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Glucose, as the major energy source in cellular metabolism, plays an important role in the natural growth of cells. Herein, a simple, rapid 
and low-cost method for the glucose determination by utilizing glucose oxidase and CdTe/thioglycolic acid (TGA) quantum dots (QDs) on 
a thin layer chromatography (TLC) plate has been described. The detection was based on the combination of the glucose enzymatic 
reaction and the quenching effect of H2O2 on the CdTe/TGA quantum dots photoluminescence. This QDs-based assay exhibits several 
advantages. Enzyme immobilization and QDs modification process are not required and the high stability of the QDs towards 
photobleaching is beneficial to this sensing system. The proposed method is linear in concentration range of 1.00 × 10-1-3.00 × 10-5 M of 
glucose and has a detection limit of 1.25 × 10-8 M. The results of real sample analysis show that the glucose oxidase CdTe/TGA QDs 
system would be a promising glucose-biosensing system.  
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INTRODUCTION 
 
Chemical sensors and biosensors are becoming increasingly 
indispensable tools in chemistry environmental monitoring, 
industry, life science, medicine and biotechnology [1]. A 
biosensor is defined as a detecting device that combines a 
transducer with a biologically sensitive and selective 
component. Biosensors are critical for medical diagnostic 
and can measure compounds present in the environment, 
chemical processes, food and human body at low cost if 
compared with traditional analytical techniques. Recently, a 
tremendous research effort has been invested on 
miniaturization   and construction of small integrated 
biosensors that are more affordable and more sensitive. 
Based on the type of transducer employed (electrochemical, 
optical, piezoelectric and thermal) biosensors can be 
broadly classified to electrochemical sensors and optical 
sensors [2-5]. Colorimetric optical assays are useful tools 
for the determination of chemical compounds in complex 
matrices. They have many advantageous such  as: low costs, 
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time saving, no need to sophisticated equipment, and 
significantly selective when they are properly tailored. 
Today, optical sensors are used in numerous research, 
and commercial applications.  
 There are many types of optical sensors in which 
novel sensor methods that enable more advanced 
sensing are continuously being developed, for example, 
by using novel materials such as metal materials, micro 
and nanostructured materials [6]. Recently, for the 
development of ultrasensitive detection and imaging 
methods in the analytical or biological sciences, the 
combination of nanotechnology with chemistry, biology, 
physics, and medicine is becoming increasingly important 
in modern science. A quantum dot is a nanocrystal made of 
semiconductor materials that are small enough to exhibit 
quantum mechanical properties. Quantum dots (QDs) have 
unique photophysical properties that offer significant 
advantages as optical labels for biosensing. Typical for 
semiconductor QDs are high fluorescence quantum yields, 
with stability against photobleaching [7] and size-controlled 
luminescence properties [8-10]. The efficient fluorescence 
and stability of  QDs  improve  sensitivity  and  prolong  the  
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lifetime in their use as optical labels [11]. Among various 
semiconductor materials, CdTe is one of the substances 
providing very high luminescence quantum efficiency [12]. 
CdTe QDs show increasing promise due to their large 
excitation Bohr radius (7.3 nm) and narrow bulk band gap 
of 1.4 eV and have been widely studied as luminescence 
probes and sensors [13].  
 Glucose, a simple sugar (monosaccharide), is an 
important carbohydrate in biology. Cells use it as a source 
of energy and a metabolic intermediate and its lack or 
excess can produce detrimental influence on cellular 
functions. The glucose level in blood is usually used as a 
clinical indicator of diabetes, and the monitoring of glucose 
levels in blood with faster and more accurate methods have 
become an increasingly active area of research [14-20]. 
Glucose detection plays an important role from several 
points of view ranging from life-science [21], biology 
[22,23], clinical analysis [24], food industry [25] and so 
forth. Since the first proposal of glucose sensor, in 1962 
[26], a great deal of effort has been focused on fabricating 
smart sensors for precisely monitoring the glucose level, 
with high sensitivity, fast response, high reliability, good 
selectivity, and low cost [27]. The most widely used 
methods for the determination of glucose are based on the 
monitoring of hydrogen peroxide produced 
stoichiometrically during the oxidation of glucose by 
dissolved oxygen in the presence of glucose oxidase. Many 
glucose-assay methods, such as surface plasmon resonance 
(SPR) spectroscopy [28,29], fluorescence signal 
transmission [20,30-32] and electrochemical signal 
transduction [33-34] have been reported. Among these, the 
widely used commercial glucose test employs 
electrochemical sensors. In contrast to the electrochemical 
sensing method, the optical sensors are selective and 
nondestructive, easy to miniaturize, and require low power 
supply, and have been extensively used for glucose 
detection.  
 The scanner spectroscopy method was, firstly, 
introduced by Abbaspour’s research group [35]. In this 
method instead of measuring the transmittance or 
absorbance of light, the reflection properties of the strip 
were measured by using a hand scanner. Data stream 
composed of red, green, and blue (RGB) light intensities 
and the quantity and quality of analytes in the solution were 
estimated by applying of mathematical methods.  

