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Abstract: Chiral inorganic superstructures have received
considerable interest due to the chiral communication
between inorganic compounds and chiral organic addi-
tives. However, the demanding fabrication and complex
multilevel structure seriously hinder the understanding
of chiral transfer and self-assembly mechanisms. Herein,
we use chiral CuO superstructures as a model system to
study the formation process of hierarchical chiral
structures. Based on a simple and mild synthesis route,
the time-resolved morphology and the in situ chirality
evolution could be easily followed. The morphology
evolution of the chiral superstructure involves hierarch-
ical assembly, including primary nanoparticles, inter-
mediate bundles, and superstructure at different growth
stages. Successive redshifts and enhancements of the CD
signal support chiral transfer from the surface penicill-
amine to the inorganic superstructure. Full-field electro-
dynamical simulations reproduced the structural chiral-
ity and allowed us to predict its modulation. This work
opens the door to a large family of chiral inorganic
materials where chiral molecule-guided self-assembly
can be specifically designed to follow a bottom-up chiral
transfer pathway.

Introduction

Chiral inorganic superstructures have attracted considerable
interest due to their wide applications in chiral resolution,[1]

optical display,[2] biosensing,[3] and chiral catalysis.[4] Chir-

ality was discovered in a few inorganic materials due to their
intrinsic crystal structures, such as quartz,[5] mercury
sulfide,[6] and tellurium.[7] In addition, chiral additives (e.g.,
chiral molecules,[8] chiral templates,[9] chiral light[10]) can also
induce chirality in intrinsically non-chiral inorganic com-
pounds as well. The chirality from chiral additives is retained
in the pure inorganic crystal or structure, even after the
removal of the chiral additives.[8b,11] Typically, chiral inor-
ganic shapes can be trimmed by chiral additives following a
bottom-up assembly process,[12] which usually requires one
or more fabrication steps.[13] One-step methods for synthe-
sizing chiral superstructures are very complex and
versatile,[13a] as they involve the complex competition among
various interaction forces. Mild solution synthesis offers an
opportunity to combine in situ and ex situ characterization
for the assembly process. For chiral inorganic superstructure
formed in solution, the chirality usually arises from differ-
ential growth rates of chiral facets or screw dislocation of
crystal nuclei.[11,14]

For molecule-guided self-assembly, chiral molecules are
involved in the whole bottom-up assembly process by
activating the chiral assembly, in which the molecular
chirality is transferred to the non-chiral inorganic phase and
eventually amplified in the chiral superstructures. Normally,
only the final superstructure morphology or part of inter-
mediates can be characterized in detail by electron micro-
scopy or other techniques.[15] The absence of the intermedi-
ate information will prevent a clear elucidation of the
mechanism of chiral transfer and self-assembly of the
superstructure. The mechanism for complex superstructure
formation could be uncovered by in situ characterization or
a combination of in situ and ex situ characterization. The
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chiral film on a solid substrate involves controlling precise
atomic arrangements to ensure highly ordered crystal
growth.[16] The formation of chirality in a solution is
achieved by inducing the self-assembly of multilevel chiral
units or intermediates, which opens up many possibilities for
a hierarchical self-assembled superstructure.
Herein, we propose a mild aqueous-phase synthesis of

CuO superstructures based on penicillamine as a chirality
promoter. The CuO superstructures exhibit strong chirality,
which is present even after the removal of the chirality
promoters. In situ circular dichroism (CD) spectra and ex
situ transmission electron microscopy (TEM) were used to
follow the evolution of chirality and shapes during the
formation of the chiral superstructures. Fourier transform
infrared spectroscopy (FTIR) gave further insights into
coordination chemistry, which, in combination with CD
signals, demonstrated the chiral transfer of penicillamine
between the building blocks. We have also performed a
three-dimensional reconstruction of the CuO superstruc-
tures by TEM tomography that clearly shows the inter-
penetrating bundles with chiral rotation. Full-field electro-
dynamical simulations supported our findings and allowed
us to further tune and optimize the chiral response of the
CuO superstructures. We also compared the assembly of
CuO nanoparticles synthesized in the presence of penicill-
amine, cysteine, valine, mercaptobenzoic acid, and thiophe-
nol. This was done in order to understand the role of
different functional groups on superstructure formation and
chiral response, as well as to reveal clear structure-property
correlations.

