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Water-Soluble and fluorescent thiol capped CdSe quantum dots (QDs) were synthesized 

by chemical rout. The structure of CdSe QDs was investigated by means of X–ray 

diffraction (XRD), energy–dispersive X–ray analysis (EDX), UV–visible, Fourier 

transform infrared (FT–IR) spectroscopy and transmission electron microscopy (TEM). 

The crystal phase of the CdSe QDs confirmed with XRD diffraction technique. The 

average size of CdSe QDs was calculated to be 3 nm by different spectroscopic 

techniques. CdSe capped with mercaptopropionic acid (MPA) shows a characteristic 

fluorescent peak at 590 nm, which is highly dependant on the pH value. The interaction of 

the water-soluble MPA–CdSe and acivicin (AC) was investigated in 50 mM sodium 

acetate buffer pH 7.4 by fluorescence spectroscopy. The interaction between acivicin and 

MPA–CdSe shows a dynamic quenching process. Analysis of the circular dichorism (CD) 

spectra indicated higher interaction of the MPA–CdSe-AC complex with human serum 

albumin than the individual AC drug. 
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1. Introduction 
 

Recently, quantum dots (QDs), the nanocrystals with a size range from 10-100 nm, attract 

the attention of researchers particularly, in biological imaging and biomolecular applications [1-6]. 

The exceptional photophysical properties such as broad absorption spectra, narrow and symmetric 

emission spectra, and the ability to tune such features were the potential for biomedical 

applications [7, 8]. However, the concern related to the health risks of QDs still under debate.  

QDs toxicity reported to largely depend on the physicochemical properties such as, size, charge, 

and concentration, in addition to the environmental conditions. QDs dosage/exposure 

concentration is a vital condition for the cytotexcocity, for example, 10-fold higher concentration 

of CdCl2 (20 M) was required to induce equivalent mortality as a solution of 2 M QDs [9], on 

the other hand, ZnS capped CdSe QDs was not harmful to SpragueDawley rats in both short and 

longterm [10]. Hence, the lethal dose [11] and the intracellular QDs concentration not the 

extracellular are important factors in QDs cytotoxicity both in vivo and in vitro investigation [12]. 

 Recently, antibiotic resistance bacteria such as Staphylococcus aureus, methicillin-

resistant S. aureus (MRSA) have become a serious problem for public health [13].  Different 

pathways for antibiotic resistance mechanism have been reported [14]. Particularly, both the 

degradation and the leakage of the antibiotics outside the cell decrease the binding and 
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significantly loose the activity. One of the promising approaches to overcome the problem is to use 

the antibiotic-nanoparticles bioconjugate to ensure strong binding and high activity towards the 

target cells. This approach is based on enhancing the activity of the antibiotics by their attachments 

to the nanoparticles [15].  

 Herein, we are investigating the in vitro interaction between MPACdSe nanocrystal and 

acivicin antibiotic molecule (Fig.1). Acivicin, (S,5S)- -amino-3-chloro-4,5-dihydro-5-

isoxazoleacetic acid, is a potent antitumor antibiotic, and show antifungal activity [16]. Different 

spectroscopic techniques such as fluorescence spectra, absorption spectra, and circular dichroism 

were used to study the molecular and mechanism interaction.  

 

 
 

Fig. 1. Acivicin Structure 

 

 

2. Material and Methods 
 

All the chemicals used in this work were of analytical grade or the highest purity available 

and obtained from commercial sources and used without further purification. CdCl2.2.5H2O, 

acivicin were purchased from Sigma-Aldrich (Germany). Powder X–ray diffraction (XRD) 

analysis was carried out with X–ray diffractometer, D8 ADVANCE type (BRUKER–AXS 

Germany) with CuK ( l = 0.15406 nm) radiation. Morphology and structural of the synthesized 

materials were investigated by transmission electron microscopy (TEM, JEOL JEM-1230 with 

accelerating voltage of 120 kV) with EDX detector unit attached to the system. FT–IR spectra 

were recorded with a JASCO FT–IR spectrometer within the range of 500 – 4000 cm
−1

. Room 

temperature UV–Visible absorption spectra were measured using a JASCO V-760 UV–VIS–NIR 

spectrophotometer. Photoluminescence measurements were performed at room temperature using 

JASCO FP-8500 fluorescence spectrofluorometer (excitation wavelength λexc was set at 390 nm). 

