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1. Fabrication process

Graphite powders of 50 mg (99.0% purity, from Sigiddrich) with a grain size less than
20 pm were mixed and ground with 640.5 mL ionic liquid (IL, 1-Butyl-3-
methylimidazolium hexafluorophosphate, BMIMPFom Sigma-Aldrich) for 0.5— 4 hrs.
Then the mixtures were added into a solution ofMl5N,N-dimethylformamide (DMF) and
15 mL acetone and centrifugated in the speed od 30t for 30 min in order to remove the
ionic liquid. This washing cycle was repeated thteees and the final sediment was
dispersed in 1 L DMF. After one-day sedimentatidhe large/thick graphitic flakes
completely precipitated on the bottom of the bofflee supernatant was dried and then the
yield was calculated as 20 wt%, which is much lathan that of other methods reported.
The supernatant was collected and centrifugategetca dense suspension, with which the
graphene samples were prepared for the study mfrtherostructure and electrical properties.
The suspension was diluted and dropped on lacyonasbated Cu grid for TEM
observations, on clean Si wafers or mica sheetth®KXPS, Raman and AFM studies, and on
thermally oxidised Si wafer substrates (300 nm,piOr the study of electrical properties.
Note, to obtain uniform large-area graphene thimdj the Si/SiQ substrate was
functionalised with 5% 3-triethoxysilylpropylamif@PTES) aqueous solution for 30 min.
All samples were completely dried under an infrateght or on a hot plate before
measurements.

We should note the role of ILs in this study. IL® éow-temperature molten salts, and as
their name denotes are liquids composed entirelgred. They have been proposed as a new
class of “green” organic solvents because not tmy are able to solvate a large variety of
organic and inorganic compounds, (polar or non+pdiat also they possess high thermal
and chemical stability, high ionic conductivity,dei electrochemical window, and negligible
vapour pressure. The mixing of a small quantitylofind graphite flakes forms a gel-like
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composite. When graphite flakes are ground withcidiquids, the shear force detaches the
graphene layers from the graphite flakéke ionic liquids can effectively surround each
layer preventing the detached graphenes from restackBaged on simulation and
experimental studies on processing of carbon néestwith imidazolium-based ILs, the
electronic structure of graphene layers in the pugdd remains unchanged and there is no

charge transfer between graphene and imidazolitionsa
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2. XPS data analysis
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Figure S1. XPS narrow scan spectra of graphene samplesdoregits C 1s (a) and O1s (b),

respectively.
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Figure S1 (a) and (b) present a high resolutiomasgtric C1s and an Ol1ls XPS spectrum of
graphene sheets, respectively. After subtractioa Shirley background followed by a fitting
process using a mixture of Lorentzian and Gausdiaeshapes, the Cls peak was
deconvoluted into four sub-peaks located at 28284,9, 285.5, and 288.9 eV, which have
been assigned to C-C @p“defect peak”, C-O and COOC/COOH bonds, respelti The
Ols peak can be fitted by two Gaussian peaks atl 8% 534.7 eV corresponding to C-O

and C=0 bonds.
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3. Low magnification TEM images of graphene nanosheets and their sizedistributions

Figure S2. Low magnification TEM images of folded and wrinllgraphene nanosheets.
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4. Sizedistribution of graphene nanodots
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Figure S3. Histogram of graphene nanodots describing theg gigtribution.
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5. AFM images and profile line scans of graphene nanodots
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Figure $4. Typical Atomic Force Microscopy images and topogsapine profiles for

graphene nanodots produced using different grinlimgs: (a) 1 hour, (b) 4 hours .
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6. SEM imagesof graphenenanosheets

Figure Sb. Different magnification SEM images of graphene slfigms produced through

filtration of graphene solution.
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7. Raman spectrum of graphene sheets and nanodots
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Figure S6. Typical Raman spectrum of the graphene nanosheets.

Raman scattering is a convenient, powerful macmsctool for the characterisation of
graphene. The layer number and quality of graph@atwicated by the method of
micromechanical cleavage can be well distinguisihgdthe analysis of spectroscopic
intensity, frequency and line width etigure S6 shows a typical Raman spectrum of the
graphene sample. The Raman measurement is condactedackscattering geometry at
room temperature using an excitation laser of 5hwith a spot size of 1-dm. There are
three strong peaks at 1348, 1571, and 2717, amhich are ascribed to the D, G, and G’
bands of graphitic materials, respectively. No drpaaks relevant to amorphous carbon are
found in the sample. The presence of the D peaesrrom the edges of graphene sheets,
whoose size is smaller than the laser spot{iy2 The ratio of integrated intensities of D to
G bands @/lg) is only 0.23, revealing that the graphenes walypeed are of high quality,
since the D band is a fingerprint of defects inphiic materials. The G” band, a fingerprint
of graphene, is quite strong, larger than the D dightly smaller than the G band in

intensity. The ratio of integrated intensity of @ G bands is about 0.61, revealing the
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presence of 2-4 graphene layers consistent withTE#l observation. Note, currently the
Raman spectra of graphene fabricated by solutisedanethods do not resemble those of
graphene produced by other methods. They do neeptadentical spectroscopic features
and are strongly dependent on the fabrication ntetlmad chemicals useMost of them
present a strong D band, a broad G band and a Wéakand. However, all findings
presented here confirm that the crystalline qualftgraphene we produced is better to those
reported by solution methods in other groups, badgrer than the graphene produced by
mechanical cleavage of highly oriented pyrolyti@mrite and by high-temperature CVD
growth on metal substrates, where no defect relBtéands can be detected. The relatively
poorer quality of graphene sheets is believed talue to the low-quality starting material

(natural graphite) compared to the HOPG, and nettduhe grinding process.
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Figure S7. TGA spectra of graphene sheets and starting geaffhkes material.

