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Introduction

The helix is an important structural motif among a variety
of conformational states observed in molecular and supra-
molecular organizations as exemplified in DNA and pro-

teins. Therefore, the construction of artificial helical poly-
mers[1] and oligomers (foldamers)[2] or supramolecular heli-
cal assemblies[3] with controlled helicity has attracted signifi-
cant interest in recent years in the fields of polymer and
supramolecular chemistry and materials science because of
their possible applications in chiroptical devices and chiral
materials, which include enantioselective adsorbents and
catalysts.[1a,g,4]

In a series of studies, we reported unique helicity induc-
tion in optically inactive, stereoregular cis-transoidal poly-
(phenylacetylene)s that bear various functional groups, such
as carboxy,[5] phosphonate,[6] boronate,[7] sulfonate,[8] and
amine groups,[9,10] or bulky crown ethers[11] as pendants.
These poly(phenylacetylene)s change their dynamically rac-
emic helical conformations to that of the preferred sense
upon complexation with specific chiral guests in organic sol-
vents[5,6, 8,9,11] and water.[7,10, 12] Their complexes exhibit char-
acteristic induced circular dichroism (ICD) in the UV/Vis
region of the polymer backbones. The signs of the Cotton
effect can be used to predict the absolute configurations of
the guest molecules.[1l,p,13]

Among the poly(phenylacetylene)s prepared to date,
poly(4-(N,N-diisopropylaminomethyl)phenylacetylene)
(poly-1; Scheme 1) is particularly interesting because the hy-
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drochloride of poly-1 (poly-1·HCl) is soluble in water and
produces an excess in helical sense in the presence of a
small amount of various chiral acids, such as the sodium salt
of phenyl lactic acid (2), of low enantiomeric excess (ee)
through a significant amplification of chirality in water, thus
showing ICD.[10] Moreover, poly-1·HCl was, for the first
time, found to form a lyotropic nematic liquid crystal (LC)
in concentrated aqueous solution because of its stiff helical
backbone with a long persistence length of 26 nm. Further-
more, the nematic LC phase converted into the cholesteric
counterpart by doping with a tiny amount of chiral acids
with low ee, and the helix-sense excess of the polymer back-
bone was further amplified through interchain interactions
in the cholesteric LC state relative to that in dilute solu-
ACHTUNGTRENNUNGtion.[10a,c] This liquid-crystalline feature of the induced helical
poly-1·HCl enabled us to determine its helical structure by
X-ray diffraction of oriented films of liquid-crystalline poly-
1·HCl.[10c] The polyelectrolyte function of poly-1·HCl accom-
panied by the hydrophobic pendants[14] appears to be crucial
for such a hierarchical amplification of the macromolecular
helicity in dilute and concentrated aqueous solution because
the neutral poly-1 has a low sensitivity to the chirality of the
chiral acids[9a,b] and produces no LC phase in organic sol-
vents.[10a]

During the course of our studies, we found that the neu-
tral poly-1, which is not soluble in water, became soluble in
the presence of excess amounts of free aromatic and aliphat-
ic carboxylic acids ([acid]/ ACHTUNGTRENNUNG[poly-1]>2), which prompted us

to investigate the helicity induction and chiral amplification
of free poly-1 with chiral acids in water.

Results and Discussion

CD Studies of Helix Induction of Poly-1 with Chiral Acids
in Water

Poly-1 was prepared by the polymerization of the corre-
sponding monomer (1) with [Rh ACHTUNGTRENNUNG(nbd)Cl]2 (nbd=norborna-
diene) according to a previously reported method.[9a,b,10] The
stereoregularity of poly-1 was confirmed to be highly cis-
transoidal (cis content=96%) based on 1H NMR spectros-
copy (see Supporting Information, Figure S1).[10c,15] The
number-average molecular weight (Mn) and its molecular-
weight distribution (Mw/Mn) were 3.4L105 and 2.21, respec-
tively, as determined by size-exclusion chromatography
(SEC) of its hydrochloride salt (poly-1·HCl).[10]

