Journal of Physics: Conference Series

Related content

Stability of polymer encapsulated quantum dots in Sicsie o opicaltiomaaing

Jeong Yu Lee, Dong Heon Nam, Mi Hwa

cell culture media Onh etal,

- Effective improvement in optical properties

- . " . L of colloidal CdTe@ZnS guantum dots
To cite this article: | Ojea-Jiménez et al 2013 J. Phys.: Conf. Ser. 429 012009 synthesized from aqueous solution

Yongbo Wang, Boni Si, Siwu Lu et al.
- Improved thermal cycling durability and
PCR compatibility of polymer coated

quantum dot

View the article online for updates and enhancements. Zhe Xun, Xiaoyun Zhao and Yifu Guan

Recent citations

- Nicole Hondow et al

Bringing you innovative digital publishing with leading voices

to create your essential collection of books in STEM research.

This content was downloaded from IP address 158.109.56.184 on 17/09/2019 at 16:01


https://doi.org/10.1088/1742-6596/429/1/012009
http://iopscience.iop.org/article/10.1088/0957-4484/25/17/175702
http://iopscience.iop.org/article/10.1088/0957-4484/25/17/175702
http://iopscience.iop.org/article/10.1088/0957-4484/27/36/365707
http://iopscience.iop.org/article/10.1088/0957-4484/27/36/365707
http://iopscience.iop.org/article/10.1088/0957-4484/27/36/365707
http://iopscience.iop.org/article/10.1088/0957-4484/24/35/355504
http://iopscience.iop.org/article/10.1088/0957-4484/24/35/355504
http://iopscience.iop.org/article/10.1088/0957-4484/24/35/355504
http://dx.doi.org/10.1016/B978-0-08-099948-7.00006-3
http://dx.doi.org/10.1016/B978-0-08-099948-7.00006-3
https://oasc-eu1.247realmedia.com/5c/iopscience.iop.org/837099954/Middle/IOPP/IOPs-Mid-JPCS-pdf/IOPs-Mid-JPCS-pdf.jpg/1?

Nanosafe 2012: International Conferences on Safe Production and Use of Nanomaterials IOP Publishing
Journal of Physics: Conference Series 429 (2013) 012009 doi:10.1088/1742-6596/429/1/012009

Stability of polymer encapsulated quantum dots in cell culture
media

l. Ojea-JiméneZ* J. Piella’, T.-L. Nguyerf, A. Bestettf, A. D. Ryarf, V. Puntes?

(1) Catalan Institute of Nanotechnology (ICN), Universitat Autdnoma de Barcelona
(UAB), 08205, Cerdanyola del Vallés, Barcelona, (Spain) (2) School of Chemistry
and Bio21 Institute, University of Melbourne, Parkville, Vic 3010 (Australia) (3)
Institucié Catalana de Recerca i Estudis Avancats (ICREA), 08093, Barcelona,
(Spain).

E-mail: Isaac.ojea.jimenez@gmail.com

Abstract. The unique optical properties of Quantum Dots have attracted a great interest to use
these nanomaterials in diverse biological applications. The synthesis of QDs by methods from
the literature permits one to obtain nanocrystals coated by hydrophobic alkyl coordinating
ligands and soluble in most of the cases in organic solvents. The ideal biocompatible QD must
be homogeneously dispersed and colloidally stable in aqueous solvents, exhibit pH and salt
stability, show low levels of nonspecific binding to biological components, maintain a high
guantum yield, and have a small hydrodynamic diameter. Polymer encapsulation represents an
excellent scaffold on which to build additional biological function, allowing for a wide range

of grafting approaches for biological ligands. As these QD are functionalized with
poly(ethylene)glycol (PEG) derivatives on their surface, they show long term stability without
any significant change in the optical properties, and they are also highly stable in the most
common buffer solutions such as Phosphate Buffer Saline (PBS) or borate. However, as
biological studies are normally done in more complex biological media which contain a
mixture of amino acids, salts, glucose and vitamins, it is essential to determine the stability of
our synthesized QDs under these conditions before tackling biological studies.

1. Introduction

The unique optical properties of Quantum Dots (QDs) have attracted a great interest to use these
nanomaterials in diverse biological applications as fluorescent prakgs lh contrast to common
organic fluorophores, QDs have broad absorption spectra enabling excitation by a wide range of
wavelengths, and their emission spectra are symmetric and narrow. The most widely used and best
characterized QDs are CdX/ZnS (X = Se, Te) nanocrystals, where the CdX core is overcoated with a
few atomic layers of a material with a larger bandgap such as ZnS, which improves its luminescence
properties while protecting surface atoms from oxidation and preventing chemical degraidiion [

