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Abstract—Bioconjugation of various enzymes with 

semiconductor or metal Quantum dots (QDs) provides 

hybrids systems with new possibilities in biosensor. It 

also helps to enhance the enzymatic activity and stability 

due to the large surface area of QDs. In the present 

attempt, we report the conjugation of glucose oxidase 

(GOx) onto luminescent ZnS and ZnSe QDs using 1-

ethyl-3-(3-dimethylaminopropy) carbodiimide (EDC)/N-

hydroxysuccinimide (NHS) as coupling reagents for 

glucose biosensing based on the effective quenching of 

the phosphorescence (PL) spectra of PVD capped-ZnS 

and MPA capped-ZnSe QDs by the H2O2 generated 

from GOx catalyzed oxidation of glucose. A typical room 

temperature PL spectrum of ZnS and ZnSe are 

dominated by characteristics deep level emission peak at 

540 and 566 nm, related with transition from conduction 

band to sulphur and selenium vacancies defect structure, 

respectively; which are found effectively quenched by 

glucose content. The obtained bioconjugate provided 

enzymatic performance with Michaelis-Menten constant 

(Km and Vmax) 10.20 mM/L and 0.5 for the ZnS and 

6.85 mM/L and 0.125 for ZnSe, respectively. It clearly 

indicates that enzyme affinity for ZnSe is more as 

compared to ZnS QDs, however rate of enzymatic 

reaction is found to be more for ZnS than ZnSe. 

 

Index Terms—ZnS and ZnSe QDs, glucose detection, PL 

Quenching 

 

I. INTRODUCTION 

 

Enzymes are multipurpose biocatalysts and find 

increasing applications in chemical synthesis and play 

prominent roles in biological systems. However, 

applicability of enzymes is limited due to its long-time 

instability and difficulty in recovery and reuse [1]. 

Immobilization of enzyme on certain stable substrate 

has been suggested to sort out the problem related to 

stability [2]. Immobilization of enzymes enhance it 

usability by (i) increasing stability, (ii) repeatability in 

use, (iii) easy separation from reaction mixtures and 

(iv) possibility of modulations of catalytic property. 

Nanomaterial’s have been exhibited unique 

advantages in immobilizing enzyme and could retain 

its bioactivity due to the (i) desirable 

microenvironment, (ii) large surface-to-volume ratio, 

high catalytic efficiency and high surface reaction 

activity [3-4]. Amongst the various nanomaterial’s, II-

VI group semiconductors quantum dots (SC-QD) have 

been attracting researcher’s interest owing to their 

unique ability to tailor optical and electrical properties, 

good-biocompatibility and high chemical and 

photochemical stability [5-8]. Immobilization of 

enzymes on SC-QDs by developing QDs-enzyme 

hybrid systems have great interest in biosensing as the 

biocatalytic processes induced by enzymes can be 

readily read out from optical behaviour of the QDs. 

The immobilization of enzymes on quantum dots 

supports through a variety of techniques that includes 

physical adsorption, electrostatic binding, specific 

recognition and covalent coupling [9-12]. As the 

affinity of enzyme for the substrate which directly 

effect on immobilization process depends upon 

surface properties of substrate and energy band 

structure of QDs. 

Glucose sensing is becoming important due to their 

wide use in biological, chemical, clinical synthesis, 

food industry, environmental monitoring and so forth 

[13-15]. The glucose level in blood and urine is used 

as clinical indicators for diabetic patient. Precise 

measurement and regular monitoring of glucose level 

in blood and urine is essential in the diagnosis and 

management of diabetes, which is emerging as a 

critical health care issue, currently. It makes glucose 

as most commonly tested analyses. A great deal of 
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efforts has been focused on fabricating smart sensors 

for precisely monitoring the glucose level with high 

sensitivity, high reliability, fast response, good 

selectivity and low cost [16]. Most of the earlier 

research attempt on QDs-enzyme nanohybrids for 

biosensing have been focused on the electrochemical 

biosensors and use of the fluorescence of QDs in 

glucose detection [17- 22]. However, the short-lived 

autofluorescence and scattering light from biological 

matrixes limits the use. Bio conjugated 

phosphorescent of QDs eliminate the drawbacks of 

fluorescence detection, as phosphorescence allows 

long lifetime and avoid problem associate with 

scattering of light due to biological matrix. 