 
 
 Herein, a glucose biosensor using the immobilized 
glucose oxidase (GOD) and CdTe/TGA QDs on a thin layer 
chromatography (TLC) plate is developed. In addition to 
easy storage and transport, rather than a solution-based 
sensor, the present strategy is based on possible realization 
of the chip-based sensors which will be designed in an array 
format for rapid, and high-throughput detection. In this 
work, using CdTe/TGA QDs as probes, it is intended to 
develop a new method for the determination of glucose 
based on the color change of CdTe/TGA QDs. Compared to 
other methods such as spectrophotometry and 
electrochemistry, this method is thought to be very simple 
and low cost for detection of glucose. 
 
EXPERIMENTAL 
 
Materials and Reagents 
 Analytical reagent grade CdCl2, thioglycolic acid, 
glucose, silver nitrate, sodium borohydride, urea, ascorbic 
acid, acetaminophen, sodium hydroxide, phosphoric acid, 
fructose, lactose and saccharose (all from either Fluka or 
Merck chemical companies) were used as received without 
further purification. Tellurium powder and glucose oxidase 
were purchased from Sigma-Aldrich. 
 
Instrumentation 
 The scanner (Canoscan-4200F) was used for scanning 
the TLC strip (Merck). Resolution of the scanner was 
regulated at 600 dpi. For analyzing color values in RGB 
(red, green, and blue) system, the Adobe Photoshop 
software CS6 (version 12) was used. An eppendorf 
micropipette was used for injecting samples on TLC strip. 
The pH values of buffer solutions were measured by a 
Metrohm (780) pH meter. The UV-Vis absorbance spectra 
were recorded on a Pharmacia Ultraspec model 
4000UV/Vis double beam spectrophotometer. A Philips, 
model CM 10 transmission electron microscopy (TEM) was 
also used to determine the size and dispersivity of the silver 
nanoparticles. 
 
Preparation of CdTe/TGA QDs 
 The CdTe colloidal solution was prepared by a known 
procedure [36]. Tellurium powder was chosen as a starting 
material to prepare the NaHTe aqueous solution. It was 
reduced  by excessive sodium  borohydride  in  water  under 
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stirring. After reduction of Te, a certain volume of the 
NaHTe solution was injected into a CdCl2 solution, 
containing thioglycolic acid and deaerated by Ar gas. The 
molar ratio of Cd2+/Te2-/TGA was set to 1:0.5:2.4. The 
colloidal solution can be kept more than six months without 
any visible aggregation. 
 
Images Analysis 
 Numerical data can be extracted from the scanner 
images. Color effective intensity for any RGB values of the 
color spot was calculated as follows:                                        
 
 AR = RS/Rb                                                                    (1) 
 
 AG = GS/Gb                                                                   (2) 
 
 AB = BS/Bb                                                                    (3)  

 
Here the AR, AG, and AB variables refer to the effective 
intensity values at the three primary color ranges. The RS, 
GS, and BS values correspond to average of red, green, and 
blue light intensities of the sample, and Rb, Gb, Bb are 
defined as average light intensities measured for the QDs 
/TLC plates as a blanks.  
 
Procedure 
 Glucose forms a colorless product with CdTe/TGA QDs 
in the presence of glucose oxidase (GOx). To construct 
stratified layer of strip biosensor for glucose, 10.0 μl of 
CdTe/TGA QDs were placed dropwise, with micropipette, 
on a TLC strip (1.5 × 1.5 cm), which produced orange color. 
Then, 10.0 μl of GOx was injected on the CdTe/TGA QDs 
and was dried at room temperature. Aliquots of 10.0 μl of 
glucose solutions were injected on separate dried TLC 
biosensor strips with immobilized CdTe/TGA and GOx. 
Sixteen minutes after formation of the colorless spots, the 
strips were scanned with scanner, and images of spots were 
analyzed by the written computer software for finding their 
R, G and B values. These values were used for obtaining the 
calibration curve. 
 
