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Fig. S1. HAADF-STEM image of the W:C phase and the region where EELS
spectra were acquired are shown. a A low-magnification HAADF image of the W2C
phase highlights EELS collection region, marked by a yellow box. b The high-
resolution HAADF image displays the atomic-scale structure of the W-C phase.
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Fig. S2. Atomic-resolution HAADF images and intensity profiles across the (V,
W)C-WC interface with distinct stacking sequences. a-c Stacking sequences of the
(V, W)C regions (ABACBA, ABCBCA, and ABCABC sequences, respectively, from
bottom layer to top layer) are shown, overlaid with atomic models to highlight structural
differences. d-f Corresponding HAADF intensity profiles extracted from the boxed
regions, vertically integrated along the P1—P2, P3—P4, and P5—P6 lines.



Tables S1 Measured chemical compositions of different atomic layers from the P1 in
WC side to the P2 in (V, W)C side.
Layer 3 2 1 0 1 2 3 4 5
\Y 4.7 6.5 21.6 576 456 545 637 658 693
Error 0.8 1.0 22 3.0 3.1 30 28 2.8 2.6
W 953 935 784 424 544 455 363 342 307
Error 0.8 1.0 22 3.0 3.1 30 28 2.8 2.6

Tables S2 Measured chemical compositions of different atomic layers from the P3 in
WC side to the P4 in (V, W)C side.
Layer 3 2 1 0 1 2 3 4 E
\Y% 3.4 87 204 590 593 495 509 66.1 668
Error 0.8 14 21 29 29 31 3.1 27 27
W 96.6 913 79.6 41.0 40.7 505 49.1 339 342
Error 0.8 14 2.1 29 29 3.1 3.1 27 2.7

Tables S3 Measured chemical compositions of different atomic layers from the P5 in
WC side to the P6 in (V, W)C side.
Layer 3 2 1 0 1 2 3 4 5
\Y 6.1 59 131 576 81.8 863 883 869 879
Error 1.0 1.3 2.0 3.0 1.9 1.5 1.3 1.4 1.4
W 939 941 869 424 182 137 11.7 131 12.1
Error 1.0 1.3 2.0 3.0 1.9 1.5 1.3 1.4 1.4




