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A B S T R A C T

Lithium-ion batteries (LIBs) suffer from kinetic problems linked to the solid-state diffusion of Li in electrodes
and commercial challenge of low cost large-scale synthesis of anode materials with custom-designed
nanostructures. Here, we report a facial method for mass production of P-doped mesoporous carbons that
exhibit excellent electrochemical performances as anode materials for LIBs. Hydrophobic tricresyl phosphate is
explored to enlarge the pore sizes from 3.6 to 14.2 nm, expand the interlayer spacing from 3.68 to 3.79 Å, and
increase the graphitization degree of carbon framework with a heavy P content up to 1.90 at. % and small
domain sizes. As a result, a high reversible capacity of ~500mA h g−1 after 200 cycles at 0.5 C is obtained, which
is much higher than that of pristine mesoporous carbon and commercial graphite anode. More importantly, the
resultant P-doped mesoporous carbons show a fast-charging capacity of 236mA h g−1 at 8 C and stable long-
term cycle life over 10,000 cycles at 10 A g−1.

1. Introduction

Lithium-ion batteries (LIBs) have been widely used as the major
power supplier for portable electronic devices [1,2]. Currently, the
commercialized graphite anode cannot meet the increasing demands of
rapidly developing LIBs markets due to its low theoretical specific
capacity (372mA h g-1). Various nanostructured Si, Sn and transition
metal oxides with ultra-high theoretical capacities have recently been
explored as anode materials for LIBs [3–7]. Unfortunately, the large
voltage hysteresis and huge volume expansion that occur in these
materials during the Li+ insertion and extraction process severely limit
their extensive applications. Alternatively, a number of nanostructured
carbon materials such as graphene, carbon nanotubes and porous
carbon materials have been developed to increase the energy and
power densities [8–11]. Particularly, the creation of porosity in carbon
materials is promising to solve the known kinetic problems linked to
the ion transport and solid-state diffusion of Li in electrodes [12–15].
Since the pore channels can not only increase the density of active sites
with high accessibility but also facilitate the transport of electrolytes,
the nano-sized carbon wall greatly shortens the diffusion length of Li+

ions and offers an ultrahigh way for electron transfer. However, most
common porous carbons usually have the pore size smaller than
4.0 nm, larger pores are highly desired for efficient energy storage
especially in fast charging LIBs [16–20]. The regular method to

fabricate large pores is the use of lab-made templates (i.e., high-
molecular-weight block copolymers), which is unsuitable for mass
production due to the complicated preparation procedure and the
expensive agents. Therefore, producing large pore carbon anodes,
especially with fascinating mesoporous structures such as uniform
mesopores and high surface areas, in a commercially viable way is still
of great challenge.

The introduction of heteroatom (e.g., N, B, S) has also been widely
explored to tailor the electronic and chemical properties of carbon
materials, which can further create more active sites and increase the
electrode/electrolyte affinity, thereby improving the Li+ storage proper-
ties [21–27]. Compared to the widely studied N doping, phosphorus
has the same number of valence electrons as N but with larger atomic
radius and higher electron-donating ability, which is of great interest to
synthesize P-doped carbon materials for energy applications [28–30].
For example, Yu and coworkers fabricated phosphorus-doped ordered
mesoporous carbon through a nanocasting method by using mesopor-
ous silica (SBA-15) as a hard template. The obtained materials showed
excellent electrocatalytic activity for oxygen reduction reaction (ORR)
in fuel cells [31]. Hou and coworkers synthesized phosphorus-doped
graphene by thermal annealing of GO and triphenylphosphine (TPP),
which exhibited highly enhanced electrochemical properties in LIBs
and ORR, benefiting from the phosphorus doping that can induce a
large number of defects [32]. However, the synthesis strategies usually
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turned out to be complicated, time-consuming, or expensive. Besides, it
is difficult to achieve fine control of the properties in terms of surface
area, large pore size, and phosphorus doping, especially in large scale
production. Therefore, it is highly desirable and significant to develop a
facial method to synthesize mesoporous heteroatom-doped carbon
materials for high performance LIBs.

