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The present contribution reports new insights into the structure, kinetics, and thermodynamics of gold nanopar-
ticles (AuNP) synthesized in the presence of the block copolymer Pluronic F127 (PLU). AuNP-PLU nanocomposite
samples were prepared in the form of aqueous colloidal suspensions by using PLU as a reducing agent of Au(III)
ions to Au(0) and stabilizer of the formedAuNP. Transmission electronmicroscopy reveals that typical AuNP-PLU
are nearly polygonal (mean diameter = 18.5 nm ± 0.2) and highly crystalline, while dynamic light scattering
provides mean hydrodynamic diameter around 50 nm. Attenuated total reflectance Fourier transform infrared
(ATR-FTIR) and Raman spectroscopies indicate that AuNP are located at the more hydrophobic (polypropylene
oxide) block of PLU by coordination with oxygen atoms of ether groups. Monitoring the optical absorbance of
the localized surface plasmon resonance (LSPR) band of AuNP as a function of the reaction time and PLU concen-
tration suggests the formation of AuNP-PLU is of pseudo first order kinetics, with the observed rate constant
being dependent on the PLU concentration. Thus, the concentrations of block copolymer required to form the
nanoparticles can be precisely determined. Thermodynamics data collected by isothermal calorimetry titration
identified two regimes of molecular interaction: electrostatic, between Au(III) and PLU, and hydrophobic, be-
tween Au(0) and PLU, whose energies depend on the PLU concentration. It is concluded that optimal conditions
for the synthesis of AuNP-PLU nanocomposites are those in which PLU is provided in concentrations above its
critical micellar concentration. At this condition, the Au(III) to Au(0) reaction reaches completion and the estab-
lishment of hydrophobic interactions between Au(0) nuclei and polypropylene oxide block becomes feasible.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Gold nanoparticles (AuNPs) are at the forefront of nanoscience and
nanotechnology, owing to their unusual electrochemical and optical
properties, such as strong electrocatalytic effect and localized surface
plasmon resonance (LSPR) [1–34]. The LSPR is the resonant oscillation
of conduction electrons at the nanoparticles surface in the presence of
visible and near-infrared (NIR) light [54–77]. Depending upon the size
and shape of AuNPs, the LSPR phenomena can drive light scattering
for cell and tissue imaging, or else be converted into heat, which is
more useful for photothermal therapies (tumor ablation) [8, 9]. There-
fore, synthesis methods have made significant progress in the recent
years in order to provide plenty of very stable AuNP colloids of different
sizes and shapes.

The chemical methods for the synthesis and surface engineering
aiming at the fine tunning of AuNP characteristics, have been dominant
because of inherent low cost, high control of structure andmorphology,
and possibility of scaling up production [10–14]. Basically, in the chem-
ical method a strong chemical reducing agent is used to reduce the
metal salt or complex in solution (metal precursor) to zero valent me-
tallic nanoparticles. Surfactants and polymers are usually added to
avoid the aggregation and to shape the particles' morphology. Alterna-
tively, new approaches have been developed recently, such as, electro-
chemical synthesis using poly(melamine) [15], sodium glutamate and
sodium dodecyl sulfate as reducing and stabilizing agents [16], via
block copolymer template approach [17], continuous in-flight synthesis
[18], using nanosecond low-temperature compression via magnetic
pulsed power [19], physical vapor deposition [20] and
photochemically-assisted synthesis [21].

Among the synthetic methods available nowadays, those in which
the reducing agent offers no toxic risk or it is even eliminated have
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attracted special attention. Since AuNP play a major role in
nanomedicine, the use of hazardous chemicals during the nanoparticles
synthesis/processing is limited. Polymer-stabilized AuNPs have been
synthesized using a large number of polymers, including block poly-
mers of polystyrene, polyamines and polyalkoxydes,which can simulta-
neously drive the Au(III)→Au(0) reaction, shape the nanoparticles
morphology and provide for their colloidal stability. For example, a
green method that permits the straightforward one pot synthesis of
AuNP employs the FDA approved block copolymer known as Pluronics
(PLU). PLU encompasses a family of block copolymers containing a tri-
block PEO–PPO–PEO structure (PEO: poly(ethylene oxide); PPO: poly
(propylene oxide). The synthesis process using PLU is performed in
aqueous solution under room temperature and demands no other
chemical or energy input [22, 23]. The dynamics of AuNP formation
has been investigated and the effect of the block polymer molecular
weight and relative ratio of PEO/PPO blocks (Pluronic L64, P65, P84,
P103, P104, P105, P123, or F127) has also been addressed. The main
mechanism of formation of AuNP-PLU nanocomposites is divided in
three sequential steps, that starts with the (i) complexation of hydro-
philic PEO block to Au(III) followed by reduction of Au(III) to Au(0),
(ii) encapsulation of Au(0) nuclei by the hydrophobic PPO block and
(iii) reduction of remainingAu(III) at the PPO functionalized Au(0) clus-
ters and nanoparticle growth [24].

The present contribution intends to provide new insights into the
mechanism of formation of AuNP-PLU, carried out with HAuCl4 as the
gold precursor and PLU that stands for commercially available grade
F127. First, ATR-FTIR spectroscopy is employed to detect the influence
of AuNP in themain vibrationmodes of PLU and determine the location
of AuNP in the PLU structure. Next, the kinetics of AuNP-PLU formation
is monitored by UV–vis spectroscopy while probing the time evolution
of the LSPR band as a function of the PLU concentration. A pseudo-first
order kinetic model is provided to picture the formation of AuNP-PLU,
which allows one a quantitative design of the concentration and size
distribution of nanoparticles. Reaction thermodynamics and electro-
chemistry are respectively investigated by isothermal calorimetry titra-
tion and cyclic voltammetry of PLU solutions with HAuCl4.
Morphological features of AuNP-PLU nanocomposites are observed by
transmission electron microscopy, dynamic light scattering and analyt-
ical ultracentrifugation.

