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h i g h l i g h t s

� There were more than one kind of
fluorescent interaction between
chitosan derivatives and CdTe QDs
were proposed.
� The inherent fluorescence of chitosan

derivatives should not be ignored.
� There was a FRET effect between

chitosan derivatives and CdTe QDs.
� The stability of QDs aqueous solution

enhanced obviously.
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a b s t r a c t

The LCC–CdTe quantum dots (QDs) hybrid was fabricated by mixing the N-lauryl-N, O-carboxymethyl
chitosan (LCC) micelle with water-soluble CdTe QDs in an aqueous solution via hydrophobic forces
and the electronic attraction. The structures of LCC and LCC–CdTe QDs hybrid were determined by differ-
ential scanning calorimetry (DSC), Fourier transform infrared (FT-IR) spectroscopy and transmission elec-
tron microscopy (TEM). The results showed that the lauryl and carboxymethyl were successfully grafted
to chitosan oligosaccharide (CSO), and a number of CdTe QDs were encapsulated by LCC micelle to form a
core/shell structure. The tested results of the fluorescent characteristics of LCC, CdTe QDs and LCC–CdTe
QDs hybrid showed that there were some obvious fluorescent interactions between LCC and CdTe QDs.
Meanwhile, with the change in LCC space structure, the fluorescent interactions between LCC and QDs
showed different fluorescent characteristics. The QDs fluorescent (FL) intensity increased first and then
decreased to almost quenching, while LCC FL intensity decreased continually.

� 2015 Elsevier B.V. All rights reserved.

1. Introduction

The photoluminescent semiconductor quantum dots (QDs), due
to their unique physico-chemical and optical properties, have
attracted extensive interest in the biology field such as the

fluorescent probe in biological staining, diagnostics and drug deliv-
ery [1–3]. Compared with organic dyes, the QDs seemed more
promising in biological analysis because of their broad, tunable,
stronger and narrower symmetrical emission spectrum and rela-
tively stable photochemical properties. However, the traditional
QDs with excellent optical properties are harmful to the biological
species because the inevitable leakage of heavy metals severely
affects the human health [4–7]. In addition, the thiol-quantum
dot bonds are not very stable and, as a consequence, QDs begin
to precipitate in the buffer solution and water over a long period
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of time [8]. The poor stability in aqueous solution also restricts the
use of QDs in biological field. In order to overcome these disadvan-
tages stated above, the encapsulation of QDs with biopolymers was
an efficiency method [8,9].

In the encapsulation of QDs for bio-applications, the carbohy-
drates have advantages over other biological materials because of
their biocompatibility, relative chemical solubility and stability in
aqueous physiological environment [1,10–13]. And among these
carbohydrates, chitosan is a promising biodegradable polymer to
encapsulate QDs for the imaging of tumor and the visualization
of drug distribution in vivo, [1,14,15] because the positively
charged surface of the chitosan nanoparticles have strong interac-
tion with the membrane of cancer cells for endocytosis [16–20].
Lin et al. [21] encapsulated CdSe/ZnS QDs with chitosan to prepare
hybrid nanospheres (CS–QDs) by utilizing ethanol-aided counte-
rion complexation in aqueous solution. The obtained CS–QDs
hybrid nanospheres had not only loading space provided by the
chitosan spherical matrix for loading multiply QDs, but also unique
fluorescent properties provided by the encapsulated QDs.
Moreover, these hybrid nanospheres possessed good biocompati-
bility and optical stability in physiological environment. Malhotra
et al. [22] deposited the positive chitosan encapsulated CdTe QDs
onto the indium-tin-oxide (ITO) coated glass substrates via elec-
trophoretic deposition (EPD) technique, and the prepared nanos-
tructure composite was found to detect target DNA in a wide
concentration range. Additionally, the fabricated DNA biosensor
could distinguish clinical samples of chronic myelogenous leuke-
mia (CML) positive and negative patients. Yan et al. [23] synthe-
sized the CS-ZnO Nanoparticles with a polymerization method in
an aqueous solution using Zn(NO3)2�6H2O as the precursor, and
the hybrid nanospheres had obvious hollow structure that were
expected to be simultaneously used as biological fluorescent label-
ing and a carrier for guest materials. Su et al. [16] fabricated a novel
carboxymethyl chitosan-coated CdTe QDs (CMC–CdTe QDs) via the
electrostatic interaction between amino groups in the car-
boxymethyl chitosan polymeric chains and carboxyl groups of
the CdTe QDs. And the CMC on the surface of CdTe QDs had strong
binding ability with Zn2+, resulting in the obvious enhancement of
the photoluminescence of CdTe QDs. The results indicated that the
CMC–CdTe QDs was a robust and sensitive nanoprobe to detect
intracellular Zn2+. He et al. [14] investigated the interaction
between CdSe QDs and chitosan with a Resonance Rayleigh
Scattering (RRS) method, and the results showed that the chitosan
and CdSe QDs formed a network structure aggregates by electro-
static attraction and hydrophobic force. In addition, after the inter-
action of CdSe QDs with chitosan, the intensities of RRS,
Second-order Scattering (SOS), and Frequency Doubling
Scattering (FDS) enhanced and the enhancements were in propor-
tion to the concentration of chitosan. Also, they indicated that the
increase of the molecular volume and the hydrophobic force
between CdSe QDs-chitosan and water were the reasons for the
RRS enhancement.

