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ABSTRACT: This article reports an original, versatile strategy
to chirally functionalize graphene oxide (GO) with optically
active helical-substituted polyacetylene. GO was first converted
into alkynyl-GO containing polymerizable −CC moieties,
which took part in the polymerization of another chiral
acetylenic monomer, yielding the expected GO hybrid
covalently grafted with chiral helical polyacetylene chains.
Transmission electron microscopy, atomic force microscopy,
X-ray diffraction, Fourier transform infrared spectroscopy,
Raman spectroscopy, X-ray photoelectron spectroscopy, and
thermogravimetric analyses verified the successful attachment
of substituted polyacetylene chains on GO by covalent chemical bonding. Moreover, circular dichroism effects and UV−vis
absorption demonstrated that the GO hybrid possessed fascinating optical activity. It also largely improved the dispersibility of
GO in tetrahydrofuran. The GO-derived hybrid was further used as a chiral inducer toward enantioselective crystallization of
alanine enantiomers. L-Alanine was preferably induced to crystallize, forming rodlike crystals.
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1. INTRODUCTION

Graphene and its derivatives, as novel materials consisting of
one-atom-thick planar layers composed of sp2-hybridized
carbon structure, have gathered ever-increasing interest in the
field of materials science because of their remarkable
physicochemical properties.1,2 Some interesting properties of
graphene include high specific surface area, extraordinary
electronic properties, high mechanical strength, and superior
thermal and electrical conductivities.3−6 Graphene oxide (GO)
also evokes enormous attention as an important branch of
graphene7 because of its low cost and large-scale production,
together with satisfactory dispersibility in organic solvents.8,9

GO can also serves as a precursor for the preparation of
reduced GO (RGO). More remarkably, a variety of oxygen-
containing organic moieties like carboxyl, hydroxyl, and epoxy
groups exist in GO sheets. These reactive groups enable GO to
be highly attractive for further functionalization and for the
development of novel advanced materials.10−18 The generally
used materials for functionalizing GO range from small organic
molecules19−22 to (bio)macromolecules.23−26 However, chiral
(macro)molecules, even though they have formed a significant
research area, have been seldom utilized to functionalize GO.
We reason that the practices along this direction will
undoubtedly lead to enormous novel materials, in particular
intriguing chiral materials. Even though only a few chiral
compounds have been attached to graphene (including GO and

RGO), the resulting chiral hybrids have demonstrated promises
in asymmetric catalysis,27 chiral recognition/adsorption,28−30

and chiral sensoring.31 The studies also open up new
applications of graphene materials and are expected to promote
advancements in chiral-related technologies. The present article
reports a novel type of chirally functionalized GO hybrids and
their interesting application in enantioselective crystallization.
The importance of chiral (macro)molecules has been

extensively recognized, well exemplified by chiral drugs. Chiral
helical polymers are particularly interesting because of the well-
known “chiral amplification” effects.32,33 In spite of the various
artificial chirally helical polymers already prepared,34−41 so far
their functionalization of GO has not yet been explored. The
major reason for this issue may be due to the lack of an easy
methodology by which to efficiently attach helical polymers on
GO sheets. In our earlier studies, we prepared a series of
optically active helical polyacetylenes and nano- and micro-
particles thereof.42−44 More recently, we succeeded in
immobilizing chiral helical polyacetylenes on RGO through
π−π stacking.45 The as-obtained RGO hybrid demonstrated the
desirable optical activity. Apart from noncovalent π−π stacking,
we also immobilized helical polyacetylene-based nanoparticles
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on GO sheets through covalently chemical bonds. The
functionalized GO hybrids also demonstrated intriguing optical
activity and especially their potential in enantioselective
crystallization.46 We further envision that direct grafting of
helical polymer chains by chemical bonds onto GO shall be
more straightforward and attractive in the construction of
intriguing chiral GO materials. Accordingly, in the present
study, we made specific efforts along this direction and
successfully grafted optically active helical polyacetylene chains
on GO. Remarkably, such chiral GO hybrids also induced
enantioselective crystallization47 by utilizing alanine enan-
tiomers as the model of chiral compounds. Compared to
earlier strategies,46 the present one is more advantageous
because of the easy process for chiral functionalization of GO
and because the helical polymer chains are grafted more firmly
onto GO relative to the physically π−π-stacking manner.45

Beyond the success in the preparation of a novel type of GO-
based chiral hybrid materials, the present methodology can be
taken as a robust platform for establishing more advanced
materials, especially chiral materials derived from GO.