Circular Dichroism spectra measurements were performed on JASCO Circular Dichroism 

Spectrometer. 

 

2.1 Synthesis of CdSe Quantum Dots  

 

CdSe was prepared according to literature procedures with modification [17]. The alkaline 

selenium aqueous solution was prepared as follows: 0.56 mol of NaOH and 0.0025 mol of 

elemental Se were added to 50 ml of distilled water. The temperature of the mixture reached about 

80°C due to the exothermic dissolution of NaOH, which guarantee the dissolution of elemental Se. 

Then, CdCl2.2.5H2O (0.0026 mol) was added to 10 ml of MPA aqueous solution (0.3M) and the 

mixture was added to the alkaline selenium aqueous solution under continuous stirring. A red-

brown precipitate of CdSe capped with MPA is evolved. After being filtered and washed with 

dilute HCl solution (0.1M) and distilled water, the precipitate was dried under vacuum at 50°C for 

4 h. The final product was collected for characterization. 
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3. Results and Discussion  
 

3.1. Structural and Morphology of MPA–CdSe Nanocrystals 

 

The MPA–CdSe QDs structure was characterized with different spectroscopic techniques. 

The crystallinity and the phase formation of MPA–CdSe confirmed by the X-ray diffraction, 

which shows the dominance of cubic over the hexagonal phase (Fig. 2). The size of MPA–CdSe 

was determined using Debye–Scherrer [18] equation (1) by the FWHM of the characteristic peak 

(1 1 1) as follow: 

 

   

L =
Ks l

b cosq
                                                                            (1) 

 

where L is the coherence length, β is the full width at half maximum of the peak, λ is the 

wavelength of X-ray radiation (1.5406 Å ), Ks is the Scherrer constant of the order of unity (0.95) 

and θ is the angle of diffraction for (111) plane. The average size was calculated as 3 nm taking 

into account that L = ¾ D, where D is the nanoparticles diameter, in case of small crystallites.   
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Fig. 2. XRD pattern of MPA capped CdSe QDs. 

 

 

 
 

Fig. 3. The EDAX spectrum of CdSe QDs. 
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Energy-dispersive X-ray analysis (EDAX) spectrum of CdSe nanocrystalline powder was 

shown in Figure 3. The corresponding energy-dispersive X-ray spectrometry (EDAX) results 

indicated the presence of Cd, Se in these nanocrystalline as well as the S element. The Cd and Se 

were from CdSe and the S was attributed to the stabilizer of mercaptopropionic acid (MPA). 

 

                            
 

Fig. 4: TEM image and size dispersion histogram of the synthesized MPA-capped  

CdSe QDs (The scale bar equals 5 nm). 

 

 

eroMreMo , morphology and size distribution of CdSe nanocrystalline powder was analyzed 

using transmission electron microscope (TEM), (Figure 4). The average particle size calculated by 

log–normal fitting to the size distribution histogram, was calculated as 2.72 ± 0.025 nm. The 

matched particle size of MPA–CdSe nanocrystal obtained by both TEM with that of the calculated 

by X–ray confirm the crystalline nature of the nanocrystal.  

The spectroscopic features of CdSe QDs capped with MPA were investigated by FT-IR. 

The FT-IR spectrum of the MPA capped CdSe nanocrystals were shown in Fig. 5. The broad peak 

at 3415 cm
−1

 corresponds to the combined effects of –OH stretching vibration. FT-IR spectra of 

pure capping agents show bands at 2565 cm
−1

 and 2665 cm
−1

 corresponding to S–H stretching 

[19]. The absence of these peaks in the prepared CdSe capped MPA indicates that thiol assisted 

capping took place around CdSe QDs with the concomitant loss of the S―H bond. In addition, the 

active mode peaks of CH2 (2940 cm
−1

) [20] in the capped layer are shifted to a lower frequency 

with respect to that of MPA for CdSe QDs (Fig. 5). The shift in CH2 vibrations to smaller 