Figure 1a shows typical CD and absorption spectra of
poly-1 in the presence of (R)- and (S)-2 (4 equiv with re-
spect to monomer units of poly-1) in water at 20 8C (green
solid and dotted lines, respectively), as well as the spectral
changes at various temperatures.[16] The complexes exhibited
mirror images of split-type intense ICD signals in the poly-
mer-backbone region at 20 8C; the CD and absorption spec-
tral patterns and the ICD signal intensity were similar to
those of the complex of poly-1·HCl with the sodium salt of
(S)- or (R)-2 ((S)- or (R)-2-Na) in water at 25 8C.[10a] Howev-
er, in sharp contrast to the poly-1·HCl–(S)-2-Na complex in
water, the ICD signal magnitude was sensitive to tempera-
ture and increased with a decrease in temperature, although
it decreased sharply at around 22–25 8C, and the ICD signal
almost completely disappeared at 30 8C.

This remarkable change in the ICD signal intensity was
accompanied by a significant change in the absorption spec-
tra. The absorbance maximum (lmax) at 422 nm and 0 8C un-
derwent a red shift to 449 nm at 30–40 8C, the peak at
around 320 nm decreased as the temperature increased, with
clear isosbestic points at 302 and 375 nm, and the color of
the solution changed from yellow to orange (Figure 1a–c).

Scheme 1. Structures of poly-1 and chiral carboxylic and sulfonic acids.
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These CD and absorption spectral changes were completely
reversible and could be repeated at least ten times, which in-
dicates that the helix-sense preference of poly-1 induced by
(S)- or (R)-2 increases with decreasing temperature, and the
conformation of the polymer backbone may change from a
tightly twisted helix at lower temperatures to a rather re-
laxed, extended one at high temperatures. This speculation
is supported by the fact that the CD signal intensity de-
creased monotonically while maintaining its spectral pattern
along with the changes in the absorption maxima (Fig-
ure 1b). A similar thermoreversible change in the absorp-
tion spectrum of poly-1 also took place in the presence of
achiral benzoic acid (see Supporting Information, Fig-
ure S3). Notably, poly-1·HCl complexed with (S)- or (R)-2-
Na ([2-Na]/[poly-1·HCl]=0.5) did not show such a change
in its absorption and CD spectra over the same temperature
range (0–40 8C). A similar temperature-dependent CD and
absorption spectral change was reported for poly(N-propar-

gylamide)s, and this was considered to be due to a transition
of the polymer backbones from helix to random coil.[17]

Another possible explanation for the signal shifts in the
absorption spectra to longer wavelengths may be due to ag-
gregations of the polymer main chains at high tempera-
ture.[18] We next obtained the CD and absorption spectra of
poly-1 at different concentrations ([poly-1]=1–
0.01 mgmL�1) in the presence of a constant concentration of
(S)-2 at 25 8C (Figure 2). The ICD signal magnitude in-

creased significantly with decreasing poly-1 concentration
and was accompanied by a blue shift in the absorption spec-
trum. The concentration-dependent changes in the CD and
absorption spectra of the poly-1–2 complex suggest the for-
mation of poly-1 aggregates at high temperature.

Dynamic light scattering (DLS) of the poly-1–(S)-2 com-
plex in water at high (38 8C) and low (3 8C) temperatures
was then performed. The values of the hydrodynamic radius
(Rh) of the polymer estimated in water at 3 and 38 8C were
43 nm and 2.35 mm, respectively. Furthermore, from the
light-intensity-autocorrelation function (g2(t)), it was found
that the time-correlation delay was much faster at 3 8C than
at 38 8C, which indicates that large particles were formed at
38 8C (see Supporting Information, Figure S4).