2. EXPERIMENTAL SECTION
2.1. Materials. (nbd)Rh+B−(C6H5)4

48 and monomer (M1)49 were
prepared according to earlier reports. Propargylamine, isobutyl
chloroformate, N-methylmorpholine, dicyclohexyl carbodiimide, 4-
(dimethylamino)pyridine, and alanines were used as obtained from
Aldrich. Graphite powder was bought from Alfa Aesar, and the
parameters for it are 300 mesh, carbon content 75−82%, and ash 18−
25%. A hydrogen peroxide solution (H2O2, 30%), potassium
permanganate (KMnO4), HCl, H2SO4, NaOH, N,N′-dimethylforma-
mide (DMF), and tetrahydrofuran (THF) were used as received from
Beijing Chemical Company.
2.2. Measurements. General characterizations were carried out in

the same way as those in earlier reports.45,46 Atomic force microscopy
(AFM) images were viewed by Veeco DI instrument.
2.3. Preparation of Graphene Oxide (GO) and Alkynyl-GO.

GO was prepared from natural graphite powder based on the method
of Hummers and Offemann.50 Detailed processes were described in
our earlier report.46 Alkynylation of GO was also accomplished by
using the same method in the previous article.46

2.4. Preparation of GO Hybrid (polymer1/GO). Figure 1
presents the preparation of functionalized GO by covalent bonding of
polymer chains (denoted as polymer1) from monomer M1 onto GO,
to form polymer1/GO hybrid via a solution polymerization approach.
The underlying concept is designed by referring to our previous
investigations for the preparation of chiral helical polyacetylene by

solution polymerization.45,49 The major preparation procedure is
stated below. First, alkynyl-GO (0.05 g) was dispersed under
sonication in a 100 mL round-bottomed flask containing DMF (30
mL). The process of sonication lasted for about 90 min to achieve a
homogeneous dispersion of alkynyl-GO in DMF. Then a hydrophobic
rhodium catalyst (nbd)Rh+B−(C6H5)4 (0.0011 g) solution (DMF, 1
mL) was added dropwise to the above dispersion to initiate the
solution polymerization of M1 (0.5 g). In the course of polymerization
of M1, the −CC groups in alkynyl-GO also underwent polymer-
ization, by which the in situ formed polymer chains are covalently
grafted onto GO sheets. The solution polymerization proceeded under
N2 and continued at 30 °C for 5 h. The resulting polymer solution was
centrifuged at 20000 rpm for 20 min, providing polymer1/GO hybrid.
The product was further washed with THF at least four times and
finally dried in vacuum.

2.5. Enantioselective Crystallization. The above-obtained
polymer1/GO was used as a chiral additive to perform enantioselective
crystallization with D- and L-alanine as the models for chiral
compounds. A total of 3.5 mg of polymer1/GO was added in a
supersaturated racemic alanine aqueous solution (0.1 g/mL, 30 °C)
and stirred for 30 min. The alanine mixture was then placed in a
refrigerator (approximately 2 °C) for cooling. A total of 3 days later,
the crystals of alanine were taken out, dried under ambient conditions,
and then subjected to characterization.

3. RESULTS AND DISCUSSION
3.1. Strategy for the Fabrication of polymer1/GO. In

the present study, we prepared a novel GO hybrid covalently
grafted with optically active helical polyacetylene through a
solution polymerization route. Our major purposes are (1) to
chirally functionalize GO with helical polymer chains
(polymer1, derived from monomer M1), aimed at affording
GO hybrid with fascinating optical activity, (2) to enhance the
dispersibility of GO in organic solvents due to the presence of
hydrophobic polymer chains, and (3) to create a distinctive
methodology for the preparation of novel hybrid materials
constructed by GO and synthetic polymers. The strategy for
the preparation of the hybrid material is illustratively presented
in Figure 1.
The procedure majorly includes two processes. In the first

one (A, in Figure 1), GO was prepared from graphite by using
the Hummers technique with little modification. GO was
alkynylated to produce alkynyl-GO. This process was
performed by reactions between the −COOH functional
groups (and epoxy groups) on GO with the amino group in
propargylamine. The target is to graft polymerizable −CC