Results and Discussion

Chiral CuO superstructures were synthesized through an
aqueous solution-based method using penicillamine enan-
tiomers and citrates as symmetry-breaking agents and
structure stabilizers, respectively. The detailed procedure is
described in the experimental section. Scanning electron
microscopy (SEM) images showed that the as-synthesized
CuO superstructures have a uniform flower-like morphology
with diameters ranging from 350 to 550 nm (Figure 1a1 &
S1a, b). The flower-like superstructures consist of several
crossed bundles, and the secondary bundle is assembled
from a large number of �3 nm nanoplatelets (Figure 1a2–a3
& S1c–f). Within a nanoplatelet, primary nanoparticles can
be discerned in high-resolution TEM images. The chiral
CuO superstructures exhibit an antipodal chiroptical activity
(Figure 1c), displaying solid CD bands at �450 nm (S1) and
�680 nm (S2). A similar flower-like morphology was also
obtained using racemic penicillamine (Figure S2a), but in
this case, no chiral bands can be observed in its CD spectra
(Figure S2b).
The chiral CuO superstructures have a mass fraction of

organic stabilizers of �8.2%, as estimated from the
thermogravimetric analysis (Figure S3a). The FTIR spectra
of the superstructures exhibit the most prominent absorp-
tions in the 3700–2800 cm� 1 and 1800–1200 cm� 1 regions,
which are attributed to overlap signals of amine, hydroxyl,
and carboxyl group, and disappear after calcination at
350 °C due to the decomposition of the organic molecules
(Figure S3b). The SEM and TEM images (Figure 1b1, b2 &

Figure 1. a) As-synthesized L-superstructures: a1) SEM image, a2) TEM image, and a3) high-resolution TEM image. b) Calcined L-superstructures:
b1) SEM image, b2) TEM image, and b3) high-resolution TEM image. The CD and UV/Vis absorption spectra of c) the as-synthesized chiral
superstructures and d) the calcined chiral superstructures.
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S4a–d) of the calcined superstructures also showed flower-
like shapes, indicating that the calcination step does not
damage the morphology. Also, the CD signals of the
calcined superstructures are maintained (Figure 1d), with
the strong S1 and S2 CD signals slightly shifting to �480 nm
and �780 nm, respectively. It should be noted that the
nanoplatelets in secondary bundles have increased from
3 nm to more than 10 nm in diameter after calcination
(Figure 1b3 & S4e, f), suggesting that the superstructure
chirality is fixed in the flower-like top structure. The X-ray
diffraction patterns before and after calcination can be
indexed to the monoclinic crystal structure of CuO (JCPDS
cards, No. 48-1548, Figure S5). The selected area electron
diffractions also display the characteristic reflections of CuO
(Figure S1 g, h & S4g, h).
The UV/Visible spectra of the as-synthesized super-

structure exhibit broad absorptions from 250 nm to 900 nm
(Figure 1c). To eliminate any potential signal broadening
caused by scattering, we further test the UV/Visible diffuse
reflectance spectroscopy of the chiral superstructure (Fig-
ure S6). These signals can be grouped as i) signals below
320 nm belong to the charge transfer of Cu2+ !O2� ; ii) the
bands at 320 nm and 440 nm are attributed to the charge
transfer of Cu2+� O2� � Cu2+; iii) the bands above 600 nm are
attributed to d-d transitions of Cu2+.[13] The antipodal CD
spectra for L-superstructures and D-superstructures are
clearly distinguished as the negative and positive Cotton
effects. The CD signal of the as-synthesized superstructures
(Figure 1c) exhibits a weak signal at �305 nm and two
opposite strong signals at �450 nm and �680 nm. The
Cotton effect signals centered at �341 nm and �558 nm are
attributed to the charge transfer transition of Cu2+

� O2� � Cu2+ and d-d transitions of Cu2+, respectively. The
Cotton effect signal centers of the calcined superstructures
are redshifted to �342 nm and �598 nm (Figure 1d) due to
the increased size of the primary particles,[16a] and their UV/
Vis spectra are accompanied by a redshift. These findings
support the conclusion that the chiral activity of the super-
structures is unaffected by the degradation of the penicill-
amine and is, therefore, still observed in the pure inorganic
phase.
We conducted an in-depth investigation of the assembly

process to reveal the evolution of chirality and formation for
the chiral superstructures. In situ CD tests allow us to
visualize chiral changes due to the formation of super-
structures, and are feasible in our mild solution-phase
synthesis. In situ CD spectra captured during chiral super-
structure assembly show a perfect symmetric evolution
(Figure 2a1, a2). CD signals for L-superstructure and D-
superstructure gradually redshift and intensify. Also, the
absorption intensity of in situ UV/Visible spectra from 300
to 900 nm increases gradually over the reaction time due to
superstructure formation (Figure 2b1, b2). The final CD
spectra are completely different from the initial state,
supporting that they come from the superstructure. The
redshift and enhancement of the CD signal evolution
allowed for a clearer understanding after deducting the
initial CD signal (Figure S7). The strongest S1 bands shifted
from �370 to �555 nm and enhanced from �25 to

