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A B S T R A C T   

It is well known that alkali metals can intercalate into graphite to form graphite intercalation compounds but the 
structural change of graphite induced by alkali metals has been paid less attention. Herein, we report that alkali 
metals (Li, Na, K) induce the phase transition from ABC-stacking (or 3R phase) to AB-stacking (or 2H phase) of 
graphite. Specifically, for the graphite powder containing ~45% 3R phase in a mixed phase, the temperature 
needed to ensure a complete stacking phase transition is 600 ◦C, 500 ◦C or 350 ◦C, for Li, Na or K, respectively, 
much lower than that needed in bare annealing (1800 ◦C) while without these alkali metals. Simulations based 
on density functional theory (DFT) suggest that the charge transfer from alkali metals to graphene distinctly 
lowers the energy barrier of transition, explaining the different phase transition temperatures for these alkali 
metals.   

1. Introduction 

The stacking order of layered materials, through changing the 
interlayer electron interaction and lattice symmetry, strongly affects the 
band-structure and the electronic properties [1,2]. In the case of bulk 
graphite, there are two common periodic stacking configurations: 
AB-stacking, which is called hexagonal or Bernal phase (or 2H phase), 
and ABC-stacking, which is called rhombohedral phase (or 3R phase), 
with each lattice structure illustrated in Fig. 1a [3,4]. It has been shown 
that 2H phase (ABA-stacking) of trilayer graphene is a semimetal with 
an electrically tunable band overlap between the valence and conduc
tion bands, whereas 3R phase (ABC-stacking) of trilayer graphene is a 
semiconductor with an electrically tunable band gap [5–9]. In general, 
2H phase in bulk graphite is slightly more stable than 3R phase in 
thermodynamics [4,7]. The stacking-fault energy in 2H graphite 
measured by electron transmission microscopy is positive (~0.09 meV 
per atom) [10,11]; calculations showed that the cohesive energy of 2H 
graphite exceeds that of 3R graphite by 0.9 meV per atom [12]. More 
recent calculation gave a stacking-fault energy of ~0.11 meV per atom 
[13], close to the above measured stacking-fault energy. It was proposed 

that 3R phase could be converted into 2H phase by high-temperature 
(above 1025 ◦C) treatment to overcome the enthalpy difference of 
0.59 ± 0.17 kJ mol− 1. Another experiment showed that treatment at 
1800 ◦C was necessary to complete this phase transition [14]. 

For thin graphite films, e.g., trilayer graphene, the energy difference 
between ABA and ABC stackings has been calculated as 0.18 meV per 
atom [7], and the experiment showed the ABC trilayer graphene do
mains on the SiO2 substrate are stable up to 800 ◦C [4]. A trilayer gra
phene containing mixed ABC and ABA domains could be transformed to 
a film with more ABA domains by evaporating triazine onto the trilayer 
surface at 150 ◦C [15]. Thin graphitic films with mixed stackings could 
be locally transformed to AB-stacking by Joule heating (applied on a 
~7.5-nm-thick film) or laser illumination (applied on ~ 2.5-nm-thick 
film) [16]. In addition, it was reported that the shear force (i.e., the force 
parallel to the surface) could trigger the transformation from ABC- to 
AB-stacking when the force is applied along the armchair edge direction 
of a thin graphite film [17], however the shear force induced effect 
works only when the graphene is close to the contact area. A potentially 
scalable method is lacking to realize the transformation of 3R phase to 
2H phase in graphite. 
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Previously, we have found that the stacking phase transition of 3R 
phase to 2H phase in graphite powder can be triggered by charge 
transfer of lithium nitride (α-Li3N), which improves the repulsion be
tween the layers and reduces the energy transition barrier between the 
3R and 2H phases [18]. One puzzle is whether more accessible, pure 
alkali metals can induce the phase transition. It is well known that po
tassium (K) can intercalate into interlayers of graphite at temperature of 
310–530 ◦C to form Stage 1 to Stage 4 graphite intercalation compounds 
(GICs), such as KC8, KC24, KC36 and KC48 [19]. Due to the energetic 
instability of sodium (Na)-GICs [20], however, Na-GICs do not readily 
form [21]. On the other hand, the reaction of liquid lithium (Li) with 
graphite is hindered by the difficulty of infiltration [22], thus Li-GICs are 
only obtained either by immersing graphite in quasi-saturated vapor of 
Li or by compressing Li with graphite. Stage 1 or Stage 2 Li-GIC was 
obtained by immersing pyrolytic graphite in pure liquid Li or liquid alloy 
consisting of 4 wt% Li in Na at 350 ◦C for 8 h [23]. Compared to the 
studies on the intercalation into graphite, the structural change of 
graphite induced by these alkali metals has been paid less attention. 

