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Surface passivation of CdSe-TOPO quantum dots
by poly(acrylic acid): solvent sensitivity and photo-induced
emission in water
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Abstract The principal available methods for the prepa-

ration of high quality CdSe quantum dots (QDs) are based

on organic ligands such as tri-n-octylphosphine oxide

(TOPO) which lead to non-water soluble nanocrystal QDs.

As most biological interactions take place in aqueous

media, much effort has been made on preparation of water

soluble QDs. In this report, the water soluble CdSe QDs

were prepared via a ligand exchange process between

organic soluble CdSe-TOPO quantum dots and poly

(acrylic acid). The poly(acrylic acid) (PAA) can attach

onto the surface of CdSe-TOPO quantum dots in a ligand

exchange process to make water-soluble CdSe-PAA com-

plexes. In spite of CdSe-TOPO QDs, the resultant CdSe-

PAA QDs are soluble in polar solvents such as methanol or

water. Optical properties of CdSe-PAA QDs in several

solvents showed that the emission intensity of QDs was

mainly decreased in protic solvents such as methanol or

water. The TEM images of dots in different solvents were

examined and some aggregation of dots was found in protic

solvents. In comparison with PAA, the addition of

PDMAEMA to the solution of CdSe-TOPO QDs in THF

increased the emission intensity of QDs. Furthermore, we

found that the entitled ligand exchange process was fast

and conjugation process completed at short time intervals.

The UV-irradiation of the CdSe-PAA conjugate in water

showed that the emission was amplified by increasing the

irradiation time.
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Introduction

Excellent photochemical and photophysical properties of

colloidal semiconductor nanocrystals (NCs or QDs), such

as narrow and symmetrical fluorescence spectra, broad

excitation spectra, long emission intensity decays and low

photobleaching have brought them to attention in recent

years [1, 2]. In general, these color-tunable fluorophores

can be described by an internal inorganic core, which is

surrounded by an external shell of molecular ligands [3–5].

Although, the construction of the core in QDs (such as

composition and the size) can predict some aspects of their

optical properties, yet the chemistry is mainly governed by

molecular structure of the surface ligands. By employing

suitable ligands on the surface of QDs, one can assemble

them into larger supramolecular structures [6] or conjugate

them with biological segments to be applied as fluores-

cence labels [7]. To control the surface chemistry [8–10],

diverse polymeric substances such as organic dendrons [11,

12], linear [13–15] or hyperbranched [16] polymers,

chemically modified proteins [17], and amphiphilic poly-

mers [18–20] have been engaged to control the surface

chemistry of NCs via a ligand-exchange or micellar

encapsulation process.

QDs with their special properties are potential candi-

dates for biological applications [7, 21]. The current

methods for the synthesis of high quality CdSe QDS are

based on ligands which lead to non-water-soluble products.

These QDs are coated with organic ligands which make

them mainly soluble in non-polar organic solvents [22–24].

Since most biological interactions take place in aqueous
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