Figure 1. Illustration for the preparation of alkynyl-GO and polymer1/GO.
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units on GO via chemical bonding, yielding alkynyl-GO. In the
second process (B, in Figure 1), substituted acetylene M1
underwent catalytic polymerization initiated by a rhodium-
derived catalyst. Meanwhile, the polymerizable −CC units
on GO sheets also participated in the polymerization of M1.
This practice led to GO-hybrid-containing polymer chains. The
facile and meanwhile efficient strategy resulted in the expected
polymer1/GO hybrid. As a new chiral GO material, polymer1/
GO remarkably integrated GO and helical polyacetylene chains
(majorly derived from monomer M1). As expected, the helical
polymer chains facilitated GO to demonstrate optical activity,
and meanwhile the polymer chains helped to improve the
dispersibility of GO in THF, as will be discussed in detail later.
Herein it should be pointed out that there have already been

a number of studies in the literature dealing with attaching
synthetic polymer chains onto GO. This can be achieved by
noncovalent interactions,51−53 Click reactions,54−56 and specific
chemical reactions57,58 or with GO derivative as the initiator,
leading to polymerizations.59 However, the present study
provided a distinctive approach; i.e., alkynyl-GO practically
acted as a comonomer, as illustratively presented in Figure 1.
3.2. Fourier Transorm Infrared (FT-IR) Spectra. To

verify the successful fabrication of a GO-based hybrid, namely,
polymer1/GO, the product obtained after polymerization was
first characterized by FT-IR spectroscopy. The obtained FT-IR
spectra are presented in Figure 2.

In the spectrum of the initial GO (spectrum A, Figure 2),
peaks appeared at 1060 cm−1 (C−O stretching, epoxy), 1392
cm−1 (−OH stretching, carboxylic acid), 1659 cm−1 (CC
skeletal vibrations, unoxidized graphite domains), and 1721 and
3372 cm−1 (CO and −OH, carboxylic acid). After
alkynylation, new peaks can be observed in alkynyl-GO (Figure
2, B). The peak located at 2115 cm−1 reflects the −CC
moieties. The peaks at 1563 and 1658 cm−1 reflect [−C(O)-
NH−] the amide structure and further confirm the formation
of an amide bond through the alkynylation process of GO. In
addition, methylene (−CH2−) stretching vibrations at 2963
and 2881 cm−1 are also observed in alkynyl-GO. Spectrum C
shows that the original peak (2115 cm−1, reflecting the CC
group, spectrum B) disappeared, clarifying that both the −C
C units in M1 and those on alkynyl-GO were polymerized. In
addition, the two peaks at 1198 and 1083 cm−1 (spectrum C)
indicate C−O stretching in polymer1 and GO. Accordingly, the

FT-IR spectral analyses above verify the efficient polymer-
ization of M1 and the formation of polymer1/GO hybrid.

3.3. Transmission Electron Microscopy (TEM) Images.
The FT-IR spectra discussed above just preliminarily confirm
that monomer M1 underwent polymerization and polymer1/
GO was fabricated. Nevertheless, more characterizations are
still required to justify the successful formation of the
polymer1/GO hybrid. Hence, a TEM technique was utilized
to observe the difference in morphology between GO and GO
hybrid (polymer1/GO). For observation of TEM, GO and
polymer1/GO were separately dispersed in THF under
sonication. Then the dispersions were placed on a carbon
grid (200 mesh) and viewed by a TEM microscope. The
recorded TEM images are presented in Figure 3A,B.

As observed in Figure 3A, pristine GO showed a rather
smooth morphology; however, the layered structure led to the
formation of wrinkles. Figure 3B presents the TEM image of
the as-prepared polymer1/GO hybrid, according to the strategy
illustrated in Figure 1. A large number of wrinkles appeared in
the GO hybrid. When a comparison is made between the two
TEM images in Figure 3, we can clearly see that the number of
wrinkles drastically increased in the GO hybrid. The
appearance of such remarkable wrinkles is attributed to the
enhanced interactions between graphene layers due to the
polymer1 chains derived from M1. The increased wrinkles on
GO sheets may be desirable in terms of practical applications.60

AFM images of alkynyl-GO and polymer1/GO hybrid were
also observed, as illustrated in Figure 4A,B. For AFM
measurement, alkynyl-GO and polymer1/GO were separately
dispersed in ethanol and then deposited on a silicon wafer. TheFigure 2. FT-IR spectra for (A) GO, (B) alkynyl-GO, and (C)

polymer1/GO (measured in the form of KBr disks).

Figure 3. Typical TEM images of pristine GO (A) and polymer1/GO
(B).

