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Introduction

crystalline copper. Samples were also subjected to TEM-Energy
Dispersive Spectroscopy (EDS) for high-speed elemental analysis.
Thermogravimetric Analysis (TGA) using a 4000 TGA (PerkinElmer
Inc., Massachusetts, USA) evaluated the polymer-coating of
the CuNP samples as the function of temperature in nitrogen
atmosphere under a flow of 40mL/min and heating rate of
10°C/min from 30-900°C.

The versatility of copper nanoparticles (CuNPs) facilitates its
biomedical applications as a cytotoxic agent via oxidative stress,
exerts antibacterial activity, functions as an in vivo agent for
imaging as well as for advanced drug delivery applications [1,2].
In the last decade, researchers have proven that by manipulating
the physicochemical, physicomechanical and morphological
properties of CuNPs its application expands. In particular, the
geometrical shape of CuNPs has gained much interest. By further
controlling the shape of CuNPs, cellular internalisation can be
dictated thereby enhancing copper delivery into target cells.
The self-assembly control process is able to maintain the nanoshape within the colloidal dispersion by minimal chemical,
physical or mechanical modification during synthesis, however,
despite advances it is still highly complex to optimise the shape of
CuNPs. This study focused on the novel synthesis of CuNPs of four
different geometries by manipulating surfactant concentrations
with homogeneity throughout each colloidal solution.

Results and Discussion
The scope for change and sensitivity to an external parameter was
ascertained to determine the geometries that could be derived
from the crystalline structure of nanocrystals and assist with the
synthesis of uniform neogeometric CuNPs. After the nucleation of
the crystal, the growth of the nanocrystal facets is controlled to
synthesize the various shapes. In this study, the major influence
involved in shape dictation is the organisation of the surfactant
molecules on specific faces to preferentially grow facets of certain
dimensions and the induction of truncation of the CuNPs as shown
in Fig. 1. The surfactants adsorb on the solid–liquid interface of
particular nanocrystal facets imparting various energies on the
different facets and the controlled reaction temperature allow for
the deviation from the shape formation [3,4].

Materials and Methods
The thermal-reduction method of synthesizing nanocrystals
included a standard CuSO4.5H2O solution added to varied molar
concentrations of aliquot hexadecetyl trimethylammonium
bromide (CTAB) and sodium dodecyl sulphate (SDS) solutions
heated at 50°C. Solution was further heated between 85-90°C
and a standard ascorbic acid solution was added as the reducing
agent in a drop-wise manner to allow for spontaneous copper
formation. The dual surfactants of various concentrations served
as shape-directing parameters.

The structure of the rod-shaped NP grows from a decahedron and
exists with a 5-fold symmetry [5]. The induction of the decahedron
formation is mediated by the truncation of the five subunit edges
of the decahedra nucleus in the (111) planes and additional
intermediate faces in the (100) planes. Growth along the facet of
the {100} surface results in an elongated structure with two 5-fold
symmetry points on either end (Fig. 2a). The stable tetrahedral
geometry with a threefold axis acts as the precursor nucleus in the
formation of the pyramidal-shaped NPs (Fig. 2b) [5]. The facets are
dominated by {111} suggesting that the growth of the tetrahedral
geometry is directed by this facet unlike the decahedron and
cuboctahedron geometries. It can be assumed that the spherical
NPs are formed from the truncated polyhedral precursor nuclei
and are composed of several {100} and {111} face (Fig. 2c). The

TEM (FEI T12 Spirit Transmission Electron Microscope (120kV),
Hillsborough, USA) and High-Resolution TEM (JEOL JEM 2100F
(200kV), Oregan, USA) confirmed the synthesis of self-assembled
neo-geometrical NPs. A powder X-Ray diffractometer (XRD)
(MiniFlex 600, Tokyo, Japan) was used to monitor diffraction
patterns of the CuNP samples to validate the synthesis of
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Figure 1. TEM images of nano-geometries dictated by surfactant variation

