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ABSTRACT 

 
Chemical derivatizations with different ligands were 
perfomed on CdSe/ZnS core-shell quantum dots (QDs). 
The ligands serve a role to increase water solubility and 
bio-compatibility of QDs in the application of in vivo 
biomedical fluorescence imaging. These QDs were 
synthesized with various capping agents and optically 
characterized by using single molecule detection technique 
to investigate the luminescence properties of individual QD 
such as spectral distribution and blinking. 
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1 INTRODUCTION 
 
Semiconductor nanocrystals or quantum dots (QDs) 

have shown a number of useful photophysical properties 
such as large absorption cross section, a wide range of  
excitation spectra, a tunable, narrow and symmetric 
emission bands, and intense photoluminescence (PL) as 
well as high photostability compared with organic 
fluorophores.[1,2] Recent studies on multiple coating of 
QD with inorganic and organic materials make QDs as 
promising markers for biomedical imaging researches. 
Using a single light source for excitation of QDs with broad 
emission wavelength range, i.e. simultaneous excitation of 
multiply colored fluorophores and a size-selective control 
of fluorescence wavelength have been applied in multicolor 
imaging and multiplex biocoding.[1] Their narrow, 
symmetric PL without red-tail is very useful in 
multiplexing analysis with biomarkers due to minimized 
spectral overlap. The intense and stable PL property with 
little photobleaching is quite advantageous in using 
confocal microscope. With all these advantages of QDs, 
considerable toxicity of these materials, solubilization 
problem, heterogeneity in the PL properties such as 
blinking, nonradiative pathway, variations in band peak and 
width of individual QD, and aggregation during the 
application with biomaterials are still problematic.[2] 

In this report, we discuss the synthesis, solubilization 
and photophysical property of highly luminescent and 
stable QDs at a single dot level. By using a confocal 

fluorescence microscopy, we obtained an image of singly-
distributed QD with rare aggregation on the cover glass. 
QDs were embedded in polyvinylalcohol (PVA) or 
polymethylmethacrylate (PMMA) by spin-coating at 1000 
rpm for 60 seconds. (Figure 1) Then we measured the PL 
spectra of single QDs in respect to spectral distribution and 
blinking kinetics. Another ZnS capping layer has been 
made to enhance PL efficiency at room temperature. A 
subsequent passivating layer of organic ligands has made 
QD to be biocompatible so that QD can be delivered to 
tumors in vivo by both active and passive targeting 
mechanisms. In the passive targeting mechanism, QD 
bioconjugates accumulate preferentially at tumor sites due 
to enhanced permeability and retention (EPR) effect. [1] 

We have encapsulate CdSe/ZnS core-shell QD with 
major amount of octyl amine and stearic acid as an 
amphiphilic polymer reagent. This organic layer during the 
sample synthesis also plays a role in protecting the QD 
surfaces from oxidation. It is well-known that this layer 
continuously both adsorb to and desorb from the QD 
surface. 
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Figure 1: Scheme of (a) CdSe/ZnS core-shell structure 
with organic or water-affinity ligands.  (b) QD-embedded in 
polymer matrix onto glass substrate. 

 
Several organic and water soluble QDs were 

synthesized and their optical properties such as PL intensity 
and blinking behavior were investigated. Highly sensitive 
confocal fluorescence imaging with great resolution have 
been made possible by QD bioconjugates. A water soluble 
hydrophilic coating was applied to originally-synthesized 
organic QD. 

 
2 EXPERIMENTAL 

 
Two kinds of QD nanocrystallites are prepared and 

surface-modified as reported earlier and these were 
dissolved in chloroform or water at a concentration of 20 
mg/ml. One is referred to as “standard dots” or as-made 
without any surface-modification. The other is “water-
soluble dots” or surface-modified one. A ZnS capping layer 
was introduced for the PL enhancement through surface 
capping.[2] The core/shell diameter and shape of CdSe/ZnS 
were measured from the TEM images to give homogenous 
distribution of geometrical property. The absorption and PL 
were measured using UV-vis spectrometer and 
spectrofluorometer. For the confocal microscope detection, 
the sample was prepared via spin-coating where QDs 
immobilized onto dielectric surfaces such as cover glass (24 
mm × 24 mm) in the solvent-free environment.[3] One 
microliter of each QD stock solution was transferred into 
Falcon tube and diluted with 100 microliter of chloroform 
or water. This solution was mixed with PVA/water or 
PMMA/toluene (10 mg/mL) solution and then spin-casted 
onto pre-cleaned cover glass at 1000 rpm for 60 seconds. 
The above concentration of QD solution was chosen until 
no aggregation was observed to produce a dispersion of 
single QD from the high-resolution image with confocal 
fluorescent microscope. It is ideal to evaluate the PL 
behavior of singly-diffused QD in aqueous solution because 
most biological applications are performed in water. But 
individual QD study is practically available in the film 
phase due to immobilization for confocal measurement.  

