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ABSTRACT: This article reports on a novel category of hybrid nanoparticles (NPs) consisting of a unique
organic core (composed of optically active helical polyacetylene) and an inorganic shell (composed of silica).
The NPs were synthesized by combining in one system the aqueous catalytic microemulsion polymerization
of substituted acetylene monomer to form the core and the sol—gel approach of TEOS to form the shell. The
substituted polyacetylene forming the core adopted helical conformations of predominant one handedness
while the silica shell provided desirable protection for the core. The obtained emulsions exhibited high
stability. The NPs possessed large optical activities, arising from the helical polymer chains constituting the
core. The investigations are important in chemistry since two diverse research fields (organic helical polymers
and inorganic materials) were combined for the first time in a specific system. The obtained hybrid core/shell
NPs induced enantioselective crystallization of alanine enantiomers, attesting to the potential applications of

the novel core/shell NPs.

Introduction

Hybrid materials consisting of organic and inorganic building
blocks are gathering ever-increasing attention because of the
combination of superior properties not possessed by the individ-
ual components.' In such advanced hybrid materials, of parti-
cular interest should be core/shell structured nanoparticles (NPs).>
For preparing core/shell architectures, silica may be the most
popular inorganic material for shell due to its protection of the
core from aggregation and the attacks from the environment® and
also due to its wide practical uses for instance in separation,*
biotechnology and medicine,’ chemosensors,® and coatings.” The
silica shells provide additional benefit of facilitating biocompat-
ibility and biofunctionalization.® The core materials in organic—
inorganic core/shell NPs can be a dye,” fluorescent conjugated
polymer'® and co- or terpolymer,'" etc. However, to the best of
our knowledge, there have been no organic—inorganic hybrid
core/shell NPs derived from a synthetic optically active helical
polymer yet, despite a §reat number of artificial helical polymers
reported in literature."

For some conjugated polymers including polyaniline,"?
polypyrrole,'* and polythiophene,'® many reports can be found
in literature devoted to their core/shell NPs, but for acetylene and
derivatives, only one paper was found most recently from us
reporting acetylene-based core/shell NPs.'® The Mecking group
also have made breakthroughs in preparing acetylene-based
NPs.!” In our earlier study, a series of polymeric NPs were ob-
tained by catalytic emulsion polymerizations of substituted
acetylenes in aqueous systems.'® More interestingly, by combin-
ing such a catalytic emulsion polymerizations and a free radical
polymerization of methyl methacrylate (MMA) in a single aque-
ous system, a unique category of core/shell NPs were successfully
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prepared,'® where the core is made up of helical polyacetylenes
and the shell is made up of PMMA. The substituted polyacety-
lene cores in these NPs adopted ordered helical structures.
A further combination of the aqueous catalytic emulsion polymer-
ization of a substituted acetylene and a sol—gel technique forming
silica'® will in theory result in an unprecedent category of organic—
inorganic hybrid core/shell NPs: the core comprising helical
substituted polyacetylenes and the shell consisting of silica.
Fortunately, we succeeded in preparing such interesting NPs.
This article reports this novel type of hybrid core/shell NPs
possessing unique structural features and showing large optical
activities. Taking into consideration of the inherent undesirable
heat- and oxygen-sensitivity of especially monosubstituted poly-
acetylenes, the unprecedent fabrication of core/shell NPs is
indeed of great significance in chemical field, since the disadvan-
tages mentioned above might be successfully circumvented
through the encapsulation of the polyacetylene-based cores by
protective silica shells.

After the success in preparing the hybrid core/shell NPs, we
further employed them for enantioselective crystallization of
amino acid enantiomers, on the basis of our earlier studies on the
chiral recognition/chiral resolution performances of optically
active helical substituted polyacetylenes.”’ Herein, alanine en-
antiomers were used as model chiral compounds to be separated.
The novel core/shell NPs were found to induce preferential crys-
tallization of one enantiomer of the two alanine chiral forms,
demonstrating the significant potential applications of this type
of hybrid core/shell NPs in chiral resolution, a significant field of
extensive interest to both scientific research and practical appli-
cations. As far as enantioselective crystallization is concerned,
large progress has been achieved.?' For instance, Mastai group®
used chiral polymers, macrospheres, emulsions, films, etc. for
preferential crystallization and has made great contribution to
the advancement in this field. However, no report has been found
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yet to induce preferential crystallization by using core/shell NPs
made up of optically active helical polymers.