In this work, we find that heating the mixture of graphite with alkali 
metals (Li, Na and K) can induce the stacking phase transition from 3R to 
2H in bulk graphite powder. The critical temperature for a complete 
phase transition of the 3R phase in graphite powder decreases from 
600 ◦C to 500 ◦C and 350 ◦C, for Li, Na and K, due to the enhanced 
electron injection from alkali metals to graphite. Density functional 
theory (DFT) simulations have been performed to show the adsorption 
of alkali metals atoms and charge transfer to ABC-stacking trilayer 
graphene, which remarkably lowers the phase transition energy barrier 
to ABA-stacking trilayer graphene. 

2. Experimental section 

Experiments: Graphite powder with grain size of 400 nm (D50 <
400 nm, 99.95%, metals basis) was purchased from Macklin Inc. 
(Shanghai, China). Li plates were purchased from Guangdong Canrd 
New Energy Technology CO., Ltd., China. Na and K chunks were pur
chased from Sinopharm Chemical Reagent Co., Ltd., China. In a typical 
experiment, graphite powder and alkali metal were loaded into a quartz 
tube (length: 150 mm; diameter: 15 mm) in a glovebox at Ar atmo
sphere. Then the tube was sealed in vacuum, and sample was subse
quently heated with a heating rate of 5 ◦C min− 1 at Ar atmosphere (flow 
rate of 100 sccm) in a horizontal tube furnace, followed by annealing at 
various temperatures for several hours. After annealing, the samples 
were washed by deionized water and then dried at 80 ◦C in ambience. 

Large area few-layer graphite (FLG) flakes were obtained by me
chanical exfoliation of centimeter-size graphite crystals (flaggy graphite, 
purchased from NGS, Germany) and placed onto a SiO2/Si substrate 
(FLG-SiO2/Si). FLG-SiO2/Si was annealed in the presence of Li, Na or K 
chunks (placed next to but not directly contacting to FLG- SiO2/Si to 
prevent etching of SiO2/Si) at 600 ◦C, 500 ◦C or 350 ◦C for 5 h, 
respectively, to further verify the effect of charge injection. 

Characterizations: X-ray diffraction (XRD) was carried out on a 
high-resolution X-ray diffractometer (Cu Kα radiation with a wavelength 
of 0.15418 nm, operating at 40 kV and 30 mA, Rigaku SmartLab 3 kW, 
Japan) with a scan rate of 10◦ min− 1. Data were collected in the range of 
5◦–90◦ at a resolution of 0.02◦. Raman spectra of graphite were collected 
with a Raman (Renishaw in Via Raman Micro-scope, UK). The laser 
wavelength 532 nm, and the diameter of the laser spot is ~1 μm. 

Fig. 1. (a) Schematics of ABC-stacking (3R phase) and AB-stacking (2H phase) graphite. (b) Cu Kα (radiation wavelength λ = 0.15418 nm) powder XRD patterns of 
200 mg graphite before annealing, and after annealing with 40 mg Li at 600 ◦C for 5h, with 40 mg Na at 500 ◦C for 5h, or with 40 mg K at 350 ◦C for 5 h, respectively. 
Diffraction peaks corresponding to the 2H or 3R phase are indicated by the arrows. Asterisks (*) point to the diffraction peaks originated from Cu Kβ (radiation 
wavelength λ = 0.13922 nm). (c) Fitting of XRD patterns in the fingerprint range of 40◦ ~ 48◦. The circles indicate experimental data; the pink or purple lines are the 
simulated lines of 2H or 3R phase. Selected XRD diffraction peaks of (002)/(003) crystal planes for samples obtained by annealing pristine graphite with (d) Li, (e) 
Na, and (f) K at various temperatures for 5h. Black circles in each figure indicate the same experimental data of pristine graphite to compare with the data from 
annealed samples. (A colour version of this figure can be viewed online.) 
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Scanning electron microscopy (SEM) images were obtained by a field- 
emission SEM (Hitachi SU8220, Japan). The X-ray photoelectron spec
troscopy (XPS) were performed on an XPS facility with Al Kα radiation 
(hν = 1486.6 eV) (Thermo Scientific, ESCALAB 250Xi, US). 

