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Supplementary Figures
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Fig. S1. The polarization curves of the substrate (Black curve) and pristine MoS, flake (blue

curve).
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Fig. S2. After selective patterning, we obtained fluorographene/graphene/MoS,
heterostructure (FG/G/MoS,). To remove the etching mask, the fluorographene/graphene
was etched for 40s by O, plasma. By locating specific regions before and after each process
step, we performed carefully optical images and Raman spectroscopic measurements on the
same region with FG/G and fluorographene/graphene/MoS,. The disappearance of the
fluorographene/graphene in the OM images (Fig. S2a and b) and the absence of the G band in
the Raman spectrum, indicate the successful removal of the fluorographene. (Fig. S2c)
Besides, the intensity peak for MoS, shows no changes, indicating the retention of MoS,.

Intensity(a.u.)
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Fig. S3. To further confirm fluorographene/graphene nanomask is removed successfully, we
used KPFM to characterize the surface potential distribution. The output image shows the
potential difference (V.4) between the surface and the conductive tip. Prior to this
measurement, work function of the metal tip (®y) is calibrated using gold film and found to
be 5.01 eV. The work function of sample is extracted by the following fomula:!
chd = ((ptip - ¢sample)/e (1)

where Pty Psampler € are the work function of tip, work function of sample and unit electron
charge, respectively. Figure S3 shows comparable V4 for flake and nanoribbons at 42.9 mV
and 38.7mV, representing work functions of 5.05 eV and 5.04 eV, respecitvely. The values are
agree with previous reports? and are different from fluorographene and graphene.3
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Fig. S4. Atomic force microscopy (AFM) imaging of aligned MoS, nanoribbons array revealed
a density of 4um-t.
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Fig. S5. To quantify the quality of thus patterning MoS, nanoribbons, the PL intensity

distribution from before and after patterning was compared. The quality of MoS, nanoribbon
does not deteriorate through further patterning as the intensity distribution is similar.
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Fig. S6. Optical spectroscopy showing retention of quality after TSPP: (a) Raman spectroscopy
with similar peak positions showing absence of strain, (b) Photoluminescence spectroscopy
demonstrating similar trion-to-exciton ratio, corroborating the absence of additional charge
transfer. Based on the demonstrated retention of the basal plane quality, changes in the
electrochemical performance of nanoribbons have to originate from their edges.
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Fig. S7. Demonstration of HER reproducibility (a) Polarization curves for multiple sequential
cycles, (b) extracted overpotential vs. cycle number showing no systematic change and a
reproducibility of 350mV.
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Fig. S8. After 50 cycles the volume of the droplet is insufficient to allow contact to all three
electrodes which represents the limit of our experimental duration.
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Fig. S9. The onset overpotential and the current density @800 mV of the (a)MoS, flake and
(b)MoS, nanoribbon arrays were obtained from the polarization curves.
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Fig. $10. The overpotenial of the (a) MoS, flake and (b) MoS, nanoribbon arrays.
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Fig. S11. The patterning process was further applied to create tungsten diselenide
nanoribbons. Using the same process, graphene nanowrinkles were transferred to WS,. The
patterned samples were characterized by optical microscopy (OM) and Raman spatial map.

With the CF, treatment, only bilayer graphene-protected WS, will remain. Similar to the
scenario in MoS, case, the Raman features of WS, only remain in the bilayer-covered regions.
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Fig. S12. Current-voltage characteristics of the MoS, flake and MoS, nanoribbons device.
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Fig. S13. Polarization curves for nanoribbons under illumination and dark conditions.
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Supplementary Tables

Table S1. Overview of width and density of reported preparation strategies of MoS,

nanoribbons. Some values are calculated by their AFM, SEM, and OM images in the studies.

ribbon density

liquid—solid)

material strategy width (number/100um) reference
templated subtractive fabrication 20 400 Our work

scanning probe lithography 30 50 4

stamp-printing method. 130 400 >

stamp-printing method. 135 150 6

etching (Reactive lon Etch) 250 60 7

Mos, etching (solution) 300 10 8

nanoribbon | bottom-up direct growth (Ledge- 73 250 9

directed epitaxy)
bottom-up direct growth (NaOH-
assisted VLS growth) 700 20 °
bottom-up direct growth (Vapour— 195 100 1
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Table S2. Comparison Table showing the Tafel slope and exchange current enhancement of
pristine 2H-MoS, and 2H-MoS, after modification strategies.

Strategy Tafel sI0|_oe exchange currept increment reference
(m Vdec?) (AJ/)o) (estimated)
our pristine MoS, 153 -
templated subtractive Our work
fabrication (MoS, nanoribbon 94 18
arrays)
pristine 200 - 1
pristine 110 - 13
pristine 95 - 13
pristine 191 - 14
pristine 165 - 15
pristine 98 - 16
pristine 187 - 1
pristine 325 - 18
pristine 118 - 19
pristine 229 - 20
pristine 237 - 21
pristine 98 - 22
pristine 169 - 2
pristine 152 - 24
pristine 151 ] 25
pristine 200 - 26
pristine 115 - 27
pristine 160 - 28
edge rich 136 5 12
edge rich 95 3 13
edge rich 96 10 14
edge rich 122 5 1
edge rich 109 11 1
edge rich 89 9 19
edge rich 163 12 20
edge rich 93 10 21
edge rich 79 4 23
atomic vacancies 105 8 >
atomic vacancies 90 2 16
atomic vacancies 67 5 22
atomic vacancies 86 3 29

16
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atomic vacancies 102 12

annealing 89 15 15
annealing 117 18
plasma 108 30

plasma 105 10 30

plasma 171 11 18

utilizing the electric field 110 10 26
utilizing the electric field 100 8 27
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Table S3. Comparison of exchange current density and turnover frequency (TOF) for our
work with Pt, Hg, MoS, and MoSe, related materials.

Material exchange current density | turnover frequency - reference
(A/cm?) TOF (57
pristine MoS, 9.7E-7 3E-3
Our work
MoS, nanoribbon 2.2E-6 0.78
Pt (111) 4.5E-4 0.94 31
Hg 5E-13 1.04E-9 32
MoS,-edge 7.9E-6 1.64E-2 33
i 34
ve.rtlcal MoS, 9 2E-6 0.013
aligned layer
i 34
veljtlcal MoSe, SE-6 0.014
aligned layer
[Mo03S4]** cluster 2.2E-7 0.07 35
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