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ABSTRACT: Optical materials with dynamic colors have shown
great prospects for applications in display devices, smart windows,
and camouflage coatings. Recently, intercalation has been
demonstrated to be a powerful strategy for tuning electromagnetic
properties of two-dimensional materials ranging from visible to
microwave wavelengths, such as the visible color, infrared
emission, terahertz radiation, and optical second-harmonic
generation. Here, a systematic study of graphene intercalation
compound (GIC)-based coloration films is presented. Through
lithium (Li), sulfuric acid (H2SO4), and ferric chloride (FeCl3)
intercalation, the color of a multilayer graphene (MLG) film
transforms from gray to yellow, blue, and dark, respectively. This is
attributed to the reconstruction of the band structure of graphene
after intercalation, resulting in a significant effect on its optical properties. Furthermore, tunable and reversible color changes of MLG
film have been demonstrated by precisely controlling the Li-intercalation process. Our research indicates that intercalation is a
versatile strategy for fabricating advanced coloration materials and provides a promising tunable optical surface for the application in
sensing, adaptive camouflage, and smart displaying.
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■ INTRODUCTION

Dynamic color manipulation is vital in extensive applications,
such as display devices,1 smart window,2 camouflage engineer-
ing,3 and optical sensors.4 Organic pigments including printing
inks and paints are the convenient coloration materials used for
color generation. However, it still has some unavoidable
drawbacks such as insufficient resolution,5,6 poor stability, and
difficult tunability.7,8 Thus, the tuning methods such as
electrochromic, thermochromic, and photochromic are pro-
posed for dynamic color manipulation.9−11 Liu et al. developed
a nontoxic chlorophenol red−water thermochromic system for
clear and reversible color display.9 Yang et al. provided
photochromic nanocomposite organohydrogels with high
transparency, excellent strength, and 60 s response time.10

Meanwhile, structural color is another important approach to
produce high-resolution colors with a physical structure.12,13

By designing nanostructures such as nanowires,14 gratings,15

and disk-hole coupling16 with suitable geometrical parameters,
the desired color can be acquired from reflecting or scattering
light through periodic arrays or individual resonators.14,15 By
combining advantages of the structural color and smart
materials such as electrochromic materials, many researchers
have shown excellent works about color tuning.17−22 For
example, Arsenault et al. reported an electrical control method
to control photonic crystals to fabricate a full-color display with
1−2 s response time, and its cycling stability is excellent.23 Lee
et al. showed a novel dynamic structural color based on organic

electrochromic materials. The vivid and high-contrast color can
be generated under an electrochemical bias with a response
time of 40 s.24

Intercalation provides a unique ability to manipulate light−
matter interactions in two-dimensional (2D) materials by
inserting ions, molecules, metals into their van der Waals gap
interlayer.25−27 The fascinating area of intercalation is leading
to numerous novel phenomena such as superconductivity,28

ferromagnetism,29 phase transition,30 and charge density
wave.31 What needs to be emphasized is that distinctive
optical responses have also been observed during the
intercalation process. The absorbance of broad wavelengths
can be dramatically changed by intercalation. A sandwiched
thin films containing carbon nanotubes and reduced graphene
oxide has a transmittance increase by about 20−30% for 20
layers with the spectral wavelength ranging from the visible to
the infrared via Li intercalation.32 Upon ionic liquid
intercalation, the infrared emissivity could be tuned from
0.57 to 0.41 in graphene films,33 which can realize a fast and
controlled infrared camouflage on an active thermal graphene
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film.34 In addition, a reversible and tunable nonlinear optical
second-harmonic generation signal is found in ultrathin
graphite flakes due to inversion symmetry breaking via the Li
intercalation.35 Very recently, a transformation from saturated
absorption to reverse saturation absorption can be realized in
few-layer graphene through Li intercalation.36 However, the
color control method based on 2D materials and intercalation
is rarely reported, which has the potential to realize a
continuous dynamic color manipulation in a macroscale area
by a simple fabrication process.25

In this work, we present a color-changing multilayer
graphene (MLG) film through intercalation. Li, H2SO4, and
FeCl3 intercalation could change the color of graphene
coloration film from gray to bright yellow, deep blue, and
dark, respectively. With precise manipulating of the reversible
lithiation/delithiation behavior, consecutive and cyclic colors
are present in a broad visible band. Moreover, LiC6 displays
good stability without applied voltage for both the color and
reflectivity spectrum. To further demonstrate the potential
application of this technique, a school logo with a dynamic
color of the National University of Defense Technology is
presented. Our result provides a simple and effective method
to dynamically tune 2D materials’ coloration.

