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1. INTRODUCTION

Over recent years carbon nanotubes (CNTs) have become the
focus of considerable research owing to their exciting potential
applications in nanocomposites, molecular devices or advanced
materials with their extraordinary mechanical strength, thermal
conductivity, and electronic and optical properties.1�3 However,
significant effort is required in order to resolve the obstacle that
the dispersion of CNTs in solvents and polymer matrixes due to
the poor solubility and processability.3 Using polymer chains to
“wrap” CNTs is a versatile and effective way for the functionaliza-
tion of CNTs.4 Interest has been shown for CNTs’ functionaliza-
tion with polymers, such as polyethylene (PE),5 poly(ethylene
glycol) (PEG),6 and poly(ether ether ketone) (PEEK)7 because of
their potential use in tissue engineering, packing materials, and
thermoplastic devices, etc.5�7

Comparedwith homopolymers, block copolymers (BCPs)may
provide a series of attractive noncovalent wrapping and decoration
methods for the functionalization of CNTs.4 BCPs can enhance
the dispersibility and stability of CNTs in a wider range of organic
solvents and the host polymer matrices. Recently, some groups
have studied on the modification of CNTs with the amphiphilic
block polymers. Li et al. have used spincoated method to fabricate
PE-b-PEO/CNTs nanohybrid. They showed that judiciously
selected crystalline block copolymers could be periodically deco-
rated along carbon nanotubes, leading to amphiphilic, alternating

patterns with a period of ∼12 nm.8 Wang et al. used a controlled
polymer crystallization method to decorate poly(vinylcyclohexane)-
b-poly(ethylene)-b-poly(vinylcyclohexane) (PVCH�PE�PVCH)
block copolymers on carbon nanotubes and formed a novel nanohy-
brid epitaxial brush structure, which consisted of a central CNT and
disk-shaped folded chain lamellae of PE blocks with random coils of
amorphous PVCHblocks.4Moreover, the dispersion of CNTs in the
solvent with BCPs has attracted a lot of research interests. Rina et al.
have had the careful study of the effect of adding different BCPs on
the dispersion of CNTs and as well as their interaction in the selective
solvent.9�11

Owing to the formation of unique aggregation morphology
and the confined crystallization in the micro- and/or nanoscale
self-assembled structure, the block copolymers can be self-
assembled.12�18 By the way, it is well-known that BCPs can
present ordered self-assembled structures and can produce self-
assembly behavior in selective solvents by means of the dual
action: one block of the polymer has a close interaction with the
selective solvent, while the other block is insoluble and tends to
minimize their contact with the solvent.19 So the selective solvent
is an important factor to fabricate the self-assembly BCPs into a
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regular morphology. Self-assemblies of BCPs in selective orga-
nic solvents have been studied previously by several groups.20�23

Zhu et al. investigated the self-assembled crystalline�amorphous
diblock copolymer and found the crystallization of crystallizable
blocks can be efficiently confined within nanoenvironments.20

Lodge et al.21 and Chen et al.22 have studied on the full phase
behavior of block copolymers in solvents of varying selectivity.
The topographical reconstruction of a BCP film was realized by
Son et al. using vapor treatment with a selective solvent for each
block.23 Amphiphilic block polymers, such as polyethylene-b-
poly(ethylene oxide) (PE-b-PEO), is a typical double-crystalline
diblock copolymer, and it presents ordered self-assembled
structures and confinement on crystallization.24 Early work was
reviewed by Sakurai et al.; they investigated the self-assembly and
crystallization behavior of PE-b-PEO.25 More recent results that
bear relationship between morphological change and crystalline
phase transitions of PE-b-PEO diblock copolymer are those of
Cao et al.26,27

