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as efficient electron transfer media to 
improve the performance of electric 
double-layer capacitors (EDLCs).[9] Fur-
thermore, the blending of a self-assem-
bled block copolymer with the carbon 
source (e.g., phenolic resin) is becoming 
more widespread. This method has the 
advantage of providing well-ordered 
mesoporous structures that can be used 
efficiently in various applications.[10,11]

Typically, a block copolymer that 
forms a self-assembled structure is 
mixed with a carbon source to obtain 
various dimensional carbon structures. 
The blending of a commercial Plu-
ronic-type triblock copolymer, such as 
poly(ethylene oxide-b-propylene oxide-
b-ethylene oxide), as the template is the 
method used most widely to prepare 
mesoporous materials.[12–19] Because of 
limitations in molecular weight and com-
position, it can, however, be difficult to 
prepare mesoporous materials having 
pore sizes of greater than 10  nm when 
using Pluronic-type triblock copolymers. 

Block copolymers featuring long hydrophobic segments and 
high molecular weight—for instance, poly(ethylene oxide-
b-styrene) (PEO-b-PS)[20,21] and poly(ethylene oxide-b-methyl 
methacrylate) (PEO-b-PMMA)[22]—are promising candidates 
as templates to prepare large-pore-size mesoporous carbons. 
For example, Zhao et  al. prepared mesoporous carbons with 
long-range order, large surface areas (>1500 m2 g−1), and 
large pores (≈23 nm) when using PEO125-b-PS230 as the tem-
plate as displayed in Scheme  S1a–c in the Supporting Infor-
mation.[21] With PEO125-b-PMMA114 as the template, they 
obtained mesoporous carbons having large surface areas 
(>1500 m2 g−1) and pores (≈10 nm)[22] when applying resol as 
the carbon source. Mesoporous carbons with smaller pores 
but thicker walls were obtained when using PEO-b-PMMA 
as the template, rather than PEO-b-PS, because the phenolic 
OH units could interact strongly with the PEO segment (inter-
association equilibrium constant (KA) = 286)[23] and weakly 
with the PMMA CO units (KA = 20)[24,25] through hydrogen 
bonding, but not with the hydrophobic PS segment. Indeed, 
the PS block segment would undergo complete microphase 

In this study, mesoporous carbons are prepared by using a resol-type 
phenolic resin as the carbon source and poly(ethylene oxide-b-lactic 
acid) (PEO-b-PLA) copolymer as the template, with a process of thermal 
curing, calcination, carbonization, and activation. The structures of these 
mesoporous carbons are strongly influenced by the self-assembled struc-
tures formed from phenolic/PEO-b-PLA blends, varying from double-gyroid, 
to cylinder, and finally to spherical micelle structures upon increasing the 
phenolic concentrations. The large pores (>20 nm) and high surface areas 
(>1000 m2 g−1) of these activated mesoporous carbons arise because the 
phenolic resin interacts only with the PEO segment (i.e., not with the PLA 
segment) through hydrogen bonding; thus, the relative wall thickness of 
the phenolic matrix decreases after template removal (thereby increasing 
the pore size), similar to the behavior of the poly(ethylene oxide-b-styrene) 
template system. Furthermore, these mesoporous carbons display efficient 
energy storage capacities of up to 200 F g−1 at 5 mV s−1, with excellent 
stabilities after 5000 charge/discharge cycles at 20 A g−1. Thus, this facile 
approach provides large and well-ordered mesoporous carbons suitable for 
energy storage applications.