The excitation light (543 nm from the He-Cd laser) was 
focused by a microscope objective (NA = 1.3) to a spot of ~ 
230 nm diameter with oil-immersion on the sample back-
surface. The fluorescence signal was collected and focused 

onto the avalanche photodiode with a 543 nm-rejecting 
Notch filter and 580 nm long wavelength band pass filter. 
The image (usually 10 μm × 10 μm) was constructed with 
a series of rasters with 100 × 100 pixels2, with a exposure 
time of 10 ms for each pixel. For the spectrum of individual 
QD, the PL signal was redirected into 150 mm spectrograph 
attached with a charge coupled device (CCD) camera. 

 
3 RESULTS AND DISCUSSION 

 
The absorption spectra of QD solution are presented in 

Figure 2(a). As the ZnS layer is coated, the maximum peak 
of absorption is red-shifted by 10 nm which shows that 
excitonic absorbance band from the surface atoms of QD 
are affected by quantum-confinement effect. The extra 
layer contributes the enlargement of spatial distribution of 
excitations as well as probable surface defects of sulfur 
where absorption band at 606 nm is broadened. 
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Figure 2: (a) The absorption spectra of CdSe QD (black) 

and CdSe/ZnS core-shell QD (red). (b) The normalized PL 
spectra of a single standard or organic-soluble dot (black) 
and water-soluble dot (red). 
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A single QD tracking such as spectrum or blinking 
study is only possible not for absorption but for PL 
measurement from our system. Figure 2(b) shows a PL 
spectra of organic- or water-soluble QD that has a PL 
maxima peak at 613 nm and 618 nm, respectively. More 
than 100 dots were measured and spectrally analyzed for 
PL peak and bandwidth for statistical process to compare 
with spectral behavior of bulk QD solution.  

A complication in the interpretation of QD ensembles 
arises when the spectra of ensemble are different from the 
statistical average of individual QD spectrum including all 
the available states of each QD.[2] A single QD image 
(Figure 3) and each spectrum can be obtained by spin-cast 
only at an extreme dilution until a spatial dispersion is as 
low as limit (~230 nm) of confocal microscope due to 
inherent aggregation and charge effect of nanoparticles 
behavior to reduce their surface energy. 

 

 
 
Figure 3: Single QD image of water-soluble QD on 

PMMA. Aggregated dots (arrowed) were excluded for the 
measurement of single spectrum and blinking. 

 
The bandwidths of PL spectra are greatly reduced in 

individual QD that explains the broadening of bulk QD 
spectra result from the Ensemble average of multi QDs. 
(Here not shown) Differences in luminescence intensity in 
Figure 3 are attributed to variations in the surface quality of 
QD. To investigate the PL stability along the time, 
flickering was measured over individual QDs for 10 sec 
with a time resolution of 10 ms. Millisecond blinking or 
fluorescence intermittency event limit the effectiveness of 
QD for use as biological probe since the recording of single 
particle trajectory can be interrupted by this process. [3] 

Many previous studies on blinking are based on the 
classification and statistical counting of the bright (radiant) 
and dark (non-radiant) fractions of QDs.[3] By confocal 
measurement, we also kept track of single QD for a number 
of dots. (Figure 4) Blinking study at millisecond time 
resolution gives good information of single dot lifetime 
revealing the surface stability. The distribution and 

repeatability of lifetime from many different QDs account 
for the purity of synthesized QD in terms of surface and 
size homogeneity. Further study and interpretation will be 
performed and presented. 
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Figure 4: (a) Blinking behavior of water-soluble QD 

along the millisecond time. (b) Statistical counts of blinking 
frequency from 1ms to 10ms at a 1ms interval. Each 
distribution can be exponentially fitted to produce an 
intrinsic lifetime for individual QD. 
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