Supercritical fluids (SCFs) have attracted a great deal of
interest in the synthesis and processing of materials due to their
unusual properties such as low viscosity, high diffusivity, near-
zero surface tension, and tenability.28 Supercritical carbon diox-
ide (SC CO2) is viewed as an excellent alternative to conven-
tional organic solvents because it is inexpensive, nonflammable,
and nontoxic and can be completely removed by simply lowering
the pressure of the system.29�32 The recent study of homo-
polymers modification on CNTs may help to enhance the
understanding about decorated behavior of amphiphilic block
copolymers on the surface of CNTs using the SC CO2 anti-
solvent-induced polymer epitaxy method (SAIPEmethod).33�36

Thus, in this study, we aim to realize the modification of CNTs
with PE-b-PEO block copolymers via the environmental benign
SC CO2-assisted method. Amphiphilic block polymers can self-
assemble into specific structures on the surface of CNTs in
selective solvents, and the amphiphilic block polymers/CNTs
nanocomposites are expected to find their value in the develop-
ment of novel compatilizer and surfactant for special
materials.37,38 Therefore, we anticipate this work can supply a
clue about the achievement of various micromorphologies of the
diblock polymer in different selective solvents with the assistance
of SC CO2, and accordingly the tailored nanohybrid structure is
promising and important for functional design as a basic com-
ponent in microfabrication and other correlating fields.

2. EXPERIMENTAL SECTION

2.1. RawMaterials.The single-walled carbon nanotubes (SWCNTs)
were supplied by Carbon Nano Materials R&D Center, Chengdu Desran
Technology Co., Ltd. (China), with a purity of 90 wt %. The multi-walled
carbon nanotubes (MWCNTs) were purchased from Strem Chemicals,
with a purity of 85 wt %. Polyethylene-b-poly(ethylene oxide) (PE-b-PEO)
(molecular weight 1400 g mol�1, 50 wt % PE) was purchased from Sigma-
Aldrich. The organic solvents, such as p-xylene, 1,2-dichlorobenzene
(DCB), and N,N-dimethylacetamide (DMAc) were purchased from Sino-
pharmChemical Reagent Co., Ltd. (China). CO2 with purity of 99.9% was
provided by Zhengzhou Gas Co. (China).
2.2. Experimental Procedure. In a typical experiment, there

were three basic steps to fabricate the PE-b-PEO/CNTs nanohybrids.
First, PE-b-PEO (0.5 mg) was dissolved in p-xylene (3 g), at the suitable
temperature (80 �C) close to the crystallization temperature of PE-b-
PEO. CNTs (0.5 mg) were unbundled in p-xylene (2 g), and the mixture
was ultrasonicated for 1 h at 45 �C before being added to the prepared

PE-b-PEO solution. Second, the hybrid solution was transferred into the
SC CO2 apparatus (a 50 mL stainless steel autoclave) as quickly as
possible. Before agglomeration of the unbundled CNTs, the CNT/
polymer solution was quickly injected with CO2 and CO2 was charged
into the autoclave up to the desired temperature and pressure. Third, the
crystallization time was controlled for 3 h. At last, CO2 was slowly
released to atmospheric pressure, and the sample obtained was collected.
Control samples with different solvents for PE-b-PEO and CNTs,
including DCB and DMAc, were prepared in a similar manner.
2.3. Characterization Methods. Transmission electron micro-

scopy (TEM FEI Tecnai G2 20) was used to observe the morphologies
and microstructures of the decorated CNTs. Structural parameters of
CNTs were characterized by IR spectra and Raman spectroscopy,
respectively. IR spectra were acquired using a TENSOR 27 FTIR
spectrometer (Bruker) in the absorption mode with 32 scans at a re-
solution of 2 cm�1 intervals. Raman spectra were collected on a
Renishaw Microscope System RM 2000 at room temperature at
514.5 nm laser excitation. Spectra were collected at various locations
for each sample studied to determine reproducibility.