Experimental Section

Materials. Solvents were distilled under reduced pressure.
Freshly deionized water was used for polymerizations. Propargyl-
amine, 1S-(4)-10-camphorsulfonyl chloride, and 1R-(—)-10-
camphorsulfonyl chlorid were purchased from Aldrich and used
as received without further purification. (nbd)Rh*B™(C¢Hs)4 was
prepared as reported.”> TEOS (tetracthyl orthosilicate), Triton
X-100 (poly(ethylene glycol) tert-octylphenyl ether) and HF
acid (hydrofluoric acid) were bought from Aldrich and directly
used. p- and L-Alanine purchased from Aldrich were used as
received. All the other reagents were directly used without
purification.

Measurements. Circular dichroism (CD) and UV—vis absorp-
tion spectroscopy measurements were conducted on a Jasco
810 spectropolarimeter. The molecular weights and molecular
weight polydispersities were determined by GPC (Shodex KF-
850 column) calibrated by using polystyrenes, with THF as
eluent. Transmission electron microscopy (TEM) and scanning
electron microscopy (SEM) were performed on the polymer and
PSA—silica core/shell nanoparticle emulsions with Hitachi
H-800 and Hitachi S-4700 electron microscope. Before carrying
out the TEM experiments, the emulsions were first diluted. The
cis content of the substituted polyacetylenes were determined by
Raman spectroscopy. Specific rotations were measured on a
JASCO P-1020 digital polarimeter with a sodium lamp as the
light source at room temperature by using the emulsion without
dilution. X-ray diffraction (XRD) analysis was performed on
the crystals of p- and L-alanine with Shimadzu XRD-6000.

Synthesis of PSA—Silica Core/Shell Nanoparticles. The sub-
stituted acetylene monomers (SA; the polymer prepared from
SA is defined as PSA) were synthesized according to previous
reports. 323 The aqueous catalytic microemulsion polymeriza-
tion was reported in detail earlier.'®* The major procedure is as
follows. Predetermined amounts of Triton X-100 (2.88 g, 4.5 mmol)
and deionized water (approximately 17 mL) were added to a
reactor. The aqueous solution was stirred with a stirring rate of
350 rpm for 15 min at 30 °C, after which the solution of SA (0.1 g,
0.37 mmol)/DMF (6.5 mL) was dropwise added to the solution
above. The solution mixture was subsequently stirred for 10 min,
in which the catalyst (0.002 g, 0.0037 mmol)/DMF (6.5 mL)
solution was dropwise added. The polymerization of SA was
performed under N, at 30 °C for 1.5 h. With the polymer
emulsion prepared above as the seeded emulsion, a predeter-
mined amount of TEOS was dropwise added to the emulsion
with a stirring rate of 350 rpm for 4 h at 30 °C and then the
hydrolysis—condensation reaction happened. The other pro-
cesses were the same as those for the l?reparation of core/shell
particles with vinyl polymers as shells.'®

In order to acquire pure substituted polyacetylene from the
PSA—silica core/shell NPs, Triton X-100 was repeatedly ex-
cluded by centrifugation (centrifuge, GL-22MS, maximum
speed, 22000 r/min) and a rotary evaporator was used to remove
the water present in the emulsions above. Subsequently, HF acid
(hydrofluoric acid, 0.25 M) was charged to the residual product
and stirring was performed at room temperature for 5 min to
exclude the silica shells. This process was repeated at least twice.
The residual (S)-PSA and (R)-PSA were collected for the sub-
sequent characterizations.

Enantioselective Crystallization of Alanine. All crystallization
experiments were conducted from supersaturated aqueous solu-
tions of alanine at room temperature. A typical procedure is as
follows. p- and L-Alanine (270 mg, individually) were dissolved
in 3mL of deionized water, and the solution was heated to 35 °C.
After complete dissolution, a predetermined amount of the
chiral core/shell NPs prepared above was put into the racemic
D- and L-alanine supersaturated solution and stirred for about
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Figure 1. Schematic illustration of the strategy for the preparation of
core/shell NPs: core = optically active helical poly( N-propargylsulfamide);
shell = silica. A—C are the pictures for the emulsions: (A) monomer SA,
(B) polymer of SA (PSA), and (C) core/shell NPs.

15 min. The solution was left to cool spontaneously to room
temperature (approximately 25 °C). Crystals appeared in the
solution and were filtrated after crystallization for 72 h. The
crystal products were subject to XRD and CD spectroscopy
analysis and the residual filtrate was subject to optical rotation
measurements.