Figure 4. Typical AFM images of pristine alkynyl-GO (A) and
polymer1/GO (B).
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AFM images show that the height of the pristine alkynyl-GO
surface was 0.784 nm, while it was 1.446 nm for polymer1/GO
hybrid. This further indicates that the substituted polyacetylene
chains were attached to GO sheets.
The presence of polymer chains helped improve GO’s

dispersibility in solvents, for instance, THF, as depicted in
Figure 5. Figure 5A shows that, even in the absence of a specific

dispersant, polymer1/GO became smoothly dispersible in
THF. More remarkably, the resulting dispersion could remain
stable, and no obvious precipitation occurred even after storage
under ambient conditions for more than 1 month (Figure 5B).
Although GO also became dispersible in THF (Figure 5C),
nonetheless, obvious precipitation took place after storage for
just 3 h, as demonstrated in Figure 5D. On the basis of
investigations, it is reasonable to conclude that we created a
facile yet powerful methodology to graft helical polyacetylene
chains onto GO sheets. Furthermore, the grafted polymer
chains largely improved the stability of the dispersion of GO
hybrid in THF. More interestingly, the grafted polymers also
afforded GO with fascinating optical activity, as will be reported
next.
3.4. Circular Dichroism (CD) and UV−Vis Absorption

Spectra. The primary objective of the present study is to
functionalize GO with optically active helical polyacetylene
chains (polymer1), by which to render GO with optical activity.
Taking into consideration the significant importance of chiral
materials, particularly in pharmaceutics and biology, a judicious
association of chiral molecules with GO, in principle, will create
a great number of advanced functional materials. To confirm

that polymer1/GO possessed optical activity, polymer1/GO
hybrid dispersion in THF was subjected to characterization by
CD and UV−vis spectroscopy, which were widely used in our
previous studies dealing with helical polymers.42−45,61 The
recorded CD and UV−vis absorption spectra are displayed in
Figure 6A,B.
The dispersion performed intense CD effects and strong

UV−vis absorption both at about 340 nm. Next, to further
elucidate the observed CD effect and UV−vis absorption, we
specifically polymerized M1 by using THF as the solvent under
identical conditions but without alkynyl-GO, by using the
earlier method dealing with solution polymerization of
substituted acetylenes.45,49 The recorded CD and UV−vis
absorption spectra of homopolymer1 (the homopolymer from
M1) are also shown in Figure 6A,B. For homopolymer1, a
strong CD signal and a UV−vis absorption peak also appeared
around 340 nm. Referring to our previous studies,42−45,61,62 the
observed CD signals and UV−vis absorptions located at 340
nm (in both homopolymer1 and polymer1/GO hybrid) are
ascribed to polymer1 chains adopting helical structures. In
more detail, the earlier studies demonstrated that when
substituted polyacetylenes adopted helical conformations with
predominant helicity, they always showed CD effects and UV−
vis absorptions at a wavelength ranging from 320 to 450
nm.42−45 On the basis of Figure 6, we deduced that polymer1
chains covalently grafted on GO took helical structures with
one predominant helicity. This feature causes the hybrid
polymer1/GO to demonstrate intriguing optical activity.
Next, we specifically manifested that CD and UV−vis

absorption performed in polymer1/GO (Figure 6) originated
in the polymer chains grafted on GO through chemical bonds.
To achieve this goal, a pure polymer1/GO hybrid should be
produced first. Thus, the obtained polymer1/GO hybrid was
dispersed in THF, which was then isolated by centrifugation of
20000 rpm for 20 min. Theoretically, the polymer chains
derived from M1, if they are not grafted onto GO by chemical
bonds, will be dissolved in THF because of their good
solubility. After centrifugation at a high speed, such free
polymer chains should be separated from GO. On the other
hand, the CC units preattached to GO shall copolymerize
with M1. Such a process will lead to copolymer chains that
cannot be removed by simple physical means. According to the
analyses above, we convincingly verified that polymer1 chains

Figure 5. polymer1/GO (A and B) and pristine GO (C and D)
dispersed in THF (room temperature): (A and C) original
dispersions; (B and D) dispersions kept for more than 30 days (B)
and 3 h (D). All of the spectra were recorded at room temperature.

Figure 6. CD (A) and UV−vis absorption (B) spectra recorded in a polymer1/GO dispersion and a homopolymer1 solution (in THF). For
homopolymer1 in a THF solution, Mn = 8000 and Mw/Mn = 2.1. The spectra were recorded at room temperature.

