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Figure S1. CVT system for single-crystal growth of VS,, VSe,, VSSe-I and VSSe-V.
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Initially, the temperature of source zone (Zone 1: Vanadium, sulfur and/or selenide and
transport agent) was kept at 920 °C and that of growth zone (Zone 2) at 980 °C to allow
the constituents to react completely without formation of unwanted additional
phases/compounds. After this period, ampoules were subjected to a two-zone
temperature profile of 980 °C (source zone) to 920 °C (growth zone) for a period of 168
hours. In the end, the temperatures were lowered down, and the plate-like crystals were
subsequently obtained from the ampoule for further characterizations and

measurements.

The transport agent (I; or VCl;) is employed to react with vanadium to form exclusively
vapour phase reaction products, which is easy to transport. After that, the other easy
sublimized solid (S and Se) will react with the vapour phase reaction products to form

our target product. [1-2]
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Figure S2. Optical images of VSSe-I.
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Figure S3. a) XRD patterns of VSSe-I crystals compared with VS, (JCPDS #00-036-
1139) and VSe, (JCPDS #01-089-1641). For the sake of demonstrating the peaks
clearly, only (00/) peaks of VS, and VSe, standard card are presented. b-e) XRD

patterns of (001), (002), (003) and (004) peak of VSSe-I crystals compared with VS,

and VSe,.
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Figure S4. The semi-quantitative analysis of as-grown VSSe-V crystal.
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Figure SS. The SEM and EDAX mapping results of VSSe-I.
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Figure S6. The semi-quantitative analysis of as-grown VSSe-I crystal.
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Figure S7. Raman spectra of VSSe-V and VSSe-I.
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Figure S8. The spotted Tyndall effect of the exfoliated VSSe-V (a) and VSSe-I (b).
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Figure S9. The SEM images of exfoliated VSSe-V (a) and VSSe-I (b) samples.
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Figure S10. The EDAX mappings of exfoliated VSSe-V (a) and VSSe-I (b)samples.
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Figure S11. Four terminal measurement of electrical conductivity.
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Thickness is measured by an optical surface profiler (Zeiss Smart Proof 5).

The bulk resistivity can be calculated by using following equation: [3]

t
In2°1 [V: voltage; I: current; t: thickness]
Then, the conductivity is converted from the resistivity.
V'is obtained by measuring the voltage between electrode 2 and 3. / is obtained by

measuring the voltage between electrode 1 and 4.
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Figure S12. Cyclic voltammograms in the region of 0.2—0.4 V vs. RHE for the (a)

VSSe-V and (b) VSSe-1.
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Using a simple cyclic volatammetry (CV) method, we can determine the double layer
capacitance (Cq) which is expected to be linearly proportional to effective active
surface area. The double layer capacitance is estimated by plotting the AJ (J,-J.) at 0.3

V vs. RHE against the scan rate, where the slope is twice Cgy.
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The possible reaction of transport agent in the growth process.
For I, used as transport agent:

V+2l,=VI,

VI, + S+ Se =VSSe + 2I,

For VCI; used as transport agent:

2VCl, = 2VCL, + Cl,

V +2Cl, =VCl,

VCl, + 35 + 3Se = VSSe + 25SeCl
2VCL, + 28SeCl = 2VCl, + 2S5 + 2Se
2VCl, = 2VCly + Cl,
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