
S1 
 

Supporting information 

In Situ Study of Li Intercalation into Highly Crystalline Graphitic Flakes of Varying 

Thicknesses 

Jianli Zou1, Christopher Sole1, Nicholas E. Drewett1, Matěj Velický2 and Laurence J. 

Hardwick1* 

1Stephenson Institute for Renewable Energy, Department of Chemistry, University of 

Liverpool, L69 7ZD, UK  

2School of Chemistry, University of Manchester, Oxford Road, Manchester, M13 9PL, UK 

E-mail: hardwick@liverpool.ac.uk 

 

Microcrystalline flake graphite electrode preparation 

Synthetic microcrystalline flake graphite (6 µm average particle size, SFG6, IMERYS), 

Poly(vinylidene fluoride-hexafluoropropylene) co-polymeric binder (Kynar-flex, Arkema) 

and dibutyl phthalate (Aldrich) were dispersed in acetone, then cast onto glass at a thickness 

of 60 µm. Once dry, the free-standing film was removed from the glass plate, and the dibutyl 

phthalate plasticiser extracted using diethyl ether, leaving a porous film ca. 50 µm thick, 

which was cut into 6 mm diameter electrodes. These were dried under vacuum at 90⁰C, 

weighed and then transferred to an argon filled glovebox (O2, H2O < 1ppm) for Raman cell 

assembly. The loadings of the electrodes were 5 mg cm-2, with a typical electrode mass being 

ca. 1.5 mg. 
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Figure S1. SEM image of microcrystalline flake graphite SFG 6. a) Freestanding flakes and 

b) flakes after processed into electrode. Thickness of flakes estimated to be in the range of 

60-100 nm. 
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Figure S2. Intercalation dynamics during lithiation process in the bulk graphite flake. a-c) 

Optical microscopy images show the change of the color from the graphite flake during 

lithiation at different voltage and d) the corresponding Raman spectra from three selected area 

in b) further confirm the staging process (scale bar is 100 µm). 

 

The intercalation dynamics, accompanied by color change during the lithiation process are 

observed (Figure S2). The intercalation began at the flake edge and progressed inwards as 

captured by color changes in the optical microscope images. These color changes agree with 

previous studies of lithiation in single particles1 and bulk electrodes2–4 and have been identified 

as yellow-gold for stage 1 (LiC6), red for stage 2 (LiC12) and blue-grey for stage 4, 3 and liquid 

stage 2 phases that appear at the beginning of lithiation. 

During lithiation process, when the potential has been reduced to 0.05 V vs. Li+/Li, some areas 

of the flake had begun to transform into a golden color, and Raman spectrum revealed that 

there is no visible 2D band and a weakening of the G band at 1585 cm-1 at the gold color region 

(Figure S2d). This is not the characteristic Raman spectrum of stage 1 GIC5,6, thus we conclude 

this is the Raman response during the transition between stage 2 and stage 1. A Raman 
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spectrum from red area shows a single peak at 1590 cm-1, indicating a stage 2 compound, and 

a Raman spectrum from blue area exhibits a split G band with a prominent peak at 1600 cm-1 

and a weak peak at 1576 cm-1, which indicated the GIC was transforming from stage 3 and 4 

to stage 2 (Figure S2d).  

The presence of several stages along the length of the flake supports the Daumas-Herold model 

of sliding domains7 and shows that the intercalation process is kinetically limited by the 

diffusion of lithium ions along the large diffusion lengths in these flakes8. After being held at 

0.005 V for 10 hours the whole flake had completely turned to the characteristic gold color of 

stage 1. We also observed at this stage the GIC is highly sensitive to Raman laser heating, and 

even with the laser power density of less than 19 kW/cm2 will cause damage to the flake after 

laser exposure over a time of minutes. 

Note for thin edge flakes < 20 nm, their high transparency made color changes difficult to 

observe.9  

The potentials at which it is possible to observe the splitting in G band in single flake samples 

are ~50 mV lower than those observed for the microcrystalline graphite electrode intercalation. 

This is likely the result of the improved electronic contact in the microcrystalline flake graphite 

electrode, which therefore exhibits lower overpotential during lithium intercalation. 

Furthermore, in large graphite flakes, under the slow scan rate applied, it takes extra time for 

the center of the graphite flake to equilibrate with the edge throughout lithiation, due to the 

increased distance for lithium ion diffusion through the bulk flake.8  
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Figure S3. Comparison of the absolute intensity of the Raman spectra of microcrystalline 

flake graphite, and graphite flakes with 20 nm, 3.8 nm and 1.7 nm thickness at OCV (2.9 V 

vs. Li+/Li). Each spectra was recorded for 60 s acculation time within the in situ Raman cell. 

Electroltyte solvent bands at ca. 1800 cm-1 (C=O for ethylene carbonate and dimethyl 

carbonate) are more prominent in the thinner flakes. 

 

 



S6 
 

 

Figure S4. The peak position of G band during intercalation for a) 61 nm graphite flake and 

b) 5 nm graphite flake. 
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Figure S5. The G peak position of graphite flakes of a) 5 nm, b) 20 nm and c) 61 nm, and d) 

microcrystalline flake graphite during lithiation. The blue and red cycles are the real data of 

E2g2(i) and E2g2(b) and the solid squares represent the arithmetic mean value of both E2g2 band. 

The dash line indicates where G peak splits. 
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