In the present attempt, bioconjugation of GOx onto 

ZnS and ZnSe QDs and its influence on enzymatic 

activity for phosphorescent sensing of glucose are 

systematically studied by PL spectra. The kinetics of 

enzymatic activity is studied; Michaelis-Menton 

kinetic parameter (Km and Vmax) are estimated for 

both the QDs. Affinity of enzyme for QDs and its 

influence on enzymatic activity and glucose detection 

are systematically correlated for ZnS and ZnSe QDs. 

For this study quenching of PL sensitive S and Se 

defect energy states are used for monitor glucose 

content. According to our knowledge this is the first 

attempt to use pure ZnS and ZnSe QDs for glucose 

sensing. 

 

II. EXPERIMENTAL SECTION 

 

A. Materials 

All chemicals were of analytical grade and of highest 

purity available. ZnCl2 (zinc chloride), Na2S (sodium 

sulphide), polyvinalpirolidone, mercaptopropanic 

acid, 2- mercaptoethanol, thioglycerol, Zn (NO3) (zinc 

nitrate), NaBH4 (sodium borohydrate), Se (selenium 

powder), EDA (ethylene di amine) were used as 

received. Glucose oxidase (GOx), EDC (1-ethyl-3-(3-

diamethylaminopropyl) carbodiamide), NHS (N-

hydrroxysuccinimide), PBS (phosphate-buffer saline) 

and glucose were purchased from Sigma Aldrich. 

Ultrapure water was used as a solvent. 

 

B. Synthesis of water soluble ZnS quantum dots 

Luminescent ZnS quantum dots were synthesized 

according to previously reported method (23). In 100 

ml ultrapure water add 1.3628 g ZnCl2 and 0.08 g 

polyvinalpyrolidone (PVD, (C6H9NO) n) with 

vigorous stirring at 700C for three hours in the 

presence of nitrogen atmosphere. PVD is used as 

surfactant. The sample was kept overnight for 

complete dissolution to get transparent solution. An 

equimolar solution of Na2S was added drop wise to 

this solution, till it appears completely milky. The 

prepared sample were kept overnight for stabilization. 

The samples were washed several times by ultrapure 

water. 

 

C. Synthesis of water soluble ZnSe quantum dots 

For the synthesis of luminescent ZnSe quantum dots 

method reported elsewhere was used [24]. In 100 ml 

ultrapure water add 0.5 percent hydrazine hydrate then 

add 1 mM Zn (NO3)2 and 1 mM mercaptopropanic 

acid (C3H6O2S) with stirring continuously. PH of the 

solution was adjusted to above 9. In 100 ml EDA 

dissolved 1 mM Selenium powder and 1 mM NaBH4. 

The EDA solution was added drop wise with vigorous 

stirring. The reaction was proceeded at 1000C and 

refluxing for 24 hours. Both the as-synthesized 

samples ZnS and ZnSe are water soluble 

 

D. Instrumentation 

A Perkin Elmer UV-VIS spectrophotometer model 

Lambda-35 was used to measure the absorption 

spectra. A spectroflurometer (Jasco-

Spectroflurometer, FP-8200) was used to measured 

photoluminescence (PL) spectra under ambient 

atmospheric conditions. Microstructure of the 

prepared sample was measured by transmission 

electron microscope (TEM). (TEM) was carried out 

using a Technai 20 G2 operated at an accelerating 

voltage of 200 keV using carboncoated formvar grids 

and the sample was prepared by dispersing the 

nanostructures in N, N dimethylformamide (DMF) 

using ultrasonication. 