1. Introduction

Mesoporous materials are becoming attractive materials 
for their various applications in, e.g., drug delivery, energy 
storage, and energy generation, as well as other fields.[1–8] In 
energy storage devices, mesoporous carbons can function 
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separation from the miscible phenolic/PEO domains and, 
thereby, induce larger pores and thinner walls from the phe-
nolic matrix after the removal of the template. Modification of 
the chain end of the PEO block segment (e.g., as PEO-Br) is 
necessary for use as an atom transfer radical polymerization 
macroinitiator for the syntheses of both PEO-b-PS and PEO-
b-PMMA templates.[20–22] In previous studies, we system-
atically studied the preparation of mesoporous carbons from 
both novolac- and resol-type phenolic as carbon sources when 
using poly(ethylene oxide-b-caprolactone) (PEO-b-PCL) as 
templates as displayed in Scheme  S1d–f in the Supporting 
Information.[26–32] These PEO-b-PCL copolymers were readily 
synthesized through ring opening polymerization (ROP) 
of caprolactone as the monomer when using commercial 
PEO-OH homopolymers as macroinitiators without the need 
for modification of the chain end.[26–32] Nevertheless, the 
largest pores of the resulting mesoporous carbons were only 
≈12  nm when using PEO-b-PCL as templates, because OH 
units of phenolic also interacted strongly with PCL CO units 
(KA  = 116), similar to the behavior as using PEO-b-PMMA 
template; thus, the wall thickness of the phenolic matrix 
increased as a result of forming phenolic/PCL domains, 
thereby decreasing the pore size.[31,32]

From a consideration of potential monomers for ROP 
that would provide weakly hydrogen bonding acceptor units, 
l-lactide (LLA) appeared to be a promising candidate for use 
in the template because the KA value for phenolic/PLLA blend 
is <10.[33] Nevertheless, the crystallization behavior of PEO-b-
PLLA copolymers used as the template would strongly affect 
the resulting self-assembled mesostructures because the free 
energy of crystallization is generally lower than microphase 
separation process; accordingly, lamellar structures have gen-
erally been observed from the PLLA crystallization.[34] For-
tunately, crystalline PLLA segments can readily be changed 
into amorphous PLA segments when incorporating an equal 
number of D- and L-forms in which the overall PLA seg-
ment is not chiral.[35] In this study, we synthesized a PEO114-
b-PLA94 diblock copolymer through simple ROP when using 
commercial PEO-OH as a macroinitiator. We then prepared 
mesoporous carbons by using resol as the carbon source and 
the PEO-b-PLA as a template, through a process of thermal 
curing, calcination, carbonization, and activation (Scheme  1). 
These facile methods for preparing the templating PEO-
b-PLA copolymer and for synthesizing large-pore (>20  nm) 
mesoporous carbons appear to be very applicable for energy 
storage and generation.

2. Results and Discussion

2.1. Characterization of Phenolic/PEO-b-PLA Blends

We synthesized the amphiphilic PEO114-b-PLA94 diblock 
copoly mer for use as a template and calculated its molecular 
weight using 1H NMR spectroscopy (Figure  S1, Supporting 
Information). Signals appeared at 3.65  ppm corresponding to 
the PEO methylene (CH2) protons and at 5.14 and 1.58 ppm for 
the methine (CH) and methyl (CH3) protons, respectively, for 
PLA segment, with the ratio of the integrated areas of the peaks 
for the methine and methyl protons being 1:3. The molecular 
weight of PEO114-b-PLA94 was determined from the area ratio 
of the signals from the CH or CH3 units for PLA segment and 
the CH2 units of the PEO segment. Activated mesoporous car-
bons were prepared by dissolving phenolic/PEO-b-PLA blends 
in THF transforming the mesophase gradually into highly 
ordered structures through EISA, thermal curing, carboniza-
tion, and activation, as displayed in Scheme 1.

