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Proposal Goal: Mechanistic understanding of small-molecule reactions, such as the methanol oxidation reaction (MOR), Strategy: Fundamental insights into catalytic efficiency and cost-effectiveness can be gained by a holistic consideration 
of the intimate correlation between (i) variables such as the size, shape, composition, catalyst performance, and the chemistry of the underlying catalyst support and (ii) the resulting observed electrocatalytic performance . 

Primary Model System: Pt@(RuM) nanoscale electrocatalysts, consisting of Pt monolayer shells supported onto and circumscribing ultrathin (RuM) (‘M’ = Fe, Ni, or Co) nanowire cores, immobilized onto either perovskite or hybrid supports . 
Morphology and composition dependence of the catalytic behavior of proposed nanoscale electrocatalysts will be tested. Goal is to analyze the fundamental, individual mechanistic roles of the effects of (i) a one-dimensional morphology, 
(ii) a core-shell motif, (iii) the deliberate addition of a transition metal dopant (i.e. alloy core composition), and (iv) the chemistry of the underlying support upon the associated MOR activity and kinetics, respectively. 

Chemical Strategies used to Synthesize Ultrathin Nanowires:
1. Thermal reduction method - Metal acetylacetonate salts were used as the metal precursors, which were dissolved in organic media, 
along with a surfactant. Solution was then heated to elevated temperatures, coupled with the reduction of metal-based precursors. 
Findings: This method was neither viable nor generalizable, since it was unsuccessful in forming pure Ru nanowires. 
2. Polyol method - The general algorithm involves initially heating a solution of PVP polymer in ethylene glycol (EG) to 190°C and then 
adding in a solution of metal precursor (i.e. RuCl3) in EG, prior to allowing it to react for a pre-determined amount of time. 

Findings: Ru – nanowire networks; Co and Ni – nanoparticles. Alloys: lack of reliable control over both morphology & composition.  
3. “Liquid-liquid’ Method – Principle: layering of immiscible solutions controllably introduces metals within pre-made ultrathin Ru 
nanowires, while maintaining the structural integrity of the pre-fabricated, precursor wires used as ‘templates’. 
Findings: Reactions were carried out in a microwave chamber without Ru wire degradation. Co and Ni were detected by EDS. However, 
there was no evidence for formation of RuM alloys (e.g., RuCo & RuNi). Reaction conditions: 150oC for 1 h in a 20 mL microwave reactor.
4. Hydrothermal Method - ‘One-pot’ hydrothermal methods had previously been shown to generate ultrathin nanowire networks, 
composed of individual nanowires measuring under 2 nm in average diameter, of pure Pt, pure Ru, and Pt-Ru alloys, respectively. 
Overall strategy attempted: PVP is used as both the reducing agent and the surfactant, NaBr is the structure directing agent, and sodium 
dodecyl sulfate (SDS) is an additional surfactant. H2PtCl6, RuCl3, NiCl2, and CoCl2: relevant metal precursors. 

Findings: No Ni or Co detected RuCo and RuNi alloys. Nevertheless, pure Ru, Pt, and RuPt nanowires were produced (Figures. 1 & 2). 

Fig. 1 (above):  XRD and TEM data on Pt, Ru, & RuPt ultrathin nanowires

Metal oxides can act either as co-catalysts or as supports that give rise to beneficial metal-support interactions with their overlying metal 
catalysts. Typically, metal support interactions are characterized by either partial charge transfer between the support itself and the 
supported metal catalyst or a change in the lattice parameter of the metal catalyst. Ref.: J. Phys. Chem. C, v.123, 17185−17195 (2019).

Structure and Chemistry of Various Metal Supports Investigated:

Synchrotron-based scanning hard X-ray microscopy (SHXM) results: Differential phase contrast (DPC) images (panels A1, B1, C1), Ba 
L-edge XRF image (panels A2, B2, C2), W L-edge XRF image (panels A3, B3, C3), in addition to Sr L-edge (panel B4) and Mn K-edge XRF 
images (panel C4). Merged overlay signals (panels A5, B5, C5) are associated with sample series, comprised of nanorods of (row A) 
BaWO4, (row B) solid-solution BaSrWO4, and (row C) doped Mn-BaWO4, respectively. Data were obtained using the Nanoscale 

Multimodal Imaging (Nano-Mii) Instrument. Scale bars for each of the samples analyzed are represented within the individual DPC images.

SEM images of perovskite metal oxide samples along with average size distributions 
for TiO2 (A-C), CaTiO3 (D-F), SrTiO3 (G-I), and BaTiO3 (J-K) micron-scale spheres

Cyclic voltammetry curves of Pt / metal oxide 
supports, obtained in (A) an Ar-saturated 0.05 M 
H2SO4 solution and (B) a 0.05 M H2SO4 solution 

with 0.5 M MeOH, at a scan rate of 20 mV/s

5. ‘Thermal / Chemical Decomposition’ Method – Metal 
precursors were dispersed in oleylamine and heated at 350°C 
under Ar for 1 h. Oleylamine functionally behaves as both the 
surfactant and the reducing agent. RuCl3, H2PtCl6, and Ni(acac)2 
were used as the corresponding metal precursors. 

Findings: Potential Promise - This method can be generalized 
to produce RuM alloy nanoparticles of variable chemical 
composition. Future work will therefore focus on adding in 
additional surfactants in order to precisely control morphology.

Ultimate goal: Simultaneous control over both morphology and 
chemical composition at the ultrathin nanowire level.

Fig. 3 (left):  XRD patterns and TEM microscopy images of 
Pt, Ru, & RuPt ultrathin nanoparticles, produced by the 
‘thermal / chemical decomposition’ method, that has 
been developed in the PI’s laboratory.

Fig. 2.: EDS spectra of Pt, Ru, & RuPt ultrathin nanowires

Preliminary Data –
Mass activities @ 0.7 V
(in mA/mg):

Pt/CTO: 25.0
Pt/STO: 13.2
Pt/BTO: 3.75


