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Silver p-tolylacetylide is an achiral molecule; however, its nanostructure has been found to consist of twisted nanoribbons. The
twisted ribbon is a helicoid that combines translation and perpendicular rotation along the ribbon axis. A helix, a typical chiral
structure, can be created by the aggregation of achiral molecules, and the recrystallization conditions control the twist of the
nanoribbons. Therefore, the recrystallization controls the chirality.

1. Introduction

There are many known helical structures of various sizes.
The winding staircase is a typical helical architectural feature
on the macroscale. On the other hand, various important
molecules in biology are microscopic helices, such as the
DNA double helix and the alpha helix in proteins. Recent
development in nanotechnology has produced helical species
on the nanoscale. The aggregation of molecules can form
nano-helical structures in supramolecular chemistry [1–5].
Helices coiled in the right-handed or left-handed direction
can be formed, depending on the chirality of the constituent
molecules. It is reasonable to assume that the chirality
of a protein or structure comes from the chirality of the
component amino acids (L-stereoisomers). Of course, a helix
with the opposite direction of rotationwill result from the use
of amino acids of the opposite chirality (D-stereoisomers) [6].

We have studied nanostructures of metal acetylide
molecules [7, 8] and applied their nanostructures to gas
sensors, catalysis, and so on [9–11]. In this study, we suc-
ceeded in producing a helical nanostructure from an achiral
molecule of silver acetylide. The molecular structure of
silver p-tolylacetylide is shown in Figure 1. The molecule
contains no asymmetric carbon atoms and has mirror sym-
metry. Although silver p-tolylacetylide is an achiral molecule,
the aggregated crystal is a twisted nanoribbon structure,

a helicoid. The mechanism for aggregation from the achi-
ral molecules to the chiral helical nanostructure has not
been fully understood; however, primary results have been
presented in order to reveal the creation of chirality with
scanning electron microscopy (SEM) and powder X-ray
diffraction measurements.

2. Experiment

Silver p-tolylacetylide was prepared by the reaction of
silver(I) nitrate and 4-ethynyltoluene in the presence of
triethylamine in an acetonitrile solvent. Since the crude
product cannot be dissolved inmost solvents, trimethylphos-
phine was added in a dichloromethane solution. The
trimethylphosphine complex of silver p-tolylacetylene was
then soluble in toluene or dichloromethane. Recrystal-
lization was performed by 5-fold dilution of the sat-
urated toluene solution by alcohol solvents. The phos-
phine was eliminated from silver p-tolylacetylide, and
nanocrystals were obtained several days to one week
later.

The precipitate of the recrystallization was analyzed
by SEM (Keyence VE-9800) and powder X-ray diffraction
measurements using Cu K-alpha emissions (Rigaku RINT-
2000).
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Figure 1: Molecular structure of silver p-tolylacetylide.

Figure 2: SEM image of recrystallized silver p-tolylacetylide in etha-
nol. The twisted nanoribbon structure is a helicoid.

3. Results and Discussion

Figures 2 and 3 show typical SEM images of recrystallized
silver p-tolylacetylide in ethanol and 1-butanol, respectively.
Thepolarity of the alcohol decreases gradually frommethanol
to ethanol, 1-propanol, and finally 1-butanol. The recrystal-
lization rate also decreases from methanol to 1-propanol.
The polarity of the alcohol and the recrystallization rate
were roughly correlated to the shapes of the nanocrystals.
Rapidly recrystallized solvents such as methanol and ethanol
generated a twisted nanoribbon morphology, as shown in
Figure 2. On the other hand, the nanocrystals in 1-propanol
and 1-butanol contained few twisted nanoribbons, while
the dominant morphology was a straight ribbon or wire
nanostructure. Therefore, the nanomorphology of silver
p-tolylacetylide can be controlled by changing the polarity of
the solvent.

The twisted nanoribbon is a helicoid with a combination
of translation and perpendicular rotation along the ribbon
axis. The twisted ribbons are associated with a characteristic
helix of coiled helical ribbons [12], and Ziserman et al. have
reported the transition between the twisted ribbons and the
coiled helical ribbons in amphipathic molecules [13]. As the
helix is a typical chiral structure, a twisted ribbon can also be
classified into left-handed or right-handed ribbon according
to the direction of twist. Although the silver p-tolylacetylide
nanostructure is a twisted ribbon that forms a chiral helix,
surprisingly, the silver p-tolylacetylide molecule is an achiral
molecule. The aggregation of achiral molecules forms a
crystal of chiral helices. Since the component molecule is
achiral, havingmirror symmetry, the numbers of left-handed
and right-handed twisted nanoribbons should be the same

Figure 3: SEM image of recrystallized silver p-tolylacetylide in
1-butanol. The less polar solvent produced a non-helical straight
nanoribbon structure.

(a racemic mixture). Actually, several tens of the crystals
were analyzed by the SEM observations, and there were no
difference between the numbers of left-handed and right-
handed nanoribbons within statistical fluctuation. It should
be noted that the emergence of chirality from the assembly of
achiral molecules can be controlled by the recrystallization
solvent. This nanosystem offers great advantages to the
investigation of the origins of chirality, which could help
answer one of the most important subjects in evolutionary
biology, that is, homochirality.

In order to reveal the twisting mechanism, X-ray
diffraction was performed for a powdered sample of silver
p-tolylacetylide. Figure 4 illustrates the diffraction patterns
of helical nanostructures from ethanol recrystallization and
the non-helical structures from 1-butanol. There was no
difference between the two patterns except for the peak
widths.The peak positions and relative intensities were nearly
identical to each other. The crystallinity generated in ethanol
was less perfect, which caused slight peak broadening. The
X-ray diffraction observations indicate that the molecular
packing matched up precisely between the helical and non-
helical crystals.Therefore,microscopicmolecular orientation
was not the driving force behind nanoribbon twisting.

At this stage, there is no direct evidence to prove the
mechanism of nanoribbon twisting, but a small amount of
crystal defects might be enough to twist a nanoribbon. The
crystallinity in the helical sample was less perfect than that
in the non-helical sample, according to the peak widths
in the X-ray diffraction results. The SEM images of silver
p-tolylacetylide supported this observation. The twisting
crystals shown in Figure 2 were shorter than those shown
in Figure 3. In other words, the non-helical samples not
only had a straight structure, but also formed a much
longer shape. In addition, twisting helices could be found
with ribbon branches at several points. These SEM images
revealed the less-perfect crystallinity of the twisting ribbon.
The number of defects in the helical crystals should be higher
than in the non-helical crystals, and these crystal defects
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Figure 4: X-ray powder diffraction spectra of a helical sample
recrystallized in ethanol (top) and a non-helical sample recrystal-
lized in 1-butanol (bottom).

might twist the nanoribbon structures. Recently, Cui et al.
have reported that acetylsalicylic acid crystals twisted in the
presence of salicylic acid molecules as an impurity [14]. Silver
p-tolylacetylide might twist in the same way.

In summary, we succeeded in controlling chirality by
changing the recrystallization solvent. Even though silver
p-tolylacetylide has mirror symmetry and is an achiral
molecule, the aggregated nanocrystal takes, on a twisting
nanoribbon morphology, a helicoidal structure. The chirality
induced by the nano assembly can be controlled by changing
the solvent for recrystallization. The crystal recrystallized in
ethanol was a helical twisted nanoribbon, while that recrys-
tallized in 1-butanol resulted in a non-helical straight ribbon
structure. The chirality as the helix can emerge from achiral
molecules, and then this system may be suitable for investi-
gating the origins of homochirality in biology.
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