 

III. RESULTS AND DISCUSSION 

 

A. Bioconjugation of GOx-QDs 

Glucose oxidase was dissolved in phosphate buffer 

saline solution (PBS, 10 mm, PH 7.4) to obtain a 

solution (1.00 mg mL-1) that was stored at 40C. The 

conjugation proceeds by 
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Fig 1: TEM image of (A) ZnS QDs and (B)ZnS-GOx 

bioconjugate 

 

N-hydroxysuccinimide (NHS) and 1-ethyl-3-(3-

dimethylaminopropyl) carbodiimide (EDC) forming 

active esters to conjugate the carboxyl groups of 

quantum dots to primary amine groups of GOX. EDC 

(0.50 mg) and NHS (0.25 mg) were added to ZnS and 

ZnSe quantum dots stock solution (1.00 ml) to activate 

the quantum dots in PBS and it was incubated at 30 

min at room temperature with continuous gentle 

mixing. Next, the activated quantum dots (25 µl) and 

GOx solution were incubated at room temperature for 

another 2 h with continuous gentle mixing and then 

stored at 40 C. 

 

B. PL measurement 

 

 
Fig 2: TEM image of (A) ZnSe and (B) ZnSe-GOx 

co5njugate 

 

In 5 ml ultrapure water adds 0.50 ml phosphate buffer 

saline solution 2µl GOx quantum dots bioconjugate 

and 0 g to 3 mM of glucose were sequentially added. 

For dilution of solution ultrapure water was used. Then 

the mixture was incubated at 280C for 30 min with 

gentle mixing. Then photoluminescence spectra were 

measured at an excitation wavelength 

 
Fig 3: UV-V is spectra of QDs, GOx and QDs-GOx 

conjugate 

 
Fig 4: PL spectra QDs and QDs-GOx conjugates 

 

340 nm for ZnS and 370 nm for ZnSe. 

 

C. Characterization of ZnS and ZnSe quantum dots: 

Fig 1a and 2a shows TEM images of as-synthesized 

ZnS and ZnSe QDs, respectively. It clearly illustrates 

nearly monodispersed QDs of both the samples having 

size varying in between 7 to 10 nm. TEM images of 

ZnS+ GOx and ZnSe+ GOx conjugate system exhibits 

heavy agglomeration of QDs after conjunction. It 

confirms successful conjugation of GOx onto ZnS and 
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ZnSe QDs as revealed from TEM images Fig 1b to 2b, 

respectively after conjugation. 

UV-absorption and emission spectra of PVA capped-

ZnS and MPA capped ZnSe QDs are also found 

noticeably changed after conjunction (see Fig 3 and 4). 

UV-absorption of ZnS and ZnSe QDs shows 

absorption edge near 321 and 376 nm respectively. 

Blue shift in both the absorption edge exhibits 

quantum confinement in both the QDs. Sharp 

absorption edge in pure GOx is detected around 271 

nm [25]. Bioconjuction of QDs-GOx can be 

rationalized by UV, as both absorption edges (QDs 

and GOx) are detected. 

A typical room temperature photoluminescence (PL) 

spectrum of 

 

 
Fig 5: UV-absorption spectra of (a) ZnS-GOx-

Glucose (b) ZnSe-GOx-Glucose conjugate for 

different percentage of Glucose 

 

ZnS and ZnSe shows (Fig 4) that the spectrum is 

dominated by characteristics deep level emission peak 

about 540 and 566 nm respectively. The deep level 

emission is often attributed to stacking faults and non-

stoichiometric defects such as intrinsic point defects 

(vacancies and interstitials). Vacancies and 

interstitials having different charged states (VS/Se, 

V+S/Se, V2S/Se+ VZn, V-Zn, Zni, Zn+i, Zn2+i, 

S/Sei, S/Se-i, S/Se2i) introduced different localized 

energy levels within the band gap and also combine 

into donor-acceptor pairs. S/Se vacancies and Zn 

interstitials introduce energy levels close to the edge 

of the conduction band hence acts as donor states. 