AFM measurements were also performed to obtain fur-
ther information with respect to the morphology of the
poly-1–(S)-2 aggregates at high and low temperatures
(Figure 3). Individual poly-1 chains complexed with (S)-2
were directly observed on mica prepared from a dilute solu-
tion at 0 8C, whereas a number of entwined polymer chains
were observed when deposited at 40 8C. These results agree
with the assumption that the poly-1–(S)-2 complex exists as
aggregates at high temperature.[19]

Poly-1 also responded to other optically active free car-
boxylic and sulfonic acids (3–9 in Scheme 1) in water, and
the complexes exhibited similar temperature-dependent
ICD signals and signs of the Cotton effect when the abso-
lute configurations of the chiral carboxylic acids were the
same (Figure 4 and Table 1); the ICD signal intensities in-
creased significantly with decreasing temperature.

Figure 1. a) CD spectral changes of poly-1 with (R)- and (S)-2 in water
(pH 3.1) at various temperatures. Absorption spectral changes of poly-1
with (R)-2 in water are also shown. b) Temperature-dependent changes
in De2nd (red circles) and lmax (blue diamonds) of poly-1 with (R)-2 in
water. c) Visible difference of poly-1 with (R)-2 in water at 0 and 40 8C.
The concentration of poly-1 was 1.0 mg (4.6 mmol monomer units)mL�1.
[2]/ ACHTUNGTRENNUNG[poly-1]=4.

Figure 2. CD and absorption spectral changes of poly-1 with (S)-2 in
water (pH 3.0–2.7) at various concentrations of poly-1 (0.01–1 mgmL�1)
at 25 8C. The concentration of (S)-2 was 3.1 mg (19 mmol)mL�1.
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Chiral Amplification and Nonlinear Effects in Water

Chiral amplification[20] is one of the most interesting features
of dynamic helical polymers as reported for polyisocya-
ACHTUNGTRENNUNGnates,[1c,f, 21] polysilanes,[1i,k,22] and poly(phenylacetylene)s
with functional pendants.[1l,p,5b,h,6a,d,e,11] Previously, we report-
ed that the complex formation of poly-1·HCl with partially
resolved chiral acids showed a strong positive nonlinear re-
lationship (majority rule)[21a] between the ee of the chiral
acids, such as 2-Na, and the observed ICD signal intensities
in water.[10] The positive nonlinear effect of poly-1·HCl in-
creased with an increase in the amount of 2-Na. However,
the addition of 2-Na (>0.5 equiv) resulted in precipitation
of the polymer, and further experiments were difficult.[10c]

We then investigated whether a similar nonlinear effect
could be observed for poly-1 with nonracemic, free carbox-
ylic acids in water. The chiral carboxylic acid 2 was selected
as a helix inducer because it produced the most intense ICD
signals in water at 0 8C among the chiral acids used in this
study (Table 1). Poly-1 complexed with 4 equivalents of 2
(S-rich) exhibited almost no nonlinear effect at 25 8C. How-
ever, the extent of the convex deviation from linearity
became remarkably greater with decreasing temperature,
and below 0 8C even an ee of 2 of 5% gave rise to the full
ICD signals as induced by 2 of 100% ee (Figure 5). This no-
ticeable positive nonlinear effect of poly-1 was superior to
that observed for the poly-1·HCl–2-Na system and enabled
the detection of the chirality of 2 of a very small ee with an
accuracy greater than 0.005%; an almost-linear relationship
between the ee (0.1–0.005%) and the ICD signal intensities
of poly-1 was observed below 0 8C (see Supporting Informa-
tion, Figure S6). These results indicate that poly-1 is highly
sensitive to the small enantiomeric imbalance of optically
active acids in water.