Results and Discussion

Strategy for the Preparation of PSA—Silica Core/Shell
NPs. The strategy for preparing the expected helical poly-
acetylene-silica core/shell NPs is schematically outlined in
Figure 1. Such intriguing core/shell NPs were formed via a
facile, straightforward one-pot two-stage procedure. In the
first step, the helical substituted polyacetylene (core) was
preformed via an aqueous catalytic microemulsion poly-
merization, and in a second step, the shells were formed via
a sol—gel approach of TEOS (tetraethyl orthosilicate) in the
same aqueous system, as described in Figure 1. The as-
prepared NPs showed high stability attributed to the protec-
tion offered by the robust silica shell. These NPs also exhibited
large optical activities resulting from the substituted polyacet-
ylene adopting ordered helical structures with one preferential
chirality. More details will be introduced later on.

Morphology of PSA—Silica Core/Shell Nanoparticles. Here-
in, for the purpose of conciseness in the following discussion,
the polymers from N-propargyl-(1S)-camphor-10-sulfamide
[(S)-SA] and N-propargyl-(1R)-camphor-10-sulfamide [( R)-SA]
are defined as (S)-PSA and (R)-PSA, respectively. In Figure 1,
take monomer (S)-SA as an example, the monomer first
formed a clear aqueous emulsion in the presence of Triton
X-100 (Figure 1, A). Stable latex particles of (S)-PSA were
obtained next via aqueous catalytic microemulsion polymeri-
zation of SA with a Rh-based catalyst [(nbd)Rh"B™(C¢Hs)].
The involved aqueous catalytic microemulsion polymerization
was investigated in detail earlier.'® Finally TEOS of a prede-
termined amount was added into the above latex system at
room temperature to prepare the shells via the sol—gel ap-
proach. In the step of forming silica shells, the hydrophobic
TEOS should be distributed inside the preformed micelles and
predominanttly adsorbed on the outer surface of the (S)-PSA
core particles stabilized by Triton X-100 surfactant molecules,
as schematically displayed in Figure 1. As a consequence,
TEOS ended up as a shell on the surface of the (S)-PSA core
particles, and eventually silica shells were formed via hydro-
lysis—condensation reaction of TEOS. The occurrence of this
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reaction was preliminarily supported by the FT-IR spectra
analysis (Figure 2), where the vibrational absorption peaks at
3281, 1324, 1088, and 815 cm ™! can be assigned to vNH, va,
SO,, ¥SiO and va,SiO, respectively. The formation of silica
shell can be further evidently confirmed by the TEM images of
the obtained NPs, as presented in Figure 3 and Figure S1
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Figure 2. FT-IR spectra of (A) pure silica, (B) pure PSA NPs and (C)
the PSA—silica core/shell NPs. All spectra were measured at room
temperature (KBr tablet).
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Figure 3. TEM images of (A) the pure PSA NPs and (B-D) the PSA—silica core/shell NPs with varied SA/TEOS ratios.
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(in Supporting Information; more clear TEM images of NPs)
and will be discussed below.

The obtained (S)-PSA—silica core/shell NPs emulsions
were quite stable for at least a half year, well exemplified
by the photographs in Figure 1C (SA/TEOS = 1/2.5, mol/mol).
The pictures of the monomer (S)-SA emulsion before poly-
merization (Figure 1A) and the (S)-PSA emulsion (Figure 1B)
are also presented together for a visual comparison. The
addition of TEOS led to little change in the transparence of
the emulsions, and the pale yellow color of the emulsions
became a little darker with an increase in TEOS content due
to the particles growing larger from pure (S)-PSA cores to
core/shell NPs'®%¢ (see below). The average diameter of the
original (S)-PSA NPs was approximately 90 nm (Figure 3A).
Figure 3B—D presents the TEM images of the resulting core/
shell NPs, in which the (S)-SA/TEOS ratio was 1/1, 1/2.5,
and 1/5 (mol/mol), respectively. In all the core/shell NPs, the
shells can be clearly distinguished from the cores. By increas-
ing the content of TEOS, the shell thickness increased from
9.7 to 29.6 nm and then to 46.8 nm for the systems with (S)-
SA/TEOS being 1/1, 1/2.5, and 1/5 (mol/mol), respectively.
The relevant data are summarized in Table 1. It is thus
demonstrated that the shell thickness can be easily controlled
just by varying the amount of TEOS.

