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Table S1. Related data for the energy level positions of germanium (Ge) and

graphene.
Materials ® (V) Eg(eV) x(eV) Ec(eV) E,(eV)
Ge 0.63! 42 -4 -4.63¢
Graphene 4.233
Membrane protein 2.6-3.1%5

Notes: Eo, vacuum level; Er, Fermi level; ®, work function; E,, bandgap; ¥, electron

affinity; E., conduction band; E,, valence band; a, calculated values.



Table S2. Cytological effects of graphene-based materials.

Graphene Preparation Transfer Highlights of the study Ref.
material method procedure
FLG Commercial Not involved  Graphene microsheets can enter cells through spontaneous [6]
microsheets product (free state) membrane penetration at edge and corner sites and cause
cytotoxicity.
Graphene and CVD and Transferred onto  Graphene film can better preconcentrate exogenetic osteogenic  [7]
GO films Hummers method PDMS inducer and better promote osteogenic differentiation of MSCs
than GO film.
Graphene film CVD Transferred onto  Graphene film can promote neurite sprouting and outgrowth of  [8]
TCPS mouse hippocampal cells.
Graphene film CVD Transferred onto  Graphene film can enhance electrical signaling in neural networks  [9]
TCPS of NSCs.
Graphene film CVD Transfer-free Large-area monolayer graphene film can exhibit good «

biocompatibility and enhance osteogenic activity of MSCs.

Notes: FLG, few-layer graphene; PDMS, polydimethylsiloxane; TCPS, tissue culture polystyrene; MSCs, mesenchymal stem cells; NSCs,

neural stem cells; a, the present work.



Table S3. Bacteriological effects of graphene-based materials.

Graphene material Preparation method Transfer procedure Highlights of the study Ref.
GO and rGO  Hummers method Not involved Graphene nanosheets can destructively extract [10]
nanosheets (free state) phospholipids from E. coli membranes and kill
them.

GO and rGO papers Hummers method and  Not involved GO and rGO papers can effectively inhibit growth  [11]

vacuum filtration (freestanding) of E. coli bacteria.
GO nanosheets ~Hummers method and  Transferred onto  GO-modified cotton fabrics can exhibit strong [12]
modified cotton fabric filtration cotton fabric antibacterial property.
Graphene film CVD Transfer-free Large-area monolayer graphene film can possess o

good antibacterial property.

Notes: a, the present work.
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Supplementary Figure S1: (Top panel) Schematic illustration for the preparation of
large-area monolayer graphene film on germanium substrate by chemical vapor
deposition (CVD) method. (Bottom panel) Photographs of the pristine germanium
(denoted as Ge), large-area graphene film grown on germanium at 890 °C (denoted as
Gr@Ge-890) and 910 °C (denoted as Gr@Ge-910), respectively.

Figure S1 illustrates the schematic fabrication of monolayer graphene film on
germanium substrate by CVD method (top panel), as well as the corresponding
photographs of the pristine germanium and germanium substrate covered by large-
area graphene films with different crystalline qualities, denoted as Ge, Gr@Ge-890

and Gr@Ge-910, respectively (bottom panel).
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Supplementary Figure S2: Schematic illustration of the automatic four-probe Hall

measurement setup with a Van der Pauw configuration.
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Supplementary Figure S3: (a-¢) Secondary ion mass spectroscopy (SIMS) depth
profiles indicating the carbon distribution in germanium substrate. (a), (b) and (¢)
correspond to Ge, Gr@Ge-890 and Gr@Ge-910, respectively.

Figure S3a-c further gives the SIMS analysis results from Ge, Gr@Ge-890 and
Gr@Ge-910 specimens. Figure S3a shows the SIMS analysis for the pristine

germanium substrate. The SIMS depth profiles in Figure S3b and c¢ indicate the



limited carbon dissolution and diffusion in the germanium substrate after the growth
of graphene film, which may account for the large-area growth of monolayered

graphene film on germanium substrate, as an analogue of copper substrate. !
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Supplementary Figure S4: Electrochemical impedance spectra of Ge, Gr@Ge-890
and Gr@Ge-910 in 0.9 wt% NaCl solution (a-d).

Electrochemical impedance spectra (EIS) were acquired at the open circuit
potential, as shown in Figure S4a-d. The existence of graphene overlayer can reduce
the corresponding impedance, especially for Gr@Ge-910. As shown in Figure S4d,
with the graphene overlayer on Ge, the semicircle in Nyquist plot became shorter,
indicating the decrease in solid state interface layer resistance and charge transfer

resistance on the surface.!4
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Supplementary Figure S5: Morphology of the E. coli bacteria that were seeded onto
the samples at low and high magnifications examined by field-emission scanning
electron microscopy (FESEM; Magellan 400, FEI, USA). The seeded concentration
of bacteria is 107 CFU/mL. The red and violet arrows at high magnification
correspond to the red and violet rectangular areas at low magnification, respectively.

Prior to the SEM examination, a droplet of bacterial solution with 10”7 CFU/mL
was introduced onto the sample to a density of 60 uL/cm?, incubated at 37 °C for 24 h,
fixed with 2.5 % glutaraldehyde solution, and dehydrated in gradient ethanol solutions
(30, 50, 75, 90, 95, and 100 v/v%) for 10 min each sequentially, followed by drying in
the hexamethyldisilizane (HMDS) and ethanol solution series and subsequent coating
with platinum (Pt) for imaging via SEM.

In regard to the SEM results, the E. coli cells cultured on Ge surface were mostly



rod-shaped binary fission, which looked like no evident damage. Prevalent
intercellular nanotubes can also be found on it (the red arrow at high magnification),
bridging the neighboring bacteria and serving as a communication route, which
indicated their exuberant vitality."> However, severe disruption of cytoplasmic
membrane appeared on both the surfaces of Gr@Ge-890 and Gr@Ge-910, causing

cytoplasma leakage and cell lysis, especially on the Gr@Ge-910.
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Supplementary Figure S6: Schematic illustration for the transfer-free graphene-
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based surface coating and modification of metallic biomaterials.

Nowadays, since the graphene has showed the promising potential to act as an
osteogenic inducer and an antibiotic, it is quite an emergent need to develop its
practical applications in biomedical fields, such as bone repair, tissue regeneration,
stem cell therapy, etc.. In this work, we successfully fabricate the large-area graphene
film on germanium surface. In contrast with previous reports on graphene films
deposited by CVD on transition metals like copper and nickel, the used germanium
substrate is relatively biocompatible since copper and nickel elements are commonly
cytotoxic. One can naturally speculate that, if the germanium film is deposited onto a
targeted substrate by an appropriate technique, then the high-quality graphene film
will be grown on the germanium film by CVD method. Herein, we propose a rational
design concept for the coating and modification of metallic biomaterials using
transfer-free graphene film. In detail, two main steps are included: (i) A metallic

substrate, such as titanium and titanium alloys, magnesium and magnesium alloys,



etc., is coated with a layer of germanium film by using an appropriate film coating
technique, such as magnetron sputtering, pulsed laser deposition (PLD), atomic layer
deposition (ALD), etc.; (ii) Subsequently, the high-quality and large-area monolayer
graphene film is grown on the germanium film-coated metallic substrate by CVD
method under the optimized parameters. The schematic illustration for the design
concept is depicted in Figure S6. This rational design concept will open up the
graphene-based surface coating and modification of metallic biomaterials and enlarge

the graphene-based biomedical applications.
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