RESULTS AND DISCUSSION 
 
In this research, the scanner spectroscopy has been used as a 
tool to study the interaction between  enzymatic  reaction of  

 
 
glucose and CdTe/TGA QDs. The CdTe/TGA QDs were 
chosen because of the maturity of water synthetical 
techniques, especially the controllability of particle sizes 
and multiple choice of capping ligands. Thioglycolic acid 
(TGA) was chosen as the modifier of QDs. Thioglycolic 
acid (TGA) is a popular, short and straight-chain stabilizing 
agent because its small steric hindrance is more effective as 
a stabilizing agent for QDs than the long and branched-
chain agents to produce highly stable CdTe/TGA QDs [37-
38]. 
 
Characterization and Spectral Features of 
CdTe/TGA QDs 
 To investigate the prepared CdTe/TGA QDs, their UV-
Vis and fluorescence spectra and also TEM image were 
recorded. As the reaction proceeded, the solution changed 
from colorless to transparent yellow and finally to red. 
Figure 1 shows the corresponding fluorescence and 
absorption spectra of this CdTe/TGA QDs. The absorption 
spectra were taken from prepared solution without dilution, 
and the fluorescence spectra were measured on as-prepared 
CdTe/TGA colloidal solutions taken from the refluxing 
reaction mixture. In the absorption spectra, the λmax CdTe 
QDs is located at 541 nm. The sharp and narrow emission 
peak in the fluorescence spectra indicates that the 
nanoparticles have desirable dispersibility, and good 
fluorescence properties. The TEM image of CdTe/TGA 
QDs, as shown in Fig. 2, indicate that these nanoparticles 
have an average diameter of about 3.7 nm [39]. 
 
Principle of Operation 
 The basic principle of the CdTe/TGA QDS based 
glucose sensor is shown in Fig. 3. The detection is based on 
the combination of the glucose enzymatic reaction and the 
quenching effect of H2O2 on photoluminescence of the 
CdTe/TGA QDs. The response mechanism of this sensor is 
based on the spot test phenomenon. In this sensor, hydrogen 
peroxide produced from enzymatic reaction of glucose 
diffuses into the TLC pores, and causes QDs to be colorless.  
 It is assumed that in the presence of H2O2, the thiol 
groups of TGA tagged on the surface of the QDs through 
Cd-S bonding are readily oxidized to form an organic 
disulfide (RS-SR). As a result, more TGA molecules are 
detached from the surface of the QDs, thus quenching the 
fluorescence     of     the   QDs  [40].    Another    quenching  
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Fig. 1. UV-Vis absorption and fluorescence spectra of  

                 CdTe/TGA QDs. 
 
 

 
Fig. 2. TEM image of CdTe/TGA QDs [39]. 

 
mechanism relied on the electron-transfer reaction occurring 
at the surface of the QDs where H2O2 is reduced to O2. This 
property, in turn, lies in electron/hole traps on the QDs, 
which could be used as a good electron acceptor to form the 
non-fluorescent QDs anion and reduce the fluorescence 
[41,42]. 
 
Optimization of Parameters 
 To  achieve  figures  of  merit for glucose determination, 

 
 

 
Fig. 3. Basic principle of QD-based glucose sensor. 

 

 
Fig. 4. Surfaces of TLC with (a) 0.0 µl, (b) 3.0 µl, (c) 6.0µl  
            (d) 9.0 µl and (e) 12 µl of QDs. 
 
 

 
Fig. 5. Effect of injection volume of QDs solution on the  
            response of colorimetric paper biosensor, glucose    
            concentration  1.0 × 10-3  M;  GOx,  5.0  mg ml-1;  

               pH 6.5. 