Here, we report facile mass production of P-doped mesoporous
carbons with a high P content and large pore size via the evaporation
induced self-assembly method, in which tricresyl phosphate is used as a
phosphorus precursor, phenolic resol as a carbon precursor, triblock-
copolymer F127 as a soft template, and cheap and scalable polyur-
ethane (PU) foam as a macrostructure sacrificial template. The
obtained P-doped mesoporous carbons are consisted of small well-
organized and interconnected nanoparticles (10–20 nm), exhibiting
large tunable mesopore sizes (6.6–14.2 nm), high surface areas (338–
630m2 g-1), and high P contents (up to 1.90 at. %). It is worthy to note
that the mesopore size and the P content can be well controlled by
simply changing the amounts of tricresyl phosphate. When evaluated
as anodes for LIBs, these materials deliver superior performances
for electrochemical storage of lithium in terms of high reversible
capacity above 500mA h g-1 after 200 cycles at 0.5 C, excellent rate
capabilities and stable long-term cycle life up to 10,000 cycles at high
rate of 10 A g-1.

2. Experimental

2.1. Chemicals

PU foam was purchased from the Shanghai Gaoxin Foam Factory.
The triblock poly(ethylene oxide)-b-poly(propylene oxide)-b-poly(ethy-
lene oxide) copolymer Pluronic F127 was purchased from Aldrich.
Tricresyl phosphate, phenol, formaldehyde solution (37 wt %), hydro-
chloric acid, sodium hydroxide, ethanol were supplied by the Shanghai
Chemical Co. Ltd. All chemicals were used as received without further
purification.

2.2. Large-scale synthesis of P-doped mesoporous carbons

In a typical synthetic procedure, 50.0 g of F127 was added into
500.0 g of ethanol and stirred for 2 h at 35 °C to afford a clear solution.
250.0 g of 20 wt % ethanolic solution of resol prepared as previously
reported was added into the above solution [33], the mixture was
further stirred for 1 h at room temperature. After that, a certain
amount of tricresyl phosphate was slowly added into the mixture and
stirred for another 1 h. The final homogeneous solution was coated
onto 5.0 g of PU foam and underwent ethanol evaporation at room
temperature for 5–8 h. After the polymerization at 100 °C for 48 h, the
as-made products were obtained. Lastly, carbonization was carried out
in a tubular furnace at 850 °C for 3 h under N2 to get the phosphorus-
doped mesoporous carbons, denoted as PMC-x, where x represented
the mole ratio of tricresyl phosphate to phenol. The heating rate was
1 °Cmin-1 below 600 °C and increased to 5 °Cmin-1 above 600 °C. For
comparison, pristine ordered mesoporous carbon, denoted as OMC,
was also prepared according to the above procedures.

2.3. Characterization

Transmission electron microscopy (TEM) and energy dispersive
spectrometer (EDS) mapping images were performed on a JEM-2100F
microscope (Japan) operated at 200 kV. The ground samples for TEM
and EDS measurements were suspended in ethanol and supported onto
carbon-coated copper grids. Field-emission scanning electron micro-
scopy (FESEM) images were collected on the Hitachi Model S-4800
field emission scanning electron microscope. N2 sorption isotherms
were measured with a Micromeritics Tristar 3020 analyzer at -196 °C.
Before the measurements, all samples were degassed at 180 °C in

vacuum for at least 6 h. The Brunauer-Emmett-Teller (BET) method
was used to calculate the surface areas (SBET) by using the adsorption
data at p/p0 of 0.02-0.2. The total pore volume (Vt) was estimated from
the adsorbed amount at p/p0 of 0.995. The micropore surface area
(SMicro) was calculated by using t-plot method with a relative pressure
P/P0 of 0.2-0.4. The pore size (Dp) distributions were derived from the
adsorption branches of isotherms by using the Barrett-Joyner-Halenda
(BJH) model. X-ray photoelectron spectroscopy (XPS) was conducted
on a RBD upgraded PHI-5000C ESCA system (Perkin Elmer) with an
Al Kα radiation (14 kV, 250W) under a pressure of 5 × 10-8 Pa. All
binding energies (B. E.) were calibrated by using the containment
carbon C1s peak at B.E. of 284.6 eV as a reference. Raman spectra were
recorded using micro-Raman spectroscopy (Renishaw inVia Reflex,
excited by 633 nm He-Ne red laser, Britain). X-ray diffraction (XRD)
patterns were recorded on a Bruker D8 X-ray diffractometer with Ni-
filtered Cu Kα radiation at 40 kV and 40mA (Germany). The small-
angle X-ray scattering (SAXS) measurements were collected on a
Nanostar U SAXS system (Germany) using Cu Kα radiation at 40 kV
and 35mA. The thermal decomposition behavior of the samples was
monitored by using a Mettler Toledo TGA-SDTA851 analyzer
(Switzerland) from 25 to 900 °C with a heating rate of 5 °Cmin-1.

