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a b s t r a c t

Hybrids of p-conjugated polymers and single-walled carbon nanotubes (SWNTs) are an intriguing class
of materials owing to their interesting electric and optoelectronic properties. Herein, we synthesized
three types of 1,10-binaphthyl-incorporated conjugated polymers with thiophene bridges. It was found
that the molecular structure of the p-conjugated polymers affected the selective dispersion of individual
SWNT species: the hexyl-substituted PBHT preferred (8,7) SWNT while polymers with no alkyl groups on
the thiophenes (PBT and PB2T) preferred (8,6) species. Molecular dynamics (MD) simulations also
revealed that the polymers were able to wrap around SWNTs and showed selective interactions with the
SWNT species.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Hybrid materials of single-walled carbon nanotubes (SWNTs)
and p-conjugated polymers have attracted great attention since the
combination of each component’s benefits is expected to afford
synergistic effects [1e3]. Due to their excellent electric, optoelec-
tronic, and mechanical properties, SWNTs have been used in sen-
sors, actuators, and optoelectronic devices [4e6]. SWNTs have also
been applied to the enhancement of polymer’s material properties,
such as mechanical strength and conductivity. p-Conjugated
polymers also have interesting electronic/optoelectronic properties
that stem from conjugation of p-electrons. The combination of
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SWNTs and p-conjugated polymers is expected to offer both
enhanced electronic properties, such as charge-carrier mobility,
and interesting electronic couplings between them.

Several p-conjugated polymers are known to well disperse
SWNTs due to favorable interactions between the SWNT sidewalls
and the p-conjugated backbones of the polymers [7e12]. Inter-
estingly, depending on the structures of the polymer main chain,
molecular weights, and substitution patterns, p-conjugated poly-
mers enable the selective dispersion of carbon nanotubes. For
example, Nicholas and co-workers reported that poly(9,9-
dioctylfluorene) (PFO) can selectively disperse semiconducting
SWNTs, especially those with smaller diameters [13]. Bao and co-
workers utilized regio-regular poly(3-alkylthiophene)s and inves-
tigated the effect of alkyl chains, solvent and temperatures for se-
lective sorting of semiconducting SWNTs [14]. Other p-conjugated
polymers, such as poly(phenylene-ethynylnene) (PPE), poly-
carbazole, and polyazomethines, have been reported for selective
dispersion of SWNTs [9,15,16].
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Binaphthyl-containing conjugated polymers are an interesting
class of materials since they deploy optically active 1,10-binaphthyl
units, the property arising from the restricted rotation around the
1,10-biaryl bond. Specifically, 1,10-binaphthyl is a privileged struc-
ture that has been extensively used in chiral recognition and
catalysis [17e19]. When binaphthyls are incorporated into poly-
thiophene backbones, interesting electronic properties have been
observed such as chiral analyte sensing or dihedral angle-
dependent electroactivities [20,21]. Recently, Nakashima and co-
workers reported the use of binaphthyl-containing PFOs for the
separation of right- and left-handed SWNTs [22]. In addition,
Therien and co-workers investigated the single-handed helical
wrapping of SWNTs by controlling the dihedral angle of binaphthyl
components in PPE-based conjugated polymers [23]. However, no
example of binaphthyl-incorporated polythiophene derivatives for
selective dispersion of SWNTs has been reported so far.

Herein, we report the synthesis of 1,10-binaphthyl-incorporated
p-conjugated polymers and their use in the selective dispersion of
SWNTs. UVeviseNIR absorption spectra and photoluminescence-
excitation (PLE) profiles reveal that the backbone structure of p-
conjugated polymers plays an important role in determining the
selectivity of SWNT dispersion. We also conducted molecular dy-
namics (MD) simulations which supported the observations that
the selective interactions between 1,10-binaphthyl-incorporated
conjugated polymers and SWNT sidewalls depend on the polymer
structures.