3. RESULTS AND DISCUSSION

3.1. SWCNTsModifiedwith PE-b-PEO inDifferent Solvents
with Assistance of SC CO2. Amphiphilic block copolymers can
present self-assembly behavior in selective solvents. The micro-
structure of block copolymer is controlled by the solvent
selectivity for the different blocks: the soluble block tends to
swell in the solvent, but the insoluble block tends to minimize

Table 1. Solubility Parameters of PE-b-PEO and Three
Organic Solvents

PE PEO p-xylene DCB DMAc

solubility parameter/(cal/cm3)1/2 8.0 10.2 8.7 9.5 11.1

Figure 1. TEM images of the SWCNTs decorated with PE-b-PEO at 80
�C and 13MPa for 3 h, but with different organic solvents: (a) DCB, (b)
p-xylene, and (c) DMAc.
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their contact with the solvent.19 Owing to the high aspect ratio,
CNTs are regarded as a good one-dimensional template to
assembly inorganic nanoparticles.3 Although many groups have
investigated the self-assembly behavior of amphiphilic block
polymers,12�23 there is little study on the block polymers
wrapping on CNTs in different selective solvents. Therefore,
our study focused on the effect of different solvents on the
morphology of amphiphilic block polymer (PE-b-PEO) and their
different decorating patterning on CNTs using SAIPE method.
In the SAIPE procedure, the variation of solvents is a typical
peripheral factor, which affects the antisolvent power and results
in different modification effects. Therefore, in this study, we
choose three organic solvents such as p-xylene, DCB, and DMAc
to study their effects on SC CO2-assisted PE-b-PEO crystal-
lization on CNTs. The solubility parameters of PE-b-PEO and
the three organic solvents are supplied in Table 1. From Table 1,
it can be found that the value of p-xylene is 8.7 (cal/cm3)1/2,
which is close to those of PE (8.0), DMAc (11.1) is close to PEO
(10.2), and DCB (9.5) is between PE (8.0) and PEO (10.2).
Therefore, p-xylene and DMAc are selective solvent for PE
segments and PEO segments, respectively. And DCB is a
nonselective, but a good solvent for both blocks; i.e., both PE
and PEO block chains can be soluble in it.
Figure 1 show the TEM images of PE-b-PEO/SWCNTs

nanohybrids prepared in different solvents. We found that when
DCB or p-xylene was used as the solvent, PE-b-PEO formed
periodic patterns on CNTs, whereas merely the thin polymer
coatings were observed on CNTs when using DMAc as the
solvent. In addition, the periodic crystals modified on the surface
of SWCNTs are more converged in p-xylene (Figure 1b) than in
DCB (Figure 1a). These distinct results of the double crystalline
block copolymer PE-b-PEO decorated on CNTs in different
solvents motivate us investigate the main reason for the forma-
tion of various patterns on CNTs.
As block copolymers PE-b-PEO are dissolved in solvents, they

will have the phase separation and form into ordered micro-
structures at a scale of 10�100 nm,39 which can be considered as
macromolecular surfactants.40 Li et al. have investigated the
possible scenarios in the block copolymer/nanotube/solvent
interaction parameters: (i) the block copolymers form micelles
or other aggregates, which separate from the CNTs; (ii) the
block copolymers form micelles that wrap around the carbon
nanotubes; and (iii) one segment of the block copolymer crystal-
lizes on the carbon nanotubes, leading to nanotube-induced

block copolymer phase separation.8 In our study, the concentra-
tion of PE-b-PEO is only 0.1 mg/mL, which is much lower than
the critical micelle concentration (CMC), at which PE-b- PEO
individual chains could not aggregate.12 So the scenario (iii)
should be the domnant physical process in the present system.
The formation mechanism of PE-b-PEO assembling and

modifying on CNTs with assistance of SC CO2 in different
solvents can be illustrated in Scheme 1. SC CO2 cannot dissolve
PE, but it can be miscible with DCB, p-xylene, and DMAc at
suitable experimental conditions. Therefore, SC CO2 is consid-
ered as the antisolvent for PE-b-PEO in the three different PE-b-
PEO/solvent systems. This process can be described as follows.
When CO2 is injected into the PE-b-PEO/solvents system, the
phase separation can be observed because of the reduced solvent
strength, which leads to PE-b-PEOmacromolecules separate out
of the supersaturated solution successively. Further PE-b-PEO
molecules can be adsorbed on the surface of CNTs. When DCB
was used as the solvent, it is the nonselective for both segments of
PE and PEO, but it is good solvent for both of them, so PE blocks
and PEO block are in the extending state. With the injection of
CO2, the diblock copolymer can be separated out. Because of the
CNTs can provide effective nucleation for PE segments, PE
deposited on CNTs primarily and further realize its crystallization

