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1. Materials and methods
1.1. Reagents and instruments

Chloroplatinic acid hexahydrate (IV) (H2PtCI6·6H2O), Ruthenium (III) chloride trihydrate (RuCl3·3H2O), and commercial platinum/carbon (Pt/C) (Pt loading: 20wt%, Pt on carbon black) were purchased from Alfa Aesar (Beijing, China). Sodium borohydride (NaBH4), sulfuric acid (H2SO4, 98%), and nitric acid (HNO3, 98%) were purchased from Sinopharm Chemical Reagent Co., Ltd. (Beijing, China). MWCNT was purchased from Nanjing XF Nano Materials Technology Co., Ltd. (Nanjing, China). All reagents were analytical grade and used as received without further purification. Ultrapure water (resistance >18 MΩ·cm−1, Milli-Q purification system) was used in all experiments.

Electrochemical studies were performed on a CHI 660D electrochemical system (Chenhua, Shanghai, China). Three-electrode system consists of a Pt–Ru@MWCNT modified glassy carbon working electrode, a saturated calomel electrode reference electrode (SCE), and a platinum wire counter electrode. The morphology and size of MWCNT, Pt–Ru@MWCNT, Pt@MWCNT, Ru@MWCNT, and Pt1@MWCNT were characterized by transmission electron microscopy (JEOL, Japan, 2100F, 200KV), respectively. The X-ray diffraction (XRD) patterns were collected on D8 ADVANCE (Bruker AXS, Germany) diffractometer with Cu Kα radiation. The X-ray photoelectron spectroscopy (XPS) were investigated using an ESCALAB-250xi spectrometer (Thermo Fisher Scientific, USA) with Al Kα X-ray radiation as the X-ray source for excitation. The element mole ratio of nanocrystals was measured by the inductively coupled plasma atomic emission spectroscopy (ICP-OES), which was conducted on a Thermo Scientific iCAP6300 (Thermo Fisher Scientific, US). The infrared (IR) spectra were measured on a Japan FT/IR-430 spectrometer as KBr pallets. All the experiments were carried out at room temperature.
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Fig. S1.  IR patterns of F-MWCNT and Pt–Ru@MWCNT.
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Fig. S2.  XPS patterns of F-MWCNT.
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Fig. S3. TEM images of MWCNTs.
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Fig. S4.  TEM image of Pt@MWCNTs prepared by pristine MWCNTs. 
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Fig. S5.  Morphological and nanostructural characterizations of Pt@MWCNT nanocomposite.
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Fig. S6.  Morphological and nanostructural characterizations of Ru@MWCNT nanocomposite.
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Fig. S7.  Morphological and nanostructural characterizations of Pt1@MWCNT nanocomposite.
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Fig. S8.  Average nanoparticle sizes of Pt–Ru@MWCNT (a), Pt@MWCNT (b), and Ru@MWCNT (c).
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Fig. S9.  STEM images and EDX elemental mapping images of Pt@MWCNT.
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Fig. S10.  STEM images and EDX elemental mapping images of Ru@MWCNT.
Table S1.  Elemental contents from EDX mapping
	Pt–Ru@MWCNT
	Pt@MWCNT
	Ru@MWCNT

	Element
	Content / wt%
	Element
	Content / wt%
	Element
	Content / wt%

	C
	79.57
	C
	82.00
	C
	90.19

	O
	2.98
	O
	2.50
	O
	5.39

	Pt
	15.94
	Pt
	15.50
	Ru
	4.42

	Ru
	1.51
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Fig. S11.  XRD patterns of as-fabricated nanocomposites.
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Fig. S12.  (a) CV curves of Pt–Ru@MWCNT for MOR at different concentrations of CH3OH (ranging from 0.5–2.5 mol) at a scan rate of 100 mV·s−1 respectively. (b) Linear relationship between the concentration of CH3OH and the forward peak current density (jm).
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Fig. S13.  Stability experiment of the Pt–Ru@MWCNT (black line) and commercial 20wt% Pt@C (red line) for MOR.
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Fig. S14.  TEM images of Pt–Ru@MWCNT nanocomposite: (a, b) initial morphology; (c, d) after 1000 CV cycles.
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