2. Experiment

2.1. Materials and characterization

All the chemicals were purchased from SigmaeAldrich, TCI, Alfa
Aesar, Samchun Chemical and used without further purification.
SWNTs were purchased from Sigma Aldrich (compound number:
724777, 0.7e1.4 nm diameter, �80.0% carbon as SWNT composi-
tion). Typical Williamson ether synthesis from 6,60-dibromo-1,10-
binaphthalene-2,20-diol furnished 6,60-dibromo-2,20-didecyloxy-
1,10-binaphthalene (1) [24]. 2,5-Bis(trimethylstannyl)thiophene (3)
[25] and 5,50-bis(trimethylstannyl)-2,20-bithiophene (4) [26] were
prepared according to the literature. 1H and 13C NMR spectra were
recorded on a Bruker 500 MHz spectrometer. The chemical shifts
are reported in ppm (d) with TMS as an internal standard and the
coupling constants (J) are expressed in Hz. Ultravioletevisible-Near
IR (UVeviseNIR) absorption data were acquired on a UV-2600
(Shimadzu, Japan) spectrophotometer and UVevis spectra on a
UV-1800 (Shimadzu, Japan). SWNT dispersion underwent with a
tip sonicator (VCX-130, Sonics & Materials. Inc, USA). NIR fluores-
cence was collected by a fluorescence spectrophotometer (Nano
Logs, HORIBA, USA) equipped with an InGaAs detector. The average
molecular weight and polydispersity index (PDI) of the polymers
were determined on a gel permeation chromatograph (GPC) by
using THF as eluent and polystyrene as a standard on an Agilent
Technologies 1260 Infinity. Liquid-chromatograph mass spectra
(LC-MS) were obtained on Agilent Technologies 1260 Infinity and
quadruple mass 6130 model.

2.2. Synthesis of 2,20-(2,20-bis(decyloxy)-[1,10-binaphthalene]-6,60-
diyl)bis(4,4,5,5-tetramethyl -1,3,2-dioxaborolane) (2)

A mixture with 6,60-dibromo-2,20-bis(decyloxy)-1,10-binaph-
thalene (1) (43 mg, 0.060 mmol), bis(pinacolato)diboron (34 mg,
0.13 mmol), Pd(dppf)Cl2 (5.0 mg, 8 mol%), and potassium acetate
(35 mg 0.35 mmol) in 1.0 mL DMSO was stirred at 80 �C for 6 h
under a nitrogen atmosphere. The reaction mixture was cooled to
room temperature, poured into 10 mL of ice water, filtrated, and
then purified by column chromatography on a silica gel with ethyl
acetate/hexane (1/20 vol/vol) as an eluent to afford a yellow pow-
der (27 mg, 54%). 1H NMR (CDCl3, 500 MHz): d 8.38 (s, 2H), 7.96 (d,
J ¼ 8.5 Hz, 2H), 7.52 (dd, Ja ¼ 8.5 Hz, Jb ¼ 1.0 Hz, 2H), 7.38 (d,
J ¼ 9.0 Hz, 2H), 7.09 (d, J ¼ 8.5 Hz, 2H), 3.96e3.86 (m, 4H), 1.35 (s,
24H), 1.28e1.19 (m, 32H) 0.87 (t, J ¼ 7.0 Hz, 6H); 13C NMR (CDCl3,
125 MHz): d 155.6, 136.4, 136.0, 130.6, 130.0, 128.6, 124.6, 120.3,
115.5, 83.7, 69.6, 31.9, 29.7, 29.5, 29.5, 29.4, 29.4, 29.3, 29.2, 25.6,
24.9, 24.9, 22.7, 14.1. MS (HRMS): m/z calculated for C52H76B2O6Na:
840.7 [M þ Naþ]; found: 841.4 [M þ Naþ].

2.3. Synthesis of poly[{6,60-dibromo-2,20-bis(decyloxy)-1,10-
binaphthalene}-alt-{2,5-bis(trimethylstannyl)thiophene}] (PBT)

6,60-dibromo-2,20-bis(decyloxy)-1,10-binaphthalene (1) (44 mg,
0.061 mmol), 2,5-bis(trimethylstannyl)thiophene (3) (24.9 mg,
0.061 mmol), and tetrakis(triphenylphosphine) palladium(0)
(3.5 mg, 5 mol%) were added to a flame-dried 10 mL Schlenk flask
under nitrogen. Dry DMF (1.0 mL) was then added via a syringe and
the reaction mixture was purged with nitrogen for 10 min. The
reaction mixture was then heated to 120 �C for polymerization.
After 24 h, the partially soluble solid was precipitated by addition of
30 mL methanol, washed through a Soxhlet extraction with
methanol for 48 h to remove oligomer or residual catalyst and then
with chloroform for 24 h to obtain the chloroform-soluble polymer
solution. The resulting solution was concentrated and dried under
vacuum to obtain polymer PBT as a yellow solid (67% yield). GPC
(polystyrene standard): Mn ¼ 12,600, Mw ¼ 22,900, PDI ¼ 1.81.

