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Experimental

Preparation of black phosphorus

Typically, BP was synthesized from the high-energy ball-milling process

according to Park’s report.! Briefly, commercial RP powder (Aladdin, AR, 98.5%) was
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purified through a simple hydrothermal reaction in a Teflon liner, followed by heating
in a forced air oven at 140 °C for 12 h to remove the surface oxide and other impurities.
Purified RP powder was collected through filtration and vacuum drying overnight at
120 °C. Then, 1.04 g purified RP powder was added into a stain steel vial (100 mL
8001) with two 0.5 in. and four 0.25 in. steel balls (ball powder ratio at 20:1). The vial
was sealed in an Ar filled glove box (MBRAUN, with oxygen and water concentration
lower than 0.1 ppm). Subsequently, HEBM process was conducted using a SPEX-
8000M Mixer/Mill for 20 hours (rest 4 h per 10 h to avoid overheating). The as-obtained
BP power was washed several times with CS, to remove by-products (mainly white
phosphorus) and vacuum dried overnight at 120 °C. The dried BP was stored at the

glove box for further use.

Preparation of GO

GO was synthesized according to the typical modified Hummer’s method.? First,
3 g graphite (Aladdin, 99.95%, metal basis) was added to a beaker with 70 mL
concentrated H,SO, at room temperature. Next, the beaker was transferred to an ice
bath and 1.5 g NaNO; was added with strong stirring. 9 g KMnQO, was then slowly
added to the solution and further kept at 35 °C for half an hour. Afterwards, 140 mL
and 500 mL DI water were introduced into the mixture with 15 min interval. After
adding 20 mL 30% H,O, solution to the beaker, a solution in bright yellow color was
obtained, which was followed by centrifugations and washing with 250 mL 10% HCI.
The solution was washed with DI water for several times until a neutral PH was

achieved. Finally, the precipitate was collected and further dispersed in DI water via



ultra-sonication to make a homogeneous solution of 2.5 mg mL-!.

Preparation of BP@irGO composite

Typically, the as-obtained BP powders were mixed with GO in a ball-milling vial
with a weight ratio of 7:3. The ball-milling vial was sealed in the glove box and
transferred to the SPEX-8000M for ball-milling for 10 hours with the balls to samples

weight ratio at 20:1. The produced powder was named as BP@irGO.

Materials characterization

The morphology of the samples was characterized using a field-emission scanning
electron microscope (Merlin, ZEISS) equipped with an energy-dispersive X-ray
spectrum (EDX, EDAX, Octane Pro) and a field emission TEM (Tecnai G2 F30 U-
TWIN). XRD analysis was performed using Bruker-AXS Microdiffractometer (D8
Advance X-ray diffractometer, Cu Ko, A = 1.5046 A, 40 kV and 40 mA). Raman
spectroscopy was documented on a RENISHAW GL 12 8JR using a laser at 532 nm.
XPS was investigated by using a VG scientific ESCALAB 220iXL spectrometer with
an Al Ka (hv=1486.69 eV) X-ray source. All binding energies were carefully aligned
by reference to the C 1s peak (284.6 eV) arising from surface hydrocarbons or possible

adventitious hydrocarbon.

Battery assembly and testing

The anodes were prepared by mixing 70 wt% active material (BP, BP@irGO
composite) with 15 wt% super P and 15 wt% PVDF in NMP solution. The mixed

homogenous slurry was further coated on the Cu foil surface with a coating thickness



of 0.2 mm. The coated foils were vacuum dried at 120 °C overnight and further pressed
into disks with a diameter of 16 mm. Typically, the active materials loading is ~0.7 mg
cm2. Coin cells (CR2016) were assembled in a glove box using lithium foils as the
counter electrodes. The commercial electrolyte (1 M LiPF¢ dissolved in the mixture of
EC: DMC: DEC=1:1:1) was purchased from the CAPCHEM Co. Ltd. CV and EIS
measurements were performed by electrochemical workstation (Bio-logic VMP3) with
a voltage window ranging from 0.01 to 2.5 V at a rate of 0.1 mV s°! and an amplitude
of 10 mV. The cycling and rate performance of the assembled batteries were measured

via Arbin battery cycler (BT-2000) at 25 °C.
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Fig. S1. TEM images of (a) the high energy ball-milling (HEBM) black phosphorus (BP) and

(b) BP@irGO nanocomposite; High resolution TEM images of (¢) HEBM BP and (d)

BP@irGO nanocomposite.
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Fig. S2. FTIR spectra of the BP and rGO.
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. S3. Galvanostatic charge-discharge profiles of rGO.
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Fig. S4. Enlarged EIS spectra of the BP and BP@irGO.
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