frequency indicates that the surfactant molecules in the adsorbed state are affected by the field of 

solid surface [20]. The vibration band of C-O observed at around 1717 cm
−1

 in the spectrum of 

pure capping agent [19] shifts to 1581 cm
−1

 for MPA-capped CdSe (Fig. 5), which indicates that 

thiol-capping chemically modifies the surface of CdSe QDs and the COOH was present in a state 

of COO−, so that, the surface-modified CdSe QDs can be used as an analogous polyanionic 

compounds in the molecular deposition process. 
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Fig. 5. FT-IR spectrum of CdSe nanocrystals capped with MPA. 

 

 

3.2. Optical Properties of MPA–CdSe Nanocrystals 

 

The UV-vis absorption spectra of MPA–CdSe are shown in Fig. 6. The absorption 

spectrum posses a broad band at 500 nm and narrow emission peak at 590 nm. The MPA–CdSe 

QDs particle size was calculated accordingly from the UV-vis absorption spectrum using equation 

(2) [21]. 

 

  D = (1.6122×10
-9

)λ
4
-(2.6575×10

-6
)λ

3
+(1.6242×10

-3
)λ

2
-(0.4277)λ+(41.57)                (2)    

                                         

Where, D (nm) is the size of a given MPA–CdSe QDs sample, and  (nm) is the wavelength of the 

first excitonic absorption peak of the sample. The calculated average particle size is 2.35 nm, 

which agrees with TEM and XRD results. Then, the MPA–CdSe concentration were measured 

using Beer–Lambert law and the empirical formula  = 10,043 (D)
2.12

. The concentration of 

MPACdSe QDs was calculated as 2.78  10
7

 M which, has been used in subsequent UVvis and 

fluorescence measurements.  

 

  
                

Fig. 6: a) Absorption spectra of MPA-capped CdSe QDs), red color, and emission spectra 

(2.78  10
7

 M; exc = 360 nm; emi = 590 nm) black color, b) Absorption spectra of the 

prepared MPA-capped CdSe QDs (2.78  10
7

 M), red color and successive concentration  

of acivicin. 

 

 

To study the interaction between MPACdSe and acivicin, sodium acetate buffer at 

physiological pH value (7.7) were used. This was done to overcome the sensitivity of MPACdSe 
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for pH change. The sensitivity of MPACdSe pH change, higher fluorescence intensity at high pH 

and decreasing at low pH values with a red peak shift, probably due to increase in size and/or 

aggregation [19,22-25].    

 

3.3. MPA–CdSe Interaction with Antibiotics 

 

The MPA–CdSe QDs fluorescence spectra shows peak at 590 nm (ex. =390 nm, Fig 7). 

The excitation wavelength was selected where the interaction of MPA–CdSe nanocrystal and 

antibiotic posses minimum absorption change (isosbestic point, Figure 7). Upon addition of the 

successive concentration of the antibiotic (acivicin), the peak intensity at 590 nm was decreased. 

Stern-Volmer equation [26] (equation 4) was used to determine the quenching of QDs by 

antibiotic as shown below. 

 

I0/I = 1 + KSV Q = 1 + kq0 Q                                                               (4) 

 

Where, I0 and I are the emission intensities of QDs in absence and presence of the antibiotic 

respectively, KSV is the SternVolmer quenching constant, kq is the bimolecular quenching rate 

constant, 0 is the excited state lifetime of the QDs in absence of the quencher. Q is the 

concentration of the quencher.  

The characteristic and sharp fluorescence peak at 590 nm of MPA–CdTe QDs (Figure 7), 

was used to monitor the interaction between the antibiotic and the QDs.  

 

 
 

Fig. 7 Fluorescence quenching of MPACdSe QDs (2.78  10
7

 M; exc = 390 nm;              

emi = 590 nm) in the presence of various concentrations of AC,  AC = 0, 0.02, 0.07, 

0.18, 0.40, 0.9, 1.9, and 3.2  10
5

 M. Inset is the SternVolmer plot for the quenching of  

MPACdSe QDs by AC. 