 
some key factors that influence on the glucose detection 
were studied. The concentration of GOx, pH, injection 
volume of CdTe/TGA QDs and glucose were optimized. 
 Injection volume of CdTe/TGA QDs. It was found that 
injection volume of QDs affects not only the color intensity 
but also uniformity of TLC surface. For this study 3.0, 6.0, 
9.0 and 12.0 µl of QD solutions were injected on TLC strip, 
which their images are shown in Fig. 4. Effect of injection 
volume of QDs on the response of colorimetric  biosensor in 
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the presence of 1.0 × 10-3 M glucose at pH = 6.5 is 
presented in Fig. 5. The results show that when the volume 
of QDs is increased, the color intensity is decreased and 
when 3.0 µl of QDs is injected on TLC, maximum color 
intensity is obtained. It seems that injection volumes more 
than 3.0 µl have created a non-uniform surface.  
 Injection volume of analyte. The influence of volume 
of analyte solution that must be injected on TLC strip was 
investigated. The optimum sample volume was obtained to 
be 10.0 µl. With greater injected volumes, spot spreading 
occurs due to diffusion, and consequently, the intensity of 
color is decreased. Results of this experiment are presented 
in Fig. 6. 
 Effect of pH. Since pH plays an important role in the 
enzymatic reactions, the effect of pH on the enzymatic 
reaction was studied. The quenching effect of glucose on 
the color intensity of QDs was investigated over a wide pH 
range of 3.5-9.5 adjusted with phosphate buffer as shown in 
Fig. 7. It is found that at pH 6.5, there is a maximum change 
in the color intensity. Therefore, pH 6.5 was chosen as the 
working pH when phosphate buffer solution (PBS) was 
used for adjusting pH of glucose solution and for further 
studies. Since enzymes are proteins, they are very sensitive 
to changes in pH. Each enzyme has its own optimum range 
for pH where it will be most active. This is the result of the 
effect of pH on a combination of factors: (1) the binding of 
the enzyme to the substrate, (2) the catalytic activity of the 
enzyme, (3) the ionization of the substrate, and (4) the 
variation of protein structure. The GOx enzyme typically is 
most active in a pH range of 4.0-7.0. Extremely high or low 
pH values generally result in complete loss of enzyme 
activity so maximum change in the color intensity was seen 
in pH 6.5. Also at low pH values, the fluorescence intensity 
decreases as a possible result of the deconstruction of the 
Cd2+-TGA complexes’ annulus due to the protonation of the 
surface binding thiolates [43]. 
 Effect of glucose oxidase (GOx) concentration. The 
effect of enzyme concentration was studied by fixing 
glucose concentration at 10-3 M (10 µl). The concentration 
of GOx was varied from 3.0 to 8.0 mg ml-1. The color 
intensity values were increased by GOx concentration and 
maximum effective intensity was observed at 5.0 mg ml-1. 
The decrease in color intensity at GOx concentration >5.0 
mg ml-1 could be due to  lower  substrate  concentrations, as 

 
 

 
Fig. 6. Effect of injection volume of glucose solution on the      
           response of  colorimetric  paper  biosensor,  glucose       
           concentration  1.0  ×  10-3  M;  GOx,  5.0   mg  ml-1; 

             pH 6.5. 
 
 

 
Fig. 7. Effect of solution pH on the response of colorimetric  
            paper  biosensor,  glucose  concentration,  1.0 × 10-3    

      M; GOx, 5.0 mg ml-1; pH range from 3.5 to 9.5. 
 
 
the reaction rate is strictly proportional to the substrate 
concentration. When the substrate concentration increases 
beyond a certain level, the binding sites are not sufficient 
for them. However, the reaction rate will only increase if the 
substrates are in excess. No matter how much substrate is 
available, if there is not an equal amount of enzyme to bond 
with, the leftover enzymes are left idle. The bonding of all 
substrates to all enzymes causes the reaction rate to reach to 
a maximum value which is called saturation. If the enzyme 
concentration increases further, there will be no effect on 
the rate because now there are enzymes that do not even 
need to work and may be prevented from effect of H2O2 on 
CdTe/TGA QDs. The results are shown in Fig. 8. 
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Fig. 8. Effect of  the GOx concentration on  the response of  
           colorimetric paper biosensor, glucose concentration,  
          1.0 × 10-3 M; GOx  concentration range  from 3.0 to  

            8.0 mg ml-1; pH, 6.5. 
 
 

 
Fig. 9. Effect of reaction time on response of colorimetric  
            paper  biosensor, glucose concentration 1.0 × 10-3    

 M, GOx concentration 5.0 mg ml-1; pH 6.5. 
 