�270 mdeg. To track the starting point of the superstructure
formation, time-resolved intermediates can be separated
from the reaction solution by centrifugation. The CD spectra
of intermediate samples are similar to S1 and S2 bands,
slightly redshifted after 20 mins (Figure S8a1, a2), but the
intermediate sample obtained at 10 mins shows different CD
signals (black lines), implying that the chiral superstructure
starts to form between 10 and 20 mins. We selected D-
superstructure as an example to illustrate its formation
details using TEM. A chiral superstructure with a well-
defined flower-like shape can be observed after 20 mins
(Figure S8c1–c6). The crystallinity evolution, as shown in x-
ray wide-angle scattering (WAXS) at different reaction
times, is closely related to the superstructure formation
(Figure S9). The in situ CD tests showed nearly identical
spectra in the first 15 mins (Figure S10a). Therefore, we
further examined the TEM images of intermediates to
clarify the changes during this period. Figure S10b1, b2 show
that only discrete nanoparticles with a diameter of �2.5 nm
were formed in large quantities between 3 mins and 10 mins.
In addition, we observed a large number of primary bundles
(marked by red arrows in Figure S10c1, c2), which are hardly
observed after 20 mins due to their further growth into
superstructure or being hidden in superstructures (marked
by the white dashed circle in Figure S8c1–c6). The different
stages of primary bundles are also obviously observed
(Figure S10c1, c2), and both superstructures and primary
bundles are assembled from nanoparticles as building blocks
(Figure S10c3, c4).
We discovered that the formation of chiral superstruc-

tures proceeds through two main processes (Figure S11):
nanoparticle formation and superstructure formation. With-
in the first 10 mins, a large number of discrete nanoparticles
are formed from reaction precursors. Once the concentra-
tion of nanoparticles exceeds the critical aggregation con-
centration, they aggregate into intermediate bundles follow-
ing nonclassical crystallization (Figure S10c1–c3).

[17] The
extra bundles will develop on the intermediate bundles to
form the flower-like superstructure using nanoparticles as
building blocks in a short time. The middle part of the
primary bundle provides more contact sites and allows the
building nanoparticle to give up its center of mass easily to
obtain a common center of mass with the bundle.[18a] Such
formation modes ensure that the aggregation free energy is
sufficient to pay the entropic price due to their thermody-
namic trade-off. Here, the free-energy landscape taking
place during superstructure formation determines the ther-
modynamic preference for the structure, shape, and size
distribution of assemblies.[18] The formation of CuO super-
structures shows a well-defined and finite spatial extent in
three dimensions, which is in line with the typical character-
istic of self-limiting assembly with open boundaries.[18a] It
should be noted that intermediate bundles, as transition
states of the superstructure, are difficult to find in the final
product (Figure S8c6). Based on this formation mechanism,
we found that additional sodium hydroxide leads to an
increase in the final flower-like superstructure size by
growing secondary bundles (Figure S12a1–c1) due to increas-
ing the number of primary nanoparticles. Here, we have
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traced the complete formation, where primary nanoparticles
act as building blocks to form the intermediate bundles and
further develop superstructures (Figure 2c1–c4, please find
more details in Figure S13). We also found that the
assembly mode at 50 °C (Figure S14) is comparable at 30 °C
and 70 °C (Figure S15).
Because the chirality of the CuO superstructures origi-

nates from penicillamine enantiomers, coordination
chemistry plays an important role in linking chiral penicill-
amine and multiscale building blocks. Penicillamine can
coordinate with inorganic components using sulfhydryl
(� SH), carboxyl (� COOH), or amino (� NH2) groups.