Figure S7 shows TGA spectra taken from the grapkbaets and the starting graphite flakes

material. The measurement was done in a mixturaaearnbf 50 % N and 50 % @ with a

ramp of 1 °C/min. It can be seen that graphenetsin@®e a same thermal behaviour as that

of the starting material. They simultaneously stamxidize at around 500 °C and completely

burn off at 700 °C, demonstrating exactly sameityuahd no any high/low melting materials

being introduced in the fabrication process.
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9. Electrical resistivity of pristine and vacuum-annealed graphene nanoshest films
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Figure S8. The resistivity of graphene sheet films as a fuamctif the annealing temperature.

Figure S8 shows the resistivity of graphene filmsadunction of the annealing temperature.
The graphene films with a thickness of around fi&h8vere fabricated on a large SiCpated

Si wafer by drop coating and then were cut intoesalv10x20 mrh sized pieces for
annealing in vacuum (less than 8%1Dorr) for 1 hr in the temperature range of 20O °C.
The resistances were measured by a four-probe iteehat room temperature (Resistivity
test rig, Model B, A & M Fell LTD, England). The gistivity of pristine graphene films is
about 1x1FQem. The resistivity decreases to 8<{Bm with the increase of the annealing
temperature in the range of 260100 °C. When the annealing temperature is incoetse
500- 600 °C, their resistivity significantly lowers Bx10°Qem. However, this value is still

larger than that (0.070.11x10°Qem) of graphene films produced by other chemicéltimn
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methods The main reason is that there are a lot of jonstiin the film due to either the
smaller size of single graphene sheets or the pecesef voids. The standard deviations of
pristine and annealed graphene films at low tenipesa are quite large, suggesting that the
graphene film could have different thicknesses difi@rent numbers of internal structural
voids. The variation of the graphene resistivitpegs to take place in two steps, suggesting
that the graphene film is subjected to two kindgrahsitions during annealing. The first
process could be due to the desorption of varitiserbates such as water, C-H and COOH
groups from the surface of graphene films and timer surface of the structural voids. The
second step could be ascribed to the shrinkinglayEsing of the voids, leading to relocation
of all constituent graphene sheets and the formatib a dense uniform film at high
temperature, which is evidenced by the small valustandard deviation in the resistivity

data at this temperature.
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TEM images of graphene nanodots

;ra I -A';‘n“'..
T g l.
.33nm EE%

i (x"w“‘;""‘"‘,'.r\‘

LR
4
l‘,‘._-

o™ * "’,ﬁ"*""j
A | : .

Figure S9. Typical TEM images of graphene nanodots.

Figure S9(a) shows a typical low-magnification Thivages of graphene nanodots which are
produced by grinding for 4hrs. The graphene nardtielve a size of 5-12 nm, in close
agreement with the AFM results. The high-resolufil&M image (Fig. S9b) shows the high

crystalline quality of nanodots with a lattice sipgcof around 0.33nm.
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10.  Optical propertiesof graphene nanodots

0.152
4 ~280nm
0.148 = (a )

0.144 =

0.140 =

Absorption (a.u.)

0.136 =

| . 1
200 400 600 800
Wave length(nm)

140
120 - From quartz cuvette ( b )

N

-

o

o
1

80 =

60 =

40 =
20 - \
0 =

T " T " T . T

400 500 600 700 800
Wave length (nm)

Figure S10. (a) UV-Vis absorption and photoluminescence speatt graphene nanodots.
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Figure S10 (a) shows a typical UV-Vis absorptioactpum taken from ~0.1mg/mL graphene
nanodots in de-ionized water by using a UV-Vis sqmaweter (Perkin Elmer Lambda 35).
The graphene nanodots have a broad absorptiondesmered at around 280nm. Figure S10
(b) shows a typical photoluminescence spectrumntéiteen ~0.03mg/mL graphene in DMF
solution using a Cary Eclipse fluorescence meteh @wi330 nm filtered excitation at room

temperature in a wavelength range of 350-800nmarntbe seen that there is a strong broad
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red band centered at 610 nm, which originates fileenquartz cuvette rather than from the
graphene nanodots. No photoluminescence from thighgne nanodots was observed. This
was confirmed by a control experiment with a baMMDsolution. The main reason for the
absence of PL in the graphene nanodots producdld d&ssisted grinding in the present work
is that they are free of both the defects and fanat groups, which are usually considered to

result in PL34
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