Scheme 1. PE-b-PEOModification on CNTs with Assistance
of SC CO2 Using Three Different Solvents

Figure 2. TEM images of the SWCNTs decorated with PE-b-PEO in
DCB at 80 �C for 3 h, but with different experimental pressures: (a) and
(a1) 11 MPa, (b) and (b1) 13 MPa, (c) and (c1) 15 MPa.
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including the nucleus formation and crystal growth, whereas for
the PEO segments, it has been reported that PEO did not
crystallize on pristine CNTs because of the unfavorable interaction
between CNTs and the PEO chains.41,42 So the periodic patterns
of PE-b-PEO on SWCNTs are obtained, which consist of disk-
shaped folded chain lamellae of PE blocks with random coils of
amorphous PEO blocks surrounding them (shown in Figure 1a).
In the PE-b-PEO/SWCNTs/p-xylene system, because p-xylene is
the selective solvent for PE, PE segments are in the stretching state
while PEO block is in the curled state. Because of the effective
heterogeneous nucleating role of CNTs on PE segments, PE
chains can be easy to contact with SWCNTs. The curled PEO
blocksmay result in the decreased period between the adjacent PE
lamellae (Figure 1b). When the solvent is switched to DMAc,
which is more selective for PEO, thin PE-b-PEO coatings are
formed onCNTs. InDMAc solvent, PE block is in the curled state,
so PE segments are hard to adsorb on the surface of CNTs and
conduct the heterogeneous nucleation. Therefore, the surface of
SWCNTs is merely coated by a thin PE-b-PEO coating when
using DMAc as solvent (Figure 1c).
Therefore, the large difference in morphological variation of

PE-b-PEO decorating on CNTs can be attributed to the differ-
ence of the selective solvent. And the variation of solvent can
induce the difference of the thermal mobility of PE segments in
solvent, which is related with the conformation of chains and
their packing mode, i.e., an extended chain or a folded chain. And
this is a decisive factor on the obtained micormorphology of the
assembling diblock copolymer on CNTs.
3.2. Modification of CNTs Using DCB as Nonselective

Solvent for PE-b-PEO: Effect of CO2 Pressure. PE-b-PEO
assembling on CNTs in the form of periodic patterns when
using DCB as solvent is evident from the TEM images of
Figures 2 and 3. For supercritical fluid, experimental pressure
has an important effect on the solvent power, and the variation of

experimental pressure can be regarded as a typical outside
effect.34 Therefore, we are very interesting to investigate the
effect of SC CO2 on the decorated behavior of PE-b-PEO on
CNTs. We changed the experimental pressure of SC CO2 from
11 MPa to 13 and 15 MPa with the fixed concentration of PE-b-
PEO at 0.01 wt % and CNTs concentration at 0.01 wt %. When
the experimental temperature is 80 �C, the obtained TEM results
of PE-b-PEO decorated on SWCNTs are shown in Figure 2. The
surfaces of SWCNTs or SWCNT bundles are modified by PE-b-
PEO regular patterns at different pressures. At low pressure of
11 MPa, the slice crystals are formed, and the period of regular
pattern is ∼20 nm. Whereas, with the increase of SC CO2

pressure, we find that the period of the adjacent PE crystals is
much smaller. This phenomenon is attributed to a variation of
antisolvent power with the increase of SC CO2 pressure.6