The synthesis of QDs by methods from the literature permits one to obtain gram quantities of
nanocrystals with a narrow size distribution (Standard deviation < 5 %), coated by hydrophobic alkyl
coordinating ligands but soluble only in organic solveBt§][ The ideal biocompatible QD must be
homogeneously dispersed and colloidally stable in aqueous solvents, exhibit pH and salt stability,
show low levels of nonspecific binding to biological components, maintain a high quantum yield, and
have a small hydrodynamic diameter. To disperse QDs in aqueous solvents it is necessary to
manipulate the surface chemistry, and three main strategies have evolved during the past few years: i)
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ligand exchange, ii) silica encapsulation and iii) polymer encapsulation. Given that these different
capping strategies address the requirements of various potential applications, the advantages of each
method have to be careful weighted against the drawbacks. For instance, our investigations suggest
that with ligand exchange methods the QD photoluminescence is often compromised and that the
growth of a thin, uniform silica shell that encapsulates a single QD is at present nontrivial. By contrast,
polymer encapsulation represents an excellent scaffold on which to build additional biological
function, allowing for a wide range of grafting approaches for biological ligands. We have shown that
the commonly synthesized QD in organic solvents transfer well using a poly(stcgremeic
anhydride) polymer and that the resulting biocompatible QD is homogeneously dispersed and
colloidaly stable in aqueous solvents, exhibits pH and salt stability and maintains a high quantum yield
[7].

As these QD are functionalized with poly(ethylene)glycol (PEG) derivatives on their surface, they
show long term stability for more than 6 months without any significant change in the optical
properties (absorbance and fluorescence spectra), and they are also highly stable in the most common
buffer solutions such as PBS or borate. However, as biological studies are normally done in more
complex biological media which contain a mixture of aminoacids, salts, glucose and vitamins, it is
mandatory to determine the stability of our synthesized QDs under these conditions before embarking
into any in vitro or in vivo studies.

2. Stability tests

We tested a sample of CdSe/ZnS Core/Shell QDs with first absorption maximum at 535 nm. These
particles have 50 % of azide groups on their surfacey @Dicates coating of Jeffamine M1000 and
H,N_PEG_N in a 50:50 ratio. Samples were incubated at two different concentrations 1 uM and 10
LM of QDs, and stock solutions were previously prepared in order to keep constant the added volume
to the different media. Sample were incubated at 37 °C in four different media: water, Dulbecco’s
modified Eagle’s medium (DMEM), DMEM supplemented with 10 % fetal bovine serum (FBS) and
piperazine-N,Nbis(2-ethanesulfonic acid) (PIPES). The stability was monitored by Ultraviolet-visible
(UV-vis) and fluorescence spectroscopies, fluorescence images, Dynamic Light Scattering (DLS) and
Transmission Electron Microscopy (TEM) for periods of time up to 48 hr.

The absorption spectra of @at a concentration of 1 uM showed no significant variation in most of
the cases except in DMEM, indicating in this case a major nanoscale aggregation or surface
degradation after 48 hr (Figure 1A). By contrast, for samples of 10 pM concentration of QDs
incubation in all the media showed a great stability, including the case of DMEM (Figure 1B). This
result is somewhat surprising since concentration determines the chances of two particles interacting
with each other and subsequently aggregate. The higher stability at higher concentrations of QDs is
likely to occur because the stability is majorly due to steric (stabilized by PEG chains) instead of
electrostatic interactions. For a given concentration of salt at low concentration of QDs the screening
of the fixed surface charges is more effective, but with high concentration of QDs there is also a
greater number of PEG chains in solution which interact more efficiently preventing the formation of a
diffuse double layer around the particles.

Figure 2A shows fluorescence images of 547 nm emitting, @nples incubated in the four different
media and taken after certain periods of time. After 48 hr in DMEM for a 1 uM concentration of QDs
there is evidence of colloidal instability seen by the aggregation of the QDs, which crashed out from
solution. The photoluminescence intensities for the cases of 1 UM concentration of QDs were also
lower after incubation in DMEM + 10% FBS and PIPES for 48 hr when compared to water, and this
was drastically reduced for the case of DMEM (Figure 2B). In comparison with its analogue sample
incubated in DMEM, the higher colloidal stability observed by UV-vis and fluorescence
spectroscopies of Qpsamples at 1 pM concentration incubated in DMEM + 10% FBS after 48 hr is
likely due to the serum proteins sticking on the surface of the QDs and forming a protein corona which
stabilizes the particles.
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Figure 1: Normalized absorbance of two different concentrations 1 uM (A) and 10 uM (B) of
QDsg in H,O, DMEM, DMEM + 10% FBS and PIPES.
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Figure 2: Fluorescence images after different incubation times (A) and fluorescence specira after
48 hr (B) of 1 uM and 10 uM samples of Qih H,O, DMEM, DMEM + 10% FBS and PIPES.
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Most of the Qg samples incubated in the different media exhibit low variations of the hydrodynamic
diameter obtained from DLS measurements (~ 15-20 nm) (Figure 3). However, incubation in DMEM
at a concentration of 1 pM drastically increased the Hydrodynamic Diameter (HD) to ~ 270 nm,
corroborating the aggregation effect. TEM also confirmed these data, as images taken from, the QD
samples incubated in DMEM showed major signs of aggregation (Figure 4).
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Figure 3: Size evolution by DLS (number mean diameter) at different times of 1 uM and 10 pM
samples of QB in H,O, DMEM and PIPES. Samples incubated in DMEM + 10% FBS were
not analyzed by this technique as the abundance of proteins in the medium would overpower the
signal of QDs present at much lower concentrations.
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Figure 4: TEM images of 1 uM QR samples after 48 hr in,&@, DMEM and PIPES.
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