2. Materials and methods

2.1. Chemicals

Poly(ethylene oxide)100–poly(propylene oxide)65–poly(ethylene
oxide)100 triblock copolymer with the trademark of Pluronic F127
(PLU, MW 12,600 g mol−1), hydrogen tetrachloraureate (III) hydrate
(HAuCl4∙3H2O), and chloroaluminum phthalocyanine (AlClPc) were
purchased from Sigma–Aldrich and used as received. Ultra-pure water
(resistivity: 18 MΩ cm−1) used in all preparations was supplied by a
Millipore Milli-Q water purification system.

2.2. Synthesis of colloidal AuNP-PLU nanocomposites

The protocol followed herein for the synthesis of colloidal AuNP-PLU
nanocomposites was the same as that developed by Sakai et al. [22],
which consisted on simply mixing aqueous solutions of HAuCl4 and
PEO-PPO-PEO block copolymers (PLU) at room temperature as shown
in Scheme 1. For the synthesis, we used a small (5mL) borosilicate bea-
ker that was previously cleaned with aqua regia solution (HCl/HNO3,
3:1, v/v) and rinsed with copious amounts of ultrapure water.

For the kinetics study using UV–vis spectroscopy, themixtures were
prepared in a quartz cuvette of 1.0 cm optical path. HAuCl4
(2 mmol L−1) and PLU (0.1–10 mmol L−1) solutions were mixed in
the cleaned beaker (or cuvette) at 1:10, volumeby volume ratio, respec-
tively. While the HAuCl4 concentration employed in all samples was

held constant, the PLU concentrations were varied below and above
its critical micellar concentration (cmc), which is 0.6 mmol L−1 [25].
The resulting solution obtained after mixing both materials was gently
stirred by hand for 10 s and then left at rest for 300 min (equilibrium
condition). The reaction could be readily detected by the colour change
of the reaction mixture, from yellow to pink, which usually took about
30 to 80min formost of nanocomposite compositions. Afterwards, sam-
ples were transferred to common eppendorf tubes (2 mL) and centri-
fuged (Mikro 22R, HETTICH Zentrifugen) at 12,000 rpm for 120 min at
10 °C. This process was performed to remove the excess of PLU. The
samples were labeled AuNP-PLU:X, in which X stands for the PLU con-
centration employed in the synthesis (X = 0.1; 0.3; 0.5; 1.0.; 2.0; 4.0;
6.0; 8.0 and 10 mmol L−1). In order to conduct Raman and
thermogravimetry characterizations, solid samples of nanocomposites
were obtained by extensive centrifugation (120min) until a solidmate-
rial was sedimented. The solid was then isolated and lyophilized in the
SpeedVac Concentrator (SPD121P, with refrigerated vapor trap,
RVT400, Savant) for 240min. The obtained powder sample was labeled
as s-AuNP-PLU.

2.3. Characterizations

The AuNP-PLU synthesis was monitored by UV–vis spectroscopy
(Shimadzu UV-2600) in the range 185 nm–900 nm, at 0.1 nm resolu-
tion, and scan rate of 600 nm/min (0,1 s integration by 1 nm). UV–vis
spectra were recorded in different time intervals of reaction until the
LSPR absorbance stopped to changing. The structural features of the
nanocomposites were investigated further with FT-IR and Raman spec-
troscopies. FTIR spectra were registered using attenuated total reflec-
tance (ATR) method (Novertex 70, Bruker Corporation, USA), with
spectral resolution of 4 cm−1 and 1 scan/min for 27 min. 10 μL of the
AuNP-PLU:2.0 colloidal suspension (used as reference nanocomposite),
or plain PLU solution were dropped on the ATR crystal and left dry. Af-
terwards, successive spectra were recorded monitoring the water's hy-
droxyl stretching band (νO\\H), in order confirm the sample was dried
before registering representative spectra of samples. Raman spectra of
dried samples (s-AuNP-PLU:2.0 and s-PLU)were recorded at room tem-
perature using a commercial Jobin-Yvon Model T64000 triple micro-
Raman spectrometer equipped with a liquid nitrogen cooled CCD
(charge coupled device) detector. The 633 nm line of a Helium-Neon
ion laser was used to illuminate the samples at laser intensity ~1.7 mW.

Themorphology of the AuNP-PLU nanocomposites was observed by
means of transmission electron microscopy (TEM) carried out with a
JEOL JEM-2100 microscope. The mean diameter (DTEM) and polydisper-
sity index (σ) of nanocomposites were determined from size histo-
grams fitted with a log-normal distribution function. The diameters of
approximately 900 particles, measured with the aid of the Image J soft-
ware in different TEM images, were used to build the histograms. In ad-
dition, the hydrodynamic diameter and zeta potential of colloidal

Scheme 1. Illustration of the AuNP-PLU nanocomposite synthesis process.

182 D.S.B. Gomes et al. / Journal of Molecular Liquids 268 (2018) 181–189



Download English Version:

https://daneshyari.com/en/article/7841953

Download Persian Version:

https://daneshyari.com/article/7841953

Daneshyari.com

https://daneshyari.com/en/article/7841953
https://daneshyari.com/article/7841953
https://daneshyari.com