ACS Applied Materials & Interfaces Research Article

dx.doi.org/10.1021/am502194b | ACS Appl. Mater. Interfaces 2014, 6, 9790−97989793



were attached to GO actually by means of chemical bonding, as
demonstrated in Figure 7.
The prepared polymer1/GO was washed by THF and then

centrifuged to offer a pure GO hybrid. After each cycle of
washing with THF, the purified GO hybrid sample and
corresponding THF solution were characterized by CD and
UV−vis spectra. Herein the purification process was repeated a
total of four times. The relevant CD effects and UV−vis
absorptions are illustrated in Figure 7. After the first cycle of
purification, the polymer1/GO sample showed pronounced
CD effects and strong UV−vis absorption around 340 nm
(Figure 7A,B), but for the corresponding THF filtrate, an
intense CD signal and strong UV−vis absorption peaks were
also observed (Figure 7C,D). Parts C and D of Figure 7
demonstrate that a certain amount of polymer1 was dissolved
in a THF solution, also reflecting that part of polymer1 was just
physically attached to GO sheets.
When polymer1/GO hybrid was purified by using THF two

to four times, the related CD signals and UV−vis absorptions
(Figure 7A,B) were still strong; more exactly, the intensity of
the CD effects and UV−vis absorptions changed little.
However, the THF solutions (Figure 7C,D) showed no CD
and UV−vis absorption at wavelengths between 300 and 400
nm. The observations in Figure 7, together with the CD and
UV−vis spectra presented in Figure 6 and the TEM images
(Figure 3), convincingly demonstrate that polymer1/GO was

successfully prepared, in which the polymer chains were grafted
onto GO sheets by chemical bonds.

3.5. X-ray Photoelectron Spectroscopy (XPS) Spectra.
To explore the obtained polymer1/GO further, we sub-
sequently performed XPS characterization. The obtained
spectra are displayed in Figure S1 (Supporting Information).
Before measurement, all of the samples were purified by an
excessive amount of THF, dried, and then subjected to XPS
measurement. Figure S1 in the SI shows a clear comparison
among GO, alkynyl-GO, and polymer1/GO hybrid. For the
original GO, a nitrogen element was not detected; however,
alkynyl-GO exhibited a peak (406 eV), reflecting the presence
of a nitrogen element in the sample. In more detail, the
nitrogen content was determined to be 0.68%. For polymer1/
GO, a drastic increase in the nitrogen element to 4.96% was
observed because of the polymer chains derived from M1. The
XPS spectra and other characterizations show that a noticeable
amount of polymer1 was grafted onto GO sheets.

3.6. X-ray Diffraction (XRD) Pattern. XRD is another
widely used technique to characterize GO and its derivatives.
XRD was utilized to determine the spacing between GO layers
before and after functionalization. The recorded XRD patterns
are presented in Figure 8. For GO, an intense peak (2θ =
10.41°) appears in the XRD pattern, indicating that d (the
interlayer distance) was ca. 0.85 nm, well in accordance with
the earlier report.45 For alkynyl-GO and polymer1/GO, one
peak (001) with a lower value (2θ = 10.07 or 9.73°) can be

Figure 7. Typical CD (A) and UV−vis absorption (B) spectra recorded in a polymer1/GO dispersion and a homopolymer1 solution (in THF). For
homopolymer1 in a THF solution, Mn = 8000 and Mw/Mn = 2.1. The spectra were recorded at room temperature.
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seen in Figure 8. This indicates that the interlayer spacing in
GO hybrid is slightly enhanced (d of approximately 0.88 and
0.95 nm, respectively) relative to pristine GO. It should be
pointed out that, for all of the samples, a peak appeared at 2θ =
27−28°. This indicates that graphite was incompletely oxidized
in the study.
3.7. Raman Spectra. With Raman spectroscopy, we can

determine the ID/IG ratio of GO.63 ID means the peak
intensity at ∼1347 cm−1, while IG indicates the peak intensity
at 1586 cm−1. They respectively correspond to the number of
sp3 and sp2 carbon atoms. The recorded Raman spectra are
presented in Figure 9. We see that the ratio of ID/IG enhanced

from 0.83 (for GO) to 1.21 (for polymer1/GO hybrid). The
enhancement in ID/IG indicates a noticeable reduction in the
average size of sp2 domains in the functionalized GO.64 Raman
spectral analyses also provide further support for our
conclusion that helical polymer1 was grafted covalently onto
GO sheets.
3.8. Thermogravimetric Analysis (TGA). A TGA