[19] We
used FTIR to gain insights into the transformation of
coordination patterns from primary nanoparticles to chiral
superstructures. The stretching vibrations of � SH at
2607 cm� 1 and 2512 cm� 1 disappeared after the formation of
primary nanoparticles and chiral superstructures (Figure 3a,
b & Figure S16a, c, and d), suggesting that � SH groups are
involved in the coordination with inorganic nanoparticles
and superstructures. For primary nanoparticles, � NH2
groups are positively charged as � NH3

+ at 3242 cm� 1 (blue
line in Figure 3a & S16c). Conversely, � NH2 is immobilized
on the superstructure surface as H-bonded NH, which is

evident from the broad band in the range of 3000–3650 cm� 1

(blue line in Figure 3b & S16d).
Citrate participates in coordination bonds through the

hydroxyl (� OH) and � COOH groups. Nanoparticles only
coated with citrate show a broad band centered at
�3380 cm� 1 as H-bonded OH (red line in Figure 3b).
� COOH groups are also engaged in the asymmetric
stretching vibration at 1578 cm� 1 and symmetric stretching
vibration at 1387 cm� 1 (Figure S16b). When both penicill-
amine and citrate are coated on the nanoparticle or the
superstructure surfaces, the asymmetric (1570 cm� 1) and
symmetric stretching vibration (1380 cm� 1) indicates that
� COOH is involved in chemical coordination. The single
broad band between 3000–3650 cm� 1 in the superstructures
shows the overlap signals of H-bonded NH and H-bonded
OH.[20] Based on these findings, we can conclude that the
� SH and � COOH groups are involved in the surface
coordination of nanoparticles and superstructures. Herein,
penicillamine and citrate compete in terms of coordination
chemistry. When the ratios of penicillamine and citrate are
adjusted to 1 :1, 1 :2 and 1 :3, the initial nanoparticle
coordination provided by the two ligands leads to the
formation of the assembly with different shapes and chirality
(Figure S17).

Figure 2. In situ CD spectra of a1) L-superstructures and a2) D-superstructures. In situ UV/Visible spectra of D-superstructures: b1) enlarged spectra
and b2) full-range spectra. c1)–c4) TEM images of D-superstructure formation at different growth stages.
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We further analyzed the chiroptical activity of the
building blocks, including chiral penicillamine, Cu-penicill-
amine complexes (Cu-Pen), pure bundles, and chiral nano-
particles. Chiral penicillamine mainly contributes to the
absorption peak in the ultraviolet region below 260 nm, and
their CD signals show a symmetrical peak at �225 nm
(Figure S18a). Chiral Cu-Pen complexes are formed from
penicillamine and Cu2+ and are evidenced by nuclear
magnetic resonance (NMR) spectra. Here, 1H NMR, 13C
NMR, and 1H-13C HSQC showed free penicillamine (red
arrow) and Cu-Pen complexes (orange arrow) in the
reaction solution (Figure S19). The Cu-Pen contributed to
several new CD absorption bands (e.g., �410 nm, �480 nm,
and �560 nm) (Figure S18b), suggesting chiral transfer from
the penicillamine molecules to the Cu-Pen. Furthermore,
chiral nanoparticles exhibit an absorption peak at �520 nm
in UV/Vis spectra and CD bands similar to chiral Cu-Pen
from 350 to 650 nm (Figure 3c & Figure S18b), indicating
that chiral penicillamine was anchored on the nanoparticle
surface. Chiral nanoparticles assembled into chiral super-
structures transfer surface-induced chirality to structural
chirality and show that surface penicillamine activates the
chiral assembly of discrete nanoparticles. Notably, inter-
mediate bundles were observed at a reaction temperature of

50 °C (Figure S10c1, c3), but pure bundles are difficult to
obtain due to further superstructure formation within a
short time. By reducing the reaction temperature, we
successfully capture the intermediate bundles (Figure S20a1,
a2 & S20b1, b2). The ellipsoid-like bundles exhibit a sym-
metrical chirality (Figure S20c), which is different from that
of the chiral superstructure even though they are coated by
the same chiral molecules (Figure 3d), also underlying that
the chirality of the superstructure comes from the arrange-
ment of secondary bundles (Figure 3e).
Chiral CuO superstructures are composed of secondary

bundles with a well-documented hierarchical structure (Fig-
ure S13). We marked the secondary bundles with three
arrows, as three bundles can generate chirality. The largest
primary bundles are designated as the rotation axis. The
nearest secondary (extra) bundle to the top of the primary
bundle is designated as the 1st bundle, while the second
nearest secondary bundle is referred to as the 2nd bundle. If
the 2nd bundle is positioned counterclockwise with regard
to the 1st bundle on the rotation axis (primary bundle), it is
specified as a counterclockwise rotation (L-typed, Fig-
ure S21a1–a3); if the 2nd bundle is located clockwise with
respect to the 1st bundle, it is designated as a clockwise
rotation (D-typed, Figure S21b1– b3). In addition, a three-