 

 

 On applying SternVolmer equation, a linear relation (r =0.98) is obtained and KSV = 0.26 

 10
2
 LM

1
 was obtained from the slope of the plot (Fig. 7, inset). Taking into account that the 

fluorescence lifetime (0) of the bimolecular is 10
8

 s, the bimolecular quenching constant 

calculated from the relation kq is 1.3  10
9
 M

1
 s

1
. The value that is lower than the collision 

constant of bimolecular reactions, which suggests that AC quench the QDs by dynamic quenching 

mechanism. The interaction mechanism is shown in Fig. 7. The interaction between AC and the 

QDs occurs by dynamic quenching mechanism, which predicts that the possible interaction mainly 

proceeds by an electrostatic interaction between the electronegative surface of the QDs and the 

positive charge on AC (Fig.8) 
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Fig.8. The structure of CdSe QDs–AC and the model of the hydrophobic  

force between CdSe QDs–AC. 

 
 

 Moreover, we investigated the fluorescence lifetime of the QDs in absence and presence 

of AC to further confirms that the quenching of MPA-CdSe by AC is dynamic rather than static 

quenching. Time-resolved fluorescence measurements of the QDs exhibit a mono-exponential 

lifetime decay with 8.20 ns average life time (Fig. 9). The addition of successive AC concentration 

quenches the lifetime to 6.25 ns (200 uM AC), which is a typical behavior for the dynamic 

quenching mechanism [27]. 

 

 
 

Fig. 9 Fluorescence decay kinetics of MPA-CdSe in 50 mM sodium acetate in absence  

and presence of different concentrations of the antibiotic (AC). 

 

 

3.4. Conformational change of HAS induced by CdSe-AC complex 

 

Effect of MPA-CdSe-AC complex on the secondary structure of HAS was recorded using 

Circular Dichroism (CD) spectra (Fig. 10). The far-UV CD spectra of HAS exhibits two negative 

bands in the UV region at 208 and 222 nm, which ascribed to the -helical structure of HAS and 

the n  * transfer for the peptides bonds in -helical [28]. Upon addition of different 

concentrations of MPA-CdSe-AC complex, remarkable decrease in the band intensity at the two 

wavelengths was observed. The different types of the secondary structures contents was 
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investigated by analyzing the CD spectra with the algorithm SELCON3 [29,30]. The results show 

a decreasing tendency for the -helices content and an increasing tendency of the -strands, turn, 

and unordered structure contents were observed with the concentration of QDs-AC complex. In 

particular, the -helices content decreases from 58% to 33% and the -strands increases from 

48.2% to 53.8%. Of note, such influence of the QDs-AC complex on the structure confirmation of 

HSA is higher than the antibiotic on the HAS structure. Quantitative analysis of the effect of the 

AC on the HAS structure confirmation showed that the decrease of -helices content from 57.4% 

to 52% and an increase of the -strands from 48% to 50%. The decrease of the -helices and the 

increase of the -strands contents indicated that the QDs-AC complex bounds more strongly with 

the main polypeptide chain of the HSA than the AC and destroy their hydrogen bond networks 

[31]. 

 

 
 

Fig. 10 The far-UV CD spectra of the QDs–HAS complex obtained in 50 mM Sodium acetate 

Buffer of pH 7.4 at room temperature. The concentration of HSA was 4 M. 

 

 

4. Conclusion 
 

MPACdSe QDs were synthesized by facial and reliable chemical rout. The obtained QDs 

were investigated with both optical and spectroscopic techniques. Both methods confirm the 2.35 

nm particle size for MPACdSe QDs. The as prepared MPACdSe QDs possess narrow emission 

peak peak at 590 nm that decrease in intensity with decreasing the pH value and increasing 

temperature. The long wavelength fluorescence peak was used to study the interaction between 

CdSe QDs acivicin (AC) that shows a dynamic quenching process. The interaction between AC 

and the QDs occurs by dynamic quenching mechanism, which predicts that the possible interaction 

mainly proceeds by an electrostatic interaction between the electronegative surface of the QDs and 

the positive charge on AC. Time-resolved fluorescence measurements of the bar QDs exhibit a 

mono-exponential life time decay with 8.20 ns average life time. 
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