2.4. Synthesis of poly[{6,60-dibromo-2,20-bis(decyloxy)-1,10-
binaphthalene}-alt-{5,50-bis(trimethylstannyl)-2,20-bithiophene}]
(PB2T)

PB2T was prepared according to the literature [1]. GPC (poly-
styrene standard): Mn ¼ 17,300, Mw ¼ 34,800, PDI ¼ 2.01.

2.5. Synthesis of poly[2,20-(2,20-bis(decyloxy)-[1,10-binaphthalene]-
6,60-diyl) bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)-alt-2,5-
dibromo-3-hexylthiophene] (PBHT)

2,20-(2,20-bis(decyloxy)-[1,10-binaphthalene]-6,60-diyl)bis(4,4,5,
5-tetramethyl-1,3,2-dioxaborolane) (2) (28 mg, 0.034 mmol), 2,5-
dibromo-3-hexylthiophene (5) (11 mg, 0.034 mmol), and tetrakis-
(triphenylphosphine) palladium(0) (2.0mg, 5mol%)wereadded toa
flame-dried 10 mL Schlenk flask under nitrogen. Dry DMF (1.0 mL)
was then added via a syringe and the reaction mixture was purged
and stirred under nitrogen for 30 min, and then 0.3 mL aqueous
solution with sodium carbonate (22 mg, 0.20 mmol) was gradually
added by a dropping funnel. The reaction mixture was heated to
80 �C and stirred for 24 h. After being cooled to room temperature,
the partially soluble solid was precipitated by addition of 30 mL
methanol, washed through a Soxhlet extraction with methanol for
48 h to remove oligomer or residual catalyst and then with chloro-
form for24h toobtain the chloroform-solublepolymer solution. The
solutionwas concentrated and dried under vacuum to obtain PBHT
as a yellow solid (75% yield). GPC (polystyrene standard):
Mn ¼ 4,500,Mw ¼ 6,500, PDI ¼ 1.45.

2.6. General procedure for dispersion of SWNTs with polymers in
NMP

A 1.0 mg portion of SWNTs was added into 1 mL of N-methyl-
pyrrolidone (NMP) in which a 1.0 mg portion of a desired polymer
was dissolved. The resulting mixture was then sonicated for 1 h in
an ice bath with a probe tip sonicator (8e10 Watts). After



Scheme 1. Structure and Synthetic Scheme of 1,10-Binaphthyl-Incorporated Conjugated Polymers PBT, PBHT, and PB2Ta.
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centrifugation of the solution at 12,200 g for 30 min, the super-
natant was obtained to get a SWNT/polymer dispersion.
2.7. NIR fluorescence measurement and photoluminescence-
excitation mapping of SWNT/polymer dispersions

The NIR fluorescence of the SWNT/polymer dispersions was
measured by excitation at 740 nm using a Xenon lamp with
exposure for 10 s at room temperature. The SWNT/polymer dis-
persions underwent PL-mapping by changing the excitation
wavelengths from 560 to 760 nm with exposure for 10 s at room
temperature.
2.8. Simulation details

To simulate the selective interaction between binaphthyl-
containing conjugated polymers (PBT and PBHT) and SWNTs
with different chiralities, all-atom models were constructed by
using AMBER forcefield. The generalized AMBER forcefield (GAFF)
[27] and the AMBER 99 forcefield [28] parameters were used for the
conjugated polymers and SWNTs, respectively. All atomic partial
charges on the conjugated polymers were calculated by AM1-BCC
method in AmberTools14 [29], and the partial charges of the
SWNT were set to zero. Infinitely long SWNTs with the chirality
numbers of (8,6) and (8,7) were modeled by TubeGen 3.4 [30] and
were placed in the center of each rectangular simulation box with
periodic boundary condition. In the initial conformation, a single
PBT or PBHT chain comprised of 4 monomer units was wrapped
around each SWNT which was in close contact with the binaphthyl
and thiophene group of the conjugated polymers. The simulation
box was filled with about 1000 NMP molecules parameterized by
GAFF forcefield. Each topology was converted to GROMACS-
compatible format by ACPYPE script [31] for initial input file.
The MD simulations were performed using GROMACS 5.1.1
package [32] with a time step of 1.0 fs. After energy minimization
step of initial condition, the systems were heated up to 300 K over
100-ps canonical (NVT) ensemble and 500-ps isothermal-isobaric
(NPT) ensemble. Long MD simulations for the production run
were then calculated at 300 K and 1 bar with NPT ensemble by
using the V-rescale thermostat with a coupling constant of 0.1 ps
and ParrinelloeRahman barostat with a coupling constant of 2.0 ps.
The pressure coupling was not applied along the axis of the SWNT.
The cutoff distance for the short-range van der Waals and elec-
trostatic interactions was set to 1.0 nm, and the particle mesh
Ewald (PME) method was applied to the long-range electrostatic
interactions. All bond length related to hydrogen atoms were
constrained with the LINCS algorithm [33]. Visualization in this
work was performed using VMD package [34].
3. Results and discussion

