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Figure S1: (A) Bright field image of a spiral edge. (B) SAED image taken from the domain
edge (C) Dark field TEM image obtained from diffraction point marked in Figure B.
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Figure S2: (A) W 4f (B) S2p XPS spectra obtained from CVD grown WS, domains. W 4f

core level spectrum represents peaks at 32.9 eV, 35.1 eV and 38.5 eV those are corresponds

to W 4f;,, W 415, and W 5p;, states of tungsten. Sulfur S 2p peaks are observed at 162.2 eV

and 163.5 eV, which are attributed to S2p;,, and S2p;,, respectively.

Section 1: Conductive AFM measurements



In the present case of nanoscale junctions, field induced tunneling may dominate over the TE
component under reverse bias, especially for contact areas ~ 10 nm?2.!? The intense junction
electric field induced reduction in effective barrier width leads to large majority carrier
(electron) injection from the metal to semiconductor CB, which is increasingly accentuated
under increasing reverse bias.!? Figures S3A and C schematically show the interfacial band
bending illustrating the physics of tunnelling dominated reverse biased current exceeding the
TE current under forward bias. In the reverse biased regime (V > 0 V) the IV curves are well

described by the Fowler-Nordheim (FN) tunneling model,?> which under forward bias (V <

0V) follows the TE model.* Figure S3B shows ln(%) \& % plots of the /V’s shown in Figure

4E, in the V > 0 regime. The linearity of the plots in the large bias regime establishes validity
of the FN tunneling model and the physical understanding presented above. The slope of the
linear fits (black solid line in Figure S3B yields the local Schottky barrier parameter
(a = @3/*d), where ¢, and d are the barrier height and width (see supplementary
information for further details of the model parameters). We find a varies between 2.32 —

2.17 for points 1 and 3 and reduces to 1.26 for point 2, which corresponds to the high current

region around the core of the SDD spiral with high defect density and a higher electron
density by consequence. Figure S3D shows the /n(1) vs. V plots corresponding to the different
locations of spiral domain for V < 0 regime. The barrier height ¢, and ideality factor # were
calculated from intercepts and slopes obtained from the linear fits in Figure S3D. The high
values of # > 17 are suggestive of non-thermionic transport process even in the V < 0 regime,
which are likely to be tunnelling of electrons from WS, to Au. ¢; shows a smaller relative
variation with a value of 207 meV for the most conducting region (point 2), which increases

to 280 meV for points 1 and 3.



e point 1
e point 2
e point 4

T T T
0.40 0.45

In(l)

Figure S3: Schematic of M/S junction under (A) reverse bias & (C) forward bias (B) TE

model & (D) FN tunnelling fit to experimental IV Curves for SDD spiral WS, domain.
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Figure S4: CVD grown spiral WS, AFM images: (A) topog;aphy (B) current map (C) line scan

data of height, current (trace & retrace) showing WS, edges are more conducting compared to

their plateau regions.



Figure S4A and B display height profile image and coreesponding current map of a spiral
core structure respectively, which exhibiting a spiral layer thickness of ~ 0.74 nm. The
correlated line scans across topography and current map sections are illustrated in Figure
S4C. The current map shows that the edges of the spiral carry significantly more current than
the plateau regions. The observation is further corroborated in the cross-sectional line scans
which show a strong correlation between the position of the spiral edges in the topography
and peaks in the local current (as indicated by red arrows in Figure S4C). The positional
coincidence of the peaks in the current line scans obtained from trace and retrace current

maps negate their origin from feedback related artifacts of the scan process.
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Figure S6: Mechanically exfoliated WS, flake: (A) Topography (B) Current map
taken at dc bias +1.2V (C) Height profile along the black dotted line in Figure A (D)

IV characteristics taken at different point within the region marked by white circle in

Figure B, inset shows FN tunnelling fit to IV curves.

FN analysis of local IV characteristics measured on the mono/bi-layer sample and the
exfoliated one shows that Schottky barrier parameter (a) is lower for mono/bi-layer sample
compared to the mechanically exfoliated sample (Figure S6) which reflects the enhanced

effective conductivity of the thin CVD sample compared to the exfoliated one.
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Figure S7: Comparing conducting AFM vertical I-V response from WS, spiral,

monolayer and mechanically exfoliated flakes.



Section 2: Electrocatalytic microcell fabrication
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Figure S8: Schematic illustrating various steps involved in p-electrochemical device

fabrication
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Figure S9: Optical images of WS, domain during different lithography steps. (A) Image of WS, sample
after photopolymer coating and photolithography. (B) Image after electrode deposition and photopolymer
removal. (C) After PMMA coating and e-beam lithography step.

B

Working electrode —»

—> Working electrode
— WS, spiral
2 Mechanically
exf. WS, flake

) Unwrapped area in PMMA layer
Unwrapped area in PMMA layer

<+——PMMA layer —— zoﬂn <«—PMMA layer—— ZOLm

C

orking electrode —

— WS, monolayer

12

Unwrapped area in PMMA layer




Figure S10: Various devices fabricated in the current study. (A) Spiral WS, (B)
mechanically exfoliated WS, and (C) Monolayer domain. (D) Photograph of the

fabricated microcell device.
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Figure S11: (A) Polarization curve replotted w.r.t RHE. (B) Platinum response comparison
in acidic media using Ag/AgCl reference and AgCl coated Ag wire quasi-reference electrode
after 10! cycle. Platinum response in acidic media using (C) Ag/AgCl reference and (D)

AgCl coated Ag wire quasi-reference electrode.
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Figure S12: Raman spectra of WS, domains after HER measurements collected using 632
nm laser excitation.

Table S1: Comparison of various TMD single domain HER measurements

No. Catalyst HER comparison (vs RHE) Reference

1 2H MoS, 4 mA cm? @ 600 mV Nat. Commun. 2016, 7, 11857

2 IT MoS, 607 mA cm? @ 400 mV Nat. Chem. 2018, 10, 638-6436
2H MoS, 43 mA cm? @ 400 mV

3 2H MoS, 10 mA cm? @ 420 mV Adv. Mater. 2017, 29, 17019557
IT MoS, 10 mA cm? @ 300 mV

4 2H MoS, 10-50 mA cm? @ 400 mV Nat. Mater. 2016, 15, 1003-10098
edge exposed

5 WS, spirals 5 mA cm? @ 347 mV Current work
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