Fourier-transform infrared (FTIR) spectroscopy was used 
to investigate the hydrogen bonding interactions in phenolic/
PEO-b-PLA blends (Figure 1). The FTIR spectrum of the pure 
resol-type phenolic resin displayed (Figure  1a) two major 
signals: one for free OH unit at 3525  cm−1 and the other at 
3350  cm−1 because of self-association OH···OH hydrogen 
bonding. The intensity for free OH units gradually decreased 
and that for the self-association hydrogen bonding shifted 
to lower wavenumber (≈3200  cm−1) upon increasing PEO-
b-PLA concentration, implying that the weak self-association 
OH···OH hydrogen bonds transformed to strong inter-
association hydrogen bonding of the OH with the COC 
units.[36] We did not observe evidence for inter-molecular 
hydrogen bonding of phenolic OH units with the CO units 
of the PLA segment. In Figure 1b, the pure PLA segment pro-
vided a signal for its free CO units at 1756  cm−1; no peak 
shifting occurred or any new shoulder peak appeared upon 
increasing the phenolic concentration in the phenolic/PEO-
b-PLA blends. This result is quite different from those found 
for other polymers containing CO groups when blended with 
phenolic resin, including PCL (KA  = 116),[16] polyvinyl acetate 
(KA = 83),[36] para-aminosalicylic acid (KA = 64),[37] and PMMA 
(KA  = 20),[24] and their homopoly mers. The strong intramo-
lecular CH···OC hydrogen bonding in the PLA seg-
ment resulted in the lower hydrogen bonded acceptor ability 
(KA < 10).[33] Furthermore, a band near 1100 cm−1 characterized 
the intermolecular hydrogen bonding in the phenolic/PEO 

Scheme 1. Fabrication of c) mesoporous carbons and activated mesoporous carbons (with KOH) through templation using a) a PEO-b-PLA copolymer 
and b) reaction-induced microphase separation mechanism and phenolic/PEO-b-PLA blends.
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domains. Figure  1c presents the FTIR spectral range con-
taining the signal for the ether absorptions of the phenolic/
PEO-b-PLA blends. Pure PEO-b-PLA provided a characteristic 
band at 1100  cm−1 corresponding to the COC absorption 
of its PEO segment. Upon increasing the phenolic concentra-
tion, this band shifted gradually to 1095  cm−1.[32] As a result, 
we suspect that the phenolic OH units interacted only with the 
PEO segment, and not with the PLA segment, similar to the 
behavior of phenolic/PEO-b-PS blend systems.[20,21]

Figure  2a,d,g presents the small-angle X-ray scattering 
(SAXS) profiles of various phenolic/PEO-b-PLA blends meas-
ured at room temperature (red lines). The scattering pattern of 
the phenolic/PEO-b-PLA = 40/60 blend (Figure  2a) featured a 
peak ratio of √6:√8:√20:√22, indicative of a bicontinuous gyroid 
structure, with the first scattering peak locating at a value of 
√6q* of 0.203  nm−1 (d  = 30.93  nm). Increasing the phenolic 
concentration to give the phenolic/PEO-b-PLA = 50/50 blend 
caused the scattering pattern (Figure  2d) to have a peak ratio 
of 1:√3:√4:√7, representing the high order of the hexagonally 
packed cylinder structure, the first peak at a value of q* of 
0.201 nm−1 (d = 31.24 nm). For the phenolic/PEO-b-PLA = 60/40 
blend, the scattering pattern (Figure 2g) featured only weak and 
broad peaks at a ratio of 1:√3, implying the presence of a short-
range-ordered wormlike or spherical micelle structure, with the 
first peak at a value of q* of 0.194 nm−1 (d = 32.37 nm). Thus, an 
order–order morphological transition occurred from a gyroid, 
to a cylinder, and finally to a spherical micelle structure, with 
the domain size (d-spacing) increasing, upon increasing the 
phenolic concentration, characteristic of wet-brush behavior in 
the phenolic/PEO-b-PLA blends, as has been observed also for 
phenolic/PEO-b-PCL blend systems.[26–32]

