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Figure S2. (a) TEM image and (b-d) corresponding elemental mapping of the strained
W(Sexsl—x)z-
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Residual stress estimation
X-ray diffraction (XRD) technique for residual stress measurement is usually
associated to the sin”F method, which is based on the interception of the diffraction
cone and line detectors. The peak 20 values are obtained at various ¥ angles. From
the slope of sin™¥ vs 20 curves, the residual stress can be estimated using the
following equation (S-1):

0= (1) 1 Gorss) (s-1)

1+v asin?2y

where E and v denote the Young’s modulus and Poisson’s ratio.'”
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Figure S3. Residual stress estimated by XRD sin¥ method.
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Figure S4. Electrochemical active surface area of the strained films. (a-d) CV curves
and corresponding capacitances of WS,, WSe, W(SexS;x)2-15 and W(SexS1x)2-30,
respectively.



Table S1. Comparison with other HER catalysts (in 0.5 M H,SOy).

Tafel slope n at TMonset
talyst Ref
Catalysts (mV decade™) 10 mA cm™ (mV) (mV) clerence
Strained W(SexS;x)2 59 110 45 This work
W(Sexsl—x)Z 4
nanoflake o8 158 80
WS,@graphene film 52.7 125 - >
WSe,/graphene 64 . 100 6
sheets
Monolayer 7
60 --- 80
WSsx)Seax
WS, nanoribbon 68 313 150 8
WSs1-xSexx 105 . . 9
nanotube
Wiaa5eax 68 170 10
nanoribbon
Reference

(1) Delbergue, D.; Texier, D.; Levesque, M.; Bocher, P. Comparison of two X-ray
residual stress measurement methods: Sin*y and Cos a, through the determination of
a martensitic steel x-ray elastic constant. Mater. Res. Proc. 2017, 2, 55-60.

(2) Marciszko, M.; Baczmanski, A.; Braham, C.; Wrobel, M.; Wronski, S.; Cios, G.
Stress measurements by multi-reflection grazing-incidence X-ray diffraction method
(MGIXD) using different radiation wavelengths and different incident angles. Acta
Mater. 2017, 123, 157-166.

(3) Kumar, S. A.; Mahadevan, S.; Raja, M. K.; PurnachandraRao, B.; Albert, S. K_;
Murugan, S. Comparison of welding induced residual stresses in austenitic andferritic
steel weld joints. 2015, 11, 26-28.

(4) Zou, M.; Chen, J.; Xiao, L.; Zhu, H.; Yang, T.; Zhang, M.; Du, M. WSe; and W
(SexS1x)2 nanoflakes grown on carbon nanofibers for the electrocatalytic hydrogen
evolution reaction. J Mater. Chem. A 2015, 3, 18090-18097.

(5) Duan, J.; Chen, S.; Chambers, B. A.; Andersson, G. G.; Qiao, S. Z. 3D WS,
nanolayers@heteroatom-doped graphene films as hydrogen evolution catalyst
electrodes. Adv. Mater. 2015, 27, 4234-4241.

(6) Liu, Z.; Zhao, H.; Li, N.; Zhang, Y.; Zhang, X.; Du, Y. Assembled 3D
electrocatalysts for efficient hydrogen evolution: WSe; layers anchored on graphene
sheets. Inorg. Chem. Front. 2016, 3, 313-319.

(7) Fu, Q.; Yang, L.; Wang, W.; Han, A.; Huang, J.; Du, P.; Fan, Z.; Zhang, J.; Xiang,
B. Synthesis and enhanced electrochemical catalytic performance of monolayer WS,
(1-x5€2x With a tunable band gap. Adv. Mater. 2015, 27, 4732-4738.

(8) Lin, J.; Peng, Z.; Wang, G.; Zakhidov, D.; Larios, E.; Yacaman, M. J.; Tour, J. M.
Enhanced electrocatalysis for hydrogen evolution reactions from WS, nanoribbons.
Adv. Energy Mater. 2014, 4, 1301875.

S-5



(9) Xu, K.; Wang, F.; Wang, Z.; Zhan, X.; Wang, Q.; Cheng, Z.; Safdar, M.; He, J.
Component-controllable WS,_«)Se,x nanotubes for efficient hydrogen evolution
reaction. ACS Nano 2014, 8, 8468-8476.

(10)Wang, F.; Li, J.; Wang, F.; Shifa, T. A.; Cheng, Z.; Wang, Z.; Xu, K.; Zhan, X.;
Wang, Q.; Huang, Y., Enhanced electrochemical H; evolution by few-layered metallic
Wsa(1-x3€2x nanoribbons. Adv. Funct. Mater. 2015, 25, 6077-6083.

S-6