Because of the dissolution of more CO2, the volume of the liquid
phase at higher pressure is more expanded, and the density and
the solvent power of DCB rich phase decrease more. So more
PE-b-PEO molecules can be separated out of the solvent to
nucleate, which leads to the periods of PE lamellae on CNTs
become smaller under the higher pressure.
Besides SWCNTs as the modification object, we also find a

similar tendency that the modified effect of PE-b-PEO on
multiwalled CNTs (MWCNTs) from 11 to 15 MPa at 80 �C
(Figure 3). Apparently at 11 MPa, the crystals modified on
MWCNTs are very thin and small. When the CO2 pressure
increases to 15 MPa, a more complete wrapping on MWCNT is
observed, and the PE-b-PEO crystals can be observed much
larger than that at 11 and 13MPa.We attribute this phenomenon
to the following reasons: with an increasing pressure of SC CO2,
the amount and speed of CO2 dissolved in DCB increase and
the solvent power of DCB decreases more; therefore, more
PE-b-PEO can be deposited on MWCNTs and this supplies
possibility to form larger crystals.

Figure 3. TEM images of the MWCNTs decorated with PE-b-PEO in
DCBat 80 �C for 3 h, butwith different experimental pressures: (a) 11MPa,
(b) 13 MPa, (c) and (c1) 15 MPa.

Figure 4. TEM images of the SWCNTs decorated with PE-b-PEO in
p-xylene at 80 �C for 3 h, but with different experimental pressures:
(a) 11 MPa, (b) 13 MPa, and (c) 15 MPa.
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3.3. Modification of CNTs Using p-Xylene and DMAc as
Selective Solvent for PE-b-PEO: Effect of SC CO2 Pressure.
Figure 4 displays the TEM micrographs of SWCNTs decorated
with PE-b-PEO using p-xylene as the solvent at different SC CO2

pressures. Apparently, it can be seen that PE-b-PEO molecular
chains have wrapped around CNTs with a regular pattern. With

the change of pressure from 11 to 15 MPa, the crystals modified
on the surface of SWCNTs are more converged. In addition, we
use MWCNTs as nucleation center to study the modification
effect of PE-b-PEO, shown in Figure 5. It is evident that with the
increase of SC CO2 pressure the sizes of the lamella are much
larger. Further we study the effect of SC CO2 pressure on the
modification of diblock copolymer on CNTs using DMAc. The
experimental results are shown in Figure 6, and it can be observed
that the wrapping PE-b-PEO on CNTs is just thin polymer
coatings no matter at any SC CO2 pressure.
3.4. Interaction Analysis between CNTs and PE-b-PEO. In

the early research, the π�π interactions of CNTs which is con-
sidered as electron-rich molecules with electron-deficient mol-
ecules have been used for the noncovalent functionalization.43,44

Recently, Kondratyuk et al. have shown thatmolecular interactions
between carbon�hydrogen groups (CH groups) and π systems
and the existence of CH�π interactions could lead to adsorp-
tion.45 Furthermore, Baskaran et al. have used the FTIR and
Raman spectra to show the evidence for the presence of CH and
OH group in molecules may form interactions with the π systems
of MWCNTs.46

For the pristine PE-b-PEO (Figure 7), the peaks at 3441 and
3290 cm�1 are due to stretching vibration band of OH, the peaks at
1465 and 1415 cm�1 are due to in-plane deformation vibration band
of CH, and the peak at 801 cm�1 is owing to out-plane deformation
vibration band of CH. Obviously, there are two differences between
pristine PE-b-PEO and PE-b-PEO/SWCNTs nanohybrids in the
three different solvents. On the one hand, the deformation vibration
band of CH at 1415 and 801 cm�1 of PE-b-PEO/SWCNTs
nanohybrids prepared in DCB and p-xylene are obviously decreased
compared with pristine PE-b-PEO; on the other hand, the stretching
vibration band of OH at 3290 cm�1 of nanohybrids prepared in
DMAc is obviously increased compared with pristine PE-b-PEO.
The results can confirm that the presence of CH�π interactions
in the nanohybrids prepared in DCB and p-xylene, which would
change the intensity of the CH deformation vibration of the
polymer. What is more, the increased intensity of the peak at
3290 cm�1 assigned to the stretching vibration band of OH can
confirm that the presence of OH�π interactions between
PE-b-PEO molecules and SWCNTs in DMAc. Therefore, there

Figure 5. TEM images of the MWCNTs decorated with PE-b-PEO in
p-xylene at 80 �C for 3 h, but with different experimental pressures: (a)
11 MPa, (b) 13 MPa, and (c) 15 MPa.