2.2. Characterization of Mesoporous Carbons Templated by 
PEO-b-PLA Copolymer

We thermally cured the phenolic matrix at 150 °C for 24 h 
and then performed the thermal calcination at 700 °C to 
remove PEO-b-PLA template and produce the mesoporous 
carbons. Figure  2a,d,g also presents the SAXS profiles of the 
mesoporous carbons obtained from the corresponding phe-
nolic/PEO-b-PLA blends, measured at room temperature 
(green lines). After removal of the PEO-b-PLA template, all of 
the signals became sharper (the result of greater electron den-
sity contrast upon pore formation), but the peak ratios did not 
change, implying that the original self-assembled structures 
and shapes were maintained. In addition, the first peaks were 
shifted to higher values of q after thermal calcination, because 
of the removal of hydrogen, oxygen, and carbon atoms from 
the mesoporous matrix, revealing that the d-spacing shrunk 
during thermal pyrolysis. For example, the SAXS pattern of the 
mesoporous carbon obtained from the phenolic/PEO-b-PLA = 
40/60 blend exhibited peaks (Figure 2a, green line) in the char-
acteristic √6:√8:√20:√22 ratio, indicating that the gyroid struc-
ture was maintained after thermal calcination, as confirmed 
from the transmission electron microscopy (TEM) images 
viewed from the [111] and [211] planes (Figure  2b,c, respec-
tively). The first peak corresponding to √6q* from [211] had 
shifted to 0.33  nm−1 (d  = 19.03  nm); the cell parameter a was 
46.61 nm, calculated using the equation a = 61/2d211. The SAXS 
pattern of the mesoporous carbon obtained from phenolic/
PEO-b-PLA = 50/50 blend retained the peaks at a 1:√3:√4:√7 
ratio (Figure  2d, green line), corresponding to a hexagonally 
packed cylinder structure, consistent with the TEM images in 

Figure 1. FTIR spectra, recorded at room temperature, of various phenolic/PEO-b-PLA blends: a) OH stretching, b) C=O, and c) COC regions.
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Figure 2e (side view) and Figure 2f (top view); the first peak had 
shifted to 0.31  nm−1 (d  = 20.25  nm) after thermal calcination. 
Finally, the SAXS pattern of the mesoporous carbon obtained 
from the phenolic/PEO-b-PLA = 60/40 blend featured peaks at 
a 1:√3 ratio (Figure  2g, green line), suggesting a short-range-
ordered wormlike or spherical micelle structure, consistent 
with the TEM images in Figure 2h,i; the first peak had shifted 
to 0.27 nm−1 (d = 23.25 nm) after thermal calcination.
Figure  3 displays N2 sorption isotherms of these three 

mesoporous carbons. The typical type-IV curves observed for 
the mesoporous carbons obtained from both the phenolic/
PEO-b-PLA = 40/60 and 50/50 blends underwent sharp capil-
lary condensations at relative pressures in the range from 0.8 
to 1.0, thereby revealing H1-like hysteresis loops, suggesting 

common mesoporous structures with large and cylindrical 
pores. The H2-like hysteresis loops for the mesoporous carbon 
obtained from the phenolic/PEO-b-PLA = 60/40 blend, sug-
gested a common cage-like mesoporous structure, as displayed 
in Figure 3a. These findings are consistent with the SAXS and 
TEM data. The mean pore size distributions of the mesoporous 
carbons obtained from the phenolic/PEO-b-PLA = 40/60, 50/50, 
and 60/40 blends, based on the Harkins and Jura model, 
were 20.7, 18.5, and 21.0 nm, respectively, based on Figure 3b. 
Thus, the pore sizes (>21 nm) of the mesoporous carbons tem-
plated by PEO114-b-PLA94 (Mn  = 10 600  g mol−1) were similar 
to those (≈23  nm) obtained when using PEO125-b-PS230 (Mn  = 
29 000  g mol−1) as the template, albeit of much higher mole-
cular weight.[21] The SAXS patterns and N2 sorption isotherms 

Figure 2. SAXS and TEM analyses of phenolic/PEO-b-PLA blends, and corresponding mesoporous carbons, obtained at ratios of a–c) 40/60, d–f) 
50/50, and g–i) 60/40.
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of the mesoporous carbons obtained from the phenolic/
PEO-b-PLA = 30/70 and 70/30 blends (Figure  S3, Supporting 
Information) reveal short-range-ordered mesoporous struc-
tures; thus, our focus in this study was aimed primarily at the 
mesoporous carbons obtained from the phenolic/PEO-b-PLA = 
40/60, 50/50, and 60/40 blends. Table  1 summarizes the pore 
sizes, surface areas, and pore volumes of the mesoporous 
carbons.

