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Scheme S1. Schematic illustration of the synthesis procedure of the Pd/Mo,W.,Os.y
hybrid.
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Fig. S1. XRD pattern of a) as-synthesized Mo,W O3y, b) Pd/Mo,W O3y, ¢)
Mo,W,.403,-NaBH,; and Pd/MoOs., hybrid, respectively. d) UV-Vis-NIR diffuse
reflectance spectra of as-synthesized Mo, W ., Osy.
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Fig. S2. Raman spectra of a) Pd/Mo,W;, O3, and Mo,W,,0Os.,-NaBH,, b)
commercial MoO; and commercial WO3, respectively.

For commercial MoQjs, the vibration modes appearing in the frequency ranges of 200-
600 cm!' and 600-1000 cm! correspond to the deformation and stretching in Figure
S3, respectively. The narrow band at 995 cm! and the strong band (819 cm!) are
assignable to the antisymmetric v (Mo = O;) and the symmetric v (Mo-O;-Mo)
stretching, respectively. The weak and broad bands at 664 and 470 cm'! are ascribable
to the antisymmetric v (Mo-0,-Mo) stretching and bending, respectively [1]. For
commercial WOs3, the two main intense peaks at 806 and 715 cm! correspond to the
stretching and bending vibrations of the bridging tungsten and oxygen atoms, which
are assigned to the W-O stretching, W-O bending and O-W-O deformation modes,

respectively [2].



Table S1. Calculated Mo-O and W-O bond length of commercial MoO3, commercial
WO3, MOXW1_XO3_y —NaBH4, and Pd/MoXW1_X03_y.

Commercial MoO;

Commercial WO;

Location (cm™') ~ Mo-O Bond Type Bond Length Location (ecm~  W-O Bond Type Bond Length
A) D A)
664.15 Equatorial 1.8826 715.09 Equatorial 1.8857
818.87 Apical 1.7815 805.66 Apical 1.8230
995.28 Apical 1.6874
Mo,W.4O3.,-NaBH4
Location Mo-O Bond Bond Variation W-0O Bond Bond Length ~ Variation (A)
(cm™) Type Length (A) A) Type A)
703.16 Equatorial 1.8550 0.0276 Equatorial 1.8945 0.0088
819.59 Apical 1.7811 0.0004 Apical 1.7259 0.0971
969.01 Apical 1.7003 0.0129 - -- --
Pd/MOxwl_XO3_y
Location Mo-O Bond Bond Variation W-0O Bond Bond Length  Variation (A)
(cm) Type Length (A) (A) Type (A)
696.88 Equatorial 1.8593 0.0233 Equatorial 1.8993 0.0136
817.52 Apical 1.7823 0.0008 Apical 1.8153 0.0077
969.01 Apical 1.7003 0.0129 -- -- --
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Fig. S3. a) W 4f and b) Mo 3d XPS spectra of as-synthesized Mo,W.,Os.y .
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Fig. S4. H, TPR plots of Pd/Mo,W.,O3.y, Mo,W,.,O3.,-NaBH, and as-synthesized

MOXW1_XO3_y.
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MOXW1_XO3_y-NaBH4, b) Pt/ MOXW1_XO3_

y and Mo, W,.,O3.,-NaBH, hybrid, respectively.
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Fig. S6. a) Mo 3d, b) W 4f XPS spectra of the Au/Mo,W.,Os.y. ¢) Mo 3d, b) W 4f
XPS spectra of the Pt/Mo,W,_,Os.y.
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Fig. S7. NH;3-TPD profiles of Pd/Mo,W,.,O3.y, Pd/M00O3.,, and as-synthesized
MOXW1_XO3_y.
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Fig. S8. a) XRD patterns, b) UV-Vis-NIR diffuse reflectance spectra of fresh
prepared and reused Pd/Mo,W,,O;, sample after the recycling NH3;BH;
dehydrogenation experiments.
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Fig. S9. Comparison of H, generation from NH3;BH; hydrolysis over a) Au/Mo,W .
«O3.y and b) Pt/Mo,W,_,O3_, hybrids.
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Fig. S10. a) Pd 3d, b) W 4f, ¢c) Mo 3d XPS spectra of the Pd/Mo,W.,Os., (PVP).
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Fig. S11. FT-IR spectra of PVP, Pd/Mo,W,.,O3., hybrids prepared with and without
PVP molecules.
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