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Synthesis of Cu20 nanourchins from Cu nanosheets synthesized in

hydrophilic bilayers of hyperswollen lamellar phase

Nanostructured materials have attracted attention due to their unique chemical
and physical properties different from the bulk. Some nanostructures transform
their shape through reactions like oxidation and reduction. Here, we report the
Cu,0 nanourchin synthesis using spontaneous growth from Cu nanosheets
(CuNSs). The CuNSs are synthesized inside the bilayers of the hyperswollen
lamellar phase. The obtained CuNSs become Cu,O after drying at 90°C. Atomic
force microscopy indicates that the CuNSs are oxidized in the air in the heating

process to give Cu,O nanourchins.

Keywords: nanosheet; nanourchin; hyperswollen lyotropic lamellar phase; copper

(I) oxide

Introduction

Nanostructured materials have attracted attention due to their unique chemical and
physical properties different from the bulk: e.g., the high specific surface area of
magnesium oxide (MgO) nanoparticles and the high reactivity of titanium dioxide
(TiO2) nanoparticles.[1], [2] Among nanosized materials, metal oxide nanomaterials are
used in diverse areas: chemistry, materials science, physics, and biotechnology.[3] The
unique electronic structures of nanomaterials determine their conductor, semiconductor,
and insulator properties. Copper (1) oxide (Cu20) has been studied for its useful optical
and electronic properties.[4], [S] Various micro and nanostructures of Cu2O have been
reported: nanocubes, nanooctahedra, nanocages, nanospheres, nanowires, nanourchins,
and other highly symmetrical nanostructures.[6]—[11] The Cu2O nanourchins have
excellent properties for various applications due to their high adsorption and catalytic
activities.[12] The growth of Cu>O on low-index copper surfaces is epitaxial with the
substrate, and the growth rates of Cu,O depend on the crystal plane.[13] This method

usually gives nanourchins consisting of Cu and Cu,O because oxidation occurs on the



surfaces. We expected that we could synthesize Cu,O nanourchins from Cu nanosheets
(CuNSs) composed of small crystallites only with surface regions, as shown in Figure 1.
We have recently developed a method to synthesize NSs by using several-nm-
thick bilayers in hyperswollen lamellar (HL) phases as a reaction field.[14], [15] We
named this method the ‘two-dimensional reactors in amphiphilic phases (TRAP)’
method.[16]-[18] The TRAPs prevent NSs from aggregating because they keep several
hundred nm intervals from each other. This method gives a suspension of free-standing
NSs with several nm thicknesses. The TRAP method can control the size of NSs by
changing the shear stress and composition of the HL phase solution; they decide the
bilayer width and thickness.[18] - [20] The NSs are composed of small crystallites with
random orientations. Here, we report the synthesis method of Cu2O nanourchins from
CuNSs. We discuss the growth mechanism of Cu20 nanourchins using atomic force
microscopy (AFM), transmission electron microscopy (TEM), and X-ray diffraction

(XRD) measurements.

Experimental

Synthesis of Cu;0 nanosheets

Solvents and reagents were reagent-grade and used without further purification. The

heptane solution (21 mL) of copper(Il) nitrate trihydrate (Cu(NO3)2+3H,0) (1.0 x 10!

wt%), Brij L4 (6.9 wt%), water (1.9 wt%), and methanol (1.0 wt%) and the heptane
solution (21 mL) of NaBHj (2.6 x 1072 wt%), Brij L4 (6.9 wt%), sodium hydroxide
solution (pH 11) (1.9 wt%), and methanol (1.0 wt%) were separately prepared. The
TRAP solution dissolving NaBH4 was poured into the TRAP solution dissolving
Cu(NO3)2 under stirring (300 rpm). The final products were centrifuged at 11000 rpm

for 30 min, washed three times with ethanol and dried at 90°C in the air.



Synthesis of Cu,O@Cu fine particles

Solvents and reagents were reagent-grade and used without further purification. The

heptane solution (42 mL) of Cu(NO3)2+-3H,0 (1.1 x 107" wt%), water (2.0 wt%), and

methanol (1.1 wt%) and the heptane solution (42 mL) of NaBHa4 (3.6 x 1072 wt%),
sodium hydroxide solution (pH 11) (2.0 wt%), and methanol (1.1 wt%) were separately
prepared. The heptane solution dissolving NaBH4 was poured into the heptane solution
dissolving Cu(NOs)> under stirring (300 rpm). The final products were centrifuged at

11000 rpm for 30 min, washed three times with ethanol and dried at 90°C in the air.

