
 
New approaches in the development of analytical methodologies involving the use of CdSe/ZnS 

quantum dots 
 

Ángel Ríos, Gema M. Durán, Ana M. Contento 
 

Department of Analytical Chemistry and Food Technology, University of Castilla-La Mancha, Avenue 
Camilo José Cela s/n 13004, Ciudad Real, Spain 

A.Rios@uclm.es 
 

Abstract  
 
Quantum dots (QDs) are colloidal semiconductor nanocrystals with a diameter typically in the range 
from 1 to 10 nm and exceptional physic-chemical properties. Their use, for different purposes has 
increased in the last years, especially in the development of new methods of analysis. Thus, their use 
for the development of optical sensors is one of the most developing fields of nanotechnology so far. 
Several works have demonstrated their optoelectronic properties based on changes on the QDs 
photoluminescence, significantly influenced by changes on the QDs surface charge or ligands that 
affect electron-hole recombination. However, most of analytical applications involve the use of 
biocompatible QDs with aqueous media. In this way, the colloidal synthesis route of QDs [1] is the most 
used due to the formation of high quality QDs nanocrystal and their long storage time. Therefore, the 
development of methodologies to allow the aqueous compatibly of QDs is necessary. 
For this purpose, the aim of this communication is to show several alternatives involving the 
modification of the QDs surface and the affinity by the aqueous media, without significantly 
modifications in their initial properties and the subsequently analytical applications (Figure 1). 
On the one hand, a simple and fast procedure for water solubilization of CdSe/ZnS QDs using 
microwave irradiation was optimized [2]. For this purpose, the replacement of initial hydrophobic ligands 
(TOPO/TOP) with different hydrophilic heterobifunctional thiol ligands, as L-cysteine, 3-
mercaptopropionic acid and cysteamine were carried out in a simple and fast way (only 40 s). Thus, the 
solubilization and the surface modification of QDs were achieved for subsequently analytical 
applications. For instance, the particular reactions with different sulphonylurea herbicides were 
exploited. 
On the other hand, the use of water soluble CdSe/ZnS QDs for sensitive detection and quantification of 
paraquat in water samples was carried out [3]. It was found that 3-MPA modified CdSe/ZnS is sensible 
to the presence of paraquat. The proposed analytical method thus satisfies the need for a simple, 
sensible and rapid methodology to determine residues of paraquat in water samples, as required by the 
increasingly strict regulations for health protection introduced in recent years. The sensitivity of the 
method, expressed as detection limits, was as low as 3.0 ng L-1. The lineal range was between 10-
5x103 ng L-1. RSD values in the range of 71-102% were obtained. The analytical applicability of 
proposed method was demonstrated by analyzing water samples from different origins. 
In addition, an optical sensor for vanillin in food samples using CdSe/ZnS quantum dots (QDs) modified 
with β-cyclodextrin (β-CD) was developed [4]. This vanillin-sensor is based on the selective host-guest 
interaction between vanillin and β-cyclodextrin. The procedure for the synthesis of β-cyclodextrin-
CdSe/ZnS (β-CD-CdSe/ZnS-QDs) complex was optimized, and its fluorescent characteristics are 
reported. It was found that the interaction between vanillin and β-CD-CdSe/ZnS-QDs complex produced 
the quenching of the original fluorescence of β-CD-CdSe/ZnS-QDs according to the Stern-Volmer 
equation. The analytical potential of this sensoring system was demonstrated by the determination of 
vanillin in synthetic and food samples. The method was selective for vanillin, with a limit of detection of 
0.99 µg mL-1, and a reproducibility of 4.1% in terms of relative standard deviation (1.2% under 
repeatability conditions). Recovery values were in the 90-105% range for food samples. Recent 
promising results can been obtained by the electrophoretic separation involving the use of β-CD-
CdSe/ZnS-QDs with different vanillin related compounds and their tandem detection by DAD-FD-ELSD.  
Other alternative has been the development of a continuous flow method involving the  CdSe/ZnS QDs. 
The main innovation in this work is the high throughput, the level of automation, the low consumption of 
reagents, and the low wastes generation. This application takes the exceptional optical properties of  β-
CD-CdSe/ZnS QDs for the determination of ascorbic acid in different fruit juices and pharmaceutical 
preparations.   
Finally, the need to develop new methodologies that allow screening for compounds of interest in 
various areas without the need to use sophisticated instrumentation and an exhaustive determination 
using inexpensive portable device open new approach for screening methods. For this purpose, the 
fabrication of simple and economical colloidal CdSe/ZnS quantum dots (QDs)-modified paper device, 
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