Table 1. Signs and difference in excitation coefficient of the second
Cotton effect (De2nd) for the complexes of poly-1 with chiral carboxylic
and sulfonic acids in water.[a]

Chiral ACHTUNGTRENNUNG[acid]/ pH Sign De [m�1 cm�1] (l [nm])
acid ACHTUNGTRENNUNG[poly-1] 25 8C 10 8C 0 8C

(S)-2 4 3.1 � 3.07 (363) 24.2 (360) 25.1 (360)
(R)-2 4 3.1 + 2.81 (362) 23.3 (359) 24.2 (360)
(S)-3 4 3.2 � 2.51 (371) 16.3 (367) 19.4 (368)
(S)-4 10 2.6 � 20.9 (361) – 22.6 (361)
(S)-5 10 2.6 � 1.16 (364) 19.2 (362) 20.9 (362)
(S)-6 10 2.6 � 6.52 (361) – 19.4 (362)
(S)-7 1 3.2 � 15.7 (362) 16.8 (361) 17.2 (361)
l-8 1 3.3 � 6.28 (362) 12.5 (361) 15.4 (360)
(S)-9 4 2.5 + 4.99 (366) 14.8 (364) 18.5 (364)

[a] The concentration of poly-1 was 1.0 mgmL�1.

Figure 4. Variation of the jDe2nd j values of poly-1 complexed with (S)-2
(*), (S)-3 (*), (S)-4 (*), (S)-5 (*), (S)-6 (*), (S)-7 (*), l-8 (*), and
(S)-9 (*) in water with temperature. The concentration of poly-1 was
1.0 mg (4.6 mmol monomer units)mL�1. [(S)-2 or (S)-3]/ ACHTUNGTRENNUNG[poly-1]=4, [(S)-
4, (S)-5, or (S)-6]/ ACHTUNGTRENNUNG[poly-1]=10, and [(S)-7 or l-8]/ ACHTUNGTRENNUNG[poly-1]=1.

Figure 3. Tapping-mode AFM height images of the poly-1–(S)-2 complex
on mica prepared at a) 0 and b) 40 8C. The concentrations of poly-1 and
(S)-2 were 0.01 and 3.1 mgmL�1 ([2]/ ACHTUNGTRENNUNG[poly-1]=400), respectively. The
height profiles obtained along the dotted lines in the images are also
shown.
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Chiral Competition: Helix Inversion Controlled by
Noncovalent Competition between Structurally Different

Enantiomeric Acids

Another interesting feature of dynamic helical polymers is
reversible helix inversion between right- and left-handed
helices. Biological polymers such as DNA[23] and polypep-
tides[24] with specific sequences and several synthetic, dy-
namic helical polymers that bear optically active substitu-
ents through covalent bonding are known to undergo inver-
sion of helicity regulated by external stimuli, such as a
change in temperature[1g-l,n,p,18, 21,25, 26] and solvent.[1g-l,n,p,18,26,27]

However, inversion of macromolecular helicity induced by
chiral stimuli through noncovalent bonding interactions is
quite rare,[5i, 6e,18,26b,27e,28] but can be used to sense the chirali-
ty of chiral guests as well as to produce enantiomeric heli-
ces[6e] based on the concept of noncovalent “helicity induc-
tion and chiral memory”.[1l,p,5c,f, 29] Furthermore, Green and
co-workers recently reported designer polyisocyanates that
showed inversion of helicity at a desired temperature in
dilute solution by copolymerization of a pair of structurally
different enantiomers, which are in competition with each
other in their preference of helical sense.[30]

We then investigated if such an inversion of macromolec-
ular helicity for poly-1 could be possible by using two differ-
ent enantiomeric acids in water through noncovalent bond-

ing interactions. We examined a series of combinations of
the different enantiomeric acids in Scheme 1 and found that
(S)-2 and d-8, which showed steep and gentle changes in the
ICD signal intensities of poly-1 versus temperature, respec-
tively, could be used for this purpose.