Figure 6. TEM images of the SWCNTs decorated with PE-b-PEO
in DMAc at 80 �C for 3 h, but with different experimental pressures:
(a) 11 MPa, (b) 13 MPa, and (c) 15 MPa.

Figure 7. FTIR spectra of pristine-PE-b-PEO and PE-b-PEO decorat-
ing SWCNTs at SC CO2 pressures of 13 MPa at 80 �C using different
solvents: DCB, p-xylene, and DMAc for 3 h.
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exist different interactions between PE-b-PEO molecules and
SWCN4Ts in different solvents, CH�π interactions in DCB and
p-xylene, and OH�π interactions in DMAc.

Figure 8 shows the FTIR spectra of PE-b-PEO/SWCNTs
nanohybrids prepared under different SC CO2 pressures in DCB
(a), p-xylene (b), and DMAc (c). When the pressure is as low as
11 MPa, the absorption intensity of C�H deformation vibration

Figure 8. FTIR spectra of PE-b-PEO decorating SWCNTs at different
SC CO2 pressures of 11, 13, and 15 MPa using DCB (a), p-xylene (b),
and DMAc (c) as solvent at 80 �C for 3 h.

Figure 9. Raman spectra of pristine-SWCNTs and PE-b-PEO-deco-
rated SWCNTs at 80 �C for 3 h and different SC CO2 pressures: 11, 13,
and 15 MPa using different selective solvents, DCB (a), p-xylene (b),
and DMAc (c).
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bands of PE-b-PEO/SWCNTs nanocomposites is very weak due
to only a few of PE-b-PEO molecules decorating on SWCNTs.
With the increase of pressure, the C�H deformation vibration
bands ascribed to PE-b-PEO are higher, confirming that more
PE-b-PEO molecules are decorated on the surface of SWCNTs
and the stronger noncovalent interactions between PE-b-PEO
molecules and SWCNTs at the higher SC CO2 pressure
In an attempt to further confirm the presence of CH�π

interaction, the composite mixtures were subjected to Raman
spectroscopy. Raman spectroscopy (RS) is convenient for
analysis of the interfacial interactions between polymer and
carbon materials, such as CNTs.47 Figure 9 shows the Raman
spectra of pristine SWCNTs and the PE-b-PEO-decorated
SWCNTs nanohybrids produced in the three organic solvents
under different SC CO2 pressures, and the details of the results
are provided in Tables 2�4. All carbon forms contribute to the
Raman spectra in the range from 1000 to 1700 cm�1. The
observation of the two characteristic peak features at 1347.2 and
1588.1 cm�1, corresponding to the D-band (C�C, the disor-
dered graphite structure) and G-band (CdC, sp2-hybridized
carbon), respectively.47 The intensity of the D- and G-bands of
SWCNTs in the PE-b-PEO-decorated SWCNTs nanohybrids
has a tendency to diminish with the increasing pressure of SC
CO2 (Figure 9). There are also some shifts in G-band and
D-band peaks to higher wavenumber with the increasing pres-
sure of SC CO2 from 11 MPa to 13 and 15 MPa. The shift of the
vibration frequency is attributed to the effect of CH�π or
OH�π interactions between polymer molecules and the
SWCNTs. In addition, with the increase of SC CO2 pressure,
SC CO2 enhances the diffusivity of the polymers and more PE-b-
PEO molecules can be separated out of the organic solvent. The
more PE-b-PEO molecules in the nanohybrids increases the
coverage area of polymer on SWCNTs’ surface, which affects the
vibration movements of C�C bands on the SWCNTs due to
CH�π or OH�π interactions.46 We also use ID/IG ratio, which
is defined as the intensity ratio of the D-band toG-band of CNTs,
to directly indicate the structure changes of CNTs.48 As listed in
Tables 2�4, the ID/IG ratio of pristine SWCNTs is 0.0523.