2.3. Characterization of Activated Mesoporous Carbon

Because an EDLC supercapacitor stores its electrical energy 
through a static electricity effect, we first performed an acti-
vation process with these mesoporous carbons to increase 
their mesoporous surface areas for electrolyte adsorption. 
Figure  4a,c,e displays the SAXS patterns of the mesoporous 

carbons (green lines) and activated mesoporous carbons (blue 
lines) obtained from the various phenolic/PEO-b-PLA blends. 
The patterns of all of these activated mesoporous carbons 
retained their peak ratios after performing the KOH activation 
process, suggesting that their porous structures remained. For 
example, the activated mesoporous carbon derived from phe-
nolic/PEO-b-PLA = 40/60 (Figure 4a, blue line) retained the sig-
nals at a √6:√8:√20:√22 ratio of a typical double-gyroid structure, 
as confirmed in the TEM image observed from the [111] plane 
(Figure  4b). The hexagonal cylinder structure, revealed by sig-
nals at a 1:√3:√4:√7 ratio (Figure 4c, blue line), for the activated 
mesoporous carbon derived from phenolic/PEO-b-PLA = 50/50, 
was also confirmed by its top-view TEM image (Figure 4d). The 
mesoporous carbon featuring the spherical micelles retained 
its mesophase after the activation process, with a peak ratio 
of 1:√3 (Figure 4e, blue line), as confirmed in the TEM image 
in Figure 4f. Thus, the SAXS and TEM analyses indicated that 
all of the mesoporous structures were maintained; they had 
extremely stable structures, even under the strongly basic con-
ditions and high temperature employed during their activation.
Figure  5 displays the N2 adsorption/desorption isotherms 

recorded after the activation process to measure the Brunauer–
Emmett–Teller (BET) surface areas and pore sizes. Interest-
ingly, the adsorption/desorption isotherms of the mesoporous 
carbons were retained after their activation: type IV with H1 
hysteresis loops for the structures derived from phenolic/PEO-
b-PLA = 40/60 and 50/50 (Figure 5a,c) and a H2 hysteresis loop 
for the structure derived from phenolic/PEO-b-PLA = 60/40 
(Figure  5e). Furthermore, the pore sizes of mesoporous car-
bons were similar before and after activation: decreasing from 
20.7 to 17.6 nm for the gyroid structure (Figure 5b), remaining 
the same for the cylinder structure (both 18.5 nm, Figure 5d), 
and decreasing from 21.0 to 20.6 nm for the spherical micelle 
structure (Figure 5f). Table 1 also lists the textural properties of 
these three activated mesoporous carbons; their surface areas 
all increased significantly after activation. Thus, the activation 
treatment not only decreased the pore sizes but also created 
new micropores that enhanced the surface areas, and these sur-
face areas and pore sizes were larger than those of other previ-
ously reported activated mesoporous carbons.[32] For example, 
an activated mesoporous carbon obtained from the same resol-
type of phenolic resin as the carbon source, but templated by 

Figure 3. a) N2 adsorption/desorption hysteresis isotherms and b) pore 
size distributions of mesoporous carbons obtained from various phe-
nolic/PEO-b-PLA blends.

Table 1. Textural properties of mesoporous carbons and activated mesoporous carbons prepared from various resol/PEO-b-PLA blends.

