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Experimental

SnSe nanonetworks were synthesised wusing a liquid-injection CVD method, utilising
[SnCl{"BuSe(CH.)sSe"Bu}] as a single source precursorl. This precursor was prepared in the same
manner as described in the previous report by de Groot et. al. 1 This precursor was dissolved to a
concentration of 7.5 mg ml? in anhydrous toluene, inside a nitrogen filled glovebox, before being

loaded in a Hamilton sample-lock Gastight syringe.
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The growth of the SnSe nanonetworks was performed on Si (100) substrates without removing the
native oxide. For electrochemical testing the samples were grown on stainless steel substrates. Both
types of substrates were cleaned in acetone and iso-propyl alcohol (IPA), before being dried with
nitrogen and heated in a vacuum oven at 70 °C overnight, to ensure thorough removal of residual
moisture. The substrates were then transferred to the CVD chamber with a 6 mm inner diameter quartz
tube lining. The growth substrate was placed at the centre of the tube furnace. Prior to precursor
injection the chamber was dried under vacuum and purged with high purity argon gas. The reaction
chamber was heated to 550 °C, with a constant flow of 1.1 SCCM of argon gas. Injection of the
precursor was then initiated and maintained at a constant rate of 1.5 ml h using a KDS series 100

single-syringe pump until the desired injection volume was achieved.

Characterisation

After removal from the CVD chamber, the synthesised nanomaterials were analysed using a Zeiss
Supra 40 scanning electron microscope (SEM) and a Helios Nanolab 600i SEM. Raman scattering
spectroscopy was performed with a Renishaw InVia Raman spectrometer equipped with a 2400
lines/mm grating using a 514 nm laser. Spectra were collected using a RenCam CCD camera, with the
beam focused onto the samples using a 50x objective lens. Measurements were undertaken at 1% of
the total 1.9 mW laser power. The crystal structure of the product was confirmed by X-ray diffraction
(XRD) using a Philips X’pert Pro MPD equipped with a Panalytical Empyrean Cu X-ray tube and a
Philips X’celerator detector. The products were mechanically removed from the Si growth substrate
for (scanning) transmission electron microscopy ((S)TEM) and energy dispersive X-ray (EDX)
analysis. Removal of the nanomaterial was easily achieved through a quick sonication of the growth
substrate in an ultrasonic bath, using a small amount of IPA. The resulting solution was then drop-cast
onto a carbon-coated TEM grid. TEM analysis was performed on a JEOL 2100 electron microscope

operating at 200 kV and an FEI Titan electron microscope operating at 300 kV. STEM and EDX
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analysis were performed on an FEI Titan electron microscope operating at 300 kV. High annular dark
field (HAADF) and bright field (BF) STEM imaging, EDX mapping and Electron energy loss

spectroscopy (EELS) was performed on a Probe Corrected JEOL ARM TEM operating at 200 kV.

Electrochemical testing was carried out galvanostatically using a Biologic MPG-2. The two electrode
Swagelok type half-cells were assembled within an Ar filled glovebox with H.O and O levels below
1 ppm. The SnSe samples were directly grown on stainless steel current collectors and tested as the
working electrode versus a Li metal counter/reference electrode. Typical areal loadings for the samples
were ~0.2 mg/cm?.  All potentials mentioned are quoted relative to Li/Li*. Celgard separators
impregnated with a carbonate based electrolyte (1.0 M lithium hexafluorophosphate (LiPFs) solution
in ethylene carbonate and diethyl carbonate, battery grade Aldrich) with 3 wt% vinylene carbonate (97
% purity, Aldrich) were used. A specific current of + 100 mAh g* was applied for testing within a
cycling window of 3.0 - 0.011 V (vs. Li/Li*) to fully include the alloying and conversion processes.
The mass of the SnSe active material was determined through careful measurement using a Sartorius
Ultra-Microbalance SE2 (repeatability + 0.25 pg). Thorough accurate weighing at each stage in
electrode preparation ensured accurate mass loadings which were used to calculate the C rate and

galvanostatic capacities.
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Author (Year) Material Number Initial Final Capacity
of Cycles Discharge Discharge retention
Capacity Capacity (%)
(mAh/g) (mAh/g)
Xue, M.-Z.; et al. SnSe Thinfilm 60 681 >100 15
(2006)?
Ning, J.; et al. (2011)% | SnSe/carbon 30 353 ~200 ~56.7
black/poly-
vinylidenefluoride
Kang, S. Z.; etal. SnSe nanosheets/ 20 1009 73 7.2
(2012)* poly(vinylidene
fluoride)/carbon
black
Wang, X; et al. SnSe 80 1216 676 55.6
(2014)° nanocrystal/carbon
fabric
Im, H.S.; et al. SnSe, SnSe;, GeSe, 70 867 (SnSe), | 510 (SnSe), | 58.8 (SnSe),
(2014)® GeSe; 647 (SnSe2), | 412 (SnSey), | 63.7 (SnSey),
1232 (GeSe), | 771 (GeSe), | 62.6 (GeSe),
1099 514 (GeSe;) | 46.8 (GeSey)
(GeSe2)
Zhang, Z.; et al. SnSe/carbon 100 1097.6 633.1 57.7
(2015)7 nanocomposite
Gurung, A; et al. SnSe/multi-walled 50 1241 651 525
(2016)® carbon nanotubes
Zhang, L; et al. SnSe/carbon 100 1148 840 73.2
(2016)° composite
Wang, D; et al. SnSe 100 1362 764 56
(2016)° nanorods/graphene
oxide
Wang, W.; et al. Layered SnSe 300 ~1190 787.9 66.2
(2017) Nanoplates
Lee, D.-H.; et al. SnSe/C 200 726 626 86.2
(2017)%?
Cheng, Y.; etal. SnSe, 150 (SnSe) | 1302 (SnSe) | <300 (SnSe) <23 (SnSe)
(2019)%
SnSe/r-GO 200 1049 1002 95.5 (SnSe/r-
Composite (SnSe/r- (SnSe/r-GO) | (SnSe/r-GO) GO)
GO)
This Work SnSe nanonetworks 50 1043 959 92

Table S1. Comparison of the performance for previously published SnSe anodes
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Figure S1: Histogram of AFM thickness measurements at various points of the SnSe
nanonetworks.
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Figure S2: Surface area to volume ratio comparison for a uniform flake structure compared to a
networked structure. Network structures present a higher surface area to volume ratio.
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Figure S3: EELS Sn and O analysis of the surface of a SnSe nanonetwork. The first 5-10 nm layer
at the surface is composed of SnOx.
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Figure S4: EELS Se and O analysis of the surface of a SnSe nanonetwork. (a) shows a STEM image
of a section of the SnSe nanonetwork. The spots labelled 1 to 4, indicate where the EELS
measurements in (b) are taken from. A decreasing Se signal is seen moving from spot 1 to 3, which
then vanishes in region 4. (c) shows that the outmost surface at region 4 shows only a SnOx signal.
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Figure S5: EDX mapping of a section of the SnSe network. The blue box is included as a guide for
the eye, highlighting the surface region at a junction in the network. The surface is seen to consist of
Sn and O, with depleted Se at the outermost surface.
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Figure S6: Growth of the SnSe nanonetworks on a stainless steel substrate.
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