1,10-Binaphthyl-incorporated conjugated polymers with thio-
phenes were prepared via palladium-catalyzed cross coupling po-
lymerizations between binaphthyl- and thiophene-derivatives
(Scheme 1).We set out the synthesis with bromination, followed by
alkylation, of commercially available 1,10-bi-2,20-naphthol to pro-
vide dibromobinaphthyl 1. The long decyl group ensures the solu-
bility of the resulting polymers. Stille cross-coupling condensation
of dibromobinaphthyl 1 with bis(trimethylstannyl)-thiophene (3)
and -bithiophene (4) furnished 1,10-binaphthyl-incorporated con-
jugated polymers PBT and PB2T, respectively [20]. In order to
examine the effect of substituents on the thiophene moiety, we
attempted to synthesize hexyl-substituted polymer PBHT in a
similar manner. However, the preparation of bis(stannyl)thiophene
with a hexyl group was not successful due to the steric hindrance
between the 2- and 3-positions of the thiophene. Instead, we



Fig. 1. (a) UVeviseNIR absorption spectra of dispersed SWNTs with PBT (red), PBHT
(blue), and PB2T (black, 1/4 dilution) in NMP solutions. The dotted black line is
dispersed SWNTs with 1% sodium dodecyl sulfate (SDS) in water for comparison. (b)
The radial breathing mode (RBM) of Raman spectra (excitation at 633 nm) of dispersed
SWNTs as in (a). (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)
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introduced pinacol-boronate groups at the 6,60-positions of the
binaphthyl via Pd-catalyzed CeB bond formation. SuzukieMiyaura
cross-coupling condensation of bis(pinacol-boronate) 2 with
dibromo-3-hexylthiophene 5 produced the desired polymer PBHT.
1H-NMR spectroscopy results of all polymers were well matched
with the intended structures. Gel permeation chromatography
with polystyrene standards in THF suggested that number-average
molecular weights (Mn) of PBT, PB2T, and PBHT are 12.6 k, 17.3 k,
and 4.5 k, respectively, with a polydispersity index of 1.45e2.10.
Further experimental details for the synthesis are available in the
Supporting Information.

Optical absorbance studies revealed that 1,10-binaphthyl-incor-
porated conjugated polymers are effective in the dispersion of
SWNTs. Fig. 1 shows the UVeviseNIR absorption spectra of SWNTs
dispersed in N-methyl-2-pyrrolidone (NMP) solutions of three 1,10-
binaphthyl polymers (1 mg/mL). We set out the dispersion with
0.7e1.4 nm-diameter, CoMoCAT® SWNTs in which both metallic
and semiconducting SWNTs were present. Considering diameter of
the SWNTs, the absorption spectra are dominated by the E11
(>900 nm) and E22 (500e600 nm in wavelength) bands of the
semiconducting SWNTs [35]. Due to the onset of the absorption of
the 1,10-binaphthyl conjugated polymers (~500 nm, see Supporting
Information), the E22 band of metallic SWNTs was not clearly
observed. As shown in Fig. 1, all three 1,10-binaphthyl conjugated
polymers (PBT, PB2T, and PBHT) appears to disperse SWNTs well in
NMP. However, the relative amounts of SWNTs solubilized by
polymers were affected by the polymer structures; for example,
PB2T, which has two thiophene units, was able to disperse
approximately four times more SWNTs than PBT, which has only
one thiophene unit, as judged by optical densities (Fig. 1). We
attributed this difference to the increased conjugation length of
PB2T. With more thiophene units are attached, the resulting larger
conjugation backbones can interact strongly with SWNTs. Inter-
estingly, when an alkyl group was attached to the thiophene, the
quantity of the SWNTs dispersed in the solvent appeared to
decrease; PBHT afforded less dispersion of SWNTs than did PBT.
The decreased ability of SWNT dispersion by alkylation is not clear
yet. We postulate that alkylation may slightly distort the conjuga-
tion planes between thiophene and naphthalene units. However,
other factors that may play a role such as molecular weights of
polymers and chirality of 1,10-binaphthyls. Raman spectrawere also
measured for SWNTs dispersed with binaphthyl polymers (Fig. 1b).
The radial breathing mode (RBM) frequencies of the Raman spectra
are inversely proportional to the diameter of carbon nanotubes
[36]. The RBM region is shown in Fig. 1b obtained using an exci-
tationwavelength of 633 nm. When compared to SWNTs dispersed
with 1% SDS in water, the binaphthyl polymers seem to disperse
semiconducting nanotubes in a similar fashion. We observed slight
differences in the intensities of metallic species according to
polymers, but they are not so clear and need further investigation.
Although it is premature to draw definite conclusions regarding
molecular structures, the 1,10-binaphthyl-incorporated conjugated
polymers with thiophene units were effective in dispersing of
SWNTs at least in an organic solvent.