Mesoporous carbon da) [nm] Pore sizeb) [nm] SBET
b) [m2 g−1) SM

b) [m2 g−1] Vtotal [cm3 g−1] VM [cm3 g−1] Structure

30/70 – – 470 88 0.289 0.073 Disorder

40/60 19.03 20.7 532 113 0.286 0.121 Gyroid

50/50 20.25 18.5 584 174 0.627 0.416 Cylinder

60/40 23.25 21.0 487 116 0.378 0.186 Sphere

70/30 25.12 – 483 88 0.318 0.196 Disorder

Activated mesoporous carbon

40/60 17.6 1055 915 0.629 0.455 Gyroid

50/50 18.5 1182 921 0.849 0.459 Cylinder

60/40 20.6 1042 864 0.664 0.429 Sphere

a)SAXS pattern by d = 2π/q* equation; b)SBET is the total BET surface area and SM is the micropore surface area.
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a PEO-b-PCL copolymer, featured pore sizes of only 15.6  nm 
for the cylinder structure and 14.1 nm for the gyroid structure, 
even though the molecular weight for PEO-b-PCL copolymer 
(Mn  = 15 000  g mol−1)[32] was higher than that of the PEO-
b-PLA copoly mer (Mn = 10 600 g mol−1) used in this study. This 
result can be understood by considering that the OH units of 
the phenolic not only interacted with the COC units in the 
PEO segment but also with the CO units in the PCL segment; 
thus, the wall thickness of the phenolic matrix increased and 
the pore size decreased after thermal calcination. In contrast 
to the PEO-b-PCL template, for the PEO-b-PLA copolymer the 
phenolic resin could interact only with the PEO segment, and 
not with the CO units in the PLA segment; thus, in this pre-
sent study, the relative wall thickness of the phenolic matrix 
decreased, corresponding to an increase in the pore size.

Because these activated mesoporous carbons had high sur-
face areas, we suspected they would be highly useful in various 
energy-related applications.[38] We investigated these activated 
mesoporous carbons for their ability to boost the efficiencies 
of electrochemical energy storage.[39,40] We measured their per-
formance in a three-electrode cell using 6.0 m KOH as a basic 
electrolyte; these conditions provided a green medium having a 
wide potential range for cyclic voltammetry (CV), from −0.9 to 
−0.1  V, for all the activated mesoporous carbons (Figure 6).[41] 
All of the activated mesoporous carbons derived from the var-
ious PEO- b-PLA ratios provided similar EDLC curves within 
the investigated range, suggesting uniform carbon structures 

after activation at all of the ratios.[42,43] Furthermore, we 
observed evidence for a mild pseudocapacitor reaction at the 
edges of the curves, possibly due to functionalization with 
oxygen and nitrogen atoms during the high-temperature acti-
vation process.[44,45] These results are typical and similar to 
those we found previously for structures formed when using 
a PEO-b-PCL copolymer as the template.[42] In addition, the 
capacitances of the electrode materials obtained at all activated 
carbon ratios were quite similar (Figure  S4, Supporting Infor-
mation), suggesting that the different mesoporous carbons 
did not possess different chemical structures and they did not 
display different electrochemical behavior. This also was sup-
ported by the similar EDLC as well as PC performance obtained 
at all investigated scan rates. The achieved capacitances for the 
gyroid, cylinder, and spherical activated mesoporous carbons 
reached 190, 200, and 185 F g−1, respectively, at 5 mV s−1. These 
values are higher than those of related 2D materials, including 
exfoliated graphite materials heated at 2000 °C[46] and exfoliated 
MoS2.[47] They are also higher than those of the mesoporous 
carbons templated by a PEO-b-PCL copolymer under the same 
conditions,[32] ten times higher than those of a mesoporous 
poly(cyanate ester) silsesquioxane,[48] and higher than those of 
nutshell carbon and lignin-derived carbons (which displayed 
capacitances of 45 F g−1 @ 1 mV s−1 and 100 F g−1 @ 5 mV s−1, 
respectively).[49] We suspect that the high performance of these 
mesoporous carbons templated by the PEO-b-PLA copoly mer 
arose mainly from their well-designed structures, which 

Figure 4. SAXS patterns and TEM images of mesoporous carbons and corresponding activated mesoporous carbons obtained from phenolic/PEO-
b-PLA blends of a,b) 40/60, c,d) 50/50, and e,f) 60/40.
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resulted from the self-assembly of the block copolymer and 
were retained during their activation processing. Moreover, the 
charge/discharge curves revealed symmetric behavior, without 
any internal resistance drop, for the mesoporous structures 
formed at the various ratios and recorded under various cur-
rent densities (Figure 6b,c). Thus, the activated uniform struc-
tures provided regular and nonresistive electron pathways. 
In addition, Figure  6d displays the Coulombic efficiencies 
with excellent stabilities at 20 A g−1 after 5000 cycles within 
the investigated potential range; for the gyroid, cylinder, and 
spherical micelle activated mesoporous carbons, the Coulombic 

efficiencies were 92%, 95%, and 89%, respectively. These excel-
lent stabilities are superior to those of other activated frame-
works, which have yielded stabilities of only 84%.[50,51]