2.4. Electrical measurements

The electrical measurement was carried out using homemade
typical coin-type cells with lithium metal as the counter and reference
electrodes at room temperature. The working electrode consisted of
active material, conductivity agent (carbon black, Super-P), and poly-
mer binder (polyvinylidene difluoride, PVDF, Aldrich) in a weight ratio
of around 80:10:10. The electrolyte was 1M LiPF6 in a 50:50 (w/w)
mixture of ethylene carbonate and dimethyl carbonate. Cell assembly
was carried out in an Ar-filled glovebox with the concentrations of
moisture and oxygen below 1 ppm. Cyclic voltammograms (CV) tests
were performed on CHI 660E electrochemical workstation at a sweep
rate of 0.2mV s-1 between 0-3 V. The charge/discharge tests were
measured on a LAND multi-channel battery testing system at different
current rates (where 1C = 372 mA g-1) within a voltage range of 0.01-
3 V vs. Li/Li+ at room temperature. The electrochemical spectroscopy
(EIS) was measured in the same equipment within the frequency of
0.01 to 100 KHz. The galvanostatic intermittent titrations (GITT) were
employed at a pulse of 0.1 mA for 10min and with 30min interruption
between each pulse. The electrical conductivity was measured by
employing a four-probe method.

3. Results and discussion

This process affords low-cost kilogram-scale synthesis of nanocar-
bon anodes (Fig. 1a). The obtained PMCs well preserve the foam-like
monolithic morphology with a 3D interconnecting macrocellular net-
work similar to that of the PU scaffolds, indicating a faithful replication
(Fig. 1b and S1). Field-emission scanning electron microscopy
(FESEM) image reveals that the PMC-1.2 is highly porous structure
made up of small interconnected nanoparticles (Fig. 1c). The transmis-
sion electron microscopy (TEM) image further confirms the mesopor-
ous structure with worm-like channels (Fig. 1d). The domain size is
estimated to be ~20 nm, in accordance with the FESEM results. Such
small domain size can shorten the diffusion length of Li+ ions during
the insertion and extraction. High-resolution TEM (HRTEM) image
reveals a turbostratic graphite-like nature (Fig. 1e), suggesting the
typical hard carbon structure of resol-derived carbon. The scanning
TEM (STEM) and corresponding energy dispersive X-ray spectroscopy
(EDS) elemental mapping images exhibit that P, C, O atoms are
homogeneously distributed throughout the whole area (Fig. 1d), sug-
gesting the successful doping of P atoms in the carbon frameworks.
Similar nanostructure can also be observed in the case of PMC-0.4 and
PMC-0.8 (Fig. S2). It is worth noting that the grain size gradually grows
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larger from 15 to 20 nm with the increase of tricresyl phosphate
amount, at the same time the mesostructure would be disordered.
Unlike the highly disordered graphenic layers in the pristine ordered
mesoporous carbon, PMCs comprise curved graphenic layers stack into
turbostratic nanodomains. It confirms that the P-doping facilitates
more curvature in the carbons (Fig. S3) [34,35].

N2 sorption isotherms of all PMC samples show typical type-IV
curves with sharp capillary condensation steps and H2-type hysteretic
loops, similar to the pristine mesoporous carbon (Fig. 2a). It should be
noted that the capillary condensation step shifts to high relative
pressure ranges with increasing the content of tricresyl phosphate,
indicating that the mesopore size becomes larger from 3.6 to 14.2 nm
(Fig. 2b). In contrast, the specific surface area decreases from 678 to
338m2 g-1 (Table S1).

The chemical compositions of the PMCs were investigated by X-ray
photoelectron spectroscopy (XPS). All samples show four peaks at 133,
189, 284 and 532 eV, indicating the presence of P, C and O element
without any other impurities (Fig. S4). The P doping content is ~1.04,
1.33 and 1.90 at. % for PMC-0.4, PMC-0.8 and PMC-1.2, respectively.
The P 2p high resolution spectrum of the PMC-1.2 (Fig. 2c) can be
deconvoluted into two peaks at 132.7 and 133.8 eV corresponds to the
P-C and P-O bonding, respectively [31,36]. The increased oxygen
content in the PMC samples from 10.01 to 13.37 at% further confirms
successful incorporation of P in the carbon framework (Table S1).