PLEmapping of SWNTsolutionswith 1,10-binaphthyl conjugated
polymers revealed that the slight change of the molecular struc-
tures may result in selective dispersion of SWNT species. The
UVeviseNIR spectra show all of the solubilized SWNTs species,
regardless of their state of bundling. In contrast, the photo-
luminescence spectra show only sufficiently-debundled or isolated
SWNTspecies. As shown in Fig. 2, PLEmappings were conducted on
three SWNT/1,10-binaphthyl conjugated polymer systems. We tried
to disperse SWNTs in pure NMP not containing any polymers.
However, the stability of SWNT dispersion was very limited in the
pure NMP, showing no measurable PL. The conjugated polymers
with one and two thiophenes, PBT and PB2T, respectively, resulted
in very similar PLE mapping patterns, although PB2T was able to
disperse SWNTs more in UVeviseNIR (Fig. 1). In the PLE maps,
several SWNTs species were mainly observed: (7,6), (9,4), (9,5),
(8,6), (8,7), and (11,4). Among them, fluorescence intensities from
(8,6) and (8,7) were most evident. We have normalized the PL in-
tensity of the SWNTs dispersed on the basis of the quantum yield
(QY) of each chirality (Table S1). Then, we have calculated the in-
tensity ratios between (8,6) and (8,7) SWNTs. According to the
previous literature [37], the QYs were found to be 0.624
(6.25 � 10�5 electron/photon) and 0.92 (6.25 � 10�5 electron/
photon) for (8,6) and (8,7) SWNTs, respectively. The normalized
intensity ratio (r) of (8,6)/(8,7) was very similar for PBT (r¼ 1.7) and
PB2T (r ¼ 1.6); (8,6) species were dispersed more with these
polymers. Intriguing results were found in the case of alkyl-
substituted polymer PBHT (r ¼ 1.3). Even though the kinds of
SWNT species were more or less similar, PBHT resulted in more
dispersion of (8,7) than that of (8,6), which is opposite to the case of
PBT and PB2T. Interestingly, the slight alteration of molecular
structure resulted in the reverse of the preference in SWNT
dispersion. It is not easy to predict intuitively what kind of mo-
lecular interactions cause this difference since (8,6) and (8,7)
SWNTs are very similar in size and electronic structures.

MD simulation has been widely explored to suggest the specific
interaction and structure of various macromolecules onto SWNTs
[22,38e40]. Thus, we conducted atomistic MD simulations to
investigate the interaction of 1,10-binaphthyl-incorporated



Fig. 2. (a) Fluorescence spectra of SWNT/polymer dispersion in NMP. Photoluminescence-excitation (PLE) mapping of dispersed SWNTs with PBT (b), PBHT (c), and PB2T (d) in
NMP. The labels represent the identified SWNT species.