3. Conclusions

We have prepared various types of mesoporous carbons tem-
plated by a PEO-b-PLA copolymer, which we synthesized 
through simple ROP, and a resol-type phenolic resin as the 
carbon source. Changes in the types of competing hydrogen 

Figure 5. a,c,e) N2 adsorption/desorption hysteresis isotherms and b,d,f) the pore size distributions of mesoporous carbons and corresponding 
activated mesoporous carbons obtained from various phenolic/PEO-b-PLA blends of a,b) 40/60, c,d) 50/50, and e,f) 60/40.

Macromol. Chem.  Phys. 2020, 221, 2000040
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bonding interactions of the phenolic/PEO and phenolic/
PLA domains resulted in the self-assembled structures of 
mesoporous carbons ranging from double-gyroid, to cylinder, 
and finally to spherical micelle structures upon increasing the 
concentration of the phenolic. After activation, the activated 
mesoporous carbons possessed large pores (>20  nm) and 
high surface areas (>1000 m2 g−1); they also displayed highly 
efficient capacitance behavior, with excellent stability of up to 
95% after 5000 cycles. This facile method for preparing stable 
mesoporous carbon structures, through adjustments in the 
strength of hydrogen bonding interactions, leads to materials 
displaying efficient electrochemical performance.

4. Experimental Section
Materials: The PEO114-b-PLA94 amphiphilic diblock copolymer was 

prepared through ROP of d,l-lactic acid as the monomer, monomethoxy-
poly(ethylene oxide) (PEO114) as the macroinitiator, and stannous(II) 
octoate as the catalyst. Briefly, the d,l-lactic acid monomer (5.00  g, 
55.55  mmol) was degassed, mixed with PEO (2.12  g, 0.424  mmol) in 
the presence of 100  mL of dry toluene and a few drops of the catalyst, 
and stirred continuously under a N2 atmosphere at 130 °C for 24 h. The 
resulting PEO114-b-PLA94 copolymer was dissolved in dry dichloromethane 
and precipitated three times in an excess solvent of cold n-hexane to 
remove unreacted monomers. Finally, the white solid was collected and 
dried under vacuum at 40 °C for 12 h. The chemical structure and molecular 
weight of PEO114-b-PLA94 diblock copolymer were determined by 1H NMR 
and gel permeation chromatography measurements (Figures S1 and S2, 
Supporting Information). The resol-type of phenolic resin (molecular 
weight: ≈500 g mol−1) was synthesized through condensation of phenol 
with formaldehyde in NaOH medium.[26–32]

Mesoporous Carbon and Activated Mesoporous Carbon: Various 
amounts of resol phenolic/PEO-b-PLA blends were dissolved in 

tetrahydrofuran (THF) and stirred for 24 h at room temperature. The 
mixtures were poured into dishes and then the THF was evaporated 
over 8 h at room temperature to enable evaporation-induced self-
assembly (EISA). The dish was transferred to vacuum oven for thermal 
curing of resol phenolic resin at 150 °C for 24 h. The mesoporous 
carbon was obtained after template removal by thermal calcination for 
3 h under N2 (at 1 °C min−1, up to 700 °C). The mesoporous carbon 
was dispersed in KOH(aq) at 60 °C for 3 h, dried at 100 °C for 12 h, and 
then re-heated under N2 at 700 °C (Scheme 1). The resulting activated 
mesoporous carbons were washed to neutral pH and dried under 
vacuum.

Supporting Information
Supporting Information is available from the Wiley Online Library or 
from the author.
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Figure 6. a) CV traces of activated mesoporous carbons having gyroid, cylinder, and spherical micelle structures, measured at 5 mV s−1. b,c) Charge/
discharge curves recorded for b) the three samples measured at 1 A g−1 and c) the cylinder-structured activated mesoporous carbon measured at various 
current densities. d) Coulombic efficiencies of the three activated mesoporous carbons, measured at 20 A g−1 for 5000 cycles.
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