Raman spectra of all PMC samples display two characteristic peaks
located at around 1590 (G-band) and 1350 cm-1 (D-band), which
correspond to the vibrations of sp2-bonded carbon atoms in graphitic
carbons (E2g) and the disorder features in graphite material, respec-
tively (Fig. 2d) [37,38]. The intensity ratio of D and G band (ID/IG) for

PMC-0.4, PMC-0.8 and PMC-1.2 is calculated to be 1.33, 1.37 and
1.49, which is larger than that of the pristine mesoporous carbon
(1.29), indicating more defects caused by P-doping. The wide-angle X-
ray diffraction (XRD) patterns exhibit two broad peaks at about 24°
and 44°, corresponding to the (002) and (100) diffraction planes of the
disordered graphitic carbon structure (Fig. 2e). It is clear to see that the
002 diffraction peak of the PMCs shifts to lower angles compared to the
pristine ordered mesoporous carbon. The corresponding d002 values
are calculated to be 3.74, 3.75, 3.79 Å for PMC-0.4, PMC-0.8 and PMC-
1.2, respectively, which are larger than that of the pristine one (3.68 Å).
The results suggest that the interlayer spacing can be enlarged by the P-
doping, in good agreement with the HR-TEM observations, which are
very favorable for Li+ ion diffusion and storage [39,40].

Thermogravimetric (TG) curves of the as-made P-doped samples
show two stages of large weight losses (Fig. 3d). The first one from 200
to 300 °C corresponds to the decomposition of tricresyl phosphate and
partial decomposition of the PU foam scaffold (Fig. S5). The second
from 300 to 400 °C can be attributed to the decomposition of F127 and
PU foam (Fig. S5), as well as the pyrolysis of the polymer frameworks.
The carbonization yields are calculated to be about 34, 38 and 33 wt%
for PMC-0.4, PMC-0.8 and PMC-1.2, respectively.

The possible formation mechanism for low cost large-scale synth-
esis of large pore P-doped mesoporous carbons is illustrated in Scheme
1. First, an ethanol solution containing tricresyl phosphate, resol and
F127 is impregnated into the skeletal network of PU foam which acts as
a cheap and sacrificial substrate. It provides plentiful interfaces for self-
assembly of the mesostructure, enabling kilogram-scale production per
batch. During the solvent evaporation process, tricresyl phosphate can
be accommodated into the hydrophobic PPO segments of the F127.

Fig. 1. (a) Photograph, (b, c) FESEM, (d) TEM, (e) HRTEM, (f) STEM and the corresponding EDS mapping images of the P-doped mesoporous carbon with mole ratio of 1.2 (tricresyl
phosphate/phenol) (PMC-1.2), all scale bars in (f) are 100 nm.
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Meanwhile, resol molecules favor the incorporation with hydrophilic
PEO blocks of Pluronic F127 due to the strong hydrogen bonding
interactions. It prevents the macrophase separation of the hydrophilic
resol and hydrophobic phosphorus precursors, ensuring the formation
of TCP-F127-resol composite micelles. Then the micelles aggregate and
assemble on the surface of the PU foam struts. The formed mesos-
tructure can be further fixed as a result of the cross-linking and
polymerization of resol during the thermopolymerization process. The
small-angle X-ray scattering (SAXS) measurements clearly reveal only
one broad weak peak for the as-made samples, indicating that tricresyl
phosphate can assemble with the F127 and resol, but leads to a
disordered mesostructures (Fig. S6). Lastly, pyrolysis at 850 °C is
carried out to remove the F127 copolymer and PU foam scaffold as
well as carbonize the polymer framework. During this process, the
tricresyl phosphate would be decomposed, resulting in larger meso-
pores than that of the pristine mesoporous carbon and incorporating P
into the carbon framework.