Figure 6 shows the temperature-dependent changes in the
ICD signal intensities of a mixture of poly-1, (S)-2, and d-8
([(S)-2]/ ACHTUNGTRENNUNG[d-8]/ACHTUNGTRENNUNG[poly-1]=0.4:1:1) in water. The sign of the

Cotton effect inverted from negative to positive at around
25 8C, a result of the differences in the binding affinity of
each enantiomer to poly-1 and the chiral twisting power be-
tween (S)-2 and d-8, which may force poly-1 into either a
right- or left-handed helix, depending on the temperature.
Consequently, inversion of the helicity of poly-1 could be
controlled by noncovalent chiral competition.[30]

Conclusions

In summary, we have found that a poly(phenylacetylene)
that bears an N,N-diisopropylaminomethyl group as the
pendant (poly-1) is highly sensitive to the chirality of chiral
acids through formation of a predominantly one-handed
helix in water, particularly at low temperature, and that it
can detect an extremely small enantiomeric imbalance in
carboxylic acids. The polyelectrolyte function of poly-1 in
the presence of chiral acids appears to be important for its
high sensitivity to chirality because poly-1 shows a weak
ICD signal even in the presence of excess chiral acids in or-
ganic solvents. Moreover, the preferred helical sense of
poly-1 can be controlled by temperature-dependent, nonco-
valent chiral competition between structurally different en-
antiomeric acids.

Experimental Section

Instruments

Solution pH was measured with a B-211 pH meter (Horiba, Japan).
NMR spectra were recorded on a Varian INOVA-500 spectrometer oper-

Figure 5. a) Changes in ICD signal intensity (De2nd) of poly-1
(1.0 mgmL�1) versus the ee of 2 ([2]/ ACHTUNGTRENNUNG[poly-1]=4; pH 3.0–3.2) during com-
plexation with poly-1 in water at 25, 10, 0, and �10 8C. b) Expanded
detail of the ICD signal intensity at 10, 0, and �10 8C.

Figure 6. Variation of the De2nd values of poly-1 complexed with (S)-2
and d-8 ([(S)-2]/ ACHTUNGTRENNUNG[d-8]/ ACHTUNGTRENNUNG[poly-1]=0.4:1:1) in water with temperature.
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ating at 500 MHz for 1H in CD3CN. SEC was performed with a JASCO
PU-980 liquid chromatograph (JASCO, Hachioji, Japan) equipped with a
UV (254 nm; JASCO UV-970) detector. A Tosoh (Tokyo, Japan) TSK-
GEL SuperAWM-H column (30 cm) was connected, and an aqueous so-
lution containing tartaric acid (9 mm) and tartaric acid sodium salt
(0.1 mm) was used as the eluent at a flow rate of 0.6 mLmin�1. The mo-
lecular-weight calibration curve was obtained with poly(ethylene oxide)
and poly(ethylene glycol) standards (Tosoh). FTIR spectra were obtained
in a 0.15-mm CaF2 cell on a JASCO JV-2001YS spectrophotometer
equipped with a temperature controller (EYELA NCB-1200). The con-
centration of poly-1 was 5 mgmL�1 in D2O. Laser Raman spectra were
obtained on a JASCO RMP-200 spectrophotometer. Absorption and CD
spectra were obtained in a 0.1-, 0.5-, 1.0-, or 10-mm quartz cell on a
JASCO V-570 spectrophotometer and a JASCO J-725 or J-820 spectropo-
larimeter, respectively. The temperature (�10 to 100 8C) was controlled
with a JASCO ETC 505T (absorption spectroscopy) and a JASCO PTC-
423L apparatus (CD spectroscopy). DLS was performed with a Photal
DLS-7070YN instrument (Otsuka Electronics Co., Ltd., Osaka, Japan)
equipped with a 10-mW He/Ne laser (632.8 nm) at 3 and 38 8C. AFM was
performed with a Nanoscope IIIa microscope (Veeco Instruments, Santa
Barbara, CA) in air at ambient temperature with standard silicon cantile-
vers (NCH, Nanoworld, NeuchPtel, Switzerland) in the tapping mode.
AFM images were recorded at the resonance frequency of the tips with
125-mm-long cantilevers (200–300 Hz) and a spring constant of approxi-
mately 40 Nm�1. All the images were collected with the maximum-avail-
able number of pixels (512) in each direction. The scanning speed was at
a line frequency of 1.0 Hz. The effective radii of the silicon tips were esti-
mated with Au colloids (5 nm; ICN Biomedicals, Inc., Aurora, OH) as
imaging standards and were 5–10 nm.