Figure 3. a) FTIR spectra of L-penicillamine (L-Pen) and L-nanoparticle. b) FTIR spectra of nanoparticles coated with only citrate (citrate-
nanoparticle) and L-superstructures. c) G-factor curves of chiral penicillamine, chiral Cu-Pen complex, and chiral nanoparticles. d) G-factor curves
of the ellipsoid-like bundle and chiral superstructure. e) Schematic diagram of chiral transfer for the chiral superstructure.
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dimensional reconstruction of the CuO superstructures was
carried out by TEM tomography to improve the under-
standing of the superstructure chirality. A supplementary
video of the tilt series of TEM images clearly shows the
interpenetration arrangement of the secondary bundles
(Movie S1). To clearly show the details of bundle rotation at
different angles, we extracted a series of TEM images of the
superstructure at the rotation angle of 0°-84° (Figure S22).
These obtained TEM images rotate nearly counterclockwise
around the primary bundle, and the 1st bundle is located in
the counterclockwise direction with respect to the 2nd
bundle. Therefore, the superstructure follows clockwise
rotation also marked in tomographic reconstruction (Fig-
ure 4a1–a3). It should be noted that the superstructure
chirality is completely different from the chirality observed
in pure bundles (Figure 3d), further suggesting it arises from
the chiral arrangement of secondary bundles.

Therefore, we also performed computational simulations
to understand their structural chirality. Based on the three-
dimensional structures, the secondary bundle is simplified to
an ellipsoid that is the shape of the pure bundle. The
simplified superstructure can be considered as an assembly
of three ellipsoids disposed one on top of the other, further
rotated by 45° with respect to each other (Figure 4b). The
incident light was sent perpendicular to the main axis of the
ellipsoid (along z), and a cubic mesh with a resolution of
5 nm was ensured to provide a good convergence of the CD
observable. The simulated CD signals S1 and S2 appear at
�472 nm and �680 nm (Figure 4c), and they are in good
agreement with our experimental CD results (Figure 1c).
They also confirm that the structural chirality of the super-
structure comes from the chiral arrangement of the secon-
dary bundles.
In addition, we further used computational simulation to

predict changes in the optical activity of the superstructures.

Figure 4. 3D volume renderings from an electron tomographic reconstruction of a CuO superstructure, a1) shown over a central XY slice
(corresponding TEM image in the inset) and a2), a3) at different orientations of the tomographic reconstruction. White arrows represent the
primary bundle; blue and purple arrows are for secondary bundles. b) Simulated model and c) CD spectra of three ellipsoids with their a-axis/b-
axis/c-axis parameter using 150/57/57 nm. Three ellipsoids are rotated 45° from each other. Simulated CD spectra of three ellipsoids with a-axis/b-
axis/c-axis of d1) 150/45/45 nm, d2) 150/57/57 nm, and d3) 150/65/65 nm.
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For the ellipsoid, the a-axis represents its long half-axis, and
the b-axis and c-axis represent its short half-axis. The
adjusted ellipsoid sizes in the simplified superstructure for
the a-/b-/c-axis were chosen to be 150/45/45 nm, 150/57/
57 nm, and 150/65/65 nm, accounting for the change in the
size of the secondary bundle in the CuO superstructures. As
the size of the ellipsoid increases, the CD intensity of the
superstructure increased from �0.38, �0.49 to �0.68 for S2,
and corresponding CD bands redshifted from �575 nm,
�655 nm to �725 nm for S2. A similar trend can also be
observed for S1, as shown in the simulated CD spectra
(Figure 4d1–d3). Hence, it can be concluded that changing
the CuO superstructure size can lead to enhanced chirop-
tical activity and a shift in the CD absorption peaks. Given
the fact that CD measurements were performed in a
solution, the CD signal exhibited by our idealized model
system must be averaged over all incident angles. We
performed these calculations (please see details of the
averaging process in Figure S23) in the case of the L-typed
system of three ellipsoids with their a-axis/b-axis/c-axis