However, S/Se interstitials and Zn vacancies 

introduced energy levels closer to the edge of the 

valence band hence acts as acceptor levels. The 

observed PL emission bands around 540 for ZnS and 

566 nm for ZnSe after excitation by 340 nm and 360 

nm, respectively correspond to transition from 

conduction band to S/Se vacancies. The PL spectra of 

QDs-GOx conjugate shows redshift in PL emission 

spectra of around 5 nm in both the spectrum may 

attribute to increase in size of GOx conjunction ZnS 

and ZnSe QDs. Both UV and PL spectra confirm the 

GOx conjugation on ZnS and ZnSe QDs. 

 

D. UV-VIS Spectroscopic studies of (ZnS/ZnSe) QDs 

+ GOx + Glucose interactions 

To study the excited state reaction between QDs + 

GOx + glucose, it is important to know the type of 

interaction between them in ground state. The 

structural changes and complex formation of donor-

acceptor system for different glucose level at ground 

state can be investigated by using UV- Vis absorption 

measurement [26, 27]. In the present study, we have 

recorded UV-VIS absorption spectra of ZnS/ZnSe 

QDs + GOx bioconjugate by adding different content 

of glucose (0.25 - 3 mM, only up to 1.5 mM shown 

here) in clinically relevant regime. As shown in fig 5, 

addition of glucose to a fixed quantity of ZnS / ZnSe 

+ GOx bioconjugate system led to a gradual increase 

in absorption, keeping the location of peak unchanged. 

The above results can be rationalized in terms of 

strong interaction between QDs + GOx and Glucose in 

the ground state through complex formation. 

 

E. Glucose Sensing Mechanism of the GOD-Mn-

Doped ZnS QD Bioconjugate 

In general, enzyme induced biocatalytic processes can 

be probed by II-VI semiconductor QDs using 

fluorescence resonance energy transfer processes or 

electron-transfer quenching. In all of these processes, 

there is need of quencher for energy or electron 

transfer. Quencher is acted like a stimulator to start 
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enzyme activities in the QDs based assays. In literature 

[28-34], H2O2 has been reported to be an effective 

quencher for CdSe@ZnS or CdTe QDs. It is the 

product of many enzymatic processes such as GOD, 

lysine oxidase, and chlorine oxidase etc.  

 

 
Fig 6: Effect of Glucose content on the PL spectra of 

GOx + ZnS/ZnSe Qdx 

According to Peng Wu et al [35] coupling of QDs with 

these enzymes provides promising biosensing strategy 

without extra quenching units for QDs. In particular, 

the II-VI semiconductor QDs-GOD bioconjugate 

hybrid system has been readily employed for glucose 

sensing. In the present attempt, we observed that the 

PL spectra around 540 and 566 nm of ZnS and ZnSe 

QDs are effectively quench with glucose content (Fig 

6a and b). The PL emission of ZnS and ZnSe QDs are 

correlated with transition from conduction band to 

sulphur and selenium vacancies defect structure, 

which acts as doubly ionized donor centres. It can be 

speculated as high surface to volume ratio in QDs, 

surface S2-/Se2- ions on the surface were oxidised to 

S/Se which existed as defect in the product. The 

intense emission peak at this region may be due these 

defects. In principle, the emission of QDs has 

similarities with fluorescence emission by CdSe@ZnS 

or CdTe QDs, so it is rationalized as the PL quenching 

observed in the present attempt are by H2O2 toward 

ZnS and ZnSe QDs through an electron-transfer 

mechanism, which can be understood as:[28] electrons 

at the conduction band of QDs can be captured by 

H2O2, hence radiative recombination rate of electrons 

and holes is slowed down, which decides the PL 

emission intensity, which is found to be systematically 

reduced with increasing glucose content in the 

ZnS/ZnSe QDs-GOx bioconjugated hybrid system. 