Optical activities of PSA—Silica Core/Shell NPs Emul-
sions. According to our preceding investigations, PSA could
adopt helical structures both in solution®® and in emul-
sion'®!'® and thus exhibited strong optical activities. More-
over, circular dichroism (CD) and UV—vis absorption spec-
troscopies have been proved effective and straightforward to
identify the helical conformations of substituted polyacety-
lenes.”* The present PSA—silica core/shell NPs emulsions
were also analyzed by CD and UV—vis absorption spectros-
copy measurements. The obtained CD spectra are illustrated
in Figure 4A. Herein CD spectra of the core/shell NPs with
(S)-SA/TEOS being 1/1, 1/2.5, and 1/5 (mol/mol) can be

SA/TEOS=1/1(mol/mol)

200KV X100800 170.00nm

SA/TEOS=1/5(mol/mol)

200KV X100000 170.00nm
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directly measured without any dilution of the emulsions due
to their high transparence. CD signals can be clearly ob-
served around 300 nm (304 nm), just like the original (S)-
PSA emulsion (299 nm)'® and the PSA/PMMA core/shell
NPs emulsion (298 nm).'® The CD signals around 300 nm in
all the three NPs emulsions (SA/TEOS = 1/1, 1/2.5, 1/5 in
mol/mol)) almost kept the same along with the increase in the
TEOS concentration, as seen in Figure 4A. Nevertheless, the
CD signal intensity of the (S)-PSA—silica core/shell NPs
emulsions showed a slight decrease (from 250 to approxi-
mately 180 mdeg) when compared to that of the pure (S)-
PSA emulsion. This phenomenon was also observed in PSA/
PMMA core/shell NPs emulsions.'® A comparison among
the CD spectra of the present (S)-PSA—silica core/shell NPs
emulsions with those of the pure (S)-PSA NPs emulsion and
(S)—PSA-PMMA core/shell NPs emulsions demonstrated
that the (S)-PSA—silica core/shell NPs emulsions also pos-
sessed large optical activities. This consideration is also
evidenced by the optical rotations in Table 1. By referring

Table 1. Data of the PSA Particles and the PSA—Silica Core/Shell
Structured NPs

diameter (thickness)(nm)“ optical activity

SA/TEOS [6] [alp
particles  (mol/mol) core shell (mdeg)” (deg)*
PSA 1/0 90.4 251.1 849
PSA—silica 1/1 91.2 9.7 181.1 791
core/shell
1/2.5 90.8 29.6 180.2 819
1/5 92.1 46.8 179.7 801

“Determined according to TEM images. ” According to the CD
spectra in Figure 3. “Measured by polarimeter under the same condi-
tions by using emulsions without dilution.

300
A
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o
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to our earlier studies, the large optical activity observed in
the present core/shell NPs was originated in the core-forming
PSA which adopted helical structures with a preferential
helicity.

The UV—vis absorption spectra of the emulsions showed
UV absorptions at a wavelength range from ca. 290—410 nm,
as presented in Figure S2 (in the Supporting Information).
To make the spectra more detailed, the core/shell NPs emul-
sions were diluted with water to varying times (emulsion/
H,O = 1/5, 1/10, 1/20, and 1/40, mL/mL) and the recorded
spectra are illustrated in Figure S3 (in the Supporting
Information), in which the CD signal intensities at about
300 nm gradually decreased with the addition of water. This
is also true for the UV —vis absorptions. The decrease in both
CD signal and UV—vis absorption intensities while diluting
the emulsions were in good agreement with the observations
in our earlier pure PSA' and PSA—PMMA core/shell
NPs.' In a control measurement, the CD and UV—vis ab-
sorption spectra of silica prepared under the same conditions
but without SA (Figure S4 in the Supporting Information)
showed negligible CD effect in the examined wavelength
range (200—500 nm) and no considerable UV—vis absorp-
tion peak at wavelength over 275 nm. According to the
investigations above and referring to our earlier investi-
gations,'®'®23 it is further concluded that the PSA chains
in the core adopted helical conformations with a predomi-
nant screw sense.