■ RESULT AND DISCUSSION

Figure 1 illustrates the sample fabrication process. Figure 1a
shows a planar battery configuration, we design a sandwich-
structured cell with an electrolyte (LiPF6 in ethylene
carbonate/diethyl carbonate, w/w = 1:1). The device is sealed
between the bottom and top quartz plate to prevent oxidation.
Chemical vapor deposition (CVD)-grown large-area MLG on
a nickel (Ni) foil and the Li source is deposited on the bottom
quartz plate and is connected to two separate copper (Cu)
contacts. In this planar battery, the Li metal is used as the
counter electrode and MLG as the working electrode. The
intercalation process is controlled by an electrochemical
workstation, and the voltage is in the range of 3.0−0.05 V
versus Li/Li+ of the planar battery, which can be measured
simultaneously during the electrochemical Li intercalation
(Figure S1). This platform is used to carry out the optical and
electrical property characterization of MLG during Li
intercalation in situ. Figure 1b demonstrates another sandwich
structure for the H2SO4 intercalation of MLG. The MLG is
immersed in the (NH4)2S2O8−H2SO4 solution, and two glass
slides are used to clamp the solution which can reduce the
exposure to moisture in the air to prevent the de-intercalation
process. Similarly, this device can be characterized in situ.

Figure 1. Experimental schematics of MLG intercalation compounds preparation. (a) Experimental setup of planar battery devices for
electrochemical tuning Li intercalation and in situ optoelectronic measurements. MLG CVD-grown on a Ni foil is contacted with a quartz
substrate. (b) Experimental setup of the optical cell for chemical tuning H2SO4 intercalation and in situ optical measurements. A MLG film
contacted with a quartz substrate. (c) Experimental setup of the two-zone vapor transport method for intercalating FeCl3 into MLG films. A MLG
film contacted with a quartz substrate. (d) Optical images of pristine MLG before and after Li, H2SO4, and FeCl3 intercalation. The scale bar is 2
mm.

Figure 2. (a−c) are Raman spectra, XRD patterns, and four-probe I−V curves of pristine MLG before and after Li, FeCl3, H2SO4 intercalation. The
black line represents pristine MLG with no intercalation. Green, blue, and red solid lines represent pristine MLG with Li, H2SO4, and FeCl3
intercalation, respectively.
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Figure 1c shows that FeCl3-GICs are synthesized by a
traditional two-zone method. Both anhydrous FeCl3 powder
and the quartz plate with MLG are positioned in different
zones inside a glass tube full of argon. Figure 1d shows the
color changes of MLG film by intercalation. For the
electrochemical Li intercalation, it displays a consecutive
color change and a yellow color for the full intercalation, which
spends about 4 and 3 h with a 3 μA constant current
corresponding to the first charge and discharge process, as
shown in Figure S1. For the H2SO4 intercalation, there is a
blue color produced with 5 min, and only 1.2 min is needed for
the color restoration (see Movie S3 and S4). For the FeCl3
intercalation, a black color is observed after intercalation for
about 24 h. The reason for the different time scales of Li,
H2SO4, and FeCl3 intercalated MLG is due to their different
synthetic methods. For electrochemical lithium intercalation
with electrochemical oxidation, the response time is strongly
related to the current. For H2SO4 intercalation with chemical
oxidation using ammonium persulfate as the chemical oxidizing
agent, the production of GICs can be performed within several
minutes.37 For FeCl3 intercalation with gaseous intercalation,
the intercalation process is controlled through temperature, by
effectively regulating the vapor pressure of the intercalant, and
by controlling the thermodynamics of intercalation; it is a low
kinetic process.38