cuboctahedral precursor is defined by its {100} and {111} facets.
Cubic NP geometry arises from the selective growth of the {111}
facet of the cuboctahedral nucleus (Fig. 2d). The selective growth
of this facet suggests that it has a particularly higher surface
energy than the {100} facet. Selective adsorption of surfactant on
{100} retards its growth, allowing for the exaggerated growth of
this slow growing surface resulting in a cubic geometry[5]. In the
absence of CTAB and SDS, spherical NPs are formed. It can be
assumed that polyhedrons as the initial stable precursor nuclei
with equal dimensions are formed. Thereafter, upon the addition of
surfactant, there is preferential facet growth due to surface energy
and surface adsorption. It is evident from other research and these
results that the surface energy varies between the different facets
and displays competitive and selective adsorption of ions and
molecules. The molecular and ionic affinity to certain facets could
also be used to rationalise the geometry of nanocrystals.
Whilst maintaining a constant concentration of CTAB, the
difference in morphology using 0.02M CTAB is far more sensitive
than other concentrations (Fig. 2). Homogenous samples of
geometries with varying aspects from rods to cubes and pyramids
can be attributed to the variation in SDS concentration. Upon
addition of SDS whilst maintaining 0.02M CTAB, the aspect ratio
of the NPs showed a fundamental reduction of the nano-rods and
nano-cubes. Further increasing the SDS concentration reduced
the size dimensions of the NPs. The number of sharp aspects
increases and decreases spontaneously, showing responsiveness
to increasing SDS in the presence of 0.02M CTAB.
Individual NPs were analysed to determine the lattice fringe
spacing. A single rod nanocrystal consisted of lattice fringes along
(111) with a spacing of 2.09Å and (100) with 1.81Å indicating the
copper nanocrystals are of FCC structure. The cubic nanocrystal
consisted of an inter-fringe distance of 1.81Å which is attributed
to the lattice space along (100). The pyramidal-shaped NP showed
a 2.09Å (111) lattice fringe. Spherical nanocrystals have lattice
fringes along (111) with a spacing of 2.09Å and (100) with 1.81Å.
The lattice fringe spaces are in coherence with theoretically pure
copper nanocrystals.
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Figure 2. Schematic of growth of homogenous shapes according to
surfactant variation. a) Growth of a rod structure from the decahedral
precursor, b) Tetrahedral precursor geometry, c) Polyhedral precursor
geometry, d) Cuboctahedral precursor geometry growing from the (100)
and (111) planes

The XRD patterns in Fig. 3a corresponded to phase-pure Cu
according to the literature pattern with strong, prominent
correlating to the planes of copper crystals. The EDS plots of
CuNPs (Fig. 3b) exclusively exhibited the characteristic peaks
of ideal elemental Cu. The thermal-chemical reduction method
used in conjunction with ascorbic acid serving the dual function
of reducing agent and capping agent and two surfactants results
in the synthesis of pure copper nanocrystals without additional
impure phases.
TGA assessed the relative composition of the capping agents
on the CuNPs. Fig. 4a and 4b show the representative TGA
curves obtained for sample S1 and S2. Curve (a) shows one key
degradation point between 90-320°C which can be related to the
decomposition of the ascorbic acid on the surface of the CuNPs.
Sample S2 (b), capped with ascorbic acid, CTAB and SDS, displays
two key degradation steps. The first weight loss step in curve (b)
occurs between 110-330°C indicating the removal of ascorbic acid
and between 320-590°C which is attributed to the degradation of
the adsorbed surfactants. After analysis at the end temperature of
900°C, an average of 95.7% of sample remains. Copper degrades
at higher temperatures indicating that the degradation is

2016 Vol 83 No 1

CUM LAUDE
attributed to the supporting surfactants
in the samples and that the synthesized
CuNPs are thermally stable. The change
in mass can be translated to the ratio of
capping agents to CuNPs. A shell of about
3% of ascorbic acid and 5% of surfactant
adsorption was determined from TGA
resulting in 95-97% of the mass due to
the Cu.

Conclusion

Figure 3. a) Powder X-Ray diffraction patterns, b) Energy Dispersive Spectra showing pure elemental
copper

The fabrication of non-agglomerated,
monodispersed and exquisite geometrically organised CuNPs has been successfully demonstrated by reducing a copper
salt using ascorbic acid in the presence
of two key surfactants. Homogenous
samples of cubes, pyramids, rods and
spheres were synthesized proving shape
control of the method. It can be concluded
that CTAB at 0.02M and 0.04M are most
stable when synthesizing homogenous
geometries in one pot. The SDS variation
thereafter plays the key role in inhibiting
or stimulating the adsorption of CTAB
by its own adsorption. This approach in
the synthesis of neogeometric copper
nanocrystals offers the controlled shape
formation of copper nanocrystals and
reproducibility of homogenous shapeformation based on the surfactant
concentration. The CuNPs will be further
used in drug delivery due to its shapespecificity, thereby enhancing cellular
internalisation and resulting in elevated
drug concentrations at the target area.

References
1. Laha, D.; Pramanik, A.; Maity, J.; Mukherjee, A.; Pramanik,
P.; Laskar, A.; Karmakar, P. Biochem Biophys Acta 2014,
1840, 1-9.
2. Wu, B.; Huang, R.; Sahu, M.; Feng, X.; Biswas, P.; Tang, Y. J.
Sci. Total Environ. 2010, 408, 1755-1758.
3. Personick, M. L.; Mirkin, C. A. J Am. Chem. Soc. 2013, 135,
18238-18247.
4. Xia, Y.; Xiong, Y.; Lim, B.; Skrabalak, S. E. Angew. Chem. Int.
Ed. Engl. 2009, 48, 60-103.
5. Salzemann, C.; Lisiecki, I.; Urban, J.; Pileni, M. P. Langmuir
2004, 20, 11772-11777.

Figure 4. TGA curve of a) sample S1 showing degradation of reducing agent and; b) sample S2
showing degradation of surfactants on the NP surface
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