Stability of the NPs. PSA synthesized by traditional solu-
tion polymerization will lose its helical structures by approxi-
mately 1/3 when the temperature was increased from —50
to 450 °C.%* For the present (S)-PSA—silica core/shell NPs
emulsions, the CD spectra (Figure 4B) exhibited little differ-
ence even when the temperature was elevated from 25 °C up
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Figure 4. CD spectra of (A) the pure PSA emusion and the core/shell NPs emulsions with varied SA/TEOS ratios recorded at room temperature and
(B) the core/shell NPs emulsion with SA/TEOS = 1/2.5 (mol/mol) at varied temperatures. The CD spectra were recorded by using the emulsions

without dilution.
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Figure 5. Typical SEM images of (A) PSA NPs and (B) PSA—silica core/shell NPs (for PSA—silica core/shell NPs, SA/TEOS = 1/5, mol/mol).
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Figure 6. SEM images of crystals formed via enantioselective crystallization in racemic p- and L-alanine supersaturated solutions induced by (A) NPs
consisting of (S)-PSA and (B) NPs consisting of (R)-PSA under the same experimental conditions. 7= 72 h, ¢ = 1.98 M; the solutions were left to cool

spontaneously from 35 °C to room temperature (approximately 25 °C).

to 100 °C. This observation is also observed in the diluted
NPs emulsions (Figure S5 in the Supporting Information).
These phenomena indicated the high stability in the second-
ary structures of the substituted polyacetylene constituting
the core of the NPs, resulting from the heat-insulating pro-
perty of the silica shells. The M, and its M,/M,, of PSA in
core/shell NPs heated at 50, 75, and 100 °C for 20 min were
found to be 10100 and 1.51 (50 °C); 9980, 1.46 (75 °C); and
10000, 1.41 (100 °C), respectively, while before heating they
were 9900 (M) and 1.48 (M,/M,,) for the PSA in the core/
shell NPs emulsion. Accordingly, it is demonstrated that
little degradation occurred to the PSA core, and it is thus
indicated that silica constituting the shell provided an ex-
cellent protection for the PSA inside the core/shell NPs.
Meanwhile, the TEM images (Figure S6, Supporting In-
formation) of heated (S)-PSA—silica core/shell NPs (SA/
TEOS =1/2.5, mol/mol, =20 min, 7= 100 °C) showed little
difference than the NPs before heat treatment (Figure 3C),
also demonstrating the high stability of PSA—silica core/
shell NPs.

In addition to providing the protection for PSA cores, the
silica shells also enabled the PSA NPs to keep regular mor-
phologies, desirable stability and dispersity, as evidenced in
Figure 5. Figure 5A shows that the pristine (S)-PSA NPs
tended to undergo considerable aggregation by themselves,
while the core/shell NPs in Figure 5B remained round in
shape and little aggregation occurred. Accordingly, the silica
shells played multiple roles in the present core/shell NPs.

The shell (silica) and the core (PSA) of the prepared core/
shell NPs were isolated to acquire deep insights into the novel
particles. For this purpose, the silica shells were etched with
HF acid at a moderate concentration, and then the core
material PSA was collected for further analyses. Taking
the specific system with (S)-SA/TEOS = 1/2.5 (mol/mol) as
representative, the core-forming PSA was further investigated
to explore the effects of the shell forming process and the exis-
tence of silica shell on PSA. It was found that the preformed
PSA was hardly influenced by the inorganic silica shells
according to the data on molecular weight and cis content
of PSA. M, M,/ M, and the cis content of the original PSA
were 9900, 1.48, and 98%, respectively, while they were 10200,
1.49, and 99%, respectively, for the PSA acquired from the
core of the PSA—silica core/shell NPs. This demonstrates in
evidence that silica shells had little influence on the preformed
polyacetylene chains inside the shells.

The pure (S)-PSA particles before the formation of core/
shell structures and after removing the shell were also

compared. A TEM image is displayed in Figure S7 (in
Supporting Information) for the latter. When a comparison
was made between Figure S7 and Figure 3A, little difference
can be seen in the two groups of (S)-PSA particles. It can be
considered further that TEOS underwent reaction only on
the surface of PSA core and that the shell-forming approach
scarcely affected the helical polymers constituting the cores
of final core/shell NPs. This conclusion was also evidenced
by the investigations concerning M, and M,/ M, of the PSA
core, as discussed above.