3.1. Electrochemical properties

The electrochemical performances of the PMCs were evaluated by
using the half-cell configuration and the pristine mesoporous carbon
was used as a control. The cyclic voltammograms (CVs) were first
performed at a scan rate of 0.2mV s-1 in the voltage range of 0-3.0 V
versus Li/Li+ (Fig. 3a) In the first cathodic scan, a reduction peak is
observed at ~0.63 V, attributing to the formation of a solid electrolyte
interface (SEI) film [41,42]. In the anodic scan, two broad oxidation
peaks are observed at about 0.2 and 1.2 V, which are ascribed to the
lithium extraction from the graphitic layers and the defects such as
pores, vacancies, edges and corners of the graphitic layers, respectively
[43]. It is worthy to note that the peak at 1.2 V becomes stronger with
increasing P content (Fig. S7). The galvanostatic charge-discharge
profile of PMC-1.2 sample in the 1st, 2nd, 10th, 50th and 100th cycle
was measured at 0.2 C (Fig. 3b). It is obvious that the PMC-1.2
electrode delivers high initial discharge and charge specific capacities

Fig. 2. (a) N2 sorption isotherms and (b) the corresponding pore size distribution curves, (c) High-resolution XPS spectra of P2p in PMC-1.2, (d) Raman spectra, (e) XRD patterns and
(f) TG curves of the pristine ordered mesoporous carbon (OMC) and the P-doped mesoporous carbon of PMC-0.4, PMC-0.8 and PMC-1.2 with different mole ratio of tricresyl phosphate
to phenol.
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of 1265 and 622mA h g-1, respectively, corresponding to an initial
Coulombic efficiency of 49%. The large irreversible capacity is mainly
attributed to the formation of SEI films on the surface of the electrode
and the irreversible intercalation of Li+ ions [44,45]. The initial
discharge and charge capacities of PMC-0.8, PMC-0.4 are 1220 and

525mA h g-1, 1053 and 385mA h g-1, corresponding to the coulombic
efficiency of 43 and 36%, respectively (Fig. S7). Obviously, the initial
capacities of the P-doped mesoporous carbons are much larger than
that (643, 281 mAh g-1) of the pristine ordered mesoporous carbon
(Fig. S7). After the first cycle, the coulombic efficiency of the PMC-1.2

Fig. 3. Electrochemical performances in Li-ion batteries, (a) cyclic voltammograms curves of the sample PMC-1.2 at a scanning rate of 0.2mV s-1 in the voltage range of 0–3.0 V (vs.
Li+/Li), (b) galvanostatic charge-discharge curves of PMC-1.2 at a current rate of 0.2 C in the voltage range of 0.01–3.0 V (vs. Li+/Li), (c) cycling performances at a current rate of 0.5 C
and (d) rate capability at different current densities from 0.2 to 8 C of the pristine ordered mesoporous carbon (OMC) and the P-doped mesoporous carbon of PMC-0.4, PMC-0.8 and
PMC-1.2, (e) long-term cycling performance of PMC-1.2 at a high current rate of 10 A g−1 in the voltage range of 0.01–3.0 V (vs. Li+/Li).

Scheme 1. The formation process of large pore P-doped mesoporous carbons through multi-component co-assembly on the skeletal PU foam.
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anode reaches to 92% for the second cycle and 99% for the tenth cycle,
suggesting an excellent reversible Li+ ion intercalation/extraction
performance. More significantly, the initial large irreversible capacity
could be decreased efficiently after the electrode materials were
prelithiated. The initial Coulombic efficiency can be increased to
95.6, 96.2, 96.8% for PMC-0.4, PMC-0.8 and PMC-1.2, respectively
(Fig. S8).

After 200 cycles at 0.5 C, the reversible discharge and charge capacities
of PMC-0.4, PMC-0.8 and PMC-1.2 can be remained at around 330, 420
and 500mAh g-1, respectively, much better than that (242mAh g-1) of
the pristine ordered mesoporous carbon (Fig. 3c). Furthermore, the rate
capability is also evaluated from 0.2 to 8 C (Fig. 3d). It is clear to see that
the PMC-1.2 sample exhibits the best rate capability with high specific
capacities of 736, 534, 440, 368, 304, 236mAh g-1 at the current densities
of 0.2, 0.5, 1, 2, 5, 8 C, respectively. When the current density recovers to
0.2 C, a high capacity of 562mAh g-1 can be restored, further demon-
strating a good rate capability. In addition, the PMC-1.2 also possesses
significant long-term cycling performance at an ultrahigh current density
of 10A g-1 without obvious capacity decay even after 10,000 cycles
(Fig. 3e), suggesting a promising application for fast charging, high
capacity, long life batteries.