Materials

Deionized, distilled water was degassed with nitrogen before use in all
the experiments. The optically active acids were purchased from Aldrich
(Milwaukee, WI) or Tokyo Kasei (TCI, Tokyo, Japan) and used as re-
ceived.

Cis-transoidal poly-1 was prepared by the polymerization of 4-(N,N-diiso-
propylaminomethyl)phenylacetylene (1) with [RhACHTUNGTRENNUNG(nbd)Cl]2 according to
a previously reported method.[9a,b,10] The stereoregularity of the obtained
poly-1 was confirmed to be highly cis-transoidal (cis content=96%)
based on the 1H NMR spectrum (see Supporting Information, Fig-
ACHTUNGTRENNUNGure S1).[10c,15] The Mn and Mw/Mn of poly-1 were estimated to be 3.4L105

and 2.21, respectively, as determined by SEC of its hydrochloride salt
(poly-1·HCl).[10]

CD: The concentration of poly-1 was calculated on the basis of monomer
units and was 1.0 mgmL�1 (4.6 mm monomer units) unless otherwise
stated. For the complexation of poly-1 with optically active acids, poly-1
ACHTUNGTRENNUNG(�1 mg) and an appropriate amount of the chiral acid were dissolved in
water in a 2-mL vessel equipped with a screwcap to keep the poly-1 con-
centration at 1.0 mgmL�1 (4.6 mm), and the absorption and CD spectra
were then recorded.

Nonlinear effects of poly-1 with 2 : The nonlinear effects between the in-
tensities of the ICD signals and the ee of 2 during complexation with
poly-1 were investigated in water. The molar ratio of 2 to the monomer
units of poly-1 ([2]/ ACHTUNGTRENNUNG[poly-1]) was held constant at 4 (mol/mol). In the ex-
periments, stock solutions of 2 were separately prepared for the large
(2�ee�100%) and small (0.005�ee<2%) ee values before the CD
measurements.

Preparation of 2 with large ee and CD measurements with poly-1: Stock
solutions of (S)-2 (18.6 mm, 10 mL) and (R)-2 (18.6 mm, 10 mL) in ace-
tone were prepared. Aliquots of these stock solutions were placed in 10
vessels so that the ee of the mixtures (S-rich) were 2, 3, 4, 5, 10, 20, 40,
60, 80, and 100%. After the acetone was removed under reduced pres-
sure from each vessel, poly-1 (1.0 mg) was added, and the mixture was
dissolved in water to keep the poly-1 concentration at 1.0 mgmL�1

(4.6 mm). The absorption and CD spectra were then recorded for each
vessel to determine the changes in the CD spectra.

Preparation of 2 with small ee and CD measurements with poly-1: The
stock solutions of 2 with small ee values (0.005�ee<2%) were carefully

prepared in a similar way to that in the literature,[11a] and the experimen-
tal procedures are described below.