 
Response time of the system. The response time of the 
system was evaluated under optimum experimental 
conditions for 1.0 × 10-3 M glucose (10.0 µl) by measuring 
the time required to achieve a 90% value of the steady color 
intensity. The results are shown in Fig. 9. The response time 
of the sensor was found to be 16 min. 
 Response stability of the system.To study the stability 
of color spot, 10.0 µl of glucose (1.0 × 10-3 M) was analysed 
under optimum experimental conditions. Scanning of the 
strip was done during the time periods of 5, 20, 35, 50, 75, 
90, 105 and 120 min.  The response,  the  sensor  was  stable  

 
 

 
Fig. 10. Decay time of the signal of glucose colorimetric  

                 paper biosensor. 
 
 
 
 

 
Fig. 11. Results of investigation of reproducibility. 

 
 
 
 
for about 1.5 h after injection of sample because there was 
no change in the color intensity. Results of this study are 
shown in Fig. 10. 
 Reproducibility. To assess the precision of the method, 
determinations were carried out for a set of 10 
measurements of 1.0 × 10-3 M glucose under optimal 
condition. The results are shown in Fig. 11 indicating that 
the sensor had a good precision. 
 
Calibration Curve 
 Changes  in  the   colors   of   each   colored   spot   were 
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Fig. 12. Linear calibration curve for glucose (blue/red color  
             intensity), concentration  range  from  1.0 × 10-1 to  

              3.0 × 10-5 M; GOx 5.0 mg ml-1; pH 6.5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
analyzed using Photoshop program. Each pixel (elements of 
CCD) represents three values in the range of 0 to 255 
corresponding to R, G and B color intensities. The assigned 
R, G and B values for black color are 0, 0 and 0 and for 
white color are 255, 255 and 255, for other colors they are 
between these extreme values. The average RGB values of 
pixels of each spot were taken as the analytical signals.  
 Figure 12 shows the calibration curve for glucose. The 
blue color intensity to the red color intensity ratio was found 
to be the most sensitive color with a wide linear range, so it 
was selected for data processing. Linear range of glucose in 
blue/red color intensity is 1.00 × 10-1-3.00 × 10-5 M, as 
shown in Fig. 12. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                   Table 1. Detection Limit and Linear Range of Glucose by the Proposed System 
 

Analytical signal Linear range (M) Detection limit (M) 

R 1.00 × 10-1-3.00 × 10-3 1.91 × 10-5 
G 1.00 × 10-1-6.00 × 10-2 3.00 × 10-5 
B 1.00 × 10-1-6.00 × 10-2 4.26 × 10-5 
B / R 1.00 × 10-1-3.00 × 10-5 1.25 × 10-8 
R/G 1.00 × 10-1-3.22 × 10-3 2.42 × 10-6 
R/B 1.00 × 10-1-2.25 × 10-4 1.25 × 10-6 
G/R 1.00 × 10-1-1.00 × 10-3 5.32 × 10-6 
G/B 1.00 × 10-1-3.20 × 10-2 3.58 × 10-5 
B/G 1.00 × 10-1-4.30 × 10-4 4.12 × 10-7 

 
 
          Table 2. The  Effect  of  Various  Species  on  Response  of  Colorimetric  Paper  Biosensor,  
                         Glucose Concentration of 1.0 × 10-3 M; GOx Concentration of 5.0 mg ml-1; pH 6.5 

 

Species 
Fold of coexisting 

substance of not causing interference 
ΔIa /I0 

Acetaminophen 100 0.0078 
Ascorbic acid 100 0.0219 
Urea 100 0.0231 
Saccharose 100 0.0015 
Fructose 100 0.0089 
Lactose 100 0.0065 

              aΔI = I - I0  where I0 and I are the color intensity of CdTe-Gox-glucose system in absence and   
         presence of interfering species. 
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Detection Limit 
 Detection limit (DL) was calculated according to the 
following equation: 
 

  
 
 Where K is the confidence factor and most often chosen 
to be 2 or 3 (in the following Table K = 3), Sbk is standard 
deviation of the blank measurement (n = 25) and m is the 
calibration slope. Results indicated that blue color 
intensity/red color intensity ratio is more sensitive to 
glucose concentration and has a wide linear range. The 
results are shown in Table 1.  
 
Foreign Species Effect 
 The selectivity of a biosensor depends on two major 
factors: the enzyme-substrate reaction and selective 
measurements.   The    enzyme-substrate   reaction   is   very  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
specific due to the nature of enzyme functionality. Glucose 
oxidase can only react with glucose without interfered by 
other types of sugars. To study the selectivity of the 
proposed method, the effect of various species such as urea, 
ascorbic acid, acetaminophen, saccharose, fructose, lactose 
on the determination of 1.0 × 10-3 M glucose was tested 
under optimum experimental conditions, which indicated no 
significant interferences. The results are given in Table 2. 
 