Graphite forms structures where one, two, or three graphene
layers are sandwiched between the two layers of intercalant.
The resulting compounds are referred to as stage-1, stage-2,
and stage-3 of GICs. These structures’ evolution for the
intercalation process is studied using the Raman spectroscopy
(Figure 2a). The black line depicts the Raman spectra of
pristine MLG films, which show a typical G peak and 2D peak
of graphene at 1580.2 and 2719.1 cm−1, respectively. The
result is similar to previous research studies.39 No D peak is
found at around 1350 cm−1, which means there are scarce
defects in pristine MLG films. After Li intercalated MLG
(green line), the G peak and 2D peak completely disappear,
corresponding to the formation of stage-1 (LiC6). This
indicates strong doping by charge transfer from Li to graphene
layers as to be Pauli-blocked of the inter-band optical
transition. Hence, there is no resonant Raman process. The
result is consistent with previous research studies.25,40 In
addition, a strong fluorescence background confirms the strong
n-type doping after Li intercalation. For FeCl3-GICs (red line),
the position of G peak upshifts from 1580.2 to 1622.6 cm−1,
with a large blue shift of 42.4 cm−1. This is ascribed to the
electronic decoupling effect induced by the layer space increase
from graphite to FeCl3. A similar result was also reported in
previous studies41,42 and suggested that the graphene layers
were well sandwiched on both sides by FeCl3 monolayers
(stage-1). In addition, the 2D peak exhibits a change from a
multipeak structure to a single peak and downshifts to
monolayer graphene (2689.05 cm−1), further verifying the
loss of electronic coupling between adjacent graphene sheets
due to the presence of FeCl3. The appearance of the D peak
implies that FeCl3 intercalation influences the crystal quality
for MLG. For H2SO4 intercalated MLG (blue line), G peak
upshifts to 1633.2 cm−1 position, which is consistent with the
previously reported G peak position of stage-1 H2SO4-
intercalated GICs.43 The large blue shift (53 cm−1) is due to
the charging of carbon layers by the acceptor-type
intercalant.37 There is no 2D peak normally situated at
∼2700 cm−1 for graphene or graphite, consistent with stage-

1.37 No D peak is around 1350 cm−1, which indicates the
crystal quality of MLG maintains well after H2SO4
intercalation.
The X-ray diffraction (XRD) pattern can be applied to the

analysis of the crystal structure of MLG before and after
intercalation (Figure 2b). The pristine MLG characteristic
peak’s position is at 26.2° (002) and 54.3° (004),
corresponding to an interlayer spacing of 3.3 Å. The result is
similar to the previous reports.44 As for the Li-intercalated
MLG sample (green line), the diffraction peak position is
found at 2θ = 24.0° (001), which shows that the layer space
increases from 3.3 Å for graphite to 3.7 Å for LiC6. This is
consistent with the presence of Li atoms between graphene
layers.45 As for MLG intercalated with FeCl3, new peaks
appear at 9.4° (001), 18.7° (002), 28.2° (003), which is similar
to the previous report of the structure of stage-1 FeCl3-GICs.

44

The lattice spacing is calculated to be 9.4 Å. Nevertheless, the
diffraction peak position of H2SO4-GICs is found to be at 23.6
and 31.6° between stage-1 and stage-2, according to the
previous report.37 The result seems to be conflicting with the
Raman result of this work. This attributes to the non-uniform
intercalation process, where the surface of MLG achieves stage-
1 but the internal part is still at stage-2. The Raman
spectroscopy is a more surface-sensitive technique. In addition,
the sharp peaks of XRD imply that their crystal structure
remains well after intercalation.
To further characterize the MLG film via intercalation,

changes of the sheet resistance are also measured by the van
der Pauw method (Figure 2c). The sheet resistance of MLG
reduces from 10.2 Ω/sq to 0.224 Ω/sq for Li-GICs, and 1.17
Ω/sq for FeCl3-GICs, but increase to ∼782 Ω/sq of H2SO4-
GICs. According to previous research studies, the resistance of
materials will be reduced through intercalation.25,26 Because
intercalation can increase the carrier concentration in the
materials, which can increase electrical conductivity.26 The test
results of Li-GICs and FeCl3-GIC are similar to previous
reports.25,26 As to the abnormal behavior of H2SO4-GICs, an in
situ resistance of MLG film during the H2SO4 intercalation
process is carried out. The resistance test shows a decrease in
the early intercalation process but an increase in the later
intercalation process, and a decrease in the de-intercalation
process (Figure S2). According to the previous research
explanation, a strong decrease of resistivity in the beginning
intercalation process can be attributed to the high mobility of
positive holes in many graphene layers.46 The great increase of
resistivity in stage-1 is because of the decrease of carrier
mobility and overoxidation.47−49