Results and discussion

We examined the effect of the ingredients of CuNSs on the stability of the HL phase.
We can confirm the stability of the HL phase by observing its birefringence using a
polarizing film wrapped around the vessel because the birefringence reflects the
stability of the HL phases, as shown in Figure 2a.[18] The polarized photograph of the
TRAP solution consisting of heptane (90.1 wt%), Brij L4 (6.9 wt%), a mixture
containing tetraethylene glycol monododecyl ether (Ci2E4) as the main component,
water (1.9 wt%), and methanol (1.0 wt%) shows birefringence typical of HL phases, as
shown in Figure 2b. The upper half of the vessel is empty, and the lower half contains
the solution. We separately added copper(Il) nitrate (Cu(NO3)2) and sodium
borohydride (NaBH4) to the TRAP solutions in two vessels. The polarized photographs
of the two TRAP solutions show birefringence, as shown in Figures 2c and 2d.[17]-[19]
Since we cannot track the composition in the bilayers dynamically, the formation of
nanosheets has proved the trapping of the hydrophilic ingredients inside the
bilayers.[19] These results indicate that Cu(NO3), and NaBH4 are trapped in the

hydrophilic TRAPs and that their addition did not destabilize the HL phases.



Then, we tried synthesizing CuNSs by pouring the TRAP solution dissolving
NaBHj into the TRAP solution dissolving Cu(NOs3).. After stirring the mixed TRAP
solution for 15 minutes, we centrifuged the reaction mixture to give a black precipitate.
We washed the black precipitate three times with ethanol and dried it at 90°C in the air.
The X-ray diffraction (XRD) pattern of the black powder has several peaks typical of
Cu20, as shown in Figure 3a.[21] Meanwhile, the XRD pattern of the fine particles,
synthesized in the heptane solution without Brij L4, has the peaks typical of both Cu
and Cu0. These results indicate that the black powder becomes Cu20O from metallic
Cu. This transformation should come from the excess amount of NaBH4.[21] The
obtained black powder seems easily oxidized because of its high specific surface area
and small internal volume. We measured the horizontal width and thickness of the
products before drying by atomic force microscopy (AFM) as 908 + 120 nm and 0.57 +
0.11 nm, respectively, as shown in Figure 3b. However, the horizontal width and
thickness of the dried products become 347 &+ 93 nm and 102 + 35 nm, respectively, as
shown in Figure 3c. These results indicate that the drying induces deformation. Some of
the deformed particles include a wired structure. To confirm the shape of the dried
products, we performed transmission electron microscopy (TEM). The TEM
photographs show sea urchin-like particles, as shown in Figure 3d. We can determine
the crystal structure using selected area electron diffraction (SAED) patterns from the
Bragg reflection of the electron beam corresponding to the crystal structures. The SAED
measurement of the particles gives the same patterns as Cuz0.[22] When the Cu20O
nanourchins were polycrystals, the SAED patterns would be a ring. Therefore, the
concentric circles of the SAED patterns indicate that the sea urchin-like particles are
composed of small crystallites with random orientation. We can conclude that the CuxO

nanourchins grew from CuNSs.



Conclusion

We have found the growth of Cu2O nanourchins from CuNSs synthesized in the
hydrophilic TRAPs. We conclude that the CuNSs deform in the oxidation process to

Cuz0 nanourchins.
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Figure 1. Schematic illustration of the growth mechanism of Cu2O nanourchins from

CuNSs. The Cu20 grows on copper surfaces epitaxially.

Figure 2. Observation of birefringence of the heptane solution of Brij L4 containing
water. (a) The optical system to take polarized photographs of hyperswollen lamellar
phases. A polarizing film is wrapped around a vessel while tilted at 45°. Polarized
photographs of (b) TRAP solution of heptane (90.1 wt%), water (1.9 wt%), Brij L4 (6.9
wt%) and methanol (1.0 wt%), (c) TRAP solution of heptane (90.1 wt%), water (1.9
wt%), Brij L4 (6.9 wt%), methanol (1.0 wt%) and Cu(NOs)2 (1.0 x 107! wt%), and (d)
TRAP solution of heptane (90.2 wt%), sodium hydroxide solution (pH 11) (1.9 wt%),
Brij L4 (6.9 wt%), methanol (1.0 wt%), and NaBHy (2.7 x 102 wt%).

Figure 3. Characterization of CuNSs. (a) XRD patterns of Cu>O nanourchins that grew
from the CulNSs (red) and Cu fine particles (blue) and standard XRD patterns of Cu and
Cuz0 (black). AFM photograph and cross-section of one of the synthesized CuNSs (b)
before and (c) after drying. (d) TEM photograph of Cu20O nanourchins that grew from
CuNSs, and SAED pattern of CuNSs.
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