Analysis of Artificial Urine  
 The proposed sensor was applied for the glucose 
determination in urine. Synthetic urine sample was prepared 
according to literature recommendation [44]. To do 
determination in urine, a certain amount of glucose was 
spiked to the urine, and their concentrations were 
determined by the proposed methods. The results are given 
in Table 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                     Table 3. Determination of Glucose in Artificial Urine 
 

Artificial Urine Spiked (mM) Found (mM) Recovery (%) 

1 
2 

0 
0.50 

ND* 

0.49 
- 

98.00 
3 0.10 0.104 104.00 
4 0.050 0.047 94.00 

                                         Not detected. 
 
 
                  Table 4. Analytical Results of Glucose in the Human Serum Samples 
 

Real sample Measured (M)a Spiked (M) Found (M) Recovery (%) 

1 0.35 × 10-3 - 0.34 × 10-3 - 
  3.00 × 10-3 3.42 × 10-3 102.67 

  6.00 × 10-3 6.16 × 10-3 97.00 

  9.00 × 10-3 9.82 × 10-3 105.33 

2 1.25 × 10-3 - 1.18 × 10-3 - 
  3.00 × 10-3 4.10 × 10-3 97.33 
  6.00 × 10-3 7.11 × 10-3 98.83 
  9.00 × 10-3 10.38 × 10-3 102.22 

                          aMeasured value by local laboratory.  
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Analysis of Real Sample 
 In order to evaluate the feasibility of the proposed 
method, the developed scanner spectroscopic method was 
applied to the determination of glucose in three human 
serum samples. Deproteinization method [45] was used for 
glucose determination in human serum samples due to the 
interference of available proteins in serum with glucose 
measurement. The results of real sample analysis are listed 
in Table 4.  
 
CONCLUSIONS 
 
In this work, we have utilized the water-dispersible 
CdTe/TGA QDs as a reliable agent for the enzymatic 
detection of glucose concentration. A mechanism is put 
forward based on the color change of the CdTe/TGA QDs, 
which is caused by the H2O2 produced from the GOx-
catalyzed oxidation of glucose. This QD-based assay 
exhibits several  advantages.  First,  enzyme  immobilization  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
and QDs modification process are not required. Second, the 
high stability of the QDs towards photobleaching is 
beneficial to this sensing system. Third, this QD-based 
assay can sensitively detect glucose over a wide 
concentration range with the detection limit of 1.25 × 10-8 
M, which can be used for the direct detection of lower 
levels of glucose in complicated biological systems. 
Moreover, the detection carried out on TLC plates make the 
measurement more convenient and portable. Given these 
unparalleled advantages, we expect that this QD-based 
label-free assay would be a promising tool for clinical 
diagnose of glucose and other fields. Comparison of 
different methods for the determination of H2O2 and glucose 
with the proposed method is reported in. 
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        Table 5. Comparison of Different Methods for the Determination of H2O2 and Glucose 
 

Method System Linear range (M) Detection limit (M) Ref. 

Fluorescence 
spectroscopy 

Fluorescence quenching of the QDs by 
H2O2 

1.8 × 10-6-1.0  × 10-3  1.8 × 10-6   ]40[  

UV-Vis 
spectroscopy 

The biosensor consisted of glucose 
oxidase (GOD) and horseradish 
peroxidase 

2.7 × 10-4-3.3 × 10-2 5.55 × 10-4 [46] 

UV-Vis 
spectroscopy 

Oxidative reaction with potassium 
ferricyanide 

2.5 × 10-3-5.0 × 10-2   0.61 × 10-5  ]   47[  

Spectrophotometric 
method 

Quantitative determination of glucose  
with potassium ferricyanide as the 
oxidant 

 1.61 × 10-5-3.7 × 10-4  - ]     48[  

Fluorescence 
spectroscopy 

Based on nanocomposite films of 
CdTe quantum dots and glucose 
oxidase 

 0.5 × 10-3-16 × 10-3  0.5 × 10-3   ]     49[  

Colorimetric 
method 

Based on changes in the 
physicochemical properties of ceria 
nanoparticles 

Up to 10-1 0.5 × 10-3  [50] 

Image analysis 
Based on the color change of TGA-
capped CdTe QDs. 

1.0 × 10-1-3.0 × 10-5 1.25 × 10-8 
This 
work 
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