To demonstrate the mechanism of intercalation change
color, the influence of thickness and substrate on color is
investigated, as shown in Figure S3. As a result, the GICs with
different thicknesses or those bonded on various substrates
show the same yellow color, indicating that the mechanism of
intercalation-induced color change is from the material itself.
According to the related research studies,37,50,51 the energy
structure of graphene can be significantly changed by
intercalation. The Fermi surface of graphene (0 eV) is shifted
by 1.5 eV for Li intercalation,50 ∼1.2 eV for H2SO4
intercalation,37 and 1.0 eV for FeCl3 intercalation,51

respectively. Then, the interband optical transitions for photon
energies ω < 2EF are suppressed,25 and the optical bands of
graphene changed accordingly. Therefore, optical reflectance is
also changed, which is related to the material color.
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The colors that the human eye sees on the surface of the
material are related to the reflected light. Figure 3a displays
reflectance spectra of MLG film and GICs, with a wavelength
range of 400−800 nm. The reflectance of pristine MLG film is
between 22.16% (600 nm) and 37.50% (800 nm) with a valley
at the wavelength of 600 nm. As to FeCl3-GICs, it shows a
significantly lower average reflectance compared to pristine
MLG (from 37.50% down to 14.24% after FeCl3 intercalation
at 800 nm), with a weakening valley at 600 nm. Through
H2SO4 intercalation, the whole reflectance is also reduced and
is between 17.84% (400 nm) and 0.91% (700 nm), with a
broad valley at the wavelength of 700 nm. After Li
intercalation, the reflectance is found to exhibit a lower
reflectance in the wavelength of 400−534 nm but a higher
reflectance in the wavelength of 534−800 nm compared to
pristine MLG. Additionally, there are two significant valleys
generated at 450 and 600 nm. In a word, their reflectivity
spectra change remarkably after intercalation, which is related
to the color of materials.
Spectral reflectance is used to precisely calculate materials’

color through a CIE 1931 chromaticity diagram. In CIE 1931
system, three kinds of colors such as red, green, and blue are
used to represent the composition of any color. The real
spectral color can be obtained through the combination of
three artificial colors that are so-called tristimulus values (X, Y,
Z). The chromaticity coordinates (x, y, z) can be calculated by
taking the ratios of X, Y, and Z to the sum of three tristimulus
values,52 and it can be expressed as eq 1.

=
+ +

=
+ +

=
+ +

x
X

X Y Z

y
Y

X Y Z

z
Z

X Y Z (1)

Because the three quantities (x, y, z) are made always to sum
to “1”.52 Generally, (x, y) coordinates are used to represent the
color. Figure 3 shows the CIE 1931 diagram of pristine MLG
and GICs. Pristine MLG and FeCl3-GICs show their adjacent
location with (0.288718, 0.313887) and (0.290947, 0.326507)
in the black area, respectively. The position of Li-GICs and
H2SO4-GICs are located in (0.345962, 0.370433) at the yellow

region and (0.203858, 0.200098) at the blue area in the color
coordinate, respectively.
The lithium intercalation stages are described as shown in

