is the standard deviation of blank measurements (n =10). The LOD obtained for 

Phe was thus 1.07 x 10-9 mol L-1 or 0.19 µg/L which indicated that this method holds 

promise for use in environmental monitoring, as the maximum allowable 
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concentration for Phe in water is 3.0 mg/L [38], whilst reported concentrations of 

Phe in river water in South Africa ranges from 0.053 – 0.616 µg/L [2]. 

 

The PL enhancement effect of the four tested PAHs differed slightly from each other. 

From the relative PL enhancement at 633 nm, the LODs of Ant, Naph and Py were 

estimated to be ~0.26 µg/L.  It is important to note that each of the PAH compounds 

differ mainly in their aromaticity, number of fused benzene rings and molecular 

shape. We believe that the trend in the PL enhancement effect of the PAHs samples 

was synonymous to their adsorption affinity for the QDs-GO probe. Because PAHs 

are known to act as π-electron donors due to their high electron density, the overall 

reaction mechanism (Scheme 2) can be explained based on the interaction between 

the electron-rich π-system of the PAH molecule and the π-electron system of the 

graphene material, which thus leads to an adsorption-PL enhancement effect 

exhibited by QD-GO probe, making it suitable for the detection of this class of 

compounds.  

 

4. Conclusions 

In summary, alloyed L-cysteine-capped CdSeTe/ZnSe/ZnS core/shell/shell QDs 

were synthesized for the first time and covalently bonded to GO, hence forming a 

novel QD-GO nanocomposite probe. Comparison of the PL spectra of the 

unconjugated QD and the QD-GO nanocomposite showed that the later was 

enhanced relative to the former. Four ubiquitous priority PAH analytes, namely 

Naph, Ant, Py and Phe were tested for their affinity to adsorb onto the modified GO  
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Scheme 2. Proposed fluorescence detection mechanism of phenanthrene using the QD-GO 

nanocomposite probe. 
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and thus influence the PL intensity of the conjugated QDs. Results showed that the 

PL enhancement effect was greatest for Phe therefore it was selected for further PL 

studies. Detection of Phe was successfully carried out in aqueous media with a LOD 

of 0.19 µg/L, whilst the LOD of Ant, Naph and Py were estimated to be ~0.26 µg/L. 

The simplicity, low cost and low LOD of the sensor demonstrates its potential for 

application as a screening tool for PAH compounds in environmental water 

pollution monitoring.  Additional selectivity studies are required in order to 

determine the effect of potentially interfering compounds in real environmental 

samples on PAH detection. 
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