(S)-2 of 1.0 and 0.5% ee (S/R=50.5:49.5 and 50.25:49.75): Stock solu-
tions of (RS)-2 (37 mm) and (S)-2 (0.37 mm) in acetone were first pre-
pared as follows: (RS)-2 (61.1 mg) and (S)-2 (15.4 mg) were placed in 10-
and 250-mL flasks equipped with stopcocks, respectively. Acetone was
then added to make up the solutions of the appropriate volume. Aliquots
of the stock solutions of (RS)-2 and (S)-2 were transferred into two 2-mL
vessels equipped with screwcaps so that the ee of 2 (S-rich) was 0.5 and
1.0%, respectively. After the acetone was removed under reduced pres-
sure, poly-1 (1.0 mg) was added, and the mixture was dissolved in water
to keep the poly-1 concentration at 1.0 mgmL�1 (4.6 mm). The absorption
and CD spectra were then recorded for each vessel.

(S)-2 of 0.1 and 0.05% ee (S/R=50.05:49.95 and 50.025:49.975): A stock
solution of (S)-2 (0.037 mm) was first prepared as follows: The stock solu-
tion of (S)-2 (0.50 mL, 0.37 mm) prepared above was transferred into a 5-
mL flask equipped with a stopcock and diluted with acetone to the re-
quired volume to produce the stock solution of (S)-2 (0.037 mm) in ace-
tone. Aliquots of the stock solutions of (RS)-2 (37 mm) and (S)-2
(0.037 mM) were transferred into two 2-mL vessels equipped with screw-
caps so that the ee of 2 (S-rich) was 0.1 and 0.05%, respectively. After
the acetone was removed under reduced pressure, poly-1 (1.0 mg) was
added, and the mixture was dissolved in water to keep the poly-1 concen-
tration at 1.0 mgmL�1 (4.6 mm). The absorption and CD spectra were
then recorded for each vessel.

(S)-2 of 0.01 and 0.005% ee (S/R=50.005:49.995 and 50.0025:49.9975): A
stock solution of (S)-2 (0.0037 mm) was first prepared as follows: The
stock solution of (S)-2 (0.50 mL, 0.37 mm) prepared above was trans-
ferred into a 50-mL flask equipped with a stopcock and diluted with ace-
tone to the required volume to produce the stock solution of (S)-2
(0.0037 mm) in acetone. Aliquots of the stock solutions of (RS)-2 (37 mm)
and (S)-2 (0.0037 mm) were transferred into two 2-mL vessels equipped
with screwcaps so that the ee of 2 (S-rich) was 0.01 and 0.005%, respec-
tively. After the acetone was removed under reduced pressure, poly-1
(1.0 mg) was added, and the mixture was dissolved in water to keep the
poly-1 concentration at 1.0 mgmL�1 (4.6 mm). The absorption and CD
spectra were then recorded.

DLS: A stock solution of poly-1 (1.0 mgmL�1, 4.6 mm) complexed with
(S)-2 ([(S)-2]/ ACHTUNGTRENNUNG[poly-1]=4) was prepared in a 5-mL flask equipped with a
stopcock in water. The solution was filtered with a 0.45-mm syringe filter
(Toyo Roshi Co., Ltd., Japan) below 10 8C, then DLS of the sample was
performed at a fixed scattering angle of 908 at 3 and 38 8C. The obtained
autocorrelation functions were analyzed by the method of cumulants to
give the translational diffusion coefficients (Ds). The corresponding hy-
drodynamic radius (Rh) was calculated by using the Stokes–Einstein
equation: Rh=kBT/ ACHTUNGTRENNUNG(6phD), in which kB, h, and T are the Boltzmann con-
stant, the solvent viscosity, and the absolute temperature, respectively.
The estimated Rh values for poly-1 in water at 3 and 38 8C were 43 nm
and 2.35 mm, respectively; these values support the formation of aggre-
gates of the polymer main chains at high temperature.

AFM: A stock solution of poly-1 (0.01 mgmL�1) in an aqueous solution
of (S)-2 (0.019 m) was prepared. A 20-mL aliquot of the stock solution
was dropped onto freshly cleaved mica, the solution was simultaneously
blown off with a stream of argon, and the mica substrate was dried in va-
cuo overnight for the recording of the AFM images in the tapping mode
(Figure 3).
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