Therefore, the mechanism of the GOx-ZnS/ZnSe QD 

bioconjugate for glucose sensing can be ascribed to the 

H2O2 (generated from oxidation of glucose)-induced 

quenching of the PL spectra of ZnS/ZnSe QDs. 
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Fig 7: Glucose detection mechanism in ZnS. 

 

In the presence of glucose oxidase, glucose can be 

oxidised to produced gluconic acid and H2O2. The 

produced O2 can be further participated in the 

catalyzed reaction of Gox, forming cyclic electron 

transfer mechanism on glucose oxidation [35]. 

Glucose + O2 + H2O GOD Gluconic acid + H2O2. 

The mechanism is speculated as Fig 7. 

The enzymatic activity can be estimated by using 

method proposed in [35]. It clearly predicts that H2O2 

production increases with increasing glucose content. 

The H2O2 is the quenching unit in the hybrid system. 

The extent of PL spectrum intensity quenching 

 

 

 
Fig 8: (A) Plots of the changed in quenched PL 

intensity of QDs + GOx as a function of glucose 

concentration 
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(B) Lineweaver-Burke plots can be used to quantify 

the enzymatic activity (Fig 8). According to the theory 

of kinetics of enzymatic- catalyzed reaction, 

Michaelis-Menton kinetic parameters (Km and V 

max), can be determined by the analysis of enzyme-

substrate reactions. The Km parameter is used to 

estimate the affinity of the enzyme for the substrate in 

enzymatic reaction. Vmax provides the maximum rate 

of enzymatic reaction when the enzyme is saturated by 

the substrate. These parameters have been estimated 

using the Lineweaver-Burke plot, that is, the inverse 

of absorption versus the inverse of glucose 

concentration. The inverse of the intercepts at the x-

axis and y- axis gives the value of Km and Vmax 

respectively. The smaller value of Km indicates the 

increased affinity of enzyme for substrate. The values 

of Km in the present enzymatic assay are found to be 

10.20 mM/L and 6.85 mM/L for the ZnS and ZnSe, 

respectively. While, the value Vmax are obtained to be 

0.5 and and 0.125 for ZnS and ZnSe, respectively. It 

clearly indicates that enzyme affinity for ZnSe is more 

as compared to ZnS QDs, however rate of enzymatic 

reaction in more for ZnS than ZnSe. 

 

V. CONCLUSION 

 

ZnS and ZnSe quantum dots were successfully 

synthesised by soft chemical route. TEM image 

confirms fine scale spherical particles having size 

varying in between 7 to10 nm thus ensure QDs 

formation. Conjugation of enzymes (GOx) on QDs are 

also confirmed by TEM by agglomerate QDs images. 

Ground state interaction QDs + GOx + Glucose are 

observed by UV-VIS absorption spectra; systematic 

gradual increase in UV- absorption peak intensity with 

keeping the peak location unchanged are rationalized 

in terms of strong interaction between QDs + GOx and 

Glucose in the ground state through complex 

formation. A typical room temperature 

photoluminescence (PL) spectrum of ZnS and ZnSe 

shows that the spectrum is dominated by 

characteristics deep level emission peak about 540 and 

566 nm, correlated with transition from conduction 

band to sulphur and selenium vacancies defect 

structure, which acts as doubly ionized donor centres. 

The PL spectra of ZnS and ZnSe QDs are effectively 

quenched with glucose content. The observed PL 

quenching of ZnS and ZnSe QDs + GOx conjugate by 

glucose content are due to trapping of electrons at the 

conduction band of QDs by H2O2 which is biproduct 

of enzymatic reaction of GOx and Glucose, hence 

radiative recombination rate of electrons and holes is 

slowed down, which decides the PL emission 

intensity. The kinetics of the enzymatic-catalyzed 

reaction are estimated by Michaelis-Menton kinetic 

parameters (Km and Vmax). The values of Km and 

Vmax exhibits that ZnSe QDs are more supportive 

than ZnS QDs for GOx mobilization, however rate of 

enzymatic reaction in more for ZnS than ZnSe. 
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