The high rate performance of the P-doped mesoporous carbons may
be explained by the high Li+ diffusion coefficient (DLi+), which is
further measured by the galvanostatic intermittent titration technique
(GITT) (Fig. S9). GITT curves as a function of capacity in the voltage of
0.01–2.0 V versus Li/Li+ and the corresponding DLi+ calculated from
GITT are shown in Fig. 4. The calculated DLi+ value of PMC-1.2 is in
the range of 1.52 × 10-8–3.02 × 10-9 cm2 s-1 at various voltages, which
is higher than that of PMC-0.8 (9.29 × 10-9–1.12 × 10-9 cm2 s-1) and
PMC-0.4 (6.37 × 10-9–5.82 × 10-10 cm2 s-1). It is noteworthy that all of

the above values are about one or two order of magnitude higher than
that of the pristine ordered mesoporous carbon (8.77 × 10-10–4.74 ×
10-11 cm2 s-1). This indicates superior diffusion kinetics of Li+ in the P-
doped mesoporous carbons, which is attributed to the expanded
interlayer distance by P-doping and the larger mesopores, leading to
faster Li+ diffusion and contributing to the enhanced rate performance.

The significantly improved electrochemical performances can be
attributed to the unique nanostructures (Fig. 5a). First, the well-
opened mesoporous frameworks composed of small nanoparticles
provide efficient contact with the electrolyte, create more active sites
for Li storage, shorten the diffusion distance of Li+ ions and accelerate
the electron transfer. That can be further confirmed by the electro-
chemical impedance spectroscopy (EIS) (Fig. 5b). The charge-transfer
resistances are calculated to be 78.7, 34.4 and 6.9Ω for PMC-0.4, PMC-
0.8 and PMC-1.2, respectively, smaller than that (99.4Ω) of the
pristine ordered mesoporous carbon, suggesting a faster Li+ ion
diffusion and charge transfer. Second, P-doping can enlarge the
interlayer space of the carbon, which is beneficial to the Li+ ion
insertion and extraction. Moreover, the doped P atoms also introduce
more defects in the carbon frameworks, which can also offer more
active sites for Li storage, resulting in highly reversible capacities
Third, the introduction of phosphorus can significantly improve the
electronic conductivity, facilitating fast electron transport. This can be
confirmed by the high electronic conductivity of 17, 56, 420mS cm-1

for PMC-0.4, PMC-0.8 and PMC-1.2, respectively, which is larger than
that (9mS cm-1) of the pristine ordered mesoporous carbon. It can be
attributed to the formation of P-C bond which can increase the electron
density around the Fermi level [46]. As a result, the improved transport
of ion and electron not only enables fast charging and discharging, but
also provides long-term cycling stability.

Fig. 4. (a) Galvanostatic intermittent titration technique (GITT) profile as a function of capacity during the 10th cycle in the voltage range of 0.01–2.0 V (vs. Li+/Li) and (b) the lithium
diffusion coefficients (DLi+) calculated from GITT of the pristine ordered mesoporous carbon (OMC) and the P-doped mesoporous carbon of PMC-0.4, PMC-0.8 and PMC-1.2 with
different mole ratio of tricresyl phosphate to phenol.

Fig. 5. (a) Schematic illustration of the lithium-ion storage mechanism in the large pore P-doped mesoporous carbons and (b) Nyquist plots in the frequency range from 0.01 to 100 kHz
after 200 cycles of the pristine ordered mesoporous carbon (OMC) and the P-doped mesoporous carbon of PMC-0.4, PMC-0.8 and PMC-1.2 with different mole ratio of tricresyl
phosphate to phenol.
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4. Conclusion

In summary, we have developed a facial method for mass produc-
tion of large-pore P-doped mesoporous carbons with a high P content
and large pore size based on a multi-component co-assembly process.
Owing to the hydrophobic character, tricresyl phosphate works as the
pore swelling agent, which triggers the micelle structure change during
the self-assembly process, leading to the formation of large pore sizes
(6.6–14.2 nm), high surface areas (338–630m2 g-1) and small domain
sizes. Most importantly, it also functions as the source for P-doping
during the high temperature treatment, resulting in a high P content in
the carbon framework (up to 1.90 at%). As result, the obtained
phosphorous-doped mesoporous carbons display much enhanced
electrochemical performance with a high reversible specific capacity
(above 500mA h g-1 after 200 cycles at 0.5 C), excellent rate capability,
and long-term stability (up to 10,000 cycles at high rate of 10 A g-1),
when being used as an anode for LIBs. We anticipate that this facial
and scalable method can be extended to the future development of
heteroatom-doped mesoporous carbon materials for energy storage
technologies.
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