Simulation: Quantitative phase analysis (QPA) of XRD data was 
done by using Reflex code embedded in Materials Studio software. The 
phase of ideal 2H and 3R graphite was optimized from DFT calculations 
with optB88-vdW [24] functional. To get a more reliable and repeatable 
result, the background line of experimental XRD data was removed by 
Origin software and the XRD data was horizontally moved to make the 
2H (101) peak have a good alignment with the calculated peak from the 
ideal 2H phase. Minor deviations between experiment and simulation 
may be related to the fact that the Cu Kα radiation (λ = 0.15418 nm) used 
in powder XRD consists of Cu Kα1 (λ = 0.15405 nm) and Cu Kα2 (λ =
0.15443 nm), among which the intensity of the former is about twice as 
the latter (100 : 49.7). Note that the horizontal movement of the peaks 
do not have any influence on the intensity of the peak, thus should not 
introduce extra errors for QPA fitting. The X-ray wavelength is 
0.154184 nm with the copper source. 

The theoretical calculations were conducted by the Vienna ab initio 
simulation package (VASP) software [25] based on density functional 
theory (DFT) [26]. The generalized gradient approximation (GGA) [27] 
of Pewder-Burke-Ernzerhof (PBE) [28] functional was used to describe 
exchange-correlation functional. For vdW corrections the DFT-D3 [29, 
30] method with Becke-Jonson damping was adopted. A plane-wave 
cutoff energy was set to be 500 eV and spin unrestricted for all calcu
lations. The energy tolerance for self-consistent field (SCF) is 1 × 10− 8 

eV and the force tolerance for geometry optimization is 1 × 10− 4 eV/Å. 
An ‘all band simultaneous update of orbitals’ was selected to be the 
electronic minimization algorithm and the step width in every ionic 
relaxation was 0.1 Å. An ABC stacking graphene trilayer model and an 
ABA stacking graphene trilayer model with 20 Å vacuum layer was used. 
Single atoms of alkali metal (Li, Na and K) were adsorbed on a 
three-layered 2 × 2, 3 × 3 and 5 × 5 supercell of graphene. The Brillouin 
zone was sampled by using 5 × 5 × 1 k-point mesh for all the 2 × 2 
supercell calculation, 4 × 4 × 1 k-point mesh for 3 × 3 supercell and 2 ×
2 × 1 k-point mesh for 5 × 5 supercell. The minimum energy path 
(MEPs) was calculated by using climbing-image nudged elastic band 
(CL-NEB) method [31,32]. 

3. Results and discussion 

Graphite powder with a flake size of 1–5 μm was used in this work, as 
shown in the scanning electron microscopy (SEM) image (Fig. S1a in the 
Supporting Information). The XRD pattern of graphite powder before 
annealing is shown in Fig. 1b (blank line), consisting of the mixed 
diffraction features of 2H and 3R phases in graphite [33]. 9 peaks for 2H 
phase and 9 peaks for 3R phase in the range of 5◦–90◦ are consistent with 
the previous report [33]. 4 diffraction peaks (originated from crystal 
planes of (101), (10–2), (104) and (10–5) in the 3R phase, Fig. 1b) are 
not overlapped with those of 2H phase and thus used to distinguish the 
crystal structure. Li foils (thickness: about 448 μm) were stored in a 
glovebox at argon (Ar) atmosphere; Na and K bulks were stored in liquid 
kerosene in the glovebox and used after wiping out the kerosene and 
slicing to small chunks. In a typical experiment, 200 mg of graphite 
powder and 40 mg of alkali metals (Li, Na, K) were mixed in a quartz 
tube in the glovebox at Ar atmosphere and then sealed in vacuum, fol
lowed by annealing at different temperatures (600 ◦C, 500 ◦C, or 350 ◦C) 
in a tube furnace for 5 h. After annealing, graphite powder samples were 
washed by deionized water and then dried at 80 ◦C in ambience. 