As mentioned above, the encapsulation with chitosan deriva-
tives not only successfully enhanced the stability and biocompati-
bility of QDs but also reduced its biological toxicity. In addition, the
reported results showed that there were some interactions
between chitosan and QDs, which was potentially useful for fur-
ther application in the bio-detection and labeling of biomolecules.
However, there were few reports on the QDs fluorescent properties
affected by the inherent fluorescence of chitosan [24].

In this work, we prepared a LCC–CdTe QDs hybrid by mixing the
N-lauryl-N, O-carboxymethyl chitosan (LCC) micelle with
water-soluble CdTe QDs in an aqueous solution under ultrasonic.
The fluorescent characteristics of the LCC–CdTe hybrid solutions
with different concentration of LCC and CdTe QDs were tested,

and the results were used to investigate the fluorescent interac-
tions between chitosan and QDs.

2. Experimental

2.1. Materials

All reagents were analytical grade or chemically pure products,
and they are commercially available. CSO was purchased from
Jinan Haidebei Marine Bioengineering Co., Ltd (Mw 65000,
deacetylation degree of 85%).

2.2. Methods

2.2.1. Synthesis of CdTe QDs
Water-soluble CdTe QDs was prepared at low temperature

according to the reference [25]. It was described in detail as fol-
lows: under N2 atmosphere, deionized water (5 mL) was added
to Te powder (0.0638 g) and excessive NaBH4 (0.0674 g) under
magnetic stirring at room temperature. After 1 h, the colorless
NaHTe solution was prepared. Under stirring the CdCl2 solution
of CdCl2�2.5H2O (0.228 g) dissolved in deionized water (50 mL)
and TGA (200 lL) stabilizer were added, and then the pH value
of the mixed solution was adjusted to 9–10 by the addition of
1 mol/L NaOH solution. The solution was deaerated by N2 bubbling
for 30 min, and the CdTe precursor was formed. Under reflux and
oxygen-free condition the resulted mixture was heated at 90 �C
for 170 min, precipitated with methanol, separated by centrifuga-
tion, re-dispersed in deionized diethyl ether twice and vacuum
dried to obtain the CdTe QDs powder.

2.2.2. Synthesis of N-lauryl-N, O-carboxymethyl chitosan derivatives
(LCC) [26]
2.2.2.1. Preparation of N-lauryl chitosan (LC). Briefly, chitosan
(10.0 g) was suspended in 100 mL methanol with mechanical stir-
ring at room temperature, and then lauraldehyde (4.87 g) was
added (molar ratio of �NH2:�CHO@1:0.5). After 24 h, NaBH4

(5.0 g) dissolved in 10 mL cold water was slowly added to the solu-
tion. After a further 24 h continuous stirring, the reaction solution
was neutralized with hydrochloric acid and the product was pre-
cipitated with methanol. Then the precipitate was filtered, repeat-
edly washed with methanol and water and dried in vacuum at
30 �C to obtain the light yellow N-lauryl chitosan.

2.2.2.2. Preparation of N-lauryl-N, O-carboxymethyl chitosan
(LCC). 2 g N-lauryl chitosan and isopropyl alcohol were mixed in
a 250 mL three-necked flask equipped a condenser, and then 9 g
NaOH was added. After sonication for 5 min, the solution was
heated at 40 �C and alkalified for 3 h with the help of mechanical
stirring. Under sonication, 10 g chloroacetic acid was dissolved in
isopropyl alcohol and drip into the mixture to react for 18 h.
Then the supernate was separated and 40 mL deionized water
was added to obtain a yellow transparent solution. The solution
was adjusted to neutral with acetic acid, precipitated with
methanol and filtered. Then the filter cake was washed with
methanol/water solution (v/v = 90/10) for times, placed in the
watch glass and vacuum dried at 30 �C for 3 h to obtain the white
N-lauryl-O, N-carboxymethyl chitosan powder.

2.2.3. Preparation of LCC–QDs Hybrid solution
A series of aqueous LCC–QDs hybrid solutions were fabricated

by adding LCC solutions with different concentration ranged from
0.001 to 1 mg/mL (0.001, 0.005, 0.01, 0.05, 0.1, 0.25, 0.5, 0.75, 1) to
the aqueous QDs solution with a fixed concentration of
0.05 mg/mL, and then the mixture was sonicated for 30 min at
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