Enantioselective Crystallization. The pure PSA nanopar-
ticles (i.e., the cores of the core/shell nanoparticles) were
initially used to perform enantioselective crystallization of
amino acids. However, due to the severe aggregation among
the PSA nanoparticles, as presented in Figure SA, the results
of enantioselective crystallization was not satisfactory. On
the other hand, since the hybrid core/shell NPs consist of
cores made up of optically active helical polymer chains
and show large optical activities, each nanoparticle can be
considered as a bulk “chiral” entity, and may also act as
nucleation sites for inducing preferential crystallizataion of
one chiral enantiomer. This hypothesis was proved true by
our investigations. The crystallization experiments were per-
formed at room temperature in the presence of NPs, taking
racemic D,L-alanine as a model. We found that p- and
L-enantiomer of alanine preferentially crystallized on the
corresponding core/shell NPs: p-alanine preferentially crys-
tallized on (R)-PSA-based NPs, while L-alanine crystallized
on (S)-PSA-based NPs. Morphology of the resulting p- and
L-alanine crystals were collected and observed by SEM. The
obtained images are presented in Figure 6, parts A and B.

In Figure 6A, L-alanine crystals showed octahedral struc-
tures, while in the case of p-alanine, needle-like crystals can
be clearly observed in Figure 6B. Furthermore, the obtained
crystals are highly regular and pure. Namely, almost only
one crystal structure appeared in each case. The seeded core/
shell NPs were encapsulated completely by the crystals, pro-
viding an evidence for the consideration that such NPs acted
as nucleation sites for inducing the formation of crystals.
Such crystals seem to be in well agreement with the corre-
sponding pure L- and p-alanine emantiomer crystals (Figure S8
in the Supporting Information). The crystalls were further
subjected to XRD analyses, and the obtained spectra are
illustrated in Figure S9 (Supporting Information), taking
L-alanine as the representative. The two spectra are almost
entirely the same for the two crystals, even one from pure
L-alanine enantiomer and the other from rL-alanine prepared
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Figure 7. CD spectra of the crystals obtained via enantioselective
crystallization [(S)-PSA core/shell NPs + r-alanine], (S)-core/shell
NPs, r-alanine, and the residual racemic alanine solutions (crystalliza-
tion for 60 h).
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Figure 8. e.e. (%) as a function of crystalliation time (L-alanine in
excess) of 15 mL racemic alanine supersaturated solutions (R-alanine/
L-alanine = 1325/1325, in mg), 2.5 mg of chiral (S)-PSA—silica core/
shell NPs.

via enantioselective crystallization. It should be pointed out
that, the crystal structures of L- and p-alanine emantiomers
are quite differet in morphology, as demonstrated in Figure 6.
Similar phenomena were reported in literature,” i.e., the same
alanine show different crystal morphologies when prepared
under varied conditions.

After crystallization, L-alanine crystals obtained from
racemic D- and L-alanine solution, together with core/shell
NPs from (S)-PSA, were subjected to CD spectroscopy
measurement. The spectra are shown in Figure 7. The CD
spectrum of the residual racemic alanine aqueous solution
was also presented there. When compared to pure L-alanine
and pure core/shell NPs, the L-alanine obtained via enantio-
selective crystallization (together with the core/shell NPs
from (S)-PSA) showed the CD signals of both L-alanine
and (S)-PSA. This observation is consistent with the results
of enantioselective crystallization discussed above. The chiral
separation efficiency of core/shell NPs consisting of (S)-PSA
was further determined by measuring the optical rotation (o)
of the residual racemic alanine solution. Figure 8 shows the
relevant results. A maximum e.e. value of 23.4% was achieved
after 68 h of enantioselective crystallization. Even though the
present e.e. values are not high enough from a viewpoint of
practial applications, the novel type of hybrid core/shell NPs
definitely showed significant potential applications in chiral
resolution. Investigations are currently in progress along this
direction. We are also convinced that high e.e. values will be
achieved by optimizing the structures and compositions of the
optically active core/shell NPs.

Chen et al.

Conclusions

We have prepared a novel category of core/shell structured
NPs according to a strategy of general applicability. The cores
comprise helical substituted polyacetylene while the shells consist
of inorganic silica. The as-prepared core/shell NPs combine the
advantages of the two components in one single system: the large
optical activity from the helical polymer core and the high stabil-
ity from the inorganic silica shell. Therefore, the present core/
shell NPs well bridged the two significant research fields, i.e.,
organic helical polymers and inorganic silica. It is convinced that,
taking the present strategy and novel core/shell NPs as a plat-
form, a series of highly functional NPs will be prepared next by
selecting the suited organic and inorganic materials and by
controlling the detailed structures and morphology of the NPs.
More importantly, the prepared hybrid core/shell NPs demon-
strated the exciting utility for enantioselective crystallization of
amino acid enantiomers. Further investigations will focus on
optimizing the chiral core/shell NPs and improving the chiral
separation efficiency.
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