Fig. 3. Snapshots of (a) PBT and (b) PBHT conformations onto (8,6) and (8,7) SWNT after 150 ns MD simulation at 300 K. Binaphthyl and thiophene groups are shown with green,
and NMP solvent molecules are not shown for clarity. Pairwise interaction energies of binaphthyl and thiophene group in (c) PBT and (d) PBHT toward SWNTs. Population analysis
of dihedral angle between binaphthyl group and thiophene group in (e) PBT and (f) PBHT from the last 50-ns trajectories. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)
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conjugated polymers (PBT and PBHT) toward SWNTs having
different chirality modes, by using AMBER forcefield [41,42]. In the
initial conformation, binaphthyl and thiophene groups of the con-
jugated polymers were in close contact with the surface of SWNTs,
in order to induce an efficient wrapping phenomenon of the con-
jugated polymer during the MD simulations. From the 150-ns MD
simulation, as shown in Fig. 3a,b, it is observed that both PBT and
PBHT were well wrapped around (8,6) and (8,7) SWNTs, which
were in agreement with the experimental results.

The pairwise interaction energy can provide useful information
for the specific interactions between the conjugated polymers and
SWNTs. To understand the pep interactions between the conju-
gated polymers and SWNTs, we focused on the binaphthyl and
thiophene group in the conjugated polymer. Thus, the interaction
energy was calculated as follows:

Einteraction ¼ Ecomplex �
�
Epoly þ ESWNT

�

where Epoly, ESWNT, and Ecomplex are the potential energy of the
binaphthyl and thiophene group in the conjugated polymer, SWNT,
and their complex, respectively.

Fig. 3c,d shows the interaction energy of SWNT/PBT and SWNT/
PBHT in their complex, respectively. The relatively high absolute
value of the initial interaction energies gradually converged
through the MD simulation, representing the equilibrium state of
the wrapping process of PBT and PBHT around each SWNT. The last
50-ns averaged interaction energy of (8,6) SWNT/PBT is�61.9 kcal/
mol, which is higher than that of (8,7) SWNT/PBT (�57.9 kcal/mol).
On the other hand, PBHT has a slightly strong interactionwith (8,7)
SWNT with an average interaction energy of �64.1 kcal/mol,
compared with (8,6) SWNT (�62.6 kcal/mol). Thus, it supports the
fact that the selective dispersion of SWNTs is achieved by 1,10-
binaphthyl-incorporated conjugated polymers, depending on the
polymer structure.

The main difference between PBT and PBHT is the introduction
of hexyl chains into the thiophene group. This hexyl group can lead
to the steric hindrance in the dihedral torsional motion between
thiophene group and its adjacent binaphthyl group. Indeed, the
population analysis indicates a distinct difference in the dihedral
angle distribution between PBT and PBHT, as shown in Fig. 3e,f. In
the last 50-ns trajectories, the dihedral angle between thiophene
and binaphthyl group in PBT represents a nearly planar confor-
mation with strong peaks at about �30� or 30�. However, in the
case of PBHT, the dominant dihedral angle between thiophene and
binaphthyl group near the hexyl chain increases in comparison
with that in PBT, with a peak at �50�. It implies that the hexyl
group influences the equilibrium conformation of thiophene and
binaphthyl group onto SWNTs. Consequently, it suggests that the
structural difference in the 1,10-binaphthyl-incorporated conju-
gated polymers may account for the selective interactions to
SWNTs.
4. Conclusions

In conclusion, we synthesized 1,10-binaphthyl-incorporated
conjugated polymers with thiophene bridges (PBT, PB2T, and
PBHT) for the dispersion of single-walled carbon nanotubes
(SWNTs). UVeviseNIR spectroscopy revealed that pep interaction
between the polymer backbone and SWNT sidewalls plays an
important role in SWNT dispersion. PB2T, which has two thiophene
bridges, was able to disperse SWNT most effectively, while PBHT,
with a hexyl group attached at the thiophene, dispersed the least
amount of SWNTs among them. Photoluminescence-excitation
(PLE) mapping showed the individually dispersed SWNT species
and there was a slight preference for (8,6) over (8,7) in the case of
PBT and PB2T. Interestingly, however, the hexyl-substituted PBHT
showed the reversed preference; more (8,7) was dispersed than
(8,6). This unexpected result of a variation in preference according
to subtle differences in the molecular structure was supported by
the MD simulations. In the simulation, the 1,10-binaphthyl-incor-
porated conjugated polymers were able towrap around the SWNTs.
In accord with the experimental result, PBT showed a stronger
interaction toward (8,6) than toward (8,7), while the hexyl-
substituted PBHT showed the a slightly more stable interaction
with (8,7) over (8,6).
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