technique was taken to assess the stability of polymer1/GO
hybrid against heat. TGA measurement was performed from
room temperature to 800 °C (at 10 °C/min) under N2. To
make a vivid comparison, pristine GO and polymer1 (polymer
from M1) were also examined by TGA. The data are displayed
in Figure 10. For GO, the oxygen-containing groups on the GO
surface started to burn at about 190 °C because of the reactive
small-molecule organic structures (−COOH, −OH, etc.).
polymer1 remained stable at this temperature, as seen from

the curve. For polymer1/GO, a minor improvement is
observed in the TGA curve. This is due to the fact that a
majority of the initial small-molecule organic groups had been
transformed to polymer chains during the formation of GO
hybrid. The residual nonvolatile materials remained stable up to
800 °C. Hybrid polymer1/GO lost approximately 18.5 wt %
when the temperature was elevated from 250 to 475 °C, further
showing about 18.5 wt % of polymer1 grafted onto GO sheets.

3.9. Enantioselective Crystallization. The thus-prepared
chiral GO hybrids potentially possess important applications, in
particular as chiral materials. To justify our anticipation, we
utilized the polymer1/GO hybrid prepared above as a specific
chiral inducer to conduct enantioselective crystallization65,66 of
alanine enantiomers, which were taken as model chiral
compounds. We found that L-alanine was predominantly
induced to crystallize to form rodlike crystals, as presented in
Figure 11A. The enantiomeric excess of the induced crystals
was 73%. The detailed CD spectra and XRD patterns of the
induced crystals are presented in Figures S2 and S3 in the SI. A
combination of the CD effects and XRD patterns demonstrates
that L-alanine rather than D-alanine was preferentially induced
to crystallize. In the cases without the addition of an additive
(Figure 11B) and with alkynyl-GO as the additive (Figure
11C), only disordered crystals were formed. This observation is
in well accordance with our earlier study, in which polymer
particles with optical activity were immobilized on GO and
subsequently employed as special chiral selectors for
enantioselective crystallization.46 This further indicates that,
even though the optically active helical polyacetylene was
supported on GO sheets in varied forms, i.e., free chains and
solid particles, it preferentially induced an alanine enantiomer
of the same chirality (L-alanine) to crystallize, and, moreover,
the induced crystals formed the same morphology (rodlike
crystals). The mechanism for enantioselective crystallization is
briefly stated herein. The chiral GO hybrid acted as a special
chiral additive. At the beginning of crystallization of alanine, L-
alanine was preferably adsorbed on the chiral GO hybrid
because of the chirally helical polyacetylene chains. The chiral
hybrid with L-alanine further served as a nucleation site for
subsequent enantioselective crystallization of more alanine.
Unfortunately, because the other enantiomer for preparing M1
(Figure 1) is unavailable, we could not further explore in depth
the effects of the helicity of polymer1 on enantioselective
crystallization. It should be noted that, compared to the earlier

Figure 8. XRD pattern of pristine GO, alkynyl-GO (MGO), and GO
hybrid.

Figure 9. Raman spectra of GO and polymer1/GO.

Figure 10. TGA curves of (a) polymer1/GO, (b) GO, and (c)
polymer1. Analyses were carried out at a rate of 10 °C/min under N2.
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strategy,46 the present one is more straightforward for
preparing chirally functionalized GO.

4. CONCLUSIONS

We prepared novel GO hybrid materials by covalently
functionalizing GO using chirally helical polyacetylene, which
rendered GO with remarkable chirality. Additionally, the
substituted polyacetylene chains also enabled GO hybrid to
be dispersible in THF. GO hybrids were produced by
polymerization of a chiral acetylene monomer in solution, in
the presence of alkynyl-GO as an actual comonomer. Namely,
the reactive CC bonds on GO participated in the
polymerization, resulting in polymer chains of monomer M1
covalently attached to GO sheets. The resulting chiral GO
hybrid preferentially induced L-alanine to form crystals from the
racemic solution under the investigated conditions. The present
methodology is facile and powerful for functionalization of GO,
being applicable not only to acetylenics but also to other types
of polymers. This versatile platform is expected to lead to a
great variety of novel GO-derived advanced chiral materials.
The judicious combination of chiral polymers with GO
hopefully leads to new asymmetric catalysts, chiral sensors,
chiral adsorbents, etc. We are currently continuing our efforts
along these directions.
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