parameters set to 150/45/45 nm. It turns out that the
averaged CD features (blue line in Figure S23b2) manifest
simply as a small shift and broadening of the CD peaks
obtained in the case of the unidirectional z-oriented beam
shown in Figure 4d1, thus fully supporting our analysis.
Thanks to the computational simulations, we know how

the modulation of the superstructure size controls the
chiroptical activity. By adjusting the reaction temperature to
30 °C, 50 °C, and 70 °C, the superstructures gradually in-
crease in size due to the growth of the secondary bundle size
(Figure 5a1–c1). We used the anisotropy factor (g-factor) to
evaluate chiral activity to avoid concentration dependence.
G-factor of charge transfer for Cu2+� O2� � Cu2+ (S1) in-
creased from �0.003 to �0.007, and d-d transitions of Cu2+

(S2) also grew from �0.004 to �0.006 (Figure 5a2–c2). The
S1 moved from �392 nm to �497 nm, and S2 shifted from
�565 nm to �785 nm. The redshifted and enhanced CD
signal supports the prediction from the computational
simulations.

Figure 5. a1)–c1) SEM images and a2)–c2) g-factor curves of chiral superstructures synthesized at a) 30 °C, b) 50 °C, and c) 70 °C. d) Molecular
structure of penicillamine; e1)–h1) molecular structures of e) cysteine, f) valine, g) mercaptobenzoic acid, and h) thiophenol, and e2)–h2) the TEM
images of their corresponding assemblies.
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To better understand the chiral transfer, we investigated
the superstructure formation starting from pure bundles.
The hydrothermal reactions at 120 °C led to the formation of
flower-like superstructures (Figure S24) from pure bundles
(Figure S20a1–b1). Interestingly, the resulting superstruc-
tures starting from the pure bundles were found to be
achiral, in contrast to the chiral superstructures obtained
from chiral nanoparticles (Figure S25). We assume that the
higher temperature required for the bundles to assemble
into the superstructures may break the coordination inter-
action of chiral penicillamine leading to a failure of the
chiral transfer. Therefore, although higher temperature
permits the formation of superstructures, the chiral transfer
from surface penicillamine is being lost. Indeed, we con-
ducted experiments without penicillamine, which resulted in
the formation of achiral bundle-like assemblies instead of
superstructures (Figure S26).
However, with the addition of penicillamine, chiral

superstructures were formed at the same temperature (Fig-
ure S1a–d), demonstrating that the penicillamine ligands did
reduce the temperature required for superstructure forma-
tion while maintaining their chiral properties. In addition,
we used four additional molecules replacing chiral penicill-
amine to study their effect on the assembly. Cysteine, which
has a similar molecular structure and functional groups as
penicillamine (Figure 5d & e1), was found to successfully
produce CuO superstructures (Figure 5e2 & S27a). Also,
enhanced chiroptical activity and tunable CD absorption
bands were observed for the chiral superstructures using
cysteine enantiomers at reaction temperatures from 30 °C,
50 °C, to 70 °C (Figure S28). Valine, which also has a similar
molecular structure to penicillamine (Figure 5f1), resulted in
the formation of pure bundles (Figure 5f2 & S27b) due to
the absence of the � SH group. Although the pure bundles
are similar to the structures obtained without penicillamine,
we found that the bundles using valine enantiomers are
chiral (Figure S29). Mercaptobenzoic acid and thiophenol
are, on the other hand, able to produce similar super-
structures (Figure 5g, h, S27c, and d). Thus, one can safely
conclude that chiral molecules bearing � SH groups are
needed for the superstructure formation.

Conclusion

We have successfully introduced a bottom-up chiral transfer
from chiral molecules to high-order flower-like CuO super-
structures. After the removal of the chiral molecules, the
chirality is still present in the pure inorganic superstructures.
We found that the evolution of the morphology and chirality
for the superstructures is closely related to the growth of
extra bundles from the initial bundle resulting in a chiral
flower-like structure. The superstructure formation is
strongly dependent on the coordination chemistry of the
chiral ligands used. The chiral interpenetration of the
bundles for superstructures is clearly shown by the 3D
reconstruction. The full-field electro-dynamical simulations
were further used to model their chiroptical activity and
successfully predict chirality changes. The tunable structural

chirality from visible to near-infrared bands can be con-
trolled by the coordination chemistry, precursor dosage, and
reaction temperature through modulation of the size and
morphology of the superstructure. This work provides a new
simple approach for designing and assembling a new
generation of chiral inorganic nanomaterials following a
simple bottom-up method using chiral molecules.
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