Figure 4a. To investigate these intercalation stages, optical
images and reflectivity spectra are used to trace the survey.
Compared to other substrates such as quartz and copper, the
Ni-grown substrate makes a strong adhesion between the Ni-
grown substrate and MLG film. The flatness of the MLG film
can keep well during the Li intercalation process. As shown in
Figure 4a, a reversible variety of colors are generated in the
large-scale CVD-grown MLG film through a charge and
discharge process. The voltage profile within the potential
range of 3.0−0.05 V versus Li/Li+ agrees well with the previous
reports,40 and the curves for the first three cycles (Figure S1)
suggest a fully reversible charge and discharge process. In the
process of voltage falling from 3.0 to 0.05 V, the color of MLG
film changes from gray (before) to dark blue (stage-3), dark
red (stage-2), and bright yellow (stage-1) in turn, as shown in
Figure 4a. When the voltages are lower than 0.2 V, the color of
evolution from gray to yellow is observed by further decreasing
the voltage, accompanied by an obvious voltage plateau. These
plateaus are corresponding to the intercalation stages,
consistent with that of the reported works.25,53,54 Details are
provided in Figure S4 (Supporting Information). Simulta-
neously, the yellow color changes back to gray when the
voltage increases to 3.0 V. Figure 4b displays the reflectance
spectra of different representative stage colors for MLG films
during the Li intercalation process, with the visible wavelength
range of 400 to 800 nm. MLG films before Li intercalation
show that the reflectance is between 9.15% (600 nm) and
17.60% (800 nm) with an unobvious valley generated in the
wavelength of 600 nm. The presence of the electrolyte can
cause additional light absorption, so the MLG film before Li
intercalation in Figure 4b shows a lower reflectivity than the
pristine MLG film in Figure 3a. During the lithiation stage, the
reflectance spectrum of stage-3 (blue curve) shows from 3.08%
(400 nm) to 7.59% (800 nm), and an imperceptible valley can
be observed. When reaching the stage-2 phase (red line), the
reflectance displays an enormous change with a broad valley
being generated in the wavelength range from 450 to 600 nm,
and is between 5.02% at 583 nm and 28.39% at 800 nm. As to
full intercalation (stage-1), the reflectance (green line) exhibits
a higher average reflectance than before Li Intercalation (from
17.60 to 51.17% at 800 nm after Li intercalation). Additionally,
two valleys are generated at 450 and 600 nm. According to the

Figure 3. (a) Optical reflectance as a function of wavelength for pristine MLG before and after Li, FeCl3, H2SO4 intercalation. (b) CIE 1931
chromaticity diagram of pristine MLG before and after Li, FeCl3, H2SO4 intercalation. The black star represents pristine MLG with no
intercalation. Green, blue, and red solid stars represent pristine MLG with Li, H2SO4, and FeCl3 intercalation, respectively.
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CIE 1931 standard color-matching functions, the color
evolution of coloration films during the Li intercalation
process is demonstrated in the CIE chromaticity chart in
Figure 4d, which displays the letter “e”. In addition, during the
de-intercalation process, not only optical images but also the
reflectance, and the color evolution of coloration film in the
CIE chromaticity chart are reversible as to the intercalation
process, which dedicates a color change with good reversibility
and non-volatility as shown in Figure 4a,c,e. In addition, LiC6
encapsulated in air displays good stability without applied
voltage, presenting the same yellow color and fully overlapped
reflectivity spectra in seven days, shown in Figure S6.
Moreover, using the shadow mask, optical lithography, and

argon plasma etching technique, the MLG film can be
patterned into diverse shapes. Figure 5 shows a school logo
of the National University of Defense Technology with
dynamic color. During the Li intercalation process with a

large current, different colors of dark blue, dark red, and bright
yellow at different areas in the patterned MLG film can exist at
the same time. The area close to the lithium plate is where the
color changes first, as shown in the lithiation process in Figure
5. Because the lithium ions arrive with a shorter time to the
position of MLG film near the lithium plate but with a longer
time to the position of MLG film far from the lithium plate.
Another reason for this phenomenon is that the intercalation
starts at the edge of MLG film.35 In the de-intercalation
process, the yellow color turns into the different single colors
with dark red, dark blue, and gray appearing successively,
which can be achieved through a small constant current and
suitable constant voltage. More pattern display is shown in
Figure S7 (Supporting Information).

Figure 4. Stage transition is recorded during the electrochemical Li intercalation and de-intercalation process. (a) Schematic diagram of
intercalation stages and optical images during Li intercalation and de-intercalation process. The scale bar is 2 mm. The electrode potential versus
Li+/Li is given for MLG before and after intercalation are given. MLG is grown on Ni foil. (b,c) are in situ optical reflectance as a function of
wavelength for MLG film during Li intercalation and de-intercalation process. Black, green, blue, and red solid lines represent different intercalation
stages of MLG. (d,e) are color evolution for MLG film during Li intercalation and de-intercalation process in the CIE 1931 chromaticity diagram.
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■ CONCLUSIONS

In summary, we have successfully developed Li, H2SO4, and
FeCl3 intercalated MLG using an electrochemical, chemical,
and thermal method. The color of MLG films is achieved from
gray changing into bright yellow, deep blue, and dark, which is
attributed to the variation of the band structure of graphene
after intercalation with distinct reflectivity spectrum changing.
Furthermore, consecutively tunable and non-volatile color
modulation in a broad visible band can be achieved by an
electrochemical optical platform. In addition, LiC6 displays
good stability without applied voltage, enabling convenience in
practice appliances. Particularly, a reversible reading and
erasing of complex patterns with various colors are also
demonstrated. Our result provides a simple and effective
method to dynamically tune 2D materials coloration, which
shows excellent potential for specular reflection, sensing, anti-
counterfeiting, displaying, and sensors.