After annealing with alkali metals, graphite samples maintain the 
flake shape with sizes close to those of pristine samples, as shown in SEM 
images (Figs. S1b, c, d). However, the characteristic diffraction peaks of 
the 3R phase in XRD patterns of all three graphite powder samples 
disappear, as seen from Fig. 1b. At the same time, the intensities of 
diffraction peaks for 2H phase (e.g., those corresponding to (101), (102), 
and (103) crystal planes) are enhanced, indicating the improved crys
tallinity of 2H phase. As a control, the XRD of graphite powder after 
annealing under the same conditions yet without these metals showed 
no significant changes (Fig. S2). Meanwhile, we did not see any signif
icant changes in the peaks of G band and 2D band in Raman spectra 
(Fig. S3) or X-ray photoelectron spectroscopy (XPS) C1s spectra 
(Fig. S4). No significant signals of Li 1s, Na 1s and K 2p were detected in 
XPS of annealed samples. The atomic ratio (Table S1) remains similar 
after annealing. Annealing two other graphite powders (Aladdin In
dustrial Corporation, Shanghai, China) with flake sizes of 5–15 μm and 
10–50 μm also gives the similar results, as shown in Fig. S5. 

To evaluate the content of 3R phase in graphite powder, fitting of 
powder XRD patterns in the fingerprint range of 40◦–48◦ (covering 2H 
(100)/2H (101) and 3R (101)/3R (10–2) diffraction peaks) [34] was 
performed for all samples, as shown in Fig. 1c. Assuming that all 

Fig. 2. Calculated content (%) of residue 3R phase by 
fitting powder XRD patterns of 200 mg graphite 
powder annealed with various amount of (a) Li, (b) 
Na or (c) K at various temperatures for different time 
durations (more details are shown in Table S2). (d) 
Calculated content (%) of residue 3R phase in 
graphite powder as a function of temperature after 
annealing 200 mg graphite with 40 mg alkali metals 
for 5 h in each annealing. Dashed curves are the 
fitting of data with the Boltzmann distribution and 
the differential curves are shown in the inset. (A 
colour version of this figure can be viewed online.)   
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graphite samples contain only 3R and 2H phases, the calculated content 
of 3R phase in pristine graphite was 45.15% and then reduced to 
essentially 0 after annealing with Li (at 600 ◦C), Na (at 500 ◦C), and K (at 
350 ◦C) for 5h. As shown in Fig. 1d, e and 1f, after annealing with Li, Na 
or K, the intensities of diffraction peaks of (101) and (10–2) crystal 
planes gradually decrease with the temperature till it completely dis
appears, indicating the transition of 3R phase into 2H phase. The tem
perature needed for a complete phase transition under the experimental 
conditions used in this work, is ~600 ◦C for Li, ~500 ◦C for Na and 
~350 ◦C for K. To verify if the alkali metal (Li, Na, K) atoms intercalate 
into the interlayers of graphite after annealing, the XRD peak of 
(002)/(003) crystal plane (i.e., 20◦–30◦) of annealed samples were also 
compared with that of pristine graphite powder. The positions and in
tensities of diffraction peaks of (002)/(003) crystal planes were coinci
dent with those of pristine graphite, indicating that the interlayers of 
graphite were not intercalated by Li, Na and K. It also should be 
mentioned that the intensities and widths of diffraction peaks of 
(002)/(003) crystal planes of graphite annealing with alkali metals does 
not change before and after washing by water, as shown in Fig. S6. 

In addition, Raman spectroscopy may be used to distinguish the 
different stackings, but we have not observed the difference in Raman 
spectra between original graphite and processed graphite described 
above, probably due to the complicated distribution of stackings in bulk 
graphite powders. However, Raman spectra of large area FLG flakes 
have indicated that some ABC stacking regions are transformed to AB 
stacking, as shown in Fig. S7, evidenced by the changed Raman 2D band 
after annealing. Na and K caused severe etching of FLG flakes on SiO2/Si 
and no samples were left after annealing (Fig. S7a). More research might 
be carried out to identify the phase transition of large area FLG flakes, 
which clearly show the transition conditions different from graphite 
powders. 