Furthermore, the ID/IG ratio of the PE-b-PEO-decorated
SWCNTs tends to be higher with the increasing pressure of
SCCO2. The enhancement of the ID/IG ratio can be attributed to
the increase in sp3-hybridized sidewall carbons due to the
functionalization.

4. CONCLUSIONS

In this study, we have further developed the supercritical CO2

antisolvent method to help a double-crystalline diblock copoly-
mer, PE-b-PEO, to decorate on CNTs and further fabricate the
functional nanohybrids of the PE-b-PEO/CNTs in three differ-
ent solvents. When DCB or p-xylene was used as the solvent, PE-
b-PEO formed periodic patterns on CNTs, where the nanotube-
induced PE crystallization was critical to the formation of the
novel regular nanohybird structure. When the solvent was
switched to N,N-dimethylacetamide (DMAc), which was more
selective for PEO, periodic patterns were not observed and
merely the thin polymer coatings were observed on CNTs.
The experimental results indicated that the decorating degree
of PE-b-PEO on the surface of CNTs increases significantly with
the increase of SC CO2 pressure. FT-IR and Raman spectra
indicate there are multiple weak molecular interactions between
polymer chains and CNTs, where the CH�π interactions
between PE-b-PEO and SWCNTs in DCB and p-xylene, and
OH�π interactions in DMAc have been indicated, respectively.
This work not only provides the possibilities of fabricating PE-b-
PEO/CNTs nanocomposites with the assistance of SC CO2 but
also illustrates the vital effect of surface modification of CNTs in
the different selective solvents. So combining the properties of
SC CO2 and diblock copolymer into one system is a novel field,
and it may lead to the development of newmethod to control the
surface modification of CNTs and other matrix materials by
adjusting different organic solvent for diblock copolymer, which
is a key step toward the achievement of the functional CNTs-
based nanocomposties. And the tailored nanohybrid structures
are promising as a basic component in microfabrication and
other correlating fields.
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Table 2. D- and G-Band Shifts and Raman ID/IG Intensity
Ratios of Pristine SWCNTs and PE-b-PEO Decorating
SWCNTs Using DCB as Solvent at 80 �C, with Different SC
CO2 Pressures of 11, 13, and 15 MPa

D-band (cm�1) G-band (cm�1) ID/IG

SWCNTs 1347.2 1588.1 0.0523

DCB (11 MPa, 80 �C) 1349.3 1591.3 0.0631

DCB (13 MPa, 80 �C) 1351.3 1592.6 0.0647

DCB (15 MPa, 80 �C) 1352.7 1593.9 0.0672

Table 3. D- and G-Band Shifts and Raman ID/IG Intensity
Ratios of Pristine SWCNTs and PE-b-PEO-Decorating
SWCNTs Using p-Xylene as Solvent at 80 �C, with Different
SC CO2 Pressures of 11, 13, and 15 MPa

D-band (cm�1) G-band (cm�1) ID/IG

SWCNTs 1347.2 1588.1 0.0523

p-xylene (11 MPa, 80 �C) 1349.1 1591.7 0.0642

p-xylene (13 MPa, 80 �C) 1352.3 1593.3 0.0673

p-xylene (15 MPa, 80 �C) 1353.1 1594.8 0.0688

Table 4. D- and G-Band Shifts and Raman ID/IG Intensity
Ratios of Pristine SWCNTs and PE-b-PEO-Decorating
SWCNTs Using DMAc as Solvent at 80 �C, with Different SC
CO2 Pressures of 11, 13, and 15 MPa

D-band (cm�1) G-band (cm�1) ID/IG

SWCNTs 1347.2 1588.1 0.0523

DMAc (11 MPa, 80 �C) 1351.6 1592.8 0.0634

DMAc (13 MPa, 80 �C) 1353.1 1594.4 0.0652

DMAc (15 MPa, 80 �C) 1354.7 1597.3 0.0698
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