■ METHODS

Preparation of MLG Film. About 50 nm CVD-grown
MLG on a Ni foil (Nanjing MKNANO, China) was floated on
a FeCl3 etched aqueous solution surface (Aladdin Industrial
Corporation, Shanghai, China). Several hours later, a free-
standing MLG film was acquired and transferred to deionized
water to remove the residual FeCl3. Next, the MLG film was
transferred onto a quartz plate and baked in an oven at 80 °C
to dry the remaining water.
Preparation of Li-GICs. Device fabrication: Two Cu

electrodes were attached to a 0.5 mm quartz plate. CVD MLG
films on Ni foil were transferred to a Cu electrode nearly and
contacted with a conductive silver paste. Then, the device was
transferred inside a glovebox (Lab2000, Etelux, China) filled
with an argon atmosphere. Subsequently, the Li pellet was
deposited onto an isolated Cu electrode. After that, we covered
a quartz plate on the graphite film and Li pellet areas, epoxy
was used to seal three edges, a small pocket was created and
filled with electrolyte (LiPF6 in ethylene carbonate/diethyl
carbonate, w/w = 1:1). Lastly, the pocket with epoxy was
sealed to prevent oxidation.
Electrochemical intercalation and deintercalation: The

intercalation and deintercalation processes were controlled
by the Vertex One electrochemical workstation (Ivium
Technologies, The Netherlands). Constant current charge

and discharge were set as 5 μA. Then, 50 mV of constant
voltage was kept for enough time to get fully lithiated graphite
LiC6.

Preparation of H2SO4-GICs. (NH4)2S2O8 (1.0 g, Sigma-
Aldrich) was added to 96−98% H2SO4 (10.0 ml) with
constant swirling. After 10 min, (NH4)2S2O8 was completely
dissolved, accompanied by gases production from the partial
decomposition of the persulfate anion. Then, the preparation
of a MLG film was dropped by a drop of the mixing solution
and covered with a quartz plate. A few minutes later, the
formation of H2SO4-GICs was synthesized with the appearance
of the deep blue color of MLG films. To deintercalation, the
(NH4)2S2O8-H2SO4 solution surrounding the MLG film was
diluted with deionized water.

Preparation of FeCl3-GICs. The getting MLG film and
anhydrous FeCl3 powder (Alfa Aesar, 98%) were positioned in
different zones inside a quartz tube, then sealed the tube with
epoxy, all manipulations were performed in an argon-filled
glovebox, restraining anhydrous FeCl3 powder from moisture.
After the epoxy was completely dry, the tube was transferred
out of the glovebox to air. Subsequently, the MLG film and the
FeCl3 powder were heated for 24 h at 360 and 310 °C,
respectively.

Optical and Electrical Characterization. The samples
were characterized using a confocal Raman microscope (Witec
Alpha-300R) equipped with a solid-state Nd+:YAG exciting
laser (532 nm) and XRD (Rigaku, Japan) with a Cu Kα source
(λ = 1.5406 Å) to analyze the phases composition and
structural parameters. XRD spectra were measured with a step
of 0.02°. The Li-GIC sample was disassembled from a reaction
cell and sealed inside XRD special test glass slot by the Kapton
tape, the manipulations were all carried out inside the
glovebox. The sheet resistance of a 50 nm thick MLG film
and GICs samples was measured by the van der Pauw method,
using a Keithley 2636B source meter (Tektronix, USA).

Reflection Measurement and Color Calculation. The
reflectance of the MLG film before and after intercalation was
tested by an angle-resolved spectrum system (Ideaoptics,
China). Calculation of colors by two normalized values (x and
y) derived from the tristimulus values was carried out,
measuring the response of human eyes to the light based on
the CIE 1931 color space..

Figure 5. Color tuning of patterned MLG film during Li intercalation and de-intercalation process. The scale bar is 1 cm. The source of logo model
is from https://baike.so.com/doc/5351215-5586672.html (Logo used with permission from Zhipeng Zhao on behalf of National University of
Defense Technology).
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