To further investigate the difference of Li, Na or K on the phase 
transition from ABC-stacking to AB-staking of graphite, a series of 
comparative experiments were performed, including the change of 
annealing temperature and time, mass of alkali metals. When the mass of 
graphite powder and alkali metals are fixed as 200 mg and 40 mg, the 
annealing temperature as 350 ◦C, and the annealing time as 5 h, the 

content of residue 3R phase is reduced to 34.91% after annealing with 
Li, to 24.67% with Na and essentially to 0 with K, as shown in Fig. 2, 
Fig. S8 and Table S2. When the mass of graphite powder and alkali 
metals are fixed as 200 mg and 40 mg, and the annealing temperature as 
500 ◦C, the content of residue 3R phase is reduced to 4.27% after 
annealing with Li for 7 h, to 4.59% after annealing with Na for 3 h and 
essentially to 0 after annealing with K for 0.5 h. When the mass of 
graphite powder is fixed as 200 mg, and the annealing temperature as 
500 ◦C, and the annealing time as 5 h, the content of residue 3R phase is 
reduced to 11.8% after annealing with 80 mg Li, essentially to 0 after 
annealing with 40 mg Na or after annealing with 20 mg K. Fig. 2d further 
plots the 3R content as a function of annealing temperature for fixed 
annealing time and graphite/metals mass for each metal, in which the 
Boltzmann fitting is taken to guide the eyes. From the fittings and the 
corresponding differential curves shown in the inset, we can clearly see 
that K brings about the lowest threshold temperature at ~250 ◦C for the 
phase transition. From the comparison, we can see that the ability to 
induce the stacking phase transition follows the order of K > Na > Li, 
consistent with the work function order of K (2.3 eV), Na (2.75 eV), Li 
(2.9 eV) [35]. Other factors such as the saturated vapor pressure [36], 
which may affect the diffusion of metallic vapor into the graphite 
powder, could also play roles in the phase transition. 

To have the hint on the effect of electronic properties of alkali metals 
on the phase transition, DFT simulations were conducted. In observation 
of complexity of bulk graphite structure for the simulations (e.g., at least 
6-layer unit cell or too many possible slipping reaction pathways), an 
ABC-stacking trilayer graphene and an ABA-stacking trilayer graphene 
were used to represent 3R and 2H phases, respectively. Adsorption of 
single atoms of Li, Na or K on the ABC-stacking trilayer graphene was 
considered and the transition from ABC- to ABA-stacking achieved by 
sliding the bottom layer of ABC-stacking trilayer graphene. A climbing- 
image nudged elastic band (CL-NEB) method was used to obtain the 
minimum energy paths for the sliding. 

Fig. 3a shows the phase transition route from ABC- to ABA-stacking 
in a supercell model with 33.33% coverage (assuming a metal/carbon 
atomic ratio of 1:6 as 100% coverage, as for the situation of LiC6) of 
alkali metals. From the curves we can see that the adsorption of Li, Na or 

Fig. 3. (a) Nudged elastic band path for trilayer 
graphene from ABC-stacking to ABA-stacking of 
pristine and after an alkali metal atom adsorbed on a 
ABC-stacking trilayer graphene supercell with 
33.33% adsorption coverage; (b) Charge density dif
ference of Li atom adsorbed on a 3 × 3 trilayer gra
phene supercell, where the iso-surface value is 0.0005 
e– bohr− 3; (c) Nudged elastic band path after an alkali 
metal atom adsorbed on a trilayer graphene supercell 
with 12% adsorption coverage and (d) a trilayer 
graphene supercell with 75% adsorption coverage. 
Insets in (a), (c) and (d) show the corresponding 
models of alkali metal atoms adsorbed on an ABC 
stacking trilayer graphene with the same area of 
~13.7 nm2. (A colour version of this figure can be 
viewed online.)   
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K can surely reduce the energy barrier in the transition, which is raised 
by the high energy status of A-A layer stacking during transition. Again, 
the adsorption of K shows the highest efficiency to reduce the energy 
barrier (9.24 meV per atom), compared to Na (11.8 meV per atom) and 
Li (16.4 meV per atom). The charge density difference for the same 
coverage of Li, Na or K atom adsorbed on a trilayer graphene is shown in 
Fig. 3b and S9, indicating that the charge transfer mainly occurs be
tween the alkali atoms and the contact layer of trilayer graphene while 
electrons can also inject into two bottom layers due to the charge 
transfer between adjacent graphene layers. In addition, the transition 
energy barriers for 12% and 75% adsorption coverage were also calcu
lated and are shown in Fig. 3c and d. Combing the Bader charge cal
culations shown in Table S3, we can see the same trend of energy barrier 
change for 12% and 75% coverage as those in 33.33% coverage for 
different metals. For the same metal adsorption, the energy barrier de
creases as the coverage density increases and the higher coverage would 
induce less charge transfer between alkali atoms and graphene due to 
stronger metal-metal interaction. 

To have a more detailed description of the states of metal atoms on 
graphene, we have conducted electron localization function (ELF) 
analysis, which outputs a value between 0 and 1, where 0 represents a 

total delocalized electronic property, often related to ionic states, 0.5 
represents a free electron state, often related to metallic states, and 1 
represents a total localized electronic state, often related to chemical 
bonds or localized surface or defect states [37]. As we can see, at high 
metal atom coverage, e.g., in 2 × 2 supercell in FIGs. 4a, b and 4c, all 
three models show a horizontal metal-metal interaction with ELF value 
of about 0.35–0.77, indicating that there is a quasi-metallic electron 
cloud in the metal atom layer. Going to details, Li and Na atoms have a 
cap-like localized electron states in the opposite side towards graphene 
layers, while the K atom is more ionic. When the coverage is lower, e.g., 
in 3 × 3 supercell as shown in Fig. S10, the Li atom shows a fully ionic 
electronic state, due to the relatively small size. While the Na and K 
atoms still show metal-metal interactions in this model, with a strong 
localized surface state on Na atom, and a relatively weak localized 
surface state on K atom. When the coverage is sufficiently low, e.g., in 5 
× 5 supercell, all three types of alkali atoms show ionic property, as 
shown in Fig. S11. 

Crystal orbital Hamilton population (COHP) calculations were con
ducted to show the interaction between metallic atoms or between metal 
and graphene [38]. The COHP of metal-metal interactions with different 
coverage are shown in Fig. 4d and Fig. S12. We can find that there is a 

Fig. 4. Electron localization function analysis for (a) Li, (b) Na and (c) K in 2 × 2 supercell with slice direction of (110). Crystal orbital Hamilton population for (d) 
metal-metal atoms interaction and (e) metal-carbon atoms interaction in 2 × 2 supercell. (A colour version of this figure can be viewed online.) 

X. Wang et al.                                                                                                                                                                                                                                   



Carbon 213 (2023) 118295

6

strong bonding interaction of Li–Li and Na–Na in 2 × 2 supercell model 
while the K–K interaction is anti-bonding, due to the columbic repulsion 
between electrons in K, which has a larger ionic size. The metal-metal 
interaction turns to be weaker in 3 × 3 supercell with all three types 
of alkali atoms have bonding interaction, then disappears in 5 × 5 
supercell model. The interaction between metal atom and graphene is 
also considered, with selecting a carbon atom in the adsorbing hexag
onal ring, as shown in Fig. 4e and Fig. S13. We can see that the bonding 
state of Li–C interaction is stronger than Na–C and K–C interaction. The 
Li–C interaction decreases while the Na–C and K–C maintains the similar 
strength with the decreasing coverage. For high coverage model, e.g., in 
2 × 2 supercell as shown in Fig. 4e, the anti-bonding interaction of 
metal-graphene nearby fermi level is noticed, suggesting a weak inter
action between metal and graphene. The relationship between metal 
atoms coverage and the amount of charge transfer are shown in Fig. S14 
and Table S4. At low coverage, the charge transfer for all the three 
metals decreases linearly as the atom coverage lowers. As the coverage 
increases, the charge transfer deviates from the linear relationship. More 
research might be carried out to obtain a clearer understanding of the 
charge transfer from alkali atoms to graphene. 

4. Conclusions 

In summary, the stacking phase transition from ABC- to AB-stacking 
in graphite has been induced by alkali metals (Li, Na, K). For the 
graphite powder containing mixed 3R and 2H phases, the critical tem
perature needed to ensure the complete phase transition of the 3R phase 
is ~600 ◦C, ~500 ◦C or ~350 ◦C, for Li, Na or K, respectively. We show 
that the reduction of energy barriers is attributed to the charge transfer 
from alkali atoms to graphene, resulting in the reduction of phase 
transition temperature. Among three metals, K shows the highest effi
ciency, followed by Na and Li. Our work provides a potentially scalable 
method to tune the fine structure of graphite. 
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